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WE:BHN ZIiMTFh b RREP4RBEMSZTOHIARMEE - RTRALBIRN L FE E#E54, &#4 Hamilton
PRP - X100 #(250 mm X 4. 1 mm, 10 pm) , 3484 12 mmol / L. #9482 2. =4[ (NH,),HPO,, Al W& pH £ 6. 0], # 1. 0 mL/ min,
HAETH 100 pL, AR A T% H B ER ; B4 K AL, ERFN A4 1. 5% M EAAL4F (KBH,) & 0. 5% A2 A47 (KOH) #9 KR ik ,
fiB R 285V, RTFAEZHEA 10 mm. RT3 AN ELH ATEAH 40 mA, HAAEH 300 mL/ min, 5k A E H 800 mL / min,
Z£R =4 (AsIl) = FHEA(DMA) . — IR A(MMA) . ZH#0 (As V) RZRE S A £ 5. 060~ 101. 2 ng / mL,5. 005~ 101. 1 ng/ mL,
5.020~100. 4 ng/ mL,5.035~100.7 ng/ mL 7& B 1 5% @R LR X R R4 (r=0.999 0), 40 FR 5 ) % 0.088,0.131,0. 119,
0.381 ng/ mL, £ Z R4 %] 4 0.290,0.432,0.357,1. 143 ng / mL; 5 % B A8 2 M (& A MR R4 RSD ¥ F 5% ;- ¥ mAr el ik
FE 5% 4 95.15%,96. 30%,95. 58%,96. 23% ,RSD 2 3 H 2.87%,1.57%,2.25%,3.43%(n = 9) £51® ZH R BAEM R, SR EH
T3, TR TR kR P 4 AR SR a4 F Bl A R ES A R S 00 F R 2 6 R AT R R AR AL

KER F bR IR s HAGRAR Gk R T R R A AR

Determination of Four Forms of Arsenic in Huoxue Zhitong Capsules by High Perfor-

XEHS 1006 — 4931(2025)08 — 0078 — 04

mance Liquid Chromatography — Atomic Fluorescence Spectrometry
ZHU Qiong ,FANG Jing,QIAN Xiaocut, FENG Lu,GE Weiwei
(Taizhou Food and Drug Inspection Institute , Taizhou, Jiangsu ,China  225300)
Abstract: Objective To establish method for the determination of four forms of arsenic in Huoxue Zhitong Capsules by high
performance liquid chromatography - atomic fluorescence spectrometry. Methods The chromatographic conditions were as follows:
the chromatographic column was Hamilton PRP — X100 column (250 mm X 4.1 mm, 10 um),the mobile phase was 12 mmol / L
diammonium phosphate [ (NH,),HPO,, pH was adjusted to 6.0 with formic acid],the flow rate was 1.0 mL / min, the injection
volume was 100 pL,and the carrier liquid was 7% hydrochloric acid solution. The parameters of hydride generation were as follows:

the reducing agent was an aqueous solution containing 1.5% potassium borohydride (KBH,) and 0.5% potassium hydroxide
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(KOH) , the negative high voltage was 285 V, and the highness of atomizer was 10 mm. The atomic fluorescence instrument
parameters were as follows:lamp current was 40 mA,carrier gas flow was 300 mL / min,shielding flow was 800 mL / min. Results The
mass concentrations of trivalent arsenic (Aslll),dimethylarsenic (DMA), monomethylarsenic (MMA) and pentavalent arsenic (AsV )
exhibited good linear relationship with peak areas within the range of 5.060 — 101.2 ng / mL,5.005 - 101.1 ng / mL,5.020 -
100.4 ng / mL and 5.035 - 100.7 ng / mL,respectively (r > 0.999 0). The limits of detection were 0.088,0.131,0.119 and
0.381 ng / mL,respectively. The limits of quantitation were 0.290,0.432,0.357 and 1. 143 ng / mL, respectively. the RSD values
for precision, stability and repeatability test were less than 5%. The average spiked recovery rates were 95.15%,96.30%,95. 58%
and 96.23%, with RSD values were 2.87%, 1.57%,2.25%, 3.43%, respectively (n = 9). Conclusion This method is simple,
accurate and reliable, which can be used to determine the content of four forms of arsenic in Huoxue Zhitong Capsules, and
provide technical reference for improving the quality standard of Chinese patent medicines with high risk of arsenic.

Key words: Huoxue Zhitong Capsule; high performance liquid chromatography; atomic fluorescence spectrometry; arsenic speciation;

content determination

T L L9 e 2 =B LA UK A
B B SRR A 2L T, A IO LR Ak,
R BT BT AR R A R H A JE A E T R Y
XTI ER By S AT BRI H G R H AN R A
FTTIRAWERN -2 s R A Z R, 645 i i =2 6
(AsB) . fift 06, (AsC) . — H JE At (MMA) | — H 5 i
(DMA) . = (As T, BRIV A8 AR AR ) A AL A (As V , BP
TEPRAR ) o FLrP AT 35 JC#E | I MMA 5 DMA A Geg 7k,
AsTUFT As VAT SR ZUEE PR -0 R 1 TR 42 1 T
Ak 3 10 1k 95 2 1 S0 £, AR B 5 v g sy T ) B I
Frh 4 B B8 S8 S RO 65 - R ROE6E
B (HPLC — AFS) ¥ LGB AN R .

1 UESHH
1.1 {4z8

SAP - 20 B AR A3 — JR 2t g ik A (db
T RALERA PR A]) s Milli — Q Element 8 4l 7K A (€
[ Millipore 28 @] ) ; XPE105 %4 B, RS- (g 4 #h FT R 22
BHE < E > ARAFE L HEE 0.1 mg) ; PHS - 3CHY
PR FETH (M R AR B2 AR e AT FRA FDD o
1.2 iK%

I I 1k R e #8 (A 4k, dit 5 43 51 A 200509,
201203; B 4k, 45 43 51 24 200925, 201002, 210202,
210206 ; XF B8 i (B vfER) B ) MMA , DMA, As L, As V [
3t a B2 5T B, #4543 0 o 2012, 2101, 21071,
2104, FEAEARH 33 (25. 1+0. 8)pg/g.52. g/ g\
75.7 g/ g (17.5 £ 0. 4)wg / g; R FN I RHral, K H
HRALIK .

2 HFEEH%R
2.1 KEEH

0, 3% 45 1 ¢ {5 3% #£ 9 Hamilton PRP — X100
(250 mm X 4.1 mm, 10 pm) ; Jit 3141 K 12 mmol / L %
fig & — 8N [ (NH,),HPO,, I ER 1H pH 2 6. 0] ; i i A
1. 0 mL / min; #FAE 50 100 wLs 20 7% SRR

[ kA S HC R R RN 1L 5% A A
(KBH,) 5 0. 5% 2 A AL (KOH) I 7K 75 5 1181 s
3285V, AL = B A 10 mm.

JF S GA AR S KT HLA R 40 mA s TR
300 mL / min, 5 #5354 800 mL / min,

2.2 A&

TR 5 X0 BRI < 4 o) R BBL 4 b o) R 3, A 8%
FRAE, 225 mLAE BRI, /K E 2, Hl & As T, DMA,
MMA, As V435124 1 012,1 001,1 004, 1 007 g / mL A9
TR A% RE VT

Pl S BN B 0.5 g, 3 351 A %
FRAE NGB IMARSIRN T8 W (RS 32. 8 mL, /K2y
800 mL S N T &M 10 ¢, 4857, /K FFEE 1 000 mLL)
T, B 3T CCOKUE AL 24 h B L BE AT CE 2 b,
B35, — R RUZ JE R (10 um + 0. 45 wm) S,
SR, RIS

b AR gt VS R < BRCAE B A VS VR A, I TR X
WA, B
2.3 HiRFEE

ZAGiE MRS B 2. 2 30 YR A X A i v AN
TRV, 4% 2. 1 00T U SR AR DU A, T SR T AR
GERXTT As VAN As VB A R s 78 5 TR 6 0 1]
v VA TR €00 T A () % B BT ) Ak A R R £ 5 0, B A R
e As T TF B K F 3 000, 45 (0 3% 06 73 5 B2 1 R F
LS HELE T,

S Y PRI DU PR L i PR % 8 < A B IR 2. 2 30
VR X B VG A K AR R, 43 i As T
5.060,10. 12,20. 24,80. 96,101. 2 ug/ mL, DMA 5. 005,
10. 01,20. 02,80. 08,101. 1 pg/ mL,MMA 5. 020, 10. 04,
20. 08,80. 32,100. 4 pg/ mL,As V 5. 035,10. 07,20. 14,
80. 56, 100. 7 wg / mL [ R 5 A X RE S, #2 2. 130
RIS A AR S 0 SR 0 TR o AR I 8 43 O A
FE (X, ng / mL) R AL AR TR (Y) S AR bR i 47 4
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105 5y BRI A5 T Rt V5 VB3 o, () R, 0 ) A
M LAy 30 1 1 10 1 B AEI0 B 43 i o Ve Ay ARGl R R
R AR WA,

2 B0 - 2. 2 TR TR A 0T BRI TR L 4%
2. 1300 RIS A5 I SRR I A 6 YK, 1 SR W T A o 45
As Il ,DMA, MMA, As V W TH FL Y RSD 53514 1. 23%,
1.21%,1. 12% 1 1. 52%(n = 6) , & L EERE 5 8 R4

Fa e PRI  HE B 2. 2 35 R [l — bR A v
W, T3R8 0,2,4,8,12,24 h 4% 2. 135 N ik
SAFEREINE SR TR 25 R RSD Y/ N 5%(n = 6) ,
FEIAHER S AT IR E 24 h AR

A M BORE  (FIE524 200509) N 0.5 ¢,
i 350, 6 0 AE BN AR A X B 0. 5 mL, 4%
2. 2300 7 v A A SV VR RS R OE L #2130 I
B A5 R A TN A e SRV TR AR, IR THARRE B iR L A5 AR
DMA, MMA, As Il , As V & & ) RSD 43l J 2. 52%,

U/mV
128014

10244
768 A
5124

2561

¢/ min

U/ mV
640 4

5124
3844

256 1

4
ml | N
. . . . — 1t/ min
3 6 9 12 15
B
1.AsIl 2.DMA 3.MMA 4.AsV
A RS RISER B AR SRER
E1 SxEHEEiEE
1.AsIl 2.DMA 3.MMA 4.AsV

A. Mixed reference solution B. Test solution

Fig.1 HPLC chromatograms
R1 KMXRERER

Tab.1 Results of the linear relation test

2.11%,2.23%,3. 10%(n = 6) , KA ik mEPER I
T A < S 0 B B i (HHES R 200509) Y
WA HE 3 IR )55 Y P 0 B VA, vk
FESAT 3R, 2. 2350 B 7 il e il i i #e 2. 13
RIS S UEREI 2, 1 SR T A S5 SR L3R 2.
2.4 HRAE
BUR A AN TR 6 HEARE &, $ 2. 2300 F 7 i
il B A R R, e 2. 1 IR (A A R ERE DN A L i %
2 MERERRBER (n=9)

Tab.2 Results of the recovery test (n = 9)

BESY RES() B4R PAZ() WEE() BEE%) X% RSD(%)

BARA BG# ro SEERGg/ml)  ARR(g/nL)  EZR(ng/L)
Al ¥ =2207.8K 2797 0.998  5.060~101.2 0.088 0.290
DMA V) =1545.5K,-312.6 0,993 5.005~101.1 0.131 0.432
MMA - Vy=1792.4X,-3349 0,993 5.020~100.4 0.119 0.357
AV V=T4T6K,-23743 0 0.990  5.035~100.7 0.381 1.143

Al 0.508 1 0.1469 01000 0.2391 92.20
0.5017 0.1450 01000 0.2381 93.10
0.5163 0.1493 01000 0.2422 92.90
0.5082 0.1469 01500 0.2845 91.73
0.5109 0.1477 0.1500  0.2946 9.9 %15 287
0.5072 0.1466 0.1500  0.2941 98.33
0.5089 0.1471 0.3000  0.4425 98.47
0.5013 0.1449 0.3000  0.4324 95.83
0.5032 0.1455 0.3000 04330 95. 83

MMA 0.5081 0 01000 0.0945 94.50
0.5017 0 01000 0.0975 97.50
0.5163 0 01000 0.09%35 9. 50
0.5082 0 0.1500  0.1429 9.2
0.5109 0 0.1500  0.1479 98.60  96.30 1.57
0.5072 0 0.1500  0.1475 98.33
0.5089 0 03000 0.2861 95.37
0.5013 0 0.3000 02871 95.70
0.5032 0 03000 0.2847 94.90
DMA 0.508 1 0 01000 0.09810 98. 10
0.5017 0 0.1000  0.09792 97.92
0.5163 0 0.1000  0.09532 9.32
0.5082 0 01500 0.1469 97.93
0.5109 0 0.1500 01379 9.93 9.8 225
0.5072 0 0.1500 01398 93.20
0.5089 0 03000 0.2847 94.90
0.5013 0 03000 0.2861 95.37

0.5032 0 03000 0.2866 95.53
AsY 0.508 1 0.5294 0.4000 0893 91.72
0.5017 0.5228 0.4000  0.8954 93.15
0.5163 0.5380 0.4000  0.9017 90.92
0.5082 0.5295 0.6000 11221 98.71
0.5109 0.5324 0.6000 1.1203 9.9 %23 343
0.5072 0.5285 0.6000 1.1200 98.58
0.5089 0.5303 (.8000 1.3205 98.78
0.5013 0.5224 0.8000 13118 98. 68
0.5032 0.5243 0.8000 1.3045 97.52
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F®3 HRPITHHESNELSER (mg/kg,n=3)
Tab.3 Determination results of four arsenic species in samples

(mg / kg,n = 3)

#5 Al DMA MMA AV | A% AT DMA MMA AV
200509 0.2891 - - 1.0420 | 201002 - - - 0.4845
21203 0.3711 - - 13019 201202 0.3683 - - L4876
200925 - - - 0.43341 210206 0.4532 - - 16220

WA TR AL SRR A R A IR LR 3( - R .

AT UL A ] b AR o A 0 45 SR A7 AE 22 57 . 6 L AE
il IR A HE DMA FI MMA o A AP AE & A 2946 As TR
As V, Fr AHXTRRE , B Al AR A 2 SR ) As AN
As V2 HERAUKE Y As V , A TRIHE YR B & &8 22 5 3k
Sy AT IR R AT RE S5 b B2 IR T2 R 2 A AR B AR
KIS 2546,
3 Tt
3.1 #HRIERANERE

PRI R 2T, AR 2SR i A B O v A K
PRI TR I R 7 AR I B B A W Y i T
AL S5 B ILFN 7 2 Y RRAE AR P I AS TR A i B2 1
SEAE, B — I K AR IR 75 AR R R R, R S Y As
T As V 25 & AR |5 M) o 5 5 5 Sl S B 25
INBIEZS B AEAE Dy =X, 25 5 31 2 ORI BB i i R
P, DR AR & e “ N T B W+ M i =k
3.2 KRR

FE i o 4 RO AR 0 20 85 2R B B 7 ik i,
T BIAH R B IR S i R g, T o i R R
LR =R TR pH, B 28 2 R IE pH £ 6. 0 fiE
¥ 4 FIEIE S 58 4200 B, BTG S5 JE 2k BEAE 15 min
DY DG S8 4 BN e L R D, RGO R A
(Y FE AR 12 mmol / L, BEAR T 45 14 FH i, 3kt 5 W AH
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A FE LA HR 24 I b e S R A ST T
(] ) 0 5 4 AT B IE S 1Y HPLC - AFS i, &l W) 40
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2 L7 G2 ) 3l 0 60 S 7 L AFS YR IR A 2025 4R i
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