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[ ZE)EH W82 BB (type 2 diabetes mellitus, T2DM ) HEPE /N BUSEBIIR ST 2 UM R 95 0 52 MU U 2528 2R 43
W RS TAE AT TR G, F7 3% ofF 24 H 8 Al CSTBL/6) Mt /INER ML 3> 2 21 X IRZH 10 HAN T2DM 4 14 H, X IRZ /)N
BRI IR  T2DM 2145 T R AR ML SR o 8 J J e R 200 /1N B M T SR A 0 % ok, T2DM 201 /) RO Js T 5 60 mg/keg B IR
e 2 (streptozocin, STZ) , F5452 5 o TaFE /N 4 J& G Wr BALBE , 43 5 /0N BUAY L7 B2 50 (B8 . i b 1850 S2 R 7K SPAG
VEAS I /N BB S A0 AE RS DI BE s HE e (@ W 52 AL SUB S 2578 Ak s TUNEL Y il S2 304 S AN A A 115 50 . ELISA R
T /)N BRI T P AR T 4 5 A i superoxide dismutase,SOD) ,§ % (malondialdehyde , MDA ) AT ZE N4 -1 (heme oxygen-
ase—1,HO-1) 7K ; Western blot #6300 HE P4 /)N LS8 ALZH 20 B 40 i bk B 088/ 9 15 -2 (B cell lymphoma/leukemia—2, Bel-2) \Bel-2
FH 2 X 2 [ (Bel-2-associated X protein, BaX) R RR R A AR -3 ( cysteinyl aspartate specific proteinase—3, Caspase—3)
EHFIAKE, SR GXFMEAF L, T2DM /N FUA B (26.00 +2.85) g K& T30 H (4.15 £ 1.01)x10°4N/L 52 7K F-(0.99 =
0.41) ng/mL A (P=0.000, P=0.009, P=0.041) ; TUNEL %% 5 @75 : T2DM 2H /> B2 LA K /NG 4% 2 26 05 20 M 508 7 ) P 11y
JAT AT AN g (21.60 + 5.11, P=0.033) 8411 ; ELISA 255 7R - T2DM 41/ BUMLTE 4 A1 3 SOD (4.42 + 0.47) pg/mL AT HO-
1(2 968.00 + 536.10) pg/mL FZ ik K-35 /il (P=0.000, P=0.008) . Western blot %] & 3 BaX (1.270 + 0.059) | Caspase—3(1.94 +
0.47) 2 1 FRIBACEH N (P=0.008, P=0.041) , H BaX 5 Bel-2 LR K . S8 - 2 BOBH PRI MEM: /1N BRI 37 52 0 75 o b S5 R A1, A
R AN AR TR, AR RO R A B RE .
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Influence of type 2 diabetes mellitus on the morphology and

apoptosis of germ cells in male mice
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[ Abstract] Objective : To investigate the influence of type 2 diabetes mellitus (T2DM) on testicular histomorphology , testosterone se-
cretion, and spermatogenesis by establishing a male mouse model of T2DM. Methods: A total of 24 male C57BL/6] mice, aged 8
weeks, were randomly divided into control group with 10 mice and T2DM group with 14 mice. The mice in the control group were fed a
basal diet, and those in the T2DM group were fed a high—fat diet. After 8 weeks, the mice in the control group were given intraperito-
neal injection of citrate buffer, and those in the T2DM group were given intraperitoneal injection of 60 mg/kg streptozotocin (STZ) , for 5
consecutive days. The mice were sacrificed after 4 weeks of feeding, and the serum, testis, and epididymis of the male mice were iso-
lated. Sperm count and testosterone level were measured to assess the spermatogenic function of germ cells in male mice ; HE staining

was used to observe the morphological changes of the testis; TUNEL
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staining was used to observe the apoptosis of testicular germ cells.
ELISA was used to measure the serum levels of superoxide dis-
mutase (SOD) , malondialdehyde (MDA) , and heme oxygenase—-1

(HO-1) ,and Western blot was used to measure the protein expres-
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(2023-11-21) (caspase—3) in testicular tissue of male mice. Results : Compared
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with the control group, the T2DM group had significant reductions in body weight [(26.00 +2.85) g vs. (29.71 +4.28) g, P=0.000],
sperm number [(4.15 + 1.01) X10%L vs. (5.56 + 0.70) x10%L, P=0.009], and testosterone level [(0.99 + 0.41) ng/mL vs. (19.85 =

10.23) ng/mL, P=0.041]. TUNEL staining showed that the T2DM group had varying degrees of apoptosis in spermatogenic cells at all

levels of testicular seminiferous tubules , with a significant increase in the number of apoptotic cells (21.60 = 5.11, P=0.033). ELISA

showed that the T2DM group had significant increases in the expression levels of the serum oxidative stress markers SOD (4.42 + 0.47)
pg/mL and HO-1(2 968.00 + 536.10) pg/mL (P=0.000 and 0.008). Western blot showed significant increases in the protein expres-
sion levels of BaX (1.270 + 0.059) and caspase—3 (1.94 = 0.47) (P=0.008 and 0.041) and BaX/Bcl-2 ratio. Conclusion : Male mice

with T2DM have a significant reduction in serum testosterone level , a significant increase in the apoptosis of spermatogenic cells, and a

significant reduction in the number of mature spermatogenic cells , which affect reproductive capacity.
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Ak & A Tl (nitric oxide synthase, NOS) 7 M Bk, N
J & (endothelin, ET) 5 [ 85 2 5L [H A EJIK (calcito-
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T2DM 21 T4 8 JAl A s T, I 3 93% (BET- 1 ) . dksk
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1.2.4 1% ELISA R M —80 “CoKAHELH /N BRI , vk &
LB W IR, ELISA ¥ D 72 I v vh S T | 4 S 1k 4 18 1k it
(superoxide dismutase,SOD) N —_[# (malondialdehyde , MDA )
FAIMLET 2 SN -1 (heme oxygenase—1,HO-1) 7K. FFF i
BRI (n=450 nm) &
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W M SRR - M = ol =0 |
200 I < KV TR B T B R It T B 10% 43 S I
4 mL, F 2288 /K78 235 ST, 55 MR JI0E 29 40 min; {5145 5 5
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23 TUNEL# M % %

TUNEL A I 45 5 7R - 5% B2/ BB AL i T iy 2
AR (15.73 + 6.58) ML, T2DM 2/ RS2 AL I T2 1Y
AR AR IR (21.60 + 5.11,4=2.303, P=0.033) B {33 i1 (&
2C) o AT 14 200 L = A RS T A L A BN - 240 L S 2R
SRR P T AN, I L SR A A T AR N 3T L
A 2A B taisk) . SXTHRZAIAH L, T2DM 41 S8 a1 21
() 5T 200 AL T B B I N 3 (B 2B E k) .

24 248 R i SOD MDA HO-1 K -F

SRR R TN Sy R 2 TR DR B LA 56 O RRE Y AR
P BRAE FRAILE . R 5 R A 2 R BRI v 9 4
HLL, ARSI T 2 41/ BRI 3 1 SOD \MDA \HO—-1 /K-,
5 RN OR 5 X7 B /N B SOD VHO-1 7K [(3.62 +
0.11) pg/mL. (2 194.00 + 619.30) pg/mL]#H Lt , T2DM 41 /N K,

F1 2HMREBUEREML (x £5)

25 i (g) o (g) FEFEH (x10°4/L) S (ng/mL)
X B4 (n=10) 29.71 +4.28 0.100 0 + 0.003 4 5.56+0.70 19.85 +10.23
T2DM 41 (n=13) 26.00 + 2.85" 0.080 0+ 0.002 1* 415+ 1.01° 0.99 +0.41"
i 4.732 4.000 3.027 2231
PE 0.000 0.001 0.009 0.041

T ea, 5XRA HLER, P<0.01 ;b 55X BRZH A, P<0.05

A X HRAH

B. T2DM 4

T WOk, AL T D 2L R Sk - ARFRA /N GBI A RS 5 2 (035 Sk  TER BT A% 2L
E1 HERBKW2A/NMNREABAFTEEN(400x)
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1fi. 7 SOD, HO-1 /K F[(4.42 + 0.47) pg/mL, 1=5.157, P=
0.000, (2 968.00 + 536.10) pg/mL, t=2.991, P=0.008] & & F}
i (1 3A L C) 5 5 08 B /DN UL 35 MDA 7K F- (288.20 +
47.46) A0 EE, T2DM 41/ UL 1 MDA 7K (149.70 £ 43.95,
1=2.144, P=0.045) FEAK (151 3B)
2.5 FHMB P B@IHEE/G 2%m-2(B cell lymphoma/
leukemia—2, Bel-2) . Bel-2 #8 % X & & (Bcl-2-associated X
protein, BaX) | ¥ Bt & BR R % & BR & & B -3 (cysteinylaspar-
tate specific proteinase—3, Caspase—3) & & & ik K-
AN UA TR AN TE 2 R RVE T A A i A 321 AR P
MIFETo 1L 2 . Western blot 2558 7« 5% BRZH /N LS8 AL 20

ARSI

B. T2DM 4

21 Bel-2 BaX 8 147K (0.950 + 0.059.,0.91 + 0.18) AH
It , T2DM 41 /s B 52 AL 20 8 Bel-2 25 1 3R 1A 7K T (1.18 =
0.17, 1=2.532, P=0.045) 3 il , BaX % [ % ik 7K ¥ (1.27 =
0.059,1=3.867, P=0.008 ) /il (&l 4A \B) , H BaX 5 Bel-2 I,
E 3T (P 4C) , 2 B 52 U0 2V A 40 i b P8 72 3% 5 Cas-
pase—3 S 2 I I8 T fR OCHE Y ROV 2R U, 7E AN I T A
AL ESCHEMMEN . ARG &I 5% R/ N RS2 L1 21
Caspase—3 T [ &Kk (1.27 £ 0.22) M H , T2DM 2 /) B 52
AU ZUH Caspase—3 2 [ R 18K - (1.94 + 0.47,1=2.586, P=
0.041) 3 (& 4A .B).
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T2DM 4 n=13,x +5)
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1.57
o d
fant
1.0
<
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b
&
o »&»
& > 0.0-
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Hra, G5XFIRY] Bel-2 R 1B KF LS, P<0.05 5 b - 5% B2 BaX 25 135K - FL &S, P<0.05 ;¢ : 5 XF B4 Caspase-3 FE [
FIKIKFFL#E, P<0.05 ;5 d s 5% BB ZH BaX 5 Bel-2 HU AR FE#5, P<0.05 (X BEZH n=10; T2DM £ n=13 ,x £ 5)
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Ko F3H, T2DM Mtk /N BRLSE AL TR B R 1
B 208K . 2 W] T2DM M T A AR T T fik
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ZERN A i 22 B 5 IR IR DR s 5 el B P A= 5 1)
e, H5 A0 0 B VI AR G, (H AL i A B A .
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HO-1 31~ 590 5 A0 AH 5 1 OGSl & B - 10037 vh 1)
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(vascular endothelial growth factor, VEGF) 2 i5F&AI%,
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AWk LS5 RN - T2DM B /N B2 L rh
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