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Early Developmental Deficits in Rats Following In-utero Exposure 
to 500 µW/cm2, 2450-MHz Microwaves 

Abstract 

Eight pregnant rats were e~~~ed to 500 µW/cm2, 2450 MHz, circu
larly polarized guided waves, for twenty hours a day throughout the 
first nineteen days of gestation. Th~re were no distinct physical 
characteristics which differentiated exposed from sham- and non-exposed 
litters at birth. However, during the following two weeks, a series of 
phenomena emerged which implied some type of in-utero microwave effect. 
There were seven times as many neonatal deaths in the exposed litters 
than in the controls. Body weights on day 7 of life were significantly 
lower in exposed males and females relative to control offspring. The 
pups exposed prenatally lagged behind by a full day in the initiation of 
eye openings. In addition, subsets of the treated pups were fostered 
(F-pups) to naive mothers after being culled from the above mentioned 
litters, which left the remaining pups with the natural mothers (N
pups). The F-pups were then exposed or sham-exposed postnatally, two 
hours daily from day 4-11 of life. The prenatally exposed female F-pups 
demonstrated a significant inability to retain body heat when sham
exposed postnatally. All prenatally exposed females demonstrated an 
accelerated growth rate between 40-60 days of age which led to subsequent 
maintenance of a 10% higher body weight throughout adulthood. As adults, 
the exposed female N-pups that were tested in a conditioned avoidance 
task exhibited a facilitation in the acquisition phase, while similarly 
treated male N-pups did not. On the other hand, prenatally exposed male 
F-pups, when subjected to cold stress (5°C) as adults, were unable to 
maintain normal core temperatures relative to controls, while female N
pups showed no such difficulty. These observations strongly suggest the 
need for further research in the developmental bioeffects of low-level 
microwave exposure. 
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Introduction 

Johnson et al., [1978) had reported adult behavioral deficits in a 

shuttlebox conditioned avoidance response (CAR) task for rats exposed 

2 in-utero to 5 mW/cm, 9+8-MHz CW microwaves. In an attempt to extend 

this phenomena to another frequency and power density we exposed preg-

2 nant rats to 500 µW/cm, 2450-MHz, microwaves. In general, the effects 

found here are opposite those found by Johnson et al., [1978), although 

the present data are consistent in implicating neonatal and adult changes 

in thermoregulation and metabolic exchange consequent to in-utero micro-

wave exposure. 

Method and Materials 

Subjects. Thirty-eight 85 day old female rats of the Wistar strain 

(200-300g) were acquired from the vivarium in the Psychology Department 

of the University of Washington (Simonson Laboratories breeding stock, 

Gilroy, California). After five days of adaptation to individual housing 
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in our laboratory, the four smallest and the four largest females were 

discarded to provide a more homogenous group of subjects. The remaining 

thirty females were subsequently matched by body weight, then randomly 

assigned to one of three conditions: 1) Exposed 2) Sham-exposed, and 

3) Non-handled. Each female was then bred individually with one of 

twelve male breeding rats from the same Wistar colony. The first eight 

of ten females in each group to conceive were the ones whose progeny 

were the focus of this study; the females' offspring being culled to 

eight pups/litter (N-pups) on the fourth day of life. 

Six naive mothers, to whom the extra culled pups were fostered (F

pups), were obtained from the same vivarium on day 17-19 of gestation. 

All of the animals involved in this experiment were maintained on ad lib 

Purina Rat Chow and tap water in a controlled environment (20.0°C ±. 1°C; 

50.0% RH.± 5%). Overhead flourescent lighting was provided on a twelve 

hour light/dark schedule (lights on: 0700-1900). 

Apparatus. . The microwave exposure system utilized for the pregnant 

females and the F-pups were cyclindrical wire mesh waveguides which are 

described in full detail by Guy [1977). This system was energized by a 

2450-MHz power source. The sham waveguides were similar with the 

exception that they were never activated. The rodents were contained 

within the waveguide in a plexiglass hutch which provided complete life 

support [Lovely, Moe and Myers, unpublished data] including ad lib food 

and water. The F-pups were later placed in the hutch but on a styrofoam 

pedastal to constrain the pup to a 2" x 2" area in the center of the 

waveguide. 

2 



.. 

The home cages of the pregnant females were individual standard 

hanging cages (24 x 18 x 18 cm). The breeder bins were non-transparent 

plastic containers .(25 x 32 x 15 cm) with hardware cloth lids. After 

birth, the pups remained with the mothers in the same bin, except for 

the extra pups culled out on day-4 of life, who were transferred to 

similar bins wherein resided the foster mothers. 

Upon weaning, the N-pups were either individually housed in standard 

hanging metal cages or in group bins of 6-13 rats each. The F-pups were 

individually housed.in transparent polycarbonate bins with stainless 

steel wire lids. Body mass and daily food and water intake were deter

mined with a Mettler PlOOO torsion balance. Colonic temperatures were 

taken with a Bailey digital display thermister thermometer. Shuttlebox 

CAR assessments were made in the same two apparatusses as described by 

Johnson et al., [1978]. The cold stres,s environment was provided by a 

Whirlpool refrigerator, maintained at 5°C + 0.5°C. During cold stress, 

the rats were restrained in a plexiglass rodent restrainer throughout 

the eight hour.test. 

Procedure. Following two weeks of twenty hours/day adaptation to the 

waveguide system (1200-0800) and four hours/day to the home cage (0800-

1200) for the exposed and sham-exposed groups, all thirty rats were put 

to stud. Upon conception, as determined by daily checks for sperm 

plugs, each female was returned to her previously occupied waveguide 

and/or home cage for the commencement of the appropriate treatment 

procedure: 1) The exposed group's pregnant females (n=8) were exposed 

(1200-0800) for the first nineteen days of gestation to 2450-MHz at 500 

2 µW/cm. From 0800 to 1200 each day, the rats were housed in their 
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hanging home cage. Daily measurements of body mass as well as of food 

and water consumption in the waveguide and in the home cage were recorded. 

2) A sham-exposed group (n=8) of pregnant females were subjected to the 

same procedures as the exposed group, except that their. waveguides were 

never activated. 3) The non-handled pregnant females (n=8) remained 

undisturbed throughout the first nineteen days of gestation in the 

hanging metal cages •. At noon, after the nineteenth exposure period, the 

subjects were placed in individual breeder bins where they remained 

undisturbed for the duration of gestation. 

At birth (day 1), individual birth weights and the nwnber of live 

and still births per litter were determined; a check for any obvious 

physical abnormalities was also carried out. On.day 4, each litter was 

culled to four females and four males and these eight pups were left 

with their natural mothers (N-pups). The prenatally exposed or sham

exposed pups which were culled out of the above litters were given to 

naive foster mothers (F-pups) of the same post-partum status as the 

natural mothers. Each F-pup was either exposed or sham-exposed to 500 

2 µW/cm, 2450-MHz microwaves, two hours a day from day 4 through day 11 

of life. Skin surface temperature readings were taken before and after 

each exposure period for all F-pups. Body weights on day 7 and day 11 

were also taken. 

Starting on day 10, the onset of eye opening(s) in the N-pups were 

monitored twice daily through day 17 of life. Weekly body mass determi

nations for both pup groups were recorded from day 7 throughout adulthood. 

All pups were.weaned at 28 days of age. 

At 90 days of age, eight individually housed female and eight male 

N-pups were assessed in a shuttlebox CAR task, while another set of 
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seven male and seven female N-pups were utilized for the detennination 

of their colonic temperature circadian rhythm. 

At 90 days of age, all F-pups were subjected to an eight hour cold 

stress test. During this period, deep colonic temperatures were recorded 

every five minutes. The cold stress test was immediately followed by 

brief exposure to penthrane anesthesia and subsequent intracardiac 

puncture. Two to four cc of whole blood was obtained from each animal 

and then saved for future biochemical analysis. 

Results and Discussion 

During the exposure period, definite trends appeared indicating the 

exposed pregnant female rats increased food and water consumption in the 

waveguide at a lower rate compared to sham-exposed females. This decrease 

was compensated for by an increase of food and water intake in the 

hanging horne cage (0800-1200 daily), ultimately leaving total food and 

water consumption nearly identical between groups. Nevertheless, the 

percent increase in body weight from day 1 to day 19 of gestation was 

significantly lower (p < 0.1) in exposed animals than controls impli

cating a microwave/metabolic-weight regulation interaction. It is 

unknown at this time what the effect, if any, these differences had on 

the offspring, However, it is interesting that any physiologic refiec

tion of prenatal microwave exposure occurred at all at incident power 

2 densities in the µW/cm range, especially when one considers the regu-

larity about "setpoint" limits within which nonnal body weight is 

rigorously maintained (see [Nesbitt, 1972, and Woods et al., 1974] for 

excellent discussions of body weight regulation). 

At birth there were no obvious signs of physical abnormalities nor. 

statistical differences in mean birth weight, total litter weight or the 
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number of pups born per litter. Within the first week of life, seven. 

prenatally e,xposed pups died as compared to one death from each of the 

sham-exposed and non-handled groups, the latter mortality frequency 

being consistent with the findings of Johnson et al., [1978]. 

During postnatal treatment, the temperature readings of the F-pups 

yielded an unexpected result. It became quickly evident that the pre

natally exposed female F-pups, when sham-exposed postnatally, had 

difficulty maintaining their body surface temperature. Those females of 

the same prenatal condition, but exposed to microwave radiation postnatally, 

did no.t differ from controls.· 

Day 10 to day 17 observations of initial eye opening(s) revealed a 

24-hour delay in the onset of this major developmental milestone for all 

prenatally exposed N-pups (p < 0.015). 

Body weights, from both F-pups and N-pups taken on day 7 showed 

significantly lower weights for prenatally exposed pups relative to 

controls for females (p < 0.01) and males (p < 0.05). By day 14, body 

weight no longer differentiated the pre-natal conditions. During subse

quent development, body weight data indicated an accelerated growth 

curve for the prenatally exposed females in both the N- and F-pup 

groups, between 40-60 days of age. After sixty days of age, these 

females were able to maintain, through adulthood, approximately a 10% 

higher body weight. No such growth rate differences or any other change 

in body weight regulation differentiated the males and their respective 

treatment conditions. 

The exposed female N-pups also showed a facilitation in the acqui

sition of a shuttlebox CAR (to be discussed in the next report). The 

three groups of male N-pups did not significantly differ from one another 
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in shuttlebox performance. The circadian rhythm of deep colonic tempera

tures revealed relatively normal cycles for both female and male N-pups 

exposed in-utero, with one exception in the exposed females. They never 

returned to their noon baseline colonic temperature reading, but remained 

at a temperature equal to that of their 12:00 midnight and 6:00 a.m. 

readings. Thus, at the second 12-noon temperature determination, these 

females were significantly higher (p < 0.01) than the sham-exposed or 

non-handled pups. 

Im interesting correlate to the circadian temperature findings 

occurred when the F-pups were cold stressed. Here, the constant moni

toring of colonic temperatures allowe~ for the observation of a slightly 

higher maintained level of core temperature in prenatally exposed females. 

Finally, prenatally exposed male F-pups, regardless of their post

natal conditions, displayed a deficit in the ability to maintain core 

temperature in the cold stress situation. The female F-pups' effects on 

body weight and adult temperature regulation also differentiated groups 

according to their prenatal condition, irrespective of postnatal treat

ments. Replication studies are now being planned in an attempt to 

determine mechanisms to explain the observed changes in developmental 

physiology as well as adult behavior and physiology consequent to pre

natal microwave exposure in animals. 
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