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Abstract: Objective To isolate the anti-Mycobacterium tuberculosis active components from roots of Cirsium japonicum, and
preliminarily explore the anti-M. tuberculosis mechanism. Methods Using bioassay-guided isolation method to isolate active
molecules against M. tuberculosis from roots of C. japonicum. The checkerboard test was used to study the synergic effects of active
ingredients with isoniazid, rifampicin and pyrazinamide. Using molecular docking software to preliminarily explore the affinity
between active monomer and KatG. qRT-PCR was used to study the relative transcription of KatG gene after the active compound
interfered with M. tuberculosis. KatG activity was determined by ultraviolet spectrophotometry. Scanning electron microscope was
used to observe the morphology of M. tuberculosis. Results Compound HPO1 with anti-M. tuberculosis activity was isolated from
roots of C. japonicum, and was identified as quercetin. Quercetin inhibited M. tuberculosis with a MIC value of 160 pg/mL.
Quercetin had an additive effect with pyrazinamide, but had no antagonistic effect with isoniazid and rifampicin. Molecular docking
showed that quercetin had a strong affinity with KatG. The enzyme activity test showed that quercetin had an inhibitory effect on
KatG of M. tuberculosis. After M. tuberculosis was treated with quercetin, the transcription of KatG gene showed a compensatory
up-regulation. Scanning electron microscopy showed that quercetin could destroy the cell wall of M. tuberculosis. Conclusion The
active component of C. japonicum against M. tuberculosis was quercetin. Quercetin could kill M. tuberculosis by inhibiting KatG of
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M. tuberculosis and causing structural damage. When designing a new anti-tuberculosis combination regimen, quercetin can be

considered.
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AP el v e D SN ST
—, LNBRRIIK. S8R KAFERHE, FEESIT
WOE BT, TR KARE, DSl
M. #2020 4 WHO (ABR&5ZmR s ) Hk
N, 2019 FFAERE LI ARG AL N 20 12, 2
A 1000 /3 AR G5 R% 05 o vh [ 2 45 R0 v fh o E [ 5K
22—, T FAE P4 i R B R R AR 2 47 (6.5
Jis HAER 14%), T 24 B AT (6 R E 45 R KB
BARE NI RIHF A RS 2m A 8T
Bz—.

KA %G BHE Y K] Cirsium japonicum Fisch.
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(A2s0) % 0.5, HABFKEIAZE. XTHEAH: B 3 mL,
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R 1 KENEZEWMBLAEZATEIEM
Table 1 Activity of different extractions of C. japonicum against M. tuberculosis

T M R R 4 R

H5
ZH 5 80 ug mlL

160 ug mL

320 ugmL ! 640 ug mL !

A RS L) -
BE TR CBR A —
UG FIRY) -
I3 12 of HER
BH 2 %oy R

+

“+7 RoRAENE, “—” RN, K21
“+” means active, “—" means inactive, same as table 2
xR 2 KEBEER 2 BEZEBUER LAY TR M ERER
Table 2 Activity tracking of ethyl acetate fraction of C.
japonicum

R PR R 2 R

80ugmLt 160pugmL' 320ugmL?!

F1 — — —
F2 — — —
F3 — — —
F4 — — —
F5 — + +
F6 — — —
RER NS —

[{ERE RS +

32 HEHEE

&9 HPOL: B kK. 'H-NMR (400 MHz,
MeOD) §: 6.89 (1H, s, H-2), 7.62 (1H, d, J = 44 Hz,
H-6"), 7.73 (1H, d, J = 44 Hz, H-5"), 6.38 (1H, s, H-8),
6.18 (1H, s, H-6), 12.26 (1H, s, OH-5), 10.26 (1H, s,
OH-7), 9.32 (1H, s, OH-3), 9.09 (1H, s, OH-4'), 8.63
(1H, s, OH-3"); 3C-NMR (100 MHz, MeOD) &: 175.9
(C-4), 164.2 (C-7), 161.1 (C-5), 156.8 (C-9), 147.4
(C-2), 146.6 (C-4'), 144.8 (C-3"), 135.8 (C-3), 122.8
(C-1"), 120.3 (C-6'), 114.8 (C-5"), 114.6 (C-2'), 103.1
(C-10), 97.8 (C-6), 93.0 (C-8). LA_L-%di 5 SCikiRiE
—g8, #E HPOL MM & (B 1),
33 HPOL 5XRIEM. FIEF. WEMERHKESIRE
SLIEER

BRI U7, TP HPOL 5 —2k$i45 4%
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Fig.1 Structure of HPO1
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MALEPIHPOL 5 5244 B 1 KatG % # a (1) — 4k
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I SE S, EY HPOL 5 KatG s JE ik it
GLY32. GLU195. GLN36 A4, 5 LYS46 &
Ji% Pi-Cation AH H.AEH, 5 GLN36 /% 1 /> Pi-Sigma
WesIER (B3, 1048558 107.93, XE/ERH T
e TEEMHE, HElZAED KatG nlag2it
AW HPOL A FHI#E A&,
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S Agao N 0.517£0.014, HPOL 4 Ao N
0.554+0.012, FILEY) HPOL X &5# 4T KatG
BEAECEFNHIVE o RN 7.2%, (HE2 L L
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# 3 HPO1 5HMEA. FIFEF. WEERABESRERE
Table 3 HPO01 combination with INH, RIF and PZA against M. tuberculosis

N MIC(ug mL ) 4
ki 7 A7 WamZ Ficl iR
H37Rv L P& 5 iz 120 30 0.75 AR INAE A
HPO1 160 80
H37Rv S 0.26 0.26 2.00 TeRAEH
HPO1 160 160
H37Rv FtE~F 0.40 0.40 2.00 TeRAEH
HPO1 160 160
i SHEMATENR H0, KEE, Mkt g5 %
s 0 W AE A PR AR, A SRS AT R T
) *;; AGILS5 36 KatG g*ﬁ%ji%ﬁ%
= «\§x<({4“m W 4 FiR, SMIRALHLL, Z{A4 HPOL
- ) N (160 pg/mL) Ab¥HJ5 KatG AR ik &2 b
= ®d i il (P<0.00), RFEANKNE. WL HPOL #0HI%;
e D 0 @ AT KatG J&, 5% KatG & [A] H B HA 5 1 #b
Interactions MS 1%%%% o
= Conventoral ycrogen Bond m pication 3.7 HPOL M ERAS ZE R
- Carbon Hydrogen Bon PR 5 Er, W R 45 AT B T A S 52
B2 k&% HPOL 5 KatG M EER 4R B ORRERTEMT, SEAPRIR. KIS TS . 4 HPOL
Fig. 2 Two-dimensional image of interactions between — AbFEJE, 5B EA RERR, 2. BEIARBRL,
compound HP01 and KatG A WAL HPOL RSB IR 25 A% FT 1 1 40 At B B 4 i

N36

\7}\'\ . GLU195

3 LAY HPOL 5 KatG HEE{ER =4

Fig. 3 Three-dimensional image of interactions between compound HP01 and KatG

a4 - WAL b, T B RERT RAET
By NI
K 3 4 Ttig
-i& 5 SRS T ER T RBULRRE 2 —, JUH
Z Ny FEMN 25 S5 AT TR IZUIG £, SR i T3 5
Q IR o LRI R A R A5 AR T I AL RS
* 0T 80 160 PN ESPS 5 22T 7 MR EP AL S R i = o N 5
(O ALl R LTS HCT 7S e A ) e e PNl i i
P < 0.01 vs control group W TR fie » 32X ol 75 M R T e 117 B 12 i) R0 B % 3 [4-25,
E4 ®AY HPOL FH/E KatG XERAEBMTN PRIk, SR SRR L 25 %% IR R

Fig. 4 Expression changes of KatG gene after intervention VIR k% 1R T B E R e,
of compound HPO1 AW TR B FRER 73 5 P AT a1
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A A0

HPO1 160 pg mLt
5

HPO1 320 pg mL~ HPO1 640 pg ML

SRATERERBRER

Fig. 5 Scanning electron microscope results of M. tuberculosis
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ERA R 2 ] R @ ) KatG B i R IE D4t
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XM B B AT A5 RAE T , A BT A A% AT BV 1 T A
BA AR 31, FaE IR PR AT A N
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