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o, AW Al Rk R BMK IR A 15,16- A ST BT (5.45%) > FFS T (3.67%) > Fa T 20 (3.29%) > FF SRl IA
(3.01%) > FFE R A (2.39%) > L HE (1.57%) > FFHHR B (1.02%) > F1 B K (0.41%) > HIEFER (0.34%). % F, A&
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Bioaccessibility analysis of active components in Salvia miltiorrhiza

LAI Lil'z’S, JIANG Zheng-yang"2~3’ FENG Yu_pengl.ZJ’ LUO Guo—an4,
XIE Yuan-yuan"*”, WANG Shu-mei"**
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Tsinghua University, Beijing 100084, China)

Abstract: In this study, a method for simultaneous quantitative analysis of 6 salvianolic acids and 4 tanshinones
in extracts of Salviae Miltiorrhizae Radix et Rhizoma was established by ultra-high performance liquid chromatog-
raphy (UHPLC). The semi-biomimetic method was applied to simulate digestion process in vitro, to explore the
digestion and transport characters of oral administration through the gastrointestinal tract, and to explain the
content ratio changes and bioaccessibility of active ingredients in Salviae Miltiorrhizae Radix et Rhizoma. The
results showed that the 10 index components have a good linear relationship in the corresponding concentration

range, and the average recovery rate was 91.35% to 105.65%. After simulated digestion in vitro, types of chemical
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composition in simulated gastric fluid and simulated intestinal fluid digested extracts of Salviae Miltiorrhizae
Radix et Rhizoma did not change significantly. While the content ratio of salvianolic acid B and rosmarinic acid
decreased, and the content ratio of protocatechuic aldehyde and danshensu increased. In the simulated gastric fluid
digestion extract of Salviae Miltiorrhizae Radix et Rhizoma, the order of bioaccessibility was: danshensu
(50.19%) > salvianolic acid B (33.44%) > lithospermic acid (27.34%) > salvianolic acid A (21.71%) > rosmarinic
acid (12.31%). In the simulated intestinal fluid digestion extract of Salviae Miltiorrhizae Radix et Rhizoma, the
order of bioaccessibility was: 15, 16-dihydrotanshinone I (5.45%) > tanshinone I (3.67%) > cryptotanshinone
(3.29%) > tanshinone ITA (3.01%) > salvianolic acid A (2.39%) > lithospermic acid (1.57%) > salvianolic acid B
(1.02%) > danshensu (0.41%) > rosmarinic acid (0.34%). In conclusion, the UHPLC method established in this
study can be applied for accurately and sensitively detecting the contents of 6 salvianolic acids and 4 tanshinones in
Salviae Miltiorrhizae Radix et Rhizoma. The results of semi-biomimetic extraction showed that not all components
were extracted with simulated gastric fluid and simulated intestinal fluid, especially rosmarinic acid and salvianolic
acid B. Therefore, in the quality study of Salviae Miltiorrhizae Radix et Rhizoma and its extract, bioavailability
should be considered at the same time when select quality markers and determine their content limits.

Key words: Salvia miltiorrhiza Bge.; multi-index quantitative analysis; quality evaluation; semi-bionic extrac-

tion; bioaccessibility
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miltiorrhiza Bge.) IR, FUEARAAEAE T T AR 25F}
K25
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R AR AR A PR A D)o

B & [ (LOT: 1071850100). JHEZ#Y (C1254) 13
W H P D A By (R RO AR A R
(C10946301) A1 FLFR (D812427) ¥ [ b i 2 su pk Ak
RS AR A A S IR S TR &
(R A e S TR SIS P REATEVeut A= v
FIA PR 3E R ERAN (S11103) 14 H _E i i A Rt
B MR A A (il 2% (OCEANPAK, 0 il 4li) A1 F g
(F112034, Aladdin, t& 1% 4l)) 308 5 F 22 kAR
HA WA R, KA JEE RZEREK.

F} 3 % (CAS: 76822-21-4, {1t 5 ST78460120). Ji
JLZEEE (CAS: 139-85-5, fit 5 ST03300120) F ) 2 B
(CAS: 121521-90-2, #it 5 RS00051020). F My iR A
(CAS: 96574-01-5, #it 5 ST05570120). % % iR (CAS:
28831-65-4, {1t 5 ST13620120). J} S Hill (CAS: 568-73-
0, #it 5 ST01450220).15,16- &S+ Z I (CAS: 87205-
99-0, it +5 ST03930120). k& F+ Z: lid (CAS: 35825-57-1,
5 ST03260120) ¥ F _EiE 35 PHE A ARG IR A
Al BRIk AR (CAS: 20283-92-5, #it-5 CHB180121) Al
FFZEIA (CAS: 568-72-9, it 5 CHB190305) ¥ it
FSCHR T i T AR BB IR 2\, ASHIE 5T i B R HE G 4l
FEBIR T 95%.

BIL LM (O H: Agilent ZORBAX RRHD
Eclipse Plus C18 (100 mm x 2.1 mm, 1.8 um); JishAH: 2

Table 1 The source of samples

i (A) 0.4% HEE—/K (B), BHEEBEML, BEIL 25 0~1 min,
5% A; 1~10 min, 5%—19% A; 10~14 min, 19% A; 14~
18 min, 19%—25% A; 18~20 min, 25%—28% A; 20~
22 min, 28% A; 22~26 min, 28% —45% A; 26~29 min,
45% A; 29~33 min, 45%—58% A; 33~40 min, 58%—
63% A; 40~41 min, 63%—80% A; 41~42 min, 80%—
5% A; 42~45 min, 5% A; ¥R A 25 °C; Kl P K RN
285 nm, i N 0.4 mL-min”, #EFEE N2 ul.

MRMBREIE  SHBSS R VR
ERR VERER TR B TR AL 15,16- —E S5
BT B2 P S0 P S BT S B TA & &2, BB R E,

DA FF A 4 1) E 46 B 1 mL 5 A % B8 0 N
22 0.40 mg. J5 )L ZS % 1.04 mg K%L F L 1.61 mg. 4%
LR 1.64 mg. ST B R B 2.04 mg. F} ) B2 A 0.98 mg.
15,16- ~ At Z W1 0.44 mg. F& 2 1.08 mg. /1 &
i1 0.30 mg A1 JHZHAIIA 0.80 mg [ X & & A, B T
4 °CUKFEIRAT A

S RERIHI&

P2 BRI 2182020 b E 2P 2
S ERAEEY) IR, FREL 30 g AN AL ST S 254, U
RN B, RS R, TN\ 8 £ & 7K T 80 °Cin A [\l it 2
B2 IR, A IR I, D8I, JEWR T 60 °CIHUE IR 45 22 AH
X2 A 1.18~1.22 (50 °C) KIE &, 1A, N L EEAf
BN T70%, #E 12 h, B35 W, O [E 2R .
PEHOR E T -20 CCORF A% 12 h L E G 347 A% T
B, 3PS B BURT8, F Tk sz
Fe b T ST

FFBEREY) 508 2020 i [E 25 8 S R
7R, REL 30 g AN IR P 2 25 0k, RS % FR
E, TN 8 & LB m Rt $2 3 3 vk, y ik, & JF I8
VB, ek (B0 WL £ 5 9 4 BAH b B FE R 1.30~1.35

Sample No. Batch No. Type Production area/Origin
D1 18-ds-tsl-001 Crude drugs Hebei
D2 18-ds-tsl-002 Crude drugs Hebei
D3 18-ds-ts1-003 Crude drugs Hebei
D4 18-ds-tsl-004 Crude drugs Hebei
D5 18-ds-tsl-005 Crude drugs Hebei
D6 19-ds-ts1-006 Crude drugs Hebei
D7 19-ds-tsl-007 Crude drugs Hebei
D8 19-ds-tsl-008 Crude drugs Hebei
D9 19-ds-ts1-009 Crude drugs Hebei
D10 19-ds-tsl-010 Crude drugs Hebei
D11 19-ds-tsl-011 Crude drugs Hebei
D12 1910-ds-sxhz-01 Crude drugs Shanxi
D13 1910-ds-sxhz-03 Crude drugs Shanxi
D14 190700231 Decoction pieces Kangmei pharmaceutical
DI5 190703651 Decoction pieces Kangmei pharmaceutical
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Figure 1 UHPLC chromatograms of mixed standard solution (A), blank solvent (B), total phenolic acid extract (C) and tanshinone extract

(D). 1: Danshensu; 2: Protocatechualdehyde; 3: Rosmarinic acid; 4: Lithospermic acid; 5: Salvianolic acid B; 6: Salvianolic acid A; 7: 15,16~

Dihydrotanshinone I; 8: Cryptotanshinone; 9: Tanshinone I; 10: Tanshinone IIA

Table 2 Linear relations of 10 index components of Salvia miltiorrhiza

Analyte Calibration curve r Linear range/pg-mL"
Danshensu Y=0.0415X-0.000 8 0.999 9 0.500 9-50.09
Protocatechualdehyde Y=0.1758 X~ 0.003 8 0.999 9 0.075 0-15.08
Rosmarinic acid Y=0.1083 X+0.0103 0.999 8 0.251 6-50.31
Lithospermic acid Y=0.0710X-0.0114 0.999 9 0.401 0-80.19
Salvianolic acid B Y=0.062 6 X~-0.0302 0.999 9 0.999 5-199.9
Salvianolic acid A Y=0.1497 X -0.009 0 0.999 9 0.099 9-19.99
15,16-Dihydrotanshinone I Y=02416X-0.1328 0.999 8 0.250 3-100.1
Cryptotanshinone Y=0.0950X-0.040 8 0.999 8 0.249 9-99.98
Tanshinone I Y=0.2126 X-0.098 4 0.999 8 0.250 2-100.1
Tanshinone ITA Y=0.1346 X-0.091 7 0.999 8 0.751 1-150.2




- 2440 - 22224 Acta Pharmaceutica Sinica 2022, 57(8): 2435 2444

RSD (n=6) 73 51°50.90%-1.70%-1.77%+1.92%-1.92%\
1.72%-+1.39%+0.88%-0.90%- 0.84%, ] /N T 2%, 3 B
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1.5 BEM HZSEBmEBEMFSE IR S
WAEZ FIE 24 h, FF2 R VR LRE RIEFTR K
T TR B SRR AL 15,16- A ST S TS
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1.6 fnAEEIYTER RS EFRICE — bk RS & F
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95.29%192.54%-92.12%, %415 RSD 18 751 4 2.32%
4.74%- 1.45%- 2.50%- 0.59%- 3.45%- 2.24%. 2.95%.
3.25%-2.31%, ¥IFF A 2020 Jig [ 24 53 #r 5 72 56 30E
T T J5L D AF G BSR4 SR B P 2 S 1) 43 T O VT
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2 ASEMRENH

AT FEH 10 AN B e bR Ay B 2 2K,
— RN SMTRE Ry, BRI S 2= LR ik
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8.21% . [A], 754 2020 R E 2] 8PS TR HE ; &
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Figure 2 Clustering heat map upon the content of 10 active ingredients in 15 batches of Salviaec Miltiorrhizae Radix et Rhizoma. D1-D15
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