TIPS 5 TT % Nat Prod Res Dev 2017 ,29 :1752-1758

X E4S:1001-6880(2017)10-1752-07

ERESNEE ETEI S AT AS = WRF 5

RER KA AEE HKEREHH LT R
LR 2 R R TR 5 S0 LR R G B BRI LU 8 S BEL
i 2500143 1 BERYAB 25 VEIRBI b O A2 b 15005 A K. o 15k BV 1 5100700

B AXEERISRAZICR S G Zonseit M T2 il IR il A4k R AT ICP-MS 52 12
2GR 35 R ST R AR 10K, R R A R R 0 o B TR R P H S 25k . BIFER
W1, b 18 RO R R I A 2257 (P <0.05) ; PCA i BERS X 70 AN )77 Hufh 2, (HAF 7 — 2 B 5 5 R LDA
ST AT LASE A [ 7 i 2 250 ) TE A 00 , [9DR TE A 5 100% , 58 IR UE B3R 855 % 05 5% 1
HRICE AR L ITRESE ZICGTT T ] LA — 5 B B SB[ X2 245 01 AR BRIX 8, D 2477 H )
URERAL T O S

KR P12 7 W I 200 R T LIS
FE 4925 RI17 LERFRIREG : A DOT;10:16333/;..1001-6880. 2017. 10. 020

Determination of Geographical Origin of Salvia miltiorrhiza by Multi-
element Analysis Combined with Multivariate Statistical Analysis

ZHAO Heng-qiang' ,ZHANG Min-min" ,ZHAO"Zhi-guo'
GENG Yan-ling' ,HUANG, Lu-qi* , WANG Xiao'*

' Key Laboratory of TCM Quality Control Technology ,Shandong Analysis and Test Center ,Process Control Research
Center of Traditional Chinese Medicine of Shandong Academy of Sciences , Jinan 250014 , China ;* National
Resource Center for Chinese Materia Medica ,State Key Laboratory Breeding Base of Dao-di Herbs,China Academy of
Chinese Medical Sciences , Beijing 100700 , China

Abstract: To explore the feasibility for the discrimination of geographical origin of Salvia miltiorrhiza Bge. by multi-ele-
ment analysis combined with multivariate statistical analysis. A total of 35 metal elements including rare earth elements
were analyzed by ICP-MS. Multivariate statistical analysis including principal component analysis (PCA) and linear dis-
criminate analysis (LDA) were used for the discrimination of S. miltiorrhiza from different geographical origins. As a re-
sult, eighteen elements showed significant differences (P <0.05). LDA gave an overall correct classification rate of 100.
0% and cross-validation rate of 85. 5% . Therefore , multi-element fingerprinting combined with multivariate statistical a-

nalysis can_ be considered as a powerful tool for authenticating the geographical origin of traditional Chinese medicine.

Key words : Salvia miltiorrhiza Bge. ;geographical origin;multi-element analysis ; multivariate statistical analysis
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JI AR Rrg P e BRI 4 E G A
MUK YA 3 A BT R AR 3 I8 22 3
1 =2 D3k, I R B O B ML A I E L XU R
SEPG (KA T R SR AR T A
FELASFS 251 M5, 2R 1CP-MS 3 52 Hovr 19 Fhist
HITEM 16 FifG Lo B WM& &, a2 st o
BT A X P2 250 09 F 5T, LAYk v 24
(14 7 b DRI 5% 4 A4 2 R AR S
1 (U8R SHE

W HNO, ({42l , 8 Merck A 7))  H,0, (i
P4l 18 1E Merck 22 w)) s W (ZEJE 99.999% ) ; Ag-

ilent ZICZEIRAR Part#5183-4688 I N #ik Part#5183-
4680 5 :1.0 mg/L f{) Fe .[K ,Ca . Na Mg;10.0 mg/

L ) Ag.Al As Ba.Be.Cd.Co.Cr,Cu,Mn Mo Ni,
Pb.Sb.Se T,V .Zn . Th U; 3&/& K 10% HNO,, i
+Z TR IR A br E T W (Agilent G8500-6955, 10
mg/mL) , 7 16 Fiffi £ IC &K :Sc, Y La, Ce Pr.Nd,
Sm . Eu.Gd.Th Dy Ho .Er . Tm . Yb Lu, #&5: 787
B2 ad by 0, A TAE R A B 98— 9028 s 1 9 Joe
GBW 07605 (114 H Hu & # W) AL aR- 0T 58 ) #k 47 53 A
TER BT EER FES 2R TR s K2
GAP T B , A5 15 B LR Lo

Speed wave MW-3 ff i 1M /% 5240 ( 15 & Berghof
AT, 7500a Y HL G 545 B A T {X (ICP-MS,
K Agilent 22 F]) , J1 43 Z ~HL ¥ 53 A K (1
Sartourius ) ; Milli-Q 8 4li 7K &b B £ 45 ( 32 [1 Milipore
N L18.2 MQ)

x1 HERER
Table 1 ~ Sample information
K Bkt SRAEMTH] fil ' i
Origins Amount Acquisition time Abbreviation Remarks
114 Shandong 28 2015.6 SD-YMS
y . HoAlAR 7 XCRE LA, YT 5 L0 X (SD-YMS)
A E Henan 9 2015.7 HN 16 4t . 42111 X (SD-TS) 12 §it
1L P4 Shanxi 9 2015.7 SX
Z#Y Anhui 9 2015.7 AH

2 KWHEIE

2.1 #HmATaiE

MRS ERR PR 0. 3 ¢, AT HE ,
A5 mL =4l R , HE A T B S R AT T
DAFHE AR 5 S SR Fr A B P AR 8K T e i
TETE B, BB Y e 8 LEAF T8 72 7 10 19
AR T TR A, TS RS R, FE T AR RS A S 47
FEINAT mL H, 0, , f98E 28 8 Jo 6005 BRI WS ,
FE AEAK e % 30 g, HEATArHT .

ELR TR Y Sy« B0 T A A A >R ] Speed
wave MW -3 T i R ge v A 2l 19 LEAF 3 i 72
e, 318 100-180-200-210 °C {45 B E£5 FHIE , K
THE G FERT B 2 min, BN R R AR 4F 10 min, 3
AN A F2 DT 48 min,

2.2 tREBREHE

K H Agilent i + 2 50 IR A 45 I W Part #
G8500-6955 , LA 5% ) fiFf i % FEBC ] Sc.Y  La . Ce,
Pr Nd.Sm.Eu,Gd.Th Dy . Ho Er,Tm,Yb, Lu 216
P oKW EE S35 0.1.0.5.1.2.5 pg/L F1 10

pe/ L IR G R AT

PL 5% WERAE R 25 11, 47 IR Agilent 25T
ZIRAR Part#51834688 it il Na Mg K, Ca. Fe ¥
43514 0.5.1.2.5.10 mg/L,V . Cr.Mn,Co Ni.Cu,
Zn As.Se Mo .Cd . Pb . Th U ¥k EE4> 51K 1.5.10,
20,50 wg/L #1100 we/L RS FRUEATE

X LA EARAERS WA T 5B A th bR e T AR .
Mg FE L 187 Re 115 In 103 Rh H R, K IF
IR T RER RS
2.3 ICP-MS ME &

ICP-MS £/ : RF T2 1350 W, REEREE H 6.3
mm , RAEHEFLAR 1.0 mm , BHUHEFLAZ 0. 8 mm, S,
AR, B 1. 15 L/min, 55 85 S0
16.0 L/min, BB RE 1.0 L/min, FESLIETFHE R
1.0 mL/min,
2.4 HiEAbEE

B Gt o3 Bk SPSS 17. 0 (£, IBM 2
A AR AT 43 M. SR ER LR T 2% 43 B ( ANO-
VA) XA TR TR AT T 22 500, Y
P <0.05 B, A A= X T R B A B 25
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3.1 RAFEASHETRSESN

ABIFFE R 735 P B0 T A -1CP-MS F Al
FE 155 AR IR (LR TR | Loy 2280 )
ZREh A 35 FPOTER (19 M TR Na Mg,
K.Ca,V.Cr Mn Fe Co Ni,Cu.Zn As Se Mo . Cd,
Pb.Th.U,16 ff% +JCZ Sc.Y . La.Ce Pr . Nd.Sm,

Eu Gd.Tb Dy Ho Er . Tm Yb Lu) #47 T %, H
SESAEFFR R 22 DL 26 2, 45 RF I, A [A] Sk PR Y
P20 18 #ocZE (Na K Ca,V Fe Ni Cu As,
Se Mo .Cd . Pb . Th . U.Sc.Y . .La.Eu) & HHEER
(P<0.05), 7] LA T it — 20 0 7= o B 5 o2 . 1L
X (G UTSE A ZE LX) F3Z Na (Ni,
Cu.Y . La Eu G2 & & B 0 & 0 5 | 1178 fT & 80
PRI RS 7 X Cd o ER & i R B I P IX K
Ca.V.Fe As.Se Mo.Pb Th U Sc %I0R &% =W i
1M Na Fe \Ni,Cu.Cd Pb. ThySc.Y . La/Eu £
TR ] AT A X

K2 ASUMH S MTRNTHENRERE

Table 2 Mean elemental concentrations and standard deviations for 35 elements in' S. miltiorrhiza samples

o m?;(?ﬁ%ém IIFNESIp) T 7 B2
Element andong Shandong Henan Shanxi Anhui P-value
( Yimengshan) (Tanshan)

1 Na* 6.70 £2.61 9.28 +7.47 5.47 £2.26 6.58 £0.82 3.83+1.15 0.041
2 Mg* 40.71 £4.69 39.52 +9.64 45.66 £5.16 42.85+2.53 38.70 +1.84 0.076
3 K* 75.31 £20.87 87.79 £36.18 140.9 +£34. 18 141.93 +22.49 109.06 +15.59 0.000
4 Ca" 19.05 £3.40 20.84 +£4.04 28.98 £6.16 36.81 £8.14 27.90 £3.78 0.000
5 vh 5.66 £2.77 8.41 +8.88 9.71 +£3.05 13.59 £1.03 6.49 £1.39 0.003
6 Cr’ 22.84 £13.47 23.89 £17.69 26. 59 £8.48 33.48 £5.53 18.53 £3.49 0.109
7 Mn" 333.23 +£206.55 233.62 +118.01 252.22.+£69.71 238.96 +45. 64 176.98 +16.37 0.066
8 Fe* 2.25+0.97 2.54 £1.80 3.59+1.19 3.73 £0.47 2.00 +£0.27 0.002
9 Co® 3.13 £2.41 2.38%1.35 2.67 +0.88 2.44 £0.24 1.70 £0.23 0.261
10 Ni® 33.01 £17.51 22.18 £17. 15 18.69 £5.81 16.11 £3.11 14.06 +3.28 0.004
11 Cu® 122.56 +66.12 14471 +88.87 83.14 £23.50 83.89 +£6.19 75.08 £2.76 0.021
12 Zn® 112.50 +32.74 122.05 £43.65 278.40 +474. 66 117.17 £7.33 117.02 £11.28 0.929
13 As® 0.94 £0.90 0.87 £0.63 1.24 £0.02 1.70 £0.39 0.89 £0.25 0.017
14 Seb 0.28 +0.08 0.38 £0.22 0.31 £0.02 0.49 £0.19 0.29 £0.11 0.008
15 Mo 0.61 +0.26 1.18 £0.71 2.14 £0.76 2.83+0.34 1.89 £0.49 0.000
16 cd® 0.36 +0.20 0.22 £0.12 0.42 £0.15 0.19 £0.06 0.17 £0.05 0.000
17 Pb? 2.76 £1.28 3.04+£1.75 3.80 +£0.67 4.26 £0.86 1.84 £0.14 0.000
18 Th® 0.65 +0.36 0.99 £0.93 1.10 £0.40 1.54 £0.19 0.57 £0.21 0.001
19 ub 0.20 £0. 14 0.61 £1.10 0.63 £0.24 1.00 £0.25 0.34£0.12 0.012
20 Se¢ 121.36 +53.76 136.05 +£86. 11 147.50 +46.63 176.88 +4.12 77.30 £13.97 0.005
21 Y© 639.64 +519.10 431.00 +448.27 276.76 +102.26 335.28 +£54.27 235.84 +48.40 0.047
22 La® 1023.43 £824.67  645.25 +698. 66 472.76 £167.76 552.57 +115.44 371.28 +78.88 0.049
23 Ce*® 1551.27 +£1024.53  1127.40 £1040.36  905.36 +343.10 1152.29 £217.19  707.19 +£103. 69 0.094
24 Pre 204.14 +149.92 134.12 +£135.91 110.45 +44.22 135.19 £27.92 83.43 £14.53 0.074
25 Nd° 789.08 +£554.35 511.13 £494.82 424.62 £182.09 514.16 +101.43 323.77 +58.35 0.053
26 Sm 142.52 +96.94 97.13 £93.07 85.20 £33.46 99.64 +£20.23 60.78 +£10.01 0.079
27 Eu¢ 30.56 £19.12 19.95 £20.37 17.84 £6.29 19.87 £3.16 12.51 £1.96 0.044
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2:5% 2 ( Continued Tab. 2)
- nfﬁ%%M) IR (F& 1) I 7 B
Element handong Shandong Henan Shanxi Anhui P-value
(' Yimengshan ) ( Tanshan)

28 Gd°© 140.59 +99.99 92.94 £91.29 76.61 £27.17 87.67 £13.42 55.59 £9.09 0.052
29 Th*® 17.66 £13.45 12.07 £12.04 9.55+£3.78 11.30 £1.46 7.01 £0.95 0.080
30 Dy* 100.84 +77.02 69.94 £69. 12 55.03 £17.64 65.21 £12.05 43.40 £6.30 0.103
31 Ho® 18.63 +15.35 13.16 £13.36 9.16 £3.65 12.52£1.72 7.56+1.13 0.107
32 Er¢ 48.83 +39.73 35.69 £36.12 24.95 £8.13 32.48 £5.53 20.76 £3.06 0.128
33 Tm* 6.00+5.18 4.55 £4.86 3.10£1.13 4.27 +£0.94 2.55+0.47 0188
34 Yb* 36.81 £30.33 28.96 £29.94 19.88 +£6.33 26.67 £4.84 16.98+£2.18 0.211
35 Lu® 5.08 £4.45 4.12 £4.65 2.48 £1.05 3.47 £0.80 2.10 £0.29 0.192

O BARAER P = AR HER 2% s 2. JUR GRS g/kg; b JUR &AL my/kg; e LR G RAAIE ng/kga

Note ; data were shown as means * standard deviations;a:The unit for the element contents was mg/kg;b:The unit for the element contents was mg/kg;

¢:The unit for the element contents was pg/kg.

3.2 EmHGSH
N T A IR ZR ™ X5 HAl ™ XA P24
i, R FHEAT B 2257 (P <0.05) 1y 18 FpICE (Na,

La Eu) AT O Tl 50708 (PCA) 45 R UL 3, Al
TR R SR T 220 82, 45% , H A T = A
o BT AL S B IR B A R AR R B

K.Ca.V . Fe Ni Cu.,As.Se Mo.Cd.Pb . Th U.Sc.Y.

R3 ERSSAOBEITENRE

(RPUT2Z5Tik AN 71.74% )

T8 DR

Table 3  Total variance explained in principal component analysis

HVHR A AR

Initial eigenvalues

BECR G V7 A

Extraction sums of

squared loadings

Ay
Component gt JERIRE N RARE it JrEf% 23
Sum ariance contribution Cun'lula‘tlve variance Sum Variance (%) Cumulative (% )
rate (%)) contribution rate (% )
1 6.488 36. 050 36.05 6.488 36.05 36.05
2 4.915 27.310 63.35 4.915 27.31 63.35
3 1.511 8.392 71.74 1.511 8.392 71.74
4 1.064 5.911 77.66 1.064 5.911 77. 66
5 0. 864 4.798 82.45
6 0.733 4.071 86.53
7 0.610 3.389 89.91
8 0.508 2.821 92.73
9 0. 400 2.225 94.96
10 0.264 1.465 96.42
11 0.250 1.388 97.81
12 0.130 0.723 98.54
13 0.101 0.563 99.10
14 0.064 0.354 99.45
15 0.037 0.205 99. 66
16 0.033 0.182 99. 84
17 0.018 0.099 99.94
18 0.011 0.061 100




1756

KIRF=YIBE R 5T K

Vol. 29

PRl F~ 23 A 5 B 1 483 A X 32 580 40 o ik 0 KD
WS LAV Fe As Ph Th U Sc 7EEH4 1
WA B B A9 IEAH ffef s Ni Mo \Cd Y \La  Eu 7€ F A,

73 2 A WL A TE AR T, Mo A B i (4 396 6475 Cu
TEERMSY 3 FoA I A TEAR A

R4 P HETER

Table 4 Component matrix

1 2 3 4
Na 0.207 0.124 0.350 0.771
K 0.563 0.515 0.418 0.151
Ca 0.512 -0.546 -0.459 0.038
v 0.864 -0.273 0.183 0.207
Fe 0.924 0.021 -0.102 0.119
Ni 0.136 0.821 -0.067 0.220
Cu 0.168 0.403 0.615 0.221
As 0.645 -0.198 0:088 -0.089
Se 0. 466 0.199 0.388 0.377
Mo 0.475 -0.745 0. 159 0.158
Cd 0.195 0.662 0.411 0.015
Pb 0.905 0.151 0.078 -0.038
Th 0.935 04035 -0.086 0.004
U 0.624 -0.372 0.423 0.265
Sc 0.898 0.149 0.019 -0.038
Y 0.313 0. 860 -0.102 0.143
La 0.358 0.861 -0.090 0.115
Eu 0.455 0.829 0.109 0.090

I AREF= RS HE R ER S 2 TE
Figi'1 3D scatter plot of the scores of S. miltiorrhiza from
different geographical origin on the first three princi-

pal components

&l 1 2 PC1-PC2-PC3 #7114 3-D #5 K, A
AT LA, IR X 59T R L L P 72 X S
A LASEIRH] 0 A X 435 LA 7 X5 28U X 2
FESAETERR A S YT 52 LA ZR I P 2R 1L AR 7= X 1Y
FHSFE A A B X 3 JF ok, 3X 1T B2 T L B

R R TR ARG TR & AR R
BNERY o AT DL Y SRR T A [F] 4
DFFZ LI I3, 075 B — 20 ke oAb gt it
IR
3.3 FA G

H TR TR 3 B 45 R A [m] 72 X
PSRBT RN B ROR | LT 22 53 Bir i s i 2.
A EM 250 18 Ft%E (Na K Ca,V Fe Ni,
Cu.As . Se Mo.Cd.Pb . Th U.Sc.Y La Eu){ER7AE
AT TR M. EFET FOCER (Na K Ca,
Mo ,Cd \Pb Y ) VR H IR bR , SR I A0 ) 51 12 8 57
FI AR FT Wilks lambda values f%: T 3 /NH|
I BRI R B FLL R F3OCRRAE {H 43 Bl A
4.394 1.209 F10.396, =/~pREUHRE T 100% 78
S LA REURRE T A A2 510 73.2% 55 2 4
PR RE T AT 9 20. 1% 265 3 SR BB TR T
1) 6.6% ). HAIFHICRE SR 0. 903 .0. 740 Fi
0.533 XFFIBIEE R Ty 2253 Hr R W, 28 m) 22 57 1o 2%
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(P <0.01) , {5 B 5 R AT 580, 0530 e 50 e
7

F1 =-0.539 Na-0.464K +0.612Ca + 1. 183Mo
+0.426Cd +0.037Pb-0.071Y

F2 =-0. 105Na + 0. 883K-0. 683Ca -0. 267Mo +
1.182Cd +0.373Pb-1.170Y

F3 = 0. 493Na-0. 270K + 0. 320Ca -0. 297Mo-
0.208Cd +0.953Pb-0.095Y

12 154

B2 BETF=A¥REHHOFR~ ISR <E
Fig.2  Scatter plot of S. miltiorrhiza from different regions

based on the four discriminant functions

K =A PR 3 2 B LU AR AT L L7 2
BEEARRAE PSR R AT TR A (LRI 2)
MR DL Y AR S AR XS A S
™ X X 53 o

WPk 7 FTER (Na K Ca Mo Cd . Pb.Y)EN
FIRHEDR , R I IE A I UERE (B —3E ) X A il A5 Bl 3k
IR, ZE R WA 5o X 55 AN YNGREEREAHY 1] A 1E
34 100% , 3 SRR H 85. 5% , vEI 1535
AH I Ty AR M R Ao LR AT pg LU P 22 1™
X 1) Fisher ZeE 30 512 ek Zai T -

Group( 1% ) =0.272Na +.0.0003K +0. 655Ca
+1.124Mo +12.987Cd +1.466Pb-0.002Y -12.978

Group ({7 Fg ) =+0. 300Na-0. 018K +0. 745Ca +
7.564Mo +41:866Cd +2.051Pb-0.01Y -31.996

Group ( 111 78).= -0.313Na-0. 123K +1.4265Ca +
11.915Mo + 19. 479Cd + 1. 832Pb + 0. 00010Y -
40. 483

Group (Z2f4) =-0.264Na-0. 063K + 1. 026Ca +
8.294Mo '+ 16.362Cd +0.123Pb + 0.001Y -21.205

RS TRBRASHESKEREUREEHI LB

Table 5  Classification of S. miltiorrhiza samples in different régions and percentage of observations correctly classified by LDA

TG 2 A%, 51 Predicted group membership

1IZR O] g LR &t
Shandong Henan Shanxi Anhui Sum
¥4 Original 1% Count 1 28 0 0 0 28
2 0 9 0 0 9
3 0 0 9 0 9
4 0 0 0 9 9
% 100.0 100.0 100.0 100.0 100.0
ZEXIGHE Cross —validation . 1% Count 1 27 1 0 0 28
2 0 8 1 0 9
3 0 0 9 0 9
4 0 0 0 9 9
% 85.7 77.8 88.9 88.9 85.5

TE - a SO ST o B 2 B EAT 5 UBRAIE o 75 SUBGHIE Y, 451> 2 (I 2 12 M 32 09 LA S % B A HAA 22 119 A= B R EOR 23268 3 b. EXSRIER 43
HZEBIPRY 100.0% HEAT TIEF D 0. CXEXRUED AR BIP 85.5% AT T IEF I,

Note: a. Cross validation was only used on the analyzed samples;b. 100% correct classification was achieved for the original samples;c. 85.5% correct

classification ‘was achieved for the cross validation samples.
AN
4 ZFit

AWFFEEENL T ICP-MS 2 P+ 2 b i i T R
i L0 4G ZIeg i T PS5 i)
VR TT Yk o WEIERW 12073k R DR )50 e
P o BIFSTAE R 251 7 i IR e S A8t 1

DB FEAR

53 30k
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