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Abstract: A high performance liquid chromatography ( HPLC) method with ultraviolet detection ( UVD)

for the simultaneous determination of cysteine ( Cys) homocysteine ( Heys) and glutathione ( GSH) in
human plasma was established. Tween 20-capped gold nanoparticles ( Tween 20-AuNPs) were used as
selective probes for the extraction and enrichment of aminothiols. The aminothiols removed from the
Tween 20-AuNPs by dithiothreitol were separated on a Spursil™C ; column (250 mm x4.6 mm 5 m)

with a mobile phase of 60 mmol/L phosphate buffer solution ( pH 2.0) . The column eluent was moni—
tored using UVD at the wavelength of 200 nm. The linear ranges were found between peak area and con—
centration in the ranges of 0. 025 - 350 pmol/L for Cys 0.02 — 60 pmol/L for Heys and 0.01 - 50
wmol /L for GSH  with linear regression coefficients all above 0. 99. The limits of detection ( LOD signal
to noise ratio of 3) for the aminothiols were between 2. 5 nmol/L and 6. 0 nmol/L and the recoveries were
between 92. 8% and 106. 0%. Due to the significant interference reduction of endogenous substances in
the plasma and the subsequent improvement of the selectivity and sensitivity of HPLC-UVD the present
method was applied for the simultaneous analysis of the forementioned aminothiols in the plasma samples
of cardiovascular disease patients. The results showed that the levels of Heys and GSH had significant
differences between the patients and the controls while that of Cys had no significant difference.
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( cysteine 10ATVP SPD40AVP
Cys) . ( homocysteine Hcys) ~ LCH0AT + CLASS-VP
( glutathione GSH) 5.03 ( ) TU1901
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t ? ) PHSJ4A pH ( ) o
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1.2.3
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H,PO, 4
C o
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1.2.4 TCEP DTT
TCEP  DTT
1 mol/L 4 C
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20 ¢ TCA 100 mL

200 ¢/L TCA o
1.3 AulNPs



* 1058 30
13 nm AuNPs
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30 min © Citrate @ Tween20 () Aminothiols () DTT

4 C

Tween 20-AuNPs 120 wL 20% ( v/v)

Tween 20 AuNPs
Tween 20-AuNPs
4.8 nmol/L. 4 C o
1.4
GSH o
100 pL +100 wL 100 mmol/L TCEP

200 wL 20 mmol/L

30 min 20% TCA 2:1

TCA o 3 min 15

min 12 000 r/min 10 min.

1 mL, 200 wL 144 nmol/L
Tween 20-AuNPs 2 h ( 12 000
r/min) 10 min 2
15 pL 1 mol/L DTT 2.0 L
1.0 h (12000 r/min) 10 min.
10 wL HPLC o
SPSS17.0 o
1.5
Spursil™ C18 (250 mm x4.6 mm 5 pum;
) 30 C 60
mmol/L NaH,PO,-H,PO, (pH=2.0)
0.5 mL/min UVD 200 nmo
2
2.1
Tween 20-AuNPs 1
:(1)  Tween 20 AuNPs
:(2) SH
AulNPs SAu Tween 20-
AuNPs ;(3) DIT

Tween 20-AulNPs

18

o

2.2

1 Tween 20-AuNPs
Fig. 1 Illustration of the procedure for the enrichment
of aminothiols using Tween 20-AuNPs

2.2.1 Tween 20-AuNPs
Tween 20—

AuNPs
Tween 20-AuNPs o

(1 mol/L)  DTT
Tween 20-AuNPs 200 pL
72.96.120.144.156 nmol/L 1 mL
(40 pmol/L Cys.40 pmol/L Heys. 10

pmol /L. GSH) o Tween
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144 nmol /L. o
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DTT o
DTT
DTT
o 1
ml( 2.2.1 ) .Tween 20-AuNPs
144 nmol /L DTT 100.150.200+
300,500 mmol /L, o
DTT 300 mmol/L. 3
DTT
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' (1 mol/L) DTT o
500 pmol/L .

480 L
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200 pL 144 nmol/L Tween 20-AuNPs

1

able esting ranges of chromatographic separation
100 wL Table 1 Testi f ch hi i
n parameters and optimal values
¢( NaH,PO,) / Flow rate/ Column
Parameter L pH ( mL/min) . /C
Tween 20-AuNPs DTT (mmol /L) ml/min) _temp.
Investigation range 30-80 1.5-5.00.2-0.8 25 -40
° Optimal value 60 2.0 0.5 30
2.3
1.0
3 Cys+ Heys i
08 [
Cis [
06 [
1™ = :
o Spursil " C (250 mm x4. 6 mm) <04l
° 02
00
coooc b e e by e b e b b e by
N N 0 2 4 6 8 10 12 14 16 18
t/min
2 Cys.Hcys.GSH
o Fig. 2 Chromatogram of a standard mixture of
Cys H d GSH
Cys+HeysGSH pl 5.05. . ye s an ‘
Spursil'™™ Cig column: 250 mm x 4.6 mm; mobile phase: 60
5.55.2.86 pH ° mmol/L phosphate buffer solution ( pH = 2.0); flow rate: 0.5
pH pH < p] mL/min; column temperature: 30 °C; detection wavelength: 200
nm.
2.4 N
Cys.Heys GSH
pH =2.0 . yEyEeY
( pumol /1) () ()
1o
N (r'); (S/
1. 4 2 o N) 3 o 2 o
2
Table 2 Methodology parameters for the determination of aminothiols
Aminothiol Regression equation Linear range/( wmol /L) Correlation coefficient ( r?) LOD/( nmol/L) ( S/N =3)
Cys A =3655.1C + 18865 0.025 -350 0.9901 5.0
Heys A =4365.9C + 13547 0.020 -60 0.9983 6.0
GSH A =21318C +21612 0.010 -50 0.9985 2.5
A: peak area; C: concentration pmol/L. LOD: limit of detection.
2.5 N 2.6
2.6.1
10,1540 pmol/L Cys.Hcys.GSH 3a o
N 5
(RSD) ( ) Cys-
o 3. HeysGSH 6.01.8.98.14. 5 min,
3 (n=5)
Table 3 Intra—and inter-day precisions ( relative standard 3b,
deviations RSDs) of the method (n =5) %
Aminothiol Intra-day Inter-day
Cys 4.5 4.8 o
Heys 4.6 5.0
GSH 3.8 4.3

o Tween 20-AuNPs
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Fig. 3 Chromatograms of aminothiols in a human
plasma sample (a) treated with Tween 20—
AuNPs and ( b) without treatment
Chromatographic conditions were the same as in Fig. 2.
Peak identifications: 1. Cys; 2. Heys; 3. GSH.

2.6.2
Cys+Heys.GSH 1.4
4,
2.6.3
7
Cys<Heys+ GSH ’
(
5) o t Heys
(P<0.01)
Heys X GSH
(P <0.05)

4 (n=3)
Table 4 Recoveries of aminothiols spiked in a
plasma sample (n =3)

Aminothiol Added/ Found/ Recovery/ RSD/
( pmol/L) ( pmol/L) % %
Cys 50.0 46.4 92.8 4.3
100.0 101.1 101.1 2.6
150.0 141.5 94.3 4.0
Heys 5.0 4.8 96.0 4.8
10.0 10.1 101.0 3.9
15.0 15.4 102.6 3.0
GSH 2.5 2.6 104.0 5.2
5.0 4.9 98.0 4.7
10.0 10.6 106.0 3.1
5 (x+=SD n=7)

Table 5 Contents of aminothiols in plasma samples of

cardiovascular disease patients pmol /L.

Aminothiol Patient group Control group ( literature value ? )
Cys 193.8 +45.6 209.7 £43.0
Heys 29.2 £13.2" 8.9+2.0
GSH 7.9+3.0™ 10.9 £3.1

* P=0.009 <0.01 %% P=0.032<0.05 compared with

controls.

Tween 20 AuPNs
-HPLC UvVD N
Cys-Hcys.GSH 3 o
0 UvD
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