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W OE. RN SR G- A E ) A 52 (HPLC-DAD) 3, & 545 2 b 12 #1035 R o 0 ik A bhik 05 &
sk, &% 44 Agilent ZOBAX SB-C 4 &34 (4.6 mm x250 mm,5 um) , VA ZA BEBR = 2 i (B 7 mL = TR JA K
## £ 1000 mL, JA B8R 8 pH £ 2.8 £0.05) 4 = B2 B 2148, ik 1.0 mL/min, 435 18 °C , 4l 24 7% % 230 nm,
HREFP 12 HFRFHE R ARG RETER R SORPEEETARIFOEREXER(r=099), R E
4.02~9.17 ngZ i), Wk & £ 98.69% ~109.07% Z_a] ,RSD £ 0.20% ~2.46% Z_[d) . JJ) A F7 Ak 38 JLAE S P A 1
FERME R THIAAE, Ak Lk A HEEIF,ERA TAESENM, TARA TREF ERERLR T 12
FPAL 25 3k R A i He ik 55 &

KR HHEH £ 4R4E R S HPLC-DAD, ik i &

Rapid screening of 12 anti-fatigue agents in
health care products by HPLC

YAN Wei-hua,SONG Jian-feng " , CHENG Chuang ,ZHENG Ming, WANG Xiao-xiao, FANG Yi-chao
(Quzhou Institute for Food and Drug Control , Quzhou 324002 , China)

Abstract: A high—performance liquid chromatography-diode array detection( HPLC-DAD ) method was established
for detection the simultaneous determination of 12 kinds anti-fatigue agents, which were illegally added in health
care products.The sample were separated on Agilent ZOBAX SB-C,; column(4.6 mm x250 mm,5 um) , gradient
eluted with mixture of acetonitrile and phosphoric acid - triethylamine (7 mL triethylamine, dilute with water to
1000 mL,with phosphoric acid to regulate pH to 2.8 +0.05) at a flow rate of 1.0 mL/min.The column temperature
was 18 °C and the detection wavelength was set at 230 nm.Results showed that good linearity was obtained for 12
kinds anti-fatigue agents in 12 components in a wide range and correlation was greater than 0.999.The LOD was
from 4.02 to 9.17 ng.The recovery rate was from 98.69% to 109.07% and RSD was from 0.20% to 2.46%.Using this
method, 1 batch of illegally added chemicals were detected from 38 batches of samples.This method was simple
and precise, it can provide a reliable way for detecting 12 Anti-fatigue agents in health care products.

Key words : anti-fatigue agents;health care products; HPLC-DAD;rapid drug testing
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(DNA) J&—Fh 3L TG H e B 420 43 AR 1% 3 RUAG I
o T AR R A R B, BT LA e i e TG
T A el R M R S E PR AT LA AR A
e PDES B HI]5) 28 25 ) 70 K6 DU i F o i HY 90 1)
BEA: R, b4, DAD FE J7 325 0F 55 A il DA pRs 5k £
AR, 76 2 2 1R & W o0 B v vl DL g 2
KR, B FEAA X0 5O, A B2 K
THAEALZT ST TP A 4 A A N AT 5% o

AL B 15 FH W AE (63, Rl DAD % J& K I 4%
I XA B AH B 2H 8 pH R AE R A5 3E AT SR IS P4,
B E (% 550 . B RBURIE BN T A3 8 B
IR H B, — s I Ak 25 i 43 i SR AR R, I i 1
AR 2R, 456 b B 4 20 ARG T 2 1740 e A4 1 94,
WARSIIGAN 558 T HPLC—DAD [ J7 k2%,
1 RS
1.1 #HRENEE

X HE SRR LT B IIBAE (HIE5- 1591 -080A3) FeHLze
SLPEHBARAE (HIL5 1441 -048A6) ( ZE S5 PG AR R (HE
1220 - 030A3 ) | — H R pg b AR Ak (Fik 5 1215 -
003A2) ZFAthAARAE (HE5 1638-004A2) At ik TR
JE(HES 1156-051A1) FARBLPE L ARHE (45 1646
055 A2)  Jin & Kk TLC 2 wl; 45 b AR HF (3t S
C0802052) ., Py H#u AL E (#t 5 CO802055) Py P ZF
Valencia, GM 5] ; & IR HE (#HE5 11320-035A1) .
A AR AE (HES 1-IMS—114-1) £h &k H AR E
(L5 1217-011 A2) _igZiERIAUARA R

BEECE N T B 24 RS S8 BT 5T BE A R
WA T AR ATl M T A g R B (T L IXD) £ RIE B
2 s e, 35 30 S5 R 38 #it, LN b oAl
HoAb A 22375 R 4B 4l , 7K Sk [ R 4liK o

Agilent 1260 S AR AR (Bl G1311C |
G1329B #1I | sh JEFE L . G1316A #I 4 ¥H 46 . G4212B
DAD %% B.03.02[341]LC 3D R Gifb2: T /EN)
LEEAC 4N E] 3 Xp205 HL F K Metter toledo 4\ &) 5
KQ5200E AU P yE vy B LT #E S AU A R
NI
1.2 XLWeH*E
121 @ig&Md SHFC(EFRE AL EEEEE
24 R B0 b FE AR B Ty 1 AT 36 T AR Y i
3 X6F I B AR B 4 R% L pH O RITAE R4S AT S B Pk, B
K E O35 5 1F . B %4 . Agilent ZOBAX SB-Cg
(250 mm x4.6 mm,5 pm) ; “ILHANAH: C AH R L
D #H47 0.05 mol/L R — Z M (B 7 mL = 2, i
JHK R B2 1000 mL, FH @29 pH &= 2.8 £0.05) .,
AREEVEMG , i : 1.0 mL-min ', LR 18 °C ; gEAE & .
10 L K28 : DAD A% s A5 % 1 : 230 nm; LA
T 1 £ BE BsF1E] 2 M, 37 DA DAD %5 Ah g dir S 3 &
(200~400 nm ) Ff B .
1.2.2  Hiil&
1.2.2.1  XPRESERAEIA AL ARAE 23.25 mg,
LB ARAE 13.26 mg, fRHBFARAE 14.33 mg, FHELZLEETY
HIARAE 17.33 mg, PHHEFABIE 23.98 mg, ZEEE PG MRk
12.37 mg, —H F PGB AE 15.03 mg, Z HAB AR AR
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19.91 mg, fBikARIE 21.43 mg, Bt L HLIBAE 9.75 mg,
Th A Hs AR HE 14.50 mg, AR S P4 Hu AR IF 16.33 mg &
25 mLEfE, FH NG ff, s (P13 250 W, 4005
40 kHz) ZbF4 15 min, B B E iR, B 2RI %5,
HNASHRUE S it A5 VS W . A % IS 1, FH i sh A D
MRl EE 1 mL 298 50 pg BYTR-GNF IE SHA WK o

R USRS VSR T

Table 1 The gradient program of mobile phase
i} ] (min) JishiH C(% ) WishiH D(% )
0~7 2327 7773
7~15 27—-30 73—70
15~30 30—40 70—60
30~40 40—80 60—20
40~45 80 20
45~53 80—23 20—77
53~60 23 77

1.2.22  HLaCim rliles 2l m S B 5,
WG PRI — W AR FE &L, TR 4, B 50 mL 25 &, i
M 40 mL, 8 A B (T3 250 W, 453 40 kHz)
15 min, ¥ E =R, HOSMBE R 20, $55) 085 25
A A TR A R 7R L R A BRI — IR FH &, & 50 mL
AR, NN 40 mL, P42 3 min, F 255 B
B0 A, VR, FE RS IERGE R, i)
A D MR S IR IS MR B AR Y, B ST, uE AT,
Hfg,
2 #RE5ITE
21 BiESWERERERE
211 FRshAAMEEEE  C AREEEASE A5 i L 2,
BT B GEam Y M S, D OAH 398 3 A IR e R A i R
SO, AR VA AN R pH, 25 B C AH b4l
ZJE D A5 0.05 mol/L BfR — 2 M W ( B 7 mL
=K B E 1000 mL, A% pH = 2.8 +
0.05) Fe M BEAR . D AH pH A, YA 52 5 Py Wi A
PUHBTRAR IR AN FN 43 B s pH i &, AR HLTIR AR 2 3
ZESLPGHBAR AR | PG Hb AR AR 1 52 55 P4 M AR A B9 43
IRARFEIR
212 HlE MRS, S A R ARG AR, B
il 5389 BE R B o AR IR RN, AR U RO, S SRR
B, AR 18 C 24T, 43 B R R 84y, AR R AE W 7R 52
Ju
2.1.3 KGR R AR A BE SRS D AR S G
&, ST A T BRI Y 3D ek 1R, R 0 LR ik
4T ,230 nmE AL I AF BB I N AR, B 5B E
o, A 230 nm VB S A0 .
214  FREEF 12 P ST R EIE T OE,
B Z NGRS 15 min $EEIEASE 4, {075 FH 7 sh AR
D it Ja HERE , T W25 5y 7= A TR0, 43 88 S iR N
Eal
22 REERAMXE

BV A Xof BV UR L 76 1.2.1 TGS 50 R 4007,
12 Fhas WLEPTIRE 95 S 2549 8] T R A4 88, or s
PIRF 1.6, uniE 1 i, AR -G % Bl 5 B 0 LR B
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Table 2 The standard curve of 12 kinds anti—fatigue agents

SRR LR LA (pg) r
TR &1 # R HE ( Nor—acetildenafil ) y =2213.6x +4.138 0.047~1.88 1.000
2T IR E ( Hongdenafil ) y =1633.9x +0.4336 0.02652~1.0608 1.000
AR AR ( Vardenafil ) y =3177.0615x +8.1329 0.02866~1.1464 1.000
¥ F 22 P M AR AR ( Hydroxyhomosildenafil ) y =2249.0834x +2.6715 0.03466~1.3864 1.000
PEHBABAE ( Sildenafil ) y =2089.8165x—1.0875 0.04796~1.9184 1.000
2P H AR AE ( Homosildenafil ) y =3432.3x-8.4181 0.02474~0.9896 1.000
ZH L HABE ( Dimethyl Sildenafil ) y =3373.3x +0.516 0.03006~1.2024 1.000
2 A IAHIE ( Aminotadalafil ) y =5068.8x-19.455 0.03982~1.5928 1.000
fth # BB AR ( Tadalafil ) y =4340.9x-27.589 0.04286~1.7144 1.000
A HARAE ( Thioaildenafil ) y =2390.1x-5.9588 0.0195~0.78 1.000
Ttk R E ( Pseudovardenafil ) y =3448.1x +20.057 0.029~1.16 0.999
BB PG HIBAE ( Norneosildenafil ) y =886.4317 x-2.0360 0.03266~1.3064 1.000

A [0 R B f B A A% B8 BsH 18], T LA o G 62 335 048 vt
H T AR UK 2 AR LT M AR AE (7.182 min) | T HB AR IE
(7.804 min) fRHIARIE (8.766 min) \FEHLZE 5L PG LI
JE(11.969 min) [ PHHEARIE (12.418 min) (ZELIPY HLIR
JE(13.326 min) \ - HI PG HBARAE (14.503 min) &
MB3EFRIE (22.952.09 min) Ak BRIE (29.017 min) F
AR HBARAE (30.605 min) PhfkHuARAE (38.094 min) |
ABZE VY HARAE (41.667 min)

300
200
=)
< 100
g
0

-100

10 20 30 40 50

min

BT I i (3 P
Fig.1 Reference Chromatogram
TE - IRLTHARAR 52— 2T MR ;3 - (R M AR ;4 - ek 52
BEPGHBARAE 55 PYHUARAE 56— SES Y s ARAF: 57— — L P
HIRAE 58— 2 et AR AR 59— A IATIRAE 5 10— BRAR L Hu IR
IE 5 11— P HH AR s 12— AR5 PE AR A

2.3 ZMEXRHER

R 1.2.2.1 T [ X BR S BR ME RS A5 K 0.5 .
1.0.2.0 mL 4331 100 mL F1 10 mL 3R, %3
A D W2, 5 1.2.1 T35 25 (4 3 RE S0 #r, 38
SEEAFEIEE A LA RER (pg) WA AR bR (X)), 16 TH
BUY) AR, 2l br vl 2R 25 SR L3k 2,
2.4 RBEEXR

e 1.2.2.1 TR B IR-A X B8 s, EE b AR 6
WK, I0 SR 35 &, 25 B4 e T AR 19 RSD 2 0.23% ~
1.43% , {23 e 4 B ) ] — 350, 98 AN 2% B 4500
25 TEMLE

HY 1.2.2.1 30 R TR AT B SIS, THdHlS o,
2,6,12,24,48 h 52, 55 £H 43 (0% 06 4 A% B8 B 1]

WA TAT AR 44 TG B W A8 4k, RSD /N T 1.5% , fa 2 4
Bt
26 HMHRIMEER

U 1.2.2.1 TR 59 %) B8 W, DLAS 6] LG A6 s g
JEIRE A5 EL (S/N) Sy 3 45y i A HH R (LOD) ,
{EMEEL (S/N) 4 10 £E R SRR (LOQ) , 12 Fhib k2l
Sy ARG H PR RN 2 B PR &5 SR DL 3

312 PR TT AL L OAS H R A E PR
Table 3 The LOD and LOQ of

12 kinds anti-fatigue agents

LOD  LOQ

Ak (ng)  (ng)

IB&T HARIE ( Nor—acetildenafil ) 775 2215

21 H I AE ( Hongdenafil ) 626  18.52
AR ( Vardenafil) 478  13.93
F2FL2E G P AR HE ( Hydroxyhomosildenafil) — 5.28 16.33
T AR ( Sildenafil ) 7.69  23.89
ZEEFEHIAIRAE ( Homosildenafil ) 402 1257
TG AR AR ( Dimethyl Sildenafil ) 521 16.03
FHeA ki AE ( Aminotadalafil ) 6.74 18.71
AR ( Tadalafil ) 7.04 2123

WAL HIBAE ( Thioaildenafil ) 9.17  29.25
TR BRIE ( Pseudovardenafil ) 4.83 15.10

B PE B IBAE ( Norneosildenafil ) 8.63 2499

2.7 [EWELE

WCRAPEARE &, WRAR , 43 A 25 12 Rt BE
2 1.222 WL, FATHIE 6 0, W2, 45 51 L&
4 [EIIAC R AE 98.69% ~109.07% =[], RSD 7E 0.20% ~
2.46% Z |A], 45 4T
2.8 HmilE

JHAS SCEE ST W T, %o i 1 30 A~ dFh 38 bk
AR FAV AL BTz 57 2 AR A 6 5 TR Bk R A7 A, 37 4t
WA, HoA A 1 AR 0 4 1 BE I TR] 55 P
ARAEXT B8 S S T AR [R] , 1 — 2 EL R P 3 1 DAD S
PR 2) , R AR LU I8 99.9% , [ 490 25 1) 52 1%
Rfd i P AT BEAS I T PE b ABAR,, & &8 14.3 mg/g,
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Table 4 The recovery rate of 12 kinds of anti—fatigue agents
£ 1 2 3 4 5 6 SERE(% ) RSD( % )

HBLT M RAE 101.68 102.74 102.45 102.16 102.06 102.26 10222 0.35
£LHARE 102.60 103.98 102.83 103.29 103.75 103.75 103.37 0.54
fRHARE 103.22 102.89 103.00 102.89 103.99 103.55 103.26 0.42
PRI MR AR 102.83 103.80 103.09 103.00 103.45 103.00 103.20 0.35
PUHLARE 103.27 103.47 103.07 102.87 103.27 103.27 103.21 0.20
ZERLVG HARAE 101.92 102.98 101.92 102.50 101.80 101.56 102.11 0.51
ZHIFEPE s IR 105.08 105.86 106.06 105.37 105.57 105.96 105.65 0.36

A AR PR 100.50 99.06 100.30 99.71 99.51 98.91 99.66 0.64
il b AR AE 97.89 99.27 99.08 97.24 102.54 96.14 98.69 225

FAR SRR 105.55 104.70 107.91 108.13 109.20 106.20 106.95 1.62

thikHARE 108.52 109.42 108.82 107.52 110.11 110.01 109.07 0.90

BR 5LV bR 98.80 100.87 101.91 100.53 96.04 102.95 100.18 2.46
s E JASAHXT AR , By 76 B )220 5 25 SR HLAR )
150 5% ik

- f)z (1], A, 5 PR TR R i ek

< 75] A fE RA AT R[] AH 32 ,2012,10(5) :1406.

50 (2] £ EF . PRGFEERIE B EHE[T] R
251 J 25,2011 ,4(11) :107.
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220 240 260 280 gg? 320 340 360 380 SR (HPLC/MS/MS) 4 #7 % & % 3o AR 4E Ao 4 15 F5 3 49 4F
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1207 W25 b e AR AR RS L 80 4 M R, B A

5 1(8)8 . % 2008016.

g 601 (5]EZHeEEERAB R L E . [SIANFRERE F
40 25 P PDES A 47 ) A 69 e ik A w7 ok, dOE A %
201 % 2009029.

07 [6]BRBHHERA PAAREFAGE(—3)[M].IFE:

220 240 260 280 300 320 340 360 380

nm

K12 DAD H$#&l3E
Fig2 DAD scanning map
TE A BHYERE s B PEHOIRAE XS B

3 #ig
AR T HPLC -~ DAD 2% [R] B A48 I 478 9%
SR ET b v 12 B AR 28 1l o3 5 W AR PR T A 7
5o 12 FhUIE 57 10 285 Wl o 7 AH IBL 1) e 5 9 FRL I, g
AR AIZE R A R AP AIERPE G AR (r=0.999) o Ko i
BRTE 4.02~9.17 ng Z[a] , € f FRFE 12.57~29.25 ng =2
[a] , [B1 s R AE 98.69% ~109.07% = [&], RSD £E 0.20%
~246% Z 6], ¥ % E LA RSD & 0.23% ~
1.43% ,48 h NEEMESLE Y RSD ¥/NF 1.5% , 12
PR 57245 i B9 03 B BE X R T 1.6, S B T [RI i
IS RIR YRS . RO G T A T T
30 A~ A A 38 FHIRPTRE 57 IS O £ i, i FU SRR o
BT 5 52 A0 6% 1D, 400 28 0 5 A £ it o AR
LU INAT BEALL VY Hu AR AR 59 i 53, wT 2 — 202k ] HPLC
—MS 507 WL VEAT S5 R AIE . AR 7 VR AR PR HE
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wé B KA L - HPLC - ICP - MS {illg
FRli L Rl [ O E e

R4, F I, B 0T, IR F
(B35 BN WA 5 By 42 A AR S P8, 3T 48 5% 312000)

B OE.ag2s7—#mEHEd C(l) . C(VD) Bzt eib- BB 8T hRAEI ik, TEERAZRL
A AL, R R B, &1 44 4 Dionex AS11-HC P & F 42 (4 mm x50 mm x9 wm) ;¥4 60 mmol/L( pH9.0) 55 &% 4%
W hARHA,AEH 1.5 mL/min; A8 BAREF & TR A EHT TR EZ oM, ERAN £ 0~20 pg/LEEA Cr
(M) .Cr(VI) Z MR, 484 248 R ¥4 0998 A b Rdmek &£ 81.2% ~94.8% 2 18], a5t A=t £ 4 1.7% ~
4.1% ;% T A 0.12 pg/L A2 0.18 wg/L, Ak fbhik A T HBPREHSERG &N, 5F4 BiZF ik
SRR R R A R RE R 6 F BT T AN, AINB RN F B P2 (D) BEAFLE,

KEF: AR E L, LRSI, B RARAF B TR, A4S, HE

Determination of chromium species and content in rice wine by
high performance liquid chromatography-inductively
coupled plasma mass spectrometry
SONG Wei-hua, DONG Wen-hong, HU Bei-zhen, LIN Huan-yu

( Comprehensive Technologic Service Center of Shaoxing Entry—Exit Inspection and

Quarantine Bureau,Shaoxing 312000, China)

Abstract: A high performance liquid chromatography and inductively coupled plasma mass spectrometry (HPLC-
ICP-MS) method was developed for determination of Cr( Il ),Cr( VI) in rice wine.The wine sample was purified
with Carb-NH, SPE column,eluted with ultra-pure water and then separated on a Dionex AS11-HC (4 mm x 50
mm x9 ym) column using 60 mmol/L ammonium nitrate (pH9.0) at 1.5mL/min as mobile phase.|dentification and
quantification were achieved by inductively coupled plasma mass spectrometry (ICP-MS).It showed good liner
correlation between 0 and 20 ug/L with correlation coeficients better than 0.998.The average recoveries of Cr( Il )
and Cr( VI)ranged from 81.2% to 94.8% at different spiked level sand the relative standard deviations ranged from
1.7% 10 4.1%.The quantification limits of Cr( Il ) and Cr( VI) were 0.12 ug/L and 0.18 ug/L respectively.The method
was suited for determination of chromium species in rice wine.Shao xing rice wines of different kind and different
age from different manufacturers were determinted using the established method, results showed that Cr( Il ) was
the main specie.

Key words: high performance liquid chromatography; carbon black amino column; inductively coupled plasma
mass spectrometry ; chromium species;rice wine
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