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NF-«Bp65 and CBS protein expression significantly increased ( P <0. 05) . Compared with the model group, the vi-
tamin D group exhibited increased PWTL, MWT, 25( OH) D, levels and VDR protein expression ( P <0.05) ,
while H,S content, CGRP and PGE2 levels, and NF-«Bp65 and CBS protein expression significantly decreased ( P
<0.05) . Compared with the activator group, the activator + Vitamin D group showed increased PWTL, MWT,
25( OH) D, levels and VDR protein expression, and decreased H,S content, CGRP and PGE2 levels and decreased
NF-«Bp65, CBS protein expression ( P <0. 05) . Compared with the vitamin D group, the activator + vitamin D
group showed decreased PWTL, MWT, 25( OH) D, levels and VDR protein expression, while H,S content, CGRP
and PGE2 levels, and NF«Bp65 and CBS protein expression significantly increased ( P <0.05) . Conclusion
Exogenous supplementation of vitamin D can relieve nerve pain and reduce pain sensitivity in CCI rats, possibly by
inhibiting NF+«B/CBS-H,S signaling pathway.

Key words sciatic nerve chronic injury; vitamin D; pain behavior; the pain threshold; receptors; NF-«B/CBS-
H,S signaling pathway
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DA T 1 A, A1 28 200 i PRI 173 DA 14 T R i
£ 4 ( reactive oxygen species, ROS) 1 i1 & B W 41 fitg
Wtz M1 RAI R R LR R o FA YL R 6
( peroxiredoxinG , Prdx6) J&1< 840 My i JE il 2 i v 1)
B 22—, B 2 A A0 AR AR RS S AR BR
ROS f9fiE 1" o BF5E" F W1, Prdx6 ] 0 R £ 4
(Tipopolysaccharide , LPS) 15 S 4 5 1 01 o {246 41
JELERL 5 43 W, BT 2R 40 M PR 4 s 15, O s 2D
ROS BY7=A= | iNOS 7F RAW264. 7 40 il Y3
Fiko BRI Prdx6 J& 75 BEF ] FL Wi 40 itg M1 U Ak
WA T8 AV A

EEL A( Kobophenol A, KPA) 244 1R .k
BRI ) — RN IR R SR B RRE G
HAEA I 1A o BAHUE L R I T B AL
RECEDIRE™ o Moo, BT R KPA S 1o BT
JT74A. 1 4 #% K F «B( nuclear factor kappa-B,
NF«B) #4730 i 42 2 4 i DA 5 i Bl fHL 2
KPA & 7538 13 Prdx6 J## RAW264. 7 [ KE40 i M1
RIS AR T TCHRIE » % SCHMRSE KPA X EL A i M1
RIS AR VR T S RT BRI BILTR L Sy 28 5 M0 1 Bl i
FHT 250 & SR (AL PRI -

1 #RE5FEZ*
1.1 #
1.1.1 etk /DNREEMEER RAW264. 7( R

FHFEA AR ), 555 CLOISO) .

1.1.2 e £ 29K A  KPA( _LigIEM A YR
AR F L B B50420, 4l iF =95% ) ; DMEM 1 3%
F( £ E Hyclone 2\ H], 525 SH30022. 01) ; ig Z B
(1 [ Merck 2~ H], 5% *5: 12880) ; Prdx6 41 i 7
MJ33 ( & MedChemExpress /A #), %% 5: HY-
115062) ; DEPC 7K( & 8 H %2> |, 5845 BLS10A) ;
Anti-Prdx6( F[E Abcam A 7], 525 ab73350) ; Anti—
75 A — H b A A B ( inducible nitric oxide syn—
thase, iNOS) | Anti-3f & & B2 ( cyclooxygenase=2,
COX-2) ( # 7L Proteintech 2\ 7], £% 5 189851 -AP.
123751 -AP) ; Anti-43 4k 7% 86 ( cluster of differentia—
tion 86, CD86) ( 2 [E Biolegend 72\ %], 1% 5
105008) ; CCK-8 il & ( FilFF = RAEMHAAR
22w, BT A5 C0038) 5 5% Ot F HT A 16 ( Alexa
Flour488) . Western blot 2E 414 IgG~ 2E 91/ B 1gG
(AP E N LY ARG R A A, 525 ZF-0512,
ZB2301.ZB2305) ; Lipofectamine™ 3000 %% 4t iz 71|
( 22 Thermo Fisher /], 35 L3000015) ; /N T3

RNA( si-RNA) i A TAY) TR ( L) A BRA
Gk

1.1.3 £ &ME  CO, ¥iFsa - i 240 M A g b
A% ( £ # Thermo Fisher 2\ ], 5 371Steri-Cy-cle
A00-44102.800TS) ; % S5 ' i i ( 7 [ ZEISS
4yl RIS AxioVert. A1) 5 HLPKAN( LI RBEH FFH
FRA ], 45 EPS 600) ;5 AIGL 25 .0 HL( 72 [E Eppen—
dorf 3 w] , B2 5425R) 5 AR VKA (5 & 15 R IR
A BRA T, RS DW-86L626) .

1.2 Fi&

1.2.1 ey R G S0 1: #1858 KPA Xt
FGEA i M1 A fb 1 52 Wi . 0 AL R A BE AN T

Control £ .LPS 41( 1 mg/L LPS) .KPA 41(27 pmol/
L KPA) F1 LPS + KPA 41( 1 mg/L LPS +27 pmol/L
KPA) o 5256 2: #£5¢ Prdx6 B3PI MJ33 X} 1 4H
i M1 BURR AL MR . S 4 ANARBRUN T : Control £
LPS 4H( 1 mg/L LPS) \MJ33 ZH(5 wmol/L MJ33) Fi
LPS + MJ33 21( 1 mg/L LPS +5 pmol/L MJ33) . 5t
39 3: RITAUIR Prdx6 J& 45 ] LLidi i KPA X E 05 4
i M1 BURR AL R0 o S04 ANARBRAUN T : Control £
LPS 4( 1 mg/L LPS) .LPS + KPA +si-NC 41( 1 mg/
L LPS +27 pmol /L KPA + si-NC) Fl LPS + KPA + si—
Prdx6 £H( 1 mg/L LPS +27 pwmol/L KPA + si-Prdx6) ,
22 HEIR 0 U6 I B 45 L 1 Lipofectamine™ 3000 %%
Yk FPEs si-NC Hl si-Prdx6 73555 Yk & RAW264. 7
ELWGEA A o 4 2SI ) 25 W ok B 1) Ry e vk B2
LPS R EE R 1 g/ L, KPA RE M BE & 10 mmol /
L, ¥ T 4 CUKFECIRT

1.2.2 Zmfa3zs % DMEM £:3:5:( 10% B (i,
WA 1% SHT) FH7E 37 C5% CO, I35 R 155540
J, 5 B R A0 IR TS B R, K e H IR L 3
1) LA EA IR TARAR, O F T Ja et ot

1.2.3 CCK-8 sxtemlampb Atk K404/ 2] 96
FLAR( 5 x 10* A4~/9L) HH5 35 24 he B 1 mg/L
LPS 55 M1 RIS AL ARSI o 7E #5780 5 57 1 FE i
AR BE (3. 376.75.13. 5.27.54 pmol /L)

KPA JFATALEE 24 h 5, 545 55 261 H PBS P 1
WK CCK-8 I 5725 DMEM #5537 364%2 | 1 - 10 [
RS, BALMAIR G 110 WL, 7 37 C i 546t
JEBEE 40 min J5AI 450 nm LR SEEEAE, I 1A
RIS JIME

1.2.4 Western blot %M & & & & K-F BF40 0
FE] 6 FLAR( 2 x 10° A4 /L) Hhad i, RS 1
FISZES 2 W LB AL BRAN A 24 ho AN A ZE A
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SRS BT UK E AR M & 1, IR AE 100 °C &4
TN 10 min, 8 AR TR SRR Ik, B
#EFT 10% SDS-PAGE I FL K , % B85 I A6 i i 2F 4
didf B 2 h, fE—HL(INOS 1 : 5 000, COX=2 1 :
1 000,Prdx6 1 : 1 000) 14 C 4 FME o, 78
F PR/ IgG ZHT( 1 2 5 000) HiFEE 1
h, B2 R5 B B . R 45 H Image] 44
I3HT -

1.2.5 A REEE VAR 24 FLHR(2 x
10° AN /$L) bt B, e RS E 1 RIS 3 194
YUHOLALBRANM 24 ho FRRTIRIE, BURC A B T3
PR 1, PBS YU 3 WK, 25 H R [ 2 4 20 min,
PBS %14 3 7K, 0. 2% TritonX-100 3 3% 4A Y 10 min,
PBS P 3 K, 1% BSA =i &4 1 h, 7R &hi—
PU(1 = 500 i B b iNOSL1 = 200 H B 1) S 4t
COX2) , T4 CYKFEMEE A, PBS Paik 3 K, E
F5E G E P TgG( Alexa Flourd88) #EGHFE 1 h,
DAPI %4t 8 min, FLoe G KFNE H . HZOLEE
B MBI RAE IS

1.2.6 RT-qPCR # 7 mRNA £k K-F  H400Ed%
FE) 6 FLAL(2 x 10° 4 /L) Had e, #% IESL 56
15250 2 FISCEs 3 1 B UL FRAN A 24 he 208
SeH PBS PE¥ 1 ¥K, Jin A TRIzol # B4 ffd &5 RNA,
AR RNA ¥R, RNA 2858 2 5 245 3] ¢DNA, J]
FIR%E PCR [ o R PIAEY 4 cDNA,2 74Tk
T mRNA [ FHX) 3k & . RTqPCR 5] 9)% 51 WL,
=1,

%1 qRT-PCR3|#FE7!
Tab.1 qRT-PCR primers sequences

Primer  Forward Reverse

iNOS 5’-ggagtgacggeaaacatgact-3” 5 -cgatgcacaactgggtgaac3”
IL-6 57 -cttettgggactgatgetggtgac3” 5 -ctgttgggagtggtatectetgtg -3~
TNF-o

Prdx6  5°-tgatgataagggcagggac3”

57-egetcettetgtetactgaacttcgg3” 5 -gtggttigtgagtgtgagegtetg 3~
5’-etaccatcacgetetetece3”

GAPDH 5’ —ggttgtctectgegactica3” 5°ggtecagggtttcttactce3~

1.2.7 AXmeR4&n CD86 ¢y & ik 4wz
FE]6 FLAR( 2 x 10° i /L) Had i, Fie RS 1
A G LA SR 24 ho 4HAEFH PBS BRI 11K,
T BB AL S5 WS 4E L 7E 4 °C\2 000 r/min B§.0> 5
min, 3£/ 100 wL PBS S 40 fA 0.26 pg %¢
JEY R (A 30 min, PBS i 3 Uk, BRI, {5 ]
FlowJo 34381 Lk CD86 [AM:( PE-A ) #3110 H 4
FAER M1 BIAL I L] -

1.2.8 #%it% 4 #® A GraphPad Prism 9.0 434

BRIV BHE DL x £ 3278, 24110 Fe 5% H
R 22500, AR 22 55 1) L BCR ¢ /. P <
0.05 HESAGFITFE L.

2 HR

2.1 KPA 3 RAW264.7 E I 20 fn M1 B 4% 4 48
FEMREASFZEM CCKS BE/Hrss i ix,
1 KPA A3 RAW264. 7 ELIE4H A 24 h 5, KPA 1)
W EAE 27 pwmol /L LLTR , AN 52 41 A 3% 14, 24 KPA
YIRS 54 wmol /L B, 20 H 36 1 % ( &1 1B,
=6.27,P <0.01) . ffi ] 1 mg/L J LPS 4t
RAW264. 7 F W40 24 h J5, LPS 20 4 Jf 3 14 o 2
LTI (t=4.09,P <0.01),1 mg/L LPS Fi KPA
(3.37.6.75.13.5.27.54 pmol /L) Bt & F 24 itb 3
RAW264. 7 F BN 24 h )5, 24 KPA B vk B 34 5|
54 pmol /L B, 20 fE P32 24061 (K1 1C,0 =4.32,P
<0.01) o [AEf, L2 R, Control 41 Al KPA
ZH A 5L R, /N L ZE  LPS 40 RAW264. 7 E 40
MBS AR IE , A &3 0, B Eh 2, B M
I 41 it R 25 KPA + LPS (27 wmol/L) 24
RAW264. 7 |5 g 240 i 52 30 RO 1 B 52 B2, O A2
P ARKE( B 1D) o R BE, FEAR S Hols KPA [k
PERf E M 27 mol /Lo

2.2 KPA 3t RAW264.7 E & 4050 M1 B4R L=
BRIEM M 3 Western blot #ill F g4 i M1
I AL A2 1 INOS.COX2 Rk K. 455
7N, 5 Control ZHAHLL, LPS 4H iNOS Fi1 COX=2 f)ZEik
B Tt =16.70.9.52, 4 P <0.01) , 5 LPS 41
FHEL, LPS + KPA 4h ¥ 5 AT B I iNOS I COX2 [
FK(KI2A2C,1=14.16.2.36,3 P <0.05) . i
ek 45 . 7R, LPS 4] iNOS Hil COX2 [958t
R B BB (¢ = 16.90.7. 13,44 P <0.01) , 5 LPS
ZHAH L, LPS + KPA ZbHR{ INOS il COX2 By 7ok
JERRAR , JLT- B B 1E H 7K F-( B 2D.2E 1 =35. 92,
6. 14,2 P <0.01) . #7x KPA HAG 1 5 0 40 g
M1 AR AL VR -

2.3 KPA 3t RAW264.7 5 &40 fn M1 B4R 4L &
ERZEWFN  # i RTqPCR AL I B W 40 i M1
RIS ALARCHE K iNOS . IL-6 Fil TNF-o B 221K 7KF o
75 0 7N, #H b Control 2H, LPS #H iNOS. IL-6 FI
TNF-o 323K I FH( 1 =7.49.8.90.41.86, 1) P <
0.01) , 1 fin A KPA J&5 , o] LAF I 355 1 b T+
(B 3A3C,1=7.49.2.29.12.88,3 P <0.05) , 3
W] KPA fg % 38 i 1l 1] iNOSIL-6 F1 TNF-o J5 [ (1)



M EAKFF]R Acta Universitatis Medicinalis Anhui

2025 Sep; 60(9) * 1647 -

A HO
0 OH
HO
HO
OH H
HO
(¢}

B 120

100 | —— T -

-

—_ ok
o\o 80 r T
z
= 60}
el
<
=
= 40F
&)

20 |

0

0 3.37 6.75 13.5 27 54
KPA (umol/L)

D Control LPS

H OH

OH
HO

OH

160
140 &&

100 F—=
80
60

Cell viability (%)

40t
20}

0

LPS (ug/mL) 0 1 1 1 1 1 1
KPA (umol/L) 0 0 337 675 135 27 54

KPA KPA+LPS

1 KPA 33 RAW264. 7 E I 40 B i% 7170 4 B g 25 i 5 1
Fig.1 The effects of KPA on the viability and morphology of RAW264. 7 macrophages
A: Structural diagram of Kobophenol A; B, C: Cell viability measured by CCK-8 assay(x =s, n=6); D: Cell morphology of RAW264. 7 macro—

phages after KPA and LPS treatment x200; ** P <0.01 vs 0 pmol/L KPA; *¥P <0.01 vs 0 umol /L. KPA +0 mg/L LPS; #P <0.01 vs 0 pumol /L

KPA +1 mg/L LPS group.

TR R i E AN M1 R AL .

2.4 KPA X} RAW264. 7 ElEZAAE CD86 FRiARIS
Mo g A M R K RAW264. 7 F I 200 Jifd
CD86 f)7eik. 453 B s, LPS 4 CD86 ik
FrE(e=11.17,P <0.01) ; it A KPA 4b 3 5 CD86
(32K B i TR ( 8l 4A4B,1 =9.25,P <0.01) .
2.5 KPA 3t RAW264.7 E 1% 40 il Prdx6 3 3% 7K
ERIZ NN Western blot #1 RT-qPCR # il 25 5 b
7%, LPS 4 Prdx6 Y% [ f1 mRNA ik ( & 5A.5B)
AHXFF Control 41 i FEAK (¢ =6.30.6.73,% P <
0.01) , 1 KPA 4b¥ 5 B . I8 B WE4 g Prdx6 2
F1F1 mRNA [353k( 1 =3.45.4.15,% P <0.05) , 3

B KPA o] L)L b3 B W 20 Bl Prdx6 19 3%ik. A IR IIE
KPA $iifil B W5 40 i M1 AU A% b J2 75 38 3 Prdx6 5
L, (i Prdx6 (AP MI33 A FEANM 24 ho SC5G
43404 Control 2 \LPS 41 ( 1 mg/L LPS) MJ33 41(5
wmol /L) FI LPS + MJ33 (1 mg/L LPS +5 pmol/L
MJ33) o % Western blot A1 RT-qPCR # ] iNOS.
Prdx6 H)RIAETEBL( F SC5D) |, 4551 R AHXS T
Control 41 ,LPS 4] iNOS [ 1 mRNA %35 FFH( ¢
=14.79.9.95,1 P <0.01) , 5 LPS 4HAH L, LPS +
MJ33 41 iNOS By % (il mRNA 350 % FTF (¢ =
3.03.2. 63,35 P <0.05) ; x| Prdx6 J5 B W4
JfL M1 7Y A% b 5T 7™ o PR, KPA Ji i) RAW264. 7
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Fig.2 The effect of KPA on protein expression in LPS-induced M1 polarization of RAW264. 7 macrophages (x =s,n =3)

A — C: Western blot analysis of iNOS and COX=2 protein expression levels in different groups of RAW264. 7 macrophages; D, E: Immunofluores—

cence staining was used to detect the expression levels of iNOS and COX-2 proteins in different groups of RAW264. 7 macrophages x200; ** P <0. 01

vs Control group; #P <0.05, #P <0.01 s LPS group.

FL A M1 BB A6 AT g i i L Prdx6 SCIEAY -
2.6 BYK Prdx6 J5 KPA 3 RAW264.7 E 1% 40 i1
M1 BB EI RN @it L Gt si-RNA G Prdx6
SR H RT-PCR A6 4% 41 40 i TNF-es IL-6 1 iNOS
IR, IR A 7 4 (4 5 K iINOS 1 R ik
(E6) . Z5RHE/R, 5 Control ZHAH L, LPS 4H iN-
OS\IL-6 1 TNF-o )35 i |+ ( RT9PCR: ¢ =

33.45.23. 14.91. 85; fyFsEyeyefa: 1 =7. 50,3 P <
0.01) . 5 LPS 4HAHH,LPS + KPA +si-NC 4 iNOS-
IL-6 F TNF-a 1) % 35 T B ( RTPCR: ¢ = 20. 94,
8.07.3.43,# P <0.01; fys# e ta: 1 =5.38, P
<0.01) ., 5 LPS + KPA +si-NC 4 4H 1, LPS + KPA
+si-Prdx6 4] iNOS.IL-6 Fl TNF- [f)3%35 I TH( RT-
qPCR: ¢ =6. 88.19. 58.3. 09, ¥JP <0. 05; f 55
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Fig.3 The effect of KPA on LPS-induced M1 polarization genes in RAW264. 7 macrophages ( x +s,n =3)

A = C: The expression levels of TNF-o, iNOS and IL-6 genes in each group of RAW264. 7 macrophages were detected by RTPCR; ** P <0. 01

vs Control group; *P <0.05, *P <0.01 vs LPS group.
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z Fig.4 The effect of KPA on CD86 in LPS-induced RAW264. 7
2
‘QE) 1.5F macrophages (x +s, n=3)
é _*’"i A: Flow cytometry was used to measure the proportion of CD86-positive cells
§ 1LOF —= among RAW264. 7 macrophages; B: The average fluorescence intensity of CD86
% protein in RAW264. 7 macrophages across different groups was also determined;
l‘:‘: 0.5F ** P <0.01 vs Control group; ¥ P <0.01 vs LPS group.
<
Q
=
Control LPS KPA LPS+KPA

Yefti: 1 =4.79,P <0.01) o /R EAK Prdx6 7] D3
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P G 20 B M1 B A e AR IS T S 0 328 LD X
RAW264. 7 EL A L Jo ek i) KPA 2k B, 1135
BT ™AL A & B KPA m] LIRS LPS 5 5
1) RAW264. 7 B W 41 il i 2 S22 A8 . A ik — 2
I5IIF KPA X I 2 g M1 U Ak (440 sV HH , A< B
M LPS A% T (RAh B s 4 it M1 AU A s 7Y
SR oK, B AE M M1 A 4k AH OC 2 1 INOS.
COX2, FHX LA iNOSIL-6 . TNF-« FI4 L CD86 1y
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Fig.5 The Effect of KPA on protein and mRNA expression levels of Prdx6 in RAW264. 7 macrophages ( x +s,n =3)

A: The expression levels of Prdx6 proteins in RAW264. 7 macrophages of each group were detected by Western blot analysis; B: The expression lev—
els of Prdx6 mRNA in RAW264. 7 macrophages of each group were detected by RT-qPCR; C: The expression levels of iNOS proteins in RAW264. 7 mac—

rophages of each group were detected by Western blot analysis; D: The expression levels of iNOS mRNA in RAW264. 7 macrophages of each group were
detected by RT-qPCR; ** P <0. 01 vs Control group; *P <0.05," P <0.01 vs LPS group.
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Fig.6 The effects of Prdx6 knockdown on KPA-induced M1 polarization-related genes

and proteins in RAW264. 7 macrophages (x +s,n =3)

A — C: The expression levels of TNF-a,iNOS and IL-6 genes in each group of RAW264. 7 macrophages were detected by RT-qPCR; D: Immunofluo—

rescence staining was used to detect the expression levels of iNOS proteins in different groups of RAW264. 7 macrophages x200; ** P <0. 01 »s Control

group; #P <0.01 vs LPS group; ¥P <0.05,%P <0.01 »s LPS + KPA + si-NC group.
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Kobophenol A inhibits LPS-induced macrophage M1

polarization via Prdx6
Chen Tianyu'”, Wang Hao'**, Wang Jinhong'*, Zhao Yingjie'”*, Zhou Renpeng'?, Hu Wei'?, Lu Chao'"
( 'School of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032; *Drug Clinical Trial
Research Center, The Second Affiliated Hospital of Anhui Medical University, Hefei 230601; *Clinical Trial
Research Center, The First Affiliated Hospital, Anhui University of Science & Technology, Huainan 232007)

Abstract Objective To explore the effects and mechanisms of Kobophenol A ( KPA) on lipopolysaccharide
( LPS) -induced M1 macrophage polarization, and to provide a theoretical basis for the treatment of inflammatory
immune diseases and the development of new drugs. Methods  The M1 macrophage polarization model of
RAW264. 7 was established by LPS induction, and the peroxiredoxin 6 ( Prdx6) knockdown model was constructed
using the Prdx6 inhibitor MJ33 and Prdx6-siRNA. RAW264.7 cells, a mouse macrophage cell line, were treated
with various concentrations of KPA. Cell viability was assessed using the CCK-8 assay. The expression levels of
Prdx6 and M1 macrophage polarization—related proteins, including inducible nitric oxide synthase ( INOS) and cy-
clooxygenase2 ( COX-2) , were detected by Western blot and immunofluorescence staining. The expression levels
of Prdx6 and M1 macrophage polarization—related genes iNOS, interleukin-6 ( IL-6) , and tumor necrosis factor o
( TNF-) , were measured by RT-qPCR. Flow cytometry was employed to detect the expression of cluster of differ—
entiation 86 ( CD86) , a marker of M1 macrophages. Results Compared with the LPS-induced M1 macrophage po—
larization model, KPA significantly reversed the morphological changes of M1 macrophage polarization in
RAW264. 7 macrophages and decreased the expression of M1 macrophage polarization—related proteins iNOS, COX-
2, CD86 and related genes iNOS, IL-6, TNF-« ( all P <0.05) . In addition, LPS significantly downregulated the
expression of Prdx6 in RAW264. 7 macrophages, while KPA upregulated the expression of Prdx6. Moreover, treat—
ment with the Prdx6 inhibitor MJ33 significantly upregulated the expression of iNOS, a marker of M1 macrophage
polarization, in RAW264. 7 macrophages, whereas treatment with KPA significantly downregulated the expression of
iNOS (all P <0.05) . Conclusion KPA inhibits LPS-induced M1 polarization of RAW264. 7 macrophages by up—
regulating the expression of Prdx6.
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