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There have been several reports of corti-
cotropin releasing activity in extrahypothal-
amic tissues and fluids (1-6). Indirect evi-
dence of extrahypothalamic CRF was pro-
vided in cross-circulation experiments con-
ducted in rats by Brodish and Long (2).
Further indirect evidence of extrahypothal-
amic activity was also established by Egdahl
(3) who found that dogs with pituitary is-
lands continued to secrete ACTH despite
removal of the entire nervous system.

Direct evidence for extrahypothalamic
“tissue” CRF was first shown by Lyman-
grover and Brodish (7) who found that pe-
ripheral plasma taken from stressed, hy-
pophysectomized rats with median emi-
nence lesions had greater CRF activity than
plasma from similar nonstressed animals. In
these experiments CRF activity of the donor
rat plasma was assayed in median eminence-
lesioned animals which had been shown to
respond to median eminence extract but not
to cerebral cortical extract or to ether stress.
The tissue CRF and hypothalamic CRF
were similar in that both stimulated corti-
coid secretion in assay rats. However, tissue
CRF and hypothalamic CRF differed in the
time courses of effect in the assay rats. Hy-
pothalamic CRF activity provoked a tran-
sient early effect whereas the effect of tissue
CRF was found to be prolonged.

Plasma has also been reported to stimu-
late ACTH release from rat pituitary cells
maintained in monolayer culture (6). As
little as 0.1 % v/v plasma in the assay system
stimulates ACTH release.

During the course of studies of hypotha-
lamic CRF activity we observed a similar
effect of peripheral plasma on incubated,
dispersed pituitary cells prepared by the
method of Swallow and Sayers (8). The
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present report describes efforts to further
characterize plasma CRF activity.
Preparation of isolated pituitary cells.
Four to six male Sprague-Dawley rats,
weighing 200-300 g were used in each ex-
periment. After decapitation the anterior
pituitaries were removed, rinsed in normal
saline, blotted, quartered, and placed in a
50-ml Erlenmeyer flask containing 20 ml of
Krebs-Ringer bicarbonate buffer with
0.2% glucose (KRBG) and 0.5% trypsin
(Worthington Biochemical Corp., Free-
hold, N.J.) (8). The tissue pieces were agita-
ted at 37° in a 95% 0,:5% CO, atmos-
phere. After 20 min the supernatant con-
taining dispersed cells was transferred to an
iced flask, fresh KRBG with trypsin was
added to the remaining fragments and the
above process was repeated. After three
washes, the combined supernatants were
centrifuged at 100g for 30 min at 4°. The
pellet containing the cells was resuspended
in KRBG containing 1% bovine serum al-
bumin (Sigma Chemical Co., St. Louis,
Mo.) and 30 mg of lima bean trypsin inhibi-
tor (Worthington Biochemical Corporation,
Freehold, N.J.), yielding a final concentra-
tion of 0.5 pituitary equivalents per milli-
liter. Cell suspension aliquots of 0.5 ml con-
taining approximately 10° cells were prein-
cubated in 10-ml Teflon beakers for 10 min
at 37° until the test substances were added.
Preparation and additions of test sub-
stances. The following test substances were
added: lyophilized rat hypothalamic extract
(RHE) (NIAMD-rat HE-RP-1), rat plasma
or serum, heparin, and rat plasma fraction-
ated as described below. All test substances
were adjusted to 500-ul volumes with
KRBG and added to the cell suspension,
yielding a final incubation volume of 1 ml.
RHE was dissolved in 2 ml of 0.2 N acetic
acid, aliquoted into 100-ul vials, and frozen
until use. The aliquots were thawed and
diluted with buffer before addition to the
test system. Blood was collected from rats
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by rapid decapitation (unstressed) or by
exsanguination after 5 min exposure to
ether (stressed). Samples were collected on
ice, centrifuged at 100g, and frozen until
use. The possible CRF activity of heparin
(sodium heparin, Invernex, 1000 USP units
per milliliter) was tested by introduction
into the cell incubation at the same concen-
tration as that used to heparinize blood (10
units/ml).

Fractionation of plasma. Two methods
were employed (i) 2 ml of plasma was intro-
duced onto a 1.5 X 30-cm G-75 Sephadex
column and eluted with an 0.05 M phos-
phate buffer (pH 7.4) at 25°. (ii) 10 ml of
plasma separated by vacuum ultrafiltration
at 50 Torr at 4° using a membrane with an
average molecular weight retention of
15,000. Both the retained fraction (reten-
ate) and the ultrafiltrate were collected and
stored at 4° or until assayed. In both experi-
ments a portion of the raw plasma was as-
sayed to determine recovery.

Assay of ACTH.ACTH released into the
incubation medium was determined by ra-
dioimmunoassay as previously described
(9). The antibody employed is highly spe-
cific for a;,-ACTH and o*'"2¢ ACTH; react-
ing with both on an equimolar basis. It fails
to cross-react significantly with the follow-
ing polypeptides: a-MSH, B,-MSH, B,-
MSH, a,'"*ACTH, o,'"%ACTH, and
,2% ACTH and a2 ACTH or a''6NH:
ACTH. The sensitivity limit of the assay is
30 pg/ml. In the present studies the mea-
sured quantities of ACTH were in the nano-
gram per milliliter range.

Results. Dose-response relationships in
the isolated pituitary cell system were estab-
lished using the standard NJAMDD rat hy-
pothalamic extract as a stimulus. The results
of this experiment are shown in Fig. 1. The
lower asymptote of the dose-response curve
was used to estimate the sensitivity of the
assay system, which was about 0.01 mg
RHE. Maximal stimulation was achieved by
1.0 mg RHE which caused release of 10 ng
ACTH/105 cells during the 30 min incuba-
tion period. The ACTH-releasing activity of
0.1 mg RHE was chosen as a standard for
the studies.

The time course of ACTH release in re-
sponse to 0.1 mg RHE is depicted in Fig. 2.
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Fic. 1. Dose-response effect of rat hypothalamic
extract (RHE) on ACTH release from dispersed pitui-
tary cells.
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Fig. 2. Time-course of rat hypothalamic extract
(RHE}induced ACTH release by dispersed pituitary
cells.

Approximately one-half of the total net
ACTH release occurred within 5 min after
addition of the RHE as previously observed
by Takebe et al. using the monolayer culture
technique (6). After 30 min, 85% of the
total net ACTH release had occurred and
this duration of incubation was routinely
employed. It was determined that a 5-min
period of stabilization of the system before
the addition of the test substance (preincu-
bation period) was technically convenient.

The stimulatory effects of graded volumes
of rat plasma and serum are shown in Table
I. Both serum and plasma produced dose-
related ACTH release. Although rat plasma
had approximately twice the ACTH releas-
ing potency of serum at the highest tested
dose the differences were not statistically
significant. Since the plasma was prepared
with heparin and the serum was not, the
possible ACTH-releasing effect of heparin
was assessed by testing heparin alone and by
heparinizing serum. In two experiments
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TABLE 1. Errect oF RAT PLASMA AND SERUM ON
IN VIiTro Prruitary ACTH RELEASE.

Net
ACTH
Number release?®
Amount of (ng/10°
added replica- cells/30
Test substance (ul) tions min)
Plasma 100 8 4714
10 6 1.1 £0.6
1 4 05+0.4
Serum 100 3 19+1.8
10 2 1.5,0
1 2 0,
Plasma (unstressed) 100 4 53+23
Plasma (stressed) 100 4 4.7 1.7

2 Mean + SEM.

heparin alone had no ACTH-releasing ac-
tivity (data not shown).

In four experiments the effects of plasma
obtained from stressed and unstressed rats
were compared. As indicated in Table I
both produced ACTH release, but the dif-
ference between the two was not significant.

The ACTH-releasing activity of plasma
was further characterized by ultrafiltration
and gel separation. After ultrafiltration us-
ing a membrane with an average molecular
weight retention of 15,000, 93% of the
ACTH releasing activity was found in the
retentate as shown in Table II. Plasma was
also separated by using G-75 Sephadex and
the collected fractions tested for ACTH-
releasing activity (Fig. 3). The fractions with
ACTH-releasing activity were not retarded
by the Sephadex. The findings of these stud-
ies suggest that the CRF activity of plasma is
associated with a molecular weight greater
than 15,000.

Discussion. These studies confirm the
presence of an ACTH-releasing substance
in rat plasma and suggest it is, or is associ-
ated with, a large molecule. Both stressed
and unstressed rat plasma and serum caused
ACTH release from dispersed rat pituitary
cells, supporting the observation of Takebe
etal. (6) who used a pituitary monolayer cell
culture system. The present studies extend
their observations by showing with two dif-
ferent separation methods, that the sub-
stance in plasma behaves like a molecule of
a molecular weight of greater than 15,000.

The CREF activity of rat plasma (and se-
rum) is like hypothalamic CRF in that the
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pituitary response is dose-related. However,
it is apparently not identical to hypotha-
lamic CRF because the dose-response
curves of the two materials were found to be
different in Takebe’s studies (6) and be-
cause the CRF activity in plasma is not al-
tered by factors ordinarily expected to affect
pituitary-adrenal function, such as stress. Fi-
nally, it can be calculated that the plasma
compartment contains many more times the
CREF activity than that of the hypothalamus.
In the present studies as little as 100 ul of
rat plasma had approximately the same
ACTH releasing activity as the equivalent
extract of 0.5 rat hypothalamus. The above
data would suggest a nonhypothalamic
source of plasma CRF.

It is also possible that plasma CRF is a
purely artifactual phenomenon. Both the
dispersed pituitary cell technique of Sayers
and the monolayer culture technique em-
ploy cells that are exposed directly to the
stimulatory agent. Under these circum-
stances the cells do not have the protection
normally afforded by the selective barrier of

TABLE II. THE EFFecT oF RAT PLASMA
FRACTIONATED BY ULTRAFILTRATION ON in Vitro
Prrurtary ACTH RELEASE.

Net ACTH released®
(ng/10° cells/30 min)

Frac- Volume Experiment Experi-
tion added (ul) 1 ment 2
Dialysate 100 1.1 1.2
10 0 1.0
1 0 0
Retentate 100 13.2 9.7
10 5.7 3.2
1 1.0 1.2
@ Results of two experiments.
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Fic. 3. Effect of G-75 Sephadex-fractionated rat
plasma on dispersed pituitary cells.
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the capillary wall and associated structures
between plasma and the secretory cell and
the plasma. Thus, plasma may exert a non-
physiological effect directly on the cells.
This explanation would account for the ap-
parent discrepancy between the relative po-
tencies of hypothalamic CRF and plasma
CRF. Furthermore, the explanation might
account for the apparently previously
inexplicable phenomenon of Egdahl (3) in
which dogs with isolated pituitaries follow-
ing complete brain removal were found to
elaborate massive amounts of ACTH. It is
possible that the brainectomized dog has
increased pituitary capillary permeability
and plasma factors not ordinarily reaching
the pituitary cells, such as plasma, may
come into direct contact with cells and cause
ACTH release. The biochemical nature of
plasma CRF and its physiological and/or
pathophysiological role awaits further
study.

Summary. The ACTH-releasing activity
of hypothalamic extract and rat plasma was
examined with the dispersed rat pituitary
cell technique of Swallow and Sayers (8).
Although both plasma and serum caused
ACTH release which was dose-related,
stress did not enhance the ACTH releasing
activity. Furthermore, separation studies of
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plasma using ultrafiltration and gel separa-
tion suggest that the CRF activity in plasma
is associated with molecules of a molecular
weight greater than 15,000.

The hypothalamic extract used in this study was
kindly provided by the National Institute of Arthritis,
Metabolism and Digestive Diseases (NJAMDD) Rat
Pituitary Hormone Distribution Program.
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