
Specificity of Neonatal, Androgen-Induced 

Imprinting of Hepatic Steroid Metabolism in Rats 

Abstract. The specificity of the neonatal, androgen-induced, irreversible programming 
of hepatic steroid metabolism in the rat was investigated. 5a-Dihydrotestosterone pro- 
pionate and estradiol benzoate were as efficient as testosterone propionate in inducing a 
male type of liver metabolism in the adult animal, whereas epitestosterone propionate, 
etiocholanolone propionate, and o,p'-DDT were practically inactive in this respect. 
These findings indicate that different mechanisms are involved in neonatal imprinting of 
hepatic steroid metabolism and in the well-known neonatal androgenic and estrogenic 
induction of persistent estrus and acyclic gonadotropin secretion. 

Hepatic metabolism of steroid hor- 
mones in the rat is characterized by large 
sexual differences (1). Part of these differ- 
ences are predetermined at birth by irre- 
versible "imprinting" or "programming" 
by testicular androgens (2, 3). Recent find- 

ings indicate that sexual differences in he- 

patic metabolism are regulated by the 

hypothalamico-hypophyseal axis (4). 
Differentiation of the neural mecha- 

nisms that regulate gonadotropin secretion 
and sexual behavior in the adult rat also 
occurs during the neonatal period. In the 
neonatal male rat, it is thought that testic- 
ular secretions are responsible for the sup- 
pression of cyclicity whereas, in the female 

rat, the absence of gonadal activity during 
this period allows the hypothalamus to re- 
main in the undifferentiated or cyclic state 

(5). The results of all previous studies have 
shown the important role of testosterone 

(6) in the process of sexual differentiation 
of the hypothalamus. In contrast, it has 
also been demonstrated that exposure of 
newborn female rats to exogenous estro- 

gens induces permanent sterility with poly- 
cystic ovaries, anovulation, persistent vagi- 
nal estrus, and absence of female mating 
behavior (7). Similar effects were also seen 
with the o,p'-isomer of DDT (8) whereas 
treatment of the neonatal animals with the 

5a-dihydrotestosterone did not inhibit cy- 
clicity in the female rat (9). Our findings on 
neonatal programming of hepatic steroid 
metabolism led us to investigate whether 

this type of imprinting resembled the 
mechanism of induction of persistent es- 
trous syndrome with regard to the nature 
of active agents. 

Male Sprague-Dawley rats were chilled 
on ice and castrated on day I of life. On 
day 2 the experimental animals were in- 
jected subcutaneously with 1.45 #mole of 
testosterone propionate, estradiol ben- 
zoate, 5a-dihydrotestosterone propionate, 
etiocholanolone propionate, epitestoster- 
one propionate, or vehicle only (20 M1 of 
propylene glycol). The drug o,p'-DDT was 
administered in a higher dose (2.82 tmole 
on days 2, 3, and 4 after birth) and control 
animals were given vehicle only [20 percent 
ethanol (by volume) in propylene glycol on 
days 2, 3, and 4]. Each experimental group 
of animals contained at least four rats. 

The animals were killed at 56 days of 
age by cervical dislocation, the liver was 
excised, and a homogenate was prepared at 
0? to + 4?C in a modified Bucher medium 
(10). Microsomes and cytosol were iso- 
lated by differential centrifugation (3). Mi- 
crosomes were resuspended in Bucher me- 
dium. An NADPH (nicotinamide adenine 
dinucleotide phosphate, reduced) -regener- 
ating system was added prior to incubation 
in sufficient amounts to ensure maximal 
enzyme activities. Samples of the prepara- 
tions were heated first to 37?C, and then 
the incubations were started by the addi- 
tion of 5a-[4-14C]androstan-3a, 17-diol or 
4-[4- '4C]androsten-3, 17-dione dissolved 

in acetone. The incubation conditions 
were designed to provide saturation of 
the enzymes responsible for the forma- 
tion of primary metabolites. Linear con- 
versions with time and enzyme concentra- 
tion were obtained. The incubations were 
stopped by the addition of a mixture of 
chloroform and methanol (2: 1, by volume), 
and the steroids were extracted (3). The 
products were partially separated by silica 
gel thin-layer chromatography and lo- 
calized by radioautography. The radio- 
active zones were scraped off the plates, 
and portions were taken for measurement 
of radioactivity in a liquid scintillation 
counter. Products that did not separate by 
thin-layer chromatography were resolved 
by radioisotopic gas-liquid chromatogra- 
phy of the trimethylsilyl ether derivatives 
with SE-30 as stationary phase. Metabo- 
lites were identified by gas chromatogra- 
phy-mass spectrometry. Enzyme activi- 
ties were calculated as nanomoles of pro- 
ducts formed per milligram of protein 
(11). Student's t-test was used for the 
statistical evaluation of the results. The 
significance was set at P < .05. 

Only the enzyme activities regulated by 
neonatal androgenic programming are 
given in Table 1. Testosterone propionate 
administration on day 2 led to signifi- 
cantly higher activities of 2a-hydroxylase, 
5/3-reductase, 3f- and 17a-hydroxysteroid 
reductases, and 16a-hydroxylase in adult 
liver. Similar effects were obtained when 
5a-dihydrotestosterone propionate and es- 
tradiol benzoate were administered; with 
these two agents, however, 33-hydroxy- 
steroid reductase was not imprinted. The 
remaining agents, namely, epitestosterone 
propionate, etiocholanolone propionate, 
and o,p'-DDT, were much less efficient in 
affecting hepatic steroid metabolism than 
were testosterone propionate, 5a-dihydro- 
testosterone propionate, and estradiol ben- 
zoate. The only effects were seen with 3/- 
hydroxysteroid reductase that was im- 
printed after administration of epitestos- 

Table 1. Long-term effects of neonatally administered testosterone propionate (TP), 5a-dihydrotestosterone propionate (5adHTP), estradiol benzoate 
(E2B), epitestosterone propionate (EpiTP), etiocholanolone propionate (EchP), and o,p'-DDT on hepatic metabolism of 5a-[4-14C]androsten- 
3,17-dione in adult rats. All values are given relative to the control values which are set to 100 percent. The values represent mean values ? standard 
error. 

Enzyme activity TP 5adHTP E2B EpiTP EchP o,p'-DDT 

5a-[4-14C]Androstan-3a,1 7f,-diol 
2a-Hydroxylase 498 ? 93* 273 ? 10t 405 ? 64t 94 ? 13 168 ? 29 139 ? 28 
23-Hydroxylase 178 ? 45 215 ? 18* 256 ? 30? 40 ? 31 152 ? 22 116 + 40 
18-Hydroxylase 106 ? 27 141 ? 16 159 ? 27 73 ? 10 130 + 29 142 ? 18 

4-[4- 4C]A ndrosten-3,17-dione 
5a-Reductase 58 ? 7 56 51 5 1 ? 71 110 ?12 84 ? 3 81 ? 12 
5f-Reductase 294 ? 35t 362 ? 43t 400 ? 22t 85 ? 9 100 ? 15 74 ? 7 
17a-Hydroxysteroid reductase Imprintedt Imprintedt Imprintedt Not imprinted Not imprinted Not imprinted 
38-/5a-Reduction Imprintedt Not imprinted Not imprinted Imprintedt Imprinted Not imprinted 
16a-Hydroxylase 11 Imprintedt Imprintedt Imprintedt Not imprinted Not imprinted Not imprinted 

*P < .02 when compared to control value. tP < .001 when compared to control value. tP < .01 when compared to control value. ?P < .05 when compared 
to control value. |tin the case of the activities of 17a-hydroxysteroid reductase and 16a-hydroxylase and of 3f- and Sa-reduction, the control values are zero. In these 
cases, this table therefore only states whether imprinting (induction) has occurred. 
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terone and etiocholanolone propionate. 
Our results show that neonatally admin- 

istered 5a-dihydrotestosterone propionate 
and estradiol benzoate are almost as effi- 
cient as testosterone propionate in pro- 
gramming hepatic steroid metabolism. 
The relatively specific nature of this im- 
printing phenomenon is obvious from the 
fact that epitestosterone propionate and 
etiocholanolone propionate were almost 
without effect. The fact that the non- 
aromatizable androgen 5a-dihydrotes- 
tosterone is active as an imprinting agent 
indicates that the mechanism involved is 
different from that behind the androgen-in- 
duced development of persistent estrous 
syndrome and acyclic gonadotropin secre- 
tion. The involvement of different mecha- 
nisms is further supported by the fact that 
o,p'-DDT, administered in doses similar to 
those inducing persistent vaginal estrus (8), 
did not have a masculinizing effect on he- 
patic steroid metabolism. Further studies 
are needed to determine whether different 
regions of the hypothalamus are involved 
in control of hepatic metabolism and es- 
trus, respectively. 

The question may be raised as to why 
the hepatic metabolism of steroid hor- 
mones in the rat is sex-differentiated by 
specific neonatal programming of the hy- 
pothalamus by testicular androgens. It 
seems reasonable to assume that the spe- 
cific regulation of the hepatic enzymes is 
associated with a specific function of the 
steroid metabolites that are formed by the 
action of these enzymes. Thus, the male- 
specific products of hepatic steroid metab- 
olism (for example, 33- and 17a-hydroxy- 
C,9 steroids) may act as androgen effectors 
in target organs yet to be defined. 

JAN-AKE GUSTAFSSON, AKE STENBERG 

Departments of Chemistry and Germfree 
Research, Karolinska Institutet, S-104 01, 
Stockholm 60, Sweden 
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cessing in the retina. 

The rabbit retina contains ganglion cells 
with a great variety of receptive fields. As 
well as cells with center-surround receptive 
fields, there are directionally sensitive cells, 
which respond most vigorously to stimulus 
motion in a particular direction (the pre- 
ferred direction), and local edge detectors, 
which respond to small moving stimuli 
without any preference for direction of 
motion (1). Other types of receptive field 
are found in smaller quantities. 
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A number of synaptic transmitters are 
found in the rabbit retina, as in most reti- 
nas, and it seems likely that each performs 
a different function (2). Our purpose in this 
work was to find out whether particular 
transmitters might be implicated in the 
functions of known receptive field types. 

Responses of ganglion cells in the right 
eye were recorded extracellularly with 
tungsten-in-glass electrodes inserted 
through the sclera (3, 4). A particular re- 
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Fig. 1. Effect of picrotoxin and strychnine on an "on-off' directionally sensitive cell. Inset at lower 
left shows the preferred (P) and null (N) directions and the size of the stimulus in relation to the re- 
ceptive field. The graphs at the top show the total number of action potentials per sweep for move- 
ment in the preferred direction (o) and null direction (*). Infusion rates are given in micrograms per 
minute. (A to D) Some of the data from which the graphs were obtained (number of action poten- 
tials per bin of 66-msec width): (A) before application of drugs; (B) about 1 minute after starting in- 
fusion of picrotoxin at 200 ug/min; (C) about 1 minute after ending infusion of picrotoxin at 200 
sg/min; and (D) about 2/2 minutes after starting infusion of strychnine at 200 4g/min. 
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Specific Effects of Neurotransmitter Antagonists on Ganglion 
Cells in Rabbit Retina 

Abstract. Directionally sensitive ganglion cells in rabbit retina lose their directional 
sensitivity when picrotoxin, an antagonist of the inhibitory neurotransmitter y-aminobu- 
tyric acid, is infused into the retinal blood supply. Strychnine, an antagonist of glycine, 
does not produce this effect. Other receptive field types are affected by strychnine but not 
picrotoxin. Inhibitory transmitters therefore have specific functions in information pro- 
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