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Effect of glycyrrhizin on nerve injury in rats with bacterial meningitis by inhibiting the HMGB1/RAGE
signaling pathway

REN Yuelei,JIANG Yan (Department of Emergency sShengjing Hospital Affiliated to China Medical Universi-
ty s Shenyang 110000,China) *™*

Objective To investigate the effect of glycyrrhizin on nerve injury in rats with bacterial meningitis (BM)
by inhibiting the high-mobility group protein Bl (HMGBI1) /receptor for advanced glycation end products (RAGE) signa-
ling pathway. Methods Take 50 rats,Ten rats were randomly selected as the control group (CON group) ,and the re-
maining BM rat models were constructed. Build BM models of other rats and randomly divide them into BM group, gly-

cyrrhizin group (48 mg/kg) ,DEX group (2.5 pg/kg HMGB1/RAGE pathway activator DEX) , glycyrrhizin+ DEX group
(48 mg/kg glycyrrhizin+2. 5 pg/kg DEX), with 10 rats in each group. Rats in each drug group were administered once a
day for 2 consecutive weeks, while BM and CON groups were given equal amounts of physiological saline. During the ex-
periment,observe the drug induced nerve damage in rats and evaluate the severity of nerve defects based on the nerve de-
fect score; ELISA method was applied to detect the expression of inflammatory factors; HE staining was applied to detect
pathological changes in hippocampal tissue; TUNEL method was applied to detect neuronal apoptosis; Western blot was
applied to detect the expression of HMGBI1/RAGE signaling pathway proteins.  Results Compared with the CON
group, the neurons in rats in BM group were sparse and misaligned, with nuclear shrinkage,reduced cell count,disordered
cell arrangement,and a obvious decrease in neural defect scores(2. 03+0.16) (P<C0. 05).the apoptosis rate of neurons
(35.35+3.63) ,the levels of IL-13, TNF-a,IL.-6 , the protein levels of HMGBI1,and RAGE were obviously increased (P <<
0. 05) ;compared with the BM group,the number of neurons in rats in glycyrrhizin group increased,and the cells were ar-
ranged neatly,the neurological deficit score(4. 22+0. 48) obviously increased (P <C0. 05),the apoptosis rate of neurons
(6.7841.01) ,the levels of IL-18, TNF-a, IL-6, the protein levels of HMGBI,and RAGE were obviously reduced (P <<

0. 05) ;the DEX group showed an opposite trend in the above indicators; DEX eliminated the improvement effect of glycyr-
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rhizin on nerve injury in BM rats.
the HMGB1/RAGE pathway.
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Conclusion  Glycyrrhizin may improve nerve injury in BM rats by down-regulating

Glycyrrhizin HMGB1/RAGE signaling pathway; bacterial meningitis;nerve injury
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Table 1 Comparison of serum inflammatory factor levels
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Group IL-1B(pg/mL)  TNF-a(pg/mL) 1L-6(pg/mL)
CON 41 24.4243.22 25.0043. 20 51.3446.14
BM 4 78.8549.80°  67.3247.70° 98.6949.02°
HEEA 34.67+5.35"  30.6744.78" 69.67+7.34"
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HHEHEAHDEX 4 64.1947.46°  56.1245.65¢ 85.33+9. 64°
F 120.79 113.02 55.09
P <0.01 <0.01 <0.01
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Fig. 1 Pathological changes in hippocampal tissue
of experimental rats (HEmm, 200 X)

4 HEHENHEMATHRE

5 CON 41 # tb . BM 41 #f 28 o0 I 7~ 5 g 35 34 Jn
(P<0.05); 5 BM Al M th, R R A ph Lon i -
WD (P<<0.05) ,DEX 2 & el 17 R B % Th s
(P<<0.05); 5 HFFH KA, B F# & + DEX 4
P2 TE I T3 3 T (P<<0. 05) (& 2,3 2),

R2 XRARRMETHTERRR

Table 2 Comparison of neuronal apoptosis rates in experimental rats
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Group Apoptosis rate
CON #1 4.6740.43
BM £ 35. 3543, 63"
R ET R 6.7841.01"
DEX 41 57.4645. 74"
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P <<0. 01
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Fig.2 TUNEL staining for detecting neuronal apoptosis in rats(200X )
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Table 3 Comparison of HMGB1/RAGE signaling pathway protein
levels in the hippocampus of experimental rats (x £s)

ﬂi’u"‘“":") HMGB1/GAPDH RAGE/GAPDH
Group
CON 41 0.65+0.07 0.3140.03
BM 41 1.574+0.18° 0.82-+0.12°
HRORRA 0.7740.09" 0.4240.05"
DEX 4 2.30=+0. 23" 1.4340.15"
HHEFHE +DEX 4 1.44+0.17¢ 0.76+0.08°
F 105. 26 123. 64
P <20.01 <20.01

a5 CON 4L, P<<0.05;b 5 BM 4 H &, P<<0.05;¢ 51
FORTFE 4 e, P<<0. 05,

o - w— -
RAGE s SR S .-
cxron (D D D S

CON4l BM#4 H¥ DEX4H HEHMZE
MEA +DEX4

B 3 Western blot #ili§ 54 HMGBI/RAGE ESEWKER
Fig.3 Western blot detection of HMGB1/RAGE signaling pathway
proteins in hippocampal tissue

Wi

BM & —Fp ™ E it & RGN, FE K
IS % % 3K P M B 4R 24 B AT L U J W ML R I L B M i K
TR B A0 08 A R R T S R O L EE LA B
Atz — " L AR BM Y % 5 AL Kk 45 T
T, 2 A 0 5Kk SR A 5 2 S R
BERRTE D39 T B M d BM B AL, 00 2K i 28 40 05 1
B 25 R 7R BM 2K BRR 28 O R B 67 A% HD B 4
AFIRG A BB AT T e /b, A L HE 51 ZE L L pl 2R
PR H B R, % BM BRI R i, H R R
SE— BT 25 PIE A  R P R A X B A 1 ik A
ik B ENAFVE DY Li AR R H R 2 xh
BIRZEFIE T 09O 15 2R KRR I 2 O
YER . ARWF5E WA 3] H RERE 267 41 BM K RN 440
A% e 405 B0 2 08 /0, A B HE S B S HL AR 3 2, T 3 4R
TR R BE TS R W H R R AT REXT BM K B
LA B — 2 i U E .

KRAEWFFEUETE , 2 [0y AT 2 i BM A 35 9 & e
SR R & AR o TNF-o fil 1L-6 J& 4 #F BM
BH WA RAE KW FEEMR RN T, A,
TNF-a I1L-6 AT Fh 3 Ab 4 52 15 T3 440 B L /0N Jise J5 4 Jif 45 22
Tofr 248 5 G 43 5 - BML RE A 1 B2 T o 448 i AR /) JiE Joie

0L 53 W TNF-o FlI TL-6 , 3X 6 58 P K - 23 {1 ik B e I

240 6L /0N T2 S 4 ) T A R e 2 R REN . AR B g

' BM KB IL-13. TNF-o 11-6 /K- i & 7 & L ifi H 5

FHE AT B AR 1L-18, TNF-o, IL-6 7K -, F HY H 2

2R AT RE T8 A 1 ) 26 P BT R OR BM R B A 28 JT 4

ik s —E B EAEM. METi -7 BM B B4

Py AR epoR SCHE AR T 40 A 28 5T R T X BMOR B

B BRI RN . AWESETh BM K B4 o I T %

8 T T BRI R AT B oo M T, R

T RUFI 2R AT R L 1 ] b 2 o0 4 TR BMOR BRI 22

it .

%TF BM kB, HMGB1/RAGE i J% i 58 £ 1,
T HMGB1" 8t RAGE™ /K-l 3@ 5 # i) BM K
JR I T e 48 L ) % P A ) P 4 N PR A R L 2 T
B BM K Rl & . H AR & HMGBL/
RAGE il i i 0 i 50 , H %08 w2~ 98 HMGBL/
RAGE i 8% By 114t 58 E. W 40 /78 J5¢ 5T 4 fifd 1% Ak, 5F:
T B0 5 A 2 R AR BT 45 R R BM
21 K . HMGBI1, RAGE K ¥ & F A &. £ ¥
HMGBI1/RAGE {553 #% 2 5 BM K Bl #l 2 5T 4t
B kA T R R G )R HMGB1,RAGE /K- i
F R, R WY H B R AT RE A 40 HMGB1/RAGE
H ol A 2 oo . A HMGB1/RAGE {5
518 PRI R DEX #EAT T 9L 45 R B8 DEX A5 H
BT AR P RCR MR DEX T BR T OH B X BM
R B 22 451 475 Y G5 1 T

Zi b R ik, H R AR AR G o 1 HMGB1/
RAGE {55 il # i 5 BM K B sl 4005 6 T 1
BRI R B A R A Rk — 2D AR

(&% k]

[1] Hasbun R. Progress and challenges in bacterial meningitis:a re-
view[J]. JAMA,2022,328(21):2147-2154,

[2] Dunbar M, Shah H,Shinde S, et al. Stroke in pediatric bacterial
meningitis: population-based epidemiology [ J]. Pediatr Neurol,
2018,89(1):11-18.

[3] Zhang D.Xu S,Wang Y,et al. The Potentials of melatonin in the
prevention and treatment of bacterial meningitis disease[ J]. Mol-
ecules,2021,26(5) ; 1419-1436.

[4] WangJ.Xin Y,Chu T,et al. Dexmedetomidine attenuates periop-
erative neurocognitive disorders by suppressing hippocampal neu-
roinflammation and HMGB1/RAGE/NF-«B signaling pathway
[JJ. Biomed Pharmacother,2022,150(1):113006-113018.

[5] Giridharan VV,Generoso JS. Collodel A, et al. Receptor for ad-
vanced glycation end products (RAGE) mediates cognitive im-
pairment triggered by pneumococcal meningitis[J]. Neurothera-
peutics,2021,18(1) :640-653,

[6] Fang X,Wang H,Zhuo Z, et al. miR-141-3p inhibits the activa-

tion of astrocytes and the release of inflammatory cytokines in



1126 -

T E B R AE M F EE
Journal of Pathogen Biology

2023 4F 10 H 45 18 B4 10 11
Oct. 2023, Vol. 18,No. 10

(7]

(8]

9]

[10]

[11]

[12]

[13]

bacterial meningitis through down-regulating HMGBI1[]J]. Brain
Res,2021,1770(1) :147611-147623.
Zhu K,Zhu X, Liu S,et al. Glycyrrhizin attenuates hypoxic-ische-
mic brain damage by inhibiting ferroptosis and neuroinflammation
in neonatal rats via the HMGB1/GPX4 pathway[]J]. Oxid Med
Cell Longev,2022,2022(1) :8438528-8438539.
Hu Z.Xiao M., Cai H,et al. Glycyrrhizin regulates rat TMJOA
progression by inhibiting the HMGBI-RAGE/TLR4-NF-«B/AKT
pathway[J]. ] Cell Mol Med,2022,26(3) :925-936.
JIRGEA AR AL B R AR A A I AR LR 1 P 2 R E
Mrgoe i), P EALL S A 2 7L 2022,31(1)
16-21.
Sun H,Hu H,Xu X,et al. Protective effect of dexmedetomidine
in cecal ligation perforation-induced acute lung injury through
HMGBI1/RAGE pathway regulation and pyroptosis activation
[J]. Bioengineered,2021.12(2):10608-10623.
ST . miR-124 Sl R X 4 P A AR R BN I BT 4
LG A B MAPK G # i s2m [) ], B8 5 B2 B 4R (B2 O
2021,30(4):12-16,21.
Tsang RSW. A narrative review of the molecular epidemiology
and laboratory surveillance of vaccine preventable bacterial men-
ingitis agents: Streptococcus pneumoniae » Neisseria meningiti-
dis, Haemophilus influenzae and Streptococcus agalactiael]].
Microorganisms,2021,9(2) :449-463.
Zheng K,He FB,Liu H.et al. Genetic variations of toll-like re-
ceptors : Impact on susceptibility, severity and prognosis of bacte-

rial meningitis[J]. Infect Genet Evol, 2021, 93 (1): 104984~

[14]

[15]

[16]

[17]

[18]

[19]

104996.

Zhu Y, Ni H,Chen Q. et al. Inhibition of BRD4 expression at-
tenuates the inflammatory response and apoptosis by downregu-
lating the HMGB-1/NF-«kB signaling pathway following trau-
matic brain injury in rats[J]. Neurosci Lett, 2023, 812 (1)
137385-137398.

Li YJ,Wang L,Zhang B,et al. Glycyrrhizin,an HMGBI inhibi-
tor,exhibits neuroprotective effects in rats after lithium-pilocar-
pine-induced status epilepticus[J]. J Pharm Pharmacol,2019,71
(3):390-399.

Caragheorgheopol R,Rucureanu C,Lazar V,et al. Cerebrospinal
{luid cytokines and chemokines exhibit distinct profiles in bacte-
rial meningitis and viral meningitis[J]. Exp Ther Med,2023,25
(5):204-217.

Mukai AO,Krebs VL, Bertoli CJ,et al. TNF-alpha and IL-6 in
the diagnosis of bacterial and aseptic meningitis in children[]J].
Pediatr Neurol,2006,34(1) :25-29.

Zhang Y,Jiang Y.Lu D. Diosmetin suppresses neuronal apopto-
sis and inflammation by modulating the phosphoinositide 3-Ki-
nase (PI3K)/AKT/Nuclear factor-kB (NF-kB) signaling path-
way in a rat model of pneumococcal meningitis[ J]. Med Sci
Monit,2019,25(1) :2238-2245.

Fan H,Tang HB,Chen Z,et al. Inhibiting HMGBI1-RAGE axis
prevents pro-inflammatory macrophages/microglia polarization
and affords neuroprotection after spinal cord injury[J]. J Neu-
roinflammation,2020,17(1) :295-312.

(R EHY 2023-05-28 [fEEABHY 2023-08-13

N SR U U R U R U R U R N U N S S N SN S i R R S U R U R U U R U R S R MU U U U S S S U S S S U U U

(k31121 30

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Lagesen K, Hallin P, R dland EA,et al. RNAmmer: consistent
and rapid annotation of ribosomal RNA genes[J]. Nucleic Acids
Res,2007,35(9):3100-3108.

Lowe TM,Eddy SR. tRNAscan-SE:a program for improved de-
tection of transfer RNA genes in genomic sequence[ ] ]. Nucleic
Acids Res,1997,25(5) :955-964.

Gardner PP, Daub J, Tate JG,et al. Rfam:updates to the RNA
families database[J]. Nucleic Acids Res,2009,37:D136-D140.
Kaas RS, Leekitcharoenphon P, Aarestrup FM, et al. Solving the
problem of comparing whole bacterial genomes across different
sequencing platforms[J]. PLoS One,2014,9(8):e104984.

Zhou Y, Li X,Yan H. Genotypic characteristics and correlation of
epidemiology of Staphylococcus aureus in healthy pigs, diseased
pigs,and environment[J]. Antibiotics,2020,9(12):839.

Gerard DW. Antibiotic resistance in the environment:a link to
the clinic? [JJ. Curr Opin Microbiol,2010,13(5) ;589-594.
Pennone V,Prieto M, Alvarez-Ord ez A, et al. Antimicrobial re-
sistance genes analysis of publicly available Staphylococcus au-
reus genomes[ ] ]. Antibiotics,2022,11(11):1632.

Wang J,Ben W, Yang M,et al. Dissemination of veterinary anti-

[18]

[19]

[20]

[21]

[22]

biotics and corresponding resistance genes from a concentrated
swine feedlot along the waste treatment paths[J]. Environ Int,
2016,92:317-323.

TRHE SR A, X R, 55, TR IR IS ML iR R
BT RGN o A R AR )], BRI R4, 2022, 43(8) - 4166-
4178.

Michal B, Benedykt W,Grzegorz D. Ex{oliative toxins of Staphy-
lococcus aureus[]J]. Toxins,2010,2(5):1148-1165.

Yamasaki O, Yamaguchi T, Sugai M, et al. Clinical manifesta-
tions of staphylococcal scalded-skin syndrome depend on sero-
types of exfoliative toxins[ J]. J Clin Microbiol, 2005, 43 (4) :
1890-1893.

Howden BP,Giulieri SG,Wong FT,et al. Staphylococcus aureus
host interactions and adaptation[J]. Nat Rev Microbiol.2023,21
(6):380-395

Maneesha KS, Raja B, Lalitha B. An update on recent develop-
ments in the prevention and treatment of Staphylococcus aureus
biofilms[JJ. Int J] Med Microbiol,2018,309(1) :1-12.

[ EHE] 2023-05-30 [EE@BHY 2023-08-11



	2023-10

