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Improvement effects and mechanism of astragaloside IV on neuroinflammation
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ABSTRACT OBJECTIVE To investigate the improvement effects and mechanism of astragaloside IV (AS- IV ) on
lipopolysaccharide (LPS)-induced neuroinflammation. METHODS BV2 cells were divided into control group, LPS group, AS-IV
groups at concentrations of 20 and 40 wmol/L, and dexamethasone group (2 mmol/L). Except for control group,
neuroinflammation model was established with LPS (1 wg/mL) in other groups after medication. The levels of inflammatory factors
[interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and nitric oxide (NO)] in cell supernatant were measured in each group.
Mice were randomly divided into normal group, model group, positive control group (Aspirin enteric-coated tablet, 20 mg/kg) ,
AS- IV low- and high-dose groups (10, 20 mg/kg) , with 6 mice in each group. Mice in each group were administered the
corresponding drug/normal saline via gavage/intraperitoneal injection, once a day, for 14 consecutive days. Except for normal
group, other groups were intraperitoneally injected with LPS (250 wg/kg) 1 hour after daily administration of the drug/normal
saline to establish neuroinflammation model. Serum levels of IL-6 and TNF-« were measured 2 h after the last medication;
histopathological morphology of cerebral tissue in mice were observed; the co-localization of inducible nitric oxide synthase
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p38 MAPK), extracellular signal-regulated kinase (ERK), and phosphorylated ERK (p-ERK). RESULTS In the cell experiments,
compared with control group, the levels of IL-6, TNF-« and NO in the cell supernatant of the LPS group were increased

significantly (P<<0.05) ; compared with LPS group, the levels of IL-6, TNF-a and NO were decreased significantly in the

administration groups (P<<0.05). In the animal experiments, compared with the normal group, the serum levels of IL-6 and TNF-

o, the number of iNOS/Ibal co-localization positive cells in the cerebral cortex, and the phosphorylation levels of p38 MAPK, NF-

kB p65 and ERK proteins in brain tissue were all significantly increased/elevated in model group (P<<0.05); the number of CD206/

Ibal co-localization positive cells in the cerebral cortex region significantly decreased (P<<0.05). The neurons in the cerebral cortex

and the CA3 region of the hippocampus displayed a disordered arrangement. Compared with model group, above quantitative

indexes of mice were all reversed significantly in administration groups (P<<0.05); the neuronal cells in the cerebral cortex and the
CA3 region of the hippocampus exhibited a relatively orderly arrangement. CONCLUSIONS AS-IV may inhibit the activation of
the NF-kB/MAPK signaling pathway, promote the M2-type polarization of microglia, and thereby suppress neuroinflammatory

responses.
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3 [E Sigma 24w ; BT Al PEARIA S B (164523031611, #iLA%
25 mg/Fr ) W 1A #2494 A A R 7 5 BT CD206 it
& (45 SC-58986) 14 [ 3 [F] Santa Cruz /A ] ; St NF-
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L ERK (p-ERK) | B T L8545 & 114243 F 1 (ionized cal-
cium binding adapter molecule 1,Ibal) i 51— fL &
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[¥ Abbkine 2 7 ; IL-6, TNF- o Jiff 3¢ 92 W% Bif ) 5
(ELISA) il 5 & (4% % 435124 305671-002 , 306473-001)
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KM /N IR (20 +2) g, 1 F L AR AR SE 56 s ) e A
PR ], s A =V il iES o SCXK (620220006, 4
AF 5 308 1] R B 2 K 2E SE R S AR A B ZE L it
WE (/B2 DWLL202103162) . /N B P4 35 14
Ja TFIRSCES, A UOK MR, SE5 IR IR 22~
24 °C XTI R 40%~60% o
2 Ak
2.1 ApESELE
2.1.1  4ifEisEsR

B BV2 4R35 T 10% M2 05 A 1% E B R
A DMEM }ia5E 38T 37 °C 5% CO.55 374 , 107
L d B 1R FR AL ARG B ik 80% A T4
2.1.2 4 3 R IL-6 \ TNF-a . NO 7K P45

5 BV2 4 LA 1X 10" 4~/FL G %% 5 2 R0 T 96 FLAR
15 200 FRL 00 B i A TR AR B, R I 20 At BB 4 LPS 4]
A EEH A 20 .40 wmol/L 41 L K DEX 41 (2 wmol/L) , 4%
SRR B S P A IR A AR A R Y, ik
B 6 NE L YURALBE 4 h5 , 4545 2541 I AAH I ik B 24
TR, X RRZ LPS A A SRR 258 T 10 L b, BRXT
MELH AN LA A B I A B BV B R 1 wg/mL (1) LPS 3
T, ARSEREFR 24 hJF USCEE b 35T MR Al AR R 3 5 6 D
P R BRI A5 AL AN B WP R E T IL-6
TNF-a NO 7K,
2.2 BHYIKLE
2.2.1 JreH gn2h GERL S U

K5 30 H/INERUBE AL 43 A 1 5 4 B A | BH A X R 2]
(BT =] DEAR Iz 7 -, 20 mg/kg , 774 24 0 BN I R 454504
Y 84 ) A EE IR L R R4 (10,20 mg/kg, 7
AR SCHR[12]0E) , R4 6 H o ARG SClik a8 Ty
EA TR AR, 0 B PP 45500 e 2/ UM s v S A L 2659
BHE XS HE 2 /)N BRUTRE 5 AR 2590 , 185 2 SR 2 /)N B
B OIS AR K R 1R 5L 14 do BRIEHR
AN AR/ NR B RS 25/ £ B K 1 h ), 8 T4
LPS(250 pg/kg) ABNT 2 JAERRY AR IRTE ST LPS 2
h e, /N B2 IR I EBIALE 5, ¥ T — 80 °CUkF P-4 o
FIAN A ARG 3 /NG, FIRURZH 2, B —2 ik 4 40
4% 2 J W EE TSR 2, F T B4 0 28 WA R e g ¢
JeYe (o gL, AN 21 T —80 *CUKAE AT, I T4
P ASE Sy a8
2.2.2  /NERULE Y TL-6 \ TNF-o 7K S A6

BC“2.2. 1730 F MR, B0 A B BRI v 8 e, AR S
ELISA j2t 71 60 vt B 45 75 454, Al /0 s il 7 H IL-6
TNF-a 7K,
2.2.3  /NEUKHZURHEZAIE S ISR

HU2.2.17 30N T 4% 22 5 W RV i v [ 1) i 2H 21
G, 4 BRSO S ST A s D) R B )
AR B 2R s 20K, B T IR AR R -PHEL (HE) Y, 48
FhEE CBE K 2RSS, LA R I S s R H i
BT ILES /NI A 2R B A2 R4 R
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SR 2 KA AL BRE PR T B R VG B AL £ )
RS, T B W B B 90 min, FE43 510 A CD206
(R BEBE R 1:500) 5 Tbal (At , FiRE Ry 1:200) B4R
A ANOS (5 B4 1:800) 5 Thal (BT, F BEJE N
1:1 000)HUARIR W, T4 CE&AF P E . WH, LA
WRIRER 2% MR Ve, I A . — Pt (W B A 1:500)
HEEHFEF 90 min, LA DAPLE 5 FIE F 5, R B
BEINEL /N BRI EZ 5 X CD206/Ibal F1iINOS/Ibal HH: & {37
TH0L . BRI R FEALZEE 3 T | il 1 Image J X FAE
3 b S R A7 BE P 4 B 85 INOS/Tba | 3 5 137 BH 1 40 i
BB 22 3R /e 5T 40 Al % A M1 B A, CD206/Ibal 3
87 P 20 AR 22 3R /NI 40 e A= M2 IR Ak
2.2.5 /INEUIKNZH 21 B NF-kB/MAPK {5 518 P& A C 5 1
ESey Rl

K FH Western blot 2R I o B4 20 /) &G 20 256
i, 28 RIPA AR AL 5 25 DS 3, R I BCA L
EREAWE ., EOLAMAHE, T+ bR
- TR TR T B R LUK, B B B IS, A p38
MAPK . p-p38 MAPK ., ERK . p-ERK , NF-kB p65 , p-NF-
kB p65 . GAPDH — 4t (4 B2 435124 1: 1 500, 1: 800 .
1:2000.1:2000,1:1000,1:1000,1:1000),F4°CF
WEE W K H AR Pt (FEREEE R 1:3 000) , F
FIRTWE 1 h, LLECLAL A RGN B3 B R &
G NA% oK Image J & F K E(E . UL B ARER
5 W2 (GAPDH) [ K BEE HUAE F/R H bR 3Rk
7K 5 LA p-p38 MAPK 5 p38 MAPK . p-NF-kB p65 5 NF-
kB p65.p-ERK 5 ERK Kik/K -1 LUAH , 7R p38 MAPK |
NF-«kB p65 .ERK & H IR K-
2.2.6 BuitsErik

K HISPSS 26.0 BT ST o3 o TH R I 2
EAS A, Lhx s Fom o #77 2555 , 241 HLBCR A R
BRI 220, b — 20 W LR FH LSD- K 56 5 #5577 25
55 2K Tamhane’s T2 73475001 K KiEa=0.05,
3 H£R
3.1 ERXHBEXBV24A EFRKH IL-6. TNF-a . NO
7K I8

55X RRZH b s, LPS ZH 40 B 135 i 1 IL-6 . TNF-a |
NO /K- 8 2 T4 55 (P<<0.05) ; 5 LPS 41 Hhds , & 45 2%
SHAME 35 W 1L-6 .\ TNF-a \NO 7K 34 i E AL (P<
0.05) ; 5 DEX 4l bb A, B P H 15 4% ok B 4l 4 i b v rp
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*1 LA EiEiK D IL-6. TNF-a.NO K F Lk &

(x*+s,n=06)

41 1L-6/(pg/mL) TNF-o/(pg/mL ) NO/(mol/L)
Boyiied) 56.84+8.94 925,601 63.73 173068
LPS# 6269.06+611.67 414198422085 1178133
DEX 4 1 568.07+332.45" 284279+ 152.10° 6.80% 161"
FHEHE20 pmol/L4 2304,56.+392.63" 3437.93+300.19" 939£ 117"
FHEH 40 umol/L 41 251531 £514.05" 337671433620 8634133
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MAPK .NF-«kB p65 . ERK £ [ (1) R fb /K 744 b & AR
(P<<0.05) ; 55 P X HR2H Hdse , o B AT 45 770 e 2/ R
ki 25 23 p38 MAPK £ [ A% B 12 16 7K - 2 5 3 AR
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H AT, o 2R AT PR T B = A 2T BB,
L5 JE S 22 AR 2R AT IR HAZ o BRI , 2230
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DRLIEL , 090 /0N F2 I 4 L 3508 R 28 AR I 1] RS2 TR YT
PR TR A 0T o

LPS & —F = 81 RAE S T 7100, AT T /N e Jo 4 g
FEHN S M IS FAIEHE TL-6 . TNF-ou S5 48 5E P 1 40
PRI, LPS 75 5 19 it 28 R I &5 B FH R A AU A 2R 1 7
PEBIR 0 SRR, o8 B8 R 7 B A B G I
a7, AP AT RS E R ARG E A AR A
BSPRIT T B FH X B 28 S 1) S /R FH B AL . 4
Hus s 45 3 R, 2w UGS , BV2 4 R 41
JfIH IL-6 \ TNF-oo [NO 7K F- I REAIG, 2R BH B 1 H AT T4l
I RAE . S SEE K IR, 5 1E 7 2 e AR 2 /N R
I35 71 IL-6 , TNF-ou 7K P-4 57 5 Hili 12 5t DX R Hy CA3 IX.
PR HES ZEAL , B AR IR A . X R R
SERTYE N ) . E— 2 WA T B & B, /N
I3 H IL-6  TNF-o 7K REAIG A 41 4005 B 2= 401 3 ek 65
Jidi Kz J5T X iNOS/Ibal 2 437 FH 1 248 it £t /b, CD206/
Tbal e {37 FHPE A A £, X 7 3 18 R ] i A
HRU/IN SR 2E 23 /I Je S5 44 i 2 M2 U A g R
PIIRR 28 5 RE R HIFEH o

NF-kB/MAPK J& #t 23R 171 9597 114 B R IE 15
30 S, 2 G ) T T AR A DN B S 4 A ML AR,
Ak, AT 98 R 3 SRE PR B4 S RN ER k0 i o el 44
ZRAE N AW LR BN, 4R KR TS,
RN BRI 20 21 7P p38 MAPK \NF-kB p65 . ERK %5 [
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*3 &A/NF KKK iNOS/Ibal 1 CD206/Ibal FA
LR (x +5,n=3,1")

45 INOSToal [HFEARLAL CD206/Toal P IS
FE4 10.00£2.00 35,00+ 1.94
A 25.67+335° 20331180
ML 11.89£2.15° 3089+ 145°
FEFHER R 19.67+2.18* 24671180
HER ARl R 1256+ 1.94° 33564475

a: SIEF A, P<<0.05;b: 5L R, P<<0.05;c: 5 PHEEXT
RAZH LA, P<<0.05,

p-NF-KBp65|’ G —— - ‘|65kDa

NFcB pos [ D - a— — LD

ﬁ - M wﬁisza

pI5 MAPK [MEN i c— — —| 55 D
— —— — e
S — | 14 KDa

ERK | m— e - — —— 42 kDa
—— G T A A ),

GAPDH | D G G G S D:

A B C D E
A IER AL BRI C PPN R AL D 2 (B IR i 415 B
A R R L
El4 &H/NRRAZR PR NF-«B/MAPK {5 S if I 5%
EARIZRBEKE
x4 HBHANRWAL D NF-«kB/MAPK 5 S @ HBHEX
EOBBRUKEILR(x+5,n=3)

p-p38 MAPK |. il

p-ERK I

Eib] p-NE-kB poS/NE-kBp6S  p-p38 MAPK/p3§ MAPK p-ERK/ERK
FH4l 1.00£027 100034 1.00£0.08
A 1.83£0.14 203£0.09° 1.85£037
MR 0.84£033° 162015 1072008
HETH AR 1.19£0.09° L12£0.11% 1412014
HET R AR 1024029 092£0.19" 1.054021°

a: FIEWH LA, P<0.05;b: SR LHE, P<0.05;c: 5 FHHEXS

IR HL#, P<<0.05,

B ALK SRR AR, 32 $ s o Y R FE I o ok 28 5

B0 /R R L 7T R 55 9 i NF-kB/MAPK {55 38 B J0%

EP

25 BRI, B AT R L 0 NF-kB/MAPK {5
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