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Research progress of maternal transfer of nanoparticles in organisms
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Abstract At present, nanoplarticles (NPs) pollution has become a research hotspot, attracting
extensive attention. Owing to their diminutive dimensions and robust adsorptive, nanoparticles
manifest conspicuous environmental toxicity. In recent years, there has been witnessed a mounting
emphasis on the phenomenon of nanoparticles maternal transfer within organisms. Leveraging
literature from 2009 onwards concerning aquatic and terrestrial entities, this investigation employed
VOSviewer software to scrutinize the determinants of maternal transfer, encompassing nanoparticle
classifications, organismal varieties, and exposure duration. It dissected a spectrum of maternal
transfer mechanisms across diverse biological categories, methodically distilled techniques for
detecting nanoparticles in maternal transfer, deliberated on biological efficacy, and transgenerational
toxicity. Ultimately, the study assessed and probed into research outcomes and advancements, with
the aim of furnishing a compass for forthcoming inquiries.
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44 K JURL (nanoparticles, NPs) ) )T Fl 24 1—100 nm, F= 406G 43 @ 94 KR 00K, 3 42 I8 40 oK ks
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1 NPs R SCER 38T (Literature analysis of NPs maternal transfer)
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Fig.1 Bibliometric keyword network diagram based on the maternal transfer of NPs
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2 NPs BRI H K (Influencing factors of NPs maternal transfer)
2.1 NPs F2 S HRRARFE R 17 B

BEXT NPs BE(AEE RS SCHR P (5 1] NPs FFEAT 70 AT Geit, B UL A 40 K UKL AT 99 K 308 (40 PS NPs) |
KA (Ag NPs) | 492K 4 (AuNPs) . 4K E LA (ZnO NPs) | 44k 4 1k 4k (TiO, NPs) | 49K bk
(Si0, NPs) . 44K e (4L & #h MR A K4 ) | f ¥ 5l (quantum dot, QD) &5 SCHRATFT A B, f W WL +F
TREE RS (R 9K BURLIE R R SR AN K BB}, LR G2 G R AR AN A oK — ALK, I AR — 5L Rk, 99K 4
UK EACEE . DK =R 90K =R BT R DU R A A Gl . DG T SOk R I B AR R
{14 B 7R 298 K FORE AP 2 UL 2 .
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1:: PMMA.: 3 H BN IATR I iE; PS NPs: B4 B A KIRL; Au NPs: 240K ik ; ALO, NPs: 2R 4K ks ; ZrO, NPs: — 4Lk 4K
TIUKL; Fe,03 NPs: ARG ITORL; ZnO NPs: ALK URL; Ag NPs: 4RG4KIIURL; TiO, NPs: & ALERGKIIURL; Si0, NPs: A fkfik
YIRRUKL; QD: 1T 515 Coo: 1 M1 DE: 5L BRI AKNIURL.
Fig.2 Types of NPs in maternal transfer
Note: PMMA: Polymethyl methacrylate; PS NPs: Polystyrene nanoplastics; Au NPs: Aurum nanoparticles; Al,O;NPs: Aluminum oxide
nanoparticles; ZrO, NPs: Zirconium (IV) oxide nanoparticles; Fe,O3 NPs: Iron oxide nanoparticles; ZnO NPs: Zinc oxide nanoparticles;
Ag NPs: Argentum nanoparticles; TiO, NPs: Titanium dioxide nanoparticles; SiO, NPs: Nanosilica nanoparticles; QD: Quantum Dot;

Cgo: Fullerene; DE: Diesel engine exhaust carbon nanoparticles.
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A B S R R A By G, 4 SR AR KA B ELAT B3B8 BRI AR A, Tz N TS R ARG B B S 1Y) NPs,
5 UL Ag NPs il TiO, NPs B 58 NPs 78 A= P A B i 5 R 4 0. BF 98 B, Ag NPs. TiO, NPs
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Table 1 Schematic representation of organisms types and maternal transfer mechanisms of NPs
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T ZnO NPs #JKIE SR AEIRHS 6 28 20 KK UBFAHIG LAY SZ MR, ML AG: A F0ML T A AL 0 s, 3
S Ak PR 2 B I SR OB, PR R BRI LR B X A2 B [RIRE B R0 . 6 2 O SCRRARE 72 AN [7)
557N, NPs A BHARERE B SR A5 F. K AR AR W) DIOK BB B8 8 1 205 3 07 3, Bl AR A=) R
AN ADEZIRE YNNI SE RPN EEE 757 Wi B W SHPILR S L ONSES S 715 - i Eaw

® 2 ARRFEITAT NPs S A B ASE R S2 8 55 1F

Table 2 Experimental conditions for maternal transfer of NPs under different exposure modes

HPR IR HiA% ER/p i RFEH R ez Je 513
nanoparticles, NPs Particle size Organism type _ Exposure modes Concentration Duration _ References
YRR 20 nm KA TR 2 5% 0.5—50 pg-L™! 7d [39]
KR 65 nm KA IRIREE 5 500 pg-L™ 12h [40]
LR QLR 25—100 nm KA TR FE 7R 50 mg-L™ 24h [29]
Yk E A PE 2500 nm KA TRIRGRE 5 8 0.06 mg-L™ 21d [41]
P SiES 37—2980 nm i Ed IRIPEE 7 0.72—5.74 mg-L™ 48 h [30]
kIRt 50 nm el TR R 1—10 mg-L™ 24h [31]
Yok Ak 5nm B fh TK AT 5 5% 100 pg L™ 4 months [42]
R ZEAARER 100—300 nm B TRINEE 100 pg-L™ 45d [43]
ELp SR 106 nm B IRIRGE 8 10 pg'L™! 28d [14]
Ykt 42 nm B fh TR 2R 5 0.5—5 mg-L™ 96 h [13]
GARIBEL 100 nm B TR AR 2.5-25mgL" 7d [44]
QAR IBEL 42 nm BELhth LA 10%HH & 7d [45]
KR 20—60 nm T TR R 200 pg-L™ 100 d [46]
HT NA i IRIREE 5 200 nmol 48 h [23]
IR R P I 1 H TR 167 nm Bl TR TR 10 mg-L™ 27h [34]
P RS 23 nm flem IR IR R 1% 50 pgL 30d [47]
YRR 13nm, 55 nm /NER BRI 50 mg-kg AT 14d [22]
kR 20—500 nm /NER I S 300 pg/ Mk 4h (48]
K4 30 nm /MR RS 5 mg-kg AT 3d [16]
é?mﬁéé?ﬁ; 70—1000 nm /NER i ISE2) 0.8 mg/ M 2d [25]
YR AR 28—30 nm /NER JE s 5 10 mg-kg A 8d [21]
Yk 4 bk 25—70 nm /NER e 100 pg//M A 4d [34]
ok ARk 45 nm /NER ZHEA 1.25—5 mg-kg 'K E 7d [35]
K A b (16+4)nm /NER Z A 2.5—50 mg-kg 'R E 3d [20]
YK E AT 13—1900 nm AN ZHEA 200 mg-kg AT 10d [19]
YRR 55 nm KA Z A 0.2—20 mg-kg A HE 14d [49]
R4 (20£4)nm KE ZIBA 25 mg-kg A 19d [50]
AR (7.940.95)nm PN LA 62.5—250 mg-kg WA H 144 [41]
K AR 21 nm N ZHHA 200 mg-kg AT 7d [32]
E Nz R 10 nm N LA 100 mg-kg AT 19d [33]
kA ke <35nm KE fiidie=r] 5—20 mg-kg 'K 144 [18]
b RN <100 nm PN LA 500 mg-kg A 54d [17]
W <10 nm PN I S 0.3 mg-kg "AE 2d [24]
SehbLRER 69 nm FHR R SIEL TN 1 mg'm 20d [26 — 28]

TE: NAZKTR SORTE]
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5T R ], NPs RiAR BRI, Ve B ey . SEoe R BB, R AR BHREE RS A T gtk & X — IR B IR A &
Z )5 H R AL B, HATE/NRIAR R NPs, B145 5 8 AR ) e a0l JLUR, R A28 /INi NPs B 35 1
FMife, EAE a6 &0 FORBAUBR R M e i, WA S 5EWIR 0 £ Fh 37 Mt kA
AHEAEFH, DT B2 s B SE RS v REELT; FRIR, NPs R ITHHA — 2 B0 72, i e /E L, NPs GE%
W55 VR PR A R 2 1 S W | I ORS00 6 R 2 2 YR P g P T, DA TR S i 4 A
L AL FY O AT, B 1 5L R A N S NPs (1R R 5 RS A 41L T 5T 2 i [a], Bl B (] (9 4E RS, NPs &
WitE A YR R R, R 43 NPs 8 1o I ol H A Pl 72 O A RERBE R 1. N3k 2 FIr /s K73 NPs hifz
H 5—100 nm, 7EBERAL 8 H Y NPs H RLGAKRIBORE (<50 nm) 24 3, /NRSE NPs 25 5 fE A R IN &,
B FHAER 5T A= P A AR BR800

3 NPs RHMAHEFERH 5 AR (NPs detection for maternal transfer)

NPs BRREE RS BT, R FH 22 A I B AR I G VR SR E 2 0 A ARl ot 40 B 2 B iy L
A9 7E PN HOR , IR BE T X BORLAETE R AL 8 70 A C B . A B 55, T ORI AL e R AR 3R
TR A 32 A M S BRRRAIE, B85 H AR NPs BHARFE RS, H R I i 4 . B B A, JF45 5 REIE 0N
S EBR NPs. S35 27 o3 A AR & — B2 o B HoR , IR o — R JC 8 S 4 i A 7 =X, BES7E
P B JERE 1 0T S UBOREAS I 55 R 43T, i T B ARG D 2 A i A AN L S OGO L B¢
G AREE . CRP K OGRS BRI T T AR SR R AT, IR B R E AR R
3 0k 5 A U A P W) T AT A3 BT, BETER 23 BRI O3 8 IS 7 ). B ARSI 2 NPs Sl UL IR SE 150 Hr
FAR, B R RS A 45 B PR S (ICP-MS) Kl & 4 JB e 2 . fi 0 ZE 0 NPs. 36 3 B85 T4
TREERSAE ST T NPs AR I HE A DL R AEF A0 AR 9 0 & R L.

3 SCHRHE NPs 7ERHASE RS Fps H A2 UG 0

Table 3 Detection of NPs in maternal transfer and accumulation in offspring reported in some literatures

AT FREMIER LioAlWIRFS g13C
Organism type Accumulation situation Detection method References
KAIEE FA£20 nmAgNPs & B 0.91—2.18 mg-kg ' 1A ICP-MSilliE AgTe R LI G KAg [39]
KA F1R65 nmAgNPsE F 3505621 (148.3£25.5)pg S %ﬁ(CM)%%%I::MSUH‘U%A@%%MW [40]

WO B A RS (LSCM) F = G g A (HSI)
KA FEFIIENG (2.05%10°—1.44x 1044 K 50K} ) Y YU B g AT, AR AL (Nano-FCM) — [29]
HISP-ICP-MS (FLBRIICP-MS ) 7t il ok i e
KIUE FAUH—ZnO NPs 41 E 0.7 mg g AT KIE T RIBOG G T [41]
s TR RS FO AR IS I Ak Sk TECHT WA BRI DS R BE BT [30]
’ TENRRG AR 2O ERR T R Ah K S AL POt WA BARIE TGRS [31]
By fn FAR AR E U200 mg-kg IR T A ICP-MSIE TR R ALK A ALk [42]
. B 4 S K BT (TEM) FIShAGHUT (DLS) %5 U1, 96
B TEMSR R R SOEARIC I AR IR S B AR A TR ST [14]
B fh TERRSG ARt S AR I 4K Sk B B O IR AR A BRI S R ST [13]
Bt AT PR R AR IE 4R Tt BARBEARIE DR EE AT [44]
B h i FENRIG IF B ks DA IC A oK BB} Tt AR BRI o0 BE AT [45]
o FREAERE B (172.549.3)— L e S e S ot
B (205.343.1 ng-g KA T it ICP-OESIE BRI 3 RIEAAK — ALk [41]
flagfs TRYKIBR EF2.05—2.27 mg-kg! IHER TEIE G RIS (ELIS A ) ARG DGR BE 47 [47]
+H- 2 | /}2 =y l‘ l,-‘—r’ _ 3|‘|r‘1 4/\ 7
g I RIS B —dong Ay Wﬂﬂ(CM%ﬁfé’ MSHZASCRELE )
2l TERRRG R A% 5T i A POt WABARIE IO GIREE T [23]
R R R ATRIT T G 4 5 AT Y 1 ; , " .
(= FERRTR EF&MH??MJIE/IEQ?% AR WOLILIR f WA AR OG5 BE 43 H7 [15]
BT (TEM) %858 U, 2% i iR AR 2 b e
/NER FERRIG TP R SRR e 4 oK AIHT, B RO (1% (HPLC) 45 4 9% YA s e [48]

S
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Organism type Accumulation situation Detection method References
ol ofe — 4 By _ Lol IS

JNEL ﬂhﬂ*—%‘{w‘ﬁ*’q%ﬁo" 5983 mekg " By ICP-MSIIETITE R RAF QK — 4 Ak [35]
AN FERREL . BRUFFERIG LA s D AR IS YAoK 25 5 HL B (TEM) S8 PRI, 801 AU AR A D3 e 55
W —SALRERAK A fbk i [23]

) e LA g B LB TEM) 45 5 REIRHYX (EDX) 45 #1U51), ICP-
N TENRHGR (4 JHE R e 46 T 9ok — A Ak i MSIIE 207t 2 FE A — AL [20]
MR PRV RIS 50 perkg el TN BEUL BEIRERIOGRE ),

.

N FEFARRING AN 2 3L s th Aok — Ak Y kLA (FE-SEM) 25 6 B (EDX) % 7 YU [34]

IR BB AL R, b ki2.1—3.1 mgkg? B 5 AL (TEM) %R, ICP-MSHllE AuTt £ AT
; LY L JFFNE3.7—4.3 mg kg 'I41E I YK Au [16]
N TER BRI JLIFFIE S o e ik EALRTEM A SR LRI )

AR
N TENG R PR 9K S AL B ICP-MSIE Zn It 2 FAE 9K BE [19]
KA B LI A H 4K A g, k130 mg kg™ 4RI ICP-MSillSE AgTL R R K Ag [49]
B R EIRIGAI K Ag, BIE(132.4443.9) mg-kg 'HZH

K ks i(42.0£8.6) mg-kg "HAE L IPAE(37.3¢ iBAHBE(TEM) S5 U1, ICP-MSIlE AgTn K AT

B 113) mgkg AL I K(31.144.3) mg-kg 4141 ghkAg [51]
i
L £ 8 L\Q S ez YA C. . -1 —
KRS 15115 ma T b, R TEM BRI, CPNSHEZO TR
51.2—81.0 mg-kg "HATE AR B

KR WEARUSIRADK IR, 7802287 mekg fil 0 GO (DLSBIE B, ICRMSIEZTREAE )

: SR kL 345 — . ,
L s v oS ORI HPLO A R AT
.6 dpm-g 'HHA zﬂéFE% ) .37 dpm-g [“CICe [24]
KR AR KRERRAIKAR, I 30 ng g A1 i ﬁﬁmﬁ(TEM)gmiﬂég‘Ms””‘“EAgm?%ﬁ (50]

A By == _ SME2 TS 57 P

.- e BT TR th ok — A ek JQETFE’E%(TEM)%n—:ﬁﬁ%{%’éﬁ&ﬂmﬂm%%@ﬁ% (3]
o HEHER BT IER S 29 (0.4 £0.53) ng-g ! EFTHBE(TEM) 454 BB (EDX) 4 U, 4141) -
w AT T P 5 Aok — Ak (321
FHR TETE R GRAR I RE H SE L SR k: 7 S LR (TEM) 5 8 PRI ST e ioR: [26]
g ey TR bttt ZEN Black 20 451 27
R TEHTEE R MR A L STl LR SR B 5T HL BT (TEM) 258 R ST Uik ik, [28]

4 NPs FHERERE S 2 K B84 (Maternal transfer efficiency and transgenerational toxicity of NPs)
4.1 NPs BRRFRL AR

3 3k 0 BRI i B 7 A4 A I NPs 1) B i B0k B2 R A7 7 2 T, THERCHE NPs AR RS 7% 3] 1
AR, 2 4T T RHA BT NPs YA W26 80 | URDRE AR | 68 Wk 2, DA S BHARE RO ROR .
5T HGE 7R, 20 nm Ag NPs B #8550 pg L' X KEGERHMAB L BCR K 1.0%—3.2%"), 65 nm Ag NPs
TR 500 pug L™ X R RAREE RS RN 2.37%+0.25%"", 20—60 nm Ag NPs Z&F5 & 200 pg-L™
X 7 SRR R L RS SR 1.56%—1.91%). H i NPs 76 A 4 1 Py B R 5 B i 52 A PR IA LB =, NPs
TREL RS SRR AR X 3D, X 5 NPs (B XE LI i E 12 OC.

R4 YORPR R BOR

Table 4 Nanoparticles maternal transfer efficiency
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Organism type Particle type Transfer efficiency References
KALE 20 nm Ag NPs 1.0%—3.2% [39]
KA 65 nm Ag NPs 2.37%+0.25% [40]

T 20 nm Ag NPs 1.56%—1.91% [46]
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4.2 NPs BAUEERN

NPs 3 2 A [7] 77 2k A A Py AL 2 X B A 40 3, 10 2538 ok BEAR AR 3 31 A0 7= A 508
PERON. BRI AR R I X PR AE K E B st A7 a0 . EALNI . P PR SE.
421 AKKFHRME

NPs g FIE R A K LT, AN FERIN, FAEREEIR KK BN, RERRE. LT 5%
%5 Zhang FFVHESY R, BEL a1 3F A AE 42 nm PUOKEERFEREE AT, AR K B R0, IF B A
SRRE R RG, QUEAED M AR, DK I A Pitt UK BE D A0 28 IR 42 nm 44K
B, AL A7 0 3 S A, B fa B R 5, B0 E W30, Fatemi 5550 ¥4 K FRELE 19 d 2
#% T 20 nm () Ag NPs 5, HFCIRE B W42, Yang 2509 X /N 2 3 d i ok BB B8 ki 5 30 nm 444
K5 mg-kg! IREE, Z5 R WK, LTS 360 2 L.
422 TN

B RS RE R R IR RG22 —, NPs HE AAEYIMR NG, AR R Se i e . #ln, 25—70 nm
) TiO, NPs AJ L ZF 1o Il 58 5 et F A 52 AL A1 URURS 40 i, XF 40 BRUA 78 2R 498 368 WG R2 i Y. Kim 5552 &
T S T FH R R TR B O B AR T 40 58 5 5 | R AR T R PR AT . R KRS
i, NPs A8 i 90 i -2 44 - i 4l (hypothalamic-pituitary-gonadal axis, HPG) Ifij #1) il £ 3 2 43345,
A B B AN e 4, NS e 0 28 2R 58 R 48, 94, 75 86 2 5% T 200 pg-L™' /Y 20 nm [ Ag NPs 100 d,
T ZH RE J1 5 AL R E BRI Yan S6H0 & IR R R R 2 58 T Ag NPs b, AU E AR B8 ) 3%
TRE.
423 AT BRI

1B AT MBI R R BE i 2 5 M 0 BUBFE b, NPs 1] DL A BE #8043 s X pf 8 R 4,
MEX JE AR B AT R 7= A AR RS2 . Guo Z56 92 WF5E & BUK B L5 £ 72 8% T 5 nm ) TiO, NPs J5 418 JiF ik
I 2T B NPs 78 10 S 2 40 () FH 58 T B0 25 1 174 I WO T 55 184 T R e K R B R AT, DT 2 ) £ 2552
e 71, Zhou U B BE T4 252 T 100 nm A PS NPs F: X5 J5 A1z shiG sh MATERE B V6T T 00, &
IR AR DK BB 0 2 B R /D BRAE PR A ) 22 58 T NPs &G SRR IEH A F, sl Mk
B ok, RIMEAT N5 H . Zhang & i ] 13 nm F1 50 nm 19 Al NPs #4575/ NG R MEE T 5
P, LI ERAE 1A H kR0 B 2 i AR 18 AT R
424 FALNIH

NPs #E A YRS E AR SIS T Al 2, fAREMPUA R g KM, i E LY
R 240, Pitt 5 ) e IUF BE ) 0 22 @2 T 42 nm 19 PS NPs &, A1 8 09 4 Bt H K8 B il ( glutathione
reductase, GR) % P R#EAIK, 28 B H K %2 1k 90 1 ( glutathione peroxidase, GPX) i P34 il Zhang %51 % B
W B Lh f0 0% 0 5 #% T 42 nm 19 PS NPs J5 2 1 B 7 AT £ 19 1 24k 0 8 AL il (superoxide dismutase,
SOD) fYAH K HEH (Cu/Zn-SOD) i3 T . Yeo 5500 4 48 Rt 52 #2 T 50 nm Y PS NPs Ji7, & BT AY TG 1
4 (reactive oxygen species, ROS) /K- g 2 Jh 5. Zhang 252 & #/N L& 82 T 13 nm £ 50 nm [ Al NPs
2 R4 B SOD 1% 7 B ik MK Fatemi 550 PEAl Ag NPs X B4 2 5 f5 K B4 IR & & 150,
I B4 BT A s R A 45 bt H IR ( glutathione, reduced form, GSH) ¢ B Al GPX 1 14 2 3 T K% 4 U
o B Y 1% (malondialdehyde, MDA ) 7K - B i F1 5.
425 MARFENE

Zhang ZFP2 {f ] 13 nm 1 50 nm 9 Al NPs 374415 S /N RUR AU 2k B 200, & B4 BT 225 I
C MR B % 72 1t (choline acetyltransferase, ChAT) 7 14 I 35 IR, Al NPs 2 52 R a2 /)8 e 5 241 Bt ) 4
VBB FE /N B 570y RO 38 i Lk 7 /0N 8 T 40 M 030 , e BRI A 1 L 4 SR L iy s AR 20
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WA Kt IR AR N A = I Wy | e R s s 228 i N O NI e o )
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5 K% 5/E¥E (Summary and prospect)

ATCEEXE NPs BEARFERL HEAT T RGBSRV, 7001 T RERFERS NPs R | A IR | RR 5%
PRI T B, TARTEIERONLAE, D NPs PRSI R KUK Al B (1Bt S HE AR -2 i, LU N Jm 220t
FENGHRMES X NPs BRI EEFL UK W90k g, A SCEE R DL Jre 22

(1) s NPs BALAE SR 5. BFRFE R 55 NPs A B 9 BAL A 5 2URAR G, NPs 1 IR 454 | JE AR %
fiE RAR R | zeta L3, SEAK/GKPEAE 1 25 5200 NPs I REARE RS, iF— D AR5Y NPs A B i AL R,
JERTST NPs 15 P14 A FRR AR AL A% 4 o 2Ll
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W EEN R,

(3) #E—20 2 e NPs Kzl 757k . I AF R R SRS I B A6 2 0 #r, o, B o, $50)
PO DL ARG B S I TR R, 77 A T — T UG I BOR, AR T B R ROR | AERX AR
T EAS 2 M OGRS . 2B EE T ARG R bR g MR R AR iR 25, (5 H ATSC T NPs Al
BARAGBAT — € Jay BR¥E, T 0F 52 A BRI, e LA [7) ) 45 1 15 i NPs, A6 I 45 2R A9 vt 1k (AT — 5 Y 5%
M. DAL 5 A T A bR | AR AR | R ARSI Uy v, A P00 N B3 A W 1A N AERGR] B NPs 9
R FELF.
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