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o OE: B BFSH R A R S e R LR BT VR AR F AL T3 SR A/ BRE BB RIS B4 i (bone marrow-derived
macrophages, BMDM) A4 NOD #3244 #4 B (1 45 38 AH 5 B2 1 3 (NOD-like receptor thermal protein domain associated
protein 3, NLRP3) #E/MABIEE & HoOo 753 I AL BB i ide th H BHT 8 PUAA BN A 25y, KM ip iZ
¥ (lipopolysaccharide, LPS, 20 mg/kg) 53 C57BL/6 /) WUMKEE MUE BB UL S Mk F MUERE Y, yPN B A b/ R )
AR AT 2R K e AR ASE L /) R s W Y9 90 o 5 I 240 R v P 4 7 928 L 200 P 1 o7 B DR A/ JE I R B s E e R A
#-1B (Cinterleukin-1B8, IL-1B) KM JBEAFEE F-a (tumor necrosis factor-a, TNF-a) /KT, 5% T BMDM 418 NLRP3
PEREAMAPIE ALY 075 1% H R A R o H S N, TR E I E R R AR IR B -1 (cystein-asparate protease-1,
Caspase-1) p20 MU AFIE K IL-1B IR (P<<0.05. 0.001). £ H202 #7553 BMDM 4 S8 A0 S SR 8 e HH A 22 o B
TR, HATEGE HaOo U5 S AN AR AEAL A, B3 AU s ) A S A 86 (superoxide dismutase, SOD) it (P<<0.01.
0.001), PFFAKIEMES (reactive oxygen species, ROS) 774 (P<<0.001). #:T LPS i SRS MAEBICHA LRI, HERS
IR RS B S EAMBE Y B A S/ NRAEER (P<0.05. 0.001), 3 HECEHAHMMERMN T HE
i 4L R B BRI S o TR B IR /N BB RS v, ) e s A R e 35y T AR I 4 L R s 4 L V5 e A i
) (P<<0.001), [EARANE MM 8 HEE M P TL-18 F1 TNF-a (97KF (P<<0.01. 0.001), [FINFIEEG2H S A 2g 40 bhik
DU BRI IR (P<<0.05. 0.01. 0.001). 58 H5IE R A I H 525 HE IR 5 1 SR ECH AT 4] BMDM 4 il NLRP3
SE/NARBE R AL, AT 2 @A R HE R BT VA i E MUE I, e 2520 43 Hh 2 R S Hh 24 e PR AS 1 FH 24 1 1t
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Abstract: Objective To explore the effect and mechanism of effective components in Gancao (Glycyrrhizae Radix et Rhizoma) on
the prevention and treatment of sepsis. Methods The effective components of anti-inflammation and anti-oxidant stress in
Glycyrrhizae Radix et Rhizoma were screened by NOD-like receptor thermal protein domain associated protein 3 (NLRP3)
inflammasome activation model and in vitro oxidative stress model induced by H20: in bone marrow-derived macrophages (BMDM).
The mortality model of C57BL/6 mice induced by lipopolysaccharide (LPS, 20 mg/kg) and sepsis model were used to evaluate the
survival rate of mice in mortality model, the proportions of macrophages and neutrophils in exudative cells in peritoneal lavage fluid,
interleukin-1f (IL-1), tumor necrosis factor-a (TNF-a) levels in peripheral blood and peritoneal lavage fluid of sepsis model mice.
Results Based on NLRP3 inflammasome activation model in BMDM cells, the effective component (echinatin) of Glycyrrhizae
Radix et Rhizoma was screened out, which significantly inhibited the protein expression of cysteine-aspartate protease-1 (Caspase-1)
p20 and the release of IL-1B (P < 0.05, 0.001). Based on H20z-induced oxidative stress model of BMDM cells, glycyrrhizic acid was
screened out, which improved H202-induced oxidative damage of cells, significantly increased cell viability and superoxide dismutase
(SOD) activity (P <0.01, 0.001), and reduced the production of reactive oxygen species (ROS) (P < 0.001). Based on the death model
of sepsis induced by LPS, it was found that glycyrrhizic acid high-dose group, echinatin low-, high-dose groups and the combined
group significantly improved the survival rate of mice (P < 0.05, 0.001), and the effect of the combined drug group was better than that
of glycyrrhizic acid group and echinatin low-dose group. In the mouse model of sepsis, both echinatin and glycyrrhizic acid reduced
the proportions of macrophages and neutrophils in exudative cells (P < 0.001), reduced the levels of IL-1f and TNF-a in peripheral
blood and peritoneal lavage fluid (P < 0.01, 0.001). At the same time, the combined group had a better effect than the single drug group
(P < 0.05, 0.01). Conclusion The combination of echinatin and glycyrrhizic acid, active components of Glycyrrhizae Radix et
Rhizoma, can inhibit the activation of NLRP3 inflammasome and oxidative stress in BMDM cells, thus playing a strong role in the
prevention and treatment of sepsis in multiple ways, which provides a new research idea for the research and development of traditional
Chinese medicine components and the clinical precise use of traditional Chinese medicine.

Key words: Glycyrrhizae Radix et Rhizoma; component-based Chinese medicine; combined synergism; echinatin; glycyrrhizic acid; sepsis
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12 h YCHETERR . Bhpscinss i BN R s =B
BRSO RE, 58 (RIREYE RS B
K, BRI AR B HE Sy IACUC-2021-0012,
1.2 Am5iH

HEH, HEER, HEXR e, o
AT DU HFE R H A H AR H %8 H2DCFDA
Wer . BERg Mo SE % RBA 1 (macrophage colony
stimulating factor, M-CSF). NOD FESZ /R 45
W AH R EE 3 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) % it/ MAHIHi|71]
MCC950 (k54338 HY-N0376. HY-N0377. HY-
NO180.HY-N2497 .HY-N0270.HY-N0393.HY-N0269.
HY-NO0184. HY-D0940. HY-P7085. HY-12815A)
15 5 % E MedChemExpress A &), AW =55
B1>98%; mHBEHE. HERHRE (HS5HN
T5S0331. T6384, i1 40>99%) I H TargetMol 2
w; HERIY (IS DST20220215) W E HRSE
REZFHA R AR DMEM Bi7edE, 4RI,
Opti-MEM }:785: (#5774 11965092, C0232.
2427634) B HEE Gibco A F; K
(dimethyl sulfoxide, DMSO). PBS (#t5 % 5N
QNO0746. SNM249) ity 1 b 50 1 BRI RHEAT FR A 7
Lamin B §iifk (#L5 17416) WIEEE CST AF; 2
AT R AR EE FH§-1 (cystein-asparate protease-1,
Caspase-1) i (it'5 AG-20B-004) 4 H Z2i4e (b
5O EWRHEAIRAF]; Ly-6G/Ly-6C Pifk. F4/80 Bt
&.CD11b a5 73717 108407.123108.101212)
e H Biolegend A m ; J= i AN AL (superoxide
dismutase, SOD) JEMEAII (NBT %) W{7fl& Gits
S0109) Ity H b8 = RAEVHARA PR A 7] ; 4HHE 51
MR (CCK-8 720 #F& (iS5 ck04-500T)
B RAZZN A A R AR IL-1B. I IASER
“F-a (tumor necrosis factor-a, TNF-a) ELISA #lli
FIE 5500 1210602, 1217202) W HIEREAA
PIHARERAR]; LPS. BHFIRE. H0, (s
4331 12880, N7143. 323381) MW H % E Sigma-
Aldrich A7]; Hi/MR IgG 1 (IS5 115-035-003)
I 5 3£ [ Jackson Immuno Research A ]
13 I%&F

HERAcell VIOS 160i %! CO, 557748 TGL-18M
TR IR =8 B 0oL (3 [E Thermo Fisher Scientific 24
A]); SpectraMax iD5 ZUEgARAY (3EE Promega 2
#]); PowerPac HC T4 HLJk1X . Trans-Blot Z 4% E[1f#

(%[H Bio-Rad A F]); FACSCanto™ IT %Yy =X 28 ff
1% (EE BD AFD.
2 ik
2.1 /PMEREBERIFEEEZMA (bone marrow-derived
macrophages, BMDM) BYHI& K& 5+

/NG CTRRRIE J5 I SAL BT, SR 75% CBEIR
Y EE 30 min, LEBESTHENRREE, H
37 CHiIFAR DMEM K774k (5 10%64- LG 1%
HER-HER) MhUtEHEE, SRE N AW
H, WEER AT, I 50 ng/mL M-CSF, WITIRA],
AR FERE, BT 5%C0y. 37 CHIR:FRF T
5~7dJ5, 3% BMDM 4ijiE.
2.2 NLRP3 & NMABUERB FIEHES 10 #0E
MR 5>
2.2.1 Western blotting fill4H g _F-iE W+ Caspase-1
p20 J 41 B @ W Caspase-1 p45 & H R ik
BMDM A 1 X 10°4N/mL #5801 12 LR+, £57% 24 h,
Frf M BESE 4 f5 , BRSNS 50 pg/L LPS k577
W, fHEERFE 4he 7 B3, 28R 40 pmol/L
HHEHE, BHER, REHEE. BERR. FEsH
B, HERR A TR e HEE. RIHE R
7 FL . H SRR A5 770 1H IR 5 FF 1 h, A NLRP3
PORE/MABEEE e H AN B 2= (7.5 pmol/L) Hi# 30
min, B EREGHYMRTIRA, W Bk
o 2HHE B3SO 1/4 A =& 48, T-20 C
it 2 h UL b, fFEAVIEE, 4 Cy 12000 r/min
B0y 15min, 7B, IMAVKHABHLUEREA. 3
LW, AN 1XLoading Buffer, R~ 5] EiE
A RMARBRERESD, A 1X
Loading Buffer, @& 15 min 5 228, 15
B SLAREE R B AR AT e AR R AN 2R
PR ke F bk, %% % PVDF i, HHEIMA—
PUE, WREIA NS, SR,
222 il B3 IL-18 AKCERG I 4% ELISA
TR B0 B PRI A e B3 TL-1B 7K
2.3 RINFURIBARERTFIE HE S 10 FIEMER S
2.3.1 CCK-8 V£ Ha0o X 40 f 3% M 1 52
BMDM LA 1X 10 >/mL £ 96 fLRkH, #5575 24 h,
RramfuliEE e 2 f5, Al 0. 50, 100, 200
400, 600. 800. 1000 pmol/L ] H,0,, HF4H% 3 4
2L, FREFRFERRFE 12h. FE BB, #88n
A CCK-8 ik, W H 30min, FHBEARCI E RO
FE (A4 fH.
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2.3.2 ROS/KFHIFEN  BMDM LA 1.2X1064~/mL
BeRhF 6 FLIR Y, 5537 24 h, FRUIPRIGEESE 4SS,
AIMAE 40 pmol/L HEF . HHER, RHEH. H
FORER FrpE s B R HRER R TR
HEE . JHEA ., BRI, iR
Lh /&, JIA 200 umol/LH,0, ¥55% 16 h, HIWEANT
M IR, JEUR4EM, SN H2DCFDA ##%t,
WEFGIEE 30 min, A AR ROS 7K.
2.4 CCK-8 #NFHEE T H RS 4HEE
e:nb A
2.4.1  FIHEA B EAHEER X BMDM iE 1152
i BMDM LA 1X1084N/mL 85T 96 FLEHF, 1
7t 24 h, frAMONGEESEA S, Al 04 31.25.
62.5. 125, 250, 500, 1000 pmol/L HEEZHEL 0. 5.
10, 20+ 40, 60+ 80 umol/L #Il H F & B/, AFLH%
3G, THIFRAEPRTR 120 240, 0 4 fH.
2.4.2 ) H A HOEE AH SRR Y HLO02 I BT
BMDM JEMERIS  BMDM PA 1X 108 AN /mL B fh
T 96 LA, E53F 24 h, FrgUiEESE 4R, 43 A
BN 200 pmol/L HHFEREL 40 pmol/L HIl HHE H-
fiil, fEURIEFE 1h 5, B0 400 pmol/LH,0, 3577 12 h,
R A {8
2.5 FIHEEEEFHEEST4H SOD SEMHAISZIm

BMDM L 1.2X 105 ~/mL 70T 6 LA, £
7% 24 h, FRAUMINSEESEASS, 205N 200 pmol/L
HHRREL 40 pmol/L I H A HEH, FIIA 400,
600 pmol/L HoO 15 45477, il 12 h, %177
S ULEA A SOD V& %
2.6 Western blotting &7 H & & i1 H & iR
SHEMAE &R Caspase-1 p20 KZARAZARIKE S
Caspase-1 p45 ERFIEAIFZ M

BMDM LA 1 X108 AN/mL /61 12 FLH, B
7% 24 h, fPAMRIGEEE A )E, BT 50 pg/LLPS
FIEE R, TEIRESFE 4he FFEWE, 29I 25,
50 100+ 200 umol/L H #FEREY 5. 10+ 20+ 40 umol/L
H A EER B R, fEIEREFRE L h, NN 75
umol/L J& HF| 3V 1 25 ¥ 30 min, 7 W E A S
(R0 HEEH, W R4 i S B35V - R FH Western blotting
e LS+ Caspase-1 p20 S 4l i 24wk b
Caspase-1 p45 FHHKIA,
2.7 ELISA ¥R HEZEEMH R4
SERT IL-1p /KRS

HL“2.67 T4t B, #% 8 ELISA W5 &

Wi B ARSI b3 IL-1B AKF .
2.8 RHEZEEIAHERY LPS iF$SHkEM
FEH AR NRE FRAF M

BT R AT IR AU R TSI 5 5, W R
i 5 ) H A R Y SRR g 2 N R E O 20
mg/kg. MCC950 {4 NLRP3 58 /IMA R #0171,
A PAZEK: LPS 55 (1) IR UAE /)N BRL PR A7 36 2 (23241,
AR SEBGANG AR A PH T B2, AR A AT 6T
PEREAINAN I [ S8 25 FRUS-191, MCC950 FIE N 40
mg/kg. /PNEGENMEMEFE 3d J5, BENL NEAIL,
HERRK. =7 E (200 40mg/kg) 4, M HEA
HEG. =58 (20, 40mgkg) 4, HER (20
mg/kg) -HIHEEFE (20 mgkg) A MCC950
(40 mg/kg) 4, &4 12 R EBFT/NREES 8 h,
FEYIH ip MHRLZGY, R ip SRR E 5%
DMSO 1 5%F 1L ALH6-80 (A4 H b /K I, A 24
1h g, /MR ip LPS (20 mg/kg) - FAkEEMEAR T,
FREEMEE/NRAET GO, B 2 /MRS /N RAE T R
K, ehlEARMLZ.
29 RHEHEEZHFEMHERY LPS iFSHRSN0
FiE /N ERASEBY A SE E F 7K F R R0

INBRIERIERRTE 3 d J5, BEAL X IR, A5
HIZH . MCC950 (40 mg/kg) 4. HHESRE (1.3
g/kg) PIH ., FIHEEHE (20 mg/kg) 4. HHER
(20 mg/kg) HAFHERR (20 mg/kg) -4l H H 2 B
(20 mg/kg) #H, HF4 8 R. EMHFT/NIZEE 8 h,
B ig HESREWIEL ip MCC950. il H B A H
i, HEER, XTHRAREERA ig Az B EhKEl ip &
5% DMSO 1 5%% 1L AL0E-80 1A B Eh /K IR, Pl
5% 1h 5, EB/NR ip LPS (20 mg/kg), *fHEZH
NER ip SEARRRIAEERERK, 3 h EHUM, WREERE
VEVR TR UL S HRRE L o R P S00AE Jt FA VA0 B8 /N BR, H
TEVKIEH A PBS {EN/NRBEIE I, BE/NRIE
# 2 min, BEEECHIEEAT PBS, 152108 G
T o VRIS s HE BRI 3 H 8 43 T ELISA 7 & Aar il
IL-1B 1 TNF-a, HpH THRIGE H 4. 2 H 400
S FH F4/80 Hifkxt BRIl AT 444, A CD11b it
& J Ly6C/Ly6G Fifxf v L 4n i kA7 e,
Y G AT AN 27 U B P I Ak
JE AN S i E R R IL-18 AT TNF-a 7K°F o
210 GeitESh

S%H SPSS v23.0 il GraphPad Prism 9.0.0 44
SEIEAREA TG 0HT, ZERULX £ s TR, diR%E
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LU R PR 3R T 22 e M A B s AR A7 2k GraphPad
Prism 9.0.0 £z, ZH[A) % 7R H log-rank test.
3 R
3.1 NLRP3 ZIENMEFERBFIRHEESER S
AW IS T RS NLRP3 48 E /IMA TG 7Y
KA 10 FrEtERy CHHEHE . HEER. R HE
T HEXIR. iR HRERAE. W
e JeHRE.. JHEEE., HERER M)
NLRP3 R E NG RN AT [k, FiR%E
WY, R LR T R A e B R B &R S
YN L35 R Caspase-1 p20 18R KA (P<0.001,
K] 1-A. B), X Caspase-1p45 FHHAFREKAE BEK
e (B 1-C), [AIF 46| IL-18 2 (P<<0.05,
Kl 1-D), R AT 745 5 — 207, #uA ol
A HEE A H B ] NLRP3 RORE/MAZ:
R ARG, Pk 5 2RSS F 1) /)
nTL—.
3.2 (RONFHREIRBFIE H EIE R S
KA H20, B ARSM AR BAR AL, B S xT

A LPS 53] BMDMs
Caspase-1 p20 - ——————-— - (2.0x10*
Coomassie
Caspase-1 p45 [ S S s - - - - - - - 4.5X10%
Lamin B |- -———————— 6.8 X10%

HHERSy —— 123 4 567 8910
EAFEEZ —+ + + + + + + + + + +

0.5

Caspase-1 p45/Lamin B

0_
HEWRSY —— 1 2 3456 7 8 910
BHMERER — + + + + + + + + + + +

H,0, s 01T TR, 455887~ HoO0, HY3f
A (half inhibitory concentration, ICso) {H
N 491.6 umol/L (& 2-A), Ak I Al % S Ak b
B A AR 22 2 K 200 umol/L 1F il ik
%ol 2-B Frow, HEH 10 AN 35 m] B
) Ho0, #5519 ROS 724 (P<<0.05.0.01.0.001),
Ho H BRI RO A . Rk, A Szt il H
BEER . SRR N A I A ST R —
A
3.3 RHEHEEZHE]. HERNAEMRESERINELA
HIER

MRYE LR SEIRZE S, AW AR H T HE 10 4
FS 53 AR 28R /MR SO B bt A A R FE B o (1)
2 AR — R H A R H R, B R
“HEMNMPEIEATE S, K 24h N B BAR W
LR SR M (B 3-A B, il H H A HER A
H R R T 2 ) HoOo I B A S 14 PR (P<
0.05. 0.01, ¥ 3-C). #FFEEY], H.0, P F24HMM™
4= ROS FHE NEMSIEUIRES , SOD i PEFFRR2O-28,

B
1.59

W B

AR 0.5

Caspase-1 p20/Coomassie

O_
HERSy —— 1 2 34 56 7 8 9 10
BHAERE — + + + + + + + + + + +

D 21007

 ttatuatl 4

100 1

IL-1B/(pg-mL ™)

W
(=}
1

0

HESS? —— 1 23 4 567 8 910
RHMPER — 4+ + + + + + + + + + +

A~C-Zif EIEWH Caspase-1 p20 FILHMIZRARR ' Caspase-1 p45S HEEAFIL D4 LG IL-18 K 1-HREH 2-HHEER 3-FHEE

A-HFEORER  S-bERHEE 6-HERR e 7T-UWAETE SObHEE  9-MH EAHE
**p<0.001, FEH

A—C-expressions of Caspase-1 p20 in cell supernatant and Caspase-1 p45 in cell lysate D-IL-1p level in cell supernatant

#Pp<0.001; SHAIALLE: "P<0.05 P<0.01

3-isoliquiritin ~ 4-glycyrrhetinic acid  S-isoliquiritin apioside

glycyrrhizin

6-monoammonium glycyrrhizinate
*P<0.05 *#P<0.01 *#P<0.001 vs control group; "P < 0.05

10-HHER  SX AL “P<0.05 #P<0.01

1-liquiritin ~ 2-liquiritigenin
8-glabridin ~ 9-echinatin  10-

***P <0.001 vs model group, same as below figures

7-ononin
“P<0.01

1 NLRP3 RIEMEBEGEEEFEHERMERST (X£s,n=3)

Fig. 1 Screening of active components of Glycyrrhizae Radix et Rhizoma by NLRP3 inflammasome activation model (X + s,

n=3)
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Fig. 2 Screening of active components of Glycyrrhizae Radix et Rhizoma by in vitro oxidative stress model (X +s,n=3)
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Fig. 3 Cytotoxicity and anti-oxidative stress effect of echinatin and glycyrrhizic acid (X £ s, n=3)
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Fig. 5 Effects of echinatin and glycyrrhizic acid on survival curve of mice in LPS-induced sepsis death model
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