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MECINEYDI TV Ay T v IIRIGETR YO -V ThARIGHEESER TS, SHxnT
WBANT 7 Z)VEBBD YT/ = AEO OB T 5 RIGHEE /NS, ANVT 72 VBOV T
ZOLERRAVWIERETIE, TEPLTRICEDUEENSH S, 42 b0 T3V DI Ty
LI BOCH BRI S RISHE PR E <, CRARORZIEEY VY Y OFEBEZRE URE LT, X,
AEBRRETH S I ATV VEROBREE S RIFEHBZR UL, EREIEAED TS HEE

gtz

1 %

MECYNVEVDOEBICEEYLYE YDV TV Hy T
Vv TRIGICEES SBAKEEDSIE< VSN TV S,

ZOHETIE, RISHIZEYLME Y 2D s D& EREIC
IT V= ARERIGT A RICHRBESERT 2. &
OMEDI TV hy 7)Y IRIGEERE)VE YD
LODRINITHEART/NE L, KISOTEREE TITIEERAS
HETHHID. D EHH, Malloy-Evelyn 3 %
B URHETY, 2RISOFE/ICIEMS 220, #l
EARERIZE LA RN NH 5. MBI NVEYDER
% FOIEREIZIT D 120121E, KIGHRREIRE 2 »ITR
BT BTV LEDOREVSBETCDHS.

COEH AN, H, FEHELHIMBEC) VEYOEE
WKHET2YVT7 V2 A EOREZHNE LT, 38 EH
YTV LBEVY WY VY RORIGHKED YT
VHy TNV TRICOVWTRER L, MEURY. KR
XT, EINVEYDOHy TY) v THIELTHEEEEX
HENIZ4-Z b0 T2 IOV TV oy L% ML
EYNE VOERBICHEHE USRI OVWTHEST 5.

2 EEBKHE
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1) 5mmol/l 4-= FT-0-7 = ¥ ¥ VAN

* BEBTEEEAY: 338 BEBRBMTE EAAS
519

M OBRERERRAFACERE 350-04 MEEAMBESD
AT E B AH 38

4-Z b W--7 =¥ Y ¥ 5mmol % 0.176 mol/l

(FOEMSE T3EBRR) BRI L, 11 & LTz,

2) 72 mmol/1 BEREEE S b V) 7 LA

TRRERR S b ) Y & (e TEBER) 0.50g %45
BOKIZEE» U, 100ml & U7z,

3) YTV LRIER

5mmol/l 4-= F W-0-7 = ¥ ¥ VAR 10ml 1T 72
mmol/l HIHEET MY 7 ABK 06 ml 2%, EMLU,
5 SLANICE V.

4) 170 ymol/1 ¥ V¥ VIBHK

YWy (¥Y7<) 10.0mg % 7 O 0KV LIZED
L, 100ml & U7z,

5) 120 pmol/1 ¥ ¥ Y NE v IEK

JEou ey (7+3¥) 10.0 mg ZKITE
U, 100ml & Uz,

242 RISHREGOEN

1) EVINWVEYEEBE LSS

SEHRIC 10mg/dl EY VY VAR 5ml & * %
J=N45ml ALY, THIZANT s VBBO YT
ZULBAK 6eml 2%, K<EMLU, 25°C T 4
SERGS . KIGHE, KXO 7008V A%Z 30ml
TOoMA, K<EMU, KHE 7 vurn ABPFESIC
DT HETEHBE L. JuakiValESTL, BO
STRIESHCEY, KEENENL, L<¥HL, soo
RNV LBZFE U COWREERIELE LEOKE  EE
BRIC A2 THROBEL. KIGHEEZE 7 ook
VA8 420 nm SHTICRIRYE — 7 2R U 1.
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9) Y u YL Y EREBE LSS

AW/ 10mg/dl Yo u ) vE VEKR 5ml
EK45SmMI EEY, TZY YOI T/ AIGEK 6
ml Zi0%x, K<EMUL, 25°C TH 1 pHEKRIS S &
fz. RISk, 7aahsivsaz 30ml i, & <EM
U, KHEE 7 aumv B8l e s CHEL
fo. KAEZESEL, BOSKRKRHIEY, 7aakvs
ZEMEINX, I<B®HL, KEESEUKZ. ZOW%S
BfEA FBO 7 uarl AESEEFBINICTSE TR
WUt RIGHREE 2 &t AL 400 nm {48 X
¥—2o zRUT.

23 BIEFH*

1) MBRL ) VY Y ORITERIE
MEOImIC/AK 19ml E X%/ —)L 20ml ZiN%,
BM%, Y7V =27 AEBRK 1.0ml ZiNZ, 25°C T
30 FHEIRIG S E 2. RIGHE, BOEEIEEED - BRIk
ZXICEE U7z, B3R SEBRIRIEK 20ml 1T 2 ¥
J =) 20ml ROV T V= AEBK 1.0ml 20,
FELL, MIREFERICERIEL 2. X, Bk 5 HERIKRIE
Mg 0.1ml IZK 1.9ml, *#% /—) 20ml R 0.176
mol/l AWK 1.0ml i, AL, KzWBICK
FRE &2 BIE Uz, BIE B 101 B ERTiT -
1z. .
2) BEERISHEC ) VY v OHITEERE

m# 0.1 ml iZ/K 3.9ml % i, BfOK, Y7/ =2
LYEIRIE 1.0ml ZIN%, 25°C T 30 KRS S 1.
RIGH, W EEEK D & BRI & SR IC 545 nm CTHl
FU. RE»SRBRKIIAK 40m YTV =T L
B 10ml 2Nz, FHEL, BRESFERICEEL K.
¥tk & SERIE IS 0.1 ml 127K 3.9 ml & 0.176 mol/I
EREAK 1.0ml ZINZ, AL, KERBICRLEZ
HIE L7z,

3) MEHFOIEH

"EYNWEVIBERE 0.05~030ml £ D, ZhENITA
5 )—=NVEMAT 4ml &L, FiZ, Y7V =7 LEAE
Wloml #mz, <EFL, 25°C ¢ 10 ARG S
/1. RIG#E, BAEREED, 5> HBRK 2 X HIC 545
nm CRIE L. BREH SREBKIEA S/ — )V 40ml
YTV o AERK 1.0ml 2N, AL, Hiks
RIRRICEIEL /2.

4) MBI VY VEBEOES

BRIKARD ) WV E VBB IIBEOBOLE & ikD» 53
BEORNELORNEELRERICHASIE, KD
1z.
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3.1 TBICAVIY 7YV ZILEDEE

Fig. | €V NVEYDITVhy 7Y v IRIEDRIG
BREII>WTRLTWVWA., JORETIE, YYNVE Y]
DFPOTVEINE Y 2 5FPERT BH, KIS 2
BB TETT 2D, F—RILTE, EYNVEVEYTY
IO ABLEORIETTVEYILE Y 1 HFEYVET—
VT HBRIGHEEIERT 5. KIGHEEIEE) ve
YOITVhy T v RIS HETHRORIGERICZ O
TOARNAEKREZRMT 2 EICE0 7 aaR)Laichit
INBVTY, CoMEEIYINE Y ZFDLOERRRIC
VTPV LBERIGL, TVEIWVE Y 24EKT 5
», FORGHEEIZ/NS V., Table 1 1 38 BEOY T
oy AEEZBV, RIGHREEO YTV hy 7Y v IR
JGEEROEYNY DI TV Hhy 7Y v IR TER
U R EEOSNEREE I DV THRET L, BEL K
RBO—HEIERLCNS. BRRECHEHEIATA X
VT 72 VBOYT YV =y AEYIKIGHEEICHT 5
NMIGEEN/NS WY TV 2 ME8O 7V —TIBLTH
fr. RIGEEDOKENWY TV = MERERT 5 F5BIKE
B—7 3Ivid Table 1 Tid 4= burv=v, 24-Y7
gu7=ly, RO 4= O-0-T=2V IV THbH. 4
Z U TV Vv I TV AEIXEVEIERE
nEL, ULrbRIEARESRERBICSH 5Bk
ERTBE, S, CUNLEYOHy TV THELTE
bEEEEZ HNI.

ZOIVTVZuLBERY, MEREYVE Y RO
BEERIGELYI IV Y OEBFEOREZIEHET-
7z.

32 TPV LERHEOHANEMS
MECYNVEYOEBICHWE T = AEOFS

First reaction
bilirubin + diazonium salt
azobilirubin + intermediate
Second reaction

intermediate + diazonium salt

l

azobilirubin + formaldehyde

Fig. 1 Proposed reaction mechanism of the diazo
coupling reaction of bilirubin
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Table 1 The characteristic of the reaction between nine kinds of the diazonium salts and bilirubin or intermedi-

ate produced from the reaction of bilirubin

Rate constant®/

. . Apparent molar
Absorption maximum®/ P

Aromatic primary amine . —1 absorptivityb)

s nm |
1 mol " cm
4-Chloroaniline 8.75X10* 536 5.30%10*
4-Nitroaniline 1.82X10% 516 5.47X10*
4-Aminobenzoic acid 6.86 X 10° 528 5.82 X 10*
Sulfanilic acid 1.19%10° 546 5.95X%10*
4-Aminoacetophenone 8.25X10° 526 6.23X10*
2,4-Dichloroaniline 1.23X102 526 5.47 X 10*
4-Nitro-o-anisidine 1.19X10? 546 6.25X10*
5-Nitro-o-anisidine 1.44X10° 542 4.04X 10"
4-Nitroaniline-2-sulfonic acid 7.21X10° 516 5.67X10*
Aniline 1.49%x10* 552 3.29X10*

a) rate constant of the reaction between the intermediate and the diazonium salt at 25°C. b) absorption max-
imum and apparent molar absorptivity of the colored product produced from the diazo coupling reaction of

bilirubin.
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Fig. 2 Effect of the molar ratio of sodium nitrite to
4-nitro-o-anisidine in the diazonium salt solution on
the color reaction of bilirubin

(1) 20 mg/dl bilirubin; (2) jaundice serum; (3) rea-
gent blank

WWBWTIE, BERE—T7 I CHBEBT M) Y L08R
BENVENPECYNVE Y OB E BRI B80T 0HICE
BThar L BEERBEZRAOCORF» HHEERHL
129, 2o, BEREKOBEICSHZ0 4-= FU--T =
PIVICRHUTRIG S HHMEEST M) 7 ARBICONT
BEME L7z, Fig. 21 5mmol/l 4-= bU-0-7T =¥ Y
YA 10 ml 12 72 mmol/l FREEE S b Y 7 ATEHRZ DN
Z, WHEDOENTE (NaNOy/4-= b O-0-T =3V V)
% 0.144~1.44 OHPTEZ, ALY TV = alE
BREC)NVE Y RUBPAMBEORISTER L 125
BEROBAEEZRLTNSE, KD LS I, FEKDAERR
WEHEEB T M) Y LA/ 4= N T0-T =2V I VD BN
1 BETTCE—ETHEM, Fnllhicns s, ak
DOEBIBA U2, COBRP S, IT7 V=) LIRER

Table 2 Effect of water-soluble organic solvent on
the reaction rate of the diazo coupling
reaction of the intermediate

Half-life/s

Organic

solvent Sulfanilic acid ~ 4-Nitro-¢-anisidine
Acetone 62 2
Ethanol 269 1
Methanol 484 43

The reaction rate was measured at 26°C.

HROFEEES M) Y A/4-Z NT-0-T =YV Y DEIVH
1% 0.864 (5mmol/l 4-= b T-0-7 =¥ ¥ VKK 10 ml I
72 mmol/l HEFEME S M) U LAWK 0.6 ml 20X B 2 &
IZHE%45) & U1,

33 BUSIRERORE

REINVEYDRETIE, MBECYNVEYZRIGS ¢
B, RIGRERIORMPBETH 5.

— RN ROCTE R DRSS EE IS B2 T4 2 &
BHIGNTNWAY, 22T, RIGIAKOERE% L ¢
HEEZODNBEAY /- (FEX 326, 25°C), =¥
J = (243, 25°C), Tt btv (20.7, 25°C), YV X F
WANARF Y FRO Brij 35 % RIGBKICINA, RIGHE
EaEB UK. Table2 & ANVT 7 Z VRO 4-= b -
-TZYIVvDITV LR ERN, X¥ /-, T
§/—=VROTE bV EEIMLUEZE EORIGTEED Y
TRy T v IRIGEE CERIITERUL) ZRL
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3
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Reaction time (min)

Fig. 3 Time course of the color reaction in the
presence of five different organic compounds

TV5. RIGEEINAEE LT by 2ROz E I
HbEL g1,

X, Fig. 3 BELZAMBEZEBIC U ZBEDORIEDOR
RELARLUTVAD, RIGHEE ZHMEE &R ICR
EKTHT L b YBRINTROKE <Kotz RIGHEE I
HOEWT £ by k&L B0, BEBEOREMRIE
NS B BERERU. FICEEME, RISHEED»
SERUREKIET L Y CRRISHES %D 5BEE
Rtz BENOTEOREICBNTIE, RINBEILT &
FYHRWEEZLHNBEY, EFELHORFTISHFETHT
o121z, REEPEORELS A /) — V& RIEEIC

\aE

EELT

34 KIGHEFRE

RE Y NVE Y DRIGKRIZE ) VE v EEER, TiRY
YWY VEEREME (23— b BIL ZmXEMFE), BXA
MERORIGHEE (EUvE v o@|l/8) 238 & L
T, 25°C & 37°C DEE T THRE L. 2 DR,
37°C T, RIGEEIIKEWHOD, LKL rRElk
DOENEIZERED S 5 IR UIEH 7. 25°C DR
FHETTE, BEMBEZELTXTORBOKIGIE 10
SLRICSET U, $EIL 37°C DEEFITHAREETH -
fz. UL, HEAMBORISETET § 5 E TIIDEL
EH 30 FEMETH -T2, DI EORERER» S, BY
Y E vBIE R 25°C 30 3 TITH 2 & & LT (Fig
4).

BEERIGEC Y VE Y ORICHEBIETRE ) Ve v
HIE, BIEZAMBRORIGHEBE (Y5oae) vy
virHFRE) AEBE LTHREI L. 20MR, mikY
Y v REEM S R O RISH B O KIS 10 5 DINIC
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Reaction time (min)

Fig. 4 Time course of the color reaction in the de-
termination of total and direct reacting bilirubin
Upper panel (direct reacting bilirubin): (1) 10
mg/dl ditaurobilirubin, (2) bilirubin standard, (3)
intermediate, (4)~(6) serum; Lower panel (total
bilirubin) : (1) 20 mg/dl bilirubin, (2) bilirubin stan-
dard, (3) intermediate, (4)~(6) serum

ST Uh, ERAMBORIGIISE TS 5 TIcdbnl
EH 30 NHPRETH 1. UEOREERY» S, B
RIGHEE Y VE VRITER 25°C, 30 HTITH &L
(Fig. 4).

3¢5 WRIRANYT PV~

4-Z NQ-0- Ty IV DI TV ZgntgE¥ YNy
BREEMR, TR ) V& v BRI, 3472 A ME K O RIS
FEE (CUe v sfAR) CORIGTERT 256
ROBINANY b AERKRET Uz, £ ORER, ERU 5
BIERDORIBBAREZNVTNLORBDESICZH 546 nm
TEICROonl. ZOR/R» 5, BIEFEREIE 545 nm
E Ut

36 &iﬁ .
CUNE Y RUOTHIRE ) v v ERNE % D TER
URBRRIE 30 mg/dl ETHRAZBHERE 2o,

3.7 ¥ K

20 mg/dl BV VYV EEHERR O 3 BEODE A MK
(YL VIRE 27~13.0 mg/dl) 2O TEKEDK
HE (n=10) ZF. ZOHE, RSD LYYV
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WX

EHEIR 0.5%, WIZAIE 0.5~1.5% TH-1z.

38 [EIRE

4 BEOMBICY Iy a Y vy 4.1 mg/dl ZEM
U, RBEORUERLZBE L. 7 ORE, FHEIERE
98.5% TH-1:.

3.9 HEVHOZE

B, WE 42 00TV VOV TV oy AL AMBEYY VY Y OESR

KEEIC B 5 EEMEORE L 3 BEOR S A

IR MY A (BSINBRE 1g/d), IRE (1g/dl),
Fnva—A (1g/dl), 7AaAVE B (1g/dl), t- b
D7 NT7 7y (1g/dl), b A vy 4 (1g/dl), it
AL (Lg/dl), k<742 Yo L (1g/dl), 7V
TF=v (1g/dl), TVT I (2g/dl) RUO~NET T
VY (05g/dl) Z2MLUTHKE L. ZO/RR, TX

Y =1.095X +0.45
mg/ e} _

X =3. 8mg/d¢

20 ™~ o
- Y =4. 6mg/de
[=]
:‘5 r =0.998
: n =30 °
g o
g 10F
[=]
s o
I .
10 20mg,/dé

Alkaline azobilirubin method

Y =0.945X +0.90

&
AN
=3

10

Proposed method

20mg,” dé

10

Enzymatic method
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INEVBERUONETOE VISABREERL, MOME
WHEZRI Lo 1. B2 AMBOERMIZERMATO
4.12, 9.09, 246mg/dl » 5T A IWE YBOERMT
2.22, 6.96, 1.42mg/dl, NEZTY Y DHERMT 4.07,
8.00, 2.00 mg/dl iZ{ET U 7z.

310 # P4

AEE I ATV VEYROBEREY & OHEBBEGRIC
DWTHRET L7z (Fig. 5).

BEYNVE YBEIETIE, KEORETHHE (46
mg/dl) X3 AHITNY vk (38mg/dl) RUBHRE
(3.9 mg/dl) ICHABETH - 1z, RN K OHBIRE
I ATV Vi y=1.095x+0.45, r=0998, BEFRiE
»=0.945x+0.90, r=0.994 T - 7:.

BRSOV € Y BIRE T, RO RIE T4l

L de Y =0.854X +0. 44
mg -
X =1. 5mg/d¢
10F _
3 Y =1. Tmg/de
e r =0.976
B n =30
~=
& °
g 5F
o °
a oo
@ [ J
L

mg,/de

Proposed method

§
5 ‘10mg,/d¢

Alkaline azobilirubin method

Y =0.923X +0.41
=1. 4mg/d¢
=1. 7mg/d¢

10X
'

10mg,/d¢

Enzymatic method

Fig. 5 Correlation of the proposed method with alkaline azobilirubin method and en-

zymatic method

Left panel: total bilirubin; Right panel: direct reacting bilirubin
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(1.7mg/dl) 3V vk (1.5mg/dl) ROBRE & T IVY VERUVBRECLKSEETH - 2. BEMEEV
(1.4 mg/dl) ICHNREETH -7z, HER KX OEBERE FThOFETCHR—FEEMEZHAONTER L. -
EIATNY VK y=0854x+0.44, r=0976, BERE  C, KEFEEELLIRREF YTV - 3 VICED
3=0.923x+0.41, r=0.936 TH - 1Z. LHbOTUEHRNVWEEZL NS, X, KETIE, MELY

RO ICHWT, 3 HHEEICE L <BHST 20E VY VHEHEREY SEBRZFIBE U TRIE U 7R R
BIROME VLY VEEEERISEY VIV E VESHE  E2 s, KENEBE U THE L ks 5 RBRE OB

LREERNLS o 1. BrELI|X, BHUE. COIEmD, YTV ZYA
HEBOES, REDEBY, BIOBELTIEAS SN
311 RLHAH EEx2 bz, B, HEYEOTHICET 2K T
150 BIOBEHT— 55, 2&&@%@@%&@)}%1@5 X, 7 ABREZRIYERIRVIZE 15T,
FREICIVEELLDY, 20#R, BEEIILBEY NV 1990 £ 9 A, % 63 BIR KA
"V 0.5~1.6mg/dl, BERGEY Y LVE Y 03~06 KA BN T—EFE
mg/dl T#H - 72.
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Spectrophotometric determination of serum blhrubm using diazonium salt of 4-
nitro-o-anisidine as color reagent. Yuji Suzuk1®  and YOShlkatSU SAKAGISHI
(*Saitama College of Health, 519, Kamiokubo, Urawa-shi, Saitama 338; * Dcpartment
of Biochemistry, Saitama Medical School, 38, Morohongo, Moroyama-cho, Iruma-gun,
Saitama 350-04) '

We present an assay for serum bilirubin using a new diazonium salt of 4-nitro-o-
anisidine which reacts readily with intermediate formed in the diazo coupling reaction of
bilirubin. The values of the present method correlated well with the values obtained by
Michaélsson method and enzymatic method. However, in the determination of total and
direct bilirubin in serum, the values by the present method were significantly higher than
those of the Michaélsson method and the enzymatic method. Thus obtained laboratory
data were 0.3~0.6 mg/dl for the direct bilirubin and 0.5~1.6 mg/dl for the total bilir-

ubin.
(Received September 7, 1991)

Keyword phrases

determination of serum bilirubin; 4-nitro-o-anisidine.

NI | -El ectronic Library Service



