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The guiding hypothesis behind much of the
investigation pertaining to differentiation of
sexual ducts in vertebrates calls for a response
of the ducts to secretions provided by the de-
veloping gonads.  Accordingly, developing
testes provide materials which selectively pro-
mote elaboration of wolffian ducts while sup-
pressing the oviducts: developing ovaries do
the converse. Generally speaking. this ‘modus
operandi’ appears to prevail. vet some work-
ers(1.2.3) incline to the view that in mam-
mals only the testes are concerned in duct
differentiation while another(4,5) feels devel-
opment of the reproductive tract is not con-
trolled by the gonads at all. With these al-
ternatives in mind, it is believed that a report
of some observations on behavior of gonads
and sexual ducts of the embryo rat inter-
planted to the anterior chamber of the eve
may be of interest. The observations derive
from 230 grafts prepared for earlier studies on
gonads and rete tubules(8.9). The general
procedures in preparing this material have
been described. It should be added. however.
that not all two hundred odd grafts included
the primordial sex ducts; thus, this report is
based on a lesser group of 67 relevant cases se-
lected from the total pool. Specific details as
to ages of donor embryos, constitution and
survival of grafts and other pertinent data will
be given as these cases are described. A com-
plete series of “normal stages” of rat embryos
has been available as standard of reference.
A necessary first step towards interpretation
of the grafts is a brief review of the time-table
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of normal embryogeny of the parts concerned
(6.7). The wolffian ducts split directly off
the top of the nephrogenic ridge, beginning
10th day postcoitum, then progressively pro-
ject themselves caudad by free terminal
¢rowth. They contact the wall of the cloaca
during 11th day and 1 day later open thereto.
By the 19th day, in females, wolffian ducts
have disappeared. The first mesonephric
tubules appear early on 11th day. A maxi-
mum number of 15 to 18 pairs of tubules is
reached near the end of 12th day. Of these,
all disappear by the end of 16th day except
the 3 most anterior pairs which are retained
as epigonadal elements. In contrast to the
early appearing wolffian ducts, the oviducts
do not arise until the latter half of 13th day
and do not open to cloaca until 2 days later.
They disappear in males by the end of 19th
day. As for the gonads, those destined to be
testes begin to assume their characteristic
structure towards the close of 13th day; pros-
pective ovaries do not express themselves un-
til the 16th day. It follows from this listing
that embryos of 14 days, plus or minus a few
hours, present prospective ducts and epi-
gonadal elements for both sexes and gonads of
one sexual prospect or the other. Moreover,
the presence of the opposite elements in grafts
of a given sex residing in the eye chamber for
periods which would make them equivalent to
term or postpartum ages is indicative of de-
parture from their normal fate. The grafts
to be considered all derived from embryos
ranging in age from 13% to 144 days post-
coitum and are of 2 types. Fig. 1 is intended
to portray these. In one series, the urogenital
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FIC. 1. Trogenital system of 14-day rat embryo.
Line ‘A’ shows planec of separation of mesoneph-
rie ridge; line ‘“B’’ of urogenital ridge. MT,
mesonephric tubules; WD, wolffian duct; OV, ovi-
duet; G, gonad. X35.

FIG. 2. Epididymis in graft of mesoncphros.
Theoretical postpartum age, 22 davs. X38.

FIG. 3. Graft of mesonephros at theoretical
postpartum age of 10 days. E, epididymis; U,
uterus. X38,

area was split along the line “A” to provide a
strip of tissue consisting solely of mesonephros
and adjacent wolffian duct and oviduct. In
the other series the entire urogenital primor-
dium was detached along line “B”. In other
words, the 2 series provide tests of differen-
tiating capacities of the oviduct and the
wolffian duct with and without the gonads.
The hosts were both male and female and
ranged in age from 2 months to a year. Per-
formance of the grafts was in no way corre-
lated with age and sex of hosts, a point which
will be considered elsewhere.

Results.  Grafts of mesonephric ridge.
Seventeen grafts comprise this series. Seven
of them remained in the eye chamber until
they reached an age equivalent to postpartum
age of 3%4 days. The remaining 10 were per-
mitted to attain theoretical postpartum ages
ranging from 10 to 22 days, averaging 12-}
days. Of the 17 interplants, 12 (70%) sur-
vived to produce an assortment of structures;
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the remaining 5 regressed to a vascular
stroma. In all 12 surviving grafts, vas defer-
ens and vasa efferentia (epididymis) appeared
to a variable degree (Fig. 2). The number of
cases is too small to provide any basis for cal-
culation of the genetic sex of the embryos
which provided the grafts. It is conceivable
that all 12 were prospective males and thus
the presence of male ducts is only a manifes-
tation of normal prospects. There are two
related circumstances to be noted. Firstly,
in 5 of these 12 cases the host animals were
females. In fact, the particularly favorable
case chosen for illustration (Fig. 2) is a graft
which reached a theoretical postpartum age
of 22 days in the eye chamber of a female
host and in so doing produced a male duct
system fully as elaborate as that of a normal
male of this age. Secondly, in 3 grafts a well
developed oviduct and uterus also appear
(Fig. 3). Two of these developed in male
hosts, the other in a female. The case illus-
trated involved a male host and has a theoreti-
cal postpartum age of 10%4 days. The epi-
didymis is less elaborate than in some other
grafts, but still well formed; the uterus has a
diameter approaching that in a normal female,
but differs from the normal in being devoid of
glands. :

These results suggest that in the absence of
associated gonads, both male and female ducts
are capable of differentiation. Keeping in
mind that the grafts acquire a blood supply
from the irises of the hosts, it is obvious that
the hormonal milieu provided by the host ex-
ercises no selective influence on the ducts. As
to the lesser frequency of appearance of fe-
male ducts, these possible explanations have
to be considered. The 3 instances of female
ducts may indicate these were the only ones
originating from genetically female embryos.
If so, then one must account for simultaneous
occurrence of male elements. Conversely, as
already suggested, all grafts may have been
male in origin which calls for an accounting
for the presence of any female parts at all. It
is even conceivable that all grafts may have
been genetic females or distributed between
male and female in some other proportion.
Since the number of cases is too small for any
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analysis of probabilities here, one can only
point to the fact that the intraocular environ-
.ment appears to favor differentiation towards
maleness(9). But further information is pro-
vided by the second series of grafts.

Grafts of the urogenital ridge include fifty
grafts. Of these, 6 were resorbed and 7 were
lost through infection or death of host, leav-
ing 37 for analysis. Theoretical postpartum
ages ranged from 6 to 59 days with an aver-
age of 20+ days. The bulk lay in 12 to 22
d.ay range, with fewer at extremes. An analy-
sis of these grafts (in conjunction with others
of a different type) with respect to perfor-
mance of gonads has been reported(9). It
need only be recorded here that of the 37
grafts, 4 consisted solely of vascular stroma
and 5 presented stroma and various non-gona-
dal tissues only. The remaining 28 showed
gonadal differentiation as follows: 26 testes, 1
ovary and 1 ovotestis. The 26 cases of testes
in turn fall into 2 groups: 18 conventional
testes and 8 possessing structures which have
been termed “converted medullary tubules.”
Evidence for the conclusion that the latter
should be interpreted as having been zygotic
female in origin has been given(9). If one
assumes that the 9 cases wherein only stroma
and/or non-gonadal tissues appeared were
female, by no means a necessary assumption,
and adds these plus the 2 cases of ovary and
ovotestis to the 8 cases of converted medul-
lary tubules, there results a total of 19 judged
zygotic female alongside 18 judged male.

This census of the status of the gonads in
the grafts has been recorded to provide a
reference base for interpretation of such sex
ducts as also appeared. As in the previous
series, both male ducts (vas deferens and vasa
efferentia) and female ducts (oviduct and
uterus) appeared. The following summarizes
their occurrence with reference to status of
the gonad.

Male ducts + testis 4

Female ducts + testis 4

Male ducets - ovary or ovotestis 2

Female duets + ovary or ovotestis 0

Male duets + converted medullary 4
tubules

Female duets + converted medullary 0
tubules
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Male and female ducts + converted 1
medullary tubules
Male duets without gonads 1

Female duets without gonads 1
Testis without duets 10
Converted medullary tubules with- 3

out duets
Total 30

The above summary accounts for 30 of the
37 recovered grafts. It has already been noted
that 4 consisted of stroma alone; the remain-
ing 3 presented no reproductive structures of
any kind, but did contain adrenal cortex and
cartilage. Of 30 cases, the obvious point to
be noted is that sex ducts of one kind or an-
other appear in only 17 of them. This is in
striking contrast to their more frequent ap-
pearance, percentagewise, in grafts of the me-
sonephric ridge alone. One might expect them
to survive and differentiate at least as well in
association with gonads, yet that they do not,
can only be a matter for speculation. It is
possible, of course, that presence of gonads is
actually deleterious to their development, and
the 2 cases of duct development in the ab-
sence of the gonads would bear this out. Yet
where the ducts do occur in the company of
gonads. their development is just as complete
as in the absence of gonads; in normal onto-
geny, ducts and gonads accompany each other.

A second general point is that there is no
correlation between presence or absence or
type of duct and sex of host. Of the 4 in-
stances of male ducts -} testis, 3 were in male
hosts, the other in a female; of 4 female ducts
I testis, all 4 were in male hosts; of 4 male
ducts -+ converted tubules, 2 were in males
and 2 in females; the ovary - male ducts was
in a male, the ovotestis -+ male ducts in a fe-
male: and in the case of male and female
ducts together - converted tubules, the host
was male.

The very randomness of association be-
tween duct types and gonad types has its posi-
tive and negative aspects. On the negative
side, there is no consistency or pattern of per-
formance exhibited by the ducts. Female
ducts appear in conjunction with testes as
often as male ducts. While it is true, with the
exception of the case of simultaneous appear-
ance of both ducts, that only male ducts ap-
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pear in conjunction with converted tubules,
which would suggest an influence towards
maleness emanating from this type of testis,
it also happens that only male ducts appear on
the rare occasions of the differntiation of ovar-
ian tissues, the reverse of what one would ex-
pect if the gonads are really exercising any in-
fluence. There is, of course, no evidence as
to whether the gonads in these grafts produce
endocrine substances at all. If they do, there
is no consistency of endocrine effect upon the
ducts; if they do not, the independence of the
ducts is self-evident. On the positive side,
this randomness of differentiation of the ducts
coupled with the fact that good gonad differ-
entiation as often as not fails to elicit or sup-
port any duct differentiation whatsoever
suggests the essential independence of the
ducts.

Conclusion. Reviews(11,12) of the vast
literature on gonadal control of embryonic
differentiation of sexual ducts in mammals
reveal 3 general viewpoints: (a) that the de-
veloping testes and ovaries produce sex hor-
mones and that each has 2 opposing actions,
stimulation of ducts of corresponding sex and
inhibition of ducts of opposite six; (b) that
the testes produce hormone which stimulates
male parts while suppressing the female, but
the ovaries do not influence sexual differen-

Release of Norepinephrine from the Isolated Heart.*!
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tiation; (c) that sexual differentiation is not
governed by gonad hormones. The results
here submitted, namely, absence of correla-
tion between duct development and hormonal
environment provided by host and the similar
lack of correlation between ducts and accom-
panying gonads, support the third view. This
conclusion conforms in general to that
reached by Bronski(10).
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Hoffmann ef al.(1) reported the presence
of an epinephrine-like substance in the perfu-
sate of isolated mammalian heart treated with
acetylcholine or nicotine. Similar observa-
tions were made by McDowell(2). More re-
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cently Paasonen and Krayer noted a marked
decrease of norepinephrine content of mam-
malian heart treated with reserpine(3). These
observations were based on bioassay technics.
The present report concerns chemical identi-
fication and assay of biologically active agents
liberated from the isolated heart during the
interval of stimulation following administra-
tion of acetylcholine.

Methods and materials. Tsolated rabbit
hearts were perfused by means of a modified
Langendorff apparatus with oxygenated



