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Effects of different nitrogen sources on accumulation of active components in
hairy roots of Salvia miltiorrhiza and Salvia castanea f. tomentosa
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Abstract: Objective Nitrogen is an important element affecting the accumulation of effective components in Chinese medicinal
materials. The purpose of this study was to investigate effects of different nitrogen sources on the growth and active components
accumulation of hairy roots of Salvia miltiorrhiza and Salvia castanea f. tomentosa. Methods The hairy roots of S. miltiorrhiza and S.
castanea f. tomentosa were treated with ammonium nitrate, hydrolyzed milk protein, peptone, beef extract, casein and yeast extract,
respectively. The growth of hairy roots and the accumulation of active components were analyzed. Results Ammonium nitrate was
the most beneficial to the growth of the two kinds of hairy roots. Hydrolyzed milk protein significantly promoted the accumulation of
salvianolic acids, compared with ammonium nitrate, the contents of rosmarinic acid and salvianolic acid B in S. miltiorrhiza were
respectively increased by 2.94 times and 3.27 times, and the contents of rosmarinic acid and salvianolic acid B in S. castanea f.
tomentosa were respectively increased by 13.74 times and 2.01 times. Yeast extract had the most significant effect on the accumulation
of dihydrotanshinone | and cryptotanshinone in two kinds of hairy roots. Hydrolyzed milk protein significantly promoted the
accumulation of tanshinone Il in the hairy roots of S. miltiorrhiza, while beef extract had the most significant effect on the
accumulation of tanshinone 11, in S. castanea f. tomentosa. Conclusion Ammonium nitrate was the best nitrogen source for the
growth of two kinds of hairy roots, and hydrolyzed milk protein was the best nitrogen source for salvianolic acids accumulation.
The effects of different nitrogen sources on four kinds of tanshinones were different, and the responses of S. miltiorrhiza and S.
castanea f. tomentosa to different nitrogen sources were also different. This study not only has certain guiding significance
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for large-scale cultivation of hairy roots of S. miltiorrhiza and industrialized production of active components, but also provides a
reference for the development and utilization of S. castanea f. tomentosa resources.
Key words: Salvia miltiorrhiza Bunge; Salvia castanea Diels f. tomentosa Stib; hairy roots; nitrogen sources; secondary metabolites;

salvianolic acids; tanshinones
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Fig. 1 Effects of different nitrogen sources on fresh and dry weight of hairy roots of S. miltiorrhiza and S. castanea f.

tomentosa
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Fig. 4 Effects of different nitrogen sources on accumulation of tanshinones components in S. miltiorrhiza
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(TS0, PRSP R0, AR
RILEERHEEN 2 FiP S BRI S 006 K o
R EA B2 W RHEH, X5 A ARS R —
B AR B PP AR P S B 2 5 0 2 3 ROR AT A
Z5, S ERRP A S 'R R 55
SRR B HR 2L 68.96 151 37.74 %5 FaSt S
(1) B R P2 8 4y i) e ot RV 2 1) 53.58 £i% 11 29.25 %5
ST BRR A AP S 1A E AR
FEXTIRLL) 1.073.5 f% 11 388.65 1%, Faft & & &
077 B4y ) Rt HE 2L ) 466.68 1% A1 165.62 %, #]

IS0 BB BB Wi BT 2 ROR B3 - B
AT S IRV RUsoor B B, (B KRS
18, BRI, @il 2 M2 BRI IR 5%
P, R BLPIRY 2 B T R 73 R AR 200 I B4R L)
PAT IR N, 5 A R e AR, 1%
TR Y2 BARMRMAEAL 5 7 KT 2 B AT By IR T
AR BAT — R 18 T B R 95T 2 6 A
B TR — 20 I R A O 2 B 4 1 1 i
ANELR TG T o BRI FEHEDN B 7Y 200 )@ AT A
2 %A BB TR 5 BT FRAR B bt Al & Y T



* 2546 «

¢ %% Chinese Traditional and Herbal Drugs 35 51 % %5 9#§ 202045 H

FKI, 6 FRBEN SRR G20 | 5k
FYZ0, PSR 5P 20 N KL sESCRAR L,
XA R BT AL L PSP 2EE 1
FHB A N AEAES R AR 733 Eo AW S
BT ANWF TSR — 2, M2 RS TS A 4h—
S | BFH S FESE 3 R SRR
JxT 6 A i E 2 I kR 7] A e 182 R o I RE S R
YIRS 2S00 R R AR, HAR
RE M RE LRSS0 A AR R, HIX
— LI AE 2

5 £5p
KWK ITC IR 2SI ZIE S ST S, TR i

AHT BRI AERK KL EEX 2 SRR

RE BRI R AR R B B 22t E . A

Wi ARSI A BRG] 1 PF 2k

IEERAPHHIR B KR . 5HZAFE, RATH

1R B RN BESE BV T 6k 2 1 2 1 7 O AR

R KA EA. B FRRE. BEHERY

X P2 BIRRST 2 0 K B B R A 3 B

M, Hrb i RHR IR ROR Oy B3, BREE A

X FFZEPRMRSTZE | FFSE a7 B RCRA

B, HNBEERS T ZENEE. SHSAM,

AR B REST Z BRI S s B HERCR

N, BB 2 BRIR T ST S

Iv BaPE2E . FESE | R R ARt R B3
BRMEH FARE LM EHE AR, FEMAAL

AT RAEEAR, R H TS BIRRA R

B B AR ORI . BRI AR

PR R ELEEIE R, SEmeaR A EENER

X REPNENE R AR B R R E T o ASHIE Fi 2

RAML T2 R R B F7 A0S 1 1 7y 1

T ARA = St 1 BRI ARYE, XS E0R 2 R AT

KA T 5%

SE R

[1] #REEE, 6T FHS M2 s R 24 BEAE AT 52
iR [J]. R PHEE LS AT 5T, 2009, 1(1): 45-48.

[21 s, B o, BERL . PFSKE R
SE N R A AR T e K LA R AR RS VETE Y [J]. R,
2016, 47(6): 938-943.

[B1 £ & & @ ' &, % A0S, AEE
FH Bl RS f e Fidk fg [3). 4=t 9t 2018, 40(1):
48-53.

[4] Jiang G Liu J, Ren B,
chemosensitization effects of cryptotanshinone extracted

et al. Anti-tumor and

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

from Salvia miltiorrhiza Bge. on ovarian cancer cells in
vitro [J]. J Ethnopharm, 2017, 205: 33-40.

il =L PESERAG AP LR G e 1R A R
HLEIER [J]. SR BE2EIR PR 44, 2016, 13(05): 221-223.
MRS, B, B OM, & RENST BRIEE
[3]. *F#45%4, 2004, 27(11): 809-811.

IhEE, O, BOET, . SREREE KZHED
PP ZE I TR BORN 2503 MLV A 2 2 B RS [J]. h 2y
#4, 2004, 27(2): 118-120.

Cal LP, Wu C L, Wu G T. The research progress of
Tibetan region “Linzhi danshen” [J]. J Guangdong Coll
Pharm, 2007, 23(3): 351-352.

FPEW, R, XIEH, & SN SN UV-B
BRI B 2% S [9]. PR AR 2R, 2016, 25(5):
738-743.

Yang D F, Yang S S, Zhang Y J, et al. Metabolic profiles
of three related Salvia species [J]. Fitoterapia, 2009,
80(5): 274-278.

XFEME, TR, 2B, 25 Y BIRR TR
[]. R BE 25K 5244, 2015, 21(3): 288-291.
i, m R, EFHE. AHEYTBIRRKIE S I
MA [I]. P ETZE A, 2014, 39(11): 1956-1960.

T O 2Ok AR S AFRTERAFSERR
R KPS TR R R R [I]. b 5250 75 7]
2%, 2009, 15(11): 6-8.

T ML BB AR U AR K SR e 2 A AR
FIRAERIT ST [D]. FHS: PERE R, 2017.

TSy, H 2R A A R 0 e TR A 1
Wi SRR AT [J]. FRIAE B T 2ERe 44, 2016, 49(6): 5-10.
BT RN T T B SR A M AR Y R A R
WEHHSENPN [D]. IR FFFmR KR,
2016.

L ROR). 26 [E A H R EAR RATAL [D]. AL %
fButl R, 2008.

XUHHNN. 5 Wi T &5 BRI [D]
Trrg: ILZRIMIE R, 2016.

TRAR T A R A 1) 5 e B G A FER AL )
[D]. Faat: BT KA, 2015.

X8, MBILE, H4af. FARIREXGbr L e g
FE W B B Rg i [J]. VLR RO RH2E, 2018,
46(18): 72-75.

Sae L N, Kerdchoechuen O, Laohakunjit N. Enhancement
of phenolics, resveratrol and antioxidant activity by
nitrogen enrichment in cell suspension culture of Vitis
vinifera [J]. Molecules, 2014. 19(6): 7901-7912.

%K. GRS X B AR N 2 o R B e ) F O
[D]. BT JPEK%%, 2006.

X, R, &R, % REMNBEEY SRS



¢ %% Chinese Traditional and Herbal Drugs 35 51 % %5 9#§ 202045 H

2547

[24]

[25]

[26]

[27]

(28]

[29]

[30]

RIRBE R R FRAE M [J]. K& Tl K= 24), 2013,
32(6): 409-412.

XIE T, ALK U 3 A0 G R 1 A ML ER A 2 [D].
Pk TACARR K 2%, 2018.

A6 Fa, kM, £, 55 AT LR R ) AR
e R E SR (0] SR, 2011, 31(18):
5121-5129.

HI. IR ARG HAN PR R XK=& L
HOKREBAEM R AP ZmIE D] dbit:
koK 2%, 2019.

JA A PR A R X HMGR 2[R 3
BT [D]. B _EigIiive K2, 2007,

b, Jing S, Mit—, % RFEE XL AEYEIR
MR P= AR AR = A R R At e 9],
EHACH12Y, 2014, 16(11): 945-952.

ZflAe, SR, TG, SR DUR RS IE BARMR S IR
RGOS KA R 3t AR K s [J]. e,
2000, 31(2): 132-134.

R, W A, BRI, % SEAIEENRZ=

[31]

(32]

[33]

[34]

TSR E R BRI [J]. Bk, 2019, 37(12):
409-412.

Bo L, Wang B Q, Li H Y, et al. Establishment of Salvia
castanea Diels f. tomentosa Stib hairy root cultures and
the promotion of tanshinone accumulation and gene
expression with Ag*, methyl jasmonate, and yeast extract
elicitation [J]. Protoplasma, 2016, 253(1): 87-100.

Guo K, Liao P, Xu H, et al. Molecular mechanism of
elicitor-induced tanshinone accumulation in Salvia
miltiorrhiza hairy root cultures [J]. Acta Physiologiae
Plantarum, 2012. 34(4): 1421-1433.

Wang Y, Shen Y, Shen Z, et al. Comparative proteomic
analysis of the response to silver ions and yeast extract in
Salvia miltiorrhiza hairy root cultures [J]. Plant Physiol
Biochem, 2016: S0981942816302583.

Mingyu H, Wanli G, Zongsuo L, et al. Effects of cerous
nitrate on growth and tanshinone production in Salvia
miltiorrhiza hairy roots [J]. J Rare Earths, 2015, 33(11):
1228-1235.



