patients into the normal range (I3).

While evidence from studies in ani-
mals (3, 6) suggests that MHPG is a
major metabolite of brain norepineph-
rine, the relation of amine concentration
in the brain to metabolite concentration
in the CSF is not clear. Significant
amounts of labeled MHPG adminis-
tered intravenously in three patients did
not appear to enter the CSF (14).
Therefore, a source of MHPG in the
central nervous system is likely. There
is no rostral-caudal CSF gradient for
MHPG (8), and a probenecid-sensitive
transport mechanism does not appear
to be a major mechanism for elimina-
tion of MHPG (12), as is the case
for the acid metabolites of dopamine
and serotonin. In animals, norepineph-
rine is abundant in the spinal cord and
appears localized to nerve endings of
descending tracts, which degenerate
after spinal cord transection (15). Our
study of 13 patients with spinal cord
transection, with and without spinal
fluid block, suggests that MHPG con-
centrations in CSF reflect norepineph-
rine metabolism in spinal cord as well
as in brain (I6). Patients with tran-
sected spinal cords had lower MHPG
values than did controls, and results
were similar in the presence and ab-
sence of block in CSF flow.

Although part of the MHPG mea-
sured in lumbar CSF may be derived
from spinal cord sources, the results
reported here suggest that norepineph-
rine metabolism in the central nervous
system may be reduced in depression.
The low MHPG values in the CSF of
depressed patients support and extend
the reports of low MHPG excretion in
the urine of depressed patients (2).

However, the implication that our
data support a primary role of cate-
cholamines in affective illness should
be viewed critically. Activity appears
to increase MHPG concentration in
CSF (13), and low levels of MHPG
have been found in the CSF of para-
and quadraplegics where limited activ-
ity may also be a factor (/6). Thus,
the low MHPG concentrations in the
CSF of depressed patients may occur
secondary to the behavioral inhibition
associated with the depression rather
than reflect a primary role for brain
norepinephrine in the pathogenesis of
affective illness. However, the lack of
correlation of MHPG with agitation-
retardation within the depressed or
manic groups appears to indicate that
whereas activity may be an important
determinant of amine metabolite con-
centrations in CSF, it clearly is not the

9 MARCH 1973

only one. In addition, MHPG values
in CSF of depressed patients were sig-
nificantly lower than those in Parkin-
sonian patients, who also manifest a
considerable degree of motor inhibition.
Our results lend support to the idea
that central norepinephrine metabolism
is altered in depression. Whether this
change is etiologically related to de-
pressive illness or is secondarily related
to its clinical and biological con-
comitants remains to be determined.
ROBERT M. Post
EpNna K. GorDON
FRrReDERICK K. GOODWIN
WiLLiaM E. BUNNEY, JR.
Laboratory of Clinical Science,
National Institute of Mental Health,
Bethesda, Maryland 20014
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Hormonal Regulation of Growth in Unfertilized Cotton Ovules

Abstract. Exogenous plant growth regulators can substitute for pollination,
fertilization, and subsequent embryo development in cotton. Isolated, unfertilized,
immature ovules enlarge in the presence of kinetin, and both enlarge and produce
fibers in the presence of indoleacetic acid or gibberellic acid or both. An extract
of germinating cotton pollen qualitatively mimics the effect of exogenous hor-

mones.

Much information concerning the
physiology of fruit development and
embryogenesis could be obtained if the
component organs involved in sexual
reproduction could be cultured sepa-
rately in vitro. Recent literature has
described the culture procedures re-
quired and hormonal interactions in-
volved in the in vitro development of
fertilized cotton ovules and their asso-
ciated fiber cells. In brief review, the
cotton fiber is a single epidermal cell
that begins to elongate from the ovule
surface at anthesis. If fertilization is
accomplished the ovule may be success-
fully cultured in vitro (), and both
fibers (2) and embryos (3) are pro-
duced. This report describes the next
basic step, that of the successful in
vitro culture of immature cotton seeds,
without zygote.

In angiosperms, fusion of the sperm

nucleus and the egg nucleus creates the
zygote and, for most species, fusion of
another sperm nucleus with two polar
nuclei of the embryo sac triggers forma-
tion of the nutritive endosperm. These
creative unions initiate a myriad of bio-
chemical reactions ultimately producing
a mature fruit (ovary), containing its
seeds (ovules), which in turn house the
new plants (embryos).

Examples of the successful culture
of excised plant embryos are available
from the major groups of seed plants,
for example, a gymnosperm (4), a di-
cotyledonous angiosperm (5), and a
grass (6). Isolated plant ovaries, con-
taining fertilized ovules, have been cul-
tured in vitro, giving rise to enlarged
fruits and germinable seed (7, 8). Seed-
less fruits from unpollinated flowers
have been obtained in vitro by the
incorporation into the medium of auxin-
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Fig 1. Total Fiber Units produced from
unfertilized cotton ovules cultured in vitro
for 2 weeks in the presence of varying
concentrations of indoleacetic acid (@)
or gibberellic acid ([J). Twice the stan-
dard error limits are indicated if the stan-
dard error exceeded 0.05 Total Fiber Unit.

type chemicals (7, 9). Similarly, exog-
enous gibberellins (10) and phytokinins
(11) have been shown to artificially in-
duce parthenocarpy. Viable embryos of
an apomictic plant species have been
obtained if the entire spike or whole
flower was cultured, but not if the ex-
cised ovary was cultured (12). Isolated
fertilized ovules have also been success-
fully cultured into new plants (13).
Also, in vitro fertilization and subse-
quent maturation of whole ovules have
been reported (14).

Cotton was grown in the greenhouse.
On the morning of anthesis, stamens
and stigmas were removed from the
flowers. Forty-eight hours later, ovules
were aseptically removed from each
ovary and floated on the surface of 50
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Fig. 2. Percentage of unfertilized ovules
(bars), cultured in vitro for 2 weeks,
which increased in size ‘and remained
white at various concentrations of kinetin.
Squares indicate dry weight.
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ml of liquid medium in a 125-ml cul-
ture flask. The medium was as previous-
ly reported (2) except that 120 mM
glucose was the sole carbon source
for the experiments reported herein.
All growth substances were filter-steri-
lized and added to the previously auto-
claved basal medium. Each treatment
consisted of at least five flasks with 20
ovules per flask. At the end of 2 weeks
the amount of fiber produced from each
set of 20 ovules was determined as pre-
viously described (2): the ovules with
associated fibers were shaken to extend
the fibers, and placed in a solution of
toluidine blue 0; the dye not absorbed
was removed by washing, and ovules
were destained by placing in a solution
of formalin—acetic acid—ethanol (FAA).
The intensity of the destaining solution
(proportional to the amount of fiber
produced) was determined colorimetri-
cally. A standard curve of dilution of
a toluidine blue O solution was plotted
against an arbitrary linear scale called
Total Fiber Units. Twenty ovules with
fibers of around 7 mm in length yield
Total Fiber Units of approximately 2
when destained in 100 ml of FAA.

A successful method for germinating
cotton pollen has recently been pub-
lished (I15) and was used with only
minor modifications. Pollen was dusted
on the surface of nutrient agar and
permitted to develop for 2 hours. Pollen
grains and associated tubes were washed
into a vessel and boiled for 5 minutes,
and the grains and cell debris were re-
moved by filtration and centrifugation.
Various portions of the germinated-
pollen extract were added to the ovule
culture medium, and the medium was
autoclaved.

With very few exceptions all unfer-
tilized ovules, transferred to basal cul-
ture medium lacking growth substances,
shriveled and turned brown by the end
of the 2-week culture period. When
indoleacetic acid (IAA) or gibberellic
acid (GA) was added to the culture
medium in the concentration range of
0.5 to 50.0 uM, ovules remained white,
increased in size, and produced fibers.
The amount of fiber produced by IAA
or GA varied slightly from experiment
to experiment; however, as a general
rule GA produced larger ovules, and
supported less fiber but more callus,
than did IAA. When IAA and GA were
applied simultaneously, the Total Fiber
Units recorded showed the effects to
be additive. Typical dose-response
curves for IAA and GA are shown in
Fig. 1. Dry weight of the ovules and

associated fibers essentially paralleled
the values obtained for fiber produc-
tion. When kinetin was added to the
basal culture medium, ovules remained
white and increased in size. The dry
weight of ovules also increased as the
concentration of kinetin was increased
in the culture medium. No elongated
fibers were produced, however, at any
concentration of kinetin employed.
Excessive enlargement (internal callus)
with associated browning of the epi-
dermis of the ovule was induced by 50
puM  kinetin. These responses due to
exogenous kinetin are shown in Fig. 2.
Figure 3 shows the visible effects of
exogenous kinetin, and GA plus IAA,
on cotton ovule development.

In an experiment where more than
99 percent of the unfertilized ovules
(controls) shriveled and browned, a
water extract of germinated cotton

Fig. 3. Unfertilized cotton ovules, cul-

tured for 2 weeks in basal medium
(top), basal medium plus 5.0 M Kkinetin
(middle), and basal medium plus 5.0 uM
indoleacetic acid and 5.0 uM gibberellic
acid (bottom).
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pollen induced 52 percent of the in
vitro cultured ovules to remain white
and increase in size. Slight fiber elonga-
tion was noted. Similar extracts of
germinated pollen induced a signifi-
cant increase in size when furnished
in low amounts to in vitro cultured,
fertilized ovules, and, as the concen-
tration of pollen extract was increased
in the basal medium, fiber elongation
decreased. Dihydrozeatin has been ten-
tatively identified as one of the phyto-
hormone components of cotton pollen.

The results presented herein describe
an additional step toward being able
to culture the component parts of the
plant’s reproductive system and provide
new information on the role of plant
growth regulators in embryogenesis
and fruit development.

The results are significant from- the
standpoint that a new research tool
is available for studies of (i) the re-
lationships between plant embryo-
genesis and seed development, (ii) the
mechanism whereby pollen hormones
induce metaxenia, and (iii) the role of
phytohormones in cell elongation and
in primary and secondary cell wall
biosynthesis.

C. A. BEASLEY
Biology Department, University of
California, Riverside 92502
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Androgen-Concentrating Cells in the Midbrain of a Songbird

Abstract. Androgen-concentrating cells were found in the midbrain of the
chaffinch Fringilla coelebs by autoradiography using tritiated testosterone. Labeled
cells were localized primarily in the nucleus intercollicularis, an area from which
vocalizations can be electrically stimulated in birds. These autoradiographic results
suggest that the nucleus intercollicularis is a site in the action of androgens on

avian vocal behavior.

A number of steroid hormones are
concentrated by cells in their major
target tissues. Estradiol, for instance, is
concentrated in accessory reproductive
structures, such as the uterus and va-
gina, but not in other tissues like the
lung, adrenals, or skeletal muscle (1).
Dihydrotestosterone is concentrated in
the prostate and seminal vesicles, but
not in the lung or thymus (2).

Particular regions of the brain also
have the ability to retain specific steroid
hormones (3). For estrogens and an-
drogens the sites of hormone retention
in the brain correlate well with the sites
at which these hormones are known to
act (3). This correlation suggests that
hormone retention can be used to lo-
calize sites of hormone action in the
brain. (The validity of such a procedure
does not depend on the exact role of
this retention in the mechanism of hor-
monal action.) Light microscopic auto-
radiography in which tritiated steroids
are used provides a powerful tool for
localizing cells that concentrate partic-
ular hormones.

The present report describes the dis-
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tribution of androgen-concentrating
cells in the midbrain of the chaffinch
(Fringilla coelebs) and shows their oc-
currence in an area from which species-
typical vocalizations have been stimu-
lated electrically in a number of other
avian species. The androgen depen-
dency of several of the vocalizations of
the chaffinch has been demonstrated.
Two alarm calls restricted to male
chaffinches are normally given only
during the breeding season but can be
elicited during other parts of the year
by injections of testosterone (4, 5).
Song development in this species and
the production of adult song are also
dependent on testosterone (4, 6-8).
Adult male chaffinches do not sing
during the winter months or after cas-
tration unless they have been given
exogenous androgen (4, 7, 8). Female
chaffinches do not normally sing at
all but they also can be induced to
sing if given testosterone injections (4,
8). Additional examples of androgen-
dependent vocalizations have been
found in other species (9).

Four male chaffinches, 1 to 4 years

’
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Fig. 1 (a and b). Autoradiographs of the nucleus intercollicularis from the midbrain
of a male chaffinch. Two days after castration 0.46 ug of [PH]testosterone was injected
into the breast muscle. An hour later, the brain was removed and frozen. Unfixed
and unembedded sections 6 um thick were cut at —19°C. Sections from which these
photographs were taken were exposed for 96 days and then developed, fixed, and
stained with cresyl violet; (a) X 690: (b) X 525
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