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Chemical comparison of Salvia miltiorrhiza phloem and xylem based on
fingerprint analysis and quantitative analysis of multi-components
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Abstract: Objective To comprehensively compare and evaluate the composition of Salvia miltiorrhiza phloem and xylem samples
based on fingerprint analysis and quantitative analysis of multi-components. Methods In the present study, an accurate and reliable
fingerprint approach was developed using high performance liquid chromatography for chemical comparison ofphloem and xylem
samples of S. miltiorrhiza. Furthermore, eight bioactive compounds including four salvianolic acids and four tanshinones in S.
miltiorrhiza phloem and xylem samples were simultaneously quantified. Moreover, chemometrics methods were performed to compare
and discriminate the phloem and xylem based on the quantitative data. Results The specific fingerprints of phloem and xylem of S.
miltiorrhiza were obtained, and a total of 10 common peaks were marked. The quantitative and chemometrics analysis results indicated
the content of chemical components in phloem and xylem samples of S. miltiorrhiza were notably different. Obviously, the content of
tanshinones were notably different between phloem and xylem samples. The content of tanshinones were significant higher in phloem
compared with xylem in S. miltiorrhiza. Conclusion The fingerprint analysis and quantitative analysis of multi-components could be
a well-acceptable strategy for chemical comparison of S. miltiorrhiza phloem and xylem.
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Table 1 Sources of S. miltiorrhiza phloem and xylem
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mmX4.6 mm, 5 um), BIAHN 0.1% FHERKIER
(A) -2 (B), BREEVEML, BEMFEF: 0~8 min,
10%~15% B; 8~15 min, 15%~21% B; 15~30
min, 21% B; 30~40 min, 21%~30% B; 40~50
min, 30%~60% B; 50~65 min, 60%~75% B;
65~70 min, 75%~95% B; AR E 1.0 mL/min;
FEIR 25 C; AP 280 nm.
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FEERBO ISP S R RERFR. LHRK.
PR B. —ESHSH0 1. FaFHSER. FHS0 1 AP
i A G &R E 10 mL EREF, I 75%F B2 e
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fifl 0.148 mg/mL. /+Z M 1 0.110 mg/mL F1 7} 114
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Fig. 1
samples (B) of 12 batches of S. miltiorrhiza
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Fingerprints of phloem samples (A) and xylem
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Fig. 2 Reference fingerprints of phloem samples (A) and

xylem samples (B) of S. miltiorrhiza
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Table 2 Calibration curves, retention time, correlation coefficients, linear ranges, limit of detection and quantitation of eight

constituents

I 5 FY { BN ] /min [m )5 77 72 P BMEEE(mg L) BMR/(mgL)  EEMR/(mgL™)

1 F5% 4.89 Y=72682X+44975 0.9999 0.15~156 0.05 0.15

2 RIERR 23.85 Y=15125X4+20776  0.9999 0.35~356 0.07 0.35

3 SRR 25.16 Y=12790 X+11 787 0.999 9 0.30~342 0.08 0.30

4 PR B 29.91 Y=10738 X+3264.1 0.9999 0.60~626 0.10 0.60

6 ZEAMSE 1 55.14 Y=37167X+24954  0.999 6 0.06~122 0.02 0.06

8 B T2 58.97 Y=23566 X+20239  0.9995 0.07~148 0.03 0.07

9 FHSH 1 59.87 Y=29202 X+5581.8 0.999 7 0.05~110 0.02 0.05

10 FHSH Ta 64.70 Y=34 872 X+34 108 0.999 5 0.08~160 0.03 0.08
P2 PESEE T AP A 58 55308 RSD 7 . 6
TN 2.12% 2.54% 2.26%. 2.71%- 1.77%- 2.41%. . 8 e
1.71%-+ 1.43%; {REAESEE RSD 23528 0.10%- \3 ? ‘
0.15%+ 0.22%. 0.08% 0.18%. 0.23%- 0.25%. i ‘\' | ’L L
0.12%. ST WIFTE L ik S b RLAT ] L —
2.6.5 IIFEREICREIRLEE SRR E Ol e M FES B
M BRI R 0.075 g, AT 6 43, AN 8 6 g
AMEIMCA PRI E R, 1% “2.47 TR Ikl | b
FERMIAT, HFEONT, DA aianma, o I { I S | B S
HENA R ESE. PSR BEFRKR. EEHR. c 4
PR B. —ESMSH 1. BRBASE. FF2E 1
Z2 Ua B-F 23 0 FE B 55 01 8 101.91% -
101.64%- 98.54%-. 102.86%-. 101.15%-. 102.60%-
101.75%-~ 99.69%, RSD 7354 1.29%- 1.64%- 2 |
1.48%. 0.81%-. 1.42%. 1.03%. 1.76%. 1.47%. K N ,\"J\ - % f
2.6.6 FIEHM YA Z S ESENE IR 0 1015 2029 3044 t/m?no.sx 5073 60.87  71.02

“217 BUR iM% 12 P20 B AT 12
P S A ALV, % “2.47 BUR il #5 At
MV, AT BRGNS BTS2 s
JE TR 38 AN [R] 7=t PF 23 245 84 Je AR H b o 2
7. REER. BER. MWK B. A 1S 1L
P2, FEZE L APFSE A & & FE2E0
FEEBRES P2 IR il IR A X i €3 1]
W 3, 12 #{PHS 20 R A 12 P 2R
TR BN EA RN 3.

B2 B E 45 SR AT, PRS2 R SRR R
o, FHRRIS R 1) & B S T A S RS
o FTSE ) 4 NP RRE R, FHRER
Wi, PSSR R R R
0N 20.81~56.31 mg/g, ARIFEM RS ECN
19.86~~50.98 mg/g. FFZSZ4M B ERE S AACHFE 2
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I-FZR 2-REFR 3-EFKR 4R B 6 A2 |
8-KSTZE 9-FIZW 1 10-FFZ8 11,
1-danshensu 2-rosmarinic acid 3-shikonic acid 4-dansolic acid B
6-dihydrotanshinone I~ 8-cryptotanshinone 9-tanshinone I  10-tanshinone IT5
E3 RAMBE A ASEHER B) MASKEER
(€) &BikHE
Fig. 3 Chromatograms of mixed reference solution (A)

and phloem sample (B) and xylem sample (C) of S.

miltiorrhiza

PR IR BB S EERAK, FH5 R
SR () 5B BUN 24.01~62.19 mg/g, KREBFES
R YRR R B B0 24.91~57.69 mg/g. AH LT}
RS, FHSEZE S AEFT S B AR i 2
() 25 SR, R ERE & b s P SR I 5 B
3.57~11.77 mg/g, AEBFE S H PS8 i 7= 50 50h
0~1.53 mg/g.
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R3 ASEBMATERT 8 TRIDENELR n=3)

Table 3 Content of eight constituents in S. miltiorrhiza phloem and xylem samples (n = 3)

JiE 7 B (mg-g ")

> IIIQ‘ =
WbRS T2z gonm Zom AMEB  —AHBW1 RIS e TR
Pl 0.32 1.61 1.08 52.39 0.72 1.27 1.19 2.09
P2 0.58 243 1.84 4432 1.24 1.89 1.49 2.36
P3 0.28 2.44 1.77 40.73 1.97 247 1.37 1.65
P4 0.24 1.22 1.74 20.81 0.97 1.16 1.24 1.66
P5 0.94 1.18 3.43 34.63 2.08 3.39 1.42 1.85
P6 0.38 3.75 3.46 54.60 0.53 0.85 1.00 1.57
P7 0.20 1.32 1.92 28.59 1.10 2.87 2.10 3.38
P8 0.26 1.77 1.90 32.36 2.01 3.79 1.33 2.05
P9 0.22 2.63 1.81 56.31 0.89 2.46 1.93 429
P10 0.20 1.98 2.02 38.07 1.20 3.28 2.71 459
P11 0.38 1.78 1.50 52.50 0.37 0.77 0.70 1.73
P12 0.19 3.11 3.02 32.73 1.08 1.12 1.66 2.16
Ml 0.18 1.76 0.85 37.56 A AA A A
M2 0.49 2.28 1.65 28.72 0.07 0.11 0.11 0.16
M3 0.35 4.17 2.19 50.98 AA AA AAG H AA
M4 0.33 2.10 2.38 28.37 A KA H A HH KA
M5 1.08 1.42 3.04 39.84 A 0.09 0.05 FAGH
M6 0.37 3.99 2.65 40.00 A 0.07 0.05 AA
M7 0.16 2.41 1.86 33.27 0.07 0.14 0.10 0.15
M8 0.30 2.76 2.20 43.79 A HH 0.10 0.08 0.10
M9 0.19 2.86 1.63 50.09 A HH 0.09 0.08 0.13
M10 0.11 1.55 1.63 27.92 0.18 0.22 0.10 0.12
M1l 0.41 2.22 1.81 39.04 AAG 0.09 AA AA
MI12 0.10 3.42 1.53 19.86 0.91 0.43 0.12 0.06
2 PBEAMEIBFIARIIFER S ELE 0 5 10 15 20 25
AT 2 ST BT B2 BRI L 2
S, KRR TR A IE A ﬁ?
/N AR AT A 2 A TV, LRI E M10
w, e - . M8
8 Pk pli o I B AR AR i, X 12 P28 R Mo
BORE AT 12 LT B2 AR HRE RO AT S04 P ELAR vy .
270 BESW BESHR M AT LB M6,
I 2EThE g vk, Al B A AL S R a g
J—2, AT 2RI 40 5 S 02, B P ]
[y 4 A FEBYBR KT 4 A FS TR R 15 i P | !
N = L . P10
NARE, ] SPSS 18.0 #At, XTASEMIK ST P9
B B TRIAC T RE i HEAT BT RS A -
Pras s (B 4) ATHEn, 24 fbRES AT E N 2 g{l I
KE, =LA LML (D, 5—FA 3
PSR (1D,
272 ERGT T BRI M EERNL El4 FASEBAMABERRESFER

FUESATE, EWD IEAZ KRR ZAE B2
fitl b, R JEUE AR 22 AR A8 bn B 2L 5 R (AR

Fig. 4 Hierarchical cluster analysis of S. miltiorrhiza

phloem and xylem samples
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HRRMEREHRR (ER) RAEKRGER RS
SR JF AR EE (15 2. AR I T gt
B X oyl TR, FERR SRR b,
— o R R O T P 25 20 BB R AT
BEAT M. BRI T EE R, BT 2 A E Y
I RBATTHR Ay 82.4%, Ui T L ARAAL AR [X 7
FERF, BT 2 A3 s CRE AR BE S R i ) 2R
FFAEo BLAT 2 DR @ ABbr &, B3] 12 it}
SRR AR AT 12 HEPF S AHRRE b (0 3 ey o M A5
o (B 5. BRI TR BT R, SR
AR i W 2 A1 2 A X3 AT R 2 2K
LRE TR R LR M aE R, SIS M
PR BB AEAL 22 B (8 B AR AE ] R ZE 52

{[2]

t[1]
E5 ASEBMABERSTIHEIE

Fig. 5 Principal component analysis scores plots of S.

miltiorrhiza phloem and xylem samples
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FIBHL 0% 0.759, HEs T @ L IR AL R e 1 B T
N AR5 SO cE T sl | B -4 N < 2 113 TR 7 2
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analysis scores plots of S. miltiorrhiza phloem and xylem
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