volving the bridging and the nonbridg-
ing oxygens. The average bond lengths,
as established by x-ray diffraction stud-
ies, are, for the bridging oxygens, 1.67
and 1.65 A for chains A and B in
orthopyroxene (6), and 1.68 A in Ca-
pyroxene (7). For the nonbridging
oxygens the average bond lengths. are
1.60 A for both chains A and B in
orthopyroxene (6), and 1.59° A in
pyroxene (CaMgSi,O4) (7). Thus the
Si-O bond lengths for the bridging
oxygens are roughly 0.07 A longer than
those for the nonbridging oxygens. The
population ratio of the nonbridging to
bridging oxygens is 2 : 1. As can be
seen from Fig. 1D, the oxygen 1s spec-
trum of orthopyroxene does indeed
consist of two components with an in-
tensity ratio of about 2 : 1. The same
intensity ratio was also observed in the
deconvoluted oxygen spectrum from
Ca-pyroxene. Furthermore, since long-
er bond lengths indicate in general a
more ionic bonding character, one ex-
pects the bridging oxygens to have
lower binding energy than the non-
bridging oxygens. This result is also
clearly demonstrated in Figs. 1D and 2.

4) The 1s level of the oxygen atoms
in Ca-pyroxene and Ca-olivine have
lower binding energies than those in
the Fe-Mg set. This effect is most like-

ly due to the influence of the cations in
the crystal structure.

The results presented here show that
photoelectron spectroscopy is a useful
technique for the systematic study of
the correlation between bond lengths
and core binding energies among given
pairs of atoms, such as Si—O in the
silicate chains.
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Follicle-Stimulating Hormone and the Regulation of

Testosterone Secretion in Rabbit Testes

Abstract. Regulation of testosterone secretion is presumably mediated by inter-
stitial cell-stimulating hormone (ICSH). However, there is little information on
the actions of other chemical messengers in regulating testosterone secretion. We
have shown that follicle-stimulating hormone augments testosterone secretion
stimuated by ICSH in rabbit testes perfused in vitro with an artificial medium.

Alterations in testosterone secretion
are presumably mediated by intersti-
tial cell-stimulating hormone (ICSH),
and testosterone is thought to act on the
hypothalamo-hypophyseal complex to
regulate ICSH release. The fact that
testosterone is influenced by a wide
variety of signals (/) suggests that this
mechanism cannot be the sole regulator
of testosterone secretion. Similarly,
mechanisms discovered in other organ
systems imply by extension a multiplici-
ty of controls for regulation of testos-
terone.

For instance, insulin, hydrocortisone,
and prolactin are required to stimulate
synthesis of milk protein in mouse
mammary glands (2); and prolactin,
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luteinizing hormone, and follicle-stimu-
lating hormone (FSH) are needed to
maintain functional corpora lutea in
pregnant hamsters (3).

Determination of the hormonal fac-
tors that regulate testosterone secretion
in mammals has been hampered by the
lack of a suitable experimental prepa-
ration that could be used in examining
the effects of chemical messengers on
testosterone secretion. without inter-
ference from extrinsic signals. The con-
tinued development of the perfused
rabbit testis in vitro (4, 5) suggests that
this may be the best experimental sys-
tem in which to examine the effects of
a variety of hormones on testosterone
secretion. Secretion of testosterone by

testes perfused with defibrinated rabbit
blood is approximately 500 ng per gram
of testis per hour throughout a 6-hour
perfusion (5). In contrast, secretion by
testes perfused with an artificial me-
dium declines during the first 2 hours
of perfusion to a basal amount of 50
ng of testosterone per gram of testis per
hour (6). Addition of ICSH to the arti-
ficial medium restores secretion. These
observations demonstrate that an arti-
ficial medium lacks factors responsible
for maintaining testosterone secretion in
rabbit testes.

It has been suggested that FSH aug-
ments testosterone secretion (7), but
quantitative measures of such an effect
on secretion stimulated by ICSH have
not been described. Such studies have
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Fig. 1. (A) Effect of varying the concen-
tration of ICSH in artificial medium on
hourly rate of testosterone secretion (n =
4). The concentrations at successive
hours were: 1 hour, 0.0 ug/ml; 2 hours,
0.01 wg/ml; 3 hours, 0.025 ug/ml; 4
hours, 0.05 ug/ml; 5 hours, 0.1 wug/ml;
and 6 hours, 1.0 wg/ml. (B) Effect of
varying the concentration of FSH in
artificial medium on hourly rate of
testosterone secretion (n =4). The con-
centrations at successive hours were: 1
hour, 0.0 wg/ml; 2 hours, 0.01 wug/ml;
3 hours, 0.025 ug/ml; 4 hours, 0.05
ug/ml; 5 hours, 0.1 ug/ml; and 6 hours,
1.0 wg/ml. Gonadotrophins (GTH) were
infused directly into the arterial cannula
by means of a Sage Micro Pump equipped
with a 500-ul Hamilton gas-tight syringe.
The concentration of GTH in the
syringe was altered at the end of each
hour of perfusion. Thus, the same volume
of GTH solution was perfused each hour.
The volume of fluid added to the arterial
cannula never exceeded 120 wul/hour.
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been hindered by the fact that ICSH
contaminates most FSH preparations.
We circumvented this problem in two
ways; we used concentrations of FSH
that failed to stimulate secretion of
testosterone when administered alone,
and we tested FSH in the presence of
ICSH concentrations that produced
maximum secretion of testosterone in
the perfused testis.

Testes of mature New Zealand White
rabbits were perfused for 6 hours (4, 5)
with an artificial medium consisting of
Krebs-Ringer bicarbonate buffer (pH
7.4), bovine albumin powder (3 per-
cent, weight per volume), glucose (1
mg/ml), washed rabbit erythrocytes
added to a hematocrit of 25 percent,
penicillin, and dihydrostreptomycin (8).
Testosterone in venous effluent was col-
lected at hourly intervals and measured
by gas-liquid chromatography (9). The
chemical purity of testosterone hepta-
fluorobutyrate isolated from venous
effluent of the perfused testis was de-
termined by comparison of its mass
spectrum with that of authentic testos~
terone  heptafluorobutyrate.  Spectra
were obtained by injecting the samples
by way of the direct probe into the
prototype of the LLKB-9000 gas chro-
matograph—mass spectrometer (/0). The
molecular weights and mass spectra of
the standard and the isolated hepta-
fluorobutyrate derivatives of testoster-
one were similar.

The concentration of ICSH which
produced maximum secretion of testos-
terone was determined by varying the
concentration of ICSH in the perfusion
medium (Fig. 1A). The ICSH was in-
fused into the arterial cannula, by
means of the Sage Micro Pump, at a
rate sufficient to maintain its concen-
tration at 0.01, 0.025, 0.05, 0.1, and
1.0 pg/ml for 2, 3, 4, 5, and 6 hours
of perfusion. The concentration of
ICSH in the infusion pump was such
that the volume of fluid added to the
arterial cannula never exceeded 120 ul/
hour. Secretion of testosterone in-
creased linearly between the 2nd and
5th hours of perfusion and then reached
a plateau. Thus secretion was maximum
when ICSH was maintained at a con-
centration above 0.1 ug per milliliter
of artificial medium, an indication that
those cellular elements producing tes-
tosterone were saturated with ICSH. A
concentration of FSH of 0.1 ug/ml in
the medium contained enough ICSH
(1.9 ng of NIH-LH-S1) to increase
testosterone secretion by perfused tes-
tes (Fig. 1B). Testosterone secretion
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was not stimulated by 0.01 or 0.25 ug
of FSH per milliliter.

We next tested the effect of FSH
upon ICSH-stimulated secretion of tes-
tosterone at concentrations of FSH that

failed to stimulate testosterone secretion

when administered alone or at ICSH
concentrations that produced maximum
secretion. We used a saturating concen-
tration of 8.0 ug of ICSH per milliliter
and a nonstimulatory concentration of
15 ng of FSH per milliliter of medium.
The ratio of ICSH to FSH was arbi-
trarily set at 2 : 1; thus, 4.0 ug of FSH
per milliliter of medium was tested
with 8 pug of ICSH per milliliter and
30 ng of ICSH per milliliter was tested
with 15 ng of FSH per milliliter of
medium.

In the absence of exogenous gonado-
trophic hormone (GTH), secretion of
testosterone declined during the first 2
hours of perfusion to a basal amount
(Fig. 2A). When administered alone,
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Fig. 2. (A) Testosterone secretion by

testes perfused with (A) artificial medium
containing 15 ng of FSH and 30 ng of
ICSH per milliliter (7 = 8); (B) artificial
medium containing 30 ng of ICSH per
milliliter (n = 8); (C) artificial medium
containing 15 ng of FSH per milliliter
(n =3); and (D) artificial medium (n =
5). (B) Testosterone secretion by testes
perfused with (A) artificial medium con-
taining 4.0 ug of FSH and 8.0 ug of ICSH
per milliliter (n = 8); (B) artificial me-
dium containing 8.0 ug of ICSH per mil-
liliter (n = 7); (C) artificial medium con-
taining 4.0 ug of FSH per milliliter (n =
3); and (D) artificial medium (n=75).
Gonadotrophins (GTH) were added to
the medium reservoir at the end of the
2nd hour of perfusion.

FSH (15 ng/ml) did not significantly
alter secretion from this basal amount.
Secretion was increased in the presence
of 30 ng of ICSH per milliliter by the
5th and 6th hour of perfusion. The
same concentration of ICSH combined
with 15 ng of FSH per milliliter in-
creased the amount of testosterone se-
creted beyond that obtained with 30
ng of ICSH per milliliter of medium
alone. The total amount of testosterone
secreted during the 5th and 6th hours by
testes treated with ICSH and FSH was
625 = 318 ng per gram of testis per
hour compared to 325 =+ 144 ng for
testes treated with ICSH only. This
statistically significant difference (P
< .05) supports the hypothesis that
FSH augments ICSH-stimulated secre-
tion of testosterone. In similar experi-
ments with ovine growth hormone
(STH) (NIH-GH-S9), STH failed to
augment ICSH-stimulated testosterone
secretion.

The possibility exists that the FSH-
dependent stimulation resulted from
ICSH present as a contaminant in the
FSH preparation (NIH-FSH-S7, ovine).
Therefore, an experiment was designed
to determine the response of testes ex-
posed simultaneously to FSH (4 pg/ml)
and saturating amounts of ICSH (8 pg/
ml). Secretion of testosterone declined
to a basal level in the absence of ex-
ogenous GTH in the artificial medium
(Fig. 2B). Secretion of testosterone by
testes perfused with medium contain-
ing 4 ng of FSH per milliliter was sig-
nificantly higher (P < .01) than control
values by the 5th and 6th hours of per-
fusion. This response probably reflects
the effect of FSH and its ICSH con-
taminant (76 ng of NIH-LH-S1 per 4.0
ng of NIH-FSH-S7). Testes treated with
medium containing 8.0 pg of ICSH or
8.0 ug of ICSH and 4.0 pg of FSH per
milliliter secreted higher (P < .01)
amounts of testosterone than either
control testes or those receiving only
4.0 pug of FSH per milliliter by the 5th
and 6th hours of perfusion. The total
amount of testosterone secreted during
the 5th and 6th hours was 1022 =+ 400
ng per gram of testis per hour for
testes stimulated with medium contain-
ing 4.0 pg of FSH and 8.0 pg of
ICSH per milliter. This rate of secre-
tion was significantly higher (P <.05)
than the 521260 ng obtained with
testes stimulated by medium containing
8.0 ug of ICSH alone. This experiment
shows that the synergistic effect of FSH
upon ICSH-stimulated testosterone se-
cretion could not be due to contamina-~
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tion by ICSH because testes were
maximally stimulated by saturating
levels of ICSH. _ ’
Taken together these results demon-
strate that FSH augments testosterone
secretion in perfused rabbit testes stimu-
lated with ICSH and thus provides di-
rect evidence that FSH acts synergisti-
cally with ICSH to control testosterone
secretion. The fact that FSH stimu-
lates secretion of testosterone in the
presence of saturating concentrations
of ICSH suggests that the gonado-
trophic hormones act at different sites
or by different mechanisms. This sug-
gests a degree of control of testosterone
secretion in rabbit testes separate from
ICSH.
BryaN H. JoHNsoN*
LArrY L. EWING
Department of Physiological
Sciences, Oklahoma State
University, Stillwater 74074
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Transplanted Precursors of Nerve Cells: Their Fate in the

Cerebellums of Young Rats

Abstract, The multiplying cells of the external granular layer in 7-day-old rats
were labeled with [3H1thymidine. Slabs of the cerebellum were transplanted into
the same region of uninjected hosts of the same age. The transplanted, undif-
ferentiated cells of the donors migrated actively in the cerebellar cortex of the
hosts and apparently differentiated there into basket and granule cells.

A few investigators have attempted
to transplant neural tissue from one
‘adult mammal into the brain of an-
other, but they found that the trans-
plants degenerated (I). Others who
worked with young mammals observed
that the transplants grew and differen-
tiated to some extent (2). Recently,
Wenzel et al. (3) reported that out-
growing processes of transplanted nerve
cells of adult mice penetrated into the
cerebral cortex of the host. However,
to our knowledge there are no reports
available to indicate that transplanted
nerve cells can be structurally incor-
porated into the brains of recipients.

Instead of working with mature
neural tissue of adult mammals, we
used undifferentiated portions of the
cerebellar cortex of young mammals
(rats and rabbits) and transplanted this
tissue into immature but developing
brain regions (cerebellar cortex, hip-
pocampus, and olfactory bulb) of
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recipients. For easy identification, the
donor cells were tagged radioactively.
Here we report briefly the results of
transplantation of slabs of the cere-
bellar cortex of infant rats into the
cerebellar cortex of rats of the same
age.
FEight laboratory-bred Long-Evans
hooded rats from one litter were in-
jected intraperitoneally with [3H]thy-
midine - when they were 7 days old
(4). A large proportion of the prolif-
erating cells of the germinal zone of
the cerebellar cortex in the external
granular layer, and a smaller propor-
tion of cells in the internal granular
layer became labeled, and this mate-
rial served as the transplant, One hour
after injection slabs of the cerebellar
cortex of the donors were surgically
removed, washed twice in Ringer solu-
tion, and transplanted into the cere-
bellums of rats of the same age. Two
or more animals were killed 3 hours

or 1, 2, 4, 10, or 16 days after surgery
by transcardiac perfusion with 10 per-
cent neutral formalin, The cerebellums
of these animals were processed for
histology and autoradiography in the
usual manner (5).

In the cerebellums of the hosts that
were killed 3 hours after surgery the
transplants with their labeled cells were
easily identifiable (Fig. 1). A few

Fig. 1. Transplant (Tr) in the host cere-
bellum, 3 hours after surgery. Note ex-
tensive labeling of cells in the external
granular layer and sparse labeling in the
internal granular layer. Arrows indicate
a few labeled cells attached to the ex-
posed surface of the host cerebellum

(X 300). Fig. 2. Stream of migrating
cells in the transplant 4 days atfer surgery.
Arrows indicate labeled cells (X 325).
Fig. 3. Labeled cells (arrows) in the in-
ternal granular layer of the host cere-
bellum 16 days after the transplantation
(X 500). Fig. 4. Labeled cell, pre-
sumably a basket cell (arrow), in the
molecular layer of the host cerebellum,
16 days after the transplantation (X 800).
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