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[ Abstract] Objective To explore roxadustat' s effects on diabetes-associated metabolic/liver dysfunction. Methods

The experiments were conducted at the Animal Laboratory of the Changjiang Shipping General Hospital from August 2024
to January 2025. T2DM rats were induced by feeding high fat and high sugar feed and intraperitoneal injection of streptozoto-
cin. 60 T2DM rats were randomly divided into: model group, ROX low dose group (12.5 mg/kg), ROX medium dose group
(25 mg/kg), ROX high dose group (50 mg/kg), metformin hydrochloride group (200 mg/kg), 12 animals in each group; anoth-
er 12 normal rats were given normal feed for 8 weeks and normal saline was injected into the abdominal cavity as healthy con-

trol group; each group was given corresponding intervention for 8 weeks. Automatic biochemical analyzer was used to detect
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the blood glucose, blood lipids and liver function indexes of rats, and the liver index was determined. Serum inflammatory fac-
tors were detected by enzyme-linked immunosorbent assay. Liver tissue histopathology and fat accumulation were observed by
hematoxylin-eosin staining and oil red O staining. The expression of TLR4/NF-kB pathway protein in liver tissue was detected
by western blot. Results Compared with healthy control group, the liver tissue structure of rats in model group was disorder-
ed, the morphology of liver cells was changed, lipid vacuoles and large orange red areas appeared, and the degree of fat accu-
mulation was serious; serum fasting blood glucose (FPG), fasting insulin (FINS), insulin resistance index (HOMA-IR), total
cholesterol (TC), triacylglycerol (TG), low density lipoprotein-cholesterol (LDL-C), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), liver index, C-reactive protein (CRP), tumor necrosis factor-a (TNF-e), interleukin-6 (IL-6), the ex-
pressions of TLR4, phosphorylated-NF-kB p65 (p-NF-kB p65)/NF-kB p65 protein in liver tissue were increased, and high
density lipoprotein-cholesterol (HDL-C) was decreased (#P=12.983/<0.001, 10.640/<0.001, 19.194/<0.001, 16.195/<0.001,
17.406/<0.001, 17.660/<0.001, 14.805/<0.001, 13.273/<0.001, 9.039/<0.001, 10.590/<0.001, 16.086/<0.001, 20.255/<0.001,
22.789/<0.001, 14.976/<0.001, 9.824/<0.001). Compared with model group, the rats of ROX low, medium, and high dose
groups and metformin hydrochloride group showed significant improvement in liver tissue lesions, reduced orange red area in
liver cells, decreased degree of fat accumulation; serum FPG, FINS, HOMA-IR, TC, TG, LDL-C, ALT, AST, liver index, CRP,
TNF-e, IL-6, TLR4, p-NF-kB p65/NF-kB p65 protein expression in liver tissue were decreased, while HDL-C was increased
(F/P=37.001/<0.001, 34.685/<0.001, 99.532/<0.001, 101.881/<0.001, 120.663/<0.001, 105.021/<0.001, 61.833/<0.001,
48.872/<0.001, 37.652/<0.001, 36.541/<0.001, 69.113/<0.001, 86.194/<0.001, 66.174/<0.001, 63.913/<0.001, 27.611/<0.001).
The degree of decrease in serum FPG, FINS, HOMA-IR, TC, TG, LDL-C, ALT, AST, liver index, CRP, TNF-e, IL-6, liver tis-
sue TLR4, p-NF-kB p65/NF-kB p65 protein expression in ROX low, medium, high dose groups and the degree increase in
HDL-C were dose-dependent (F/P=19.952/<0.001, 18.082/<0.001, 48.212/<0.001, 63.192/<0.001, 88.165/<0.001, 66.031/<
0.001, 31.735/<0.001, 27.221/<0.001, 22.784/<0.001, 22.072/<0.001, 40.682/<0.001, 48.306/<0.001, 39.842/<0.001, 44.825/<
0.001, 14.002/<0.001). The liver tissue structure and morphology of rats in ROX high dose group and metformin hydrochlo-
ride group were similar and tended to be normal, the orange area of liver cells was similar, the degree of fat accumulation was
most significantly reduced, and there was no statistical significance in the glucose and lipid metabolism indexes, liver function
indexes and liver index, inflammatory factors, and TLR4/NF-kB pathway protein expression in liver tissue (P>0.05). Conclu-
sion Roxadustat ameliorates diabetic liver injury by modulating glucose metabolism and TLR4/NF-kB signaling.

[ Key words ] Type 2 diabetes; Roxadustat; Glucolipid metabolism; Liver fat accumulation; TLR4/NF-kB
pathway; Rats
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2.4 ROX Xf T2DM KRG RYEH F Ry 52 5XF
HEZH L B¢, A5 8 41 1l 3 CRP ., TNF-a IL-6 Ft+ 15 (P <
0.01) ; SHIRIZ H 5, ROX K H & 57 gl S 3R iR —
FH XA If % CRP  TNF-a IL-6 [ ( P<0.01) ; ROX
% o E R LTS CRP TNF-o IL-6 AR KA (F/
P=22.072/<0.001 ,40.682/<0.001 .48.306/<0.001) ;
ROX B HHE4 17 CRP \TNF-a \IL-6 5 £h A2 — 1 BUIK
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F 1 SHKRBBEASHER LB (32)
Tab.1 Comparison of glucose metabolism indicators among different groups of rats
A5 n FPG( mmol/L) FINS(mU/L) HOMA-IR
X R ZH 12 5.31+0.45 20.94+2.25 4.94+0.61
eIV 12 23.49+4.83 30.31+2.06 31.64+4.78
ROX k7l 40 12 17.76+4.27° 27.41£1.97° 21.64+3.92°
ROX 2 12 13.94+3.14% 24.98+1.85% 15.48+3.03%
ROX 7l 12 9.28+2.11% 22.55+2.11% 9.30+1.97%
iR — W BUIRZH 12 9.07+2.06™ 22.06+2. 14 8.89+1.83%
1/ P RHI 5 B2 IRl{E 12.983/<0.001 10.640/<0.001 19.194/<0.001

F/P T4 S5 2 e (i

37.001/<0.001

34.685/<0.001 99.532/<0.001

I SR AR, P<0.01; 5 ROX fRFIHE AL HLHE, " P<0.05 ;5 ROX P4 3k, © P<0.01,

F2 SUARBIRBHE bR L

(xs)

Tab.2 Comparison of lipid metabolism indicators among different groups of rats

4 n TC(mmol/L) TG ( mmol/L) HDL-C( mmol/L) LDL-C(mmol/L)
xiF R4 12 2.03+0.35 0.41+0.08 1.43+0.26 0.63+0.08
L2 12 7.16+1.04 4.05+0.72 0.6420.10 2.51+0.36
ROX fi7 4 12 5.19+0.66 2.72+0.41° 0.86+0.12° 1.86+0.29*
ROX Hf 4 12 3.77+0.54% 1.95+0.33% 1.01£0.16* 1.39+0.24%
ROX w74l 12 2.56+0.51% 1.01£0.15%¢ 1.22£0.21% 0.80£0.11%*
R H U 12 2.49+0.47%¢ 0.96+0.12%* 1.27£0.23%¢ 0.84+0.12%°
t/ P FE Y20 5556 HR 41 ] {E 16.195/<0.001 17.406/<0.001 17.660/<0.001 9.824/<0.001

F/P F I 5 BRI 101.881/<0.001

120.663/<0.001

105.021/<0.001 27.611/<0.001

SR IR, P<0.01; 5 ROX fRFIHRA HLHE, " P<0.05; 5 ROX R4 3, ©P<0.01,

3 HUAKRBIFUIREREIR SR E L (xss)
Tab.3 Comparison of liver function indicators and liver indices among different groups of rats
4w n ALT(U/L) AST(U/L) IFHER(%)
X R R 12 26.37+4.04 19.24+4.11 3.19+0.28
PRI 12 65.63+8.25 47.36+6.08 4.38+0.36
ROX fi7 41 12 52.47+7.17° 38.25+6.17" 3.99+0.29°
ROX mfil 2 12 43.15+7.02% 31.19+5.24% 3.64£0.25%
ROX @7l 2 12 31.44+5.03% 22.35+4.29% 3.31+0.19%
LR — H U 12 29.98+4.76% 23.08+4.05% 3.26+0.21
t/ P FERY2H 55561 HR 2 (R {E 14.805/<0.001 13.273/<0.001 9.039/<0.001

F/P T LSRR ] i

61.833/<0.001

48.872/<0.001 37.652/<0.001

I SR AR, P<0.01; 5 ROX fRFIHE A HL#E, " P<0.01 ;5 ROX 3

AR, P<0.01,
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Tab.4 Comparison of serum inflammatory response factors among different groups of rats

A5 n CRP(mg/L) TNF-a(ng/L) IL-6(ng/L)
X BRAL 12 5.03+1.06 31.06+4.25 22.67+3.05
eS| 12 14.04£2.75 82.63+10.26 74.21%8.27
ROX IG5 4 21 12 11.12+2.60* 65.84+8.33% 58.45+8.33%
ROX mfil2H 12 8.45+2.09" 54.29+8.01% 45.09+6.74"
ROX 7l 12 5.61+1.12% 38.91+5.29: 31.05+5.01
LR — W BUIRZH 12 5.82+1.15" 40.27+5.07" 32.26+4.98¢
1/ P BRVEH 5 %) B [a] (i 10.590/<0.001 16.086/<0.001 20.255/<0.001
F/P T4 SR ) {E 36.541/<0.001 69.113/<0.001 86.194/<0.001

T SERIA LA, * P<0.05; 5 ROX fRFIHA LA, > P<0.05; 5 ROX P34 Fuik, © P<0.01

2.5 ROX X T2DM K FUR- 21 210% Bl 2% K g 15 3 LY
i HE Y (o 25 51 5oR ) 6k B K T 240 4R &5 4 58
A RELHES ) R R, R DA 5T 7S I RS AU 2 KRR
HAGER AL, FFANIE IR S e A, H BG B2 0 ; ROX
G 9 R BRI A 4005 4 i o 71 P 4 R
I s ROX i 751 2 AR I — W OSUDICZE K BRI 4 2 45
FIEASARIE BT IEH , WA 1,

THZL O Jefan] LA 20 it fis 5T v R 0 A i 41 4,
Xof 20 R BRI 4 M K 2 B Sk A A 40 €2 5 A TR 4 K
SR A0 A o o 80K R A 4 €5, BB D 35 R B P o
ROX I A | e 711) 3 2H K BRUF 4 A rh A7 &0 € 1 FR B o
L (A HE FZ W IN , RIVAR B 35 FRURR B 38 i 4% s ROX
o 70 R RN PR — Y SOUMIR A K R P 40 e v A 40 € T AL
A, B RE I 8 RRVRE B sl dnc R A i, DL 2
2.6 ROX XI T2DM K FUITF414 TLR4/NF-xB i 4% 1)

RN 5T R e, AR A 4140 TLR4 | p-NF-xB
p65/NF-kB p65 & 1A THE (P<0.01) ; SHRIA Lt
B, ROX G H s 791 o 2 B R — Y SUNI A T 4l 4
TLR4 .p-NF-kB p65/NF-kB p65 & 1% 5 K (P <
0.01) ;ROX ik, ", /& 5 5 41 JIF 41 21 TLR4 , p-NF-xB
p65/NF-kB p65 % 12 15K Ik A (F/P = 39.842/<
0.001 .44.825/<0.001) ; ROX /5 7 & 4H T 4H 2 TLR4 .
p-NF-kB p65/NF-kB p65 & 13315 5 £k e — H AU
M 22 IS¢ L (P>0.05) , WK 3 3% 5,
303 i

T2DM 19 4 95 AL il 1 A 52 4= B4, H RiTIA vl fig
SRR A ZEEL S K i IR A 105 3 U O, IR AR 195
BRI AE T KA A S BUR MO B & A, i R
S MR T2DM Ry AR B> T2DM Rk £
FEAERRRE R AFFERR AR I 2 RLBL S , TC TG \LDL-C

T 2D 7R A SR TSk s Do lR s 1l
1 FHRBRAFALUR AR (HE Y, x200)
Fig.1 Pathological changes in liver tissue of rats in each group (HE staining, X 200)
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Fig.2 Fat accumulation in liver tissue of rats in each group (Oil Red O staining, x 200)
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Fig.3 Western blot images of TLR4/NF - k B pathway in liver tis-

sue of rats in each group

x5 BAEAKRFIHL TLR4 p-NF-kB p65/NF-kB p65 & 1%
ik

Tab.5 Comparison of TLR4 and p-NF - k B p65/NF - k B p65

(xs)

protein expression in liver tissues of rats in different groups
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