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Evaluation of Liver Toxicity of Neonates Following Intragastric Administration or
Intratracheal Instillation of Polyethylene Microplatics to Pregnant Mice

GeunWoo Kim and ChangYul Kim*

Department of Toxicity Assessment, Graduate School of Medical and Health Industry, Daegu Catholic University

ABSTRACT

Background: Current research suggests that humans are exposed to microplastics through consumption of
foods and beverages, the airway route, and a variety of other means.

Objectives: We evaluated oxidative stress and inflammation from polyethylene microplastics (PE-MPs) in the
neonatal liver through intragastric administration or intratracheal instillation in pregnant mice.

Methods: PE-MPs were administered from gestational day 9 to postnatal day 7. The intragastric
administration group (0.01 mg/mouse/day or 0.1 mg/mouse/day) and intratracheal instillation group (6
ug/mouse/day or 60 pug/mouse/day) of PE-MPs were administered. After sacrifice, the oxidative stress and
inflammation of the neonatal livers were measured.

Results: As a result of the oxidative stress caused by PE-MPs in the neonatal livers, glutathione peroxidase
decreased in a concentration-dependent manner in the intragastric administration group compared to the
control group and intratracheal instillation decreased in high concentration PE-MPs. The catalase level
increased at high concentrations of intragastric administration and intratracheal instillation. To confirm the
level of inflammation caused by PE-MPs, monocyte chemoattractant protein-1 and tumor necrosis factor-
alpha were increased compared to the control group except for intratracheal intilation-high concentration PE-
MPs. The C-reactive protein level was decreased by intragastric administration compared to the control group
and intratracheal instillation was increased compared to the control group.

Conclusions: Despite the difficulty in comparing the toxic intensity between intragastric administration and
intratracheal instillation of PE-MPs, our study revealed that oxidative stress and inflammation were induced
in the neonatal liver. However, it is necessary to evaluate the toxic effects of microplastics on various organs
as well. Overall, the present study indicates that the evaluation of toxic effects of long-term microplastic
exposure, potential of microplastic toxicity on next-generation offspring and toxicity mechanism in human

should be considered for further investigations.
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Highlights:

- More investigations on early life
exposure to polyethylene microplastics
(PE-MPs) are needed.

- PE-MPs exposure leaded to liver toxicity
after intragatric and intratracheal
administration in pregnant mice.

- The toxicity of PE-MPs were caused
via oxidative stress.

- Inflammations in the neonate liver
were associated with MCP-1, TNF-a,
and CRP levels.
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o AEct? ol2jet ZepagL sl o 2 gt Eaf &
T7F =8 AY 0] leEH Il o &s] AAET 6=
Qi AJ7Fo] A7 2050\0f AHALFol Aol= HEeAY
7152 6,7807HE] 0|5 Z o2 2HHtY E3], A7 5 mm
o|ste] t|A|EtAEl (microplastics, MPs)2 12} U]A|EEAE
(primary MPs)Z} 22} 0| M| &2 E(secondary MPs) 2.2 L&
T otk 14 MAE AR g 7o 9Hz 54 B
Zo]| o3f) Ao 7 A 2H STAE O Z AHA, A, A=
A, ArpA] So] xetE &= 28l (polypropylene, PP),
Z 2D (polystyrene, PS), E= Z2]o D (polyethylene,
PE)Q & FHEojZth*Y 22 WA ZEtAE 2 o)A, 7] A% up
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< T AEE00A Yol HAFHE 4 AL HoxES &
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Folot. 7k ol & gt thAre} sEgo A B2 &4t
A% (Reactive Oxygen Species, ROS)2 AJAJ oAl FHEo}A| EAY
H ROSE AR AEH AR RS- st 34 E o
A A Rtk

PS-MPs= SPFEY] 7F &4 571} Al Batn]4 9] 7hofA
A5 T H AE SA 7 Ak AEH A QARSI superoxide
dismutases (SOD) L catalase (CAT)Q] 223 HsIA| AT}
AR FOIME SJT} AFHZ Qg vA|EetAE S 3ot
ZIAE &3l 1 B B0l =25HA = PE-MPsE 282
7 R FoRE ICR A ABF 9] Zholl A @37 38 (mononu-
clear cell infiltrate)o] WEFFOH PE-MPsE 557t §HE &
2t C57BL/6 A3F9] 71}t A(intestine)oll Al A5 ¥He=
SHICE” E O o)A w|N|SetaEe AF e 7L
ol SA =™ 7roA o|A] & x]d thAk sl 417
Hhg-o] 2z2hg o WYLk BY) Alol|A] 2" u)&Eet
2 2o Al Z=482 58 4= AL, 7171 =2 1A

A2 A|mul Foll-k A Fas nA|ESAEY O R
H 54549 it si=2Hgo] wE AAol8E 7= A
A =L et 4 ek E3E B AL JAIEE A9
PE-MPsE 91Ul Fof 2 7|& 4 5 gjojd 4A1JAHe] 719
A PE-MPs7} &7 =]o] mlA|&2tAE2 AR HA 9] Higto]
U 28 £ 56 dgdrs AL SRl 5 o)= 4
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weEba] & Ats o] e E SHd o RollA WA=
7V &35 BetaE §9 5 shUE BarE PE-MPs™9} v]4]
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(He, it A Fhstaem, 4 = 3U%t =3} 713t
S 7HHE BoldHLe QU Foj(oral administration) & 7] %
A& (intratracheal instillation) B O 2 Fao] ZF=20| we} ¢
Ul--gu] Eo o Z(O-Control), YU-#]5%= PE-MPs (O-Low
dose PE-MPs), YH-15= PE-MPs (O-High dose PE-MPs)
9] oW Fol IF3} 7] =B ot 2+(-Control), 7]%E-A
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5% PE-MPs (I-Low dose PE-MPs), 7|%=-1l5%= PE-MPs
(I-High dose PE-MPs)9] 7|%= & IFO & 67} 15 AH&
SHlaL, ZF 153 A4 WA 3utE & ARESHITE & Y &
of FoF X3 st= IAFoNA HUi-#1% PE-MPs2] g 7
A7t AAlo] =R] Eotth= Zlo] gl o] A-tofA A Lfst
Ak A L 2k 2243°C, AHHEE 50£20%, 2=
150~300 Lux, 7] 314> 10~20 3J/A17 =8 B¢ 1 3/12
A|7F, Yol B& 20 ppm ©]3}, 422 60 dB o|5}e] A0
2 AR 3¢ He 'Y AlRL S A FoAIF
o} & A= AR 5t A= |84 SHE st

\=]
EdAE oot FRARE J BRI B
Feelusle] 4 EHotgom, UL gUe)

%91(51¥ME ATACUC-2019-021%, 223) T A=}

AFEZ-E Fluorescent Red Polyethylene Microspheres (Cat.
No: UVPMS- BR-0.995, Cospheric, Santa Barbara, CA, USA)
2 AL 10~45 ymelH, YEE 0.995 g/ec 254 HAS
shaglolt), s AFEAL U T 8712 aluminum foil 2
A 2PgE A= Al Hatsto] 9 E4AS WAt

AU Folshe YU FojAg APATE Farste]? ¢
W-A&L PE-MPs (0.01 mg/mouse/day), ¥H-1L5% PE-
MPs (0.1 mg/mouse/day)E 32} SFof FEA[A Foi619]
I Q-G Foit 272 32t SR, Fofsieitt Y
29| 3% 71U 4 TS S-&5to] AAlstlon, o5
&9 5 A4 tAESHAEE o5 V& =S
sto] 24, AsE, s AR 0, 6, 60 ug/mouse/day=
AA819IcE? 71 %-A %% PE-MPs, 7] E-11% % PE-MPsZ 3
A S50l AHAIA FoIstial 7 e-Guj Rt 22 3
2p SRRt Fofsiolnt. 71k M4 Foje SYuhE7IRC2-
rodent circuit controler, VETEQUIP,Livermore, CA, USA)S
A5 isoflurane (SFAI2E, 31, tighyl=t) 8o = Flu}
FE A1F 21 mouse video instillator (MOVI, AlZHlo] 2., o
A, t=)E o]&sto] ofu] AAF 7]= WE 50 Lol i
AHFo 7 FAsIelt Fof 7172 dAl 71Xt E4F 5 717
° 2 Yo ZPEQITh AA7IZE F Fols A4 9YAEH
139A7IA] 57F Z1gstar, ofm] 7jA|9] AEH A oFk &
AhS A1) 18l 29 FAISHA: F4 & Al 1694 E
17LA7HA] 297t Fofsto] & 73] Foiskqith E4t & Fof
= A B SA 02 & o, EAF 1YAEE 5YR}
7] & 53] Fofsllth. ARFAEEE FY XA stof Folskel
11, PE-MPsE 5] 2 sonicator& ©|-&3 30+ &< 45t
LA #43t & oA  H S5FS Tl A F

of 1730] ofe] ¥ Sloke) FIdo] = F ALk
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3. 7 2T LY MBHE AEHA B

AW Foi9t 7% FA9] Fof o] uhE PE-MPs®| 7t
Aol Y ASHA AEFHAE E151] )] Catalase (CAT) level
(Catalse Assay Kit, ab83464, abcam, Waltham, MA, USA)¥}+
Glutathione Peroxidase (GSH-Px) level (Glutathione Peroxidase
Assay Kit, ab102530, abcam, Waltham, MA, USA)< kitS
AHES S5 B Al ARARIA ZF Rt 72 0.5 mL
homogenization bufferE ©]-8-3] 1.5 mL e-tube°]4] homog-
enizationd}o] ¥41E2](3,000 rpm, 1 min) & I AFSHS
Y=(-20°C)o] B#soich CAT % GSH-Px $32& £45}
7] SJollA 7F #-HS 1/102 845, Epoch Microplate
Spectrophotometer (Bio-Tek, Santa Clara, CA, USA)E ©]-&9
o] 570 nm ¥ 340 nm T4 SHEE ST T, Gen5
Data Analysis Software (Bio-Tek, Santa Clara, CA, USA)E &
off oot =& Aol A A&t homogenization buffer (pH
8.0)&= 20 mM Tris(Tris (hydroxymethyl aminomethane), 100
mM NaCl, 2 mM NA,EDTA (sodium ehtylenediaminetetra-
acetate) 1% Ipepal CA-630< S oto] A6k om, A4 44}
= BAo] w2t A ESAE Q] JiFo] HEA YERd & 3l
7} BA A Holid APRE o5 5HA ARESto] A4S AA|

s,

4.2t FEY U BE $F 24
S} Soio} 7| HHe] Folhdlel T2 PE-MPse] 7+ 7

o T
i

Ao A 52 &RIol7] 5l Monocyte Chemoattractant
Protein-1 (MCP-1) level (MCP-1 Assay Kit, abl00721, ab-
cam, Waltham, MA, USA), Tumor Necrosis Factor-alpha
(TNF-q) level (TNF-q assay Kit, 558534, BD OptEIA™,
Bath, United Kingdom) 2 C-Reactive Protein (CRP) level (CRP
assay kit, DY1829, R&D SYSTEMS, Minneapolis, MN, USA)
£ =AMtk MCP-1 ¥ TNF-o 5 S3317] Yol 4147 7t
FANS 1/10 3451900, CRPE 4517 sl A=} 7F
#+EAAS 1/50% 3]Asto] EASHIt Epoch Microplate
Spectrophotometer (Bio-Tek, Santa Clara, CA, USA)S 0]23
o 570 nm ¥ 450 nm A FBEE SHTT T, Gen5
Data Analysis Software (Bio-Tek, Santa Clara, CA, USA)E =
3 ealolck

5. 8AHEA

EAAE &= SPSS 19.0 K (SPSS Inc, Chicago, IL, USA) L&
JHE ol&ste] tixat A+ RS ASIoirh &
O)/d A5 one-way ANOVA testS HA|SFIL o 7HO] AR
7+ Scheffe testS AHESIOH, FdS WS XY
% Student’s T testE Botc] thRwk9] {982 A
ot} 2E ANZES Yo+ #5E 2 *H(Standard Error, SE)& UEF
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ek f9)4E-2 p-value<0.05°0141 A5t AN W GSH-Px9] =2 RIS AW 7019 3¢ &=
-8l F ot 2(373.6+111.9 nmol/mL)°] H]sh 14

m.za A5 PE-MPs (324.0+8.1 nmol/mL), $IH}-25%= PE-MPs

(254.7420.9 nmol/mL)C. 2 =& &0 F ZFA4st9 oLt

1. It 0] & 7| FHo| ME 7F FEAO| Lety  FAA Aole sl Fig. 14). 7= HH9| B8 7 =-As
AERA +F He} = PE-MPs (411.14£44.6 nmol/mL)o] A 7]=-gvj Foirf =

ofu]7jA|e] BiRt} K= AEoAl 2™ PE-MPs (381.0£55.0 nmol/mL)] F+tol| I3} oF 7% S7FskA o
E fhse ARt 2Ed AT &2 SIsP] A8 1 7|25 PE-MPs (329.5£56.1 nmol/mL)-& 7] =--8v &

A) B)

600 200
2 500 2
3 2w | 7%
- — =R -
= = = g .
= = 400 S =
- - = ’
o @ = 300+
Ay E = & =
& = 300 7 P
£z / I £ 5
22 . S 2 2001
= = o / = =
- 2001 o ,: -
s g / - E =
3= /} 27 1001
O 100+ 7 o

S
] T T T 0 T T
G-Low dose G-High dose T-Low dose T-High dose
G-Control PE-MPs PE-MPs I-Contrel PE-MPs PE-MPs

Fig. 1. Glutathione peroxidase levels in liver homogenate of neonates by A) intragastric administration groups (G-control: 0, G-Low dose PE-
MPs: 0.01 mg/mouse/day, G-High dose PE-MPs: 0.1 mg/mouse/day) B) intratracheal instillation groups (T-control: 0, T-Low dose PE-MPs: 6
ug/mouse/day, T-High dose PE-MPs: 60 ug/mouse/day). Data are expressed as means+standard error from intragastric administration groups
(G-control: 6 neonates, G-Low dose PE-MPs: 4 neonates, G-High dose PE-MPs: 5 neonates) and intratracheal instillation groups (T-control: 8
neonates, 6 neonates of each T-Low dose PE-MPs and T-High dose PE-MPs).
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Fig. 2. Catalase levels in liver homogenate of neonates by A) intragastric administration groups (G-control: 0, G-Low dose PE-MPs: 0.01 mg/
mouse/day, G-High dose PE-MPs: 0.1 mg/mouse/day) B) intratracheal instillation groups (T-control: 0, T-Low dose PE-MPs: 6 ug/mouse/day,
T-High dose PE-MPs: 60 ug/mouse/day). Data are expressed as meanststandard error from intragastric administration groups (G-control: 6
neonates, G-Low dose PE-MPs: 4 neonates, G-High dose PE-MPs: 5 neonates) and intratracheal instillation groups (T-control: 8 neonates, 6
neonates of each T-Low dose PE-MPs and T-High dose PE-MPs).
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ot =t2] Htoll vlsh <F 15% 4ottt (Fig. 1B). Tht, 9
UFo] 9 7] =04 GSH-Px9] o+ R SAF 2
2 {93t Afol= gloith

T OE 7t AN AetA AEA £ES ERIs] 9
S CAT =& S5tk Wl 5o 4 7= H4 1§ 25
| Fo] HRAH(HH-GF 2 961462 mU/mL, 7]
-8R 593.5455.3 mU/mL) 9 Asr IF 9
W-A5% PE-MPs (943+228 mU/mL, 7]|%=-#-5% PE-MPs
(630.2491.2 mU/mL)ol A= Zol7h Qi) ohet, BAH
2 Foolzl AR a5k IF0A SRt 2] B
of B3l 22 23% (PUl-T%% PE-MPs, 1183+94 mU/mL)
2 34% (71%-1%% PE-MPs, 797.2+108.1 mU/mL) Z7}5}
AcH(Fig. 2).

QL £01 X 7| R0 T2 7t BN
= w3}
o} whalo] W2 7 FAAY G5 £ B 9l
o
A

ol

A
e

#43}5to] MCP-1, TNF-q, CRP
FEE S0t 4, MCP-1914 Y-S Fofdi =
(3.509+0.514 ng/mL)°] B]3] YW-A5E PE-MPs (4.199+
0.619 ng/mL), YH-1%5= PE-MPs (4.345+0.429 ng/mL)°.
2 5k &0 g F7I5HIth(Fig. 3A). 71% A9l B+ 7]
T-GjEotf 24(3.608+0.161 ng/mL)¥} 7|=-A5% PE-
MPs (3.772+0.293 ng/mL)+= 153 ZFo|7}F glglo, 7|k~
5% PE-MPs9] ¢ 3.180+0.517 ng/mLO.E 7]|%=-&f
Fojth=tof| vl ZHAastAIRE -F-olotxl Skt (Fig. 3B).
FSLEA $71=l= TNF-a 52 7F 2R A Felst

A

) 6.0
-’é‘ 5.0 1
S |
TR 7
5 o
Z | Z
- 3.0
g
= 20 Z
=] ,//
@]
= 10

] T

G-Control G-Low dose

PE-MPs

G-High dose
PE-MPs

At -2 Eod ) 27(10.66+1.71 ng/mL)o] B3] HUi-
A5 PE-MPs (12.17+1.98 ng/mL) ¥ $JH-1L5= PE-MPs
(12.59£1.70 ng/mL)Z L olEX 0 & F7IotAAN, BA A
O & pol= QIUTH(Fig. 4A). 71=-EHfFolt) £7(7.898+
0.334 ng/mL)¥} 7] =-1%5% PE-MPs (7.389+1.076 ng/mL)
o] JFZF Apol= fIAAIRE 7] =-As% PE-MPs (9.277+
0.538 ng/mL)= 7|&=--&rFoft 2ol Hs| FofstA 7t
SFATH(Fig. 4B).

A ESAE Y] SRS EE UE EA4YFS B
fAsf 7 A AHA CRP =E2 S75HTE CRP 22 ¢
-2 Eof o 27(63.86+21.28 ng/mL)o] ¥]3f Hui-A%5
% PE-MPs (26.59+4. 42 ng/mL) YUl-1%5% PE-MPs (35.62
£2.70 ng/mL) O 2 ZAoh= S YERIOH(Fig. 5A), 71
5—%uﬂfoqq15%(24.851159 ng/mL)& 7|=-A5% PE-
MPs (51.94+12.12 ng/mL), 7|=-15% PE-MPs (47.68+
18.34 ng/ml) ¥7Fol= AFS HY oW, 7|=-A5% PE-
MPs+= 7] &--gujFofr 2tof| H]s) §-2JstA S sk irH(Fig.
5B).

V.o
AFPB 20 O3t nlAEeage] FHt Thpd §714)
o Tl B3] B, ART 2 AR AAR 1

21 ol ol 6H%W§%—8— Qizro] 4%
L P E ST
R LS SIS
9o} Eehae] HH

& 9ol 372 5
7t FR & HE F Fto]
I d%, A5 At Efojo9F -2 A = uf
ujAstE Qls Aul- 9] 371 Fofl wtt

L
D‘.o" [U-IN‘
'“ F

B
) L,
f=
E 40
E T T
-
g 304 ./
2
—
B2 7
- -
]
2l 7
E 1.0 A
s
] T T
T-Low dose
T-Control PE-MPs

Fig. 3. Monocyte chemoattractant protein-1 levels in liver homogenate of neonates by A) intragastric administration groups (G-control: 0,
G-Low dose PE-MPs: 0.01 mg/mouse/day, G-High dose PE-MPs: 0.1 mg/mouse/day) B) intratracheal instillation groups (T-control: 0, T-Low
dose PE-MPs: 6 ug/mouse/day, T-High dose PE-MPs: 60 pug/mouse/day). Data are expressed as means+standard error from intragastric
administration groups (G-control: 6 neonates, G-Low dose PE-MPs: 4 neonates, G-High dose PE-MPs: 5 neonates) and intratracheal instillation
groups (T-control: 8 neonates, 6 neonates of each T-Low dose PE-MPs and T-High dose PE-MPs).
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Fig. 4. Tumor necrosis factor-alpha levels in liver homogenate of neonates by A) intragastric administration groups (G-control: 0, G-Low dose
PE-MPs : 0.01 mg/mouse/day, G-High dose PE-MPs: 0.1 mg/mouse/day) B) intratracheal instillation groups (T-control: 0, T-Low dose PE-MPs:
6 ug/mouse/day, T-High dose PE-MPs: 60 pug/mouse/day). Data are expressed as means+standard error from intragastric administration groups
(G-control: 6 neonates, G-Low dose PE-MPs: 4 neonates, G-High dose PE-MPs: 5 neonates) and intratracheal instillation groups (T-control: 8
neonates, 6 neonates of each T-Low dose PE-MPs and T-High dose PE-MPs). *p<0.05, compared to the T-Control and T-Low Dose PE-MPs.
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Fig. 5. C-reactive protein levels in liver homogenate of neonates by A) intragastric administration groups (G-control: 0, G-Low dose PE-MPs : 0.01
mg/mouse/day, G-High dose PE-MPs: 0.1 mg/mouse/day) B) intratracheal instillation groups (T-control: 0, T-Low dose PE-MPs: 6 pg/mouse/
day, T-High dose PE-MPs: 60 pg/mouse/day). Data are expressed as means+standard error from intragastric administration groups (G-control:
6 neonates, G-Low dose PE-MPs: 4 neonates, G-High dose PE-MPs: 5 neonates) and intratracheal instillation groups (T-control: 8 neonates, 6
neonates of each T-Low dose PE-MPs and T-High dose PE-MPs). *p<0.05, compared to the T-Control and T-Low Dose PE-MPs.
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