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Abstract: Objective To establish a UHPLC method for simultaneous determination of seven components including ferulic acid,
rosmarinic acid, lithospermic acid, senkyunolide I, salvianolic acid B, cryptotanshinone, and tanshinone lla in Yixinshu preparations
(Z o7 HI5) with different dosage forms conducted by different manufacturers, laying a foundation for its further quality control
promotion. Methods Chromatographic separation was performed on a Waters Acquity HSS T3 column (100 mm > 2.1 mm, 1.8
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um) at 37 ‘C of column temperature with 0.5% aqueous formic acid - acetonitrile as mobile phase for gradient elution. The flow rate
was set at 0.4 mL/min, and the detection wavelength were set at 322 nm for ferulic acid, 280 nm for rosmarinic acid, lithospermic
acid, senkyunolide I, salvianolic acid B, and 265 nm for cryptotanshinone, tanshinone lla. Different batches, different manufacturers
and different dosage forms of Yixinshu preparations were determined by the established method, then the results were compared and
analyzed. Results The seven components were separated clearly within 15 min. They presented good linear relationship in their
linear ranges respectively, and all of the correlation coefficients were higher than 0.999 5. The RSD of precision, stability and
repeatability were less than 2.46%. The average recoveries varied between 97.56% and 104.44% with RSD less than 3.72%. The
contents of seven components in Yixinshu preparations produced by different manufacturers were different remarkably. Components
which were originated from Salviae Miltiorrhizae Radix et Rhizoma (SMRR) presented a smaller difference relatively, but the other
The established
multi-component determination method is proved to be convenient, accurate and reliable enough. The quality of CR was estimated

components that come from Chuanxiong Rhizoma (CR) exhibited significant difference. Conclusion

by quantitative data of chemical components, and the evaluation measurements of SMRR were well improved. On one hand it serves
as a basis for the further promotion of overall quality control of Yixinshu preparations, on the other hand it provides a reference for
the quality comparation of Yixinshu preparations conducted by different manufacturers or different dosage forms.

Key words: Yixinshu preparations; UHPLC; quality control; Salviae Miltiorrhizae Radix et Rhizoma; Chuanxiong Rhizoma,; ferulic

acid; rosmarinic acid; lithospermic acid; senkyunolide I; salvianolic acid B; cryptotanshinone; tanshinone I1a; quality evaluation
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20160912, 20160913. 20160914, 20161002, 3 ftt A
] FRKaOE i, #5730 20150301, 20150303,
20150403, HsR MG FRHIZ B A IR A Al $E4t; B
I RaOir e GIERZAWVERFRAF, fitsH
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Table 1 Specifications, usage and dosage of different
Yixinshu preparations
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2 FEEER

21 AEREIHIE

211 MHKEIERE] % B 10 KL OEF I EEA
wY), BTAREA L, IREWE], FERIZ 059,
CHLAt 2 o 7 110 79 A5 A AR S 1R 25 6 0k B L A
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Hr, KSR NI 50 mL OISR R S PR B 4
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Table 2 Weighting sample and methanol adding volume calculation of different Yixinshu preparations
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B Y0y i HiA% 1125 25k B FriERlg NSRS R BUmL
LA IR R F}% 2679, JI|% 133 g 1000 ki 0.4 gt 0.267/0.133 0.50 0.33/0.17 50
mOEF A (AL FF2400g, J1I%5 2009 1000 Fr 0.6 gt 0.4/0.2 0.50 50

B %O
O EF A F}% 4009, JI|%200g 10009 2g4%t 0.8/0.4 0.83 83
a7 R F1% 2009, JII* 100g 10009 4g4%? 0.8/0.4 1.67 167

W 0.22 pum FAFLUENE, FFEEVINEM, BLIEMLE
LRI

WS OEFH 10 B, BTHEREra, 1RBEH%
5], FEEMINL) 059, BT 150 mL RZEHE I,
RS N FE R 50 mL, [V A T AT

i DA AL 148, B TR, R 2 pRE
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fig 83 mL, [F)ik & il i VA o
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) % B AR
2.1.2 XTHESEBIIE S KSR EER . Rk
HIR RHER. FENEAEE | HHIR B, RBftZ
B AP Na X R OE B, 70 Sl o H e V5 e 1)l

P ERIR 3.74 pg/mL. KIEFWR 110.0 pg/ml. K
% 123.0 pg/mL. V5 AER 122.0 pg/mL FHHER
B 1.86 mg/mL. F&SF20 121.0 pg/mL FFHSEE Na
36.3 pg/mL 0T R i il £V o 2 ol G 2 TR B 25 %o e
&R L mL, DR B E A A 10 mL, BPFSUR AR
BT
22 BN

i+ 9 Waters Acquity HSS T3 A% (100 mm X
21 mm, 1.8 um); JRBNFHA 0.5% F LK - 4G
RY, ORI : 0~1min, 3%~4%ZfFE; 1~
4 min, 4%~18%Z.MiE; 4~9 min, 18%~42%Z.Jif;
9~11 min, 42%~63%Z.fi5; 11~14 min, 63%~
73%ZMiE; 14~15 min, 73%~100%Z.ff5: ARUR
= 0.4 mL/min; R K : 322 nm, FTZEER; 280 nm,
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1-ferulic acid  2-rosmarinic acid  3-lithospermic acid 4-senkyunolide |  5-salvianolic acid B 6-cryptotanshinone 7-tanshinone 1o

1 3AAEREMEKTREEXTEBSR (322 nm, a; 280 nm, ¢; 265 nm, e) F#EmR-200EFERE (2 20160812, 322 nm, b; 280

nm, d; 265 nm, f) B9 UHPLC

Fig. 1 UHPLC of mixed reference substances (322 nm, a; 280 nm, ¢; 265 nm, e) and sample (batch 20160812, 322 nm, b; 280

nm, d; 265 nm, f) at three different wavelengths

®3 HMXRETEER

Table 3 Investigation of linear relationship

5% e MEVE Hlng [R5 F2 r
BT B 12 0.19~1.87 y=16 093 019.31 x—94 152.29 0.999 7
RIE AR 5.50~55.00 y=5 617 775.32 x—23 088.77 0.999 8
KR 6.15~61.50 y=2223937.06 x—10 090.11 0.9995
HENE NS | 1.10~11.00 y=8 422 027.43 x—2 751.43 0.999 7
FHB R B 93.00~930.00 y=2 617 004.18 x—30 781.65 0.999 8
(SR 6.05~60.50 y=12 542 357.18 x—43 823.97 0.999 8
FHZE 1A 1.82~18.15 y=15 486 917.66 x—12 177.30 0.999 7
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FAFIRE, R AIETAR, PLAMRIZETHE & K
I3 TR U 6 O b SRR 20 B RSD fH, 45 51
L 4. 7T ANFRERS R HUY RSD /£ 1.39%~
2.46%, KIHTFEETHERLT.
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4. BTN 7 AN FEAR A (T2 IR [l 26 7E 97.56% ~
104.44%, RSD {HI/NT 3.72%, 3R I%AERIE
EY/5

24 HEUERESR
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Table 4 Investigation of precision, stability, repeatability and average recoveries (n = 6)
L& REIERSDG Rt RSDI% REE LR
Ji 55 HU(mg g7t RSD/%  “F¥JMt/%  RSD/%
R BE R 0.64 0.87 0.022 3 1.58 98.60 2.04
RIEEIR 0.57 1.05 0.4017 1.39 101.32 3.72
HHR 0.45 1.16 0.637 6 1.39 100.09 1.02
HENE NS | 1.00 1.10 0.1325 1.46 97.56 1.64
FH% R B 1.14 0.99 18.1777 1.70 99.40 1.18
(VR 0.62 0.78 1.050 9 2.46 104.44 2.55
FHZH 1A 0.80 0.35 0.661 6 2.13 103.40 1.59
#=5 IHFMOEFEES 7T MASHNEENELER
Table 5 Content of seven components in nine batches of Yixinshu Capsules
fit5 AL fUgime  WWEHER EER WHIEARKI FHB T B BPZSE FE20 A

20160812 mgg 0.0223 0.4017 0.637 6 0.1325 18.1777 1.050 9 0.661 6
mg i 0.0134 0.2410 0.3826 0.0795 10.906 6 0.6305 0.3970
20160814 mgg 0.024 5 0.465 2 0.7859 0.1229 21.5208 0.8545 0.519 9
mg i 0.0147 0.2791 0.4715 0.0737 12,9125 05127 0.3119
20160815 mgg 0.026 5 0.446 4 0.7113 0.1148 20.0196 0.966 3 0.602 4
mg i 0.0159 0.267 8 0.426 8 0.068 9 12.011 8 0.5798 0.3614
20160901 mgg 0.016 6 0.496 3 0.8457 0.083 8 23.7346 1.0711 0.752 1
mg i 0.0100 0.297 8 0.507 4 0.050 3 14.240 8 0.6427 0.4513
20160910 mgg 0.0209 0.5377 0.960 4 0.126 4 21.2192 1.049 4 0.728 8
mg i 0.0125 0.3226 0.576 2 0.0758 12.7315 0.6296 0.4373
20160912 mgg 0.0194 0.4914 0.8915 0.094 4 24.0426 11573 0.7752
mg i 0.0116 0.2948 0.5349 0.056 6 14.425 6 0.694 4 0.465 1
20160913 mgg 0.014 8 0.4316 0.754 3 0.1470 19.655 9 11209 0.7073
mg it 0.008 9 0.2590 0.452 6 0.088 2 11.7935 0.6725 0.424 4
20160914 mgg 0.0150 0.5155 0.9182 0.0933 19.100 7 1.097 5 0.691 8
mg it 0.009 0 0.309 3 0.550 9 0.056 0 11.460 4 0.658 5 0.4151
20161002 mgg 0.014 3 0.468 2 0.8184 0.1132 18.154 7 0.962 8 0.5752
mg it 0.008 6 0.2809 0.4910 0.0679 10.892 8 05777 0.3451
A mg gt 0.019 4 0.4770 0.8137 0.1142 20.625 1 1.036 7 0.668 2
mg it 0.0116 0.286 2 0.488 2 0.068 5 12.3751 0.6220 0.400 9

RSD/% 23.19 9.00 12.69 18.03 10.60 9.05 12.88
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(hEZG ) 2020 FRAE, 0O EFIRFEH AR S
FZUMHHIR B it A4S0 T 1.0 mg, 4R ER, A&
HIF 5T Fb BTN S () B RE SR S e« A 7 A
BT RSD A 13.63%, AR KoN 23.19%,
/NN 9.00%.

242 ANFE) K E0E B T B B E I E
OO AZET, BT KA AE
] R a8 O E B RS R IR IR AR, i SR
— BRI T HERE . ARHF AR T 2 KA
an/OEF R, (H TR AR AT IR FR i
T EHNEARAFE, A LU A 2 B (1) 450k} & K% |
W B, WA FRALIIN 2 F AR S5
BARIE— B 2808, XA SRR & BT X
IHTe GERIEK 6. ARYE (HEZH) 2020 4F R
5, D8 BRSPS U HER B 1A T 15

mg, SEAEIR, AT I E B A R IR A
A o SRMATE T HLE) 2 | F AR e 0&F
AR R B S EAMHZEL Y, AT K 3T
YIfE N 10.859 7 mglg, 1 B | KM G RIEET
20.970 4 mg/g. A J FK PN 3 LI 2 1H 1) RSD
FHXFELN

ARFFE T AR FAE 2808 9 7 F
WS EZESR . N T Reis T B S 22
FEEE, A2 0o B o B oz o & &
SEEMERIAN A48, wE 2 Fos. AT FKAE™”
()2 8T B R 7 22 o S IR T 2 | P
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Table 6 Content of seven components in Yixinshu Tablets produced by different manufacturers

®6 AR RIUEFHF 7 HRINSENEER

%K fits <K ) FIEilR  RIEFR LEER O FE)IESAHEEL FMEB BRAASE FEHSEE A
i OEF A 20150301 mgg* 0.0341 0.346 5 0.8177 0.1231 10.9459 0.508 9 0.228 6
(AT %) mg-* 0.0205 0.207 9 0.490 6 0.0739 6.567 5 0.3053 0.137 2
20150303 mgg* 0.034 8 0.3855 0.864 2 0.1555 11.5775 0.966 5 0.6751
mg-+* 0.0209 0.2313 0.5185 0.093 3 6.946 5 0.5799 0.4051
20150403 mg g™ 0.0275 0.3854 0.832 3 0.108 7 10.055 7 0.8820 0.5328
mg S 0.0165 0.2312 0.4994 0.065 2 6.0334 0.529 2 0.3197
S {E mg ¢t 0.0321 0.3724 0.8381 0.1291 10.859 7 0.7858 0.4789
mg S 0.0193 0.2234 0.502 9 0.0775 6.5158 0.4715 0.287 3
RSD/% 12.48 6.03 2.83 18.57 7.04 30.99 47.63
O E A 730042 mg ¢t 0.0388 0.5805 0.967 2 0.159 8 20.970 4 1.3845 0.837 3
(B %) mg S 0.0233 0.348 3 0.580 3 0.0959 12.582 2 0.8307 0.502 4
ANEHK S {E mg ¢! 0.0354 0.476 5 0.902 6 0.144 4 15.9150 1.085 2 0.658 1
wEF A mg St 0.0213 0.2859 0.5416 0.086 7 9.5490 0.6511 0.3949
140 g ;;ﬁ
120 — F¥MHE

SRBEESSE RXT
2 T FEHIMED 1%

by different manufacturers

MUY

R ERRR

%
7
%
%
%
7

3

2 AR RFLEFRF 7THUFRINSEHNEEIEESHE
Fig. 2 Percent equivalent relative to average content distribution of seven chemical components in Yixinshu Tablets produced
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RURL P EERE 5 P 2 DT IR B 1HAME T 3.0 mg,
LRI, AT FTIE A dh A B RLE -
FUE AN R 2 L7 177 o 7 A 2 70 O BT
e (%, AT a0 RE, Wil 3 For. @
R PEBCRT A, B Lo I v 24 L E TR AR TR I T

PR B e T A0 771, HAth ol 73 SRS T oAtk ) 571
HorP BT ERER ARG AR, BTERER . VNS R | I E
EAE ORI, It 2 Ml 3 e 1T
FHIERSY s S5, BT AR B, w08
RIORE R BT A 2 i 20 B AR T L R R
25 RS
251 AFzZOEFHIFIH 7 MBS MHEBAR £
THE, IR a8 CoET il B IR A2 25 02— 20,
DR 8. DAk, AHFFOR 7 MRk 15T &5 HE AL
FNHEBANE (K9, VAT H AN [F] 750 &7 177
Z 25

DAAS [A] 25 Co&F il 550 7 P2 mlor ) BN &

R7 TNEzOEFHFI 7 MRS ENES
Table 7 Content of seven components in different Yixinshu preparations

il 1) AL PUEEER  RREEER O RER O W)IESNEE FHBEKR B KRISE FHESEE A

wMOFTIRE CPRE mgg! 00194 04727 08137 0.114 2 206251  1.0367 0.668 2
(9 VO mg#il 00116 02836  0.4882 0.068 5 123751  0.6220 0.400 9

RSD/% 23.19 9.00 12.69 18.03 10.60 9.05 12.88
OEF SFEIH mgg! 00354 04765 0.9026 0.144 4 159150  1.0852 0.658 1
Q2% mg-Ht 00213 02859 05416 0.086 7 9.549 0 0.6511 0.3949
AOEF AL mgg! 00491 03368 07221 0.1959 136116  0.6226 0.285 4
(16091402) mg4¥1 00982 06736  1.4442 0.3918 272232  1.2452 05708
O T RURL mgg! 00254 02088 0.3718 0.016 1 6.9706 06161 0.256 1
(17030215) mg4¥1 01016 08352  1.4872 0.064 4 278824 24644 1.024 4
wOEFHI TIME mgg?l 00323 03737 07026 01177 142806  0.8401 0.466 9
RN RSD/% 40.26 34.16 33.09 64.28 39.78 30.44 48.60
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Fig. 3 Mass fraction equivalent distribution of seven chemical components in different Yixinshu preparations

*x8 ATRIIMUEHIFIMBERBESLE
Table 8 Daily intake dosage of crude medicinal materials of different Yixinshu preparations

B FESI)NE EM 2 A% H Ak 77 /g H R A= 2 &g
O FF IR FE 0.267/0.133 g-Hi L 0.4 g-fit 3.6 2.403/1.197
WO (AT 5 0.4/0.2 g- 51 069 /)it 36 2.401.2
WO (B 50 0.4/0.2 g- 51 069 /)it 36 2.401.2
2 O EF AL 0.8/0.4 g-4871 2948t 6 2.4/1.2
Lo BT AL 0.8/0.4 g-4571 4 g4t 12 2.4/1.2
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Fx9 TRIFOEFHFIG 7 Mo EBANE
Table 9 Daily intake dosage of seven components in different Yixinshu preparations

. HEEA E/mg
PIEREE  REEER O KER O FNEAEL AmEB RAASE S A
FOFFIRE R 0.069 8 1.701 6 2.9293 0.4113 74.250 3 3.732 3 2.405 7
iR CFED 0.127 6 17153 3.2495 0.5199 57.294 2 3.906 6 23691
FEFHL 0.294 7 2.0208 43326 1.1755 81.669 7 3.7354 1.7122
fu O BT RURE 0.304 3 2.506 2 4.462 2 0.1933 83.647 7 7.3932 3.0728
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Fig. 4 Daily intake dosage equivalent distribution of seven chemical components in different Yixinshu preparations
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