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ABSTRACT The role of corticotropin-releasing factor
(CRF) in four model stresses (cold, ether, immobilization, and
trauma) was examined in the guinea pig by using passive im-
munoneutralization with anti-CRF antiserum. Plasma cortico-
tropin levels were measured at various times after exposure to
stress, and groups treated with CRF antiserum were com-
pared with those treated with normal rabbit serum. Of the
four stresses tested, ether had the most pronounced effect on
corticotropin secretion. Treatment with anti-CRF inhibited
most of the ether-induced corticotropin secretory response, the
difference between the normal serum- and the anti-CRF anti-
serum-treated groups being significant at 5 and 10 min (P <
0.01). Corticotropin responses to cold stress in the two groups
differed at the 0.05 level of significance at 10 and 20 min. After
administration of trauma (leg fracture), a statistically signifi-
cant difference (P < 0.01) between the two groups also was
evident, albeit only at 20 min. During immobilization, cortico-
tropin levels differed significantly from control only in the
normal serum-treated group but not in the anti-CRF-treated
group. These findings show that CRF antiserum was effective
in reducing corticotropin levels, indicating that CRF has an
important role in mediating corticotropin response to stress.
The fact that neutralization was incomplete might be due to an
inability of the antiserum to sufficiently neutralize the endoge-
nous CRF or, more likely, reflects the contribution of addi-
tional mediators, notably catecholamines and vasopressin, of
corticotropin release upon stress.

Corticotropin-releasing factor (CRF) has long been postulat-
ed to have a physiological role in modulating corticotropin
(adrenocorticotropic hormone, ACTH) and l3-endorphin se-
cretion (1-3). Recent elegant studies in the rat (4) strongly
imply that CRF and/or an endogenous peptide immunologi-
cally related to CRF has a physiologic role in the mainte-
nance of elevated levels of circulating corticotropin in adre-
nalectomized rats and in the activation of the pituitary-adre-
nal axis due to ether stress. However, diverse stresses differ
considerably in their pathophysiology, sequelae, and under-
lying neural control of corticotropin secretion (5-20). There-
fore, these studies were undertaken utilizing a similar in vivo
paradigm in the guinea pig to ascertain whether CRF per-
forms an analogous role in other forms of stress. The results
of the passive immunoneutralization approach (4, 21), which
in this instance entails intravenous administration of a potent
antibody against ovine CRF (oCRF) to the guinea pig before
exposure to cold (6, 15, 19), trauma (8, 9), immobilization
(14, 15, 17), or ether stress (5, 10, 11, 18), suggest that an
endogenous CRF-like peptide does play a physiological role
in the regulation of corticotropin in these model stresses.

METHODS
A polyclonal antibody (hereafter referred to as anti-CRF)
from rabbit 471 was used for the in vivo neutralization stud-
ies. It was prepared by the same methods used previously to
raise antiserum for a highly sensitive radioimmunoassay for
CRF (22, 23). As confirmed by logit-log transformations of
the data and statistical comparisons of the resultant regres-
sion lines, this antiserum to oCRF displayed parallelism to
extracts of guinea pig hypothalamus and extra-hypothalamic
brain tissue (unpublished data). It was found that, after an
overnight incubation period, anti-CRF at dilutions of 1:3000
and 1:300 bound >81% and >90%, respectively, of [[1311]io-
dotyrosine]oCRF. The Ka was 1.24 x 10-12 M. In the high
concentrations used for neutralization, the antiserum re-
mained specific for oCRF and human/rat CRF (hrCRF) and
displayed no crossreactivity to the various neuropeptides
and anterior pituitary hormones tested, aside from the struc-
turally related sauvagine with which the crossreactivity was
<0.5%.

Synthetic CRF reference was dissolved in isotonic saline
solution containing ascorbic acid and bovine serum albumin,
as described by Orth et al. (24). Hartley male guinea pigs
(Charles River Breeding Laboratories) weighing 350-450 g
were maintained at a constant ambient temperature of 22 ±
1°C on an 11-hr light/13-hr dark cycle and given food and
water ad lib. All guinea pigs in this study had been implanted
with chronic indwelling intra-arterial catheters. For implan-
tation, animals were anesthetized with sodium pentobarbital
(25 mg/kg). A Silastic cannula (medical-grade tubing, 0.051
cm i.d., 0.094 cm o.d.; Dow Corning, Midland, MI) was
placed through the right atrium, and the catheter then was
threaded through a subcutaneous tunnel to the retroauricular
region. When not in use for serial blood sampling, the cannu-
la was filled with a heparin/saline solution. After surgery,
rats were returned to individual Plexiglas one-way observa-
tion cages in a quiet environment for 2 days of recovery and
handling.

All experiments were carried out in the morning, 48 hr af-
ter the implantation operations. Half an hour before the
oCRF or the stress to be studied was administered, 0.5 ml of
anti-CRF or normal rabbit serum (NRS) was injected
through the catheter. Blood samples (0.2 ml) were taken in
heparinized syringes at various times (see Results). To mini-
mize decrements in blood volume over the short-term ex-
perimental period, isotonic saline solution (0.2 ml) was in-
jected after each blood sampling. Animals were subjected to
one of four stresses: ether, cold, unilateral leg fracture, or
immobilization. Ether stress was caused by placing the ani-
mals for 1 min in ajar containing an ether-dampened paper at
its bottom. Animals were exposed to cold stress by placing

Abbreviations: CRF, corticotropin-releasing factor; oCRF, ovine
CRF; NRS, normal rabbit serum.
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them in a plastic tank (18 x 30 x 15 cm) partially filled with
water at 40C for 3 min. For traumatic stress, the right hind
tibia and fibula of each animal was broken manually and in-
stantaneously. Animals were immobilized in a prone posi-
tion with adhesive tape fastening the neck, trunk, and ex-
tremities onto a metal board.

Corticotropin Assay. Plasma corticotropin was determined
by RIA with an antiserum (purchased from IgG Corporation,
Nashville, TN) directed against the steroidogenic amino-ter-
minal (residues 1-18) sequence of the corticotropin molecule
(25). The reference preparation was synthetic human corti-
cotropin[1-39] (Peninsula Laboratories, San Carlos, CA),
and the tracer was 1311-labeled human corticotropin. Ali-
quots (20 41.) of unextracted plasma were utilized for the
RIA. To correct for any nonspecific effects on the assay of
guinea pig plasma, aliquots of unextracted plasma, stripped
of corticotropin with dextran-coated charcoal, were added to
the standards used in the construction of the standard curve.
Bound and free fractions were separated with talc. When the
RIA was performed in this fashion, the sensitivity was 0.5
pg/tube and the intra- and interassay coefficients of varia-
tion were 7.7% and 11.9%, respectively. The effects of stress
on plasma corticotropin levels were analyzed statistically by
one-way analysis of variance. In addition, analyses compar-
ing those groups treated with anti-CRF with those treated
with NRS were carried out with the Student t test.

RESULTS
Administration of Synthetic oCRF. Increments in plasma

corticotropin in response to the administration of increasing
concentrations ofoCRF are shown in Fig. 1. Ten guinea pigs
were used for each dose of oCRF. Mean basal plasma corti-
cotropin levels in the guinea pigs were 58.8 ± 9.5 pg/ml
(mean ± standard error). Administration of oCRF in doses
-0.1 jig induced a significant increase in plasma corticotro-
pin by 5 min after injection, the earliest time point examined.
An apparent dose relationship for plasma corticotropin re-
sponse was obtained between 0.1 ,ug and 2 ,ug of oCRF. As
there was no significant difference between the corticotropin
responses following the 2- and 10-,ug injections of CRF, the
2-pg dose was chosen for a subsequent pilot neutralization
experiment (Fig. 2). After administration of this dose ofCRF
combined with NRS, plasma corticotropin levels increased
dramatically. However, this increase was significantly inhib-
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FIG. 1. Acute increments in plasma corticotropin in response to
the administration (arrow) of 0.1 (o), 0.5 (m), 2 (o), or 10 ug (A) of
oCRF. Ten guinea pigs were used for each dose of oCRF. Inset:
Expanded vertical scale to show more clearly the plasma corticotro-
pin response to 0.1 ,ug (o) and 0.5 ,ug (m) of CRF.
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FIG. 2. Increments in plasma corticotropin in response to admin-
istration (arrow) of 2 ,ug of oCRF with NRS (o) or with anti-CRF
(0). Eight guinea pigs were used for each treatment. In this and sub-
sequent figures, significance of differences from control are indicat-
ed by symbols above the points; symbols in parentheses indicate
significance of differences between corticotropin concentrations in
NRS- and anti-CRF-treated animals at the various times. *, P <
0.05; **, P < 0.01.

ited throughout the sampling period (P < 0.025 at 5 and 10
min; P < 0.01 at 20 min) when CRF administration was ac-
companied by treatment with anti-CRF. Mean plasma corti-
cotropin concentrations after administration of either NRS
(68.9 ± 14.9 pg/ml) or antiserum alone (70.2 ± 9.1 pg/ml)
did not differ significantly from control levels.
Ether Stress. Plasma corticotropin concentrations in guin-

ea pigs after a 1-min exposure to ether vapor are illustrated
in Fig. 3. Among the various stresses to which the animals
were subjected, ether had the most marked effect on cortico-
tropin secretion. Peak values of plasma corticotropin were
obtained within 5 min after the ether stress, the earliest point
studied. Thereafter, the corticotropin concentration de-
creased gradually in the NRS-treated group but did not re-
turn to normal by 20 min, the last sampling time. Treatment
with anti-CRF, however, inhibited most of the ether-induced
corticotropin response. The difference between the NRS-
and the anti-CRF-treated groups was significant at 5 and 10
min (P < 0.01).
Cold Stress. The corticotropin response following expo-

sure to cold stress is presented in Fig. 4. The NRS-treated
group manifested an appropriate 4-fold elevation in plasma
corticotropin concentrations at 5 min. In contrast, the effect
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FIG. 3. Plasma corticotropin concentrations after 1-min expo-
sure (hatched bar, top left) to ether vapor immediately after adminis-
tration of NRS (o) or anti-CRF (e). Eight guinea pigs were used for
each treatment. Significances (*, P < 0.05; **, P < 0.01) are defined
in legend to Fig. 2.
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FIG. 4. Plasma corticotropin concentrations before and after 3-
min cold stress (hatched bar, top left) in combination with NRS (o)
or anti-CRF (0). Six guinea pigs were used for each treatment. Sig-
nificances (*, P < 0.05; **, P < 0.01) are defined in legend to Fig. 2.

of this stress in the guinea pigs who had been given anti-CRF
was blunted and more transient. The responses in the two
groups differed at the 0.05 level of significance at 10 and 20
min.
Leg Fracture. The effects of unilateral leg fracture are

shown in Fig. 5. In the NRS-treated group, the plasma corti-
cotropin concentration increased gradually. Treatment with
anti-CRF effectively maintained the corticotropin response
at a consistently lower level throughout; however, a statisti-
cally significant difference between the two groups was evi-
dent only at 20 min after administration of the stress (P <
0.01).

Immobilization. The plasma corticotropin levels during im-
mobilization are depicted in Fig. 6. Increased corticotropin
secretion was statistically evident in the NRS-treated group
(P < 0.01 at 10 and 20 min; P < 0.05 at 30 min). In the group
treated with anti-CRF, none of the corticotropin values dur-
ing immobilization stress differed significantly from control
values.

DISCUSSION
The pituitary-adrenal axis can be activated by a bewildering-
ly wide variety of stressful stimuli, which, probably because
of the significant psychologic component often present, have
proven surprisingly difficult to define in objective terms and
to characterize with precision (26-28). However, whatever
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FIG. 5. Plasma corticotropin concentrations following trauma
(arrow), in the form of unilateral leg fracture, in combination with
NRS (o) or anti-CRF (e). Seven guinea pigs were used for each
treatment. Significances (**, P < 0.01) are defined in legend to Fig.
2.
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FIG. 6. Plasma corticotropin concentrations during immobiliza-
tion in combination with NRS (o) or anti-CRF (X). Six guinea pigs
were used for each treatment. Significances (*, P < 0.05; **, P <
0.01) are defined in legend to Fig. 2.

classification is applied, the various stresses are likely to dif-
fer both qualitatively and quantitatively with respect to the
extent of conjoint mediation by CRF, catecholamines, and
arginine vasopressin as well as of susceptibility to steroid
suppression (14, 16, 19, 20). They also differ in the patterns
of hormonal response, both with respect to those "nonspe-
cific" hormones that characteristically respond to many
stimuli, such as epinephrine, norepinephrine, cortisol,
growth hormone, and prolactin, as well as with respect to
those hormonal functions in which the response is stressor-
dependent (14, 16): for example, thyroid function, which is
suppressed by some stresses but acutely activated by others,
such as cold exposure (6, 15, 19). Indeed, available data sug-
gests that stress evokes a multihormonal-patterned response
that may be stress-specific.
A potential first mediator of the stress response has

emerged from the landmark studies of Vale and his col-
leagues (29, 30), who have established the structure of ovine
and, more recently, rat CRF and have shown that these pep-
tides are highly potent in vitro and in vivo in eliciting secre-
tion of corticotropin and ,3-endorphin (29, 31). The parallel
findings that CRF also stimulates motor activation, oxygen
consumption, and prolonged elevations of plasma concentra-
tions of epinephrine, norepinephrine, and glucose (32); the
observations that CRF decreases grooming and food inges-
tion (33) and inhibits sexual receptivity in the female rat (34);
and other findings of behavioral activation (35) are compati-
ble with the concept that CRF plays a central role in coordi-
nating the pathophysiological sequelae of stressful stimuli.
Indeed, it was precisely to test this hypothesis that Vale and
co-workers examined the effects of ether stress in the rat (4).
The studies of Vale document the essential role of an endog-
enous CRF-like molecule, presumably CRF itself, in causing
corticotropin secretion in this in vivo paradigm.

It has been shown that ether, even after a very short ac-
tion, is a potent acute stressor that elicits a very rapid and
dramatic increment in plasma corticotropin and corticoste-
rone (5, 18). Moreover, although it has been suggested that
ether activates the hypothalamic y-aminobutyric acid sys-
tem, which would then prevent any further response of the
hypothalamic CRF system to stress (36), there is no decrease
in the ability to maintain corticotropin levels during 2 hr of
ether anesthesia.
However, the neural mediation of corticotropin secretion

in response to ether appears to differ from that with other
stresses in a fundamental sense. Thus, severely stressful sys-
temic stimuli, such as Escherichia coli endotoxin (20), a
large dose of formaldehyde, hemorrhage, and laparotomy,
are thought to bypass the hypothalamus and possibly act di-
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rectly on the pituitary or conceivably induce the release of a
postulated "tissue CRF," since it has been found that there
is a considerable store of CRF-like materials outside the
brain (37, 38). In contrast, the adrenal response to most oth-
er stresses, such as severe cold, surgical trauma, and acous-
tic or photic stimuli, is eliminated by total disconnection of
the hypothalamus from the rest of the brain. Although there
is some evidence that other brain centers may be involved in
the steroid inhibition of the corticotropin response to ether,
so that the response to ether is probably modulated by other
neural inputs, the response itself appears to require only an
intact hypothalamus, as documented by Matsuda et al. (39)
and further corroborated by Greer and Rockie (10) and Dunn
and Critchlow (7). Indeed, recent evidence from several dif-
ferent experimental approaches (35, 40, 41) suggests that the
paraventricular nuclei play a major role in mediating at least
the early acute phase of the corticotropin secretion evoked
by ether.

Nevertheless, these findings with ether cannot be reliably
extrapolated to the general pathophysiology of the many va-
rieties of stress without further study, particularly in light of
the unique neural mediation of the response to ether stress
(5, 10, 11, 18). Therefore, the present studies were undertak-
en to ascertain if CRF also had a physiological role in medi-
ating the corticotropin response to other stresses, each of
which has its own distinctive features: Severe cold is a clas-
sical acute and chronic stress stimulus (6, 15, 19). When sub-
jected to chronic cold, animals appear to be sensitized to
superimposed acute stresses, such as ether. Moreover, in
contrast to most other stresses, such as immobilization, cold
activates the hypothalamic-pituitary-thyroid axis and
acutely raises pituitary cyclic GMP levels but does not in-
crease pituitary cyclic AMP (16). The precise manner in
which cold is administered is likely to be significant, in that
mild cold stresses may activate only corticosterone secretion
without affecting levels of other "stress" hormones (16).
Conversely, the response to immobilization, which also may
be mediated by non-neural pathways, has been shown to
markedly increase pituitary cyclic AMP and prolactin but,
interestingly, not cyclic GMP (16). The corticotropin re-
sponse to trauma appears to depend on the ascending neural
pathways, which cross in the midbrain and involve the con-
tralateral pons (10, 11).

In each of the model stresses we have examined, there
was evidence for a physiological role of CRF as shown by
immunoneutralization with anti-CRF of the stress-induced
increment in corticotropin release. The anti-CRF in these
studies did not lower the base-line corticotropin level in any
case, nor did the lower limit of corticotropin levels ever fall
below the base line. The corticotropin responses to ether and
cold were rapid and more short-lived than those observed
with immobilization and trauma. However, anti-CRF admin-
istration produced a decrease of the increment in corticotro-
pin induced by each model stress. Nevertheless, in all four
cases, the inhibition observed was incomplete, with clear-
cut residual secretion of corticotropin in animals treated with
anti-CRF, a finding similar to that noted by the Riviers and
Vale (4) for ether stress.
At a dilution of 1:300, the antiserum used in our studies

was shown in vitro to precipitate >90% of [[1311]iodotyro-
sine]oCRF. Even allowing liberally for dilution in the guinea
pig blood volume and for the possibility of low interspecies
crossreactivity, the antibody was used at a concentration far
in excess of that theoretically required for complete immu-
noneutralization of all endogenous CRF. Nevertheless, we
cannot fully exclude the possibility that our observations
may merely reflect, in whole or in part, an inability of our
antiserum raised against oCRF to neutralize the endogenous
CRF of the guinea pig sufficiently rapidly or completely to
fully prevent the corticotropin increase. However, our find-

ings more likely reflect the contribution of additional media-
tors, notably catecholamines and vasopressin, of corticotro-
pin release in response to these stresses, as has been shown
for ether stress by Rivier and Vale (42). Indeed, their studies
with CRF antiserum, a vasopressin antagonist, and the gan-
glionic blocker chlorisondamine suggest that a plurality of
factors in addition to CRF modulate corticotropin secretion,
at least as a response to ether stress (42), and support the
involvement of factors other than CRF in the stress response
in general. Moreover, the varying efficacy of the three inhib-
itors with time relative to application of stress underscores
the complexity of the mechanisms involved in this activa-
tion.
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