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Near-infrared Spectroscopy of Human Serum Albumin and Determination
of its Concentrations in Phosphate Buffer Solutions

Mitsuhiro Ocawa,” Takehiro YAamakosar,” Shinobu TANAKA,” Ken-Ichi YAMAKOSHI

Abstract Near-infrared differential absorbance spectra from pure water have been measured for phosphate
buffer solutions (pH = 7.4) of human serum albumin (HSA) in the wavelength range of 750-2500 nm. The peaks
that follow HSA concentration can be observed in near-infrared differential absorbance spectra;in the 1650-1750
nm and 2150-2350 nm region. The near-infrared spectra in the 750-1350 nm, 1550-1850 nm and 2052-2500 nm
regions of the solutions have been subjected to partial least squares (PLS) regression analysis to make calibration
models predicting the concentrations of the HSA. The calibration in the concentration range of 0-5 g/dl has
yielded a correlation coefficient of 0.999 and a standard error of prediction of 0.0283 g/dl with latent variable of
seven. This result suggests that the near-infrared differential spectra of HSA from pure water reference and its
calibration model constructed by using PLS regression can pick up effectively the information about albumin
contained in phosphate buffer solutions. This result can be a base of reagentless measurement of HSA in human

serum and iz vivo HSA measurement.
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Fig.2 Examples of near-infrared differential absorbance spectra from pure water of

phosphate buffer solutions of human serum albumin: Lower panel provides an
overall view of spectra and upper panel shows a closeup views in the region of
wavelength 2130-2350 nm.
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Fig. 3 Calibration plot of estimated concentration of human
serum albumin (HSA) solutions against measured
concentration by leave one out cross validation. Solid
line is the line of equal values.
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Fig. 4 Calibration plot of estimated concentration of human
serum albumin (HSA) solutions against measured
concentration; training data set and validation data set
also contain samples of all prepared albumin concen-
tration. Solid line is the line of equal values.
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Table 1 Concentrations of human serum albumin concentration in training data and

validation data.

Concentration of human serum alubmin solutions[mg/dl]

Training data

Validation data

0(pure water), 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000
250, 750, 1250, 1750, 2250, 2750, 3250, 3750, 4250, 4750
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Fig. 5 Calibration plot of estimated concentration of human
serum albumin (HSA) solutions against measured
concentration; training data set and validation data set
are with different albumin concentrations for each
data set. Solid line is the line of equal values.
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Fig. 6 Examples of near-infrared differential absorbance

spectra from pure water of phosphate buffer solutions
of human serum albumin and glucose in the
wavelength of 2000-2500 nm. Black lines show solu-
tions of human serum albumin, gray lines show
solutions of glucose.
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Fig. 10 Calibration plot of estimated human serum albumin
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concentration; calibration model is obtained by
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HUFETHY, INEHCTHIRGETIVOIERAWHETH
52 ERRL, MG O GFHTFEIC L 2EHI0 6

W E2HONE L2 DTHAS. T/, Ozaki 5 LD
HIRHHOFH 24T 5722 12X b, 1650~1750 nm £
W2z T, 2150~2350 nm fHi 12 & D K & 2R EARLF D
V=035 2 EHWHONCT LI ENTE .
AWFRICBNTIE, TVT I 2 USNDIMBER ST VT
I VEHINC - 2 B B R BET 572012, 7V T — A%
BHORER OB 21T 572, R6ITRShizk )
(2, P& 2150~2350 nm fFILIZ BV Tid e b EE A
WWCBU B 70 3 — A OB e b AR A
WICBIFETNT I VIERORTIRERFEL D S5
WNEL, ZOFEBICBITLT IV T I VIEEOFHINZ 7V
I—ZADHZHEBIINEV DEEZ SN, T2, 2
DFEIEDEFWIEART VTG AL DT IVT I VigEOHE
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VT I ETNT— ADEEEWD T WICEART T A
EHWETVT I VIBEEOHI DTV, K10 IR T L9
BRS¢ boldEh s X ek, v
Wa—=APACH TN T I VEHINOEYE & 7% 5 g
BHDBXAD VAT B0, GhlfT-7259 FikicL-
T, ERGOEEBIOWTEETLIENTELLDLE
ZZbhb, L, EROMEMTEIIKRE CHEAF L
FHEEERY, WY -2 2ESWRARY b4 ETH
BT 2R TR ONETH L. T2, SHRIEITEA
F) 7 A TIREENTWELEVTIEFTY V7 H—T L
V') a—3 3 (Self-Modeling Curve Resolution ; SMCR)
FEOEIG D MEF L 72w, 20 SMCR 1%, HERS DR
EWOFEMA R IV EREWHER RS Z N ZE O/ AN
7 MV & Z OB L, BEERS OMEY1T) F
BETHhAH21]. Mz LIRINIED X 9 BB ORA
WoOFHINIB VT, SMCRIZEZALZLEEZON, %5 W
FANRT +F LADHHIZSMCR 2 WL LN TE D
MNED D, GHREBRWIIHGES - MEGEEZ1T) FETH 5.
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ML CHWHNS, Mt BOGEFHIOEEMEE, Wikico
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ba. F7, MP7VT I VIEED XD ERROGEE
BTN RZEE LA BN WEB b2 i %729
Wi, EOWEERMCZPEREEEZONL. 2R
&, I3ED B I IE OWOLE % & 2 7238, Kiew Lk
AREEKE OXESEREFNTAZIEICE ST, XD
Bt L R AR E Z HND, HiozoI,
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HeEE Im &5 hE, logn (Im/Ir) THEb I N5 EITN
(1)DOXHIERTES.
logio(Im/Ir) = logio(Im/To)-logio (Ir/To) (1)

2 TR(1)ABD logn (Im/To) (EM5E W E O WL,
logio (Ir/Io) XS HPE OWNEIZIZ N 50w 5,
CZTR()ALD login (Im/Ir) THEWHE & SHWE
DOWRNEDHESFTH D, T 2T, logn(Im/Ir) TREN
LMEWE & SR EOWNE D 5% 5T 572912
X, AFHGTo OFHIPAZTH 2 2 LITFER SN,
B OMFBOEE OFHINC B W TIX, AHEEEEED
M FHM L2 TR S n, L ICIEEO R
WHIEIZ B W TIZEEEONEIVNE 7 5 72D WO
DOWERAEREIZTH I EITTE R, —J, ZEO5WE
FEOFHINZ B WTiE, N(1)AELICHNS Im & Ir DN
ity iid v, SEEHIL7Z7 V7 I v ogak e
BV TRWEWE L SHYHOWIE DI /NS w7z
@, Im & Ir OB ASEHIT] R 2 i P ¢ AGHGE 2 B &
BCEHT A2 LML 2D, AGIHEIREVITE
Im & Ir b KEL L BDOTESWNEOFIBENE T 5
EVIERMEORERDH D, ZDOXHIT, MNWEED
ZICERD D YA, — RN Ot Tld % < &
SOOI b RT3 A MlifEAH 5 L T2 5.

4-3 EHZEFHAOESR

HEARIE DALZEGHTICB W THW LN REDNL L 1IH
flichy, HBEOH L DL %L v, Hl21E Park 5
XX, BETREFHMTEEOENIA PO LR
FOEDLHEGZREUNO I A D50 ETH B E
W [2]. EREEEICBIT2RAEICELLIETOBER
ZOBESIZOVWTIHIZEA LR EOND Z ED RV,
REDPAE L FHINESEA LS iR, BRBED 3 A b
DORIBHALEAFETE, BREOEIFICHET LI &8
T&5%. ¥/, T oOT VT I yogmlE, B
Bromocresol Green (BCG, fll% : 7u® 27 LY — )7
)=, 5% CaHuBriOsS) ZHw528[22], 2o
FIEFEIE NS DDREFE~ORH R TWE L Sh,
BEMAEWTH S I D0 B P RLBEREITIIFEE AL
WChbD., ERETOEEWEDOER - GHISTRE L h
X, ERMRAR O MR CANI] B 2 BEREW I & 5 BREG R & 0
FTHIENWREL R, ZOEHRIIKE W,

44 FIVTIDEHBIDESR & in vivo EHEINDHRE
WAE, M5 OFHINIZ R RN 2RI LHTH 5.
MEGHTEDFGEIZ L - T, BEE I NLERM= LD L
T35, b AN, A ksaHilE IR Y Fk
WEDfTbNbZ LT L. ZhETizbhvbilg,
2R TR L 72 B BIRDE 0 £ ZE BT IC X - CTUHihEfE %
JERETEST 5 %2 B3 L, Pulse glucometry & %4
AT THFZE % # 8 T 5 [23-26]. Pulse glucometry (3,
VA —ADWIEEE Y — 7 MSERIMERICFET A 2 & %

ZFOBFELTBY, TUT I UL ERIMEBIEERE
¥ — 27 %¥>7% 5, Pulse glucometry FEFED I X 5
TP T7 VT I VREZFHIT2 2 & WIfFC& 5. AT
7213, Pulse glucometry Z M 7 )V 7 3 Y FHINC IR &
LML L THIEZDLIENTE, RifEICLN
X, TIVTIVOEZLZREEE — 2713 1700 nm &\ L
13 2200~2400 nm X CTH L Z L2 5, 51, I O
DOICTENRYE 2 M5 & CFHU RE 2 ZE 2 S L, MmH 7w
7IVOIREFTNEZRAL TFETHS.

MPTOTNT I OFEIH 14 HTHY, TDZ
ENDLTIT I VIHBMEN O, ZAREIREEZRTIE
BEE LCann(2e 27], i 7 v 7 3 2 IREE I 4%,
(28], IIPEMRREIRRE(29] 2 E DRk A Y A7 TH BT
», BEANERREERIETEZDOLDOD) A7 THhHE D &
NTW5[30]. M7 V73 v OIREZFHNATREE 2N
1, RAERAEOF A E IS RE & 2 A RN B D, A
HMThrdborEzonsb. Tz, WBOTNVT I VI3
JRIREEIEDIRIE L % 58T A =5 TH Y, KO TiE
DRFT N T I VEHIANDOFIEIZOWT S S HME L7
Vo REBET VTR A, RN E T (Radioimmu-
noassay, RIA) TEMHUIEN 2 Z E23H Y [22], 75B%FH
T X BEHATEE & 20, B E o6 % K,
TEZLVIERPLDEF L. RPT7T VT I v okl
(1%, RIA MU o THREHED B 2 v 20 502 P 2
(Turbidimetric immunoassay, TIA) b FEH LI N7=H
[31], TIA IZBWTHHEIMARIE ZFH T 5 DI
FEIIEMiZedb0E oS5 %259, X ZMICEHIA ] RE
R BN THEORBOERIIRE W, 72720, Rh
TNT I VMR T7IVT I v ERBRLCTKBETH Y,
AFFE L D HIIEE COMBADPLEE 2 5.

ARWFZETIE, T2 MERTTHLTIV7 I ¥ OFHIIS
M32b0THhaH, SHRIZZ07) b oRExR &
OFHNZ 47\, R Lo sk 450 <0 JE42 88 i b 8 45
FHHIA~EBH L 72w,

5. #&

RIE & W e W I T K B I 53 AT i oo B
O DIZ, MIEOF/=HB 5 THDTIVT I 7 REEER
DIEEDEREHHIZOWT, PR 750~2500 nm DL+
FIROWOCEE T & I CTHET 21T o 72, #5R, 773
VIRE W OMAK E OESPLE XTI EICE -
T, 1650~1750 nm 1§ 3% & 2150~2350 nm 4 3T 12 1E o W
NHEE =2 Z2BRTLIENTE, EPBMNHEART 5
LADEERIIFINIC X 5T, TNT I VREEE %
e e RIGET VAL LN TE T2, T
VT IV NVa—AOREY) VEBREERICBWTD,
FERWSEEARY T ADDTIVT I VR ETRIE = i
EREZ MIGE TV A2R72. ORI, REXHVZW
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ML 5353 T i R0 FEAR BR ML PP S 503 i D 7230 D HehfE & -
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HARHAEJER 2B - PRI, MHBEK, &R
REPTEEER  ARERRISE# Lowv. £, AifsEo—
&, BHAnrse Bl 4 - JRATZE (A) (21240047) B &
OFAEWESE (B) (20300195) DB 2521723 DTH 5.
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