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KWy tid AMPK/PGC-1o il % 112 3
S b A Py BCE W v 2 T i Ak
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HE T ERAGEAREFTHRELLRE,H® LT 832002;
‘BRIAMEEPEZARGEELERE,HE ETF 832000

WE HH HAEKHEE (CHR) S AMPK/PGC-1o 38 B A2 JF 2801 (R A= 1) A RS el B I 2l i ke fb . sk
Autodock vina ¥ CHR 5 AMPK \PGC-1o #4743 FXHEFNZE G REI UM o A AL A A (THP-1) ZRA066 R (PMA) 55
MO E WA , 3 F i 205 (LPS) B TR R -y (IFN-y) #5528 M1 EL W21, 1% Control 41 ; CHR b M1 B WEAA A%l CHR
211 ; CHR I5t& AMPK #1315 ( Compound C) 438 M1 E Wg4iiff11% >4 CHR + Compound C 41, i 52K 94 % f PCR( gRT-PCR)
RN M1 B WA AR 54 (INOS ,CD86 ) b {4 ¥ iiAH 6 55 H (PGC-1au [NFR-1 \ TFAM) mRNA 32 3K 7K - 5 4588 5 St e Ul
M1 B BEAAEAR &Y INOS 193235 K - ; Western blot £l AMPK  p-AMPK \PGC-lo 2R I RIKK -0 85R 7> T HLR R
CHR 5 AMPK PGC-1a 23 FIZE 4 BES 3R - 8. 4 keal/mol | —7. 4 keal/mol, qRT-PCR 455 5 7R B8 7 (A2 M1 B I 2 fifd
FERY . 5 Control 4 AHH: , CHR Ab ¥ T3 Lk A= W) & A 6 25 K] PGC-1e NFR-1 , TFAM mRNA () %35 &8 2 Tt 5 (P < 0. 001) 5
55 CHR b PREHAH LY, CHR 45 Compound C 4IR30 RALE ) & BUAH G R PGC-1oe NFR-1  TFAM mRNA FR3A /K- 3 [
(P <0.05) . Hes a5 BoR, 5 Control 4140 Lk, CHR Kb FRAMH] 1 INOS Y25 H 3Rk (P <0.001) ;5 CHR b 3ZHAA L,
CHR H£4 Compound C ZbFH3H%E T CHR X} iNOS 2R 1335 BRI FI/EH (P <0.05) , Western blot 45 5 i 7R , 5 Control ZHAH L.,
CHR 4b32H p-AMPK \PGC-1a 25 143K /K- i 2 T3 (P < 0.001) ; 5 CHR AL HZAR L, CHR 45 Compound C AR 32 p-
AMPK \PGC-la B AR KK T BEFEAL(P <0.05) . &5t KEM W] REE TS AMPK/PGC-1o {5538 A SR BLIR A &
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Ewzaiupi b =CE =, HEN CHR A GE i
T 2R S e EL A AR A A BT R AE

LR W5 R 7 AR B A 2R AR A2 45 40 i
R 5. BRAF RIS 1k 8 1 ¥ ( Adenosine
monophosphate activated protein kinase, AMPK) F1%%
AL 75 A T ( peroxisome proliferator-activated re-
ceptor gamma coactivator-1a, PGC-1ar ) , S 2k b R A=
WA U SRR 43 LT LB IR 2 SEEAL A LA
B 2ORE A 5T R, AT 3 IV N AY BE R oK
AMPK i i 98 4% PGC-la ffi i 1L HY PGC-1a 5 i 5]
AR T I S 2R R A PRI A 1 (nuclear re-
spiratory factor-1,NFR-1) , i Ji5 5% 55 2% 2 i 1 W i 4
TR FE iR 4 55 7 A ( mitochondrial transcription
factor A, TFAM ) , BT Al #F 2 R0 A4 25 W) 5 ) 4E 45 2
RiARaA"S o ZCBTERSE CHR & &t AMPK/
PGC-1ov 1 PR A HELL 1A AE W) 5 SR Wil 5 W 40 R
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1 #MR5EFZE

L1 FERAMEME ABBEEEAN R THP-1,
W BT E R B b A B 40 B PG s CHR
b5 :B20238) Wy 3 b i PR AR MR ECA RS F
AMPK #1137 ( Compound C, 125 . HY-13418) Il H
K MCE 22 7] ; Jlif 2 (LPS, 175 : 12630 ) Il [ 3¢
[ Sigma 23 ] ; B P B (PMA) F14E -y (IFN-y)
B2 : P6741 P00028 ) Il F b 5t R AL BR 2
Al FITC FRid th 414 1gG (H + L) (475 : A0562)
W ATLI8 3 = R AW R BRA | s AMPK Fil p-
AMPK FiiA (525 . WL02254 \WL05103) W H J7 354
#);PGC-1a HLR A GAPDH HTiA (425 :66369-1-1g |
10494-1-AP) Il 5 3 = J8 A= Y1 H AR A FR 22 7] 5 iN-
0S.CD86 ., PGC-1oe \NRF-1 ,TFAM 5| ¥k g 4= 1.4
P LR Rt e A IR A . BiEbRAX (321 Thermo
D) B E R AEE (H A SANYO A ] ) s #15A (rh
FEIRS B R A PR A ) 5 BER UG 7 R 58 (55
Bio-Rad A #]) o
1.2 Ak
1.2.1 oFs58 RADFRHESORH CHR 5
AMPK, PGC-la 2 [] B9 ¥ 75 #H H. A 1, i 1
Autodock vina B {4 3t 47 B4 I i, AMPK 2 H
(PDB f{fi%h :dcef) iy X 2% SRR 4544 3 B RCSB 2
O 8 8 %, PGC-1a 25 F ( Alphafold 4t 5.
QIUBK2) 1 X S Ah A 45 #44K B Alphafold £ [ it
HE . B AMPK (PGC-1a 25 1 & IR 2545 5 A Py-
mol B Hh X I EE I R4 T 20K M B 45 A
Autodock tools HAT AL FE , 4K J5 R HIZ B A rh iy
HER A L HXE H A B, 4 CHR 2549 | H]
Discovery studio #f 1T BE & % /) 1k 4k B2, fiff ]
Autodock FRAFHEAT 73T XIS o
1.2.2 THP-1 e &3 iF 5  A0MAES 10%
fif 2 MLV (9 RPMI-1640 1) 58 42 15 37 3k h B 55 8%
THP-1 iZA 5% CO, 37 ClHIR B FRAH h 5557, 40
IR RIS T A MR AR, SR
Jeff LU B 100 ng/mL i) PMA i3 THP-1 41 g
24 h EE 530 MO ELWEA A, FFIm MO 5 5 48 i
B 7% 5L A 38 i T 48 & -y (interferon-y, IFN-y ) 20
ng/mLAF1fi§ £ ¥ ( lipopolysaccharide , LPS) 100 ng/mL
Ak fil B 48h i T M1 B4R
1.2.3 ZHoy@aB a2 AWF5845 K Control 41 :
FJ THP-1 40 fg tle Ak ML B WEZH ] ; CHR 44 : [

M1 B 520 A5 77 B oI AN 35 LV 1Y) 1640 1557 5%
ik 10 wmol/L ) CHR 4L # 24 h; CHR + Com-
pound C ZH : FHZ M & Fy 10 mol/L [t AMPK 11 ] 5]
Compound C X} M1 EWEAN I AL B 2 h, B J5 A
B MLE ) 1640 Bi 7R BB 10 wmol/T. ) CHR &b
24 h,

1.2.4 ¢RT-PCR #&n M1 A ARACAR & M B & AR
AW A AR KRR EE ] RNA S 500 &
FEICAF I A0 A B A RNA | AR I 5 57 & i
B8 L S % 5 Ol ¢DNA, #8 SYBR Green PCR
PR & UL /e PCR X B gEAT A I H Y 5E A 1Y
mRNA Fikig, KM ZAF:95 CHiAEH: 30 5,95 C
10 5,60 CiR A/ FEfH 20 5,40 MR ET, LA
GAPDH J N2 i 2725047 H AR ] mR-
NA YRR RIBAKF- o G181,

%1 qRT-PCR5|#F5]
Tab.1 qRT-PCR primers sequences

Gene 5'-3'

iNOS F:TTCAGTATCACAACCTCAGCAAG
R:TGGACCTGCAAGTTAAAATCCC

CD86 F:CTGCTCATCTATACACGGTTACC

R:GGAAACGTCGTACAGTTCTGTG

PGC-1a F:TCTGAGTCTGTATGGAGTGACAT
R:CCAAGTCGTTCACATCTAGTTCA
NRF-1 F:AGGAACACGGAGTGACCCAA
R:TATGCTCGGTGTAAGTAGCCA
TFAM F:ATGGCGTTTCTCCGAAGCAT
R:TCCGCCCTATAAGCATCTTGA
GAPDH F:GGAGCGAGATCCCTCCAAAAT

R:GGCTGTTGTCATACTTCTCATGG

1.2.5 it KA Tae s, i
FRESSRALTF TS 1 PBS Pl 4% 2 58 W R[]
E 20 30 min, {7 0. 2% Triton-100 i % 15 min, fifi
J& FH 5% 19 BSA 2 i £ ] 30 min, 7E3R & 4 C Ui
7 INOS HUM R, R H % i k6 7 986 i 2
h, FIREBRIAE ] PBS V¥ 3 U, MMABLHOLTE
KE L TEDOE BB EWETFRE

1.2.6 Western blot B0 S 45 2L 4, £ G &
UFY RIPA 48 2R R EA T A O IR A EP B o,
B EP A 4 C B0 HL 12 000 v/min, 8.0 15
min, f# FSAMr JEE B TR TN B AR AR MR, 2R
FASHE G, SDS-PAGE X 4 AR A 7E 47 i Uk LA |
B, WA LR, RKOFRBEFIR PR
P, VEME 8 ECL AL RO 5% o ] Tmage]
A, L GAPDH Sy N2 #E4T H 198 Y1 E o
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1.3 GiitS2AbIB  {H 1 SPSS 20. 0 HEATSE T4
B, L 2 s 0 SRBR , TRALZ 0 LSRRk,
Z Z ) AR SR R 5 2538, P <0.05 2
% RAGHEE L

2 HR

2.1 CHR 5 AMPK.PGC-la 30 #7 #H
A
B

Gy F A R W CHR 5 AMPK ( PDB X %
4cef) PGC-1o( Alphafold {15 . QQUBK2 ) 2z [B] i) &
TEMEAEH . WHESS R B8, CHR 5 AMPK HH 2
B [4E Al - 8.4 keal/mol, 5 PGC-1a 5 [ 22 [H]
45GBEN - 7. 4 keal/mol 38 & WHR BC A S5 ¥
25 A RE/NT-5 IR A2 R 26 A n] LIRS E 45 & o
T 1, DL EgE S, CHR 5 AMPK  PGC-la
HAT LRSS G o

Interactoins

Carbon Hydrogen Bond Pi-Alkyl

Interactoins
“onvantional Hydrogen Bond

C Pi-Pi Stacied
PI-Cation PI-Alkyl

1 CHR 5 AMPK.PGC-l1a 3 FX}#E
Fig. 1 CHR was docked with AMPK and PGC-1« molecules
A CHR docking with AMPK; B: CHR docking to PGC-1a; Blue ribbons were protein molecules; Yellow was CHR; The blue bars represented the

interacting amino acids; The binding energy was negative, and the larger the absolute value of the negative value, the larger the binding energy

2.2 Ml ERMAMENKHERERE LI GAPDH
HNZ,qRT-PCR Z5 3 7R, 5 MO 5 40 A L,
M1 E 4L iNOS(¢ =6.691,P <0.001) .CD86(t =
5.218,P <0.001) iy mRNA 7K 275, WK 2,
DL 25 SRR M [ g A A A A i ) o

2.3 XEMWEHEEYSREXERE mRNA £
ERIFENE UL GAPDH SN2, qRT-PCR 45 IR,
5 Control ZH#H v, CHR 2 41 Jfi PGC-l1a, NFR-1 .
TFAM ] mRNA 7K-F i 2 & (1 = 6.012, P <
0.001;¢=11.16,P <0.001;¢ =7.688,P <0.001),
5 CHR 41 #H [, CHR + Compound C £ 4l Jfi PGC-
la NRF1 , TFAM mRNA /K- F#AK (¢ =3. 213, P
<0.05;:=6.281,P <0.001;¢=3.093,P <0.05),
UL 3, DA EZ5 SR, CHR W] DI iE £ ki iR A= 4
4 B, Compound C #] T ZRiAR A M5 1o

2.4 FHMMINOSHFRIE 5 Control 4] A L1,

5 ] MO
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Fig. 2 The level of M1 macrophages polarization markers

*** P <0.001 vs MO macrophages.

CHR 41 4f il iINOS 3k B 2 FE% (¢ = 13.84, P <
0.001) ,5 CHR Z{#f k., CHR + Compound C ZH 4 Jifl
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INOS ik i 2T (1 =3.498,P <0.05) , WK 4,
DL ES5REH], CHR w] A B g 40 i) M1 AR Ak
2.5 Western blot ;£ il % ¢H 40 it AMPK PGC-
la EBFRIEKFE 5 Control 147 L, CHR 4140
fd p-AMPK % PGC-la £ H 23K W 3 3 (¢ =
11.55,P <0.001;:=10.06,P <0.001), 5 CHR 4]
FH I, CHR + Compound C ZH 4fl ity p-AMPK }% PGC-
la B EEXBEREM (1 =3.166,P <0.05;1 =
6.655,P<0.01), W& S5,

3 g

L A4 O S K e R GE Y R AR R 2

— S HWZ RIS R R R R, A5 SR
BEVELIR (RRIRIE ST R e P R RAEVE i
S5 AR R ST (W ShBK SR AR RE AL 55 ) LA R Bk R
I (AR R VERIR & %5) 511 B VAN AT 75
JE B ST, A AN [R] B R 358 T R LAAR AL AN [] 114
A, HRTR TR IZ 192 ML I M2 PRI AL, M1
W 2 0 S 5 — AR B A I 1 R Al i A
SR, M2 5 240 0 50— AR AR DR T 1 2R
ISR, AR AU T R I 1) I 4 O Al
AT REIRIGYT RAEVESR 1 CHE . AL ACIs R ik
240 0 TR P T R TR R, SRR O 2 A Y
HEY 2 — 3T IR E AR 2 e E 2
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Fig. 3 mRNA expression levels of mitochondrial related genes
A: Relative expression level of PGC-la mRNA; B: Relative expression level of NRF-1 mRNA; C: Relative expression level of TFAM mRNA; 1.

Control group; 2: CHR group; 3: CHR + Compound C group; Compared with Control group: * * * P <0. 001 s Control group; *P <0.05,*#P <0. 001

vs CHR group
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Fig. 4 Expression of iNOS in each group x200

A: Fluorescent expression of iNOS in different groups; B: Relative levels of iNOS fluorescence intensity; 1: Control group; 2: CHR group; 3. CHR

+ Compound C group; *** P <0.001 s Control group; *P <0.05 vs CHR group.
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A 1 2 3 ku sk ok
sk % _'r_
PGC-la 91 m T oo ees M
2 1.0r 210 & 1.0f
2 Z 2 #it
p-AMPK 63 3 o O .
F 2 .
AMPK 63 ¢ =
S 05t Z 05t <0sp
Ay SIJ. [=7
GAPDH 36
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1 2 3 1 2 3 1 2 3

5 p-AMPK.AMPK % PGC-loa E {83 &%
Fig. 5 Relative expression of p-AMPK, AMPK and PGC-1« proteins
A The protein expression of p-AMPK, AMPK and PGC-la; B: Ratio of PGC-la to GAPDH; C: Ratio of p-AMPK to GAPDH; D: Ratio of p-
AMPK to AMPK; 1; Control group; 2: CHR group; 3: CHR + Compound C group; *** P <0.001 vs Control group; *P <0.05," P <0.01 »s CHR

group.

AR 22 R 2% W, SR AR 58 L 5 5 5
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A A e 5 5 T PGC-1au, NRF-1, TFAM 3 ik 1%
i, 9 H MR AR &4 (INOS) 3Rk i 25 BRI, LA
25U CHR 0] G830 o {1 (F e i A= 9 5 e
il L I A A ) M1 AR A o
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R ZRRL RS DA S Ry 1h M i % B
SR, AMPK 3@ i F i PGC-la (363K, 1EH
F NFR-1 fl TFAM 55 58 7 /- S LpiiR A9 &
B, AR TR A i e M2 AR AR R,
U] DA A o AMPK 3t 2% s 4 53 447 0
R LA L 8 T T PR A B T E O WL A5 5 B-F2 3k 7
P28 5 25 n LA e B AMPK 3 5 200 A
A S TH2 B0 i 97 TL-25 W] LA s 8% AMPK
s SR [ W A B ) M2 R AL
T LA AMPK/PGC-1 o {55 53 I AN 2R A (1 A% 0
30 [T L5 ) L s 20 R AR A ) o B Sl i, A
WF 7 38 3 43 F 4 2 £ R #iil CHR 5 AMPK | PGC-
la Z A 454 6E J1, & Bl CHR 5 AMPK , PGC-1a
EEAT IR E 454, Ui W] CHR v] 838 i AMPK/
PGC-la 55l & K HEAE . LR RER, 5
CHR 4L BRZHAH 1L, Compound C REF5HT CHR X £ ki
TRAE WA B R E EAE FE Bx ML AR Ak A 90 7l 7

VLA CHR 38 £ 306 AMPK ¢ 3F 8R4 A5 9 6 il
il EL g 4R A 1a) ML B Ak, Western blot 45 5 55 43Xt
PRSI —3. AWFFTIESE CHR #1337 AMPK/
PGC-1o 3 FEARHELRLAR A 6 B il L0k 40 i 1)
M1 B Ak, (A R ERAFRZR CHR Wifaf i # AMPK
FRLA , 76 J5 22 S 50 3 B P b S A G5
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Chrysophanol affects macrophage polarization by promoting

mitochondrial biosynthesis through AMPK/PGC-1« pathway
Wang Lele'’ , Tan Caixia'”,Zhang Wei'”* ,Ge Ruihan'" | Li Chen'’ ,Wang Xinmin>* Zhang Le'"*
('Medical College, Shihezi University, Shihezi 832002 ;> The First Affiliated Hospital
of Shihezi University , Shihezi 832003 ;° Xinjiang Provincial and Ethnic High Incidence
Key Laboratory of Ministry of Education, Shihezi 832002 ;*State Key Laboratory of
Pathogenesis, Prevention and Treatment of High Incidence Diseases in Central Asia, Shihezi 832000)

Abstract Objective To explore whether chrysophanol ( CHR) affects macrophage polarization by promoting mito-
chondrial biosynthesis through AMPK/PGC-1«a pathway. Methods The molecular docking and binding ability of
CHR with AMPK and PGC-1a were predicted by Autodock vina software. Human monocytes ( THP-1) were in-
duced to MO macrophages by phorbol myristate acetate (PMA), and to M1 macrophages by lipopolysaccharide
(LPS) combined with interferon-y (IFN-y) , which were set as Control group. M1 macrophages treated with CHR
were set as CHR group. M1 macrophages treated with CHR combined with AMPK inhibitor ( Compound C) were
set as CHR + Compound C group. The mRNA expression levels of M1 macrophage markers (iNOS, CD86) and mi-
tochondrial biosynthesis related genes (PGC-1ae, NFR-1, TFAM) were detected by Quantitative real time polymer-
ase chain reaction (qRT-PCR). The expression level of M1 macrophage marker iNOS was detected by immunofluo-
rescence. The protein expression levels of AMPK, p-AMPK and PGC-1a were detected by Western blot. Results

The docking results showed that the binding energies of CHR with AMPK and PGC-1a were —8.4 kcal/mol and -
7.4 kcal/mol, respectively. qRT-PCR results showed that the in vitro model of M1 macrophages was successfully
established. Compared with the Control group, CHR treatment significantly increased the mRNA expression of mito-
chondrial biosynthesis-related genes PGC-1oe, NFR-1, and TFAM (P <0.001). Compared with CHR treatment
group, CHR combined with Compound C treatment significantly decreased the mRNA expression levels of mitochon-
drial biosynthesis-related genes PGC-1o, NFR-1, and TFAM (P <0.05). Immunofluorescence results showed that
CHR treatment inhibited the protein expression of iNOS compared with the Control group (P <0.001). Compared
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YN —3 ‘Q‘ » » N \‘ YN & »
Xt ARk Stat3 i P OW np i 3T3-L1 qillg s 4 0 4k
FENAR? O RIS keSS LR - NAC R e B E B
(' ZHWEAXF LS PRSP R, B 200062; S EA KRS E B RESR, S0 230032;
LT ESKFWELRERNA S A, EiE 200062)

v
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with CHR treatment group, CHR combined with Compound C treatment reversed the inhibitory effect of CHR on iN-
OS protein expression (P <0.05). Western blot results showed that compared with the Control group, the CHR
treatment group had significant increase in the protein expression levels of p-AMPK and PGC-la (P <0.001).
Compared with CHR treatment group, CHR combined with Compound C treatment significantly decreased the pro-
tein expression levels of p-AMPK and PGC-1a (P <0.05). Conclusion Chrysophanol may inhibit macrophage
polarization to M1 by activating AMPK/PGC-1« signaling pathway to promote mitochondrial biosynthesis.
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