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BE: IR AR RBEREBEA AR BN AN (Sertoli H40) FER B FRE, #ERKE
F= By Sertoli 47 M %2 3% 5% 6x10* V/m # ¥, %% ik (electromagnetic pulse, EMP) ., F343h £ % & %
100 mW/cm? B S- 3% B % 3 £ %% (S-band high power microwave, S-HPM) #1 X- ¥ F g 3h %
# % (X-band high power microwave, X-HPM) #& 4, it X 40 0 (L45 R B 75 3 b o B o w43 4t
&, Sertoli 40 ff Wy W BB A R MR An, MTT X% B &4 R E B, LENZLIANR
REFHE LA TN, SMENEENEAEMK, S, WERT K, ZFHLK: &K
2 EMP>X-HPM>S-HPM th# % Hi#g4f /5 1hic &, MK MG EBENE, KW 3 AR
iy B 7 48 4T 24 T 3k Sertoli 40 MR B AR E B A5, H ALK B EMP R R AR, MOk v B
EREEEMX,

FKHEIR: BB AT; Sertoli 40 A ; W

FESES: Q684

5l

i}

BEAERHABORIHEL, RO 2 N T /. R, E. o PSR
FH AL TN A= [H B4, BB 4 AT R KR i HESh AL Rk J
TRV IS AR AN P G M 3 PR B8 5 G R0k N SR A B ) B2 L B S 80 A ) 2 e L
HIIEST CRA H A A= 0 H il 2 1 v R

P B S LA PR B R R R R B AR S, P R KOR T S T LA, HHDh R A
WG IR EE LSS s AN AL LA G5 1 25 ik 1 60 SR B R Ay A v S sl Sy LR S, AR LA
R 4 ST B S I N 1Y) 3 2 G s o/ SR/ 0 w1 17 N A SOV E R 5/ A= Pl ek v 9
(electromagnetic pulse, EMP) Fl&E IR (high power microwave, HPM); JE Ky EBLAY
T LLE IS D BRI 4r P Ly Sy C. X, Ku. K. Ka 3B, L S P B m I Rl vk
(S-band high power microwave, S-HPM) 1 X 3 B o) F 59 (X-band high power
microwave, X-HPM) [N B K2 . XL RE R R B, s — AN TR AT L RE IA
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BiBl, PRI, 8 7S AN [F)ARUBE L AR S R LA (R AR S i L PRI A F A S £ T 2B B 4 o
FA SR 2 o

S H AR S UK I RE AR T 2 W AR ORI, AL KRB RET R
A 5 RN S, HESE LIRS N AER b R, SRR RS AR R T /R
W, RS SR A0 MUK 1105 JC O W B SCEFAIML (Sertoli 4 ) AN RREEARME, B
PR VRRR 6L T 5T 240 B 5 A AN IR R S8 R 0457 A 5 A L 453 41 )l 8 ) 3 300k A I
AR TR TED P 5T D FHAZ R TR] Bk s A% SR ELV T IR, ORI, Bk, Rk,
AR AR S, SRR TR R 2, RIKE 7REEA R, AL
BRAR, RO SR AEAN s RS IR G AR I, W TR RRAG,  RORE AN BR AT
i 1) THUPAE PR — 01, T JBE ik 2Rl e 2 90 e o P S50 AL Dh ey, SR I h MEAR R
PEDIRES R . AT G EHIZ I 368 44 8 il i VR b 55 TR AT I 27 T A B8R} SR
PEAR IR IR 10 5 AR R B AR Y T i) T T s, AR IR ) - SO OC R, MR fE SRR R
(CEFEVERRAR . Bz, HUllt) R BE H B8R I ) e K T s

H AT BT, P R e S 35052 AL 2B RS 4 IR RORS BB 45 LA B T, 1 Sertoli 48 2 e
TH A G B GE IR 23 B0 WL B, A7 ST AR I J5 Sertoli 40 [ 82 2 4 (¥ WL 4%
HRIER Do Sertoli 4 LE ARG /INVE W ME— BOARANN, EAERS TR AP RIEE AN, &R
GEtIF AN [R]85 B v B S 20 Sertoli 20 J PRI 453 475 R0, RE IR N R H A 000 S 5805 AL 0 R
QIR = N S N W PN 8 N 1 1N 7 i G R T O Y < S ) e
(electromagnetic pulse, EMP) . X- ¥ Bt = 2 K 5% ( X-band high power microwave,
X-HPM) FS- BT % (S-band high power microwave, S-HPM) HEfLJEFREGSRAR
TR0 Sertoli 41, AR B H G AR S B Sertoli 41 FAT 1 RS ¥ S [ EAT % G 4R 1
AR AN TR ST FL 5 S S0 R0 1100 280 TR S 52 P17 T SR i A R A

R 5 A%
SIS )

T8 Wistar KB, @FEMEME, 3 B, BHEFEAREBR SRS ORI BE %
SEI AW ST
LR 22

DMEM-F12. Ji4- i 8 B 55 [/ Gibco 24 7 L- & Bt % . MTT il 5 [ 2%
Amersco v R ME SFE Y BTR A P R B 25 [H Sigma A v Annexin VTG
WA G B AL AW H AR AT, FACSC B 41 ig{ (flow cytometry, FCM) T H3E
BIO-RAD A,
B KR Sertoli 41535 & 45 &t

R IR 155 IEOCERV IS M. iS22, 1% 3 FRMErE Wistar KB, 20 S00HE i
FIVEARSE . ZBRSEJLE T 0.5 mg/mL I IR B AR, LWL E 15 min LAY 25 18] 5
i, HARDURE EW L. K LRy s — Ik, N 0.5 mg/mL RS BRI,
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FEWNHEE 15 min, WFEFEINEEATRCRE, SRS BARUUIE, WO BN, REUTIE BRI DL 2
B T BRI o K LR U BaVFAE | mg/mL (1035 W I R il 0 v rh 4k 2 1 7 20 min, I
B S . BRI A A B0, Yok Ik, BERRE 60 mm [ RFFRILY, 1F
DMEM-F12 (7 10% FBS. 100 U/mL 7% %, 100 pg/mL §E5: %) Higedky, 327CH5%
72he WA RE], BrEFMAE Sertoli 41 My LIRS 40 M. 22 WT1 (Wilms' tumor nuclear
protein 1) NG, %52 Sertoli 4B LESE K 95% LA [ Sertoli 41 H B ML 2 Ay 14 5
HRARS A, R4 EMP 4. S-HPM 20 F1 X-HPM £ . EMP 5K F [ B Rl B oK 2 B 24
6 55 AR e B LU 1 i 1k EMP BERLIE ;S I BB SR AR B B 1 D R A0 (high
power microwave, HPM) BRI X % B IR R FH R T ihilg o de ) A= 1) 351 Eik
Hl. EMP 413 3 6x10* V/m, 1§ /il 4 min; S-HPM Al X-HPM 1 ¥y If & % Ji ¥ %
100 mW/em?, FESFINE) 32 4 mino S B AL M R PR 55 R (AR S
Sertoli £ B8 T FALATE B9 46

THEME 1. 24 A48 h AR (1x10°/mL), 4% Annexin- V 48 I I T er il 1 5 £
(MBI RRAEMBEARA ) YW P4E. W52 Sertoli 41 i H 0.02% EDTA W51k,
1000 r/min 2.0 10 min WCAEZNME (1x106/mL), PBS B/OUEB P K4l BV T 200 wl
GEL MG NN 10 pl Annexin- V-FITC #1 5 pl PI, BA9EA], WG NY 15 min 5
4°C [ S 30 ming AN 300 pl 455 22Un, BT FACSC A3 24 M A A T4 22 73 B
MTT ;% %E Sertoli #A A X 151 E 14

Sertoli 4 f 5 75 71 96 fLAR T, [ F= W I 0.05 mg/mL 1) MTT, 37°C 4k £ 35 5%
dhe WEREFRIL)G, MFLIIA 150 wl DMSO, £ 10 min Jii, FHJK K 570 nm BEAs 40 2
WOGRE. S0 A 3 K, AR 3 SR
BB R MENE

M H Olympus 1X70 78] & 5 Ase W82 o6) B 41 e 254w S 4 Sertoli 4 ISR S 1. 64 124
24, 48 FI 72 h B A . B4 200 AN, THETRIG ALK o b B AR 3 K
S (KT A
4B B SR A A B I

WeSE IS IS 1 h ) Sertoli 40 1 (1x10°/mL), RFHBAN 3%/ % B E 2h, 1%H5R1%E
Ja e, B SRR, NEIRLYE, Epon812 ARG, H#EY)H)E 70 nm, HiAG. N
H Philip-CM120 %437 5} HLBE L 52 IS
St

Kt th ks £oR: KM SPSS 11.0 GEik 249 AF, #E4T One-way 77 22537, P<0.05 1A A

gt R R,
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= iR Bk B4R 59 /5 Sertoli AARAT-FIF LRI 1L

WAV T 3 MO BORREAE S S 1. 24 A48 h 940 HE, [ FCM Kl T Sertoli 40 Jid
P ANSR AL AR o 45 3 07w T s 0 R PR 000 T MR S0 8 . RS 1 h, &2 S50 R
AILL, Sertoli 4H JE KGR T AR SER BN, R HAS AR X (P<0.01), Al
W78 EMP>X-HPM>S-HPM, HZERHAE I X (P<0.05). 5 24h, $LKA
AR TR S0 RALAT L (P<0.05), MR &M 25, 48h, K414
TR XA LR EZR (P>0.05). WK 1.

(A)
trol 1h -HPM 1h
3 10° Contro 2 10° S ®
= I = E I, PR
L B ] I N iy O Control, & S-HPM, W X-HPM, @EMP
e 104 £ i e 2}
£ 1049, 2 ' 2.
=2 y ; = ™ . =R
g 104+ o g . 23 ,
& 10°10' 107 10° 10* & 10°10' 10° 10° 10*  © .2 %
Annexin V-FITC Annexin V-FITC &8 %
o 1o JCHPM 1h o 10t EMP 1h 8 %
= = e 52 |
B 10 cieathe B 10 oeaag &ég %
g 107 ’ s 10%4 CHPY f B 2 /
:_g 10'4 g 10"
2 100 o ‘a 3 o .
& 104 2 10° = Ti b
£ 10°10' 10° 10° 100 & 10° 10" 10° 10° 10° ime (b)

Annexin V-FITC Annexin V-FITC

B 1 Z=FgEBHEESTE Sertoli ZBARE BRI TFIIRIEZAL  (A) Sertoli 41 T-AIIRIEAAL A . £ T4
FRARERIG NG, A R IRACR S I oA e, A5 LG RACIR G T A R SR SR AN e, 7 b % AR AT M e e
(B) WRIAVET-FIERIEN) Sertoli 4UMIIKI 5 BAIHT. FEATIE | A1 24 h, 4154 HE AU L e W39 TR R 2E40 i 5 H
BEWM (P<001); 48h EWIWXER. EEHE Lh, ARKEZERHEX (P<0.05), B EMP>X-HPM>
S-HPM. HffiLL xes o, ARAR 3 RSB THMH. SXRALLLE, “P<0.01; AMLLES, “P<0.05

Fig.1 Changes of late apoptoic and necrotic Sertoli cells after exposed respectively by 100 mW/cm?
S-HPM, X-HPM and 6x10*V/m EMP (A) Flow cytometry with Annexin V -FITC+PI labeling was used after
irradiation to elevate apoptosis. Left inferior quadrant represent live cells, lower right quadrant represent early
apoptosis cells, right superior quadrant represent late apoptosis and necrotic cells, left superior quadrant represent
cell debris. (B) Quantitative analysis on the number of late apoptotic and necrotic Sertoli cells. The number of
late apoptotic and necrotic Sertoli cells was increased significantly in three groups compared with control at 1 and
24 h (P<0.01), no significant difference was seen at 48 h. Significant difference was also found in three groups
compared mutually at 1 h (P<0.05), that is EMP>X-HPM>S-HPM. Data are x+s of three assays, “P<0.01 for
comparison with control, “P<0.05 for comparison with three groups mutually

=Mk L AR ST E, Sertoli HARRTE N AT 1L

3 M BRSNS 5, Sertoli 41V IS AE R N8 2 Bros, SIS 1h, #41 0D
T4l L EMP I X-HPM 41 556 IR AI AT L 22 5 B S22 X (P<0.05). 6h L
J5i, ML OD AE A S FRAGES, b 6 F124 h i) EMP 41 OD i 5 AL 2= 7 B3 (P<
0.05). 4% 5 48 h, EMP Al X-HPM 4 OD 1 50 BAM L2 R it 22 @ L (P<0.05,
P<0.01). #41 ODEHIEME S H2# 2R (P>0.05).
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030 F O Control, @ S-HPM, mX-HPM, DEMP

0.25 T
0.20

3k >k

0.15

Optical density

0.10

0.05

24 48
Time (h)

2 MTT R 3 #hifk B2 Rk iR ST E Sertoli MARRAYIE N FRATS 6 F1 24 h, EMP 41 Sertoli 41 L) OD %
X (P<0.05); 48h, EMP 41! X-HPM 41 F(K B2 (P<0.05), 4LMZERIEW B2 L. Bl xes 01,
R 3 UL T, S RAtbE:, P<0.05

Fig.2 Metabolic activity of Sertoli cells was assessed by MTT test after exposed respectively by S-HPM,
X-HPM and EMP The general metabolic activity of Sertoli cells in EMP group were decrease significantly at 6
and 24 h (P<0.05), and at 48 h after irradiation, the metabolic activity in EMP and X-HPM were decreased
significantly compared with control (P <0.05), but there were no significant differences among the three
experimental groups. Data are x+s of three assays, "P<0.05 for comparison with control

EMP. X-HPM #0 S-HPM $&5t 5 Sertoli £ $5FT 0L

I35 3 RS Wistar KL Sertoli 41, £ EMP. X-HPM 1 S-HPM #8455, 7Ef8'E 2
BT NSRS 1. 64 12, 24, 48 F1 72 h Sertoli 41 fu L AL AR . 3 i BE Ll 4
SR8 R] I Sertoli 20 Hi M 2% N RV G 22, 850 A0 MM 3R P T s AR R, A R
(E3A). L R R, BSE 1. 64 12 24, 48 h &-2H 45145 40 M i % H B & e o0 4

(B) O Control, @ S-HPM, B X-HPM, DEMP

#
=

*
¥
3
%
*
¥
-]
=

Number of positive cells

12 24 72
Time (h)

3 =HUKER ARSI Sertoli ERRRIRLASINE  (A) 3 P B LB 5 Sertoli AR ST MBI N o At S K& 240
T RN £ (A), DB WA (). Bar=20 pm. (B) ZHIMIMLIE REAHT. FEATE 1. 6. 12, 24,

48 h, SN ML E H WIS T AL (P<0.05, P<0.01); 7E 72 h, {0 EMP A4 41 E] B TR (P<0.05). =%
LbA, EMP 41F1 X-HPM 4145 40 i it % H = T S-HPM 41 (P<<0.05), 1fi X-HPM 415 S-HPM 4L 1) 25 ) A 38 o Bl LA ves KoK,
fRF 3 W BIE . HXRALLLES, "P<0.05, "P<0.01; AWML, P<0.05

Fig.3 Morphology changes of Sertoli cells after radiated by S-HPM, X-HPM and EMP (A) Representative images with light
microscope of Sertoli cells after radiated by S-HPM, X-HPM and EMP. Granular (/\) and vacuolar degeneration (4}) were seen in
the cytoplasm of irradiated Sertoli cells. Bar=20 pm. (B) Quantitative analysis on the number of impaired Sertoli cells after
radiation. The total number of impaired Sertoli cells were increased significantly in 1, 6, 12, 24, 48 h compared with control (P<
0.01); At 72 h, the number of impaired cells in EMP were increased compared with control (P <<0.05). Among the three
experimental groups, impaired cells in EMP group and X-HPM group were significantly higher than in S-HPM group (P<0.05), no
significant difference was seen in EMP group and X-HPM group. Data are x+s of three assays, 'P<<0.05, “P<0.01 for comparison
with control, *P<0.05 for comparison with three groups mutually
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(P<0.05, P<0.01). —=# %, EMP 411 X-HPM 4145140 40 L %% H & T S-HPM 4 (P<
0.05), 1M X-HPM #4155 S-HPM A [ Z= 5 AN W25 . fE 72 h, AW EMP 4145405 41 o £ Wl i
TXA (P<0.05). HEBUARNE L h S s H B2 . BEJE &0 RIS S, 3 Fhik
B2 b A : EMP>X-HPM>S-HPM (/& 3B).

= iR B} B4R 57 /5 Sertoli BB MR T (L

FATEE T4 5 1 h (i, xS M A BT 7. 752 1E % 1 Sertoli 40 1 4 ]
LR 58 D PR 5 D R /D BOR T P T, KR R 2R AR R i A, = R s R AR, AR 4
R, 1~2 %40 (B 4A) . 3 PHRBOR RIS, nI ARG (R . a . Zokiik k.
AL, WA ST RIRE L R0k, JF AT W N IR iR (81 4B~D). iR R
I EMP> X-HPM > S-HPM ft)ia% (& 4B-D).

B4 Z=MIFEXEMBIESE 1 h Sertoli AAEBHMEHMT (A) X4, B) S-HPM 4; (C) X-HPM 4;
(D) EMP 4. W LG BB 04, RWTIECR, LR, s, BRI RS ISR P IR GG
o AR R B AKX S-HPM< X-HPM < EMP

Fig.4 Ultrastructural changes of Sertoli cells exposed with three bands of electromagnetic radiation at 1 h
(A) Control; (B) S-HPM; (C) X-HPM; (D) EMP. The main changes are chromatin coagulating and moving to
nucleus membrane even apoptosis formation, mitochondria swelling and vacuolating, endoplasmic reticular dilating.
The changes degree showed an attenuating trend in the radiation groups as EMP> X-HPM> S-HPM
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U2

AT R G2 AR I RUR I R Gz — . BRSNS, AMUCRER
BERFL L1227, W NIRRT HEU A R 55052 R 458 3 285 B FEATL I PR Ay v 7
S A E B R TR 2 — o ARTFREFIE A AR 2R, R S T BUE R
AR PE. IRAE. V&S, AR i il 2D AN )0 BB HL A R 3 Sertoli 4H A5 £ (¥ 4RE

Sertoli 4 Ji e A= K /N DA P — 1) AR A0 R, X IR i ] P 5 350 A 5 A4 i b S AN 5
YE o Sertoli 40 Jitl i WK 1~ T sk 742 o JBE 9 (1 ke 4 B B O T PR A RS Al e, DA 9 BR
BEI ST, G ] 2 SR L - SEBERE, B RBOFEREA R TR R A IO EE, E AL,
Sertoli 41 iR fE & R MEB R G5 A8 (ABP), DURFRARS /N N ES AR, (23R 7
KA, Sertoli 4l it 7] ik A % -1 (interleukin 1, IL-1). A/ % 6 (interleukin 6,
IL-6). MR ZEIR T o (tumor necrosis factor o, TNFa) 2540 iR 7, 7= 4E 4o 1 m]
AR R TR/ B S R AR AR, AR ESE IR TR AN, BT Sertoli 4H HERG T
KA EEEN, A LGRS S Sertoli 4 0 1345 15 58 SRS 1 K AE 1 5%
Wi o DA, ASBEIERGERIT T i e 6 5 A AR ARy B 85 7R 1K B Sertoli 40 Mt 14 453 055 A5
%13 4E SR EMP R K 3 BE ) S-HPM A X-HPM [f 3 F 8k )32, HL 8 9% EMP,
S-HPM. X-HPM 3 AN [vil 5 B F B gl 0 555 10 2R 40 2 80N AR s S I sI2 B, 6P JLREN BT 1296
F it o B ISR e IR ARHESE K] EMP. X-HPM M1 S-HPM BBl 45 5 40 i, #4835
AN [ 3B B HL T R S 2 Sertoli 40 LRI 05 280, 0L Sy L S S LA RO PL R 9 2 BT
PR AT ) S B R S

3 ik B E S o, Sertoli 41 MR T SRFE RARITE MW 45 BB IR,  Sertoli 4
JHLFR) I S TR R R A 3G 0, T 0 L g I S IR ) PR S A T 32 T A . DB A5 R o A
I ) R 38 22 R AR o A A A LA R AR P T IR P S0 Sk T, T L R A 1
R TAR, MBI . 104, BRI TSR . B ORE BT W UL HUBE BT
DL P G A, 1T B P 22 YR A R R AR P B R T B, FORIX S LR, EMP,
X-HPM H1 S-HPM % 55§ 5 AT 5 Sertoli 41 J (A2 L« P T2 / SR AL, 32 Sertoli 4 i 1)
i

UbAh, AT 3 Pk B pEFR ST )5 Sertoli 41 MR LB R IN, FES S5 72 h, EMP 4
P54 BB S T IR, e IR AU SR L, BRSNS 1 h, BN H B %, B
JE BRI, SR Box EMP S5 5 4 a0 B, X-HPM k2, S-HPM Ie#t: ik
A A S R WoR AR IS 1 1 24 h,  Sertoli 40 )P T F M I R A et 2= 5%, UL EMP Al
X-HPM AW . 1M 48 h 440 i T3 ST A0 B % 2 5 MTT £ R, 6 F
24 h 1) EMP 41 OD {5 % 41 7= 5 W35, %& 4 5 48 h, EMP M1 X-HPM 41 OD {85 XJ
AL ZE S R R 2 Lo IXLegs BRI, 3 ik B s % S 380 Sertoli 48 it 11 45 £ 75 22
AEZES, BAREI EMP> X-HPM > S-HPM %, B J& i 55 i 9% BL (1) EMP g™ i,
TRl B s 5 FL AR B EAR G # o & I ) i B AR 45 A WoR, RS 1h
I BEJE BRI . (AR, MTT RIS R EoR, fSHE 1 h 4000 56
TG AR BAK, v RE IS HUMERR S T R A0 M 1) SRR AR, R AR R,
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CABFFRN], LA Ca® W S 38 0 AT 8 A2 Tl 38k i S 3504 I ) T 55 SR AR ) B ML 22
— U, ARWFFE DR R D], 100 mW/em? (1) S-HPM 1] 5|15 3% 1) Sertoli 4 g 2E
) S P T IR N, N Ca?* T o F A O SRS, BRERTT S 1E Sertoli 545
i LI A, T S 55 Sertoli 41 J (1 453 403 2 X M 1k A2 7= AR R B S Wi W 2 WF TR B,
Sertoli 4 i 45 y S 2 JEUR J5 4i M DA -7 TL-6 (1) a5 19 ™, BREEh (47 A 22 ot 4R R
T HPRE 2- £F A (mono-(2-ethylhexyl)phthalate, MEHP), w] 344 Sertoli 41l Y FasL 1

Rik, W 5HAERAME Fas 255,

FUR AR AR M TR, AR S T RS Sertoli 2 i A 4

Pi, RAEFE R EANREAA, MRS 0 R T, B XL Y R

AR NE ? A I T AT R BATIEAE R AR

S S5 SE ALA RONE S SN LRI P R B 04 T B KA 24D 7S

gi b, ASCBRGHIIT T 3 P BOW LR ST 5 Sertoli 41 ML B3 45 (KRN, O 48705 v 1
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Abstract: To investigate comparatively the damaging effects of EMP (electromagnetic pulse), S-HPM (S-band
high power microwave) and X-HPM (X-band high power microwave) on rat Sertoli cells. Primary Sertoli cells
were isolated from 3-wk-old Wistar rats, and exposed to EMP, S-HPM and X-HPM respectively. After
radiation by the three bands electromagnetic radiation respectively, the number of late apoptotic and necrotic
Sertoli cells was increased significantly in three groups examined by flow cytometry; The general metabolic
activity of Sertoli cells in EMP group were decrease significantly after irradiation analyzed by MTT test; The
total number of impaired Sertoli cells were increased significantly observed by light microscope. Granular
degeneration and vacuolar degeneration were seen in the cytoplasm. Ultrastructural changes: mitochondria
swelling and vacuolating, endoplasmic reticular various degree dilating (particularly in S-ER) and
ribosome-scaling in R-ER and so on. Three bands of electromagnetic radiation could induce different injury
effects in rat Sertoli cells. The degree of injury effects varied according to different microwaves. The rank as
follows: EMP>X-HPM>S-HPM.
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