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Abstract: Objective To investigate whether resveratrol has a protective effect against reproductive toxicity induced by nano
titanium dioxide (Nano-Ti0O,) in male mice. Methods A total of 50 healthy male ICR mice were randomly divided into the
control group, Nano—TiO, group, and mixed groups with Nano-TiO, plus low—, medium—, and high—dose resveratrol. After 28
days of continuous gavage, epididymal tissue was collected for semen quality measurement, and testicular tissue was used to
evaluate pathological changes, testicular tissue—specific functional enzymes, and oxidative damage related indicators. Results
After exposure to Nano—-TiO,, the testicular and epididymal coefficients of mice decreased significantly (P<0.05), sperm
density and vitality decreased significantly (P<0.05), sperm deformity rate increased significantly (P<0.05), the number of
spermatogenic cells in the testicular seminiferous tubules decreased, and the Johnsen score decreased significantly (P<0.05).
The activities of acid phosphatase, alkaline phosphatase, lactate dehydrogenase, glutathione peroxidase (GPx), superoxide
dismutase, catalase, and reduced glutathione all decreased significantly (P<0.05), and the level of malondialdehyde increased
significantly (P<0.05). After intervention with resveratrol, compared with the Nano-TiO, exposed group, the testicular and
epididymal coefficients increased, semen quality and pathological tissue damage improved significantly (P <0.05), acid
phosphatase and lactate dehydrogenase activities were significantly increased (P<0.05), and malondialdehyde levels in
testicular tissue decreased significantly, while superoxide dismutase, glutathione peroxidase, and catalase activities increased
significantly  (P<0.05). After correlation analysis, it was found that there was a significant correlation between antioxidant
enzymes and malondialdehyde and the indicators of semen quality and testicular function enzymes. Conclusion Resveratrol

has a protective effect against reproductive toxicity induced by Nano-TiO, in male mice.
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Image—J 2R F 4811355 5 HEL 5 K H 1) Nano-TiO, k74,
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B 1 Nano-TiO, LAY ST RLBEIEI (x 15W)
Figure 1 TEM image of Nano-TiO, (x15W)
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Table 1  Body weight and organ coefficient of mice in each group [n=10, (x +s) ]
Gl AT (e) LEMEEAR R (mgly)  AMEI A (gl OISR R M (mg/y) AR R E(mg/e)
A4 3111 +2.57 4.04 £0.26 4.09 +0.37 1.24 +0.44 1.23 £0.50
B4 31.62+3.11 3.81+0.47 3.84 +0.49 1.09 +0.46 1.10+£0.52
CH 30.82+2.29 4.16+043 4.20+0.36 1.16 £0.43 1.30+0.51
D 29.79+2.43 4.03+0.39 4.14 £ 042 1.19+0.49 1.22+0.51
E4 28.60 = 2.60" 439 +0.25" 4.62+041° 1.30+0.46 1.33+0.46
L SX IR, "P<0.055 15 Nano-TiO, ZHAfILL,*P<0.05.
R2  AU/NERE TR =10, (x £5) ]
Table 2 Comparison of sperm and semen quality of mice in each group [n=10, (x+s) ]
pxil HE T (10° 4 /ml) T ATV T3 (%) HE 5 2%(%) T WY (%)
A4 10.33 +2.76 44.50 +17.20 56.60 + 17.37 9.80 + 1.65
B4l 8.19 £2.55 30.80 + 9.85" 42.00 + 8.07 12.04 £ 191"
C# 8.89+2.71 4320 +12.78" 55.00 + 11.80% 10.20 + 1.63*
D4 7.90 + 1.80 43.40 + 14.42° 56.70 = 13.58" 10.46 = 0.92*
E 241 8.44 +1.51 42.80 = 10.25* 54.10 £ 9.99* 10.52 + 1.39*

- SXHRALA L, "P<0.05 ;5 Nano-TiO, 4141, *P<0.05,
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RAEWHE S BETE (P<0.05), AEESEEE
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Figure 2 HE staining results of mouse testicular tissue (x400)
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Figure 3 Johnsen scores of testicular tissue in each group of mice
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Table 3 Comparison of sperm function enzymes in testicular
sperm among the mouse groups [n=10, (x +s) ]

ACPIE (&R AKP G (&K

ol {3 /g Prot) {37 /g Prot) LDH fit(Ule)
A 108.90 1053  55.13+4.83 2129.67 +261.91
B 6022+6.11°  2572+097 1331.62 + 145.08"
C4H 7837 £9.71* 35.08 +8.18 1709.20 + 68.27*
D4 75.46 + 9.38 25.97 +3.50 2022.20 = 280.55*
E4 68.60+11.08  30.12£5.17 1523.35 + 65.08
T 5XBAMIL, ' P<0.05;5 Nano-TiO, 2L ,"P<0.05,

MM, 2282 T Nano-TiO, J5 /M REEILH LA F I TH
TR E T, CAT SOD \GSH  GPx 1% /13 %
FR#E(P<0.05). 5 Nano-TiO, ZLAH ., F A # & 19 A
B2 B RE S P U W 2 T B .SOD R GPx 1
B F R THP<0.05); LAk, 50 me/kg 1438 2 i BE i ffi
CAT it L FH(P<0.05),

R4 FAU/PERETEIAMNL - BURADHEPR L n=10, (v £5) ]

Table 4 Comparison of oxidation—antioxidation related indicators of testicular sperm in each group of mice [n=10, (x+s)]

il 5 F(nmol/mg)  CAT {71 (U/mg Prot) SOD 7% 77(U/mg Prot) GSH & % (wmol/g) GPx {ifi 77(U/mg Prot)
A4 3.18 £0.61 427+0.25 41.35+243 32.59£1.77 85.00 £ 6.16

B4l 12.67 +2.03" 1.61 +0.64" 21.39+0.94 12.70 + 1.47° 31.85+1.04

(OF; | 4.59 +0.42° 2.55+047 31.65 £0.72% 13.93 £2.47 45.89 +5.01"

D 2 5.07 £ 0.56" 3.87 £ 0.46" 28.37 £ 0.63* 15.17 + 4.68 46.78 + 3.39"

E 21 4.74 +0.29* 2.03 £0.59 2541 +1.92* 15.34 £2.07 38.80 £ 3.44%

T 5XFRAIAMIEE ,"P<0.05 555 Nano-TiO, 4141 H , *P<0.05.
2.7 ARG, EhGAEEL FATGAAXIRARG AR SAT A PIRI A  TE R X



PRAC T B 2F 2026 4E55 53 4255 3 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 3

+ 523 -

Nano-TiO, S4B MER, MREBMET 2  X(P<0.05).S0D GSH .GPx 515 T2 8 Z [ IE A,

ILIIRERE 5 A A A R AR A T AR O E b . 4
RIS, W SR T T R 76 R
ACP AKP LDH {2 T AHC , S5H5 WP % 3% 1IEAH

CAT.SOD.GSH.GPx 5 ACP.AKP.LDH ¥ & 1F #H
2%, S0D . GPx 5k W 3 i 3 171 AH DG (P<<0.05)

R 5N AL RERG S LB AR SRR B A S

Table 5 Correlation analysis of semen quality, testicular functional enzymes and oxidative damage—related indicators

TR NES) T CAT SOD GSH GPx

VIt n r PiA r PiA r PiA r P r P8
e -0.153 0.290 0.166 0.248 0.291 0.041 0.362 0.010 0.287 0.043
KIS S -0.369 0.008 0.195 0.174 0.242 0.091 0.172 0.232 0.251 0.079
IERLES -0.420 0.002 0.250 0.080 0.263 0.065 0.160 0.266 0.239 0.095
| 0.432 0.002 -0.249 0.081 -0.402 0.004 -0.201 0.161 -0.303 0.032
ACP -0.596  <0.001 0.710 <0.001 0.915 <0.001 0.836 <0.001 0.877 <0.001
AKP -0499  <0.001 0.549 <0.001 0.873 <0.001 0.833 <0.001 0.846 <0.001
LDH -0611  <0.001 0.878 <0.001 0.769 <0.001 0.551 <0.001 0.734 <0.001
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