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Effects of Extremely Low Frequency Elecromagnetic Fields on Thyroid Carcinogenesis
Induced by N-bis(2-hydroxypropyl)nitrosamine and Sulfadimethoxine

Soo Hwan Lee, M.D.", Young Jin Park, M.D.!, Eon Sub Park, M.D.", Young Seok Kim, M.D.,
Yoo Shin Choi, M.D., Beom Gyu Kim, M.D., Sung Jun Park, M.D., Se Min Chong, M.D.

Departments of Surgery, Il’athology, ZRadiology, College of Medicine, Chung-Ang University, Seoul, Korea

Purpose: Long-term exposure to extremely low-frequency (60 Hz) electromagnetic fields (ELF-EMF) raises the
questions of the induction of biological effects including tumorigenesis. One mechanism through which ELF-MFS
could influence neoplastic development is the imbalance of cellular proliferation and cell apoptosis. The present
study investigated the effect of ELF-EMF on chemically-induced thyroid carcinogenesis in a rat.

Methods: We examined cellular proliferation index measured by anti-Ki-67 antigen, apoptosis, apoptosis related
proteins such as caspase 3 and p53, and cell cycle-related proteins (cyclin D1 and p2 VARV Ciply Forty Male F344
rats received a subcutaneous N-bis(2-hydroxypropyl)nitrosamine (DHPN, 2,800 mg/kg) injection, and 1 week later
were allowed free access to drinking water containing sulfadimethoxine (0.1%) for 12 weeks. Twenty rats were
exposed by ELF-EMF. During the carcinogenesis, sequential histological changes from hyperplasia, adenoma, and
ultimately to overt carcinomas were noted.

Results: The exposure group of ELF-EMF, significantly increases the number size of carcinomas. Also, the
proliferative and apoptotic indices were significantly increased in the ELF-EMF exposure group than in the control
group. The caspase 3 protein expression did not show any significant changes between ELF-EMF group and control
group. The p53 protein was not detected in both ELF-EMF exposure and control group. Among the cell cycle
related proteins, cyclin D1, not p21V"F/“*! was significantly increased in adenomas and carcinomas in ELE-EMF
exposure group compared with the control group.

Conclusion: Exposure of ELF-EMF effects on chemically-induced rat thyroid carcinogenesis as results of altered
increase of cellular proliferation, apoptosis, and cyclin D1 expression. (J Korean Surg Soc 2009;77:161-169)

Key Words: Extremely low frequency magnetic field, Thyroid carcinogenesis, N-bis(2-hydroxypropyl)nitrosamine
(DHPN), Apoptosis, Cell cycle-related proteins
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Fig. 1. In vivo extremely low frequency electromagnetic fields
generator.
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Table 1. Thyroid lesions in rat after 12 weeks treated with N-bis
(hydroxypropyl)nitrosamine and sulfadimethoxine

Control ~ ELF exposure*  P-value
No. of rats 20 20
Tumor multiplicity/rat
Hyperplasia 0.70+0.92  1.37£1.41 0.068
Adenoma 225+1.77  2.47%1.52 0.647
Carcinoma 0.45+0.60 1.13£1.12 0.012

*ELF exposure = extremely low frequency exposure; Values are
mean+SD.
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Table 2. Ki-67 and apoptotic labeling index of the rat thyroid le-

sions
Control ELF exposure* P-value

Ki-67 index (%)

Hyperplasia 0.12£0.22 0.14£0.29 0.76

Adenoma 0.28+0.35 0.36+0.59 0.31

Carcinoma 3.89+3.33 7.64+5.16 0.04
Apoptotic index (%)

Hyperplasia 0.06£0.23 0.10£0.29 0.61

Adenoma 0.18+0.38 0.12+0.32 0.38

Carcinoma 1.54+0.66 0.89+0.78 0.01

*ELF exposure = extremely low frequency exposure; Values are
mean+SD.

FY3HAl F718 vh(P=0.045, Fig. 3A). Apoptosis HIEE
AZZA T A 3 £ SASH AF F 1
Apolofl f-2gk Abol7h gl ot AL QoA AdT
1.54+0.66%, 2T 0.89+0.78% 2 e} Ad ol 4] EA|

Fig. 2. N-bis(2-hydroxypropyl)nitrosamine and sulfadimethoxine
induced rat thyroid lesions, showing follicular cell hyper-
plasia (A), adenoma (B), and carcinoma (C) (H&E, %200).

4) M xx|5fstd Mo o|8t Cyclin D1, p21WAT/eP!

DHPN¥} SDMS 125 W50l ¥ FAF3} A4 =
F AT vl =EA7 zTellA #EH W =22 A
4&742 Table 33} 40l FAsFA . 24441 B oA cyclin
D1 W& A £ STl = A-TellA 346
+2.31%, &FolA 229+120%2 w2 2ol {19
of 2 Ak S A = AT 18.534.19%, =T
oA 11.6043.87% % AFolA F7bele Aeds Eick
(P=0.013). W3k ko] 7% AT zTelA 47
53.80+11.04%%} 37.78+11.63% % EAH o2 Fo3tA =
7F8k9deh(P<0.001, Fig. 3B). p21™T/P! glulzo 7144
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~ o St TN TGS TR T fal”.

Fig. 3. Immunohistochemical reactivity of Ki-67 (A), p21"*"/“*" (B), cyclin D1 (C), and caspase 3 (D) expression (ABC, x200).

Table 3. Cyclin D1 and p21™**"“"" protein labeling index of the
rat thyroid lesions

Table 4. Caspase 3 and p53 protein labeling index of the rat thy-
roid lesions

Control ~ ELF exposure* P-value Control ELF exposure*  P-value

Cyclin D1 index (%) Caspase 3 index (%)

Hyperplasia 2.29£1.20 3.46+2.31 0.075 Hyperplasia 0.06£0.23 0.17+0.37 0.253

Adenoma 11.60+3.87 18.53%4.19 0.013 Adenoma 0.81£0.95 0.65+0.81 0.353

Carcinoma 37.78+11.63 53.80+11.04 0.001 Carcinoma 2.94+2.35 1.33+1.58 0.06
p21™AFP index (%) p53 index (%)

Hyperplasia 0.14£0.53 0.31£0.84 0.476 Hyperplasia - - -

Adenoma 15.8316.87 17.72£8.19 0.196 Adenoma - - -

Carcinoma 41.66+17.67 48.71£12.95 0.062 Carcinoma - - -

*ELF exposure = extremely low frequency exposure; Values are
meantSD.

23 Aolol] o8 Aol fIleh R ol A% AHT
48.71412.95%, 2ol 41.66+17.67%% ol A Z7}s}
%S Be A4 fo14S 9lthP>005, Fig
3C). ps3 Shul 4 DHPN3H SDME o] &3 744k k4]

*ELF exposure = extremely low frequency exposure; Values are
meantSD.

A 2E FAZI AFA 27 0.17+0.37%, 0.06+0.23%,
3 HEzTFNAE 0.6540.81%9} 0.81+0.95% % o]

H
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Zko] 7L gldekP>0.05). TR AR AT oke] 734 A
TollA 1.33+1.58, & 7oA=& 238 2.94+1.652 Z7}s}
T A%e Bo FAA fA2 SAch®>0.05, Fig.
3D).
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