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Effects of titanium dioxide nanoparticles on development and maturation of rat preantral follicle in vitro
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[ABSTRACT] Objective: To study the influence of titanium dioxide nanoparticle (TiO,) on follicle development and oocyte
maturation of rats using in vitro rat preantral follicle culture system,so as to know whether TiO, can cause female reproductive
toxicity and provide evidences for evaluating its safety. Methods: Rat ovaries were mechanically dissected to obtain preantral
follicles and the individual preantral follicle was cultured in 96-well plates. The study was divided into 5 groups: three 25 nm
TiO, groups (12.5 pg/ml,25 pg/ml and 50 pg/mlb) ,one negative control group (treated with culture medium) ,and one micron
TiO, control group. Ten days after culture, the ovulation was induced and the follicle development and oocyte maturation were
observed. Results: The survival rate of follicles, formation rate of antral follicles and release rate of cumulus-oocyte cell complexes
(COCs) all decreased with the increase of 25 nm Ti0O, (P<C0. 05). Compared with the negative control group,micron TiO, group
had no obvious changes in the follicle development and oocyte maturation. Compared with the two control groups,25 nm TiO,
caused obvious morphological changes of follicles and obvious decrease in follicle survival and formation rate of antral follicles. 50
pg/ml 25 nm TiO; reduced the number of mature oocytes. Conclusion: 25 nm TiO;at 25 pug/ml or above can inhibit rat follicle
development and oocyte maturation in wvitro, while the micron Ti(Q, at the same dose has no obvious influence on follicle
development and oocyte maturation, suggesting different toxic properties between nmTiO, and micron TiO,. Titanium dioxide
nanoparticle may have female reproductive toxicity and should be given more attention.
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1.2 %4 KA WOk TiO. K 25 nm TiO, ¥
A Sigma-Aldrich 28 5] 7= il ; L15 55 32 W . & 4 2 Bt
R o B AR 0 75 55 2 (- MEM-glutamax) . A 5P i3
R (hFSH) AR BUER (hLHD R 8 R 5% 4k
B H-ER A Y (ITS-mix) | 8 41 90 6 AR P IR 3 %
(rhCG) , HA XK AK KN F (rEGF) ¥4 Gibco-In-
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720) 403 20 min, H 10 %6 FKIE IR 4 1LE L 100 TU/
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B SR 24 h JEAEAH 258 W U5 (Leica DMIRB) T W
VIS EARUER O, A ZEOR AR e . A 358
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B L 25 FHEER 20 h 5 LER BRI 1 HE 5P B, K 00
Fe-BR R I 52 AR (COCs) WA FE R F= L rh SR 5
WA R AR AT L 5 B3 B0 e 200 L O % 0 40 i 15
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HeH F O AR B S COCs HEH . (5) 5P HF 40 i 1k 24
BB, WAUBE T W5 BBk A0 A A B L X A AR R
W (GV) A R 28 (GVBD) FHE 55 — i ik



S8 WL BE IR AR ARG T SRR B A S R U i B 9 2R K R A S R « 871

(PB) .l GV.GVBD #1 PB JE i %, M 4h 537 op
B 20 B 30 A A S RN 5 — AR A B AT A R S
DR O R 092y =" o VT CAVA S
B0 M N AE R IR B s GVBD Sy B RE 4 i A%
PR AR R R A AR R — R (M 1)
PB A4 R E T2 M 1D .

1.7 %itza® [ SPSS 11. 0 #1741t
S3AT . XF B HAETE R A R R COCs HiF i 2
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B 1 25 nm TiO, 5 UK R

Fig 1 Dispersion of 25 nm TiO, particles in medium

25 nm TiOe
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Fig 2 Follicle morphologic changes in each group on day 2,6 and 10 of culture

Original magnification: X 100
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(R 1) XTHAYEXREZH .25 nm TiO, [ 4. DA

AT o BHAG I, 45 R 3R W] B A7 I A B 0
KRG TiO, F0) Hk 9 3 i e AR A9 B8 34 (5 = 26. 553,
P<20. 05) ; BRULAT I R AT Bl 49 K 9% TiO, 5
1 34 T A AR 01 B A (5" =22, 179, P<C0. 05) ; B
Il COCs HE A7 B 94K 9% Ti0, ) 4 /Y 1§ i i
REAIR I B4 3% (5° = 4. 921, P<C0. 05), K g TiO,

=1
Tab 1

F4 B 300475 2 A TR BOR AL COCs HiE 58 5 91 1
XTRRAARLL , 22 R RG22 B L (P>0.05), 49K
% Ti0, 7E 25 pg/ml LA F 5 5 20 1Y BRI A7 3% 58 A7
JEETE LAWY T e, 55 B M BRZH SOk 9 TiO, XF
MAHEL, 2 5 A 51 % E X (P<<0.0125), 4%
41 COCs HEH R 2Z [0 PP L, 22 5 EGe T2 3 L
(P>0.0125),

UK B 4K 2 TiO, X B8 & B Y 22 I

Effects of 25 nm and micron TiO, on follicle development

Group Number of follicle Survival [2(%)] Antrum [n(%)] COCs release [n( %) ]
Negative 57 52(91.23) 46(80.70) 33(57.89)
Micron TiO; 62 54(87.10) 49(79.03) 35(56. 45)
25 nm TiO,
12.5 pg/ml 58 48(82.76) 42(72.41) 30(51.72)
25 pg/ml 57 35(61.40) " & 30(52.63) "4 25(43.86)
50 pg/ml 57 30(52.63) "4 24(42.11) * 4 22(38.60)

Partitions of y* method. * P<C0. 0125 ws negative group; “P<C0. 0125 vs micron TiO: group

2.4 AR R G KRR TiO, 2T 97 & 21 ik 3 00 % om
(R 2) Bekg TiO, % BE 404 B BEORRE 40 i fr 5 1Y

L5 AR X IR ALAR L, 22 S RGeS (P>
0. 05) s K G TiO, Kl 77 & 19 35 0, b T A= % 3 38
(GV) 14 B 200 10 L ) A7 328 ¥ 18 ) i 3, i 4k 12

KL (GVBD) FHE 55 — AR (PB) Y 51 ) 44
JHEL A 32 DA (4 B, P 50 g /ml AR TiO,
145 W B OB 4 FE P 5 B S 2 Ak IR AH L
2SR SRR L (P<<0.0125),

R 2 MK RHKR TIO, 3 505 40 B B B B9 B0

Tab 2 Effects of 25 nm and micron TiO, on oocyte maturation

Stage of oocyte maturation [n(%) ]

Group Number of oocyte
GV GVBD PB

Negative 53 509.43) 21(39.62) 27(50. 94)
Micron TiO; 55 4(7.27) 26(47.27) 25(45.45)
25 nm TiO;

12.5 pg/ml 49 7(14.29) 23(46.94) 19(38.78)

25 pg/ml 46 13(28. 26) 18(39.13) 15(32.61)

50 pg/ml 43 20(46.51) "4 13(30.23) =& 10(23.26) =&

GV:Germinal vesicle; GVBD: Germinal vesicle breakdown; PB:Polar body. Partitions of y* method. * P<C0. 0125 vs negative group; »P<C

0.0125 vs micron TiO; group
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M E T 200 nm A, Kumazawa 1 & B, 70
nm 9 TiO, AT Lhi#F A 2 Bl 0 2 1 5 50 nm 19 A LAk
AL ;30 nm WA LA T2 R 50, X BEqt
FEVEII AR T TiO, 5 WOk G TiO, 142 4E HI 1 Bl
B PER/NATREAN T

A K TiO, WA B P A SRR SC 50 b, i
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(1] J5T 240 JE0 402 B, I 0 400 M A7 0% . (E H A i ok L H
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A FE R FH I BP0 1R 1 Ky 3% 0 kL A O
TICR RN TiO, 1 B9 I 35 P L 25 2 B R Ok )
T1O, X DA BT BP9 A 7 310 56 42 A Y HE B AiF B Be 11
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JE AT 005 B 9 1 3 Ak (36 PR g R 41 i AS BE 14 5 43
A o8 2 R 200 R B e R 20 B L B 3 AT s T AR
R COCs HEH Z T B L 52 i) B9 1k 40 i B 2 £ 5P
B0 M BH i AR AR ) GV BRCAE i il 2 I
(GVBD),

ARBF L FRR W ORG TiO, X IR & & 5 5P
B0 AT W W BEAE T T 25 nm TiO. X 5P I %
BSOS BB RN,
TEVFH AN K G TiO, X A4 fgt B Y 75 3 4 A 16
BF i F A LA B R M . A O R K THO, 5% Wi A 4b
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