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Development of fluorescent labeling reagents for
determination of amino acids and their applications for
highly sensitive determination of hydroxyproline,
proline and prolyl dipeptides in biological samples by
pre—label HPLC with fluorescence detection

Hirofumi Inoue, Yoshie Tao, Yasuto Tsuruta

Abstract
Highly sensitive fluorescent labeling reagents, 4-(5,6-dimethoxy—
2-phthalimidinyl) phenylsulfonyl chloride: (DPS—CI) and 4-(5,6~
dimethoxy—2-phthalimidinyl)—2-methoxyphenylsulfonyl chloride
(DMS-Cl), for determination of amino acids by HPLC were
developed. DPS-Cl and DMS-CI reacted with amino acids in the
basic medium to produce the corresponding fluorescent
sulfonamides (DPS derivatives; Ex 315 nm, Em 385 nm: DMS
derivatives; Ex 318 nm, Em 406 nm: in aqueous acetonitrile).
When the reactivities of DPS-Cl and DMS-Cl were investigated
by means of reversed phase HPLC using hydroxyproline (Hyp)
and alanine (Ala) as model compounds, the reactions of Hyp
with DPS-Cl and DMS-Cl were completed within 5 min at 25C
and those of Ala were within 15 min at 70C. The detection
limits (signal-to-noise ratio = 3) of almost all amino acids
labeled with DPS-CI and DMS-Cl were less than 5
fmol/injection. DPS-Cl and DMS-Cl were applied to highly
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sensitive - determination of Hyp, proline (Pro) -and prolyl
dipeptides in biological samples and HPLC methods for
determination of free Hyp and Pro in serum, determination of
total Hyp and Pro in serum and urine and determination of

prolyl dipeptides, Pro and Hyp in urine were established.

FLHIC

HPLC-8 e B ik 3R R Ic B & LOFEE L TO R VWS RS 2 A2 DRRBEICRIE
THENTELRALIESFED—DTH S, HPLC-UXBRHERFIAT L &, &
FRRYMBZDOE ETIRETERVID 5 WVITEVWRERE Lr5E 12 R0EE. aFdsg
WEEEFEACE CLC LY RBRERBEATIRLAZDZE1D, ThETCE4«DHE
Hior 2 MAEBEECRES AR EhTWEY, ZoFT, 73 7 Eiors 3 uFHEA
{LREL LTk, BREXFICRIGEL LT e RonEk, ~a Ak vEXEA Y F
AT R — bEEBALLRAE, FEEOT AT FE, 744 Ly 3 I VERO A0S
bRV YIS VEREPMDATVER, ZhDDREEDOW L ONRRENICR 454
THY AXBHELRFEEIRLETDH IR EDRR{EH LT3,

ZZCABIE TR, 7 I/ BBIC 5 M AFEE(LAFE L U T 4-(5,6-dimethoxy-2-
phthalimidinyl) phenylsulfonyl chloride (DPS—CI, 2-[4—(chlorosulfonyl) phenyl]-5,6—
dimethoxyisoindolin—i—one) } O 4-(5,6-dimethoxy—2—phthalimidinyl) —2—methoxy-
phenylsulfonyl chloride (DMS-CI1, 2-[4-(chlorosulfonyl)-3-methoxyphenyl]-5,6-
dimethoxyisoindolin—1-one) ZBF L. ZhbDRED 7 I / Bicx$ 5 KIGHEIZ DWW T
BT L. ThbDORENT I/ BREICNT 5 SRERE L% HPLC AR EFEHILAE T
BHZEEROH LIz, o, WRAEN {7 IV ERSBZLBELFET I/ HEDR
BERBENC E D, AR Foe Fesy T vy v (Hyp) RO7 2 Y v (Pro) 2 ED
T I EEETST I/ BEOSRERSTRAEL LTHERATHS Z Labr o/,

HypRO'Proid 2 5 —7 vHICBENICEENST I /BKETHH . ChHDT I /B2
5 —% Y OSRIC & 0 MRFICEH S h RPCESIR <75 PR LCHHEEEh 329,
REESD IC BV TIEFO Hyp RO Pro OBEIX L5 L. BEiER & ORI ROBHRR
OCRBBHRERESD nEna s -5 vRBHIcEET 2 ERIC & b MERCRFOR
BEREEHT 5, Hic,. MERTCRFORBETRNIBECHARRECRIHSFEBORHER
BEBE25 LTHRATHS CEAREERTWSYY, £, RFd Hyp KU Pro %2 &
ETAIYRTF FEOBES 25 —7 v RBICHET 3 RRTDPIC L0 EH TS L bh
TW3, LER->T, MERCESRD Hypy, Pro ROV 7o ) v oRTF FVEAZAIET S Z
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ik, BADRFBOBH LIERRRE L5 LTERTHHLEL DR 5,

% Z T, Bi% L7z DPS-Cl X U* DMS-Cl % Hyp. Pro RO 7" 2 Yy v I RFF FEDOGH
KISAT_CRFEZTV, mMEFEER Hyp XU Pro ORIE, MEX TR+ DO Hyp &
U Pro DREERVCRF 7 u ) LI X7 F FEROEER D Pro R0 Hyp ORIER2RRE
AT 5 BRI 7 L 5 <~ HPLC B3 Hr s #ESL Lo

1. BAFEECARORRE ENS ORAFTEEOI T

EEDIX, -7 ZATAFE K (OPA) EHBEEE—7 IV EORIETEBIS 2-7 = =
NTENA LY VEREENERE TR LTRETHZ LD, ChEREMKEFE L,
RERICELY BA LM AFEECREOHREET > T 320, 2odc, #MEEL L
TAMFUAREBBEALLS,6-V A FV-2-T 2= 72043 VEIRIOVBVEESY
BT AREKEL LCHEATHS L RLHLTNEY,

ZCT, WRELLTA MFUANEBBALLS6-VAPFY-2-T 2= AT BAA Y
YRUE,6-9 A hd o2 (B-A FES T2 o) T AL I OVERRERERE L. RKISEE
LTANK=A a5 A FEREA LT 3 /LA %8 EFHEE{LRAIE DPS-Cl
% 0 DMS-Cl % % L. DPS-Cl 2 0 DMS-Cl @ Hyp & D#F & (DPS-Hyp K Ut DMS-
Hyp) 2 8B HBE LT, TOHIEFEHIZOVWTRE Lico EHREZREDOT I VBIZXTS
BIGHEIZDWT, EF a8 E LTHyp RU'7 5=V (Ala) Z W THRE L,

1-1. £%
1) FEEERE

T3 BEH (20 ¢]) 1Tk v EEEAEEW (0.1M, pH 8.0, 280 £1) KU DPS-Cl Xi%
DMS-Cl (3mM 7 + b V¥, 500 #1) ZIEKIMZ . 70CT 15 HEFESRIEETS o
RIGERTH, or7mnm 22y (800p]) 2z CHEE - BLTHT S, COKB20p1%
HPLCIZHEAT 3,

2) HPLC &

H 5 L& LT TSK-gel ODS-80Ts (4.6 X150mm, i.d., 5 ¢gm, Tosoh) % 20C CHW,
) VEREREEW (5mM, pH2.5) - 7 b= bV (75/25, v/v) DAV 7255 « v THH
EIZ & D ¥ 1 ml/min TEH L. DPS-Cl TiZBhEM 315 nm X OVEYefl 385 nm. DMS-
Cl TiZphefl 318 nm K UV 392 nm iZ B3 3 B2 BH Lo



1-2. BREER
1) RERUFBEGOGHRUHEE

DPS-Cl EO'DMSCl 2 ZNFh 4,5-V A MF YT ANATATE KET=) Y iEm-7
YV VEDRIGIEEDVEBLNE 5,6V A MEV-2-T =T ENA IV VRD5,6-D A
FFEv-2-BAPFY T 2= N)TENALIDVEREREFNRZ o ALK VEBTUERLTE
BENizo DPS-Cl RU*DMS-Cl iZW\WFhdZh BHEER R L, HEMET, —&
BROZ7 I 7 5B THHEYPERIGELTREED AV R Y T I VEEEZER L
(Fig. 1-1), DPS-Cl, DMS-Cl, DPS-Hyp X Ut DMS-Hyp O##E1X TS HT MS xR 7
M EORHNMR A7 bAC K O#ER LT,

0 R COOH
CH30.
N SO,Cl  + HN
CH;30 OH
R=H; DPS-CI
R=OCH;; DMS-CI Hyp
COOH
" o1
Basic medlum SO2N,
R=H; DPS-Hyp

R=OCHs;; DMS-Hyp

Fig. 1-1. Labeling reactions of Hyp with DPS-CI and DMS-CI

2) FHELEOYNF

BHREREE L/ DPS-Hyp X U DMS-Hyp DR ERHIZ DOV T, ZFEMED 1o M BER %
A, AR bAZAIE L THRE Lz,

DPS-Hyp X O'DMS-Hyp D 7 + b = b Y A—KREBHE P TOHKBREREITE N FE N
#4315 nm, #EA 385 nm K UFHEM 318 nm, B il 406 nm TH -7 (Fig. 1-2),
DPS-Hyp X U* DMS-Hyp DWW d 20% v/v 7+ b = b U VKBE P TRAD W KE
EERL, T b= b U AEBNRINT 31 Lids > THERE RS Lz (Fig. 1-3),
DPS-Hyp DR O EEBAKEREOELEEIT TR IBEHEDO pHICEEI hizr -2
%%, DMS-Hyp Ttk (pH 2.5~3) THEBABERISEHERMIC> 7 + (392nm) L.
pH 5~8 DI HICHATH 1.3 W3 E% F L7z (Fig. 1-4). DPS-Hyp & DMS-Hyp
DW KA % B L2 E, THARTRERBE TS > 722, Bitfl©ik DMS-Hyp
A3 DPS-Hyp 12 149 1.6 fE 5V MK A 5 Lz, SO T &b,y DPS-Cl XU DMS-Cl i
Y% HPLC O NFEFIAE L L TERATH Y. DMS-Cl ZEHAIGEEKZ V5
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Fig. 1-2. Fluorescence spectra of DPS-Hyp and DMS-Hyp in 25%
v/v aqueous acetonitrile. Curves: 1=DPS-Hyp (Ex: 315 nm, Em:
385 nm); 2=DMS-Hyp (Ex: 318 nm, Em: 406 nm); 3=Blank.
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Fig. 1-3. Effect of acetonitrile content in
the medium on the fluorescence intensities
of DPS-Hyp and DMS-Hyp.

Curves: 1=DPS-Hyp; 2=DMS-Hyp.
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Fig. 1-4. Effect of pH of phosphatc buffer
(5 mM) in the medium on the fluorescence
intensities of DPS-Hyp and DMS-Hyp.
Curves: 1=DPS-Hyp; 2=DMS-Hyp.

3) DPS-Cl RUO'DMS-Cl O 7 3 / Bic)i3 3 Rt
7;/@@DMHj&ﬁDM&CH:;5%§¢mﬁm%ﬁtomf%fwm%%kLT
Hyp ROt Ala DEBHERK (£ 20 M) ZHV, R HPLCIZ X h&E Lz,

(i) HPLCZmu~< 75 4

DPS-Cl XiZ DMS-Cl Iz & h F&E k. & /- Hyp RO Ala i35 HR HPLC I & b BIF
CHBEER, WTFhovEY— 27 {RE TS5 v 7 IcE S ¥— 7 L s Lz (Fig. 1-5),
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Fig. 1-5. Chromatograms obtained from standard solution of Hyp
and Ala (20 uM, each) labeled with (A) DPS-CI and (B) DMS-CL.
Peaks: 1=Hyp; 2=Ala; b=reagent blank.

(i) FEHECICRHF

DPS-Cl RU'DMS-Cl ik £ 3 7 3 7 BOBEAARLKICITHEIEN THEST L. Ala OFEE(L
RIBICBTZ3EEpH X 70CIEBWT pHS8 437 Hyp Tl pH7.5~9.5 TH o717 T/,
Hyp T 25CIC BT HIEAW pH @I CRIGIRET TS Z L a3b o> 72 (Fig. 1-6)¢
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Fig. 1-6. Effect of pH of borate buffer (0.1 M) on the labeling reactions of Hyp and Ala with
(A) DPS-CI and (B) DMS-CI at various temperatures. Curves: 1=Hyp at 25°C; 2=Hyp at
50°C; 3=Hyp at 70°C; 4=Hyp at 100°C; 5=Ala at 25°C; 6=Ala at 50°C; 7=Ala at 70°C;

8=Ala at 100°C.

DPS-Cl XU DMS-Cl iZ & % Hyp OFEAELRIGIE. WTFhiZBW T RE K <
BAEIZHEST Ly 5GHEITTET Lz, Ala DFEFERIGIE. WTFROREIZB T RIG
BENEWE EFEALRIGE & b REic ST Ly DPS-Cl TiZ 50C, 10 45 T5T L.
DMS-CI T 70C\ 15 0 RIT% T L7z (Fig. 1-7),

BB vrrBAzvEEE RRIGOBENRICKFICEBIZEFT 5L HPLC » 5
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Fig. 1-7. Effect of reaction time and temperature on the labeling reactions of Hyp and Ala
with (A) DPS-CI and (B) DMS-CI. Curves: 1=Hyp at 25°C; 2=Hyp at 50°C; 3=Hyp at
70°C; 4=Hyp at 100°C; 5=Ala at 25°C; 6=Ala at 50°C; 7=Ala at 70°C; 8=Ala at 100°C.

LDHEBEL LD T LD > DT, BEORIEEMHBRET S 2DICfT> T %,

(iii) FHEAARER
AR U7 BE A, bR DIz Hyp DFEME{LRIT DPS-Cl T 99.1+0.90% (mean+
S.D.,n=5), DMS-Cl T 99.74+2.55% (mean+S.D., n=3) TH>7%,

(iv) MbOFEERIEL DLLE
DPS-CIA U DMS-Cl&E WD 7 3 7 BR 43 H IR ZE7-Fluoro—4-nitrobenzo-2-oxa-1,3-
diazole (NBD-F)*” % 1 1-dimethylaminonaphthalene-5-sulfonyl chloride (Dansyl-C1)3®
L DREE D LE % Hyp R U Ala iI2 DWW TH A% HPLC (BMBEER) % AW TiTo 7,
DPS~Cl X U DMS-CI i& NBD-F K& U Dansyl-Cl i b R ¥ HfE~HEREESRETH >
(Table 1-1), %7z. DPS-Cl & DMS-CI % tt#¢ L7284+ DMS-CI iZ DPS-Cl izl ~#
L6 fEERBRETH >,

Table 1-1. Detection wavelength, retention time and relative detector response of Hyp
and Ala labeled with DPS-Cl, DMS-CI, Phisyl-Cl, NBD-F and Dansyl-Cl. :

Reagent Detection Retention time (min) Relative detector responsc®
wavelength
(Ex/Em, nm) Hyp Ala Hyp Ala
DPS-Cl 315/385 14.7 247 436 244
DMS-CI 318/392 13.9 27.5 704 361
NBD-F 470/530 4.7 10.8 23 15
Dansyl-Cl 340/538 7.0 12.8 1 1

3 The ratio of peak area/mol. The detector response (peak area/mol) of each Dansyl
derivative was taken as 1.



(v) o7 I/ BEORIEROBRERA

DPS—Cl X 08 DMS-Cl D RIEHEIC DWW T 27 BED 7 3 7 BEA AW CH% HPLC (/%
PEESEENR) 12 & D5 Lizo DPS-Cl RU'DMS-Cl DWW ThE AW HELTRTDT 3/
BMCRIGIIHRRSh, BEBRIZGEALTRTOT I /BT 5 fmol/injection (S/N=3)
LFTHoM,

PLEDZ b, DPS-Cl RU'DMS-ClizWFhd 7 3/ BEO ERREE 723/ 5% HPLC
SHRMEFESLLAETH Y, FHic., —F7 3/ EE2F T3 Hyp KO Pro & DRIGHEA
B ERbrol,

2. MmFESDEEHHyp R UProDEREHRN 7L T~ ILHPLCH#T

Mg (ki) R Hyp OB RBEL LTI ETIEEADFENABEhTEY,
Z ®Oh¢ Hyp B Uf Pro DRABSHEE LT GCP RO HPLCO D 2 FIf Lz HEEAHE &
h T3, GCHTit. Hyp KU Pro ZBRMEDFEMEICE 1L DITHHMEL 2 BREOFE
HACBRIEE S LB LT3, —FH. HPLCE TR, £X M7V I _FEMALEL2FIH
L2 L A BERTTHR TV B2, Hyp RO Pro 28T 5DiIc+4
RREREMEDITHARL,

% ZC, DPS-Cl Zz W\ I+ D EEER Hyp RO Pro % 8 FHE 40 Xy 48 %
HPLC THERINT A D ORF 2TV, BRETEEDREWV Hyp RO Pro DXV F
~/vHPLC ARG HTER L Lize EHIC. REZHEARCEBEEREEEOMEF D
HHER Hyp X O* Pro DEEB~DIGHAZT> 20

2-1. =B
1) EE#F

M (10 pl) ICHEEHH (IS) L LT=~aF VB 50uM, 20p1), + 7 EEEEEHR
(0.1M, pH8.5, 270 #1) RV OPA (4% w/v 7+ b VI, 50 D) ZIEKMZ . ERET3
STEET 5, DPS-CI (1.2mM 7 & b Y&, 450 1) 20z, 30C T 10 S EFEAILK
BEfTo0b, Yrmn it gy (800p]) 2Nz CHE - BOTEET 5, ZOKB10x1
% HPLC IZEAT %,

2) HPLC &

# 5 sk LT Nova—Pak C18 (3.9%X150mm, i.d., 4 pm, Waters) % 25C THW. (A)
) vEBEEER Q1mM, pH7.0)—B) 7 b=tV ADJ 5 IV MEHETHH L.
7S5z NFRISAL LT, 10028 BADY) =7 =75 Ty ba 125870, &
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WTATF v 774 RXCEN80% BELTSGHAITLZHEGELLEDDL, EBIKAT v 7Y
A XD 10% B & LTS5HHERER LY T 2DFEEEFT >0 FidiZ 1 ml/min & L,
BhAEAl 315 nm R O A 385 nm 13303 3 %A B Lize |

2-2. BEHER

1) HPLCZu< bt/ 54

DPS-Cliz & W FEfE L&/ Hypy Pro RO ISIZE S =2k, 75 YV bEH
BIZ LB HHERHPLCIZ L D RET 5 v 7 ROMOEERGICE S ©— 2 LELITS
BEL, B—Dvr—7 L LTHEH LE (Fig. 2-1), 8. EERERROCME+FD Pro DEE
i Hyp DBRE XD dE W/, Hyp ICESK =838 LD BIZRRE% T T Pro &
OIS ZzHRH Lz,

Sensitivity x 1/8 Sensitivity x 1/8

GV b x
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0 0 10 20

Time (min) Time (min)
Fig. 2-1. Chromatograms obtained from (A) standard solution and (B) normal

et (o iy P10 M, Proio00 AVE, (B Fypt .5 M Prom16a.5 uM.

2) OPA /L

MBFEBFIZEBEL O—KT I 7 EEBTHLEWRETHhTEY, ZhbikDPS-Cl &
RIS LR A R Ly Hyp RO Pro OSH A 5ET 5 C L X FRER S, 250D
73/ BEAET. OPAALES4 T Hyp XU Pro DFEMRILRIEZ T2 ZAH, 71
2N LB TEMESR LD E o (Fig.2-2), L ULENRD, FEMELRIEDRIIC
OPAZAVWTRABZAE LIz &, Thb—&73I/7EE2EFT57 I /VBEIzE S ¥—
7352 E% Ly Hyp RO Pro ASERICHEE & hz,

3) KBE. HRMERER CHRER |
KEORBEIZOWT, BEARVCEBEBEREEEZEOMEBELX AWK LIzEZ A, BHRE
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Sensitivity x 1/8

i
2 k
g
. Fig. 2-2. Chromatogram obtained from standard
2 solution containing 25 amino acids (500 uM each)
8 according to the procedure without OPA treatment.
g Peaks: 1=Hyp; 2=Pro; 3=IS. Concentration:
8 Hyp=10 uM; Pro=200 uM.
. \ LL_«_
0 10 20
Time (min)

B (n=10) RO'AEEH (n=5) DHXEREFZE (R.S.D.) RLThicB VT b 3.25% Ll
TTHY, RIFRBERENRE LR (Table 2-1),

Table 2-1. Precision of determination of free Hyp and Pro in human serum.

Within-day?® (n=10) Day-to-day® (n=5)

Nomal serum
Serum1 Hyp Mean+S.D. (uM) 5.4+0.09 5.4+0.12
R.S.D.% (%) 1.67 222
Pro Mean+S.D. (uM) 182.9+2.68 185.2+4.75
R.S.D.¢ (%) 1.47 2.56
Serum2 Hyp Mean+S.D. (uM) 13.0+0.17 13.1+0.36
R.S.D.5 (%) 1.31 2.75
Pro  Mean+S.D. (uM) 177.7£3.13 176.2£5.73
R.S.D.¢ (%) 1.76 3.25
Chronic renal failure serum
Hyp MeansS.D. (uM) 25.9+0.56 25.7+0.65
R.S.D.S (%) 1.41 2.61
Pro Mean+S.D. (uM) 357.3x8.21 359.9+8.54
R.S.D.% (%) 2.30 2.37

# Within-day precision tested on ten replicate in one day.
b Day-to-day precision tested on five different days.
€R.S.D.=relative standard deviation.

AEICBT 2 EMEINARBICOWT, MBCRLS 2 EEOED Hyp RO Pro Z %M L
TRE L2EZ A, BIMEREITOWTRIZBW TS 96.9% U ETH Y, BEELKEIRK
hTWBZ Ehbh oz (Table 2-2),

Hyp XU Pro DEERK (£ 0.12M~1mM) Z LW CTHREBZ2ER L2 L 2 A, Hyp
EUProDRELIADLDISIZHTAE—~7ERLEEZEAL, BRFEALBAELEL R



Table 2-2. Recovery of Hyp and Pro added to serum.

Hyp Pro
Content  Added® Recovery Content  Added® Recovery
(M)  (pmol) (Mean+S.D.,n=3,%) (uM) (nmol) (MeanxS.D., n=3, %)
13.9 50 96.9+3.44 185.7 1.5 99.1+0.72
200 98.0+0.10 3.0 98.6+2.03

3 Various amounts of standard were added to serum (10gl).

Lizo 28, HBEREIZWTHIZBWTE 0.9999 TH -7,

4) MEFEHER Hyp RO Pro DRIE

FEZACTRFALBEZOMBIC OV THEME Hyp RO Pro 2BE Lic kA, 0D
BEIXZhEZh 9.54+3.58 Rt 200.7£33.26 kM TH o 7o THDHDERTTIHEESh
TV BEAPA) L g F—H LT3, BETFRLEEES KOMBIEOVTLHE LR L
Z A\ Hyp RO Pro DEEIXFh£h 24.0+6.53 X 11328.1+106.09 e M TH > 770 F/2.
BHETEEE OB ROER AMTE+O Hyp KU Pro DBEOFHEL HE L-B4.
HEREBE CRREESP VS ODRFEACKENER TN 2.6 RV 1.6 fEEWEEZ T
L7ze

PAEDZ &b FETARENVE (10 2]) THERBFIC LD BREICEER < EBR
Fic MR Hyp XU Pro 2 MIETE . BRKMWFIHSCELENMRICEATDL S L%
z2bhb,

3. MFERUVRPEHYpRUProDSREHN T L 5~ ILHPLCH#T

Hyp R U Pro ik CUiZmif) RORFICEHER, 75 FRIROR2 v 8L LTE
L. Thb%#B5 Lk Total (J8) ® Hyp XU Pro ® A4 L LT GCROR
HPLCWESBE SR TV, 205 b GCHki, MY RUROARHCISH S h T 528,
BB E R VB LT 5, —H. HPLC#IE, R Hyp R0 Pro % ¥ X pic
7eDH HPLC THH L TWA A, EEDOILHOBHEAXTHIcEhTE LS, MEFE~DIGH
EER TR,

% 2T\ DPS-Cl Z W\ T, MR ORH#E Hyp KR O Pro % 8 XFHEAI1CE & 3 #H%R
HPLC CHES T 5 ERE TREDR W T LV 7 <~V HPLC @RS kA2 B 572
BORAEIT oI ey FEEZAVWTREARCEBEER R &EEEOME X VOERFE Hyp
KU Pro DEEZTT> 720



3-1. EERBFEROHPLC &4
1) TEEBF

MEXZR 10D IS & LT=xaF vEE (MEDOHHTIE 2mM XZROSH TRk
50 M, £ 100 2 1) ROBEERE (1001) ZIEKMZ . 120C T 16 B MK S B2 T > 72D
Ly REF MY A (2M, 300p]) 2L THAT S, & OFRMEO—IF (100 21) 2HB
TIZAR, & VBEEER (0.1M, pHS8.5,30041) RCOPA 4% w/v7 & b=+ Y -
VIR ER (1/1, v/v) B¥K, 100 1] ZIERINZ %, BRT 3 HMKELZDODH, OPA
MPBIE D—F (200 1) % Bond Elut C18 4 5 4 (100 mg/1 ml, Varian) iZEA Uy Kk V8
HEAEEWE (0.1M, pHB8.5, 400 1) T2 EEH L. KAV KRUOBHEEZEET 5. ZOK
D— (300 £1) DPS-Cl (1.2mM 7 & b V¥, 500 £1) Zi1%, 30CT 10 il E
CRIEETS o ISR THE, Y7 a2 xy (800x]1) ZMx TR - BLHHET B, 2D
KR 10 21 % HPLC ItEAT %,

2) HPLC 4&ft

#5 Ak LT Nova—Pak C18 (3.9%X150mm, i.d., 4 #zm, Waters) Z 25CTHW. (A)
Y VEBERZER 1 mM, pH7.0)—(B) 7T b=tV DT 5oz v bEHETHH L,
TI3oxv/ v TR TITLELT, 12920% BADY =75 v bR 155ETITW,
BEWVTAT v 794 XLV 80X BELTSHHEAIT 22BELILOL, EBIEAT v T
74 XC&D12% B & LTS5HMR LS T 6 DFELEIT- o H#IZ 1 ml/min & L,
Bh il 315 nm X U4l 385 nm it B3 B AR Lz,

3-2. BEER
1) HPLCZu=< b/ F A

REDRZ3 28HAD Hyp XU Pro DEERK.,. MBERVCERE AW T ELEDOEEERIESL
ToTBEbh/IHPLC 7 n< b 75 4% Fig. 3-11C/R Lz Hyps Pro RIS o3¢ v —
20k, 770V VEHER LAHHERHPLCIZE Y, RE T 7 v 7 RCZOMD I THE
EREGCESIS -7 LELECHHE Uiz, MERVCROGHICHNWS IS ik, MiE LK+
DB Pro DEBENERZ DI, FhEZh2mM BB 50x M OBER AW, B, MF
DK R F DL Pro DEEIZE Hyp DEE X Y L E WD, Hyp K& E— 7 0%
H LD BIZREREZ T T Pro XUV IS 28 H L/,

2) MERCERORME (Bond Elut C18 1 5 £)
MEROCROMKS B %E OPA TUETH L, BRELLEAL, 51 7 205k
HPLC HEEDE NN BEE hicDT, ZOEEYWE% BondElut C18 71 5 Al XL W rET
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Fig. 3-1. Chromatograms obtained from (A) standard solution and (B) normal
human serum according to the procedure for serum analysis and (C) standard
solution and (D) normal human urine according to the procedure for urine
analysis. Pcaks: 1=Hyp; 2=Pro; 3=IS; b=reagent blank. Concentration: (A)
Hyp=40 uM; Pro=30 mM; (B) Hyp=42.3 uM; Pro=35.7 mM; (C) Hyp=500
uM; Pro=500 uM; (D) Hyp=165.7 uM; Pro=458.5 uM.

%5Z &z Ly Bond Elut C18 h 5 &5 ® Hyp, Pro RO IS D EIZ DWW THE Lz,
OPA 3% % Bond Elut C18 7 7 ACEA Ly HiTh vBEEER CIHRBE S ® &
A, Hyps Pro R ISEWTRE 757 Y a ¥V 1~4 TIRIEELACER EN TN S Z &5
bhrotz (Fig. 3-2)o ZD L %D Bond Elut C18 1 5 455 ® Hyp. Pro R OVIS O EINNER
12 98.3~99.9%TH o7, 1B, 2EMWEIL Bond Elut C18 1 5 A LRI HEHE S hiEH
Shigh -7,



100+

~ B H

S - yp

b L/ L O Pro

s _Hp

8 5041 3 IS

2 ; N Fig. 3-2. Recoveries of Hyp, Pro and IS (0.39 nmol
A each) from Bond Elut C18. Fractions: 1=Effluent of
A I~ OPA treated sample passed through the column;
ZIN E_E 2-6=Fractions obtained by elution with borate

0 % A li 3 . ' buffer (0.1 M, pH 8.5, 200 2l each).
1 2 3 4 5 6

Fraction

3) BE. GmBIRERUCHRER ,

FEORBEIOWT, #EAOMBERCREZAOTHRN LIZEZ A, BREE (n=10)
RO BEEE (n=5) OMAMNEERFEE (R.S.D.) HRMERTROVWThOGHICENTH
3.19%LLTTH Y. BiFamEENRE LR (Table 3-1),

Table 3-1. Precision of determination of total Hyp and Pro in human serum and urinc.

Within-day? (n=10)  Day-to-day® (n=5)

Serum Hyp  MeansS.D. (uM) 40.1+1.28 40.9+0.89
R.S.D.5(%) 3.19 2.18
Pro Mean+S.D. (mM) 28.1+0.35 27.9+0.51
R.S.D.¢ (%) 1.25 1.83
Urine Hyp  MeansS.D. (uM) 198.3+2.79 197.0+5.14
R.S.D.C (%) 1.41 2.61
Pro Mean+S.D. (uM) 449.2+7.92 447.3+10.37
R.S5.D.% (%) 1.76 2.32

@ Within-day precision tested on ten replicate in one day.
b Day-to-day precision tested on five different days.
€ R.S.D.=relative standard deviation.

KEIZBGAHEMERGERIZOWT, MBERCRICEFREFRERS 3EHEDOED Hyp X
CPro ML THRHELIEEZ A, MERCROWTROSHTIZB VTS Hyp X Pro d
GBI Z 97. 7% U ETH Y, BIETECERENTWAZ A2 - 7z (Table 3-2),

Table 3-2. Recovery of Hyp and Pro added to serum and urine.

Hyp Pro
Content Added® Recovery (n=2) Content Added® Recovery (n=2)
Serum  (uM)  (mmol) (%) (mM)  (nmol) (%)
39.8 02 101.3 27.1 100 97.7
0.5 100.7 250 98.4
1.0 98.6 500 98.6
Urine (M)  (nmol) (%) M)  (nmol) (%)
193.8 1.0 98.0 444.6 20 100.2
2.0 99.3 40 101.8
4.0 103.3 8.0 103.2

2 Various amounts of standard were added to serum (10ul) and urine (10ul).



Hyp K O Pro DE¥EERERK (% 10 pM~100 mM) 2 HVWCTHREREER L L C A, M
BRUOROWTRDOGHICBWTH Hyp REProDBELZALDISKERTAE—7EHE
BEZHAL, BERRAZBEAERER L, i, HBEREITVThizB VT 0.9995
LETH o7,

4) MFERORFE Hyp XU Pro DRIE

FEEAOWCTREADMBEROCRIZOVWTE Hyp RO Pro 2BIE LI L 2 A, ZORE
i, MEFTEREN 36.6+4.8pe M R0 29.6+1.7mM, RFBETEIRFR 175454 B
426+52 nmol/mg Creatinine T 272, Zh b DI T CICME SN T B {F 7/15:24,4,46)
LRE-HLTWS,

Fho, BUHEBARLBEE4LOMBEROCRIZOWVWTHE Hyp RO Pro 2BIE LI E A,
ZOBREL, MEFTZThEN61.4+7.3,MRV'27.9+1.7mM, RFTEREFH 140+
17 R % 3744+2628 nmol/mg Creatinine TH - 7z, @HEEFRLBE OBREEIZ /20D,
BHUEERLEE LRBEADOMBER UK F DR Hyp XU Pro DIREDFHEZ B L, I
BIZoWTiE, BEBEREBEOR Hyp DREITEE AICHAK 1.6 fFRVEZ TR LA,
BPro DRERFEOMIZERBD Loz, RIZDOWTIE, BUEBALEEOB
‘Hyp OBRERZEEANCHERDTRICEWELZR LA, B Pro DRETIRELLBUVWEZR
R U7

BEnZ Ehb, AEFZAMES VR (104D THEREICHEE R < MER R+ Hyp
B0 Pro Z##RANCAIE T E . BRIFIAROELSAOMRICERTH S LEL D5,

4. R 7OVIILSKRTF . ProRUHypDERKEEK T L 7 ~XILHPLCH

B Hyp RO Pro R R OXRTF FBE UTCHEET . Ko Hyp Xit Pro %
EHTBURTF FEORELE L LTIE GC-MSHE | LC-MS®D B3 hg cleif s
hTwa, LMLEAb, ZThbDHEIEMELITAEEFLZLEL L, RELIARTHSTD
Bo Fizn ThHD GC-MS RV LC-MS ¥ Tid Hyp R U Pro R4 & h Tz, K
DT Y AYRTF FEROERER Pro RO Hyp OREFGITEE LTI TV I <v
HPLC VM Mt—HE S hThbo, LA LAAD, ZOHETRBBDO T 2 YA YRS T
FE. Pro RO Hyp ZRHET A DITIRERERARTHTH OV LEORM Gml) 2068 ELT
%o

ZZ Ty BIEEZRBVWTCHRELIZDMSClZHWT, RFEDOTa Y ro7F FEED
HERER! Pro R U* Hyp % ¥ XHEAICE & W R HPLC THEES T T 2ERECREO S
WK 7 VT < HPLC ARG E LT 3 b OB Z2 T o0 AEEZHOWTREAD



RpD 7o) oTF FERUERER Pro RO Hyp DEEXT\WV. EHIERMBHE
BROBEBEBERIZOVTL S L,

4-1. EB
1) FEEERE

T Y IR7TF PR, Pros Hp RIS E LT3,4-Te Fe-DL-7 o) Y2 E5UE
BEW (202D 12V YBRAERZ=F bV 7 4 (50mM, pH £ 9.3, 280 1) XU DMS-CI (2
mM 7 & b VIR, 500 £1) ZIEXRMZ . 70T T 20 SREBEMEERIEETS . KIGKTH#.
vrrnnr iy (800p]) RUKEF FY v A (0.1M, 30¢]) 2Nz THR#E - BOSHET 5.
ZDOKE10p1 % HPLC IKEAT 3, '

2) RO o YA vxRTF FE, Pro RO Hyp DEBERIE
(i) Method A (HE3EEL) : EMERHIE

R 25) IS (10xM, 25¢]1) ROV vEEAE=F bV 7 4 (50mM, 150 1) B
OPA4% w/vT b=t Y-y VEEKAE=F bV v & (1/1, v/v) B, 50 ¢1] Z EK M
2%0 BRT3IZHRKE L/zDL, OPA MBI DO—I (200 21) % Bond Elut C18 1 5 4
(100 mg/1 ml, Varian) ICEA L, 7 b=t Y-V VEEAEZF b Y 7 24 (50 mM) (1/9,
v/v) B (800 1) THH L. KB IRRVBHEEREZRET 5. ZDERDO—I (300 1) 12
DMS-Cl (2mM 7 & b V&K, 500 £1) ZIEKM % 70T T 20 HREFEFCRIEEZTS .
RIGETH, 72 ay (800pl) ROKREEF M) w4 (0.1M, 30 2]) Zinz CTHE#E -
BUOHET 5, COKE10p1% HPLCIZEAT %,

(ii) Method B: ¥ Hi—¥ hh Hivk

R (20D IS (10pM, 20¢1) ROV vBAR—=F +V 7 & (50mM, 260 1) B
OPA [4%w/v 7+ b VB, 50 p 1] ZEERMZ %, RT3 5HKE L/cDD, DMS-Cl
2mM 7 & b VIR, 450¢1) 2z, 70CT 20 HHFBEEICKIGETS o RIGKTH.
Bl (5M, 50p1) RO LT b U YA ($9150mg) 2z /zob, Y 7ra 2 &Y (1ml)
RNz CHRE - EOSHET S, FHEE (QmlD) KREF b Y v 4 (10mM, 300 1) 2i1x T
B mBUHHEET S, COKE 1021 % HPLCIZEAT %,

3) HPLC &## ,

H5 sk LTk, Nova—Pak C18 (3.9%X150mm, i.d., 4 #m, Waters) % 2 KXEFIZ#Hi
L7zd D% 55CTHWV., (A) BFABK (10mM) —(B) 7+ b= b ) AV—FEBKERK (50
mM) (8/2,v/v) D7 oy VERETHH L, /7502 v u /5 4L LT, 25



YBDOAVII5F 4 v 7BHEZ 2050 HiWT25-5%BADY) =7 —750xV b
H% 30 5TV, ZOBAT o794 X12L 0 25% B e LTI05MER LD 5 4 0OFE
{t&2fT o7, TREIE 1 ml/min & L. &M 318 nm R OWMOE 392 nm 128135 8% 8
H L7,

4-2. BEER
1) EEERIC XA

DMS-Cl it &% 7’r ) v ¥ X7 F FROFBEFLRICHKHAER O HPLC ZEEIIOWT, B
HBEK (£10pM) % HWTERE Lz,

(i) HPLC /7 uv= v/ 7 A

DMS-Cl ZEEMT 7o VA IRTF FRERIGL, BOBEERTIFEFLERL
7z (Fig. 4-1)o LREOFEEIMBEFTHONIILKD HPLC 7 v< b7 5 A% Fig. 4-2
KR Lt 7B U AYRTF N, Prov Hyp ROVIS iIK#E5< ¥ — 7 OS5 BHIEER O pH
CEESh, BEROPHO LR L LBVICRHAET I v 7 UADETO ¥ — 7 ORFFRERHEIT
M, pHAL LTI LA LD - 7 3G B TICEWICE R > 70, BHEKE UTHE
BAKBK (10mM, #IpH3.4) ZAVWAZ LiIc Ly 2EEO v Yy v OXTF N, Pro.
Hyp RIS R RIFIc B S hiz (Fig. 4-3)s 70V AT XTF FEOKRHRAIX1~5
fmol/injection (S/N=3) TH -7,

O OCH3 CO-(Amino acid)

CH30
N SO.Cl + HN

CH30
DMS-CI Prolyl dipeptide

o] OCH3 CO-(Amino acid)

CH30
. ) > N SO.N
Basic medium

CH30
DMS derivative of prolyl dipeptide

Fig. 4-1. Labeling reaction of prolyl dipeptide with DMS-CI.
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Retention time (min)
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Fig. 42. Chromatogram obtained from standard
solution of prolyl dipeptides, Pro, Hyp and IS (10
MM each) labeled with DMS-C] according to the
derivatization procedure. Peaks: 1=Hyp;
=Pro-Asn; 3=Pro-Gln; 4=Pro-Hyp; 5=Pro-Asp;
6=Pro-Ser; 7=Pro-Glu; 8=Pro-Gly; 9=IS; 0
10=Pro-Ala; 11=Pro; 12=Pro-Pro; 13=Pro-Tyr; 35 4 4 S 5 55 6
14=Pro-Met; 15=Pro-Val; 16=Pro-Trp; 17=Pro-lle; ’ -
18=Pro-Leu; 19=Pro-Phe; b=reagent blank. pH
Fig. 4-3. Effect of pH of acetate buffer in the
mobile phase on the retention times of the
peaks due to prolyl dipeptides, Pro, Hyp and
IS. Legend numbers are as in Fig. 4-2.

(i) BB LSS

DMS-Clic &5 7' v ) v o R 75 FREDFHEME(LRIGIZ. pH 8~10 DFEFHT 70C. 10 5
BLETS%T Uiz (Fig. 44 RU'Fig. 4-5)0 2B\ REF LU 9 AR T YA ORFF N
BEDKE~OMEE R TABZDIEML TN D,
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Fig. 4-4. Effect of pH of phosphate buffer (50  Fig. 4-5. Effect of reaction time and
mM) on the labeling reactions of Pro-Hyp, temperature on the labeling reaction of
Pro-Gly, Pro-Pro and IS with DMS-CIL. Pro-Hyp with DMS-CI. Curves: 1=25°C;
Curves: 1=Pro-Hyp; 2=Pro-Gly; 3=Pro-Pro; 2=50°C; 3=70°C; 4=100°C.

4=]8S.



2 Rp7eyrox75F K8, Pro RO Hyp DEELE

AETRERPIZT YAV TF N, Pro RO Hyp L #ET 3 —H7 IV EE2EFET3
taYxBET S0, OPAALEEITR>TVWANR, OPAAEIZI W BRIELLER
Lico COERBYEEZRET S0, EEERIFLEL LT Method A (BEHHERE) BV
Method B (3 tH—¥ih HEE) 0 2 DD DV THRE Lz,

(i) HPLCZa< bFF A
BEER KR OR%E AV TMethod AIZfE-> T LI HPLC 7 u< + /5 A% Fig. 46 I
7~ L7zo Method A I2#é > TRERIZH5HT Lz & %, Pro-Hyp. Pro-Gly, Pro-Pro. Pro
BOHyp i3 ¥— 7 ¥EEEh (Fig. 46 (B)). RFEBDOLhZ 7oy o7 F
N, Pros Hyp RO ISICE S - RAET 7 v I RCEDOMORE Sy & 58 Uiz,
BEER A VT Method A > THHTAHA, TEO T v Y VO XTF FE (Pro-Tyr,
Pro-Val, Pro-Met, Pro-Trp, Pro-lle, Pro-Leu X U Pro-Phe) i+ Bond Elut C18 # 5 A
KREENDIDICBET S Z LW TER» -/ (Fig. 46 (A))o —J5 Method BIZfE >
TEERYHOTHNTI8BE, TRXTOT7r Y v R7F VESRBERLS, Rbo S
BYAYRTF FEE LTRESAZORHBRO 3MO T B YA IYRTF FETH Y,
Method A ICBWTHETERVTEDO T Y LI RTF FRIKRFICED bhish o7,
B Y AIRTF FE, Prov Hyp XUIS @ Bond Elut C18 1 5 24 5 b DB IX
96.1~101.1% THh o/ (FiARD 7D T v ) Vo RTF FEIIEL),

(A) W b ®) _» 4
[

2 2

Qo [}
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T T T T T 1 T T T | T 1

0 10 20 30 40 50 60 0 10 20 30 40 50 60 .
Time (min) Time (min)

Fig. 4-6. Chromatograms obtained from (A) standard solution and (B) normal human urine
according to Method A. Legend numbers except 20 (sarcosine) are as in Fig. 4-2. Concentration:
(A) prolyl dipeptides, Pro and Hyp=10 uM each; (B) Pro-Hyp=179.4 uM (96.9 nmol/mg
Creatinine); Pro-Gly=2.62 uM (1.42 nmol/mg Creatinine); Pro-Pro=1.93 uM (1.04 nmol/mg
Creatinine); Pro=9.42 uM (5.09 nmol/mg Creatininc); Hyp=5.47 M (2.96 nmol/mg Creatininc).



(i) KEEROEIEIRE

Method A & U*"Method B i 81 % BNEIRRBRIZ DWW T, 3 EEDIRIC Pro-Hyp,
Pro-Gly. Pro-Pro. Hyp XU Pro Z¥shn UL CT#Ef L7zo Method A XU Method B D\ 3°
RICBVWTHERUER T DBELERHGDOISIEHT A - 7HBEHLZHBAL, BERS
HBAERER LI, BMEIRERE, ROAbVICKEZHCTEEREZRMLTE LI SE
RERRNOEZIH T 2 RICBEERLZHFN L TEDLNSERERFROEHEZOEN»DRD I,
Method A IZ 83 % FsNENRE it Pro-Gly (86.6%) LAStiE 98.2~102.4% TH v (Table 4-
1) Method B iz B % HiNEUERIZ 68.9~116.9% TH > /2o FHHRS DEMEILED b
2Ty RFETo ) Ao RTY N, Pro XU Hyp OEEIZIE Method ABELTWBZ &
Bbhhrole LIRN>T, REFTr Yo7 2 FE, Pro XU Hyp DEERIZIZ Method
AZRWAZ LI LTz, 2B R Pro-Gly DERfEIR. Ebic 3WHEORE AW /28n
KB THEDL I HINEIRE (85.8, 85.9 KU 86.8%) % &/ FH{E (0.866, n=6) THIIE
LTRD,

Table 4-1. Slope of regression equation of Pro-Hyp, Pro-Gly, Pro-Pro, Pro and
Hyp with and without urine and recovery (according to Mcthod A).

Urinary Slope of Recovery (%)b
conc(e/:ll&:;tion regression equation® (Mean = S.D.)
) T8 ¢ (Y — c 0.1300
Urine 1 81.3 0.1317 101.3
Urine 2 157.6 0.1325 101.9 (102.4+1.42)
Urine 3 430.0 0.1352 104.0
Pro-Gly e ¢ 0.1384
Urine 1 3.83 0.1288 93.1
Urine 2 3.63 0.1162 84.0 (87.1x5.20)
Urine 3 3.00 0.1166 842
Pro-Pro  —cmcmecmcmemcmaet ¢ 0.1069
Urine 1 1.29 0.1042 97.5
Urine 2 2.17 0.1021 95.5 (98.2+3.06)
Urine 3 6.59 0.1085 101.5
Pro € 0.1135
Urine 1 6.08 0.1121 98.8
Urine 2 10.70 0.1164 102.6 (102.13.13)
Urine 3 17.10 0.1192 105.0
3 (7 - T — < 0.1140
Urine 1 1.14 0.1135 99.6
Urine 2 6.28 0.1110 97.4 (99.1£1.55)
Urine 3 3.18 0.1145 100.4

# Concentration of standard solution: Pro-Hyp=25, 50, 100, 250 and 500 4M; Pro-Gly,
Pro-Pro and Hyp=0.5, 1, 2, 5 and 10 uM; Pro=1, 2, 4, 10 and 20 uM.

Each correlation coefficient (r) of regression equation was above 0.9980.
® The recovery was obtained from the ratio of slope of a regression equation with
urine to that without urine.
¢ Distilled water was used instead of urine.



(i) KEE

AEOBEIZOVWT, BREAOREAVWTRI Lz A, BRNEH (n=10) ROHX
ZH (n=5) OHENEERZ (R.S.D.) RLTFhIcBWTL 5.80% L FTthy, RIFAHER
B b7z (Table 4-2),

Table 4-2. Precision of determination of urinary Pro-Hyp, Pro-Gly, Pro-Pro, Pro and Hyp.
Mean = S.D. (uM)

R.S.D.2 (%)
Pro-Hyp Pro-Gly Pro-Pro Pro Hyp
Within-day® (n=10)

Urine 1 84.3+1.7 4.38+0.21 1.29+0.06 6.21+0.21 1.08+0.04

2.02 4.79 4.65 3.38 3.70
Urine 2 164.3£3.6 3.68+0.17 2.38+0.08 10.10+0.20 6.26+0.17

2.19 4.62 3.36 1.98 2.72
Urine 3 440.9+6.4 2.98+0.12 6.79+0.12 16.50+0.43 3.08+0.06

1.45 4.03 .77 2.61 1.95

Day-to-day® (n=5)
Urine 1 83.5+1.7 4.14+0.24 1.29+0.04 6.07+0.12 1.07+0.06

2.04 5.80 3.10 1.98 5.61
Urine 2 163.9+3.6 3.7320.16 2.33+0.09 10.35+0.34 6.18+0.15

220 4.29 3.36 329 243
Urine 3 440.9+7.2 2.85+0.13 6.60+0.14 16.84+0.40 3.14+0.08

1.66 4.56 2.12 2.38 2.55

3R.S.D.=relative standard deviation.
b Within-day precision tested on ten replicate in onc day.
 Day-to-day precision tested on five different days.

Gv) 73I/BOEE

Rp7a Y oR7TF N, Pro RO'Hyp DEEICRIETMOT 3 /JBOEEZ ST,
25 D7 2 /B (% 5nmol) %R (25p1) IT¥M L THE L, A & % Pro-Hyp.
Pro-Gly. Pro—Pro, Pro RU'Hyp DEETIZEIh LD T 3/ BEIC L AHEIX /o7,

(v) RFp7Feiyrox75 FE, Pro KO Hyp OEIE

AEZRWT, BBEAODRICOWTRF I ) v ORTF FE, Pro RO Hyp #BIE L
lce T Ay BEARFD Pro-Hyp. Pro-Gly, Pro-Pro. Pro RU'Hyp DBEEITFhZFh
97.6%+28.2, 2.74+1.48, 2.08+1.13, 6.71+3.34 X 1" 2.30+1.59 nmol/mg Creatinine
TH o1, ¥/ RHPDKE Hyp IZX9 % Pro-Hyp R OSEEER Hyp DBERE RDIE T
Hy ZDREHITZENREN 47.5~64.5% (53.146.7%) K1 0.4~2.2% (1.3+0.7%) ThH -
o TRDLDORELDFHEIZ T TICBEEN TV SMHELS]) LIFIE—HK LTS,

T, ERUFTHERE 1 ARVBEBRBEE 2LZORICOVTHH L, 2o—HFlD
HPLC 7 m< } 75 4% Fig. 4 7TICR Lize ZhODBHILBVLTIEZ, WThi@EAL
EA~RIZ Pro-Hyp TEfEZ TR L7zo

_2'1_
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Fig. 4-7. Chromatogram obtained from urine of
patient with multiple myeloma according to Method
A. Legend numbers except 20 (sarcosine) are as in
20 Fig. 4-2. Concentration: Pro-Hyp=131.3 uM
91 12 (224.1 nmol/mg Creatinine); Pro-Gly=1.89 uM
1 (3.23 nmol/mg Creatinine); Pro-Pro=1.40 uM (239
8 nmol/mg Creatinine); Pro=11.42 uM (19.49

nmol/mg Creatinine); Hyp=2.59 uM (4.42 nmol/mg

T T T T T 1 Creatinine).
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DMS-CI® %#B& L. ZhbORAELXMBERVRFD Hyps Pro RBT B Y A ORTF K
BHOGHA~IGA L. DERHEX VR ERNCTHEEORBVLVRREARAYMES VI <
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