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HET. SEHER (H202). NO S8 0~2d BEHn, 52 K FiZHi&K. N =% (malondialdehyde, MDA) &E L
SeThiEJE AR, 28] SNP A BUDLEILA: Al i A BIDIRAS . SNP ALBRZH ALY E AL G (superoxide dismutase, SOD)
TEVETE 0~6 d $R3E T E, 0.50 mmol/L SNP b3 2Hid AL ElG (catalase, CAT) A% ALY (peroxidases, POD) &4}
I7E 0~2 d Ml 2~4 d BEFE. 1,3- "B HMEZ (1,3-disphosphoglycerate, 1,3-DPG) & 8 b Tl I ) 1 =X 74 R R P2 1 b Bl
(phosphoenolpyruvate carboxylase, PEPC) V&t 0~4 d 358, HH 0.50. 2.00 mmol/L SNP AbFRAZR E3 (P<<0.01).
0.50 mmol/L SNP Kb 4135 F 3 13 — R S ik 4eiBls A JE 5L (hydroxymethylglutaryl-CoA reductase, HMGR) #il 1-Jlit 4-D- A B b
F-5- T R I JF 7 A4 (1-deoxy-D-xylulose 5-phosphate reductoisomerase, DXR) W47 0~6 d &2 T+, &5 6 X 0.50 mmol/L SNP
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Regulation of exogenous NO on secondary metabolism of Gentiana scabra and its
guality formation mechanism

SONG Xue, LIU Si-jia, HE Lu-wen, MENG Xiang-cai
Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To explore the effect of exogenous nitric oxide (NO) on the accumulation of iridoid glycosides, a secondary
metabolite of Longdan (Gentiana scabra), and its quality formation mechanism. Methods The fresh roots of G. scabra were treated
with water, 0.02, 0.10, 0.50 and 2.00 mmol/L nipponate solution (SNP), respectively, the relationships between the activities of
reactive oxygen species, antioxidant enzymes, enzyme activities related to secondary metabolites and the accumulation of secondary
metabolites were investigated. Results The contents of superoxide anion, hydrogen peroxide (H202) and NO in G. scabra treated
with 0.50 and 2.00 mmol/L SNP increased significantly from 0—2 d , then decreased gradually. Malondialdehyde (MDA) contents
were increased first and then decreased, indicating that SNP can simulate and reproduce the physiological state under ecological
stress. The activity of superoxide dismutase (SOD) in SNP treatment group increased significantly from 0 to 6 d, the catalase (CAT)
and peroxidase (POD) activities in 0.50 mmol/L SNP treatment group were increased significantly at 0—2 d and 2—4 d,
respectively. The contents of 1,3-diphosphoglyceride (1,3-DPG) and the activities of phosphoenolpyruvate carboxylase (PEPC) were
increased significantly at 0—4 dthe effects of 0.50 and 2.00 mmol/L SNP treatment groups were the most significantand (P < 0.01).
The activities of hydroxymethylglutaryl-CoA reductase (HMGR) and 1-deoxy-D-xyketol-5-phosphate reductisomerase (DXR) in the
0.50 mmol/L SNP treatment group were significantly increased from 0—=6 d, with this, the contents of gentiopicroside, swertiamarin,
sweroside and loganic acid, the main active ingredients in G. scabra, were increased by 34.5%, 35.4%, 1.8% and 53.7% respectively
compared with those on the 0 day. Conclusion SNP can rebuilt physiological status of G. scabra under ecological stress, promote
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the biosynthesis of iridoid compounds, and improve the herbal medicine quality.
Key words: NO; Gentiana scabra Bge.; iridoid glycoside; antioxidant enzymes; gentiopicroside; swertiamarin; sweroside; loganic acid
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T R B 5 N AN R J2 R 45 B A A RS 1 B R A
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Je BH A e B EE R ¥ % of k IH Gentiana
manshurica Kitag.. 72fiH G. scabra Bge.. =f¢EfH G.
triflora Pall. B¢ "% JZJIH G. rigescens Franch. f#)T-J&HR A
HRZE0Y, H = 2 o N M RS 2, A H
. FFREE.. R HS DRERY, XKL
oy AT R PLR. i, bUmErS 4 BE
o Tz R T IGRE, st bl 3277 X s
JERRTT R ] 1965 47 &y 514.5t, T AR
S R 2 1 FE B 2564 1) e SR B AN W g hn AN
AR YR AR B AR, IRk A X A AR AL R
JHZg e O AR 100 t, BAETHEEAE R R, H
AR RO AR, iR TR, B
i AT 24081, D B8 i R A i e M A R
VG 5T A 2 7 M e 1 B SR A . — SR
(NO) & —FhEERE T/, " LLLIKREEMSCITT
A 5iERE ROS BERIL R RO Préa b, =g Hik
VERNPUEATIHE R ROSPEL, 4 L HLA se B A it
ARG, MALSHS ., HEFERAH Ry AT
f 3o AR R O A R0 AR S DA B SR T
TIE BFOE A P A AR v AR AU B RO T Ak 3
FEPRI214, XA B2 0 24 FH R A A3 v ik S AR
TP, ROS HEEZE 5 R 25 A S TR AS
I FE R NO #4449 (sodium nitroprusside, SNP)
AR ENREER, DAASFAREE () SNP AR5 E, 6
RS H P A SR A T AR BRARES, $RFE SNP X
1B 3= 2 2A 8RS A AR s S RS2 o
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1.1 #m

B R B SR, 2B B2 R

HFEA AR S e N e IR RME Y e IH G. scabra Bunge
IR .
12 4z

1200 B4 RORAE (A CRIER AR AFD;
TGL-16LM 4 & s A4 B D HL (TR = AR RL 2
I HBR A D); SDA0 BUHIUKAL (M M #
HlEA PR AT D 752 ZUELAMAT WL e e T (Rifg
AR A AR AT ); DHG-9015A AUE: K 45
i (Rilg—ERAER AR AR, CP225D BYHL¥
RV (R AR E R AT ; Z I REREFRX
(Z£[E Perkin Elmer 2]
1.3 iR

SNP.. 30%H,0,. NaH,PO4 2H,0. Na;HPO4 42H.0.
L-FAER. 4 MU 28 41 (EDTA-Nap). 1%
. EWEDYME (nitro-blue tetrazolium, NBT). A
My =& R BT L2 R M B 2 7 ELISA
RAE (S R30343) MWT LiElEM AR A
FRATE] WA (H:02) R7E GitS A064-1-1).
NO MlE iR & (S A012-1). Wil I g
#1kEE (phosphoenolpyruvate carboxylase, PEPC) ¥
PEIE RS (S A130-1-1) TR sl A
TP MY 13 Z R H mR®
(1,3-disphosphoglycerate, 1,3-DPG) ELISA #&:ili5)
& (iS5 IM-110208P1). FEFE HH L — R H Ik
I A IEJEEE Chydroxymethylglutaryl-CoA reductase,
HMGR) ELISA i{jfll& (k'S IM-110182P1). 1E4
1- it % -D- A Wi B B -5 B RO R M B
(1-deoxy-D-xylulose 5-phosphate reductoisomerase ,
DXR) ELISA #lllii & (5 IM-110212P1) ¥
UL R AEYRH AR AR RIHEE RS
KT 98%, b5 20201018). HERFER (FESECK
T 98%, b5 20201115), FEHFEHEH URESECK
T 98%, b5 20210122), FREHHRH (ESENT
98%, k5 20210120) ¥ T RAEAR AL AEPIFIA
HIRAH]
2 HE
2.1 HmALIE

W REERR e, SN 5 W, SRR
ANFURBANIT . JESE 8 d ) BIEHE 2 UBHIK &
0.02. 0.10. 0.50. 2.00 mmol/L SNP ¥k % iR %
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HEIE AT K, BT =EAES . T4 0. 2. 4. 6.
8 K (B 2 {REUAFEISS [H] (A1 48 h) 44 T IR T7 v HUFE :
(L HAHRUEREARHAL, RIET 4R, Tk
e, FEEFREERY 0.30 g 3L 35 4y, BE-80 ‘Cik
FEAE PRI MR E s (2) BR4LEL 30 g BAEFE S,
KT 5 HRLLE, T 55 CF g, ket iS5,
FT05E Je MRS H . FE 25580 1 . SR e H A S R
WS . MESIN Tk (R od) 1EXTIR, bhis
Wb PR 5 SRR FEbR I 2. FEMES 3K,
22 HEYIBEAETF. H0.. NO ZEME
221 HEABEFEENEE W 2.1 Wi &
K 0.30 g HIEEM, O 5 mL FRA A FE K, vk
BHEEE, 4 °C. 10000 r/min &0 15 min, B &R
4 CORAFEH . KA AR & 7 R % o i
WAV EINE . F AN BT 530 nm I KAL,
1em Jefe, MZEKIZE, MERIeE (A. LRSI
NO2 bRifE & EONREALER, LI RE) A (E AR,
bR AE 2, RN ER A M IHE NO2
i, PATIE 3 Ko KPR B AN AT 5.

BARAEFERE=2XnXVT/(WXVS)
n g MR ZE B NO2 &8, VT Jo b B85 742
TR, W ARE R B, VS Sl ISR BB AR
222 HO0p HEMIE TV HU“2.17 Tt %11 0.30
g B IR, IR AR =1 9 A 9 f5TI¥
FIZEMR (pH 7.8), UKIHTES, 4 °C. 10000 r/min
B0 20 min, B RIS 4 CORER . KA AL
SRR E T, 4 EIEwn R SR AR,
T 405 nm AbillE A fH, WZEKIFEE. P75 3
Ko FHMAFEAEARNA KT

H202 & 8= (A wie — A e)/(A sz —A 55) X C 1a/Cpr
C e NFRAE SRR, Cpr A I R (VR
22.3 NO F&EMETE  H“2.17 Wi %/ 0.30 g
B BORE R, BONUKIB ORISR, I TA 22 o
IR (PBS) BHEE S AI 3K, /€454 5 mL, 4 °C 10 000
r/min Z5.0> 20 min, B EIEWR 4 CIRAF&H,
B A B BOR .. KH NO M ik &, 1CER S
SONARFIRST, TP 550 nm llsE A fE, XFEK
W, PATSELE 3 K. Bl ERANA R

NO 8= (A yie—A w6 )l(A i —A 26) X C 4/ Cpr
C e WARHE IR EE, Cpr ALLAI 3 B Ik BT
2.3 IS KEREMEINE

K 2 2 SCHR J7 1 WS 52 A A0 1 B A B
(superoxide dismutase, SOD) 5. it %1k & f

(catalase, CAT) &M, LYl (peroxidases,
POD) 4.
2.4 RZE (malondialdehyde, MDA) &EE
K ABRAR B b Z R - 43 ) 6 BE VR € MDA 5
%[15}0
25 FEREHERE K BEEEMENE
251 1,3-DPG FE&EMETE B “2.17 Tt 41
0.30 g BUMIFESL, BONVKIBIIRTER A, A T4
) PBS (pH 7.8) BEEMAIH, EHE5mL, 4 C
10 000 r/min &> 20 min, B _Ei&ETR 4 CIRE&H,
M ilE 1,3-DPG K& & . KRHEY 1,3-DPG
ELISA il il &b AT I E , A& % M3t i bs
BRI TR) S IR B B e AT I B A . FH B RRAX
£ 450 nm PEA Tl E & FL A -
2.5.2 PEPC iEMEME 7% H“2.17 1] 2% 1#) 0.30
g BOIFRES, BONTUA TR, & BT
SRR EE A1 2%, E%5 T 10 mL, 4 °C 10 000
r/min B5.0» 20 min, B FiEWR 4 CLRAF&H . RH
T PEPC ELISA A&, iS4 i
PN 1 mL e, STEPVRS), ZEEAKIEE,
TEEA I RIS FF 4G, {ESR7E 340 nm KR
WIHEWOERE (A B 5 min J5IOGE (A 18,
$5 5 305 PEPC 3514
PEPC =1624 X (A1— A2)/KE i it R B
2.6 REREHER XBEEEMENE
2.6.1 HMGR JEMENE L “2.1” L+ 0.30 g
B BIRE S, TONTUA TR, TN NE R TA K
PBS (pH 7.8), WHEMSIHR, E4T 5mL, 10000
r/min. 4 CE.C 20 min, B EIEW 4 CIRTE& .
KHEYZ HMGR 5516, FEFRACAE 450 nm %
KRE A fH.
2.6.2 DXREMEME B “2.17 L £ 1 0.30
g B BIRE S, TRONTIA R ER T, o N & 2
A1 PBS (pH 7.8), #FEERRS1HK, 2% T 5mL,
10 000 r/min. 4 ‘C&.0» 20 min, B Fi&W 4 C1&
7% M. RAMEY DXR W&, HER{E 450
nm K T IE A ME.
2.7 SEMRSEENE
2.7.1 RAXTRE S R RSO R
PR WA AR DR TREEE,
FH B B ) o AR B 43l DR 2.799 2, 1.009 2.
0.103 5. 1.017 6 mg/mL F7E &5 HE SA R
2.7.2 AR IE R KSR FREX 1.00 g JefHZ
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MR, BT 50 mL PR, I\ HEEE R 30
mL, &5, HAEHRE 60 min, A EKRERE, M
HEE AN R R, 350, B8, ENERiEm
28 0.22 pm FRALIEIE N, BPASHEIE TR .

2.73 0%k Diamonsil Cye 54 (250 mm X 4.6
mm, 5um); A 35 C; st NHEE (A) -0.3%
R /KIS (B), VElikRE: 0~15 min, 20%~30%
A; 15~25min, 30%~37% A; 25~30min, 37%~
20% A; 30~50 min, 20% A; A&FFE 1 mL/min;
KK 240 nm,  HERER 10 pL.

2.74 FrAERh A B “2.7.07 WURON A
0.1, 0.2. 0.3. 0.4, 0.5. 1.0mL, 4 B v

WER A 1 mL, il 5 50 5 S B 0 JIE 2 3 ) HE
T, ARV i e PR (I T AR . B “2.7.17
TR X I8 S 0.1, 0.3, 0.6+ 0.9. 1.2, 1.5mL,
43 A FH PR BRI e 25 25 5 mL, il i R V1 R B IR FE
FRTA . DR BV, ARV HERE D
T SRR REIA . B “2.7.17 TURXY
85 YAW 0.05. 0.1, 0.2, 0.3. 0.4. 05 mL, %!
F I BEE R 2 1 mL, il R 5 R IR R 5
T R SRV, AR W s 5 S I U T AR o
43 ) DA 3R B AR AR bR (X0, I TRIAR AR FR (Y)
BEATIENE, 3R AT AR R (R?) FHIZR
PEYEH, W 1.

x1 KED 4RI MEXR
Table 1 Linear relationship of four components in G. scabra

B %) EIER R2 2R kYl /(mg mLY)
Je B Y=10393 X+282.22 0.999 8 0.2799~2.799 2
R Y=16 174 X—145.99 0.999 9 0.020 2~0.302 8
P A Y=15076 X—8.683 8 0.999 9 0.005 2~0.051 8
LR IR Y=11 807 X—65.656 0.9999 0.020 4~0.305 3

275 FEEEWRE  HUA— At (050 mmol/L
SNP b G 28 4 REEMD, % “2.7.27 TR J5iki|
B TR, 2 “2.7.37 TR 7V SEIIE 6 IR,
T H RS R, 8 3 d IR, T H AR
W WM. B EH. B E. DiHE
P& 1 H A H TR AS %5 FE ) RSD 23 il 0.57%
0.88%, 0.71%- 1.08%, 0.46%- 0.98%, 0.92%. 0.82%,
ARG B R 4T

276 foEtilis  BUE—ftila (050 mmol/L
SNP AbHJEZE 4 REEMD, % “2.7.27 TR J5iki|
H AR VA, TH4%5)5 0.4.8.16.24 h 442.7.3”
T R AR HERE b, (BRI . B e
T B, BT RIS RSD {EH5 A
0.77%. 0.42%. 1.10%. 0.40%, Z&HAML S VAERE
24 h MR E I R I .

277 EEMRE  HFE—H4HA (0.10 mmol/L
SNP AbHE 528 2 RAESh), % “2.7.27 TR J7ikHl
% 6 R AAW, % “2.7.37 TN i FERE
ST, MBI, BA S B RE. S
BRI R IR R RSD {4 5N 1.21%. 1.23%.
1.42%. 1.12%, FHIiZHr7EE S R IT.
278 IR R LS I B ke IE R R
(0.1mmol/L SNP 4bHE 525 4 RFfEM) 0.10 g, 36
Uy, KEERRE, 2 BIINIE 25K X IR
i “2.7.27 WURJITVER &AW, % “2.7.3”

TN (il 2 RE AT, TSR (ISR A5 R
H. OB B DERERRINEE FCR
439179 99.01 %. 98.91%. 98.98%. 98.45%, RSD
3979 1.11 %, 1.05%. 1.56%. 1.44%.
3 HERESH
31 AELKRE SNP A &GXTBEMET . H2022 NO
=N

SNP b3 20 A B 35 1 & & 2 e T G FRAIK
&, mAKHAZLEHRAHE (E 1-A). 0.50
mmol/L SNP &bFRATEE 2 KA S 7 & 2k
W, MHECES 0 REEAN T 29.0%, W T /KA
(P<<0.01). 0.5. 2.0 mmol/L SNP #:3¥4H H,0, & &
BT m G BT R E BV G /KF, K ARk
FE4L (0.02. 0.10 mmol/L) H0, & B ARk AN
(& 1-B).0.50 mmol/L SNP 434 %5 2 K H,0,
TRILR] fmE, EE 0 RGN T 58.3%, WHiEEm
T4 (P<0.01); 755 6 KREMKAEA, HE
0 K1 18.4%. 0.10. 0.50. 2.0 mmol/L SNP 4t
H NO & & 25uT m/E B IRn sy, msk4iA 0.02
mmol/L SNP 4bPEZH JE B B AF k%% (] 1-C). 0.50
mmol/L SNP ZhFRZHTEZE 2 R NO & &1k 3 &
B, EEXTHEZH N T 364.3%, Jf HWEE & TK
H (P<<0.01); TEZH 6 KELXTHRAAIEIN T 26.3%.
W4 R, AHEEFRLE 0.5 mmol/L #MJE NO jifi
B0 ROS {235 H s v o
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™, 900¢ = 1ol _ 12} R - 0,02 mmol L% SNP
‘ i 4 JAN
= 850} s Tt 5 10f -+ 0.10 mmol L. SNP
o L = / \
£ goot s 8 S 8l st - 050 mmol L SNP
= S g} S \ S didid 4
' 750} E o g 6l \ +2.00 mmol Lt SNP
=
2 700/ S 4 S 4 i
= (@) -
W o2 z g
59 [
ol 0 0
0 2 4 6 8 0 2 4 8 0 2 4 6 8

AbFE IS TAl/d

AL BRR [A]/d

AE PRI [l /d

350 KL "P<0.01, "P<0.05; H/K4ILE: *P<0.01, #P<0.05, FEIFH
compared with day 0, *P < 0.01, *P < 0.05; compared with the water group, P < 0.01, #P < 0.05, same as below figures
1 FEERE SNP BRXT HEEHRBEREF (A H:0:(B). NO (C)RESBMEM (x 45 ,n=3)
Fig. 1 Effects of different concentrations of SNP solution on mass fractions of superoxide anion (A), H202 (B),NO (C) in G

scabra (x s ,n=3)
3.2 AELRE SNP i&&*T MDA & E/IF2N

0.10. 0.50. 2.00 mmol/L SNP 4b¥iZH MDA & &
25 FAE TRH EARES, 0.02 mmol/L SNP 4t
I MDA FER% BFHE MREWES, /K4 MDA
SEEZEMKES (B 2). 050 mmol/L SNP 4t
HAEES 2 K MDA & &, HEHE 0 RIS T 98.4%,
7E55 6 RELES 0 RIS T 57.6%, JFHHEWEZE T
KA (P<0.01). WHFTZEREM, KIHEFHRAE 0.50
mmol/L #MJE NO Jitihin R MDA & &4 R85,

20

181 I = K4
N -+-0.02 mmol Lt SNP
st >0.10mmol Lt SNP

-+0.50 mmol Lt SNP
+2.00 mmol L SNP

H
(o]

¥ 7
x

=+

MDA/(nmol g%
]

=
o

o
—\ T T
o

2 4 6
AbFR [A]/d

B 2 AEKE SNP Bi&Xt MDA EEMF M
(x#+s,n=3)

Fig. 2 Effects of different concentrations of SNP solution
on MDA content ( x #s ,n = 3)

3.3 AREIKE SNP &%t SOD. CAT #1 POD &
i oA
SNP #b#EZH SOD v 25Tt = fa Bk s,

SNP Ab#2H LK Ak B s (1] 3-A). 0.10. 0.50
mmol/L SNP AbHEZH7E S 6 K SOD kil Bl s, 4>
AIELEE 0 KHINT 284.8%F1 235.5%, F H AR B2
B TK4l (P<<0.01). 0.10. 0.50. 2.00 mmol/L SNP
LA CAT JEMEAESS 2 KIXFNE(E, /K41F 0.02

mmol/L SNP 4b3H4H CAT vE M CH A (K 3-B).
0.50 mmol/L SNP AbBRAHAESE 2 KIy CAT JE PR =,
LLEE 0 RIEInT 66.0%, JHHREZEmT/KA (P<
0.01). 7kZH. 0.50. 2.00 mmol/L SNP k:¥i4H POD i
PE 5 S BRAICE T P AR S5 2R ARV 5 B 4R 7K
s, (R4 (0.02. 0.10 mmol/L) POD iEiHT
MEAME (& 3-C). 0.50 mmol/L SNP AbHEZHAESS 4
RIS POD JE A Bl fe ey, BEH 0 RIHE 1 72.9%, Jf
BAREEET/KA (P<0.01); 7E4 6 RIGITERAK,
FLE5 0 R T 29.1%. WHFCEE R, JRIHERRTE
0.50 mmol/L 4N NO jitifin N SOD.CAT F1 POD 3%
IER ;ST
34 A[EIKE SNP Ayt 1,3-DPG &2 K PEPC
SEMERIS N

SNP 4340 1,3-DPG & &k 258 Bt e T %
(FEa A, SNP Ab32H bb /K 2H AR e 34 B 2 (1] 4-AD .
0.50. 2.00 mmol/L SNP AbFRAI7E S 4 RIEMEIA R i
H, BER 0 RArAliRE T 176.1%. 214.1%, 5 6
RATHEH 0 KL 7 136.9%H1 187.0%, #BHK &
ZmT/K4H (P<0.01). SNP ALERA PEPC 3 1 i
RS BTG TR, SNP AbHEZH Ltk 448
A E (B 4-B). 0.50 mmol/L SNP AbFH 4
TEH 4 KA 6 K PEPC Gk B & &, #E 0
RARE T 104.3%F1 90.7%, I H W5 & = TK4A
(P<<0.01). it 7t 45 R B, e AHEFAR7E 0.50 mmol/L
AN NO Jitiin %t 1,3-DPG & & & PEPC 54 &
R
35 AREIKE SNP jAi#&*xT HMGR. DXR JEMHHY
=AU

SNP 4bEEZH HMGR 751 250 ETHE T RERE
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120; 2800y
A 45 2600] © o = K4l
100}t 40 2400} /\ 0,02 mmol L SNP
T 80¢ = 35 g 52001 / **le# ~ 010 mmol L% SNP
z F g -7 1800} AN 4~ 0,50 mmol L SNP
= 60 > @ 1600} 2\ M 4
3 225 > 1400l S\ * -+ 200mmol L1 SNP
3 40 s 2 5 12001 =8
20t S S 1000}
0 ‘ ‘ 0 ol— - -
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
Kb B [F)/d Lt R [ /d L Ji)/d

3 TEBREE SNP &t SOD (A)s CAT (B)s POD (C) SEMMISM (x+s,n=3)
Fig.3 Effects of different concentrations of SNP solution on activities of SOD (A), CAT (B) and POD (C) (x+s,n=3)

7K

-+-0.02 mmol L. SNP
-+0.10 mmol L.~ SNP
-v0.50 mmol L. SNP
~+2.00 mmol . SNP

2001 130f
1801 120¢
- 140}t 4~ 100F
g i >
o 120 = 90
< 100} S g0l
g sof ot
5 el w o 70r
o 60
40
20}
ol : s s . 0
0 2 4 6 8
Qb FE R A/

2 4 6
U R Hld

Bl 4 FRERE SNP & 1,3-DPG &8 (A) & PEPCEME (B) WIFM (x+s,n=3)
Fig. 4 Effects of different concentrations of SNP solution on content of 1,3-DPG (A) and PEPC activity (B) (x s ,n =3)

#, KA AN B.( 5-A) .0.50 mmol/L SNP
WRFRZALESS 2 K HMGR JEEIA R fm, HEE 0 K
PEE T 680.0%, 6 KLLEE 0 RN T 205.0%,
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Fig. 5 Effects of different concentrations of SNP solution on activities of HMGR (A) and DXR (B) (; +s nN=3)
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Fig. 6 Effects of different concentrations of SNP solution on content of gentiopicroside (A), swertiamarin (B), sweroside(C)

and loganic acid (D) in G. scabra ( x =5 ,Nn=23)
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