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decreased excitability. 

Sex steroids bind to and affect both 
morphological and functional properties 
of the hypothalamus and closely related 
diencephalic structures (1). In the hippo- 
campus, the binding of tritiated estradiol 
and testosterone does not approach that 
in diencephalic structures, nor does the 
hippocampus bind gonadal steroids with 
the same degree of affinity as it does ad- 
renal coricosteroids (2). Naturally occur- 
ring changes in estradiol during the es- 
trous cycle affect the excitability of brain 
tissue (3), and experimental administra- 
tion of estradiol (4) and testosterone (5) 
alters electrical activity in the limbic sys- 
tem. 

To further define the effects of gonadal 
steroids on neuronal excitability in the 
rodent hippocampus, we applied testos- 
terone and 17/3-estradiol to hippocampal 
slices (6) from female and male rats. Not 
only was the excitability of hippocampal 
pyramidal cells affected by these gonadal 
steroids, but the response profiles were 
different for hippocampal slices from 
male and female rats. 

Slices of the hippocampus were ob- 
tained from adult male and female rats 
by standard procedures (7). Stage of es- 
trus in females was determined by micro- 
scopic analysis of vaginal smears (8). 
Stimulating electrodes were placed in the 
Schaffer collateral pathway (see Fig. 
1A), which is afferent to the CA1 pyra- 
midal cells, from which field potential re- 
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sponses were recorded in the cell body 
layer (9). Figure lB shows representa- 
tive monosynaptic field potentials prior 
to and 20 minutes after steroid adminis- 
tration (1O). All measurements of popu- 
lation spike responses (7) obtained after 
administering steroids were expressed as 
a percentage of the corresponding con- 
trol (before steroid administration) val- 
ue. Responses qualitatively identical to 
the response at 20 minutes could be ob- 
served as soon as 5 minutes after steroid 
administration. Steroids were' added to 
the media in a concentration of 1 x 
10-'1M as an aqueous suspernsion with 
polyvinylpyrrolidone (11). 

The addition of 17,8-estradiol and tes- 
tosterone affected the excitability of the 
CAI neurons to suprathreshold afferent 
stimulation. The steroids had no effect 
on the population excitatory postsynap- 
tic potential threshold. Hippocampal 
slices from male rats exposed to estra- 
diol exhibited the greatest change in ex- 
citability; the CA1 population spike was 
increased in amplitude by an average of 
72.6 percent. In contrast, a small and in- 
consistent increase (13.6 percent) in pop- 
ulation spike amplitude was observed 
when slices from male rats were treated 
with testosterone. 

Statistical tests (t-test) indicated that 
the spike amplitudes in slices from male 
animals given estradiol were reliably 
higher than those of corresponding slices 
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treated with testosterone (P < .05) and 
that increases produced by testosterone 
were not significantly different from those 
observed in the control experiments. Con- 
trol experiments with slices from male 
animals placed in medium either with or 
without the polyvinylpyrrolidone vehicle 
yielded no consistent change (12). 

When hippocampal slices from dies- 
trous female rats were treated with tes- 
tosterone, the spike amplitudes in- 
creased by an average of 21.7 percent. A 
consistent slight depression in pyramidal 
cell population spike amplitude (8.1 per- 
cent) was obtained in slices from 
diestrous animals after administration of 
estradiol. 

In slices from proestrous animals, es- 
tradiol produced an insignificant increase 
(2.3 percent) in the mean amplitude of 
pyramidal cell responses. A much larger 
effect was produced by the same concen- 
tration of testosterone which attenuated 
synaptic activity by 22.2 percent in slices 
from proestrous females. The difference 
between mean relative amplitudes for 
slices from diestrous and proestrous ani- 
mals treated with testosterone was sta- 
tistically significant (P < .01). The re- 
sults are summarized in Fig. IC. 

These findings may be examined in 
terms of a classical receptor binding 
mechanism. In that mechanism, the abil- 
ity of a steroid hormone to affect cell 
function depends on an interaction of the 
steroid with an unoccupied cytosol re- 
ceptor protein and subsequent migration 
of the steroid-receptor complex to the 
nucleus where RNA and protein syn- 
thesis may be affected. Separate recep- 
tor proteins for estradiol and testoster- 
one have been characterized, with both 
types of receptor being found in both 
genders (13). The changes in excitability 
that we observed in slices from male rats 
are difficult to attribute to increased pro- 
tein synthesis resulting from estrogen- 
triggered new messenger RNA produc- 
tion, since the effects are seen with virtu- 
ally no lag phase. Moreover, the results 
obtained for slices from female animals 
appeared to be independent of stage 
within the estrous cycle. Since estradiol 
occurs in highest concentrations during 
proestrus and lowest during diestrus, the 
level of endogenous estrogen or free re- 
ceptor does not seem to be a response- 
determining factor. We observed no sig- 
nificant response to estradiol in slices 
from diestrous or proestrous females de- 
spite the large effect of this steroid in 
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asymptotic in 20 minutes and most of the 
effect had occurred by 10 minutes after 
their administration. These short-latency 
changes in neuronal activity imply a cel- 
lular effect at some level other than new 
RNA synthesis. 

An alternative explanation involves 
the biotransformation of estradiol to cat- 
echolestrogen in brain tissue (14). These 
catecholestrogens inhibit tyrosine hy- 
droxylase activity resulting in depressed 
levels of norepinephrine. Thus the ob- 
served effects of estradiol, and perhaps 
testosterone as well, may be the result of 

the interaction of their catechol deriva- 
tives with neurotransmitter or neuro- 
modulator metabolism (15). There is evi- 
dence, however, that the Schaffer collat- 
eral-CAl synapse we have studied is 
glutaminergic rather than catecholamin- 
ergic (16). Thus, this mechanism may be 
unlikely. 

Some of the phenomena we observed 
might be attributed to membrane effects. 
This explanation is particularly attrac- 
tive in view of the rapid time course of 
the responses. Indeed, testosterone al- 
ters the refractory period of certain neu- 
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Fig. 1. (A) Diagram of a transverse hippocampal slice. Stimulating electrodes were located in 
the afferent pathway, which contains the Schaffer (Sch.) collaterals. Recording micropipettes 
were situated in the pyramidal cell body layer in CA1. Cells of this subfield receive mono- 
synaptic input from the CA3 pyramids via the Schaffer collateral system. (B) Representative 
field potentials from slice preparations in the various experimental conditions. Extracellular 
population spike responses to a given stiumulus intensity are shown from the control period 
(before steroid administration) and after the administration of 1 x 10l-?M 17,/-estradiol (E) or 
1 x 10-1OM testosterone (T). Potentials from slices obtained from males and from proestrous 
and diestrous females are shown for purposes of comparison. All potentials are single sweeps 
recorded at the same voltage and time scales. (C) Bar graph summarizing the major experimen- 
tal outcomes. Values on the ordinate are mean percentages of spike amplitudes after steroid 
administration. Data for each condition are from six to ten animals, each contributing one slide. 
Cursors representing magnitude of variability (standard error of the mean) are shown for each 
bar. See text for results of statistical tests. 
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rons, suggesting a direct membrane ef- 
fect (17). The steroids might alter mem- 
brane transport mechanisms or physical 
properties such as fluidity or solubility. 
However, such hypothetical effects do 
not immediately suggest a basis for the 
opposite pattern of responses to the ste- 
roids in slices from male and female ani- 
mals. Nor could they account for the ap- 
parent reversal of testosterone effects in 
slices from proestrous females. 

A more satisfactory model would re- 
quire a class of hormone-specific, high- 
affinity steroid receptors in the hippo- 
campal cell membrane. External mem- 
brane-binding sites for estradiol on endo- 
metrial cells have been demonstrated 
(18). Similar hippocampal receptors 
could mediate rapid changes in excitabil- 
ity and at the same time allow for sex- 
linked and endogenous hormone-depen- 
dent effects of the type that we obtained. 

Our results also suggest that the action 
of testosterone on brain is not mediated 
exclusively by its aromatization to estra- 
diol (19), since there are marked dif- 
ferences in the response profile of testos- 
terone and estradiol in both males and fe- 
males. 

This study provides some intriguing 
data concerning gender-related differ- 
ences in function of the hippocampus. It 
appears that this forebrain structure, 
which has been implicated in a variety of 
endocrinological, psychological, and 
neurobiological processes, responds dif- 
ferently in males and females to endoge- 
nous steroid hormones. Such differences 
may reflect hippocampal sexual dif- 
ferentiation similar to that seen in other 
brain regions (20). 
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Ferritin Synthesis by Human T Lymphocytes 

Abstract. Mononuclear cells from peripheral blood of normal humans, unselected 
spleen cells from patients with Hodgkin's disease, and selected T and non-T lym- 
phoid cells from normal peripheral blood and from the spleens of Hodgkin's disease 
patients were examinedfor de novo synthesis and secretion offerritin. After precipi- 
tation of labeled lysates and supernatants from unseparated and selected T cells with 
antiserum to human liver ferritin, two bands were visible on sodium dodecyl sulfate- 
polyacrylimide gel analysis. The two bands were detected in molecular weight re- 
gions 19,000 and 21,000, which are thought to represent the L and H subunits of the 
ferritin molecule, respectively. The slower band (subunit H) was more radioactive 
than the faster band (subunit L). The H subunit is found in greater amounts in the 
serum of some tumor patients, but its cellular origin has not been established. The 
present findings indicate that cells of the immune system contribute to the synthesis 
and secretion of a ferritin molecule with a high proportion of H subunits. 
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It has been suggested that cells of the 
immune system participate in the recog- 
nition and binding of iron as part of their 
postulated role in surveillance (1, 2). We 
have examined several aspects of the in- 
teraction of iron and iron-binding pro- 
teins with lymphoid cells (3-6) and mac- 
rophages (7, 8). In a recent immuno- 
fluorescence study of the distribution of 
transferrin, ferritin, and lactoferrin in se- 
lected populations of human peripheral 
blood lymphoid cells, we observed an as- 
sociation of transferrin and ferritin with 
T lymphocytes (erythrocyte rosette- 
forming cells) but not with B lymphocytes 
(surface immunoglobulin-bearing) (9). 
The presence of intracytoplasmic trans- 
ferrin and ferritin in T lymphocytes 
could constitute a basis for the control 
exerted by T lymphocytes on a number 
of other biological systems known to re- 
quire iron for their normal function, such 
as erythropoiesis (10), cell division (11), 
collagen synthesis (12), and bacterial and 
tumor cell growth (13-16). However, de- 
tection of proteins in cells by immuno- 
fluorescence does not discriminate be- 

Table 1. Summary of experimental data. 

Source Ex- Cell ERFC* 
of peri- fraction 

cells (18) ment 

Peripheral 1 PBM 
blood T 99 

2 T 96 
3 T 98 
4 T 97 
6 T 94 

Spleen 7 Unseparated 
T 
Non-T 

8 Unseparated 
T 
Non-T 

9 Unseparated 36 
T 82 
Non-T 8 

10 Unseparated 33 
T 87 
Non-T 3 

*Sheep erythrocyte rosette-forming cells. 
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tween uptake and de novo synthesis of 
these products by the cells. By using a 
sensitive immunoprecipitation assay de- 
veloped to measure the synthesis of mu- 
rine terminal deoxynucleotidyltransfer- 
ase (17), we demonstrated that human T 
lymphocytes (18) synthesize and secrete 
ferritin. 

Table 1 shows the cell populations an- 
alyzed. Synthesis and secretion of ferri- 
tin were observed in unseparated periph- 
eral blood mononuclear (PBM) cells and 
spleen cells and in T lymphocytes sepa- 
rated from both sources (Fig. 1). After 
precipitation of labeled cell lysates and 
supernatants with antiserum to human 
liver ferritin and reduction of the result- 
ant precipitates, two bands were visible 
in sodium dodecyl sulfate-polyacryla- 
mide gel (SDS-PAGE). The two bands 
migrated to the molecular weight regions 
to which subunits of the human ferritin 
molecule were previously found to mi- 
grate (19, 20). There is considerable evi- 
dence that these bands represent de 
novo synthesis of ferritin. First, purified, 
unlabeled ferritin isolated from human 
spleen and heart (21, 22) and elec- 
trophoresed under the same conditions 
showed two bands in the same molecular 
weight regions (Fig. 1, J and K). Second, 
identical bands were observed with puri- 
fied iodinated ferritin isolated from 
spleen of Hodgkin's disease patients 
(Fig. 1, H and I). Third, precipitation of 
T cell lysates with antiserum previously 
absorbed with purified human spleen fer- 
ritin resulted in disappearance of the 
bands (Fig. 1, F and G). Finally, these 
bands were not detectable in the same 
material after precipitation of control 
samples with normal rabbit serum (Fig. 
lA). 

In all metabolically labeled prepara- 
tions of unseparated PBM and purified T 
cells, the slower band (the H subunit) 
was more radioactive than the faster 
band (the L subunit), as illustrated in the 
representative sample (Fig. 1, B and C). 
A similar pattern is also seen with Coo- 
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