for studies of the acquisition of sensitiv-
ity to LH during development. These
workers observed the concomitant ap-
pearance of LH-stimulated cyclic AMP
and testosterone production on day 15 of
gestation, and noted that exposure of 14-
day testes to LH did not decrease their
subsequent responsiveness to gonado-
tropic stimulation when differentiation
had taken place. In contrast, Paz et al.
(13) observed that the testosterone re-
sponse of 19-day rat testes decreased
during the second and third days of cul-
ture with 2 IU of hCG, suggesting the
presence of a desensitization process as
observed in the adult testis. However,
the results of the present study clearly
demonstrate that retention of LH recep-
tors and enhanced steroidogenic re-
sponses occur in the gonadotropin-stim-
ulated fetal Leydig cell, similar to the
responses of the neonatal testis in vivo
(6). The absence of steroidogenic defects
in the fetal testis could be due to the
relative lack of estrogen receptors in the
immature Leydig cell (/4), since this
lesion appears to be caused through nu-
clear actions of testicular estrogen fol-
lowing hormonal stimulation (3-5) and
may only become apparent during post-
natal development. Such a feature of the
developing gonad could facilitate mainte-
nance of high androgen levels during
stimulation by CG, which is detectable in
the placenta and maternal circulation of
the rat from day 7 of gestation (/5), prior
to sexual differentiation. If the placental
hormone is constantly available to the
fetal testis, in contrast to the pulsatile
adult mode of LH secretion, the ability
of the fetal Leydig cell to respond to
sustained concentrations of gonadotro-
pin without being desensitized would
contribute to the maintenance of elevat-
ed androgen production during early de-
velopment.
DWIGHT W. WARREN*
Maria L. DuFrau
KEevin J. CATT
Endocrinology and Reproduction
Research Branch, National Institute of
Child Health and Human Development,
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Inhibition of Adrenocorticotropic Hormone Secretion in the

Rat by Immunoneutralization of Corticotropin-Releasing Factor

Abstract. Intravenous administration of rabbit antiserum to ovine corticotropin-
releasing factor (CRF) markedly reduced the CRF-induced rise of plasma adrenocor-
ticotropic hormone (ACTH) in intact nonstressed adult male rats while blocking
more than 75 percent of the ACTH release observed in rats exposed to ether stress.
Furthermore, antiserum to CRF significantly lowered ACTH levels in adrenalecto-
mized animals. These results suggest that endogenous CRF plays a physiological

role in regulating ACTH secretion.

The key role played by the hypothala-
mus in the regulation of adrenocortico-
tropic hormone (ACTH) secretion is well
established [reviews in (/)]. We reported
the isolation, characterization, and syn-
thesis of a 41 amino acid peptide from

‘ovine hypothalamic extracts with high

potency and intrinsic activity for stimu-
lating the secretion of corticotropin and
B-endorphin-like immunoreactivity both
in vitro and in vivo (2—). Corticotropin-
releasing factor (CRF)-like immunoac-
tivity has been observed in the hypothal-
amus of the rat, dog, monkey, and hu-
man being either by radioimmunoassay
or by immunocytochemistry (5); it has
also been observed in pituitary stalk
blood of the rat (6). We therefore used
antiserum to CRF to investigate the role
played by endogenous peptides immuno-
logically related to this CRF in regulating
ACTH secretion under various circum-
stances (7).

Adult Sprague-Dawley male rats (230
to 250 g) were given free access to Purina
Chow and water. When appropriate, ad-
renalectomy was performed (by the lum-
bar approach) in ether-anesthesized ani-
mals 3 weeks before the experiment. All
animals were equipped with jugular in-
dwelling venous cannulas 36 hours be-
fore the experiment and were placed in
individual cages in a quiet environment.
The cannulas were used both for admin-
istration of the treatments and for serial
blood sampling.

All three experiments were carried out
in the afternoon. In experiment 1A,
groups of six intact rats first received 1
ml of normal rabbit serum (NRS) or 1 ml
of antiserum to CRF and then, 15 min-
utes later, saline, synthetic ovine CRF
(8), or a 3-minute exposure to ether. In
experiment 1B, intact rats first received
Na,SO,-precipitated NRS or antiserum
to CRF and then, 1 minute later, saline,
CRF, or a 3-minute exposure to ether. In
experiment 2, 1.5 ml of NRS or of antise-
rum to CRF was administered to non-
stressed  adrenalectomized animals.
Since only 0.5 ml of blood was removed
during each of the four subsequent sam-
plings, this volume was not replaced.

Figure 1A illustrates the effect of prior
treatment with NRS or antiserum to
CRF on ACTH secretion (9), which was
measured 10 minutes after the animal
was given saline or 0.45 nmole of CRF or
was subjected to ether stress (experi-
ment 1A). In contrast to treatment with
NRS, the administration of antiserum to
CRF prevented most of the CRF-in-
duced rise in ACTH levels induced by
administration of CRF [mean *+ stan-
dard error (S.E.) of 1305 + 169 pg/ml
versus 182 = 51 pg/ml; P =< .01] or by
ether stress (1729 = 184 pg/ml versus
363 + 102 pg/ml; P = .01). In experi-
ment 1B (Fig. 1B), Na,SO,-precipitated
NRS or antiserum to CRF was adminis-
tered in amounts (on a protein basis)
equivalent to 1.5 ml of serum, and plas-
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Fig. 1. (A) Effects of 2.5 1
NRS or antiserum to
CREF (injected into in-
tact rats 15 minutes
before the stimuli) on
plasma ACTH in sam-
ples taken 10 minutes
after exposure to sa-
line, synthetic ovine
CRF, or ether stress.
(B) Effects of Na,-
SO,-precipitated NRS
or antiserum to CRF
(injected into intact
rats 1 minute before
the stimuli) on plas-
ma ACTH in sam-
ples taken 5 minutes
after exposure to sa-
line, synthetic ovine
CRF, or ether stress.
(Open bars) rats in-
jected with Na,SO,-
precipitated NRS;
(closed bars) rats in- L
jected with Na,SO,- 0
precipitated  antise-

rum to CRF. Each bar

represents the mean *

A
O nm

o
+

ACTH (ng/mi)

o

Control

s

] Antiserum to CRF
No injection

0.45 Ether Control 0.15 Ether
nmole stress nmole stress
CRF CRF

S.E. of six animals. Data were evaluated by analysis of variance. The dashed line indicates the
minimal detectable ACTH concentration in the radioimmunoassay.

ma ACTH was measured 5 minutes later.
Again, the administration of antiserum to
CRF blocked the rise in plasma ACTH
resulting either from CRF administration
(1392 + 191 pg/ml versus 292 + 144 pg/
ml; P = .01) or ether stress (2262 = 439
pg/ml versus 501 = 45 pg/ml; P = .01).
In both experiments, rats injected with
antiserum to CRF plus CRF had plasma
ACTH concentrations that were statisti-
cally comparable to those of control ani-
mals, whereas rats stressed after admin-
istration of the antiserum maintained a
slightly elevated ACTH output. In non-
stressed adrenalectomized rats (experi-
ment 2 in Fig. 2), antiserum to CRF
produced a rapid drop in ACTH secre-
tion, which was statistically significant
for 15 to 240 minutes after the injection,
At 15 minutes, the value for the NRS
control was 3299 += 519 pg/ml, and for
the group receiving antiserum was
1332 + 166 pg/ml (P < .01); at 240 min-
utes, the value for the NRS control was
1787 + 776 pg/ml, and for the group re-
ceiving antiserum was 173 = 34 pg/ml
P = .00).

These results indicate that administra-
tion of antiserum to CRF reduces the
ACTH secretion induced by exogenous
synthetic ovine CRF to levels that are
statistically comparable to control val-
ues, blocks most of the stress-induced
ACTH rise in intact rats, and inhibits the
increased ACTH secretion observed af-
ter removal of corticosteroid feedback.
Such data are consistent with a physio-

378

logical role of endogenous CRF-like mol-
ecules in the activation of the pituitary-
adrenal axis due to stress as well as in
the maintenance of an elevated ACTH
production in adrenalectomized rats.
The small residual ACTH secretion ob-
served in intact animals treated with
antiserum to CRF and then exposed to
stress might be due to the inability of our
antiserum (produced against synthetic
ovine CRF) to rapidly neutralize all of
the available endogenous rat CRF; alter-
natively, a factor such as vasopressin,
epinephrine, or norepinephrine, distinct

4.0 1 +~--NRS control
*—s Antiserum

J to CRF

3.0 ]

2.01

ACTH {(ng/ml)

1.0 4

o 1 2 3 4
Hours

Fig. 2. Effects of NRS or antiserum to CRF on

plasma ACTH in adrenalectomized rats. Each

point represents the mean * S.E. of six ani-

mals.

from CRF, could contribute to the acti-
vation of pituitary corticotropic cells un-
der stressful circumstances.

Several substances present in hypo-
thalamic extracts or peripheral blood
have been suggested as putative ACTH-
releasing factors, including CRF, vaso-
pressin, and catecholamines (2—4, 10).
For various reasons, including their low
intrinsic activity in vitro, neither vaso-
pressin, nor epinephrine or norepineph-
rine, are considered likely to be the
major physiological regulators of ACTH
secretion (2—, 11). However, several
studies have implicated vasopressin as a
possible potentiator of the actions of
CRF on the pituitary gland (I, /1), and
we have observed (12) that vasopressin
and epinephrine or norepinephrine po-
tentiate the action of synthetic CRF in
vitro. Endogenous vasopressin or the
catecholamines may be responsible for
the greater amounts of ACTH observed
after ether stress than after CRF injec-
tion, as well as for the residual release of
ACTH in stressed rats treated with anti-
serum to CRF.

The observation that administration of
antiserum to CRF can lower plasma
ACTH levels in either adrenalectomized
or intact stressed rats emphasizes the
physiological significance of a structural-
ly related endogenous peptide in regulat-
ing the secretory activity of corticotropic
cells.

CATHERINE RIVIER
JEAN RIVIER
WYLIE VALE
Peptide Biology Laboratory, Salk
Institute for Biological Studies,
La Jolla, California 92037
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Direct Measurement of Pulmonary Capillary Transit Times

Abstract. Direct measurements of capillary transit times in dog lungs were made
by using in vivo television microscopy. Mean transit times were unexpectedly long.
As pulmonary artery pressures were raised, transit times decreased, suggesting that
the normally existing hydrostatic pressure gradient in the lung causes a vertical
distribution of transit times. The more rapid transit times approached the minimum

time required for complete oxygenation.

The time that blood spends in the
pulmonary capillaries is a major determi-
nant of the effectiveness of the gas ex-
change in the lung. Complete oxygen-
ation occurs in a remarkably short time.
Red cells spend about 0.75 second in the
pulmonary capillaries in resting subjects
and only 0.3 second during exercise (/,
2). These values, however, are based on
indirect measures of mean capillary tran-
sit times for the lung as a whole. They
provide no information about the range
of transit times in individual capillary
beds, in different hydrostatic zones of
the lung, or during altered hemodynamic
states. The most rapid transit times are
especially important, for if some red
cells pass through the gas-exchange ves-
sels too quickly, arterial hypoxemia can
result. Very rapid red cell transit may be
involved in the exercise-induced arterial
hypoxemia found in patients with re-
stricted pulmonary vascular beds, in nor-
mal individuals (3, 4), and even some
world-class runners (5). To confirm the
indirect estimates of mean pulmonary
capillary transit times and to determine
the range of transit times, we made di-
rect measurements of the passage of
blood across single pulmonary capillary
networks by using television microscopy
in vivo.

Eight pentobarbital-anesthetized dogs
(mean weight, 24 kg) were prepared for
measurement of systemic and pulmonary
arterial pressures, blood gases, and car-
diac output (6). These measurements
were in the normal range. A transparent
window was then implanted in the ninth
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left intercostal space to permit alveolar
capillaries on the surface of the left lower
lobe to be studied (7, 8). The animals
were placed in the right lateral decubitus
position so that the microscope looked
down through the window at the upper-
most surface of the lung. To determine
capillary transit time a fluorescent dye,
fluorescein isothiocyanate in dextran (9),

Venule

LN

Arteriole

AR ENR)
3

Time of injection

was injected through a catheter placed in
the left lower lobe artery under fluoro-
scopic guidance (10). Passage of the dye
through the microcirculation was ob-
served with a Leitz Ultropak microscope
coupled to a COHU 4400 television cam-
era and was recorded on videotape with
a Panasonic PV-1210 video (VHS) re-
corder. To measure capillary transit
time, it was necessary to determine
when an average molecule in the dye
bolus entered and exited a single capil-
lary bed. As the videotape was replayed,
the dye passage through the arteriole
(diameter, < 20 pm) and a small venule
(< 15 pm) serving a common capillary
network was electronically sampled. The
signals were passed through a sample-
and-hold circuit at 60 Hz and then re-
corded oscillographically to produce dye
dilution curves (Fig. 1). A signal indicat-
ing the time of dye injection was placed
on the audio channel of the videotape
and later transcribed with the dye dilu-
tion curves. The time at which the aver-
age molecule passed the sample window
was determined by calculating the first
moment (time-weighted mean) of each
curve. Mean capillary transit time was
obtained by subtracting the first mo-
ments of the arteriolar and venular
curves with reference to the common
injection time signal.

The average of the mean capillary
transit times for eight dogs under control
conditions was 12.7 = 3.2 seconds
(mean = standard error) at an average
pulmonary artery pressure of 7.7 = 1.0
torr (//). This transit time was unexpect-
edly long—more than an order of magni-
tude longer than the 0.75 second for
whole lung capillary transit found by
indirect techniques. In fact, the mean
capillary transit time we measured is
even longer than the mean transit time
across the whole lung; mean transit time
from the main pulmonary artery to the
left atrium was shown by Maseri et al.
(12) to be 6.4 seconds and by Knopp and
Bassingthwaighte (/3) to be 6.8 seconds.

The differences between our measure-
ments and those made with other tech-
niques may be explained by the observa-
tion that plasma travels across the lung
more slowly than red cells (/4). Fluores-
cein isothiocyanate in dextran labels

Fig. 1. Photometric records of passage of
fluorescein isothiocyanate through a venule
and an arteriole. Time lines represent individ-
ual seconds. The venular curves were consis-
tently wider than the arteriolar curves, indi-
cating that some of the dye was delayed in its
passage through the capillary bed—that is,
that there was a distribution of transit times in
the capillary bed.
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