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Utilization of 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N~-sulfopropylamino)-
~aniline to simple flow injection analysis systenm
— Determination of serum copper and iron and its application

to disease diagnosis —

Noriko OHNO®, Hiroatsu SAKAI®, Katsuhiko NAKAMURA®,
~ Kazunori IDA®", Tadao SAKAI®
*Department of Chemistry, Asahi University
"*Department of Internal Medicine, Asahi University

1851 Hozumi, Hozumi-cho, Motosu-gun, Gifu 501-02

Flow injection-spectrophotometric determination of copper was inves-
tigated. Copper reacted with 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N-
sulfopropylamino)aniline(5-Br-PSAA) at pH 4.5 to form a red complex.
Molar absorptivity of the complex was 865000 | wol~! cm! at 578 nnm.
Copper in the range of 10 - 100 ppb could be determined by a simple flow
injection system. The sample throughput was 60 h™' with a precision of
0.7%. Moreover, simultaneous determination of copper and iron with 5-Br-

PSAA was developed using a double-flow cell to analyse patient sera.
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1. #8

HADSHAOLBREELC s/ Tu4 VERBERSATOE A, TLREER
BRT000E /NS V. 22 CRAOEEMEBEABRELZHZENTRI SN,
A, vy 7HBLAOEDEZ 7oV 2B B HED, Cu—x ) 4
roay7=vR-HUF7vE=Y 2 HO=ZmEd 2T 5 HE K ERBE
Eh, 3-THOEVEXGER 28, XFBLE, Cu—2 7ol vEfe—EHE
BMERF LI TOET 2 /AT IV AV FATRFN(TBPE) & © & &M &l
HU, EVEESE SAAORBREEREER2®ME L. —HER 3-(2-vy 2
W)-6,8~-T 7 2 =n-1,2,4-+ V7S V(P L RENBER/ A A v 2T 5 129,
FDHE LEBRICTBPER N A A v &35 &, 1 20D84&[Fe(PDT)aI(TBPE)2 8
BHEh, 19750 VREERRES N . Ui U BB I B IR R OIE
MEis 0, HMUBELECANT KEROBBEREANRS A, BEOS
B2-=bavy-5-(N-Foir-N-2vHx 7o py73I /)7 2/ —(=+ay-P§
AP)S), 2-(5-7uE-2-EBYINT7V)5-(N-T o EN-N-ANFTBERNTI )
7 = /) — W (5-Br-PAPS)®, 2-(5-7 mE-2-EUINT7V)5-(N-TuEA-N-X
NWETBENT I /)T7T=Y v (5-Br-PSAN)T %, FIH S B2-(2-F 7/ VAT V)
-AFN-5-ANAAFNT L) REBFR(TAMSHB)2 2H|E L. Th oD
B7a—A4vYervavAHi(FIAREL, 753 mOBEEMEL & 5=
ﬁ?—%ﬂ%mmtﬁmﬁﬁﬁﬁém;XSﬂr%Mﬁﬁ@ﬁﬁﬁ¢Tﬂivv
LOBLEBRTEIEHOASVILAOBBETRY RBEEIATVS, =
FEY-PSAPED = b u Y EAWRSKIH L TR0 ERBRNE — 7 2R T
2B, W, =y 7N, IRV IEEPEEAOERENO Y - 23400 nefHERF
L, THNODARIPVBRETS Vv 70BN EELY, RBEESEY. £
C=traV{ladYE2HAVAINSOEBORAIERBRHE LY. Zhicw L 5-Br-
PSAASH LD A =2 b L H578 nud 558 mTAHLTh, XREEEISEND
B ELORRMNTET= e VAWMLV S HEHEBbRS. §I 5-Br-PSAA
EENREEROKRE KL — MEAY (e =B85000) 2 &KL, ZOREERFIA
WEALET 3, BMHBEA1epb, EHEK0.750 BRECHAKOBVWESR
MBORT. —H5-Br-PSAMR L BHOERBRSVTRBERBEEShTWS. 11

WOF 1 Akicix, BMRIE2HHET AAE 2  KBRYy vy 7HEZHAVWSEA
EIRERAREIRTOEN, ERMMIZ.2-2 ppat dFVEABRECREL,
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HEESEY., NHS Mt UCEREOD STANSHBEHVW TR Y v X7 OF]
PERITSCEBRAMBTOHFHOEERZRABFHER2EBECVE. 1Y HEE
B LG ORBEREE2HAETSEHNT 5-Br-PSAMMR L ASHOEREH L ERAY
ROVWTHRF L., BEREARBEIFOFEROH L >0, BREE LI I
Jua—t NS R2HAVWVCEARESE2RABIESER2E, BRMLEOEHSE
ETHIMAEBLOTHET 5.

2. 1. R

SHCI ) HE AR - WALSE(O) « AR CEHLFH)0.2683 ¢ 2 0.1 ¥ HER
100 mlic %5 L1000 ppuddiE & Ui, EDTARER LV FRICBELZER UL, &
AwBLEERFL, 0.1 MEBEBE LAV .

GOMEHEB: RBBE—S%7ve=y a8« XAMYCEHALEH)0.7022 g%
0.1 M HER 100 ml ¥ H L1000 ppuE i & L7z, EDTARIER KV EHMIEBE %
BEL . ‘

5-Br-PSAAEW : 2-(5-7uE-2-BY AT V)5-(N-TaEr-N-2A V4T u
ENTI/)T=Y v F by aii(F—%4 +8)0.0478 ¢ ZRIREHL T 100
mlE L 1 x 107° WABREZHHML, @EKTHERLUCHEHLL.

BEAR 0. MEBRFIYYLAE 0.1 N BEBORBABEHE | M BEBEILE
KEEALF P Y Y LB R MR TpHB A L 1o,

By v ox7F 10 DY 70 uBEREBKICE»L, TNICBERS.3 nl &
kEMZLB2100 n} &Lk,

ZOMOREITHHEOBKEHEML /.

2. 2. FKEROCEREN
2. 2. 1. Ny F P

BXZ 27 PVRCBREEOHEIEERBMUV-365ELKEI 2 EHL .
VS KEEEID om OGELNVEBFEHALL. pHORE R GEETH T ERpH 2 —
g -2 Ak,

5 ppm DE(OMEHRBHR 1-5n] 2AR7522KRKEYD, 1 x 107% ¥ 5-Br-
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PSAAEH 2 wl, pH 4.5 OEHEM 5 nl 20X 5. Cn,ltﬂ(%ﬂﬂﬂ‘_ 25 ml& L,
FXEBEAELLE 518 nn WBFABEKERHEFEST 5. '

2. 2. 2. FIA#® «
Jo—vAFa% Fig. | KA. $+ Vv —BKE LT 0.10 HBEHK R
AW E LT 5 x 1075 M 5-Br-PSAA iK%, 0.9 nl/nin®ORBT, pH 4.50%
WIEHE 0.5 nl/nin OWBTHE L. v 7Y X+ TEH DH2U-1026% 5 7
WT 3P e =Ry ZRFERL . AB( 10— 100ppb, 120 ul )2ARFPLEHZ
NRVTA Vv 228—=(Foy FEYa—2a 80 pl) WEVEAL, RIEERDO
B % 578 CTHE L . 4B LM S-3250 MM SR R E B T2  FBR
-251A BIGMEET R EA L. NV REREIOm, BE 8 pul 07 o~ 2HV
7z, ﬁ%ﬁéfﬁ&ﬂ5m®77ﬂ/?;—7%%mt SBOREZBH D
i HER0. 25mm, E X2n ’ o
DRy 2TV ey p—
a4 NBERL .
R EEMEBTH
BRET U o8, ST
M, E—- 223 35HB
B & %ﬁi)i&énm H» Fig. 1 Flow diagram for the'determination: of
st BZTARYRTF copper
l\ﬁiﬁﬂﬁ%%ﬁﬁ\“fc P : pump(flow rate, Pl 0.9 ml/mln, P2 0.5 ml
A, BB ZRERT
[ — % % < il FH 5] 8k
Tdh 5.

waste

/min), I : six-way valve sample injector, R
'+ reaction coil (Rl 1.5 m, R, 1._'0 m), BPC :
ba_c‘k—p"ress'ure coil, D : spectrophotometer, _
‘Rec. : recorder, . C'S : 0.1 M HCL, RS : 5 x

107> M 5-Br-PSaA, BS : buffer solution(pH 4.5),

3. HRIER

3. 1. Cu—5 Br PSAA Fr—- FOEKH
Fig. 2 kCu(II) 5-Br-PSAA* L — P ORI ZR2Z A RRT. M) XK

EXEE L 5-Br—PsAAo>l;x<_u}zz«/ bATHY, BARIINZ 450 nn KRY.
AR (2) BRRBEEARB2HEE LU Cu()—5-Br-PSAA 1 — ORI Z R
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P VERL, 555 neftit
K¥a¥¥—%, 578 nn
RBABRNERD., #o
CTHIsEW 578 ne TiTh
e
*V— bR O E#EpH

fEIRIIpH 4—6 T - 7=,

pHE I{J{Lfli, Cu® jK
RO DF Vv - FERY
AHHE S hBREEIRRD
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EREIT - I
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FPig. 2 Absorption spectra of Cu(II)-5-Br-
PSAA complex
5

0.4 ppm Cu(II), 8 x 10 ~ M 5-Br-PSAA,
pH 4.5, Reference : (1) water,

(2) reagent blank.

BCcHRA2ESEHBBE

o>h, HHBEEKIE 0.999
Thol. EHREOENVEEXEER
1365000 1 mol™! cm!, #RHFB
F(S/N = 3)7 ppbAEo , 10
EOBYBLULEREIORD 2 E
BAKRI0.8ETH - 1o, XER
 ORETIRHERBRD BLE
RELBSHShh - I,
Cu(I)~5-Br-PSAA + v — }
DI %2 EiREL & RO AL
ETRH L. HifEOHR
%#Fig. 3it/R9. Fig. 3& D,
BxloEHEBELR1 10
HEchs NI, O
HRIEBEENLEOHR L —H
Ufe, XEMLEXLORD 04
HEB(log )i 6.7 TH 1.

i 1.0
g
e.. —
w | A
l-'lﬂ =
n ja)
<15 o5
=
H
3
&)
3
— 0 l
=7 -6.5 -6

log{5-Br~pPSaAA]
Fig. 3 Logarithmic plots
_ -6
[Cul11)], = 6f3 x 10 ° M, pH :
4.5, Wavelength : 578 nm.
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8. 2. FIlARIBRIBEHOMRH

ﬁﬁ@mww%ss75i<£méﬂt—aﬁékﬁﬁiigéﬁdbr z
DFERPH 4-6 OFWHTHRAROE - 7R SHBLN, Ny FHOBMBE B LI,
AEBTCREHEBROHE4.5RFAML TIT - 2. .

40 ppb Cu()EHH L, 5-Br-PSAA BHOMEOEBERH LA LIS, 3
x 1078 Ml EC—BOE~-27@FINBohl. R-A 740D/ 4 X VRABEH
(BB L, REONUBHEIT LE,SREBERIRVE BV HAB G,
KERTR 5 x 1075 0 Bz AW

Felk DWTRBEREE L'V N, HAEOSHBYR7ATCERTE, v

~BWEL x 1072 W7 22V EvBREH, RIEEMWIE2,5 x 1074 M 5-Br-PSAA
BRSNS, BEHAROMNRLS, WEREETI3 mTd b, |

3. 8. REIAVOEXORH
REaANVORIBE-7087%,

BRRCAFEECEE2RET. sor
ZTITRIEZA VR, Rz@%‘é%ﬁ - (2)
REATETORBERN L. ho £

EsE—E®= LEDELT ko 2 [
RX20.5-3 s CEMLSERBO T

¥—-270R%E Fis.4 &RF. 2 ¥ ol

ANVE |l noRB B - s g & ]

_ é;hf;.“o.5 m OEVIANTRE AN\
HHBE ORANRELTH S LD . N
Boe—-2n X 2iltogwa o 20 = 40 60
ANTRILEHBKE B VELE Time, sec.

WE - 2 HRES R T Fig. 4 Effig;‘:lof the length of
RiCRZ1.0nE—ERLT RiOD R, coil-z: (1) 0.5 m, (2) 1 m,
ES%0.5-3.6 0 OHFACHAE (3) 2m, (4) 3 m; '
fEsgf. ZOHREFie. 5IK/RY. | R coil : 1.5 m, Cu(II) : 50 ppb,
TANRIRBOTHABNBRELREG 120 pl, pH 4.5.

SNBLABEEBOE o TV,
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TANVREVERBERATSTSH 60

BAEBANE DO E ~ 7 [

HEsh (HHA) . XEW E (1) 3
BALRA SN B REBAK S o aok

(BT EmB, BEWE— 2 %
Bont (MBRUG)) . XER j

T R = 1.5m R = 1.0m & 8 20}

L.

8. 4. MROEAR OB Oo 20 40 60

REOEARAKPYH LS rine,  seo.
TAvI =2 -REVGTY, B Fig. 5 Effect of the length of
Bidanr—708 kL -THA Ry coil
BEFEM UL, 90 pl& 120 plT R, coil : (1) 0.5 m, (2) 1m,
EBULR 23, 90 pl T3, Sen, (3) 1.5 m, (4) 2 m, (5) 3.5 m
120 pl i3 4.7 enZ PH3BEFVE R, coil : 1 m, Cu(II) : 50 ppb,
—IRBOh. R—-ZA 54V 120 ul, pH 4.5.
EZEM X 90 plT448, 120 pl

TBERVAEXREZSONBED o, T ' s
ARBRTRI0pIZEAT B L & LI T

0.1 2bs. }

3. 5. REBRCAGNEOLE

Fig. 6 k7o —¥ZF V&R $. 10—100ppd

OB T RIT B EBRAE S R, BEEKO.TY, J d
S/N = 3& L7-Bs ORIHIERix1ppb, 1 EFEMY .
ORBLIEB 60T S - T2. | b

50 ppb Cu(M)BADA A v 2 HEFIHE, ¥ a
~VEIRRETEEEMA UL (Table 1) . AU

e ——

BEERA ARG Ca, HgZ X100 ppm (Cud200 10 min
&) ,cd, Alid 10 ppm (Cu® 20%5E) H7FEL Fig. 6 Flow signals

Cu(II) concentration :

T2 PER2HEII 7. Fe(ll), Ni, Co
a 10, b 20, ¢ 30, d
¥ 5-Br-PSAA ¢ F Vv -+ RAERTEILOBERT 50, e 80, £ 100 ppb.
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EL{BE@E’E‘[%%%K Table 1 Tolerance limits of foreign ions
5., HZEMRAEEIR NI: in the determination of 50 ppb

copper (I1)
0.1 ppm, Fe(H) 0.05
ppm, Co: 0. Ulppm‘fcito

Tolerance limit v . .
: : Foreign ion

( ppm )
fo. Fe(M)X104 2MZ - — - E— -
: 100 ci, Br , NO, , CH.COO ,
TFe(MD)icBiLd 5T & . 3- 3 3
PO~ , Na(I), K(I), Ca(II),
ko7 0.5 ppmn (Cud 4
s8) goHEARE e e
Lofs & 7 25 Zn(II)
o7, anvﬁrﬁwﬁm%;lﬁ 10 cd(II), AL(III), Se(IV)
& 0*7f1'6ppm¢@‘5’9’ 0.5 Fe(II)* ’
— M R % L 0.1 Ni(II)
HETHERBA 4 v i3Ca 0.05 Fe(II)
: 100 ppm, Mg : 36—58 0.01  Co(Ir)

ppm, Al: 0.13-0.17ppn,
Zn: 1.2 ppm, Fe: 0.8—-
t.6ppm, Pb:0.3—0.4ppm
TH5.18 Table IRFINBERLY, lﬁl(*qjﬂ)c._ﬂb@ﬁﬁffﬁ“ c&ﬂnéﬂﬂi
DEBREEZEIRVIEBSI .

* 104~(1OO ppm) was added to the sample.

3. 6. MEPOMOER
MEC.S mliKBE Yy v N2 K05 A 7 AT BEBALRE, HhEkE
BT RRMML . MAREOSHL LESRE0.3 0lRY, K2 nlmXE
SUEBREABBRE L, Fig. 1070 - 27 2 THRUELE. ZORE
% Table 2m¥. F |
HoWBksy 2353

Table 2 Determination of copper in sera

el MmBEvToHEHD Sorum Cu content* (pprf\)

iﬁ'é%ﬁ'ﬁ BTW B FIA method -Batchwise method
A, XETEBEIRLE Human ‘1,17 # 0.014 . 1.15 * 0.035
D ERE F O 7% 8 Horse 1.04 0,021 . . 1,06 % 0,010
H$5cemb, By | Goat 0.99 + 0.007  0.99 * 0.020 .
v 2 BALELE O R A Chicken 0.26 * 0.003 : —

2L *Mean values * S.D. of three determinations.
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3. 7. MBEROHLHKORKER
1t 7 e O H OB S

BAnRBEEERS | ) R4 BPC ‘

5. BlxEyanvy TP . waste

W, RERLECEM D, 3580m

%, BRE, )av< rc; ec,

¥, BYHEE, ~€7 As — P, —~

o b- Y 2ETRE {v N

HEFRY. AR R, ‘o0 o

>ORERMFESKOE

LHPEL, ~Es Fig. 7 Schematic flow diagram for simultaneous

determination of copper and iron

Th-vaAFTREE, CS : 0.1 M HC1 containing 1 x 10 % M K10, .

WU BRIE, BYEH, RS : 1 x 10 ¢ M 5-Br-PSAA buffered at pH 4.5,

AmFCEEL~RT. AS : 1 x ].O_2 M sodium ascorbate (pH 4.5),

o TMFHET O K R : reaction coil (R, = 15 cm, R, = 7.0 m),

% ) i b B € S v FC,, FC, : double flow cell, BEC : back-

BT BT LIZ, LU, pressure coil (0.25 mm i.d. x 2.0 m), D :

BEOLTOBKNME double-beam detector, P,, Py : pump (flow

FHMBEW, 5-Br-PSAA rate, P, 0.9 ml/min, Py 0.25 ml/min).

Table 3 Simultaneous determination of copper and iron in patient sera

Contents**, ppm’

Serum  Disease* FIA method ICP/AES

sample Cu Fe Cu Fe
1 EC 1.86 + 0,018 1,72 £ 0,015 1.87 £ 0.038 1,72 * 0,060
2 CpP 2.20 £ 0.031 0.52 £ 0,008 2.14 +* 0.043 0.53 + 0.016
3 HCC 1.24 + 0.018 0.58 £ 0.012 1.22 + 0.035 0.61 = 0.018
4 HC 0.84 *+ 0.004 3.01 * 0.024 0.86 £ 0.026 2,97 * 0,059
5 HC 0.31 £ 0.007 0.39 + 0.009 — 0.38 = 0.007

* BEC : esophageal carcinoma,
HCC : hepatocellular carcinoma, HC

** Mean values *

carcinomatous peritonitis,
: hepatocirrhosis.

CP :

S.D. of three determinations.
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BEAUT LSV - VEERT AL A5, MRS EABCERT s HES
BMEL, 2y s kR TAT o - ZHIELEL T Fig. 7 KARTHRBR &Y,
MR —EEAC S A ABERERMRLE .S oKk L BE
MEPOH L2 EHL LER 2Table 3 FRE. -
EKB2BHOTME, SOBMMNSGSNEREHORREARIRL TV 5. &
B4, SRFREEZMETSHH, HOFLVEMBSSVRIEHOROREE
ZARLTWVWAB I ENgh S, . .
ICP/AES e FREBE LTRENTVSH, R.S.D.2HET 5 EF 1 AR
EARKREBEETRS. o THELOMBERCEL CREEOMEG, ML,
REOHER, ERERLOSIS, FIAOANSLOFMARB TS EE

bis.

ARBEIZI99IFEH EESI NI EBRAE Flow Analysis VHIRIhicaE Ihizh
AREGEHBCTAMEBRRARRCIONT-ROBEERENOBNOEL2RTS
bOTH B, HEDODTHERMOTHEBIBEB LELCEE2BHVBL LT E 9.
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