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Establishing a New method for Cys and Cys-Cys Validation of new method for nutrition injection formulation
Summary Back Ground Combination of ECD equipped with dlamon_d el_ectrode and According to ICH guideline Q2A and Q2B
K _ | | | f / column switching system |\ / — N
We have established an ECD-HPLC system equipped with a special S = <Validation Study >
stabilization-treated conductive diamond electrode, which provides high- @Signification Original Method All items met the criteria according to ICH guideline
precision, stability, selectivity and efficiency compared to the existing ECD Nutrition solutions for infusion contain many kinds of ingredients such as amino acids, Cys-Cys ar!alysis | (Amino _A_cid Analysis_) Characteristics L-Cysteine L-Cystine
detectors. glucose and electrolyte. The analysis of L-Cysteine and L-Cystine are important in order to Cys analysis (Ultraviolet and Visible Adsorption Spectrophotometry) ——— oo Cood
Existing ECD detectors widely adopt a glassy carbon or graphite electrode as a assure the quality of the products, because L-Cysteine is an unstable amino acids and is ' ” Py
working electrode, but have the following weaknesses. known to be quickly oxidized into L-Cystine under neutral or weakly alkaline condition s Linearity
: L : : . . . z | (Correlation 0.9999 0.9999
« Unsuitable for quantitative analysis as the impurities become adsorbed to the (See slide 3). But for the same reason the analysis of these compounds were complex and 5l n | Coefficient)
- . a > . 3
working electrode, resulting in low stability with wide sensitivity variation. time-consuming. o z | [ Cys-Cys analysis } Accuracy
. . . .. . ' -Nli i ~ (0) ~ 0
» High-voltage cannot be applied to the electrode, which results in lack of @®Original method in nutrition solutions 5 | | |/ \(post column method:Ninhydrin) (Recovery) 99.8 ~ 102.9% 99.3 ~100.9%
sensitivity. L-Cysteine: Ultraviolet and Visible Adsorption Spectrophotometry i : Repeatability 0.9% 0.7%
Conductive diamond electrode has received a lot of attention to overcome the L-Cystine: Amino Acid Analysis (post-column method : Ninhydrin) , | | 1 Intermediate Precision Good Good
above weaknesses and there has been a report that it produces stable results. @Characteristic of Original method in nutrition solutions &J & \J\/ \ Quan?tatlon Limit 016 0.0074
itivi iati i _ _ | (WAYE /mL) | |
Hov:/te_ver_a feniltl;”ty vgrlatlop was s_c;_nfl:_med on compounds such as SAA, @ Unsimultaneous analysis method - | Q U | L Irrigation ng
resulting in lack of precision of quantification. A L L A A A LA A LA Al S R S L S i . .
g p quant n. o @ Long analysis time - 135min. < Cross-Validation>
Therefore we have (_Jleveloped a special stabilization-treated co_nductlve diamond ® Complicated pretreatment Cys analysis _ _ _ There were no difference between the original and new method !!
electrode and established an ECD-HPLC system as stated earlier. (Unsimultaneous method) Achieving simultaneous analysis |
: : .. : . . (ot : Sample L-Cysteine L-Cystine
This system was applied to SAA analysis in pharmaceuticals and in biological ) (Short analysis time and simultaneous method) P I — Y — Y
samples. Existing analytical methods of SAA in infusion solutions cannot Original New Original New
guantify an SH-group cysteine and SS-group cystine at once, hence it is analyzed Glucose and ' Yol Method Method Method Method
- - ’ ucose etc. NeW methOd .
separately which is a time consuming method. Using this system combined with a SEC}fo’:igor:zte @ lectrolytes(Na,Ca,K.Mg,Zn.Cl etc.) Stable baseline and Good peak shapes Conc. Conc. Conc. Conc.
column switching method, both cysteine and cystine could be analyzed at once @ Organic acids (Gluconic acid, Lactic acid etc.) _1 standard Chromatogram _1 Nutrition solution Chromatogram Nutrition 100.2 98.6 2.1 1.1
within 20 minutes and with high accuracy. ) ; : " solutions 101.0 98.3 12 11
_ o _ _ 3 & 99.3 99.7 1.6 1.2
I\/Iegnwhlle,_SAA In biological samples are typically ar]aly_zed_usmg ECD RS //.17 Kinds of Amino acids (Except of L-Cysteine) 3 _ —
equipped with a carbon electrode or fluorescence derivatization method. In the solutions @ Amino acid (L-Cysteine) - . Comparison of Original method and New method
former case_, quantl_tatlve f_:lr_laly3|s IS unsuitable as has b_een mentioned. In the | ®part of Electrolytes(Phosphoric acid etc.) - o - o — Original Method New Method
latter case, it lacks in stability as there are many complicated sample preparation @ Amino acid(a small quantity of L-Cystine) Y, _ O | O : : :
stens _ _ _ ] 8’ ] 8, Simultaneous method Compatible Not Compatible
p ] | | | | | @ To improve the method of L-Cysteine and L-Cystine : L; R LJLN . Analysis time Cysteine: 360min. Per 20 Samples |  20min. Per 1 Sample
By using this system, cysteine, cystine, glutathione and homosysteine could be Minimum Requirement S J R ! M R : Cystine : 135min. Per 1 Sample
analyzed simultaneously and in accordance with FDA guidance (2001 May). @ Simultaneous analysis of L-Cysteine and L-Cystine “ Tine (nin 20rep.| ¢ Tine ain 20ren. Number of Cysteine: 20 Samples Cysteine and
@ ngh robustness Analytes per Day CyStine - 11 Samples CySItIne: 70 Samples
IS ti . . . Working day per 6 days 1.5 days
@ Short analysis time Analytical Conditions : See Slide 14 4 Work JEP 5
Relati : : : @ Easy pretreatment / \\ orker /
elationship between Cysteine and Cystine / /
- =
Cysteine (Cys) oxidization Cystine (Cys-Cys) Our first Choice was ECD-HPLC system. But the Robustness of carbon electrode ECD
CO:H : H.N H was not so good. Application for biological samples
H3 /H\<NH — 1O X/SHS /\< CO:H So we had tried a new ECD equipped with “Diamond electrode” with bio-analysis team and ﬁ Simultaneous analysis of Cys, Cys-Cys, Homosysteine(Hcy), reduced glutathione (GSH) In rat plasma
4 reduction 2 '

the manufacture of the products. (Validation study pursuant to FDA guidance for Bio-Analysis (2001 May))

2

H NH

Cysteine is easily transformed into L-Cystine under neutral or Rat Plasma Column . Inertsil ODS-3 3.0mm i.d.X100mm 3um( GL Sciences)
weakly alkaline conditions. 3 5- Pre-Column  : Inertsil ODS-3 3.0mm i.d.X 10mm 3um (GL Sciences)
S 4 Columntemp. :45C
- Solvent : 25mM H,PO,-20mM Heptanesulufonic Acid/CH,CN = 98.5/1.5 (V/v)
i iti Evaluation of a new method . Flow - 0.75 mL/min |
Evaluation of the tradltlon_al _m ethod _ .. : S Detect : ECD with Diamond electrode, Applied voltage 1600mV
Cys and Cys-Cys analysis in plasma using ECD detector ﬁ Cys and Cys-Cys analy5|5_|n plasma using ECD detector =] (On-Line Reproduction 4000mV for 1min.)
equipped with carbon electrode equipped with diamond electrode s _ 1 2 injection : 10uL
'y n w Pre-Treatment : deprotonation using HCIO, + diluted with solvent
. Y g ; - -
: Comparison of baselines and peak areas < .
._ . 100 P _ P _ St < How to estimate accuracy of endogenous compound >
oy o l.S. : : . . .- .
1 [oysi00mm s Cw by continuous analysis (over 13 days) of rat plasma & Tme @iv oo 4o ed Solution ‘ Low limit quantification should be set at
. T L L p—— * 37 4 Spike 1/2-1/3 of endogenous concentration.
. = Y Cys-Cys 15uM ]
gﬁﬂ s _é ] m =3 : 1 2 3 \
ot CyS-CyS 3OOMM \ © 0 . Initial \ / :_ < L AL /\//\ } Measured d Measured
- ] |
o 20 1 — /k Cys ohr 160hr 390hr <1 Endogenous| | \alue of Endogenous|  Value of
: W ; T 70umol/L (initial) | (480times) | (960times) T T w | Spiked sample | Blank sample
Day0 Day4 Day7 e me o
= “Noisy! |y . |y B | Area(UV/sec) | 1094126 | 1942709 | 1935035 1 Cystein :Cys (6uM) 2 Reduced Glutation GSH (3uM)
N e B 10 umol/L 03 200 umol/L _7] 480times Decreasing 3 Homocystein: Hcy (6uM) 4 Cystine : Cys-Cys (15uM) _ Theoretical
Chromatogram of rat plasma Variation of Cys response et _. A Ratio (%) 2.58 2.96 | 1.S. :Internal Standard ( ):Concentration of Standard Solution Sp|ke Value
(applied voltage : 900 mV) lasma (applied voltage : 500 mV) N T S Evaluation of Linearity:Spiked Plasma Sample _ o _
Noise level was high and IOThe respopnpse decreaged = | 1(;ys-CI);Is_ .O.?.rl 4;&9” gg’étc.’hr Criteria of FDA Guidance :Accuracy :85 - 115% <Evaluation of Intra-day Precision : Spiked plasma samples >
the response of Cys-Cys was low. about 30% with in just a week !! | evtmes - (inftiah) | (450times) 7 (3o0times) Cys GSH Hey Cys-Cys Criteria of FDA Guidance : Accuracy 85 - 115%, Precision <15%
: - : N /L Area(uV/sec) 1577049 1524578 1505626 Conc. Accuracy | Conc. Accuracy | Conc. Accuracy | Conc. | Accuracy
Column . Inertsil ODS-3 3 mm i.d.X150mm 3um(GL-Sciences) g_’_l\b_/\‘(\ 5 - (umol/L) (%) (umol/L) (%) (umol/L) (%) (umol/L) (%) Cys GSH Hey Cys-Cys
Column temp. :40°C IR E /sme — % = = Re;?;az:/:)g 3.33 4.53 5 3 1004 ) 6 [ 1039 15 ( 994 ) Conc. | Accuracy | Precision | Conc. | Accuracy | Precision | Conc. | Accuracy | Precision | Conc. | Accuracy | Precision
Solvent ElOOmM N_aH2P04-5mM OSA *Buffer pH2.2 /MeOH = 95/5 (v/v) Low noise level \ P 6 99,7 1 96.3 20 1024 (umol/L) ) O | () ‘ (umol/L) i (%) (%) | (umol/L) i (%) (%) . (umol/L) i (%) (%)
Flow rate : 0.8mL/min 20 I 002 20 %9 - - 12 99.7 6.9 6 86 7.5 12 96.2 3.7 30 100.5 6.7
Pretreatment - deprotonation using HCIO, e n L * Analytical conditions : See Slide 14 Remarkable tolerance 60 30 100.2 60 102 150 86.8 0 1052 - >0 i > %0 1055 25 0 — il
OSA: Octanesulufonic Acid _ 300 93 5.5 150 101.8 3.5 300 100.9 3.4 750 110.3 3.6
as an Electro Chemical Detector !!! 120 60 98.8 120 99.4 300 . 4 ~ ~ - ~ 4
Weak Point ! 300 150 NJ1005 ) 300 100 J| 780 10847 Normal concentrations in rat Plasma
1. Need high applied voltage for Cys-Cys Analysis Waight | 1/X° | Weight | 1X® | Waight | 1X* | Waight | UX* | Cys:10~15umol/L. GSH: <10umol/L. Hey:<lumol/L(Under LOD). Cys-Cys:20~30umol/L
>>> Low S/N sensitivity E Low Noise level
2. Low robustness even at low applied voltage for Cys analysis E Remarkable Tolerance The quantitative ability for Cys, GSH and Cys-Cys were demonstrated at normal concentration level of rat plasma.
B High Sensitivity especially for —SS- compounds 1 >>> Slight variation of concentration were observed because of pathological condition or dosing would be detected
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- Overcome the existing problems of ECD by the state-of-the-art technology !!

electrochemical detector

During redox reactions, the electrode surface can be
deteriorated/contaminated by reduced or oxidized products, resulting in low

sensitivity and unstable response.

Model of irreproducible results caused by
deterioration/contamination of the
electrode surface

Adsorption of
contaminants

O ﬂ Q.
= n
"?j\»"*m

. N
% .

Change in electrode condition

K New technology 2: Stabilization of the electrode surface

On-line electrochemical polarization

The diamond electrode can exhibit two status including a hydrogen-terminated and an

oxidized surfaces. Generally, while original hydrogen-terminated surface is changed to
other oxidized surface, the response is unstable and irreproducible, leading to decrease
In peak area.

The results demonstrate that on-line electrochemical polarization can accelerate
conversion of the hydrogen-terminated surface to oxidized surface, and achieve long-

term stability and excellent analytical results.

Hydrogen-terminal Oxidized-terminal
+ Electrolysis oxidation
HH OO OO0 — Ol 0 ““O“OMI-omn o
—_—
Stabilization

Surface of the diamond electrode

Diamond electrode oxidizing condition : Applied voltage 5000mV

Electrochemical polarization time and peak area

As a result, the peak areas of Cys decreased as increased electrochemical polarization
time. however, tended to be stable after 20 hours.

§ g n Cys 60umol/L
= 21 hr | A A Cys-Cys 0.5umol/L
S | 14 hr AN N
N 7 hr K .
0.5 hr L L
o Initial -
o 2 4 6 8 10 12 14
Time (min)
7000
56000 ¢ +-Cys |
S 5000 -0 Cys-Cys|
5 4000 ‘
~— 3000
S 2000 \’\\
<1000 —e
0 e : ® | o @
0 5 10 15 20 25
Polarization Time (hr)

Column : Inertsil ODS-3 3 mm i.d.X150mm 3um(GL Sciences)
* without pre-column and valve swathing. Other conditions : See Slide 14 12

/ Major causes led to irreproducibility of f New technology 1 : On-Line Cleaning using High Voltage

Advantage of Diamond electrode : Solidity for high voltage!!

Extremely fast to stabilize

Diamond
High potential

C> SP3 carbon structures

the baseline after cleaning

Carbon
Limited potential

Carbon

C> SP2Z carbon structures Diamond
ob— e e
Ref : http://www.courtside.co.jp/racket/dunlop/rim40.htm 0O 10 20 30_ 40 5Q 60 70 8
Time / min
Regeneration of electrode activity
Conventional carbon electrode Diamond electrode
mechanical or manual polishing Electrochemically stable
>>> pased on on-line cleaning!
Cys
Cys-Cys
. LA -
o oo A L |
_ _ _ _ 0 10 20
Time-consuming mechanical or manual polish. N4 10

Applied voltage 1600mV  4000mV

Polishing is an off-line process, On-Line cleaning

and a long time Is necessary to get a stable At a high potential, the on-line cleaning process is automatically
baseline. performed using a time sequence between analytical runs.

Advantage of New technologies '

/ = Taking usability as UV detector !

Efficiency of on-line cleaning
Effect of High Applied Voltage in Cys and Repeated measurements (n=3)
Cys-Cys response (On-Line cleaning) led to 30% decrease in sensitivity.
@120
<110
—A )\ p
-g—glgg .g —— —o | ///,\ 5000
5 80 \\ | £ 4000 Ak
S 70 S 3000
£ 60 =
T 50 S 200
1 2 3 2 1000
Anarisis Times =
S 0
—*—Cys —®— Cys-Cys (with On-Line cleaning) < 0 5 10 15 20
—— Cys —o—Cys-Cys (without On-Line cleaning) Cleaning Program(min)
Without on-line cleaning, the sensitivity for Cys was obviously decreased
>>> The electrode may have been deteriorated/contaminated by oxidized products.
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. Conclusion

1.Established an ECD-HPLC system equipped with a special stabilization-
treated conductive diamond electrode by a column switching method enabling
a simultaneous analysis of cysteine and cystine.

2.To assure the robustness of this electrode used in this system, surface
treatment (stabilization method) and On-line cleaning methods were
established. This led to a phenomenal robust electrode.

3.The robustness of this electrode was proved again as the sensitivity did not vary
even conducting a continuous analysis of biological samples for 2 weeks.

4.This system enables high-precision and selectivity in less time for the
specification test of cysteine and cystine in infusion solutions.

5.Also enables simultaneous high throughput/precision analysis of thiol and
disulfide, and the trace amount measurement of varying sensitivity of SAA In
biological samples. 13

J
Typical System
ﬁ Cys and Cys-Cys analysis in rat plasma
/ Electro chemical detector ED703 pulse (GL Sciences) \
Cys 70umol/L

B Measuring method : Pulsed amperometric, Amperometric, Scan

Cys-Cys 15umol/L B \Working electrode : Diamond, Gold,

M Reference electrode : Ag/AgCI

= ALRRRRRRRRR
«  ARRARRRRRRN

B Oven . 20 to 45 degree C

T R T N A %

Time (min)

Conditions
Column . Inertsil ODS-3 3 mm i.d.X 150mm 3um(GL Sciences)
Pre-Column . Inertsil ODS-3 3 mm i.d.X 33mm 3um(GL Sciences)

Columntemp. :40C :
Solvent : 50mM NaH;PO4-5mM OSA* Buffer pH2.2 /CH3CN = 97.5/2.5 (w/w) HPLC SyStem LCB00 (GL Sciences)
Flow rate : 0.4mL/min
Detect : ECD with Diamond electrode, Applied voltage 1600mV ,
* On-Line cleaning 4000mV for 1min. (15-16min) 16800 .. 1

Valve Switching: Initial position A Auto Sampler N

Program 2min position B
Pretreatment  : deprotonation using HCIO4 S D

*OSA: Octanesulufonic Acid

—Sample tray
1.5mL X 360vials

Sample needle —

SIS
:

Flow diagram

Pre- Column

Position A Position B Column Oven > Injection valve —— =902 e |1

) o\ L LLEE 4= ~—— ECD Flow cell
N _ (Diamond electrode)

(Detector)

Pump 2 Pump 2

Switching valve

Switching Switching

——~Column

= ]
Pump S ——— Degassing unit
e Pump
— < +—Solvent
i (@ Seeores
el Column e

The new HPLC system featured that all units including injector, switching valve,
column and flow cell of the electrochemical detector were installed into an oven

\3 achieve high reliability of the analytical results. /

Pump 1 Detector Pump 1 Detector

14
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Back Ground S . — . . Srp=s & —e
/ Summary / - FANTVRBBEDSLARSYF VT ZEMAESHE -0k - MBS OB T EHAED/N)T—30T—43
05 OB BN e )
ERELERHOMERABHBEL T R LR ELLBEEZHEL-EEEF 1V . e . ] _ 5 s o= on : R . - X S o= o . <Validation Study >
:EDP'%*HEE{EFH L. ﬁ*ff&ttiﬁbs *EE~ ﬁﬁﬂis %ﬁﬂ&lﬁ?ﬁ]$ﬁf‘1ﬁ iﬁ?&%ﬁlﬂ)ﬁf% Eﬁ%l-ﬂ’aL‘T;ﬁﬁt’f@fﬁﬂ’éﬁﬁ%ﬂ'étbs ﬁ’ﬁﬁkﬁ@ SARTAY ﬁﬁﬁlﬁ /X?‘/ﬁﬁ (7~/@ﬁ1ﬁ7§) + /XT’f/ﬁﬁ (tbfaik) ?&TO)IEEFICHjJ"f@“/Z@Eﬁ':*{l’L—CF:ﬁEE@L !
HTEN-ERLPRIEB —HPLCOR T LEMELT, RUZORINTHLVAF EREERL TS, 0.5 | - — ——
k. ERLERHBOEREBELTECALSATERT Sy —h— OB ARBRADRITEA ; - d d
KB LLETST7REBIBIZIE, LT O L3ERANHT=, SRAFAV Bk, CRAFU P/ e 5[ n N Oorrrye R "REHY "RIEHY
D FLT LB ORI AEEIRHE B EIZEY, B EORE: OR— S TR OERMS O T RIIES » "2 gtk oo E T oonme 09999
REMNEL BREEENKE EEAMCEFRAZTTHS. = SHBEOTVvIHEREE . - ﬁ#ﬁﬂ%l’aﬁl%ﬁ orrea ':' coriclen
Q BHBIZCEBEEZMNToAGVIEIZEY, SRFUOKLSICEHMERE Qi EHFhS AT A S RAF U O wed ||| [F | [ (Re;firy) 99.8 ~ 102.9% 99.3 ~100.9%
RLEZESHDRELEL, ’ . D SHFEOEE: SAFAUDORRES o | | g 0.0% 07
NoDRRAZRRTHEBELT, BEEFAVEVRHNZTESNATEY. thit {7 ILHYEBETTCERIZORAFUATH Lo : il pom——— . .
RIFGREETHEATELILRESNATLSL . BEEF I VEUFIZENT 8 HF| D PH. SSEETE - chis W EaVES \J\, ue L L\ ; o ARESL AEELL
H. BHMT7I/BLEED—HBOILEMTIX. GRICREZILZECL. EEMX o b 95 A S E AR S LA S U M s 4 AR 5. 1 1R EEBR(reg/mL) 0.16 0.0074
HEDSHREICRITHIEMHBALT=, @ L l-% H-73/B-ABRS%E Vi | | 13543
VR — 2 — . Ng . =2 . .
ZIT, BAGEEES (Y EVRICES ITRBELEET S LILY. 1B SRANOIRLATAY, AT EER SR A SRS AT <Cross-Validation >
HTEN-BESILSRHELERLT-. TREEEDVIRM 8 A OB (434S PRI 1 - 12 B 1 ) BONEEHAIEOMICE T RSN !
ARHBEDSTLRAYF T HZEMAEHEDILICKY | EFAH (AR ) Sample L-Cysteine L-Cystine
#) BRSBTS ALE. / \ N Botis | Hiows | Bmowks | S
Pk MBRATOITMT I/ BAFEIL SHEEHOVRATAULESSE /) em(TEom®) . ‘ ] R =3 10 8 16 5 16
EROVRFUEERBICRETES AN ThERBIRIZHHLTEY. W-BRER ) OEMH(Na, Ca K, Mg, Zn, CI%) MAHE| <2510 OREME E—IBREGEBEEL 100.2 98.6 2.1 1.1
NEECTEETH o= ZAVRTLIZEYRBIZLMGERER (2049) T, B O AR (T IV 1VE, AEF) , | Standard Chromatogram | Fluid Infusion sample Chromatogram Lr(‘;'ﬁ:g: 101.0 98.3 1.2 11
E. BRRMICHTTEDLIICE T, 5 . . 99.3 99.7 1.6 1.2
Fl-, EFEBPERTI/BROSIELL T, h—RUBHBZRALE e - N f i EJ B kST ED LB
SUES R R A BRI EA DDA, MTE (LRTRD &SI BET LA eV LT B B : ' : :
KECERIEICRIT. BETERAMLETEANSRERITRI T, = \ O —HEBAK (I BE) e . g : RH st kit
DIRATLIZEYVEERRBPOFA—IL-DRILIAFIEEMLEEDERTS/ — OEVRL-VRFUER | %) 5 %) R B >4 Fay aJ
REFRR, BRECONTHIENTRELGY, EEHAM P OKBLETS/ &@ | 5 | 5 ST RS S RF A : 36043/ 208 bk 2053144k
DEEBHLRIETES LI oT1=, _ B B L_; o d LL L SRFY: 13563114k
‘g;‘fizq: DVRTAY  DRAF U TEDIRIELT=LN ! I SE SR M 21 S LT 20 S TARIER/1R DARATAY 2084 DRTFAIRF
DAFY 11K 70884k
DARTAVEVRFUDR
% %L\é;/ﬂ D RAF L DRBES P P @ B#/SHESR 6E/1A 1.58/1 A @
/ ’/7(7“4‘/*“/7(7-‘/0)231@ @ SHYHA4oILD%EHE \\ // \\ /
Cysteine Cystine @ BIREOHRIL
— oxidization H e
Hs” XY ool : HEN)\/ CORH J7—ARFIA Rt HPLC-ECD YR F ATHEMH—HR BB TIEBEEARAEL, RYLTLADI:FE . e — o7 ,
H'; NH: eduction 100 S . FLTCHAVEVREBREREE L-H LW ECORHEBTHINER A=, ﬁ v M3 HCys, Cys—Cys,jI'ﬂ;*/ZT'f >~ (Hey). ;zm:ﬂ? )1;5!?7]-*/ (_GSH) gl R 7 3%
@ Bio—Analysis|CB§ 9 AFDAH A4 > X (2001 May)IZZEL f=/\) T —a B ER
: Column . Inertsil ODS-3 3.0mm i.d. X 100mm 3um (GL Science)
E_ Rat Plasma Pre-Column . Inertsil ODS-3 3.0mm i.d. X 10mm 3um (GL Science)
S, ’ ggll\ljenr]\rt] emp Q ggrr?M H,PO,-20mM Heptanesulufonic Acid/CH,CN = 98.5/1.5 (v/v)
P s =T . _ FI - 0.75 mL/mi
ﬁtﬂeﬁiq)ﬁ;ﬁ %ﬁﬁﬁ?ﬁo)ﬁsﬂﬁ z Dgtvc\elct : ECD r\?Vithmllbri]amond electrode, Applied voltage 1600mV
/ Hh—RoEBEBZERAUV-ECDIZLd ﬁ B ALV EVREEEBV-ECDI=ES 2] . o (On-Line Reproduction 4000mV for 1min.)
— N — IS N I — N — . I I :
A4 Hﬂliﬁ FDUVARTAV. /Za"/d)ﬁﬁ SYFMERDRTA . “/Zﬂ"‘/d)ﬁﬂﬁ T _] M P:e—Treatment : degrotonation using HCIO, + diluted with solvent
! : = G - o 5 <HERSODEHENRH -EETRORE >
o 100 &= S N — S 1 .
o DEFAHTE] O A=AV RBICE —JEIRERE (over 13 days) -t L RETRE. RERS OREICHUE
of (10O s 0 ] - e Sstal”d.ard AN GCEEL3 ~1258F) L5,
s i t
" 5 60 — — Cys 70pM YTy s glution | - :
g- S 0 _ : 1 F 777
0. | Cys-Cys 300uM | ¢ | 1@\ \ / kl_ l U\ AT $7 — N7E 470
. 20 — - =2 " A fE BIEE
| R /\ Cys Ohr 160hr 320hr 2] | )
; , o o ., Y 70 £ mol /L (initial) | (480times) | (960times) To T T T T T T S T T T T T T 20
| N(I)isy!! | | | | |8 10 umol/L 0 200 umol/L | N 180B1E Area (u V/sec) 1994126 1942709 1935035 é I(_I:ystein :(tlys (6|_|IJM)(6 ) Z (R:’educed é;lutgtiorz1GSSI\I-,|I)(3pM) . g
TR TE TR TR R L AT TR TS - : omocystein: Hc stine : Cys-Cys P 8 oy
SyrMBEHRDRTAY  ORAFUDDH RATFAVDORREZL gg;M l A DReactrieoas(l%r;g — 2.58 2.96 .S. :Interngl Standarg " ( )Concgntration gf St)z:mdarélJ Solution RE
(applied voltage : 900 mV) (applied voltage : 500 mV) — | =] L - Ifn #F3 = _ e
JAXBRKECRFUDBEHLEL ! BEN1BBT30%HLELTLES ! e Cys-Cys Ohr 160hr 320hr <EHIEOFF - ?ﬁ;ﬁﬂﬂﬁgﬁ> . o, <HREDFM : MITFMYLITILTOEBRNBRET—42>
15umol/L | (initial) | (480times) | (960times) Criteria of FDA Guidance - Accuracy 100£15%
] 960[=l B A]L /k Cvs GSH Hoy Cys—Cys Criteria of FDA Guidance : Accuracy 100+15% , Precision <15%
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/ Electro chemical detector ED703 pulse (GL Sciences) \

Pre-Column
Column temp.
Solvent

Flow rate
Detect

Valve Switching:

Cys 70umol/L
Cys-Cys 15umol/L
o 2 4 6 8 10 12 14
Time (mMin)
Conditions
Column . Inertsil ODS-3 3 mm i.d. X 33mm 3um (GL Sciences)

: Inertsil ODS-3 3 mm i.d. X 150mm 3um (GL Sciences)

: 40°C

: 50mM NaH2PO4-5mM OSA* Buffer pH2.2 /CH3CN = 97.5/2.5 (w/w)
: 0.4mL/min

: ECD with Diamond electrode, Applied voltage 1600mV

* On-Line Reproduction 4000mV for 1min. (15-16min)
Initial position A

Program 2min  position B
Pretreatment  : deprotonation using HCIO4
*OSA: Octanesulufonic Acid
i B
Position A Position B
Pump 2 Pump 2

Switching

Switching

Column Column

Pump 1 Detector Pump 1 Detector

M Measuring method : Pulsed amperometric, Amperometric, Scan

B \Working electrode : Diamond, Gold,

B Reference electrode : Ag/AgCI

B Oven . 20 to 45 degree C

o

/

/— HPLC System LC800 (GL Sciences) \

Auto Sampler
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> — Injection valve —- g ml — T (1 CD ’
— A . m D Flow ce
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, = Degassing unit
—— Pump
P ——— < _SOIVent
— _ T
T .lsmu_s
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