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ABSTRACT 

We investigated the effects of short-term time division multiple access (TDMA) exposure on melatonin synthesis in rats. 
Male Sprague-Dawley rats were acclimatized to a 12 h light-dark cycle, and then exposed to a 1439 MHz TDMA 
electromagnetic field by a carousel type exposure system for 4 hours in the dark condition. The peak SAR of the brain 
was 7.5 W/kg, and the average SAR of the whole body was 1.7 W/kg. The melatonin concentrations were measured by 
radioimmunoassay. Short-term TDMA exposure may slightly inhibit pineal melatonin synthesis, but no significant 
effects were observed in this limited experimental setting. 

INTRODUCTION 

Melatonin is a sleep-related hormone synthesized from serotonin by the pineal body. The light dark cycle causes blood 
and pineal body melatonin levels to increase during the dark cycle and decrease during the light cycle. The widespread 
use of cellular phones in Japan in recent years has generated considerable interest on the effects of high frequency 
electromagnetic fields on sleep disturbance or melatonin synthesis. Although it was reported that low frequency 
electromagnetic fields reduce melatonin synthesis [1,2], it has not sufficiently been investigated whether high frequency 
electromagnetic fields influence melatonin synthesis. We investigated the effects of exposure to a 1439 MHz time 
division multiple access (TDMA) electromagnetic field, as used in cellular phones in Japan, on melatonin synthesis in 
rats. 

MATERIAL AND METHODS 

 Male Sprague-Dawley (SD) rats were acclimatized to a 12 h light-dark cycle for at least one week. The experimental 
light-dark cycle was reversed from the natural cycle to perform the experiment during the daytime. The light cycle 
began at 8 p.m. and ended at 8 a.m. (400 lux at the cage level), while the dark cycle (only dim red light) began at 8 a.m. 
and ended at 8 p.m. (less than 1 lux). The temperature and the humidity were maintained at 24±1 ºC and 40±5 %, 
respectively. Food and water were available ad libitum. The rats were randomly assigned to three groups, the 
electromagnetic field (EM) group, the sham group, and the cage control group. The EM group was exposed to a 1439 
MHz TDMA electromagnetic field by a carousel type exposure system for 4 hours for one day in the dark condition (8 
a.m. to noon), the sham group was placed in the exposure system without TDMA exposure, and the cage control group 
was not placed in the exposure system. The calculation of the specific absorption rate (SAR) was described by 
Watanabe et al [3]. The peak SAR of the brain was 7.5 W/kg, and the average SAR of the whole body was 1.7 W/kg. 
No thermal effects were observed in this setting. 
The rats were anesthetized six hours after the end of the exposure period (6 p.m.). Blood was collected by cardiac 
puncture and serum was frozen at –20 °C until assay. After the rats were decapitated by guillotine, the pineal body was 
collected and homogenized in 1 ml of phosphate buffer (pH 6.0). After debris was removed by centrifugation, the 
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supernatant was frozen at –20 °C until assay. The melatonin concentrations were measured by radioimmunoassay. 
These procedures were performed under a dim red light (less than 1 lux) until the pineal body was collected. 

RESULTS AND DISCUSSION 

The pineal melatonin level per body weight had a tendency to decrease with short-term TDMA exposure, although the 
difference was not statistically significant (P=0.11). On the other hand, the pineal melatonin level and the serum 
melatonin level were unchanged. Short-term TDMA exposure may slightly inhibit pineal melatonin synthesis, but no 
significant effects were observed in this limited experimental setting. 

ACKNOWLEDGEMENT 

We thank the members of the Committee to Promote Research on the Possible Biological Effects of Electromagnetic 
Fields in Ministry of Public Management, Home Affairs, Posts and Telecommunications in Japan for valuable advice. 

REFERENCES 

[1] M. Kato, K. Honma, T. Shigemitsu, Y. Shiga. “Effects of exposure to a circularly polarized 50-Hz magnetic field on 
plasma and pineal melatonin levels in rats,” Bioelectromagnetics 14: 97-106, 1993. 
[2] L.J. Grota, R.J. Reiter, P. Keng, S. Michaelson. “Electric field exposure alters serum melatonin but not pineal 
melatonin synthesis in male rats.” Bioelectromagnetics 15: 427-37, 1994. 
[3] S. Watanabe, M. Taki, Y. Yamanaka. “SAR dosimetry of large-size Sprague-dawley rats in a local exposure,” 
Bioelectromagnetics Society Annual Meeting, 1999. 
 


