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[(HE] BT H 5 % w5 IS & A BB AR 40 (DSS) 5 5 M 45 g 26 /I OB S0 7 F BB e Ll . 77 3%
VeI 40 H M CSTBL/GT /N 14 d HFD, BJG 45 F 2% Y DSS 7 d M BB IR & & A 45 I R . /N RBEHL 2 by IE %
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(FTHD)&E AR XKF, &R 5EFHE, mEKEE G4 RBTIA /N R IIETE A8 i 555K DAL 4 B 3 I (P<
0.01), 45 7 1 B 18 35 4 75 (P<0.01) , 45 i 2H 223 B 451 473 7™ 1, I 18 5 %% 3% #% 2 A Occludin F1 Claudin3 2 i5 B {2 /> (P<0.05,
P<0.01), $A¥BRATAHEGmA RS @R REE s *%Mﬁwﬂzwﬂtﬁi‘%n_%lH%%%f%&%t%%iﬁ%
SRR A, AT H RO R YT S B TS i S e RS B 2l DALV 43 W 3 B AR (P<0.01) , &5 I 1 BE 1 3 3G T (P<0.01) , 45
2H 2095 BB 05 U 4%, T T % % 4% 7B 11 Occludin A Claudin3 5 35 i 3 JF 5 (P<0.01) , £k 6 T 30 il 7 2 19 SLC7A11 GPxMu
FTH1 #& [R50 BT 5 (P<0.05) . & AT H BB W o m IRk & 8 4 DSSIEF M &, HALH vl fig 5 W&
SLC7A11/GPX4 {55 1 H 41 il g AU T A 5 .
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Shaoyao Gancaotang Alleviates High-fat Diet-aggravated Colitis in Mice by
Suppressing Ferroptosis Through SLC7A11/GPX4 Signaling Pathway
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[ Abstract] Objective: To investigate the therapeutic effect of Shaoyao Gancaotang (SYGCT) on high-fat diet
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(HFD) -aggravated colitis induced by dextran sulfate sodium (DSS) in mice and decipher the potential mechanism. Methods:
Forty male C57BL/6J mice were fed an HFD for 14 days, followed by gavage of 2%DSS for 7 days for the modeling of HFD-
aggravated colitis. The mice were randomly allocated into control, model (HFD-aggravated colitis) , low-dose (5.2 g-kg')
SYGCT, high-dose (10.4 g-kg"') SYGCT, and 5-aminosalicylic acid (5-ASA, positive control, 50 mg-kg™') groups. Body mass
changes and disease activity index (DAI) scores were recorded. The colon length was measured. Pathological changes in the colon
tissue were observed through hematoxylin-eosin (HE) staining. Transcriptomic analysis was performed to identify differentially
expressed genes. Western blot was employed to quantify the protein levels of Occludin, Claudin3, solute carrier family 7 member
11 (SLC7A11), glutathione peroxidase 4 (GPX4) , and ferritin heavy chain 1 (FTHI). Results: Compared with the control
group, the model group exhibited diarrhea, bloody stools, increased DAI scores (P<0.01) , colon shortening (P<0.01) , severe
colonic pathological damage, and reduced expression of tight junction proteins Occludin and Claudin3 (P<0.05, P<0.01).
Transcriptomic analysis revealed that the differentially expressed genes between the high-dose SYGCT group and the model group
were significantly enriched in the ferroptosis signaling pathway. Compared with the model group, SYGCT treatment alleviated
diarrhea and bloody stools, reduced DAI scores (P<0.01), increased the colon length (P<0.01), mitigated colonic pathological
damage, and upregulated the expression of Occludin and Claudin3 (P<0.01), as well as proteins (SLC7A11, GPX4, and FTH1)

associated with the inhibition of ferroptosis (P<0.05). Conclusion: SYGCT significantly ameliorates HFD-aggravated DSS-

induced colitis by suppressing ferroptosis via activation of the SLC7A11/GPX4 pathway.

[Keywords] colitis; Shaoyao Gancaotang; high-fat diet; ferroptosis; transcriptomics

ot 97 ML &5 11 26 (UC) J& — Bl ™ #1048 1 52 2 1k
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AR 7 AU e 22 e R R S M 9 A2 Ak 3
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P R AT B iR P& (HFD) , nl 3 S0 18 1
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AT H R BT ), BT A AT BTN A
JT SO Bk S BRI AR S AE (R )T A 25
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208 o Je HAE B AR 0k AT 24 H RN A R AL R
A7 25T B R A T 25 . i E g )
Pt MR A IH R AT 2 e R S A 1
(T WA TNy = FLRTPR NI L 6 DL AT 25
HH A (R S2IE AL ) AT 25 H w5 45 20 3R 7 DU i
H g o B P B i R R AT 25 H RS i69T UC
S MEE GRS R G s MBI R, A
AT R R BAT BEAE R T A8 R G 5 A R AT
AT B R AE DR 7K S AR A 5 T B, 40 4 S AE
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N AT 2 H B BE A Toll BE 2Z 4K 4(TLR4) /%
55 F -k B(NF-«B) {55 % 38 18 =2 UC 1 i i Bt
FEf O, EHRACETRNE) REAM. mE T
595 P AL BR S RO L AL 1, 2 2 AT 25 H i PR
JHF I 82 20k " S R s kL B AT 2 R A
IT R R IR A IR 4 I 2 R o AR T 5 2 i
HFD & A i 2 05 6 2 44 (DSS) 1% 5 19 45 1 9 /N B
BEAL, BRI R KA RIRE R R85 F i UC, i
FATAH F R = IR R E G IS I R W52, Il
o e S RN Gy - A W A S g R AR AL .
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1.1 3y 40 B 5 1A & 16~18 g, SPF K ffE
PE CSTBL/6T /N BRI [ b 5% i DUAR A= Wy H R A BR A
Fl L, S s A R A R UE S SCXK (5T ) 2024-0001 .
S B ) ¥ T % AE B AR B R K 2 S G s ) B B
RGBT, 6 /R R W 12 b R R (224
1)°C, 1 B4 (50+15) %, AT [ B 3R B K F &9 .
1.2 {3 A S R AR R K 2 S 3 W AR R
S48 IR 2 5y 24t M (AEEL-2025-193) .

1.3 259 ATZ5HRDAH AT 20 g H E 20 g 4K
(2 B J5 kL, BT AR I, S g o ok
2308147302.2311134301) ; DSS(36000-50000 MW,
3% [# MP Biomedicals A f] , %255 160110) ; 3 Vb i &
(5-ASA, FE[H MCE /A &, 18 5 HY-15027) ; Xf 8 45
HE(16% JIg i . 20% & (A L 64% Bk KAk &9 5 it 5
1025, b nt 48 B R A= Wy R4 B0 A BR 23 7)), e i A
BE(60% JE i .20% 4 H BT . 20% Bk K A6 & 4 5 it 5
H10060, b 5t 46 B A U BB 0y A BR A WD .

1.4 X7 MAE A (Occludin) VB & EEEN 3



XX B XX W
XXXX 4 XX A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. XX ,No. XX
XX, XXXX

(Claudin3) it 4 ( ¥ B Abcam 2 & , #t 5 43 5l M
ab216327. ab317319) ; 4 Mt H Ak & A 1k ¥ i 4
(GPX4) & i8R 0% 7 B 52 11(SLCTA11) \B-HL
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HARABR A A5 53 2 30388-1-AP, 32384-1-
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ol &t REEREARAA#HMS
G1120).
1.5 {U#% SWE-FP AL I A 20 S0 5 4 (3R 2
He IR = W) R A BR 2N W) 5 3K1S B VA VA v 3 B0 HL
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R £ Yy 6 BAG AX (Hy 4L Cytiva 23 A ) ; PowerPac
Basic # 1, 3k 1% ( 3¢ [ Bio-Rad 2~ 7] ) ; ECLIPSE Ti2
TS 5 W i0BE ( H 78 Nikon A A ) o
2 FHik
2.1 ERIREE A DSS T 45 i 4o A A gt

Z W SCHR [ 14 141038 , >R F HFD #1 DSS B¢ A 49 7
FRIKERZ A E R, DN E SRR 21 d, A
5515 RIF 6/ AR K I A 2% 19 DSS, :54E 7 d.
22 5 ZZY 40 H C5TBL/6T /N BUE B 1 IR 57
18 Ja , Bl 8 5 4« IE % 4H (Control) ,HFD 2 &
45 B 46 5 4] (HFD+DSS) , A5 25 H % % ik
(SYGCTL) .5 (SYGCTH) 7| 4 21 Jz 5-ASA FH % 245
ZH(Mes) ., Control 1 /] FL M2 & % B4R BH(CD) , T 57
A0 IO 20 4 /5 B S £ HFD 21 do AVES 15 KR FF 8,
HFD+DSS.SYGCTL ,SYGCTH #1 Mes £ /)N §L 4%
KHITA 2% 19 DSS, R 4L 7 d, DL 7 45 i R AL,
1M Control 28 A9 /Iy BRI 4 25 1k H 4K

AW R AT 25 T 7 G R & AT 25

H R 20 go 4% BB S50 )5 ik 24 ) A 3R 1w AR
AT S /N B ) R e R O 9.1, 975/ LY
I PR 25 850570 5 o 5.2 g-kg™!, B i SYGCTL 4 7 &,
SYGCTH #4 & 104 g-kg'. Mes 4 # & >
50 mg-kg'. TESLE A (25 15~21 K ), Control 41 1
HFD+DSS 41 & K 1 A B R K, H Ay 45 41 #4240 D
R Y ESRHEE 7d. /DNRIKH DSS K H )
M) g RO 7N BRUOMR J0T o 288 PR R 0 T B
T8 H(DAD V416 BT id 5% .
2.3 — IO DATPESY  SEER I )4 H A 45 40
AN ERURS RS B B R BE OR A | S MR R Al
MG B o AR HE /N B R 5T 5t R AR B 2 1 Pk IR %

I = F 1B DALIE A . R R JE R Fid
043, FBE1%~5%1C 153 ,6%~10%1C 243, 11%~18%
I8 347, >18% 1c 4 43 FEB MR IE #4043, FRH AR
TEAE 14y, FOE e 2 43, 3 B B0 92 3 43, W K fil i
453 s 2 RR A B PEIC 043, Beuiln 55 FHPEIC 143, Bl
5 FHPETE 2 43, S AT ML 3 43, AT 1T I ic 4 4% .
2.4 HBURHEAEST SLEES S AN B I
A B T BR A i N Bk B S G LT 9 2 em
Sl A 4% Z R R WP EE . LEE R
KA A S L U) R F HE Je
2.5 HE AP (Western blot) &Il fiff H i
SR G E DLUE 1 (RIPA ) 247 2 i DA 25 i 20 21 v 44 B
B, RS BCAI & AR E . EARE
b b A IR A - SR VR T e 5 e L Uk (SDS-PAGE)
Y8R JE H S BV R R 9 £ 45 (PVDF) B, FH 5%
(149 8 A 2 4 3 SR BT AT 2 b I A —$T(1:1 000) 7E 4 °C
W E L, I TBST SRR 3 ¥k, 48 5 I —H1.(1:10 000)
FEE T MR E B2 he A S R AR 2k ROk
(ECL)BEYG, F-{# FH Image T dEfT &1k
2.6 FE41%# M X HFD+DSS 41 fl SYGCTH
4 (n=3) 19 45 iy 4 2L A7 5% SR Al 2% e b o
TRIzol $2 HU &L RNA, XF BT £ RNA (1 ¥k & #1410 )5 &
RNA 5¢ % Pk #F47 %: W 5 , 7F Illumina NovaSeq 6000
-5 X RNA SCEESEATINF . >R FH DESeq2 4K {4 iF
17 25 5% 3 3K 40 B (O 2 45 1 « 1g,FC|>1 H Pl <
0.05) , Jf Xf 22 5 5L (Rl #F 47 3 P AR 4K (GO) 5 5t 4 5k
53R 20 H R 1 (KEGG) & 44017 -
2.7 GiibsEor#r fd A SPSS MEAT G4 M, B(E
Phx s 2, 43 Hr B0H i SR 4L 33T 1 2 B AR B
K 2 7 22 43 1 (One-way ANOVA) Fil /s ik 35 11 2%
515 (LSD) K 50, 5 B0 40 AN 6 A2 2 B30k 30 1) iy 2 1
7, M #E 47 Kruskal-Wallis ¥ % , 2% J5 #£ 47 Dunn's &
LR, P<0.0S TR ERARIT¥E L.
3 £R
3.1 AjHE G EIRKE RS H R /NR
— 1% L DALY 52 mm A BIF 5% WL 46 45 2R WK,
Control 41 /Iy L — MR 2 B 4F , 38 B RS BTG BK L
N REEE B BB 2 BB H R BRI ;5 Control
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M 25 BE RN AR A A% L B IR A i A B R
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X WA~ EBIRITE /MR DAL HFD+
DSS £ & 3 B AR (P<0.01) , 14 57 5 39 JinH 22 = L 4t
WHE L, FREGEREW AT H G &SRR E
BEEMRAAHB AR ER. Wk,

F1 SHBEGFHBEREESEHAERNRERE DALY
#I (x+s,n=8)
Table 1 Effect of Shaoyao Gancaotang on body weight and

disease activity index in mice with high-fat diet-aggravated colitis

(Xx+s,n=8)

4151 Flit /g kg TRkt /g DAI/%Y
Control £ 20.88+0.97 0.25+0.46
HFD+DSS 241 19.79+1.83 3.75+0.46>
SYGCTL 41 5.2 21.26+1.10 2.88+0.64"
SYGCTH 241 10.4 21.05+1.94 2.38+0.52%
Mes £ 0.05 19.46+1.60 3.00£0.53"

¥ : 5 Control ZH It %" P<0.05, ¥ P<0.01; 5 HFD+DSS 41 It
3YP<0.05,YP<0.01(F2-%4[7)

3.2 AT E G E AR IKEE G S R BRI R
AR 5 Control 4 L , HFD+DSS 41
/N BRI 25 i K B B 3 4 4 (P<0.01) . 5 HFD+DSS
AT H R TS N RS KR B R
(P<0.01), W32 K1,

3.3 ATZH RGN IR R A A S W R RN LA
AL SR BRI R HE e W, 5 Control 41
L3, HFD+DSS 20 /)> B 25 B 1 Bz 4t Jf 4t 5 I 4
BB b Bz A B RV B BT Al AL ™ E IR, R CK B e

R2 NAHHEGUBRRAESEHRER I NNRERKENY
Mg (x+s,n=8)
Table 2 Effect of Shaoyao Gancaotang on colon length in mice

with high-fat diet-aggravated colitis (x+s5,7=8)

215 Fl /g kg WK g fem
Control 7.99+0.54
HFD+DSS 41 4.61+0.68”
SYGCTL 41 5.2 5.70+0.36"
SYGCTH 41 10.4 5.78+0.54"
Mes 21 0.05 5.39+0.76%

- :
&= 8= B
-£ = B
vz N o
E N3
wE oo o]
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-E L il
= b
ws o o I
= E
@2 e o )
s o
~- N ~- 13
L
EE=4 0 - @
£ @-=5i
o= at o = e
A B C D E

¥ : A.Control 4] ; B.HFD+DSS 4| ; C.SYGCTL 41 ; D.SYGCTH
2 ;EMes 41 ( 2-F 4 [F])
E1 SHHEFNSHERARSAEHRERINREBRENEZN

Fig. 1 Effect of Shaoyao Gancaotang on colon morphology in

mice with high-fat diet-aggravated colitis

Jite P A D F A G A T2 R AT LR R A AR
M (P 2) . @A H 5+ BUq /N R B R 45
Fy S PR, b B AR RS B 5 B s TR S O ML
WU, 1A 2 9 A0 240 M ¥ 9 Y S i o LI 2.

B2 AHHEGWUSERRESEHARENREHALKEFHNEM (HE,*200)
Fig. 2 Effect of Shaoyao Gancaotang on colon pathology in mice with high-fat diet-aggravated colitis (HE, x200)

3.4 AjHHEGX EIRKERE AR B NR Y
EGEFEDRE RSN B I AR X T 1 B R )
RS FE B G2, N AT 2 B B 2 1 R el
F R 5 A DSS A T B 45 s 4 L/ IN R i 3
Wi, 25 3 % Western blot 46 ) 25 I 20 28 v ]
# 1 (Occludin) A1 % % % 4% 85 1 3(Claudin3) i) 3R ik
Ak, A5 H IR, 5 Control 41 L% , HFD+DSS 41/
L4517 4 21 Occludin A1 Claudin3 1Y 2 11 5 35 15 B i
F% Ik (P<0.05, P<0.01) ; 1fi 5 HFD+DSS 4 It # ,
SYGCTH 4 W & 1 Y R 35 4 18 3% 1M (P<0.01) .
. 4 .

WLIE 3.3 3,
3.5 BRI H Rn T IR IR A 4G

Occludin - - " - - 59 kDa
Claudins T S -- 23 kDa
practin - —_— . o

A B C D E
B3 HFALHEEEEEHA Occludin,Claudinl & H RIXHB K
Fig. 3 Electrophoresis of tight junction Occludin and Claudin3

in colon tissue
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x3 NHHEGIBEREESEH X KEE/NR Occludin,
Claudin3 & B RiZKFHHI (F+s,n=3)

Table 3 Effect of Shaoyao Gancaotang on Occludin and Claudin3
protein expression levels in mice with high-fat diet-aggravated

colitis (x+s5,n=3)

F4 SHEHEGWREREES S B X EE /MR SLCTALL,
GPX4f FTH1 ZE B RIZKFHFM (exs,n=3)

Table 4 Effect of Shaoyao Gancaotang on SLC7A11, GPX4 and
FTH1 protein expression levels in mice with high-fat diet-

aggravated colitis (x+s5,17=3)

21 51 Fl4k/g-kg'  Occludin/B-actin  Claudin3/B-actin
Control 41 1.00+0.16 1.00+0.21
HFD+DSS 4 0.13+0.11% 0.32+0.23"
SYGCTL 41 5.2 0.48+0.30" 0.79+0.48
SYGCTH 41 10.4 0.89+0.12% 1.43+0.50"
Mes 41 0.05 0.87+0.17Y 1.67+0.33%

7 % B ALl

R T WERAT A H BRI SRR R
B8R FERLT 28 8 AT 25 H B v ) 4L A
i IRIR B K 4 45 W % HFD+DSS 41 14 45 7 240 4 ke A
PEAT T #2250 B o KL B R T W 4L 2Z 18] 1) 25
SRR, X 22 5 N 1T GO MKEGG & %40
Br, 45 S SR AT 25 H R g R 4 1 3 R A RE I
A ) e R A AN S B ] OB B AR A 1D O g = Vs
T4 B A5 AR ik B (BP) 5 41 A0 3 5 25 4 B 4y 45
BTE A 2 RN K YR O
A 16 P55 5y T 2 RE (MF) . KEGG i #% 73 A7
R, K280 S 3R F N 18 25 5 4R 7E R 7 1 31 16 A
WS BRBE T HIMACFN BE 1M 2 A6 AR DU R AR
o ARG A5 A5 S v o Ah R I S R 4 4
AT (GSEA) X 55 s 2L 3 45 SR AT T 256 0 #r , 1)
Wl TR RIB KM A2, 45 FRW 5
HFD+DSS 4 .48, SYGCTH 2H 58 W 115 5 3l B 4H
ORMFEIR R I8 o DL 5 s R BRI L

3.6 A E S ME R TIRIT SRR EE
B R ARG S0 M B4R AT
HH 2K 11 SLCTA11 . GPX4 Fl FTHI 3% ik & #4716
M. g5 R, 5 Control 41 L%, HFD+DSS 41 /)
45l A 41 SLCTALL .GPX4 FI FTHI 1Y 25 1 i ik F%
;1M 5 HFD+DSS A b 8, & ~j 2 H R Tl ,
BAMRKYHE LH, WK 4. %4,

SLC7A11 ‘- ' - '- 37 kDa
e [ . 2o

p-actin (. SRS SN SRS S 42 kDa
A B C D E
B4 Z5RHELAH SLCTAIL.GPX471 FTH1 & B R &Rk
Fig. 4 Electrophoresis of SLC7A11, GPX4 and FTH1 in colon tissue

g1 Filh==s SLC7A11 GPX4 FTHI

/g* kg'I /B-actin /B-actin /B-actin
Control 2 1.00£0.30  1.00£0.15  1.00£0.21
HFD+DSS 41 0.29£0.16"  0.35+0.06>  0.33£0.05"
SYGCTL 41 5.2 0.64+0.48  0.46£021  0.84+0.56
SYGCTH %1 10.4 1.20£0.11  0.66+0.25  1.02+0.37"
Mes 21 0.05  0.66£0.62  0.73x0.11%  1.43x0.24"
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RHER % T R B RAFIR YT R
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AR ST, B WS S AL IR RA I bk Ak FRUE
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J9 5 PN 5, 36 IR I R o AR A AL R B BIE 9T R B L A
25 H 7 e % 0 Wnt/B-1% 38 45 1 (B-catenin ) 18 %
S i 5 RE VK & 38 B BE g, AT R UC
KA KRB AR B Y R AT 2 H R g
T 2T A RO Y Re S R FEBL A A 4 i JE T
SERIE T MK G 5 V- A L A5 i TE TR AR
A 52 S 6 UC BT GRAPE 2 ATy
AF 25 BE 38 o O IR R 0 1k AR B (AMPK)/
U 7L 2h 4 TR A R LR I (mTOR) {5 53 % , 3 5
A U UC /N B RAE B 05 AT 24 N g 1T fig
POl UC KB 98 E B I FN 25 i 21 805 SR Ak R
VR 2 M A R AR AT 2 R R 4 A R A
R R R W R R A B T
A M 17(Th17) /855 M T 4088 (Treg) F fr Fl 7 18 15k
AR WUE S I AU B . H R A R
MR H R AR A RO A3, T DA e Sk L F B, M
KA F 2(Nrf2)/PTEN 5 3 30 # 1 (PINK 1) {5 5 98 17
FI W 3 T A8 52 2R AR 05, Bl s UCH . ARSI
it ¥ # HFD+DSS 175 5 (19 45 17 48 /N R 7Y, 25 B 3R W]
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5 HFD+DSS 41 A, A7 25 H 507 B 2 ik /1N BRUAE AR
I/ /N BRI B T e RN 45 T K R 4 L, FRAIK DALY
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