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SUMMARY

Following PAGE of trout pituitary extracts three bioactive 

peaks of MSH were detected. These peaks labelled A, B and C 

had Rf values of 0.55-0.65, 0.7-0.85 and 0.9-1 respectively. 
Although the exact nature of peak A remains uncertain, it is 

possible that it represents a form ofyJ-MSH. Peaks B and C, 
both of which showed cross-reaction with antisera raised against 

mammaliancK-MSH, almost certainly represent ^  and desacetyl 

OC-MSH (ACTH 1-13 amide) respectively since these peptides are 
known to exist in the salmonid pituitary and run to similar 

Rf values.

These three bioactive peaks were also extracted from 
flounder pituitaries, while in the lamprey a single bioactive 
molecule with an Rf value 0.6-0.7 was found to be present.

In the trout although desacetyl -MSH was found to be the 
predominant form ofoC-MSH in the pituitary and may therefore 

represent the storage form of this hormone, (X-MSH was the major 

form released during vitro culture. It is therefore likely 
that the plasma titres of immunoreactive OC-MSH (img^-MSH) 

measured in trout and eel representedcX-MSH alone, although 
the presence of desacetyl oC-MSH in such samples cannot be excluded

Direct radioimmunoassay (RIA) of trout plasma samples was 

not possible since the presence of a plasma interfering factor(s) 
(i f ) resulted in apparent loss of added(X-MSH. This IF exerted 
a greater effect in black-adapted trout plasma and some indication 

of a similar factor(s) in flounder plasma was seen; there was 

little evidence for its existence in the eel.



A plasma extraction technique which utilised ODS-porasil 
was developed and plasma titres of imo(-MSH in trout and eels 

kept on black and white backgrounds were determined. In both 
species, black-adaptation was found to be associated with 

elevated levels of im(X-MSH relative to those seen in white- 
adapted individuals.

Pituitary and plasma levels of imdX^-MSH seen in trout 

obtained from two sources showed marked differences, indicating 
that the balance between hormone synthesis and release can 
vary in fish of the same species.



ACKNOWLEDGEMENTS

I should like to thank the SRC for providing the grant 

which supported this work, and express special thanks to Dr. 

Bridget Baker for the guidance and advice she gave throughout 

the course of this study as well as the helpful discussions 

during the compilation of this manuscript.

I am also indebted to Dr. Theresa Ranee whose help with 
all aspects of the RIA was invaluable, as was the gift of 
antiserum CI6-6 from Dr. T. Thody.and Mr. D. Penny ^hich 

enabled the RIA to be established relatively quickly.

Thanks are also due to Mr. J. Knight and Miss J. Rawlings 
for their help in maintaining the fish and to Mr. R. Borzello 
and Mr. P. Allez for use of their typewriter and photocopying 

facilities .

Last but not least, I should like to thank my parents 

for the support they have given me throughout my University 
career and my wife Hilary for the patience she has shown 
during the writing of this manuscript and for typing it so 

quickly and carefully.



1 V

CONTENTS

Summary

Acknowledgements

Contents

Page
i

ill

Iv

INTRODUCTION 1-12

METHODS AND MATERIALS

Sources of fish 13
A. Trout 13

B. Eels 13
C. Flounders 14-
D. Lampreys 14

Peptide sources 14

A. Thin layer chromatography (TLC) of synthetic
mammalian cX-MSH 14

Radioimmunoassay (RIA) ofc^-MSH 15

A. Antisera production 15
i) The multiple-site intradermal technique 15

ii) The major-site intramuscular technique 17
B. Standards 17
C. Buffers 18

i) Radioimmunoassay standards buffer 18

ii) Radioimmunoassay buffer 18

D. Radio-iodination of od-melanocyte-stimulating hormone 18
115i) Separation of I-oC-MSH from the iodination mixture

using QUSO glass 19
IIS

ii) Separation of I-c4-MSH from the iodination mixture

using a G25-80 sephadex column 20



Page
. «2.S

iii) Separation of I-OC-MSH from the iodination mixtui-e

using an octadecasilyl-silica column 22

E. Assay protocol 24
i) Dextran coated charcoal 25

F. Validation of RIA's 25
i) Optimum antisera dilution 25

ii) Specificity 27

iii) Sensitivity 29

iv) Accuracy 31

V) Precision (intra-assay and inter-assay variation) 32

Anolis skin bioassay for melanocyte-stimulating hormones 

(MSH's) 35

A. Validation of Anolis bioassay 35
i) Specificity 35
ii) a Sensitivity and inter-bioassay variation 36
ii) b Intra-bioassay variation 38

Collection of plasma samples 38

A. Trout and flounder 38

B. Eel 39

Extraction of immunoreactive <X-MSH (imdX-MSH) from fish 

plasma 39

A. Development of plasma extraction technique 39

B . Plasma extraction technique finally adopted 45
C. Validation of plasma extraction technique 47
i) Treatment of plasma samples before their extraction 47

ii) Volume of plasma extracted 47

iii) Serial dilution of trout plasma extracts 48



VI

Page
Collection of pituitaries 48

Radioimmunoassay of trout and flounder pituitary extracts 48

A. Antiserum CI6-6 48

B. Antiserum R^FB 51

Polyacrylamide gel disc electrophoresis (PAGE) of

pituitary extracts and culture media 51

Trout pituitary culture 52

Dexamethasone suppression experiment 53

In vitro culture of trout scales with trout pituitary 

tissue, cyclic AMP, or synthetic mammalian C>C-MSH 53

Statistical analysis of results 55

RESULTS

Effect of background adaptation on total pituitary 
immunoreactive OC-MSH and bioactive MSH 56

A. Alderley trout 56
B. Warminster trout 56
C. Flounders 57

Types of MSH in the trout, flounder and lamprey pituitary 

gland 62

A. Trout and flounder 62

i) Trout - levels of the three bioactive MSH-like

substances in the pituitary 62
B. Lamprey - pituitary levels of MSH 63

Trout pituitary culture 66

Plasma immunoreactive cX-MSH titres 68



vil

Page
A. Effect of sampling 'stress’ in trout 68

B. Effect of background colour on plasma titres of 

immunoreactive d6-MSH 69
i) Alderley trout 69

ii) Warminster trout 69

iii) Blue trout 73

iv) Eels 73

v) Flounders 74

C. Effect of infection on plasma titres of immunoreactive 

OC-MSH in trout 74
D. Effect of dexamethasone treatment on plasma titres of 

immunoreactive q(-MSH in trout 75

Effect of in vitro culture with trout pituitary tissue, 
cyclic AMP, or synthetic mammalian q4-MSH on the melanin 
density (i.e. content) of trout scales 77

Comparison of antisera-C16-6 and RgFB 79

DISCUSSION

Radioimmunoassay and plasma extraction 80

Types of MSH present in and/or released by the teleost 

pituitary 82

Plasma immunoreactive q6-MSH titres 88

(X-MSH and teleost melanogenesis 90

APPENDICES

Appendix I - Octadecasilyl (CDS)-spherisorb column for use

in the iodination 93

Appendix 2 - Iodination protocol 94



Vlll

Page
Appendix 3 - A. Preparation of ODS-porasil A used

for plasma extraction 96

B. i) Preparation of ODS-porasil A columns
used for plasma extraction 96

B.ii) Multiple use of silicated ODS-porasil

columns 96

REFERENCES 97-111



INTRODUCTION



Many lower vertebrates are able to change their overall 

skin colour, a process which may afford them some protection 

against predators by allowing them to blend into their background 

(Sumner, 1934, 1935). This ability to change colour is known 

to be dependent on specialized pigment cells which are located 

in the integument of these animals and this discussion will be 

confined to the predominant pigment cell type, the melanophore.

The melanophores themselves contain granules of the black/brown 
pigment melanin, the overall colour of the animal being deter
mined by the distribution of the pigment granules within the 
cytoplasm; the animal appears pale when the pigment granules 
are aggregated around the nucleus, and dark when they are dis
persed throughout the cytoplasm of the cell. This rapid 

migration of pigment granules takes a few minutes or at the 
most several hours and is known as physiological colour change.

The overall colouration of these lower vertebrates can 
also be influenced by an increase or decrease in the number 
and size of melanophores, as well as by thfe amount of melanin 
they contain. This change in the quantity of pigment present 
is known as morphological colour change and although in normal 

colour adaptation it usually accompanies physiological change, 
it is a much more gradual process occurring over a period of 
days or weeks. Both physiological and morphological colour 

change are primitively influenced by the action of melanocyte 

stimulating hormone(s) (MSB's).

Following reports that hypophysectomy in tadpoles resulted 

in pallor due to melanin concentration (Smith, 1916; Allen, 1916), 

and that in such animals melanin dispersion could be accomplished 

with implants of intermediate lobe (Swingle, 1921), it became



apparent that in the Anura the pituitary was involved in the 

regulation of cryptic colour change. As the regulation seemed 

to be accomplished by means of a factor produced in the inter

mediate lobe it was originally called intermedin (Zondek and 
Krohn, 1932), although later the name melanocyte - stimulating 
hormone (MSH) was adopted (berner et al., 1954).

The pars intermedia (PI) of most vertebrates seems to be 

composed of one secretory cell type, the melcxootroph, which is 

responsible for the biosynthesis of MSH. Although at least two 
other cell types are known to be present these are not generally 

considered to be distinct secretory cells (Howe, 1973).

The involvement of the PI and MSH in colour change has 
been most thoroughly studied in the amphibia where the cyto- 
logical activity of the melanotrophs is usually linked to the 
needs of background adaptation, showing increased and decreased 
secretory activity on black and white backgrounds respectively. 
Thus in white-adapted Xenopus laevis biosynthetic activity of 

these cells appears low; they have a poorly developed rough 
endoplasmic reticulum and Golgi apparatus and a large store of 

secretory granules, centering a relatively high MSH content 

(Burgers et al., 1963;.Hopkins, 1970 a; Weatherhead and Whur, 

1972; Perryman, 1974). Transfer to a black background results 
in the melanotrophs developing all the signs of intense secretory 

activity with fewer storage granules and decreased hormone con

tent (Hopkins, 1970 b ; de Volcanes and Weatherhead, 1976).

Similar changes have been noted in various species of Rana 

(Ortman, 1954; Legait, 1962; Ito, 1968).

Although cytological changes alone can be a good indication



of cellular activity, such studies, should if possible be com

bined with measurements of the secretory product(s) in the 

blood. Wilson and Morgan (1979) have in the case of Xenopus 
provided such measurements. Using a radioimmunoassay (RIA) 

with an antiserum raised against mammalian -MSH they were able 
to demonstrate that there was a direct correlation between the 

cytological activity of the melanotrophs and plasma levels of 

an immunoreactive oC-MSH-like substance. After only four to 

seven days on a black background, plasma levels were, as expected 
significantly higher than in Xenopus adapted to a white background 

(W:20pg/ml , B:400pg/ml ). In Xenopus therefore the situation 

appears quite clear cut with the state of disperion of the 
melanophores reflecting the levels of circulating oC-MSH-like 

substance.

It is interesting to note that in Xenopus, the half-life 
of (X-MSH jji vivo is claimed to be as long as 2 hours '(Goos et 
al., 1977), in contrast to the much shorter half-life of up 
to 25 minutes in man (Ashton et al., 1977; Redding et al., 1978) 
and only 7 minutes in the rat (Wilson and Harry, 1980) . It has 

been suggested that such findings may reflect the biological 

importance of oC-MSH in amphibians (Bennett and McMartin, 1979), 
alternatively it is possible that these differences are related 
to the fact that here one is comparing poikilothermic and 

homoiothermic animals.

The evidence accumulated so far for the elasmobranch fishes 

seems to indicate that in these animals as in the amphibians, 
adaptation to background colouration is accomplished by varying 

the circulating levels of MSH. Although plasma titres of MSH 
have not been determined in this group, Parker (cited by Pickford



and Atz, 1957) found that the blood of naturally darkened elasmo- 

branchs contained an MSH-like agent.

In teleost fishes the situation is more complex than in 

either the amphibians or elasmobranchs because the melanophores 

are innervated by the sympathetic nervous system. Thus in 

teleosts there is the facility for a more rapid colour change 

and for more complex patterning (Parker, 1948; Waring, 1963; 

Fujii, 1969; Abboth, 1973; Burton, 1981). In the minnow Phoxinus 
(Healey, 1940, 1948) and the molly, Poecilia (Baker and Ball, 

1975) hypophysectomy does not prevent rapid colour change which 
is largely under nervous control, although full adaptation to 
a black background is impaired in the absence of the pituitary 
presumably due to the lack of MSH. However, denervated melano
phores in both these species, and in the catfish, Ictalurus 
(Khokhar, 1971), are only capable of colour change responses 
if the pituitary is present indicating the involvement of 

pituitary hormones as well as nervous control. In certain other 

teleosts such as the cichlid Sarotherodon (van Eys and Peters, 
1981), or the flounder Pseudopleuronectes (Burton, 1981), 

neural control is even more dominant, since denervated melano
phores are unable to show background adaptation in the presence 

of the pituitary.

Teleosts also pose the further problem that their PI is 

composed of two secretory cell types which can be identified 
by their differential staining (Stahl, 1958) and either of which 

may show cytological responses to background change. The pre

dominant cell stains black with lead haematoxylin and various 

physiological and immunocytochemical studies indicate that it 

is the source of MSH (see review by Baker, 1979). The second



cell type, whose chemical secretion is unknown, stains with 

Schiffs periodic acid stain for carbohydrates and is therefore 

known as the PAS+ve cell. The PAS cells unlike the MSH cells 

do not show any cross-reaction with antisera raised against 

Cĵ -MSH or ACTH (Follenius et al., 1978). However, in Sarotherodon 

this cell type does cross-react with antisera raised against 

various mammalian prolactins, even after their pre-incubation 

with teleost prolactin (Rawdon, 1979). This result suggests 
either a structural similarity between parts of the mammalian 

prolactin molecule and the PAS cell product, or that a second 
antibody is present in the antiserum, raised against a persistent 
contaminant of mammalian prolactins, which has antigenic 
similarities to the PAS cell product. This result is of increased 

interest when one considers that mammalian prolactin preparations 
cause both melanogenesis (Kosto et al., 1959) and melanin dis
persion (Olivereau, 1966; Ball and Hawkins, 1976) in certain 
teleosts.

The responses exhibited by teleosts following the injection 

of either pituitary extracts or pure X-MSH may also be different 

from the classical reaction shown by elasmobranchs and amphibians 
(i.e. melanin dispersion). Indeed it is possible on the basis 
of their responses to pituitary extracts to divide teleosts 
into two main groups. Group A is mainly composed of more primi
tive families such as the eel Anguilla (Waring, 1963) and the 

catfish Ictalurus (Healey, 1940, 1948) which like elasmobranchs 

and amphibians respond to pituitary extracts or o6-MSH by melanin 

dispersion. Group B, of which there tend to be a higher incidence 

in the more advanced families, e.g. trout (Salmo), minnows 

(Phoxinus), mollies (Poecilia) and flounders (Pseudopleuronectes) 

show little or no melanin dispersion in response toO^-MSH, and



respond to teleost pituitary extracts by melanin concentration 

(Baker, 1981; Burton, 1981). The more variable responses 

shown by group B teleosts would appear to be due both to the 
fact that their melanophores are strongly innervated, and thus 
nervous control can override the effects of circulating hormones 

(Pickford and Atz, 1957), and their apparent sensitivity to 

melanin-concentrating hormone (MCH). MCH, a peptide of hypo

thalamic origin but apparently stored in the pituitary gland, 

is found in both group A and B teleosts (Ranee and Baker, 1979; 
Westerfield et al., 1980), and as Pickford suggested as early 
as 1957 teleost melanophores appear to differ in their sensitivity 
to it for the same teleost pituitary extract will elicit melanin 
concentration in some teleosts and melanin dispersion in others 
(Pickford and Atz, 1957; Baker, 1981).

Fish can also be classified according to the response of 

their PI cells to background. In some species (Anguilla, Salmo, 
and Phoxinus)the MSH cells respond strongly to changes in back
ground (Pickford and Atz, 1957; Baker and Ball, 1975), while in 

others (Blennius and Poecilia) it is the PAS+ve and not the MSH 

cells which show cytological responses (Baker and Ball, 1970;

Baker, 1981). In yet other species either both (e.g. Sarotherodon) 

or neither (e.g. Pleuronectes and Ictalurus) cell type responds 

to changes in background (van Eys and Peters, 1981; Baker un
published observations). What is clear, however, is that there 

is no correlation between the classification based on melanophore 

reaction to pituitary extracts and that based on the pituitary 
responses to background.

Although plasma MSH titres have not been determined in any 

fish, the observation that the PI MSH cells in some species do



not respond to background changes suggests that the circulating 

levels of MSH in these fish do not vary during colour change.

Hence the role of MSH in cryptic colour change would appear to 

be different in different teleosts. If MSH plays any role in 

physiological colour change in those species where the melano
trophs are unresponsive to background and in which injections 

of C/-MSH have little or no effect (e.g. Pseudopleuronectes,
Burton, 1981) then it roust do so in_ conjunction with some other 
factor(s) such as neural transmitter(s), the secretory product(s) 
of the PAS+ve cells and/or the opposing activity of MCH.

From the introduction so far it can be seen that the actual 
mechanism of physiological colour control can range from the 

simplest situation as seen in the amphibia, to the more complicatec 
and as yet not fully understood mode of control seen in the group 
B teleosts. However, even though teleost melanophores are 
innervated some form of hormonal control would seem to be in
volved in most cases.

The role of MSH in melanin synthesis has been amply 

demonstrated in mammals (see Thody, 1980); its role in lower 

vertebrates is less well documented, although its influence is 
presumed from the fact that hypophysectomy results in pallor 

and loss of melanin in amphibians (Waring, 1963), elasmobranchs 

(Wilson and Dodd, 1973) and teleosts (Healey, 1940, 1948;

Osborn, 1941 a-c; Lee, 1942; Briseno et al., 1955; Pickford and 

Atz, 1957, see review by Baker, 1979). In amphibians prolonged 

injections of y?-MSH stimulate melanin synthesis (Lee and Lee,
1971) but few such studies exist in the teleost. Kosto et al. 
(1959) found that mammalian /6-MSH injected into hypophysectomised 

Fundulus resulted in the appearance of newly formed melanophores



on the normally unpigmented ventral surface but did not induce 

melanogenesis in other sites. However, preparations of mammalian 

prolactin did induce melanogenesis and appeared to have a syner

gistic action with/G-MSH. More recently van Eys and Peters (1981) 
have reported that in intact Sarotherodon implants of <p6-MSH 
resulted in an increase in the number and size of belly melano

phores, as well as the amount of melanin they contained. Clearly 
there is a need for further investigation into the role of MSH 

and other pituitary hormones in teleost melanogenesis.

Chemistry of MSH's

Mammalian MSH's were first purified by Lee and Lerner (1956) 
who showed that two forms 0^and/3, occurred in the pig neurointer
mediate lobe (NI). Both forms have melanotrophic activity although 
X-MSH is seven to ten fold more potent than ̂ -MSH when tested on 
the skin of Rana pipiens (Ceschwind, 1966). This is not the 
case with the skin of Anolis carolinensis where ̂ -seryl MSH is 
almost twice as potent as o^-MSH when tested in the steady state 

bioassay (Tilders et al., 1975). However, Carter and Shuster 
(1978) have reported that using their novel rate of change Anolis 
bioassay oi and ̂ 3 -MSH exhibit equimolar potencies.

Evidence suggests that in mammals both forms of MSH are 

derived from the same precursor molecule, the 30K pro-opiomelano- 

cortin (POMC), by enzymatic cleavage (Nakanashi et al., 1979;

Jenks et al., 1979; Hughes, 1979; Orth et al., 1979; Chretien 
et al., 1980; Eipper and Mains, 1980; Voigt et al., 1980).

Indeed more than one type of high molecular weight precursor 

has been identified in the monkey (Silman et al., 1978), the 
sheep (Silman et al., 1979), the mouse and the rat (Eipper et 

al., 1976; Mains et al., 1977; Eipper and Mains, 1980; Chretien
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et al., 1980). The hormonal sequences occur in the precursor 

molecule in equimolar proportions such that if cleavage is 

complete both c/ and as well as other fragments (see fig. 1),

could be expected to be formed and released in parallel from 

the melanotroph cell (Jackson et al., 1981).

Nakanishi et al., (1979) have recently defined the complete 

amino acid sequence of bovine POMC and have recognised in its 

N-terminal region two further MSH-like sequences. They have 
pointed out that one of these sequences termed Y-MSH (Fig. 1) 

could be cleaved in a similar way to that proposed for c/..and 
^MSH. However, this has not yet been shown to occur although 
peptide fragments containing the V-MSH sequence have been found 
in the pituitaries of mammals (Benjannet et al., 1980; Shibasaki 
et al., 1980), and the elasmobranch Squalus (McLean and Lowry, 
1981).

In lower vertebrates homologues of cX and /3-MSH have been 

described in several species (elasmobranchs, Bennett et al.,

1974; Love and Pickering, 1974; Pezalla et al., 1978a: teleosts. 

Burgers, 1963; Ceschwind, 1966; Linton and Procter, 1974;
Baker and Ball, 197$; Kawauchi and Muramoto, 1979; Kawauchi et 
al., 1980 a; Kawauchi, 1981 : amphibians, Hopkins, 1972; Vaudrey 

et al., 1976; Burgers, 1963 : lizard. Burgers, 1963) and although 

information regarding their biosynthetic pathway is generally 
less complete than for mammals, there is evidence from pulse 
chase, and from gel chromatography combined with immunological 

studies, for the biosynthesis of a similar large precursor 

molecule(s) (Pezalla et al.,1978 b ; Loh and Gainer, 1977; Loh,

1979; Martens et al., 1980).
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The salmonid teleost Oncorhynchus keta (chum salmon) has 

recently been the subject of a series of extensive studies by 
a Japanese group led by Kawauchi such that our knowledge of the 

POMC peptides are almost as detailed in this species as in 

mammals. Kawauchi's group have determined the primary structure 
of several forms of MSH, two/3-MSH's (Kawauchi and Muramoto, 

1979; Kawauchi et al., 1980 a; Kawauchi, 1981), two cortico- 

trophic-like intermediate lobe peptides (CLIP) and also two 
y?-endorphins (Kawauchi et al., 1980 b; Kawauchi et al., 1982). 

From the presence of more than one form of each peptide in the 

pituitary they infer that at least two forms of POMC are formed 

by this species.

One of the salmonid X-MSH's termed cxf-MSH I is identical 
to mammalianf<-MSH both in length and amino acid sequence,
ACTH 1-13, but differs in that it occurs largely in the de- 
acetylated form, although small amounts of the acetylated form 
also occur. A third homologue of X-MSH, ^-MSH II is extended 

to 15 amino acids and differs from ACTH 1-1$ by having lie in

stead of Val at position 13» and His instead of Lys at position 
1$. The two /3-MSH's isolated from Oncorhynchus differ from 

each other in six of their residues, but both are composed of 

17 amino acids in contrast to the 18 of mammals and the elasmo

branch Scyliorhinus (Love and Pickering, 1974)» and the l6 of 

the elasmobranch Squalus (Bennett et al., 1974).

The MSH molecules resemble each other in the possession 
of a heptapeptide core sequence Met-Clu-His-Phe-Arg-Trp-Cly, 

which confers melanotrophic activity. Although some varicxnts 
in this sequence have been noted in the /5-MSH's, it is found 

in all mammalian o4-MSH's, that of Squalus (Bennett et al., 1974)»
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and the salmonid of-MSH I which suggests that there has been 

strong selective pressure to maintain it.

The final potency of any MSH-like molecule is influenced 

by the amino acid residues, and the terminal groups surrounding 

this core for these can potentiate, or reduce its bioactivity 

(Medzihradszky and Medzihadszky-Schweiger, 1976; Eberle and 

Schwyzer, 1976; Eberle, 1980). For instance ACTH has only 
about 1-2% of the potency of 06-MSH in both the Rana and Anolis 
skin bioassays (Ceschwind, 1966; Ramachandran and Li, 1967; 
Tilders et al., 197$). This difference between the two molecules 
is due partly to the additional amino acids at the C-terrainal 
of ACTH and also to the acetylated N-terminal of oZ-MSH (not 
found in ACTH) which increases the potency of the ACTH 1-13NH^ 
sequence by seven to ten fold in both the Rana (Ramachandran 
and Li, 1967) and Anolis skin.bioassays (see results section). 
Similarly and lipotrophic hormones (LPH's) are approximately 
a hundred fold less potent than /3-MSH in the Rana bioassay 
(Ceschwind, I966; Chretien and Li, 1967) even though they con
tain the full amino acid sequence of ^-MSH.

In interpreting the bioactivity of pituitary extracts it 
is therefore important to know in what molecular form the MSH's 
are stored and secreted. In most mammals pituitary levels of 

deacetylated (desacetyl) X-MSH are low relative tooC-MSH 
(Burgers, 1961; Baker, 1973; Tilders et al., 197$) and it would 

therefore appear that <X-MSH is acetylated as soon as it is formed 

(Smyth et al., 1979). There are however exceptions to this 
for Porter et al. (l98l) have reported that in the human foetal ’ 

pituitary desacetyl-MSH is the predominant form of^-MSH. 

Similarly in Xenopus <X-MSH is stored in the pituitary in the
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desacetyl form but has shown to be acetylated upon release 

(Martens et al., 1981). Although in Squalus only desacetyl 

cX-MSH is found in the pituitary (Bennett et al., 1974) the 
form in which it is secreted into the blood is not known. The 

situation in teleosts has scarcely been investigated although 

both acetyl and desacetyl cX-MSH appear to be present in salmonids 

(Baker and Ball, 197$; Kawauchi and Muramoto, 1979; Kawauchi, 

1981).

Numerous problems therefore surround the teleost MSH's.
For example several forms of c/-MSH appear to be present in the 

teleost pituitary gland, which forms are stored and/or secreted? 
How does the pituitary content of these hormones vary during 
adaptation to black and white backgrounds? What forms and levels 
of MSH occur in the blood, and how do these vary in those species 
such as the eel, and the trout whose melanotrophs respond to 
changes in background? In those species such as the flounder 
(Pleuronectes) whose melanotrophs show no cytological changes 

in relation to background, do the plasma levels of MSH also 

remain unchanged? The aim of this thesis, which was started 
before any of the work of Kawauchi had been published, was 

directed towards answering some of these questions. It was 

considered that a radioimmunoassay (RIA) for o4-MSH was crucial 
to this study and therefore a large amount of time was spent 

in developing such an assay. The Anolis bioassay was where 

possible used in conjunction with the RIA in an attempt to 
provide a measure of both biological and immunological activity.



METHODS AND MATERIALS
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Some of the techniques described below e.g. plasma ex

traction needed many modifications before they were perfected, 

and in order that the reasons for the modifications adopted may 

be appreciated it has been necessary to include certain results 
in this methods and materials section.

1. SOURCES OF FISH

All fish used in this study were kept in groups of 5-15 in 
either black or white 375 litre tanks at about lo'c,on a long 

photoperiod (l6hrL:8hrD). Unless otherwise stated the fish were 
kept under these conditions for a period of at least 2 weeks 
during which time they were not given food.
A. TROUT

Rainbow trout (Salmo gairdneri) of average weight 200g 
and age 1+ years were usually obtained from a local fish farm 
(Alderley Trout Ltd., Wootton under Edge, Gloucestershire) 

where approximately 5000 fish (l tonne) were reared in 200,000 
gallon outdoor ponds under natural daylight. Trout were also 

obtained from Rainbow Fish Farm, Longbridge Deveraux, Warminster, 
Wiltshire, where approximately the same number of fish were kept 
in 2,100 gallon tanks under a variable regime of artificial 
light.

'Blue Trout' so called because of their overall slate blue 

colouration were obtained from Avon-Springs Hatchery, Gloucester
shire, where they are kept in similar conditions to the fish at 

Alderley. As these fish only rarely occur in a normal population 
of Salmo only 1 such individuals could be obtained. They had an 
average weight of 320g and were 2+ years old.
B. EELS

Eels (Anguilla anguilla) were trapped at Tewkesbury on the 
river Severn. They were probably 5-6 years old as most were
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'silvering’, although some were still yellow. Average weight 

was approximately 280g.

C. FLOUNDERS
Flounders (Pleuronectes flesus) were obtained from two 

sources, Plymouth Marine Biological Association, Citadel Hill, 

Plymouth, and Dr. Balment of Manchester University. The fish 

had an average weight of approximately 210g and were maintained 

in natural seawater.
D. LAMPREYS

Adult lampreys (Lampetra fluviatilis or Petromyzon marinus) 
of average weight approximately 60g, were trapped on the river 
Severn in November and December during their upstream repro
ductive migration.

2. PEPTIDE SOURCES
Synthetic mammalian ©^-melanocyte-stimulating hormone (c/-MSH) 

a gift from Dr. W. Rittel of Ciba-Geigy Ltd., Basle, was originally 
used as a standard. However, thin layer chromatography (T.L.C.) 
(see section A below) showed this preparation to have 2 major 

constituents with Rf values of 0.64-0.66 and 0.71-0.74, only the 
second of which was bioactive in the Anolis bioassay. Synthetic 
mammalianc^-MSH (Sigma Ltd.) was later used routinely since 

T.L.C. showed only one major constituent (Rf 0.71-0.74).
All other peptides used in the bioassay, and for character

ization of the antisera were generously given by Dr. W. Rittel, 

or Ciba-Geigy, Horsham.
A. THIN LAYER CHROMATOGRAPHY (T.L.C.) OF SYNTHETIC MAMMALIAN 

o^-MSH
Thin layer chromatography was used to check the purity of 

synthetic mammalian o^-MSH preparations obtained from different 

sources.



15

The buffer used was n-butanol (75ml), glacial acetic acid 

(15ml), pyridine (50ml), and distilled water (60ml). The 

cellulose T.L.C. plates (20 x 20cm, 0.1mm thickness, Merc 5716) 

which had no fluorescent indicator present, were developed after 
running using fluorescamine (img) in an acetone (9ml), pyridine 

(iml) mixture and examined under ultraviolet light.

3. RADIOIMMUNOASSAY (RIA) OFqC-MSH 

ANTISERA

Two antisera, both raised in rabbits against synthetic 
mammalian c/-MSH were employed, that used for most of the work, 
antiserum 016-6, was a gift from Dr. A. J. Thody and Mr. R. J. 

Penny. The original gift of this antiserum was diluted x 80 in
distilled water and 100^ aliquots freeze dried and stored at
-20**C. A second gift of the same antiserum was diluted x 80 in 
RIA diluent buffer and 100^ aliquots stored frozen at -40C.
Both preparations gave identical standard curves in the RIA.

The other antiserum, RçFB was raised in this laboratory 
using the major site injection technique (see section 3A ii 
below), diluted x 1000 in RIA diluent buffer, and 100^  aliquots 

stored frozen at -40C.

A. PRODUCTION OF ANTISERA TO SYNTHETIC MAMMALIANc^-MSH

Two methods of raising antisera to synthetic mammalian 
oC-MSH were investigated. These were the low-dose, multiple- 

site intradermal method, and the more conventional major-site 

intramuscular or intraperitoneal technique,

i) THE MULTIPLE-SITE INTRADERMAL TECHNIQUE

The low-dose multiple-site intradermal technique described 

by Vaitukaitis et al. (I97l) although having the advantage of 
using smaller amounts of immunogen than the more conventional 

intramuscular/intraperitoneal technique has, according to Marks
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et al. (1974) the disadvantage that it produces excessive 
ulceration at the injection sites. For this reason, a new type 

of non-ulcerative adjuvant was employed in which the Bayol F 
mineral oil component of conventional Freund's adjuvant was replaced 

by a pharmaceutical grade light mineral oil, Marcol 52 (Esso 

Petroleum Co. Ltd.). This modified adjuvant has been reported 

to be as effective as conventional Freund's in stimulating anti
body production (Marks et al., 1974).

The procedure used to prepare the emulsion for injection 

was as follows with o^-MSH-rabbit serum albumin conjugate being 
prepared using the method of Goodfriend et al. (1964).

Carbodiimide reagent (l-ethyl-3-(3-dimethylamino propyl)- 
carbodiimide; Sigma Ltd.) (img) in 100^ distilled water was 
added to O.lmg <p4-MSH (Sigma Ltd.) and 0.5mg rabbit serum albumin 
(RSA) (Sigma Ltd.) in lOOŷ l distilled water.

The mixture was agitated at room temperature for 1 hour 
diluted to 2mls with distilled water and then subjected to 
dialysis for 24 hours at 4C against distilled water. The 
retained mixture was made up to 2.5ml using distilled water to 

which was added 125^ of a sterile saline suspension of 
Mycobacterium tuberculosis in the form of BCG vaccine (BP, BNP, 
intradermal, Glaxo). This mixture was homogenized (using a 
Polytron homogenizer), with 5mls of non-ulcerative Freund's 

adjuvant kindly given by Dr. B. A. Morris (Guildhay Antiserum, 
University of Surrey). 1.5mls of this water in oil emulsion 

were injected intradermally at 20-35 sites on the back of each 
of four, six month old male New Zealand White rabbits.

This technique is said not to require booster injections 

but as no antibodies to oC-MSH could be detected after 28 days 

booster injections were given at 2-monthly intervals for 6 months. 

This method, however, still failed to produce any detectable
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antibodies too^-MSH.

ii) THE MAJOR-SITE INTRAMUSCULAR TECHNIQUE

Theo^-MSH-rabbit serum albumin conjugate used for this 
injection technique was prepared in the same way as that used 
for the multiple-site method although the amounts of reactants 

used in this case were 5mg carbodiimide, Img o(-MSH, and 8mg rabbit 

serum albumin.
Following dialysis and dilution to 2.$mls with distilled 

water the conjugate was homogenized with 4.5mls of Freund's 

complete adjuvant (DIFCO laboratories). 3mls of this emulsion 
was injected intramuscularly into each of two male New Zealand 
White rabbits.

The rabbits were given two further injections at 2 monthly 
intervals, these were prepared as described above except that 
the rabbit serum albumin was replaced by bovine serum albumin 
in the first case, and human serum albumin (Sigma Ltd.) in the 
second. The rabbits were bled via an ear vein approximately 
14 days after each injection and were following the detection 
of antibodies too^-MSH, finally exsanguinated from a jugular 
vein following anaesthetization with ether.
B. STANDARDS

Initially a standard solution of û4-MSH was prepared in 
O.OlM hydrochloric acid ( 2|j'g/lO|JÜ.) and stored in 50|jlL aliquots 

at -20C. These aliquots were used both for radio-iodination 
and to make up standards for use in the RIA. However, due to 

reduced binding shown by the antiserum over a.period of 4 months, 
and evidence provided by T.L.C. that the o4-MSH had undergone 
breakdown, this method of storage was abandoned in favour of the 

following method.
Synthetic (X.-MSH was weighed out on a Cahn gram electrobalance 

and made up in acetic acid to a final concentration of 2yLAg/10^
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Preparations such as this, when stored at 4C, remained stable 

for up to 6 months without any loss of immunoreactivity in the 
RIA, or breakdown indicated by T.L.C.

The standards for RIA were prepared from this parent

solution by dilution in a sodium phosphate buffer (see section 

3C i below), and stored in 500^ aliquots at -40 C in poly
propylene vials. Under such conditions these RIA standards 
remained stable for at least 2 months.
C. BUFFERS

i) RADIOIMMUNOASSAY STANDARDS BUFFER

o^-MSH standards for RIA were prepared from a standard 

solution (see section 3B) by dilution in a 0.0$M-sodium phosphate 
buffer pH7.6, containing 2.5mg/ml bovine serum albumin (RIA 
grade. Sigma Ltd.), and 0.02% thimerosal (Koch Light Laboratories)
ii) RADIOIMMUNOASSAY BUFFER

The diluent buffer used throughout the assay, unless stated 
otherwise, was based on that used by Thody et al. (1975). It 
was 0.05M-sodium phosphate buffer pH7.6, containing 0.5% in

activated horse serum (Horse Serum 5, Wellcome Ltd.) and 0.02% 

thimerosal.
D. RADIO-IODINATION OF 06-MELANOCYTE-STIMULATING HORMONE

The basic iodination procedure used was the chloramine-T 

method of Greenwood et al. (1963). This is the most widely used 
method for radio-iodination of peptide to high specific radio
activities .

125Chloramine-T is used to oxidise Na I, the free iodine which 
is liberated being incorporated into the tyrosine residues of 

the peptide. The subsequent addition of sodium metabisulphite 

reduces both the free iodine to iodide, and the excess chlora- 
mine-T.

The pH optimum of the reaction is around pH7.5, if it falls



19

below pH6.5 or rises above pH8.5 the yield of labelled peptide 

is reduced (Ganguli and Hunter, 1971; Freedlender, 1969).
The iodination methods employed were all based on the above 

method. However, one other method of ending the reaction, and
125

3 methods of separating the I-06MSH from the iodination mixture
were investigated. The iodination and separation technique
finally adopted for routine use was method D iii below.

12s
All counting of I-of-MSH used in the RIA and to monitor 

recoveries in the plasma extraction technique (see section 6), 
was carried out using an LKB ultragamma-counter which had a 
counting efficiency of approximately 50%. Unfortunately this 
counter could not be used for samples produced during the 
iodination: these were counted on a manual LKB gamma-counter 
which had an efficiency of less than 10%. As some of the 
pipettes used during the iodination would not fit into this 
second counter the losses of label encountered at various stages 
could not be accurately determined, the quoted mean specific 
activity of the I-û6MSH (i.e. 212jj(C ĵJg ) obtained with the 
iodination and separation techniques finally adopted (D iii) is 
therefore only approximate. It is for this reason that through-

f25out this report anounts of I-o4-MSH are given as cpm rather than in 
picograms.
i) SEPARATION OF I-o(-MSH FROM THE IODINATION MIXTURE USING 

QUSO GLASS
The first method of iodination and subsequent separation 

of the I-oc-MSH from the iodination mixture was that described 

by Tj-jodu e t  qL ( 1 9 7 5 )  . This brings the iodination to a
125halt with sodium metabisulphite and separates the I-ot-MSH from 

the iodination mixture using QUSO glass (G-32 Philadelphia Quartz 
Co., Philadelphia U.S.A.).

This method was carried out only once in this laboratory



20

for although the labelled o^-MSH eluted from the QUSO was shown 

by T.L.C. (see section 2k) to consist of one peak of undamaged 
labelled hormone, only 1% of the ImCi label was bound to the 

QUSO. This result did not itself distinguish between a poor 

iodination of the cx-MSH or poor adsorption of I-c?6-MSH by the 
QUSO. It seems probable however that the QUSO method of 

separation was at fault since the chloramine-T iodination yielded 

I-oC-MSH of reasonable specific activity when combined with other 
methods of separation.

«2©The QUSO method of separating the I-c/-MSB was therefore 
not pursued.

125ii) SEPARATION OF I-o^-MSH FROM THE IODINATION MIXTURE USING 
A G25-80 SEPHADEX COLUMN

In the second method of iodination, the reaction was 
brought to a halt by the addition of bovine serum albumin (Scott 
and Baker, 1975), and the labelled hormone isolated using a 
G25-80 sephadex column (Pharmacia).

To ImCi Na I (IMS 30, Radiochemical Centre, Amersham) were 
added lOjj l of 0.5M sodium phosphate buffer (pH7.6) followed by 
2jjg of synthetic mammalian o(-MSH in lOjul 1% acetic acid, and lOjUg 
of chloramine-T in 1 0 ^  of 0.05M sodium phosphate buffer, pH7.6.
The mixture was gently agitated for 10 seconds, and the reaction 
brought to a halt by the addition of 50mg bovine serum albumin 
(Sigma Ltd.) in 200jjl of 0.05M sodium phosphate buffer, pH7.6. 
Following careful mixing with a pin 1 0 ^  were removed for 
determination of total activity, and the rest of the mixture was 

chromatographed under gravity on a 025-80 sephadex column (10 

X 1cm) to separate I-o(-MSH from 'free' (i.e. albumin bound) 
iodine, and damaged hormone.

Using this method three peaks of radioactivity were obtained 

(Fig. 2a). Peak A in the void volume, was presumed to be iodinated
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Fig. 2 Elution profiles obtained lollowin^' the application 
of a) the complete iodination mixture

b) iodination mixture minus «C-MSH and
c) Na I alone)to a G25-80 sephadex column.
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albumin, peak B was bioactive in the Anolis assay and thus in

cluded iodinated o^-MSH, while peak C which was not always distinct 

from B, was presumed to be iodinated fragments of damagedo^-MSH.
Samples from peak B showed reactivity in the RIA but the 

percentage binding obtained varied from iodination to iodination.
Further examination showed that 3 peaks of radioactivity 

were obtained even when o(-MSH was not present in the iodination 
mixture, (Fig. 2b). This indicated that B contained iodinated

products which probably originated from the albumin/ as well as
as 115I-oC-MSH. Moreover, Na I alone was eluted in the position of

peak C (Fig. 2c). Since peaks B and C were not always well
lisseparated any Na I present might have come to contaminate the

12S
l-oC-MSE.

12SThis poor separation of I-oC-MSH was probably responsible 
for the variability in percentage binding seen in the RIA, and 
it was for this reason that a third method of isolating the
125I-oC-MSH was investigated.

L25iii) SEPARATION OF I-o^-MSH FROM THE IODINATION MIXTURE USING 
AN OCTADECASILYL-SILICA COLUMN

iisr
In the third method of isolating the I-o^-MSH from the

iodination mixture, iodination v;as achieved as described in

section D ii above but the reaction was brought to a halt with
25jug of sodium metabisulphite in 10^ of 0.03M sodium phosphate

buffer, pH7.6, followed by dilution with 300jUG of 0.0$M phosphate

buffer. After careful mixing lO j j l were removed for determination

of total activity and the rest of the mixture applied to an ODS-
spherisorb column (0.2ml bed volume, lOyuun grade: see appendix 1
for preparation.

The 'free' iodine was eluted from the column with 1% tri
lls

fluoroacetic acid (TEA) while I-o^-MSH and damaged iodinated 

oC-MSH were eluted by successive washes with a 1% TFA, methanol/
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water mixture in which the concentration of methanol was steadily

increased from 10% up to 80%, (see appendix 2),

A typical elution profile is shown in Fig. 3. Peak A was

'free* iodine while peaks B, C, and D which were all bioactive 
(as

represented other peaks were attributed to damaged
hormone,

Samples from peaks B and C when used in the RIA gave
(asidentical binding with antiserum C16-6. However only 1 -of-MSB 

eluted with A5% methanol, 1% TFA (peak C) was routinely used in 
the RIA. When samples from peak C were subjected to high 
pressure liquid chromatography (HPLC) on ODS-partisil 10 (Whatman), 
employing a gradient of increasing concentrations of methanol 

to wash the column, a single radioactive peak was eluted with 
60^ methanol, 1% TFA indicating a pure product, (Laing unpublished 
observations).

Using the above iodination and separation techniques
as1-oc-HSH with an average specific activity of approximately 
212^0ijfKg was quickly, easily, and reliably prepared and then 
isolated. This method, the full details of which are shown in 
appendix 2 was therefore adopted for routine use.
E. ASSAY PROTOCOL

The method of assay described below was that used with 
both antiserum C16-6 and R^FB.

A standard curve was prepared in duplicate with of-MSH 
standards ranging from Opg to 250pg in 200^ of assay buffer.

The curves obtained with both antiserum C16-6 and R^FB are shown 

in Fig. 4. Further polystyrene (W. Sarstedt, UK Ltd.) tubes 
were set up to contain duplicate 200^ aliquots of the samples 

to be assayed.
Equal volumes of antibody diluted with RIA buffer (see 

section F i below), and I-o^-MSH also in RIA buffer (I0,000cpm/
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i 2 5
lOOjjïL equivalent to approximately $Opg I-^-KSH) were mixed, and 

a 200yml aliquot added to each tube. The tubes were whirlimixed, 

briefly centrifuged (lOOOrpm for 1 minute), and allowed to 
equilibriate overnight at Cc.

The final stages of the assay were carried out at 4*C> and 

the antibody-bound and free hormone separated using a dextran- 
coated charcoal suspension (400^ )  which was added to all tubes, 
except total counts. Tubes were then whirlimixed, and incubated 
for 15 minutes. Following centrifugation for 15 minutes at 
3000rpra, the supernatant was aspirated and the charcoal with 
the adsorbed free hormone counted,
i) DEXTRAN COATED CHARCOAL

The dextran coated charcoal used to separate free from anti
body bound o(-MSH was a modification of that used by Thody et al. 

(1975).
Charcoal powder (0.5g) (C-5260, Sigma Ltd.), which had been 

activated by being heated to 200C overnight, and 0.125g of 
dextran T70 (Pharmacia, Uppsala, Sweden) were added to a mixture 
of 70ml RIA buffer and 30ml of inactivated horse serum (Horse 

Serum 5» Wellcome Ltd.). The mixture was stirred at xt) for 30 
minutes prior to use.
F. VALIDATION OF RIA'S

i) OPTIMUM ANTISERUM DILUTION

a) ANTISERUM 016-6

Dilution of antiserum 016-6 over a wide range indicated

that the optimum final dilution in the assay tube would be
between 1:8,000 and 1:32,000. A series of dilutions 1:8,000, 

l:l6,000, 1:24,000 and 1:32,000, were prepared and used to assay

'O'pg and a 200pg 06-MSH standard in triplicate. The results 
(Table 1) indicate that the greatest displacement of I-ot-MSH 

over this range was obtained with a 1:16,000 dilution which was
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therefore used in all assays.

Table 1
Optimum dilution of Antiserum CI6-6

Anti serum 
dilution

12s:
% I -cL-
+'O'pg

MSH bound
+200pg

i^ l -af-MSH 
displaced between 

'0' and 200pg

1:8,000 86.6 74.2 12.4
1:16,000 70.4 28.9 41.5
1:24,000 55.4 25.9 29.5
1:32,000 45.7 20.3 25.4

Values are x , n=3

b) ANTISERUM R FE
The major-site intramuscular injection technique (section 

3B ii) produced detectable antibodies in both rabbits 14 days 
after the third of the two monthly injections. Only one of 
these antisera, termed R^FB was of sufficiently high titre to be 
of use for RIA.

Preliminary trials indicated that with antiserum R^FB the 
optimum final dilution in the assay tube would be between 

1:50,000 and 1:140,000. A series of dilutions over this range 
tested with 'O'pg and 200pg o^-MSH standards, in duplicate, 
indicated that the optimum and most economic dilution was 

1:100,000 (Table 2).
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Table 2
Optimum dilution of Antiserum R&FB

Anti serum 
dilution

/as 
% I -cL- 
t'O'pg

MSH bound 
t200pg

% I^-MSH 
displaced between 

’O' and 200pg

1:50,000 53.9 26.5 27.4
1:60,000 50.3 26.0 24.3
1:70,000 50.3 24.2 26.1
1:80,000 47.4 19.7 27.7
1:90,000 40.8 17.3 23.5
1:100,000 48.0 16.1 31.9
1:120,000 40.2 12.2 28.0
1:140,000 32.1 9.4 22.7

Values are x, n=2

ii) SPECIFICITY
Specificity is defined as the percentage cross-reaction of 

various peptides at the $0^ binding point on the standard curve, 

(Abraham, 1969).
a) ANTISERUM Cl6-6

Some of the cross-reactions shown by antiserum C16-6 have 
already been determined (Penny and Thody, 1978). The cross
reactions shown by the following peptides were investigated in 
this laboratory: ACTH 4-10, ACTH 1-10, desacetylof-MSH (ACTH 

1-13 amide), ACTH l-l6, ACTH l-l6 amide, and ACTH 1-24.
Each peptide was tested over the range of 40pg to lOOng, the 

results are shown in Table 3.



28

Table 3
Specificity of antiserum CI6-6 

Cross-reactions of various peptides with 
anti-o^-MSH antiserum CI6-6, with synthetic 
mammalian /5̂ -MSH taken as 100%

Peptide Cross-reaction (%)

Desacetyl û{-MSH 
(ACTH 1-13 amide)
/S-MSH (pig)
ACTH 1-39 (human)
ACTH I-I6 amide
ACTH 1-16
ACTH 1-24
^-LPH (sheep)
^-MSH (human)
ACTH 4-10
ACTH 1-10
ACTH 17-39

*Ab 1:52,800

0.33
0.15
0.09

0.04
0.002
0.0005
Neg

Ab 1:16,000 

70.5

0.13
0.10
0.07

0.07
0.07

Neg

Ab=Antibody dilution *Penny & Thody (1978)

The cross-reactions of antiserum CI6-6 seen in this lab
oratory were in good agreement with those obtained by Penny and 
Thody (1978).

The only significant cross-reaction found was that of 70%, 
with the desacetyl form of o^-MSH(ACTH 1-13 amide). This 
finding was obtained on three separate occasions using two 

different preparations of ACTH 1-13 amide,
b) ANTISERUM R FB

The cross-reactions shown by antiserum RgFB were determined 

in the same way as those of antiserum CI6-6, and are shown in 

Table 4.
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Table 4
Specificity of antiserum RçFB 

Gros s-reactions of various peptides with 
anti-o(-MSH antiserum R^FB, with synthetic 
mammalian o4-MSH taken as 100%

Peptide Cross-reaction (%)

Desacetyl 0^-MSH 
(ACTH 1-13 amide)
ACTH 1-16 amide

Ab 1:100,000

70
0.26

ACTH 1-16 0.25
ACTH 1-39 (human)* 0.15
ACTH 4-10 0.07
ACTH 1-10 0.07
ACTH 1-24 0.07
yP)-MSH (pig)* Neg
^-MSH (human)* Neg
X-MSH (human)* Neg
^-LPH (human)* Neg
o^-endorphin* Neg
^-endorphin* Neg
CLIP (beef)* Neg

Ab=Antibody dilution ^Personal communication 
from Miss Sue Jackson, Pituitary Hormone 
Laboratory, St. Bartholomews Hospital, London ECl

Antiserum R^FB shows very similar cross-reactions to those 

of antiserum 016-6, with desacetyl -MSH(ACTH 1-13 amide) being 
the only significant cross-reactant (70%).
iii) SENSITIVITY

The sensitivity of an assay is defined as the least amount 
of hormone that is detected as being significantly distinguish
able from zero using the Student's t-test.
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Antiserum C16~6 
Dilution 1:16,000

Antiserum RcFB 
Dilution 1:100000

/  /'O' étandard'^ 
/  /  /  /

7~70 standard /  /  i

 N S B -------- :  wsa
50 OO 300 10 50 100 300

06-MSH concentration (pg/ml)

NSB-Non-specific binding 

I-Standard de/iation(n=10)

Fig. U Standard curves obtained with antisera CI6-6 and R^FB
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a) ANTISERUM CI6-6
The sensitivity of the assay using antiserum CI6-6 was 

determined by assaying ten samples each of 0, 30, 4-0 and $Opg 
o4-MSH. The assay was sensitive down to 30pg (p=<O.Ol) but since 
the standard curve was usually only linear between 4-0-200pg 
(Fig 4a) this was taken as the working range of the assay.
b) ANTISERUM R FB

The sensitivity of the assay using antiserum R^FB was 

found to extend down to lOpg (p-<O.Ol) but the standard curve 
was usually only linear between 40-2$0pg (Fig 4-b) , which was 
taken as the working -range of the assay,
iv) ACCURACY

The accuracy of an assay is estimated by recovery experiments 
To determine accuracy of MSH measurements in trout plasma the 
weight of peptide added in increasing amounts to a constant 
volume of plasma was correlated with the weight of peptide 
measured by the assay. The increment y is related to the weight 
added, x, by the equation.

y=bx+c
where c is the intercept of the plotted line and b, the slope, 

is the regression coefficient. This latter value, b, is used 
to give an indication of the degree of accuracy achieved by 
the assay. Theoretically, this figure should be 1, but 
deviations are due to imperfections in assay methodology,
a) ANTISERUM CI6-6

’O', 300, 600, and 840pg of o^-MSH in 20^1 of assay buffer
were each added to quadruplicate 1ml volumes of pooled black-
adapted trout plasma. I-o^-MSH( lOOOcpm equivalent to approximatel 

/aar
5pg I-OC-MSH) added to each Irai aliquot to monitor recovery, 

followed by lOOyuJ 20^ TFA, I-o^-MSH was used to monitor and 

correct recovery of -MSH as these peptides show identical
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binding to ODS-porasil (Seidah et al., 1980), see also Table 12.

Each sample was extracted (see section 6B) and assayed 
according to the standard method. The results are given in 

Table $.

Table $
Accuracy of assay employing antiserum Cl6-6

oC-MSH added 
(pg/ml of plasma)

Added (/-MSH 
present in (xl2) 
diluted plasma 

extract (pg/200^d )

o/-MSH (pg/ml 
plasma) measured 

after correction for 
recovery of I-^-MSH

Increment
measured

0 (0) 793+25.9
300 (2$) 1056+53.1 263
600 (50) 1254+70.8 461
8/iO (70) 1541+82.0 748

Values are x+SEM, n=A
The regression coefficient (b) for the measurement of o/-MSH in the trout 
plasma calculated from the above results was 0.8$.

b) ANTISERUM R FB

Unfortunately time did not permit the accuracy of the assay 

employing antiserum RgFB to be determined,
v) PRECISION

Precision is estimated by the within assay (intra-assay) 

variation shown by replicates, and the between assay variation 

(inter-assay) shown by the variation of replicate standard 
samples over a number of assays, these samples being known as 
quality controls.

In each case the coefficient of variation was calculated as 

the standard deviation divided by the mean, expressed as a 

percentage.
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a) ANTISERUM CI6-6
i) INTRA-ASSAY VARIATION

The intra-assay variation of the assay employing antiserum 
CI6-6 was determined by estimating the 06-MSH content of :-

1) 15 replicate samples of a white-adapted trout pituitary 
extract (coefficient of variation =8.6%).

2) 8 replicate samples each of black and white-adapted 
trout plasma extracts (coefficients of variation were 
6.5% and 8.6% respectively).

3) 10 samples each of 50 and 150pgc/-MSH standards 

(coefficients of variation were 6.8% and 1.8% respectively.
ii) INTER-ASSAY VARIATION

The usual method of determining inter-assay variation is to 
assay ’stock’ frozen aliquots of pooled plasma to which hormone 
has been added. This proved impossible in the case of -MSH 
which showed degradation with time in frozen trout plasma. The 
inter-assay control was therefore as follows; freshly acidified 
plasma was stripped of endogenous hormone by passage through an 
ODS-porasil A column (see section 6B). * I-/-MSH(lOOOcpm in 2 0 ^
RIA buffer/ml of plasma) added to the acidified plasma prior to 
extraction indicated when this process was completed.

Two 1ml aliquots of this plasma were used as ’blank’ quality 
controls; to other duplicate 1ml aliquots were added 20ymi of 
RIA buffer containing either 1$0 or 300pg o^-MSH obtained from 

frozen standards which were known to remain stable for at least 

2 months (see section 3B). These quality control samples were then 

extracted in the same way as ordinary plasma samples (see section 
6B).

The amounts of o4-MSH added to the quality controls (l$0 

or 300pg) were chosen so that following extraction and sub

sequent dilution of the dried plasma extract with 440^ RIA
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buffer, the(/-MSH content of a 200^ sample (i.e. 68 and 136pg) 

would lie near either end of the RIA standard curve. The results 

of quality controls placed in ten separate assays are shown in 

Table 6; ’blank' quality controls gave a value of less than 

30pg/ml in all cases.

Table 6
Inter-assay variation using antiserum C16-6

(/-MSH(pg) added to (/-MSH(pg) present Inter-assay
1ml ’blank’ in 200ywl sample variation

plasma sample placed in RIA X(n=10)

150 68 9.7%
300 136 10.1%

b) ANTISERUM R&FB

i) INTRA-ASSAY VARIATION
Intra-assay variation in the assay employing antiserum 

R^FB was determined by estimating the MSH content of :-

1) 8 replicate samples each of black and white-adapted trout 

pituitary extracts (coefficients of variation were 8.9% 
and 7.4% respectively.

2) 4 replicate samples from each of two black-adapted trout 

plasma extracts (coefficients of variation were 11.7% 

and 11.3%).
ii) INTER-ASSAY VARIATION

Inter-assay variation with antiserum R&FB was determined using 

frozen aliquots of black and white-adapted trout pituitary ex

tracts, which gave coefficients of- variation of 8.9% and 9.4% 

respectively, (n=4).
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4. ANOLIS SKIN BIOASSAY FOR MELANOCYTE-STIMULATING HORMONES (MSB's)

The melanocyte-stimulating hormone (MSH) bioassay was 
carried out as described by Burgers (I96I), and validated by 
Tilders et al. (1975). It is an ini vitro bioassay, employing 

skin fragments from the lizard Anolis carolinensis.

In contrast to the method of Carter and Shuster (1978) 
which is based on the rate of skin response, this assay is a 

titration procedure where the sample is successively diluted with 
physiological saline until a dilution is reached which, after 

the skin fragment has been floating on it for 30 minutes at room 
temperature only just induces a positive skin response, (i.e. 
skin changes from green to yellow/brown). This is taken as the 
end-point.

The measured values are expressed in Anolis units, one 
Anolis unit (A. U.) being the amount of MSH in 1ml solution 
which will just give a positive response.

The physiological saline used was that described by Burgers 
and Van Oordt (1956), but with the addition of lOOmg/1 bovine 

serum albumin (RIA grade. Sigma Ltd.).
Synthetic mammalian o4-MSH (1^) was used in each bioassay 

as a standard for skin sensitivity to allow the MSH activity 

present in each sample to be expressed as synthetic mammalian 
06-MSH equivalents .

Any pituitary extract in acid was brought to pH7-8 prior 
to bioassay by the dropwise addition of 10% TRIS solution which 

contained a little phenol red as a pH indicator.
A. VALIDATION OF ANOLIS BIOASSAY

i) SPECIFICITY
The results in Table 7 show that none of the peptides 

tested had any significant bioactivity when compared to synthetic 

mammalian oZ-MSH.
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Table 7
Specificity of Anolis skin bioassay 

The values show the percentage bioactivity (Mean 
_+ S.E.M.) of various peptides compared with syn
thetic mammalian o4-MSH, which was taken as 100% 
I jA g  of peptide was bioassayed in each case.

Percentage bioactivity 
Peptide n (synthetic mammalian

c/-MSH=100%)

Desacetyl c/ - MSH 
(ACTH 1-13 amide) 12 12+1.6
ACTH 1-16 12 8 + 1.0
ACTH 1-16 amide 9 6 + 1.0
ACTH 1-24 11 1 + 0.3
ACTH 4-10 9 0.2
ACTH 1-10 9 0.2

ii) a SENSITIVITY AND INTER-BIOASSAY VARIATION
Sensitivity and inter-bioassay variation were monitored by 

including a IjÀg standard of synthetic mammalian c/-MSH in each 

bioassay, the results are shown in Table 8.
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Table 8
Values in Anolis units for 1 ^  of synthetic 
mammalian o^-MSH bioassayed on the dates shown

Bioactivity of Ifjg of Inter-bioassay
Date synthetic mammalian 

/V-MSH in Anolis units
coefficient of 

variation

16/04/79 5548
27/05/79 7207
11/06/79 6190

Anolis 
gP A 25/07/79

16/10/79
17/07/79
06/08/79

6136 x=6ll6 
SEM=320

4978
5548
7202

23.9%

07/08/79 12380
21/11/79 22715
29/11/79 27472
13/02/80 14596
13/03/80 10556

Anolis 
gP B 19/03/80

26/03/80
01/05/80
02/05/80
07/05/80
14/11/80
17/11/80

-19500^
21127
13864
16835
25816
27537
22266

30.2%

10/06/81 240
15/06/81 202
16/06/81
25/06/81

x=190 
120 SEM±24 31.2%

22/07/81 111 Mean coefficient of
10/08/81 229 variation=25.1#
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The results in Table 8 show that the sensitivity, defined 

as the concentration of synthetic mammalianc/-MSH inducing a 

yellow/brown colour after 30 minutes incubation (i.e. one Anolis 
unit) shows animal to animal variation, and is greatly affected 

by the age of the individual used. With Anolis group A which 

were at least 2 years old by 16/4-/79 when they were first used 
for bioassay, one Anolis unit was on average equivalent to

—It
l60pg o4-MSH/ml (9.6 x 10 M). Anolis.group B, which were younger 
than group A when first used for bioassay, were initially more 
sensitive with one Anolis unit being on average equivalent to

- II
fOpg Cs4-MSH/ml (3 x 10 M) . However, from 10/6/81 there was a
dramatic decrease in the skin sensitivity, with one Anolis unit

-«1
being approximately equivalent to 5ngo4-MSH/ml (3 x 10 M).

This variation is comparable to that obtained by Tilders et 
al. (1975) who stated that in their hands the sensitivity varied 
from 20 to 500pg oC-MSH/ml (1.2 x iÔ”m to 3 x 10*M).
ii) b INTRA-BIOASSAY VARIATION

The intra-bioassay variation of 13./% was determined by 
including six Ij jg o/-MSH standards in a single bioassay.

COLLECTION OF PLASMA SAMPLES
All blood samples were taken between 08.30 and 09*30. They 

were collected into ice-cold heparinised (Ammonium salt. Sigma 

Ltd.), polystyrene tubes and centrifuged for 15 minutes at 
3000rpm and AC. The plasma was removed and extracted immediately 

(i.e. without freezing, (see section 6C i).

A. TROUT AND FLOUNDER
Fish were stunned by a blow to the head; the tail was 

severed posterior to the anal fin and blood from the caudal 
vessels allowed to flow into collecting tubes.
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B. EEL
Decapitation at the level of the pectoral fins exposed the 

bulbus arteriosus and the ventricle of the heart, from which 

blood was collected.

6. EXTRACTION OF IMMUNOREACTIVE o^-MSH FROM FISH PLASMA

A. DEVELOPMENT OF PLASMA EXTRACTION TECHNIQUE
Preliminary experiments showed that radioimmunoassay of 

unextracted, or diluted (up to 1:/) plasma, gave very variable 

results. The measurement ofc^-MSH added to such plasma was 
similarly very erratic (0-100%) it was, therefore, decided to 
use a plasma 6.xtrachoKi f"̂ chni<̂ U.C.

Octadecasilyl-silica (ODS-silica) had proved successful 
for the separation of I-c?̂ -MSH in the iodination procedure, and 
three methods of extracting peptides from rat or human plasma 
using ODS-silica had already been described (Bennett et al., 
1977; McMartin and Purdon, 1978; Clement Jones et al., 1980). 
Trials were therefore carried out (in duplicate) to test these 
methods as regards their usefulness in the extraction of MSH 

from fish plasma.
The three techniques used different grades and/or bed 

volumes of ODS-silica but in all extraction trials a standard 
bed volume of 1ml ODS-silica packed between two porous teflon 
discs in a 2ml plastipak syringe barrel was used. In each case 
2mls of pooled plasma taken from white-adapted trout was ex
tracted. Recoveries were monitored by the addition of 20,000cpm 

I-0/-MSH to each sample.
METHOD 1

This method was that described by Bennett et al. (1977) 
which employed lOyuLm grade ODS-spherisorb (Phase Separations, 

Queensferry, Clwyd, Wales), to extract synacthen and its
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metabolites from rat plasma.

Plasma (2ml) was deproteinized with an equal volume of 30% 
trifluoracetic acid (TFA), whirlimixed, and then centrifuged for 

15 minutes at 3000rpm and /C. The supernatant was applied to 
the column in 1.5ml aliquots. The column was then washed with 
aqueous 1% TFA (3 x 0.5ml), and the adsorbed peptides eluted 
with 0.5ml of aqueous 80% methanol (Fisons, Spectograde), 1% TFA.

Numerous losses were encountered with this procedure; 31.4% 
of the remained bound in the protein precipitate and
even several washes with 1ml aliquots of 0.9% NaCl solution 
could not reduce this below 15%. 46% of the counts passed
through the column without being bound, 1.4% came down in the 
1% TFA washes, leaving only 21.2% which was recovered from the 
column in the methanol, TFA wash.
METHOD 2

This method was that of McMartin and Purdon (1978) who used 
coarse 37-75yum grade, ODS-silica prepared from porasil type A 
(see appendix 3A), to extract somatostatin from rat plasma.

Unacidified plasma (2ml) was applied to the column in 1ml 
aliquots; the column was washed with aqueous 1% TFA (3 x 1ml)

and the peptides eluted with 80% methanol, 1% TFA (2 x 1ml).
12?Thirty-three percent of the I-o^-MSH failed to bind to the 

column, 5.3% was eluted from the column with the TFA wash and 
the remainder, 6l.7% was eluted with methanol, TFA mixture.
METHOD 3

This was the method of Clement-Jones et al. (1980) which 

used coarse, 37-75yum grade, ODS-silica to extract metenkephalin 
from human plasma.

Plasma (2mls) was acidified to pHl.5 by the addition of 300^ 
glycine HCL(l.6% glycine in IM HCL) followed by formic acid to a 

final concentration of 1%. The acidified plasma was applied to
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the column in 800^ aliquots and washed between each application 

with 800jUil of a solution of 0.9% NaCl, 1% formic acid containing 
1.5ml glycine HCL per 100ml. The column was finally washed with 
800jxl of 1% formic acid, and the peptides were eluted with 
aqueous 80% methanol, 1% formic acid (2 x 800j j l )  .

With this method 40% of the-<?{.-MSH did not bind to the 
column but remained in the plasma, 32.6% came down in the NaCl, 

formic acid washes, none was present in the 1% formic acid, 
while 27.4% was eluted from the column with the methanol, formic 
acid wash.

These preliminary experiments showed that method 2 gave the 
1 2 5best recovery of I-c?i-MSH from trout plasma, 6l.7% as compared 

to 21.2% and 27.4% of methods 1 and 3- It was therefore decided 
to pursue this method but to replace the aqueous 1% TFA wash, 
with a 0.9% NaCl solution wash, as the TFA caused precipitation 
of proteins in the column preventing it being re-used. This 
precipitate was not produced with the NaCl solution wash. A 
20% methanol, 1% TFA wash was also introduced between the washes 
with NaCl solution and the 80% methanol, 1% TFA in an attempt to 
elute some of the adsorbed peptides, (other thanc^-MSH).

The plasma extraction technique at this stage was therefore 
as below.

METHOD 4
The column consisted of 1ml coarse ODS-silica (ODS-porasil 

A 37-75yum) prepared using the method of McMartin and Purdon 

(1978), and washed with aqueous 80% methanol, 1% TFA (3 x 1ml) 
and 0.9% NaCl solution (3 x 1ml) prior to use (see appendices 3A 
and 3B)

Plasma (l-2ml) was applied to the column followed by 0.9% 
NaCl solution (3 x 0.5ml), and then 20% methanol, 1% TFA (0.5ml). 

The peptides still adsorbed to the column including oC-MSH, were
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eluted with 80% methanol, 1% TFA solution (3 x 0.5ml).
Application of the 80% methanol, 1% TFA in three aliquots

of 0.5ml resulted in a far greater percentage recovery than
that obtained with a single 1.5ml wash.

The methanol, TFA eluant was collected in plastic tubes

containing lOyug of polypep (p5115, Sigma Ltd.) in lOyul of

diluent assay buffer, and the eluant was dried down under
6nitrogen in a heating block at 70C. Polypep was added to prevent

irreversible binding of MSH to the plastic tube; if polypep was
125not present 15-20% of the tracer I-cĵ -MSH in the plasma sample 

was irreversibly bound to the walls of the tube. In the presence 
of polypep this binding was reduced to less than 3%.

Using the above method of plasma extraction the average
I2 Srecovery of lOOOcpm I-o4-MSH from 1ml of trout plasma was about 

60%, with a range of 55-95%. The average percentage recovery
12Sof I-o^-MSH could be increased to 90-95% if the plasma sample 

was put through the whole extraction procedure twice. However, 
it was decided that the increased recoveries obtained by a 
second extraction did not merit the extra time involved.

The above extraction procedure was used to measure MSH 
titres in plasma taken from black (B) or white (W)-adapted trout.

and B and W-adapted eels. Recoveries were monitored in these 
trials by the addition of *̂ Î-i3(.-MSH( 1000cpm/20yjJ. RIA buffer) to 

each plasma sample. The results are shown in Tables 9 and 10.
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Trout plasma immunoreactive ̂ -MSH levels 
determined using direct ODS extraction (method 4)
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a b c
Plasmac/-MSH level 

(pg/ml ) before 
correction for % 

recovery, (b)

 ̂ % recovery of lOOOcpm 
'^̂ I-o^-MSH added to 

1ml aliquots of plasma

Plasma o/-MSH levels 
(pg/ml ) after 

correction for % 
recovery, (b)

W-adapted

61+9.6 60+10.1 102+15.8

B-adapted

113+22.9

i
63+15.7 180+36.5

lues are xĵ SEM, n = 4. Adaptation period 14 days 

Table 10

•

Eel plasma immunoreactivec^-MSH levels
determined using direct ODS extraction (method 4)

a b c
Plasma (X-MSH levels 

(pg/ml ) after, 
correction for '% 

recovery, (b)

W-adapted

83+12.5 71+29.3 116+17.5

B-adapted

263+19.2 70+30.4 376+27.0

lues are x+SEM, n=4. Adaptation period 14 days •
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It was found, however, that with this technique if both
I2S
I-o^-MSH and o4-MSH were added to trout plasma, which was then

l2S
extracted, the percentage recovery of I-o^-MSH determined using 
a gamma-counter was higher than that of o^-MSH determined by RIA. 

This finding seemed to indicate two things, the presence of a 
plasma factor(s) which interfered with the measurement of o4-MSH 

by RIA, and also that the extraction technique was not removing 
this factor(s). As it seemed likely that this ’interfering 
factor’ was a protein it was decided to introduce a deprotein- 

ization stage similar to that used by Bennett et al. (1977), 
see plasma extraction method 1 of this section. The modified 
extraction technique was then tested as described below.
METHOD 5

Fresh pooled plasma was obtained from both B and W-adapted
trout and each pool divided into twelve 1ml aliquots. To each
of the first group of four samples lOOyul of RIA buffer was added,
to the second and third groups lOOyud. of buffer containing 50pg
and lOOpg of o/-MSH respectively. * I-o4-MSH (lOOOcpm) in 20jjd of
RIA buffer was added to each sample which was then acidified to
pH2.2 by the addition of 125yixl of 5% TFA/ml of plasma. Upon
acidification a very small amount of precipitate formed in the

sample but this together with the rest of the sample was applied
to the column. Tubes were rinsed with 1ml of 0.9% NaCl solution
which was also added to the column. The acidified samples were

extracted as described previously (plasma extraction method 4)»
/ J S  .and the eluant was monitored for recovery of I-oC-MSH. The dried 

down extract was redissolved in RIA buffer and duplicate 200yuLl 

samples placed in the RIA. The results are shown in Table 11.
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Table 11 
Trout plasma

I2SRecovery of and c/-MSH added to 1ml aliquots of
plasma taken from black (B) and white (W) adapted trout 
and acidified to pH2.2 prior to extraction (method 5)

c/-MSH added % recovery of % recovery of
(pg/ml of plasma) I-o^-MSH I-of-MSH

B W B W

0 82+1.5 73+2.8
50 70+5.5 65+1.7 5 64+4.2

100 63+1.7 66+3.9 5 73+18.4

Values shown are xĵ SEM, n = 4

It may be seen that after acidification of the plasma to
/25pH2.2, recovery of I-<x-MSH was similar for both B and W trout

plasma. RIA of the plasma extracts showed the recovery of o^-MSH
/2Sin W plasma to be similar to that of I-o(-MSH but with B plasma 

the recovery of c?4-MSH was negligible.
When B plasma was more strongly acidified to pHl.5 by the 

addition of lOOyA.1 20% TFA/ml of plasma, the recovery of added 
-g/-MSH and^-MSH were identical. This acidification procedure 

was therefore adopted.
B. PLASMA EXTRACTION TECHNIQUE FINALLY ADOPTED 

NB. Operations 1 to 3 were carried out on ice.
1. Place 1ml of freshly collected plasma in a plastic tube.
2. Add lOOOcpm of I-o(-MSH in 20yuil of assay buffer.

3. Add lOOyuil of 20% TFA and whirlimix.

4. Apply entire sample to ODS-porasil A column (iml bed volume)

5. Add 1ml of 0.9% (w/v) NaCl solution to empty sample tube, 
whirlimix, and apply this to the column.

6. Wash column with 0.9% NaCl solution (3 x 500^).
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7. Wash column with aqueous 20% methanol, 1% TFA (iml).

8. Elute remaining peptides with aqueous 80% methanol, 1% TFA

(500^) into a plastic tube containing lOyuig of polypep

(p5115. Sigma Ltd.) in lOyml of diluent assay buffer.

9. Centrifuge extract at lOOOrpm for 30 minutes.
10. Dry down extract under nitrogen at 70*C.
11. Wash column with aqueous 80% methanol 1% TFA ( 500yjil ) and

collect eluate into the tube containing the dried down 

extract.

12. Repeat steps 9 and 10.

13. Repeat steps 11, 9 and 10.
14. Redissolve plasma extract in diluent assay buffer.

15. Whirlimix.
16. Leave for 10 minutes at 4C.
17. Whirlimix.
18. 'Remove a 200yul sample for radioimmunoassay.

I 2 SWith this technique the recovery of I-o4-MSH and o^-MSH added 
to black-adapted trout plasma was identical (see Table 12). The 
percentage recovery obtained with the I-oc-MSH which was added 
to all plasma samples prior to their extraction was therefore 

used to correct for any losses encountered during extraction.
I2 SThe amount of I-ô4-MSH added to the plasma (equivalent to approx

imately 5pg/ml) was not subtracted from the final calculated 
im o(-MSH content of the plasma samples
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Table 12
Recovery of^^^-c4-MSH and o/-MSH added to 
1ml aliquots of black adapted trout plasma 
acidified to pHl.5 prior to extraction

—

o/-MSH added 
(pg/ml of plasma)

Added O^-MSH 
present in (xl2) 
diluted plasma 

extract (pg/200yul )

% recovery of
a d d e d I -0̂ -MSH/ml 

of plasma

% recovery of 
added (/-MSH/m 

of plasma

0 0 70+3.4
300 25 78+3.2 88 + 16
600 50 81+4.2 76+9.6
840 70 83+4.9 85+8.0

Values are x jfSEM, n̂ = 4

C. VALIDATION OF PLASMA EXTRACTION TECHNIQUE
i) TREATMENT OF PLASMA SAMPLES BEFORE THEIR EXTRACTION

Trials were carried out on a pooled plasma taken from black- 
adapted trout, and extracted in the usual way. 1ml aliquots of 
plasma acidified to pHl.5 by the addition of 100^ 20% TFA prior 

to being snap frozen, or acidified following snap freezing and 
thawing, had lower MSH levels than those obtained with fresh 

non-frozen acidified plasma. If this latter value was taken as 
100% then the value obtained with plasma which had been acidified 
and then snap frozen was 91% (SEM+2.3, n=4). With acidification 
after thawing MSH values dropped to 82% (SEM^3.2, n=4)• The 
plasma extraction procedure was therefore always carried out 
using freshly obtained acidified plasma.

ii) VOLUME OF PLASMA EXTRACTED

Five-fold replicate samples of 0.5, 0.75, 1, 1-5 and 2ml of 
pooled black-adapted trout plasma were extracted and assayed in 

the normal way. For volumes of 0.75-2ml mean values of assayable
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o4-MSH were found to be virtually identical (coefficient of variation

1.5%) but 0.5ml sample volumes gave very low values (see Figure 5). 

For this reason, 1ml plasma samples were routinely extracted for 
RIA.
iii) SERIAL DILUTIONS OF TROUT PLASMA EXTRACTS

Using antiserum Cl6-6, serial dilution of two black and two 
white-adapted trout plasma extracts were shown to give displacement 
curves which were parallel to the standard curve; a typical 
result is shown in Figure 6.

Parellelism was tested for by plotting linear regression lines 
(over the linear range of the standard curve, 40-200pg) and 

comparing the slopes using the ’t' test for parallelism (P?0.1 in 
all cases).

7. COLLECTION OF PITUITARIES
All pituitaries were exposed by first removing the roof of 

the skull and then removing the brain, leaving the pituitary 
attached to the sella turcica.

Following sonication of the pituitary (20Hz for 30s) in ice 
cold O.IM HCL ( 60-100yuLl/gland ) , and incubation for 15 minutes at
C
AC, the pituitary extract was centrifuged for 5 minutes at 3000rpm 
and AC. The supernatant was either used immediately or stored at 

-40C.

8. RADIOIMMUNOASSAY OF TROUT AND FLOUNDER PITUITARY EXTRACTS

A. ANTISERUM C16-6

Using antiserum C16-6, serial dilutions - of - five :blaoki.and 
five white-adapted trout pituitary extracts were shown to give 
displacement curves which were parallel to the standard curve; 
a typical result is shown in Figure 6. The *t’ test for 

parellelism showed P>0.1 in all cases.
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Fig. 6 Typical displacement curves obtained with 
dilutions of both black-adapted trout pituitary
extracts (0 o) and pooled plasma (A— — A),
compared to the standard curve ( ♦ ) obtained
with antiserum CI6-6.
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B. ANTISERUM R&FB

Due to a shortage of time extensive experiments on the dis
placement curves obtained with different dilutions of trout and 

flounder pituitary extracts, using antiserum R^FB, were not 
carried out. However, the results obtained with only a few 

different dilutions of such extracts did seem to indicate that 
their displacement curves were parallel to the standard curve, 
obtained with this antibody.

9. POLYACRYLAMIDE GEL DISC ELETROFHORESlS (P.A.G.E.) OF PITUITARY

EXTRACTS AND CULTURE MEDIA
Pituitary extracts and culture media (see section 10) were

subjected to electrophoresis on acidic (pH4..3) gels in order to
separate the different forms of MSH present, the method of
preparing the gels and reservoir buffer being that of Reisfeld
et al. (1962) with the addition of 6M deionised urea (Baker, 1973)
Tubes of 0.25mm internal diameter were used with a constant
current of 0.5mA/tube applied for stacking into the large pore
gel, and 1.5MA/tube for separation on the small pore gel; before
any sample was subjected to P.A.G.E. a small aliquot was reserved

for direct assay.
Following electrophoresis the gels were cut into 5 or 10^

0
sections and each section was eluted for 2 hours at 4-C in poly
styrene tubes containing 1ml of the physiological saline used in 
the bioassay. After elution the gel sections were removed, the 

eluate whirlimixed, and an aliquot taken for bioassay. The 
remaining eluant was stored at -4-OC until radioimmunoassay the 

following day.
Losses encountered during P.A.G.E. were monitored in one of 

two ways; with the Anolis bioassay a 1 ̂ g sample of synthetic 

mammalian od-MSH was included in each gel run, the percentage
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recovery obtained with this sample (x = 58. l^SEM_+8.9 f n = l) was then 
used to correct up all the other bioassay values obtained with 
gels in that run. The second and more usual method involved the 

comparison of the total pre and post-P.A .G.E . RIA values obtained 

with each individual extract, and subsequent correction for any 

losses .
The small amount of acrylamide eluted from trial gels was 

found not to interfere with the RIA of standard added to the

eluate (500pg/ml ). Similarly acrylamide did not interfere with 
the Anolis bioassay after dilution of the gel eluate to 5mls with 
physiological saline.

Gels on which standard preparations of peptides had been run 
were stained with Coomassie Brilliant Blue (Baker, 1971), and the 
Rf values of the peptides determined using a chromoscan (Joyce 
Loebl Ltd.). The results are shown in Table 15 of the results 
section.

10. TROUT PITUITARY CULTURE

Pituitary cultures were set up to determine what types of 
MSH are secreted by the trout pituitary jji vitro.

The culture medium used was Eagle’s Minimal Essential Medium 

with Earle’s salts and also contained sodium bicarbonate (0.25%) 
0.1% BSA (RIA grade, Sigma Ltd.), and lOOIU/ml each of penicillin, 
and streptomycin (Flow Laboratories).

All operations were carried out in antiseptic conditions, the 

pituitary was placed in sterile saline and the neurointermediate 
lobe cut sagittally into control and experimental halves. The 
control half was extracted in O.IM HCL and stored at -10C» while 
the experimental half was dissected into four equal pieces all 

of which were placed on a stainless steel gauze support in a 

solid watch glass. 100-150^2 of culture medium was placed under
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and around the mesh support and the lid of the watch glass sealed 

on with molten paraffin wax.

Following culture for 2k hours at 18.5C the pituitary frag
ments were washed with the culture medium which surrounded them 

and then extracted in the normal way. The pre and post-culture 
pituitary extracts and the culture medium were then subjected to 
P.A.G.E.

11. DEXAMETHASONE SUPPRESSION EXPERIMENT

Possible feedback effects of corticosteroids on PI activity 
were investigated in a single experiment using dexamethasone.

Fourteen day black-adapted trout were each injected intra

muscularly with 200yUl of sterile saline which in the case of one
group contained 0.8mg of dexamethasone phosphate (Sigma Ltd.).
The injections were administered at 12.00hrs on two consecutive 
days, at a point just posterior to the dorsal fin. Plasma 
samples were collected on the morning of the third day, and 
assayed both for immunoreactive^-MSH and cortisol. The details 
of the RIA for plasma cortisol levels have already been published 
(Baker and Ranee, 1981).

12. IM VITRO CULTURE OF TROUT SCALES WITH TROUT PITUITARY TISSUE, 
CYCLIC AMP, OR SYNTHETIC MAMMALIAN pf-MSH

Scales were removed from the mid-dorsal surface of a 2 week

white-adapted trout by scraping from tail to head and placed in 

sterile saline containing lOOOIU/ml of both penicillin and 

streptomycin. The scales were teased apart, and incubated for
o1 hour at 10-15C to allow melanin dispersion to occur (Ranee and 

Baker, 1979); they were then divided into eight groups of five 
and each group was placed in the well of a microscope slide 

together with a small amount of medium. The medium used was
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Eagle’s minimal Essential Medium with Earle’s salts, containing 

10% foetal calf serum, 0.25% sodium bicarbonate, and lOOIU/ml 

of both penicillin and streptomycin. A Vickers M85 Microdensito

meter was then used to measure the density of pigment, mainly 
melanin, at 650nm. Three readings were taken on each scale 
which together covered the whole of the pigmented area, and a 

further three readings over the unpigmented region as background 
values.

Readings were made with a 4 second scan time, spot size 3

and at an objective magnification of x4.
Each group of 5 scales were then placed in a plastic well

with 500yuLl of medium. Individual diced pituitaries taken from
2 week white-adapted trout were then added to each of two wells,
dbcAMP (N*, & -Dibutyrjl Adenosine 3': 5’-cyclic monophosphoric
acid. Sodium salt Grade ii-A Sigma Ltd.) to a final concentration
of 1 X 10 M to a further two wells, and synthetic mammalian

—7
ck-MSH to a final concentration of 1.2 x 10 M (200ng/ml ) to the
remaining two wells. Two final control wells had no additions.
The lids of the wells were sealed with vaseline and the scales
incubated at 18C for 72hrs. Following incubation the mean
melanophore indices were determined and the scales removed from

the wells washed in Ringer and incubated for 15 minutes in
—7medium containing o^-MSH (1.2 x 10 M) which caused full melanin 

dispersion. Microdensitometer readings were then taken as before 

The ’melanin density', both before and after culture was 

calculated by subtracting the mean background density (i.e. 

melanophore free areas) from the mean density value obtained for 
areas of the scale rich in melanophores. This was done for each 
of the ten scales (i.e. two groups of five) which had undergone 

the various culture regimes and the ’melanin densities’ obtained 
both before and after culture were arranged in rank order and
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compared by the Comparison of Pairs Test. The results, together 

with the overall means for each group are shown in Table 24 in 

the results section.

13. STATISTICAL ANALYSIS OF RESULTS
Significant differences between means were detected by the 

students 't' test.



RESULTS

r
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Due to the probability that desacetyl o/-MSH (ACTH 1-13 

amide) occurs in the teleost pituitary (see Results section 15A) 
and consequently may be present in the blood, the significant 

cross-reaction shown by antisera CI6-6 and R*FB with this peptide 
assumes some significance. The RIA results presented in this 
section, all of which were determined with antiserum CI6-6, 
may therefore represent both and desacetyl c^-MSH in varying

proportions. Levels measured by RIA are therefore referred to 

as immunoreactive o4-MSH-like substance (imo6-MSH).

14. EFFECT OF BACKGROUND ADAPTATION ON TOTAL PITUITARY IMMUNOREACTIVE 
AND BIOACTIVE MSH

A. ALDERLEY TROUT

The pituitary content of both im D^-MSH and bioactive MSH 
was generally lower in black (B) compared to white (W)-adapted 
trout (P<0.05 in all cases except for August im o4-MSH levels, 
P>0.05, Table 13 and Fig. 7). Seasonal variation was seen both 
in the absolute levels of imO^-MSH, which tended to be highest 
in August, although this elevation was only significant in B 
fish (B, P<^0.01; W, P^0.05), and the relative difference between 
these levels in B and W fish (W:B=3.8 in Feb/May, 1.7 in August). 

Imc4-MSH levels were always greater than bioactive MSH. This 
discrepancy is explicable in terms of the different forms of 

o4-MSH, (see section 15), contained in the pituitary, which have 

different immunoreactive and bioactive potencies (see Tables 3 
and 7).

B. WARMINSTER TROUT

Pituitary MSH measurements for Warminster trout differed 
from those found in Alderley trout in two respects: first, 
pituitary content of immunoreactive and bioactive MSH did not vary 

with background (P>0.1 in both cases), and second there was good
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agreement between levels determined by RIA and bioassay, (Table 

13 and Fig. 7), Im^-MSH pituitary contents in Warminster fish 

were, however, comparable with those seen in Alderley fish

sampled in the same month (i.e. August).

C. FLOUNDERS
Pituitary levels of both imo6-MSH and bioactive MSH in 

flounders did not vary with background (P^’O.l in both cases.
Table 14 and Fig. 8). Content determined by RIA was, as in the
case of Alderley trout, always greater than that measured by bio

assay such that im (/-MSH was usually 2 to 3 times more abundant 

than bioactive MSH
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Table 14
Total pituitary immunoreactive and bioactive
MSH in black and white-adapted flounders (see Fig. 8)

Sex &
: Body wt (g)
1

Immunoreactivec/-MSH 
(ng/pituitary)

Bioactive MSH 
(ng equivalents/pituitary)

r1
Black-adapted

M 342 1225 387

M 224 341 316

F̂ ' 171 1850 403
F* 164 1650 474

1267+335 395+32

White-adapted

M 206 1388 474
' M* 247 690 395

M 185 1550 472
F* 196 950 553

1145+198 474+33

le experiment was carried out during June; adaptation period was 21 
ys. ^Denotes fish which had spawned, all others were immature, 
ans are shown +SEM.
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15. TYPES OF MSH IN THE TROUT, FLOUNDER AND LAMPREY PITUITARY GLAND
A. TROUT AND FLOUNDER

When extracts of trout and flounder pituitaries were sub

jected to electrophoresis on acidic (pH4-.3) polyacrylamide gels 
three bands of MSH bioactivity were evident. These peaks labelled 

A, (RfO.55-0.65), B. (RfO.7-0.85), and C, (RfO.9-1), may be 
homologous with (x̂ -MSH, and desacetyl o^-MSH (ACTH 1-13 amide)
respectively as these peptides run to similar Rf values (Baker, 

1973 and Table 15).
When samples of these peaks obtained from trout pituitary 

tissue were placed in the RIA’s employing either antiserum CI6-6 
or RgFB, the antisera only cross-reacted with peaks B and C.

Table 15
Rf values of peptides subjected to PAGE

fePtide .Range'"'""peak

ACTH 1-10 0.63-0.68 0.65
o^-MSH 0.75-0.81 0.78
ACTH 4-10 0.83-0.92 0.86
Desacetyla/ -MSH 
(ACTH 1-13 amide) 0.95-0,99 0.96
ACTH I-I6 amide 
ACTH 1-16 OH Ran with the ion front

2jxg of each peptide was run and the bands 
visualised by staining with Coomassie Brilliant 
Blue (Baker, 1973).

i) TROUT-LEVELS OF THE THREE BIOACTIVE MSH-LIKE SUBSTANCES IN 
THE PITUITARY

The pituitary content of peaks B and C tended to he greater 
in white compared to black-adapted Alderley trout (Table I6 and
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Fig. 9). Bioactive levels of peak A which were only measured in 

August did not vary with background (P=0.l). Peak C always con

tained the greatest amount of im -MSH and its abundance showed 

seasonal variation being 2-3 fold that of peak B in May, and 

14-19 fold during August. This change was almost entirely due 
to a real increase in the absolute immunoreactive levels of C 

as those of peak B showed little change over this period.
The RIA:bioassay ratio of peak B was always approximately 

1 (see Table l6.) , but for C it varied from about 11 in May to 

between 12 to l6 in August.
B. LAMPREY-PITUITARY LEVELS OF MSH

When lamprey pituitaries were subjected to PAGE a single 

bioactive MSH peak with an Rf value of 0.6-0.7 was detected. 
Total bioactive 'MSH' in one lamprey pituitary was found to be 
equivalent to 18ng of synthetic mammalian 0^-MSH but RIA of this 
extract only detected 230pg. Time did not permit investigation 
to determine whether this low immunoreactivity was attributable 

to the bioactive peak Rf 0.6-0.7.
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16. TROUT PITUITARY CULTURE

The bioassay results obtained with pituitaries taken from 

three W-adapted Alderley trout (Table 17), suggest that during 

in vitro culture there was synthesis and active release of the 
bioactive substances which comprised peaks A and B, peak B, 
presumptive 0̂ -MSH, being the predominant form released. This is 

shown both by the percentage increase of total post, relative to 
total pre-culture A, B, and C values (approximately 200$ for A 
and C, and 3A0-590$ for peak B), and by the percentage of post- 
culture A, B and C values found in the medium (about 70$ for A

and 78-93$ for B).
Peak C (presumptive desacetyl -MSH) although apparently 

synthesised during culture did not appear to be 'released' in 

large amounts as only about 20$ of the post-culture values for 
this peak were found in the medium.

Since the pituitary tissue was not pre-incubated prior to
culture it is possible that the relatively low levels of peak
C in the medium, were due to leakage from cells damaged during 
dicing of the pituitary tissue, rather than active release. 
Further experiments incorporating a pre-incubation period to 
remove the effects of damaged tissue would resolve this point.
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17. PLASMA IMMUNOREACTIVEc/-MSH TITRES

A. EFFECT OF SAMPLING 'STRESS' IN TROUT
When trout were sampled they were netted and killed one 

after another, a process resulting in the disturbance of fish 

remaining in the tank. To determine if this 'stress' caused an 

increase in plasma i m - M S H  levels between the first and last 
fish sampled, 5 white-adapted trout were sampled from the same 

tank at 3 minute intervals.
Table IB shows that this process did not result in a 

sequential increase in plasma imô^-MSH titres. It is of course 
possible that if the total sampling period had been longer than 
that used (i.e. 15 minutes then an increase in plasma im o/ -MSH 
levels may have been seen. However, all groups of trout used 

in this study were netted and blood samples taken within 10-15 
minutes of the first fish being sampled, 'sampling stress' would 
therefore have not contributed to the plasma levels of MSH 

measured.

Table IB 
Sampling 'stress'

Plasma im o/-MSH titres in trout sampled 
from a single tank at 3 minute intervals

Order of 
sampling wt sex Im (/-MSH 

pg/ml plasma

' I 194g immature M 159
2 206g immature M 274
3 I60g immature F 179 x=212 SEM+24
k 179g immature F 268 (=1.27 X 10 c/-MSH)
5 247g immature F 142
6 198g immature F 250

Experiment was carried out in March using 14. day W-adapted Alderley 
trout.
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B. EFFECT OF BACKGROUND COLOUR ON PLASMA TITRES OF IMMUNOREACTIVE 

ok-HSU

i) ALDERLEY TROUT
Differences between plasma im ̂ -MSH titres in B and W- 

adapted Alderley trout were seen after only 2 days colour 
adaptation, (Table 19 and Fig. 10). This difference was 
apparently due to increased plasma levels in B fish (P<O.Ol) as 
those of W trout did not differ significantly from those of fish 
killed at the fish farm (P>0.05). Little change was seen 
between 2-7 days, but plasma hormone titres were even further 
raised after 14-21 days adaptation to a black background, when 

they were 4.5-6 fold higher than in W-adapted fish.
No correlation was seen between plasma i m - M S H  titres and 

the fish’s sex and/or state of maturity.
ii) WARMINSTER TROUT

Plasma imo4-MSH titres in Warminster trout were similar to 
those seen in Alderley fish in that after only 7 days adapt<xt(orv 

they were higher in B-adapted individuals (P^^.Ol). However, 
plasma titres were very high approximately five fold greater 
than in Alderley fish (Table 19 and Fig. 10), and in white 
Warminster fish levels did not remain constant but showed an 

increase between 7 and 14 days (P<O.Ol). Plasma levels were 
not determined in 14 day B-adapted Warminster fish, nor at the 

fish farm.
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iii) BLUE TROUT

In contrast to the younger normally pigmented trout, plasma 

titres of im c/-MSH determined in only three B and one W-adapted 
’blue’ trout (see Table 20) showed no evidence of change in 

response to background.
Black-adapted ’blue’ trout also had relatively low plasma 

levels, in the range of W-adapted Alderley trout (see Table 19). 

These findings together with that of Yamaguchi and Miki (1981) 
that the content and arrangement of isoxanthopterin and melanin 
in the integument of ’blue’ trout differs from that of normal 
trout may explain their unusual colouration.
iv) EELS

Although plasma imcZ-MSH levels in eels were generally 
lower than those seen in normal trout they did vary with back

ground (see Table 21 and Fig. 10). Following 2 days adaptation 
hormone levels in B-adapted eels were significantly higher than 
those of W-adapted individuals (P^’O.Ol). There was no further 
significant change after 4 days adaptation (P=0.1 for B-adapted)

Table 21
Plasma immunoreactive o4-MSH titres in eels

Adaptation 
|riod in days

Background
Colour

Immunoreactive o(r 
MSH(pg/ml of plasma) 

x+SEM n=6

Mean expressed 
in terms of Molar 
concentration of 

(X-MSH

2 Black
White

346+49 
< 80

-102.1 X 10 
z ^ _ 8  X 10

14 Black
White

447+27
119+13

— lO2.7 X 10_„ 
7.1 X 10

were sampled during May/June
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v) FLOUNDERS

Attempts were made to measure plasma levels of immunoreactive 

im(/-MSH in flounder and indeed levels of 100-l$0pg/ml were 
measured in both black and white-adapted fish. However, further 

investigation showed that the plasma extraction technique was 
inadequate for use with flounder plasma for although the recovery

I2 Sof I-c4-MSH added to 1ml plasma samples was identical to that seen 
with trout plasma (i.e. average 70$), the recovery of added o/-MSH 

was very variable, and usually less than 10$. This situation, 
which indicates the possible presence of a plasma 'interfering 
factor', is similar to that seen with unacidified trout plasma.

In the case of flounder plasma the 'interfering factor' was more 
persistent since plasma acidification to pHl.5 prior to extraction 
did not remove it. Unfortunately time did not allow the plasma 
extraction technique to be perfected for use with flounder and 
so plasma levels could not be determined.
C. EFFECT OF INFECTION ON PLASMA TITRES OF IMMUNOREACTIVE o/-MSH 

IN TROUT
One group of fish (see Table 19» 14 day white-adapted group 

A) included trout which showed early signs of the bacterial in

fection furunculosis. In these specimens plasma immunoreactive 
(/-MSH titres seemed higher than those in uninfected fish although 
the increase was not significant (P=0.l). This apparent increase 
was later confirmed by observations on severely infected trout 

(see Table 22) where plasma hormone titres were about twice those 

found in healthy uninfected control fish (see Table 19).
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Table 22
Plasma levels in 14 day white-adapted
Alderley trout infected with furunculosis

o Weight Imo4-MSH
g (pg/ml of plasma)

M 183 446

^ X = 502+SEM22
F 186 493 (=3 X ld”'M cZ-MSH)

F 199 553

Fish were sampled in May and all were immature. 
Adaptation period was 14 days. Plasma levels in 14 
day black-adapted trout infected with furunculosis 
were not accurately determined but RIA showed they were 
greater than 2400pg/ml, equivalent to 1.44 x ICf̂ M </-MSH 
(n = 4 )

D. EFFECT OF DEXAMETHASONE TREATMENT ON PLASMA TITRES OF IMMUNO
REACTIVE &4 -MSH IN TROUT

Plasma titres of imc/ - MSH in 14 day B-adapted Alderley trout 
which had been injected with dexamethasone were not significantly 
lower than those of the control group injected with saline (P=0.l), 
see Table 23. However, plasma levels in both these groups did 
appear to be lower than those in comparable fish which had 
received no injections (see Table 19). This decrease was signif
icant in the case of the dexamethasone group (P<O.Ol) but not in 
the case of the controls (P>0.05) where the very high plasma titre 
measured in a single fish possibly infected with furunculosis, 

may have 'masked any significant decrease in mean values. Plasma 

cortisol levels were however significantly decreased following 
dexamethasone treatment (P^O.Ol)
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18. EFFECT OF IN VITRO CULTURE WITH TROUT PITUITARY TISSUE, CYCLIC 

AMP, OR SYNTHETIC MAMMALIAN /-MSH ON THE MELANIN DENSITY (i.e. 

CONTENT) OF TROUT SCALES
Densitometry measurements of scale melanophores were made in 

an attempt to estimate melanin content and determine whether 

this could be influenced byc/-MSH. The microdensitometer used 

was initially available for only one week during which time the 
trout scale culture experiment was carried out. Subsequent work 
(Baker unpublished observations) has shown that the resolution 
of the instrument is such that lower density readings were ob
tained with scales where the melanin granules wore concentrated 
in a small area of the melanophores compared to the same scales 
when the melanin granules were dispersed throughout the cytoplasm 
of the melanophores. However, all the melanin densities in the 
scale culture experiment presented here were determined following 
melanin dispersion. This was accomplished before culture by 
incubating all scales at 18C for 1 hour (Ranee and Baker, 1979), 
and post culture by placing them in medium containing synthetic 
mammalianc/-MSH (1.2 x lO^M) a process which was seen to cause 
melanin dispersion. Unfortunately it was not possible to ensure 
that the melanin granules in each melanophore were equally dis
persed both before and after culture. If this was not so then 

it may have had some influence on the results.
A second criticism is that individual scales could not be 

identified before and after culture and that in order to carry 
out the Comparison of Pairs Test the density readings of each 

group of 5 scales were arranged in rank order. This assumes 
that each scale retains its position in this rank order both 
before and after culture an assumption which is obviously open to 

criticism. Therefore, the results in Table 24, although suggesting 
that of the substances tested only synthetic mammalian ̂ -MSH



78

stimulated melanogenesis, must be viewed with caution.

During the culture period, the scale melanophores showed 

changes in melanin distribution. Starting from an initial dis
persed condition on day zero, the melanin in control melanophores 
showed a gradual, progressive concentration to an intermediate 
condition after 72 hours; those with neurointermediate fragments 
showed rapid melanin concentration and remained in this state 
throughout culture; melanophores with dbc AMP remained dispersed 

while those with (/-MSH showed total dispersion.
Following culture and transfer to medium containing c/-MSH 

all melanophores displayed total melanin dispersion within about 

10-15 minutes. This is in contrast to freshly plucked scales 
which do not respond to o^-MSH, and indicated that following 
culture the scale melanophores were not only alive but that they 
possessed receptors for (/-MSH.

Table 24 
Trout scale culture experiment

Treatment 'Melanin density' Probability*

pre-culture post-culture

Controls 28.8+3.1 27.4+3.1 (not
0.5
significant)

Pituitary
fragments 36.3+3.6 43.9+7.1

(not
0.1
significant)

dbcAMP _4 
(1 X 10 M) 32.7+4.4 39.3+5.8 (not

0.1
significant)

C4-MSH
(1.2 X 10 M) 25.6+3.6 36.7+5.9 0.01

(highly significant)

rail mean, x+SEM, where n=10 (i.e. 2 groups of 5). *The 'melanin 
sities' of each group both before and after culture were arranged 
rank order and compared by the Comparison of Pairs Test, the 
bability values obtained are as shown.
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19. COMPARISON OF ANTISERA CI6-6 and R&FB
The imp^-MSH content of both pituitary extracts and samples 

from the two MSH peaks B and 0 isolated from such extracts was 

determined using both antisera CI6-6 and RsFB.
Although both these antisera show identical cross-reactions 

with the peptides tested (Tables 3 and 4), the MSH content of 

samples determined using antiserum R4FB was on average 1.8(SEM 
^0.18, n=30) times greater than that measured by antiserum CI6-6. 
It is of course possible that in the pituitary extracts antiserum 
RgFB was picking up both MSH and some other unknown cross-reactant 

However, the possibility of such a cross-reactant running with 
both MSH peaks B and C on polyacrylamide gels is unlikely. The 
difference between the amount of MSH measured using each of the 

antisera seems therefore to be an inherent feature of the anti
sera .

This result raises interesting questions regarding direct 
comparison of peptide hormone levels determined using different 
antisera, and indicates that if possible the same antiserum 
should be used in order that true comparisons can be made.



DISCUSSION
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20. RADIOIMMUNOASSAY AND PLASMA EXTRACTION

Over the past few years several protocols for RIA of (/ -MSH

in rat plasma have been described. One of these (Penny and Thody,

1978) measuredc/-MSH in unextracted, diluted plasma. Two other

methods introduced an extraction step to reduce the high blank

values caused by non-specific interference and concentrate the
hormone. One of these methods (Usategui et al., 1976; Vaudry et

al., 1976) used talc to adsorb thec/-MSH and eluted it with 75$
ethanol. The recoveries of I -(/-MSH and c\-MSH obtained with this

method were similar being 64$ and 75$ respectively. In the second
method (Wilson and Morgan, 1979b) c/-MSH from acidified rat plasma

was adsorbed on to florisil and eluted with an ethanol/ammonia
U S

mixture. Although the recovery of I-^-MSH using this method 
was about 70$ the recovery ofc/-MSH was about 20$ lower than this.

Perhaps the most interesting problems encountered with the 
c/-MSH RIA used in this study was seen during the development of 
the plasma extraction technique, where there was evidence for 
the existence of a plasma interfering factor(s) (IF). The 
difficulty here was not non-specific interference giving high 

blank values as is often reported, but the apparent loss of im 
cxf-MSH. Thus although o/-MSH was known to be present in 'spiked' 
plasma samples this could not be routinely measured by RIA as 
recovery levels were very erratic (range 0-100$). Wilson and 

Morgan (l979b) encountered a similar loss of im(/-MSH following 

elution of the hormone from florisil with dilute acetone; they 

concluded that this loss was due to molecular damage which occurred 
during the elution stage. Hormone damage by the elution mixture 

used here (80$ methanol/l$ TFA) was not a possibility because 
a successful extraction procedure was eventually developed using 
this solution. Two alternative explanations are therefore worth 
consideration. It is possible that the hormone is subject to
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rapid proteolytic degradation either before or after extraction, 
and that acidification to pHl.5 protected thec/-MSH either by 

denaturing the enzymes and/or lowering the pH to a level in
compatible with enzyme activity. However, if an enzyme is in
volved, it remains difficult to understand why it should have an 
apparently greater activity in B-adapted trout plasma. Moreover, 

the extent of added c/-MSH loss in plasma from B-adapted trout, 
acidified to pH2.2 was more or less 100$, (Table 11) which seems 

somewhat high considering that the hormone has been successfully 
measured in unextracted rat plasma (Penny and Thody, 1978).

An alternative speculative explanation is that the plasma 

contains a protein capable of binding im^-MSH. analagous to 
transcortin or thyroxine-binding globulin. Were such a protein 
adsorbed and eluted from ODS together with the imo/-MSH, it 
could bind both I-c/-MSH and endogenous im c/-MSH thus interfering 
with their adsorption by the charcoal used in the RIA to separate 
antibody bound and 'free' hormone. This would produce low char
coal radioactive counts, observed during this work, which would 
be interpreted as low plasma hormone titres.

The differences between hormone recoveries obtained with 
B and W-adapted trout plasma suggests that the concentration of 
this presumptive IF or 'binding protein(s)' is not constant but 
is higher in B-adapted trout plasma, where greater acidification 

was needed before satisfactory recoveries were obtained. It 

would also appear that the occurrence of this factor was variable 

in different teleosts. For example in eels there was little 

evidence for such a factor since plasma levels could apparently 

be satisfactorily measured in non-acidified plasma -following 
ODS extraction (compare Tables 10 and 21). In the flounder even 
when plasma was acidified to pHl.5 interference was so great that 
good recoveries of added0^-MSH were still not obtained.
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The chemical nature of the IF is uncertain but acid in

activation as was seen here would be compatible with the suggestion 
that it is a protein or lipoprotein. Its origin is also uncertain, 
but the fact that its levels are apparently elevated following 
B-adaptation in trout does not necessarily mean that it is a 
secretory product of the PI; it may be a product formed in response 

to one of the PI secretions or for instance in response to cortisol 

which is known to be elevated in B-adapted trout (Baker and Ranee, 
1981). The factor may also not be 'specific' for(/-MSB although 
the fact that this hormone has such a long half-life in Xenopus 

(2hrs-Goos et al., 1977) could lead one to suggest that in the 
lower vertebrates the hormone becomes bound to a plasma factor 
which protects it from enzyme degradation. Thus, the elevated 
levels of the plasma IF in B-adapted trout may in effect further 
enhance the action of the high im c/-MSH titres by increasing the 
half-life of the hormone.

If indeed it were shown that im oC-MSH could be bound in this 
manner by plasma proteins, and that these varied under different 
physiological or environmental conditions, then a mechanism could 
be proposed whereby plasma MSH titres could vary without involving 

a change in their rate of secretion from the pituitary. In such 
circumstances pituitary histology would be no guide to plasma 
hormone levels as it has been assumed to be in the past. However, 

the involvement of a binding protein for small pituitary peptides 
is a novel proposal and information about such a factor is still 
too slight to permit further speculation.

21. TYPES OF MSH PRESENT IN AND/OR RELEASED BY THE TELEQST PITUITARY

P.A.G.E. of trout and flounder pituitary extracts revealed 
that there are at least three types of melanotrophic molecule in 

these fish. The first of these (peak A :RfO.55-0.65) may be ay6-MSH
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as two such MSB's are known to exist in the salmonid pituitary 

(Kawauchi and Muramoto, 1979; Kawauchi et al., 1980), and 

mammalian yS-glutamyl MSH runs to a similar Rf value (Baker, 1973). 

Antiserum 016-6 which shows no cross-reaction with either human 
or pig/S-MSH (Table 3) did not cross-react with extracts of peak 
A, thus although it is possible that this molecule does represent 

a y^-MSH its exact nature remains at present unknown.
Bioactive peak B (RfO.7-0.85) is almost certainly (/-MSH since 

chum salmon o(-MSH is identical to that of the mammal (Kawauchi and 

Muramato, 1979; Kawauchi, 1981) and synthetic mammalian^-MSH runs 
to this Rf (Table 15). The RlAibioassay ratio of peak B extracts 
from trout pituitary (Table l6) was approximately 1:1, the ex

pected ratio forc/-MSH which was used as a standard in both assay 
systems.

Peak C (RfO.9-1), which comprised the major amount of radio- 
immunoassayable MSH in the trout (Table l6) would appear to be 
desacetylc/-MSH (ACTH 1-13 amide) which Kawauchi and Muramoto 
(1979) found to be the major form of (/ -MSH in the salmonid 
pituitary. Synthetic ACTH 1-13 amide runs to this Rf value (Table 
15) as does the MSH from dogfish (Squalus) pituitary extracts 
(Baker unpublished observations) which is known to be entirely 
in the deacetylated form (Bennett et al., 1974). Bearing in mind 
that desacetyl c/-MSH has a potency of 70$ that of 0/-MSH in the 
RIA (Table 3) and only 12$ in the Anolis bioassay (Table7), then 
the RIA:bioassay ratio of peak C should theoretically be 6:1, in 

fact this ratio was approximately 12:1 (Table I6). The reason 

for this discrepancy is not clear but it is possible that an 

immunoreactive molecule with reduced bioactivity, other than 
desacetyl.oC-MSH is present - possibly a form of desacetyl c/-MSH 
damaged during extraction. It seems improbable that the extended 

c/rMSH (ACTH 1-15), c/-MSH II, purified by Kawauchi et al., (1980)
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is responsible as extension of thec/-MSH sequence to ACTH I-I6 
reduced its cross-reaction in the RIA to 0.1$ (Table 3)- There

fore, with this proviso of caution peaks B and C will be referred 
to as D( and desacetyl oC-MSH of which the later form appears to 

be the major molecule in the trout pituitary (Table I6 and Fig. 9).

In the eel pituitary onlyc/-MSH and desacetyl c/-MSH appear 
to be present (Ranee and Baker, 1979).

Although lampreys do not show background adaptation the 
existence of MSH in these animals is implied by the diurnal colour 
change response they exhibit (i.e. melanin dispersion during the 
day and a period of melanin concentration at night. Baker, 1979 
for review). Since so little is known about the MSB's in this 
class of vertebrates lamprey pituitary extracts were subjected to 
P.A.G.E. where a single bioactive peak (RfO.6-0.7) was identified. 
This result was in agreement with the work of Baker (1979), and 
suggested a more acidic molecule thanc/-MSH. The molecule had 
apparently relatively low cross-reactivity with antiserum CI6-6, 
raised against mammalian c/-MSH suggesting structural differences 
at the antigenic residues (i.e. the N and C-terminals of the c/-MSH 
molecule).

The evolutionary pressures which have maintained the structure 
of (/-MSB could be more directly concerned with maintaining the 

structure of ACTH where residues in the 1-13 as well as 13-24 
amino acid sequence are concerned with binding and activity. 

Evidence for such an idea comes from the fact that the ACTH 

content of lamprey pituitaries is extraordinarily low (1000-fold 
less than the Gnathostomes (Eastman and Portnova, 1982; Baker and 

Buckingham, in press). This observation together with the absence 

of vertebrate corticosteroids in lamprey blood (Hardesty, 1979) 
may indicate that ACTH is a physiologically unimportant molecule 

in lampreys and has been able to undergo mutational changes, hence
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changes may also have occurred in thefX-MSH sequence.

The occurrence of o(-MSH and desacetyl in the pituitary

of the eel, trout and also the flounder together with a third 
unknown bioactive MSH-like substance (peak A) in the last two of 
these fish leads one to pose the question - are all these 

molecules secreted into the circulation in the same proportion as 

they are found in the gland? The results of the i^ vitro culture 

of trout pituitaries (Table 17) suggests that while desacetyl 
O^-MSH (peak C) is the major form of^-MSH in the pituitary,
(peak B) would seem to be the major form actually released into 
the medium. This result strongly suggests that desacetyl(/-MSH 
is a storage form and is acetylated to formC^-MSH prior to 
release of this peptide from the pituitary, as has been shown to 
be the case in Xenopus (Martens et al., 1981).

Peak A substance would also appear to be released during 
culture but until its exact nature is known it is difficult to 
speculate further on its relationship to and desacetyl 0^-MSH.

Attempts were made to isolate different immunoreactive forms 
of (X -MSH from trout plasma but these were unsuccessful. When 
10-12mls of pooled plasma from B-adapted trout were extracted from 
ODS, dried down and subsequently subjected to P.A.G.E., recovery 

of initial im<p^-MSH (following P.A.G.E.) was found to be very low 
(approx. 20%). This may have been due to the relatively high 
protein content of such extracts which interfered with electro
phoresis. Because of these technical problems the failure to 
detect any desacetyl after this treatment is not altogether
conclusive evidence that desacetyl O^-MSH does not occur in trout 

plasma. However, the predominant secretion of in. vitro

suggests that this peptide is probably the major immunoassayable 
form secreted into the circulation.

Another question that arises is whetherthe ratio of oC to
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desacetylc^-MSH stored in the trout pituitary gland is subject 

to variation under different conditions. Although a restricted 

amount of information is available (Table l6) the suggestion is 
that this may be so. Desacetyl 0^-MSH was much more abundant in 

August than in May both in absolute terms and relative t o - M S H  
when radioimmunoassayable levels were compared.. This change 
would explain the greater discrepancy between RIA and bioassay 
values,of total pituitary MSH in trout sampled during August 

(Table 13) as compared to those sampled in Feb/May.
Adaptation to B or W backgrounds which would affect the ratio 

of hormone synthesis and secretion did not seem to influence the 

: desacetyl o^-MSH ratio (Table l6) . The reason for the change 
in this ratio in both B and W-adapted fish in August is therefore 

not clear. In rats acétylation occurs instantaneously, so that 
very little desacetylC^-MSH is found in the gland.(Baker, 1973; 
Tilders et al., 1975). In Xenopus, acétylation seems to be 
delayed until the moment of hormone release so that very little 
of the acetylated form is found in the gland (Martens et al., 1981) 
In Squalus as in Xenopus, .desacetyl-MSH is the onlyc/-MSH form 
present in the gland (Bennett et al., 1974-) although nothing is 
known about the form in which it is secreted. In the trout it 
would be of great interest to know which factors, whether 

seasonal or other, can influence this process.

In many of the fish studied in this work the level of bio

activity in peak A was equal to, or less than that found in peak 

B,c/-MSH (Tables l6 and 17). This contrasts with the results of 

Baker (unpublished observations) using trout from a different 
source in which the bioactivity of peak A was regularly two-fold 

higher than the o^-MSH peak. It is difficult to explain this 
because as has already been said the exact nature of peak A is 
unknown. However, this finding suggests that the production and/or
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storage of different cleavage products is not constant within a 

species. Indeed this would appear to be supported by the results 

showing total pituitary contents which in Warminster trout unlike 

the Alderley fish, did not vary with background (Table 13).
Total pituitary MSH content was always lower in B than in 

W-adapted Alderley trout (Table 13) suggesting that B-adaptation 

is accompanied in these fish by increased release of pituitary MSH, 

as measurements of plasma im^^-MSH confirm (Table 19). When 

Alderley trout were kept on a W background there was an increase 
in the level of hormone in the gland, suggesting storage and/or 
continued synthesis, at least for a while. In Warminster fish this 
response to background was not seen indicating that the balance 
between hormone synthesis and release can vary in fish of the same 
species but from different sources. This difference in the storage 
pattern of total pituitary MSH has also been noted in Xenopus 
from different sources (Goos et al., 1977).

Pituitary histology of flounders adapted to B and W back
grounds for 3 weeks suggested that unlike the trout, flounder 

MSH cells do not respond to background; the PAS+ve cells also 
showed no response in this species. These observations would 
suggest that MSH secretion is not influenced by background colour, 

and the similarity (P>0.l) between MSH contents of B and W- 
adapted flounders (Table I/) is in keeping with this conclusion, 
although as may be seen from the discussion for Warminster fish 

similar pituitary levels may not mean unchanging plasma titres. 

Similarly in the eel in which plasma titres varied on B and W 
backgrounds (Table 21) pituitary levels only reflect this 
difference in the short term (2-X days) and are not seen following 

long term adaptation (21-28 days) (Baker, 1972; Carter and Baker,

1979)•
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22. PLASMA IMMUNOREACTIVE Cx̂ -MSH TITRES

Plasma im o/-MSH titres were always raised in trout and eels 

adapted to a black background, as has been shown previously for 
Xenopus (Wilson and Morgan, 1979a). It is interesting to note 
that the levels seen in all W-adapted fish used in this study 

were relatively high compared to those seen in X-7 day W-adapted 

Xenopus (22 pg/ml). This may be due to species differences alone, 
especially in view of the finding that Salmo gairdneri from 
different sources do show variations in hormone levels. However, 
a further point is worth considering; all fish in this study were 
kept under a l6 hr L: 8 hr D lighting regime in contrast to the 

Xenopus which were kept under constant illumination. It may be 

that under diurnal lighting conditions MSH secretion occurs 
during the dark period with a consequential rise in the plasma 
MSH titres of the W-adapted fish. Further work is needed to confirn 
or disprove this possibility.

Plasma titres in both B and W-adapted trout (group B teleosts) 
whose melanophores are strongly innervated tended to be higher 
than those seen in eels (group A teleosts) where there is weaker 

nervous innervation (Tables 19 and 21). One may speculate 
whether these higher titres are necessary to overcome the influence 
of the nervous system and/or the opposing effect of MCH to which 
trout scales appear to 'be particularly sensitive.

The almost 2-fold increase in the plasma im O^-MSH levels 
seen between 2-7 and 14.-21 day B-adaptej Alderley trout (Table 

19), may indicate that following longer term B-adaptation o^-MSH 
is assuming a role in morphological colour change. Indeed, 
tentative evidence for such a role in morphological colour change 
was provided by trout scale culture experiment j;see section 18).

In Warminster trout although differences were seen between B 
and W-adapted fish the absolute plasma titres of im o(-MSH were
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much higher than those seen in comparable Alderley fish (Table 

19). Thus titres in W-adapted Warminster trout were similar or 
even higher than those found in B-adapted Alderley fish. This 
suggests that MSH titres are not only influenced by background 

but by other factors too. As both the Alderley and Warminster 
farms buy in their fry from several commercial sources the 

differences are unlikely to be due to the fish being of different 
genetic strains. The most obvious factor which could be respons
ible is therefore the rearing conditions used - large open air 

ponds at Alderley contrasting with the small indoor tanks, 
greater crowding and variable lighting regime used at Warminster. 
The 'stressful’ conditions pertaining at the Warminster farm 
would therefore appear to have profound and prolonged effects on 

pituitary activity. Indeed, it is interesting to note that 
Warminster fish retained a dark appearance even after 14 days W- 
adaptation under which conditions Alderley fish were extremely 
pale. Other evidence for the effect of stress, this time 
systemic stress, on the plasma titres of im 06-MSH was provided by 
trout infected with furunculosis where levels were about twice 
those of uninfected fish (Tables 22 and 19).

A histological response by the PI to various stresses has 

been noted in other teleosts. Malo-Michele (1979, 1980a, b) has 
shown that in the marine teleost Boops salpa systemic stress 
(e.g. reduced salinity, or a 'dermal infection') stimulates the 

pars distalis (PD) corticotrophs (source of ACTH), and the PI 

melanotrophs, while neurogenic stress (flashing lights or noise) 

exclusively stimulates the melanotrophs. Melanotrophs and cortico' 

trophs react in parallel, not only in response to stress but also 
in some species in their response to corticosteroids. Thus in 
both catfish Heteropneustes f ossilis, (Baker et al., 1974-), and 
the eel Anguilla, (Olivereau, 1965, 1972) metapirone stimulates
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secretory activity of both cells, and in the eel, cortisol has a 

negative inhibitory feedback effect on both cells. In the trout 

although enhanced melanotrophic activity during B-adaptation is 
associated with raised plasma cortisol titres, as in the eel 
(Baker and Ranee, 1981), nothing is known about the possible 

feedback effects of corticosteroids on melanotrophic secretory 
activity.

In the present work a single experiment was performed in an 
attempt to investigate this problem in trout. B-adapted trout 

were injected with dexamethasone which did suppress their plasma 
cortisol titres but had little apparent effect on plasma im e(-MSH 
(Table 23). The interpretation of these results is however very 
difficult for even in the control fish imo^-MSH titres tended to 
be lower (P<0.05) than those of comparable uninjected Alderley 
trout (Table 19). This may have been as a result of the stress 
and handling over the previous two days which may itself have had 
an inhibitory feedback effect on the PI melanotrophs. Indeed, 
evidence for this is provided by the cortisol titres which even 
in control fish (180 ng/ml) were significantly higher than those 

previously reported for comparable uninjected trout and determined 
using the same RIA (i.e. 37 ng/ml. Baker and Ranee, 1981). These 
raised levels were significantly suppressed by dexamethasone, 
although still remained of measurable titre.

23.0/-MSH AND TELEOST MELANOGENESIS
The role of o( -MSH in mammalian melanogenesis has been the 

subject of much experimentation (see Thody for review, 1981).
MSH receptors on the cell surface (Fritsch and Varga, 1976; Varga 

et al., 1976) are activated by the hormone resulting in eventual 
activation of the enzyme tyrosinase (Wong et al., 1974; Fuller and 

Viskochil, 1979) via cyclic AMP mediated events (Pawelek, 1976;
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Weatherhead and Logan, 1981). Although no studies have been 

carried out in teleosts, the results in Table 24 would suggest 

that in these lower vertebrates o^-MSH does have a role in melano
genesis for following ^  vitro scale culture with o4-MSH melanin
density was significantly increased. The level of synthetico/'-MSH

-7
used (200 ng/ml 1.2 x 10 M) although approximately 100-fold 
greater than the highest plasma titres seen in trout (Table 19), 
was within the range of o^-MSH released by cultured pituitary 

tissue (Table 17). It is therefore, interesting that scale 

culture with trout pituitary tissue had no melanogenic effect.

This result may, however, be due to the release of MCH and/or 

other pituitary peptides which prevented MSH exerting an effect.
Cyclic AMP alone had no effect on the melanin content of 

trout scales. This may be due to the concentration of cyclic 
AMP used (1 X 10 M) which was 5-fold lower than that found to be 
capable of stimulating melanin production in Siberian Aornster 
hair follicles i^ vitro (Weatherhead and Logan, 1981). Alternat
ively, it could be that the role of o(-MSH in teleost melanogenesis 
is more complex than in mammals and that activation of thec/-MSH 

receptors results in both cyclic AMP mediated responses, as well 
as others which cyclic AMP alone is incapable of accomplishing.

Freshly excised trout scales show rapid melanin dispersion 

but will within 2-3 hours become concentrated, even in the 
presence of o(-MSH, due presumably to the release of catecholamines 
from adrenergic nerve terminals around the melanophores (Fujii, 

1969). It is, therefore, of great interest that following in 

vitro culture all scales responded to C/.-MSH by melanin dispersion, 
a response which has not been previously reported for trout. 
Presumably during culture the nerve terminals underwent degener

ation thus allowing the addedo4-MSH to bring about melanin dis
persion .
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The results of this experiment therefore, not only indicate 

the involvement of oC-MSH in teleost morphological colour change, 

but also emphasise the overriding effect of the nervous innerv
ation (and/or MCH) on physiological colour change in the trout 
(a group B teleost).
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APPENDIX 1

OCTADECASILYL (ODS)-SPHERISORB COLUMN FOR USE IN THE lODINATION 
J25The I-oC-MSH was isolated from the iodination mixture using 

a 0.2ml bed volume of ODS-spherisorb lOyum grade (Phase Separation 
Ltd., Deeside Industrial Estate, Queensway, Clwyd), placed in a 
1ml plastipak syringe between two halves of a porous teflon plug 
(PTFE-Jones Chromatography Ltd.).

Prior to use this column was 'primed' using polypep (Low 
Viscosity, No P5115, Sigma Ltd.) which binds to the ODS-spherisorb 
and is thought to reduce non-specific binding (N.S.B.). The 
priming procedure was as follows with each of the solutions being 
forced down the column using the syringe plunger.

a) 1.5ml 1%
b) 1.5ml 1%
c) 100^ 1%
d) 500^ 1%
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APPENDIX 2

i o d i n a ti o n p ro to c ol
IZS

1. Centrifuge vial containing Na I. •
2. Load Hamilton syringe with 10̂ x1 of 0.5M sodium phosphate 

buffer. pH7.6.
3. Load second Hamilton syringe with 10^1 of c4-MSH solution 

(2|Xg c^-MSH/lO^ 1% acetic acid).

4. Load third Hamilton syringe with 1 0 ^  of chloramine-T 

solution (10^ chloramine-T/10|jl1 0.05M sodium phosphate 
buffer, pH7.6.

5. Load automatic pipette with 300j[xl 0.05M sodium phosphate 
buffer, pH7.6.

6. Add lOjULL of 0.5M sodium phosphate buffer to hot vial.
7. Reload Hamilton syringe with lOjuil of sodium metabisulphite

solution (25jXg sodium metabisulphite/lO^JÜ. 0.05M sodium 
phosphate buffer, pH7.6).

8. Add lOjUl c^-MSH solution to hot vial.
9. Add 1 0 ^  chloramine-T solution to hot vial.

10. Leave for 10 seconds tapping vial gently.

11. Add lOjjd sodium metabisulphite solution to hot vial.
12. Add 300jjîL of 0.05M phosphate buffer to hot vial.

13. Stir mixture with a pin.
14. Remove lOjuCL from hot vial, (used later to calculate specific

usactivity of I-o^-MSH) .
15. Transfer iodination mixture to ODS-spherisorb column (see 

appendix 1).
16. Push mixture through column and collect.
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17. Push 500^1 aliquots of the following through column.

a) 5 X 500 1 1% Trifluoroacetic acid (TFA).

b) 5 X 500 1 1% TFA, 10% methanol (Fisons, Spectrograde)

c) 5 X 500 1 1% TFA, 20% methanol.

d) 5 X 500 1 1% TFA, 30% methanol.
e)lO X 500 1 1% TFA, 40% methanol.
f )10 X 500 1 1% TFA, 45% methanol.

g) 5 X 500 1 1% TFA, 50% methanol.
h) 5 X 500 1 1% TFA, 60% methanol.

i) 5 X 500 1 1% TFA, 70% methanol.

j ) 5 X 500 1 1% TFA, 80% methanol.
k) 5 X 500 1 1% TFA.

1) 5 X 500 1 1% TFA, 80% methanol.
m) 5 X 500 1 1% TFA.

18. Count all fractions, empty hot vial, all pipette tips etc
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APPENDIX 3

A. PREPARATION OF ODS-PORASIL A USED FOR PLASMA EXTRACTION

ODS-porasil A was prepared following the method of McMartin 
and Pardon (1978). Porasil type A (200ml) (37-75^ mesh Waters 
Associates, Northwich, Cheshire) was washed in turn with con

centrated hydrochloric acid, distilled water, and then methanol 
(Spectrograde, Fisons). Following gentle drying at 40-50C, 

several washes in a 50:50 mixture of chloroform and chloroform 
saturated with water, the porasil was left for 1 hour in a mixture 

of octadecyltrichlorosilane (20ml) and dry chloroform (200ml).

The mixture was filtered and the ODS-porasil A rinsed several 
times in dry chloroform and then methanol, after which it was left 
overnight to dry.

B. i) PREPARATION OF ODS-PORASIL A COLUMNS USED FOR PLASMA 
EXTRACTION

A 1ml bed volume of ODS-porasil A was placed in a 2ml plasti
pak syringe between two halves of a porous teflon plug (PTFE- 
Jones Chromatography Ltd.).

Prior to being used for plasma extraction each column was 

'washed' with 3 x 1ml aliquots of 80% methanol, 10% TFA, and 3 x 

1ml aliquots of 0.9% sodium chloride solution.

ii) MULTIPLE USE OF SILICATED ODS-PORASIL A COLUMNS
as

In the present work recovery of I-o^-MSH from plasma ranges 
between 55-95% recovery after one passage through the porasil. 
Experience showed that recovery was usually in the upper range 

(75-95%) the first time the column was used and fell to the lower 
range (55-75%) when the porasil column was used a second time.
Each column was therefore used only twice.
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