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Effects of Cadmium Stress on Seedlings Growth and Active
Ingredients in Salvia miltiorrhiza
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(1. Key Laboratory of Ministry of Education for Medicinal Plant Resource and Natural Pharmaceutical
Chemistry, College of Sciences, Shaanxi Normal University, Xi'an 710062 China;
2. No. 1 Middle School in Mianxian, Mianxian, Shaanxi 724200, China)

Abstract. Effects of cadmium stress on seedlings growth and active ingredients in Salvia
miltiorrhiza were investigated. Results showed that cadmium stress inhibited seedlings growth
and increased Cd** accumulation in both soil and seedlings. Moreover, both soluble protein
content and membrane lipid peroxidation degree increased, while photosynthetic pigments
content decreased under stress conditions. Compared with the control, in stressed S.
miltiorrhiza leaves, the accumulation of six phenolic acid compounds showed different variant
characteristics. Both caffeic acid and rosmarinic acid accumulation decreased significantly
(p<0.05), while the content of protocatechuic acid increased (p>0.05), and the levels of
tanshinol, protocatechuic aldehyde and salvianolic acid B decreased ( p>0.05). However,
the accumulations of the phenolic acids components and four tanshinone ingredients all
decreased in stressed roots, and the variances of rosmarinic acid, dihydrotanshinone,
tanshinone 1 and cryptotanshinone were significant ( p<0. 05). Moreover, in the leaves of the
stressed plant, the activities of PAL and TAT decreased significantly, but C4H and 4CL
content increased significantly. These results showed that cadmium stress could reduce the
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production and quality of S. miltiorrhiza.

Key words . Cadmium stress; Salvia miltiorrhiza Bunge; Growth condition; Active ingredients

Bifi 5 8 [ b IRAR AL AR B i S A 6.4 T 1
KR, EEEGYRRREH ™ E, KR
BErP doR A Z JE X AT | s A AR e ik
M =ME A EICE " W EERIE T TR B
PR ST R R R 25 e, B )
PR BEHER, SR SRR, SR B AR AN
{ORHAR ) 7 A= W R s AR T, T ELA & i ik )
HESEANMR, BEIR R IE 8 BB BRAC  is
P g R T At B N OGN

R, i Y aes R R ZHm Y . &
. AR B MORSER Y B A B EREL,,
FIIEE AR KT, N850, h2hhf
R EEGE UL E, EREBEZ W
HEA Sy, YRS LI R | S
SIETG YN, FHAJE Ok P 2 I
Y., CAEMVIERY, @, 8, P E AR Re
W, S HE, WESMEEASE S 2k
A, INEAYIARNESRRE, Y|
RGBS 4 Ak B B AN 3R 24
WAL, E b EZ RGN FZ—, Wttt
GAP Sjite 1 7 b 20 g e (4 S Il fl 2 —
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1.1 UFE5iRA

HA i LC-2010A HT & 25 Wk #H 8 3% 3
Milli-QG 7 2t 7K i1l #5-1X ( 3¢ [ Millipore 28 7)), %£
AN EEETH(THERMOE) , JRF IR 4 T
(dba¥ebriE A, TAS-990), 4K, HEE MG
Tsafi(Fisher) , ACH#EZEZK, it CdCl, -2 5H,0
Jorral, MREMNSER . FILEE . RIS,
FISER T . FFSE A Y0 [ A E 255 A B e
SEFT (543 1) 4 110855-200506, 110810-200506 .
852-9908, 0867-200205, 110766-200417 ), Xf
PRSI MERR . FHB R B, k% FMRIW A Sigma-
ALDRICH (#it 5 43 %] i C0625-2G, A5502-5G .
536954-5G) .
1.2 KIEit

S S ( Salvia miltiorrhiza Bunge ) Fh 1+
BEVG K- Ty 25 Ml A B 2 ) M 24 1 S AR AL
VEBUE M0 | ERETORE ST, HEEE
P PRI (8 B =10 1) 5%
Mk, BREREE—UOK, EREPEREPA
AR R S R A FLY 50 ORI AR F T4 1 a0 4 2,
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IR AL, B 1 bR, RHRA R IR b
A CdCl,-2. 5H,0, RAHELE 6 K, HHHE—
RJGH Hongland W (pH=7.8£0.2), 4K
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BT E . N B (MDA) Mg R i 4
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1.3.2 Cd*%BHNE

Ff IR IR AR AL R H 2R R IR R
TIFRIH S D WSS D' 0 BE I R ) 5
FEREBE Ky 228. 8 nm'®
1.3.3 AlAMERS=EMNNE

REESKE, % Dlisi ik G-250 Yefa ik
FEFEY R AT S i
1.3.4 MDA EEMMEFESEMINE

SREEBEE: B, AR E 2 (TBA) 35T
FAM SRR I FE ) MDA Rt 43R A i
1.3.5 BEBELEYEHXERFENIE

Bogreent i, HZEBK e, g4 T
KAy, SR TE S WS 5 43 5 2 IR [ AR AR
Dong %™ Koopmann!™' | Bemk g ") iy )y vk
M & 75 TN & B2 fit & B ( Phenylalanine ammonia-
lyase, PAL) . M&ZE MR & FL5% I ( Tyrosine amin-
otransferase, TAT) . WM 4-%4LMHE ( Cinnamate
4-hydroxylase, C4H) . 4-% & R CoA & & i
(4-Coumarate; coenzyme A ligase, 4CL) ¥,
1.3.6 BHHSSEWNE

Pt 5 AR R 35°CHE R fE F, AFEE 7 00 5 ik
100 H i, K % K B2 FE 5 ik AR R OB K
200 mg, ® 1.5 mL B.LE T, WA 1 mg/mL
BHT ( 70% H B Fid 41 ) 500 L, $E4), #7 $HK
20 min, 8000 r/min&.L» 10 min, B 75, &
3, 3N FIEWIRGEHE2], 0. 45 um Bl
IR, 2,

B LM, KEMKF R Hypersil BDS C18 #
(250 mmx 4.6 mm, 5um); Fishi. HEE-4%.L
PRSI, BREEVEME (1), KK 280 nm,
P 1.0 mL/min, AR 30°C, #EAEAF15 uL,

TR MIA R E S . PRI T 24 h

JERIPES R WINERR | JFULRRE , PHER Rk
M, —SJPZm, BITZSE., P21 S
1A X, S B TR i, e i
I, #E5), BG4S HWE 50 1.98, 1.01,
1.99, 1.97,2.02, 0.98, 0.99, 0.50, 0.99 mg/mL
FY B — ST it R, L AN ) 32 A R i Y
FH i 5 VRO B A5 21
F1 BERBMHEEEE

Table 1 Time schedule of gradient elution
A fia) ( min) FHE (%) A% LIRIKIRTR (%)

Time Methanol 4%o acetic acid solution
0.01 2 98

5 10 90

10 15 85

15 20 80

25 25 75

30 40 60

40 50 50

50 55 45

60 65 35

65 85 15

70 100 0

90 100 0

LMERFRFEE B EEERINFE R
RS BTN Wk,
1.4 HiELE

S E 4 H SPSS i ff: One-Way ANOVA i
TG40, YRS a4 2 a0 22 S
text AT EHLER, SEERZE RAERIE T Excel R SEEE,

2 HFHE

2.1 $EEMEX S A KRN

MWFE2 AT LIE L, SXIRAMLL, Fbho D
FEHANE TS AR, PRSI T 19. 7%,
M e AR & 09 14 B 50 5 B AR T 44, 4% FN
39. 9%, WL LIEAMEN(7.9%), HEFRBE,

®2 MBS EKERM

Table 2 Effect of cadmium stress on the growth of Salvia miltiorrhiza

peL PR (em) A (9) WE(9) 5
Treatment Height Leaves Roots Root/Shoot ratio
Xif IR
9.12+0.96 0.54 0. 01 1.58 £0. 02 2.93+0.09
Control
YIS TEl
bl 7.32+0.19" 0.30+0.03* 0.95+0.16* 3.18+0.34

Cadmium stress

. #p<0.05, #=x p<0.01, T,

Notes. =* presents p<0.05, =# presents p<0.01, same below.
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XA, @ R R RIS PSRN )
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FERGFRIE TN T 5. 65 fiF, FEMR R AN Frpsy
BB T 66. 9 {51 257. 5 4%, v R4 SR &
A e LRSI 2] ol i 5

%3 GEEFEREASHHSEEL

Table 3 Cd content in culture medium and

S. miltiorrhiza plants (mg/kg)
AR KR LT itE Ly
Treatment Culture medium Roots Leaf
oyl
5.37+0.97 0.13+0.01 0.03+0.00
Control
= 1
R 35.74+2 58" 8.83+0.98" 7.76+0 37"

Cadmium stress

2.3 WBETASABEEER, MDA falt&xE
EENTK

AR . MDA i 2 255 2 19 A8 fb 2 £l
AW 52 E 8 B A A A 55 0 R AR
XA, W NSRRI R

MDA &5 i 1 fm, it &k & a(ca) Mt
2 b(cb) HE¥ i EREAL, ca/cb BEAMEN, H
TARE(FL) .,
2.4 $EEME TS TAT, PAL, C4H, 4CL B
AR

PR RIS A Y TR P2 3 FNmHERR
SE LR BRI IR ) 5T W] PR 2 R R B4 A AR O 2 A
Hb, ARSI R TR B A g A A 2R AR
BAR . Hrd, PAL, C4H i1 4CL A A KA
WA I OC BB, TAT 2 i 2 W2 Ak 428 i G
it SXFERAIMI L, G T AFS A 4 RS
PEASAL M W3, Hordh TAT I PAL 35 1143 3 BRI
T 47.05%H1 37. 18%, i C4H F1 4CL 3% ¥ 43 51
HAINT 634. 62%F1 121. 17% (% 5)
2.5 RAMETASKAIMBMEBRELEMERERN
ASMEUEYWHITRE

T IRAE M SRS EE SRS 0
A AR LA T PSR R R
EHESTSEZALEY, KT RIS AL A P A
W7 atk, SXTERAMLL, KEtEmRELSYH
{14 WP R 34 25 75 1R A B N M P S b & b
) " ASIBE . FFEE 1 MBSTSE SRR,

x4 WHETHSAAREER, MDATIHEESETNK

Table 4 Content changes in soluble protein, MDA and chlorophyll in S. miltiorrhiza under cadmium stress

VLB AP E (mg/mL)
Treatment Soluble protein MDA (nmol/g) ca (mg/9) cb (mg/g) ca/cb
Xt HR
0.05+0. 01 6.27 +£0.2 0.98 +0. 06 0.82+0.02 1.19+0. 06
Control
EEaE
Hibhid 0.09+0.00™ 8.58+0.36™ 0.83+0.06" 0.61+0.06" 1.37+£0. 14

Cadmium stress

F: ca. M&% a; cb. 4% b,
Notes: ca. Chlorophyll a; cb. Chlorophyll b.

x5 WNETASHR 4 FEENE

Table 5 Four kinds of enzymes in leaves of S. miltiorrhiza under copper stress

(U-mg~'prot -min™")

Tyrosine Phenylalanine Cinnamate 4-Coumarate ;
sl . . .
Treatment aminotransferase ammonia-lyase 4-hydroxylase coenzyme A ligase
(TAT) (PAL) (C4H) (4CL)
X R
15.07 +1. 56 53.09+1.33 0.26 +0. 04 3.59+0. 11

Control
kB E
g 7.98+1.05™ 33.35+2.22™ 1.91+0.09* 7.94+0.53™

Cadmium stress
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WA 0 BT OC R s P, S B IR Y
CAd* KR RTEMMYM AR, ABTFRY, HRhin
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IKHE . ARSI, P25 SR R AN
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B B R A A K A B PRI E R, R A
YIRS B R AR R 3 — 8 R I A S XA e A R
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JWirif 30 d J5, ZH M PN AT PR AR A R,
FANAET, PIEPES A A R AR T A AR
B HA A X HALH AT A 2k A
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Table 6 Accumulated status of water-soluble phenols in S. miltiorrhiza Bunge under cad mium stress (mg/g)
. . JELZE R JE 2% HEfS Sk ik A i \ it
e Jasty P JRILASTR A FLASEE ‘ ] ﬂ?& Ll_éﬁg ﬂfﬁﬁ]&.
Soot samole Treatment Tanshinol Protocatechuic  Protocatechuic Caffeic Rosmarinic Salvianolic
P P acid aldehyde acid acid acid B
X R
0.44 +0.08 1.24+0.13 0.36+0. 06 0.52+0.04 40.80+0.75 90. 59 +4. 90
A Control
Leaves =N
%Hﬂ]ﬂ 0.35+0.06 1.53+0.19 0.27 +0.05 0.41+0.03" 23.80x2.75™ 78.89+11.48
Cadmium stress
PO
0.60+0. 05 1.02+0. 19 0.42+0.18 0.54+0.02 18.34 +£0. 12 103. 50 £ 6. 21
JiiEA Control
Root A
%Hﬂjﬁ 0.42+0. 10 0.97+0.13 0.27 +0.05 0.38+£0.02™ 14.35+0.25™ 96.04+21. 21
Cadmium stress
*7 BHETASRRAEIEFSMELSYRERR
Table 7 Accumulated status of lipid-soluble ketones in S. miltiorrhiza Bunge under cadmium stress  (mg/g)
b —EASrE FHZ0 1 FHEE A (=SR]
Treatment Dihydrotanshinone Tanshinone 1 Tanshinone II A Cryptotanshinone
X IR
1.10+0. 16 2.12+0.23 3.68+0.59 3.63+0.32
Control
= i
Falbd 0.67+0.18" 1.00£0.31™ 3.43+0.62 2.59+0.44"

Cadmium stress
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