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Effects of SC dual pulsed-microwaves irradiation on the bioeffects in rats' organs

under a mutually perpendicular incidence
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East China Normal University, Shanghai 200241, China)

ABSTRACT To investigate the potential risk of electromagnetic exposure, systematic studies on the bioeffects
caused by single-frequency electromagnetic fields have been carried out with plenty of achievements. However, the
bioeffects caused by multiple-frequency fields still need to be further studied. In the resent work, we constructed a
dual-sourced irradiation system to allow two microwaves simultaneously incident from two perpendicular directions.
Subsequently, the influence of the number of pulses on the blood, brain, testis, heart, and liver tissues of rats under

the simultaneous irradiation of S-band and C-band pulsed microwaves was studied, and compared to that caused by
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the single-sourced exposure with the same electromagnetic exposure dose. The results showed that when the
amplitude of the space electric field intensity was 44.84 kV/m and the number of the pulses was 2, 5, 20 and 200, the
blood routine, testosterone, alanine aminotransferase and aspartate aminotransferase content of rats in the irradiation
groups did not change significantly compared with the control group and sham group (p>0.05). The nuclear area in
the brain, heart and liver of rats, as well as the Johnson score of the testis, has not significantly changed after the
irradiation (»p>0.05), and no pathological changes have been observed in these target tissues. The content of Bax in
the above four tissues of rats in the irradiation groups increased nonlinearly with the increase of the number of
pulses, which can be described as the non-thermal bioeffect that concerned the intensity of the electric field of the
pulsed microwave. When the number of pulses is greater than 2, a significant apoptotic response was detected in the
brain and testicle (p<0.05), while in the liver and heart the pulse number needs to be greater than 20 (p<0.05). This is
mainly because the amplitude of the internal field of the brain and testicle (11.3 kV/m and 10 kV/m respectively) is
higher than that of the liver and heart (5.73 kV/m and 5.33 kV/m respectively). Under the same electromagnetic

exposure dose, there was no difference between the SC combined irradiation and the S or C individual-irradiation (p

>0.05).
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Fig.1 Schematic diagram of S-C combined irradiation system
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Table 1 SAR values under different irradiation modes

WX SAR/ (Wkg)
Irradiation i 2 O il
mode Brain Testis Heart Liver
SC 133.086  126.005  37.866 25.821
S 140.819  108.624  40.719 25.932
140.538  120.745  39.267 25.014
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Table 2 Blood routine of rats after irradiation (n=6)

Lty | LR e 5 Fi4E 45 Blood routine index
Rradiation mode  Irradiation group  RBC/10”L HGB/(g'L™") WBC/10°L PLT/10°L
Control — 7.32+0.22 146.67+2.89 4.60+0.89 1 062+186
Sham — 7.35+0.38 148.00+3.00 4.66x1.12 975+177
SC 1#H Group 1 7.36+0.33 150.334+2.52 4.44+1.09 1 002+118
24 Group 2 7.09+0.64 149.00+3.61 4.55+1.79 1 059+87
371 Group 3 7.53+0.47 148.67+6.51 4.62+1.98 1 120+138
424 Group 4 7.12+0.36 145.67+5.51 4.12+1.14 993+160
S 1#H Group 1 7.35+0.13 147.67+5.69 4.61+0.87 11344417
22l Group 2 7.30+0.42 146.00+8.55 4.80+0.94 983+135
37H Group 3 7.27+0.31 146.004+7.00 4.37£1.05 965+127
4% Group 4 7.00+0.29 148.33+8.14 4.40+1.64 976+176
C 1 21 Group 1 7.40+0.19 148.00+3.00 3.92+1.68 1 018+165
24 Group 2 7.04+0.75 146.00£2.65 4.66+0.96 1 024+166
3 2H Group 3 7.41+0.36 148.33+4.73 4.46+0.95 1 065129
424 Group 4 7.40+0.13 147.00+5.29 4.51+1.36 1 070£108
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Fig.3 HE staining picture of rats' tissues after irradiation (irradiation group 4)
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Table 3 Statistic results of the nuclear area in the brain, heart, and liver tissues of rats after irradiation

dEpE T =0 ARHR AN A1 HuAZ THFY Nuclear area / pm’
Irradiation mode Irradiation group Jii Brain 10> ) Heart FFAE Liver
Control — 70.85+5.72 42.67+£15.28 42.68+10.32
Sham — 72.36+8.24 41.35+12.89 44.72+8.65
SC 12 Group 1 73.56+8.19 43.39+13.06 43.38+9.76
224 Group 2 69.89+8.57 41.30+15.37 45.87+9.86
324 Group 3 71.34+9.21 38.72+14.66 42.71+10.37
44 Group 4 73.66+8.59 41.58+£16.31 45.03+9.29
S 12 Group 1 70.78+7.65 37.59+12.67 44.69+9.35
2 %1 Group 2 72.15+8.64 36.38+10.57 42.36+7.41
3 2H Group 3 72.89+7.43 40.57+12.89 43.30+8.93
444 Group 4 69.78+9.15 44.87+12.18 42.07+£10.76
C 12 Group 1 73.45+7.69 42.47+18.05 44.58+11.83
224 Group 2 72.36+8.45 41.74+15.86 42.87+9.39
324 Group 3 73.48+8.17 38.26+13.56 40.62+10.56
44 Group 4 71.95+8.24 40.36+£17.84 42 .91+8.69

R4 FERERBEEAHELRK Johnson T4

Table 4 Johnson score of rats’ testis after irradiation

HE 8 7 78 Trradiation mode

8 844 Trradiation group

Johnson 743 Johnson score

Control — 9.55+0.48
Sham — 9.64+0.72
SC 12 Group 1 9.58+0.36
22l Group 2 9.61+0.47
341 Group 3 9.53+0.28
4% Group 4 9.62+0.75
S 121 Group 1 9.63+0.57
221 Group 2 9.59+0.35
3%H Group 3 9.58+0.61
42l Group 4 9.62+0.43
C 1#H Group 1 9.57+0.54
24 Group 2 9.63+0.40
341 Group 3 9.64+0.49
421 Group 4 9.59+0.62
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18 I Fik np B B 1 72 200 LN o LE IR U g (Specific
absorption , SA ) J& 15 857 JTi LA TE ¢, 5] 1,6} rm%z w At=SA/e (°C) (5)
W YL TR BE &, BP M ¢, 31 ¢, 18] SAR B AR 4y, JL HES R s TESH6.
£S5 AHEBKHHTRRHARRSAE
Table 5 SA values in rats' tissues under different pulse numbers
R A R SA/ (Jkg™)
Irradiation group Irradiation mode /idi Brain 52 H, Testis 1>l Heart JHAE Liver
144 Group 1 SC 2.11x10™ 1.81x10™ 5.89x107 3.75x107
S 2.00x10™ 1.89x10™ 5.70x107° 3.87x107°
2.12x10™ 1.63x10™ 6.11x107° 3.89x107°
21 Group 2 SC 5.27x10™* 4.53x10™ 1.47x10™* 9.38x107
S 4.99x10™ 4.73x10™ 1.43x10™* 9.68x107
5.29x10™* 4.07x10™ 1.53x10™ 9.72x107
3% Group 3 SC 2.11x107° 1.81x107 5.89x10™* 3.75x10™
S 2.00x10°° 1.89x107° 5.70x10™* 3.87x10™
2.12x107° 1.63x107° 6.11x10™ 3.89x10™
424 Group 4 SC 2.11x107 1.81x107 5.89x107° 3.75%107°
S 2.00x107 1.89x107 5.70x107° 3.87x107°
2.12x107 1.63x107 6.11x107° 3.89x107°

Ko AFAERFFTARARARASZETHERES

Table 6 Theoretical temperature rise of rats’ tissues under different irradiation modes

R A R RS MHRR T /°C Theoretical temperature rise after irradiation
Irradiation group Irradiation mode fi% Brain 22 41, Testis AU I Heart U Liver
1 2H Group 1 SC 0.67x10"* 0.58x10"* 0.19x10* 0.12x10"*
S 0.63x10* 0.60x10"* 0.18x10* 0.12x10"*
0.67x10"* 0.52x10"* 0.19x10* 0.12x10*
224 Group 2 SC 0.17x10° 0.14x10° 0.47x10* 0.30x10"*
S 0.16x10° 0.15x10° 0.45x10™* 0.31x10"*
0.17x10° 0.13x10° 0.48x10™* 0.30x10™
37 Group 3 SC 0.67x10° 0.58x10° 0.19x10° 0.12x10°
S 0.63x10° 0.60x10" 0.18x10° 0.12x10°
0.67x10° 0.52x10° 0.19x10° 0.12x10°
444 Group 4 SC 0.01 0.58x10"* 0.19x10* 0.12x10°
S 0.01 0.01 0.18x10* 0.12x10"
0.01 0.01 0.19x10* 0.12x10"
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K BRZH 23 BRI T B KA H EAE Bk P i
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W AR AR = BRI R 8, B R A 43718 2]
— 7T RS, AR T A RN T % R A A
TEXT 2 Ax 2 i3 22 A BRAB I il 38 A& 143 A% 11, 25 &
T BT RS B AN R BRSO AN AL FE 5 RN
TS, IR e 2 2 PRI 2 B — e 24
RBCCRARIE T, LAWR AR B3 K@ # bR oL, 3
PRAE B LA PR VR R ™ BRI, A SO 3R T REBS A %
BB S8, WS USRI 5 kAN Z 18] ) 9%
R AEZINT N K BRI i R0 52 AL ZH 2R 7 Jik b 4 N=2
N 58 7= AT B S5 (AR T R T RO IR N=20
IF A B 000 9L AR 2R 5 R AT, K R P % 2H 41
(1) SAE AN A, {H B KAV A 2.12x107 I /kg , MNREE:
() AR B SR, FEAS 2 LA S KRR % 41 241 2 45
1 AR T 483735 5 0K, 8 i 3 8508 7E K B 2H 41

=7

HS1E 7R T N AT AR P T ) Bax B H & &
A FRAR BT 1 A K e Al B2 e T £
TE R LA, DA K5 PR TR 2 T8 PR R 2R o R IR 2
MUY 5 8 TR AL PR AR IR R B 5
SCRRAR TE AR AT B4 AR SRR E , 2.71 GHz Jik
TR IR, i S AL AN 79815 B 8 kV/m /i A7,
ONEH AN 5RIE S 7 kV/m AR, RS I I
Yy 5 LE W) 9y 1 Z TRV B4 T 7 A R i A s
Kb B A58 5 AR, WAR 7. Herfr, KB
AN 52 FUZH 23 AR L AR X B e A N=2 I E % 0L
52 3 B S (03 T B O JUE AT 2 2R e i R 3 A
XHBAR , 24 N>20 I 4 W08 21 BT I g i T 2. e T
AR S b XU 5 B IR R R 7 s B AR [F] L
1237y A R I O T e e TR SR AR
A TR A ) A A 2T I Kl iAE — k2, DA
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ANRERRT T A RALERE K A7 RIEE

Table 7 Amplitude of internal field strength in rats’ tissues under different irradiation modes

8 18 77 7 Irradiation mode

HEP N I3758IE(E E / (kV-m™) Amplitude of internal field strength of tissue £

/il Brain 525, Testis LI Heart FFHE Liver
SC 11.30 10.13 5.73 5.33
S 12.22 11.56 6.23 5.91
C 10.30 8.48 5.18 4.68
1.15 Brain 1.25 Testis
g_ 90 1.20 o
= 1.10 ”*** qQ .
£ < 115
% < 2
o ©
Q940
1.05
1.05
100 1 1 1 1 100 1 1 1 1
0 50 100 150 200 0 50 100 150 200
Number of pulses Number of pulses
1.15 1.15
Heart Liver
g 1.10 — g 1.10
S) S
% 1.05 |/ 5 105fF [ —
o o
1.00 1.00
095 1 1 1 1 095 1 1 1 1
0 50 100 150 200 0 50 100 150 200

Number of pulses

Number of pulses

5 HLIZ SR B RIS, T 5 K R A oK AR

Fig.5 Relationship between apoptosis response and the number of pulses

020301-9



WM A SE S T2 % 2023,41:020301

H1 181 5 AT LA 3, 4 A LG 0 T2 R0 5 Ik
)38 R AR LA TEAR G o AN [ 2 23 Ta) (1 40 45
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X R TG 37 (A UM S5 TR R A R o i 45 R 5 SR T
H R T I A 2B R8N 5 Mok v 8 T £ A AR
R —Emt.

N T RO IR B A v b R 5 BRI P
I e (AR 5 22, AT BA Bax 28 4 e I 50 408 g K]
AR g, LUK H0N AR 7 30 (SC IR B & s i
S WU AR N C SR SRR ROV B AR, it
17T RR R TT 25007 . 3 8 h AL G it o0
gE LR, 51 S 5 4 21 Bax B & ARG 32 22

(Rl 2= 2 Mk p i, A R 00 K R S8 L4 21 Bax B

RN TR, B #E 2 8 A BAE
A H R =AM HARHR R T Zahds R E 2 h
H IR F] - R4 ICNIRP S, Xt £ < 6 GHz I ik
Tl 2 B, 18 W SR LU RS R SA Sk IR APk N
) HE i e 8 7)o el (O QAT B, R — 9 R 24 37 5
AR, KA A 1 SA A 5 K B0 N 2 8] G E B
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Table 8 Two-way ANOVA results of Bax changes in rats’ testis caused by number of pulses and irradiation modes

I8 HIE-FJ5 1 H HE BJ7 F wEE
Source Class III sum of squares Degree of freedom  Mean square Significance
Jik 3% Number of pulses 0.120 3 0.040 20.218  0.000

K JR Wave source 0.001 2 0.000 0.167 0.848

ik e o< U 0.001 6 0.000 0.124  0.992

Number of pulses x Wave source

fE A hrE Xt T 2RI A 2 55, 45
T HT S PR LR R L A RE R A A
S AR 5 2K SR A P H T R R T AR R, AN
(7] 8 {7y 35 | R 2R W R 2 T T 3 k2 5
B 22 B R I 2 e 5 B0 U0 LR B i — L, B 5
il 2 R R AT 5%, SRR A R I 00, a0 SR A
HL B i S 2 A 1 I A 22 U VLG R B A T
& T A B, A S B JE — T XU 5 2 e TR
ff o, MR HE MR A a2 G th A
FAA S5 R, W it — PRIk

4 g

ASCHWEFL T SC /NI VR I AH B T 7 ) NS
BN Rk 50T R BRI G O I A 2 R 2H 21
I RZIA , I 55 PR A 0 5 B A RE )5 DLk AT T LR
B A R R I AEAR TR R IR &, T SA
RN 5 AR KB BT b DA R LK 2E A A 5
Wi - ALT A0 AST 77 A2 2 0] , A6k i« 52 AL O il A1
JEF B DY A 20 25 pl s B 452407 5 (R 3 i is B 1 —
Y BRE , 25 L= A T I8 T2 B, 7E 3% 58 AN 8 R 1
BN 5 kb B 8] 2 ARG M TEAH OGO &R o K R
P FEL B B R KT S AN AR [R5 R s R N 6 P

b T 5| AR ZH AR T 2 TR T B T R

EX#t UM IENKETHSsEEBRZRI
SR 0 B R T — R R AT B L T R, R
LLE: &

fEHETMENA LB . ITHERTXREL. 2
Mg XA E 1 P & 16 IRAN AT T 528, HF AT
SERBEHRATT REM AT FAHAATT EiI
B ImEARGEE, AR X REBIT.FH
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