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woxX W " B OF

F1E F wo

¢¢ﬂ$¢fm%mﬁﬁﬁﬁ®—o&bfyz%4y(CﬁH),/%ﬁ:v(Ma)mamﬁ
TEVZENTVE, LABEDTIR CySHEESBROEHRAPEDZRBEDOHFCTFSL
TWb, ESF SH (kaMThH s 70452~ (GSH), axv#4 4A (CoA) i3, HEKAT
BEXLLTOBESLSDEIDD T, 203D SHILAYE LS IKHREIER, RBRILIERL
EHBELTV 3, Met BERRTA FVEEBRBOBOEEL X FAHERTHEEHOT
1, BATI/BELTEBZNCOEBINILANTH S, —HRBILENICR, 3-27F
N=2—TFY—1=-FF—VRE—VDREXRRDERDTHYD, S—AFANYRTA V8=V =
7, BEPD T U= LB 5T B, LIcB-T, ThoDbAPorks, RERLLEOME
KBOTROBAARMEENTHARCEN T ZOFEELMAL LRI LCBERENCLT
»H 5o

ZCTAREOBMIRNK, WK, REEOBUKS LUEMETD SH, SS, S —Tasnmt
BYOIMTEDOHILTH B, CN5DIMAPDE BEVERIKBREBICLLAFINEL 2D
WEOATBER ULFRALRBNC EBH B0, CNOOBRBRSOHARIBRESTEDBERK
BOLIABREN, T THEER, TORSHECEB L ZOMBAMTEEZRE L, —RiICH
WS IBRESE C, HEEICH~100 £H51000F 05 BAE S ORE, WORRERR
BAD{EYE, QIRERSERCL > THEERT B ENBBEELEREBSTICBOTRERDHT
LIESEEND D) —JICHE LN ETABH B,

AFREORRS E SH ZDO U OWAMEBSTAEOHRZ B SHELBENCRGET 5
WHHAEN-(9 -T2 YY=n) =43 F (NAM)ZAKL, SH 1tAHOBUEBITOT
HEHAERE Lo L LEBOMIEOBRESC U IKEESBD 1. BEOWEBERLD
MREMERBOIMNEOHREBCNUISDTH 5, 2 LTEHFRROFHEIR LS SH, SS 1t
EMDTOHBESTEERELL 1,

— SR
o‘;lo. + RSH — OJ\_N—/Q)
: N ) N
‘ 4o
NAM ,
no fluorescent fluorescent

@®© NAM ogwvtsstErfiAL, TLCLDOSH, SSItaM*BRECHBICRIETE RS
V—gitik, GBIE)
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® SHtABAAUCHEMEARELFL v IT7 I VKRS MY v LEBKTHREL, 36K
ﬁﬁ%ﬁ?écthb HEWHEOEEE K pHSTOHRM OB SH LANDOUBEER
B, (BI%)
® BEKKI v< 777 4— (HPLC) 2AV3C ek 3ENEOKREL SH LAY
O NAMFE KD 58 IC & 5 SH (Lo RERENERE. (BNE)
@ KCN Buriic L 3RH0DSS (LB, (BVE)
—%, bI—DODHEBRARLAEYTH S S — T FMLEYDITEICONTR, KREZDE
MOBRWIHLAS —E=2nvT 7YYy (9- VA) EMet EOFRERRTTORGT WHRIEE
RBE X ¥ Met OFH, EBO/NMENOBERBELC 2O TRY LERDOAEHSHIC Lt (BENH)

( + ICH;
CH= CH2 ,CHg H* CHé‘CHfS\R
+ S —_—> \
50
9-VA Met N d

@ BEERETTOI - VAORERS - TLrFtaMmEBRNTHBT L,

@ S—TaFntAYETLC £ THRAY 2 EEMTEERILL, RROBEMEOMET Met
‘ ERUT X/,

® RIGEKD 5B OREER T LK Met OEBAMTENOBRYEZRE L 72,

gFME NAM 27 v—#ick 3 TLC ko SH, SS{t&# o
gL R HE

NAM 27 A% ¥ © SH baB & REic UG L, REEFRIVIEES LV o
<175 5 EOSH (LAHORIBRA T L—HBEELTEDHTHARLDTH - I,

f3r Uit Hikl2 Diggram 1 0 B0 TH5> TLC ETHOBONAHKy b & LTHR S
SNBDESH LAME, SSILAY, F457 F v ThHote, BEDHAIR KCNEER 7 L —
KEBBTBRIFEE L, eV B —2XBB30EY Y DSV EDAR Y b7 R Mk BREERH
10pmole TH »7co TLC BEBBROBHEBREB IR F 7R FOEAXIVEY, YV AaXriTi
CySH, GSH 82 DI0D 1 TH 7o UL, o —XTLC ETRIBEAERR Yy P 7R
bERBREORECRIETE e Y2 F Y [ (Cys)y) BED SS {LAMD#K RS 2 nmole 4 —
ﬁ—f&@,SHmé%@%n&m&umﬁmiammﬁfaoto chidza= 56 ETOSS
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Diagram 1. NAM Spray Procedure

Step Tféatment

1* Spray with the spray solution (A): solution of 5%
(W/W) KCN in 1 N NH,OH. Let stand for a few minutes.

4
2 Spray with the spray solution (B): solution of pH 8.8,
0.1 M Na2CO3—H3BO3'KCl buffer.
3 Spray with the spray solution (C): solution of 0.003%
(W/V) NAM in acetone.
4 Observe under UV light.

* Step 1 is necessary for disulfides and thioesters, but not
necessary for thiols.

LAY DOBLREENAZLETHECEE, BED KCN CLA3REDOHEDIDEEZ SN B,
AR eru—2 TLC 2B 784, SHILAMORBEREIZC &IK8HE 30 RRODTNB
BICH~RI00 f2iIdE <, BERHMEEUIMEL L TERTHAEELONS (Tabke |),

TasLe ], DETECTION LiMIT OF SULFUR-CONTAINING ORGANIC COMPOUNDS BY NAM SPrRAY

Detection limit (x 10! mole)

Compound TLC® Spot test
Cellulose Silica gel Cellulose Silica gel
(Thiols) )

Cysteine 2.3 (1D 69 (II) 2.6 2.6
N-Acetylcysteine 1.0MO 20 (I 2.7 2.7
Homocysteine 4.6 (III) 69 (III) 2.5 5.0
Glutathione 4.4 (11I) 66 (I1I1) 5.0 2.5
Thioglycolic acid 40 (V) 100 (IV) 6.0 4.0
Thiomalic acid 6l (I 20 (ID 1.1 5.4
Penicillamine 440 (11D 440 (11D) 4.3 4.3
Thiosalycilic acid 86 (V) 220 (V) 25 51
Dithiothreitol —_ — 3.3 1.7

(Disulfidcs)®
Cystine 260 (ID) 520 (11ID) 52 26
Glutathione oxidized 100 (D 490 (III) 49 25

(Thiolactone)® )
N-Acetylhomocysteine 5.0 (V) 1.5 (VD) 1.5 1.5

thiolactone

The experimental conditions are described in the fext.

@) The developing solvents were: (I), methanol; (I)~(IV), methanol water mixtures; (V), ethanol and (VI),
cthylacetate. (II)~(IV), methanol: water=1:1, 4:1 and 17: 3 respectively.-

% These were detected after treatment with KCN solution.

BIE BEykh 0B SHASYD NAM kK & 3 0V LERDE
BONBCL I MBEREARILTICH > TROAEZBET 2 X NUREOREEBCE
126
@ FORBESEN. GHEID

—852—



@ RELFTOABRETAEREMATOELBDIEN,

® REEMEBEN, B#EE)

@® EKoBEHTERXTAETHY, AXOD
RMERERBCEELABIIENLN, (B
D

SH {t&%oEHiIc L b NAM &0 Rt
BONBRSN I, 2EZRGSHO I BIRBW
T3 pH 88T RGP T WOIHRE & <,
ZOHOHOEETCK M UABMB ORI LAL
LB 7o —JF, PH 35 TORUGIC BV
TRERLULGOEBHOEPD TR, REB
BRBEMEEE SR ICEENZT O IEDORD
BBT ~t (Fig. 1)

%7, pH35 TRARBI VB TH 2HAXK
DESHRERBC LB - THOREFT B
HIVHHEDOBD /N7 Y FDORREEN 7,
LS - TEBEHELTIR, BRODERL

7 pH 35D K5 & 0 12 pHB8 T Rt ts LS

HICBL T, £ 2 TOEM, RV —&—hy
MREEw, PH 88 2R IGEEKE L, RIG 1K
821 U 638 B A435 nm (BhRE £360 nm)
THET BT EE LI, COLHTT, SH1L
ApsHIE s PR B EC RS 5
FEBMEOE (EHER 2 ~3%) ERHHE
I,
FONRRIE 4 DERICEEERTIPT
foth, —RICEBMTIC B TREBER Mk LV
SFHMESND, € TMK, BHYEK, R
tho SHLAHD NAM ik & 55E&icit GSH
5 CySHAEEEME & ¥ 5 BERINEL
BALIl, 2O#E, AEMEXRRICT - o
DTNB & & & —% L7 (Table I ),

(B&E®)
F i
g —n—cpH 5.0
60 1 ;c:.'_"ii.__p Mis.8
zgﬂr_:—:—‘ﬁ:l';>~3:,}zg PG
AT —— & W74
40 ~ pH7.

P
20 H o O —, X

Time (hr)

Fig 1 Fluorescence Development of the Reaction
Mixture of GSH and NAM at Various pHs.

To 7.8 mi of buffer, 0.3 m! of GSH (6.2>107* mole)
and 0.9 ml acetone solution of NAM (6.0 x 10~ molc)
were added.  The following bufler systems were used:
pH 3.5 (0—0), pH 5.0 (x—x); 1 s HCI-CH.COON2
pH 7.0 (A—2), pH 8.0 (T—); 0.1am Nall.PO,-
Na,HPO;.
N2, CO;-H;BO,;-KCl.

pH 88 (0—e), pH 9.2 (5—m,); 0.1 M

Table IT. ToraL ThioL CONTENT
OF BIOLOGICAL MATERIALS
Material Thiol Amount of
and content  Recovery?t sample

method founde provided
Mouse liver molelg

NAM 4.11 100.2%% 1.00 mg

DTNB 4.23 99.4 10.0
Mouse spleen

NAM 1.37 103.3 1.98

DTNB 1.33 101.5 19.8
Mouse blood nmmole/liter

NAM 0.97 102.8 2.60 41

DTNB 0.93 106.7 52.0
Rat blood

NAM 1.11 100.8 5.05

DTNB 1.1l 95.0 50.5
Fuman urine mmole/liter

NAM 0.082 98.1 0.06 ml

0.066° 96.0
DTNB 0.057 84.7 1.00
0.056° 87.2

@ As GSH, on fresh weight basis.

Recovery of fluorescence intensity or light ab-

saorption of the added internal standard.

. As cysteine which was used as an internal
standard.
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EEHEDORIEGIZIZ 100 BTHEHPOREGEC LI ZTOARREOHERLTNEEZILN,
choORBICENTIR SHILAMDOABORHRBREBL SHEICKD SN 5 C & BRI,
MTICHELSREARBRMNKLT4L, FF#KO0.07Tmg THYRMIIT-72 DTNB D10 D KE T
I BTETH 7o SHIKHEBEFOSH LAHOEREIHY LTS, NAM EO BRI LHED b
SNt HYMEE, RHRCRBEEOLOBEL L SHLAYDOEB LN DR LEED
BRABELD 7o COANAMBETRBHBLARRMBERRLTHITE 2700, 203 0O
EOBROPELHRTE, TORMTENERUFETHLLEERT S,

#EIVE HPLC it L 344t SHILEY D NAM %
w3 @50 v ERE

BERRBER 7 a= 757 4 —REERKRSOAEL ODEIHEDFHESTBELLTEO
FETELNTH B, NAM & SH (LAYORBERY B 7 5 7oy Y ufby Y 45w (25
~35mu) REENHETIFEEL 7 LTHH TR, BHEXMHD 006 M, REY —F -+ BE
@, pHBB : 4% /—n (1311), H#06™ogin THIBEENE G 73/~ 1, 3—574L
Y= F Y v ol (ANS) & GSH, ®€ %74 ~ ( Homo CySH),CoA, CySH & NAM
BEEBCDOMETI2HLNIC OB T X e, BEESH) 01M | KERY — &~k BpsE#iR, pH 88
A&/ —n (15:1), Hi#08 mLmin T NAM — CoA & NAM— CySH #3173 % %5 solvent front
HEDC—7 ONBEMNS5IcT L0, ANS & GSH, HomoCySH, CySH @ NAM #Hiitk
BIRIX5 FLIATHBET S 2 (Fig. 2 )

Elution Condition (1) Elution Condition (11)
(a) Mixture (A) (b) Mixture (B) (c) Mixture (A) (d) Mixture (B)
N o NS MS ) g
Coh GSH
He CysH HomoCySH
ANS CySH CySh HomoCySH

Coh CySH

l‘ l‘ unknown lJ unknown
! L ! L L L ! 1 i I |

0 16 2 0 10 20 300 10 20 0 10 20 30

Retention Time (min)

Fig. 2. Righ Performance Liquid Chromatograms of NAM-labeled Thiols
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MeEhic ANS ¢ GSH Tidv—75& k% CySH tlRE— 7 BELE LD, BEALULRIBEK
D SHLAMOEAHEEICE DREBEROIEREIT->7c& 2 A, GSH Ti325 pmole 2» 5 25 nmole
DO®WHET, %7 CySH Ti211l pmole 25 2.7 nmole DB THEGEHAGZEBE SN (EHREOES
ET23~27%),

7 v POMEKE, ABHDO SHLEYDERBEBC I -TRER, BRI, (1) IKBOTRERDP S
Rob 7o B & FEBEIRINC L BAZ HEDOROIAMEN —~FK L & &, DTNBHICX DRz SHILA
PEBRMBEEBREAE—R LT ELD, HFEDEL S HHENLD 5Nl (Table I,

Table III. Comparison of The Present Method with DTNB Method

Elution condition (I)

Thiol Content

Sample Present Method* DTNB Method** Unit
GSH CySH Sum Total
Rat Liver 3.96 0.0 3.96 3.62 pmole/wet g
Rat Kidney 0.74 2.58 3.32 3.21

Elution condition (II)

Thiol Content

Sample*** Present Method¥* DTNB Method Unit
GSH CySH Sum Total
Rat Blood 1.14 0.0 1.14 1,22 muole/1
Rat Liver 3.21 0.0 3.21 3.19 pmole/wet g
Rat Spleen 1.44 trace 1.44 1.61 "
Rat Kidney trace 2.30 2.30 2.60 n

* The values were obtained by the calibration curve method.
** The values were obtained by a modified DTNB method.
*** Different samples were used in the elution condition (I) and (II).

—J7, Reiciz CySH ofthic solvent front fFITiCEEih ¥ 3 KMo SH 41:%4’%2)3@.‘3““@\5&:
EE, RASKOFTOEDEREINTO S 70D ANS ZHEEEME L L TCERTACERTE
Winofce LPLZOBA, solvent front € — 27 2 88— 2 & U CySH ZiRMT 2EEERINE
L BN SHELOKBD CySHORBMNEE TR/ (Table V), SHICANARER 1 E

Table IV. Cysteine content in Human Urine
Method HPLC DTNB
Sample Size 1 pl 2 pl 3 pl 1.2 ml
CySH Content '

(mmole/1) 0.046 0.047 0.047 0.061
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(104€) MDDOEARELTMEKO. 1722, PHEEO0.03~0.07mg , JR1 2 THV, GSH H 5 »
{2 CySH & LT 0.05~0.1 nmole TH »72o COMERT 3/ BEAGHIHTHEA S SH {LAHD
ERIEEHEE T 10052 ETH » 7o

BVE NAM it & 2 Rep 0 58 SS L&Y O i WILE Bk
—HIC SS LAYOEREE LTI, BT k> TEL 5 SH (L48% T OATKICH - TRl
TEOBEETSH 5,

“CN + RSSR ——= RS~ + RSCN

NaBi, + 4 RSSR ——> B RSH + NalyBOg

3H20

(Cys ), L BR{t%E GSH (GSSG) D KCN % 31 i3 NaBH, K & 2 BLRIGEBEZ R LR
FELEICE 0T (Cys), i GSSG IC AR S NI B UMM BB - 7, TRTED
BOBRHIC & B RUSERD G VW IEMEAENIICk~% &, GSSG D84 HaBH, p:4s KCN 30
2HEE OB E—KT B (Cys ), BEDEABIICEITH D B & —H LI, £7GSSC
& (Cys), OBIEMOHIZ, KCN#ETIR 100:80 T1: 1 # 1 » 7223 NaBH, #:Ci2 10018 &
DERENIMETS 720 LEchioT, FLABERUREOMIOBIICIR KON & BET 5
D& Bbic (Tabe V), %7z, NaBH, K& ZMBETREEMBD 5 Y+ b A7, BIEK

Table V. Relative Fluorescence Intensity of Disulfides

Reduction Method Disulfide F.I. R.F'.I.
KCN GSSG 41.5 lQO
(Cys)2 33.3 80 100
NaBH4 GSSG 85.3 206 100
(Cys)2 15.4 46 18

B4R 15 % KCNJLEAS SRR 12 » 1o CORBTTSSILAMDERE & 3k & ORI
i3, RIS GSSG A3 10PMO, | 4z 5 0mOk s (Cyg), s 5 PMOleL ) 4 o psnmole ) gy
B EHEN2%) THERBENNT Ui, SHILABORE TSN TS EREIHRY L,
72SH {t&%i2 KCN LB BRI OO THOABEBE—TH -2 & s, Apthicit &
T5SHILAYRSSILAHOERCEBLBITERNT ENBELD LN,
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RbDSS (LamDERIZ, (Cys ) 2EEYPELTIERRMETEC R -, TORE%E
Table NiKR"T . (Cys), ORMEINEZIZZI00BTHY, HMTHERE, BEEVEORMELE

Table VI, Disulfide Content in Human Urine by NAM Method

(A) (B) 8§ Ratio Standard Addition Method Calibration Curve Method

sample Size Added Amount of Recovery SS Content  c.v.*  SS Content c.v.*
Pl (Cys), (nmole) (2) (mmole/1) (8} (mnole/1) (%)

(B)/(A)

2 1.48 2,5 98.1 0.291 1.7 0.292 2.2
1.1 1.9 101.9 0.290 1.9
0.74 1.3 96.2 0.293 1.7

1 1.48 5.1 99.8 0.295 1.4 0.293 1.4
L.1L 3.8 101.3 0.291 1.0
0.74 2.5 100.8 0.292 1.5
0.37 1.3 100.8' 0.293 1.6

ZATBLHR-LEEBBES—HK LI, LD -T, AAMERLBZRDPDOSSILAPOERBN TR T
HHTEMTHIN, ILLEOMOMTRENDILEOAETH A LBHFEEIN S,

FTV[E 9—VALS—T7ArF+F bW EDORTORKIL E
Z DoHTE~NDILA ‘

BRERBRHTTF Tt v 7 4 v EMMERYMERRT 5 & i, 9~ VAL Met
ORGSR EHEEIN, TORBHIRBBRTOHREE ERGRER L - TELD, KK
TR ORBRBENBTO% (VA4 ) TRIGRENA5CT D & & RIBERY N33 15TH 5 C EBTLC
THRINI, COFHETTRRECODOVTRELAECA, Met ZADABERBRKRT I /B
ROEBLAATYNYRTAY, SvFF=V, €T F U/ HEDFAL—FA{LABEIRERT, =
F4=v (Bt), S=xFNvRF4Y (SMCySH) 8 &D S =T M+ A (LAW720 5 Kb 8 #
TH-1c o, STl ORBFREBEID O, ChbDLEYD TLC
FTORBRE R Met, Et 7510 pmole T SMCySH 72 ED S — 7 v % (L 245305 nmole Td->
7z (Table o T D Met OMMBERIERDITEOBERORETH »12e COFEDENRF &

Table VII, Detection Limits and Rf Values on
Silica Gel TLC*

Compound Detection Limit Rf Value
Methione 10 pmole 0.41
Ethionine " 0.26
S-Methylcysteine 0.5 nmole 0.47
S-Ethylcysteine " 0.29
S-Propylcysteine R 0.14

* development solvent : 20% H,SO
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L—FNLADREROBSIKET 5 EELONL, DD, SEFTVFVEREOBEFH
SHOBHER D ERBENBURISHEBHE LD, AR B EOETREMEOEN DX,

Z DEBEBEOEREESRD URBERSED o NEEEL LN,
9-VA BUWHAHBTHZ 0, EEBAMNEBCLICRIRGBER» SBROREEHRLES

Hoti, TOREHLELTIR, 129DV Y AXFAEDHIH T AE (0Tem [.DX15em)TLOEIS
THI RSB ENET 50 LI L » THBICERTE 2, 9~ VA & Met ORIERT6% (Vi)
BiBRth, 45, 2SRITRASL, CORM T CRIEERPS0PMOCL 45 150MOC L O RPAT Met
DEEEFORBE L OMCERESB LN, EEMSHERI N,

BVIE # 63
OEEE NAM 20T, Ao SH, SS{LAYDMBANEOBMRES BT, EROH
Pkt~ 100 fEOBREOBBRUD X > BAHHEEZREI L,
® NAM ORFL =it k3 TLC ® SH, SS {tA%D M E 588 kit
® BEBGEDOEST SH LAHORBE RSk,
® SH{LA#O NAM F# ikt HPLC THMET 3 &I X 344kt o SH (tA# DR 7S E
HREES. |
@ vT/ )y RBRERKLERHOSS LABOMET R,
Fh, BEERMDTO Y ~ VA &S —TA+ v LAME DBRIERIEE R LK AZ Y
St Ui,
@ 16% (Wiy) MBI TO — VA &S~ TA+ M LAYDBEBRINCRIGT 5T &,
@ S—TAFAMAHOD TLC K & 3 MBREEDEL,
® MetD5EBAT~D MO THetE % WE L 7,

—858—



#FAEE X 0 B F

BEOMAIEADPCHFET HVATAY,CoA , 7V EF+vED- SHILGY, - S-S -
CETOBEXC L BB EEEEEMEI LI &, RO - SROEEEOEFENSHKCEHABLrCL
T _REH 5o

WMHREDOLE BT, FLHELEREN- (9-727V2=A) =<4 IF (NAM) ZARL,
Thdd SHEE FGL THVGEEEZRTC L2 RV Lico ABRR , 2O RN% £ED LEGHA i
FaT HHMEDO S HILAED, - S - S - M@YWOARCIGMT A2 L2l AH , Flul omk, K, &
BEBEOH g OB P BT H- SHRO - S - S - {LEYosECECHK I LI

—ic , - SHIULAWIBE I B , L b BB RiD , I BHESIEETH - 1o WA
Mhic EDTA%RMZ , 2OMGEMETLEB YD BRE , SOCEECHFRTI AL vl
xR Lo ABRYATA Y , 278 VvF+ Y, Co ASYERKEI v~ 75 74 —% v
THEET 5 HEwERL , ThEhoRS O BHERNEREY TR L 1

R, InbOBRThs-S - S-baWE KOCNEZHAVT- SHILA#HE L, NAM 2T,
FETLIREEERROCGERG 7 v~ 77 7 HVCHERBERZEML LI, &b, 274 =v%
DS - REAPCOVTE 9 - E=i- T2 VO VYHRBOFALETTHEEWER 525 Z L wFAL
feAF4 = VEEEYRF L , BEESTEO R HI b L

ShbIE, RESHILE , $BREEZOPBCHET L LA L, BEBLOF ML 5L DS
SHLVHETH %o
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