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Puerarin reduces oxidative damage to vascular endothelial cells by
improving mitochondrial respiratory function
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Abstract: This study investigated the effect of puerarin on human umbilical vein endothelial cells (HUVEC)
injured with hydrogen peroxide (H,0,). HUVEC were divided into three groups: a control group, a model group
(H,0, 400 umol-L™") and a puerarin-treated group (3, 10, 30 and 100 umol-L™). HUVEC were cultured with varied
concentration of puerarin for 2 h and treated with H,O, for another 24 h. Cell proliferation was detected by a CCK-8
assay. The mitochondrial membrane potential was measured by a JC-1 fluorescent probe. A transwell chamber assay
was adopted to observe cell migration ability. Mitochondrial respiratory function was measured in a two-chamber
titration injection respirometer (Oxygraph-2k). The expression of interleukin-14 (IL-1p), interleukin-18 (IL-18) and
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tumor necrosis factor-o. (TNF-«) was detected by quantitative real-time PCR. The expression of pyroptosis-mediated
proteins, including cleaved-cysteinyl aspartate-specific proteinase-1 (caspase-1), N-gasdermin D (N-GSDMD), NOD-
like receptor protein 3 (NLRP3) and purinergic ligand-gated ion channel 7 receptor (P2X7R) was detected by Western
blot. The results show that 400 umol-L™* H,0O, treatment for 24 h causes obvious damage to HUVEC. Compared with
the model group, puerarin protected against cellular injury in a dose-dependent manner, with the greatest effect at a
dose of 30 and 100 pmol-L™. Puerarin significantly decreased the mitochondrial membrane potential and improved
mitochondrial function. Puerarin inhibited cell migration induced by H,O,, suppressed the expression of IL-1/, IL-18
and TNF-¢, and down-regulated the pyroptosis-mediated protein. These changes are statistically significant (P < 0.05).
These findings demonstrate that puerarin has a protective effect against H,0,-induced oxidative damage of HUVEC
by inhibiting the migration of HUVEC cells. The mechanism may be related to improved mitochondrial respiratory

function and inhibition of pyroptosis.
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MiR05 Ity H b 5t Bl AR A BR 23 7] ; Trizol RNA
FBGR ] L 2x Tag PCR Master Mix i 711 [ 75 5T i#
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A 45 ¥ I 52/ B 11 3 (NOD-like receptor protein 3,
NLRP3) J cleaved C-terminal gasdermin D (GSDMD)
Piik (35 1E Abcam /A 7). cleaved-caspase-1 & f-actin 71
& (Cell Signaling Technology % #); ECL 1k 2% & Yt k&
TR (b RO AR AT IR A F]) . HoAli
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Table 1 Related primer sequence. IL-14: Interleukin-14; 1L-18:
Interleukin-18; TNF-a: Tumor necrosis factor-a; GAPDH: Glycer-
aldehyde-3-phosphate dehydrogenase

Gene Primer sequence
IL-18 F AACAGCGAGGGAGAAACTGG
R GGTCGGAGATTCGTAGCTGG
IL-18 F GCTTGAATCTAAATTATCAGTC
R GAAGATTCAAATTGCATCTTAT
TNF-a F CTACGTTTGCTTTGCTCTGGTGA
R CCGGTCTGAATTCCTTTGCTC
GAPDH F TCCAAAATCAAGTGGGGCGA
R TGATGACCCTTTTGGCTCCC
FUBEI 9 B = Gy b 4

YRR EEFF  HUVEC 41 fid 75 & 10% fif 4 1M i .
100 u-mL™ 7 % & A1 100 pg-mL™* 5% % X () DMEM 1%
R RS 7%, 37 °C.5% CO, Wl FIE & 55 9%, BEBE P K
FEAR, Fr L A -0 BUAE K T 5256

AR E R R AR K RS R
HUVEC 48 i, k45 52 56 1% £ 45 P T 96 FLAR L 35 77 ML EY
6fLIR . 3L H,0,15 T4 HUVEC P K 40 fu i Y,
H,0, 2 5 4 400 pmol-L™. SEE6 4341 25 4 (R nzs
[ & A B 8 9% 3k, ML 41 (400 pmol-L™ H,0,); 44 %4
4 DL 3.10.30.100 pmol-L™* EHEE T & 2 h,
2 J& 5 400 pmol-L™* H,0, 3t 54 5% 24 h.,

CCK-8EK MM BFIFER WA KM
HUVEC P 5z 41 il (9~12 1Y), 0.25% figi 2 141 il v 14 )5
T, R M 25 7, BL5 000 AN/FLEEFRD T 96 FLAR .
K H CCK-8 i & v Ml 52 % 4 2% F/8% H,0, % HUVEC
M EEE . LIRS, B A RIGW, BRI
80 pL CCK-8 (1:10 #i ) ¥, S8 J5 75 37 °C T 4k 8 5%
7% 0.5~1 h. 1 A Molecular Devices SpectraMax M5
B AR AXAE 450 nm T P E ROK B2, THES FLAR RS 7).

AT ERME Ko B4 K HUVEC 41 i
WAk, AN 2 i3 1) DMEM 5% 97 3% 8 2 0 i, 7 45 41
Jf % 55 R RE = T 5%10° 4, B 300 WL 4 A B i 4 Fh 2
Transwell /N P, B H % E 3 NE L, F-7E 24 FLIA
(N =) i 600 pL & 20% FBS ) DMEM 15 7# 3£
AR 3 HE ARG 5% 24 & 48 h R ELH /b=, H
MRS 2 L Gl H, K D8 N 2R T 40 i ) 4% % 5%
FH i 8] 5, P 0.19% &5 a8 e 61, P Al /K gk 25 5 R G bl
T E WAL (200x) NS IR . B2 2 D FEHL
JEHLS A HLES T4

JC- 1R HKIRET ML R RFR B AL DU A K
HIH HUVEC W B2 40 B (9~124R%), 0.25% fif 55 (H i M
W JE, v, PR AN A R, BL5 000 AN/ LR T 96 AL
B SR IC-1 5 S BRI 5 2 R 1 IS FEL A7 (miito-

chondrial membrane potential, MMP). SZ46 2% /5, #% 2
E3EW, BEFLINN 100 pl JC-1 4 (f TAFW (1x), 784018
&), TEA M5 3746 37 °CHE & 20 min, 5% & 25 1 5 W
3, HIC-1 R g2 vl (1x) Peddk 2 4k, B Ja B L
100 pl 4L 5E 7RI, 26 i S LEE. Al Molecular
Devices Spectra Max M5 BFR A JIC-1 BLff (R e
WE 490 nm, K561 E N 530 nm) A1IC-1 K G
(R 61 B N 525 nm, R 41 E v 590 nm).

Oxygraph-2k (02Kk) 2 A Th 56 E F G 46 M 2%
RRREIRINGE X AR N I UK FE AT RS« O 3
K HUVEC A B2 4l il (9~121%), 0.25% i &5
BEE AL, VHEL TR R T, DR 2T 2% 10° A HE b
T . SEE0 2% S, i R AR A, R =R
7800 r-min B0 3 min, 44 5 FH 4 g 5% 7% ik 5 MiR05
V2 R o K B R A AR N BORL AR IR I ) RE N E FR
45 (02k; Oroboros Instruments, Innsbruck, Austria). i
T2 PN 4T e 44 TR P 24 R R T 110 AN . AR
5min j5, KA E . £dE i it Datlab K f4 5.2 (Oroboros
Instruments, Innsbruck, Austria) ic3%. A T Kl HUVEC
PR A0 I B R AR IR Ty R, A 32 3 1 2 i b R A -
S A BB — 00 1) 77 1€ 70k, T SRANE - A0 AR AR = IR
FaE — B[] 5, DU 25 A RF 0 . v b 38 3% (Dig,
10°4™ 4 150 pg Dig) #EAT M4 . TEV A ADP
WEMENT, KHAZ (G, 5 mmol-L™) F13 &R
(M, 2 mmol-L™Y) HI T 5 5 &% | 1 0 05k s IR A5
(Cl leak). #RJ&, I\ 5 mmol-L™* ADP 4l & 44 | 1)
AL ER b (OXPHOS) B8 17 (CI P). ZJiF, I BEH]
% (100 mmol-L™") 75 5 KAWL, B E5W|
ME SN (CL+ 1 P). K5, 181555 % F FCCP i
TEVEI E TR RS (ETS) 1 5 K A8 W I 25 1
(CI + I1ETS). i fa R (Rot, 0.5 umol-L™) J& 4
SEYN BT D) RE (CIETS). & Jq, T
B A (2.5 pmol-L™) iFM ik R A R .

gRT-PCR#M HUVEC 48R IL-18.1L-18 . TNF-a
BIFRIE AN AR 24 h 5, Trizol iE$EHUAH L
HE RNA. M4 Takara ¥ 7 sg o 7 G 32 AT 100 3% ¢
LA 1 CDNA, 5 B8 1 6 Fie B ) & Ul AT . &
FE R X B R % 519 %% 0.4 ul, 2x AceQ Universal
SYBR gPCR Master Mix 10 uL, cDNA #i 47 1.6 uL, K
P ZE K8 pl. PCR R MFEFF: 95 °C 5 min; 95 °C 10's,
60 °C 30's, 95 °C 15s, 35 M #f; 60 °C 60°s; 95 °C 15 s;
EEUGAPDH NN Z L[ . SR 27 2% KRR & 2L A 1)
AR R IE & .

E R E S Western blot N ET-HAEHHE
KK SIS 2 R, G ST R IR AR, 4 cCTA Y
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PBS & ¥E 2 7k, I\ I& & & 25 A B4 il 77 | 2 1 R g
PO 7 ) RIPA 2L, UK 224 30 min, F¥% v 1) 40
it ) 47 4 R, TN 1.5 mL EP b, B AL
4 °C.12 000 r-min™ &> 15 min, BCA il 52 & (1 ik
fE. RIPATAEE LIRS, MAS5x EFEZ M, &8
#1100 °CAN# 10 min. & A /323 A7 T -80 °C LR AT
% H . Western blot 52546 & FL 4 50 pg & A, 3t
AT 1 o i il R A — 5 A A T g I FRLVK, LR RS &
PVDF i, 5% it fig W5k & 412 h, e 2 J5 58T M 5%
f)—Hi 4 C T E TR, 4 TBSTVLE S, A R —
P25 °CHFE 2 h, VelE, ECL &5 R . Hr 2457

it 4> 7 % M GraphPad Prism 7.0 #1F 347 4>
BT, G5 R LI + s Fow, PRI L tAR 56, 2 411h)
bt 8K FH 5 [R 25 7 22 4 B (one-way ANOVA). P <
0.05 N NEA G = L.

xR
RELRE H,0, % HUVEC F B 4BBESE 8020

¥ H,0, % B W JZ B E 4 ) 75 HUVEC 41 Jiig
24 h, il 3L CCK-8 7246 Ml H,0, X HUVEC 41 Ji 3 /7 1
SO, BB . A5 RN (K1), BB H,0, ik
BTt =, A0S R A . F A 400 pmol L H,0,
% & HUVEC 4l i 24 h J5, 4 s /1B R B, 255
&, ¥ 3% FH 400 umol-L™ H,0, #4741 «
2 BERZEXMEERH,0,%H T HUVEC HAE K
A

i CCK-8 kA I 55 AL 2 35 £ 4H il B3 1%, 4R 9T 1F

WA R B X HUVEC 40 3% 3 i i . 46 5L 8
7~ (K 2A) B 2 (3~100 pmol-L™) gk F HUVEC
Yif 24 h 5, S5xt AL, 41 iE e G i R,
TR E FEMREX HUVEC B B &, Tk
(&l 2B), 400 pumol-L™* H,0, f£ A1 T- HUVEC 41 ffid 24 h
J&i, 5 OE T B2 AH L, 40 B A7 S 2R R PR (P <
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Figure 1  Effects of hydrogen peroxide (H,0,) on cell viability in

human umbilical vein endothelial cells (HUVECs) for24h.n=3,X + s

0.01), #4400 pumol-L™* H,O, %} HUVEC 41l il = 4E 1 1§
R A ARG S B R T . WA R (3~
100 pmol-L™) T & 2 hJ&, 7T LAGR 37 40 i 4 52 37 443,
B AP A M, LA DL 30 A1 100 pmol-L* B AR =
29WE RO et (P < 0.05).
3 BRFHFIH,0,ESHUVEC A AAmTH

K FH Transwell /]n 5 % 20 30 #8455 LA T VRAN, /N2
FJE AN IMIE DMEM £537 8, 2 HUINA T 20% FBS
) DMEM K5 7: 55, 5 S AL #% . 45 R wos (K3), i
ST 24 F148 h Ji, A5 7 21 2 T 41 Al K ek IR 4
W38 2 B9 AR 2R A5 4 24 A TR P O v b 9D A S
R, DIEk R RO RN % .
4 BIREXTHUEVC AR 48R 2 R 4 5 B8, 3 Y 72 M)

WO LT £ B O 5% J JC-1 ¥R BT e 0 v 46 ) 4%
LKA AL . R BN (B 4), 5XT AL,
B ZH 1K) JC-1 4R (5, 5% s i 52 A . 30 i, 40 €500
S JY W1 SR 55 (P < 0.05), RN Rk s Ar R 5
T 2H A B, 55 AR 25 T DA B 44 6 1 b 9 55 JC-1 #R &
(28 5,58 O, 2168 58 O T BE N, 2 Ak B H A7 T
(P <0.05), Hr1) 100 pmol- L™ S5 i = 3R e N B %
5 BRZEXTHUVEC 4HREL AR AITE IR Th 88 A 821

YA & 100 pmol-L B4R 2 2 h, 48400 ymol-L™

Cell viability / % of control

Control 0 3 10 30 100
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Figure 2 Effects of puerarin (3-100 umol-L™) on the cell viability of HUVEC treated with 400 umol-L™ H,0,. A: Effects of puerarin on cell
viability under normaxia conditions; B: Effects of puerarin on cell viability in H,0O,-induced cell injury. n = 3, X + s. *P < 0.01 vs control;

“P < 0.05, P < 0.01 vs model
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Figure 3  Puerarin reduces cell migration induced by H,0, of 24 or 48 h. A: Representative images of migrated HUVEC in Transwell
chamber assay after treatment with or without H,O, in the presence or absence of puerarin for 24 or 48 h (scale bar: 100 pm); B, C: The
figure indicates the number of migrated cells. Cells were counted in 6-8 randomly chosen microscope fields per filter. n = 6-8, X + s. “P <
0.01 vs control; P < 0.05, “P < 0.01 vs model

A
L
—_— 0
g
s
-]
5
T E
U e
=
g
B
0
o
=
Control H,0,/ 400 pmol-L"' Puerarin /3 pmol-L ' Puerarin/ 10 pmol-L'  Puerarin /30 pmol-L ™' Puerarin / 100 pmol-L"'
B
0.8 5
#
=
0.6 T

0.4 4

0.2 4

=1
—

0.0 -

Control 0 3 10 30 100
Puerarin / pmol-L "' + 400 pmol-L ' H,0,

JC-1 monomer / JC-1 aggregate

Figure 4 Effects of puerarin on mitochondrial membrane potential of HUVEC. Fluorescence image (A) of JC-1 staining in HUVEC cells
exposed to 400 pmol-L™ H,0, for 24 h (scale bar: 100 um) and quantitative analysis of the ratio of red fluorescence to green fluorescence
(B).n=3,x £ s. P <0.05 vs control; P < 0.05 vs model
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H,0, #b 2 24 h, i ik O2k 2847 44 W TH RE A, K i
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BN (P <0.05).
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Figure 5 Mitochondrial respiratory function of HUVEC treated with 400 umol-L™* H,0,. A: Effects of puerarin on mitochondrial complex
of HUVEC induced by 400 umol-L™ H,0,for 24 h; B, C: The representative profile of O, concentration change and relative level of O, flux
per volume of HUVEC in H,0, model; D: The summarized data of mitochondrial respiration in H,0, and puerarin group, including routine,
complex | (Cl) and CI plus complex Il (CIl) oxidative phosphorylation, Cl and ClII leak, as well as ClI plus ClI electron transfer system. P:
Oxidative phosphorylation capacity; ETS: Electron transfer system. n = 3, X = s. “P < 0.01 vs control; “P < 0.05 vs model
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Figure 6 Effects of puerarin on TNF-q, IL-15 and 1L-18 mRNA expression of HUVEC induced H,0, (400 umol-L™) for 24 h.n=4,X + s
“P < 0.05, P < 0.01 vs control; "P < 0.05, “P < 0.01 vs model
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Figure 7  Effects of puerarin (3-100 umol-L™) on the pyroptosis-related protein expression in HUVEC exposed to H,0,. A: Cleaved-
caspase-1 expression; B: N-GSDMD expression; C: NLRP3 expression; D: P2X7R expression. Relative density analysis of the protein
bands was shown by the Western blot with g-actin as control. *P < 0.05, *P < 0.01 vs control; P < 0.05, “P < 0.01 vs model. n = 3-6, X  s.
N-GSDMD: Cleaved C-terminal gasdermin D; NLRP3: NOD-like receptor protein 3; P2X7R: Purinergic ligand-gated ion channel 7 receptor
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