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those of other strains (8) .  Similar lesions 
have been reported to occur in response to 
irradiation as well as to a variety of other 
agents (see 6).  Hence, the specificity of the 
disease is highly uncertain, a t  least without 
more refined study. The possibility that it 
may denote an autoimmune lesion deserves 
consideration (see 9) .  The role of virus in 
the etiology of the lesion is being explored in 
view of its induction by leukemia virus prepa- 
rations of diverse types and origins. 

Summary. Intercapillary glomerulosclero- 
sis was found in mice of the RF  strain bear- 
ing passaged myeloid leukemia whether these 
mice developed the leukemia from inocula- 
tion with leukemic cells or subcellular mate- 
rials. The glomerular lesions occurred as 
early as 2 weeks after inoculation in mice 
with rapidly developing leukemia. The glo- 
merulosclerosis was indistinguishable histo- 
logically from that induced by irradiation or 

that developing spontaneously in aging con- 
trol animals. 
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Congenital malformations have been pro- 
duced in the offspring of pregnant rats by 
single injections of large doses of sodium sa- 
licylate on the 10th day of gestation ( 1). An 
investigation of the teratogenic role of the 
known metabolic consequences of salicylate 
poisoning has suggested that this agent is 
dysembryogenic more through the systemic 
responses of maternal central nervous system 
poisoning than through its direct embryonic 
cytotoxicity ( 2 ) .  The teratogenicity of salicy- 
late has been shown to be enhanced quan- 
titatively by maternal immobilization so that 
anomalies are caused by otherwise non-toxic, 
non-teratogenic doses of salicylate (“immo- 
bilization effect”) (3).  Either immobilization 
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Inst. of Cbild Health and Human Development. 

(4) or salicylate poisoning (5,6,7,8) produces 
systemic responses characteristically seen fol- 
lowing environmental stress, ix., weight loss, 
eosinopenia, stimulation of respiration, hor- 
mone release, and changes in size of adrenals, 
thymus and lymph glands. In salicylate poi- 
soning, these responses have been shown to 
be mediated through the central nervous sys- 
tem( 7,8). Therefore, immobilization may en- 
hance salicylate teratogenicity by augmenta- 
tive effects on the maternal central nervous 
system. In the present report, this hypothe- 
sis was tested by determining whether the 
“immobilization effect” can be prevented by 
the central nervous system depressants, sodi- 
um pentobarbital and chlorpromazine. 

Materials and methods. Virgin Sprague- 
Dawley females of the Charles River Cae- 
sarian derived albino rat colonies 8 to 9 
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weeks of age and weighing from 185-215 g 
were mated by the supplier (Charles River 
Breeding Laboratories, Brookline, Mass.) ac- 
cording to procedures described previously 
(2,3). In each of the 4 experiments described 
here, approximately 60 timed-pregnant rats 
were received in our laboratory on the 7th 
day and divided at  random into 2 experimen- 
tal (immobilized) and 3 control (unimmo- 
bilked) groups. The experimental animals 
were injected intramuscularly with either a 
central depressant, sodium pentobarbital or 
chlorpromazine in solvent, or solvent alone 1 
hour prior to immobilization and were in- 
jected subcutaneously with sodium salicylate 
1 hour after the start of immobilization. The 
unimmobilized control groups were given the 
appropriate drugs or solvents by the same 
routes a t  the same intervals and were de- 
prived of food and water for the same period 
that the experimental animals were immobi- 
lized. The experimental animals were im- 
mobilized in a prone position on a modifica- 
tion (3) of a device described by Renaud(9). 
The animals given 400 mg/kg sodium salicy- 
late were immobilized for 3% hours. The 
length of immobilization of the animals re- 
ceiving 300 m,g/kg salicylate was increased 
to 4% hours in an attempt to produce a sig- 
nificant frequency of anomalies a t  this lower 
dose. Throughout the experimental period 
the animals were kept 3 to a cage measuring 
15 x 9 X 6.5 inches. The fetuses were de- 
livered by Caesarian section on the 20th day 
and examined grossly. 

The drugs used were: sodium salicylate, 
dissolved in distilled water, 100 mg/cc; so- 
dium pentobarbital, dissolved in a mixture 
of 10% alcohol and 20% propylene glycol 
in distilled water; and chlorpromazine, dis- 
solved in saline, 2 5  mg/cc. The central de- 
pressant preparations were diluted with sa- 
line so that the dose to be given, 40 mg/kg 
sodium pentobarbital or 2 mg/kg chlorproma- 
zine, was contained in a volume of 0.5 to 1 

Classification of results. The effects pro- 
duced by salicylate with and without im- 
mobilization were measured according to the 
following previously described ( 3 ) classifica- 
tion: maternal death: No. females dying after 

cc . 

treatment ; maternal morbidity: magnitude 
of weight change day after treatment (nor- 
mal gain about 7 g ) ;  fetal mortality: Early 
Resorption: No. females with embryos and 
placentae completely resorbed shortly after 
treatment showing yellow nodular implanta- 
tion remnants in parametria a t  delivery, and 
Late Resorption: % conceptions resorbed 
with only placentae present a t  delivery and 
partially resorbed fetuses; fetal morbidity: 
Inhibition of fetal growth in weight and 
length; and fetal abnormality: % anomalous 
fetuses of all those alive a t  delivery. Proba- 
bilities for significance of the differences ob- 
tained between experimental groups given 
and not given a central depressant were cal- 
culated according to chi square analysis ex- 
cept for maternal weight change when stu- 
dent’s T test was used. 

Results. The anomalies produced by sa- 
licylate with or without immobilization as 
previously described ( 3 )  consist of: encepha- 
locele, cranioschisis, craniorachischisis, spina 
bifida, umbilical hernia, varying degrees of 
t horaco-abdominal even tra tions, microph thal- 
mia, exophthalmia, anophthalmia and vari- 
ous combinations of these defects. Pretreat- 
ment with either central depressant did not 
show significant changes in the types of 
anomaly produced in any given situation. 

The dose of pentobarbital used produced 
sedation with relaxed muscle tone for about 
6 hours in both immobilized and unimmobi- 
lized animals. These animals could be 
aroused with strong stimuli. Chlorproma- 
zine a t  the dose used did not produce seda- 
tion. These animals, although exerting some- 
what less muscular activity, were as alert 
and responsive as animals not receiving chlor- 
promazine. 

The results of these experiments are pre- 
sented in Table I. The results obtained in 2 
separate experiments upon the unimmobilized 
control groups were not significantly differ- 
ent and are presented as averages. 

Neither chlorpromazine nor pentobarbital 
alone had an effect on mother or fetus. The 
maternal and fetal morbidity and teratogenic- 
ity of salicylate in unimmobilized animals 
are not significantly altered by either central 
depressant. The Table shows that immobili- 
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zation increases the effect of salicylate upon 
maternal and fetal death and morbidity, the 
proportion of live litters with anomalous 
young, and the total anomaly rate. 

Pretreatment with either pen tobarbi tal or 
chlorpromazine results in a significant lower- 
ing of the maternal weight loss produced by 
salicylate with immobilization. Although not 
significant, the numbers of maternal deaths 
and degree of fetal growth inhibition are 
lower. Either central depressant also pro- 
duces a very significant lowering of fetal 
anomaly rates and of the proportion of live 
litters with anomalous young. As can be seen 
in the Table, the dose of 300 mg/kg salicy- 
late produces no anomalies in unimmobilized 
animals. Immobilized animals receiving this 
dose of salicylate and pretreatment with only 
central depressant solvent produce 19 % 
anomalous offspring (27:149) in 10 out of 
21 litters; while no anomalies result in the 
immobilized group given this dose of salicy- 
late and pretreated with either central de- 
pressan t. Consequently, these central nerv- 
ous system depressants provide striking pro- 
tection from the “immobilization effect.” 

Discussion. An enhancement has been re- 
ported in the anomaly production of terato- 
genic doses of Vit. A by immobilization(l0) 
and of teratogenic doses of trypan blue by 
noise stimulation( 11). Although it has been 
pointed out that immobilization may achieve 
its effects through excessive neuromuscular 
exertion ( 12), Hartel and Hartel ( 10) have 
concluded that immobilization acts as an 
emotional stress in its enhancement of hyper- 
vitaminosis-A teratogenicity. This interpreta- 
tion is supported by our observation that 
equal protection is achieved both with the 
complete muscular relaxation obtained in 
pentobarbital anesthesia and with the alert 
state accompanied by only slight muscular 
relaxation produced by chlorpromazine. 

The predominant action of pentobarbital 
is generally accepted to be depression of the 
transmission of sensory impulses through the 
ascending reticular activating system( 13). 
Chlorpromazine is believed to affect similarly 
the lower centers of the brain, including the 
reticular activating system, basal ganglia, and 
sympathetic centers of the hypothalamus 

(14). The present study has demonstrated 
that prior treatment with either of these 
drugs prevents the augmentation of salicylate 
effects by maternal immobilization. These 
observations are cogent evidence that in im- 
mobilized animals given otherwise nonterato- 
genic doses of salicylate the production of 
anomalies is mediated through the maternal 
neural centers. 

Summary, Prior treatment of pregnant rats 
with the central nervous system depressants, 
sodium pentobarbital or chlorpromazine, pre- 
vents the augmentation by maternal immo- 
bilization of the maternal morbidity and 
teratogenic action induced by sodium salicy- 
late on the tenth day of gestation. The pre- 
vention by either central depressant of the 
production of congenital malformations in 
immobilized animals given otherwise non- 
teratogenic doses of salicylate appears to be 
mediated through the maternal central nerv- 
ous system. 

The authors thank Mary L. Goldman for invalu- 
able technical help and Dr. Jane Chatten for help in 
preparation of the manuscript. 
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