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Abstract. Forty-one pregnant Wistar strain rats were irradiated with 0.6-Gy X rays or were 
sham irradiated on the 9th or 17th days of gestation to determine if this dosage level would result 
in alterations in postnatal neurophysiologic development. Half of the mothers were sacrificed at 
term, and the developmental status of 221 newborns was evaluated. The remaining mothers 
delivered and raised their litters. The 16 1 offspring were observed for the age of attainment of 
the following physiologic parameters: pinna detachment, eye opening, testes descent, and vaginal 
opening. Offspring were also tested for the acquisition of the following selected reflexes: surface 
righting, negative geotaxis, auditory startle, air righting, and visual placing. Term fetal weight was 
lower than the controls in the group irradiated on the 9th day but was recuperable postnatally. 
None of the 9 developmental tests performed postnatally were abnormal in the animals irradiated 
on the 9th day. Thus, at least with regard to these measures, the surviving embryos exposed during 
the all-or-none period could not be differentiated from the controls. Offspring irradiated on the 
17th day exhibited retarded growth which persisted during neonatal life. The three-day-mean 
neonatal weight was significantly lower in the group irradiated on the 17th day compared to 
controls. There were no significant maternal body weight or organ/weight differences between 
the groups. Rats exposed in utero on the 17th day had a significantly delayed acquisition of air 
righting. These results demonstrate that 0.6-Gy in utero irradiation on the 17th day of gestation 
can cause subtle alterations in growth and development of the Wistar strain rat during postnatal 
life. 0 1986 Society for Experimental Biology and Medicine. 

X radiation is an established teratogen as 
has been shown by numerous investigators ( 1 - 
1 1). Several investigators have been Concerned 
specifically with the effects of X irradiation on 
the central nervous system ( 12- 1 9 ,  demon- 
strating that high levels of prenatal X irradia- 
tion can result in morphologic cytologic al- 
terations in this organ-system. 

A number of studies have been concerned 
with the effects of low level prenatal X irra- 
diation ( 16-24). Although several investiga- 
tions have been completed concerning post- 
natal behavioral effects of prenatal exposure, 
most of the studies have been concerned with 
exposure in excess of 0.75 Gy (25-38). A Gray 
(Gy), a newly adopted term, is equal to 100 
rad ( 1 .O Gy = 100 rad). A rad refers to the 
absorbed dose in ergs per gram of tissue, and 
a roentgen (R) refers to exposure to an equiv- 
alent dose standardized by the number of ion- 
izations produced in air. Generally a rad and 
a roentgen vary only slightly (1.0 rad = 1.0 
R). Several studies have been completed in 
which behavioral alterations were observed 
following low dose prenatal exposure (39-46). 

No previous investigation, however, has 
been completed in which the effects of low 
dose irradiation on term morphology and 
neonatal and early postnatal growth and de- 
velopment were analyzed together. The ob- 
jectives of this study were (a) to determine if 
prenatal exposure to 0.6-Gy X irradiation on 
the 9th or 17th day of rat gestation would result 
in alterations in postnatal growth and neuro- 
physiologic development; (b) to determine 
which postnatal parameters are the most sen- 
sitive indicators of the effects of in utero ra- 
diation exposure; and (c) to determine if an 
all or none phenomenon applies to postnatal 
neurophysiologic development. The 9th day 
of rat gestation was chosen because it is at the 
end of the all-or-none period of development 
(2) and would be a type of control since sur- 
vivors should not exhibit anatomic malfor- 
mations at term in spite of their X-ray expo- 
sure. The neurophysiologic tests are part of a 
standard battery of tests which has been used 
routinely in our laboratories for 10 years. The 
tests used in the present study were chosen for 
the following reasons: (i) the type of response 
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which is required by the animal is different in 
each test; (ii) the age at which the response 
(acquisition of reflex) would normally appear 
is different for each test, that is, all test re- 
sponses are not clustered at one or two days 
of age; (iii) the time necessary to train observers 
and to complete testing is minimal; (iv) the 
acquisition of the response is easily observed; 
and (v) the results are amenable to statistical 
analysis. 

Methods and Materials. Irradiation of an- 
imals was completed using a Siemans 250 kVp 
unit which was operated at 15 MA. The X- 
ray beam was filtered with a Thoreus I11 filter, 
1.94 mm copper, and 3.0 mm aluminum and 
the HVL was 3.0 mm copper. The animals 
were exposed at a dose rate of 0.12-0.14 Gy/ 
min at an average target-object distance of 
82.25 cm. A Victoreen chamber was used to 
monitor exposure levels which were corrected 
for atmospheric pressure and ambient tem- 
perature. Rats were placed in a plexiglass wheel 
which was rotated within the field of radiation 
to assure exposure homogeneity. 

Forty-one Wistar strain female rats were 
maintained in a temperature and humidity 
controlled animal facility with a 12: 12-hour 
1ight:dark cycle. Animals were given Purina 
brand laboratory chow and water ad libitum 
throughout the test period. Males and females 
were housed together overnight, and 9:OO AM 
on the morning when sperm were found in a 
vaginal smear was considered to be 0 hr, 0 
days of pregnancy. The females were randomly 
assigned to 1 of 4 groups: (a) 0.6-Gy irradiation 
on the 9th day of gestation, (b) 0.6-Gy irra- 
diation on the 17th day of gestation, (c) sham 
irradiation on the 9th day of gestation, and 
(d) sham irradiation on the 17th day of ges- 
tation. 

At term, half of the females in the four 
groups were killed and a conventional tera- 
tologic evaluation was completed. Although 
overt gross organ-system malformation would 
not be expected due to irradiation on the 17th 
day, exposure on this day of gestation could 
result in growth retardation. Maternal brain, 
liver, kidneys, and ovaries were removed, 
weighed, fixed in 10% formalin or Bouin’s fix- 
ative, and later stored in 70% ethanol. The 
uterine horns were removed after the position 
and viability of the fetuses and the location of 

implantation sites and resorptions were ob- 
served and recorded. Each fetus and its pla- 
centa was removed, weighed, labeled, fixed in 
Bouin’s fixative, and, after 3 weeks, stored in 
70% ethanol. The 221 fetuses were dissected 
using Wilson’s (47) cross-sectional dissection 
technique. 

The remaining mothers were allowed to de- 
liver and raise their young. At 2 days of post- 
natal age litters were reduced to produce a 
maximum of 8 offspring per litter. Mothers 
were weighed daily throughout the test period. 
Beginning on Postnatal Day 1 (PN 1) the off- 
spring were examined for the development of 
the following specific physiological landmarks. 

(a) Pinna detachment. The appearance of 
pinna detachment was recorded as the age in 
days when the pinnae of both ears unfolded 
to a fully erect position. Ears were inspected 
from Day 1 until the entire litter exhibited 
complete unfolding. The mean age of 
achievement of 17 colony control litters was 
3.2 days of age. 

(b) Eye opening. Eye opening was defined 
as any visible break in the membrane covering 
the eye. The eyes of each animal were exam- 
ined from Day 12 until both eyes of every an- 
imal in the litter were open. The mean age of 
achievement of 30 colony control litters was 
16.2 days of age. 

(c) Testes descent. Testes descent was de- 
fined as the age in days when the testes de- 
scended to lie in the scrota1 sac. The males 
were held vertically under their forelimbs. The 
testes were observed to immediately descend 
into the sac and could be palpated. The av- 
erage day of achievement among colony con- 
trol males was 25 days. 

(d) Vaginal opening. Vaginal opening was 
defined as any visible break in the membrane 
when the vaginal lips were gently pulled lat- 
erally. This examination was initiated on Day 
25, with average age of positive response of 
colony control females being 30 days of age. 

Reflex development was examined using the 
following tests. 

(a) Surface righting. This is a test of inte- 
gration of the motor and vestibular systems. 
The rat was placed on its back, held momen- 
tarily, and then released. Success was indicated 
when the rat was able to attain a fully prone 
position within 2 sec, 3 successive times. This 
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test was initiated on Day 5. The age of 
achievement of 30 colony control litters was 
9.2 days. 

(b) Negative geotaxis. This is a test of the 
ability of an animal to react to gravitational 
positioning. The animal was placed on a 30" 
incline with its head directed downward. A 
positive response was recorded when the an- 
imal was able to turn and climb up the incline 
against gravity within 15 sec. This test was ad- 
ministered to the entire litter until each neo- 
nate achieved 3 out of 3 positive responses in 
a daily test session. This test was initiated on 
Day 6, the average age of achievement of 22 
colony control litters being 9.3 days. 

(c) Auditory startle. The rats were exposed 
to a single loud sound presented suddenly 
without visual cuing. A positive response was 
considered to be a quick jerk of the entire body 
in response to the sound. Two successive pos- 
itive responses constituted achievement of 
criterion. This test was initiated on Day 9. The 
average age of achievement of 30 colony con- 
trol litters was 14.0 days. 

(d) Air righting. This tests motor and ves- 
tibular integration. The rat was held in an in- 
verted position, horizontally, 18 in above a 
padded surface and then released. Success cri- 
terion constituted landing in a fully prone po- 
sition in 3 successive trials. Age of achievement 
of 30 colony control litters was 19.0 days of 
age. This test was initiated on Day 13. 

(e) Visual placing. I n  this test of visual acu- 
ity the rat was lowered head-first toward a 
horizontally directed rope placed 18 in above 
a padded surface, care being taken that vi- 
brissae did not contact the rope. Criterion was 
achieved when the rat extended its head and 

forelimbs toward the rope in 2 successive trials. 
Age of achievement of 30 colony control litters 
was 23.7 days. This test was initiated on 
Day 17. 

A total of 16 1 offspring were given each of 
these 9 tests. Statistical analyses of the mater- 
nal, fetal, and neonatal data were completed 
using the Student t test, ANOVA, and, when 
appropriate, the outlier's and Mann-Whitney 
U tests. 

Results. The results of the term teratologic 
evaluation are presented in Table I. As ex- 
pected from exposure at these stages of preg- 
nancy, no significant differences between the 
irradiated and control groups were observed 
for maternal weight or weight gain, mean litter 
size, resorption rate, or abnormality rate or 
type, based on fetal dissection. Term fetal 
weights were significantly lower (P < 0.05) 
only in the group irradiated on the 9th day 
compared with those of their corresponding 
control group. 

The results of the evaluation on PN 3 of 
liveborn offspring are shown in Table 11. The 
3-day neonatal weights of offspring exposed to 
0.6 Gy on the 17th day were significantly less 
(P < 0.05) than those of the 17th day sham 
irradiated offspring, indicating nonrecuperable 
growth retardation. There were no significant 
differences (P > 0.05) between the control and 
irradiated groups for maternal weight or 
weight gain or mean litter size. 

Table I11 summarizes the maternal organ 
weight and organ:body weight ratio data. None 
of these parameters were significantly (P 
> 0.05) affected by exposure to X radiation. 
Although mothers were subjected to acute 
whole-body X radiation, significant changes 

TABLE 1. RESULTS OF THE TERATOLOGIC EVALUATION 

Maternal weight 
Litter ( + I  SD) Number of Mean fetal 

sample Weight resorptions/ Mean litter weight k 1 
Group size Day 0 Day 21 change total size _+I  SD SD 

OGy,9day(sham) 4 1 9 4 - t l l  3 2 7 k 2 4  1 3 4 k 1 4  5/44(11.4%) 9.8-t 1.7 5.79-tO.45 
0.6 Gy, 9 day 5 202 _t 5 377 -t 17 175 -t 16 6/67 (9.0%) 12.2 k 1.9 5.36 k 0.40" 
0 Gy, 17 day (sham) 6 223 f 26 392 -t 47 168 +- 31 1/81 (1.2%) 13.3 k 2.3 5.74 -t 0.51 
0.6 Gy, 17 day 5 220 k 28 357 k 27 137 -t 22 5/46 (10.9%)b 10.3 -t 1.7' 5.59 -t 0.48 

" Significantly different from controls at P =s 0.05. ' Based on four litters; one litter was a statistical outlier with a 40% resorption rate. 
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TABLE 11. SUMMARY OF RESULTS ON POSTNATAL DAY 3 

Number of 
Litter Maternal weight (+ 1 SD) ~ Mean Mean 3-day 

sample Fl 3-Day litter size weight 
Group size Day 0 Day 21 Change off-spring neonates (41 SD) ( f 1  SD) 

0 Gy, 9 day (sham) 4 206 f 23 368 f 24 162 f 13 50 32 12.5 -+ 0.6 8.06 f 0.92 

0 Gy, 17 day (sham) 6 221 f 16 362 f 22 141 k 12 66 48 11.0 f 2.8 8.26 +_ 0.97 
0.6 Gy, 17 day 5 198 f 9 3 5 2 f 2 9  1 5 4 f 3 1  49 36 9.8 4 3.8 7.18 f 0.63* 

0.6 Gy, 9 day 6 201 f 10 3 5 9 f 3 8  1 5 8 f 3 0  63 45 10.5 +- 3.3 8.68 4 0.84 

* Significantly different from controls at P G 0.05. 

would not be expected since dosage levels were 
low and of short duration. These analyses were 
completed to monitor maternal health during 
pregnancy. 

The neonatal reflex test results are sum- 
marized in Table IV. Rats irradiated on the 
17th day exhibited a statistically significant (P 
< 0.05) retardation in acquisition of the air 
righting reflex compared to their control 
counterparts. 

Table V summarizes the results of the eval- 
uation of attainment of the 4 physiological 
parameters. No significant differences were 
observed between the control offspring and the 
offspring irradiated in utero on either day. 

Discussion. X irradiation at high dosage 
levels, during specific developmental stages, 
causes an increased incidence of malfonna- 
tions, in utero death, and growth retardation. 
Brent (4,6) stated that the greatest teratogenic 
effect would result from irradiation during the 
period of major organogenesis, but that irra- 
diation later in gestation could affect the cen- 
tral nervous system and other organ-systems 
which continue to differentiate later in gesta- 

tion. High dosage levels of X irradiation are 
known to specifically affect central nervous 
system growth and differentiation during an 
extensive period of development. Brizzee et 
al. (1 2) observed damage in the olfactory re- 
gion, striatum and ependymal primordia, and 
cortical layers by Day 19.5, with the most se- 
vere results being obtained from a single acute 
1.5-Gy exposure. D’Amato (14) observed cel- 
lular damage in the central nervous system 
within 5 to 8 hr after rats were exposed to 1.5- 
Gy X radiation in utero on Day 12. There was 
a high level of cellular necrosis which disap- 
peared within 48 hr after irradiation with the 
exception of some minute rosette formations. 

Behavioral effects of X irradiation at high 
dosage levels have also been well documented. 
Furchtgott and Echols (25) observed changes 
in general activity in rats prenatally exposed 
to a 1.0-3.0-Gy dosage level on Days 14-18. 
The offspring were hyperactive and exhibited 
increased locomotion in an open field. Se- 
magin (40) irradiated rats throughout gestation 
with 0.1 Gy daily (total = 2.0 Gy) and tested 
the offspring postnatally. The irradiated off- 

TABLE 111. THE ORGAN WEIGHTS AND ORGAN:BODY WEIGHT RATIOS 
~~~~~~~ 

Actual weights of organs (g) 

Kidneys 
Sample 

Group size n Body wt Brain Liver Left Right 

0 Gy, 9 day 4 327 f 24 1.87 k 0.04 12.21 +_ 1.33 0.98 f 0.21 0.98 f 0.14 

0 Gy, 17 day 6 392 f 47 1.92 f 0.12 13.21 f 1.20 0.98 f 0.06 1.05 f 0.1 1 
0.6 Gy, 17 day 6 3 7 2 f 4 3  2 . 0 2 f 0 . 1 5  13.14+- 1.70 1 . 1 1  f 0 . 1 6  0 . 9 8 f 0 . 0 9  

0.6 Gy, 9 day 5 377 f 17 1.80 f 0.06 13.69 f 1.25 0.94 k 0.10 1.10 _+ 0.05 

* 1 x 104 
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spring took significantly longer to acquire 
conditioned responses than did the control 
offspring. Sharp (30) tested rats postnatally at 
185 days of age in a water T-maze. Rats had 
been exposed to a 2.8-Gy dose of X radiation 
between Days 10 and 17 of gestation. The ir- 
radiated rats exhibited altered behavior at this 
age. Mullenix et al. (32) demonstrated that 
prenatal irradiation at a 1.25-Gy dosage level 
on Day 14 could cause an abnormal hopping- 
type gait in rats 5 to 6 months later. Tamaki 
and Inouye (33) showed that male rats irra- 
diated in utero on Day 17 with 2.0 Gy X ra- 
diation had a higher degree of avoidance be- 
havior in a shuttle box test than did the con- 
trols. In a similar study (34) they showed that 
the irradiated rats had an increased incidence 
of anticipatory response to shock as well as 
significant cellular damage in the hippocam- 
pus. Kiyono et al. (37) observed that prenatal 
irradiation at 2.0 Gy on Day 17 of rat gestation 
caused increased error rates and longer run- 
ning times in a Hebb-Williams maze. These 
rats were also microcephalic. 

Low level X irradiation has also been shown 
to cause morphologic and behavioral altera- 
tions. Wilson et al. (2) produced a low inci- 
dence of microphthalmia, Russell ( 16) ob- 
served skeletal malformations, Hicks and 
D’Amato ( 18) observed permanent nerve cell 
damage and disorganization of the cerebral 
cortex, and Brizzee and Brannon ( 13) observed 
a slight decrease in the cerebral cortical mantle. 
Locomotor skill was impaired in rats prena- 
tally irradiated on Day 14 with 0.5 Gy (26). 
A dose of 1.0 Gy on Day 15 of rat gestation 
caused an abnormal gait, decreased motor 
maturation and strength, and retarded loco- 

motor learning in rats (42). Exposure at the 
0.25 Gy or 0.50 Gy level on Day 10 or 20 
significantly facilitated performance in a 
Lashley I11 maze (43), and similar exposure 
levels on Days 15 or 20 caused increased au- 
diogenic seizures (44). 

Blot and Miller (48), in their analysis of hu- 
mans exposed to radiation in Hiroshima and 
Nagasaki, have indicated that human risk of 
radiation-induced effects was maximal from 
8 to 15 weeks of pregnancy. Mental retardation 
was observed in young adults exposed in utero. 
Their data indicate that there is a dose-re- 
sponse effect and a threshold below which 
mental retardation is not evidenced. Otake and 
Shull (49) suggest, however, that there may 
not be a threshold for radiation-induced men- 
tal retardation. 

The results of the term morphologic anal- 
yses in the present study showed that exposure 
to a 0.6-Gy dose of X radiation on the 17th 
day did not result in statistically significant 
growth retardation of the fetuses at term, but 
3-day neonatal weight was significantly re- 
duced. Animals irradiated on the 9th day ex- 
hibited reduced term fetal weights, which is in 
agreement with the work of Rugh et al. (50- 
52) who observed growth retardation in mice 
following prenatal X irradiation at 1.0 Gy. 
Jensh et al. (53) have shown that there is an 
inverse relationship between litter size and fe- 
tal weight at the extremes of the litter size 
range, but a significant difference in term fetal 
weight was also observed following analysis of 
the data after exclusion of one unusually large 
(statistical outlier) litter. Term fetal weight was 
reduced in the group irradiated on the 17th 
day, approaching the 0.05 level of significance, 

(k 1 SD) OF THE EXPOSED MATERNAL RATS ARE SUMMARIZED 

Organ weight ratios (Organ wt X 1000)/(Body wt) 

Ovaries Kidneys Ovaries* 

Left Right Brain Liver Left Right Left Right 

0.06 f 0.01 0.05 +- 0.01 5.75 k 0.49 37.27 f 2.52 2.97 f 0.45 3.00 k 0.32 1.71 f 0.32 1.60 f 0.22 
0.05 f 0.01 0.11 +- 0.02 4.86 f 0.32 36.36 f 3.05 2.48 f 0.17 2.64 f 0.09 1.35 f 0.31 1.51 f 0.44 
0.08 f 0.03 0.06 +- 0.04 4.98 f 0.77 33.86 f 2.23 2.53 k 0.29 2.71 f 0.41 2.07 f 0.92 1.70 f 1.24 
0.1 1 k 0.01 0.06 +- 0.01 5.48 k 0.72 35.72 k 5.56 2.69 f 0.42 2.68 2 0.41 1.52 f 0.26 1.55 k 0.35 
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TABLE Iv. RESULTS OF THE FIVE NEONATAL REFLEX TESTS FOR THE F1 OFFSPRING ARE PRESENTED 
(MEAN DAY OF AGE AT ACHIEVEMENT OF CRITERION f 1 SD) 

Number of 
Surface Negative Auditory Visual 

Group Litters Offspring righting geotaxis startle Air righting placing 

0 Gy, 9 day (sham) 4 32 5.9 f 0.9 9.4 f 1.5 14.1 f 1.7 19.8 f 1.4 24.6 f 1.2 

0 Gy, 17 day (sham) 6 48 5.5 f 0.9 9.9 f 2.7 14.7 f 1.9 18.6 f 0.9 24.0 k 1.2 
0.6 Gy, 9 day 6 45 5.5 f 1.2 9.2 f 0.8 15.2 k 0 . 8  18.4 f 0.6 24.2 f 1.6 

0.6 Gy, 17 day 7" 37 5.2 k 0.6 9.5 f 2.6 13.9 kO.9 20.7 f 0.5* 23.8 t 2.1 

" Sample number at initiation of reflex test (one litter dead by Day 30). 
* Significantly different from controls at P < 0.001. 

due to the difference in mean litter size be- 
tween the 17th day irradiated and control 
groups. However, the 3-day neonatal weight 
was also significantly depressed in this group, 
indicating possible nonrecuperable growth re- 
tardation due to irradiation during the fetal 
period of gestation. 

Statistical analyses of these data, based on 
the mean time of reflex acquisition for the lit- 
ter, may not provide the full picture of possible 
radiation-induced effects. None of the physi- 
ologic parameters were significantly altered, 
and only the air righting reflex was significantly 
affected by exposure to X radiation. The ac- 
quisition of this reflex was delayed due to ex- 
posure on the 17th day. Population trends and 
distribution may also provide helpful ap- 
proaches in data analysis. Although sample 
sizes are small in the present study, some ob- 
servations are provocative. For example, only 
57% of the control males acquired the air 
righting reflex by PN 19, but 100% of the 9th 
day irradiated males achieved this reflex, al- 
though females were unaffected. Irradiation on 

the 17th day resulted in similar accelerated 
acquisition of this reflex; 46% of the irradiated 
males and 56% of irradiated females versus 
1 1% of control males and 19% of control fe- 
males attained this reflex by PN 18. Similar 
population distribution shifts were observed 
for several of the other reflexes and physiologic 
parameters. These alterations in reflex acqui- 
sition may be indicative of changes in timing, 
or the orderly sequence of events in matura- 
tion, or in the developmental continuum of 
systems within the organism. The present 
protocol was not appropriate for an in-depth 
analysis of this type. Such analyses of popu- 
lation distributions, however, may prove to be 
more sensitive than analyses of population 
means. 

Alterations in the age of acquisition of re- 
flexes may be indicative of developmental de- 
lays or accelerations. Coyle et al. (54) have 
stated that not only deviations in behavior but 
also delays (or accelerations) in the attainment 
of some types of behavior early in life may be 
sensitive indicators of toxicity. Normal growth 

TABLE V. THE RESULTS OF THE ANALYSES OF FOUR FI PHYSIOLOGIC PARAMETERS ARE SUMMARIZED 
(MEAN DAY OF AGE OF CRITERION ACHIEVEMENT, f 1 SD) 

Number of 
Pinna Eye Testes Vaginal 

Group Litters Offspring detachment opening descent opening 

0 Gy, 9 day (sham) 4 32 3.8 f 0.6 16.6 f 0.8 23.8 f 1.6 42.6 f 1.7 
0.6 Gy, 9 day 6 45 3.4 f 0.9 15.8 f 0.9 25.0 f 3.5 38.6 f 7.5 
0 Gy, 17 day (sham) 6 48 3.3 f 0.5 15.9 k 1.1 23.2 f 1.7 36.2 f 5.8 
0.6 Gy, 17 day 7" 37 3.6 k 0.4 15.8 f 0.8 25.0 k 2.0 42.2 f 4.5 

~~ 

" Sample number at initiation of reflex test (one litter dead by Day 30). 
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and development depends on an ordered and 
timely sequence of cellular events, and alter- 
ations in behavior may indicate that such se- 
quencing has been disturbed. The results of 
one reflex test were altered due to prenatal ir- 
radiation on the 17th day. The absence of ra- 
diation-induced changes in the acquisition of 
other reflexes due to exposure at the 0.6-Gy 
level on the 17th day of gestation may be be- 
cause (a) the tests chosen were inappropriate, 
or (b) the recuperative powers of the rat were 
sufficient to correct any temporary deficits 
which may have adversely affected the test re- 
sults. Further experiments at lower dosage 
levels are necessary to determine when the ra- 
diation-induced effects on air righting and re- 
tardation of growth disappear. 

The results of this study indicate that X ir- 
radiation on the 9th or 17th day of rat gestation 
at a dosage level of 0.6 Gy does not cause sig- 
nificant alterations in postnatal physiologic 
development. Exposure to X radiation on the 
9th day of rat gestation would not be expected 
to result in anatomic malformations, nor 
would major central nervous system effects be 
expected since (a) the central nervous system 
is not yet organized at this stage, and (b) the 
central nervous system has great recuperative 
powers during this stage. Exposure on the 17th 
day would not be expected to produce major 
anatomic malformations since this stage is well 
beyond the period of major organogenesis. 
However, growth retardation, cellular changes, 
and neurophysiologic alterations could be ex- 
pected from exposure during this period of rat 
gestation. Growth retardation due to in utero 
irradiation on the 9th day did not persist neo- 
natally, but irradiation on the 17th day did 
result in postnatal growth retardation. There 
were also no radiation-induced alterations in 
reflex acquisition due to exposure on the 9th 
day of gestation. The acquisition of one reflex 
was delayed in the group irradiated on the 17th 
day. These results indicate that exposure to 
ionizing radiation during the fetal period of 
rat gestation can cause alterations in postnatal 
growth and psychophysiologic development. 
Studies, including neuropathologic correlation 
with functional alterations, are needed to fur- 
ther elucidate the biologic significance of these 
alterations in postnatal growth and develop- 
ment. 
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