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Abstract. The availability of antibodies against the ovine corticotropin releasing factor ( 0 ,  
which cross-react with a CRF-like immunoreactivity (CRF-LI) in the rat, has enabled us to 
develop a radioimmunoassay (RIA) for rat CRF-LI in plasma and crude hypothalamic extracts. 
IZ51-Tyr CRF 1-41 was used as the tracer, and synthetic ovine CRF as the reference hormone. 
The precision profile of the assay indicates a high degree of reproducibility except for the lower 
dose range. The minimum detectable dose was 20 pg/tube. This assay can detect differences in 
plasma CRF-LI levels after various manipulations that simultaneously alter the ACTH levels in 
plasma. A wide range of CRF concentrations has been found in plasma of normal rats. Caution 
should be exercised in the interpretation of the values obtained since an ovine RIA system 
was used. 

Isolation and structural characterization of 
a 4 1 -amino acid peptide with CRF activity in 
vivo and in vitro was recently reported by Vale 
et al. (1,2). The availability of synthetic CRF 
has allowed the production of specific anti- 
bodies and led to the immunocytochemical 
localization of CRF-LI in the central nervous 
system of several species, including man (3- 
5). These findings, and the reports on its bio- 
logical activity in various in vivo and in vitro 
systems (6-9), support the view that this p e p  
tide might be the physiological corticotropin- 
releasing hormone. 

However, a sensitive measurement tech- 
nique, e.g., a radioimmunoassay, is required 
to fkther investigate the possible physiological 
role of this new hypothalamic peptide. To our 
knowledge, only a limited number of reports 
have appeared on CRF-LI in rat hypothalamic 
tissue ( 10, 1 1) and in plasma of pentobarbital- 
anaesthetized rats ( 12). We have previously 
reported the characterization of an anti-ovine 
CRF antibody by immunocytochemistry and 
RIA (13). 

In this paper we describe the development 
of a specific RIA for CRF-LI in rat plasma 
and crude hypothalamic extracts, and its val- 
idation in various experimental conditions in 
vivo. 

Materials and Methods. Antibodies. Im- 
munization procedure and antibody charac- 

terization have already been reported in detail 
elsewhere ( 13). Briefly, synthetic ovine CRF 
1-41 synthesized in our laboratories (7), was 
coupled to bovine serum albumin (BSA) with 
glutaraldehyde and used as an immunogen to 
produce antibodies in rabbits. The specificity 
of the raised antibodies was determined by 
agar-gel diffusion, absorption and double 
staining tests in the immunocytochemical sys- 
tem, and by cross-reactivity tests with other 
hypothalamic and pituitary hormones in the 
immunoassays. 

Zodination. Since the native peptide lacks 
a tyrosine residue, synthetic Tyro-CRF 1-4 1 
(Peninsula, San Carlos, California) was used 
for labeling purposes. The iodination was car- 
ried out by the chloramine-T method. Twenty 
microliters of 0.25 M phosphate buffer, pH 
7.4, and 500 pCi of 1251-Na (Amersham, Il- 
linois) were added to a polypropylene tube 
containing 4 pg of the peptide in 10 p1 of 0.0 1 
N HCl, followed by 60 pg chloramine-T in 10 
pl of phosphate buffer. Forty seconds later a 
10% solution of mercaptoethylamine (in the 
same phosphate buffer) was added to stop the 
reaction, and the mixture was diluted with 1 
ml of human serum albumin (HSA, 5% in 
distilled water). A Sephadex G-50 column ( 1.5 
X 30 cm, Pharmacia, Piscataway, N.J.) was 
used to separate labeled hormone from free 
iodine, using 2 N acetic acid containing 0.1% 

355 
0037-9727/83 $1 S O  
Copyright Q 1983 by the Society for Experimental Biology and Medicine. 
All rights reserved. 



356 CRF-LIKE IMMUNOREACTIVITY IN RAT PLASMA 

BSA as eluent buffer. Two distinct peaks were 
obtained, the first corresponding to the labeled 
hormone as determined by its immunoreac- 
tivity . 

Radioimmunoassay procedure. The assay 
buffer was 0.5% BSA in 0.05 M phosphate- 
0.0 1 M NaCl, pH 7.6. The incubation mixture 
in the RIA tubes consisted of 0.1-0.2 ml 
buffer, 0.1 ml standard (range: 20-2560 pg/ 
tube) or sample, and 0.1 ml of anti-CRF serum 
(SV 23 at a final dilution of 1:30,O00). In order 
to correct for nonspecific effects, 0.1 ml of rat 
plasma or hypothalamic extract, treated with 
dextran-coated charcoal, was added to the 
standard curve tubes. Three hours later, 0.1 
ml of tracer was added to all tubes (8000 cpm), 
and after an overnight incubation at 4"C, the 
bound and free fraction were separated by 
dextran-charcoal as previously described ( 13). 

Sample processing. Rat blood was collected 
from the trunk in a tube containing EDTA 
( 1  mg/ml) after decapitation and centrifuged 
at 4°C. The plasma was divided among three 
to four tubes and samples were kept at -56°C. 
The hypothalamic tissue was dissected and 
immediately placed on dry ice, and either ex- 
tracted with 2 N acetic acid and lyophilized 
or kept at -20°C until extracted. These sam- 
ples were dissolved in the assay buffer and 
tested for CRF in order of increasing dilutions. 

Animals. Sprague-Dawley rats weighing 
300-400 g were used. Animals were allowed 
to adapt for 3-7 days after arrival. They were 
placed in a constant-temperature (24 k 2"C), 
light-controlled room ( 12 hr light- 12 hr dark 
schedule) and allowed rat standard diet and 
tap water ad libitum. 

Chlorpromazine - morphine - nembutal 
(CPZ-M-N) anaesthetized rats. Male rats 
were prepared as described by Arimura et al. 
(14). One hour after Nembutal administration 
they were decapitated and blood was collected 
from the trunk for CRF and ACTH deter- 
mination. 

Lesioned animals. Male rats were anaes- 
thetized with pentobarbital (40 mg/kg body 
weight, ip). An anterolateral (AL) cut around 
the medial basal hypothalamus (MBH) or a 
sham operation was performed in a stereotaxic 
frame with a knife of both 1.8 mm height and 
radius ( 15). The cut, with a forward convexity, 
was placed just behind the optic chiasm and 
extended backward for 2.8 mm on both sides, 

1.8 mm lateral to the midline. Posterolateral 
and posterior connections of the MBH, as well 
as neuronal and vascular connections between 
the MBH and the pituitary, were not dis- 
turbed. Sham operations were performed by 
lowering the knife into the brain at the a p  
propriate starting coordinates, and then re- 
moving it without making any lesion. The 
lesioned animals developed diabetes insipidus 
but did not gain weight. 

Fifteen days later, rats were stressed with 
ether according to Cook et al. (16) and killed 
5 min after the initiation of the stress. One 
group of the lesioned animals was killed di- 
rectly without ether stress to serve as controls. 
Blood was collected from the trunk and pro- 
cessed as described above. The pituitaries and 
the adrenal glands were quickly removed and 
weighed. The brains were kept in a 4% form- 
aldehyde solution. Later, they were embedded 
in paraffin, sectioned serially, and stained with 
methylene blue for histological evaluation. 

ACTH radioimmunoassay. Anti-pig ACTH 
and human ACTH (1-39), used both as a 
standard and for dination, were provided 
by the National Pituitary Agency. ACTH io- 
dination was carried out as described by Kao 
et al. (17) using a CM-25 ion exchanger col- 
umn to further purify the labeled hormone. 
The assay was done in a similar fashion to 
that reported previously (7): a 0.01 M phos- 
phate-0.14 M NaC1-0.025 M EDTA buffer, 
containing 0.35% HSA, 4% Trasylol, and 0.4% 
mercaptoethanol, was used as assay diluent. 
To the RIA tube were added the standards or 
the samples diluted with the assay buffer, and 
the anti-pig ACTH (1: 12500 final). Appro- 
priate aliquots of rat plasma stripped of ACTH 
with dextran-coated charcoal were included 
in the standard curve tubes. Two hours later, 
0.1 ml of labeled hormone ( 10,000 cpm) was 
added. After an 18-hr incubation period at 
4"C, dextran-charcoal was used to separate 
the free from the bound fraction. 

The intraassay coefficient of variation (CV) 
was 5.7 and 4.7% for a dose of 500 and 125 
pg/tube, respectively, and the interassay CV 
was 5.2 and 2.6% for the same respective doses. 
The sensitivity of the assay was 5 pg/tube. 

Statistics. The data were compared using a 
Student's t test for the CPZ-M-N experiment 
and a Duncan's test for the lesions experi- 
ments. The values are given as mean f SE. 
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Levels below the sensitivity of the assay were 
considered as 200 pg/ml for statistical pur- 
poses. 

Results. Iodination. The mean incorpora- 
tion of iodine into the Tyro-CRF molecule 
was 5096, although with freshly prepared so- 
lutions of peptide, the incorporation obtained 
was more than 85%. The calculated mean spe- 
cific activity was 75 pCi/pg of peptide, but 
when fresh solutions were used this could be 
increased up to 1 10 pCi/pg. On the basis of 
these results we recommend the use of peptide 
solutions prepared just before iodination takes 
place. 

Assay per$ormance. Figure 1 shows three 
standard curves obtained: (I) using assay buffer 
as diluent, (11) assay buffer + 100 p1 charcoal- 
treated rat plasma, or (111) assay buffer + 100 
pl charcoal-treated rat hypothalamic extract. 
A 3-5% increase in the “nonspecific binding” 
(NSB) (B/T values) was found when using 
charcoal-treated plasma or hypothalamic ex- 
tracts. This increase in NSB values was also 
seen in the samples (not treated with charcoal), 
suggesting the existence of a nonspecific in- 
terference in the high-molecular weight com- 
ponents of the sample (18). 

A 10- 15% total binding value was deter- 
mined to give the greatest sensitivity within 
the assay conditions used. A minimum de- 
tectable dose of 20 pg/tube was found using 
a paired t test ( P  < 0.001), although a theo- 

retical sensitivity of 15 &tube is possible using 
the lower limit of the 95% confidence limits 
of the buffer-control tubes. 

Increasing dilutions of hypothalamic ex- 
tracts showed linearly decreased CRF-LI con- 
tent, as can be seen in Fig. 2. A 95% recovery 
was achieved for the extraction procedure 
when synthetic CRF was added to the tissue 
prior to extraction. We observed a 200% de- 
crease in the CRF-LI hypothalamic content 
when the hypothalami were stored for more 
than 3 weeks at -20°C before extractions. 

When synthetic ovine CRF was added to 
a pool of rat plasma and diluted in increasing 
order, it gave a B/& vs dose relationship par- 
allel to the standard curves (see Fig. 1). The 
recovery of standard CRF, added to rat plasma 
and incubated at room temperature for 30 
min, was 70%. The mean plasma CRF-LI 
found in normal rats (N = 90, both sexes) was 
270 f 35 pg/ml (mean k SE), with a range 
of <200-1300 pg/ml. Although we have not 
ruled out a possible nonspecific interference 
of the organic-extractable plasma phase in the 
RIA system, an extraction procedure in C-18 
Sep-Pak cartridges (Waters Assoc., Mass.), us- 
ing trifluoroacetic acid 0.1%: acetonitrile 20:80 
(vol/vol) as organic eluent, did not lower 
the values of CRF-LI in plasma as measured 
by RIA. 

A precision profile (19) based on the intra- 
and interassay CV for five different doses of 

OJ 1 I I 8 1 I I I I 

10 20 40 80 160 320 640 1280 2560 PQ O-CRFmbe 

FIG. 1.  Standard curves of ovine CRF using assay buffer (I), assay + charcoal-treated rat plasma (11), or 
assay buffer + charcoal-treated rat hypothalamic extract (111) as eluent. Dashed line: synthetic ovine CRF 
added to a rat plasma pool and diluted in increasing order showed parallelism to the standard curves. 
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FIG. 2. Relationship between tissue equivalents and 
CRF-LI dose of a pooled rat hypothalamic extract as de- 
termined by RIA. 

hormone is given in Fig. 3. Both patterns 
showed good agreement. On the other hand, 
as expected, when using nonpurified antibody 
preparations, Scatchard analysis of the anti- 
gen-antibody interaction showed more than 
one saturable binding site, confirming the ex- 
istence of more than one population of an- 
tibodies with different affinities for the ligand. 

c.v* I 

Plasma CRF-LI in CPZ-M-N-treated rats. 
Figure 4 illustrates the CRF-LI and ACTH 
plasma levels in CPZ-M-N-treated rats and 
their respective controls. A parallel decrease 
of ACTH and CRF-LI in the injected rats can 
be seen as compared to the untreated group. 

Response to ether stress in hypothalamic- 
lesioned rats. Figure 5 shows that the stress- 
induced elevation of ACTH and CRF-LI 
plasma was blocked in the lesioned animals. 
CRF-LI levels similar to those in the non- 
stressed group were obtained. Only animals 
with correctly placed lesions, as checked by 
histology and immunohistology of brain sec- 
tions, were used. 

A slight, but not significant, decrease in the 
weight of the adrenal glands was observed in 
the lesioned animals as compared to the con- 
trols: 22.1 f 1.1 mg for control vs 18.5 f 0.4 
mg for treated (mean f SE), while the pitui- 
taries remained unchanged: 1 1.6 k 0.2 vs 10.1 
k 0.1 mg, respectively. 

Discussion. In our preliminary report ( 13), 
we described the use of a Ty$'-CRF 36-41 
synthetic analog of ovine CRF as labeled hor- 
mone, which gave standard curves parallel to 
those obtained when using the Tyro-CRF 1- 
41 analog. Since it is theoretically more de- 

Intra-Assay C.V. 
emme Inter-Assay C.V. 

160 320 640 P9 CRF 40 80 

FIG. 3. Precision profile of the RIA using the inter- (dashed h e )  and intraassay (continuous line) CV 
for five different doses of hormone. 
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FIG. 4. ACTH and CRF-LI plasma levels in control (N = 4) and CPZ-M-N-treated rats (N = 6). 
*P < 0.05. 

sirable to use a system in which both the la- an RIA for CRF using the Tyro analog as 
beled and the cold hormone react with the tracer and synthetic ovine CRF as reference 
antibody in a similar way, we have developed hormone. The sequence of the ovine CRF is 

20001 = ACTH 
0 CRF-LI 

i 

ANTERO- LATERAL'^ *SHAM-OPERATED" u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i i  

CONTROL STRESSED STRESSED 

FIG. 5. ACTH and CRF-LI plasma levels after ether stress in rats with hypothalamic lesions (N = 7, 
AL) and sham operated (N = 6, sham). Eight lesioned animals served as nonstressed control group. (1)  
n.s. vs control; *P < 0.05 vs control. (2) P < 0.05 vs AL stressed. 
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expected to show more similarity to the native 
rat CRF than to the heptapeptide analog 
(20, 21). 

The standard curves to which aliquots of 
either CRF-stripped plasma or hypothalamic 
extract were added (in order to obtain a similar 
“chemical milieu” to the sample), and the 
curves with assay buffer only, were parallel. 
Similarly, linear dose vs dilution-factor rela- 
tionship, and parallelism with the standard 
curves at various dilutions of CRF added to 
plasma (or hypothalamic extract), were also 
obtained. However, these parameters do not 
completely validate the system. 

The precision profile of the assay indicates 
a high degree of reproducibility as inferred 
from the close parallelism of the inter- and 
intraassay CV patterns. However, the higher 
CV present in the lower dose range shows 
some lack of precision of the method, even 
though the sensitivity of the assay was 20 pg 
or less. On the other hand, we have overcome 
this problem in practice, as shown by the clear 
difference in the values obtained for each 
group of animals studied. We are presently 
conducting further studies to solve this lack 
of precision in the lower range of the assay. 

Another approach to validate the assay was 
to use animals under different conditions, 
which we assumed would show different CRF 
levels. Since the CPZ-M-N assay was first 
developed (14), it has been surmised that the 
decrease in ACTH and corticosterone levels 
is caused by a blockade of CRF release through 
a central action of the drugs employed. How- 
ever, to our knowledge this is the first report 
of a decrease in CRF-LI parallel to a fall in 
plasma ACTH levels. This reinforces a pri- 
mary role for CRF in the hypophyseal-adrenal 
response to pharmacological manipulations. 
Lesion-induced blockade of the CRF response 
to ether stress observed in the ALdderented 
rats suggests a disruption of the neurotrans- 
ductory mechanism, which triggers the in- 
crease in the pituitary-adrenal output. This 
blockade could be due to a depletion of the 
CRF-containing terminals in the median em- 
inence. These findings are in good agreement 
with the results of Makara et al. (2 1) using an 
ACTH bioassay and Merchenthaler et al. (un- 
published observations) using CRF immu- 
nocytochemistry . 

The low levels in hypothalamus found by 

us, 16.5 ng/g wet tissue (approximately 500 
pdhypothalamus), compare well with values 
of 12-1 8 ng/g reported by others (10,23), but 
not with levels found for other hypothalamic 
hormones ( 10). We have observed a wide range 
of concentrations of plasma CRF-LI in normal 
rats, from values below the sensitivity of the 
assay up to 1300 pg/ml. This variation could 
possibly be explained by the existence of a 
pulsatile release of CRF. A circadian pattern 
in the content of hypothalamic CRF-LI has 
been reported (23). 

In a recent report, Gibbs and Vale (12) 
stated that CRF-LI levels in extracted plasma 
of pentobarbital-anaesthetized male rats were 
either G27.5 pM or undetectable by their RIA. 
The concentration of 27.5 pM is in close 
agreement with values obtained by us, con- 
sidering that their levels were admittedly un- 
derestimated by a factor of two (12). 

On the other hand, plasma CRF levels are 
similar to those found for somatostatin (24). 
This hormone also has peripheral sources of 
secretion. Since CRF-LI has been found in 
the pancreas and stomach (I. Merchenthaler, 
unpublished observations), there is the pos- 
sibility of a peripheral component of CRF-LI 
in the blood. 

Rat CRF has not been characterized, and 
it is not yet available for use as a standard 
and for antibody production. Thus, the plasma 
CRF levels reported here should be considered 
as estimates of relative changes in CRF-LI 
concentrations rather than absolute values of 
rat CRF in plasma, since the degree of cross- 
reactivity with the antiovine CRF has not yet 
been determined. 

The levels reported herein for rat ACTH 
are somewhat high. A possible explanation is 
that the RIA system used is heterologous, and 
both the antibody and the reference hormones 
were obtained from species other than the rat. 
Increased ACTH values have also been ob- 
served by others when using heterologous as- 
says. Thus, ACTH levels in normal rats were 
reported to be 500 pg/ml (10) and in ether- 
stressed rats, 2000 pg/ml(l6). Consequently, 
the values given should be taken only as rel- 
ative variations. 
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