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Kahweol improves motor function of mice with spinal cord injury by inhibiting

microglial activation via regulating the IxBa/NF-xB pathway
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Abstract: Objective To investigate the mechanism of kahweol for promoting motor function recovery in mice with spinal cord
injury (SCI). Methods Fifty-four 8- to 10- week-old C57BL/6] mice were randomized equally into sham operation (laminectomy
only) group, SCI group (laminectomy with spinal cord contusion), and Kahweol treatment group (with daily intraperitoneal
injection of 20 mg/kg Kahweol following SCI). Motor function of the mice was evaluated using BMS scores, footprint analysis,
and swimming test, and SCI area, myelin integrity, and neuron survival were assessed using HE, LFB, and Nissl staining. In a
co-culture system of lipopolysaccharide (LPS)-stimulated BV2 cells and HT22 neurons, the effects of different concentrations of
Kahweol and PMA, a NF-kB pathway activator, on the number of activated microglia and apoptotic neurons were evaluated
with immunofluorescence staining, and the changes in apoptosis-related proteins and IxkBa/NF-kB pathway proteins were
detected using Western blotting. The levels of inflammatory factors (TNF-a, IL-6, and IL-13) were measured by qRT-PCR and
ELISA. Results In the mice with SCI, kahweol treatment significantly promoted motor function recovery, reduced injury area
in the spinal cord tissue, and increased the myelinated area and number of neurons. In both the mouse models and the cell co-
culture system, kahweol treatment effectively alleviated neuronal apoptosis by inhibiting microglial activation and reducing
the release of inflammatory factors. The results of Western blotting showed that kahweol significantly decreased the
phosphorylation levels of NF-kB and IkBa. In the cell co-culture system, PMA obviously attenuated the inhibitory effect of
kahweol on BV2 cell activation and neuronal apoptosis. Conclusion Kahweol promotes motor function recovery of mice with
SCI by suppressing microglial activation via inhibiting the NF-kB pathway, which shed light on a new strategy for clinical
treatment of SCI.
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caspase3 (1:1000) , p-NF-kB p65(1:2000) NF-«B (1:
2000) . NeuN (1: 1000 ) . Ll ¢ #T % IgG-FITC (1:
1000 ) . 11 °F $t Bl IgG-Alexa Fluor 555 (1: 1000)
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1.4.1 BV2aledEic s 4632 BV24IHR S 10%FBS
K 1%PS By MEM K553, F 37 °C.5% COfE R ETFRAH
HIREFR R A K 2 80% 2 FEIH& 1T

SRS PR BT 5 1 B B SR 254, B
FETRGE Kah (A RCT 0K 8 Ry 340 : X HERA : IE#
WiF8 24 h; LPSiASA A 1 wg/mL LPS #ili# 24 h;Kah
WePEERREEA - 1 pg/mL LPSHEA 12.5.25.50 wmol/L Kah
LG BE 24 h, 2 E 25 wmol/L M LS8 AT
Tz o

55 2 B BEAHL B6 TR 434, S A Kah f& 7510 14
P25 NF-«B i@ A4 EF , 51 A NF-«B il B G757 PMA
1T rescue SE5G , 43 A 3 2 X FAAH . 1E % 153 24 h; PMA
2H :10 nmol/L PMA PRl Zb 3 24 h™ > ; PMA+Kah 1 1
ZH :10 nmol/L PMA 5 25 wmol/L Kah 2:[F] 403 24 h,
1.4.2 BV2 B4 HT22 2 o 3h 33 7B A0 HT22 4R
FH & 10%FBS & 1%PS () DMEM ¥ 37 55, 5555 4041
BV2, SEHGI,#F BV2 4Rt T 24 fLARJFH%E 1.4.1 193557
W BT, & LRI FE 24 WIS FE IS, 2 PBS vk
S B 6 7 ALk B DR T MEEM 5 35 60384 12 h PR
THBREE TR, PBS i Pk J5 B 45 MEM 15 57 JL 0 52 35 57
12 ho FeZWEEAS A 53R 5L, 50T fif DMEM 15 5%
SLAERBURA G T HT22 400, 4k 41555 24 W T

&1 5195
Tab.1 Primer sequences (5' to 3') for RT-qPCR

SLTRERTI
1.5 BiER % 9% R 2 (ELISA)

K HIELISA SE5xt/ N A REZH U BV 2 4H -3
W 0 28 9 B F (TNF-o -6 IL-1B) #4778 5434 o
T RRZH SIS 250 M TR M3 9% 24 h ISR
o ELISAAEALBREAR L UEU B0 ke s
DT JNEEbR —Pe i 2 0, 1 B (SO
WECIE A 5 FEARTEARUE N 2 TR AAE KUK
1.6 ZERIEE

HRZEE IS Hl & KR Y) s AR 4% 2 R T
[ %€ 30 min, F PBS {2235 3 YK (5 min/Ak ) , F&i A EAT
0.2% Triton X-100 B LA 15 min, {# H 5% BSA Ht
130 min )&, iITA—31:CD11b(1:500) .CD68(1:500) .
NeuN (1:1000) .Cleaved caspase3 (1:200) ,4 CIF&E it
o WH PBSIHUE3 IR, #LIEE 9 —ht ILFEhi R
IgG-FITC (1: 1000) . Ll -t i IgG-Alexa Fluor 555
(1:1000)2 h, feJi FH DAPT & YLl iz It 5t A, Tt
L2 G SV -
1.7 qRT-PCR

{1 FH Trizol :HE B BV2 LU S BE41 41 5 RNA, ¥
a0 B SR 3K 50 & 1 B 5, fff H HisyGo RT Red
SuperMix (+gDNA Wiper) # RNA i #% 5% Sy cDNA.
fdiF QPCR A Bt T PCR IO o S 4544 :95 “CTHiAR
P£ 5 min, 95 “CZ21E 10 s,60 CIB KIEMHI30 s, fdi 1] 22
POTRRER AT RN T, 51 H HIEAEY TRARA
AE(FR D,

Gene (mice) Forward primer

Reverse primer

GAPDH TGGCCTTCCGTGTTCCTAC GAGTTGCTGTTGAAGTCGCA

TNF-a CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG
IL-6 TCTATACCACTTCACAAGTCGGA GAATTGCCATTGCACAACTCTTT
IL-1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG-

1.8 Western blotting

£t Bl 2H ZURE AR 28 B R 1 Tl R R AT 7 R0 1)
RIPA 24 2R FE B 11 o SR FH BCA LR VR T
SER, GRS 5%SDS-PAGE FFEZE rhifidi 1:4
M LLBINE S, UK TP IS E 10 min, BEJS 12 000xg
B0 5 min BBRUINE . BHALHLS 8 FRE S T SDS-
PAGE HLUK , 30 min J5 5% 5, (8 5% g 4= 050741 1 h
Ja i A—%¥t: Bax (1:1000) \Bcl-2 (1:1000) . cleaved
caspase3 (1:1000) . IkBa (1:2000) ,p-IkBa (1:1000) .

NF-kB (1:2000) ,p-NF-«B (1:2000) .-actin (1:3000)
4 CIFF L. 552 R TBST ¥ER 3K, A HRPARIE
WIEEHT SR 1gG —H0(1:3000) 2 6075 1 h, 75/ TBST
VRV 3R, B Ji FH ECL Ak 2 R G ACR S 45 5 I 3l i
Image J AT 554 0BT o
1.9 itz

ST A4 FH SPSS 26.0 8. 2 R PRI
B EZE TR R ST FEAS e 204 TP 2 ) LR
SRHHPRLR 2 2250 M0 b 3 4L L) B 22 5. P<0.05
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K BMS iz s IREF 4 (P<0.01,K 1A) . Rf528d
ST HT B, Kah 2125 25 B 5 85 b7 FLPE 2038 55 (P<
0.01,E1B.C) . FUkE5: o , AHXF T SCI4 , Kah 41
/NI S B PE4 4 R (P<0.05, K 1D E) . WLEEHT it
BREL LR L5 W, Kah 416865 1 (19 H i K sk itk
P SCIAHAS 2 k3% (1 1F) . HE PLilg b Je gL (a2h
WK, 5 SCIAAM L, Kah £/ B Bl 2H 2451473 1w AR
WAV L A A T AR S S R AT s s g on i 2
(P<0.01,&1G~L).

2.2 Kah 7T # SCLGAY 270649 =

Yo WYL 45 F R W, Kah 40/ RIE T 4ot
O SCTZH F % (P<0.01,5]12A B), Western blotting
278 SCIFSE 7K, 5 SCIALA e , Kah 41 /)M [l cleaved
caspase3 fll Bax 3¢ ik 7K F T & , Bel-2 Ft /& (P<0.05,
E 2C~F),

2.3 Kah T2 A 545 /5 K 248 % B F 69 &3k 5F 27
BRI fm L E AL

B PER YL 25 R 78 ,CD11b CD68 4l i £ SCI
/NI 22 H PO GR B &, INT7E Kah 2 Rk R4
M54 (P<0.01,/513A B). qRT-PCR FIELISA45H
7R ,SCLE , /INRE TNF-a IL-6 J2 IL-1B f) mRNA K
EAEEEL FIF, M4 Kah 25259697 J AR (P<0.01,
K 3C~H),

2.4 Kah %} SCI ##& 47 MA4E A 7T 6 5 NF-«xB 13 5 i@ %
Ve

Western blotting 73T , HXTF SCIZH , KahZH IkBa
FINFB £ AR (LR R8> (P<0.05, K1 4A~C).
2.5 Kah T 494] LPS i %44 BV2 ta i i 1A= X 2 B F
EOF &

3 R A A JORE 2 AR AL, 25 SR B, 5 LPS
VAL, Kah THU0 6 T BV2 4035 1k (P<0.01,
¥ 5A.B)., qRT-PCR 5 ELISA 25 7R , Kah 7] [&A%
LPS /55 BV2 41 Jd Bl 1 412 & 4+ (TNF-o  IL-6 Al
IL-1B)7KF-(P<0.01,E 5C~H),

2.6 Kah 7.4 BV2 28 i iE 4L 5| A2 6940 2 LA = (BV2
it 5 b 2 T 3IETR)

GO AR BR , 5 LPS 4l H, Kah 71
TR e R B s (P<0.01, K1 6A . B) . Western
blotting %% 5 & 7/~ , Kah + #ii J5 , HT22 4i Y} Bax.
cleaved caspase3 & [ 19 F 15 #H L T LPS L B# A%, 1

Bel-2 & R FAH N (P<0.05, 5 6C~F) .
2.7 Kah#p#] BV2 4o &AL 7T 4k 55 NF«B 43 5 i@ 557 %
Western blotting 254 i 75, #1XF F LPS 4, Kah +
i) IkBo A1 NFB £ 1 A9 B 2 1k A5 B2 B A% (P<0.05,
K 7A~C).
2.8 Kahi# iT 474 NF-kB i ¥4 32 BV2 48 it & AL % 2
FE AN Z AT
5 PMA U AH L, PMA-+Kah 2 1t BV2 21 it 1% 1k 5
A (P<0.001, EI8A B) . [AIRT, iZAIMZE LI T /K-
B PMA 41 [%AIK (P<0.001, K] 8C.D) ., Western blotting
L5 —PIESE  Kah Al ARG PMA (A2 A T-4F H
(P<0.05,%18E.F).

3 iFig

AHH 5T & B, Kah T2 3E SCI/N B Y32 sh T g ik
52, I HCEAE BEA SV BRIE 25 Kah 38 5 301 /)i
Jo A AR Ak B AR 5 PR R R, D/ D b e T i —
AL SRRSOV E T S 40 NF-«B 25407
IR RAE WV # VIA G . Kah (BT R Sk
FCAEZ R R rh AR BB, AE SRR PRI T,
AL 0 LPS 175 514 5 20 0 i S5 , v/l
S F R s FEMEeREAE S [ Ay S ER R A5 F  Kah
RS R B A D AR AR E R 7K P2 TE M R
e, Kah REAM IS0 AR /)N BRAA P /D Vie s 4 it S
EL WA AL BE S AL, BBl S RE AT S Ak AR, AT
MGEE AR DR FE ™ o (H T ILAE SCTH AR I i ok
TLARE | AR SR SCT/INEURE Y | 48 U 75 241
#E SCUNRIZ S TR . BEAWST HikiE BMS P-4
FEK L6 AT /INEUS IBOG T 18 3l SR TR 1 PR
PEAF A TREARDEA, | &M 12 S DI RB A A AR B ™7
AW R, Kah 41/ 5 BMS P53 JiEK SC 5531
T SCIAL, o nl X /INRAE A TRS HERY AL,
RIS SCHK & w5 W1/0N Bz ) T e 2R 47 T4 40 1) F
M® ) ARSI T R, Kah 268 3057 6 B8 K 3048
SCIZHH T}, 28] Kah 78 SCI/INRIZ S U REIK & it 15
2 E I R OCHEREIE ] . SCUR , BB 21
LGSR ZETL T BBERE A2 on Az AR AN
FUE T LUK B A Y (R, 28 Kah 16T )5 , 20 A B
LB TS B AL IR S A il 2 e B T
e BXHER , Kah AL ARBIR B & P43 I i 2121
87 N %I s R U s vimetiL (£ 8 =R\ B W o i < i
HAUPRE -

SCUFEF M ITIT- S it — 2 FE L T RE bk
4, IR A TR T SR ERMLE . E A5
& i Kahweol X % 75 T H 5 £ — ) AP 2 R1 41
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Fig.1 Kahweol (Kah) improves motor function and alleviates spinal cord tissue pathologies of SCI mice. A:
BMS Score. B, C: Footprint score. D, E: Swimming experiments. F: Dorsal view of fresh spinal cords on days 7.
G: HE staining. H: Quantitative analysis of the lesion areas in the 3 groups. I: LFB staining. J: Quantitative

analysis of residual myelination in the 3 groups. K: Nissl staining. L: Quantitative analysis of the number of
motor neurons in the 3 groups. n=5 in each group. *P<0.05, **P<0.01.
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Fig.2 Kah attenuates neuronal apoptosis in the spinal cord of SCI mice. A: Immunofluorescent staining for
NeuN and cleaved caspase3. B: Quantification analysis of the number of NeuN" cleaved caspase3” cells. C-F:
Western blotting and quantitative analysis of protein expression levels. n=3 in each group. *P<0.05, **P<0.01.
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Sham  SCI Kah each group. **P<0.01.
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