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Fig. 1 Sources and exposure pathways of microplastics and nanoplastics

Bl WAKRERRRESRERE

1.1 FERER
WG, MNPs Uk E A 3008 1Y A 4 ot i 2
fE 1, AIZENEEBE AR Y A i S -
éﬁ_%ﬁ& wAMM%/F%%%T%%%AO
23S ) MINPs B 228 IV AR . S s Rl 6L
VIR, FEONAS S5 S T Re i i kA B

AL T NS U AR P IS R A A SRS R R R
i, AR EE B EA ], e ER L
HER T AHAET IR, Hh S 5N Y
%%%mu%%A% e m*%Mﬂﬂ@%A
SN PIG, EEBEYNRNG,
ﬁi%mmmﬁ FEENE m*%Mﬁﬂ%iﬁ



XXXX; XX (XXO

B, %: 5RO MEFRRIHRE—Rgak 28 °3:

BIE 5T, Bl A KA A BRI R
m TS E D, XTRES 2L T O hih
KL H W I, BT AR 3 AR T RE X 1)
KA AT R R AT B0, AR5 AT RS h i
R AR, AR HAEZEINES2 iR, L
AR il o 7.37x1004, BN B AR 3 ke
1.06x10°4> , Bl 5 A MWK e AR
SRR Y, 38 IR AR AN KA
AT RBSXT NGRS~ A5, (A3 G 2,
1.2 REBANER

KB AR AR & MNPs HE AR PN $5 35 30 18
7, B ey MNPs 23l i H -1 - B I iE R
HEANIK, 25 ek 8 W B A Uy R ) 2R A )
B, R AR TE A RS . i an, /T 10 pm i
MNPs e 251k 5 171l (gastrointestinal, GI) ZR 4
1 b B BebE, #EA MR AR EL RS 2 MGk
ok L S5 B () SRR SR LA R A s AR E A4 b
AT | N, ST DU T Bl
RE NS EHE S 2 BT, 7EE WA R
Y (RN, B, BROIES) HISmshse
BRI T HEER, Hefhit, BREH 47 S
SEE BT RERR A 2 12~203 Rkl 2, frilt
18— I T S GO R AR /) U B A IR S
TR 20T T 1 AR et ™ A, IR i T4
#g (hematopoietic stem cells, HSCs) HJ H & Hr
MEERE S, MR EEDUR T/ NS BiE T, i
W/ gk &4t , WA gl b B R
(Rikenellaceae) YK i BRI Y & & 5 KA
YARH2s 1 2 ] HSCs Hh % HPRT-Wnt {75538 6 ;
Ifif Rikenellaceae X 15 Il R 48 AT BEA IRFPER, X
ST () ek /> T B HSCs AR ) T S Uiz
it 2, WE N RS IE R TRE
13 KHERE

SRRHE N H R aL R R, 78 H W AR T P RfAb
AT, FACHIE AR Ve, Aetom . ke
S5 10 MNPs, 13 it 3ok 26 47 B o 1 7
MNPs 25 B2 IR W 227, Bl B IR AT 15 1 BB i
— 2L MNPs 1] g i Ik ZR g m At AR Bk
BNRERBYERE, —Lesebfl 5 b & A 1 B
BT (ANZ IR ZORBEFI SR+ Zhe) I fREZs
Bl B R A Al ide AR, SRRl 29—
IR R 28 7 W 0% 23 P MINPs I A/ NS msR) (b
TR ORISR ) AOFATE . BRI EE Y I A A
A AR S, 3 Al MINPs P () Ak 22 8 i 5 1 AN

&, FIRES | RBIREANRIGHR
2 MNPsEHMEHFIFREEIOME RS/
220

MNPs B AT PR A B o e = B, s
S HAAG TP AN AR A S #EE, MNPs £
EZ1LY/BL N = SN L [Pl L Y SRy e B Y L A
)5 i SR R LA — e B . Dok
MNPs R, HWHARSE T ESE . A5
G EY A IR, XA A A B AL
N I AR AE A, BRAGYE R R AR kg,
WS A RN E AT R R A A EAE
F L IR 2 S Ak S 07 I R 20 B A5 44
T A Py i A i & AR A 05 Y, SR R, Bl
AEVRARST T R B

[@] I5F, MNPs 5 CVDs Z [A] 77 76 ¥ 7R BE & .
MNPs {0 I A BV 2 L i (SRS . R/NVRIZS
¥ FREER AR ] AR R A A B
PRI NP S A K 5 HAth PR35 75 G (1) AR AR T ok
FE Y, MNPs REUS B2 28 B 16 20 7 Goolm i [R] 42
BLEI RO A R e, B8 2 8% T MNPs J5 119
ANV A, I HLO U S 27 AL Al R
FUEFEEERAIN ;. FE5G SRR, JER B moA &1
725 MNPs i 0 E B R 2 SRR
TN MNPs X A A4 = A R[] B2 32 1) 4 5
0.5 pm MR RHTE &S B il S RIE 5L, 5
wm P B S B0 48 A A S ) W T A R A A
AR EEAL B, oK SRS Tl Rl 3 2AT 41 2]
TRERE ST, 80 nm ML K MR 1 um GL¥R A T
SRS UG EE ), (H 1 um BOBERL 5] k™
HEMEEE B MARIE U CVDs 1Y 75— AN EH &
bl , MNPs BERSAR (I M/ M REE, inbkim e
% . MNPs Hill 34 il /N 2R 4 1 g ) B 2 F
F, AR T G i S e B
WFFE K& B0, 7 3008 Jik B B rp RS0 21 MINPs 1) £
TE 344 H kv, BLDHUESE . H XSS A TR
PR AE T A XURS BT 7 5 FLEREBR o MINPs 25 8
RAEF EY KT R Y, X B MNPs X A&
M RG A AW . 534020 A7 J2 1k
F, MNPs Al a5 R D ae A - A
RN 5 18 M A RE o PRELAR B e 2 B
WA e (protein corona, PC) 5 ZEZ H AL
+ 0 i RS S T AE e P T
(E2),



"4 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

A IhEEpERS
INEMBEMR MEEER FEKRHERE 1L
— g —
4
emAR LB R}
i‘ . (.
‘ ?;&-’i: "" V‘x
s 3B
EHRERK
£MaSF fﬁﬁéﬂ*?&ﬂ EARE MEEERE

EEREAND
R4 (5SS

S

SRR TNRERETS

DOmERT SRR

'@-®

N
SR o
. "4 —_ RIS
BiLSRY G — % Rt R AT

Fig. 2 The toxic mechanism of microplastics and nanoplastics and its effects on the cardiovascular system
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Abstract In recent years, with the large-scale use of plastic products, the degree of plastic pollution has
increased, becoming a serious global problem. Microplastics and nanoplastics (MNPs), as emerging
environmental pollutants, are widely found in organisms and the environment. These plastic particles enter the
human body through 3 exposure pathways: breathing, the food chain's bioaccumulation and transfer, and skin
contact, thereby exerting toxic effects. The physical attributes of MNPs, including their shape, size, and surface
characteristics, are not static but rather undergo dynamic transformations in response to changing environmental
conditions. These changes can significantly influence their behavior and interactions within different ecosystems.
When considering MNPs as carriers of chemicals, two primary mechanisms can be distinguished. (1) MNPs have
the capacity to adsorb pollutants from their surrounding environment. These pollutants may encompass a wide
range of substances, such as heavy metals, organic compounds, and other contaminants that are commonly found
in water, soil, or air. (2) MNPs may also carry chemical agents that are artificially introduced during their
commercial production process. For example, flame retardants and pigments are often added to plastics to
enhance their performance or appearance. These artificially added chemicals can remain associated with MNPs
throughout their lifecycle and may contribute to their overall toxicological impact. Cardiovascular diseases

(CVDs) are a general term for diseases of the heart, arteries, veins, and capillaries, and are one of the main causes
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of disability and death. CVDs have higher incidence, mortality, and recurrence rates, and more complications,
which reduce the quality of life and happiness of patients, the phenomenon is gradually showing a trend of early
onset, therefore early-stage prevention for CVDs is of critical importance. This article reviews the properties of
MNPs and their potential threats to the cardiovascular system, aiming to explore how MNPs cause CVDs through
certain physiological effects, toxicity mechanisms, and related pathways. Our review primarily focus on
elucidating several critical mechanisms through which MNPs exert their adverse effects. Specifically, the review
examines how the enhancement of oxidative stress can trigger the expression of pro-inflammatory factors, which
in turn leads to the formation of a chronic inflammatory microenvironment within biological systems.
Additionally, MNPs possess the capacity to adsorb toxic metals and organic substances from their surroundings.
Furthermore, the review summarizes that sewage irrigation and atmospheric deposition are significant factors
contributing to the co-pollution of heavy metals with MNPs in environmental settings. The interaction between
heavy metals and MNPs has been shown to have detrimental effects on agricultural productivity, as it can inhibit
crop growth and simultaneously increase the absorption rate of heavy metals in plants. When these contaminated
plants enter the food chain, the accumulated heavy metals can ultimately be ingested by humans. This process
poses a potential risk for inducing acute coronary syndrome and other CVDs, thereby underscoring the importance
of understanding and mitigating the impact of MNPs on human health. In addition, our review also gives
examples of the long-term effects of MNPs on cardiovascular function and the adverse consequences such as
arrhythmia and atherosclerosis, the limitations of the current studies of MNPs affecting cardiovascular system

health and future directions are also explored.
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