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KEBYERF AR IH B R4 i M1 BRI EEE
MREERX 2SR5

'ﬂi/ﬁ,},’ilﬂ’ i’%l\l,z’ %frg“/‘l&l’z, E%f\l,z,s’ i%ﬁ,éﬁ},él’ —%—’%1.2,4

(1. AW FR2FE2ERE, AR 8320005 2. s 5 Rk m A2 E TP i s S0 =, Al ¥ 8320003
3. AR — B EEBE IR ANRE, A7 TRl 832003 4. 5 AR MRS Bl & vp W i A B VA TR A S0 28
A F 832000)

[ E] BHEY: MEIEM 2 M S 11475 (sepsis-associated acute kidney injury, SA-AKI)/E B AE £ # 1) 8 E LR
o EUMEAN AR AR A TE SA-AKLHE e i A AR OCHEVE T, Horh 28 B Ak 7% ML AR 5 58 200 368 ok R i 1 4 200 L PR o)
BT, TR AR AR e 7 2 K 3 1 I 4 L 2 0 R R e 40 1 OB . 24 BRLIARCK B193 (chrysophanol ,  CHR) RIS ix 4%
L A0 R Ak T 1 A3 SA-AKT, ZRIFSEER1T CHR 7E SA-AKT S35 A2 76510 o 435 W 41 i oA i 25 1 i M1
RUAk, B 7E B B L R DA S B IR AR E R ARSI . ik SR E W45+ L% (cecal ligation and puncture,
CLP)#y# C57BL/6 /N SA-AKT ALY, Ffi% 37 I F AR (Sham)ZH . A 8Y(CLP)4. K CHR JAY7 (CLP+CHR)ZH . {A4PSE86 (i
N B 4 (human monocytic-leukemia cells, THP-1)F1 A 'B/NE F B2 4l il (human renal tubular epithelial cells,
HK-2)F 8L 2 FPAnfasA . 1)y M1 A S WA 5 18 28 (lipopolysaccharide,  LPS)HI#AY HK-2 4IHE A Transwell 2%
IR R IF45F CHR T8, WAl CHR 1 SA-AKI P BB A LRIPON 5 2) %] BJZ MR S g 20 g 45 7 CHR Ab B, SR 4k
CHR SRR Ta SR YER . R AKS - 4T (hematoxylin and eosin, HE)Je e WA ARG ARk 5 A 1M iR 28 &
(blood urea nitrogen, BUN)FIJLEF(creatinine, Cr)7KFLATEM /NI TIREE I ; SR BRI T 28 M B iU 56 (enzyme linked
immunosorbent assay, ELISA)I & Ifil i & 355 37 b1 A 1 40 i /) & (interleukin, TL)-6 Al Jif 78 Y1 %€ A F a(tumor
necrosis factor alpha, TNF-a)/K ;5 R4 AEIHE0AF] & 8(cell counting kit-8, CCK-8)iE 1Al HK-2 4 AEIE 115 R
TUNEL Rl PPAG P T 00 s SR P A 1 BT EP B A IR T ARG R R ak o SR FH I8 S F B USSR AR T 2 4 5 Al =
12 IR 17 (adenosine triphosphate, ATP)/KSF . Zki AR HL {3 (mitochondrial membrane potential, MMP) M JH BRIz RIS
TR R R S AL AR JF R (nicotinamide adenine dinucleotide phosphate oxidized/reduced, NADP/NADPH), & F 5Z Mt
PG RE I 3R i 2/ (real time fluorescent quantitative polymerase chain reaction, qPCR)AG LM A= 4-A il o i
Ik ST W A 348 B ) 1R 2 A y T TS TR T 1aperoxisome proliferator-activated receptor gamma coactivator lalpha,
PGC-1a). 2RHKi{k%% 5K -F A(mitochondrial transcription factor A, TFAM). #%PFW Al 1(nuclear respiratory factor 1,
NRFET) K M1 B AR 280 F 40 0 23 A6 P iR 86(cluster differentiation 86, CDS86)AY mRNA Feik, IR R M i BN s ik i
WEHEE R s R RS Y A M CD86 MR IR TR . &R : 5 Sham AL, CLPAIBIR/INRE 4211 3
B B B NE 5K . AR SE TR B RDE AL, 0340 1 3 T 5 (P<0.05) 5 £8 CHR 1T AT 4k 2 i 6 ' 41 4
B . AERSMERI T, CHR T 1) i 3 500 LPS RIS B0 HK-2 4 i3 J1 T B (P<0.01). 5 Sham ZAH L, CLP
HBIA NS BUN, Cr. IL-6. TNF-a /K375, Z5A 5124 E X (3 P<0.01); CHR T-Hife ek /N
B IRE, FRAGINIE R A 35 1 E H 2 28 40 it R 72K 7 (33 P<0.05), TIHIHZN S anfd o anfgii T, SRR
W], CLPZHZARARIENIRL, PGSR, 24 CHR THUSE, GniH a2 BE2 . CHR BB E T SA-AKI
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FETY HRBEAICAY ATP 7K F-(P<0.001), #0585 M1 T E W1 e e R AR HL (3, BEIKNADP'/NADPH, k& Sobi (bt A Ak F- i
(P<0.05). %K [ EP % Al qQPCRUFSE : CHR At i 3 1 8 SZ 55 A rp R A SCFE P 1) mRNA FIER (4 #18K (3 P<
0.05), & NIH M1 A E REAI AR YA 15 mRNA RIE (3 P<0.05). Ao 453 s M1 ZH CD86 % i R
CHR 415 YGHR W8S, 22 YA G5 L (3 P<0.05). £5i: CHR AJ i 30805 SA-AKT AL /IN BRI g BEA461 473 T
U TIRE, HRAEGUAR KB IR LAY VR A AILHI T 685 4R B v A i 2 b (R pE i 5 SRR RS . P g 4 i 1)

M1 B o

[REER] KHW; MEPEACSVE S Lobiiifass; Fndiie; I52nl; M1t

Chrysophanol alleviates sepsis-associated acute kidney injury
by maintaining mitochondrial homeostasis and inhibiting

M1 macrophage polarization

ZHANG Wei"?, WANG Lele"?, GE Ruihan"?, CUI Haotian">’, WANG Xinmin**, ZHANG Le">*

(1. College of Medicine, Shihezi University, Shihezi 832000; 2. Key Laboratory of Xinjiang Endemic and
Ethnic Diseases, Ministry of Education, Shihezi 832000, 3. Department of Urology, First Affiliated Hospital of
Shihezi University, Shihezi 832003, 4. National Health Commission Key Laboratory of Prevention and Treatment of

Central Asia High Incidence Diseases, Shihezi 832000, China)

ABSTRACT

Objective: Sepsis-associated acute kidney injury (SA-AKI) is a major cause of mortality in
critically ill patients. Imbalanced macrophage polarization plays a crucial role in the
progression of SA-AKI, in which classically activated M1 macrophages aggravate renal
injury by releasing pro-inflammatory cytokines, whereas mitochondrial homeostasis
disruption is a key driver of macrophage inflammatory phenotypic switching.
Chrysophanol (CHR), a monomeric active component derived from traditional Chinese
medicine, has been shown to ameliorate SA-AKI by regulating macrophage polarization.
This study aimed to investigate whether CHR suppresses M1 macrophage polarization by
maintaining mitochondrial homeostasis in the SA-AKI microenvironment, thereby
elucidating its anti-inflammatory and renoprotective mechanisms.

Methods: A SA-AKI model was established in C57BL/6 mice using cecal ligation and
puncture (CLP), and mice were assigned to sham, CLP, and CHR treatment (CLP+CHR)
groups. In vitro experiments were performed using human monocytic leukemia cells (THP-
1) and human renal tubular epithelial cells (HK-2). Two cell models were established: 1) A
Transwell co-culture system of M1 macrophages and lipopolysaccharide (LPS)-stimulated
HK-2 cells treated with CHR to evaluate the overall protective effects of CHR in SA-AKI;
and 2) a monoculture model of CHR-treated M1 macrophages to specifically assess its
effects on mitochondrial homeostasis. Renal pathological alterations were examined by
hematoxylin and eosin (HE) staining. Blood urea nitrogen (BUN) and serum creatinine (Cr)
levels were measured to evaluate renal function. Enzyme-linked immunosorbent assay
(ELISA) was used to quantify interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a)

levels in serum and co-culture supernatants. HK-2 cell viability was assessed using cell
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counting kit-8 (CCK-8), and apoptosis was evaluated by terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling assay and Western blotting.
Mitochondrial ultrastructure was observed by transmission electron microscopy. Adenosine
triphosphate (ATP) levels, mitochondrial membrane potential (MMP), and nicotinamide
adenine dinucleotide phosphate oxidized/reduced (NADP*/NADPH) ratios were measured.
Quantitative polymerase chain reaction (qQPCR) was performed to determine the mRNA
expression of mitochondrial biogenesis-related genes, including peroxisome proliferator-
activated receptor gamma coactivator lalpha (PGC-1a), mitochondrial transcription factor
A (TFAM), nuclear respiratory factor 1 (NRF1), and the M1 polarization marker cluster
differentiation 86 (CD86), with protein expression validated by Western blotting. CD86
expression was further evaluated by immunofluorescence staining.

Results: Compared with the sham group, mice in the CLP group exhibited marked renal
tubular dilation, epithelial necrosis and detachment, tubular cast formation, and
significantly increased renal injury scores (P<0.05), whereas CHR treatment markedly
alleviated these pathological changes. In vitro, CHR significantly reversed the LPS-induced
reduction in HK-2 cell viability (P<0.01). Serum levels of BUN, Cr, IL-6, and TNF-a were
significantly elevated in the CLP group compared with the sham group (all P<0.01). CHR
treatment significantly improved renal function, reduced pro-inflammatory cytokine levels
in serum and co-culture supernatants (all P<0.05), and suppressed apoptosis in both tissues
and cells. Transmission electron microscopy revealed disrupted mitochondrial cristae and
blurred membrane structures in the CLP group, which were markedly restored following
CHR treatment. CHR significantly increased the reduced ATP levels in the SA-AKI model
(P<0.001), improved mitochondrial membrane potential in M1 macrophages, decreased
NADP/NADPH ratios, and restored mitochondrial redox balance (P<0.05). Western
blotting and qPCR demonstrated that CHR significantly upregulated mitochondrial-related
gene and protein expression in the injured model (all P<0.05), while significantly
downregulating M1 macrophage marker expression at both the mRNA and protein levels
(all P<0.05). Immunofluorescence analysis showed strong CD86 fluorescence intensity in
the M1 group, which was significantly attenuated after CHR treatment (both P<0.05).
Conclusion: CHR significantly alleviates renal pathological injury and improves renal
function in SA-AKI model mice. Its anti-inflammatory and renoprotective effects may be
associated with maintaining mitochondrial energy and redox homeostasis and suppressing

macrophage M1 polarization.

chrysophanol; sepsis-associated acute kidney injury; mitochondrial homeostasis;

macrophages; lipopolysaccharide; M1 polarization

JHR B 2 H G 5 | A i i T S S 2R I 5 2
S S A A e B D RE BRI R SR B RN, B
D2 B EZ P, IhK 129 60% 1B E 2IF Rk
T GE A % 2 M B 361 173 (sepsis-associated acute kidney
injury, SA-AKI), F8CEHE B AEILR B3 T &0

HAT, IR LA X SA-AKIS S = R 5 ik T B
AN A B VS SN & SA-AKT A% O BIAIL I 2
—Bl TR R R, BRI SR
PERI SRRV 2L, I RE AR oG .
FETIFRNT AN T AR A D 22 i AL T (M 2 A
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BATEAAL (M2 B2 B 28R, FEEMRERIE S
PR R B AR A ThRE, Horh M1 R E g4 A
T8 a5 A B A R I BE IRl F- a(tumor necrosis factor
alpha, TNF-0). 0I5 Z(interleukin, 1L)-6 2542 424l
M BRI 234505, i M2 Y A A e T R
AR HAUEE RAE- . BRI, 3 e 4 A A% A
e, RERDEIR I M1 AR AL, RIR YT IR
K ILAH DGR B A03 v TE S et

YA B WA i R Y e e R, 4k
AR Ry 20 f e B A S 2R G S R L,
g 5 T e B R A X I A0 S G A Ak B S B 1
FHUCM 2o A E R PR AR AR . TR
B S A ] PR, 52 0 A% R F «B(nuclear factor
kappa-B, NF-kB)&5 JCHESRE {5 5 Tk, e
e F AR A AL AR I, B RN
LRARDIREZ B BUE RS, FOREL A M1 IR £k i 351
5, e kR PR RS A X B A0 B T RE IR s A A
W, KB (chrysophanol, CHR)J& M H 24 kK 2
PRUL) —Fh BB S AR oy, BADIR . diafk.
PO T M BB i 1o A 2 R 2 S P AR i
WIFFFR R B . CHR AT LA SA-AKT A v g4
M1 IR AL, SRR AR R, AEZR PR HERR, (H
CHR R 75 38 o3 8 45 5 1055 441 i 28 7 1R g 285 ok s i LA
LRI ANIERE . AR R 2= R UL : CHR 7] fE
I AERE B AN ZORARTRAS, I ) M1 AR A
WAk, MRS SA-AKIRERE . AAIFFELE& I AR PR
AN SA-AKIAERY,  FAE IR CHR (S IE R ER, 56
WV RFEPE, DUSH CHRIAYT SA-AKTH2 LT
SR .

1 HR5FE

1.1 {£IE=RA
AMFFTIRAT A ] 1R A W e BT 51 S e vfE
H5 . A2024-274),

1.2 WY

A B 5T R 6~8 Jil ¥ TC FF 2 i I 4K (specific
pathogen free, SPF)Z¢/fE: CS7BL/6 /N AL sh%),
PR G 55 [ [ 7 1 A= 1F 5 Bé (National Institutes of
Health, NIH)%& 1i () (25 34 5 40 246w )
(NIH publication #85-23, revised in 1985)AH 5 i | ,
/NSRS AE A A E/UOK . B 12 hBRETER
HORL TR H A2 d e 11K

1.3 R SMpELEsE
NHAZANAL R THP-1(H 525 . SCSP-567)1 H

FEBL 2 e b g R R AT T, T 10%
JIG A TR I 1% 5 85 2% -5 55 32 AT RPMI-1640 584>
B3k, 7837 °C. 5% COMHiE AP, NE
/N A HK-2(58 5 . CL-0109)1 [ i1 87 5%
AR AT IR, 10% i AR I35 AT 1% X
A F A2 1 7 3 (minimal essential medium, MEM)
SEAREFRI, 7837 °C. 5% CO,fHiREFRFA P 5%
JITA SIS0 35 PRV T3 50 0 FLIRAS R AP 4

1.4 KR SA-AKI R 5164y A
1.4.1 Sah F a5 BEA#E 5

W0 HUNRBENL > M 340, RIME TR 41 (Sham)
Jife B i 45 Y 4 (cecal ligation and puncture, CLP),
CHRGYF A (CLP+CHR), %413 H. RHTH M4
ZELIEA R E AR /N R . SR 0.3% I EL 224
VAU (30 mg/kg) 2 [ 1 1 SR/ IN B, BRI I S T
ML/ NEIE S, W E, TEWRETSH
(Z54L50% B K ), I 21 G £ 3k B 28 il 1
W, FFlLEBNEYEERNE R, 22485,
Sham ZH/NERSEHE A IE . 288 IT R 25 B A S 8, A
SrtAs LS AL
1.4.2 B4R

CLP+CHR ZHFEE AR 1) f 7 B2 1 1Y 15 CHR
(IR A YRR RA A, A >98%, 145
B21593) ¥ #i (30 mg/kg). Sham £H-5 CLP 4 ) 7EAH [H]
PR S SRR R A B AR K . BT /NRAEAR S 24 h
JREREARFE , WO IR R B L R EAR A T IR 2250 KT o

1.5 {KSMNARR R 3 5 LI i% it

AT T 2 R A S50 Rk R GEPEA CHR
AIFET
1.5.1 3 ApR

AMIGE R I LR 20 - B /NS B R 20 e ) A 5
BRI PFAl CHR X SA-AKI (3 (R (47 /E ] . % HK-2
Y RN T Transwell L5 IR RGN N %, FEAM MO0
BEJ5, oK HH 10 pg/mL %) J§ Z ## (lipopolysaccharide,
LPS) |35 24 h IR #4055 [, K THP-1 44
Jitd 2K H 100 ng/mL 13 3 fig (phorbol 12-myristate 13-
acetate, PMA)IF 24 h /b MO B S Wi, R
A 20 ng/mL A9 y- T #f % (interferon-gamma, IFN-y)
F1 100 ng/mL LPS H1 3% 24 h # Ak R M1 Y 041 i
P45 T LT B M1 BY B A L 42 A T Transwell [
(fL#£ 0.4 pm), 5 7= LPS i 45145 19 HK-2 41l fil 3%
Bigt, SRR MI-HK-241, MI1-LPS+HK-
24, MI+CHR-LPS+HK-2 ¢ . H ', MI+CHR-
LPS+HK-2 #H 75 3L 15 37 301 8] o) 1 58 1% 97 2 foim A
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10 pmol/L CHR( LA Ifil. i#f RPMI-1640 £ 37 J£ Fie i) 4b
P24 h,
1.52 ¥ B E "%t fa e R

FEW iy CHR P47 VE B BEAT 1, A B2
AN AR R ST CHR X EAH I M1 Z Ak Al 52 K
WTEHLTE . F% THP-1 4 dic B “ DR 1.5.17 Tk
TR MIBIEREAIIR)S , B S M1 415 MI+CHR
20, MI+CHRZH /A 10 umol/L CHR Zb ¥ 24 h, i)
HEAT LW A0 BLAR Ak . SRR Dy B A AH G 3 [N 3R TR
iRl

L6 EZiXFI SN

AR AR B T TR 5% 35 4 (Forma Steri-Cult) Il [ 25
[ Thermo 23 F] 5 5] & W 73 4% (OLYMPUS TH4-200)
W H H A& SANYO 728 ) ; [ b5 {¥ (SpectraMax
Plus***/190/Versamax/340PC*") | 3 E H, Ik {30/F% fEAX
(B85 : 1645050), BE K& o B R 58 (18 5 -
1708256) 411 [ 2% [¥ Bio-Rad /A &) . MEM il 1% 3¢
F(175 . PM150411)0 A i D0E VA 38 AR an BH A R
AT IRA TS (55 . C04001)., 1640 FEAl 1T 73
(52%5: C3010)¥0 1 I MG A= DR A BRA w5
LPS(%% %5 : L2630)I [ 3¢ |8 Sigma 2~ A\l ; IFN-y( 1%
5. P00028)IW H At R ERHARA ] 5 At
#0377 4 -8(cell counting kit-8, CCK-8)ik 7 (475 :
AC1ILOSH) I A [ g AT 2 B 9 E R A R A
F]; Hoechst 33258 JL Ay (1545 : BL2845A)IA [ 1 [E
Biosharp 7~ /] ; TUNEL 4 At 8 T4 50 &5 (72 5
C1086). —WiM2 It (adenosine triphosphate, ATP)ix
FIE(H5 . S0026) ., A Ik Frde Ji W2 P4 — A% T TR W 11 4
1k A J5 AL (nicotinamide adenine dinucleotide
phosphate oxidized/reduced, NADP'/NADPH)ix 7| &
(525 : S0179), Lk A i v o7 4G W X0 & JC-1(%%
5 C20039)¥M4 H th [ LG E = RAEYEARARA
Al B S RE W BRI 22 (enzyme-linked immunosorbent
assay, ELISA)KH|&(H%'5: EK282HS, EK206)iH
PO R AE BB R ey A BRA W] 5 1l R 2% & (blood
urea nitrogen, BUN)IAF & (555 . C013-2-1), WL
(creatinine, Cr)ififll & (5245 : CO11-2-1)¥I4 FH Fg 5t
LAY TR R ABRAE s H 415 b e
86(cluster differentiation 86, CDS86) Pt & (1% 5 .
BM4121), £k ki f& % 5% K + A(mitochondrial
transcription factor A, TFAM)HT&(T25: PB0413)3
W A E RO A Y TRABRA R Bel-2 MK
X % [ (Bcl-2 associated X protein, BAX)$HiiK (575 .
bs-4605R) 4 7 1 E I =AY ARG IRAF; B

R B 40 9988 -2 £ [ (B-cell lymphoma-2, Bcl-2)$i {4
75« bsm-52304R) 14 H % [E Abcam A Fl ; i A1k
oy A2 184 B0 0 AT 2 AR oy % 900 L F 1aperoxisome
proliferator-activated  receptor gamma  coactivator
lalpha, PGC-la)$iik (525 : WL02123)I4 H Ik FH 7
KAEYRE AR A & T 1(nuclear
respiratory factor 1, NREDJLIR(TES: CY7186)I4 H
R A I EARAT R A F]

1.7 LWHE
1.7.1 BRELA LRI M7 5 Bt 7 5

BUNRUBHLIREAR, 4% ZRPEEFEE . Al
W, SRR 4 um Y R SRR -4
(hematoxylin and eosin, HE)J:{t, FES5E T WLEL A
MIf e B AR A B INE PR E: 043, Joith
(TR 0%); 143, A 1%~25%; 25,
P A 26%~50%; 341, O 51%~75%; 457,
P43 1 A 76%~100%
1.7.2 B e 5 £ B -4

RENRIMLBEREA, KM/NRBUN, CrkF,
ERAE S He BB D) RE DU 2 ) S Ul A B AT R
/N BRI 5 A SRR vh i 41 B L RO AR, AR
RAEFF TNF-or, IL-6 K-, #4E™ 454 I ELISA i
UL AT
1.7.3 tafie & f1ml 2

FHH CCK-8 ¥, #4 HK-2 40 LA 5x10° /AL 1Y 55
JERAD T 96 FLAR Y, e BE 44 1% DL 45 T AH R 2 ) Ak
S, HALINA 10 uL CCK-8 W, T°37 CTFHHE
2 h, 15 A AR SO 2 450 nm i K AL Y
FE1H
1.7.4 TUNEL #l

B LAY A 2 il . K46)E, fdiH TUNEL
A R A T IR S AT AR . HE R KEE
HABUE, A TUNEL RVIR G WRERDCH G, AR
] Hoechst 33258 & Je itz , e (i P e K
R HE R
1.7.5 & @ R 4541

K FH RS e 28 U I 5E (radio immunoprecipitation
assay, RIPA)FRSEICEITAL sidiignEiH. &
¢ W] T R ¥ (bicinchoninic acid assay, BCA)E &
i, B REAFTER IR, i ERR RO
J#i (polyvinylidene fluoride, PVDF)[, [ 5/ I
F PR B P W B AT, T 5 R — Pt [BAX(1:1 000)
Bcl-2(1:1000), PGC-la(1:1000), TFAM(I : 1 000).
NRF1(1:1000), CD86(1:1000), Y4130 F 71
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4 CIE R & kIR 20 (Y Tris 22 o8 75 W
(Tris-buffered saline with Tween 20, TBST) ¥tk 5 .
HTPEEE NS 1 h, ol g se Ak 200
(enhanced chemiluminescence, ECL)I&XH| &5, K
Imagel #4450 Hr B AR 2571 K FEAE
1.7.6 S AR A R 2E IS

B2y 1 mmx1 mmx1 mm (970U B2 ligl 21, i
AT 3% 1 R [ 2, B 28 1% #ik b
HUSTEE . NEBE K . BRI IR LI, o5
TR 5L 60~80 nm),  F-ZE W R4 IR FA T 52 5
MH YOG, BT PR T EIF R E
Y AUNEIE
1.7.7 &Aath g st

il A5 ATP 5 & . NADP'/NADPH 5 4il 5551
Hh 2R A I H L DT Al 2R AR DI RE . SR T ATP K
NADP'/NADPH il iG] &, il 20 4U5) 3 sl 20
Ji 4 ) ATP 7KF- S NADP'/NADPH,  ELUAAJ%
F MG GBI BT o SR IC-1 9O IRET AR
LRI . A ML RS 4, 5 0C-1 T
VEWAE 37 "CFEEIFEE 30 min, L iR VEA S
TEDOE BB N ST
1.7.8 AL B R A AP A

K 52 i 9806 E i B B 5E S (real-time
fluorescent quantitative polymerase chain reaction,
qPCR)FEAG I I R Fe 3k K. ] TRIzol I 21
ol 40 i SV RNA, [ % 5% B b DNA(complementary
DNA, cDNA)J5, LASYBR Green k4T PCR ¥4 .
RNiARSF : 95 CF 30 sTWAEPE, 95°C10s, 60 °C
20 s, 340 ANHE I . DL H TR -3- B R B A
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
HNZ, R 27T CD86. PGC-la, NRFI .,
TEAM “5 5 B mRNA AN R A =, ST 5 LR 1,
179 o RIAFE

AN CHR X BG40 B A 152 ), K THP-1
RIS o M1 BLE R AR, i BRS040 2H T AL 2
JE AR SR 37 24 ho DRV AN I 4% 2
W 2 15 min, PBS YEFR4H M 3 U<, 5% BSA 4]
30 min, 7EMRET4 CTFWHEHUALR, WHIBEH
JET B2 h, PRV, ORI E R
J5 . TR B DG WA ™ AR, SR A Image] 4K
PRI b 2% L AN DR

1.8 ZEit=z4hiE
>k il GraphPad Prism 10.0 #1745 343 B Fi: ]
THE ORISR B EAREZE 2R, PAZL IR BRI

SREA AGES, Z2 ) e BRI R O 22501, P<
0.05 NMZESAGI2FE L.

x1 5IMEMREFT]

Table 1 Names and sequences of primers

A SIHFFI(5—3Y

CDS86  1EMM514 CTGCTGGTGGTGACAAGCACATTT
B 5% ATGTCATGAGCAAAGGCGCAGAAC

PGC-la 1EM5|¥ TATGGAGTGACATAGAGTGTGCT
S5 1#% GTCGCTACACCACTTCAATCC

NRFI  1E[[51% AGCACGGAGTGACCCAAAC
S5 1% AGGATGTCCGAGTCATCATAAGA

TFAM  1EM51% AACACCCAGATGCAAAACTTTCA
K 514% GACTTGGAGTTAGCTGCTCTTT

GAPDH 1E[f5% ACAACAGCCTCAAGATCATCAGC
514 GCCATCACGCCACAGTTTCC

CD86: s3Ab¥i)i 86; PGC-l1a: i ALY BEHA I 5 YL

TESZARy HSOE B F Loy, NRFI: BPPIRIRF1; TEAM: 2%

RARFE RN T A; GAPDH: Hime-3-wm i & i .

24 B

2.1 CHRE %% SA-AKIZEY/NR S At A R 3515 1G58
YREiE S

CHR XJ SA-AKIHARIER . DR 42053
2EARACTT I, Sham 41 /)N U IR (H) 5T A DL W 9 A 2
N3 CLPZH 3 35 1 B /N b B A B i . AR
Y L BRSBTS (B 1A); & CHR THlE,
HA R RS 2 B B R . 2 B NE BT
YA (B 1BY T, 5 CLPZHAA L, CLP+CHR 4
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Figure 1 Protective effect of CHR on renal structure in SA-AKI model mice and viability of HK-2 cells in co-culture model

A: Representative HE staining images of kidney tissues of mice in the Sham, the CLP, and the CLP+CHR groups (with a scale of

100 um). B: Comparison of renal tubular injury score in the Sham, the CLP, and the CLP+CHR groups. C: Comparison of cell
viability of LPS-induced HK-2 cells in the M1-HK-2, the M1-LPS+HK-2, and M1+CHR-LPS+HK-2 groups. Data are expressed as
the meantstandard deviation (n=3), the between-group comparisons are made with independent #-test, and multiple comparisons are
made with one-way analysis of variance. *P<0.05, **P<0.01, ***P<0.001. CHR: Chrysophanol; SA-AKI: Sepsis-associated acute
kidney injury; HE: Hematoxylin and eosin; CLP: Cecal ligation and puncture; CCK-8: Cell counting kit-8; LPS:

Lipopolysaccharide; HK-2: Human renal tubular epithelial cells.
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Figure 2 CHR reduces inflammatory cytokine levels and improves renal function of SA-AKI

model

model mice and co-culture

A and B: Comparison of the serum levels of IL-6 (A) and TNF-a (B) in mice of the Sham, the CLP, and the CLP+CHR groups. C
and D: Comparison of levels of IL-6 (C) and TNF-a (D) in the supernatant of the M1-HK-2, the M1-LPS+HK-2, and M1+CHR-

LPS+HK-2 groups. E and F: Comparison of the serum levels of BUN (E) and Cr (F) in mice of the Sham, the CLP, and the CLP+

CHR groups. Data are expressed as the mean+standard deviation (n=3), the between-group comparisons are made with independent

t-test, and multiple comparisons are made with one-way analysis of variance. *P<0.05, **P<0.01, ***P<0.001. IL-6: Interleukin-6;

TNF-0: Tumor necrosis factor-alpha; BUN: Blood urea nitrogen; Cr: Creatinine.
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Figure 3 CHR inhibits apoptosis of renal tubular epithelial cells in SA-AKI model mice and co-culture model

A: Representative TUNEL staining images of kidney tissues of mice in the Sham, the CLP, and the CLP+CHR groups (with a scale
of 50 um). B: Representative Western blotting bands of apoptosis-related proteins BAX and Bcl-2 in the M1-HK-2, the M1-LPS+
HK-2, and M1+CHR-LPS+HK-2 groups. C-E: Comparison of the expressions of BAX (C), Bcl-2 (D) and BAX/Bcl-2 (E) in the M1-
HK-2, the M1-LPS+HK-2, and M1+CHR-LPS+HK-2 groups. Data are expressed as the meantstandard deviation (n=3), the
between-group comparisons are made with independent #-test, and multiple comparisons are made with one-way analysis of
variance. *P<0.05, **P<0.01, ***P<(0.001. TUNEL: Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling;
BAX: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma-2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

©Journal of Central South University (Medical Science). All rights reserved.



676

PR (BE2EI ), 2026, 51(4)  https://xbyxb.csu.edu.cn

ATP/(nmol-mg™")
~
T

‘%Q‘bt(o G\S ><Cj28~
Q
04

JC-1 aggregates JC-1 monomers

50 um 50 um

~
=
O
o
=

50 um

50 um

50 um

CLPC

g T
=)
g
=
£ or
<

0

> &
A Voo
@\ (&

Merge

(% of control)

Ratio of red/green fluorescence

El4 CHR X ZE SA-AKIEE/NR K M1 B E 4R R 2k Rk 2540 5 Th e

Figure 4 CHR ameliorates mitochondrial structure and function in SA-AKI model mice and M1 macrophages

A: Representative TEM images of mitochondria in kidney tissues of mice. B: Comparison of ATP in mice of the Sham, the CLP, and

the CLP+CHR groups. C: Comparison of ATP between M1 and M1+CHR groups. D and E: Manifestation with a scale of 50 um (D)

and comparison (E) of mitochondrial membrane potential in M1 macrophages detected by JC-1 staining. Data are expressed as the

meantstandard deviation (n=3), the between-group comparisons are made with independent #-test, and multiple comparisons are

made with one-way analysis of variance. **P<0.01, ***P<0.001. TEM: Transmission electron microscopy; ATP: Adenosine

triphosphate; JC-1: 5,5°,6,6-Tetrachloro-1,1",3,3’ - tetracthylbenzimidazolylcarbocyanine iodide.
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Figure 5 CHR upregulates the expression of key mitochondrial biogenesis genes in SA-AKI model mice and M1
macrophages

A-C: Relative mRNA expression levels of key mitochondrial biogenesis genes PGC-1a (A), TFAM (B), and NRFI (C) in SA-AKI
model mice. D and H: Reduction of NADP'/NADPH in SA-AKI model mice (D) and M1 macrophages (H) by CHR intervention. E-
G: Relative mRNA expression levels of key mitochondrial biogenesis genes PGC-la (E), TEAM (F), and NRFI (G) in Ml
macrophages. [-L: Western blotting result (I) and relative protein expression levels of key mitochondrial biogenesis genes PGC-Ia
(J), TFAM (K), and NRFI (L) in SA-AKI model mice. M—P: Western blotting result (M) and relative protein expression levels of key
mitochondrial biogenesis genes PGC-la (N), TFAM (O), and NRFI (P) in M1 macrophages. Data are expressed as the meant+
standard deviation (n=3), the between-group comparisons are made with independent #-test, and multiple comparisons are made with
one-way analysis of variance. *P<0.05, **P<0.01, ***P<0.001. PGC-la: Peroxisome proliferator-activated receptor gamma
coactivator lalpha; TFAM: Mitochondrial transcription factor A; NRFI: Nuclear respiratory factor 1; NADP/NADPH:

Nicotinamide adenine dinucleotide phosphate oxidized/reduced.
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Figure 6 CHR inhibits M1 polarization of macrophages
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A: Representative Western blotting bands of CD86 protein in kidney tissues of mice. B and C: Relative protein expression (B) and

mRNA expression (C) of CD86 in kidney tissues of mice. D: Relative CD86 mRNA expression in M1 macrophages in vitro. E and

F: Representative immunofluorescence images with a scale of 50 pm (E) and quantitative fluorescence intensity analysis (F) of

CD86 in M1 macrophages in vitro. Data are expressed as the meantstandard deviation (n=3), the between-group comparisons are

made with independent z-test, and multiple comparisons are made with one-way analysis of variance. *P<0.05, **P<0.01, ***P<

0.001. CD86: Cluster differentiation 86.
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