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Experimental Evaluation of Systemic Toxicity and Safety of Exposure to
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Abstract We performed an experimental study to determine the safety and systemic toxicity of a 100 -kHz intermediate frequency
alternating magnetic field. Adult male beagle dogs were randomly divided into a control group and two experimental groups, which receive
either continuous exposure group or twice—weekly exposure to the magnetic field. Both experimental groups were exposed to the magnetic
field for 4 weeks. Blood, urine, immune function, bone marrow smears, sperm quality, and morphology were assessed before and after
irradiation. After the 4 —week exposure, the dogs were sacrificed and the major organs were collected for pathological observation.
Comprehensive analyses of these parameters showed that, except for a few indicators, there were no significant differences between the two
experimental groups and the control group. The differences in the conventional indicators were within the normal range. Thus, exposure to
an intermediate frequency magnetic field had no significant biological effects in beagle dogs, and there was no correlation between
irradiation time or magnetic field with the biological effects. These results provide evidence that intermediate frequency magnetic fields are
safe and suitable for use in clinical trials.
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Table 1 Results of blood test (x+s, n=9)
/1oL /(L-L) /(g- L) /10751, /1oL
& 10" /(g-dL™)
6.81+1.24 0.44+0.07 155.13£27.16 61.91+2.95 21.58+1.16 34.84+0.10 1691+11.43
7.7£0.72 0.43+0.03 151.67+8.62 61.80+4.57 21.60+1.64 34.93+0.31 12.33+3.11
1 2 6.60+0.60 0.42+0.02 146.00+11.53 63.23+3.03 22.10+£0.00 33.90+0.00 10.07+£0.29
1% 1% /10°L7!
1% 1% (Eos)/% 1%
69.00+4.75 3.50+2.45 2.99+1.68 2321471 2.61+1.84 0.14+0.20 301.63+91.06
70.33+1.53 1.67+£0.58 8.67+1.15%* 16.33£3.51* 2.67+1.15 0.33+0.58 211.33+8.62
1 2 74.00+£5.57 4.00+£2.65 3.00+1.4144 18.33+£7.514 1.67+1.53 0.00+0.00 275.00+£95.50
3~10 12~30
. ,P<0.05; #* ,P<0.01; A L P<0.05; A A ,P<0.01,

Notes: *is compared with the control group, P<0.05; ** is compared with the control group, P<0.01; A is compared with the continuous exposure group,
P<0.05; A A is compared with the continuous exposure group, P<0.01.

2 (xxs,n=9)

Table 2 Results of blood gas test (x+s, n=9)

[mg-dT)  /(mg-dl) flmgdL) ool 17 /(mmol- L)y mmol L
101135679 12.00+4.17  142.25:243  4.05:023 109.5042.62 22254225 12.63+2.00
07.0044.00  12.0042.65  143.33:058  4.07+0.42 112.0041.00  19.3342.08  14.00+1.00
1 2 0833+7.57  18.00£2.65%  144.67+416  437:025%  112.6744.93  22.00+1.00  10.00+3.004
10~26 3.4-4.9 8-25
% /(g-dL™) /mmHg /(mmol- L") /(mmol- L)
44.25+423 15.04+1.45 7.38+0.06 36.10£6.24 21.14+1.95 3.88+2.03
44.0042.65 14.97+0.91 7.36£0.01 32.60£3.60 18.47+1.82 7.00+1.73
1 2 43.6742.52 14.6320.64 7.38+0.02 34.60+2.29 20.43+1.50 -3.670.58
: ¥ ,P<0.05; ** ,P<0.01; A ,P<0.05; A A ,P<0.01.

Notes: * is compared with the control group, P<0.05; ** is compared with the control group, P<0.01; A is compared with the continuous exposure group,

P<0.05; A A is compared with the continuous exposure group, P<0.01.
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3 (xxs,n=9)

Table 3 Results of blood biochemical test (xxs, n=9)

/(pmol L") /(pmol-L™")  /(U-L™T) /(g-L™) /(gL /(g-L™)
2.22+1.55 0.97£0.59  36.63£21.86  27.25+4.20 0.96+0.42 69.88+6.69  29.75+1.58 43.33+5.01
1.07+0.15 0.63+0.32  29.00+5.57  29.67+8.39 1.06+0.43 74.33+5.13  29.67+3.51 44.67+8.08

1 2 1.63+£0.55 1.00£0.00  34.33+15.50 27.33+5.86 0.85+0.18 70.33£1.53  33.00£1.00*  46.33+2.31
24~38
y-
/ /(U-L™) /(U-L™) /(mmol-L7")  /(pmol-L")  /(mmol-L")  /(mmol-L") /(mmol-L™")

0.70+0.08 3.00£1.55  77.50£28.72  4.92+1.37 76.33+21.62 5.81+0.37 0.69+0.14 4.50+£0.59
0.69+0.18 3.00£1.00  74.00£26.23  5.17+0.86 90.67+22.85 5.79+0.21 0.70+0.01 4.47+0.85

1 2 0.71+0.08 2.00+£1.73  87.00+53.25 6.56+0.18*  89.33+7.02 5.41+0.44 0.60+0.15 4.63+0.87
1.8~10.4
(AMY)
/(U-L™1) /(U-L7")  /(mmol-L™") /(mmol-L™") /(mmol-L7') /(mmol-L") /(mmol-L™) /(U-L7)

78.83+13.64 38.17+13.80 4.33+0.41  142.33+3.35 104.21+3.04  2.72+0.10 1.32+0.22  1336.50+374.94
84.67+27.14  32.67+451  451+0.17  145.73+2.34 103.00+1.31  2.65+0.14 1.44+0.06  1130.33+62.12
1 2 66.67+29.50 62.33+57.74 5.00+0.29* 147.03+1.46 106.90+2.59  2.58+0.05 1.52+0.29  1639.67+472.62

3.8~5.8

¥ ,P<0.05,

Note: * is compared with the control group, P<0.05.

2.2 , o
, 1 2 2.4
, ( 4), .CD4 .CD8 .CD4/CD8( 6)
2.3 R , N 2
9 ( 5) 9 9 o
4 ()?is, n=9, %)
Table 4 Results of bone marrow smears (xxs, n=9, unit: %)
0+0  1.17+021 8.93+0.32 9.87+0.23 14.03+0.93 18.83+0.40 0.20+0.00 3.93+0.21 26.80+0.70 15.37+0.32
0+0  1.35£0.07 9.20+0.14 9.80+0.00 14.60+0.14 18.45+0.07 0.20£0.00 4.10+0.00 27.05+0.07 15.25+0.07
1 2 0+0 1.23+0.15 8.67+0.57 9.93+0.12 14.53+0.21 18.90+0.44 0.17+0.06 3.80+0.26 27.30+0.00 15.47+0.45
5 . . (Xxs,n=9, :%)
Table 5 Results of tests on sperm motility,sperm morphology and sperm quality (xxs, n=9, unit: %)

5.67+1.84 11.67+0.24 5.33+2.89 24.00+1.47 77.67+£3.92 74.33+1.86 83.33+6.26

5.00+1.00 12.00+0.00 5.67+2.08 22.67+3.06 77.33+£3.06 75.33£2.52 84.50+1.80

1 2 5.33+2.08 12.33+0.58 6.00+£3.61 23.67+5.51 76.33+5.51 73.67+5.51 81.50+7.00
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Table 6 Results of immune function test (x+s, n=9, unit:%)

CD4 CD8 CD4/CD8 N . N N N . ,
9.1+4.37 3.77+1.83 1.75+0.93 2.31x1.06 1), s
7.59+1.77 2.97+0.79 1.58+0.89 2.53+1.32

1 2 9.21+3.48 3.96+1.67 1.71+0.41 2.55+1.60 .

(a) (b)
(a) Pulmonary (b) Liver
(c) (d)
(c) Spleen (d) Kidney

(e) (f)
(e) Pancreas (f) Gastric

(9) (h)
(9) Cardiac (h) Brain

(i)
(i) Cornea (j) Testis

1
Fig. 1 Pathology images
;B— ;C—1 2,

:A—
Notes: A, control group; B, continuous exposure group; C, one week irradiation twice group.
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(k) )
(k) Epididymis (I lleum

(o) (p)

(0) Cecum (p) Duodenum
1 ()
Fig. 1 Pathology images (continued)
:A— ;B— ;C—1 2

Notes: A, control group; B, continuous exposure group; C, one week irradiation twice group.
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