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Optimum conditions for regulating content change
of secondary metabolites of Gentiana
macrophylla by orthogonal method
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Abstract: Gentiana macrophylla is a traditional Chinese herbal medicine for treating jaundice, hepatitis, and stomachic
and choleretic ailments, and its main secondary metabolites are secoiridiod glycosides represented by gentiopicroside. The
biosynthetic pathway of gentiopicroside is via methylerythritol phosphate pathway ( MEP ) and mevalonate pathway
(MVA ) pathways. Fosmidomycin and lovastatin are specific inhibitors of 1-deoxy-D-xylulose-5-phosphate
reductoisomerase ( DXR) of the MEP pathway and hydroxymethylglutaryl-CoA reductase ( HMGR) of the MVA
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pathway, and are widely used in the research of the biosynthesis pathway and regulation mechanism of secondary
metabolites. The article aims to test and search for the optimal condition for decreasing the contents of four secoiridiod
glycosides compounds ( loganic acid, sweroside, swertiamarin and gentiopicroside ) in G. macrophylla by using the
orthogonal test designs. In this study, the concentration of fosmidomycin ( A), concentration of lovastatin (B) and
sampling days (C) were taken as three factors, and each factor was taken as four levels to design an orthogonal test,
with 16 groups of treatment. HPLC was used to determine the contents of four secoiridiod glycosides, and the data were
statistically analyzed. The results were as follows: (1) The contents of the four secoiridiod glycosides compounds in
G. macrophylla were most affected by sampling time, followed by fosmidomycin concentration and then lovastatin
concentration. (2) After treatment with the optimal inhibitory conditions, the contents of loganic acid, swertiamarin,
gentiopicroside and sweroside decreased by 69%, 36%, 33% and 4% respectively. In conclusion, optimal inhibition
conditions are determined to be fosmidomycin 400 pmol - L™, lovastatin 50 wmol + L', samples are harvested on six

days, which provides the reference for further research on the regulatory mechanism of MEP and MVA pathways in the

43 %

metabolism and synthesis of secoiridiod glycosides.

Key words: orthogonal test, MVA pathway, MEP pathway, lovastatin, fosmidomycin, secoiridiod glycosides

Z I = W B Bl ( Gentianaceae ) ¥ JH J&
2021) 2 E AL G R 2y, ke G T T E AT
M2 (#7 K#2,2020) . ZRICLIARAZY ARG
MR, A LR R B R A T X R
kAR R REE N LI AR R AR ([ 2
2020 4FRR) o ZE 0 FE B A PR RS S A, e
R % ¥ ( gentiopicroside ), fE F F P AF
(swertiamarin ) | 5& 7 3£ 4 ( sweroside ) | 5 4k 1 @
(loganic acid) 55 (¥ KEZ,2020) , Mt mh 2k &
YAz S AR AT 45 (Tundis et
al.,2008) , Jg JH v AR 25 S 1A B4 AP0 48 B
IR AR FH (S W46 A0 /N, 2017 5 2 R AT
% ,2018 ;Muhamad Fadzil et al.,2021)
AL E W 0 A RS iR AR 32 AL T A
ML BT o 5 H R R BR 38 12 ( mevalonate pathway,
MVA &7 ) FlBT AR (% 2- B 35 Ji e A 1t -4 -1l 1R
1% % ( methylerythritol phosphate pathway, MEP i&
12) 2% (Hua et al.,2014; Liao et al.,2016) , %%
B K A AL B sl R AR W) S R ik R Y B Y
( Miettinen et al. ,2014) DL M Z& FL 5% 53 4 808 12
i (Cao et al.,2016) , & W Jp JH 3% 17 (19 4= U5 & 6%
WA (HEEAE,2021) EEE T MVA fl MEP & 48
g 8 A L fE B R B X M TR (isopentenyl
diphosphate , IPP) , IPP 1] 534440 JE i H: [\] 43 5 44
£ B e — WP O N M TR ( dimethylallyl
diphosphate , DMAPP) |, 3 — i 45 & Hl £ Bl iR & -
fig ( geranyl pyrophosphate, GPP) , GPP P £ i £

R R AR K G S BT IR DR VRIS
B LA B T IH w1 JF AT A= 0 28 S o R A 2
ST AF W 285 W, T e 8] A S 2D B i AN T A
(Liao et al.,2016; Li et al., 2022)

FRT, A ¢ MVA Fl MEP &4 7E AR 7 9 4 0k
VA PL 28 32 T . W e 3R A AR AL 7T 23501
N MEP 4% 1l 280-D-A i - 5 18 340 it S A4 il
( 1-deoxy-D-xylulose-5-phosphate reductoisomerase,
DXR) fil MVA & HMG-CoA & J5 i ( hydroxyme-
thylglutaryl-CoA reductase, HMGR ) %) % — i1 il 5
(B A5,2013) , #0) 1Z W H T  A A ™ P i A=
I5G iagte SOR BN 58 . b T RO N
Mg 1 £ )5 AR, Sinha 55 (2018) 76 280 ¥ 1 &
T4 L T S i At VT RN R e B R 45 R R
MEP 1 MVA i % 32 Z F /K F i ¥, DXR
HMGR X 5 .0 % A Ji6 (19 5T ik R 53 531 O 76. 6% Al
77.6% , 3% P 38 0 250 35 PN TR 1) 7 A A
DTHR . XUBN (2012) 7E A Z & AR B8 03 A A 7T A
Tt P 5 2R 3 e ARG ) AR AR i
Z: VR A )G Y T B 25 R R IR A
TT AN IV B 3R BT A N 2 SR A A, OF
D MVA BETEANZ B ENEY & b b £ %
fEM], Rather 55 (2019) 76 5 M AL B9 R AR A1 21 %
TN P 2R RN IS AR AT T A VA UCAE AR
i AR W6 G B T2 R Y AR Ak, Y
MVA Il MEP i 42 B AH AT R, A BRI I B 28 A%
Ao 7T AT 2 R AT e AL Y A iR 4 2P DXR Al
HMGR (5% 3 KF , IF 4l MEP #4202 5 W
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(2019) 7EFFZ B IR AR B Jn 3 AR Atk 7T R0 J B 25
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1.1 HRIFEZ(LE

ZIURP T A HON R BHIE 7 B, TR = W%
FlF25F 16 h G IR, 8 h BEMS A B 78 55 M 1 ) 8%
F—MNH R 2 X4, &E 2 em /) H T
55, LC-20XR 43 #7055 20 AH 35 A0 ( H AR 1 e
N EBRER (Welch, 4.6 mmx250 mm,5 um) ,
KB T KT (FEZ R BA S A R A A
FETH VAL (N EALES A PR A ), 0BS-2100 Ve
B (Ll AR A BRAE]) .
1.2 i F

ek R (4t 5. K17S11B124207, 46 £ =
98%) i 3 A (L5 Y25]1G1429, 4 i =
98%) JERH ¥ (L5 Y29A11Q112202, 41 ¥ =
98%) J& 7 AT (#t'5 . P25010F101344 , 4 fif =
98%) . % A VT (Hit % . Y23D6C7375, 4fi i =
98% ) ¥ A L IR AR A R A F] L, B
75 2 (5. 1X040552, CHEMEGEn A ) , H i
(AR BRI A A R A FD) , LG ( B E e F
IR A PR W) Bl (TR B 27 12t 5
AHIRAF)
1.3 B KR ECF

FRIL0.010 4 g ¥ ARAMTTF 50 mL 25 )i,
JA 2 mL JorK B IR E A 20 pL 0.6 mol -

LAY NaOH, # & 30 min, TAIE & 1 mol - L' HCI
WA pH &2 7, 4l fk K & & 2 50 mL, 1§ 500
pmol - L' E‘J{%W’@(Tﬂ{&A CHH.

PRE 0.010 0 g JBENEHE R T 50 mL &I,
I a4k K 52 25 2 50 mL, 88 R U E, 15 3 ik B N
546 wmol - L' BEMe R R B, 4 CH&H

FREC SRR 0.95 mg 5 3275 1.26 mg,
e 2.52 mg PRS2 4 1.24 mg B0 RESL
T EEE A E 1 mL & IR, 15 8 08k
JEN DR R 0.95 mg - mL” JE SR AT 1.26
mg - mL" B AHEFF 2.52 mg - mL! FIAE SR
1.24 mg « mL R 4 C &,
1.4 EXRE R MR

SR (T, 2013; % == ,2019) %R 1 By
P2 KOF E 47 30 56 15 31 W ite b 2 16 41 28 JL 4
WP, AU 30 Bk, AbFRJSHCE 26 C TOLEE 16
hed', BORRFIAREAA T 4, sl e+
e ) RN 2% 5, U AR K 4y JE R T
ZM A = W EEE 1.5 h K5 KT
BRI FREF A 1.5 mL .08 H, i
A1 mlL FEESHE R I 3 WK, AR 1.5 h, i 5815 5
S B OB, Ik Rk 4, 15 21 K 2% 6 19 [ AR
T, FE A RE BRI A 1 mL HEE R o
0.22 pm JEME TEW R SR
1.5 HPLC i & ERirAE ML L H

TLShH A 0. 1% R K = LN, VRRBE R 0 ~
10 min, 12% Z. 15 ;10 ~ 13 min, 10% Z Ji§; 13 ~ 30
min, 12% G, FiiE N 0.8 mL - min™, K M 3% K
254 nm, JERER 10 wL, MR N 30 C

T 4 P9 o O 5 VS V4 i) ) R e e R
s R, il 4 AN TR Ve 38 o B2 I A v S TR, DR IR
W BE BBl 0.950 0, 0.475 0, 0.237 5, 0.118 8,
0.059 4.0.029 7.0.014 9. 0.007 5.0.003 8, 0.001 9
mg + mL" 5 SR B 41,260 0.,0.630 0,
0.3150,0.157 5, 0.078 8. 0.039 4, 0.019 7 mg -
mL"'; JE 0 3 4 Wk B B O 2.520 0, 1.260 0,
0.630 0.0.3150.,0.157 5.0.078 8, 0.039 4, 0.019 7
mg - mL™ 5 B8 2F ST U BE BB B O 1.240 0,0.620 0,
0.310 0.0.155 0,0.077 5.0.193 8 .0.009 7.0.004 8
0.002 4 mg - mL™ B HET IR, MK HE DA (8335 25 1
WRBERENE , DAIFREMR B (X, g+ mL) FTIE i FY
(V) hilbn e th £, 8 R 0y Ze it Il U3 J7 B8
Y=4 571 241.60X-11 205.29 , £k 1435 A 0.002 0~
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0.4750 g - mL ;B 2F 8 AR PEMNA Ry Y=
6 499 223.38X - 24 589.43, & V£ Bl 4 0.003 0 ~
0.630 0 g - mL™; B FLMERIT RN ¥V=
14 344 350.83X-442 328.21, & PETE N 0.005 0 ~
25200 g - mL' s AT LA TR V=
6 047 666.40X — 40 600.10, £ P35 Bl 4 0.002 0 ~
1.240 0 g - mL",
1.6 HES T

i FH Excel 2019 XF % % #F 47 4b 2, ff
Minitab 18 ( Minitab 23 7] ) X 1E 58 2t 46 2% S il 2
43 AT, SPSS Statistics 26 ( IBM 23 7)) X $54 #k 47 7
2557 At FAH 56 ¥ 2 B, iz H GraphPad Prism 5
( GraphPad 2\ w)) B AR B, 5 ik 45 2R B s >k H
x x5 e, A XA B B R A
R = (A -2 ) /2 H 4 x100%

2 H#R5 A

21 RERBFYEENEE RS

M1 1T RTRVE Y BR T1 (2 H4A) s, T2
F T16 AbFRZH B R 7 IR % I S 1 e IR 4 A
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WE IR T 83% .81% .79% , 5 T1 4t
AR EES, KL, 0L i — ki 5
I S T A 00 ] 50 e ) A 38T ) R R 1
A G LA 10 750 v 8 A ) 00 25 1 T B B R R X
B IR 1Y 4 R TS ARATT E A, 5 T1 4l
A LG, AS TR A 2 R oAb B AR 1 R 4 3 1 L e
JIFL 5 R 2 ST B i 34 PR AIR, L rh T4 4 B%
Rk 3 A= 91 3 BRI T 52% .50% |
54% 1 T2 TS T12 4bPRA] A58 7 38354 e
TR AT & AR TE I 5] A R
) Ji PR AT R 5 AT o A% i %) 05 1 | R R 1Y 2R GR
G A1 ) ) ) 5 A 25 S R
22 B FELNIKEERHITEREFTES

XPIEAS IR 36 45 Rt A7 2 W R Iy 25081, kK3
ol e 2 28 RNV AR AL T X 28 L L AR R R IR AT
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S ARE KBS SR TR S 2R RA B E
SR T R RS 8 o 305 1 R A S 4T I
HHRB TR EEZmW(E2),

1 L, (4 EXKERHR

Table 1  Arrangement of L,,(4") orthogonal test
[ % Factor

AbFRLL LA e C

essi i S AR i
Fosfomycin Lovastatin .
concentration concentration time
(mol « L) (mol « L) (d)
T1 0 0 0
T2 0 50 2
T3 0 200 4
T4 0 400 6
T5 50 0 2
T6 50 50 0
T7 50 200 6
T8 50 400 4
T9 200 0 4
T10 200 50 6
TI1 200 200 0
T12 200 400 2
T13 400 0 6
T14 400 50 4
T15 400 200 2
T16 400 400 0
2.3 HXMESH

M3 I U RS e i R 2
EHMC, 5 E AR R R AR SR R
I R UM G AR IR S SR R R
T RIRE OF SR A B0 & i 0 W I A G R O R
5 e IR R SR A o S D IR A G
JeRRTEH S R R B EASE, ML
MEP FI MVA 3 12 (1% 30 i 551 1 i 25 28 Fn i A Ath 7T
AR FRZEFUL I, AT G R 0 S AR AT R R SR
R 2 SR R, RIS R T 5
i P 5 28 VT A R 0F 9 A 0 Tk s 25 A5 4 A R i
IR AR AR AIL ] (1A 8 i 70 BORE R B 5 4R
=) R UM G, 3 B B A HORE R AR SE K
FRH= 4 B B i A LR BRI R B, b 4 Fh IR
ik it A A 4 =2 TR) 5 2 78 Ak 522 T A DG 4 000 2 10 i
FIVEF G , A5 LA % 2w B A B
2.4 t(RESH

HH 2 4 A 20 4 Fh IR IR 28 L G
(9 PR 2% E i 1) 559 0 T A2 BBORE IR B> il e 5 2 Uk
JE S AR AL TT e BE 5 BURE B0 vk AR AR = ) i
18 5 ) PR 28 05 K, FLUE: JB e 5 VR I Aty T
W RE R e/
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* FRE TLAIIH B FEEF (P<0.05); == F£R5 T1 4k
M BEER (P<0.01),

# indicates significant differences compared with T1 treatment
group at 0.05 level; ** indicates significant differences compared
with T1 treatment group at 0.01 level.

B1 16 AEXAWABEMGTRAH 4 7
NERIEE RS ENNER S

Determination and analysis of four iridoid

Fig. 1
glycosides in Gentiana macrophylla under 16 groups
of orthogonal experimental treatment

A AP 220 4 PG R 2SI &
P B sgm, SCES RIS S R E,
PRIAR PR 22 0 A 25 2R (3R 4) L A(4)B(2) C(4)
JBERE S E 400 wmol + L, 3&A&AIT 50 wmol - L, 4k
6 d N R M A A1) B(2)C
(4)BNEREEE K 0 wmol - L' & RATT 50 wmol -
L' AbFE 6 d A ST I A A5 R A (4) B
(2)C(4) RV fEFE R 400 pmol - L7, &R ABIT 50
pmol « L Kb 6 d by e IHE T I B AR ) 25145 A
(1)B(2)C(4) RIBEREEE R 0 wmol « L', AR ATT
50 pmol + L', ZbFE 6 d Ry 2F 31 1) de A o] 2%
1o G750, 4 R Py S AR R S5 1 A
(4)B(2)C(4) BN 400 wmol - L 3KARABTT
50 pmol « L AbFERECH 6 (K 2)
2.5 WIFRIE

DA IE 28 3R 50 18 1 77 6k ST A5 i A0 410 i 4% 4 A 2L
ZIL—H A, EE 3 K, B R AR
it DLRHIE S P A 4 25 44 i T SR B U 5R
gEILRI | 525 FIALM L, dh BEZE 4 Bl Jas ik il
() Bt AT R TR B Y B AR, Eh AT R 3 28 3
eI DL 2 S B TR T 69%
36% 33% M 4% (£ 5) , XKW KA1 H
K ARAMTT 50 wmol « L7 R EE 2 400 pmol - LA
IRFEREL 6 d,

3 W54 n

ZIUE R E AR G 25 1, 000 Tk i 2R Ak B
EHFENAHA R, B RAERE I
YRS IR JE 4 MVA FIl MEP & 48 A Bl A i iR
Fritmis, 15 2 0 R 55 2 00 WA I N A B e IR
HAEME AL G (FAEAE 2021) , ASHF 5T LU BE Y
BERVREE I8 AR T VR DA R IORE R B 3 4 &
FHNZREIAT T 3 HEK 4 KR IEIRE, Gk 17 n]
WE M B IR S A S | e I R 2
WA A, AT  2E  Ar 25 R R, i
JHe 55 2 0T A 7 4 R A A AR T AR A
1T, I MEP 38428 76 28 J0 95 Bk il 28 0k 2B 4G ™
Vs Rt RE ESIEH, 5 TR % (2014)
B X O R 2 3 A 50 A 00l R AR A
FEORIE T MEP i&42, #873 RIH T MVA i& 21
SEISHIRL, BE AN, B0 AR X D A T R Y R AR
FRBE I 2 0R TR S R IR R A S,
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Table 2 Multivariate analysis of variance
KA1
i g JFEITR g oy F i ot
Source Category o Free degree Mean square F value Significance
of squares
B IR A DR R 10.155 9 1.128 3.211 0.085
Modified model Loganic acid content
Je st & B 261.168 9 29.019 0.629 0.745
Gentiopicroside content
P 22.731 9 2.526 1.139 0.453
Sweroside content
o 2F SR o it 3.547 9 0.394 0.656 0.727
Swertiamarin content
W e 75 R L R A i 2.283 3 0.761 2.166 0.193
Fosfomycin concentration Loganic acid content
TS R 54.653 3 18.218 0.395 0.762
Gentiopicroside content
TR ZE AT & A 3.577 3 1.192 0.538 0.674
Sweroside content
o 2F SR & it 0.847 3 0.282 0.470 0.714
Swertiamarin content
AR TT ¥ AT A ik 0.544 3 0.181 0.516 0.686
Lovastatin concentration Loganic acid content
T 39.829 3 13.276 0.288 0.833
Gentiopicroside content
TR 2F AT & i 1.965 3 0.655 0.295 0.828
Sweroside content
T 2F SR o it 0.281 3 0.094 0.156 0.922
Swertiamarin content
R KR S ey 7.327 3 2.442 6.951 0.022
Sampling time Loganic acid content
Je NS A 166.687 3 55.562 1.204 0.386
Gentiopicroside content
TR ZE S & i 17.189 3 5.730 2.584 0.149
Sweroside content
T ZF S T 2.419 3 0.806 1.342 0.346
Swertiamarin content
W DALY A bt 2.108 6 0.351
Error Loganic acid content
Je HHE T A 276.871 6 46.145
Gentiopicroside content
TR ZE T & h 13.303 6 2.217
Sweroside content
T ZF S 3.605 6 0.601

Swertiamarin content

H. * BRBEER (P<0.05),

Note; * indicates significant differences ( P<0.05).

SN R R AT REAHEC AR 3 AR M T
R S P9 T, DAY A o 550 o B R 5 14 R T
Ko FRMEIHT KRB, 4 FACH P & & i 281
B E ARG 0000 ) 700 % LR 3 T Rl ELA )
o TR]” B A AER JBORE R BRI ™ 4
i S AR OC, R A PR R 4 Ff A
s RS 5 ) B2 0 2 AR R A e T 5 T 40 0 AR
PR R B e K I GE T — P

T AW ST IE 52 12 e A 1 e A 0 ) 2% 1 O

fi 4% 400 wmol - L' 3§ AT 50 wmol - L' HR
FEREL 6 d, 7RI T DR 4 1y .
T RR T RO S ) A TR R, i
FT 69% .36% 33% Fl 4% , 3% 3¢ W 5 T 1E &2
I 326 PR 0 ) S A T AE S i — 2B R B U E K
AACIEFE Y MVA Fil MEP & 1l a8 42 V8 322 ML ) A0 B
TIN5 F . A B 5 BT A5 S5 A 3 il 2% 1, R e
WFFE 28 0 0 M Bk b 25 A0 & W0 2B W0 & B B2 MVA
FTMEP A58 B 0 P8 AL 258 T — 2 i Al
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Table 3 Correlation analysis results
S AT HERATIR B R Je BR T RS
67 i KM it i wht aht
Fosfomycin . L . . . B .
Index . Lovastatin Sampling time Loganic acid Swertiamarin  Gentiopicroside Sweroside
concentration .
concentration content content conten content
il P 2 2 vk 1
Fosfomycin concentration
WA AT T R 0 1
Lovastatin concentration
B R AL 0 0 1
Sampling time
LR IR A B -0.319 -0.039 -0.728 %+ 1
Loganic acid content
R S A 0.099 -0.013 -0.526% 0.539% 1
Swertiamarin content
TR R -0.078 0.065 -0.651 %% 0.606* 0.931 #x 1
Gentiopicroside content
RS &k 0.020 -0.021 -0.668 ** 0.616%* 0.933 % 0.932%% 1
Sweroside content
T *FoRBEER (P<0.05); »RKpRBELET (P<0.01),
Note: * indicates significant differences ( P<0.05) ; ** indicates significant differences (P<0.01).
x4 WMESHER
Table 4 Range analysis results 2 o 81 —
m = S 2 \
N o 2D I T = E 7 /\ \
Rk R AT e mES T \

ey KE g (fi%r; L (Mt;t Bg#?ﬁ a g 2 Vo —

Index Level osiomycin ovastatin o dmp mg § S E 6 — 4 \ \
concen- concen- time (-1 S \ » \\
tration tration = g s v \.

€587 \
DR G R K 2.302 1.925 2.757 w5 ]
Loganic acid K2 15 1.412 1.717 § S 4 "

content < “5 E

K3 1.578 1.723 117 1(0) 2(50) 3200) 4(400) 1(0) 2(50) 3(200) 4(400) 1(0) 2(2) 3(4) 4(6)
K4 1.305 1.625 1.04 o e B VR T At 7T 9K BOHER %L
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