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Antagonistic effect of Arisaema Cum Bile polysaccharides on neuroinflammation
in febrile seizure model rats
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Abstract: Objective To investigate the possible mechanisms by which polysaccharides of Dannanxing (4risaema Cum Bile) inhibit
neuroinflammation in febrile seizure rat model. Methods The polysaccharides of Arisaema Cum Bile were prepared by a combination

of water extraction and alcohol precipitation, and its primary structure was characterized by chromatographic and spectral methods.
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Febrile seizure model was established by intraperitoneal injection of lipopolysaccharide combined with hot water bath. The rats were
randomly divided into five groups, including control group, model group, sodium valproate group (200 mg/kg), Arisaema cum bile
polysaccharides high- and low-dose (200, 100 mg/kg) groups, with ten rats in each group. The convulsive latency, duration and grade
of convulsion were recorded in each group, and the rectal temperature of rats was monitored 2 h after the last modeling. Hematoxylin
eosin (HE) staining was used to evaluate the pathological changes of hippocampal neurons. The levels of tumor necrosis factor-a (TNF-
a), interleukin-1f (IL-1pB), IL-6 in serum and y-aminobutyricacid (GABA), glutamic acid (Glu), NOD like receptor family pyrin
domain containing 3 (NLRP3) and high mobility group box 1 protein (HMGB1) in hippocampus tissues were detected by ELISA. The
metabolomics analysis of rat serum based on ultra performance liquid chromatography tandem quadrupole time of flight mass
spectrometry (UPLC-Q-TOF-MS) was performed. Results The total sugar, protein and glucuronic acid contents of the Arisaema Cum
Bile polysaccharides obtained from the isolation preparation were 79.4%, 2.96% and 2.35%, respectively. The results of
monosaccharide composition based on gas chromatography-mass spectrometry (GC-MS) exhibited that the polysaccharides of
Arisaema Cum Bile were mainly composed of arabinose, xylose, mannose, glucose and galactose with molar mass ratios of
0.030 : 0.260 : 0.115 7 0.741 © 0.088, respectively. Fouriertransform infrared spectrometer (FT-IR) spectroscopy indicated that the
polysaccharides contained pyran ring. Compared with the model group, the rectal temperature of rats in the high-dose group of
Arisaema Cum Bile polysaccharide was decreased (P <0.01), and both high and low dose groups of Arisaema Cum Bile polysaccharide
significantly prolonged the convulsion latency (P < 0.01) and shortened the duration of convulsions (P <0.01). The high-dose Arisaema
cum bile polysaccharides supplementation showed a protective effect on hippocampal neuronal cells, elevated GABA content in
hippocampal tissues, and simultaneously reduced the content of TNF-o, IL-1B, IL-6 in serum, Glu, NLRP3 and HMGBI in
hippocampal tissues (P < 0.05, 0.01). The metabolomics results showed that Arisaema Cum Bile polysaccharides could significantly
reverse the expression of 16 biomarkers, which involved six metabolic pathways including arachidonic acid metabolism, amino acid
metabolism and pyrimidine metabolism. Conclusion The polysaccharide fraction of Arisaema Cum Bile showed significant
antagonistic effects on febrile seizure rats, and its underlying mechanism may be closely related to lowering body temperature,
protecting hippocampal neurons, inhibiting neuroinflammation in brain and regulating metabolic disorders.
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Servicebio KZ-11I-F Y41k 2H 23 BE A (RGN TR 4E /R
R AR AT ) Sartorius BSA224S /3 Hr K
- (b SR Z R R AR A IR AF]D; Vitor X3 AU
figkRiX (3£ Perkin Elmer A ®]); 105-103-101 %Y
B FE (8 mmX 300 mm, FE[E BRT A#]);
RXI-5 SILMS i F: (30 mX0.25 mm, 0.25 pm);
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(1) FEFEbRE 2R 220 RS SRR B T 2
8 B D-JC /KR & B8 B 10 mg, i 2800 K 8 2
% 100 mL 5% 0.10 mg/mL IFRHEER . 7 HIEL
0.2. 0.4, 0.8, 1.0. 1.6, 1.8 mL bruEIEW, IMAZE
TRKERRE 2mL, FAEMA 6% AR 1.0 mL.
WAL S mL 2 # bR, $85), 5 min 5,
AN 15 min, AEIST 490 nm ALK
TR () H, PAZERKIE NS R FAE =
WREEAREAARR (), A ENPANR (1), LeifilbnitE k.

(2) FEA RS EIE: PRI 3 e 2 2
B, INZEERKECH K 0.1 mg/mL FURE VAR, TR
I mL CE TS0, &8 EIRP BTN 3 Ik
AfE, WRYEED TR A PR AR A=
222 HEAFEWE

(1) EATARAER LRI 2] WA M (8
FIXF R A, INNZETE/KAS 2 0.5 mg/mL 2R A B bRiE
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HONBEALER (x), 4 [ENIEEAR (), il brifE 2R .

(2) FEREAETENIE: R 3 HHHEZ
B, INZRE KB 1 mg/mL (RRE S WREX 1 mL
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30 ‘CIEIG/KIG Smin, AHIJG, %08 FiRB A7
B3 XAME, BEEEFRERAERPEARS .
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(1) D-2F-FUREIE TR FR S, IOND R ZIRKIA R G, 5
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3IRAME, IEHREIE T FERIGFE PR IR & .
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(2) Ff A EE : BRI, 17.8 mg, H 2mL3 mol/L
ZHCIRAE 120 CF/KAE 2 he AR ISR
W, R R TCIRMR . Bl Heont B S BRI T 0
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K BRI 5 M i By 2H 21, % 8 ELISA
U S TNF-0. IL-1p. IL-6 K ifE 54
Zirh GABA. Glu. NLRP3. HMGBI ({5 &k 4T
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2701 FEARKIE ISR E, BIEARS
IR E 200 uL BT 1.5 mL B0 T, inA-20 C
A - FREE-/K (202 0 1) V7 600 uL, 4 °C.
14 000 r/min #5-C> 10 min, H{ 200 uL & E T
AWATE RS, SR T . WEBAFEARTI A
HERE_EIER HIVEL 10 uL, WRIERA, 1FNREE
FEA . S AESERETT G S A 2 S [RD 3 1A 1 515
AR, IR RE .
272 RS RIG A

(1) tapEstE: KA Waters ACQUITY UPLC
HSS T3 3 4E (100 mm X 2.1 mm, 1.8 pm), LA 0.1%
HER/K (A) -0.1%H R 5 (B) RNifshtl, BhEDE
7 N : 0~4 min, 5%~50% B; 4~6 min, 50%~
67% B; 6~16 min, 67%~95% B; 16~17 min,
95%~5%B; 17~18 min, 5% B; A 35 C; &
R EN 0.3 mL/min; SRR 3 ul.

(2) JRigKME: RABBIEE TR, £, f
H T AT SREEVEH m/z 100~1 200,
BEEIES BN 3.00 2.5kV; HEFLHIE N 40 V;
fill 4 fg B 20~35 VBRI SIR N 400 C
it VA SR TR B 800 L/h;  HEFL SRR B A
50 L/he B IECA S 2 TR -In HE RIS, DARR IR
A AT J3 1 o7 B 5 HERA
273 HIEAE ST KRE R S RS

JRaE PR IE T Progenesis QI 3R AF 31T B it g X 55
Bl . BRI SH— A TRALBE, 43 2IRH L) xls 4%
RS, PSR SN SIMCA-P 14.1 AT
FE 48 (principal component analysis, PCA).
P B /> — e % H il 4> Hr Cpartil least squares-
discrimination analysis, PLS-DA) A 1EAZ fhisx /> —
e k- H 5 43 #r Corthogonal partial least squares-
discriminant analysis, OPLS-DA), #R¥E45 & & Z M
5 (variable importance in projection, VIP) >1 H
P<0.05 MARBEMWABANEMREY . 455
MetaboAnalyst 6.0 - {5 F1 5 #i5E [F 5 2L R 4 5 R4
F5 (Kyoto encyclopedia of genes and genomes ,
KEGG) Hdfs 6 1 1E 1) A= B HEAT AC T %
LA RE T o
2.8 FItFESH

BT S 56 4 35 @it SPSS 26.0 4b¥E, PAX +s
For, A HECR HBR R T Z 0.
3 H#HR
3.1 FERIEZHERILFHHE
3.0 BFESE 490 nm BT I 4 ) 1) 4 pE
FrifE 2R 28 77 RN y=5.3 x+0.083 8, R>=
0.997 5. # 490 nm BT FIIHFE B 2 HEI A
EARNEEHZ T8, Al RSB A 2R A
B R BN 79.40%.
312 EAMEE  595nm K FlESHINEA
JRBRUE 2R [ ) #2875 F2 8 »=0.782 8 x+0.211 4,
R?=0.999 1. #4595 nm ¢ T 45 0 IE g 2 2 i )
A EARNENEAIZ TR, TR IR 2 R i
5 5 B 73 HON 2.69%.
3.1.3 PEBSER & 530 nm K R IEFELHI
B T R s A it 2 [m] IH i 2607 F2 0 y=3.894 4 x+
0.0062, R2=0.994 7. # 530 nm S T HIAH S
BEZPEN A EARNEEHZ TR, it ERIHEE
ZHE BIPEIE IR T8> 0N 2.35%.
3.2 [EFEE BHEEMRIE
3.2.1 FBEARGM T W 1 PR, TREX
5 MR IR UG AR O BT R AFTRE . ARRE . H R
Bl R BT FURE . AR A A OR B I 1) DL A
UG FR Ry 1 DA AT 30 IE B 2 20 B B A Oy 3
A RTRARE . ACHE . H Bkl A& B A LML R
H AR L 0.030 ©0.260 : 0.115 © 0.741 :
0.088, L 78] 2 W AN H b LU ey, T AR A2
200 2 e R e B AT H S R A
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Fig. 1 Gas chromatograms of mixed controls (A) and
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P 3 B, SxPiRgl e, A2 R RATIR
BETE (P<0.01), WP AR HK BB IE R R 5
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2 02622
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Fig. 2 Infrared spectra of Arisaema Cum Bile
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"P<0.05 *P<0.01 vs control group;*P<0.05 #P<0.01 vs model

group, same as below figures.
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Fig. 3 Effect of Arisaema Cum Bile polysaccharides on

change of anal temperature in rats with febrile convulsions

(X£ts,n=10)
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®1 BEREEZIENSRRRARIEREL (EERE IR EHFE (X+s,n=10)

Table 1 Effects of Arisaema Cum Bile polysaccharides on latency and duration of convulsions in rats with febrile convulsions

(Xxs,n=10)
2H 53 i HE/(mg kg 1) TR RR AR /s 5 IR FF S [8]/s RAEG 5
Xt R — — — —
ot — 180.831+12.72** 498.75+10.69™ 4.60+0.60"
PIIRER N 200 240.00+15.33# 320.00+15.83# 2.20+0.40%
ENE R A e 200 242.83+14.29% 293.37 +32.66% 2.504-0.30%
100 224.67+15.25# 334.52420.95% 3.10+0.50%
xR " P<0.01; SERIALLE: #P<0.01.
**P <0.01 vs control group; #P < 0.01 vs model group.

X Y
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CA3

El4 EREZENSRRRAREIHA

KA SN E Z i Ed KRME e

B, HEPEST R, SRR . R A AE
BT AZAZ IS, AR DL S90E s RH RS R 2 R A
SR CAT XA 0 R AR, A Y iR,
WUARZ LT 53 FEANIG o 25 R R, IR B 22 0 7 s
REA ARG S AR, R H A2 Tk
FIEME TR, BA—ERMAE Ry 1EM.
3.6 FEEEZHEARIES TNF-a. IL-1p. IL-
6 }854H40 GABA. Glu. NLRP3, HMGB1 %&
VN

W 5 i, SxIRdl e, B Z K R iS

H TNF-a. IL-18 1 TL-6 5 %204+ Glu. NLRP3
M HMGB1 ZE¥EETHE (P<0.01); S5HAA
EUAR, NHRE A2 2 08 4 5 e 7] B 2L e Y 3 RIS R B
o TNF-o. IL-1p A1 IL-6 S5 SHMAP Glu.
NLRP3 }2 HMGB1 & & (P<<0.01), fHFE L HE4
ST 2 20 e R 3 PR K B MIE T TNF-0 (P<
0.05). IL-1B F1 IL-6 51 GZHZH Glu (P<<0.05)
J HMGBI1 & (P<<0.01); SEMA R, Wk
FRENZH K SR IMIE TF TNF-a. IL-1B F1 IL-6 S5 54

AR BN

JHRIAZHE 200mg-kg ! HRFEZHE 100mg-kg !

- CPREER

95205 (HE, X200)
Fig. 4 Effects of Arisaema Cum Bile polysaccharides on hippocampal tissues in rats with febrile convulsions
(HE, x 200)
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Fig.5 Contents of TNF-0, IL-1p and IL-6 in serum and GABA, Glu, NLRP3 and HMGBI1 in hippocampal tissue of rats in
each group (X *s,n=10)
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A-Plot of PCA scores of control and model groups in positive ion mode; B-Plot of PCA scores of control and model groups in negative ion mode;

R=(00,0941), 0*=(00,-0.021 3)

C-Plot of PCA scores of model group and high-dose group of Arisaema Cum Bile polysaccharides in positive ion mode; D-Plot of PCA scores of
model group and high-dose group of Arisaema Cum Bile polysaccharides in negative ion mode; E-Plot of OPLS-DA scores of control and model
groups in positive ion mode; F-Plot of OPLS-DA scores of control and model groups in negative ion mode; G-Plot of OPLS-DA scores of model
group and high dose group of Arisaema Cum Bile polysaccharides in positive ion mode; H-Plot of OPLS-DA scores of model group and high
dose group of Arisaema Cum Bile polysaccharides in negative ion mode; I-Replacement test between control and model groups in positive ion
mode; J-Replacement test between control and model groups in negative ion mode; K-Replacement test between model group and high-dose

group of Arisaema Cum Bile polysaccharides in positive ion mode; L-Replacement test between model group and high-dose group of Arisaema

Cum Bile polysaccharides in negative ion mode.
6 BREEZENSMMRRARGTTERRGEZE S

Fig. 6 Metabolomics analysis of therapeutic effect of Arisaema Cum Bile polysaccharides on rats with febrile convulsions
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Table 2 Endogenous potential biomarkers in serum of rats in each group

POy [P A Pl
Fe BT R tr/min m/z Vet Vs Vs
] BAY
1 EET (E)-11-— ¥R 7.45 328.3200 CaoH3s02 l !
2 EET R 5.96 300.2891 CigHarNO2 ! 1
3 EST (R)-()-1-3F Jii-3- % 5.88 2742742 CgH160 l 1
4 EEF 2152 B A T 12.04 686.536 3 C21H3403 ! !
5 EET S 14.82 330.3357 CioH200 — l
6 EET (+)-B-citronellol 7.27 330.3361 CioH200 ! —
7 EET HEERR 4.28 218.2114  C12H2O2 !
8 EEF iERSizy 7.27 330.336 1 Ca0H4002 ! —
9 EEF 1EZE R 5.96 362.326 1  CioH2002 ! 1
10 EET 1EFRE 5.88 2742742 CgH160 ! 1
11 EET 2'- i S 0.91 227.0903  CoH13N304 ! !
12 EET TEAE VU R 9.90 305.2469  CaoHz20: ! !
13 EEF L-EEER 5.85 299.1104 CsHuNO:S ! 0
14 BT 9(S),10(S),13(S)-triHOME 12.20 375.2905 CisH30s 1 !
15 BT 9(S),12(S),13(S)-triHOME 12.20 375.2905 CisH0s 1 !
16 HET D0 — R 8.13 303.2333  Ci4H2604 1 —
“17 For b, )7 RE T, “— RELBEBL.
“1” indicates up-regulation, “|” indicates down-regulation, “—” indicates no significant change.
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Fig. 7 Analysis of differential metabolite pathways in

serum of Arisaema Cum Bile polysaccharides intervention

in febrile convulsive model rats
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