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Effects of mitochondrial dysfunction on vascular aging based on the theory

of ''spontaneous harmonization between yin and yang'
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[Abstract] Vascular aging is a fundamental pathological process underlying various chronic diseases in the elderly, with
mitochondrial dysfunction playing a critical role in its occurrence and progression. The dynamic regulation process of mitochondria,
including fission and fusion, autophagy and biosynthesis, embodies the view of the opposing unity and mutual transformation of yin
and yang in the theory of “spontaneous harmonization between yin and yang” in Chinese medicine. Starting from the perspective of
“spontaneous harmonization between yin and yang” theory, this article explores the mechanisms of action of mitochondrial
dysfunction in vascular aging and clarifies the key role of yin and yang balance in maintaining mitochondrial function and vascular
aging. It aims to provide theoretical support and practical basis for the prevention and treatment of vascular aging.

[Keywords) spontaneous harmonization between yin and yang; mitochondria; homeostasis; vascular aging; mitochondrial

dysfunction

A IO RGO G  RIBEY AFRIESR I A RO, R B2 2l
Iiezs i DS i 1= o R VS ot 1K 0570 71 ST N < O 111 D /N (R SR e W D G | R PSS e 2
B HLRF e UMLSA TR T B e A R EADUR RIRRABET R B LI, NI, IRATSE A %
o B IIREREIR B BEALA B 50 o BERRRSEE L R TR N S A I O f) — ZR 80 fit B

(475 B #7)2024-08-02
(BSTHE ER ARBREILAIH ((82374334) ; MIHIA FIARIEHE I H (20220030433 ) 5 W1 H 25 KB E QTR (2024CX038) .
CEMS1EE )= fidelf, 1 WA 2052, 98 A S0, E-mail ; daxiong20001977@163.com,,



106 TR H R 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 %

A E B

R RS R, < BB F AR G A A Y
WA R ITFESR LR, T B BH 2R A A R e A
PR BRI RERRAS S AL AN & A i BRI, 4ok
PR i Y £ EE R A P, Hsh i RE )
U AT EEAEZ G ZAL Ak, R
WFFE R, 2R PR D RE RS R i 2o 420 380, A O
ToAELRDINE I 28, H R BAT & B2 B
RSN BYHRFIER A SCEET B FH F AT BRI 45595
SRR D RERR AT SN BRI OC R | B RN A A
KRR I 76 B2 LR B B SCfr, Rl 2 gt
B S AR SE T RE T B

1 “BABHE 1”2 L An g AR AYAE T

1.1 “FAFHBf"REBEZE

W BRI ok AR A S 2l RAE(R ] - |
R EIR G )t B 2 A R R AE T
“bilZ N, HEEE, ETHIE MR AR
A7 BIFHA SR P R AR R — i
Kb T3 ) e NAAA: A 15 2 43806 BH B 37 58— B A0
#, (Ol REE LYE“—A—FHIEZ 8", BB
DR A S5 R SR AR A AR AR TR I, “BIRH R
SEFE P BB T A F T G sh 257, M i 4
FREmim iR . IEK S EIE R AZER
HLET AR E . “F0 2 B B PR A R 2 o
L S R R, (DG - R R ) IRRH
“BRAS B R, BAAS BT, MISEAE IE 2 A, 3R
= 2 S IRIAEIE S | A B A i 20 QR P17 | i
AR U T NN X S G — S B AR
A3 5 BB B A B TR A B R A2,
SR, S BH A R A A ok — e BREE, RV SR Ry B P 2K
AU AT 5 | R N R T Bk - M <) 1
H MR, AU R S, B BES A BH G
5%, BRI g o 7 B BH 2R AT S BOVERR Dh g 2576
MR, e | K Mg, EIE 1 v BE 2 b 3 4= B
A% Co——"BH BH A A
1.2 “BAPAB " R4 FrLk b (kg R SR B At

RS RE R T, HIEry R S5 40
FRL A A= SR REBE VIAHOCH . BRI sh A2 Ak, G
e 5535 AR S YA B UM 24

N IRRIRRAS  BR IR eI 10 7 2 SRR , i f
BN ML IR B e, ORI RS AT B 1G5
IR T 2 7 W 38 451 T 4 25 U 368 ok o 25 52 43 4
53315 A I EE BRI RERERT LRI, 4ERRA A
R RRIR AR, 3 — 28 By BM AR S e 1 40 i D g
(P B AL, W DR GRS B AR . AT,
LKA AW S5 AV B FRARAAR AL, A WeE
TE T B A0 473 1 SR A4S 2 4 40 I 1) P9 IR B AR T T
A=) ) AL T B RN I S A £ A A Y 4B
SEFNEE A WA AP A U BRIV E T A LR B
2 % e S AR | R T AR A L Y T AR ST RE AN
{dt B D T A E A TP,

ARAR T RERR S AT AR B - B A ™ 1 B AR
A, — T, B PA 3 A N7 AR 2, 2ok iR
FERE I TR SO P93 24, B 1k A WA ) 6 ik
JiE SR AR R AR i A= BRI RE 5 5 — T, BHFH —
H AT ARREAR R, A S SZ B R 4y
SUEBRZATR /I A ki, “FHFH AR
TR bR RE A QI A A 7 SR, X s 4 i LE
WINRE R OCHE IR UANERE B = i, iR
Wi R 75 AL 2 1 B4 (adenosine monophosphate-acti
vated protein kinase , AMPK ) 7] 38 3 BT 1 W 5 24F
YA AR RE LA | X R AR AL A G ERUE T B
FHAH ELARAZ (R O R0 IE andZ&R (] - BAFH R 5 KA )
B “BITEN, BHZ AW FRAES N, B2 fdid, 24 1]
PH-TAE AT TR, SR IARTRAS A, AL 5 ARG
Itesz i, et ACI S5, IG5 AT N | 35 24
JHL 2, T INERE AR S KRR A AL S5 A OC
PP ARAR R S A TS 5 <BA P [ A 2
SHEA MES RS — AMSEYE
BRI PR AL | e [RI7E 4R 20 R A A0 AR A ft e v
e A A,

2 SRR TIRER IS “ AL ENERZ
F R AL

SRR 2 B B AR AR R, AR
SRR AN, SRR
W REEXHER 22—, 4 (reactive. oxygen
species, ROS) 1 B S H LR P I3E SRABI% FR 26 14
I R4 05, LA AR P8 ST 9500 0 504 B



2025 455 45 %

TR H R 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn 107

BI85 e e B N e [N = 8 A N S o
RS R BN A 1 B R A AR
W, 15 BT 2L S R G Sl , i — 2D R R RS
BEAR, M 5L IR AR 2o (R A W T BE T %, #2003
) 28R A R BE B 3 B, ROS B Bl P Bz Dy i
IR TR A A W6 BT R S BOR A= Lo 4
AR HE— 2 I A AR R A T P R 2
AR R SRR T e R 18 55 48 5 2 (4 R AT L
T “BAFRACA BN LL R, TR 1. B
FEN T AR, Toid AN Kz 83 i 5 A8 K
Z VG o 7 I BH R A R e A AR A SRR TR
WM, LRI RE Y e JH R B “ IR 2k
7 HAZ O ) U TR R R S S, S B A i o
AEREIR
2.1 PHEUSAERMERTEELEREM

FH AL SN R SR LR AR T e 2 8 i S0l A8 s 2
ML, SRR R - KER) PR .
Yz A m~F-BH, T 2 5E08 t - FH, AEBHRESE L,
BRI A: | BHZINBE S 7 PHA R FF A AR AR | () -
AR )z R WA F A, "HE
AR I BHAB W  1, SRR 3 24N 2 | I I
AEJT R, “ PR WIEH A AR = HEAR gk i 5| &
ST, I PRI O = oS T R PR
wy T AR, ARERWIIOARN , 48 =%
55 BRI ok e 25 UDAH OGS A B AE T IR AR A2, T
o e HESh = ), TSI BUE R, PR 451,
WFFE R, B SS FEUA R , HETi5 1 & N )
RERRAS , PN R T RE YT 8 m 02 o5 S i LA b 1 34 2
FER , UM BE R T | 15245 | & ShIKAE Ak A il
AN A5 A 5 A L 02 I R KR I PR AR
P SRR AL TR TG ROS A i Gt fA 4
A T2 Ko AMPK/RTFL 3090 B I 2 22 SR 2 1) (mam-
malian target of rapamycin, mTOR) {5 538 f& 1 1)
kiR AW RE R SRR,
22 FABRRREEZENEREHBHNXERER

PHAR WS = 0 (bR, il S804 S
B RS AEIN S, SO T L0 000 A 7 3 | AL e I
A ST R TR Bt 2 A 80k R I 254 T
Z“BRBHZERKIE W GE AR, B AR FRBKE =,
PR A2 TE AN HE O - AR T 2 ¢ KL

AL ITIRANE , — A BAR T AEES I A B, I
RS, U P A 28 M 40 B SR AR Th R 2R
BELA ICHIE SR MAMAR L, = 2 AR 2k
KPR B2 TR X — A R SRR T RE
PRBUIRISC 2, Rl B IE K T I, 2 A
Y 19 Wk D REAZ 40t , AP N 5, AN (ST i 4 ¢
& IR B ks FERE AL TR ™

25 FRTR Il AE s T kAT REJS 5 B
FH AR A 5 DIRR G o BH B A A R AR R H 4 4
VR, SRR D RE A, BRI 5 | R LR R RE &
FRBEL , A I REREIR | g i 8 588 R AR P
MR,

3 A“FAEARFA” 24 RN T e B R ThRE B &
MmERZE

(BiFEi - FR PRI KIE I8 ) & “BAFH AL R
W A, BERIHLAAR Y A ARE ) Er e B BA Sh A A
(R L “BH BH 2K R R 2Rk AR D RE AT A0 TR PR,
BEELRR I RERR AT | BT A I 5 22 AR A R O A
TRHAF  HESHIE AR, 2E3RYT b A i A
TR, R AL B LA, S B LA BOE.”
IR IR
3.1 #MEREMAS

CRBE B - F )2k < H IR At 215
=N 121:/ NG SR St W B A W N LD 2 AN i
Bk I S0 4 5 2 I SR, DRIt 7 R AT FH
(4 77 5 AR HE PR AL DI R IR SR, DA G Il 48
% UMFEE SR AMPK/mTOR T8 B R 2RA [ 1
(1 E IR LAY, NS 84T Rel W M AE 538
PRIRE F AT S/ N R P, TERE I B 2 RS #b
PH 2 2 (N R NS ) AT 2 40 i 2ok ik 1)
R | 5 AT A I R 7 936 5 i v R AR 1 il
Pl AR A Y 43 4 DT IR e IR ST A, b
REVR i 25, R IR AR RE A 5 , 1A T 3K B 2 5 3 11
FB, Beah, A AR & B, LA B R N 2
AR BH A 0375 fil 18 0 s 2 K RS P 1 s/ IR
L, R A WA A AN A RN AL
S 1 % 5% 3 (microtubule—associated protein 1
light chain 3,LC3) Y73k, AT 203 M8 L S T4
P Ul A A U DA A, SRR I A R, X AR



108 TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn

2025 455 45 %

SRR VR AL AL RE el 1 48 N B2 Th e, I8 RE
e g 1 A 01, S 2% 10 A8 o R
3.2 REBALIEH

B SAS 2 T B07) BB R PEL 2% 2 I 4 o ik
JRA R 2R DRI, 7 I PH 45 SR Al L e LAg
AL AP B LAROY . B &3, 16 1

AFE 24 ml B e Lok (A RE B AR B2k AR B o3
R DK S LRSS, IF 9819 A AH S A

S48 PR =7 DA T 00 161 3 2 | 90 % I 7657 308 8 M D30 114

JRIT1 L ARIORIE ST MBI il 245 52 5 RIS R
BEARTEILEE 3 WA/ I B/mTOR 3 #4102k
KR B AW k> p62 AR PR LRk R T RE,
BRI, (R h 2 AT R i S
FIRMIIRERIIE A, 3t L [ WA DGR 1 25 £ Bk Ak
fitf 3. E3 17 G X LC3 Mk IR Ehn ik
Yy p53 FRik, HEsmARL A 3 DR A A 0GR A
AL, JEDZ 3,

4 INEE

(R BURIE - R & I BT, A B 24,
BRAF PR, AR AR, "R AR R, AR R
i BRI RE DG, 2 M 048, O
O R LR A ARBOR IARA IS, AR ZokifA
DIRERRERT -5 LS 8 09 731 B o4 R 5 2 W, EL
HEE A B EH A A Be oy HAR I 1 B B A B AE
2R A BIRH F A B LS Al O I A G
PR IR TR AU IR . R AT R — 2P
AR SRR, SRR LR R D) RE RS 5 1M
EIEERNTEIC R, AR B I By I 522 24l

B 3k

[1] COSTANTINO S, PANENI F, COSENTINO F. Ageing, metabolism
and cardiovascular disease[J]. The Journal of Physiology, 2016,
594(8): 2061-2073.

[2] GROSCHNER L N, WALDECK-WEIERMAIR M, MALLI R, et

—

al. Endothelial mitochondria: Less respiration, more integration[J].
European Journal of Physiology, 2012, 464(1): 63-76.

[3] KANDASAMY P, GYIMESI G, KANAI Y, et al. Amino acid trans-
porters revisited: New views in health and disease[J]. Trends in
Biochemical Sciences, 2018, 43(10): 752-789.

[4] JAVADOV S, KOZLOV A V, CAMARA A K S. Mitochondria

in health and diseases[J]. Cells, 2020, 9(5): 1177.

[S] ADEBAYO M, SINGH S, SINGH A P, et al. Mitochondrial fusion
and fission: The fine—tune balance for cellular homeostasis[J].
FASEB Journal: Official Publication of the Federation of Ameri-
can Societies for Experimental Biology, 2021, 35(6): €21620.

[6] MEYER J N, LEUTHNER T C, LUZ A L. Mitochondrial fusion,
fission, and mitochondrial toxicity[J]. Toxicology, 2017, 391: 42—
53.

[71 KUK M U, LEE Y H, KIM J W, et al. Potential treatment of lyso-
somal storage disease through modulation of the mitochondrial -
lysosomal axis[J]. Cells, 2021, 10(2): 420.

[8] POPOV L D. Mitochondrial biogenesis: An update[J]. Journal of
Cellular and Molecular Medicine, 2020, 24(9): 4892-4899.

(9] &= Wi, PR, JeT, 55 TP A SR A ETE
AR H T RMERD]. 1T P BEARR, 2024, 51(3): 46-49.
[10] ZRfsC, RMAR, Br B 45 PRHPHIE 17Ed AMPK/ULK]
LORLUK 1 Wi T 1R 20 5 TR TR PR S R 225 R ). o

[ SEH 24, 2024, 30(15): 1-10.

[11] BHARATH L P, AGRAWAL M, MCCAMBRIDGE G, et al. Met-
formin enhances autophagy and normalizes mitochondrial function
to alleviate aging-associated inflammation[]J]. Cell Metabolism,
2020, 32(1): 44-55, 6.

[12] HOFER S J, LIANG Y T, ZIMMERMANN A, et al. Spermidine—
induced hypusination preserves mitochondrial and cognitive
function during aging[J]. Autophagy, 2021, 17(8): 2037-2039.

[13] CAMPISI J, KAPAHI P, LITHGOW G J, et al. From discoveries
in ageing research to therapeutics for healthy ageing[J]. Nature,
2019, 571(7764): 183-192.

[14] QUAN Y, XIN Y G, TIAN G E, et al. Mitochondrial ROS-
modulated mtDNA: A potential target for cardiac aging[J]. Ox-
idative Medicine and Cellular Longevity, 2020: 9423593.

[15] TRACY E P, NAIR R, ROWE G, et al. Adipose stromal vas-
cular fraction reverses mitochondrial dysfunction and hyperfis-
sion in aging—induced coronary microvascular disease[J]. Ameri-
can Journal of Physiology Heart and Circulatory Physiology,
2022, 323(4): H749-H762.

[16] REN J, ZHANG Y M. Targeting autophagy in aging and ag-
ing-related cardiovascular diseases[J]. Trends in Pharmacological
Sciences, 2018, 39(12): 1064-1076.

[17] KISS T, NYUL-TOTH A, BALASUBRAMANIAN P, et al. Nicoti-
namide mononucleotide (NMN) supplementation promotes neu-
rovascular rejuvenation in aged mice: Transcriptional footprint
of SIRT1 activation, mitochondrial protection, anti-inflammatory,
and anti-apoptotic effects[]J]. GeroScience, 2020, 42(2): 527-
546.

[18] WRE, HRFF. H V6B LA BiiA A 2 2 8% 5 R )]



2025 455 45 %

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn 109

PG R 25 A i AR 24 AR, 2022, 20(19): 3470-3473.

[19] ALHER, ST [ B RIFBE AR MO~k 1L 18 IR 3 k3
FEREILYEORERRL]. shAe 2524, 2019, 34(9): 4076-4078.

[20] figleds, ARvHk, 2= 3. 28R PHAN B O InsaAyT 2 AR e il
R 35 0 A7 28 v JH L 5 P B 0 R R o 7 o SR (5
)] AP A 24K, 2024, 19(5): 1021-1025.

[21] UNGVARI Z, TARANTINI S, SOROND F, et al. Mechanisms of
vascular aging, a geroscience perspective: JACC focus seminar(J].
Journal of the American College of Cardiology, 2020, 75 (8):
931-941.

[22] 2500, Tk 4. FET AL R RME 25 R OR B2 ).
rhAE R G2, 2021, 36(9): 5409-5415.

[23] 7§ HE, 1) R, 5% R S TR R ATy

FINS FAR 2/ NI, ThAErhBE2lARaE, 2019, 34(5): 2238-

2243.

oM, LW, BRZE, . AS-ZL-IE RS S

SEALES S P9 AN 5 T 2R AR AL AR, P
SER IR, 2021, 27(24): 17-24.

[25] £ F. AS LIS RBA R EEZRR [ AT LR 15 N B 20
M HLHITIZED]. bt shE R ERERE, 2019.

[26] 2= . Bl BEILS RO M EIS R R R 52 (D).
Mt maPEZRAE, 2009,

[27] SCHROER A B, VENTURA P B, SUCHAROV J, et al. Platelet

[24]

factors attenuate inflammation and rescue cognition in ageing|J].
Nature, 2023, 620(7976): 1071-1079.

[28] DAVIZON-CASTILLO P, MCMAHON B, AGUILA S, et al. TNF-
a—driven inflammation and mitochondrial dysfunction define the
platelet hyperreactivity of aging [J]. Blood, 2019, 134 (9): 727-
740.

[29] GIOSCIA-RYAN R A, CLAYTON Z S, ZIGLER M C, et al.
Lifelong voluntary aerobic exercise prevents age—and Western
diet-induced vascular dysfunction, mitochondrial oxidative stress

and inflammation in mice[J]. The Journal of Physiology, 2021,

599(3): 911-925.

[30] & Mh, WER, & &, & ETHESMBISHET AMPK/
mTOR {5 S3BH 5 AVERISCR])] AP EZET], 2023, 41(3):
80-84.

[31] 5k &, ORI 22, 4. KSR Rel it AMPK/mTOR
(ERegil g e e [ A U NN g9 S | M R ST S R
2022, 38(7): 987-993.

[32] SKARME, &R, 244, & HRFTRAS BT Rgl X
JIB A B WL A P R 453403 J O LR A B W R s [, 4
HREE 252, 2020, 38(3): 60-64.

[33] fi] 3R FETHE R ERY SR G O 5 R R R Ty R R
RAHLEIBFSED]. dbat: dbatrhBEZGRA:, 2021

[34] WH#HE. FATES RN D-2F FUB S0 ST R Ry o7
YEFIRIBISEID]. M/RIE: PRIRVL R 2R, 2023.

[35] MATE, BREETE, FEARE, % T miR-665/DRAMI {554
1) R R BH A 07 S 2% 18 3 2 AR D). F st R 2R
2R, 2024, 40(4): 369-378.

[36] RIZEWh. 22U IR s Lohn ik fl B AT O IE S £ 3)
i EALHIPHRD]. dbat: E R EREERE, 2021.

[37] ZEIH. AZOR AT RIS PSRBT AL HL I D).
Jemt: E R R, 2024,

[38] = M. FET PPARy/NF—wB 0 BHRIT 350G I 7 B 50 i
FRB77 %) Ang 150 A JGrIK P A 2 M D). Jbst:
rIE P EERERE, 2022.

[39] 2 #. DRP1 /-SRI 2E T IkB-o/NF-«B {2 BEHLEL
21— P R AR R B BRI RETEAR D, T MY BR R K2,
2024.

[40] 1 1R. T PI3K/AKT/mTOR {5530 A8 M B 3 i 2% P 32
LGB HLURLANL F WA 53 FHLRID]. BOHS: s Hh B 25 K2,
2018.

[41] TBA2. AR ps b 2558 ad SIRT3 {2t we /N Bt E gk
PR A WERPE I LD PERA: 3T EEZ K, 2024,

(KL m3E \HEW)



