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Abstract: Objective To analyze the elemental speciation and valence state of mercury and arsenic in the Tibetan medicine Zuota,

and evaluate its safety combining with its preparation’s usage and dosage, so as to provide theoretical basis for its clinical application.
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Methods The HPLC-ICP-MS method was used to detect the elemental speciation and valence state of mercury and arsenic in Zuota
in artificial gastric and intestinal juice. The intake of soluble mercury and arsenic was calculated according to the usage and dosage of
Zuota in its preparation. Results By detecting nine batches of Zuota, the result showed that the elemental speciation of mercury
existed in artificial gastric and intestinal juice was inorganic mercury. The valence state of mercury was divalent mercury (Hg?"), and
the content of it was 11.25—725.13 pg/g. The elemental speciation of arsenic existed in artificial gastric and intestinal juice was organic
arsenic. The valence state of arsenic were trivalent arsenic (AslII) and pentavalent arsenic (AsV), and the content of them were 6.68—
67.53 pg/g and 36.06—289.03 pg/g respectively. What’s more, methylmercury (MeHg), ethylmercury (EtHg), arsenic choline (AsC),
arsenic betaine (AsB), monomethyl arsenic (MMA), and dimethyl arsenic (DMA) were not detected in it. Conclusion The maximum

daily dose of Zuota in its preparation is 0.2 g. So the intake of soluble mercury and arsenic would be calculated as 2.3—145.0 pg and

10.6—63.4 pg respectively every day. Thus, the use of Zuota in clinic would be with highly safety.

Key words: Tibetan medicine; Zuota; mercury; arsenic; elemental speciation; valence state; intake; safety evaluation
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Fig. 1 HPLC of mix standards of mercury speciation (A),
Zuota sample (B) and blank solution (C)
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Fig. 2 HPLC of mix standards of arsenic speciation (A),
Zuota sample (B) and blank solution (C)
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Hg €& N 0.08~0.11 pg/L; 6 ML As EEIR
8 0.09~0.23 ug/L, ZERIIE 1.

=1 AERES Hg. As ZMEVFFEREER
Table 1

quantification for different speciations of mercury and

Linear regression equations and limits of

arsenic

et =R

(ngl™  (ngl™
MeHg Y=33.954 X—4.227 0.9999 0.5~20 0.08
EtHg Y=32.818 X+2.016 0.9999 0.5~20 0.11
Hg?* Y=15.250X+0.576 0.9999 0.5~20 0.08

Tt R EEprpEs r

AsC  Y=0479 X—2310 09996 1~500 0.17
AsB  Y=0.732 X+1.078 0.9989  1~500 0.12
Aslll  Y=0.536 X+0.121 0.9999  1~500 0.23
DMA Y=0.618 X—0.871 0.9999 1~500 0.09
MMA Y=0.734 X—2.337 09999 1~500 0.20
AsV  Y=0.840 X+5.752 0.9993 1~500 0.18
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R2 HEDTERSH REMNEER (n=3)
Table 2 Content of mercury speciation in different batches of Zuota (n = 3)

o MeHg/(ug'g™") EtHg/(ngg™") Hg™/(ngg™) B/
N Tk ANTLHB# NN 781 ANLE# NN 781 ATH® (ngg™
ZT0901 - - - - 0.24 147.65 147.89
ZT0902 - - - - 0.19 20.65 20.84
ZT0903 - - - - 8.75 687.10 695.85
ZT0904 - - - - 0.27 18.46 18.73
ZT0905 - - - - 0.39 666.98 667.37
ZT0906 - - - - 0.46 40.82 41.28
ZT0907 - - - - 0.41 241.70 242.10
ZT0908 - - - - 0.27 724.86 725.13
ZT0909 - - - - 0.48 10.77 11.25
FHME - - - - 1.27 284.33 285.60
“r i, FRA

“=” not detected, same as below

*3 HEEPLEES As FEMNEER n=3)

Table 3 Content of arsenic speciation in different batches of Zuota (n =3)

e NI/ (ugg™) B/ e NI/ (ugg™) B/
AsC AsB AsIll DMA MMA AsV  (uggh AsC AsB Aslll DMA MMA AsV  (ugg!)

ZT0901 - - 1055 - - 4230 52.85 | ZT0906 —  — 2018 - - 88.51 108.69
ZT0902 - - 6753 - - 36.06 103.59 |ZT0907 - - 5038 — - 14479 195.17
ZT0903 - - 2810 - - 289.03 317.13 |ZT0908 - - 837 - - 68.07  76.44
ZT0904 - - 1539 - - 163.82 17921 |ZT0909 - -  6.68 - - 11240 119.08
ZT0905 - - 863 - - 6798 7661 |F¥E - - 2398 - - 11255 136.53

*4 FEEREAHFIABEAERERR

Table 4 Specifications, usage and dosage of Tibetan medicine preparations containing Zuota

%' il 771 44 A itk TR S &g ISR H & /g

1 HREREEZEAT 0.4 g/ 1IR3, 2 %/d 0.008 0.048

2 ARBRIB TS 1 g/H 1K1, H2~3H1HA 0.019 0.019

3 EHEERE 1~1.5 g/ LR T, 1% 0.024~0.036 0.036

4 [HFHERE 0.25~1 g/h HERF 1gd, —f3~7d87~10d1g  0.011~0.042 0.042

5 LR ER ALY 1g/30 AEE 1 g/Ht Ei 1 g/d, BFE3~7d1g 0.000 2~0.007 0 0.007

6 =T—BRMARN 1gh LR A, 2 %A 0.013 0.026

7 LTuRRa A RO 1 g/H LR A, 2 %A 0.015 0.030

8  TEWREFRZENT 0.3 gk 1R 2%, 4%/ 0.006 0.048

9 DU+ ZRREEHRZENY 0.3 gkt 13k 200, 4% 0.024 0.192

10 F4% Mo 1 g/ AL LR T, 1% 0.025 0.025

11 2EfeekFE 0.3 g/ 13Kk 3 %0, 2 %A 0.009 0.054
ok, FE2 7P SRIAE IR 2 BTk, XHE 9 #HVEEEH As TTRIILL AT Al AsV TEXAF

HUS (], B R RIEAT IR, S5RRIHLL 37 C/K 7E, BETLE 52.85~317.13 ng/g, 1@ H AR
WAL 2h, FE 24 h SURHE & 02 g HEENMABATELE As FIEA 0.011~
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x5 SEEBHFIEH Hg, As RXBAE
Table 5 Maximum daily intake of Hg and As in Zota

preparation

T ERAFIEA(gd") WEM Hgug FIVEME As/ug

ZT0901 0.20 29.6 10.6
ZT0902 4.2 20.7
ZT0903 139.2 63.4
ZT0904 3.7 35.8
ZT0905 133.5 153
ZT0906 8.3 21.7
ZT0907 48.4 39.0
ZT0908 145.0 153
ZT0909 2.3 23.8
FHME 57.1 273

0.063 mg, f&T FAO A1 WHO &} [] As SR ADI
{8 Hg oz DLERMERUIMITEHLR (He?) TEAAFLE,
KA H B R RIANLIK (MeHg 1 EtHg), HI
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JHIT 9 45 R S A TR BRI U A OCARaE 4 10), At
I AE B R K2 (30d A L) B, Hg A7EE)
Y EENEAR A B, (HIRRIH A B A R KB
eI IR, s —M U RIE e Z iR
PR BREDR . IR AR RGNS, H
Ik oA FH 25 Jl 1 e K Dy 1 S U8, BRI, ZE TR R I R
a3 TRGCAE S, BAR SN Zaett.
AFERCR A SRS EN T B WP H & &
(10.77~724.86 ng/g) imm T N LIl & & (0.19~
8.75 ug/g), X FE 5 RSN HeS A K. 1
FRPEZ5AT T, HgS RIES B AL Jyal i % He?, 1M
FEBIERAT T, HgS BONAE, MIMFEATLBR
o H W i T N TR Mg =& DU E /K R
NIERE, M AR R 2R 2R K AR B RIS AR TS 1
BG4 AR RIS RIE R, HAB kAR
B IREFRAASR R ST WK AR, DR 25 e ml i
P Hg £, %1 Hg(SCN),. Hg(NOs), 291, HF A [F
i 125 ot K SRR o L AT kL eI P A O 5
AR, (Fa]iEME He BEBREEA—, WIS
FUAS [R] = Bt 0 i) 42 85 T i v Hg? 22 k. A
I, FEVE I T2 B R S T, i e
HANT Bl He? & &, AR NP Ve85 M i) T
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