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Abstract

Objective: To explore the apoptotic effect of plasma metabolite pyruvate on vascular smooth mus-
cle cells. Method: Selecting human vascular smooth muscle cells (VSMCs), using angiotensin II (Ang
II) intervention to stimulate cells to establish a VSMC injury model. Different concentrations of
specific metabolite pyruvate were used to intervene in the damaged cells, and cell apoptosis was
detected through CCK8, TUNEL, and flow cytometry experiments. Results: The viability of VSMC
cells decreased in a gradient dependent manner with Ang II concentration. The effects of different
concentrations of pyruvate on VSMC cell viability vary, and there is no statistically significant dif-
ference in the effect of pyruvate on cell viability within a certain concentration range. The Ang II
induced VSMC damaged cell model showed a trend of cell viability recovery after intervention
with pyruvate. When pyruvate (2 mmol/L) intervenes in Ang Il induced VSMC damaged cell model,
it can partially restore cell apoptosis. Conclusions: Acetate restores the vitality of vascular smooth
muscle cells after Ang Il intervention injury. Acetate inhibits further apoptosis of vascular smooth
muscle cells intervened by Ang II.
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1. 5|15

TR KR H WG S A A R [1] . ANSERE, B R S v RO TR 2 R DA Tl R s ik
25T s AD BERE. BRI, TR EOT FE AL A EIR T Tk, LS NLgRahE AR AD &
Tt 2], ARG E TR, HEASEE . M. BEB] [4]. @i B s 25 6L
SERHIE . B SHUR T AD AR A, RPN VSMCs 453 5%, SRPELT YR IR, ST 7 ilhih £,
RAG| R EZNKEESGAL, EKY 5K, REBR. TSN AL, ARG TR AR AR X
—RE R HEEAE, TR R YT 5 TH BEE — i BRI R

A TS FH AR ) AU EL 2B 2 43 ) I i IR LR A R YD B BR AE 3 ik R 12 5 A= ik 4 b T
= FTUME AR ER, SO T RER[5]. o —TH AR Y] TMAO RILMEDy AD HISHBiZ WA= ¥bs
B[], HAWWT TR R AR YRR A 2N ZTE Stanford A 745 Stanford B ! AD 1 & EZRH
it 3, T DME NI EIX 5 A 5 B B AD [7]. BEAEWFACH, BB AN~ =R, ©
SEREMEARIRAT () B 4 74, TBRRRAE = K8 FR s AR R e G SRR A E I [8], At A I[9]
FEAMT T BRATIR ML F-18 LA I (vascular smooth muscle cell, VSMC), FIMLE %5k % 11 (Angiotensin 11,
Ang 1) FFRRIEEAR M 57 VSMC S5, F AN R B2 R R S P A R0 AT I = T 73 20 i, 7385 CCK8.
TUNEL St sUEE SR ii ks 4RI T 0k B AEPRZR LA P R R ) LA~ 11 LA ) R T2

2. KFE
2.1. ‘ApmIESE
NIEFENAAE(VSMC)E T DMEM $5778 35 (% 10%64- & W), TEZ/FHN 37°C. 5% CO,
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TEIRAE P E s 37 . BEERVEA L. B4R, RH 3~8 R4t 1T5E5.
2.2. 8N4 P TE K 7R JISELE

M 4 v+ #0a 77 & (Cell Counting Kit-8, CCK8) (L2 2 RAMI AR 24 5 )% VSMCs 48 58 Al
BEAT VPO . #RAEANT SR BOg I i ST R 96 fLRT, B 37 FEIRBE R TR. A
SeaEE,  HSOR B KRS AN FIR L Ang 1 AN EIR (Pyruvic Acid, PA)AREEARIL. 24 /N5,
T CCK-8 ¥& L, 37TCREEHEH 1 /M 30 0Bk FHEEARCCIEWOLE, A A g FE e

2.3. TUNEL #&i0Ea Al apasnpaEt

FIF 4 T35 £ (TAT mediated dUTP Nick End Labeling, TUNEL) (#2382 R AEMH AR 2 7)) %
VSMCs P& T AT R IIPPAl o SRR : KX BB 403 5050 T 24 FLARCP, IWEE RT 5 A PA Ab3E,
THEVEAHNL S H 4%2 % FP I (] 40 30 Z3 b, 1R — IR RSN E 4 0.3% TritonX-100 [¥] PBS, fE%
I R E 5 min. 44 50 ul TUNEL JEEBINABIREA S, 6T 37°C FE55% 60 min, H v, 7E5O6
TR N AT

2.4, FRINARMF BN AT

FIF PE Annexin V i 8 46175 £ (35 [ BD Pharmingen A &)%) VSMCs 8 T k47 83— 463
flie #AEWT: XEOGK MRS ER] 6 FUtkh, H PA b3, HFEP|EWIREEEFEE] 15 2450
Bl 1600 B/5r B0 4 3P R G 5 EIER . FINYA TG PBS, B0 R FiER, M FEE S 2 3. F 100
ul IxEE AP B, 7E BB P T SO NRERIBERNE 10° N EAyET . BER
100 ul A& nE] 15 ml B0 E RS XWGYE HREEA N 5 ul PE + 5 ul 7-ADD (FRAVE 54 R, H2&
53RN PEL 7-ADD % 5 ul), #4E0KT, EFE 15 min. H— O HIN 400 ul IS5 AR, T
FHIE R I S8 A 2 5 ml i s o 1 /NS A R A A ASGEEAT R I 43 8 o 45 R A Flowdo_V10 it 4b 3 .

25. G AEE

BT PRI AME £ brEE RIS, DIBOLFEA t IR T AL X b, 2402 187847 ANOVA 44T,
PLP<0.05 N &M, AW 501# ] Graph Pad Prism 9 K SPSS27.0 i FikR B kb 4T AL B .

3. &R
3.1. AERERRTL4RPEIE IRIR N

N T AEZH K- ) BH PR R R 32 Bk e 2 B s AL, BRAT TSSO P P R ER 1 T 32 B kT AL,
MREFR T N E B HKCEE A (HVSCM) o« FATT5 F AN [F]3# (10 nmol/L. 100 nmol/L . 1 umol/L 10 umol/L.
100 umol/L) iM% ik 2 11 (Ang 1) T TR MGRE R aF i 40ia, 24 /et KIS 2 — AN RERE 5 804t i
EHTHAAZE T SEAMBKESLT I —NRES . FATHE A FEHE (0.5 mmol/L. 1 mmol/L. 2 mmol/L.
3.5 mmol/L. 5 mmol/L) A EHER(PA) T Tk BE R 4F (A 24 /et o DL E 2 B &) T Tl f53H CCK8
PRSI A0S /7, AR anr FEI(& 1), BEE Ang I TR EE I N4a M 77 R %, 4 Ang 1 9KRFEN 1
uM IR 3E 7 R B, B — 0 A0S T IR o PR ER AR — 5 BV 5 0 BBl P f I TV LA Bt 0 8
MaAR /1N o Ang 11 F-FIUMLE P4 WLA0 M f5 DAAS R0 B P ARG T TR B R R VAR 2 2 mM R AR EZ Ang 11
I 40 3 T

3.2. TUNEL i® &0 A ETES X LA pa AT RIS
i TUNEL 570 &5 Ak P 5 15 51 e i 21 60,58 S (TR T4, [ P B % €655 2 DAPI FT 42 (41 i
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. FATEXTHE control ZHANMURAS RAF, RIEWHIRE, H5IEM. Ang I LI RGZ0H 1L 72 R T
Y, SIEGEARE, d0ME T IERES. 1 Ang 11 5 PA IR, B IE T4, (B
HH & Ang 11 AR EE /D (] 2).,

1.5 15
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A: Ang Il 5 B ETTR40ML; B: Ang I IKFETEREI4E /Ny 3 FhFTR40ML, HRARAWKE
1uM; C: PASFIRIZETTANM: D: PAIKEJEHZE/N N3 F, H5 1uM Ang Il [Fi
F-5i; E: 1 uM Ang 11 5 2 mM PA [RIF T4 (*P < 0.05, **P < 0.01, ***P < 0.001).

Figure 1. Histogram of CCKa8 test results
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Figure 2. TUNEL detection of cell apoptosis
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Figure 3. Flow cytometry detection of cell apoptosis
3. TR ARG 4 R =
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3.3. BRI AT U 7 BRER X £ AE A T B 2

1 a2 B DA R R T A B T s e, FRATD A A N IR AL Ang 1 2H % Ang 1l + PA 4,
FRA A AR T8 DL S5 5w 3. 5, SR Ang 11 ZH T L0 B0 T2 28 (%) 34 m
(14.03 £ 0.05 vs 29.67 + 0.03, P = 0.002).. Ang Il + PA 5 Ang Il ZHAH L, 4RAIE T2 (%) 982> (29.67 + 0.03 vs
19.69 +0.08, P = 0.013). ixX 2 B4 7 7R el R #10 ok <10 LA PR 1o
4. Wig

FEalik I ZHR AN SBEE RN R, Rsh %My TEYSE, DR G RESE 2 5 L R .
S ERARAL I 3 A AR T R 0 413 5 (Extracellular Matrix, ECM) IR . o #E OV« VSMC 1
T J R B L S5 45 [10]-[12]

AT O 2 5 AD KA R R NS 3 1) SMC 5 [13]. FRATTIBI 70 & A [R5 1Y)
PA SHIHLIE JI AR H, PA T2 )5, AN 2 P0E /K Eash . PIERER (2 mmol/L) 173z it
YRR, FTLAE— B AR Bk S 4iE T,

PA & —FEZEMAN/NDT, R —MIRISHIAIER. PABEREAFRRMEKIMER, XEH b
MR . PA R a-BilR, J&T AR . PA RN EN =HERE, © R RIS RN R
Y, MR R AR AR RE,  BUHE NZORLAR N AR R O A, AN ZRRIRTERS, R
FALTRAIK, S B AR A EEAC IR RELFE . IR, PA SRR B e e I i R 181724 . PA T
I 2 FEE A R = RERIE IR SCHUAR S, R RS SRR [ ) BB Ak, TR, PA FE = KE RN
FRGTICR G X AAERI[8] [9]. PA BR T 7E = KE VR AR 7 T iC EZAEF 4h, fEPUA T TH
A S AE I [9].

AW R IRATN A Ang 11 %S VSMC 40 T2, SR )5 A A ERER T- T4 A, &5 J 40 A 8 Tk
A, UL T ER R (PA) AT LAHII A T PA A& =R RIEPA I B B B0 40, e A2 o Bl I 44 1 A
fi (Phosphoenol pyruvate, PEP)E [4 i B2 W B HE AL A B R =26 10 440 B iy PA 34 I B 4 4k L Bl 735 A
P PR AT T R A S A G, I T I R YR i TR PR R VBRI 3N 71 M2 (pyruvate Kinase M2, PKM2)
MR R K o A — TR FC B A R AT A0 A T S IR 32 B ik 2 B 3 (TAAD) R B-2 2 T i & SR 3k
(BAPN)5F 1) TAAD /MR BN, MR E G KL+ PKM 2 KTFFrE. H PKM 2
WOE T TEPP-46 Y4U7 B B 7 /N BRIt TAAD (ERE, TFRAK T &% 280 32 Bk 0 85 1 B4R R
WEBI[14]. BE4h, 4F TEPP-46 ALFEET, BAPN 755 /I BRI 630 fif Bl di 7 B A% 400 it 0 (5 s 4 i 32
T, IL-18. MMP Al ROS /K F-F&{%. B4k, TEPP-46 AbFHIAIE I T i p-STAT 3 Al HIF 1-o 4014
NOD £ 52 /& (NLR) 5 i A1 pyrin 45 #9380 25 5 3(NLRP 3) %8 PEAA % AL [14] . LL_E H A B 78 45 PKM2
WOE ) TEPP-46 34N BRI M 32 ) ik J& 2 1 & A R e, it DUASS 20 A AL A5 HY PA 40 40 B ) T2 mT et
& RAMLH AT EL

5. &

g LR, THEERIE N S BRI ER M B, I T A S A, Pk, dRithsE
SRR 5. PIRRRRE Ang 11 T THRA% (0 1A% T VAR IS /7. PRFRERHD ] Ang 11 -0 1 Py AL
AUV, RO ZERY Stanford B % AD JA7THE
E&mH

BT E R BIE X E AR 3L 4 R B I H (2022D01D66) ;  HTEE4EE R H A X E AR AT 55 T
(2022B03022-3).
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