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Study on Contents Determination and Transport Rates of 18 Toxic Elements from 10 Ingredients of Modi-
fied Xiaoyao Formula and Their Extracts

ZHANG Yali"*, SUN Wei’,ZHANG Lei’, MAO Mingpeng’, YE Zhengliang’( L.ScHool 6f TOM, Tianjin Universi-
ty of TCM, Tianjin 300193, China; 2.Tasly Pharmaceutical Group €0y, Ltd.,/‘Tianjin 300402, China; 3.Tasly
Holding Group Co., Ltd., Tianjin 300402, China)

ABSTRACT OBIJECTIVE: To establish a method for_simultaneous determination of 18 toxic elements from 10 ingredients of
Modified xiaoyao formula and their extractsy/and t0 study transport rates of above elements. METHODS: Microwave digestion-in-
ductively coupled plasma mass (ICP-MS ) was used to determine above elements. Radio-frequency power was 1.50 kW, atomiza-
tion pressure was 720 kPa, sampling'depth was 7 mm, plasma gas flow rate was 15.0 L/min, carrier gas flow rate was 1.00 L/min,
spray chamber tempetature was 2 °C, He flow rate was 4.5 mL/min under collision mode, measurement points/peak was 3, data ac-
quisitionymode'was jump mode. RESULTS: The linear ranges of As, Pb, Cu, Hg, Cd, Mo, V, Cr, Mn, Fe, Ni, Zn, Ru, Rh,
Pd, Os, Ir, Pt was 0-500.17 ppb (7 was 0.999 4-0999 9); LOD was 0.000 4-5.341 0 ng/g; RSD of repeatability tests was all lower
than 5.0% ; average recoveries were 82.0%-117.9% (RSD=0.2%-5.7% ,n=9). Ru, Rh, Pd, Os, Ir, Pt, Hg had not been detect-
ed. The transfer rates of 11 metals in the extracts ranged 1.46%-31.90% . CONCLUSIONS: The method is simple, precise, stable
and repeatable, and can be used for simultaneous determination of 18 toxic elements in 10 ingredients of Modified xiaoyao formula
and their extracts. The contents of toxic elements are decreased during the preparation of Modified xiaoyao formula extract to guar-
antee the safety of drug use to certain extent.

KEYWORDS Modified xiaoyao formula; Transfer rates; ICP-MS; Medicinal materials; Extract

TN 18 7 I8 T TR AL, A AR AR 2 R =
J7 JE07 RSEH] AT CHIA ARES LR I AT CH
8 MRZG A AL, IS A B2 HE 1107, HoA 5 i
ARG TR I AV . B R 25 BUACAE A E PR
W ANITHEE , X 52 7 A s A B O AR TS R 2 2

OB AE . BESE s 2 5 R 3T . E-mail: dophin-
erb@sina.com

#OBAEVER WEFE L . WEFE T I P2 RIZG ) o3 Hr . HA T - 022-
86342066, E-mail: yezl@ tasly.com

- 2564 - China Pharmacy 2017 Vol. 28 No. 18

R 2 A AR S T AR S L, R 25kt
B HEEICR IS w bR ) R Rk 24 A 1 P AN AT TS
L, LSS R 205 [ T SR SRR N R 22—, 2T,
H A% ] B [ B g SR v 2 b B 25 R o
JUE T AE T AR R , LA DLRKIN 24 5 = (EMA)
XA B 0 R IR Bk AT, A AE A (As) (Y
(Pb) .4 (Cu) .5 (Hg) .# (Cd) . 4H (Mo) HL (V) %%
(Cr) Vi (Mn) gk (Fe) 88 (Ni) £ (Zn) (57 (Ru) &%
(Rh) 4 (Pd) K (Os) Ak (Ir) A (Pt) 3k 18 Fh™, & 7 i

FPEZG 2017455 28 4555 184



JE IR E B A B H ORI T POk A B TR 2k
ESIe

DAL, 4 3 0 SR P I8 00 A - P Job 5 55 B IR
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1 #
1.1 {88

7700 B ICP-MS % (£ [F Agilent 23 ] ) ; Milli-Q %Uj8
4li 7K hb B 22 45 (3 [ Millipore 23 7 ) ; Mars-6 B T fi
I (ZEFE CEM A H] ) ; ME2358 %L 23 HF K F- . BS2243
YAl RAF- (T[] Sartorius 23] ) o
1.2 K5

TN 32 B B (R K Sy A o 25 B AT R
A A R, S 20150603, 20150605, 20150606
20150607) ;Ir .Rh .Ru . Pt . Pd Mo IR S HRAE L . Os brife
VW BT R (D b A R A AL S 0
20160310, BTt FE 114 1 000 pg/mL]; i (Be) .Cr . Mn,
Ni.Cu.Fe.Zn As R (Ag) .Cd . #1(Ba) £k(Ti) .V .PbiR
AFRUEET (5220160115, FHHE N 10 mg/L) ;
Hg PR (#5 . 20151215, R EE A A 10 mg/L) ;
B (In) 84 (Ge) VB (B TR G AR IR (Fit5 : 20160507,
BOCR TR A 100 mg/L) AR ("Li) 44 (PCo) 42
(MY) i ("°Ce) g COTD PRSI (HE5 : 20160507, JiT
WPEY R 10 pg/mL) F90 F 36 [F Agilent 23wl s HiA&G AR
HEYD I (E AR HEY) BT o0, 4% : GBW10020) ; il
R AR Al , Hoax iy e pral, KO 2tk
1.3 %K

S (L5 2 20141150) | 24 15 (#E 5 : 20141150
20141250) . 4 A5 (#t 5 : 20141250) K% (#t 5 .
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20141150) . #8 ¥ (it 5 : 20141150) | £+ fz (#t 5 .
20141150) . ¥ faf (L5 . 20150150) | 2 (it 5 .
20141150) ¥ iy KRR - J1 A H 25 92U A PR A £
Bt A R A R
2 AEEHER
2.1 fRUREREEG

TR T SR AT A S5 A LA A S5 Vs TR G 5 R WS e
PRI FAAAE, TR R 1
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Tab 1 Microwave digestion condition

L2 FHEH 8], min REFEFR min < MW
1 10 5 100 1200
2 5 5 150 1200
3 5 10 190 1200

2.2 ICP-MS &%
BT % . 1.50 kW 3 AL SE J7: 720 kPa; SRAETR
B 7Tmm; B TR ARG 15.0 L /min; 357 #E .
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1.00 L/min; ZALFEIRE -2 °C; A : 4.5 mL/min; il
SR < 3 B SRR B BRI CR AR A 3K, T
FF M
2.3 BREIEIE
2.3.1 IRAPRMESRI RSB R ECL.27 IR IR A AR
VES WS £, I 2 9% il 1R ) BT vk R 0.5.10,50, 100
200,500 pg/L 1 RINESARER I -
2.3.2 HghrMEIE  AE% EHC 12710 T He brifE s il
A, 2% HNO, il 5 i e B 4 0.1.0.5.1.2.5 pg/L
() R BAREVE T
2.3.3 IRAWIRAR BRI L2"I RS RS
I B, K R R B S 50.0 pg/L TR A N bR
VS W o
2.3.4 MLl WORE S LR 0.5 g W%, BT
i s i 75 Y 5 DU 9 24 (PTFE) T4 i v, Jin A 65 % fily
PRV 5 mL, fin w5 B, MEA I M s R MR e e , T s,
FE IR B K S T W 5 2 50 mL PTFE
s, A K PR R RE 3 Uk, A IR URIAROIE AR,
Er Il I
2.3.5 FRUEDRVETR  BURMEYIR 0.5 g, #42.3.47 101
T 5 bR ) SV T
2.3.6  ZSPEAXTHRVATR  $22.3.47 T F “hIA 65 % SR
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VW o
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F2 MEPFARE LKEEESENR
Tab 2 Regression equations, linear ranges and detec-
tion limits

IR R A R 28 7 B I (A5 : 20150607 )
A, L9y, #5217 AR AR, AR
Jot i B2 B o D SRRV W, P 2.3.47 I T 7

BiEE IR r GHHE b BRngls BT A, T “2.27 T ICP-MS A5 (ARt R
As =0015 542878 7x10° 09999 0~50001 00239 SO AT I 7 (8 3 PR e G % 3
P ¥ =0.034 0r+0.003 0 09998 0~499.95 01530 \ o e g s
Cu =006 20400027 09999 0~500.00 02452 2.8 HEPTREENUESHRBENITE
Hg =001 2-3.1697x10° 09994 0~5.00 0.0032 HORE b 4538 i, 3 442 2.3, 37 T v i A& A
Cd y=0.006 1x+5.186 5% 10° 09998 0~499.98 0.001 6 W 2.1 TR, 542 42.27 0 ICP-MS 4
Mo y=0.002 4x+7.581 1x10°° 0.9999 0~500.02 0.0267 ﬁ: ‘##mﬂm E% — ?/\ﬂfﬂlkﬂ[ﬁ‘lﬁr{ﬁ ‘H“%ﬁ{— 1 AL j‘JF
v 0148 255,005 7 10° 09999 0~500.1 00081 JLPFRVE  IE A JUAR T DT Hr e
Cr =032 [r+0.002.4 09999 0~498.99 00340 HRRAS R AR AR 4 3 5. (R RS2 = I I S {1 <
Mn y=0.171 6+0.001 7 0.9999 0~500.00 01117 25% /4057 H 10 BR 25 M FE 25 R x B R 2 B S L & &
Fe F=0.147 0r+0.884 8 09999 0~500.13 26050 BB 7 4R O R B AR Y e
Ni §=0.074 51400067 09997 0~499.95 02246 0500 LA KT 2 b IO 2015 4E (o 25
n =032 51-0578 4 09999 0~499.97 53410 o A ’ 0 Z
Ru =008 26-6856 6107 09999 0~500.07 0.0008 HOYHLE , H 11 F T #FE U R R R 7E 1.50% ~
Rh =002 9r-00265 0.999 5 0~300.11 20570 31.90% =z 1] .
nd §=0.005 -6.0504x 10° 09997 050000 00012 3 i
0s =009 043373 X 10° 09994 05009 00007 o , »
Ir y=0016 03306 0x 10° 09994 0~500.12 0.0004 F RERCH 24 S EMA X JURE 24 K HAR U T i
n y=0006 043714 4x10° 09999 0~500.17 0.003 8 T A TR E TR AR NI B HE AR AR X ek
#3 MEREKERRELER (n=9)

Tab 3 Results of recovery tests(n=9)

- fif A k% T A Pl T% T i B

i PO RSD, PR RSD, FAMFE RSD, VA RSD, FHMFEH RSD

o TIIIEER RSD,  THAIEERE RSD, TEMEER RSD, TR RSD, THMER RSD,

e % WEe % WEe % WEe % WEe % WEe % e ¢ B % WEe % WEK% %
As 93.0 32 902 12 100.9 22 91.0 32 89.3 29 100.8 30 90.0 19 1144 52 89.2 43 919 08
P 003 07 1092 48 11T 24 %1 28 B4 46 1023 23 %4 21 0o 19 51 31 1015 05
Cu %52 18 0l 02 143 17 80 45 854 28 0l 05 36 12 %4 14 920 30 8718 34
Hg 023 12 1079 15 1034 20 984 13 98 32 1075 12 973 17 1058 32 W7 25 1018 17
cd 026 17 1S5 29 1058 27 %9 05 045 22 1026 06 1005 22 96 07 1008 06 1025 09
Mo 156 24 1102 14 04 30 164 16 165 13 1007 20 Bl 20 1018 17 %2 3l 92 26
y u3 12 %30 31 96 14 us 12 B4 18 955 28 7 35 7 13 1003 19 904 33
Cr 970 04 us 14 901 2l %1 3l 900 09 %1 29 91 20 06 28 %8 20 N4 10
Mn 100.7 23 927 22 944 1.9 942 43 927 42 952 28 934 04 91.5 42 1118 1.8 88.5 13
Fe 055 17 %36 35 0l 20 956 31 4 36 1025 13 1004 39 957 37 95 12 %1 17
Ni 87 25 92 36 298 23 952 29 B3 20 954 20 908 08 915 20 1022 57 859 07
n 91 08 %57 09 %2 24 93 19 1012 19 103 09 04 24 978 24 %8 23 %1 1l
Ru 1129 09 115.2 20 1133 29 87.7 14 88.7 28 912 14 96.8 23 1113 2.1 914 29 96.4 08
Rh 1047 15 1064 09 1154 54 %5 42 Bl 25 1012 24 20 07 1719 43 130 12 975 34
pd 1092 37 1098 13 1063 39 1083 37 1092 17 1034 18 87 24 861 Ll 137 15 %4 43
0s 1094 20 1096 18 1053 03 953 26 %54 16 %S 40 908 46 1030 25 908 30 979 14
Ir 1120 37 1149 21 111.2 25 929 09 91.0 30 920 1.7 93.6 27 96.8 2.1 90.1 28 954 20
Pt 1138 21 114.8 32 1150 12 977 12 948 24 978 49 924 1.0 1123 0.7 931 1.5 100.6 23
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F4 HERPISHAESELRNSENELR (n=6,mg/kg)
Tab 4 Results of contents determination of 18 toxic elements in samples (7 =6, mg/kg)

FERALS \ Cr Mn Fe Ni Cu Zn As Mo Ru Rh Pd Cd Os Ir Pt Pb Hg
SE4120141150 16127 123458 394008 8834167 65302 50642 172970 04535 05282  <0.000 <0.000 <0.000 00429 <0.000 <0.000 <0.000 07600 <0.000
A720141150 13322 81726 214968 557.1738 35996 56137 205864 03739 05684 <0.000 <0.000 <0.000 00135 <0.000 <0.000 <0.000 05911 <0.000
[14720141250 00632 03992 83985 358884 05236 3.5340 109065 00541 01944 <0.000 <0.000 <0.000 0.0327 <0.000 <0000 <0.000 0.0731 <0.000
1520141250 00517 01546 80952 546014 03386 27153 36268 00721 00689 <0.000 <0.000 <0.000 00170 <0.000 <0.000 <0.000 0.0408 <0.000
FIAR 20141150 02499 05505 98747 1140910 11680 11.7464 192753 0.1182 01752  <0.000 <0.000 <0.000 0.1177  <0.000 <0.000 <0.000 0.1398  <0.000
HE20141150 02198 06838 84978 882790 19053 54442 156166 00699 03289  <0.000 <0.000 <0.000 00125 <0.000 <0.000 <0.000 0.0978 <0.000
fE 720141150 01342 13844 160536 1089881 13848 62737 65096 0.1669 0.1918  <0.000 <0.000 <0.000 00889 <0.000 <0.000 <0.000 07075 <0.000
FHZ 20141150 02498 02499 85836 1244729 11821 33149 73922 00813 01146 <0.000 <0.000 <0.000 00446 <0.000 <0.000 <0.000 0.1683 <0.000
R 20150150 02282 18578 439184 1629426 17108 102340 262711 02082 03395 <0.000 <0.000 <0.000 0.1074 <0.000 <0.000 <0.000 36183 <0.000
FZ20141150 01681 04293 2457098 784865 11803 32037 142373 02729 02097 <0.000 <<0.000 <0.000 02900 <0.000 <0.000 <0.000 0487 <0.000
120150603 01237 01614 159453 751505 14793 19873 59583 02050 0.0691 <0.000 <0.000 <0.000 0.0190 <0.000 <0.000 <0.000 0.1841 <0.000
520150605 01163 01570 146769 604655 12598 19312 58609 02232 00711 <0.000 <0.000 <0.000 00219 <0.000 <0.000 <0.000 0.1943 <0.000
{234 20150606 01227 01470 135878 633868 12024 19795 52771 02088 00593  <0.000 <0.000 <0.000 00173 <0000 <0.000 <0.000 0.1828 <0.000
320150607 01240 02068 151523 664204 12936 1.8342 54883 02140 00594 <0.000 <0.000 <0.000 0.0182 <0.000 <0.000 <0.000 02039 <0.000
x5 11HEFSELENHEBERITELER (n=3)
Tab 5 Calculation of transfer rates of 11 toxic metals(n=3)
HERS JiH \ Cr Mn Fe Ni Cu Zn As Mo Cd Pb
b mg/kg 223150764 1347266970 11901700495 11388700.8904 979319548 2708228015 616629.1034 87512823  20123.1739 29608150 20805578 8
20150603 B mg/kg 15467920 20186144 1994363279 9399451946 185017651  24855.9434 745229842 25642411 14322984 2374118 2303.0596
HEBE, % 6.93 1.50 16.76 825 18.89 9.18 12.09 2930 574 8.02 11.07
20150605 REEE T mgkg 14550606 19637303 1835710740 7562728174 157564307 241546587 733047124 27915306 14243795 2733121 24302308
B % 6.52 1.46 1542 6.64 16.09 8.92 11.89 31.90 548 923 11.68
20150606 B mgkg 15346039 18380674 1699495502 7928098166 15038.6966  24759.1851 660032556 26118773 14132194 2162315 22869797
HBE % 6.88 136 1428 6.96 15.36 9.14 10.70 29.85 5.65 730 10.99
20150607 REEE T mg/kg 15514679 25871043 1895178528 8307536154 161792774 220415466 686453399 26764910  1447.2865 2270897 25505131
R, % 6.12 1.75 1421 631 1429 8.55 1142 2878 582 7.67 11.92
TR E, % 6.61 1.52 15.17 7.04 16.16 8.95 11.52 29.96 5.67 8.06 1142
[FIFREE A & iyl RIS R I, 4 HE ORISR (2] W%, B0 BB, F R S R 25N R
Py 11 Fh o0 2% e B A HE Fe MO Cr<Mo <<V <Fe<C R[] P B B 25 4 4 &, 2008, 28(4) :301-304.
Cd<Cu<Pb<<Zn<Mn<Ni<As, Cr {5 B K ML, 0 [3] RIRA, ML KT, 3 .ICP-MS IAME 5 Fi e 244
9 1.52% , HIEUH AT B R 525 B4 oh Cr ) 5 BHA , A JBEZG RS b 5 R R Y RET). B 8 5, 2015, 26(27)
BRI B AR IE— A BARAKF . As OGRS e .
R OB R T F B2 R R [4] FEA, Bt kdE, &l B & S5 8 TR B vA 2 Hh
A ) N N 2 & J‘L\ 'E\E K . EAJNEA :«4‘,”:&,2010,
A0 As B2 B : Wb Rtk As (1) > b il ;’gff‘:ﬁjj;j;;‘a*”*[” R A
As(V)>—H R (MMA) > — H LG (DMA) > Fi it e e e i
e \ g w01 FAEE BVIME SO, AR AR b gy iR
3 (AsB) > i IHBH (AsC) o I IH 1 J7 42 Y iy 4 o e A 1 1 b Ao [ 1 At e
- o e I P LR R 10 3 B2 1. 25 4, 2000,
FRA OSI RN Y As 35 32 200 AT PR AR, FLCHR 31(4):631-633
. HER R 4 i, & A N
fjﬁﬁ,mﬁqﬂ ’ Eﬂ@’;%gi?%ﬁfﬁiﬁim SRy e, g, R, % HPLCACP-MS MBI 5 6 4
2 p X1 HFZ . . . . o
SR Oh. B, AR T 2 RES R 3 R 0 T P B S (1. F 25, 2012, 34
ZI| I i Epﬁﬁj:%]:? SEANIN Eﬁﬁﬁﬁ%ﬁ‘é , X (11):2118-2123.
2 A - B alels [==g i = AN " N
R AR T Z R B L 22 (7] SKIEAS, Bk M R 25 RS e 250K
AT, 24 52 J R IO 1 T b e o o 5 R A A SREGWIAE I R 2 AR 0. P B AT B 06 R A &
00 155 JC Pl 0 A e, R BB S 2 (] 24 ) e G A 1z 2 2010,29(4):251-255.
AL E SEHE , XA TCE LS S B DT R IR BT [81 A VRSB AT S Rl R b EE AR
a2, 1 ELRI O v (A B E A AR (] A, TR L, ARG WA BB E 0] ) A s L B A, 2011, 18(5)
A BN 25 5 7 S Y [ AR HE R T DA R S T2 59-62.
HIHf T FR i — S S P [9] EMEA/CHMP. Guideline on the specification limits for re-

S Lk
[1] R KPFERAGFE KFE2EAHHF ML AR
A= H A, 1985 :308.
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siduesof metal catalysts or metal reagents[EB/OL].
[2012-08-05].http: //www.ema.europa.eu /docs /en_GB/
document _ library /Scientific _ guideline /2009 /09 /WC5
00003586.pdf.
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H E R RIJIEEBTHEGRERE Fik R AEEEHE L (TLO) MR A P25 Lis 24000 A EF hdit
AT R 5 R B AR AR 3 R M ) A A 2 AR ) BEAR S 549 42 : &35 42 4 Shimadzu VP-ODS, i 3h 48 % F B - TR -7k
(46:30:42, V/VIV, #HE N8 a8) (4 0.1% + = ke A AR5 4 A= 0.1 % B 8% ) | W B7-0.4% B BR 7237 (50: 50, VIV, % %3 ) , ik 4 1.0
mL/min, # 5% % A 265 nm ( 2h 8 /> 84%) 280 nm (K 53 ) , ARB A 30 C, AT H 0L, SR HE L 44850 oA E
F HE A TLC B8 AN, 5 B AT, AT BT, 388 a3 253l R 2R 2R T8 B 4 %) 4 6.67~33.34 pg/mL
(r=0.999 8) .\ 7.7~38.7 pg/mL (r=0.999 9) ; #5 % & A2 M . F I MK 349 RSD<1.0% ; M A =D & 5 %) % 96.5% ~99.9%
(RSD=1.2% ,n=6).101.1%~102.9% (RSD=0.6% ,n="6) , %5t : 42 S04~ E T A THILE T HEN R E4H .

KR AEMLTE TR AR BEAG E SR R AR R Gtk SRR Gk

Study on the Improvement of Quality Standard of Jianpi Zhixiening Granules

LAN Yang'*,QIAO Zhiwen’, TANG Guiying’,ZHOU Nianhua®, LIU Yong®,LYU Shanshan’( 1.College of Pharma-
¢y, Chengdu University of TCM, Chengdu 611137, China;2.Chongqing Healn Pharmaceutical Co.,Ltd., Chongqg-
ing 401121, China)

ABSTRACT OBIJECTIVE: To improve the quality standard of Jianpi zhixiening granules. METHODS: TLC was applied for qual-
itative identification of Scutellaria baicalensis, Crategi Fructus, Lonicerae japonicae, Codonopsis Radix, Nelumbo nucifera, Copti-
dis Rhizoma. The contents of berberine hydrochloride and baicalin were determined by HPLC. The determination was performed on
Shimadzu VP-ODS column with mobile phase consisted of methanol-acetonitrile-water (46 :30:42, V/V/V, berberine hydrochlo-
ride)) (0.1% sodium dodecylsulphate, 0.1% phosphoric acid, methanol-0.4% phosphoric acid (50:50, V/V, baicalin) at the flow
rate of 1.0 mL/min. The detection wavelengths were set at 265 nm (berberine hydrochloride) and 280 nm (baicalin). The column
temperature was 30 “C, and sample size was 10 uL. RESULTS: TLC spots of S. baicalensis, Crategi Fructus, L. Japonicae, Co-
donopsis Radix, N. nucifera, Coptidis Rhizoma were clear and well-separated without negative interference. The linear ranges of
berberine hydrochloride and baicalin were 6.67-33.34 pg/mL(7=0.999 8)and 7.7-38.7 pug/mL (#=0.999 9). RSDs of precision, sta-
bility and reproducibility tests were all lower than 1.0% . The recoveries were 96.5% -99.9% (RSD=1.2% , n=6) and
101.19% -102.9% (RSD=0.6% , n=6). CONCLUSIONS: Improved standard can be used for quality control of Jianpi zhixiening
granules.

KEYWORDS Jianpi zhixiening granules; Berberine hydrochloride; Baicalin; Quality standard; TLC; HPLC
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