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B . SRR ORAR IS - s B HE AR, X4 (Cd) Bk T 72 ( Salvia miltiorrhiza Bunge ) f)4= BLAN
RBHSIEHATOIIE . SR ER. CAdEATHASETY Cd, MEMMA BSOS Y 2 EMN, N (Ma-
londialdehyde, MDA) & & TR, BJEAIZA B H K (Glutathione, GSH) & & Al E 4k ¥ 15 {L B ( Superoxide
dismutase, SOD){EMEAEMA R, LA /LYEE (Peroxidase, POD) itk 2 T, {Hid & L& 5 (Catalase,
CAT) WitE R s n, R ZBF2 R & A4 728k, ikl 51 M2 Rt ( ZZE A LR A
HHMR) ; IR -4 =R )22 545 %0 (Fold change, FC) ¥R T 2.5, 2 LIABRZMEAKER; 3,4,5-—H
ASLOEH RAIREFR FC EHRT 5, R LABRZMANR; Cd5ERmEREY OUHEELMRMAILR)
R LA, FREGREEASHE RN Cd, BREN Cd Pan s il Ak, REHTTR
TR TE, AR, JhS R A AR A VLR, LA LWER. LAER. 3,4,5-—
AR SE R P R R 2K % A BRI Cdl e

KR WA, FHE; AR ARSHRHE
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Effects of cadmium on physiological characteristics and
metabolic profiles of Salvia miltiorrhiza Bunge

Yuan Jun', Sheng Sha-Sha®, Liu Rong-Peng®, Wang Xiao-Yun®*

(1. School of Nursing, Jiangxi University of Chinese Medicine, Nanchang 330004, China;

2. School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China)
Abstract. The effects of cadmium (Cd) on the physiological indices and metabolomics of
Salvia miltiorrhiza Bunge were investigated by pot experiments. Results showed that Cd stress
significantly enhanced Cd, proline, and soluble protein content, decreased malondialdehyde
(MDA) content (P < 0.05), increased catalase ( CAT) activity, and inhibited peroxidase
(POD) activity, with GSH contend and superoxide dismutase (SOD) activitivity showing no
significant differences between the control and Cd stress group in S. miltiorrhiza roots. The
metabolite profiles differed between the two groups, with 51 discriminating metabolites (mainly
organic acids and amino acids) identified, which were mainly involved in amino acid and
organic acid metabolism. The fold-change (FC) values of L-proline and L-histidine were
greater than 2.5, and the FC values of 3,4 ,5-trimethoxybenzoic acid and rosmarinic acid were
greater than 5, and they were the most up-regulated. There were significant positive
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correlations between Cd and the discriminating metabolites ( especially amino acids and
organic acids). These results revealed that S. miltiorrhiza accumulated a certain amount of
Cd, and high levels of Cd stress led to peroxidation of membrane lipids, inhibition of
antioxidant enzyme activities, and effects on the metabolomes of S. miltiorrhiza. Furthermore,
S. miltiorrhiza resisted Cd stress mainly by regulating the metabolism of amino acids and
organic acids, and up-regulating L-proline, L-histidine, 3,4, 5-trimethoxybenzoic acid, and

rosmarinic acid.
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F+2 ( Salvia miltiorrhiza Bunge) J& B Bl &
EAERARREY), ARENRES SR, AT
KEAER, FAu, P, 79 R ANPGRS S i
X, fEREA 2000 ZAFEMARTE AR D L, T
SRR S 2k, DLT R AR SR 25
AN, H B PR o o K M B R (R LR
ML WMMERR | BRI AR AT ) FUAR IR ME ST S WY
FCHZSE 1, S IA, BIZEE), B
APk, B, Ry e RO ISEER,
FLAR A 1 R 55 A 06 e T BB A5 BT Tz A
A RIPR S Oy RO AR R P S R L
HhPZh | PIZHILEZ R R oK & A
Wi n, SIS ST R IR, REE 5L
R B R EAR R, PP B AEREC 2
AR, HETLLA T A8 0+,

AN A = i R v, K, B A R HE
B, AR AN A PR K 15 /K HEE A AT Ry 85l
I A R R TS e i R, ST IR
0 1375 e (R © 2008 AF [ 5 R A 4 BB 4
BEREUE B, REZESE(CA) ., i, 8475
15 YL AR AL E 18 2.0x107 hm?, Z ak i i
U 20%'¢', Hidh, Cd R4kR A2 5 4 B G
FRAWESE, E2EYIELTESEITE, FHIE
hAEER R B, I8 15 ~1000 4B, +
by Cd g WIS SIS A K, B A
PG R, BN R, A
Cd liE i S aE S ANIK, B AR RESS, &
B NS MEEE Hk, Y Cd V5l e 5
A FEE ]2 K,

FRE A [ 7= P S A — 1 Cd 15 4 81
U0 HET, ARSI RS KR P R
PERS (ANFHSER . MR EY) A, #K
BARE 2 A e P R L2 B R S e T T s

WFFE IR AAZ IR FF S Cd Biria i L 4 4L 1
FHE RIS HERL NIt , ASHTTE LS IR )
PRSI 5, R 4 S 06 L KR (3 -
JIEIR A (LC-MS) £/, 73#r Cd Wi xi k24
R DR AR IR, 4578 Cd Mg Xt 1} 2 Az Bl
FRPE 2 S ma i Cd 8 i AL, DL
HIRAIRIEFT S W ) 4z s W ac i AL ) 2 (it B 18
WA

1 AR5

1.1 SEIigit

AR TSR R A 1WA B B SR
M, ZITPEHREZ R R s B HIREE NS,
BEATLE R O 5 S 4 B R PG v s 2 2
qebdl, fERMAE X RAE 0~20 cm 48, KTt fi
W HIEA PRI E T, BV, BB B o
J90.30, 0.28, 27.15 g/kg; FHRUA . A R HE
AN A B 43 %) 0.01, 0.01, 0.08 g/kg; Cd
Tl 0.92 mg/kg, AT TEAR M AL AR = R
BEAE P E H AR KA Cd Il S (1.0 mg/kg) ; pH
HR4.6; AHLFREEN1.97 g/kg,

# CdCl, - 2.5H,0 (4 #rli) 54 4l K i ik
Wik, S5 R ZIRA, Bow s Cd W E N
100 mo/kghy 2L i JE 2 AL # ( H A2 16 cm, &
17 cm), XFRRARIRIN Cd,, A A5 3L 0 i i 24
2 kg, THEWEE 30 d, WS 4H (T FHE 30 d)
AR BIAHRLAE A, A4 1 R, YR Ab B4
¥SAER, HAER 3 MY, MG 1 Rk
K, EK30dJE, e85 RAaE Cd &,
FHS MR A PR bR A2
1.2 $5HRZE
1.2.1 CdEENE

ZIRX % TR e BEAR Cd

e
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KT, PFSMRT 2 65°CHET S BFEE, M
FIBHLRE YT 2 mm i, K 0.2 g REFA R
PUGEES, AR AL AL S (V/V=3:1)RE
W, BT EEUREA, RS H 2%H
PR e 25 2 50 mL, i F B & 45 B - ik () (ICP-
MS, Thermo fisher A H], SEE) MER: M Cd &,
1.2.2 AIBIEHRENE

SR e = L (kI e il R A Y R
BIAES 0.05 g, fIMA 5 mL 3% Kigie, T
WhAAE P HEHC 10 min, FEBOR T I8 S 21K E
AT 25 mL &I, W2 mL SR BUR R B OE
A 2 mL vKESER AN 2 mL BRYEE =, BT
KBTI 30 min, BHEEIR, M&E M
A4 mL 2, WK 520 nm R, ffi 4] L
4366 (UV-8000, EEICHT) I M GAH .

K% D sn s G-250 B E iR E A &
I ¥ 0.05 g BERERA A 2 mL ZEIE K BT
e WFEE 2= 213 5, 4000 r/min .0 20 min,
B0 mL 4O T2 04, A 5 mL G-250 i
H, P 595 nm RN E A I OEE, AT
YRS,

F A & MDA #1 GSH &8 & SOD |
CAT. POD itk sz it 5 & 0 T 95
PHEAWHARGIRA T, F 0.1 g fifFEF 1 mL £2
BOR (1:10, V/V)FEKBHAFEE, T 8000 g 4°C
T 10 min, #IEULEA 45, 7E 532 nm F1 600
nm &b EVERWOEEE TR MDA i, 7E 412,
560, 240, 470 nm Kb b3 WO R 4l
GSH & &% SOD, CAT, POD i,

1.2.3 RiADH

AR 20 0 43 07 5 1 2 RSk R AT, BREL
25 mg FEdh, SN 500 ul $EBOK (R k=311,
SR RARIC ARG Y) 3 35 Hz BHEE 4 min,
A5 min, T-40°CEE 1 h, ZJEKk 4°CE
15 min, B EVE R EALKIN, A RE & 5 B
i FIEWORA L QC RS _EALRTIN A FH i = SO
%L (Vanquish, Thermo fisher A #], EH)
I FH DU AT B BHE A A TM Bii% Y (Q Exactive
HF-X, Thermo fisher /A &), 3&[H), i#id Waters
ACQUITY UPLC HSS T3(2.1 mm x 100 mm,
1.8 um) A 35 A X B AR b & Wik 17 (5 0 5.
WA 3% A AR K AH, & 5 mmol/L 2R &

5 mmol/L 4%, BA NN, RAEBELERL (0 ~
0.7 min, 1% B; 0.7 ~ 9.5 min, 1% ~99% B;
9.5 ~ 11.8 min, 99% B; 11.8 ~ 12.0 min, 99% ~
1% B; 12 ~ 14.8 min, 1% B), M N 35°C, #
AL B R 4°C, HEREIRE 3 ul, HEREEE K
0.5 mL/min,

JiE A0 381 2H %% 4 28 ProteoWizard % 14 4 i
mzXML #8305, dEATIE R0 | IR HR . 0T 5 R
FUEFAb ) VERECR ARV ZOE M ILHL . 9%
VCHC, —ZRUCECAE, DCRECHT B0 R A% L (m/
z) RO BB IR] (RT) PEfic, — 20 o3 DT fc & PR 4T 4
H, FIor e T 1, CRICHECSS SR ) {5 5
o, RIS IL A Y A R, AR e S SR
PEPEVCIC AT W) B R, BRAT 40 1Y Cutoff (%
0.3, SRJEHAT IR IR EAE i WAL BN 8, sk
{EALFEFNIE — AR Ab P TF B8 A5 X B 8 il
AEPRSE 111 AR OR B, BB B it s s
2t WA B 305 AN UEREOR FE L 15T ok A X A
HATIE S5 HT .

1.3 HEHH

|, B ttext, 43Arxt B ZH A0 2H A 5
Mrr2 Cd &, FH&2Mai . MDA, aliEtiEn
M GSH %4, SOD., CAT F1 POD i K A it 4
TERNZER

Hk, iz F G W B 3 R 4 43 B ( Principal
component analysis, PCA), M £ xf 40 f1 Cd
SEFRAEAR BRI O, 15 A B ) A B /)y —
e H) 51 43 Br ( Partial least squares discrimination
analysis, PLS-DA), 4r#Hr HHEd i Cd X FFS AR
Rt s m, MBIk PLS-DA BiRl fl4&, ok
FHAE SCHUE 5% 22 1) J7 22 K6 3 ( CV-ANOVA test) K&
200 15 HE 51 K g5 % H#E 47 K5 55, CV-ANOVA test
P < 0.05 s ARSI K5 b iy R2 > 0.7 F1 Q2 >
0.4, FW] PLS-DA fAIAT 5 3T PLS-DA f57
PAF LR EEEE (VIP) . 48 VIP, P{EH K
TR 22 458 (Fold change, FC) fifi i i of
ZH AN a2 25 S bn AR . TREARUE R VIP >
1, P<0.01 HFC >1.58FC <0.05, iz H7r4k
B A MetaboAnalyst 4.0 ( http://www. metaboa-
nalyst.ca/faces/ModuleView.xhtml) X% 5 H 1Y 22
SEbR R A A T A B A T, e, X2
SR AR Cd & &2 [Ei#E1T Pearson
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PCA. PLS-DA Fil PLS-DA #4656 4 {fi FH %k
4 SIMCA-P 14.1 #4738 t K 5 Fl Pearson #H
KoM FH AR 1IBM SPSS Statistics 20.0 #4743
Mr; i OriginPro 8.0 Fl Excel 2007 #4414

2 FEREHH

2.1 CdiMETTEMASRE CdHMSH
AL, SR, Cd Mriadl 4% &
FESARFIM ) Cd &= B3 (P < 0.001)
o Cd FrimfE R T 956 1%, fEFFSARAI
e 23 i T 332 £%5 A1 310 %, X M2 4 3 K
FFSHORI o FRG I B ) CA(F 1) .
2.2 CdiMETHAHSEEERNTH
Cd B3 T PSR A IR 1 nl s v 2R 3
WP < 0.05); MDA &+ W% F/; GSH #I
SOD &P A W41k, (B CAT &M B &5,
POD i&tE R #E TRE(% 2),
2.3 Cd imaxtASK i A8
AMFFT AL 4 5 305 AR, Hod 193 A4~
W, 112 ATFHREEA A, FE 1Y), @
PCA J3HT K BUFEAR FEAS b F 95% & {5 X [ P, A
AR AT BT, X A ZH RNl ZE R A T 555 A b 1X

JF(E 1 B), MZHEEA PLS-DA A 7 RAEER
2 H IS E M4 5 Wiz R a5 nDRE T B A
oy 360 LA AR T BT M X 43 FF (& 2)

A PLS-DA #5458 VIP i, 454 tKas P H A
R FC M (VIP >1, P<0.01 HFC > 1.5 8
FC < 0.05), ikt 51 2R br &Ry (K
3), ik RbR A R A PR 1 R
K, Hp, JHEmReE R, L-ihaEm A L4
RAR LKL, HFCHWKT 2.5; REHHI
fR B, 3,4,5-—H & FIRH R Ak LA IR LA
%, HFCH¥AT5(K 3, MFE1"),

FE T 25 S B AR A A A8 NG R A3 B A
e RO MIAE R, e I TE ) B AR IRaE S, /Y
AR5 I 52 I {E ( Pathway impact, Pi) KT 0.1 1)
AR R S T R B2 AR AR £
PR ARG RN AR, HaER, 2
KR AR AR KRR RNE
%, BERMEEREY G, WER, REEAR
A R A A R ) . 2R AR A B
A, A BEH ARSI 2 BERR AN R IR (1 4,
B2 2%) I BRI AE OGRS AR
Cd & & 5 2 B R AR A HLIR &2 i 38 1EAH G
(P <0.01) (K% 3"),

x1 EHETIEMASHCIESE

Table 1 Changes in Cd content in soil and Salvia miltiorrhiza roots and leaves under Cd stress

21531 +4 Cd / mg/kg R Cd / mg/kg i+ Cd / mg/kg

Group Soil Roots Leaves
XFHEZH CK 0.04 £ 0.00 0.05 + 0.00 0.05 + 0.00
A TT 47.85 + 1.39™" 16.66 + 0.47 " 15.53 + 0.36 "

8 AR % £ bRk (n = 8); ™7, P <0001, TR,

Note: All data are presented as mean + SE (n = 3). Same below.

*2 WBMETASRNERER
Table 2 Changes in physiological indices in Salvia miltiorrhiza roots under Cd stress

o B AT v / PiE AL Antioxidant enzyme
-~ R / R/ Tﬁiia . y
Group oo nmed Soluble umol/g SOD/  CAT/nmol - POD /
protein U/g min~"- g~ U/g
paiistsi|
CK 530.56 + 16.18 16.80 = 1.58 8.83 +0.14 0.18 + 0.02 639.52 + 3261 51.90 +0.93 2450.90 = 103.78
m 709.09 + 16.96 11.45 + 0.758 9.82 +0.11 0.11 £ 0.02 660.09 = 12.30 106.26 + 6.66 1457.43 = 52.80

Notes: ", P <0.05; ™, 0.001 <P <0.01.

1, 2, 3) WINTEZA BTN AT S FECHPRLA ) Wk (htto ://www.plantscience.cn) # & A SC &,
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Y -AREBEERE v -Glutamyleysteine
5§23k %% S-Hydroxy-L-tryptophan

L-F§%# L-Arginine

L-JKN% 2 L-Phenylalanine

i K F& Betamipron
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Fig. 3 Variation in discriminating metabolites of Salvia miltiorrhiza roots between control and Cd stress groups
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RS H1H2 GSH & & M SOD i 1 I % A % A8 1k,
FVRIE Cd MRARER TP IE LEEEE, 8 CAT IEMEE N, {3 POD itk B & Nk,
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Fig. 4 Weight analysis of metabolic pathways ( MetPA)
of discriminating metabolites in Salvia miltiorrhiza
roots between control and Cd stress groups
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WHIER (B AR, 22218, RINAARST) A
MLIR ( FE R TS SR R %5 ) 101 A2 #E ( Silene cu-
cubalus L.)7E Cd il F, BRAMRFAILR T 2R
TR, B PLER (AnSER R AR R LR ) 2 LT
RAT X GAIT K A R AL B R L R R LR
FREARTE . AT REAE Hh 0078 (o AR DU D7 v A TR 5
%, WS ARFEYFX Cd B RAE S &bt Cd Bria
REIARRA L

P32 b L ERR . -4 E R M 3,4,5-
SRR R | R A RN X SR B ARG A
AR, Bra 4 PSR LR L4 AR &
BT RALR 2.5 f5 0L b, 1 3,4, 5-— F AU
AR RN IE IR B s B A X B2 Y 5 A5 . F
EW, WERMAAREEAGBEMTRES, X
HAEESBEAES, ey E 48 e &
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FH R 4 ol 2 B PR S ) SO R B RIS W o AT A, Wi
BRAEWR Y L [ 3k, B BLAEL DI RE Y,
T P A A M e - R IR A B & B,
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500 pmol/L Cd Wrie T, ZKFEM R (0 Bl 2 iR 1% ik 3
T, (EFFBEA RN F] 3,4, 5-= F 4 k4 B R Ak
%A MR, Y T LC-MS 4 B & B,
80 umol/L Cd il 7 d J&, F#3%(Brassica juncea
L) MRZH g hn, (A IF3A il 2 f 2 e M 3,4,
5-= WA E R H IR ML F IR Ak, X A
GERAN—3, AR B T X ST S A B i
Cd WhE W | FE Y Fh S Ko 53 M 5 v A [) T 38
A 5T R FH B = L (e 32 D0 P 240 S AR 2 R
i, I ZH I R R X IR 1Y 1.3 1,
AR FC (AR 22 5 7T e i il i 75 A [A]
g1,

4 it

Cd BHYAELTR TR, #E AN 2351
HoAE B RSP AE . 100 mg/kg Cd ik AT i
ETHE S UL AR Cd & i K AR & R F1n]
WEE A S, BRRA MDA & & f1 POD 3§ 1,
HOMAR CAT 354%, (HXF FR L A aa 41 /3 4R GSH
A SOD VMR A WEZR, WHASITEE
—Ew ) Cd, AT K H A9 38 ¥ B2 (100 mg/
kg) 51 T FFSARBE T AL, BRI hT AL B S
P, BEAh, T 0 Ok A B BR L A A 2 PSR
ZRERENRW YA 51 F, EERZIELRMA L
iz, Hob L-IRE R Ll R e bR E £ 0 & ok
fi2; 3,4,5-—HEHORF MM LSRR LWL
AR, X222 S bn B B Cd ik 520
TP, P2 32l P8 /SR A Pl
A, o L-IhEmR ., - =R & 3,4,5-—H
ASERHR . RIEFFRNGT Cd i,
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