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XHEIR: KR M N AIM; BEEEME: ARBTR4%1L; PPARa

FESES: R285.5 XHEFRERE: A TERS: 0253 - 2670(2025)17 - 6207 - 13

DOI: 10.7501/j.issn.0253-2670.2025.17.011

Mechanism of rhein on regulation of glucose and lipid metabolism in vascular
endothelial cells

FANG Huihua!, ZHANG Yiheng?, HUANG Suzhou?, LU Xingxing?, GU Xujing?, LYU Gaohong?, CHEN

Zhipeng?, WU Li?

1. Department of Pharmacy, Jiangsu Province Hospital of Chinese Medicine, Affiliated Hospital of Nanjing University of Chinese
Medicine, Nanjing 210004, China

2. College of pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To explore the mechanism of rhein in regulating function of glucose and lipid metabolism in vascular endothelial
cells. Methods Human umbilical vein endothelial cells (HUVECs) was used for intervention with palmitic acid, followed by treatment
with 2.5, 5.0, 10.0 umol/L rhein for 24 h. qRT-PCR was used to detect the expressions of fatty acid oxidation (FAO) and key enzymes of
glycolysis [carnitine palmitoyltransferase-1A (CPT-14), glucose transporter protein 1 (GLUTI), 6-phosphofructose-2-kinase/fructose-2,6-
bisphosphatase 3 (PFKFB3) and hexokinase 2 (HK2)]; Seahorse XF96 analyzer was used to detect FAO and glycolysis levels; ELISA was
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used to detect the levels of nitric oxide (NO) and vascular endothelial growth factor (VEGF); Western blotting and immunofluorescence
were used to observe the expressions of endothelial nitric oxide synthase (eNOS), VEGF, CPT1-A and PFKFB3; Molecular docking was
used to predict the target of rhein. After intervened with PPARa inhibitor norathyriol, FAO inhibitor etomoxir and glycolysis inhibitor 3PO,
the changes in regulation of endothelial cell glucose and lipid metabolism function by rhein was observed. Results Palmitic acid could
significantly up-regulate the expressions of glucose and lipid metabolism enzymes (CPT-14, GLUTI, PFKFB3, HK2) in HUVECs (P <
0.05, 0.01); Compared with model group, 10.0 pmol/L rhein significantly up-regulated the mRNA expression of CP7-14 (P < 0.05), and
significantly down-regulated the mRNA expressions of GLUTI, PFKFB3 and HK2 (P < 0.01). Metabolic phenotype experiments found
that rhein could promote FAO and inhibit glycolysis, and this phenomenon was reversed after the addition of PPARa inhibitors. The results
of cellular functional evaluation showed that rhein could promote vasodilator factor NO and inhibit the level of pathological angiogenic
factor VEGF (P < 0.05, 0.01). Molecular docking revealed a high affinity between rhein and PPARa. The combination of 3PO and rhein
could inhibit glycolysis, promote FAO, increase eNOS and NO levels, and reduce VEGF level; The combination of rhein and etomoxir
could inhibit glycolysis and FAO, restore eNOS and NO levels, and reduce VEGF level. Conclusion Rhein promotes FAO and inhibits

glycolysis by activating PPARa, thereby regulating the expressions of NO and VEGF in vascular endothelial cells.
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(endothelial nitric oxide synthase, eNOS) Fifk (it
00098131). PFKFB3 #itff (k5 00131360). I A
J A2 KR (vascular endothelial growth factor, VEGF)
Pifk (b5 00161541). B-actin FiiA& (L5 23006205)
I8 B I = AR A IR AT FAO il7I& (55
103693-100) FERE a7 & (155 103344-100) 1 H
EHE Agilent A7]; A L-FLE2 ELISA A& (k5
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endothelial growth factor, VEGF) ELISA &7 & (Ht
5 20241016) W H A AT EVIRHEA R A
1.3 {43
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BioTek A F]); SEH 7t & PCR R4: (3E[EH Applied
Biosystems A F]); HIKA. &ERBUZFRSE (32HE Bio-
Rad /A #]); Seahorse XF96 73 (£[E Agilent A7)
2 Rk
2.1 KEBABNSIES%HRA

¥ 1 mg KBERRVET 35.2 uL — FFEVAN(dimethyl
sulfoxide, DMSO), il %4 100 mmol/L K3
FRfif M B 10 L fi 2598, A 9990 uL DMEM %
Fr3E, 1981 100 pmol/L K FEIRIA T - HUVECS 7EA%
HEFRFGA S 24 h J5, A 2,51 5.04 10.0 umol/L K
TRRVATCT-T 24 h ARG AI R FE AR,
2.2 norathyriol ;BiRHIHIZR 54T

#4 0.1 mg norathyriol ¥ 414 uL DMSO 15
WIEA 0.93 mmol/L f norathyriol fif . B 10 pL
% 8 NN 90 uL DMEM 5% 753, 7531 92.8 pmol/L
f) norathyriol ¥k . HUVECs fERAHIRIE A S
24h J5, BMECRIKEEER (10 umol/L) BEA T 24 h
JE KL AR REFE FR22
23 3PO RKMFIESHRZA

¥ 1 mg3PO T 475.7 uLDMSO 3£ E N 10
mmol/L ] 3PO ##%¥. B 2 uL fif#53, HA 19.998
mL DMEM #5373, 3% 10 umol/L 1) 3PO s
HUVECs {EAFHARRISRIS S 24 h 5, SRERRE
2 (10 pmol/L) HAET-Fi 24 h JEAS AR RARFRZ,
2.4 etomoxir ;BRHFIZ5HRY

4 1 mg etomoxir ¥ T~ 38.2 uL DMSO 132N

80 mmol/L [ etomoxir f##5¥i. HL 2 uL &, A
19.998 mL DMEM #5554, 1531 80 umol/L [] etomoxir
. HUVECs fEARHHBRIATRS T 24 h J5,  FAAER
RIERE (10 pmol/L) BXETFT1 24 h JERAHRFEAR S,
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9 3 mmol/L FRIAFHEBR M 25 . HX 10 pL f 438,
A 90 uL DMEM }3 7# 5458 22 300 pmol/L. 7EZHIJI
AKZE 50%~60%% LR, I 300 umol/L A5 HH
BRI, 753 24 hP4,
2.6 CCK-8 #& K s X 40 B 7E 10200

UMD T 96 FLAR T, Fratif KR 70%~
80%E LIS, 25 TARIMEE (0. 1.25. 2.50. 5.00,
10.00. 20.00 pmol/L) KEEMRVEWIFE 24 ho IIA
10% CCK-8 &, W H 30 min J5, RABFRMUAE
450 nm P NS FLBOCE (4O {E, FHokE
MUAFIE 2

IR TE R =(A 45— A we)/(A wmw—A 1)
2.7 qRT-PCR ¥ CPT1-A. PFKFB3. CHE¥Es
2 (hexokinase 2, HK2). EEHEIEER 1 (glucose
transporter protein 1, GLUTI) mRNA FRiAKF

W AR A, 2 IR S 1 B AR IR RNA JF
4% cDNA, #4T qRT-PCR 73#7. SI¥F 5 £ 1.

®=1 39F%
Table 1 Primer sequences
FEH 51 (5°-37)
CPTI-4 F: AGGTCGGAAGCCCATGTTGTA
R: GCTGTCATGCGCTGGAAGTC
PFKFB3 F: ATTGAATATGCCGTCTCC

R: CACAAGATACACACATGG
HK2 F: TACACTCAATGACATCCGAACTG
R: CGTCCTTATCGTCTTCAATATCC

GLUTI F: AGAGTCCATCCCATCCACCA
R: CCTGCCAAAGCGATTAACAA
GAPDH F: GACATGCCGCCTGGAGAAAC

R: AGCCCAGGATGCCCTTTATT

2.8 HfmEEE i REE N
¥ HUVEC LL 1.5X105 N/ALEMTE 96 FLIK
th, B 4 AN EAL. EINGEE S, NN KBTI A/EL
FRH T 24 he 73 7 II FAO 157 & 1T FAO
DA, T A7) A R I S, SR
Seahorse XF96 7 Hr A Al FAO FHKE R fig 2 3 %
[ RE R
29 SFFXEWIEXREEES PPARe HEEETER
M PDB #i## E (www.rcsb.org) 3£HL PPARa £
LR 3D Z5MSCft, 4l PDB kg3, FIH]
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HIREIRE /1 (P<0.01, B 1-G~K), Tfij 10.0 umol/L
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#INfE (P<0.05. 0.01, & 1-L. M), HE5EAM
Kk, BIRZGEREIR, ik FAO. I ERE A2 K
FERREM HUVECs QI ) 32 BHAE
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SLC25A20) 1. ikl & A D A Yl i %
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#H B AE H 2 1 ( thioredoxin interaction protein ,
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100 i H | & K¥E# 2.5 pmol L 120 (2.5 pmol L
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A-CCK-8 Rl AR B (1 K B TR M AA 38 S I (n=3): B~E-WEGACHEGT mRNA AN RIEE (n=3); F-AMRKF (n=3): GH
Seahorse XF96 3T AN I (fI K # R % HUVECs FAO FISNT (n=4); H-FAO JHFERE: T-BEREIFIR: J-ATP P=Aid; K-S kWPl L-fEH
Seahorse XF96 43 HT AN [ FE R 3t HUVECS MERERNRZNN (n=4); M-FEREARE . BETERES1 ROBEREAR (G & 68 J1 e BT Sxd IRl LA
"P<0.05 “P<0.01; SHBALLE: *P<0.05 #P<0.01, FEIF.

A-effect of different concentrations of rhein on cell survival rate detected by CCK-8 (n = 3); B—E-relative mRNA expression levels of glycolipid
metabolism enzymes (n = 3); F-level of lactate (n = 3); G-effect of different concentrations of rhein on FAO in HUVECs analyzed by Seahorse XF96 (n =
4); H-FAO consumption; I-basal respiration; J-ATP production; K-maximum respiration; L-effect of different concentrations of rhein on glycolysis in
HUVECs analyzed by Seahorse XF96 (n = 4); M-quantitative analysis of glycolysis, glycolysis capacity and glycolysis reserve capacity; *P < 0.05

*P <0.01 vs control group; *P < 0.05 *P <0.01 vs model group, same as below figures.

1 AHEEY HUVECs FAO FIHEBHRAOSIN (Xt )
Fig. 1 Effect of rhein on FAO and glycolysis in HUVECs (x £ s5)
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Table 2 Binding energy and residues of PPARa with rhein and agonist of PPARa
éﬂ:AL‘b/ éﬂ:Aﬂb/
X iR LRI X RS Gt
(kcal-mol ™) (kcal-mol™)
BMS687453 —8.85 ASP466. LYS448. MET467| WY-14643 -7.26 LYS448. TRY464. GLN445
KA -8.56 ASP466. LYS448. ARG465| #HIEP 5% -7.10 LYS448. GLN445
B (X TEDAZH —8.47 ASP466. LYS448 WE I -7.10 LYS449
A DURFIR -7.69 LYS448. GLN442 A -6.09 ASP466
v DURF -7.52 ASP466. LYS448. GLN442
1 kcal-mol™'=4.182 kJ-mol™!
BMS687543 KR b JEAThr i
R © e S
e : ASRUSe ). ) g : (aspass ) | ASP466, 47 l.YSJIfﬂ
% SELe  wET6T O“f 1 v Y- RGA465 X Y !
s | = ) Lysyss | OO ! | 4 |
s R . Ry 2 Lys44 o 3 R
AR DURFIR Ak DURF WY-14643
. Ammmm———— . =g == ' o LYSUS_
e o o : ‘,‘\ LYS#8 ISP466 ‘J’u\{ e TRY464 1
ﬁ%:e-:}' I o~ j : I L ) : Y (:;LT“‘
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: / 0 \ . : A 1 [} 1
\ p PO ‘oL 1 = e i H ey !
[X (’ : v, : i it ooy | . 0 :
B! I <« , . & : : \_(:,ASPM :

2 PPARo SAEERHIE(EIER
Fig.2 Interaction between PPARa and rhein

3.3 KEEEITEE PPARa T HERSX 5 < 5288
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Fig. 6 Expressions of eNOS and VEGF in HUVEC: after inhibition of key enzymes of FAO (x + s)
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