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Abstract Objective: To establish an ultra—high performance liquid chromatography method to compare the

characteristic fingerprint of Radix et Rhizoma Salviae Miltiorrhizae and stems and leaves of Salvia miltiorrhiza.
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And to determine the contents of seven kinds of salvianolic acids ( danshensu, protocatechuic aldehyde, caffeic
acid, rosmarinic acid, lithospermic acid, salvianolic acid B and salvianolic acid A ). To provide scientific basis
for the comprehensive utilization of Salvia miliiorrhiza resource. Methods: The separation was performed on
an ACQUITY UPLC BEH C4(2.1 mm x 100 mm, 1.7 wm ) column with gradient elution of acetonitrile ( A )
and 0.1% formic acid (B ) (0-1 min, 5%A; 1-3 min; 5%A — 10%A ; 3—-7 min, 10%A — 15%A ; 7-11 min,
15%A — 21%A ; 11-15 min, 21%A — 33%A; 15-17 min, 33%A — 70%A ; 17-18 min, 70%A — 80%A ; 18—
20 min, 80%A ; 20-21 min, 80%A — 5%A ). The flow rate was 0.4 mL * min~' and the UV detection were at 280
nm. Similarity evaluation system for chromatographic fingerprint of TCM was used for establishing the reference
fingerprint and similarity evaluation, and the principal component analysis ( PCA ) and clustering analysis was
carried out by SPSS 19.0. Results: The calibration curves of danshensu, protocatechuic aldehyde, caffeic acid,
rosmarinic acid, lithospermic acid, salvianolic acid B and salvianolic acid A were all in good linearity over the
ranges of 1.145-229,0.81-162, 0.95-190, 1.265-253, 1.285-257, 1.055-211 and 0.87-174 pg*mL™",
respectively, with correlation coefficients R* over 0.999 8. The average recoveries ranged from 97. 3% to 103.5%,
with RSD ( n=6 ) <3.0%. Conclusion: It showed that PCA clustered Radix et Rhizoma Salviae Miltiorrhizae and
stems and leaves of Salvia miltiorrhiza for one class by themselves. Cluster analysis and similarity evaluation
indicated that in some way, fingerprint of water extracts of Radix et Rhizoma Salviae Miltiorrhizae and stems and
leaves of Salvia miltiorrhiza were similar, with maximum similarity up to 0.981. Salvianolic acids were identified
to be the common components. Results of assay showed that salvianolic acids in different batches of Radix et Rhizoma
Salviae Miltiorrhizae and Salvia stems and leaves varied a lot in contents but kept consistent in compositions.

Keywords: Radix et Rhizoma Salviae Miltiorrhizae ; Xueshen; Zidanshen; Honggen; stems and leaves of Salvia
miltiorrhiza; fingerprint; salvianolic acids; danshensu; protocatechuic aldehyde; caffeic acid; rosmarinic acid;

lithospermic acid; salvianolic acid B; salvianolic acid A ; quantitative analysis
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TR RAR 2R PHZ 2504 5 R 6~9 1 1] [R) A Ak
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2 E ST R R R , IR B TR A
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Tab.1 26 batches of samples from different habitats

Rt P A W LR IR Ta] Fedh= ML/ AR SRR ]
('sample No. ) (origin/variety ) (collection time ) || ( sample No. ) (origin/variety ) (harvest time )
Gl 11752444 ( Shanxi, crude drugs ) 2014-11 Y1 PG ( Jitian, Shanxi ) 2015-07
G2 [P 2444 ( Shaanxi, crude drugs ) 2014-10 Y2 111752 5. ( Jiangxian, Shanxi ) 2015-09
G3 LUK A (Anhui, decoction pieces ) 2015-01 Y3 11172 B ( Jiangxian, Shanxi ) 2015-07
G4 TR A ( Henan, decoction pieces ) 2015-01 Y4 BEPE G i ( Shangluo, Shaanxi ) 2015-07
G5 VLFR2581 (Jiangsu, crude drugs ) 2014-06 Y5 AT R A ( Tongbo, Henan ) 2015-07
G6 VLFR254F (Jiangsu, crude drugs ) 2016-08 Y6 VAT FE Y% FH ( Luoyang, Henan ) 2015-07
G7 LK A ( Hebei, decoction pieces ) 2014-06 Y7 VL7 5% ( Nanjing, Jiangsu ) 2015-06
G8 IR A (Shandong, decoction pieces ) 2015-07 Y8 VL7 &5t ( Nanjing, Jiangsu ) 2016-08
G9 142444 ( Shandong, crude drugs ) 2014-11 Y9 11 4K ¥ 5 4 FF — % (Jinan, Shandomg,  2015-07
G10 ITAREK A ( Shandong, decoction pieces ) 2014-12 Huadan No.1)
Gl11 IIZREK A (Shandong, decoction pieces ) 2015-01 Y10 AR ¥ v AE S — 5 (4 L) (Jinan,  2015-07
G12 IR A (Shandong, decoction pieces ) 2014-12 Shandomg, Huadan No. 1, variant )
G13 IR A (Shandong, decoction pieces ) 2015-07 Y11 11753574 (Jinan, Shandomg ) 2015-07
Y12 I Z ¥ F ( Jinan, Shandomg ) 2015-07
Y13 IIZR 575 ( Jinan, Shandomg ) 2015-08
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2.1 AR
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(A)=0.1% WKW (B), BEEEVEBL (0~1 min, 5%
A 1~3 min; 5%A — 10%A ; 3~7 min, 10%A — 15%A
7~11 min, 15%A — 21%A; 11~15 min,21%A — 33%A ;
15~17 min, 33%A — 70%A ; 17~18 min, 70%A — 80%A ;
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A. F}2 ( Radix et Rhizoma Salviae Miltiorrhizae ) B. F}FZ&250 ( Salvia stems and leaves ) R. X} ( reference fingerprint )

B 1 A% A5EMKEY UPLC 59 EE R REE

Fig. 1 UPLC fingerprints of water extracts of Radix et Rhizoma Salviae Miltiorrhizae, stems and leaves of Salvia miltiorrhiza, and the reference

fingerprint
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Tab.2 Similarity of 26 batches of samples K M F}Z: FF225nt Kk $Eds o K 1 g
e R S L 2,62 ZMECR O HUU2.27 WX IR A K
('sample No. ) (‘similarity ) ('sample No. ) ('similarity ) BRI Iﬁ]}ﬁ%mg , ﬁ%ljiﬂ:*élé 2 L, fmuﬁgm%
g; 8-37; Y; 8-54§ Xof B SRR BE (g e mL) g RE AR AR X, 06 T FH
97 Y 77 = B . o
G4 0.972 Y4 0.782 HIr R e PEVE L, WLk 3,
G5 0.977 Y5 0.854 W 3 S I (SRS ISR NS
o6 0.98] Ve 0778 2.6.3 KEEEE  HY1 SRS A9l 5 S,
¢7 0.975 Y7 0351 Fi2 “2.17 TR S S SE IR RE 6 YR, i SR I T
G8 0971 Y8 0.423 LIPS R RLASEE MR AR LR T
o oot o o FAIR B FIPHIER A MR RSD 43510 2.0% . 2.1%
Gl 0.961 Y11 0.830 1.9% .1.1%.2.9% . 1.2% . 2.4% , 3L 45k 25 5 R4,
o ol N, 072 264 EEPERE WY SHE 6 6, 237
G13 0.968 Y13 0.868
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SELUREREBIE A 2-15 min JOE IS TS5 4 5
St B it E %R UPLC/AQ-TOF-MS %5721 sz T Horh 7
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2.6 ERPITE SR
2.6.1  FREUENERE: 7 217 BN @GS TR

M, 7 RPN (FIZ R JFULAHE IR k1%
TR EHTR FHBTR B FPHBTR A) /- BRI T 15,

TR J7 il ARl S R, 4 <217 TiT i Ak kit
FEI 5 25 A7 W T AR, FHS 2 RLASTE IRz |
WAL TR VLR SR B AR A X R
% B H2.979.0.068.3.102,33.707 . 1482, 17.692
0.433 mg+g ', RSD %3 %l 4 2.9% . 2.7% . 1.7% . 1.2% .
2.8%.2.3%.1.9% , F WM Z I L HEE R

2.6.5 FAEPEIRE B Y1 SRRSO EER R, 4
AT 0.2.4.8.12.24 h FEEENE IR, FFS R R
JUASTE WMMERR 24 26 AR SRR FHBRTR B AP
iz A WETETFR A RSD 205108 1.9% . 2.1%.2.9% . 1.1% .
2.2% . 2.8% . 1.9% , R WIS iois e v R 4f o

U/mV é
A
253.9 3
7
4
125.63 6
1 5 A
—2.64 + h - - - K. - .
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U/mV 6 B U/mV 6 c
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4
528. 97 |
3
|
1 ‘
1 9 3 457 R 51
VR VR - : , W [ N— : 2.8 bl N :
0 3.19 6.38 9.57 12.76 15.94 19.13 t/min 0 3.19 6.38 9.57 12.76 15.94 19.13 t/min

1. 42 % (danshensu ) 2. JF L5 ( protocatechuic aldehyde ) 3. WIMEFR ( caffeic acid ) 4. 2K 3% % #& (rosmarinic acid ) 5. %8 % i ( lithospermic

acid) 6. FHETR B ( salvianolic acid B) 7. FHBR A (salvianolic acid A )
B2 EREER(A)EAS(B)\ASEN(C)IELELETRE

Fig. 2 UPLC chromatograms of the reference solution ( A ) and the reference fingerprints of Radix et Rhizoma Salviae Miltiorrhizae( B ) and

stems and leaves of saliva miltiorrhiza ( C )
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®3 TAHABBELSHEIEHE X REMEMEEE

Tab.3 The regression equations, coefficient correlations and linear ranges of 7 phenolic acids

Eiﬁ'}’( component )

[E 575 & ( regression equation ) R

F1&% (danshensu )

JELASEE ( protocatechuic aldehyde )
WINERR  caffeic acid )

PEIETFIR (rosmarinic acid )
LR (lithospermic acid )

FHER B (salvinolic acid B)
FHEER A (Salvianolic acid A )

Y=2115.4X-868.17
Y=14 129X+379.77

¥=9 660.1X-7 373

¥=5210.8X+1 380.9
Y=3 085.2X-450.18
Y=3360.7X+5 402.1
Y=8 561.9X-1 029.4

LRPETEH (linear range )/ ( g - mL™)
0.999 8 1.145~229
1.000 0 0.81~162
1.000 0 0.95~190
1.000 0 1.265~253
1.000 0 1.285~257
1.000 0 1.055~211
1.000 0 0.87~174

2.6.6 RS KERECHEEMN YL SH
A AR 0.5 g, 6 43, 2 HIKE & I Z 200 B S I T
(2.963 mg+mL™")0.5 mL, J& JL A5 W % B8 S 5 7 (0.3
mg - mL™" ) 0.1 mLL . MIMERR X FE SH A (1.565 mg » mL™)
1 mlL R F T ISR (2.73mg - mL™" ) S mL, %8
FEPR N I VATE (1.402 mg - mL7') 0.5 mL. PHB R B
X BE S VA W (1.5 mg - mL™" ) S mL AP} R A X} B8
A A (0.278 mg - mL™' ) 0.5 mL, #% 18 “2.3” i K )7
P A& BARVA T, E 217 TG S R AT E
TP S R FE LA MERR 2K kR R R
FHBER B FIPHERER A (9735 1013 5308 102.2%
100.4% . 99.1% . 100.2% , 101.5% . 97.3% . 103.5%,
RSD 43 51l K 2.2%.2.9% . 1.6% . 3.0% . 2.8% . 1.9% #il
2.3%. FHNIZIT IR R4

2,67 AEAIIE ORFEAREL 13 LS A 13 S
SRR AR, 4 BildE “2.37 T Jy ik A R S A T
TE “2.17 TR g 20 T e , A4 a3 7 R 4%
eEYraa, 45 R 4,

2.7 EWG I HT RIS

271 ERSAHT R T EING B S
S KRR SRS 5[], LS PRS2t
e BB b 1 A s O S AR R A
SPSS 19.0 4 Ge it A it 47 2 A4 BT, 4 il £ B
X R AEAE R T 1 A9 2 4> F R4 PCT AT PC2,
H B STk R0 A 3] 80.694% , 405 T R EB M B -
851 FE MM IR N 3.799, 75 22 BTk N 54.276% ;
552 FRUME R 1.849, 7 2 5T E N 26.418%.,
I BILASE 1.2 RO AR R, AT L 15931 26
HERR S PCA 75350 &, WE 3. 78 13 #ibFESh, L,
G2.G5.G6 F1 GO FHE i AP S 2 M, G3.G4.GT.,
G8.G10~G13 SHE M P2k A il it 1S 52k

M PCA F A A1, G1. G2 1 G9 5P B 250 ke & 5 1)
SR FE RO 2, T M VT3 B P S 25 M
G5 1 G6 Hu Ry —2 ., BA B FE 4 1A
FFS2EM RN FF G PSS 2R A 5%
HARRAE B R AT
272 RESHT SRS FES2Em R g E
Hbn o 1A T2 o B i AR R, SR SPSS 19.0
ARG A, R MR [CHE B AT R I A, 45 R 0
B 4. LU 26 HEAE 5 (FF2 1341, P25 13
it ) F5 SRS s A b2 i B i o AR i i
FH SPSS 19.0 B4 gt it 4k 31T RGE R L b, R H
ZH [R]3% 42 , FIFHBK CHE B ( Euclidean distance ) 7E R
FESIEE RIS R IE 4, RIS FFS25
MoK $29) UPLC FRAEFE SRS RIS 45 AT %, 26
HEFF SRR 4 P2, G1~G6.G9, G11 A G13 B Ny
—2K,G7.G8.G10.GI2 A YI~Y13 B —2, 158 13
P25 13 P22 KR TR SURIEE— e FE
R X 2R S AL AT A SR A3
3 itig
3.1 FZ PSR S EREAR L P
ARSGHE T WSS 5 1S 2R MK SR 4R 2
BRI, 8 ikt — 2D AR 2 e 1k S A T
{25 ST A R IX 433X B, AL 30T 5 TR 28 B
ER RIS PS5 KR TE— e R LA
AL , AR el T3k 0.981, 78 13 #LFFZSKIEY)
RGPS BRI 1R VT IR G5 . G6 S5 P F S 25 R
i A, FES PSR R R SR SRS I e g T2
25 1E 13 PSR IEYHR so B i b, 7 b R
VLIRS Y7 Y8 5 FES 25 R S A R A A A
IEEAR, L L ENE r AL, 7E 5.7 SR &2 1 14
U, A Ay g TR AR B AR, L A SR M B o

AR S



- 608 - 25 W) 4y M 22 E ChinJ Pharm Anal 2017,37(%) ‘jPA

x4 264tiERP T IHRBERNSNEE
Tab.4 Content of 7 phenolic acids in 26 batches of samples

& (content )/(mg-g ™)

v oo
Fdh fim; e FULZRE  WIERR RRERR SWM O JHBMB FHBmRA SRR
('sample ) No.) ( dansie/n\su ) ( protocatechuic ~ ( caffeic ~ (rosmarinic  ( lithospermic  ( salvinolic ~ ( Salvianolic  ( total phenolic
aldehyde ) acid) acid ) acid ) acid B) acid A) acid )
F}%: ( Radix et G1 2.277 0.035 0.154 2.347 4.321 64.240 0.931 74.305
Rhizoma Salviae G2 2.325 0.180 0.845 0.880 4.470 53.541 0.873 63.113
Miltiorrhizae ) G3 2.581 0.221 0.416 0.980 4.081 70.910 1.282 80.472
G4 1.734 0.000 0.093 1.710 2.953 49.002 0.488 55.980
G5 3.579 0.197 0.425 2.740 10.575 88.876 1.456 107.849
G6 3.772 0.210 0.837 5.191 8.898 97.040 1.649 117.597
G7 1.577 0.034 0.138 1.180 2.756 32.591 0.458 38.734
G8 2.111 0.197 0.495 1.050 2.644 27.467 0.484 34.447
G9 2.464 0.162 0.708 0.591 3.663 57.255 1.013 65.856
G10 2.306 0.174 0.424 0.334 3.015 27.720 0.465 34.438
Gl1 2.319 0.178 0.000 3.395 3.838 69.485 0.869 80.085
G12 2.525 0.190 0.462 0.334 3.209 28.387 0.474 35.581
G13 1.897 0.055 0.057 2.638 3.627 65.763 0.888 74.925
FR&2zn) Y1 2.963 0.060 3.130 27.316 1.402 15.000 0.278 50.149
( stems and Y2 2.623 0.084 1.982 0.197 1.608 5.572 0.077 12.142
leaves of saliva Y3 3.835 0.055 4.184 1.672 1.199 14.029 0.244 25.217
miltiorrhiza ) Y4 1.607 0.053 1.283 1.165 0.641 5.106 0.083 9.939
Y5 5.679 0.107 4.724 10.244 2.108 26.967 0.505 50.335
Y6 3.258 0.067 3.927 4.832 1.485 11.955 0.184 25.707
Y7 2.722 0.052 1.612 8.103 2.837 0.107 0.386 15.819
Y8 3.125 0.078 1.891 11.974 1.918 3.626 0.254 22.865
Y9 3.491 0.112 2.358 12.886 2.318 39.970 0.841 61.976
Y10 3.764 0.081 2.869 11.410 2.036 22.943 0.463 43.567
Y11 4.012 0.071 3.245 5.498 1.585 14.573 0.261 29.244
Y12 3.796 0.092 3.823 19.853 1.753 25.560 0.481 55.359
Y13 5.735 0.073 4.768 14.148 2.265 29.855 0.579 57.424
5] oY1Y35 Glo()iiiijiiiilo 77715777720 777257
; o
5 1 Y13 —
AR iy
~ oY1l 63 7
5 0 3 % Y8 @9 g E’:,i
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Fig.3 PCA diagram of 26 batches of samples Fig.4 Dendrogram of 26 batches of samples
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MR B W i AU/, AT RE DN 5 R 22 Y EE RN 1t
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FEZ2EMKEEY) UPLC FRAESR S0 S, RN E 1 M
HIAE Y, 73BN R B RE IHERR |
LR TR SRR B FPHBTR A, € Mo
ORI AIESE T P2 5P 2R KR TE A7 A
OIS LRI . R, Sl A A
Z2E (45 1341) Hh 7 PP IR S S R & i A
NGk A NEIE iRV PR = ISR e = W PRy i[5S
ZESERIBOR, Al RE M T HUsER ST K b URAE N R Y
SN, A5 SRR ST IO A R 2R A4, T R
P2 R Y2280t B WA FG B R BES 1K R
FE T AT A R AR AR E P 2R R RIS
MRS P — 2 B & B DA e —E 22
PIZ R MMMERR SRk B R AE S 25 i i T
2, MiPHHIR B M F RS S SR m. Wi,
PIZZE M AR D AR AT RS L (B B DA T
BRI, PSS IR R i T S )i
N PF2 B IR I AR LA R AR 2T 2 B IR =l
R AIE SRR AL TR AR AL

S L Hk

[1] sucy, QIAN LM, KHALID R, et al. Salvia miltiorrhiza:
Traditional medical uses, chemistry, and pharmacology [ J ]. Chin J
Nat Med, 2015, 13(3): 163

(2] B ey Bei % —AUe a5 5 E AR [ M ). dest.
Rl AL, 2015
DUAN JA. Resources Chemistry of Chinese Medicinal Materials:
Theoretical Basis and Resource Recycling Utilization [ M |. Beijing:
Science Press, 2015

[3] ZHANG Y, LI X, WANG ZZ. Antioxidant activities of leaf extract
of Salvia miltiorrhiza Bunge and related phenolic constituents [ J ].
Food Chem Toxic, 2010, 48 ( 10 ): 2656

(4] ZRAG BRULE, TKEY 55, FUAEPHES KPR RO K UL
ML 3R R [T ). izl , 2008, 30 (5): 764
LI DW, CAI HX, ZHANG L, et al. Effect of aqueous extract of
Salvia miltiorrhiza leaves on glycosylated hemoglobin in diabetic rats
[ J]. Chin Tradit Pat Med, 2008, 30( 5 ): 764

[5] ZHANG Q,CHANG Z, YANG J, et al. Antiatherogenic property
of triterpenoids—enriched extract from the aerial parts of Salvia
miltiorrhiza [ J ]. Phytother Res, 2008, 22 ( 8 ): 1040

[6] LENG J,CHEN MH, ZHOU ZH, et al. Triterpenoids—enriched

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

extract from the aerial parts of Salvia miltiorrhiza regulates
macrophage polarization and ameliorates insulin resistance in high—
fat fed mice[ J . Phytother Res, 2017, 31 (1 ): 100
B IR P2 R AL 2 0 (0 4 2 143 25 BEBIE 5T R I PR N,
[T 1. PERIGIRBETE, 2014 (3 ): 135
ZHONG XF. Pharmacological study on chemical composition and
clinical application of Salvia miltiorrhiza and Salvia miltiorrhiza
Bge. f. alba leaf[ J . Clin J Chin Med, 2014, 6(3): 135
Midm s, M2 B F, 2R, %5 2T UPLC-DAD/ESI-Q-TOF MS $f
ARFPHELE SRR SO RS A [ ], 258539 akik, 2016, 36
(3):457
CHEN RX,JIAO YJ,ZHU Y ,et al. Establishment of chromatographic
fingerprint of Danhong injection by UPLC-DAD/ESI-Q-TOF MS
[ J]. Chin J Pharm Anal, 2016, 36 (3 ): 457
ZHANG DL, DUAN XJ, DENG SH, et al. Fingerprint analysis,
multi—component quantitation, and antioxidant activity for the quality
evaluation of Salvia miltiorrhiza var. alba by high—performance
liquid chromatography and chemometrics [ J 1. J Sep Sci, 2015, 38
(19):3337
S SR, L REE. PRS2 R e [ ] ek
42,2015, 38 (4): 692
SHIGY, GUO QM, ZHOU FQ. Study on chemical constituents of leaves of
Salvia miltiorrhiza Bge. [ J]. J Shanxi Univ, 2015, 38 (4 ): 692
U et ey AL NGl oy S PR E = G DN AR e DR il
ST SRR BZS AT L) ] tPEE2Y, 2015, 46(22): 3414
SHA XX, SU SL, SHEN F, et al. Distribution of salvianolic acids
in aerial parts of Salvia miltiorrhiza during different growing periods
and accumulation dynamic analysis [ J ]. Chin Tradit Herb Drugs,
2015, 46(22): 3414
Ko, Bl , EZH 5. A RIS F S AR SR K o &
MBhAAE LT . Bt B2, 2014, 30 (6): 573
ZHENG YF, GE T, XIA YM, et al. Study on dynamic change of
stachyose of Salvia miltiorrhiza at different parts in growing period
[ J 1. J Nanjing Univ Tradit Chin Med, 2014, 30( 6 ): 573
T, TS €, X LL. B AP F 24t b Al il B U3 25
HUGEL) IR B RAE24), 2013, 37(2): 166
JIANG HQ, YU PF, LIU YH. Isolation and identification of
chemical constituents from the aerial part of wild Salvia miltiorrhiza
[ J 1. J Shandong Univ Tradit Chin Med, 2013, 37 (2 ): 166
DTS T JORH, 22, SF RS 250 2R B SRR HEATT 5T
[J]. 25953 Hizkiks, 2016, 36 (6): 1106
SHA XX, DAI XX, SU SL, et al. Quality standard for stems and leaves
of Salvia miltiorrhiza| J ]. Chin J Pharm Anal, 2016, 36 (6 ): 1106
UL, i, Z R, PSS BRI UPLC $5 808115 M
SrETEMTE L) ] 25 HT 7R 2012, 32(4): 620
ZHAO HZ, WANG J, JIANG M, et al. UPLC fingerprint and
qualitative analysis study on Salvia total phenolic acids [ J ]. Chin J
Pharm Anal, 2012, 32 (4 ): 620

(A3CF 2016 47 7 3 HULH)

AR S



