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Reaction between pH indicators with a large pK, value and human
serum albumin and its application to the determination of the

serum albumin concentration
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The reaction between four pH indicators with a large pK, value and human serum albumin
and its application to the determination of the serum albumin concentration were studied. In
the reaction of Bromothymol Blue (BTB), Phenol Red, Cresol Red and Thymol Blue with serum
albumin, although a change in the color shade did not occur, the absorbance of the reaction
mixture decreased. Since this absorbance decrease was largest in the reaction of BTB(the
molar absorbance decrease at pH 7.4 was 7.59 X 10*1'mol™' cm™"), which was sufficiently sensi-
tive to measure the serum albumin concentration, the BTB color reagent at pH 7.4 was applied
to its determination. The measurement values by the BTB method correlated with those by the
dye-binding method using the Bromocresol Green method(r= 0.965, y = 1.21x — 4.25, n = 90)
and with those by a method using Bromocresol Purple(r= 0.953, y = 1.04x + 3.56, n = 90).
The mean value of the BTB method (41.8 g/1) was higher than those of the Bromocresol Green
method (38.1 g/1) and the Bromocresol Purple method(36.6 g/1). Since the reaction of BTB
was carried out at pH 7.4, where serum protein does not precipitate, the addition of a detergent
for preventing the precipitation of serum protein is not required. Therefore, the use of this
color reagent contributes to decreasing water pollution by the detergent and acid used in the
conventional methods.

Keywdrds : serum albumin; determination method ; dye-binding method ; Bromothymol Blue.
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Ly F (PR), ZLV—=NLv F (CR) RUFE—NLT
V— (TB) £ ¥ RV BELDORIEDOEERFINSDME
FEOHILRIFICIVBESNABIBOMFET VT I VE
BEAOBBICOWTIRE LR HET 5.
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KRBIZHEMERODOZFH L.

R BRE WL pH 1.04~2.28 %% 0.1 mol/1 HCI
B E 0.1mol/1 7Y ¥ (NaCl % 0.1 mol/l DIRETE
tr) WWT, pH2.40~7.80 A°0.1 mol/1 7 TV ERIEH &
0.2 mol/l Na;HPO, {&¥ T, pH 8.53~12.90 %% 0.1 mol/1
NaOH i & 0.1 mol/1 7Y ¥~ (NaCl % 0.1 mol/l Dig
BETHEL) BWTHEL .

1 mmol/1 B E B : BTB (Wako code n0.029-03051)
0.670 g, PR (Wako code no.165-01121) 0.354g, CR (Wako
code 1n0.033-04731) 0.540 g U’ TB (Wako code no.203-
01451) 0.624g MY, ThLhIZZF VT IVI—)V 10
ml 2z, & EME, BRAKZMZ 1000ml & L7

FmAE: pH 1.04~12.90 DBHH W 100 ml IZBRE

# 5.0ml (PROPAIWIE25mD) Mz, X EMLA
817

BTB BBRAE (MET7NVTIVEEBMH): pH74D7 T
~ - Na,HPO, SR A 20 ml (Z 1 mmol/1 BTB & 12.0
ml ROHERAK 68 ml iz, L BRLUARLZ.
2g/1 7 VSV EEH: L FTNVT IV % 200mg Y,
FEEUKIZEML, 100ml & L7,

2:2 BEREEFTIVT I EORGICET 2 RERIE
RERBWIZ 7 V87 BBEW 05 ml ICBBEHAE 2.0ml 2
MABRIIBOWTHSEEE 8¢, HEKEZXTEIC BTB
615 nm, PR 560>nm, CR 575 nm & U TB 595 nm Tt
EAREL:., SREBRBHEITHBEK 05 ml IIHEABRE 2.0
ml ZMAARL, WLEIIBEKENRE LTHEL .
3 O FE 1L MG 0.01 ml 127K 0.49 ml & FEEHAIE 2.0 ml
AIMZ, Diky oy BBHEOBE L FROBRIETHEL
7. RENF OWEE X RBRBEROBGE S S ZRBRBEO
WOREE A LI X EH Lz, BEEOREIRH L RERR
R SHER 7011 TIr o 7.

2:3 BTBICLZMBT7IVT I EREDRTEERE
M3 0.01 ml (ZAEEK 0.49 ml & OF BTB A 2.0 ml
Iz, LEML, 25T i2BWT 10 FRG S €72,
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Fig. 1 Effect of the pH on the reaction of the four
dyes with human serum albumin

The apparent absorbance was calculated by subtracting
the absorbance of a reagent blank from that of a test
solution. The reaction of these dyes indicated the
absorbance decrease without changing color shade.
<& : Bromothymol Blue(at 615 nm), [] : Phenol
Red(at 560 nm), & : Cresol Red (at 575 nm), O :
Thymol Blue(at 595 nm)
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L7
BERIZ2g/1 P TAVT I VIBEHRE 0.1, 0.2, 0.3,
0.4 KU 05ml ZHY, £BA05mlilh5 &) ITHEEK
Mz, Th5ICBTBRAE 20ml 2%, X BEML,
95 1BV T 10 S RIBUS 84, DRI & R HERIE L
t.ﬁ%ﬁm%ﬁﬁ%ﬁm%%ﬁ#%%7»73y%ﬂm
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EETEY2 CORERICREL TR,

3 EBMER

3.1 BRESZNTHEDRED pH <& SEAE
Fig. 113¥ b7V 7 3 » & BTB (pk.="7.0), PR (pK.=
79), CR (pK.=83) RU'TB (pK.=9.8) LDRIZH
F 5 RETOWREE L pH L OBFRERL TS, K pH
L E pH HBO 2 HBICERBE DO TBIRT VT I
YOBRMIEY pH1~3HETHRE-HBOBRELE
RL7Z2AS, SHhBAO pH SR TIRII Y & O RR#A%
BRI shihor. T/, BTB, PREUFCRTHHEHE
H, B REOHEG-ROBREIBRH S hiehr o7z,
LLl, SO pK HiE%EBA %5 pH BT, Fig. 2
R LAZRIRARY PR OND &) ICBFEBEBE~ND Y
YOSy RTINS o8y BRI OB RBEWOBICE &
Aag, REFTOULERAME ko, & Y37 EHEHM
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Fig. 2 Absorption spectra of the reaction mixture
containing BTB

The absorbance was measured against distilled water.
The absorbance of the reagent blank decreased by
adding human serum albumin and patients’ serum.
S: 100 g/1 human serum albumin, P: patients’ serum,
B: reagent blank

Table 1 The pH where the absorbance decrease is
maximum and the degree of the molar
absorbance decrease in the reaction of the
four dyes with the serum albumin

Molar absorbance

Dye pH decrease/1mol ' ¢m ™' pka
BTB 7.4 7.59 % 10* 7.0
PR 8.5 2.42 % 10° 7.9
CR 8.5 1.67 x 10* 8.3
TB 9.3 3.12 x 10* 9.8

X BWEERTEIZBTB>TB>CR>PROJATH b,
BEOBREERTEL AR pK CHBIRAON L2 -
7.

Table 113% V82 E L ORIBIZB W TEHBFZO REHT
DRSCEDTR/NZ% B pH R D pHIZBIF S b7V
TIVIENGE ) OBRBERTELZRLTWS., T2
T, ME7NVT I VEREOREICKEL, ZOHEDOWHE
ERHERT A0, TV I VIBESEEHEROTRICH
HMFEBOWMEIBTB2ENERTEMN 01U RICREZ L
FROVWALBEORESRMGLE L AL MBET7TVTI v 0H
HFP I 38~52g/1 (55X 107" ~7.5% 10 *mol/l) T
HHEDT, TVI7 I VBEFEERBOTRMEICD S ME
rRERECH - THET R L, FRFELLITALT IV
L ORULTH 5 1 5 G EK T B BTB 0.167, PR 0.005,
CR 0.037, TB 0.067 2% 5. ZOXHICHKRFLL-BED
HCIEBTB DAV EELRBGZHALLTBY, COBED
MFET7NT I VEENDICHIZOWTHRE R #D7.

Bk BREEHEEAA & pHISREO L MILET VT I v EORIERUZOIIET V7 I Y ERNORH 941
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Fig. 3 Effect of the buffer concentration in the BTB
color reagent on the absorbance decrease

The absorbance decrease was calculated by subtracting
the absorbance of a test solution from that of a reagent
blank. The absorbance decrease increased with an
increase in the buffer concentration in the color
reagent. [J: 100 g/1 human serum albumin, O :
patients’ serum
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Fig. 4 Effect of the dye concentration in the BTB
color reagent on the absorbance decrease

The absorbance decrease was calculated by subtracting
the absorbance of a test solution from that of a reagent
blank. The absorbance decrease increased with an
increase in the dye concentration in the color reagent.
[]: 100 g/1 human serum albumin, O : patients’
serum

3.2 WAEETEEEEHRRE L OBEER

pH iEREZHWBFEEFETIE, F Uo7 HLAER
EDFIBII BT 5 R EIRE IR G R E R OB E AR I
EDFELLEMRT R LAMEIRTWB?, 22T,
BTB & ¥ YNV B L OIS T 2B EHENBEEOLE
IZDWTHE L7z, Fig. 31 pH 7.4 ® BTB HERAEH O
BEBEBRARL Y VX7 HIZL % BTB OWKERTE L
DEFREZRL TV A, BOGEERTT BE SRR A R B O BN
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Fig. 5 Time course of the reaction of BTB

The absorbance decrease was calculated by subtracting
the absorbance of a test solution from that of a reagent
blank. The absorbance readily reached a plateau,
and became constant. []: 100 g/1 human serum
albumin, O: patients’ serum
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Fig. 6 Calibration curve of the reaction of BTB

The absorbance decrease was calculated by subtracting
the absorbance of a test solution from that of a reagent
blank. The calibration curve was approximately lin-
ear.

EEBIZERLLD, WTFhOBREHEBRBEICBVWTLR
REERTEIZHROBEORBESRMZ THICHAZL TN
7%, REREDOBRGEREERIL 20v/v% ZEE L.

33 WAEETEEETRE L OBRE

Fig. 4 135 BRAE ST O BTB RE L POLERTE L O
BERLTVS., BAEEEKTEIZIBTBREOHME ED
WCKREL o, COBERPORAREFO BTBIREIR
0.12 mmol/1 % EE L 7-. ,
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Fig. 7 Correlation of the BTB method with the dye-

binding method using Bromocresol Green(BCG
method)

LERLTVA. BREEETEIXBTB BAAEORME
BHhSEBIZHEML, wFhoRHIBWTY 25T T
10 BET—EMBIEL, ZOBRREETHoL. 2D
MBS, RIS 25C 10 7% RE L.
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Fig. 6 ZWAEERTEL 7V T I ViBEL OMBZRL
T3, BREETEII7TLVTI VEBEORME LHIZK
EL D, MEICEERISECEEIZRD b,

3:6 HEHHORE
yrazyy, a7y, JV7F=y, Fha—
A, VUTF 77y, 7z VTS, EYLEY, R
FZORIBIZOWTRE L7, WTFhowE b BRBEHROWR
HELHEM, HEVIETEELIERIEEA LR
7-.

3-7 BRERVEIRE

&7 VT I ZIREED 30~ 50 g/1 DL 5 EEICH T
HREIEEBM (n=10) X RSD=15% UATH-7. %
72, ThHOMBICL P TAMT IV E50g/1TML7zE
& OELHILTFY 95.4% (HiBH 94.5~101.3%) Tho /.
—%, p7u7) & 25g/1RMLIzE & ORILRIZFY
0.1% (0~0.2%) THVH, ZOWHRIMFEHTD BIB &
K352 Lidhhror.

3-8 PEREEDHE

MROKEERICESEWEAELFHREL, MmiF o0
EHWTIET VT I Y OMEZITo 7. Fig. 7 kU Fig.
813 BCG#H (A/GB-FAM7Ia—) RU'BCPE¥E (TVT
IVHAFARMYa—) EBIBEHEICLDELNHIEME
EOHBEE/RERL TS, BEEYHEIL BCG &K U BCP
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EAFy MRATERNRE, BTBENL ME7T VT I~
V7. BTBEOREM & EREOREMIZIE, =
0.953~0.965 DB A b, #lEFEHE L BTB &
41.8 g/1, BCG ik 38.1g/1, BCP#368g/1 TH ), BTB
FEOMEFHME X BCGEIZHN9.7%, BCPHEIZH~R
13.6% 72T BETH - 7.

3.9 MEFE/OQTYUBEOHE

Table 2 IZIMFEHRZ 7Y VMEICLDMEZBRL, &
EHRNOMETNVT I YEOREFHMERY BIBEL
BCG %K U BCP B0 fll e FI it 2 5k 72/ R &2 R LT
W5, HEFHEICEAERESRD LN, HEEESEL
1.0 2B T, MERZ7 T 7Y ViBEA 20 g/1 Kifh
OMmEHZH &3, BTB k& BCP oWl EEH L
DOMERZ T 7)) VEIC X 524k BTB & BCG H0#l
EFIEL OB NE o iz, EZT T ) i2xt
T5RBEEBCCETIIUE LERTELVWRESTD
LA BCPETIE LTI TH LI 59 mig
Mora 7)) VBEOEALIZHE D BTB &L BCP LD E T
WEIL OB b TP TH - 72HEEIX BTB EH MG o
T OEBEZITIIL W ERRTOIDOEEL LN,

y=1.04x+3.56
x=36.6g I
" y=41.8g |-
r=0.953
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Fig. 8 Correlation of the BTB method with the dye-

binding method using Bromocresol Purple(BCP
method)
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4 % =3

BEEERICL DY VX EERIX BCG I, BCP L
EOFEICARONE X HIZIZL A EDOEE, BREE~D
FyRZEORMTHEMT 2 BAEOHEIIE VT
5. BCGERIMET VT I vERBEISH S 43T,
pH7IZBWTH Y7 EORMTAELZWAEDIKT %
WELY, F 2B ERBEL TV, L L, BEYEER

DWETHMBEL 2% 5 27 AOEBAFEEMA O E

RE~NOMKFIZX VBRI ENY, SHITDR TV LRRE
DMz L S 2 AHBEENMEYL SN TE/. BCG, BCP
% EOBEERICEBREE TS pHIEREIXS V0K
DEETTY Y37 BE L 5 ERLELEZRTH, BIB
GEOHENL T VA Y HEBICEGBRE b OBFETIHE,
¥ UNRZBERIMIE > THOBRPEMMIEDLTHIICET 5h,
HHVWRELEIS ol LL, ThHEDBETD
BHELZ R T BCG ® BCP O Ui & FAkIZ, pK. fHiLz
B2 5 pH FIICBWTIX Y V37 BORMTHREBRD
WHEIMETTH2HEFRDOON. O LiIXBHREL
DFEBHATTH-TdH, ThLOBENSF U7 EEMHE
ERLTWAZLZRLTWA., DL % pK k%R
A5 pHHEMICBWT, & V287 BRI & ) BFER
DOWHEKT T 2HRIE, RISTERTLBES Vv
BHREEDOGFREHRE (era) HHEHER M E DS TR
FREL (ea) ITHARDZ WV (ena<ed) FBTTEILZZE
WaFEL S VT B ORUSIIBT BALEFE OB A5
HOMIERTWEYT0,

R L4 BEOBEDI S, METNVT I Y BRI
ISWHTELWMAERTEEZRTAEIIBIBOATHY,
OBEFRHCMBETNTI VERELHEL. BTB
EOWEMIITERTED BCG K U BCP EORIEM & BT
R ZIR L2, ZOBEFEHMIIERELY S 0.7~
18.6% 72 BETH o7z, Table 2I1Z/R L7z, MiEHK7 o
T ETEBNLMET VT I VEICBITA BTBEEE
BCP L0l e Il A, mMER7 07 ViREIZES
T—EMWMIZH o 2FHEIZ, BIBENMBE 7Y o
WEBEZITIIAWILERLTEBY, a7y v

Table 2 Effect of the total globulin concentration in the patients’ sera on the measurement value

Serum albumin/g 1

Measurement value ratio

Serum total —

globulin/g 17! ® @ ® ®/® ®/@ N
~<20 31.8 29.7 36.5 1.14 1.22 12

20=~<25 39.9 38.9 44.7 1.12 1.14 35

25=~<30 39.2 38.0 42,5 1.08 1.11 26

30=~<35 37.9 35.7 39.6 1.04 1.10 13

3=~ 34.3 31.4 36.0 1.05 1.10 4

The total globulin in the patients’ sera was measured by the method combining the biuret method and the BCG method. (@ The
BCG method(A/G B Test Wako), @ The BCP method (Albumin-HA Test Wako), ® The BTB method
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BTBEICEMELZ 2O TERTIIAVWI LIZIHALLTH
5. $7, MBEXFEYWETHS p-7ur) 2, a-7u7Y
Y, ZVTFERE, SHEOWELAVIERETY,
INOLDYEDOIENDFBIEIRNEZR otz TDZ
EHhH, BIBEMSREREL Y DBEMEICAR 5 HEE, miE
RERTICEB0TIRRL, MOBER, HIKREWHEIC
BCG %R U BCP #TH v MRfHE#MTE, BTBEHETE b
MEFETNVTI VeI B EED—2E LTELS
ns.

BRBROBAEETELHES S5 7 HERET
i, AT LITkENBE LTHIE L Z2RBEROWE
BErORBBHROBEE2Z L&, BEEKTEZRD
ZiIFhE bk, 20X ICHIERER2RBRSE LN
Be L TRRBBROPCERMELMET S5 VN2 EE
BEICHERCR S, L L, HEOWEBOER L
SHTIE, HEREOEEEOMBRERCHCBLTE
DB RTELEEZbNS. BTB DREERTE 2
ETHEREOFEL LTI, WESPHERTERTE
I ENBITONS. PHEROWETIE, REICLZH
ERB/OBEOMBECEND pH ABZ BT L EMNTE
5. Tz, MES V37 BT HUREIIZLEALR
W ERS, F NI BOEREE b0, KEHELREY
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