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[Abstract] Objective: To investigate the biological essence of the content variation of differential
primary and secondary metabolites in fresh roots of Scutellaria baicalensis under drought stress. Method: The
changes of metabolites were analyzed by ultra-high-performance liquid chromatography coupled with

electrospray ionization quadrupole time-of-flight mass/mass (UHPLC-ESI-Q-TOF-MS/MS). Result: A total of
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11 differential compounds were identified from the roots of S. baicalensis (VIP=2). Under drought stress, citric
acid content increased and shikimic acid content decreased, indicating that the drought stress weakened the
primary metabolism but strengthened secondary metabolism. Drought stress raised the content and regulated the
proportion of various secondary metabolites by modulating the biosynthesis and biotransformation of them. To be
specific, the content of free flavonoids with many phenolic hydroxyl groups and high biological activity and
pharmacological activity, such as baicalin, wogonoside, baicalein, wogonin, chrysin, eriodictyol, 5, 2', 6'-
trihydroxy-7, 8-dimethoxyflavone, 5, 8-dihydroxy-6, 7-dimethoxyflavone, and 3, 5, 7, 2', 6'-
pentahydroxyflavanone, was significantly increased. The massive compounds, like an intricate buffer, maintain
metabolism stable as quickly and accurately as possible through biosynthesis and biotransformation, thus
responding to the changing environment, which reveals how the quality of genuine regional drugs is influenced
and why compounds in herbal medicine are complex. Conclusion: Secondary metabolites with low content but

high activity are important influencing factors of medicinal material quality and metabolites with high content

and high activity are evaluation indicators of genuine regional drug quality.

[ Keywords]

Sl ¥y nl LA Jd 7% Bl o S ki 4% b AN ] Y B4 B
AAE AR A GERS 8, NS AN X S T 52
b B A TR R W A 5. RS
T B0 7 1R 8 = BORL G T, FEAIR O, A0 HE 1 ik
JE [ Bf BTG - S A % C O, WS AT 35, 78 I 45 1 F
b 5O BE B DA L R G R R A
W Z O, Bk il 05+, 05+ X ok #F — 45 5 78 i
H,0,, -OH % CK ) i ) o e it #2 v O, 7E 38 Jit
o B R A Y — R B R A AR A R,
PR 6 £ S (ROS) o 5T HIE B ROS 114 3 Jin /& B8 5%
Joih 3B B 6 9K 25 IR AR B A5 R HLO, B m T
105, 05- I 7 345"+, & /K1) ROS 38 i ¥
A -S S-Sk AR 2 1 T ARG 5 R (AL FE S ), AT 9
T AE Y A B A B 0 (H — H ROS i AR
FESIJE R =4 - OH, O - G TE MR sk 19 A h 3%,
23 WU A0 i R 48 B 43 F 25 A R AR A ) R AR A T
Wr %4 DNA &5 W 24 BRBE 22 068 1 T, S SOl ==
L, E SR T, EARZLROSH BT
H,O, 1 P AH X 4 55 , 16 PR3 R fae , PR e mT DL AzE R
B g, O AR R FE RS 2 i
Z UFF 5= 4 i ROS = 2 o 4 A Ak 4 AL i
(SOD) , i A AL &l (CAT) , i %A L W) 1 (POD) 55 47t
A AL T R T bR, 05+ 78 SOD 1E Fl F 8 H & 43 fi
H,0,, %X )5 il iF CAT 5 POD 43 fi# 3 H,0, 1 O, , fift
BE . (HEPUEILEE 28 F i, SOD A 24 WA,
CAT H 443 3t , 33 263y JE Py &8 S 37 5 2 (1] 75 22 -S-
S-JE A e i 47 (il 1 A5 A T = 4540 ) o T SR AE
Yook 1 E R HE A YA b X SE SRR 45 &) 32 B
P TR PERRAR . PR, R UK S BT A Ak Tl

Scutellaria baicalensis; metabolomics; reactive oxygen species; secondary metabolite

VLA A7 | 30 T B 2 U AE G ™ 1 ok 2 5 T M A
B9 1A, AR ARG 7 ) A A W) 3 N7 3y T A 4% TR
SR

I R ROBORH 83 43 A, R RS W 3k S E
447 FAR I P TE S AR B A G S 128 B R
S 126 Fp S L R 2B AR . X
YR A AR S RS B3 TR L 48 R A 0 AR
PRI AR AT AR AT rh 245 B T B A AR 3l R R
P ) U A AR 7= 1, TR O v 2 M A A5 2R B
Z 45 LAY & RN M 22 F R R, B KW A
2 b 5T B D5 AL — B P 24 S O 0 ORI A
T W) Ak 2 AR W A AT Z 1R A A B
27 AR GHEH 2 — b 0B R0 W A A 8 T v
— R TR AR LR A F B R R
JE A ) AR 4 2 AT DA BEF 98 N BYOXT G ORI
AT R P A A R AR i B A, 2 E RS I EE AR
Py Iy 301 vh ) 2B R A AR 0 B A R
B AT T T R, O B A RO [F] 45
B A W, B PSR B RPN 2 g
B 7 (HIV) I PE . T 502 % DAY 85, o J2 5% i
BOS R FE R A M R S A K
1) B 455 %% U AH 5C , DA I B 355 50 Yk AR AR 1 52 2 T
fiff 245 b1 T T8 ML 1 EE B DD S, AR ST AR B B
55 30 10 A 25 5, 6 BK SR F R 2 B R 26 Ak
G ZREE R e Z B OC R BT RS, 1 B 24 4
T Pk 53 22 RE R 0 A2 ) 2 AR 0T, Ol b2 DE AN 24 14 T
AR A LR
1 ##

20184 5 H M SR I VT Hp s 24 K 2% 25 FH Rl 4 el oR

- 149 -



527 B 24 W] HEXBAFZRS Vol. 27,No. 24
2021412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2021

4L 2 AR 18 MR BE & Scutellaria baicalensis , -3 % 3%
3ANAETE Bk 6tk o EIRALAIT R TR,
FARAER WA T8, 24 10 H (REEFE 10 °C
ZeAT ) FEAE F D H T B S RL AT A I I 4
- HEK A, SR T IR ) Rk ) A

BRET R, TR L2 cm BHCERES . &
TR, TR AT em RHIRERES . S E4,
TR BB BE K, I 2R R - R

A 2H A A A TS R P AR kv U £ L R
TSR 5 53 0l V40 H 408

F B (9% 4, I [ Fisher BF 22 A 7l ) 5 2
(HPLC 2%, T8 [ BR 50 23 | ) s Milli-Q 8 4l /K ¥ ik & ¢
(3% E Millipore 28 7 ) o H PR ({35 4li |, Bl 2 KR Ak 2%
AR W) s 2R AR AK (7 M BTGB i OB A W) ) 5
P (b ORE di b2 i A BR D2 AE R ) o AR 3 ok
AR T

ACQUITY™ # UPLC % #f i ## 1¢ , Synapt™
G2-Si-HDMS 74 Jit i {X , MassLynx V4.1 T4 ¥k ,
Progenisis QI 2.0( 3 [&] Waters 23 #) ) ; PBI1510-N 7l
L 4 B K OF (i - A R ) S R 2SR A A )
0.22 wm ff fL JE % ( 3% | Millipore 23 ] ) ; Nichipet
EX A1 558 f3f i 7] 8 B W A% (R A% 43 1 S 20~200,
100~1 000 wL, H A< NichiRYO /A & ) , Heto PowerDry
PL3000 % - #L ( 35 B Thermo /A A ) .
2 A&
2.1 BEIC A H & K g0k 150 mg A1 70% HYOBE
50 mL G AHEIE b B A S I h A R R . I
J& A 0.22 pwm Bl Lk U8 A% B b VR AT Ak 2 AR
Gy BT, LA A SR i 5 i
2.2 AR B A 5k 1S SR Waters
ACQUITY UPLCTM BEH C, {& % #£ (2.1 mmx
100 mm, 1.8 pm) ; ¥ 24 0.1% H R & % (A) -
0.1% H R 7K i W (B) &% BE e B (0~1.5 min, 16%~
22%A; 1.5~5 min, 22%~30%A; 5~9 min, 30%~
40%A; 9~12 min, 40%~70%A; 12~15 min, 70%~
100%A ) ; 1 il 40 °C ; ¢ i £ 7 10 °C 5 i # 0.4 mL -
min"; 190~400 nm 4= I K 4 EFEARFL 2 WL ; A4
AT VAN 8 0 i L B T A AR AT OE T
FHi T AR T BRI RE 4 °C
23 % EE A BME B 2.6 kV;HESL
RAEHL R 25 V3 HE AL IO R 4.0 V5 25 AR E
350 °C ; K ¥ A 9 & 600 L - h'y B 1 U IR
110 °C ; A o1 12 1 1E 2R F 5 2 2 - ME IR ([M+H ]
556.277 1) W , B 1E ¥ W iF A HEE 100 pL - min™,

- 150 -

KEAESI 2Ny 5 5 0k B d A8 4 47 T AT R
8,45 0.02 s RE— KIS E L B RCR 0.4 s, T 4
5 Bl m/z 100~1 500,

TR A BN B 2.2 KV HEFLRFE L R
25 Vi HEFLER B R 3.5 V; RV FI SR E 350 °C 5 2
VA 600 L-h' s B F JR IR EE 110 °C ; fE# i i
W AE K 5 A R - e K ([M-H ]~ 554.261 5) %,
P IE VA W ERE SR S 100 wL - min A IESER R S s
T B AR A Ay U MR AT R4 R 0.02 s R
— W%, B KCR 0.4 s, i T B m/z 100~
1500,
3 £5
3.0 EAEEARALE AV UPLC-MS % R4 7
E 1 ft UPLC-Q/TOF-MS £ {4 T X #% % fif AR (1) 1k
2 WA HEAT 43 AT, 43 0 AR OE B AR B A T A
AT REMK S @R, W 1, B R R
g Ik B b o s R 25 ML AW g .
25 A4k 2F B 4y W 4y bR GE kol 1~25. TEIE B T
R HE T e 2 DLIMAH ] R B o Bk
e o W N e 7/ B R A el al = A D)
[M-H] JE =L 8 Kz . [ A Waters Masslynx V4.1
T. /E 3 #) Elemental Composition Analysis T. B,
SR DAER (R Wi R VA S i ) B A S R W
iR AW EN GRS T EFHEE
W1,

AJ\, " AMJ\JJ s M —a

1 5 10 15 20
A J\ ul | il M b
1 5 10 15 20
Y Y M — ¢
1 5 10 15 20
B WW L
T T T T T a
1 5 10 15 20

1 5 10 15 20
LA/\/M\JLM\AMA__———LW\ —
1 5 10 15 20
t/min

A IEBEFREGB. B AR e BE TR b BE TR c. 51
B1 EZEHRUEMS UPLC-MS B
Fig. 1 UPLC-HDMS chromatograms of fresh Scutellaria root in
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Table 1 Characterization of compounds in fresh Scutellaria root extract by UPLC-HDMS
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Fig.4 Changed contents of 11 compounds by OPLS-DA analysis between drought and control in positive ion mode

B 75 i S AL 9 il (POD) 19 45 B T, HL gy Wl 25 1%
SRV AR E ST B & T S A fL# POD
B T P A A i, s k2 M R AR T Y e
AALRE 7 o X SR Sy T R AL T R 2R A AR
G B U EOCR g, OF BAk 2R R E . R, A
IR e, F P AR R A O M I S M

MAEL S BT LA 3 8t 25 A8 Ak 1 o A AR i e
Yy 359 FL AT A v 0 T A A A P R A X
BIRE F BN AS WSO 2
4.3 ACIEHIE AR PR T 6 M A B A AR
S E Y MRS O T A R AR T B
Z AR . A E A T R AR Y &
PR SR, ROS PREFAE — Rl A7 RS . ROS
A I 2 B TS PR R R . X R E RS
A= I T A X T AR A 0 A W R A

S AR R Y, B 3E a4 R A A3 1 1 o R L A
R, EA A LR R A I oy 1 B
I R T HUERRE Y. M ROSTEREET, HA
C-5F1 C-7 Wi~ ¥ L AR 1 11 4 R 9 A 5 3k 51 4
B AL IR MR S R KIS R L5, T-
TR H-6,8,2", 30U AL B % R VAN T — A,
PR Ik 8 5 T PR X A B A Ak A8 BB . ROS AT L
I TN R R A T (PALL) B3 MO 0l R 2 1k
BUAWANTE . 2 ROS & EAR, Z A M B A E ol
DB B R TR BA R 7-O- 1 % 0 9 R % 7% 1 1) 4
A Ak Sk 3 R AN ) B RS RN I BT T EL R
T2 i 38 B4 A A S K M OB TR, AN RE I H
75 3ok 0 B R ofF % T 28 8 43 A3 R B T 4 i e i B —
DS, X DA R FEAE T, S B E L RE ) TR . Ab,
Wil & I MR AR R R AR B R AL S W AR A K
- 153 -



5527 G5 24 W) HEXBAFZRS
20214F 12 A Chinese Journal of Experimental Traditional Medical Formulae

Vol. 27,No. 24
Dec. ,2021

OH O
Pinocembrin chalcone

lcul

OH HO
H 0. O HO 0. O HO. o) ‘
oM e e T
OH
OH

OH O
Eriodictyol

OH O
3,5,7,2",6'-pentahvdroxvflavanone

OH O
Pinocembrin

lFNSH-Z

Ne
HO o
FH/OMT O ] S
E— OCH
HyCO ®

OH O

Norwogonin 5,7-Dihydroxy-6,8,2",3" -tetramethoxyflavone
FH/OMT
I / \ F6H
HO.
OCH3
OCH;3 H4CO. o
HO. o O | o
) L
OH HO
OH O 5,2',6'- trihydroxy-7,8- dimethoxy flavone 0!‘ 0
Wogonin FH/OMT, Baicalein FH/OMT
4 HO
OCHs O
UBGT BG UBGAT BG HsCO o |
OCH;
HyCO
OH O
5,8-dihydroxy-6,7-dimethoxy Skullcapflavone [[
3
GIuAO, GIuAO.
H
Wogonoside Baicalin

; 2 3
O
[\

CHI. 7 /K i 5 #9 1 ; OMT. O-M K% B4 1l ; FNSII-2. # i 4 0l ; FH. # [ 5 (01 ; FRH. 2 8-¥2 AL g ; FOH. # i 6-%2 L iF ; BG. B-7 2 W i

Fi2 it} ; UB GAT. 7 %) b I8 MR 5% 4% 1l

Bs5 HEMEUAUNSTFEMREDERTE

Fig.5 Molecular structure and biosynthesis diagram of flavonoids
WA T T R o AR E SCHR 13 38 1 o B A B
MR O 2 W, 7EA 3 A VIP(E>2 1%
P2 o W R 35 22 AL B ), BT E 7E B
K130 4 MG MRS, Wb SRAFAEAR 2208 o iy 2
Vi) 2 A 1T ik 72 336 M ) A 2 BB, DA IHG PR ST G 22
5715 ROS 7K ¥ A AH XS E o

- 154 -

UCHE AR W 1 22 B R A AR ) 3 LB 35 D7 T
RIFREREERMEM . WX miL ey
[ B4 A= 0 5 TR B A, 00 4 52 24k 14 % e s ROKS A
PR SE HiL 9 CY A0 B T SR AR RE T BRSO
o X SEAH M) 25 (9 A7 B0 23 38 F O R I R A AR
W, B R 22 T U A AR W R A L Y



5527 B 24 1 th [ L 88 5 5

FHRE Vol. 27, No. 24

2021412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2021

AR AR 22 R W 2 b Y B, DR AE R A 3 T R
P 70 20 B R AR Jo A b R R L T U O 2
B T B IR A AR J5 0 25 4 1 S 2 B A TP T
Oh 25 0 iR PEA 5 1 SR AL R 0 2 A

[FEEHR] KLREEALTH BT R

(&% k]
[1] Mo, &P, AmBEEYEIMI] 3. bt &
SEHE HMUHE 2007,

[2] MITTLER R. ROS are good [J]. Trends Plant Sci,
2017,22(1):11-19.

[ 3] DELRIO LA ,LOPEZ-HUERTAS E. ROS generation
in peroxisomes and its role in cell signaling[J]. Plant
Cell Physiol,2016,57(7):1364-1376.

[4] DAT J, VANDENABEELE S, VRANOVA E, et al.
Dual action of the active oxygen species during plant
stress responses[J]. Cell Mol Life Sci, 2000, 57(5) :
779-795.

[5] CONSIDINE M J, MARIA S L, CHRISTINE H F.
Unravelling how plants benefit from ROS and NO
reactions, while resisting oxidative stress [J]. Annal
Bota,2015,116(4):469-473.

[6] FORMAN H J, MAIORINO M, URSINI F S.
Signaling functions of reactive oxygen species [J].
Biochemistry,2010,49(5):835-842.

[7] CZARNOCKAA W, STANISLAW K. Friend or foe?
Reactive oxygen species production, scavenging and
signaling in plant response to environmental stresses
[J]. Free Radical Bio Med,2018,122:4-20.

[ 8] YOU J, CHAN Z L. ROS regulation during abiotic
stress responses in crop plants [J]. Front Plant Sci,
2015,6:1092.

[9] QIN Y M, HU C Y, ZHU Y X. The ascorbate
peroxidase regulated by H,O, and ethylene is involved
in cotton fiber cell elongation by modulating ROS
homeostasis [J]. Plant Signal Behav, 2008, 3 (3) :
194-206.

[10] BAXTER A, MITTLER R, SUZUKI N. ROS as key
players in plant stress signalling[J]. J Exp Bot, 2014,
65(5):1229-1240.

[11] SHIY H,XIE ZY, WANG R, et al. Quantitative and
chemical fingerprint analysis for the quality evaluation
of Isatis indigotica based on ultra-performance liquid
chromatography with photodiode array detector
combined with chemometric methods [J]. Int J Mol
Sci,2012,13(7):9035-9050.

[12] LIN H, ZHU H, TAN J. Comprehensive investigation

on metabolites of wild-simulated american ginseng

[13]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

[23]

[24]

root based on ultra-high performance liquid
chromatography-quadrupole time-of-flight mass
spectrometry [ J]. J Agr Food Chem, 2019, 67 (20) :
5801-5819.

WANG Z L, WANG S, KUANG Y, et al. A
comprehensive review on phytochemistry,
pharmacology, and flavonoid biosynthesis of
Scutellaria baicalensis|[J]. Pharm Biol, 2018, 56(1) :
465-484.

Bk AT BT AR A L R A AR A i Y
B IFFHERE [T ], A A 25 4, 2011,35(1)
110-118.

WA el W EAE S RO S TR AU IR
TR LA (3], b R 2y Zk R 2007, 32(22)  2337-
2341.

SUMNER L W, MENDES P, DIXON R A. Plant
metabolomics: large-scale phytochemistry in the
functional genomics eral J]. Phytochemistry, 2003, 62:
817-836.

OBATA T, FERNIE A. The use of metabolomics to
dissect plant responses to abiotic stresses[J]. Cell Mol
Life Sci,2012,69(8):3225-3243.
KK, wh A, 225,45 IR T B O A A LR
B WA o 8 W ST (0], b I b 25 2%k, 2014, 39
(10):1761-1766.

ZERORL, BRIGUER , i B B, 45 . K 43 b3 % 5 1N TR O
BGOSR s [T ], v [ S D7 ) 2 2
#,2010,16(7):99-101.

LIN C, MEI H, LI M Y, et al. Changes in the
physiological characteristics and baicalin biosynthesis
metabolism of Scutellaria baicalensis Georgi. under
drought stress [J]. Ind Crop Prod, 2018, 122 (15) :
473-482.

WANG Z L, WANG S, KUANG Y, et al. A
comprehensive review on phytochemistry,
pharmacology, and flavonoid biosynthesis of
Scutellaria baicalensis|[J]. Pharm Biol, 2018, 56(1) :
465-484.

GUO HM,FU X Y,DU H W, et al. Sodium dithionite
enhanced quality of radix scutellariae through
modification of secondary metabolism[J]. Int ] Pharm
Investig,2016,6(4):225-231.

SONG Q, CAO WL, JIANG H, et al. H,0, improves
quality of Radix Scutellariae through anti-oxidant effect
[J]. Pharmacog Mag,2016,12(45):84-91.

YUAN Y, LIU Y, WU C, et al. Water deficit affected
flavonoid accumulation by regulating hormone
metabolism in Scutellaria baicalensis Georgi roots[ J].

+ 155 -



527 B 24 W] HEXBAFZRS Vol. 27,No. 24
2021412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2021

[25]

[26]

[27]

[28]

[29]

PLoS One,2012,7(10):e42946.

HYUN J, WOO Y, HWANG D S, et al. Relationships
between structures of hydroxyflavones and their
antioxidative effects[ J]. Bioorg Med Chem Lett,2010,
20(18):5510-5513.

BOR PRI, A R, % S R WA IR
PE2E SR AE A R L], 3% 2% 20 35, 2010, 27(1) -
132-140.

WANG H Y, HUI K M, CHEN Y J, et al. Structure-
activity relationships of flavonoids, isolated from
Scutellaria baicalensis, binding to benzodiazepine site
of GABA(A) receptor complex[J]. Planta Med, 2002,
68(12):1059-1062.

LI K, FAN H, YIN P, et al. Structure-activity
relationship of eight high content flavonoids analyzed
with a preliminary assign-score method and their
contribution to antioxidant ability of flavonoids-rich
extract from Scutellaria baicalensis shoots[J]. Arab J
Chem,2018,11(2):159-170.

XKWL, #2408 MM S XK RAARE
Wl 2 F g [T]. 25 2% 75, 2006,31(12) ¢
999-1001.

FENG Z, ZHOU J, SHANG X, et al. Comparative
research on stability of baicalin and baicalein
administrated in monomer and total flavonoid fraction

form of Radix Scutellariae in biological fluids in vitro

+ 156 -

[31]

[32]

[33]

[35]

[J]. Pharm Biol,2017,55(1):1177-1184.
HYUN J, WOO Y, HWANG DS, et al. Relationships
between structures of hydroxyflavones and their
antioxidative effects[ J]. Bioorg Med Chem Lett,2010,
20(18):5510-5513.

HIROTANI M, KURODA R, SUZUKI H, et al
Cloning and expression of UDP-glucose: flavonoid 7-
O-glucosyltransferase from hairy root cultures of
Scutellaria baicalensis[J]. Planta,2000,210(6) :1006-
1011.

JIANG H, YANG J M, JIA G Z, et al. Physical and
ecological impacts of chromones of fresh root of
Saposhnikovia divaricata exposure to high temperature
[J]. Russ J Plant Physl,2018,65(5) : 680-687.

SHOIB A B, NASHEEMAN A.

characterization of flavonoid 3'-hydroxylase, CsF3'H,

Functional

from Crocus sativus L: Insights into substrate
specificity and role in abiotic stress[J]. Arch Biochem
Biophys,2019,30(667):70-78.

SONG Q, GAO H R, WANG J H, et al. Exogenous
intervention with sodium hydrosulfite enhances the
quality of Radix Scutellariae by modulating
secondary  metabolities [J].
Pharmacogn Mag,2019,14(60):107-114.

[RERE ME]

antioxidases  and



