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AREPERCR I AsUDAT As(V)AE, HAMBEBNA P& SRR ARG G2 M iR, 2ty
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EME R RN TZ 5B R T T SHG A AR . NS IR, J50 MHUE ok & SHG & &R,
N SHG 224 I i vl 2 38 g Jeitl, o FAhsh W 2510 2 1T 5325 AT AR S %

EHEIR: BOOEMIRAIRL; HhORs R SROBAHIOT HUBGR S SR TR AR, B-EAEHE

FESHES: R283.6 NHRFRERE: A NEHS: 0253 - 2670(2024)05 - 1502 - 08

DOI: 10.7501/5.issn.0253-2670.2024.05.009

Study on total arsenic and arsenic forms in Pheretima herbs and its prescription
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Abstract: Objective To investigate the transmission pattern of total arsenic, as well as the morphology and valence of arsenic, in
Dilong (Pheretima) herbs and its prescription preparation, Sanhan Huashi Granules (SHG), in order to establish limits on the arsenic
content in Pheretima herbs and SHG that ensure the safety of SHG. Methods Firstly, inductively coupledplasma mass spectrometry
(ICP-MS) was used to determine the total arsenic content of the microwave-ablated Pheretima herbs to SHG; then HPLC-ICP-MS was
employed for determining the morphology and valence of arsenic, as well as investigating the total amount, morphology, and valence

differences in SHG and Pheretima herbs from different origins. Results The total arsenic content in the herbs, tablets, extracts and
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preparations of Pheretima in the transfer process was decreased. A very small amount of arsenic was detected in the negative samples,
the average transfer rate of total As from herbs to preparations was 52.00% and the average transfer rate from decoction pieces to
preparation was 60.81%. In terms of arsenic morphology and valence, there is basically no difference between 28 batches of SHG and
24 batches of Pheretima; Both mainly consist of larger toxic forms such as As(Ill) and As(V), while other organic forms have very low
or undetectable toxicity levels. Considering the market supply of Pheretima herbs, multiple batch studies on Pheretima, and its use in
clinical preparation batches, a tentative limit for As in Pheretima herbs is proposed at 15.00 mg/kg. Based on the pattern of volume-
value transmission law and prescription requirements for preparation usage, a tentative limit for As in SHG is proposed at 2.50 mg/kg.
Conclusion In this study, the method for the determination of total arsenic and arsenic form in SHG was established with high
efficiency, rapidity, good accuracy and stability. Based on the method, the transfer law of total arsenic and arsenic form and valence in
SHG was initially investigated to formulate the limits of elemental arsenic content in Pheretima and SHG, which will lay a foundation

for the safety and quality control of SHG, and also provide a reference for the safety evaluation of other animal medicines and the

research and development of new medicines.
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JaPEVE (HPLC-HG-AFS) . 5 ROHRAH 3 - F B R
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TR, &EEBTENT 10 ng/L), 75H s
ERFE PR AT ACHHEAUK RN T B (3%
f P EZG80) 2020 AFERRPYESIEN 2322 FCiD;
GraphPad Prism #ff, Version 8.0, [ GraphPad
Software A &]; SIMCA #f}, Version 14.1, Fijih
MKS Umetrics 2 ] .

1.2.2 FR#EVI Au BT RBRAER R (1.000
mg/mL, #t5 GSB04-1715-2004). As ¥t ZAnitE
W (1.000 mg/mL, #t'5 GSB04-1714-2004), Ge
FICEARER M (1.000 mg/mL, iS5 GSB04-1728-
2004) ¥ H EZKA 4R KR dr il A
Oy R AR EYI BT [ 'S GBWO0866, Jii &
SrE LI (As) TR (75.7+1.2) pg/gl. BRIV
FRUEPI (L5 GBWO0866, i &0l (17.5+0.4)
pg/gl. —HEMEBRARAEYI T [HtS GBWO08R66S,
JRES LM (As) THA (25.1£0.8) pg/gl. —H
FERVERARHED R [#ES GBW08669, Jii & 73 LA
il (As) 114 (52.9+1.8) pg/gl. MEHSEHIA bR
HEVIR (LS GBWO08670, JiE/H LI (As) it
N (38.8+0.1) pg/g . MHTRA R ARAEY) T [HES
GBWO08671, FRE/>H LI (As) T4 (28.0£1.1)
/g 135906 B T [E v ERNET T I Be.
Ce. Fe. In. Li. Mg. Pb. U, JFiEIKE¥IN 1 ug/L,
Lot38-31GSX1) ¥ H 3£ [ Perkin Elmer A .

1.2.3  FEfh

(D BB T FFE S . XTROCR 1: ezl
M5 Y2101023). etk (45 YP2104025) .,
B SHG FIMEFER (SHG-MIE). SHG (Hit's
210401, 210402, 210403). XFMKR 2: HBRA
(#'5 YP2211066) @i SHG FIPEFE S (SHG-
FAtE). SHG (b5 221203). HEHE > BIRE T
J7ARS TV, ¥R RN ] JE 3 ) S R
Pheretima aspergillum (E. Perrier).

(2)Z IR SHG . 3L 28 ik, #L5 53714 210401
210402, 210403+ 221202, 221203, 221204, 221205
221206+ 221207 221208 221209. 221210 221211.
221212, 221213, 221215, 221216, 221217 221233
221234, 221235, 221236, 221237, 221238, 221240,
221241, 221242, 221243, %5 %%~ SHG1~
SHG28, 0 A7 B 20V e tn A BRA ]

(3) ZHCKRHRZH . L 24 HiL, WIWETHZ
M3, 382w 5 R 24 K5 24 B IR A B = (o
RIE GG AP FESRBREE, 4R

53 WIONERIEI R B B S 2 I8 P aspergillum
(E. Perrier) IR B P vulgaris Chen. B E
5| P. guillelmi (Michaelsen)(¥] /84, SR« Hup”
B e, BARERIE 1.
x1 WEAHRER

Table 1 Information of Pheretima samples
WT HH T HR
SU I"RL1SWEE ) [S13 R 1 SHEE R
S2 TR2SWEE (M) |S14 R 2 3HEE R
S3 TR3ISWEE () S5 R 3 SHEE TR
S4 TR SHEE M) [S16 Wk 1 EAREE Gri)
S5 R 1 BEEAEE GPHe) | SU7 WL 2 e e Gk
S6 i 2 BRI EE (Pt |S18 Wik 3 BRI R Pt
ST R 3 BEEAEE CPHue) | S19 TR 1 BRI EE GPHk)
S8 B BAMEE (U |S20 R 2 HARIEE (P
S9 R 2 JEAAEE GPHe) | S21 HE 4 SHEE O
S10 K1 SHEE () S22 5 SHEE TR
S11 BK2 SHEE ) [S23 T2 3HEE TR
S12 BK3 SHEE () [S24 T3 BHEE (TR

—_

2 FEEHER

21 sy

2.1.1 ICP-MS 2kftF Rl & i <K P il 48 52 S i
R, S5 SRR 16.0 L/min, SZALE8E 0.94
L/min, #iB/<AE 1.2 L/min, 54355 1600 W,
Bk B BB 1300V, R B R E-2200 V, i
BIERIFEHA 20 r/min, FHASONE ARG, BhER
R, MERTER “Ge AWFR; ML E R,
ICP-MS 5 HPLC @i s & iEHA% 15/ 5, 1CP-
MS KA A A8 #iE 2 (time resolved mode,
TRA), KNBTEE m/z 75 (As), HAdREEZAT
[F) S A S

2.1.2 HPLC %1 Hamilton PRP-X100 (150 mm X
4.6 mm, 5pum); JBNFHA 1.5 mmol/L BERRE — 4%
W (A) -100 mmol/L FkFRELVE (B); AR
30 °C; AFUREAN 1.0mL/min; HERERFR N 20 uL;
B BB : 0~2 min, 10%~12% B; 2~4 min, 12%~
100% B; 4~9 min, 100% B~10% B; 9~10 min,
10% Bo 7EIEEHIZMT, 6 ML MR
K. SHG. M v 2544 K SHG $h i [ P s R R i 14 I
Kl 1.

2.2 MERGAREE

221  EIEARES I ORI As TR PR
DS R, F S% R FRE, TS A 10 pg/mL
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A-6 FHEMIEESARIEE I B-SHG JLAUARE s C-Hu B2 b ML RUAE i
D-SHG HuUJEBAPERE f s 1-AsCs 2-AsB; 3-As(Il); 4-DMA; 5-MMA;
6-As(V).

A-standard solution of 6 arsenic forms; B-typical sample of SHG; C-
typical sample of Pheretima herbs; D-negative sample solution of
SHG; 1-AsC; 2-AsB; 3-As(Ill); 4-DMA; 5-MMA; 6-As(V).

Bl 1 FhITERAS I L A0 S B S
Fig.1 Determination of arsenic form and typical sample
(IR 24 - K 2 EHOZ MBS E R, H S%HIR
FBEH TR A8 5. 204 504 100, 200
250 ng/mL [ RVIBRAER IR -
222 JEAMNEFRHEE I 0 R 5 R
As(Ill). As(V). MMA. DMA. AsC. AsB X
EE, H10.02 mol/L Z i VU BETR — BNV il Bl %%
T 2.0pug/mL (BLAs i) BHREX S ME SR 7
VRS B W ERUGT I i 8 VRUE B, NN 0.02 mol/L &
VY SR AN S B 1L 54 204 504 100,
200 ng/mL ) ZRF 5 2R 7R 6 0] S IR
2.3 i miRRAEIE
2.3.1 REURERIGIS A HEIRDURE B
W GE=57%, #5 YP2104025. YP2211066)
4 g, FE#IMAIK S0 mL, JOFAEIFSEE 2 h, K46
BORE CEFE 1.10 g/em®), 5.
232 SARIE ARSI RS RBUR A A
Fefh GE=50) 2505 g TRIUR N EES,
IIAEEER 10 mL, VRS, fr0EfUs, BIULRE
U ZHIWE AR GEIIZE A 1500 W, 1E
20 min M FHRZ 190 °C, JHfE 40 min), HfEE4E
JEINEER, B, FASEUSE, KRR
2 50mL RAM R, FKGEE R 2~3 %,
VR ST ARRE I, KE R B2 L, BRI,
TSR e SRR B e, SRR EGRUR E
EETRIUMOEHEGEES, B “IAEEE 10mL”
i, PREFM R ERAE . [RIVEH &R 2 A

2.3.3  JEAEE AR RIET REERDUR SIS
FIRER G 3 501 2502 g T 50 mL &0,
FEE MR T B 10mL, 40 C/KIBZEY 8h,
R AR EIRS, WALIER S, BEEn, RIS
QSR SR E R AL, DRSSPI HOR
HEET So0mL BOET, H “MAMHRATHR
10mL” 2, CR¥FMFEERME. RIEHI&T BER.
24 FFEFER

2.4.1 ZMEEEE  SRH HPLC-ICP-MS, 73l ik
I HLF 1) 6 FRIE S SR EIRE N 1.
5. 20, 50. 100. 200 ng/mL MR 20 uL HEFE,
DU B RS AR R (XD, LTI AL R (1Y),
oxtilbRiE 2R, THEEIETRE MR, 4R
W9 AsC Y=3 1372299 X, r=0.999 9, ZVEiEH]
1~200 ng/mL; AsB Y=3823.7389X, r=0.9999,
LMYl 1~200 ng/mL; As(III) Y=2 841.969 3 X,
r=0.999 9, ZMEVEE 1~200 ng/mL; DMA Y=
4077.5417X, r=0.9999, ZM:JEH 1~200 ng/mL;
MMA Y=4054.9370X, r=0.9999, Mol 1~
200 ng/mL; As(V) Y=4 2172657 X, r=0.999 9,
2 MEVu R 1~200 ng/mL. Z5RE/R, FHO7E 1~
200 ng/mL &1 5¢ & R I .

242 KRR FEAREUORAE S 143 (S15),
% “2.3.27 WUR A PATHI &AL s, ek
FE 6 %, THE AsB. As(Ill). MMA. As(V)UEHFH
() RSD 20514 2.11%- 0.87%- 2.37%- 1.62%, 7
B IE TR T I EEK, RIS RS 2 B R 4.
243 FoEtilie  FEAREUERE S 143 (S15),
& “23.27 TUR AT HI SIS, T
0. 2. 4. 6. ShEFEIIE, THHAFH] AsB. As(IID).
MMA. As(V)IETHFLH RSD 7514 3.81%- 5.68%-
6.82%- 3.26%, FFEIMEITTRITHIER, KU
WAVARAE 8 h WA ENE R IT.

244 FEEMHRE KRR 5 A
W (S15) 64y, 4% “2.3.27 Wi R L FATHI4% 6 14
BRI IATR 2 BIHERE 20 pL, T3 5] AsB. As(IID).
MMA . As(V)Ji & 7 B 358 573 5108 0.22.1.60. 1.24
ug/g, RSD 7354 6.06%- 5.79%- 13.96%-. 7.06%,
FFEMETTRITHER, RPEL MR,
2.4.5 IOFEEWCRRES R RREUE S S
FEf (S15) 6 0B S0mL B0 EF, 2RlinANRE
St FE AW (1 pg/mL) 1mL, % “2.3.27 TR ik
il R AL A EERE 20 pL, PUSE IR E D
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FERISR, 4550 %W, AsC. AsB. As(Ill). DMA.
MMA. As(V)FPEINFERIZE 5 08 111.61%-
103.78%- 96.08%- 94.15%. 94.77%-. 79.20%,
RSD 735114 5.4%- 6.9%. 7.2%- 8.0%- 6.9%. 7.8%,
FFE TR IO R T IR, BB i T R 4T
25 HRUESER

251 AEIEIVEEREAT X AT I A M
Wity WORUOT . RO 5. SHG I FE itk
ITAEER . K ICP-MS X IR Sk AT S & 11
ME, HRH HPLC-ICP-MS R Hk AT 4H N (i
BRI, MEERNK 2. HERWTLIEH,
M ZRE S R SRR S SHG 7EA% 38 3ok it v i
TEEBEEY, Hp, BMENNKR 1 HEY
BHO R R (RIZ5M — K — 30 —SHG) 437)l
N 85.58%- 78.95%- 76.97%; F:T-HlFI4LTT, 25kt
FIHIF P PR RN 52.00%, TR B 75 )
SRS )y 60.81%: SFHTEXS R Z 2 &4k
RS % CRIK Fr — R HGH —~ SHG) 43738 76.11%-
80.60%, R BT T % 2N 64.79%. SHG Y]
PERE S RS B> A, R A R — ko i 4%
(17 3 Skl A 6 e A & & UL SR & AR,
ATHEN SHG whffJL-F-2 5k E b e 2544, Hfext
SHG (& st e YEER .

2,52 MokZik S SHG i itle  RH “2.3”
UR 7732, X R ZM & 2k r) SHG #4701

#2 WEAMEFFINDHMRMESNESSR
Table 2 Determination results of total arsenic and arsenic

speciation from Pheretima herbs to preparations

Xof 82 oy R HU(mg kg

KER " AsC AsB As(IIl) DMA MMA As(V)

1 HEZEH 1178 — 0.05 529 - 0.03 249
MR 1008 — 0.03 359 - 0.02 3.09
WHREBGR 7.96 — 0.00 252 — 0.02 3.30
SHG-FAPE 030 — 0.00 0.06 0.06 0.03 0.11
SHG1 176 — 0.02 091 0.01 0.06 037
SHG2 1.81 — 0.01 095 001 0.06 040
SHG3 193 - 0.02 097 001 006 040

2 MKE 938 — 0.04 317 - 001 2.68
SHG-FAPE 030 — 0.00 0.06 0.06 0.03 0.11
A REGR 7.54 — 0.02 266 — 0.02 290
SHG5 1.82 — 0.03 08 — 002 048

“=7 RAGH, ®3. 4.

“~"_not detected, same as table 3 and table 4.

€, MEERNE 3 4. 4R ER, 24 HLIRHZ
b RS B AE 3.96~24.55 mg/kg, “FEIME N 12.31
mg/kg, SR AN [F] 7 b PR O 24 0 b s R R 2
FROR, BT (P E 25 8) 2020 RIS« =
CRAAFTR - BMURE” fHSME AR 2
mg/kg) ¥, JEFEITCHLEH (inorganic arsenic, iAs)
SEEE, SRS ER 0% E, HHEESSA
T 2 () JF AR U] B IR A G, DR A s 50t
LR AFE— LB, BRTEASFE P e
HRRE B R DU SE Iy (58 B H AT PR
MNPk _EORB R 22 4. 28 ik SHG o S
FEAE 0.84~221 mg/kg, “FHIMEAN 1.60 mg/kg, i
B iAs R R 89.2%~97.2%, Hi As(III)
ek & 1.61 mg/kg, As(V)f A 0.68 mg/kg,
&3 MR DERMEESNESR
Table 3 Determination results of total As and arsenic

speciation in Pheretima

B B (mgkg ™)

Fi BAf AsC AsB As(Ill) DMA MMA As(V)
SI 2455 - 006 822 - 007 10.06
S2 1385 - 010 547 - 004 3.69
S3 795 - 009 255 - 002 274
S4 1961 - 007 765 - 004 547
S5 1267 - 007 427 - 004 147
S6 1198 - 013 48 - 004 189
S7 1242 - 008 471 - 001 167
S§ 1391 - 008 535 - 005 174
SO 1592 - 009 668 - 004 147
SI0 757 - 018 306 - 003 097
SI1 98 - 019 378 - 003 113
SI2 897 - 017 369 - 003 122
SI13 1165 - 009 418 - 003 217
S14 1103 - 012 449 - 003 252
SI5 403 - 020 137 - 003 112
S16 1602 - 092 68 - 003 587
S17 1745 - 093 792 - 003 65]
SI1I8 1730 - 099 817 - 003 623
S19 1474 - 006 860 - 003 3.3
S20 1340 - 008 774 - 002 276
S21 1246 - 015 690 - 003 3.04
S22 941 - 015 526 - 002 229
S23 396 - 023 265 - 001 030
S24 463 - 024 346 - 002 033
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F 4 SHG $h 2R SNELSER
Table 4 Determination results of total As and arsenic

speciation in SHG
J 7 B (mgkg™)

i —

B AsC AsB As(Il) DMA MMA As(V)
SHGI 176 — 0.02 091 001 006 037
SHG2 181 — 001 095 001 006 040
SHG3 193 - 002 097 001 006 040
SHG4 154 - 002 0.78 - 002 043
SHG5 182 — 0.03 0.86 - 002 048
SHG6 155 - 003 073 - 002 046
SHG7 195 - 004 1.12 - 004 068
SHG8 142 - 0.02 088 - 005 029
SHG9 190 - 003 1.16 - 004 045
SHGIO 151 —  0.02 0.99 - 005 034
SHGI1 213 — 0.04 146 - 005 049
SHGI2 2.18 - 0.03 161 - 004 048
SHGI3 165 — 0.03 1.06 - 003 039
SHGI14 145 — 0.03 0.89 - 004 030
SHGI5 213 - 0.04 139 - 002 046
SHGI6 127 - 0.03 0.72 - 003 029
SHG17 221 - 0.02 148 - 003 046
SHGI8 179 - 0.04 139 - 005 041
SHGI9 1.08 — 0.02 046 - 005 027
SHG20 1.03 - 002 044 - 005 029
SHG21 095 - 0.02 051 - 005 024
SHG22 131 - 002 09 - 004 030
SHG23 0.84 - 0.02 037 - 004 026
SHG24 2.08 - 0.02 138 - 004 046
SHG25 1.05 - 0.02 04l - 005 029
SHG26 134 — 0.02 092 - 004 031
SHG27 197 - 0.02 139 - 004 046
SHG28 1.09 - 002 044 - 005 030

iAs BESFEIMEN 0.55 mg/kg, #HI/DER AsC.
AsB. MMA, i DMA KZ KKt .

%5453 #1 (hierarchical clustering analysis, HCA)
se T 2 2 B S5 R ot S5 VA S8 1 — i
J7iE24200, g1t — 1 i) B 3 g 24 b e AT LR ) 23 AT
FHIE, R SIMCA xS 24 e 2454 il 5
5 MR EMIEA . S BT RE S (DMA
RErHD. 438 (B2 B, S75 S8R A—HK;
S22~824 T N—3; S5~S6. S14~S16 5 S19
AN—2&; S1~S4. S9~S13. S17~S18 5 S20~S21

LGN

0 5 10 15 20 25
S7 4
S8
S24 4
S22 4
523
S5
S6
S19 4
S15
S14
S16 -
S1 A
S2
S12
S13 A
S4
S10
S11
520
S21 A
S9 1
S3
S17 1
S18

2 SRR EAM R SMESREES N

Fig. 2 Cluster analysis of total arsenic and arsenic form in

many batches of Pheretima herbs
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BEFEBZ . W7 R SIMCA B, X 24 it
it s R EEMAEYI SR, T ERSE R
FEUHT. IR MG R (GRS AT%l, ERH 1
(PC5 FE i 2(PC2)77 Z 5T HREE 7371 9 45.98%-
25.89%, RINTIHRFIL 71.87%, A DAAEREKER AR
XA R . S — B T SRS JC R A A
HXZR, MBI PClL 5 PC2 1) 5 Fiik &WTE A
FHRMEHT

HH GraphPad Prism 212l 15 21 ) — 2 B #4
AE 3 g8 aTH, As(I) 5 MMA. As(V) 2 &
FHHI (P<0.05); MMA 5 As(V)EEEFEMHK (P<
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Table 5 Extraction information of PCA mathematical model

S y:2% R’am FRAEAE

1 0.459 8 0.459 8 2.299

2 0.258 9 0.718 7 1.294
RACHEABIRRAE, Ron N BB R,

Ry is the main explanatory variable, R’y is the cumulative

explanatory variable.

. 1.0
ASC - .

- 05
AsB A
. - - 0

1-0.5

As(Il) 1

MMA A

As(V)

' r T r Eoo
As(V) MMA  As(ll) AsB  AsC

3 SRR 5 FMERITRE] Z4EEREA S E
Fig. 3 Two-dimensional matrix hot spot map of five

arsenic elements in multiple batches of Pheretima herbs
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TR R I AE A -
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3.1 HikmEl AR
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73
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$ T 22 [ Perkin Elmer 23 5V 38 11 5% 1% 28
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