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Effects and mechanisms of 2. 5T terahertz radiation exposure on testis injury in mice
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[ Abstract | Objective To investigate the effects of terahertz ( THz) radiation on mouse testicular
tissue and its potential molecular mechanisms. Methods A total of 125 male C57BL/6]J mice (6~ 8 weeks
old) were randomly divided into control group and low-, medium- and high-radiation power groups. The mice
of the latter 3 groups were exposed to THz radiation at a frequency of 2.5 T, with an average power density of
38, 115, or 318 mW/cm’, for 5 or 10 min. The detection time was immediately or 24 h after exposure. HE
staining was used to observe pathological damage. ELISA was employed to detect the expression of
inflammatory factors in testicular tissue. RNA-seq was utilized to detect the global changes of gene expression.
The differentially expressed genes ( DEGs) were screened and bioinformatics was used to cluster them. The
screened genes were further analyzed with RT-qPCR to determine the time-dependent and dose-dependent

relationships of the expression with THz exposure. Finally, sperm quality was evaluated morphologically using
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a microscope. Results Three doses of THz radiation exposure did not cause significant pathological damages
to mouse testicular tissue. TNF-a expression was increased immediately after exposure at average power
density of 115 mW/cm’( P<0. 01), and the expression of IL-1B and TNF-a were both increased when the
dose reached 318 mW/cem”( P<0. 01). However, all the 3 factors returned to normal levels in 24 h after
exposure. RNA-seq results showed that THz radiation exposure caused abnormal expression of 56 genes.
Cluster analysis indicated that these DEGs were mainly enriched in immune and inflammatory responses,
enzyme activity, sperm development and capacitation functions. Then for 5 selected key genes, Crispl,
AdamT7, Lif, Rnase9, and Bsphl, the expression of Crispl and Rnase9 was decreased immediately after
exposure to 115 mW/cm”® THz radiation, the dose of 318 mW/cm’ resulted in obvious changes in the
expression of the 5 genes (P<0.05), and their expression returned to normal levels in 24 h after exposure.
Morphological observation displayed that exposure to all the 3 doses of THz had no influence on sperm quality.
Conclusion THz radiation exposure causes temporary inflammatory response in testicular tissue and abnormal

expression of sperm functions-related genes. However, these changes return to normal 24 h after exposure,
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and additionally, do not impair sperm quality.
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1.1 THz %a R E 2 AL W REE

R b E CCAR Y BEOESE BE AT 4 55 - 25 D) % THz
H i T 3% % I8 ( Chinese Academy of Engineering
Physics Terahertz Free Electron Laser, CTFEL) , HAH >
ZHANT HUOHIAE 1~3.5 THz, P4 T> 10 W, 1%
BRI EE< 1 ps, Bk P 22> 0.5 MW, ik v 20 451
54.17 MHz, 13k vh B 18. 5 ns, 4G & Hifh 28 mrad,
TR EAT 1 Hz~1 kHz, 2k oh 4 BE 200 ns~1 ms, i
] $}5< 300 fs,

SHEH YR A CSTBL/6) HEME/IN, 3L 125 5,6~
8 JAt B (23+2) ¢, M A AR AR AL G R A vl o
A Sy S I0 A AT i 45 4 S R S G S AR A e B
AT 2R D123 B AH G 2R (AMUWEC20210385) o /)N B
A FEI BRIl T M IS SRR (0. 2 mL/10 g) ARG, [ 58 ) 5
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PR SEH s R 2.5 T 1) THz B, 2% 58 77 f AR I Ak 2%
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TR I R S DA 7T 55 21 ) 4 2 85 07 o5 - 34 T
WERE o AR (38 mW/em?) (5 (115 mW/em?)
AE I (318 mW/em®) , S {5 A [l 21 571 =2 18] 1) 7]
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5 85 10 min, BRLH SlpER S 2R 50 i 5 B () AE EL A
Sy A REE TP RAIb R . RIS IR BT, 40 T 5
#2224 h BRI SO T AR SR AR

1.2 HE # &

F THz 45 5 5% 85 25 90 )5 B 20 BUSE L1 4, 54
3 H/NEL(Con 4H .38 mW/cm’+5 min 2 . 115 mW/cem’+
5 min 41,318 mW/cm” +5 min 2 Fl 318 mW/cm” +
10 min 41) AEAE F 4% 2 R P (PFA) & 2, 2R
J5i#47 HE 4efa,

1.3 ELISA #m X 5% B F £3%

F THz f5 51 7% #% 10 min J5 RPZI% 24 h )5, BUMR
BHHL, B 6 H/NF (Con 41,38 mW/em® £
115 mW/em® 41 F1 318 mW/em® 41 ), PBS %) ¥,
10 000 t/min, B.0>» 10 min J5, Y FiE ., ELSIA #:0
KR & (£ E R&D AR #E47, HE A AE 4 5§
Z UL .

1.4 #FAN B R AMIE oM

T THz 45 5F 22 5% 5 min J5 EPZIECS2 AL, B4
4 H/NEL(Con 1318 mW/em? 41) , i % A 4, Il
J¥ bR AR A E T, BRI R AR A B
RNA $2H( TRIzol 7)) —RNA J5t & K P (45 20 PR UE
RIN {f>8. 0 [l#EA 4 4~) —>mRNA 4lifk—>mRNA H- B}
k(200 ~300 bp) —cDNA 4 i —PCR & 82 5 JE— SO
JF kG —Tlumina S _EHLINF o I 5 58 UG X IR A6 %K
i (raw data) FE47 0 38, ¥ 43 08 5 15 2 19 77 51 ( clean
data) HXTERZYIF OS2 LR A . AR PR FEXTE5 1T
BARAFEF M E IS R, FEMIEARE b, JF—25 R ] Dseq
AR S T RE 22 7 0 hr . 22 57 5L (differential
expressed gene, DEG) {9 fifi ¥ #5 #E 2% . P<0.05,
|Log2 FCI =1, I5Ja s i it 11 DEG #E47 GO & 4
ST AR IS M 45, Hop JE I GO 7R ] Blast2go
A
1.5 RT-qPCR #ml 2 B & ik

/NEF THz 38 51258 10 min J5 RIZ) & 24 h B2
JUAH B R A A RAT, B4 5 HU/IVEL (Con 4,
38 mW/cm” 4 . 115 mW/cem” 4 #1 318 mW/cm” 4),
i A FEAS I AE 55 54T RNA 32U K, RNA $2
BT S 2 2R BT RE BT | R ] TRIzol ( & [H Invitrogen
D) RFIEE B RNA | RT-gPCR 914 BT F 5| 9 )% 5]
W1,

%1 RT-gPCR5|#/7%]

FE S (5 —3")
b7 : TGTCCTGTTGGCAATTATCAAGG

Crispl X
I : CCACAACTATTGGTGCATAGCC
AdantT |37 : CGTGGGGCTCAATTTTACTAAGA
N : CTGCGGTACACATACTCATCAG
Lf % : TGAGGCCCTTGGACTCTGT
’ N : ACCCACTTTTCTCATCTCGTTC
7 : TATAAGGGGCGCTGTTACCCA
fnase 7 : TCTGCAAGATTTAACGCCATTCT
Byphl Fi# : GTGCATGTGTCTTTCCGTTCT
T : GGGGTGAGTGAACACCACTT
37 : ATACGGCTACAGCAACAGGG
Gapdh

R : GCCTCTCTTGCTCAGTGTCC
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i
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E#S R F o R FR/ N BRAA BT 6, SR 20% B 41
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HFTHE 3 U7 Ay 18 ol 1] A7 BB RE 1 s IR Ay vh
HELMAGEE) ;- VR PR &I ATis s, K+
TENE (%)= (KT B80-0 ZAKETEH ) /1 B 8x
100% . 5T W5 B A I - W BBORS 7 B T 208 A
LA A BT, HEEEE S min, TS 2% 1)
Prergeta 1 h, SRS PSR FIES, 8 H/ N K
MZEEAEF 1 000 25, K FHIEH (%)= (WP T
¥/1 000) x100% .
1.7 %t

SEEREAE R ) SPSS 18. 0 i AT GE 1t 4, 55
g R xxs Fow, AL ] HLBCR ] Student” s ¢ K555,
ZH RS T ER R R Ty 225307, F5R ] Dunnett3 28
R TP L8, P<0. 05 S HA Geit 7 o



2200 Rl 4222 R K24, 2024, 46 (19)

http ://aammt. tmmu. edu. cn

2 #R

2.1 RihZie MR E D RERALZREH
sy - 2l 28 CTREL K 22 5 s 22 18 i 7, il
CTFEL 5 fir 7 A= 19 THz I 52 AT 1 J32 1 0 Y S5 55 28
SRt 5 THz SGi, SO U 3R TR E M T Y
PTG, MR EHE O B 10 mm, /N ERRH S
BTEEE b, 2 LSUEX THz B2 iR, R
i THz 504 K 0 2 ko o 28 25 Fe DA R 2 8 Ao
PIEEE IR A, THE A5/ BR S BRA 52 1 THz -
W 2 BE oy 38 115 J% 318 mW/em” (& 1A) . HE
P25 R EIR,3 A THz 58531 52 58 5 min X /)
REEALHA U] B, Y &K B EE N A F] 10 min
B, R KA B D) 3R % 318 mW/ em® ZEFR I , 52
ALK IO B s A 475 (18] 1B) o DL g5 SRR

CTFELA#5%% R

B ESF- X TR R o 318 mW/em® J DL, A WLEE
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2.2 RM#EERH RIS REHNAL SRR T HH
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FFE 5 ¥ Th i, Hodh TNF-o £ 7 ¥ 2 R %
115 mW/em’ 5555 BIRA 75 (P<0. 01, [ 2A~C) .
DL S5 RERWT, TH FR i R 8R RE %3 35 2 AL AR K]
Forusin. T THz Frigs 3 04 98 AE SO 545 (1) B
i), PR T AR ER ST 24 h I RAE R IRE L, &
I IL-1B IL-6 f TNF-o 7E 25 2H 55 Con 2HZ R 22 7 TC
SR (E 2D~F) o DL 25 R Ul e % 2 25 550
T, THz [Irif5 314 52 LA 8 9 RE S I A2 )R] 35

BT

a

BRERR

RAAsSBRE A

A:CTFEL THz R & #h 4 B EAEX B ;B 34548 TR REHRALREBHL(HE &)
E1 THzEHRBREEANREABLRERGHER(n=3)
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1: Con48; 2: 38 mW/cm” 28; 3; 115 mW/em® 48; 4: 318 mW/cem® 48;a:P<0.01, 5 Con 4114k
A~C: &40 THz 534+ % % 10 min /& B ) IL-18 .IL-6 #= TNF- 4% ;D~F; &40 THz 3344 % 5% 10 min /5,24 h &t

IL-18 .IL-6 #= TNF-a 4%

2 ELISA #&0 THz BHERR/NREBAALNRERFRE(n=6,15)

2.3 RMEERH R AT REHNMEIA ARG H R

AR ) THz 48 5 2 85 X S2 L 2L R A
[ 5% W, R FH % S 2 D 1 82 R % 1 ¥4 B 22 9 B2 Oy
318 mW/em® [ THz 3R 5T 2 5% 5 min J5 52 HL4H4! RNA
AT 34T . AR Z5 3 R, X IR ZH 5 THz 5 54 2%
R L, P FRIAAFFE W] i 22 55 (161 3A) s o fy
475 A FEP HAERT BRAL = 3R35 A 397 A HE [ R AE THz
ST 7 B 2 R ek i 6k (81 3B) 5 ik — 2 R i 1k
54 (P<0.05, 1 Log2 FC1 =1) , % DEG #FAT i BE T,
FLFVE Y B IE 14 A, TR 42 >, MR i
R DEG, #E 47 1 AEW{E B 2% 40 M. GO R4y
rai LW, DEG 25 475 K F U SOK 13K e,
WA R kB B RS TEREE, 40 Grip2 Fl Bsphl |
¥, Lif \Rnase9 Bsph2 H1 Slfn14 "N ; gAY HEPE, 40K
Mg . B K A S PR, A Vill b JE, WfdelSh
Fetub . Lif Spink10 I Spint5 i ; DA M XA K % Hi
AR G5 BRNE , T%oF 20 T S50 A ) ) S i JROBE e R e
JRE I L e ot FEE A 38 s N, AN Vil b, WfdelSb | Lif |
Tlrl Defb20 Defb26 . Defb28 Defb37 Oasla Fl Rabl7 T
H(E4.%2),
2.4 KAhikia A R ES D R EHA LR AR

Rk ey %ol

R PR SR LI P 145 58, N8 ST Rk /i 10

1) DEG Hf P H I REHEA T , $H 5 A~ S5 1 DI RE

TRE R FEAHSCH R, HEAT 1 235 Y B RN R0OE &
BE, X 5 PNEEE A Crispl (Adam7 . Lif \Rnase9 5
Bsphl, i3k F3R B R 80OC R Ik, K 1 - 25 ) 5%
Bk 38 115 J% 318 mW/cem” THz 48 5] 525 10 min X}
VI EFER TR0, 25 SRR, Rnase9 5 Crispl 1E
115 mW/em’® %588 J5 B 20 % A W b ) 3k A28 1k, BTy
5 AL FE 318 mW/em® B 75 J5 34 H B g ARk (P<
0.05,P<0.01,® 5A~E) . % THz prifs SRy IE R
FARAALFF LI ], 2T R A 7 2 10 min J5,24 h
KL R R AR Bl 45 R R B, R 2 78 o )
318 mW/em’ THz f& 5 5255 )5 24 h, i 5 LN I 2%
RIRE BIEH K (8 SF) o L RS R UEIIAE % 5%
#& AT, THz 56 50 2% 568 P15 5 (0 S2 AL 2H 2L DA 3k
A ARSI R A
2.5 K#t#ZEARE D AT REN Y

THz JJ7 1755 1) S8 AL SUAAE S i I 1 1 22 1k
K S RE T DI REAH G 1Y e PR Gk A8 b 4 7 THz 5 2%
8 AT RESS X HE F  JB t y A S e o RO, A T e
HI %% B 318 mW/em” THz 45 51 252 10 min
J5 BN Z S ALZH U e e R B0 A2 4L, 25 SRR W], THz 4%
PR EEIFA PR RECLA (R 3) s HAE KM T %
#&J5 24 h RS 7B, AL AERE BGRB8 R S P
% GERRH T B 3% 318 mW/em® (1) THz &4t
B o, ARG T B A (R 4) .
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GO ®mAESKH AR TR
Kirikae Bsphl Rnase9, Bsph2
o HABARAE P 0 52 I Vill Wfdc15b , Lif, Tirl,Defb20,Oasla,Defb37, Defb28, Defb26, AY161185
XA A PR I Vill Wfdc15b, Lif, Tirl, Defb20, Oasla, Defb37, Defb28, Defb26, AYT61185
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J TR 5 9 1 Vill Wfdc15b, Fetub, Lif, Spinkl0, Spint5
JORTRERAT 1 7 Vill Wfdc15b, Fetub, Lif, Spinkl0, Spint5
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RE Grip2, Bsphl Lif, Rnase9, Bsph2, Slfnl4

X AR oy 4 7 0 S

Wfdc15b, Lif, Defb20, Oasla, Defb37, Defb28, Defb26, AY761185

T 2 T A 7 28 2 L - Wfdc15b, Lif, Defb20, Defb37, Defb28, Defb26, AY761185
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