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Magnesium isoglycyrrhizinate against concanavalin A-induced acute liver injury in mice
based on MAPK signaling pathway

Wang Junwen', Fan Zihao®, Tian Yuan’, Xu Lingz, Gao Yao’, Cao Yalingz, Pan Zhenzhen’,
Zhang Xiangying’, Song Yan', Ren Feng® (1.Department of Clinical Laboratory, Beijing
Chuiyangliu Hospital, Beijing 100022, China, 2.Beijing Institute of Hepatology, Beijing
Youan Hospital, Capital Medical University, Beijing 100069, China)

Abstract: Objective To investigate the role and mechanism of magnesium isoglycyrrhizinate
(MgIG) in concanavalin A (Con A)-induced acute liver injury. Methods In vivo experiments,
20 specific pathogen free (SPF) Balb/c mice were randomly divided into normal control group
(4 cases), MglG control group (4 cases), Con A model group (6 cases) and Con A + MgIG
intervention group (6 cases) by simple randomization grouping method. The mice were injected
with Con A (25 mg/kg) intravenously into the tail vein for 12 h to establish an acute liver
injury model, and the intervention mice were injected with MglG (30 mg/kg) intraperitoneally
1 h earlier. Levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
interleukin (IL)-1B, IL-6, tumor necrosis factor o (TNF-a) and interferon-inducible protein-10
(IP-10) were detected. The relative mRNA expression levels of IL-6, IL-1 B, TNF-a and IP-10
were also detected. For in vitro experiments, the mice peritoneal mononuclear macrophages
were treated with lipopolysaccharide (LPS, 200 ng/ml) for 30 min, 1 h, 2 h and 4 h, and the
mice peritoneal mononuclear macrophages in the intervention group were pretreated with
MglG (25 pg/ml) for 1 h, and the expression of inflammatory factors (IL-6, IL-f, TNF-a, IP-
10) and related proteins [phospho-p38 mitogen activited protein kinase (p-p38), phospho-
c-JunN-terminal kinases (p-JNK), phospho-extracellular regulated protein kinases (p-Erk)]
were detected. Results Compared with those in Con A model group, the inflammatory
cell infiltration of mice in Con A + MglIG intervention group reduced significantly, serum
inflammatory factors [IL-6: (10695.71 + 4861.94) pg/ml vs (27650.88 + 5701.79) pg/ml;
IL-1B: (13.37 + 8.18) pg/ml vs (56.55 + 9.29) pg/ml; IP-10: (3298.43 + 534.95) pg/ml vs
(7413.38 + 1497.78) pg/ml; TNF-a (63.27 + 13.97) pg/ml vs (97.06 + 21.26) pg/ml] and relative
mRNA expression levels (IL-6: 5.23 + 1.63 vs 16.06 £ 4.55; IL-1B: 0.88 £ 0.45 vs 5.44 = 0.94;
IP-10: 126.24 + 29.54 vs 454.40 £ 114.81; TNF-a: 9.55 + 2.75 vs 16.46 £ 3.98) also reduced
significantly (all P << 0.05). Results of in vitro experiments showed that compared with those
in LPS model group, the levels of p-p38, p-Jnk and p-Erk proteins in the MgIG intervention
group reduced significantly, the relative mRNA expression levels of inflammatory factor genes
(IL-6: 3627.91 £ 1491.16 vs 6630.40 £ 1149.59; IL-1B: 259.92 + 49.47 vs 658.06 + 95.06;
IP-10: 4088.38 + 790.20 vs 7762.08 + 1007.42; TNF-a: 117.09 + 15.29 vs 194.56 + 25.14)
also reduced significantly (all P << 0.05). Conclusions MgIG can remarkably ameliorate Con
A-induced acute liver injury in mice by reducing the inflammatory response through MAPK
signaling transduction pathway, which provided theoretical support for the ability of MgIG to
recover liver injury in clinic.

Key words: Acute liver injury; Magnesium isoglycyrrhizinate; Concanavalin A; Inflammatory
response; Mitogen-activated protein kinase signaling transduction pathway

ST (acute liver failure, ALF) 2fifE TR &, BAMBHEBERIRESEHWNFEE,
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H G R A—  E IR R R . Hh gk BY. BHEESE (magnesium isoglycyrrhizinate,
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MIEEEL, Im IR B8 A RO Stk A M 259
MgIGJeg —Fh AR 25 H B SR B Y H R, @
THEARH RGN, HEGZMGEEE, wht
WEE. PUB Pi. PUMRSES. BEREW, MelG
A JE sk 1 A 5 AR P R R SR R S PR R
SRR AR, MGl i $) A Ak N . RE
R T2 SR A1) = 454 — 155 5 1) 2P 4 4 7 )s A
R AT R, Bk, MelGE AN —F TR 7%
Z T EEERY . SR, B RTSSTMgIGX} T
T HA (concanavalin A, Con A) S K& MEF
5 1E ML RO 73, 0 2 LA Sy M 45
1 R BT S AL AN B A

Con At — Pl WAE A Hh 32 B &R AR A 2 0,
E A TR 40, 2,78 BT 98 MR 5% i S e 1k AP B 4. 7
TPEVEALF R, B B 9095 [N IS0 AN B i 16 98 R
SRR T RIRALRI oS8 . Bh)E, V2 SO+
A e A0 B R A AE I R AR SR, Mo 2 4 BOE 1
JHRE AL 2R FF 38 AN Rl 8 4% . 2 P SRRl R 2
PR 28 K70, WA 4ife N2 (interleukin, IL) -
1B IL-6. JMEEIAFELE ¥ (tumor necrosis factor a,
TNF-o) LR 7, SEAFHGARED, B
W, VR 20 FUARSE H E 5 I IE 98 hE 25 DIAH DG 1) 22 ¢
JFiEALEE S (mitogen-activated protein kinase,
MAPK) {5 55 SmEmpLE . R, MglGZ
I MAPKIZ 2 )k Con A 5 10 AT 45455 S FLAL
FIUIA . Rk, A 5T B R T MIG X Con
ATE S I G 8 PR 40 45 T E VR T L, FEHE R
MgIGX: T-MAPK/E 5 % Tl % /£ Con A5 ¥ 4%
1 R R AR P R A F BV TE 2 T il
1 AR5
1.1 %sh4h 30 R ToReE Wil g (specific pathogen
free, SPF) ZREEMEETA=RY (Balb/c) /MR (8~10/4
W) W E e E 4R e A E] . FEREFLIHE, B
BRI FRAE O R AR IR At . IREN (23 +
2) Crzs b, SR/ A HIN12 he 7ESEITT
GERTEN) E UK &Y, ERERFRIE . Bl
SIS PR R T AR R R B M S 2 o AR B
FVE AT H 3030 RE | #HER RS iy 54
MZ 2 JACUC) itk 5947 (AEEI-2020-009)
1.2 5028 20 /N B3 R 17 S B AL 2 492 29 944
EHRTHRA (45 . MIGHRZL (45) | Con A
B (65  MIGTTidl (6/1) . Con AfHY
HAMEIG TR /N Bl RS i Jik e 5 V& i AEPB S H (1Y
Con A (25 mg/kg, Sigma, FE[E) #HSFALF. 1E%
X R ZHAMEIG T HEZH AR /N bR A T By 5 45 = PBS

i 49

MgIGHHRZH . MIGT-FiZH /)N 6 T-Con A% 24771 hiiF
JETE S T0.9% A B ER K IIMEIG (30 mg/kg, 1E KK
BRI AR A5 ) o Con ABII¥12 h)F,

FES BRI (4%7/KA 5%, 0.20 ml /20 g) 4bFE/N
B, WCEE T2 2R A1 ) LI o L3/ A A 0T 2H 2R
FEARLRAAAE - 80 C#&

1.3 ) RIS A% B am i o9 423 4310 /N BURR
B E (%KAM, 0.20 ml/20 g) Bi#iabst, =
TT5% WG E W P B . TG B BT BT I /0N BRI S Ak
BRI, ooy BER AR, 1) IR P99 5 T B RPMI
164085 770 CEEZEEBCAFD WL5 ml, BH/D
BUIEHEE 10~ 15 min/5 S48 MG s didh i, BT
LW EOETR . WEERERERE SO Yeik)E 6l
S E, BIAR T 4R IR . 37 CL 5% CO,
W E4h, FEEEFR RN EE A4k 1) BRI 2

1.4 fmfig sk ie R B2 U /N BRUIE IS B A% 15 0 4 i 5%
FRIEFA10%6 4135 (EEFERKAF)D f1%
TR R CGEETRE AR KIRPMI 1640
R & (EFEBERCAA) F, BRXMHN:

37°C\ 5% CO,o /N BRE IS 5 4% B R 40 I FH g 22 0%
(lipopolysaccharide, LPS) (200 ng/ml, Sigma, 3
E) 43 HIALFE30 min, 1 h, 2 hfl4 h, T4/ RIS
i B E A M IG (25 pg/ml) FikbFEL h, $2
B0 25 11 )2 BARNA - 80 CIRAER .

1.5 AP shaeem BomiEn i R 2 S8 i (AU
5400, HABAKEE A lifiE N a R a =S
(alanine aminotransferase, ALT) FIR[J4&ZA R
RILF T4 (aspartate aminotransferase, AST) 7K
B, ARG EREY . WAL F,

AR R HpR i e A SUa S B S, bR AE Tk
SIAKEFIPHLL (HE) Befh, S5 WE FWE Rk
P2 R T A DL

1.6 ZoT R AT ERSB4EX B FHTrizolik 7 M
FFH 2R B o P H2 EURNA . 4R 5 8 FH cDNA & Al
#l& (HARTaKaRaEY) AT FAE]D ng RNAK
3 icDNA, &5 FAME <M (polymerase
chain reaction, PCR) 7E20 ulfk &ZH#E4T, ZAER
110 ul SYBR Green ( H ATaKaRaZt:#jAH])

4 pl ¢cDNA. 0.4 w4514 (10 pmol/L, 5|47
FIWFELD) F5.2 pl = ZFAERIR AR K (DEPC/K)

MR, FEEPCRIL (ABI Prism7500; 3 [H »
EMRG AT AT E. RMNZMA R 50 C
2 min, 95 ‘CJe/%5 min, #RJ5, 95 ‘CJM15 s,

60 CxM30 s, 55 ClxMN4 s, 44153,
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(hypoxanthine phosphoribosyl transferase, HPRT)
AR, SR AR BIL-6, IL-B. TNF-a. F
WERIFEEAL0 (interferon-inducible protein-10,
IP-10) MImRNAAFXTFRILE .

1.7 %, 9% ¥Pi& (Western blot) 23& & & A BEAI
Tt T A 410 A1) 751 PO RTPA 2R A A VR B B 40 i v A 2R

Ho WRyEalm &y, EHBCAE AN E XA &

et I EEE SRR AR #HTEAEE.
T 4 FISDS-12% 5 P 475 T i € JI2 HL ok 70 5 2 1 ot
RIG1E4 C N B 2|PVDFE Lt %, B-Actin,
p-Erk. p-JnkFflp-p38—#i [1 : 1000, ZEEHE(E S
fe AR (CST) Aw]] AETBSTH IS % i iR Wik
Pk, ARG 5PiARE4s CERIEKR. ETBSTH
%90 minf5, fE=R N5 EHARN ALY R E R 5T
[1:2000, &E4MH(ESEIEAR (CST) AF]
H60 min, ZAJ5AETBSTH P90 min. A IR
FROGAN G (GEEZFER KAAD BIGB-Actin,
p-Erk. p-InkFlp-p38 HFrE 14577 -

1.8 o i R B FoR-Fle ARAE & ui e,
Luminex Milliplex” MAPRF & (35 H R 75 A &)/~
bl 2 Y IR 1/ A R RE R TR, 964U Ml E
MIHIL-6. IL-B. TNF-a. IP-1040 K F/KF, I
18l Luminex 200 &2 5t 40t 45 3R

1.9 %3t 224 22 i FIIBM SPSS 2508 % ¥ a2t 47
Gt o, FrA SEEe /AL HEAT3 IR /N BRI
THALTRIAST/K T BL K SAE AR SR 4R R 77K /s
B ZH 2R 2 E AR S A i R mRINA FR A R ik f
/I BRI s LI A L 28 A P AH S mRINA R AH 0 1k B
Byt E R, fra b, Plxx sk, 24
) LR 7 Z 20, P B BCR FHLS Dok 56
PAP < 0.05 8574 Gt 8 3o

) ) 20234 F15% 4

2.1 MgIGi& 42 7 Con Aif5-84 s REMAFH S5I1E
WXTHRZAAH L, Con AZH/NRIMIEALT. AST/K 2
FZE (PH<0.05) ; MgIGTTijE, HCon A4
FH, ALT. AST/KFEIEEEIL (PH< 0.05) ,

G ER M (£2) o HIESMRIES IR T
X— 4, Con AMERIZ S B B IR M FHIRAS, T
Con A + MgIGT Pzl N B B ek (1) o XK
MgIGHg S B 2 243 Con Al S 1 2 AT 45475

2.2 MgIGM4& 7 Con A% 549/ R &R 49 £
JERRL /NI H 2% B FrHE et 25 B R,

Con A /N AT 2H 2 b A K & 28 M 40 g V2

Con A + MgIGT-T4H K LA BIR i B2 mb,  WER.

HIE#ESHEAA L, Con ARHELLH /N ILE o 4 5E
A A FIL-6. IL-B. TNF-o. IP-102 & Tt (P
1< 0.05) ; MIGTFlp#(% 1 i HIL-6. IL-B.

TNF-a. IP-10f)7KF (P < 0.05) , W#E3. #R
MglGHE % W] 2 BE K Con A% T 1/ B &M BT 453 11

*F2 HBHENRIMIF ALT F1 AST KE (x+5, U/L)

AR ALT AST

EF AR 44.30 = 19.89 36.65 £ 10.20
MglG4a 31.00 £ 16.59 31.25+8.42
Con A% 11228.15 + 1150.30 10069.42 = 1029.23
ConA+MgIGF#i4  5196.17 £807.50 5913.00 £ 1619.16
Fft 232.11 103.09

PfE < 0.0001 < 0.0001

i -19.05 -19.101

Pt < 0.0001 < 0.0001

ok 10.51 531

Pt < 0.0001 0.0003

W ot Py NIEHEXIRALA Con A #5TIAMLL; 4. P, Con A
401 Con A + MgIG FTiZHAM L o

* 1 IR EE PCR 51957

B 474 R L#3 4 (5°-37) T#Egl4 (5-37)

IL-63% AGTTGCCTTCTTGGGACTGA TCCACGATTTCCCAGAGAAC
IL-1B3K R GCCCATCCTCTGTGACTCAT AGGCCACAGGTATTTTGTCG

IP-10 AAGTGCTGCCGTCATTTTCT GTGGCAATGATCTCAACACG
TNF-04 CGTCAGCCGATTTGCTATCT CGGACTCCGCAAAGTCTAAG

Bl 1 MgIG FRAIBREEE Con A FSE R SMERTIR
VE: IEROIRALRI MIG ZLAFIEBRES L0, R TR LEW 4305 Con A UFFIRBREREIT, ShULEWIRHDG, W LW BRI ConA+

MgIG T FRZELIT R DT M B 2 gacdee 7] WL i e
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2.3 MgIG41&T Con A3 49 RATIELELR F X JE
XA e R EKT HIEFESRAME, Con A
#IL-6. IL-B. TNF-a. IP-10 mRNAFI X} F£it & &

EE (PY<<0.05) ; 5Con AZHAHEL, Con A +
MgIGTTRAIL-6. IL-B. TNF-a. IP-10 mRNAFH X}
FKiLBBFERIC (PH<0.05) , WEb, X5
FHPIMIGF#K T Con AT 1)/ B M4 4 h 4%
JiEAH SR R 305

2.4 MgIGi# it MAPKAZ 5 # - 18 3& IAKLPS 5 749
ISR B e KR 69 F 8 (EARSMSEER T, LPS
FRII5F T AR AN B A0 I 28 0 AH OC 8 1 SR DR R 3R
ik HLPSHFMMAIZHAELL, LPS + MgIGT i
p-p38. p-Jnk. p-Erk#E FH/KFEEZERFK (B4 ,

COnA+Mg|G=Fﬁzﬁ

2 MglG &R T Con A iFSH/ R 2N RGN R
M (HE %, x200)

A BRSNS, IEE XA (A 1 MgIG

4 (B) fJ\fﬂHVEﬂHEJTﬂSE% W JE T U, HLF A 51

ConA#H

[ #AE K FIL-6. IL-B. TNF-a, IP-10 mRNAZ A, A LD LI Con AL (O MBI LH:
1% 2 fi NI ] TMAPK{ E%%J& 1o SRR TR s %ﬁéﬁﬂﬁ’@ﬁ‘il‘ﬂv&f/’x

®3 HEAPRMBRRAEREABETFKE (x+s, pgmD
28 3) IL-6 IL-1B IP-10 TNF-a
B A R4 4.07+2.96 3.06 £ 1.82 174.03 + 26.94 4.08 +1.65
MglG4a 3.73 +£82.40 3.55+0.92 114.12 £ 16.97 3.55+0.99
Con A4a 27650.88 +5701.79 56.55+9.29 7413.38 +1497.78 97.06 +21.26
Con A + MgIG-T 48 10695.71 + 4861.94 13.37 £8.18 3298.43 £ 534.95 63.27+13.97
Fii 53.24 78.83 77.24 51.83
Pia < 0.0001 < 0.0001 < 0.0001 < 0.0001
148 -9.46 -11.14 -9.43 -8.52
P < 0.0001 < 0.0001 < 0.0001 < 0.0001
[ 6.15 9.49 6.87 3.58
Pt < 0.0001 < 0.0001 < 0.0001 0.003

VE: 4 POAIEFE XTI ConA BRI 4. P, A Con A ZHAI Con A+ MglIG T-TRAAAALL

4 BHENDBRIFHERFRAEER mRNA H3FRIEE (x5
il IL-6 IL-1B IP-10 TNF-a
8 2.22+0.95 1.19+0.73 1.43+1.02 1.78+0.73
MglG4a 391+1.73 1.30+0.83 1.68 £ 1.55 4.89+0.70
Con A4a 16.06 +4.55 5.44 +0.94 454,40 +114.81 16.46 £ 3.98
Con A + MgIG-T 48 523 +1.63 0.88 +£0.45 126.24 +29.54 9.55+2.75
Fia 45.28 90.47 90.60 43.18
Pia < 0.0001 < 0.0001 < 0.0001 < 0.0001
148 -7.27 -9.65 -9.52 -8.82
P < 0.0001 < 0.0001 < 0.0001 < 0.0001
i1 717 15.12 9.59 4.94
PAA < 0.0001 < 0.0001 < 0.0001 < 0.0001

e 6 PyOIESE SRR Con A BRBSAIA L

t,« P,y Con A A1 Con A+ MgIG F-THAHAM L.
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£S5 IEEXEELA. MeIG MR, LPS 4H. LPS + MglG T4/ IS iz EBR AR 2 iEFE % mRNA BIHEXRIZE (x+5)

215 IL-6 IL-1B IP-10 TNF-a
EFA L 0.86 +0.29 0.51+0.37 0.77+0.36 0.77+0.57
MgIG4L 120+ 0.51 0.36+0.23 1.22+0.88 0.57+£0.19
LPS4 6630.40 £ 1149.59 658.06 % 95.06 7762.08 £ 1007.42 194.56 + 25.14
LPS + MgIG-FFiza 3627.91 + 1491.16 259.92 + 4947 4088.38 + 790.20 117.09 % 15.29
FAf 57.71 169.55 169.77 206.93
Pit < 0.0001 < 0.0001 < 0.0001 < 0.0001
tE -11.30 -13.56 -15.10 -15.10
P < 0.0001 < 0.0001 < 0.0001 < 0.0001
1A 3.91 9.10 7.03 6.45
PAL 0.003 < 0.0001 < 0.0001 < 0.0001

e oty Py ONIEF XA LPS MBS AR, 4,0 P, 5 LPS 400 LPS + MgIG T-Ti4LAf EE

LPS(200ng/ml) MgIG(25ug/ml)+LPS

o oa 44KDa

p-Erk L R BB 3 o 42KDa
I - 54KDa

p-JNK - - 46KDa
p-p38 " @™ o |BKDa

B-actin [ e s - o - o = s s (45KDa

B4 MglG @it MAPK (5S8R LPS S M/ RS
R E R K RERFRIA
7: Normal JyIEH % B2, MgIG A MgIG %JHE4H; LPS Ky
LPS #574H; MgIG + LPS 4y MgIG F-TiitH
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AERBIERET, RIERNENEEN MG, &
ZRFIE R CEEEREEEAT 2 . B A AT
) RAEZMIHRGHERBENALFH E 8K 2
—. KEWFRFIYE, ALFHIRBILEIE X 55 R N
N FHIHRAE. MR, WA S PR EeS
RN B B A B AT S, RN T e A
Fopth G 72 40 BB TR 22 22 Th RS A ML [K 7 AT 5 5
i SN R AN ANk, 22 A R T e Ak
W RAEDTR B R AR, AT et aloin = #1451,
JHFREAE R N AR B G 28 % B RN G g% i 5B 467, If
TR 2 K7 RO 0 2 (e 0 AT A B 0 T AR AE,  Sak
HARNE. Con AYERN—Fh I E FFHEE I TR A
s JFORRE MR, Aehs S H AR
YA TN R S G e AT, Il T HXH AT
SEIR S AN T R B ks e b, SRR
RPEANHR A TS A R [ A A,
Con A T4 i 0] 3 355 7 T 40 it A 506 &40 A 4 [
P B A TNF-o. ILSGNIATF, 51 AR4IRE TR
e, D WOE AT R R SR AN, R 4R A
T T A5 o T 11 X R IR 3 Y 4 1 4 i 38

Y TNF-0., TP-10. TL-6MIIL-1B554 2 4H IR 1) 70
WK, Wk — B ) S i . FR kR
U, Con AW Syt S I R, 0 R
EINJE T 4% 72 K Fe NALF R R R 2 2 —
JHIUE 98 i S B2 ARRG T 22 e 4 B A5 = 3 % R 7 o
MAPKIE B2 b — M EERE S H S RG,
SR A AN 5 IR . MAPK(E 57 %
BBAIER THEZMETEARNRE, SFEHT
IR, AN E 4G . F5 0 @ MAPKAS 5 # &
10 % PRI 7 SR 2R T JORE S S K A, TL-6
IL-B. TNF-o. IP-10%5 RAEH TRk m, B2
PEHEM A R T MAPKGE B A5 44 W0 5 e -
MR ANR T B IS (extracellular regulated protein
kinases, Erk1/2) . c-JunZ J: AR i lE (c-JunN-
terminal kinases, JNK) . p3842%d 5k {k 2 [ 1
(p38 mitogen activited protein kinase, p38) . 4if4k
B 5T IES (extracellular signal regulated kinase,
ERKS) . Etk/"Z A T8 MHL, S5 T40)
G AR, INKGR & b SR S 1S
SRS, SHMBNES . BEL. &
FEAGALFNE B M B oAb, p3847h 5 28 E AN
T, RZRPIR AT . R,
VI 2 25l E I MAPKAE 5 4 5 18 2% el A8 VE AR
B3, R 2 A0 IR F 1 4 s P Ak, 7ECon A
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