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36 DY R K22 SR s O I [ S A8 IE S . sexk
(7£) 2007-007]. 80 R %)) b 4 44 B AL 73 Ay fi e e
AR P, FF2H 40 2, RN 4 NHFE]
R BB AT 10 Ko Bk i i R R R — IR
R 400 Mkf, RREERGT 14 d, fERJE — KRS
$1 7. 14 F128 K, 4 /NI IE] s AR RR AR BRI 7
TR, JEBSTALIE /NG, OB 2 ALFRE . BEA
13 01 DO o (& Y SRR S R R AN R E 25
AT AR (Hematoxylin-eosin, HE) #effiZ:
WG, WHHIRB O, IR EARNE BT,
Hp2 AL G % .

13w R R R oR R R

AN RE 4 RBN—AWE2 AN 16 cm
x 55 cm x 4 cm W fLANLERI G, H2Y5R
200kV/m H] EMP $gH&, Fkrt#ckh 400 4>, R —
K, BKHHTH 3.5 ns, Bk 15 ns, EEMHK 0.1 Hz,
FREL s 2 J, HRGSIS 5 15:00-17:00, =N
B 22°C-24°C. AR/ NR S TSR AL HE,
SIELL L AE EMP K AE 2% R (s B TR) . 75 5 3
LA TR . RARIBA SR IRAEEN EMP K
A AR I RS — RS #— K
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hormone, GH). =i (Testosterone, T) FI{EE
BWERZE (Gonadotropin- releasing hormone,
GnRH) & 5K H BUR 2k 5
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18  HirESH

i SPSS17.0 BAFHEATHE 2470 . SR UL
X s R, YA 25 ILECR A thed. A p<0.05 74
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EMP g8 A, SRR, IR/ N R
TERRGT 10d A1 14d )5, BMEARNHER T, 2
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1 EMP 4 R AN [R] I 8] £/ B B AR A 1 L
Fig.1 Changes in body weight of mice during the 14 days of
EMP exposure (n=40)

# p<0.05 vs. sham-exposure group

22 EMPiEEx/NREHIEHAIZ

mE 1 pron, fEEE, AN RIAEERE
ANV ] S AN FEFRE R T R, (B SRR R4 AR
FLikh BEMEZER (p>0.05); SEARBAMLE, 48
HRA/NRIM A ERIERSS 7d A 14 d 92K,
EREA G EE X (p<0.05); FEIRLA/NR 2
FREAEIR)S 7d. 14d. 28 d ¥HFTRHK, S5EGER
HE G EER (p<0.05).
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R 1 EMPRFEEAFNEDREE. BAEEMEABHHZRNL _
Table 1 Changes in body weight, testis weight and testis index of mice on different days after EMP exposure ( X +s, n=10)

I IE)/d A /g EHEE/g S2RIEHU Y%
Time Body weight Testis weight Testis index
= R e R %= i
Sham exposure Exposure Sham exposure Exposure Sham exposure Exposure
1 20.84+2.86 19.3+3.02 0.1230+0.020 0.1190+0.014 0.62+0.08 0.62+0.06
7 21.3+£3.37 20.9+1.80 0.1548+0.021 0.1308+0.019° 0.73+0.04 0.63+0.06"
14 24.5+2.30 24.3+3.25 0.1815+0.014 0.1549+0.021* 0.74+0.05 0.64+0.06"
28 24.242.18 23.8+4.00 0.1991+0.014 0.1950+0.021 0.8440.03 0.78+0.05%

i a Fon SR p<0.01,

Note: * p<0.01 vs sham-exposure group.

23 EMP fRExH/NRILE DB EK RN
23.1 EMP#8st. )R ik GH 89 %0 U S

SITIEAI S P A KRN SR, SRILE 2.
ExEAH L, Eaa,méﬂd\u@kb’?ﬁz%KﬂFf YN
14 F1 28 RIHAH BRI, ZAHARIFE X
(p<0.05),

6r B Sham- exposure M Exposure

a

GH /ng'mL™

1 7 14
Days after EMP exposure / d

B2 EMP g5 ANFEI AN RIS GH 85 &
Fig.2 Contents of serum GH in mice on different days after
EMP exposure (n=10)

# p<0.05 vs. sham-exposure group

2.3.2 EMP #za8f /)y K F GnRH 89 %+ Wi 3
FiaR, SRR/ BRI TP e v B BB R K
PAERRE S 1 KA 28 RIN, SE4RRALAILL, B8
WK (p<0.05)-

233 EMP 28t ) RaF T 69¥h SEER
HAHLL, MiE EEE S EAE EMP 4RI 528 1. 7 Al
28 RI/NRARN A HRE TR, ZifA g8 X
(p<0.05). EARWIE 4,

B Sham- exposurc ™ Exposure

7 14 28

Days after EMP exposure / d

60

GnRH / pg'mL™"

& 3 EMP # & 5 AR E /N RUILTE GnRH FI4 &=

Fig.3 Contents of serum GnRH in mice on different days after

EMP exposure (n=10)
* p< 0.05 vs. sham-exposure group
h
28
4 EMP %z J5 AN R B /N IS T 8 8 &
Fig.4 Contents of serum T in mice on different days after

EMP exposure (n=10)
# p<0.05 vs. sham-exposure group
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NE TR WEERRSEIRERERLE 5,
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a
) -_- -a
0 L
1 7

Days after EMP exposure / d
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FERJEEE 10 7 A28 Rief, EIEA/N AR/ NEE (p<0.05), HEARLERIE 2.
rREEEAPESE, ZNAgitEE X

BE5 SHASHE Yl R4 um), HE 28 d: (a)R%E 4L (b)FE LA
Fig.5 HE staining of mouse testis (4 pm) on Day 28 after sham exposure (a) and EMP exposure (b) (200x)

®2 EMPRFEEAF /DR EALRE DN ERHZEN

Table 2 Changes in of diameter of seminiferous tubules in mice after EMP exposure (X £s, n=150)

i) ARHICEE / pm FEANCE / pm PRI / pm KA/
/d Length of long axis Length of minor axis Average length Long axis/minor axis
Time ~ fer 5257 Riw Bk Riw Bk Riw B B

Sham Exposure Sham Exposure Sham Exposure Sham Exposure

190.92420.82  178.94+£23.59° 156.56+13.62 146.37+15.65* 173.74+13.98 162.66+16.93" 1.23+£0.15 1.23+0.16
7 201.07420.17  182.95+24.60" 168.63+14.14 153.43£19.38"* 184.85+13.60 168.19+20.23* 1.20+0.14 1.20+0.12
14 207,50£21.31 202.18420.93  177.10+12.72  173.29+17.39  192.30+15.56  187.73+16.83  1.17£0.09 1.17+0.12
28 2311242541  217.85£25.16* 196.97+16.09 185.47+18.14* 214.05£17.94 201.66+19.21* 1.18+0.12 1.18+0.12

i a Fon HEGEAELE p<0.01.
Note: * p<0.01 vs sham-exposure group.
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AR 2 G0 2 WA B AT IR A, XTI LB S
SRR T IR . 4R R VEAE R
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Tl 0 g B T E I E R, LR
2 B V0V ) A A T S 5 A A sk sz B
KERHFER, BN RERE L — R
AEFEfE RN, BT R, B e,
TENKRERHE. EREEBAIEE R E ST,

BEE (S SRR, NSRRI A i
e B IR I, AT B, FEAR R AR
KEWW, JLEF/DF 23] 0 RS 2 2 5
Z, MEHEPGEAEE ARG KB A CEE N,
T B AT 2T B AR S 6T A B 304 1) SE B i 9T 38 A
KHEED R FRATTAE AR A8 A R FE R Rk b 2 5%
B ETE R G K B IR

Y R H 2523758 200 kV/m. k30N
400 /M EMP 38R, fER—IR, FFEi2 A, miRE
7d. 14d BAEEHEEE, 2H)528d K, HEE
R BRI KT iR AR R 2 it g, AR
J& 7d AR, IS 28 d FHRAEKE .

A KR A IR A 43 WA ) — b B — R BE ) R
FRER, TR AR B AR i A R
Grtks VEERER (U B SIR T ROAR I, e e )
WIFEFE, 9y 200 kV/m ] EMP 4818, ATE0k
S T N A OS2/ N L IS B2 VRN
YA SRR BERRESSIITE R, AT R A
FRAS WA TIRE . ARSI R EIR, IR RFELETE
T EMP J5, [fili GH /K2 TR, AfEREE
7 d RS EERAM L ZE R HE, 25 28 d i
PR R RAR AT R ERATO S S a1,
NEAREAEREIR 10 d A1 14 d A W1 T, s —
YRR, IR A EARSS 4 d BHHE N,
EHRG 8 d % 28 d, /NRUARHE BINE A FEFEEN T
B, EE5EEBAMLL, FLEENES. DL
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RRY], /NRAE EMP I — Bt [a] (10 d) et
2 s E A, REIEAREE, B RAR TR R
H, IX0IEESE T4 I R AR KR KPR AT
.

v R 3T B2 (y-aminobutyric acid, GABA)ZH£:
R ARG R 0 i, nlE R e
GABA, %4625 GnRH & SBBUNEY, AR
ZMRTHITE A R BIUY, EMP %8I (3%7% 200 kV/m,
Bk 400 O AIE R i GABAA 2R R R IE
BRI &y, AT R i fr& c0 GnRH, 52
I rh AT S T UM% GnRH & BAERE 1 d Al
28 d Wb, SR (T) HhE2 L0 F 40 i & of 4
W, 2 BN 4 GnRH BT, A& 5202
FRE, PR TR AEFITE B ERE T e 25 B (13
. MRS AT 7t R I Y, EMP 48 I8 W] 4k B 52
PN I o o 3 I N N2 7 R N QN ) g
Pok, AT T BRSNS WA 2 s Ozguner
221G 95 4E 52, 900 MHz F L B4R S AT DA A K /1N
EHEARPEA/N, AR LR E AR, ik
rh ) S KO B 2 PR AK . Al-Akhras 2P 9T %
W, KRR TR ) SD HEME R,
FEEENE . QR IR AR TR Wb, RN, BERE
6 JEIAI 12 JE B I3 SE B B 2 PRI . S5 R BIR, 4IAF
IR BT 200 kV/m FIRKPFESS, 35 256K
FEME 1d. 7d A0 28 d IS B FEAC, 1Xv] e R
IFEF GnRH & &K, BRIz, T 4K
15 A R S S

ARG /NG B AR RS AR B CELFE RS R 4 A
VIGAE TN . XS REANML . T4 AR 1>
MSCRRARBM S, AT RAERRAL, HAE B K
AR EARER ARG T IURE T . K [ 4 i 3
W T8 RGP 3 S G 58 o A 72, FROARE KA
(Spermatogenesis) . A1 KA IS FERE 52 T v -
PR-SERUPE R AR R, RS2 B S0 E B WA - A
MO R s . SEG e BB N, ARE/NE N BERLE
WREHIHENgEE, S22 ERSENEL
IG5, Ul B R ik oot S8 ALZH 2R B AT AR AR
MHIER , X ELF20A A] §E & T I35 52 A K P 1 B
fRFIER.

ASLIG MR RFR AN GHA T W& &5
HRJG REFFRACE S, X FR IR KT BRI e 2
A RNAEKKE FEUAEREK, RS R K
BRNHIKE, ETHRE)G 28 d WA N £ TR

HURAME T EARIRAL, R A E R NE I ER N
FEAR IR A W R 4 e

ARSI 2 AE N (0 HU R AR IR AT BEBOR T iR T
PRIEEH, T B AR K i hg, SRR
KR ARV BRFEOR BOER FARCT RGeS
Wi <2 ) B AN ik, AP EUMER BT ARSI
IB%%, FEMIEAERE ST, (AR RIBLH A 5
B R 2 1
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Effects of electromagnetic pulse exposure on the development of
reproduction system of male BALB/c mice
WANG Yafeng"*® MIAO Xia' YANG Mingjuan' LANG Haiyang'

JIANG Dapeng' ZHANG Jie' ZHAO Tao' ZENG Lihua'? GUO Guozhen'?
!(Department of Radiation Medicine, The Fourth Military Medical University, Xi’an 710032, China )

%(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China )

3(Navy Health and Epidemic Prevention Team, Navy General Hospital, Beijing 101113,China)

ABSTRACT Eighty mice aged 3 weeks were divided into electromagnetic pulse (EMP) exposure and sham
exposure groups, with 40 mice in each group. The EMP group was exposed to electromagnetic pulses for 14 days
with a daily dose of 400 pulses at 200 kV/m. On Day 1, 7, 14 and 28 after exposure, the mice were weighed and
killed. The mouse testis were observed and the testis indexes were calculated. Serum growth hormone (GH),
testosterone (T) and gonadotropin-releasing hormone (GnRH) were measured by radiommunoassay.
Hematoxylin-eosin (HE) staining combined with decussation imaging analysis was carried out to measure the
diameter of seminiferous tubules. The results show that the body weights of the exposure group are significantly
lower than those in shame-exposure group on Day 10 of the EMP exposure and on Day 4 after the EMP exposure.
After exposure, the testis weights of exposure group are significantly lower than those of sham-exposure group.
Compared with the testis indexes of the control group, those of exposure group decline more obviously. The contents
of serum GH, T and GnRH significantly declined. And the seminiferous tubules’ diameters of exposure group also
decline. These suggest that EMP exposure can inhibit the development of reproduction in growing male mice, such as
reducing the contents of sex hormone, the testis indexes and the diameters of seminiferous tubules.

KEYWORDS Electromagnetic pulse, BALB/c mice, Testis index, Growth hormone, Testosterone, Diameters of
seminiferous tubules
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