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Association between polystyrene nanoplastics exposure and hepatorenal injury
in mice; preliminary intervention study with mangiferin
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Abstract: Objective To evaluate the correlation between oral exposure to polystyrene nanoplastics (PS-NPs) and hepatorenal injury in
mice, and to preliminarily assess the intervention trend of mangiferin (MGF). Methods Sixty BALB/c mice were randomly divided into
six groups (n=10 per group) : Saline, 0.1 mg-kg™'-d™' NPs, 1 mg-kg™'-d™' NPs, 10 mg-kg™'-d”' NPs, 100 mg-kg ' -d™' NPs, and
100 mg-kg™' -d™" NPs+120 mg-kg ' -d™' MGF. All groups were administered via oral gavage at a volume of 10 pL-g™", with corresponding
dosages calculated as "10 pL-g ' xPS-NPs/MGF concentration. " Changes in body weight and organ coefficients of the liver and kidney
were observed and recorded for each group of mice. Serum levels of alanine aminotransferase ( ALT) , aspartate aminotransferase ( AST) ,
alkaline phosphatase ( AKP) , blood urea nitrogen (BUN) , serum creatinine (SCr), and uric acid (UA) were measured using enzyme-

linked immunosorbent assay ( ELISA). Histopathological changes in liver and kidney tissues were observed through hematoxylin-eosin
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(HE) staining, and glycogen changes in these tissues were examined using periodic acid-Schiff (PAS) staining. Reactive oxygen species
(ROS) levels in liver and kidney tissues were detected using fluorescent probes, while glutathione (GSH) , malondialdehyde (MDA) ,
and 8-hydroxy—2’ —deoxyguanosine (8-0OHdG) levels were measured by microplate assay. Data were analyzed using one-way ANOVA
with Tukey’s post hoc test (two-sided a=0.05). Results Compared to the Saline group, mice exposed to all concentrations of PS-NPs
exhibited reduced body weight and increased liver/kidney organ coefficients. Serum indicators of liver and kidney function, including
ALT, AST, AKP, BUN, SCr, and UA, demonstrated an upward trend. Histological examination of liver tissues revealed disordered
hepatic lobule structures, dilated hepatic sinusoids, and swollen hepatocytes. Kidney tissues exhibited enlarged glomerular volumes,
thinning and disarrangement of renal tubular epithelial cells, and tubular dilation. PAS staining revealed a dose-dependent increase in
purplish-red granules in both liver and kidney tissues. ROS, MDA, and 8-OHdG levels were elevated, while GSH levels were decreased
in liver and kidney tissues. Notably, the group receiving 100 mg-kg™' +d™' NPs combined with 120 mg-kg™' -d™" MGF exhibited impro-
ving trends in the aforementioned indicators compared to the group receiving 100 mg-kg™' +d™' NPs alone. Conclusion Oral PS-NPs

exposure is associated with hepatorenal injury and elevated oxidative stress, while MGF demonstrates potential alleviative effects. However,

due to incomplete material characterization and molecular pathway validation, the causal relationship requires further investigation.
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Figure 2 Changes in body weight of mice in each group
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2.4 Mmi#E ALT AST.AKP 7k FEb 3k
RKIKYLFE )5, 5 Saline 4 H %8 ,0. 1 mg-kg_1 od™!

NPs 4] .1 mg-kg ' -d™" NPs 41 .10 mg-kg ' -d™' NPs

ZH 1 100 mg-kg™'+d™' NPs 20/ fUIfIL 7 ALT  AST Al

AKP K FPFh i, 22 5 BA G X (P<0.05) ;5
100 mg-kg™'+d™" NPs £ [t 4,100 mg-kg ' -d™" NPs+
120 mg-kg ' -d™' MGF 41/NEUMLYE ALT AST #1 AKP 7K
S TR, 22 R B G L (P<0.05) L 4,

)
200~ 250 , E20r .
# — = —
150 R :\200_ * - 15
Q = 1501 ?n
2100} = 5104
~ = k=]
E <<,):)100— g
50| sol < 5t
£
0 1 1 1 ! 1 1 1 | ] | 1 2 0 1 1 1 1 1 ]
L R° R° R° Q° S Q5 Q% L QR R R°
FI IS IS FIFIITIIE § FH IS8
R I SR SR < R R I I

NCJNC RN NC SN N

Y Y (S R & (S b Y S (B
Q- NS N Q& Q- NS N Q& Q- AN N Q&
X\r\’ X\q’ X‘\q’

%£SD,n=6; 4 LA R H one-way ANOVA K Tukey FJ5 Ki %6 ; 55 Saline 41 UL, # IR P<0.05; #% F/R P<0.01;
s 78 P<0.001;5 100 mg-kg™ ' +d™" NPs 21 I #% , #37R P<0. 05,
B4 HHNRIMF ALT AST AKP K F Lb %%
Figure 4 Comparison of ALT, AST and AKP levels in serum of mice in each group

2.5 1miF BUN_SCr UA 7K b B
KRR )5, 5 Saline 4H 0 35,0. 1 mg-kgf1 .d™!

NPs 41 .1 mg-kg ' +d™" NPs 41 .10 mg-kg ' -d™' NPs 41

1100 mg-kg ™" -d™" NPs £/ BUN . SCr F1 UA

KFPFEm, 25 HAGEIT¥E X (P<0.05); 5
100 mg-kg™'-d™" NPs 41 Fb%,100 mg-kg™'-d™' NPs+
120 mg-kg ' -d™" MGF 41/ BUN . SCr F1 UA 7K
FHEA T B, 22 55 B AT Gt L (P<0.05) WL 5,



%2

B FEHE A5 R LR AR SR O IR 5 5 /0 BT W 450400 B0 AR SC P TP Al < 2 SR T R 400 2 L5

219

100 . 150 400 —
ok #
T, 80r - 200 ~ 300} .
g o0r 3| 2 ; i
£ £ g 200
= 40+ > =
2 5 0 =
m 20 %) = 100f
0—¢ RS 0% e 0 < o
ﬁé‘é‘ e“@& é“e“e“ e“ g¢ FI I I
S @ R R N
@0 @ & \&2 °o~ ~§0 @ %30 ~e°0 @o\ N Y N N (B, D
R @“’ P e &K&""@‘” & &°° @"0 @°" S gV
> N \’ QQ &% QN QQ &% QQQ&%
X\ X\ X\’»

#+SD ,n=6; 0] L8R FH one-way ANOVA J Tukey FJ5 K4 ; 55 Saline 4 L3, « /R P<0.05;
w5 FTR P<0. 01 ; #x% 7% P<0.001;5 100 mg-kg™' -d™' NPs 41 L%, #3FR P<0.05,
5 &A/NMRIMF BUN,SCr UA KFLLE
Figure 5 Comparison of BUN, SCr and UA levels in serum of mice in each group

2.6 FF.BALHE#L®
Saline ZH /N6 J50 355 WA , JHF 110552 [ B 125 57 14
JIf S5 R 22 AT | HE ) 8 5 A0 A% R v HLO 83
51545 Saline 41 M HE, 0.1 mg - kg™' - d' NPs 41,
1 mg-kg™'-d™" NPs 41,10 mg - kg' - d”' NPs 41 Al
100 mg-kg™" -d™" NPs 41 5 BT F M A R840, 2 B0 Ky
JHE /N SE R BRI I 52 47 5K 40 M HE S ZE L OF
AL ERTACSE N 08 D1 QIR A NI ET D R E S S i R A RIE
Y o i I 2 B B 285 100 mg - kg - dTt NPs +
120 mg-kg™'-d™" MGF ZH%5 100 mg-kg ™' -d™' NPs 414

Saline 0.1 mg-kg'-d’ NPs

Liver d 7 100 mg-kg'-d"' NPs

Saline

0.1 mg-kg'-d’ NPs

Kidney 10 mg-kg'-d"' NPs 100 mg-kg'-d"' NPs

n=3; HIR 100 pm s ROT g JHF /N I K B /N BRI /)

]00mgkg' d' NPs + 120 mg kg d’ MGF

Zirh N ZER R e PSS HES T TR
Saline ZH/NBUE /N ERIE 25 0E % B o0 A 39 4] B
AN b AR HE A R U 5 Saline 4 AH
[t,0.1 mg-kg™'-d™' NPs 4 1 mg-kg™'-d™' NPs 41 |
10 mg-kg™'-d™" NPs 411 100 mg-kg ™' -d™' NPs 4] &
IR 2 AR 1) O o B e AR 3R IR B /N ER AR R
BER VBN b B A0 HE S RN, IR S
FEAFE ;100 mg-kg™' - d™' NPs+120 mg-kg™'-d™' MGF

0% 100 mg-kg ' -d™' NPs 4lF 44 B /NERIE S
5B /NE A HES B AL WK 6,
1 mg-kg'-d' NPs
30
S2s M
5 I
3 20 "
% 1.5
~§ 1.0
=
5 05 . .
‘._2] 0.0l [T1 b,
%,b\'\Q \@5 é% é‘) $ e"ﬁ
S 6 b b b

$ & & @ 4» 2
&“:& &”‘w &"} &”f &":;‘0
N e
Q
\'\'

x

o
wn
H

—
»

0 ﬂﬂ
\ ‘g‘é g‘%

%'D'

,@2 ,{,44 ,\g;} ,{,42 Ns‘.?\.s

NP ATSIP SA S
AR NN
Q- S @ \“B&Q’

&
x

o
S

o
w

=3
5]

o

o

Kidney Histopatholoical Scores

LR, FR P<0.05; #+ FR P<0.01; ##+ FR% P<0.001;

55 100 mg-kg™' -d™" NPs 4L L4, #3718 P<0. 05;##5E /8 P<0.01,
E6 HHMRF.BHLR HE £ (20x)

Figure 6 HE staining of liver and kidney tissues in each group of mice (20x)
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Figure 8 Comparison of levels of ROS, GSH, MDA and 8-OHdG in liver homogenate of mice in each group
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