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DRC) Meinhard ICP-MS; Flexar (
PerkinElmer ) Flexar Binary LC Pump  Flexar solvent manager Flexar LC Autosam—
pler; Hamilton PRP-X100 (250 mm x4.1 mm 10 pm Hamilton ) Hamilton PRP-X100
(20 mm x2.1 mm 10 pm Hamilton ); ICP-MS PEEK ; Titan
MPS ( PerkinElmer ) ; SK3310HP ( )
TG16-W ( ) ; DZF-300 (
) ; Purelab Option ( ELGA ) o
( GSB G62029-90( 3401) 1000 pg/mL ) ; SeO,
(AR ) ; Na,SeO,( AR ); ( SeCys,
98% ) ( SeMet 99% Alfa ); ( AR
); K(20 mg/mL ( ) ) ; HNO, H,0,(
) (99.999% ) \ . N . (AR
) o ( PerkinElmer ) Be Mg In U Ce I pg/L
2.2
2.2.1 o
100 o 0.2000 g 1
6 mL HNO, 1 mL H,0, Table 1~ Microwave digestion procedures
1 ° Temperature Ramp time Hold time Power
25 mL () ('min) ('min) (W)
3 140 15 8 80
220 10 25 90
2 1CPMS o
2.2.2 0.5000 ¢ 10 mL 2 mL
1 mL 20 mg/mL K 10 mg 53 kHz 37C 1.5h
6000 r/min 15 min 10 mL o
o 0.45 pm o 2 o

2 HPLC ICP-MS
Table 2 Operating conditions for the HPLC and ICP-MS

HPLC conditions ICP-MS conditions
Hamilton PRP-X100
Column (250 mm x4. 1 mm 10 pm) RF power ( W) 1250

) Hamilton PRP-X100
Guard column

(20 mmx2.1 mm 10 pm) Plasma gas flow rate ( L/min) 16
Mobile phas 8mmol /L Citric acid 11
obrie phase (pHS5 20% NH; « H,0) Auxiliary gas flow rate ( L/min) .
Flow rate (mL/min) L5 Nebulizer gas flow rate ( L/min) 0.95
50 Pulse state voltage ( V) 1250
Injection volume ( L)
RPq 0.80
. o : 1.20
CH, flow rate in DRC ( mL/min)
Monitored species 808

3.1
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o NH,H, PO, Se(VD) 30 min SeMet o
4 8 min
4 1. Se(VD)
10 mmol /L SeMet Se(lV)
8 mmol /L 4 8 min o 8 mmol /L,
3.2
20% NH, * H,0 pH4 ~6 4 2, pH
Se(VD o pH =4 Se(VD) 14.33 min; pH=6.0 SeMet  Se(V])
3 ; pH=5 4 o pH =5,
20“ -
181 e Se(IV) 4[“ /\ pH 6.0
16F A—SeMo “
14k —w—Se(V]) pH 5.5
= 12t v H
E 101 §‘{ A pH 5.0
- sk \ =
6F . A pH 4.5
e — —a - I < Se(IV Se(V
Wt . e ;—--“"" sec/;h k ﬂ/%“M(" i (\I)/\p_H 4.0
2 4 6 8 10 0 2 4 6 § 10 12 14 16

Concentration of citric acid ( mmol/L)

1
Fig. 1 Effect of citric acid concentration on retention
time of selenium speciation
Detection conditions: Concentrations of SeCys, Se(lV) SeMet and
Se(V]) in standard solution are 5 ng/ml. each; mobile phase pH is

set at 5; other conditions are the same as in Table 2.

3.3

4
1.7 mL/min SeCys,  Se(lV)
1.5 mL/min,
3.4 (DRC)
6 B0G.+
9Ge * ArAr”® ArAr”
ICP DRC
o 0, CH, DRC
0 g+ .
SeCys, Se(l) SeMet  Se(V]) 5 ng/mL
0, CH, DRC
3, 0, DRC
6Ge0*  %Se0)* %Mo *

Fig.2 Effect of citric acid solution pH on retention time of
selenium speciation
Concentrations of SeCys, Se (V) SeMet and Se(V) are 5 ng/mL

each. Citric acid concentration is 8 mmol /L. Other detection condi—

tions are shown in Table 2.

80
T0F

Se(lV)

50F
40t
30

Se(VI)

Intensity { eps,x10%)

20
10 .
0 ; ; L b |
0 2 4 6 ]
t(min)
3 CH,(a) 0,(b) DRC

Fig.3  Chromatograms of selenium species using CH, ( a)
and O,( b) as dynamic veaction cell ( DRC) gas
Concentrations of SeCys, Se(lV) SeMet and Se(V]) are 5 ng/mlL each.

The detection conditions are shown in Table 2 except CH,
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CH, DRC CH, *“Ar*Ar* AP Art 98e * o
0, DRC o CH,
DRC
3.5 ICP-MS
RF . ICP-MS
o PE ICP-MS ICP-MS
2 : Be 4625 cps/(ng/mL) Mg 44827 cps/(ng/mL) In
50930 cps/(ng/ml) U 41670 cps/( ng/mL) CeO*/Ce® 1.9% Ce**/Ce® 0.9%
ICP-MS o ICP-MS 2
3.6
SeCys, Se(lV) SeMet  Se(V]) 0.088 0.033 0.30 0.17 ng/ml(n =6 30)
0.28 ~200 ng/mL 0. 10 ~200 ng/mL 0.65 ~200 ng/mL.  0.50 ~200 ng/mL ( RSD
n =6) 3.2% 2.5% 3.5% 2.9% R* >0.9995

3 HPLCHCP-MS

Table 3 Analytical performance for Selenium species by HPLCACP-MS ( n =6)

3.

Selenium species Retention time LOD Regression ation Linear range Correlation coefficient
elenium species ( min) ( ng/mL) egression equatio ( ng/mL) (R)
SeCys, 1.47 0.088 y =7427. 4x +705 0.28 ~200 0.9998
Se(lV) 2.21 0.033 y =10234. 5x + 988 0.10 ~200 0.9995
SeMet 3.77 0.30 y =6622. 3x - 606 0.65 ~200 0.9999
Se(V]) 6.57 0.17 =6296. 7x +363 0.50 ~200 0.9999
3.7
K ® K- .
o 1.5h
24 h*’ o 4,
4
Table 4  Analytical results of selenium species using different extraction agents in burdock and panax notoginseng
SeCys, Se(lV) SeMet Se(V])
Sample Extraction agent (pe/e) (pglg) (pngl/g) (pgl/g)
Ultrapure water <DL 0.0161 <DL 0.0268
Burdock K- Protease Kdipase 0.0197 0.142 0.0272 0.0449
Ultrapure water <DL 0.0164 <DL <DL
Panax notoginseng K- Protease Kipase 0.0282 0.0848 0.0494 0.0242
2 HPLCHCP-MS 4
4, 4 SeCys, «Se([V).SeMet  Se(V]4
o 0. 240
0.200 pg/go K- 0.234  0.187 pg/g
97.5% 93.5% o
SeCys, Se(l) SeMet  Se(V) 8.21% 59.17% 11.33% 18.71% Se(V)
Se(V]) 77.88% SeCys,  SeMet 19.54%
o SeCys, ~ Se(lV) SeMet Se (VD) 14.1% 42.4% 24.7%
12.1% Se(lV)  Se(VD) 54.5% SeCys, SeMet 38.8%
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o 4 SeCys, Se(V) SeMet 12
Se (VD 6 % 10,
95.1% ~114.6% RSD <3% - £ 08
.
4 iy
K- B
HPLCACP-MS 0
SeCys, Se(l) SeMet  Se(V) 0 t{min)
8 min 4
4 (a) (b)
Fig. 4 Chromatograms of selenium species in Burdock
(a) and Panax notoginseng ( b)
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Determination of Selenium Species in Burdock and Panax Notoginseng
Using Ultrasonic Assistant Extraction Combined with High
Performance Liquid Chromatography-Inductively
Coupled Plasma Mass Spectrometry

CAO YuPin YAN LiZhen HUANG HongLi DENG Bi-Yang"
( Key Laboratory for the Chemisiry and Molecular Engineering of Medicinal Resources ( Ministry of Education of China)
School of Chemistry and Pharmaceutical Sciences Guangxi Normal University Guilin 541004  China)

Abstract A high performance liquid chromatography-inductively coupled plasma mass spectrometric ( HPLC—
ICP-MS) method for analysis of selenocystine ( SeCys,) selenite ( Se(lV)) selenomethionine ( SeMet) and
selenate ( Se ()) was described. Chromatographic separation was performed using 8 mmol/L citric acid
solution ( pH 5) . The potentially interfering ** Ar*’ Ar* at selenium masses of m/z 80 was reduced using CH4
as a reactive cell gas in the dynamic reaction cell. The selenium species was extracted using ultrasonic
extraction system with a mixture of protease K and lipase. The limits of detection for SeCys, Se(lV) SeMet
and Se(V]) were observed as 0.088 0.033 0.30 and 0.17 ng/mL respectively. The correlation coefficients
were greater than 0.9995. The recoveries were observed in the range of 95.1% —-114.6% . The developed
method was successfully applied for the determination of selenium species in Burdock and Panax notoginseng.
Keywords Selenium; High performance liquid chromatography-inductively coupled plasma mass
spectrometry; Burdock; Panax notoginseng; Ultrasonic extraction

( Received 28 June 2015; accepted 6 August 2015)

This work was supported by the National Natural Science Foundation of China ( No.21365006) and the Natural Science Foundation of Guangxi
Province China ( Nos. 2014GXNSFDA118004 1598025-4)

B e e e e O A S s o S S S A (A A S (R R S U (A G A (A A A e A A A i S G S A i G

2016 « bi

° [ ° °
€ bi ()
( )2014 1.298 50 9 “CA 7

( ) ( ) ( N
) € ( ) bi ( Vi
<< >> “«“ ”»
!

( ) 16 15.00 60. 00

: 80 -377 : CN 11 -6005/06

© Q9045 © ISSN 2095 - 1035
CODEN: ZWFHAZ 0425
*

: 010 - 63299759 1010 - 63299754 E-mail: zgwjfxhx@ 163. com : 100160
: 188 23 905 . http: //zgwjfxhx. bgrimm. cn



