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Effects of electromagnetic pulseson the heart and liver of rat and subsequent self-recovery

LIN Jnwen' LIUHe' ZHANGJe' QI Hongxing® SHEN Xiaogin®
CHEN Shude® WANG Xianghui®
YInstitute of Biophysics, Department of Physics, East China Normal University, Shanghai 200241, China)
%(Sate Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China)

ABSTRACT The influences of W-EMP (Wide-band electromagnetic pulse) exposure (field strength: 110 kV/m or
140 kV/m, pulse number: 5 or 100, pulse leading edge width: 20 ns, and the pulse width: 200 ns) on the liver and
heart tissue of male rat, as well as subsequent recovery behavior, were investigated. At 6 h, 1 d, 3d, 7d, and 10 d
separately from after-exposure, samples were collected for following assays to characterize the early damage and
self-recovery of tissues: serum biochemical indexes (ALT and AST) related to heart and liver were detected by
automatic biochemical analyzer, and the content of apoptosis-related proteins (Bax and Bcl-2) in both liver and heart
was measured by Enzyme linked immunosorbent assay (Elisa). The results showed that significantly decreased levels
of serum biochemical indicators (ALT and AST) and elevated apoptosis-related proteins (Bax and Bcl-2) (p<0.05) in
liver were detected at 6 h of after-exposure, and recovered to Sham level 1 d (ALT, AST, Bax) and 7 d (Bcl-2) later,
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which implied that the liver of rat was early damaged by W-EMP exposure and subsequently activated the

self-recovery response. However, no significant changes were induced by the W-EMP in the heart tissues, so no

self-recovery behavior was available for observation.

KEYWORDS Wide-band electromagnetic pulse, Serum biochemical indexes, Apoptosis-related proteins, Recovery
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E=110 kV/m, N=5
E=140 kV/m, N=5
E=110 kV/m, N=100
E=140kV/m, N=100

SR 0 %
Q" )
.
08
06 1 L L 1 1

0 3 6 9 12 15
Time after exposure / d

(a)

E=110 kV/m, N=5
E=140 kV/m, N=5
E=110kV/m, N=100
E=140kV/m, N=100

(b)

Di/ Dy

0.6 1 1 1 1 1

0 3 6 9 12 15
Time after exposure / d

B3 W-EMP %5 AR (8] K BUIIE o ALT (@)A1 AST(b) & B384t
Fig. 3 Changeof ALT (a) and AST (b) in serum of rats at different time after W-EM P exposure (n=3; a: p<0.05, b: p<0.01 different
from respective sham groups; ¢: p<0.05, d: p<0.01 different from respective control groups)

22 W-EMP #E@BB3 KRAFAEROAEZESR

HBXEBKFHIEME

FTMKEAT Ba-2 FRmAMCE MK R
Bax 1 Bel-2 £ [ 73 i) e i 32 A0 it 48 o o 1 1) 2
R, SERARTET @A SRR . X PR
H7E S A (TP H) /K F-(Bax/TP, Bel-2/TP)A8{L 1]
DATE) 42 e Bt AR A gl i i B R Re ) . AR s
Wi %I TE) 5 BT I #3  Sham 415 Control 41 1
Bax/TP 5 Bcl-2/TP JG 2. 3 7= 5, 1t B HEXT K B

AT

ZH 2R A M R T A % B 1 I S LB e . 43 BT N
FAR IR XS Sham AT IH— L AL 2], AALFR Dy /Do
FREIR (D)5 Sham 4. (Do) I ELME, 24 D; /Dot
B LRCNARM, BEEET 1R N B,
221 W-EMP #2883t X RAT AL 22 % B 48 X
& O K-FHF R

AR A NREE 6 h, KERAFIEAZH
Bax/TP (& 4a) il Bcl-2/TP (& 4b) LA Sham 214
— Ja 45 R Dy IDo WK 4 FTvR . BEALKR R IR SE

060201-4



ARERSCEE LBk ntooxe O B o MR FFF A 2075 2% A8 52 2 1

55534, YAAAAR Dy Do 3R R4 (Di) 5 Sham 4H(Do)
(LA . 55 BB 4H 5 Sham 201 Control ZHAH L35 BH
BIE. FREAN=5, E 4324 110, 140 kV/m;

N=100, E 4r%Iy 110. 140 kV/m)EIfFF4 R d e
T Bax/TP B FENZ] Sham 4, 437k
17.6%. 27.4%. 26.9%#!1 23.5%, H. E=140 kV/m, N=5
20 Bax/TP % Sham #4145 Control 4 % 7 & 3%
(p<0.05). 1RMT-ZEH Bax &I T H T
Z—, HIAKPFm G H R R A T
B4 R AT REXH AR ZH R At = A T — e i . ik
FIREEIR AR, T &E A Bl-2/TP T & 4 5l
9 23.1%. 25.4%. 79.8%7#11 62.3%, %HaME41 5 Sham

()

20z Control E=140 kV/m, N=5
£ Sham B [£=110kV/m, N=100

= £=140 kV/m, N=100

E=110 kV/m, N=5
1.5 F

Dy/Dy
s
T

0.5

Experiment groups

ZHAN Control 2H 2 [A]34) 72 5 2. 3% (p<0.05), 100 Mk
IR ZH Y B AN ke I 4H 2 57 B 3 (p<0.05) o 11 il
FTEA Ba-2 A AEMRET NPz —, H
IRV e R A0 R E T ] RS2 B AR SEEe
Bax # Bcl-2 & EH/KFHE T EFb, BRI
JaFFIESZ 3 T R RET-E AR, R
BERTDD, R ER S 3 7 ORGP e B A T 8 K
SPARSIE I, AR T, X b NAE kA 100
AN LRk R B NI A B .

W-EMP 458 )5 15d I AEZL 2 Bax/TP (]
5a) Fl1 Bcl-2/TP (& 5b) Lk Sham 45— 5 1 &
4558 Di IDo Il 5 i

a,c

| zza Control ®
=3 Sham
E=110 kV/m, N=5
E=140 kV/m, N=5

| =8 =110 kV/m, N=100
mm £=140 kV/m, N=100 ac

2.0

a,c

Di/Dy
s
T

0.5 -

0
Experiment groups

4 W-EMP#EIEJG 6 h KRFITZHZ Bax/TP(a)Fl Bel-2/TP(b) & FI7K P2 ik
Fig. 4 Influence of W-EMP exposure on Bax/TP (a) and Bcl-2/TP (b) in liver of rats at 6 h of post- exposure
(n=3; a p<0.05, b: p<0.01 different from respective sham groups; c¢: p<0.05, d: p<0.01 different from respective control groups)

()

E=110 kV/m, N=5

E=140 kV/m, N=5
E=110 kV/m, N=100
E=140kV/m, N=100

6 9 12 15
Time after exposure /d

2.0F (b)

D;/ D,

T
E=110 kV/m, N=5
E=140 kV/m, N=5
E=110 kV/m, N=100
E=140kV/m, N=100

(]

0.5 e
e
3

6 9 12 15
Time after exposure /d

5 W-EMP %& BeUS AN [F B R K BT AEZH 23 Bax/TP(a)Fl Bel-2/TP(b) & 1 /K P48 {k
Fig.5 Change of Bax/TP (a) and Bcl-2/TP (b) in liver of rats at different time after W-EMP exposure
(n=3; a p<0.05, b: p<0.01 different from respective sham groups; c¢: p<0.05, d: p<0.01 different from respective control groups)

REAL RN IR S I (8], SAAAAR Dy /Do 3R/ I8
ZH(D;)5 Sham 4 (Do)ILAE . &I 1 d AT
i Bax/TP A B E 2 IEH /KT, H# Sham 418
BFEER, BIFE 1 dM 3 d&%HEEL Ba-2TP 1}
W v T A [ A AH s Sham 41, HLi# 4348 B8 4148 Sham

HEREZE. WE 7 dEFEHZ Y Ba-2/TP A
OBEZEIER/KY, HS Sham ALEEZER. ¥
HITEARSRIS 2600, iR RS iR i fER RS 1d
ORI, TSR AL SO0 18 B i Nk 2> 4%
SRR — BT

060201-5



OO RE RS fR B L2 % 4 2015,33:060201(8)

222 W-EMP %2 B3t K RS AR 22 9 B T 48 %
& QKF 870

ANFEFEIEEAE TS 6 h RO IEHZ A
Bax/TP ([& 6a) fl Bcl-2/TP ([& 6b) LA Sham #4114
— JE IR S5 R ] 6 s B ARFR R R SEER o A
AL AR DiDo F 8 IR 2H(Dy) 5 Sham 41(Do) I LLAH
& 6 7751, 5 Sham AAAHEL, O FH 2 Bax/TP
I 2 R 2% B AR AL T RS ), R TR SR I
Z5, L E=140kV/m, N=54H— & T 5(15.3%).
UL TE ARSI 25 T, 4 FEOGE OO I 2L 2R 453495 AN B

20 (a)
zza Control = £=140 kV/m, N=5
3 Sham e F£=110 kV/m, N=100
E=110 kV/m, N=5 Em F=140 kV/m, N=100
1.5F a,c
S jof
Q
0.5F

Experiment groups

o AHNHL, Bel-2/TP WA A T E&ds, (Hafk
KU HHFAEE,

W-EMP 5 5 15d WO HEA 2 Bax/TP (K
7a) 1 Bcl-2/TP ([ 7b) LA Sham 45— J5 1 &
S5 Dy IDo WK 7 firvR . BEARARFROR IR SIS (], 4L
Ak KR Di /Do FnEE IR ZH(D;) 5 Sham 41(Do) ) EL AR
FH 0 Pl 52 3] (1) S AN AN 22, BRI AE 15 d
PG IEZHZA A ) Bax/TP Al Bal-2/TP JEAHAE 1 1)
R, 5 Sham 4H K Control ZHAH bL 3576 & 2 1%
ZE St

(b)

20 ez Control <9 Sham

E=110 kV/m, N=5
E=140 kV/m, N=5

| = E=110 kV/m, N=100
Em £=140 kV/m, N=100 a¢

1.0 |

D;/Dy

05

Experiment groups

E6 W-EMP$ERE 6h KERONEHEIH Bax/TP(@) M Bel-2/TP(b)E H /K-
Fig. 6 Influence of W-EMP exposure on Bax/TP(a) and Bcl-2/TP(b) in heart of rats at 6 h of post-exposure
(n=3; a p<0.05, b: p<0.01 different from respective sham groups; c¢: p<0.05, d: p<0.01 different from respective control groups)

20F
(a)

sk ——  E=110kV/m, N=5
: ——  E=140kV/m,N=5

—=—  E=110kV/m, N=100

—e—  E=140kV/m, N=100

Di/Dy
=

0 3 6 9 12 15
Time after exposure /d

20F
(b)
150 i
Y a
ST
g .
a,.c
05k — E=110 kV/m, N=5
: ——  E=140kV/m, N=5
—=—  E=110kV/m, N=100
—e—  E=140kV/m, N=100
0 3 6 9 12 15

Time after exposure /d

7 W-EMP %8BS AN [F B ) K B G BEZH 23 Bax/ TP (@) F Bel-2/TP (b) £ F /K FHIAE {k
Fig. 7 Change of Bax/TP (a) and Bcl-2/TP (b) in heart of rats at different time after W-EMP exposure
(n=3; a p<0.05, b: p<0.01 different from respective sham groups; c: p<0.05, d: p<0.01 different from respective control groups)

3 g

R SEIG B EHE AT T TE AT HE R R R RO OR R
JHRE A COME AL ZR 1 R, DA R 3K o il i R
A TR KB R s Ol . BT R 1 F B2 S5 AT
JeC IEAH S I AR AL TR bRAS I, DA 5 o i
HAPR T A SCE AR Elisa A, s2i6H &I,

W-EMP #E /5 6 h, KEIM7E ALT. AST & & 2%
A%, B ALT 5 AST T2 BT 40 i 52 31145
%, PG RAE: T ALT F1 AST f i 00 B 2
SCHAEEAY, (BRI AR — R TR, s A
FebrZEL. T ALT Fl AST XFANERRE 5 H 1)
Re ML, P W-EMP W] REF = 4 7 L1

AR

060201-6



ARERSCEE LBk ntooxe O B o MR FFF A 2075 2% A8 52 2 1

TEAHFRI SRR, AR T A 21
R R A . ARSI, RS 25 18
LeoCo RS N 3, IX AT BES A7 SEPRTE KRR & 2%
S PR 7R AN [ DA B 5 Ik 25 ) F T 2% . 1) e 2 A
FA 5. BWREY, SNgMHMIEN, Rk R
ERFEHLS M SAR EHAM AR, £
AT AT BB 5T, 2.71 GHz 1 9.33 GHz
(1) e Th 2R ok P s AT S RS, AR R 2 R R BR
FFIE A 32 20 A B S v T A 2, 2 T i
HL R K R T s, FRATTAE I — 20l i B S
PABGIE . (EAARIEZAE T, REOIFHS R Z 20
BRI, PRIRBE BN . 1 R
W, ERZFRERG S (RFETE A Bax KTFF
), SRR TR (FIETE A Bel-2 K
FrED, (e pRE T N, HAEAE 1d 5%
FENER K, BB S0 B A8 2 e — B [,
HEE 7 RKRAME .

AHEFCAFAE T BB I 0 453473 52 1 B
i (P M Ry, 3K AT R T SR H T B R A
W LU SR o T FR R S A P AR T S A
TR bk, BN EEZA S 1
BHRPEE Z MPESR R WA T — DA

ASEIGTHFT T 243558 4 140 KV/m Al 110 kV/m,
Jik AN 5 AN 100 AN, BB E Rk e R
KERE, KRFFIERCRE =4 A RS, iz
RNt R J N (] (R AE K TS S I . 5 SRR,
TEARSZIN AN, K ERAFIEA BA S0 55 A= Y s
FeAE, R B IR E MR 1 d f5 RSN EE,
BEMWPERBIE 7 K WE. {EAE A
T KR T B 5 1 A O R SE B R

Sk

1 ZgIR, W%, Eu0igE, & B RBERT I R
JE[J). EYnE2E4R, 2013, 29(4): 310-318.

LI Haijuan, HU Xiangjun, WANG Lifeng, et al. The new
progress in the study of biological electromagnetism [J].
ActaBiophysica Sinica, 2013, 29(4): 310-318.

2 YFIESP, BROGES. 4 KT A ) S AR 5 I
KBTI, FH5 s DAL 4« &, 2012, 30(3):
161-162. DOI: 10.3760/cma.j.issn.1001-9391.2012.03. 001.
XU Zhengping, CHEN Guangdi. Development direction

of study on bioeffect of electromagnetic in cell [J].
Chinese Journa of Industrial Hygiene and Occupational
Diseases, 2012, 30(3): 161-162. DOI: 10.3760/cma.j.issn.
1001-9391.2012.03.001.

Ragy M M. Effect of exposure and withdrawal of
900-MHz-electromagnetic waves on brain, kidney and
liver oxidative stress and some biochemical parametersin
male rats [J]. Electromagnetic Biology and Medicine,
2014, Early Online: 1-6. DOI: 10.3109/15368378.2014.
906446.

Mahdavi S M, Sahraei H, Yaghmaei P, et al. Effects of
electromagnetic radiation exposure on stress-related
behaviors and stress hormones in male Wistar rats [J].
Biomolecules and Therapeutics, 2014, 22(6): 570-576.
DOI: 10.4062/biomolther.2014.054.

Gye M C, Park C J. Effect of electromagnetic field
exposure on the reproductive system [J]. Clinical and
Experimental Reproductive Medicine, 2012, 39(1): 1-9.
DOI: 10.5653/cerm.2012.39.1.1.

Narayanan S N, Kumar R S, Potu B K, et al. Effect of
radio-frequency electromagnetic radiations (RF-EMR) on
passive avoidance behaviour and  hippocampal
morphology in Wistar rats [J]. Upsala Journal of Medical
Sciences, 2010, 115: 91-96. DOI: 10.3109/
03009730903552661.

EW W, HEE, MU, . Kb R iR b
BALB/c 4 REFH A SR A RIS, Fa 0 7T S hm 5t
T2 %4k, 2013, 31(5): 050201. DOI: 10.11889/j.1000-
3436.2013.r1j.31.050201.

WANG Yafeng, MIAO Xia, YANG Mingjuan, et al.
Effects of electromagnetic pulse exposure on the
development of reproduction system of male BALB/c
mice [J]. Journal of Radiation Research and Radiation
Processing, 2013, 31(5): 050201. DOI: 10.11889/j.1000-
3436.2013.r1j.31.050201.

AKsE, EIWEMS, FRETAL, S TR AT A Rk o
B AREA N BT [T, HBOL 5 KT R, 2014,
26(07): 073218. DOI: 10.11884/HPLPB201426.073218.

LI Yongliang, YAN Xiaopeng, HAO Xinhong, et al.
Coupling effect of ultra wideband electromagnetic pulse
on typical fuze [J]. High Power Laser and Particle Beams,
2014, 26(07): 073218. DOI: 10.11884/HPLPB201426.
073218.

SRR, BT, SKAN, SE. KR HEPE K BRI R 4t
FHFRp#m. #wmEot 5k ®, 2015, 27(07):
079001. DOI: 10.11884/HPLPB201527. 079001.



WA RS T ¥ %% ik 2015,33:060201(8)

10

11

12

13

14

15

16

ZHANG Huan, TANG Yu, ZHANG Jie, et al. Effects of
pulse microwave on reproductive system of male rat and
its offspring [J]. High Power Laser and Particle Beams,
2015, 27(07): 079001. DOI: 10.11884/HPLPB201527.
079001.

Schoenbach K H, Baum C E, Joshi R P, et al. A scaling
law for bioelectric effects of nanosecond pulses [J].
Bioelctric Notes, 2008, Note 2: 1-25.

Sylvester P W, Shah S J, Haynie D T, et al. Effects of
ultra-wideband electromagnetic pulses on pre-neoplastic
mammary epithelial cell proliferation [J. Cell
Proliferation, 2005, 38(3): 153-163. DOI: 10.1111/j.1365-
2184.2005.00340.x.

Dorsey W C, Ford B D, Roane L, et al. Induced mitogenic
activity in AML-12 mouse hepatocytes exposed to
low-dose ultra-wideband electromagnetic radiation [J].
International Journal of Environmental Research and
Public Health, 2005, 2(1): 24-30. DOI: 10.3390/
ijerph2005010024.

FAFE, 9K, AhEE, 2. TSRO SR IR R
A ML S szm [J]. 5EEOs SRR, 2006, 18(11):
1861-1863.

ZHOU Zhou, ZHANG Lei , HAO Yutong, et al. Influence
of UWB microwave irradiation on peripheral blood cells
in rats [J]. High Power Laser and Particle Beams, 2006,
18(11): 1861-1863.

FFE, 2R, BT, & Rk OO R L
Na'\ K* ALT. AST /e s U MES MR [). 1
K AR (BEEAR), 2015, 53(9): 1-5. DOI: 10.6040].
issn.1671-7554.0.2015.139.

LI Baofeng, ZHANG Ying, XIA Hong, et al. Changes of
serum biochemical indexes and ultrastructure in
ventricular myocardium of rats exposed to EMP [J].
Journal of Shandong University (Health Sciences), 2015,
53(9): 1-5. DOI:10.6040/j.issn.1671-7554.0.2015.139.
CHEN Xinhua, REN Zhigang, LI Chengxiang, et al.
Preclinical study of locoregional therapy of hepatocellular
carcinoma by bioelectric ablation with microsecond
pulsed electric fields (msPEFs) [J], Scientific Reports,
2015: 1-10. DOI: 10.1038/srep09851.

Ishizawa H, Yoshida D, Sugimoto K, et al. Effects of
pulsed electric field and burst electromagnetic wave on

17

18

19

20

21

22

23

060201-8

cancer cells [J]. Pulsed Power Conference (PPC), 2013:
1-4. DOI: 10.1109/PPC.2013.6627551.

FEROR. A% FOL T K el K A D B K BT I 2B 4R
MRS [D]. kil HRZRITNE K, 2012: 34-41.

CUI Yibin. The biological effects of NEMP on cells an rat
liver tissue [D]. Shanghai: East China Normal University,
2012: 34-41.

Hardwick J M, Soane L. Multiple functions of Bcl-2
family proteins [J]. Cold Spring Harbor Perspectives
Biology, 2013, 5(2): 1-22. DOI: 10.1101/ cshperspect.
a008722.

SEE, RS, TR, A& ALREER S R B0 LA A
Bcl-2 1 Bax FRiEHIFW [J. o EES P4, 2010,
19(2): 132-134. DOI: 10.13491/j.cnki.issn.1004-714x.2010.
02.056.

DOU Yan, WANG Dewen, ZHANG Minfeng, et al. A
study of the expression of Bcl-2 and Bax in rat hearts
induced by electromagnetic radiations [J. Chinese
Journal of Radiological Health, 2010, 19(2): 132-134.
DOI: 10.13491/j.cnki.issn.1004-714x.2010.02.056.
WEH, TR, TR, & SRR Y
s SR AE 20 BT [J]. 5O 5K OR, 2008, 15(8):
781-787.

XIE Yanzhao , WANG Zanji, WANG Qunshu, et al. High
atitude
standards. a review [J]. High Power Laser and Particle
Beams, 2003, 15(8): 781-787.

Waner T, Nyska A. The toxicological significance of

nuclear electromagnetic pulse waveform

decreased activities of blood aanine and aspartate
aminotransferase [J]. Veterinary Research Communica
tions, 1991, 15(1): 73-78. DOI: 10.1007/ BFO0497793.

LI Congsheng, YANG Lei, LI Chunghuan, et al.
Dosimetric  variability of the rats exposure
electromagnetic pulses [J]. Electromagnetic Biology and
Medicine, 2014, Early Online: 1-10. DOI: 10.3109/
15368378.2014.925472.

EEM . A Bk I RO SR AR P FRL 0 A B
RIS I IE[D]. i EARIMNE K, 2010: 38-51.
WANG Liankun.
experimenta verification of electric field distribution in

to

The numerical simulation and

rat by high power pulse microwave [D]. Shanghai: East
China Normal University, 2010: 38-51.



