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BB DR L REFE S0 W SiFE 4.9 GHZ I RFR & F 55, FF K 1 h, B4 RE 21 d. RBELEHE, @
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(BELISA) I 52 2 (T BRI 3R (FSHD 35 1 A2 B3R (LHD R P I 32 B OB ER (GnRID) i R JE M 2278
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Effects of SG mobile phone radiation on sperm quality and sex hormone levels in mice

XUE Yizhe ZHANG Zhaowen GUO Ling LAI Panpan LIN Jiajin QIN Tongzhou
JING Yuntao WANG Xing ZHOU Guigiang DING Guirong
(Department of Radiation Protection Medicine, School of Military Preventive Medicine,
Air Force Medical University, Xi'an 710032, China)

ABSTRACT To investigate the effects of 5G mobile phone radiofrequency radiation (RFR) on sperm quality and
sex hormone level of adult male mice, 24 healthy adult male C57BL/6 mice were randomly divided into two groups,
the sham-exposure group (Sham) and 4.9 GHz-exposure group (4.9 GHz RFR), with 12 mice in each group. The
mice in the exposure group were exposed to RFR with a power density of 50 W/m* and frequency of 4.9 GHz for 21
consecutive days, for 1 h a day. After exposure, the sperm quality was evaluated by detecting the sperm quantity and
abnormality rate; Histomorphology of the testis was determined using Hematoxylin Eosin (HE) staining; the levels
of testosterone (T), follicle stimulating hormone (FSH), luteinizing hormone (LH), gonadotropin releasing hormone

(GnRH), glial derived neurotrophic factor (GDNF), and stem cell factor (SCF) were measured using enzyme-linked

%ﬁ%ﬂb AR R TR (202 THK Y X08) Bt 1))
R BT, 2, 19914 3 H AR, 2017 4F 6 H F BRI T K A% 3R A - 2247
ﬁ% YB3 THEZR, 184, #03% , E-mail: dingzhao@fmmu.edu.cn
YScRe H 39 917 2022-06-24 5 #& [1] 2022-10-17
Supported by Special Project of Air Force Medical University (2021HKYX08)
First author: XUE Yizhe (female) was born in March 1991, and obtained her master's degree from Shaanxi Normal University in
June 2017
Corresponding author: DING Guirong, doctoral degree, professor, E-mail: dingzhao@fmmu.edu.cn
Received 24 June 2022; accepted 17 October 2022



BE 5 SGFHURM XN U 7 BB AR IR KT (12

immunosorbent assay (ELISA); A western blot was used to detect the levels of GDNF, SCF and tight junction related

proteins (ZO-1 and Occludin) of the blood-testis barrier (BTB) in testis tissue. Compared with the Sham group, no

significant change in testicular morphology, sperm count, and sperm abnormality rate was observed in the 4.9 GHz

RFR group; The content of FSH and LH in serum showed no significant differences; and the levels of GDNF, SCF,

Z0-1 and Occludin in the testis showed no significant differences. However, the concentration of T and GnRH in

serum decreased significantly. The results showed that under the experimental conditions, 4.9 GHz RFR had no

significant effect on the sperm quality of mice, but could lead to changes in sex hormone levels.

KEYWORDS Mobile phone radio frequency radiation, Mice, Testes, Sperm, Sex hormones
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2017 R E KA T SGRHEAE R 1A%
3 300~3 600 MHz 14 800~5 000 MHz /& 5G # #i#
ERGUE S5 N BB, W] g2 IO H R I 4G
A (900~2 400 MH2)™ , B 5G B AR KK &
5G AL Ai%R 5T (Radiofrequency radiation, RFR) &
2 0 g B 77 AR e ] R 2 O R
Miyakoshi 27 Bff 51 & B , 5.8 GHz Hi 1 4% T %% 5%
24 h &, 6F N FR A7 B R 20 P L 5 P A AR
P o PRI SERE 7 R0, 5.8 GHz TR i 8 5% 72 30 d
(B} K52 2 h 84 h) %f SD(Sprague dawley, SD) K
BRI 57 2JEAZ VA ik 3 5 o 52 AL A K S A0 S
PR R B 2 —, REAE BT AL R I, A 55 5 A4
o0t B3 AR TE R G AE AR R S Hasan 9K
B, 48 2.4 GHz S e 1% 452 60 d J& (5§ K 40 min 5%
60 min), /)N i 52 AL ZH 2R S5 14 52 40, AR ARG At ek b, 2R
K /NG s 1 K o Shahin 25706 , 2.45 GHz S 4R
WS 55 30 dCRER 2 h) , /NRURE FECEAEIE R
0E T, ERNE BARN, B A RS T
W AR B KR B ARSI Re A B
Wi o T SR BT 1) 5 57 S HOMINHAN ], BT A H
AT 2% T 56 AU S o) A P A B R Gt B SRR S 8
—HIZE R o [RIB O& T SG A B S A s Sk o) g 1 2 B
RGO FEMR A DL AR S, R UL, A 5T B R IR )
4.9 GHz 5 it%s it (5G F-HLE 2 TARSB 2 — ) XF /)
B, S8 L R R T BE R S

1 MR5ERE

1.1 SEISEh4)

24 W {d B¢ 4 1t C5TBL/6 /N B (1R i &
(22.6+2.7) @), W B 7 ZE F 1 K5 O [ 7 22) s B
SRy, £E T M T A I X R 460 R 3EAT A
IR (2342) °C 1 ¥R JE (50£2)%: 12 h iR, 12 h B
), /N AT B SR YR K AR FE R BT 1) 3

WS 1) 22 75 2 e 1R K (b [ 05 22 B W e R 2=
IAE=ili

12 SRS RBESRMGAE

R ARG T RA R R SAEE SR 2R
.5 5 R 2% N Keysight N5171B G2 4R}, 35
), X 9 kHz~6 GHz; ) il %% & 5 Ny i &
BLMAO0860-100 (BONE, & [ ) , fa H 4l Bt N
800 MHz~6 GHz, fix X%t T % 50 dBm; K2k XU
WK 2k, 785 T i XJT-DR10180 (76 %
FERE, R ED , 7T RARECN 1~18 GHz, KX A K
D 4280 mm o /s B B AL 43 A fE 2% 75 2H ( Sham)
A1 4.9 GHz 5t A 4% 5 %% % 41 (4.9 GHz RFR) , 41
RAKEPNREEERES TR RE THNEEE
P, BT B K2R 70 om Ak CRHATEE Sz 37 X 380 , 45
KAeHRFENIREET 49 GHzRFR % 1 h( L4
9:00-11:00 47, FEL: FR 55 21 d, 2 8 X (1) D) %
J& 2 50 W/m’. Sham 41 /] B (1) 4k 2 75 05 4.9 GHz
RFR 4L AH [, {H 5 5 22 G0 0 S0 o6 i o b 4b ,
3 didsR AN A

1.3 MRIEREMBLEF

HERFE2NAERGH K, /MR 1% KE L
Z 4N (60 mg/kg) M8 Ji 3 50 BRI o e, 20 12 H /)
BRR oIl 0 2R, A I AE = E# B 0.5 h )5 ,4 °C.
3000 r/min B> 15 min, YA 75 H TR R
73 B XU 2 ALFREE L IR 5 S LR 2, B T4 I
% £ 22 R (PBS, pH=7.4) Te 5 i » 9 H /N L 52 Juik
£ 1-80 °CHrH 3 R/ B 22 L[ % T Bouin R
CAEEC B MR A 1) FR kAT 20 S 85 22 A I 5 43 5 0L
B2 2, Ui HE RGN 7 TR DR T I &

14 NEETHERBERSH
B/ ORI B 52 B E T 1 mLAS 73Rk,
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37 °CHEPR 28 4% 511 40 min H| Bk 720 M B &
TE W JG N — IR R DT TH R (BMU Ventures
Inc., I KD, fEGF B T (Leica, 8 ED 114 ;
KRS T B SRR FIF B AR, F Filve
3 P B ] 5E 20 min J& 24T G (2% R 2L, 30 min) ,
TEIC 2 WA T USRS TR  WBRTKR E A AS
[FALET 48 T2 400 > 8BRS 1 A& LT BEORS
Wy 1 22 o W 2 28 AL 36 0 o8 T L T8 S XSk XA B
RS

15  DMEEAMMMRALRAKB-FLRE

[ 5E 24 h 5 , X 8 HHATAE BT K G R
I A L, AR S e A V) ML (LeicaRM2135 , 1
YEESEY) Py, JEEE NS um, SR JE L H g 0 8 0t
VIR AT TR ARKS - (HE) G 1

L6 NEEAEHNEERMLEREENE

HEVHE Qe i )5, 165 RSt (Leica, #2ED T
LA /N A5 R A IR, T A BE LR EL 25 AN K
BIRA/NT 1201 RS /NE {8 Imagel 1.43u
WA LN R E AR AR E R,

1.7  ESExGEIRMIsEIg
BN B2 AL ZUBT R, NN T4 B PBS (R AR

R 119 TR HFBE , 5138 5 000% g 250> 5~10 min , 1
B35, SR i A1 FH 1t TG 4 72 W B SI2

ELISA i 71 & (Elabscience , H1 [ )l 7€ 52 .20
LR T4 i K] 7 (Stem cell factor, SCF) AT fii I 14
fih 22 5 7% [l ¥ (Glial derived neurotrophic factor,
GDNF) & & . It Ah, {f F ELISA 35 & (AL i A A
o W oE I3 R M R K CE, B 2
(Testosterone, T)  fi G 1 ¥ & (Follicle stimulating
hormone, FSH) \ 3 4 £ 1% % (Luteinizing hormone,
LH) H1 {2 1% B ¥ & B 5 B % (Gonadotropin-

releasing hormone , GnRH) .
1.8  EHR%KENZE(Western blot)

VK EIRBUNREZE AR EE A GLEED,
HHED L SR 5 Al 10% e FE AT R - 58 7 0 e e
I HLPK (SDS-PAGE) M BEAN it 1 43 5 30 pg 1)
AR, JF R R R I = &M (PVDE) JIE
(Millipore, 2 ) _E, FH] 5% (i AR 2 05 %= iR B 41 2 h,
IAN—Hi4 CHELR, —HEHE LR L HE RE
1530 min, 5 A0 N AR ) —H1(1:5 000, CWBIO, H
)E L N E 2 h, %8 )5 448 Universal Hood T HE ik
R AZ A (Bio-Rad, B KFD AT 22K

R1 EBEREMT -HIHEE
Table 1 Western blotting primary antibody details

PR FR Antibody @ KIF Species /~ 7] Company 7=l Origin Bt Lk Dilution ratio
ip-MlshEH NIRRT DU CMCTAG IR IR I 2 H 1:5000
Anti-B-actin Mouse monoclonal Ab Milwaukee, USA

U E RN T B2 DL Abcam pilly e 1:400
Anti-GDNF Rabbit Polyclonal Ab Cambridge, England

U4 1 2 DA SAB I 22, [ 1:300
Anti-SCF Rabbit Polyclonal Ab Maryland, USA

#z0-1 A 2N Proteintech TEW)S 1:1 000
Anti-ZO-1 Rabbit Polyclonal Ab Wuhan

1 Occludin % DA Proteintech X 1:2 000
Anti-Occludin Rabbit Polyclonal Ab Wuhan

1.9  GitFaE

BT A B8 DL T 4 (8 45 1 2 (Mean=SD) K 7
181 i SPSS 20.0 F5AH: % 25 [ 33E AT PR A LA AR £ 4G 560 5
GraphPad Prism 8.2 X {4 1 & ; p<0.05 Bl 5 45 11 %
B

2 FER5WHE

21 PMERMBERIKR

/0N B MR B I 45 SR B 1 () o 5 5 Sham 20
HIEL 4.9 GHz RF 41/ BURS #OIRZS S B8R LA 14
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o 7E 2 55 W 8] 0 B 3% % 7 (p>0.05) ;4.9 GHz RFR 1O A1) o LIRS FIRIR , AHIE 5T 544 T 1 5 40
H/NREZAEMZHRAYIILEEZER P>0.05, 8 FEEIR/IN A — B BEIR i I8 B B 520

(@) (b) ¢
26 0.20 i
o o
= R
o 24 £0.15 i 08
2 2 806
S 22 20.10 £
g 2 2 04
1% N
20 Bo.05 2 0.2
18 +Sll1am - 4-'9 GHz RIFR 0 0
12 3 6 912151821 Sham 4.9 GHz RFR Sham 4.9 GHzRFR
Days Group Group

1 4.9 GHz RFRIZELLFFE 21 d %/ B —fAe BOIR Bt I «
(a)/INUARE 5 (b) 52 L 5 (o) 52 0L A3 Bdi Ry Mean+SD , n=12
Fig.1 Effects of continuous exposure to 4.9 GHz RFR for 21 days on the general health of mice:
(a) body weight of mouse; (b) testis weight; (c) testis coefficient; data are expressed as Mean+SD, n=12

22 NREAESERNEERNERBLIEE EENA KB R EK T, 5 Sham 4L AH EL , 4.9 GHz
ErEi RFR 2 2 LB LA H B2 (E 20) , £ X
8241 HE 35,45 5L 57 Sham 41/ EALFG 4 44 INEBEARFAERS B R T E £ 5 (p>0.05, K 2

U g LM A K I T ] R L (DA o IR G5 BRI, AW I 26 4F N 0 5 A

S/ B AL T B
B RN R e e, D EEEAALERES L R

(b) 250

200 -

150 =

Sham

100 -

50 =

Diameter of seminiferous tubule / um

Sham 4.9 GHz RFR
Group

(©) 60

4.9 GHz RFR

Thickness of
seminiferous epithelium / um

Sham - 4.9 GHz RFR
Group

2 4.9 GHz RFREZ: 52 21 d X/ RS2 A GUVERE/INE TR A S5 M B 520 <
() BB HALHE Jetu s i, n=3; (WD ER/NE BEAR; (O L KRR
Fig.2 Effects of continuous exposure to 4.9 GHz RFR for 21 days on the morphological structure of seminiferous tubules in testis
tissue of mice: (a) HE staining results of testis tissue, n=3; (b) diameter of seminiferous tubules;
(c) thickness of seminiferous epithelium
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23 PEMERSTEFHERBEEENTL
B 52 HE 4L i 45 B 5K ,4.9 GHz RFR 417§}
SRR JZ A M e R s RS TR IR, 5 Sham
AL A B EZ(E3(a)) . 5 Sham 4
FHEE, 4.9 GHz RFR 20K ¥ 502 F0 e % 22 35 00 Wi 2
Z2 5 (p>0.05, B 3(b) A1 (c)) o Liksh B4R, AT 5T
SR AT IS TR S AR S 0T /0 BRURS T R e T 2 I B

@ @

Sham

B3 4.9 GHz RFRZELEFRFE 21 d %/ il B 52 T A5 S5 4 ARG 15T B A 5«
(DMt L HE Rt n=3; WK THE : (X F WL
Fig.3 Effects of continuous exposure to 4.9 GHz RFR for 21 days on epididymal morphology and sperm quality in a mice:
(a) HE staining of epididymal tissue, #=3; (b) sperm count; (c) sperm abnormality rate

EIREE RILIR AW TEAAT T K5 i S e %
12/ BRI PR 3R FSH A1 GnRH K FE A2 4L , F:
AR S LR R AR 73 T (R Zh e -

25 PMREBARTAREFHMRREEHEE
EFSErEi

T B 470 28 T P B CELIS A A ) 52 S, 40 47 rp e
JR B fh 2 7 FE DR (GDNF) A4 B [ 7~ (SCF)

BE
24 NRIEMEENTL

WK 4 Fr7R, 5 Sham ZHAH L, 4.9 GHz RFR 4471
BRIV 52 (T ¥ B B S22 B AR (p<0.05, B 4 (), I
T A AR B (LHD A0 BRI 2% (FSHD R B2
B 2 2R (p>0.05, B 4(b) R (), ML {2 P B &
PR (GnRID IR & 2 B# K (p<0.01, B 4(d).

-

Sperm count / 10" mL
N

Sham 4.9 GHz RFR
Group

_
()

8o

60 =

Sperm abnormality rate / %

Sham 4.9 GHz RFR
Group

8, WA 5 TR . 5 Sham 41AH EE , 4.9 GHz RFR 41
/N B 52 AL ZH 43 GDNF 1 SCF & & ¥ 6 W] & A8 1k
(p>0.05) - Western blot & | % #, 2 21 " GDNF #il
SCF & H/KF 4 R E7x, 5 Sham ZHAH EE , 4.9 GHz
RFR 41 /)™ i, %2 1, GDNF il SCF X} F ik & 1 &
A4k (p>0.05, B 6) , 5 ELISA 45 B — 5. Fik4E 3
FET , AT FUAC AT T B SR AR S %o /)N B 52 AL SR A
J 43 WA T i TG B S 52
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2 5G FHLHR I X/ SRS 7 B B AN RS KT IR 2

—
(Y
=

= (b)

20r ~15T

3 o
©E 15 £
S O 210F
g £ €
£ 10} 5
S £ w2
32 osf s °r
s =

(&) Q

0 o
Sham 4.9 GHz RFR Sham 4.9 GHz RFR
Group Group

© . (d)

20 —

£ 80T

D 15F &

< 10t 8

< né = 40

€ s5b g

o [}

3 220}

z o 8

Sham 4.9 GHz RFR 0
Group Sham 4.9 GHz RFR

Group

4 4.9 GHz RFRIEZERFE 21 d 0]/ UMLIE IR I - Ca) SERRIR L 5 (b) ORI MR s (o) B MR AR ik s (D i1
BRI RO R IR, *p<0.05 vs. Sham; **p<0.01 vs. Sham; (4 # 7~ Mean + SD, n=11~12
Fig.4 Effects of continuous exposure to 4.9 GHz RFR for 21 days on serum sex hormones in adult male C57 mice: (a) testosterone
content; (b) FSH content; (¢c) LH content; (d) GnRH content, *p<0.05 vs. Sham; **p<0.01 vs. Sham;
data are presented as Mean+SD, n=11~12

@500 - ®) goo

2 400 2

£ £ 600 |-

=] a

5 300 s

8 B 400 |-

@ @

8 200 8

8 8

o b 200 =

Z 100 @

o

0
Sham 4.9 GHz RFR Sham 4.9 GHz RFR
Group Group

5 4.9 GHz RFREZEFEFE 21 d X /)N 55l 52 FUSCRPAR L 70V D RE A 52 -
(a) GDNF 5 it ; (b) SCF % & ; 48 %75 Mean+SD , n=6
Fig. 5 Effects of continuous exposure to 4.9 GHz RFR for 21 days on the secretory function of sertoli cells in mice:
(a) GDNF concentration; (b) SCF concentration; data are presented as Mean+SD, n=6

(@) aF® ...(_b) (©)
Y _ -
@™ 4o O Z15 515
o w
GDNF| —  —— ) °
5 §10F
3 3
SCF —— IS 2.
- _—— % 505k
2 2
[B-aCtion | WE—_=_:G_— — £ ©
Ko} 2 0
4 ['4

Sham 4.9 GHz RFR Sham 4.9 GHz RFR
Group Group
6 4.9 GHz RFRZEZ:ERFE 21 d %] /I Bl 52 AU SRR A 73 WA AF 56 2 1A RO BA0 <
(a) Western blot {AZ 267 4] ; (b) GDNF KB 5 (¢) SCF AKFEAH ; #5275 7y Mean+SD , n=3
Fig. 6 Effects of continuous exposure to 4.9 GHz RFR for 21 days on the secretion of related proteins from sertoli cells in mice:
(a) representative results of Western blot; (b) relative expression of GDNF;
(c) relative expression of SCF; data are presented as Mean+SD, n=3
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2.6 NEMEFEREEEEAXEANEL

Occludin 1 ZO-1 #2 /)~ §& I 22 J5# [& (Blood-testis
barrier, BTB) ' % 1% £ #H 9% 25 11 - Western blot £ il
/N HLAH 2R ZO-1 A1 Occludin 25 7K, 45 54

(@ e B
20 ot =
o A9 5201
N
Z0-1 u
215k
kel
. L I8
Occludin| "-— — g10
3
gosf
[B-actin | W— — %
0
x

Sham

K 7 7R o 5 Sham 441 Eb , 4.9 GHz RFR 41 %2 J1,.
Z0-1 1 Occludin & [ I8 7K ~F 3 76 B & 2042 (p>
0.05) o iR g BHEIR , AW TS5 T 00565 A0 5 7T
REAR 51D/ B 5B AL LSS E B A

(©

15
=
£
=}
Q
@ 8 1.0F
2%
o
25
205
<
o
x
)
4.9 GHz RFR Sham 4.9 GHz RFR
Group Group

7 4.9 GHz RFREZELEFEFE 21 doxb /) Bl I 52 57 e X 5 e 40 AH G 2 1 RO B ) =
(a) Western blot fCFE 14245 & ; (b) ZO-1 ZKEEE 5 (¢) Occludin K JEAH ; #di 7~ N Mean+SD , n=3
Fig.7 Effects of continuous exposure to 4.9 GHz RFR for 21 days on blood-testis barrier tight junction-related proteins in mice:
(a) representative bargraphs of Western blot; (b) ZO-1 gray value; (c) occludin gray value; data are expressed as Mean+SD, n=3

3 i

WEAT AT 9 3K B, S A0 S P AR BE AN 2 R Gt
FEEENFUFZIAT o A% T R0 5 52 U SO S A4 -
I HURR , S S B R 1T e 2 5 SR I Zh kG T 5L
B D T ST BRARN, 3 X 52 AL A S A i R
Pt SR, A I TE R B, S0 o) e AR T R
G HE I B  Tmai KK R4 B 257 1.95 GHz
(ThRZE 1 W/m? 37+ 35 d, 8K 5 h, KRR
LR RE RN T HEY R KA R A
— TR 7S H 915 MHz (Zh 2% 5 2.4 W/m®) 3% 4 5
F& 2 (1 h/d), SRR AR LG, oK B 52 R T RE AN 45 44
T6 B B BB TR, 5% T S AR S A R B )
FLEER NI RE IS IR BB WU 4518

TEAHE TR, BATHE B 1M R R 2
72 E 4.9 GHz S AR 379 1 h, 8221 d, 85 A
R T AR R % 2 H B R KE
SRR 43 0 Th g DA K I S8 R i e 1k 4 T VR
fiti 4.9 GHz 5 #9048 55 %k /)y BR 52 4 465 04 F0 1) g 1) 52
i o AR % 2019 4 TEEE $2 H 1 A A BRIl 5% 22 FR {5
(50 W/m®) , A HIF 75 3% £ 1) 5 9058 5 Th 2R % N
50 W/m’s

PEARE , 5% T 900 MHz 4R 5, 4K 1 h, i
5230 d, AT BB BT K SR GRS R R I s
W, AERE NS BRI AR bR SN A
TFFFEAR G, /N B 8 8 R 76 F- ML= A (1) L i S
71 (900 MHz, 54~160 mW/cm® )30 d, & K 4 h, %2

R L2 B4 ARG NE AR S s N RS
BB PG A R (30 d, R 5% 6 h B 18 h) 2 &
F H i3 H (2.104 GHz) 2 5 BUK BURS 7 S ik
b H I A B AS S AR  R AT s
55 KB, 4.9 GHz S Aa 9 2 5% 21 d J5 , /N BRAR
SNER.EAES B THREMNREREEHE
A, RIALEA SIS 261~ ,4.9 GHz RFR XJ /M L —
AR TR FROIR D8 A L R X e g 5 2 HiT )
s —g,

375 A (1% 2 ) 3 B pl 2 R R) 0T 40 R A, BT i
SR BEAN B A RS T4, (2R T 4r i i 7 AR
MR E , ERE T R AT R O ™ BEAE B 9T 2
TN — 8 SR AN R SR AR S 2 T SUMETE B0 ) S T K P
B TR X S5 RAT LR 4 R — 3%, DR
4.9 GHz RFR % 4: %7 21 dJ5 T & & &% AR, 1
AERBBHTHRBES R, kR ZEET
1.8 GHz i3 (ThZEEE 100 mW/em®2 J& 2 h/d), 1
T & & e ah , A HRIE 4 890~915 MHz FAL
R K BT IS 10 J (R IRIE 2 D25,
K BRI SR KPR 35 AR

52 AL () 5 200 0 - 3 2 R T e 52 1 R B i R
Ry Wb (R 1 B 2R R T, W FSHLLH. GnRH %% . H
AT > 9% T 565 A 5 5 FSH AT LH (5210 14 6 — 8 4%
W o A W FUHRE , S A0 S nT S 0ME 1 3 ) FSH AN
LH /KPR AR 7R I, K RRZE 900 MHz
(TR %R 100 mW/em?) JE 4L 275 30 d, i+ FSH

010301-7



BE 5 SGFHURM XN U 7 BB AR IR KT (12

N LH 2 2 89 0, Cetkin 25> i 0F 70 45 B B, H
890~915 MHz F- ML S % K SFEATIESE 10 7 (B R
WRIB2 W% TE, KR MEH FSHALH S &% A
B, 5RATH LIRS R —%.GnRH 2 F &
i 5 B 23 WA T — PP R, R AR A T AR AT
A8 HL 53U LH A FSH, J& 28 R 77 52 000 1) 57 40 i
T AT, KRZA2 100 MHZES25% 16 d, L5 T
GnRH 7 & i35 [P, 5 IRATI L6 25 5 — 80 4
AR S5 5 T B R KT O B DR DRI S e -
T A M i il 2 TR A L ) e R A7 e st T Y L
ﬁa‘%[leo

52 0L 2H 23S R 41 i e % 23 ik 2 b B B R (A
GDNF Al SCF) R AERF A K /INE TR B 111, AR
FEZH M 1 B AV B AR R IR AR SIS SRR
/B 4.9 GHz RFR 4L 2 7% 21 d Ji5 % }L. /) GDNF
SCF /K545 i 2 254k . BTB = Bty S B 41 fif 22 1]
(1) K BE BRI B, AR TN IR B S A6E B I ROA
52, G4 A BE 40 4 52 40 PR EE P O T R DY Yu
ORI T KR A2 4G FHLEE B ES R FE 150 d
J& 52 A BTB 7224k, RIS % REZH AR L, 52 25 20 )
) BTB & % 3% $2 5 (A 40 occludin A1 ZO-1 ) 7K *F B
BB, $2 8 K B BTB 7R 8252 FHLAR 5 5 2 8. (2
RTERRATH LI 2 1F T, 5G FHLEE 5 (4.9 GH2) iE
SRR FE 21 dO0 /N BRI 22 BF P KR A G R
[PZRILTE R e,

4 g

ARSI AT, 5G FHLEESS (4.9 GHz, 50 W/m®)
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