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Abstract: As a new type of global environmental pollutant, microplastics have attracted increasing attention. However, there is still a lack
of research on exposure levels to microplastics and their potential health hazards. This review aims to sort out the pathways and levels of
human exposure to microplastics, and to summarize the adverse effects of microplastic exposure on mammalian model animals-mice from
in vivo and cultured cells in vitro. The results showed that: (1) Humans can ingest microplastics through digestive tract, respiratory tract,
and skin contact, and oral ingestion is the main route of exposure. (2) Microplastics are detected in various tissues, organs, and metabolites
of the human body, ranging from 0 to 134.3 per gram. (3) Animal experiments have shown that microplastics can accumulate in the heart,
liver, spleen, lung, kidney, testis and other organs through blood circulation, causing inflammatory response, oxidative stress, immune

damage, flora disorder, metabolic disorders, and even intergenerational effects. (4) Cell experiments have shown that microplastics with
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small particle sizes can penetrate cell membrane and enter the cytoplasm, causing changes in cell morphology and function, resulting in

decreased cell vitality, affecting cell growth and proliferation, and inducing ROS generation and even DNA damage and other cytotoxic

effects. The toxicity of microplastics may be related to its type, particle size, concentration and type of test substance. Further studies on

toxic accumulation and changes of microplastics and their adsorbents in the food chain transfer process at low environmental

concentrations can be strengthened, as well as epidemiological studies, to provide a theoretical basis for further elucidating the potential

toxicological mechanisms of microplastics and assessing human health risks in the future.
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Table 1 Exposure of microplastics in human body
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Table 2 Health effects of microplastics on model animals
TR Rt il§tia PedEiret  YerRtE HEIEERUN yeiTE U
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R AV T3t B . PNt
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PS 5 um 0.5 mg/L Yok 4M I S84, RS, HRESCE SCHR51]
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PE 40~48 pum 0.125~2 mg/d #H  90d SR, FAUE A A 2 40 S e k671
0.002, 0.2 mg/kg(LIAR B TR, AR, SRR -
oE 110 um 00 mg/kg(LIAR S HE 304 ‘Jﬂﬁfﬁf—ﬂz BIEE IREAR, ZOERRACH SCi6s]
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755/ ERUFAE PI3K/ Akt AH 5G40 AL 8 T 35 PR 338 A4
Ak S5 4, TR)IRF M3 ALT Fi AST 7K 7155, 8 B 4
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WP A% L A2 vy S ) e A S A TR 200 L T W 1) O B2
BB, KA TR R A K SR T AR/ INAT
DI LA AT R SR AE T WG v, W A ) R4y 38
SR B R B R G A B, 0T B R 2
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B o i 1) 2 H , 1ETUURRAE K SRR 075 ke RE IR
Ji, LncRNA XLOC 031479 Fil circRNA 014924 %5 RNA
A RESE PS 5 DRI 4 A VA SRR Li %5 (i se 3k
BH, 3L 7d WA S um PS 2375 Wnt/B-catenin 15 5
i, 5 M b R 5 sz 40, I LA s HOmE P 0
KA F/NRI L defe. 5 —mirs "™ R, 22K
(1) B S R ot 5 R B i /) BRLI) T T 3R e #8A AS FR 2
M), T8 /0 B HP T ALt 8 4 A A4 32 1 B S A i
I 20 2R AR, S <A i 6 B RV ek 98 SR K TR
(TNF-0) F7K VT, 3K G pe BREE 14 (1gG1) 7K P-4
A b T /N B, R T A A 20 i i i R v 4 i
RGN, TR R A 175 T 20 BRI S8 I AR 1 40
BT LR 3R A, BRI 3 WA T DA i o 2 02 iy
SEIR. Danso 2577 #4E 2 JEIXT 3 Ak /L (C57BL6 .
BALB/c, ICR) <4 7% i Smg/kg ) PS, PP, PVC
WIRL A & B, PS ¥ {9 CSTBL/6 /N FR AT PP 3% 1 Y
ICR /NERUAT figad 1 NLRP3 485 /IMA 5 53 1% S B0l
TR ARAE, T PVC IR S AL 22 58 %) 3 Fh/IN Bl X 357 il 74
BEPEAEH, SR OB B AR P g 5 3 i &
FAIBREE AR K.

TR BB 2R 87 T I R Gk, vl i B ] e 4
JHL A ARG L 1515 200 b o PR) 8 0 195 100 458 2 i) s 1 )
AECY. Ting 25U 4k 42 d 4/ REEE PS(10 pm, 5 pm,
80 nm), 3% I BE Pk F B R B HE A ML HES 2K AL, B IR
BRI AL RE F1 08055, IRk I 40 A LA 04 i 4%, Li 2 &
L PS W REAL KB CD4 4l fitg ' Th17 F1 Treg 40 i 11
Fb A5, [alRE, 40~48 pum PE™” -t o] fi /I B 1l i g
P 20 L L 3] B S 14, 5 A MG P A L 240 S
AR, A, SO A T A 7 T AR A N TEORD 2 e R
P sk LA MLSE T, I 5.0 LR 4E AL R0 i ) B
Z LA R BT 0.5, 5. 50 mg/L 4 0.5 um
PS 90 d J&, KRR LA 25 4 1(cTnl) A1 LIS 354 it
[F] T-Ji§ (CK-MB) 7K~ Tt 15, 175 5 S Ak 0L i i 32 3
LSS A 405 AN IR T2, TR k3G £F 4E AL AR & ) Wnt/b
IR (55, 5200 W bR .

TR ) 2 2 9 UE B AT AR 2R DA R0 o - 5 i
ST N, ZREE T IR AR L ] Rl 2 e i 22
8 KT, SEIT AT RERE I 20 R AT B A R BUT N
St Lee 25™ il ad M G& 2 KI5 #E 8 JH)5, 7E
AN FPASI ] 2 pm PS BIAEAE, T HAE 1S DA )
R D3R, (7] s I 2 fiph A 6 Ik PRI R B 1 R U7,
RN 2R AMPA 52K 55 3458, 38 1M 5 30 BUR
SR AF ) REAZ & A B TR RE, Jin 450 78 B 8/
B R M P LR 31 LA AN [RDREAR (0.5, 4. 10 pm) ()
PS ks, i i B e kAR IR |V Sh A X IR R A R RE
FZNE | B G ARA A BE K- T, i B0 R
HIA I A2 BB . Zaheer 2™ 7 2022 4ERUBF5E &
P, 10~20 um PE 7EH b5 7 45 2 /N R ki v, ok
FERE R 4 pm A A, RS UE B R I R 42 i £
YRS H FAE 1% & A% (Autism Spectrum Disorders,
ASD) W) & J'& Z [l 77 7E Bk & . # ), Rafiee %™ 7
38.92 nm PS 41 RN B % R B g EIR ] 1) w22
A5 A5 S, 10 BH 0 R B] PR D i 0 RSO 114 FE AT
RBAN 2352 M) BUAE R BRI AT . DR, R 8 ) 2 i 5 |
F14) A8 22 B P M o DXL B 7 B 1t — 2 A

Tl SRR M 2L sl 4 v %) A 1 ok
M2 PR R, Liv 5K MvE /N 228 T 0.79 pm PS
35d A, FEL IR Bl L R N T
GRS A 3 & A AR A BB, [R5 & /N L
HQRNE SN, B EE 20 B 5T R AR, B 2 /N BR T
LR /I BRUZE 0 RN AR 5 R ) O T 45 5 32 B
PR E IS, T R — AR MR A At TR L, 0.5
um PS £ 38 85 0] Ui i3 NLRP3/Caspase-1 15 5 i
6% RO R SO 20 B ) AR T AR T R RN R
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H1, 4, 10 pm PS [ABERT LB B B 2L ™, % S 2L
SRE, BRI 5 52 JUBF B, A B2 R, B4 ks
WA JE 2%, 35X ] BE 5 A4k N IORT p38 MAPK {5 5 1 4%
(14 3405 45 5P, D'Errico 2™ ) 8 (R VE 13 19 s
A4, GERH T 20 nm PS AT ZEEVE S 90 min PN 25K /) B
JE 25 B e, S 2o B e K 0 K B LR = i A BT
Sk, UEEA B RHA o] DL o B B 45 5 AR5 R i
AL, FEUF R K F 50 SR, R 1T IR
AT LI B i v MR B PS KRR, & S8R
INEURING % B S0, BE M2 % B I A XU . Hu 458
&I 10 pm PS 7] GEiE o S E B AT F BUNR S AEAS R
ST R 2 S, TN BRUA B 8 AR TR T
IR Bt Qi 2 A5 0 i T T 4 A P i 2™, T g 7

22K 2% PS(100 nm, 10 mg/L) i Al 7 & 10/ BUFF I
FEE AL
4 {RINABERR

PRHIMIT 5 s 48 K G A Ak 36 i H A4 i B 1 A
F, a3 3 firoR, AN b J2 Caco-2 4i i 2B & Y
Y AR AR, LAl A0 B 2R A RS AR A Hep G2, A Bl
T B A AS49 Fi/N B LW A i Raw264.7 55
ol ™. R AT e L Z R N VR R AR
HEA e 240, o 4 2 1 14 5 e R 2R AT 4 A
R R ST R B ER R HLAE, NIRRT Y
TR A A 2 SR B I 38 P A LR A0 2 . A i
A SR 2 B OB R A0 3T 1 S5 R, {H
B — R 7T B BHPEZE L.

R3 HEERIXTAAER SR

Table 3 Toxic effects of microplastics on cells

TR A it T B SR A R By AU
PS 1,10 pm 0.1 mg/mL A549 T4 ARG A, A0 R 2SR SCHik[92]
PS 5 um 0.1 mg/mL Caco-2 YRS 1 T SCHk[93]
s . | mglom? BEAS B! éﬂﬂﬂiﬁﬁTB%, SRR, SRR SN, I 1 2 JF Seiikpod]

[=3732N

PS 0.1, 5pm 0.2 mg/mL Caco-2 Tgiizgzs{;g PRALIR S B fl, T SCHR9S]
PS 100, 500 nm 0.1 mg/mL HUVECs SN 03 R, AL, U5 F SCifk[96]
PS  200nm 0.1, 0.2 mg/mL RAW264.7, BV2? LRI, A0 SE B ks, Vs IR 3245 SCHRI97]
PS 100 nm 0.075 mg/mL Hs27%) HROST™ A, DNATf SCHR[98]
PS 44,100 nm 0.01 mg/mL AGSY Patk, ANMLRTH N, ANMLTE ST, KA SCHRI99)
P 40-90mm 02 mgm. N | Xik{100]
PS 75 nm 0.1 mg/mL BEAS-2B FI I, A5 O O 38, AN T SCHR[101]
PS 60 nm 0.1 mg/mL LS174T, HT29, Caco-2 YT CHR[102]
PS 60 nm 0.02 mg/mL RAW264.7, BEAS-2B 5 FH W, R0 T, AT SCHR[103]
PS 50 nm 0.3, 8.1 pg/cm? Calu-3%, THP-17 £ HEHL, DNAR Y SCHR[104]
b Somm 0.1 gL SH.SYSY Z%E'ﬂﬁﬂéé%%ﬁﬂwﬁ, TGS B R K, SCHR{105]

ARHE A S  H
PS 20m 02 mg/mL PIMC, ST TR e, g k{106
PE. PS i;lfm” s 0.01 mg/mL T98G. HeLa! RO, AALIH SCHk[107]
PP 20um.25-200um { mgmL E‘;“LAZH?]T)C;;;Z o RO S Xik{108]
PVC  136.5 um >75 mg/mL Caco2, HepG2. HepaRG'Y  #fjfui 71 F SCHR[109]

1 DBEAS-2B— A4 b Kz 40 s 2)BV2—/ N BR/INIE T 20 5 3)Hs27— AR 4T 4k 41 i ; 4)AGS— A B9 40 s 5)Raji-B— Ak I8 40 i 5
6)Calu-3— A fili J8 b= J7 410 B 5 7)THP-1— A 202 B4 21 it (9 1fi 55 20 i 5 8)PBMC—)s B A0 JA] IfiL B 4% 41 it 5 9)U937— A bk B4 983 400 il ;
10)DMBM-2—I™ B, B0 4% W 40 9 ; 11)HeLa— A ‘25 51988 41 i 5 12)HMC-1— A B JK 40 it ; 13)RBL-2H3— A W 58 1 1 1M o 40 il & 5

14)HepaRG— A9 41 .

Domenech Z:F5E!"™ 28, 200 pg/mL PS 4R 7]
DL WA 5 B &R 42, B3 4By Caco-2/HT29 Ji 4 il

1 Caco-2/HT29+Raji-B #il il 5 B If 45 B &) 47, {5 RE
BA R 2 0 4 B PEE T, A 15 S A Ak
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DNA 1 3 5% 3 5 2 k. Stock 25" HF9¢ T PE(2.2.
16.5. 90.1 um), PP(67.1 um), PET(60 um), PVC(136.5
wm) JLAR A [F) S 70 5500 428 Tl S F1 200 33 7 A 45 B
TE 0L, G55 R A FEd = R B2 A9 PVC(>75 mg/mL)
i, =Fh 40 % (Caco-2. HepG2 il HepaRG) Ft 4 Jifd
ENA LR ETRE, X5 Lu & 057 245 A0 —3;
FEA LA IO T, R RS (2.2 pm) 19 PE R
T AL 7 18 5 B s . 5 um PS AT FEAIK Caco-2 F
20 3% 7, v e A O S ok Ak s A Ak T
0 ABC(ATP-binding cassette) % iz 25 1 1% 117,
60 nm PS if g 15 5 3 Fh A &5 7 Jw 40 L &R (LS174T.
HT-29. Caco-2) FIZH i 71"

B RE A AT 500 1 R 40 (AGS) Y 4R AE G
FIJ i BL K 6 1Kk, 44 nm PS P AL E A 200 0 S5 ) 3k 3
W ART 100 nm, Jf H 55 IL-6 Fl IL-8 A KA
F LAY, BN R ST SR R RE 25 5 i A4 i DA
T 7 A B P A A 0 L TR R, Xu U R B 25
F170 nm PS ¥4 LA 5 AR 1) 77 =X Bk 3 B AR AS49
2 0 %) 240 BTG 7, U0 SRE AH DG I PRI i S A i T
FHOCHE A IR O, [ & B/ INRLAR SO R o] 4k
HEA 405 H B R g . Goodman 457 R HH 1. 10
um PS I o 42 257 5 0 35 410 i AS49 4 M3 55 I 2
SIS, T A 4 pm PS ¥ A 55 ROS 1977 4,
5B 1 Bz 40 (BEAS-2B) fi4 20 Jifd 35 PE A, X 32
INTHOK G AR T B 23 18 in it 05 7y JXURS:

el R YNNI AT B = eV R e 1B
B R 28R AT T s 4 DR, e A e S 4
it (T98G) % & T 45 Fl ¥ & (50~10 mg/mL)PE 1 PS
TR RHA WS, ROS 7 5t i 1N, A Ak R 3 mT e 2
TR Rk 7= A 20 2 7 A EE ML 22— 50 nm PS
INA] 5 R NS 2 BE 40 e 40 M (SH-SYSY) A 4t g
BEPE, SRR AR S, 52 BN
B L A AT 2 A i A A,

5 IV 40 1 kg P 3 O 0 ) 3 A I T
SRR E AR T 05— 2R B AN . Lu 25" &
P 500 nm PS HGE 5 4 M SR 2545, 10 100 nm PS
AL AR K N B2 40 (HUVEC) AL 38 S 7E 40 i
Jarf, 51 & A0 5, 5T B WEATE B A A W
7 Az 1B SO AR B4 PR b B B R RN, T BE AR T
2 K/IN. 200 nm PS 1E 50 pg/mL (3 2 580
FLIR AL (RAW 264.7) 7346k & N8 o i oK 4 i, >4
e BE AN Z 100 1 200 pg/mL i, ROS & mIF5
HEEEEHAZ . 60 nm PS 7E15 5 ROS 7= 4 (1 [A] B},
T ik Sz P O 3R N, S I 4N A AE T

50 nm PS 8 1] 774 DNA #5405 %5 1 A& d P A
5 BESRE

a) P8 A OB R Tl A B RUK . AR
WA VA Bz JR A2 fb B s R E AR, e AR Z AR 2T
B B AR v R A B SR AR, ARG R
BTN [ D& AR N () E A AR S LI Bo
28.1 Mg, FEE N T ABRBAHEA T i m ik B 2]
IRE] 134.3 >/, i T OB BRI 5 238 15 A b
b BAFAE— R HAR BRI, S K A e AR ) 2 2R 1
BTSRRI 5T 25 11, B AT B 2 R ok 5 s g
S S M) G 2R RS R ) T 1 T3 2 I R 530

b) A P U7 S 1 (0 B 5 45 SR B, RO R EA
ML J5 T 38 3 0 VR R & A0 L L BB il L B A
BALSFIRE T, B A 2 R E W BRI RN, W AR AE S
N AR B, e . AR EL AR, SR, BT
FHEIF 78 B /0 RIS 45 SR 2 ) 22 400K,
ICEARATD SR R FE R 40 DL, TEVEAS N AV 7E B
S5 AT SRAEAE— LR 2.

c) AN L 1 55 B B9 45 SR S 7, 4 AT DA SEEER
AINRLAR B SRR IS AR . B 7 I 7 AR 2 Bl 2 L 75
PERONE, QNN MG S R A0S KT RE AR L
Tl 20 R | B S R A R T A, B X RIS
(R 22 VA T 9RE RN L AU Ab N S5, Tkt B¢
PEAE AT BE SRR R | Yeipi I K 2 i 2 il
A O, AR TR R BARVE ML B = BER— 25
FIHLEERTF 7T

d) K 22 B ok 90 Rk 7 B 4 B 5 6 R LD ) BR B
PS FE W58 W i, 2% 58 ) e A A v T LS BB
oM, MELL R R 2505 551 B B L IET5 YLk
-, S S IR S 2 AR AF 7R 25 S R AT L,
UL et 5 4518 T BRI B 1.

e) BEULA I AT NG PR S AR T Ok S
B0 I £ B A s o R v R 1 RS AR TR IR A 5
DL R R TRATI AR AE , Ao itt— 20 i R i i b
FE 1R EE LRI Pl AR (e B JXUBS: £ L3S AR .
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