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The cytochemical bioassay for corticotrophin (ACTH) was used in an attempt to detect 
ACTH-like activity in the Pacific hagfish, Eptatretus stouti. Extracts of the pituitary gland 
and brain were active in this assay system but those of liver and skeletal muscles were not. 
The slopes of the dose-response lines of the pituitary extracts were less than those of the 
mammalian corticotrophin standard preparation but greater than those of the brain extracts. 
The results suggest that the corticotrophic factor in the hagfish differs from mammalian 
ACTH. o 1985 Academic press, ~nc. 

Various adrenocortical steroids, in- 
cluding corticosterone and cortisol, h.ave 
been detected in blood serum from the At- 
lantic hagfish, Myxine glutinosa and the Pa- 
cific hagfish, Eptatretus stouti (Chester- 
Jones and Phillips, 1960; Phillips et al., 
1962; Weisbart et al., 1980). Their concen- 
trations are low in comparison with other 
vertebrates and their tissue source is un- 
certain (Weisbart and Idler, 1970; Weisbart 
et aE., 1980). Nevertheless corticosteroid 
secretion may be under the influence of the 
pituitary gland, as it is in more advanced 
species, for the serum concentration of cor- 
ticosterone is raised by repeated injections 
of mammalian corticotrophin (ACTH) 
(Idler et al., 1971; Weisbart et al., 1980). 
However, attempts to demonstrate ACTH 
in the brain and pituitary gland of this spe- 
cies by immunocytochemical methods have 
not been successful, possibly becauseit dif- 
fers structurally from its mammalian ,coun- 
terpart and is hence not recognized by an- 
tisera raised against porcine ACTH (No- 
zaki and Gorbman, 1983). Accordingly, we 
have used a sensitive biological assay 
method in an attempt to detect ACTH-like 

activity in extracts of various tissues from 
E. stouti. 

MATERIALS AND METHODS 

Animals. Pacific hagfish, E. stouti, were trapped at 
Barnfield, Vancouver Island, Canada, in January 1982 
and again in February and May 1983. Sexually differ- 
entiated adults of both sexes with body weights 
ranging from 100 to 150 g and from 30 to 45 cm in 
length were used mostly on the day of capture (228 
hagfish). Another f i f ty hagfish were transported to Se- 
attle where they were kept unfed in covered plastic 
tanks in aerated seawater at 8-10°C for 3 months. The 
hag&h were anesthetized by immersion in 0.4% MS 
222 dissolved in seawater. Pituitary glands were col- 
lected from all 278 animals and brains from 50 of them; 
samples of liver, body wall muscle (m. parietalis), and 
the cephalic portion of the same muscle mass were 
collected from 20 animals in each sample. The samples 
were immediately frozen on dry ice and lyophilized. 

Lyophilized tissue was homogenized in 1 .O ml 0.1 
M HCI and stored at 4°C for 24 hr to achieve maximum 
extraction of ACTH activity (Hodges and Vemikos, 
1960). After centrifugation (1875g for 5 min) the su- 
pematant fluid was decanted, neutralized with 0.1 M 
NaOH and used immediately. 

Cytochemical bioassay of corticotrophin. ACTH 
activity was assessed by the sensitive cytochemical 
method (Alaghband-Zadeh et al., 1974) which depends 
upon the ability of the pituitary hormone to evoke ox- 
idation of ascorbic acid in the zona reticular-is of 
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guinea pig adrenal glands and thus to alter the reducing 
potential of the tissue. Third Corticotrophin Interna- 
tional Working Standard (porcine l-39 ACTH), of 
which 10 pg is equivalent to one International Unit, 
was used as the standard preparation. The mean (n = 
10) index of precision (standard deviation of the slope1 
slope = h) = 0.12 * 0.03. 

Statistics. Indices of precision were calculated and 
tests for parallelism’ were performed as described in 
British Pharmacopoeia (1980). 

RESULTS 

Corticotrophin (1-39 ACTH) altered the 
reducing potential of the zona reticularis in 
sections of guinea pig adrenal tissue and, 
over a range of concentrations from 5 to 500 
nanounits/ml, there was an inverse linear re- 
lationship between the logarithm of the 
concentration of the peptide and the re- 
sponse. Extracts of the pituitary gland and 
brain from E. stouti diluted 1 in IO*- 1 in lo* 
were also active in this respect; but those 
of liver, body wall muscle, and head muscle 
were not. The slopes of the dose-response 
of the pituitary extracts (1.82, X = 0.17 and 
1.94, X = 0.19) were significantly (P < 
0.01) less than those ofthe standard prep- 
aration (2.45, X = 0.12) but greater than 
those of brain extracts (1.39, X = 0.31) 
(Fig. I). Three other batches of pituitary 
extracts, prepared and tested at a different 
time, behaved similarly (data not shown). 

DISCUSSION 

Although the cytochemical bioassay for 
the determination of corticotrophin is well 
established (Alaghband-Zadeh et al., 1974; 
Buckingham and Hodges, 1974, 1977a and 
b; Holdaway et al., 1974; Daly et al., 1979; 
Gillham et al., 1981; Buckingham, 1982), it 
has been exploited only recently in studies 
on ACTH and ACTH-related peptides in 
lower vertebrates (Baker and Buckingham, 
1983). The method has many advantages, 
for it is not only accurate and highly pre- 
cise, but also considerably more sensitive 
than other biological or radioimmunological 
techniques. Furthermore, in this bioassay 
system, as in others based on adrenal as- 
corbic acid depletion (Storring et aE., 1984), 
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FIG. 1. Changes in reducing potential (expressed as 
extinction x 100) in the zona reticularis of sections of 
guinea pig tissue in response to the,addition to the 
incubation medium of corticotrophin (porcine 1-39 
ACTH, l ), pituitary extracts (0) and brain extracts 
(A). Each point is the mean of 10 determinations and 
is shown with its standard error. 

the activities of various ACTH-related mol- 
ecules can be distinguished on the basis of 
their dose-response lines .(Baker and 
Buckingham, 1983). Such distinction can- 
not be achieved with assays based on ste- 
roidogenesis where, surprisingly, the dose- 
response lines of ACTH-related molecules 
are always parallel with the standard prep- 
aration (Sayers et al., 1975; Rance and 
Baker, 1981). 

The present data demonstrate for the f&t 
time the presence of corticotrophic%e ac- 
tivity in the pituitary gland and brain of the 
Pacific hagfish. The activity appears to be 
specific to those tissues and was not found 
in the several other regions of the body 
tested. The marked difference in the skopes 
of the dose-response tines of the pituitary 
and brain extracts and those of the standard 
preparation may reflect the presence of a 
combination of ACTH and ‘related peptides 
of the melanocyte-stimulating hormone 
(MSH) type (Buckingham and’ 
1983). Alternatively, the active subs&&e i;n 
the hypophysis may be structurally distmct 
from mammalian l-39 ACTH-while the a&- 
tivity in the brain extracts may be attrib- 
utable to a substance distinct from that in 
the pituitary gland. This ‘would explain the 
apparent absence of immunoreactive 
ACTH and ACTH-related peptides in the 
adenohjpophysis of this species, (I$zaki 
and Gorbman, 1983), for altisera raised 
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against porcine ACTH would be unlikely to 
recognize that of the fish. 

The deviation from parallelism of the 
dose-response lines of the extracts and 
porcine ACTH prevents accurate quantifi- 
cation of the tissue content of the hormone. 
Nevertheless, the corticotrophic activity of 
the hagfish hypophysial extracts appears to 
be considerably less than that of mammals 
where higher dilutions of extracts of single 
glands (1 in 106-1 in lo*) are necessary 
to produce graded, submaximal responses 
in this assay system (Buckingham and 
Hodges, 1977a). This difference does not 
necessarily indicate that the pituitary gland 
is unimportant in the regulation of adreno- 
cortical function in the Pacific hagfish. Con- 
siderable amounts of ACTH-like activity 
may have been lost in the extraction pro- 
cess; and in any event, the tissue content 
of hormone does not always reflect its se- 
cretory capacity (Hodges and Jones, 1964; 
Buckingham and Hodges, 1974). Further- 
more, the ACTH-receptors in the guinea 
pig adrenal cortex may be unresponsive to 
hagfish corticotrophin. However, those on 
the adrenocortical cells of the Pacific hag- 
fish, unlike those in guinea pig, may be rel- 
atively insensitive to porcine l-39 ACTH 
(Idler et al., 1971; Weisbart et al., 1980) but 
highly sensitive to their native hormone. 
Clearly further studies are required to test 
these possibilities and hence to determine 
the role, if any, of the pituitary gland in the 
regulation of adrenocortical function in E. 
stouti. 
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