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equivalents/g fresh weight (12 extracts). In addition, analysis of 
HPLC fractions covering a wide range of polarity did not 
show an accumulation of RIA-positive material in any particu- 
lar fraction. The difficulty of determining the exact titer of ec- 
dysteroids in the fresh fungus may be explained by the assump- 
tion that ecdysone is present in a conjugated form or in a pre- 
cursor form. It may be speculated that these precursor forms 
are then converted into ecdysteroids inside the larvae, where 
they finally determine the reproductive mode. 
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Persistent inverse maternal effect on corticosterone production in vitro 
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Summary. Adrenal cells from C57BL/Tb mice produced more steroid than those from DBA/2J mice. Reciprocal differences 
between both backcross and FI  hybrids showed a persistent maternal effect. Mothers with high output produce offspring with 
reduced hormone production when adult. Corticosterone output thus depends on maternal phenotype as well as on the genotype 
of the isolated cells. 
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C57BL/10J mice show a much greater rise in plasma cortico- 
sterone following stress than DBA/2J mice and have 7-fold 
greater stores of esterified cholesterol in their adrenals 2. We 
have used enzymically dissociated suspensions of adrenal cells 
to investigate the synthesis of corticosterone so that factors 
intrinsic to the steroidogenic cells could be separated from ge- 
netic differences acting elsewhere 3. To reveal their biosynthetic 
potential adrenal cells isolated from individual mice of the 
C57BL/Tb and DBA/2J strains and their hybrids were maxi- 
mally stimulated with ACTH. All the mice were young adult 
males, as developmental changes in the juxtamedullary X-zone 
complicate adrenal structure in females 4, and were given the 
same standard diet 5'6. 
Cells suspensions were made from the paired adrenals of indi- 
vidual mice by a modification of  the method of Barofsky et 
al. 7. Cells were dissociated enzyrnically first with 0.35 % trypsin 
in Krebs-Ringer bicarbonate buffer containing 0.2% glucose 
(1 ml KRBG per adrenal pair) and then with 0.04% chromato- 
graphically purified collagenase in KRBG containing 4 % bo- 
vine serum albumin (0.25 ml KRBG-BSA per adrenal pair). 
Both enzyme incubations also contained 12.5 ~tg/ml deoxy- 
ribonuclease and 50 p.g/ml ribonuclease. The cells were me- 
chanically dispersed by repeatedly drawing them into a Pasteur 
pipette, washed and aliquots counted and assayed for viability. 
Steroid production was stimulated by incubating about 3.105 
viable cells in 0.605 ml of KRBG-BSA containing 17 ng (2.5 m 
units/ml) of porcine ACTH. All 3 incubation steps were car- 
ried out at 37~ for 1 h in an atmosphere of 95% O 2 and 5% 
CO2. All glassware was siliconized. Steroid production was 

stopped by adding 0.2 ml of cold 39% ethanol to each incuba- 
tion and steroids were extracted with methylene chloride. Cor- 
ticosterone was measured fluorimetrically in duplicate samples 
for each incubation 8. The identity of corticosterone was estab- 
lished by chromatography in 3 thin-layer systems, before and 
after acetylation. 
Cells from C57 mice produced significantly more (p = 0.02, 2- 
tailed Kolmogorov-Smirnov test) corticosterone that those 
from DBA males (table). Differences in overall mean between 
the backcross to DBA and the backcross to C57 were expected 
on the basis of segregation at a locus resembling ald, which 
controls cholesterol ester levels in crosses with A K R  mice 9. 
The striking reciprocal differences in all 3 hybrid generations 
were completely unexpected. The significant (p = 0.02, 2-tailed 
K-S test) difference between the reciprocal F1 males could 
have been caused by differences in either their sex-chromosome 
complement or by other differences in their parents ~~ Measu- 
rements on adrenal cells from individual mice showed signi- 
ficant differences (p = 0.04, 2-tailed K-S test) between the 
backcrosses of reciprocal F1 females to males of the C57 
strain. Only maternal effects differed between these 2 back- 
crosses. Such effects were the only difference between the re- 
ciprocal backcrosses to DBA, whose adrenal cells also differed 
in their output of corticosterone. The maternal effect on the 
backcrosses cannot have been due to differences in their nu- 
clear genotype for reciprocal F1 females have identical sets of 
autosomes and X-chromosomes. The difference between the 2 
C57 backcrosses was 28% of their joint mean. The maternal 
effect could thus account for most or all of the difference be- 
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Stock Number Corticosterone Chromosome origin Paternal Maternal 
of mice (pg/h/cell) 4- SE X Y Autosomes influence influence 

DBA 9 2.18 + 0.21 DBA DBA DBA DBA DBA 
C57 21 3.37 4- 0.19 C57 C57 C57 C57 C57 
(DBA x C57)F1 16 3.83 • 0.44 DBA C57 Heterozygous C57 DBA 
(C57 x DBA)F1 19 2.76 4- 0.14 C57 DBA Heterozygous DBA C57 
(D x C)FI x C57 23 2.69 4- 0 . 1 8  DBA&C57 C57 Segregating C57 DBA x C57 
(C x D)F1 x C57 30 3.55 4- 0 . 2 8  DBA&C57 C57 Segregating C57 C57 x DBA 
(D x C)F1 x DBA 31 1.85 4- 0.08 DBA&C57 DBA Segregating DBA DBA x C57 
(C x D)F1 x DBA 21 2.08 4- 0.10 DBA&C57 DBA Segregating DBA C57 x DBA 

tween the reciprocal FI males, which was 32% of their joint  
lilean. 
Offspring had a relatively low mean rate of hormone produc- 
tion when their mother  came from a stock with a high produc- 
tion rate (e.g., C57 mothers and C x D offspring, D x C 
mothers and (D x C ) x  C57 backcross offspring). When the 
mother  came from a stock with a low rate of corticosteroid 
production, such as DBA or C x D, then the offspring, D x C 
(C x D) x C57 mice respectively, had relatively high rates of 
production. Support for the existence of differences between 
reciprocal F1 females is provided by the differences in the rate 
and form of X-zone involution, which is related to adrenocor- 
tical activity 4, between reciprocal DBA • C57BL FI hybrids 11. 
Our suggestion of reciprocal differences in adrenocortical func- 
tion in males is strengthened by the finding of significant recip- 
rocal differences (p = 0.02, 2-tailed t-test) in the adrenal stores 
of esterified cholesterol in DBA/2J x C57BL/10J FI hybrids 9 
and in the adrenal lipid/cortex ration in DBA/2J x C57BL/6J 
F1 males 12. in both males and females the adrenals of DBA/ 
1J x C57BL/10J FI mice were larger than those of the corre- 
sponding reciprocal F1 hybrids ~3. The character whose pattern 
of inheritance shows the inverse maternal effect is expressed in 
vitro by cells isolated from adults. The cortical cells must the- 
refore have been influenced, directly or indirectly, by the adre- 
nocortical function of their mother. The functional and meta- 
bolic characteristics of liver cells and individual nerve cells in 
adult mammals can be preprogrammed, or imprinted, by an- 
drogenic steroids acting neonatally or before birth H. Cross- 
fostering experiments will be needed to identify the time of 
action of the maternal effect described here but corticosteroids 
can be transmitted to offspring both in milk and transplacent- 
ally iS. Both hyper- and hypofunction of the mother 's  adrenals 
have been shown to affect fetal adrenal activity ~6, possibly by a 
modification of negative feedback sensitivity similar to that 
caused by neonatal administration of cortisoP 7. Alternatively 
the maternal effect could be more indirect, acting on the young 
through differences in maternal behavior, since handling 
weanlings has been shown to alter adrenocortical function pro- 
foundly Is. However, crossfostering between the C57BL/10Bg 
and DBA/1Bg strains affected the body weight of the pups but 
not their behavior tg. 
The inverse maternal effect may have effects on other systems 
for maternal stress, or the prenatal administration of hor- 
mones to the mother, has been shown to affect the behavior 2~, 
amphetamine responsiveness 21, immune system 22 and plasma 
testosterone levels of o f f sp r in f  3. Such an effect in C57 mice, 
which have marked stress responses 2, might underlie, at least in 
part, the relative androgen deficiency of these mice 24. Maternal  
effects on reproductive success lasted over 2 generations 25. 
Comparison of individuals from different maternal environ- 
ments, whether a consequence of genetic differences between 
parents or a result of animals being bred in differing environ- 
ments 5,~2 will introduce important  interactions into investiga- 
tions of homeostatic responses or adaptive behavior. This 
could give rise to increased phenotypic variation when measu- 
rements on individuals from different generations, or born at 
different times of year, are compared. In a family affected with 
dexamethasone-suppressible hyperaldosteronism the severity 

of symptoms shown by a boy, his mother  and grandmother  
alternated from generation to generation 26. This family, taken 
with other reports 27'28 of altered endocrine states in the chil- 
dren of hyperendocrine mothers, suggests that  long-lasting ma- 
ternal effects may also exist in man. Such effects would be 
important  in modulating an individual's susceptibility or resis- 
tance to diseases associated with, or triggered by, stress. These 
include psychoses, hypertension and infectious and autoim- 
mune disease 29. Until the roles of nuclear and non-nuclear in- 
heritance, and their interactions with environmental  events, are 
fully understood the etiology of such diseases will be incom- 
plete. The radical nature of many maternal effects suggest that 
this mode of inheritance may possess a real adaptive advantage 
in increasing phenotypic ranges and, particularly in animals 
with short lifecycles, preadapting offspring to the prevailing 
environment. 
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