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EHE:S B R 2 ALAT LA K BUAL(CeONPs) L A | iz, 12 ii%%ﬁ\'irﬂﬁﬁ%ﬁ( ZX EZK
7+ CeO,NPs & &2t K R, 97 £ o) fe 69 v A L ALH|. H&E$ &4 %95 4 240 F 45 R & I, CeO,NPs
RERF|I AP LI OAEZRLAERE T, ELISAKR N 2 7=, CeONPsHRE & K R d B8 &
K R 2E38 i (P<0.05); L F A AR & AEBE S mRNAZE CeO,NPs B 55 20 7 2 338 hn(P<0.05). /&40
2244, 5 A2 Western blot#: & 2 7=, FSHRA2LHR £ CeO,NPs & 5 20 F 69 & ik B R [E1K. #—F A%
£, KEAE A B FTNF-0. IL-6. IL-1BECeONPsH& & L0 P 64 R A G xt FRLA T F 38 Ao, 4L X B F
IL-1089 % & & & Z iR V. o, CeONPsH &2 P £ 48 42 F Caspase3 K cleaved-Caspase3 & & &
HKF L, TUNEL & FaHAZ 5 23, B4 RAZT, CeO,NPs ¥ il 185 & K JE R Fo 4 it
BTS8P E 5kt A

KA CeO.NPs; BN MEZ R RE; 40 T

Novel Nanomaterial CeO,NPs can Damage Ovarian Function by

Inducing Cell Inflammation and Apoptosis

Yin Xin, Gao Rufei, He Junlin, Mu Xinyi, Chen Jun, Chen Xuemei, Liu Xueqing, Wang Yingxiong, Geng Yanqing*
(Laboratory of the Reproductive Biology, School of Public Health and Management, Chongqing Medical University/
Joint International Research Laboratory of Reproduction & Development, Chongqing 400016, China)

Abstract CeO,NPs, a novel nanomaterial, has been wildly applicated in many fields, but its biosecurity
is unknown. This study focused on the effect of CeO,NPs on the structure and function of ovary in rat. H&E stain-
ing and IHC showed that there were no obviously changes in ovary visceral index and ovarian structure between
control group and CeO,NPs groups. According to the results of ELISA and Real-time PCR, the level of the key
enzymes which regulate the synthesis of hormone were significantly increased in a dose dependent manner in re-
sponse to CeO,NPs (P<0.05). Compared with the control group, the expression of FSHR and LHR were consider-
ably decreased in the rat ovaries of CeO,NPs groups(P<0.05). Further study showed that the expression of inflam-
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mation related genes TNF-a, IL-6, IL-1f were remarkably increased (P<0.05) and anti-inflammation related protein

IL-10 was significantly declined in rat ovaries of CeO,NPs groups (P<0.05). Furthermore, the expression of apop-

tosis related proteins caspase 3 and cleaved-caspase 3 in the rat ovaries were obviously increased (P<0.05), and the

positive signal of TUNEL was stronger after CeO,NPs exposure. This study demonstrated that ovarian endocrine

function might be damaged by CeO,NPs by inducing cell inflammation and apoptosis.
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B, B X HIIRCeO,NPs % 2 % BN 5L Ty 5 11 52 Wi 41
il, #M7T 7€ E CeONPs[ A 2 A VR T, N AL gl
KAPRL ) S FETE 4 AL SEER AR

1 #EFIEE
1.1 Kz
{8 FE B AR I 1 24SDIK BR(2~2.5 H #,250~300 g)

CeO,NPs; ovary; estradiol and progesterone; inflammation; apoptosis

W) - B PR R B K 2 5256 2 ) R L@ DV eTIE S
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il 77 & . S¥SDSPAGE R [ i _F A G35 T35
ZREVFEARGR AT, B2 wEIL-1pHik. HZ
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BOK SRR E, 2Bk bR o O I BRI, i 3 A0 A8 i Ui B
YPEZH 2,
1.3.2 HARMHAFLE & (hematoxylin-eosin staining,
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RS KAL G, PR ARRE Y02 min, FLLYL(010 s, B
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133 % J& %0 % 4L % (immunohistochemistry, IHC)
FMED) e T HORBE . BE R TPRE KAk, DAMT IR
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37 °C/KIEE B B A Y g brad B = 4130 min;
PBS¥E3IK, DABR 1, FK/KZLIEEHRAREE YL, F
22T PE TR i K 5 AR PR R IR AE . FI F Image)
FISPSS 20.0%K {45 4 AT G it #

134 BEEX % 9% R Wt 52 35 (enzyme-linked immunosor-
bent assay, ELISA) 2 1l 221G 25 004 000 t/min.
10 min, B b2 138 ; 7640 B ELISATR A & H oI A b
HEMAMIEREAR, 37 °CRELIFE 1 h, fERFFLH A
JRPIAM B, FEAE3T °CHEEEHTE F 15 min; BEFL
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2.

1.3.5 S0 % &% FPCR(Real-time PCR) %
TRIzoliR 714l $2 UF LA 2L RNA, 57 BE DL IR 46
RNA, 72 S RNA 9 5 F 41 J5 3 5 5% e DNA .

Fo HR UL PR IR AR UK EINRE, 25 nL R NAR R ELFE:
SYBR® Premix Ex Taq™ I(12.5 puL). 1EJ2[H5]4)(10 um)
%1 uL. ¢cDNA(2 pL). ddH,O(8.5 pL). 505 %
CFX9652 i %¢ 't & B PCRAX (Bio-Rad) & il . 5|4
FIF R
1.3.6 & & %JEFPiE(Western blot)  H(ZJ30 mgb
R T HLR LKA, 300 pLZ AR F150 uL
PMSE T-K_E 7853 f B30 min, 4 °CES 0212 000 vimin
15 min, W HY_E7E W, BCAE [ 5@ &y 2 S 25 IR
5. A FURE S 1% 8 1:4 55%SDS-PAGE b FE 22 /i
TRAT, WK 10 min. i B R A IEBER SR, 60 VIE
JE T HL 9Kk 20 minj5 _EAF; 80 VIE E HL K, 250 mA¥E
% ZPVDFE 5 5% g 9% 55% BSALS 4]
70 min, % & —$i4 °Cit&; PBSTiE Y3 K )G 37 °CHif
H 4170 min, PBSTEVE3 G L ROk R . H
Quantity one X {73 11 2 5 2% i K BEAEL, % K BEAE
TR T
1.3.7 KR8 BB 3 BR AL A B -5 dUTPH: 1 K3
AFIRME A (TUNEL)  AIEY) A4 IR IR b,
T BEPAS 7K, PBSTZEUE 5 FH 2R 1 K 1A v =2 iR i
H 218 min, PBSTE ¥t J5 IITUNEL 3 Vi A W (B 14
X HEZHA IN50 pLa 2 brid BIdUTPR) T bR A< |,
37 °C /%60 min, DAPIE 45 4 PBSHERL,

1 LA EEPCR3IMFFIGE—3)
Table 1 Primer sequences of Real-time PCR (5'—3’)

Gene name Primer sequence (5'—3")
A AIFIIS 3"
StAR F: CAC CAC CTT ACT TAG CAC TTCATC T

R: GCC TTG GGC ATA CTCA ACA AC
P450scc F: GCA GAG TCA TGG AGG TCG TGT

R: GCC TGG GAT GTG ATT TTC AGT
3p-HSD F: AAT GTG ACT ATG TGG CGG TTG

R: CAG ATG GAG CTT TCC TTT ATC C
P450arom F: GGACACTTC TAACACGCTCTTC

R: TCC ATA CAG TCT TCC AGT TTC TC
IL-18 F: AGG AGA GAC AAG CAA CGA CA

R: CTT TTC CAT CTT CTT CTT TGG GTA T
TNF-o F: GCG TGT TCA TCC GTT CTC TAC C

R: TAC TTC AGC GTC TCG TGT GTT TCT
IL-6 F: AGT TGC CTT CTT GGG ACT GAT GT

R: GGT CTG TTG TGG GTG GTATCC TC
p-actin F: CCT AGA CTT CGA GCA AGA GA

R: GGAAGG AAG GCT GGAAGA
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T )5 In50 uL 35 i (converter-POD) T A5 A I, 15 iR
#h37 °C/ N30 mine. PBSE:3KJEDAB R,
FTARRE Y. SRIGHEIEIREI K. ZHREN,
PERSIE S o PGS A B IS T A R AR R
1.3.8 “uitsaar A EdEI R - SPSS 20.013:17
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J BRI gt A%, HA5 42 18] B 3% % - (P>0.05,
EI1C). $E7RCeO.NPsH: 5 % B HL ¥ & 7 25 74 T 1
k82
2.2 CeONPsEESHINEHRZ MRS

] FHHELISAXS K B I HE> Paf) 7K 14T
R, g5 EIR, 54, oA 2
CeO,NPsA Eo AP, 7K 1357 B I - iy, 1T ARG 771) 24 06 A
AR PofE T B T R R R 3 (P<0.05, E2A).
N T RFE EEE P AR 7E )R A, ] FH Real-time
PCRAEx Pyt B4 S8 73 i AT A o 25 R B,
55 %6k 18 2 A b, P450sces 3B-HSDFIP450aromfE h
7)1 0 151 71 B CeO,NPs 2 5 2H 32 . 3 Ft 1 (P<0.05),
3p-HSD1ECeO,NPs % % & 41 35 B & F+ 155(P<0.05),
StARTE % 2H 2 [A) 3T 2. 35 14 22 =:(P>0.05, EI2B). H
TN SEE, Pulf) 73 WA 52 BN Fr ii— 2 A1 Ji b o B
Y (follicle-stimulating hormone, FSH) AT 444
% % (corpus luteum, LH) I 4%, &l g 1 H Az 4k
(follicle-stimulating hormone receptor, FSHR)F(corpus

A GREIESFEH OO 9 L B K R A ), B: HEEZ (L4 CeONPs X B LB I F2 0, C: THCWAPCNATE % 4L 8] (K435, KRp (AR

i, n=3, L: 34K; F: 9.

A: the ovary visceral index (ovaries weight/body weight); B: H&E staining of rat ovaries; C: IHC staining of PCNA in rat ovaries, brown represents

positive signal. n=3, L: luteum; F: follicle.

Ell CeO,NPsxfIRERASHIFZNT
Fig.1 The effect of CeO,NPs on the ovarian morphology
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P S 2 ()R IA B RN (E4A) . s 42
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& ok k.
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A: ELISA & K B M5 EL. PaZKF; B: Real-time PCRAG I & WE> Paff) 5§ 43 175 K B 91 8 41 20 fImRNAZK S, C: THCH: 2 W ¢ FSHR
FILHRTE KRR 0P 5L rp (1) 3808, K8 35 €8 FH M 45 35 D: Western blotf& MIFSHRALHRTE K & 90 3L 71 111 & (4 /K 7. n=3, *P<0.05, **P<0.01,

##%P<0.001, L: #4A; F: GIifL.

A: the level of E,, P, were measured by ELISA in rat ovaries; B: the expression of the key enzymes related E, and P, production by Real-time PCR in

rat ovaries; C: IHC staining of FSHR and LHR in rat ovaries; D: FSHR and LHR protein level by Western blot in rat ovaries, brown represents positive

signal. n=3, *P<0.05, **P<0.01, ***P<0.001. L: luteum; F: follicle.

E2 CeO,NPsxfOPE L ThBERIR NG
Fig.2 The effect of CeO,NPs on the ovarian endocrine
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A: Real-time PCRAG M 48 iF AH S IRl T- 78 K 5P S (i mRNAZKF; B: Western blot #&JUTL-1B7E K 5 BF S+ 1) 2 (1 7K C: THC Y B 2 1L-101E
KRB A R, AR E OB R, n=3, *P<0.05, **P<0.01, ***P<0.001. L: #k; F: Giif.
A: the expression of the inflammation related gene by Real-time PCR in rat ovaries; B: IL-1P protein level by Western blot in rat ovaries; C: IHC stain-
ing of IL-1 in rat ovaries, brown represents positive signal. n=3, *P<0.05, **P<0.01, ***P<0.001. L: luteum; F: follicle.
3 CeO:NPsxfIFERALLIERIRN
Fig.3 The effect of CeO,NPs on the ovarian inflammation reaction
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A: Western blotflllBel2. Bax. caspase3#ficleaved-caspase37F K Bl 5L 1 (1) 2 7K1 B: THCHL (0 % caspase3 llleaved- caspase37E K B B HL i
MIFB NG, KRB ABATESS A, C: TUNELR UK B B0 S P R O2{F 5, ARs R BAVEAS 5, LR SRR /s PR VR, T8 6805 HE N 22 A5 M TBOR

#hre *P<0.05, **P<0.01, ***P<0.001, n=3. L: 3&; F: G,

A: Bcl2, Bax, caspase3 and cleaved-caspase3 protein levels by Western blot in rat ovaries; B: IHC staining of caspase3 and cleaved-caspase3 in rat ova-

ries; C: the level of apoptosis by TUNEL in rat ovaries, brown represents positive signal, red arrows indicate apoptosis cells, the black box content is the
enlarged part on the right. *P<0.05, **P<0.01, ***P<0.001. n=3, L: luteum; F: follicle.
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Fig.4 The effect of CeO,NPs on the ovarian apoptosis
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