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ABSTRACT 

The effect of adrenocorticotropin and melanotropin peptides, corticosterone, 

and the a-MSH antagonist, U-76188E, was studied on the acquisition and extinction 

of the prey-catching behavior in the toad, Bufo cognatus. Male toads were injected 

with corticosterone, porcine ACTH[l-39], a-MSH, (Nle4-D-Phe7)a-MSH, des-

acetyl-a-MSH, ACTH[4-10], a-MSH antagonist (U-76188E), or control vehicle 30 

min prior to acquisition. ACTH[l-39], ACTH[4-10] and a-MSH significantly 

decreased the number of turning reactions during acquisition in relation to controls. 

The effect of these peptides was rapid, occurring within the first 20 min of acquisition. 

Corticosterone caused a significant decrease in the number of turning reactions, 

although this effect was not observed until 40 min after the onset of testing. (Nle'̂ -D-

Phe'7) a-MSH and des-acetyl-a-MSH did not influence acquisition. The a-MSH 

antagonist (U-76188E) abolished the behavioral response to a-MSH during 

acquisition, but did not significantly influence extinction. ACTH[ 1-391 was the only 

peptide to delay extinction. These data suggest that the abihty of ACTH to facihtate 

acquisition is independent of interrenal corticosterone secretion. Furthermore, it 

appears that minor structural differences can dramatically influence the ability of 

ACTH/MSH peptides to modulate learning and memory processes in toads. 
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CHAPTER I 

INTRODUCTION 

Alpha-melanocyte-stimulating hormone (a-MSH) is the product of pro

opiomelanocortin (POMC) post-translational proteolytic processing in certain cells of 

the pituitary gland and brain (Hadley, 1988). The corticotropic cells of the pars distalis 

and melanotropic cells of the pars intermedia are known to cleave the POMC molecule 

into smaller bioactive peptides (Hadley, 1988). Other POMC derivatives that have 

melanotropic activity include the peptides adrenocorticotropin (ACTH), beta-lipotropin 

(p-LPH) and beta-melanocyte stimulating hormone (p-MSH) (Hadley, 1988). a-MSH 

peptides are present in the brains of both mammalian and non-mammalian vertebrates, 

indicating that they may have an important functional role in biological activity in the 

animals (Oliver and Porter, 1978; O'Donohue et al., 1979; Vallarino, 1984; 

Benyamina et al., 1986; Kim, 1995). ACTH/MSH neurons project to several different 

brain areas, suggesting that these peptides may serve as neurotransmitters or 

neuromodulators within the brain (Beckwith and Sandman, 1978; O'Donohue and 

Jacobowitz, 1980). Research has shown that ACTH/MSH peptides facilitate 

acquisition and retard extinction of conditioned avoidance behaviors in mammals 

(Stratton and Kastin, 1974; van Wimersma Greidanus et al., 1978; Beckwith etal., 

1989). 

History of ACTH/MSH Peptides 

MSH and ACTH were the fu"st of the POMC-derived peptides to be recognized 

for their biological effects on melanophores and the adrenal gland, respectively 

(Khachaturian et al., 1985). In 1916, P. E. Smith and B.M. Allen independently 

discovered a material from the pituitary which caused changes in the pigmentation of 
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dermal melanophores in amphibians (Smith, 1916; Allen, 1916). Further research 

demonstrated that hypophysectomy caused a significant loss of color in dermal 

melanophores, showing the physiological role of the pituitary in skin darkening 

(Atwell, 1919; Huxley and Hogben, 1922). In addition, research revealed that ACTH 

functions in maintaining adrenal gland weight and steroidogenesis in 

hypophysectomized mammals (Notenboom et al., 1976). Swingle (1921) identified the 

pimitary neurointermediate lobe as the source of the skin-darkening factor. The 

melanophore stimulant was then termed "intermedin" by Zondek and Krohn (1932). It 

was not until 1954 that the term melanocyte-stimulating hormone was coined (Lemer et 

al., 1954). 

The amino acid structure of ACTH was first described by Li et al. (1954). 

Lemer and Lee (1955) isolated two different melanocyte-stimulating polypeptides from 

the posterior lobe of pig pituitary glands. The amino acid sequence of a-MSH was 

later characterized by Harris and Lemer (1957) as an acetyltridecapeptide amide. The 

sequence of P-lipotropin and P-endorphin revealed that these peptides shared a 

common precursor witii a-MSH, ACTH and other peptides (Mains et al., 1977; 

Roberts and Herbert, 1977). The common precursor was identified and termed pro

opiomelanocortin. Several investigators were able to determine the complete sequence 

of the POMC precursor by applying cDNA cloning techniques (Khachaturian et al., 

1985). 

Biosynthesis of the Pro-opiomelanocortin Peptide 

ACTH and MSH peptides are derived from the larger (31 K Mwt.) precursor 

POMC (Nakanishi et al., 1979; Drouin and Goodman, 1980; Roberts et al., 1979; 

Whitfeld et al., 1982). POMC is syntiiesized in tiie corticotropic cells of the pars 

distalis (PD) and in the melanotropic cells of the pars intermedia (PI) (Eipper and 



Mains, 1980). The precursor molecule is then cleaved into smaller, biologically active, 

peptides at paks of basic amino acids (Eipper and Mains, 1980). The POMC molecule 

undergoes further post-translational processing involving glycosylation and hydrolysis 

of certain amino acid residues. Loh and Gainer (1978,1979) suggested that 

glycosylation of the precursor prevents nonspecific proteolysis and directs the 

processing of the molecule. The peptide precursor is also O-phosphorylated on the 

serine in position #31 in the ACTH sequence. Phosphorylation of the precursor may 

assist in the regulation of glycosylation (O'Donohue and Dorsa, 1982). 

Post-translational processing of the POMC molecule occurs to a different extent 

in the PD andPI. In the mammalian PD and PI the precursor is processed into a 16 K 

fragment containing ACTH, P-LPH and p-endorphin. The anterior lobe corticotropic 

cells primarily cleave the precursor into ACTH, P-LPH and P-endorphin[l-31]. The 

melanotropic cells of the intermediate lobe cleave the ACTH[l-39] fragment further into 

N-acetyl-a-MSH (ACTH 1-13 amide), and CLIP (Dores et al., 1990). Virtually all of 

the p-LPH is cleaved to P-endorphin [1-31] and C-terminal shortened forms of P-

endorphin[l-27]. 

Recent research using enzymes cloned from rat cDNA revealed two POMC 

processing enzymes, PCI and PC2 (Day et al., 1992). The PCI enzyme cleaves the 

POMC molecule into p-LPH and ACTH. The PC2 enzyme cleaves the molecule into 

P-endorphin and a-MSH (Seidah et al., 1993). 

Further post-translational processing occurs after cleavage from the POMC 

molecule. Both P-endorphin and a-MSH exist in two forms, acetylated and non-

acetylated, both having been identified in the brain and pituitary. The enzyme N-

acetyltransferase utilizes desacetylated MSH as a substrate and acetyl CoA as an acetyl 

donor on the N-terminus of the peptide (O'Donohue and Dorsa, 1982). In addition, the 

MSH molecule is C-terminus amidated. Amidation also occurs in the secretory 



granules. N-terminus acetylation occurs prior to secretion of the granule or during 

exocytosis in anuran amphibians (Martens, 1981; Dores et al., 1991; Dores et al., 

1993; Stevenson, 1990). 

Structure of ACTH/MSH Peptides 

The adrenocorticotropic-related peptides derived firom the POMC molecule are 

related by sequence homology and a common biosynthetic pathway (Dores, 1990). 

The peptides ACTH, a-MSH and p-MSH contain a core sequence, Met-Glu-His-Phe-

Arg-Trp, which is present in the precursor molecule at multiple sites (Nakanishi et al., 

1979). This common heptapeptide possesses both melanotropic and lipolytic activity 

(Beckwith and Sandman, 1978). It is located at positions #4 through #10 of ACTH 

(Malven, 1993). Proteolytic cleavage of the POMC molecule yields 

adrenocorticotropin (ACTH[l-39]) with the straight chain amino acid sequence: H-Ser-

Tyr-Ser-Met-Glu-His-Phe-Arg-Tyr-Gly-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-Lys-

Val-Tyr-Pro-Asn-Gly-Ala-Glu-Asp-Glu-Leu-Ala-Glu-Phe-Pro-Leu-Glu-Phe-OH. The 

polypeptide is neither C-terminus amidated nor N-terminus acetylated. The peptide is 

lipid insoluble with species differences occurring in the C-terminal two-thirds of the 

molecule (Dores, 1990). ACTH is synthesized in the soma, axoplasmically transported 

and released into the synapse without reuptake, unlike classical neurotransmitters 

(Cooper and Martin, 1980). 

ACTH[4-10] has about lO'^ the corticotropic activity as tiie larger ACTH[l-39] 

peptide, but this sequence is considered to be the steroidogenically active site (Terenius 

et al., 1975). In addition, this heptapeptide sequence is essential for behavioral effects 

(DeWied et al, 1975). ACTH[4-10] is not acetylated or amidated, however, N-

acetyltransferase can acetylate the ACTH fragment (Pease and Dixon, 1981). This is 

the same enzyme that is responsible for the acetylation of a-MSH. 



a-MSH (N-acetyl-ACTH[l-13]amide) contains 13 residues derived from the 

N-terminus of ACTH . Acetylation is essential for the enhancement of the melanocyte-

stimulating bioactivity. a-MSH, a N-acetyl-tridecapeptide amide, and desacetylated a-

MSH are two endogenous peptides present in both the brain and pituitary. The two 

forms differ in melanotropic and behavioral activity (DeWied, 1993). The des-acetyl 

form is less melanotropic and is less resistant to proteolysis than acetylated a-MSH. 

a-MSH is one of the few naturally occurring polypeptides that has an acetyl group at 

the N-terminus (Suli-Vargha, 1992). The acetylated form is biologically more active, 

enhancing the activity of the hormone by two- to ten-fold for both the whole hormone 

sequence and the smaller fragments (Eberle, 1988). However, desacetylated a-MSH 

has been identified in the pituitaries of the dogfish, salmon, camel, cow, and rat 

(O'Donohue et al., 1981). 

4-Norleucine, 7-D-Phenylalanine a-MSH (NDP-MSH) is a superpotent 

agonist for melanocytes. The a-MSH analogue has a methionine (Met) replaced with 

norleucine (Nle) at position #4 and D-phenylalanine (Phe) substituted for its L-

enantiomer at position #7. The analogue was developed by Sawyer et al. (1980) by 

replacing the oxidation-sensitive Met residue with Nle and the D-form of Phe in order 

to develop a peptide less receptive to enzymatic degradation (Tatro, 1993). The 

stereoisometric modifications are contained within the core heptapeptide sequence of 

MSH, positions #4 through #10, providing the analogue with increased potency and 

prolonged biological activity in melanocyte bioassays (Sawyer et al., 1980 and Sawyer 

et al., 1982). In addition to resistance to oxidative and enzymatic degradation, the 

analogue is non-toxic, highly stable and more lipophilic than a-MSH, making it a 

biologically important peptide in research (Castmcci et al., 1984; Dorr et al., 1988). 

Research by Sawyer et al. (1980) indicates that the increased activity of the peptide is 



the result of either being irreversibly bound to the melanotropin receptor or an 

irreversible effect on the signal transduction between the receptor and adenylate cyclase, 

due to the conformational properties of the distereoisomer. Then* data also suggest that 

NDP-MSH is recognized by both amphibian and mammalian melanotropin receptors 

since the peptide was more potent than a-MSH on frog and lizard bioassays, 

melanoma adenylate cyclase and tyrosinase assays. 

Castrucci et al. (1994) discovered an a-MSH antagonist effective in vivo. The 

antagonist has the amino acid sequence: H-His-D-Arg-Ala-Trp-D-Phe-Lys-NH2. It is 

a hybrid analogue that was designed using a growth hormone-releasing peptide 

analogue and an a-MSH fragment, Ac-a-MSH[6-l 1]-NH2. Although melatonin, 

melittin and calcium-chelating agents are inhibitors of a-MSH that interfere with 

transductional and/or post-transductional events, this analogue is the first to be 

designed that acts on the melanotropin receptor (Castrucci et al., 1994). Assays 

performed on the lizards, Sceloporus jarrouii and Urosaurus omatus indicate that the 

antagonist abolished skin-darkening in a-MSH treated lizards and depressed the 

response by 50% in NDP-MSH treated lizards (Castmcci et al., 1994). The research 

suggests that the two D-amino acid modifications enable the antagonist to bind to the 

receptor and provide resistance to enzymatic degradation. The stmcture of the 

antagonist provides an a-MSH inhibitory activity and a specificity for the melanotropin 

receptor. 

Role of ACTH/MSH Peptides in the CNS 

POMC-derived peptides have been identified in the brain and pituitary of several 

species. Biochemical and immunocytochemical research has mdicated that the brain is 

able to synthesize and store the peptides (Khachaturian et al., 1985; Pranzatelli, 1994), 

suggesting that ACTH/MSH peptides have neuromodulatory actions in the brain, 
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possibly acting as neurotransmitters. Numerous behavioral studies have demonstrated 

that the adrenocorticotropic-related peptides are neuropeptides affecting the nervous 

system (DeWied, 1969; Beckwith and Sandman, 1978; Pranzatelli, 1994; Bohus, 

1979; Eberle, 1988). ACTH/MSH peptides affect grooming, stretching-yawning 

syndrome (SYS), depression, social behavior, attention, arousal, motivation, leaming, 

memory, and nerve regeneration (DeWied, 1969; DeWied et al., 1975; Frischer and 

Strand, 1988). The peptides have also been shown to have antipyretic, cardiovascular 

and developmental effects in the nervous system (Frischer and Strand, 1988; Lipton, 

1988; Krayeretal., 1961). 

ACTH/MSH Peptides and Leaming Behavior 

The effects of ACTH/MSH peptides on leaming and memory have been 

extensively studied. Most studies have examined the effects of ACTH and a-MSH 

peptides on associative leaming in rats. Systemic injection of ACTH/MSH peptides 

enhances the acquisition of leaming in both avoidance (passive and active) and 

appetitive conditioning models (Sandman et al., 1969, 1973; Stratton and Kastin, 

1974; Kastin etal., 1974). ACTH/MSH peptides also inhibit the extinction or loss of 

a leamed response in rats (DeWied, 1964, 1965). The ACTH fragment, ACTH[4-10], 

possesses only minimal steroidogenic activity; however, the fragment is able to affect 

avoidance behavior in both adrenalectomized and intact rats (Beckwith and Sandman, 

1978). Immunoneutralization of endogenous ACTH/MSH peptides expedites the 

extinction of active avoidance, suggesting a physiological role of the peptides in the 

brain (van Wimersma Greidanus et al., 1978). The fact that ACTH/MSH peptides 

facihtate leaming in appetitive and adverse paradigms that employ visual discrimination 

cues (Sandman et al., 1972; O'Donohue et al., 1981) suggests that these peptides 



improve leaming by selectively enhancing visual attention (Beckwith and Sandman, 

1978; Beckwith, 1988). 

ACTH/MSH Peptides and Prey-Catching Behavior in Toads 

Amphibians, especially toads, are particularly appropriate experimental animals 

in behavioral studies for several reasons, including a limited behavioral repertoire with 

fixed action patterns, consistent exhibition of predictable behaviors, stimulus-response 

relationships that can be measured by changing stimulus parameters, and a 

neuroanatomy thatis adequately known (Ewert, 1987). Anuran prey-catching behavior 

has been used successfully as a model to investigate the neural substrates underlying 

visual recognition and localization of visual cues. When toads encounter a moving 

visual stimulus that represents a prey item, they respond by immediately orienting their 

head and body toward it (Ewert, 1980). The toad sequentially responds with a series 

of behavioral reactions, beginning with the initial reaction of orienting to the prey, 

stalking the prey, binocular fixation, snapping, swallowing and wiping the mouth with 

the forelimbs (Ewert, 1980). This orienting behavior habituates rapidly, as toads 

exhibit a decline in the number of turning reactions per unit time in response to a prey-

stimulus, if the stimulus is presented repetitively within the same visual field (Ewert, 

1967; Horn and Horn, 1982). 

Systemic injections of ACTH and the ACTH fragment [1-10], but not the 

ACTH fragment [11-24], enhances the acquisition and delays extinction of habituation 

of the prey-catching behavior (Horn and Horn, 1982;Hom et al., 1979). When ACTH 

is injected into the dorsal lymph sac 20 min prior to acquisition of the prey-catching 

behavior, the toad (Bufo bufo) will habituate more rapidly as determined by a 

significant decrease in the number of turning movements after being presented with a 

black stripe stimulus (Hom et al., 1979). When injected with ACTH at the end of 
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acquisition, the extinction of habituation is slower compared to saline injected controls 

(Hom et al., 1979). 

ACTH[l-39] stimulates interrenal corticosterone secretion in toads (Carstensen 

et al., 1961; Leboulenger et al., 1978; Rosenthal and DeRoos, 1985). The fact that 

ACTH[1-10] imitates the effects of the full length peptide suggests indirectiy the 

behavioral actions are not secondary to activation of interrenal corticosterone However, 

the effects of corticosterone have not been tested. 

Objectives 

Although prey-catching behavior and the effect of ACTH on that behavior has 

been studied in toads (Bufo bufo), httle research has been done to examine the effects 

of other ACTH/MSH peptides on acquisition. Furthermore, the effects of 

corticosterone have not been tested in relation to prey-catching behavior. The goal of 

this research was to evaluate the effect of porcine ACTH[l-39], corticosterone, MSH 

stmcturally related peptides and an a-MSH antagonist on leaming using prey-catching 

behavior as a model. The research addressed three primary questions. First, does 

ACTH[1-39] influence habituation of the prey-catching behavior in the toad, Bufo 

cognatusl Second, do ACTH/MSH peptides act within the brain, or is the effect on 

habituation the result of these peptides acting on the adrenal gland and secretion of 

corticosterone? Finally, what are the effects of other ACTH/MSH stmcturally related 

peptides on the habituation of prey-catching behavior? The study used behavioral 

testing to evaluate leaming and radioimmunoassay (RIA), to determine plasma 

concentrations of corticosterone in the toad after systemic corticosterone injection. 



CHAPTER n 

MATERL\LS AND METHODS 

Adult male Bufo cognatus weighing 50-100 g were collected locally around 

Lubbock, Texas, in May 1994. The animals were captured and transported back to the 

laboratory and studied from May to September 1994. The toads were randomly 

distributed and housed in 76 L aquaria with ten toads per aquarium. Toads were toe-

clipped for individual identification. The toads were maintained under a 12 L: 12 D 

photoperiod and a constant temperature of 21^0 for at least two weeks prior to the start 

of the experiments. The animals had free access to water, with routine water changes 

twice a week. They were fed mealworms weekly. All procedures followed the Texas 

Tech University Animal Care and Use Committee guidehnes for animal treatment. 

Experimental Apparatus 

The experimental apparatus (Figure 2.1) used to test the toads was first 

described by J.P. Ewert (1967) and modified by Hom et al. (1979). The toad was 

placed in a cyUndrical glass vessel in the center of an all white arena with a diameter of 

50 cm. An electrically driven rectangular black prey-dummy was moved at a constant 

velocity of 2(PI% at a uniform distance of 12 cm from the cylindrical vessel. The prey-

dummy moved in a horizontal, clockwise direction around the animal. The optimal 

velocity under these conditions is two rotations per min (Hom et al., 1979). At the 

start of each trial, the prey-dummy was positioned 90° left of the longitudinal axis of 

the toad. The prey-stimulus rotated around the toad for two continuous hours (120 

min) for the acquisition part of the experiment. To determine the extinction of the prey-

catching behavior, the toad was presented with the same rectangular, black 

10 



Figure 2.1. Prey-catching apparatus. Diagrammatic representation of the 
apparatus used in the present behavioral smdy. The toad was 
placed in a cylindrical glass vessel in the center of an all white area. 
An electrically driven prey-model was moved at a constant velocity 
at a uniform distance of 12 cm from the vessel enclosing the 
animal. 
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prey-dummy for one min at 150 min, 180 min, 240 min, 360 min, 600 min, 2040 min, 

and 2520 min. As a measure for leaming and memory processes, the number of 

orienting reactions per min was determined. Acquisition and extinction of the 

habituation process was determined for each toad individually. 

Animal Selection 

Toads were subjected to a stimulus discrimination test (Hom et al., 1979; 

Ewert and Kehl, 1978). Animals that showed a qualifying response of at least 20 prey-

catching orienting movements during a one min interval after presentation of the prey-

dummy moving at 2(P/s in a horizontal direction around the toad were selected for the 

quantitative experiments. 

Treatments 

Injection Procedure 

All toads used in the experiments were handled in the same manner to eliminate 

variance in testing due to injection procedure. Each animal was injected with 200 |il of 

either treatment or control solution in the dorsal lymph sac 30 min prior to acquisition 

of the prey-catching behavior with a 26-gauge, three-eighths inch needle. Each 

aquarium housed 10 toads specified for each treatment group. At the time of injection, 

the animal was lightly restrained in the home aquarium and quickly injected with 

solution. The toad remained in the home aquarium until the start of each trial. 

Adrenocorticotropic Hormone: ACTH[l-39] 

To test the influence of ACTH [1-39] on habituation, 1001.U. of porcine 

adrenocorticotropic hormone (Sigma Chemical Co.) was dissolved with 2.0 ml 

deionized water and stored in aliquots of 5 I.U./100|il at -SCPC until the day of 
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injection. On the day of the trial, the ahquot was diluted to 5 I.U./1000 ^1 with 10% 

amphibian Ringer's solution and vortexed for 10 sec. Each toad was then injected 

with 11.U./200|il into the dorsal lymph sac. Control animals were given 200 |xl 10% 

amphibian Ringer's solution. 

Corticosterone 

To test the influence of corticosterone on the habituation process, 10 p.g of the 

steroid hormone (Sigma Chemical Co.) was dissolved in 2.0 ml 100% ethanol, 

vortexed for 10 min and stored at 4^0. On the day of the trial, 10 fxl stock 

corticosterone/ethanol solution was vortexed and diluted with 990 fil 10% amphibian 

Ringer's solution and vortexed 10 sec. Each toad was then injected with 10 p.g/200 fxl 

corticosterone. The control vehicle used was a solution of 10 |il 100% ethanol diluted 

with 990 \i[ 10% amphibian Ringer's solution. Control animals were injected with 200 

jLiL of the diluted ethanol solution into the dorsal lymph sac. 

(Nle4, D-Phe'7)a-MSH 

To test the influence of NDP-MSH on habituation, 0.75 mg of the peptide 

(Bachem, Inc.) was dissolved in 1.5 ml deionized water and stored in aliquots of 25 

fj.g/50 |Lil at -80OC until the day of injection. On the day of trial, a 50 îl aliquot was 

diluted with 450 |J,1 10% amphibian Ringer's solution and vortexed 10 sec. Each toad 

was injected with 10 ̂ ig/200 |LI1 of (Nle^, D-Phe'7)a-MSH into the dorsal lymph sac. 

Control animals were given 200 |il 10% amphibian Ringer's solution. 
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ACTH[4-10] 

To test the influence of the adrenocorticotropin fragment ACTH[4-10] on 

habituation, the peptide (Bachem, Inc.) was prepared daily with oxygen-free deionized 

water that had been bubbled 5 min with compressed nitrogen to prevent peptide 

degradation. On the day of the trial, 0.2 mg of the peptide was dissolved in 0.32 ml 

oxygen-free deionized water. A 50 îl aliquot was then diluted with 450 ̂ il 

deoxygenated 10% amphibian Ringer's solution (bubbled 5 min with compressed 

nitrogen). Each toad was injected with 10 ^g/200 îl ACTH[4-10] into the dorsal 

lymph sac. Control animals were given 200 îl deoxygenated 10% amphibian Ringer's 

solution. 

Alpha-Melanocyte Stimulating Hormone (a-MSH) 

To test the influence of a-MSH on habituation, 1.0 mg (peptide content = 800 

|ig) of the peptide (Bachem, Inc.) was dissolved m 1.6 ml deionized water. Aliquots 

of 100 |Lil (0.5 mg/1.0 ml) were stored at -SO^C until the day of injection. On the day 

of the trial, a 100 p.1 aliquot was diluted with 900 |il 10% amphibian Ringer's solution 

and vortexed 10 sec. Each toad was injected with 10 |J.g/200 fxl into the dorsal lymph 

sac. Control animals were given 200 îL 10% amphibian Ringer's solution. 

Des-acetyl -a-MSH 

To test the influence of des-acetyl-a-MSH on habituation, 1.0 mg (peptide 

content = 740|ig) of the peptide (Bachem, Inc.) was dissolved in 1.48 ml deionized 

water. Aliquots of 100 îl (0.5 mg/1.0 ml) were stored at -SO^C until the day of 

injection. On the day of the trial, a lOO îl aliquot was diluted with 900 |il 10% 

amphibian Ringer's solution and vortexed 10 sec. Each toad was injected with 10 
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p.g/200 \i\ into the dorsal lymph sac. Control animals were given 200 \i\ 10% 

amphibian Ringer's solution. 

Alpha-Melanocyte Stimulating Hormone Antagonist (U-76188E) 

To test the influence of the a-MSH antagonist U-76188E on habituation, 2.1 

mg of the peptide (courtesy of Doug Staples, UpJohn Laboratories) was reconstituted 

with 10 ml 0.1 N HCl and stored in 238 |il aliquots (50^g each) at -SO^C for 24 hrs. 

The aliquots were lypholized for 24 hrs. and stored at -80^C until the day of injection. 

On the day of the trial, a 50 |j.g aliquot was reconstituted with 1.0 ml 10% amphibian 

Ringer's solution and vortexed 10 sec. Each toad was injected with 10 |j.g/200 jil into 

the dorsal lymph sac. Control animals were given 200 }xL 10% amphibian Ringer's 

solution. 

a-MSH/a-MSH Antagonist 

To test the influence of a-MSH antagonist on the effect of a-MSH on 

habituation, previously prepared aliquots (see above) of both a-MSH antagonist and 

a-MSH were diluted on the day of injection. A 50 |ig aliquot of a-MSH antagonist 

was diluted with 500 |LI1 10% amphibian Ringer's solution and vortexed 10 sec. A 100 

|Xl aliquot of a-MSH was diluted with 400 |Xl 10% amphibian Ringer's solution and 

vortexed 10 sec. The two solutions were then combined and vortexed for 10 sec. Each 

toad was then injected with 0.2 ml of the combined a-MSH antagonist/ a-MSH 

solution receiving 10 ̂ ig of each peptide. Control animals were given 200 pL 10% 

amphibian Ringer's solution. 
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Specificity of ACTH Influence 

The habituation to a prey-dummy is stunulus-specific (Ewert and Kehl, 1978). 

To exclude the possibility that ACTH induced a depressed state of the experimental 

animal or that the animal became sensitized to the prey-dummy, the toads were tested in 

the following experiment, which was adapted from Hom et al. (1979). Toads were 

injected into the dorsal lymph sac 30 min prior to acquisition with 1 I.U./ 200 |J.L 10% 

amphibian Ringer's solution. Each individual toad was allowed to habituate to the 

prey-dummy so that each toad displayed zero turning reactions per min for 20 min. At 

that time, the black, rectangular prey-dummy moving in a horizontal direction around 

the toad was replaced with a black, triangular prey-dummy and the direction reversed. 

The turning reactions per min were recorded in response to the new prey-dummy which 

was immediately presented to the habituated toad. 

Corticosterone Radioimmunoassay 

Animals were injected as previously described with either 10 p,g/200 |iL 

corticosterone solution or 10 |Lig/200 ̂ iL ethanol solution as a control. The animals 

remained in their home aquarium for 30 min. After 30 min, the toads were rapidly 

decapitated and tmnk blood was collected in centrifuge tubes containing 100 pL 7.5% 

ethylenediamine tetraacetic acid (EDTA). The blood was centrifuged at 3500 rpm for 

15 min at 4°C. Plasma was removed and stored at -80°C until the time of the assay. 

Before the assay, the plasma samples were allowed to thaw at room temperature. 

Coat-a-Count Rat Corticosterone RIA (Diagnostic Products Corp.) was used to 

analyze the concentration of steroid in the plasma samples. Fifty pL of each calibrator, 

control and sample was pipetted into each corticosterone antibody-coated tube. One ml 

125i rat corticosterone was added to each tube and vortexed. The Ab-coated tubes 
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were incubated for 2 hrs. at room temperature. After the incubation time, the mbes 

were decanted thoroughly and counted for 1 min m a gamma counter. 

A parallehsm assay was performed with pooled toad samples against standard 

rat corticosterone calibrators. All samples were mn in a single assay to avoid interassay 

variance. Intrassay variance averaged 2-4%. The Coat-a-Count rat corticosterone 

antisemm is highly specific for rat corticosterone with extremely low cross-reactivity to 

11-deoxycorticosterone, progesterone, Cortisol, aldosterone, testosterone, 18-

hydroxydeoxycorticosterone, and 17a-hydroprogesterone that may be present in the 

samples. 

Data Analysis 

Variance between the group means was tested using a Smdent's t-test at each 

minute of acquisition and extinction of trial. An a-value of 0.05 was considered 

significant for the Student's t-test. Data are represented as the mean ± S. E. M. 
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CHAPTER m 

RESULTS 

Figure 3.1 illustrates the standard acquisition process in untreated toads. The 

toads were presented with the rotating prey-model continuously for 120 min. 

Administration of porcine ACTH[l-39] 30 min prior to testing significantiy decreased 

the number of orienting movements between 14-20 min and at 60 min during 

acquisition (Figure 3.2). Table 3.1 hsts the significant time points represented as the 

mean ± S.E.M. and p-values. The peptide also displayed a significant effect on 

extinction at 180 min and 360 min (Figure 3.3). 

In an attempt to identify the "message sequence" of ACTH[l-39] responsible 

for the effects on acquisition, I tested the ACTH derivatives N-acetyl-ACTH[l-

13]amide (a-MSH), and ACTH[4-10]. Figure 3.4 illustrates the effect of a-MSH on 

acquisition. The peptide caused a significant decrease in the number of turning 

reactions in comparison to controls at 7, 9, 11-15, 17, 19, and 20 min (Table 3.2). 

Unlike ACTH, a-MSH had no effect past 20 min of acquisition. In contrast to the 

effect of a-MSH, the non-acetylated form of a-MSH, des-acetyl-a-MSH, had no 

effect within the first 30 min (Figure 3.5). The shortest peptide fragment to cause a 

significant decrease in the number of turning reactions within the first 30 min was 

ACTH[4-10] (Figure 3.6). Table 3.1 displays the significant time points during 

acquisition. This fragment did not influence the extinction of prey-catching behavior. 

Minor modifications of die a-MSH potentiator sequence (ACTH[l-5]; Ser-

Tyr-Ser-Met-Glu) and message sequence (ACTH[6-13]; His-Phe-Arg-Trp-Gly-Lys-

Pro-Val) render the peptide inactive in behavioral tests in mammals. For example, 

replacement of the Met with Nle and substitution of Phe with its D-enantiomer 

eliminates the activity of a-MSH in grooming and maze leaming behavior 
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(O'Donohue et al., 1982). To see if the peptide had a similar effect in toads, the 

peptide was examined in relation to prey-catching behavior. NDP-MSH treated 

animals showed no significant differences from control animals in either acquisition 

or extinction of prey-catching behavior (Figure 3.7). The peptide did, however, 

stimulate dermal melanocytes of the toad for an extended period of time. 

The a-MSH antagonist, U-76188E (UpJohn Co.), had no effect when injected 

alone (Figure 3.8). When injected in combination with the antagonist, a-MSH had 

no effect on acquisition (Figure 3.9). 

As in other vertebrates, ACTH is a potent stimulator of adrenal glucocorticoid 

secretion in toads (Carstensen et al., 1961; Rosenthal and DeRoos, 1985). As a first 

step in determining if the effects of ACTH on prey-catching behavior are independent 

of adrenal glucocorticoid secretion, I tested the effect of corticosterone on prey-

catching behavior. Corticosterone, the major glucocorticoid secreted in toads 

(Leboulenger et al., 1978: Leboulenger et al., 1982; Maser et al., 1980), showed a 

delayed effect on prey-catching behavior (Figure 3.10). The steroid did not influence 

the number of turning reactions until 40 min and at 70 min. Toads injected in the 

dorsal lymph sac with corticosterone 30 min prior to sacrifice had a mean blood 

plasma concentration 9.4-fold greater than control animals (218.33 ± 29.90 ng/mL in 

corticosterone injected animals versus 23.17 ± 3.17 ng/mL in controls, p<0.0001). 

Specificity of ACTHf 1-391 

Since habituation to the prey-model is stimulus specific (Ewert and Kehl, 

1978), ACTH[l-39] treated toads were allowed to habituate to a black rectangular 

prey-dummy. When this model was replaced with a black triangular model of similar 

size, the toads responded with an increase in the number of turning reactions, 

comparable to the initial response. Figure 3.11 illustrates the stimulus specificity 
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response to different models in this experiment. The number of turning reactions per 

min decreased progressively during acquisition of the new model, reflecting the 

habituation to the prey-model. 
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Figure 3.1. Dynamic of the acquisition process in untreated B. cognatus toads. 
Habituation of untreated toads to a black rectangular prey-dummy 
with worm-like characteristics. Time course for acquisition with 
continuous stimulus presentation. Values represent mean ± S. E. M. 
of eight animals. 
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Figure 3.2. Acquisition of prey-catching behavior in ACTH[ 1 -39] treated 
toads. Toads were injected with either 1 I.U. ACTH[l-39] or 
200 pi 10% Ringer solution. Significant time points: 14-20 min, 
60 min. Values represent the mean + S. E. M. of six animals per 
group. 
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Table 3.1. Significant time points during acquisition of prey-catching behavior 
after injection of ACTH[l-39] . Ten pg/200 pi ACTH[l-39] or 200 

pi 10% amphibian Ringer solution was injected into the dorsal 
lymph sac 30 min prior to acquisition. Values represent the mean ± 
S.E.M. of six animals per group. 

Mean Number of Turning Reactions 

Time (min) 

14 

15 

16 

17 

18 

19 

20 

60 

Control 

29.11 ±1.45 

29.11 ± 1.32 

26.89 ± 2.71 

31.00+ 0.86 

28.00 ± 0.65 

24.78 ± 3.06 

25.78+ 3.16 

7.40 ± 3.73 

ACTH[l-39] 

16.16 ±4.98 

11.50± 4.56 

11.50± 5.33 

9.67 ± 3.89 

8.33 ± 3.44 

9.67 ± 4.23 

10.00 ±4.41 

0.00+ 0.00 

p-Value 

0.038 

0.022 

0.045 

0.001 

0.006 

0.025 

0.018 

0.029 
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Figure 3.3. Extinction of prey-catching behavior in ACTH[l-39] treated 
toads. Significant time points: 180 min (1 hr.) and 360 min (4 
hr.). Values represent the mean + S. E. M. of six animals per 
group. 
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Figure 3.4. Acquisition of prey-catching behavior in a-MSH treated toads. 
Ten pg/200 pi a-MSH or 200 pi 10% amphibian Ringer 
solution was injected into the dorsal lymph sac 30 min prior to 
acquisition. a-MSH significantly decreased the number of 
tuming reactions at 7 min, 9 min, 11-15 min, 17 min, 19 min and 
20 min. Values represent the mean + S. E. M. of six animals per 
group. 
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Table 3.2. Significant time points during acquisition of prey-catching behavior 
after injection of a-MSH. Ten pg/200pl a-MSH or 200pi 10% 
amphibian Ringer solution was injected into the dorsal lymph sac 30 
min prior to acquisition. Values represent the mean ± S.E.M. of six 
animals per group. 

Mean Number of Tuming Reactions 

Time (min) 

7 

9 

11 

12 

13 

14 

15 

17 

19 

20 

Control 

36.50 ± 2.95 

36.30 ± 2.59 

35.33 ±3.21 

31.33± 4.11 

31.50 ± 4.63 

30.33 ± 4.55 

28.67 ± 4.82 

29.50 ± 4.46 

32.00 ± 4.84 

31.30 ± 4.67 

a-MSH 

25.83 ±4.21 

23.50 ± 5.12 

21.17±5.64 

20.00 ± 5.29 

19.17 ± 3.62 

17.67 ± 3.99 

15.00+ 4.80 

16.30 ±3.59 

17.17 ±3.67 

17.80 ± 5.11 

p-Value 

0.017 

0.005 

0.008 

0.049 

0.040 

0.038 

0.037 

0.030 

0.013 

0.037 
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Figure 3.5. Acquisition of prey-catching behavior in des-acetyl-a-MSH 
treated toads. The peptide showed no significant difference from 
controls within the first 30 min when injected at a dose of 10 
pg/200 pi. Values represent the mean + S. E. M. of six animals 
per group. 
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Figure 3.6. Acquisition of prey-catching behavior in ACTH[4-10] treated 
toads. Ten pg/200 pi ACTH[4-10] or 200 pi 10% amphibian 
Ringer solution was injected into the dorsal lymph sac 30 min 
prior to acquisition. Values represent the mean + S. E. M. of six 
animals per group. 
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Table 3.3. Significant time points during acquisition of prey-catching behavior 
after injection of ACTH[4-10]. Ten pg/200pl ACTH fragment[4-10] 

or 200 pi 10% Ringer solution was injected into the dorsal lymph sac 
30 min prior to acquisition. Values represent the mean ± S.E.M. of six 
animals per group. 

Mean Number of Tuming Reactions 

Time (min) 

2 

4 

5 

9 

11 

Control 

43.00 ±1.05 

43.50 ±1.47 

40.00 ±1.55 

33.30 ± 2.06 

29.50 ±2.52 

ACTH[4-10] 

33.30 ±3.23 

33.80 ±1.66 

28.50 ±3.27 

23.70 ±3.13 

23.00 ±2.10 

p-Value 

0.0210 

0.0002 

0.0048 

0.0483 

0.0479 
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Figure 3.7. Acquisition of prey-catching behavior in NDP-a-MSH treated 
toads. NDP-a-MSH did not significantiy modify prey-catching 
behavior in comparison to control toads. Values represent the 
mean + S. E. M. of six animals per group. 
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Figure 3.8. Acquisition of prey-catching behavior in a-MSH antagonist 
treated toads. Toads received either 10 pg/200 pi antagonist or 

200 pi 10% Ringer solution 30 min prior to acquisition into the 
dorsal lymph sac. There is no significant difference between the 
treatments. Values represent the mean + S. E. M. of six animals 
per group. 
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Figure 3.9. Acquisition of prey-catching behavior in a-MSH/a-MSH 
antagonist treated toads. Treatment toads received an injection 
of 10 pg a-MSH and 10 pg a-MSH antagomst/200 pi and 
controls were injected with 200 pi 10% Ringer solution into the 
dorsal lymph sac 30 min prior to acquisition. Significant time 
points: 16 min, 90 min and 100 min. Values represent the mean 
+ S. E. M. of six animals per group. 
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Figure 3.10. Acquisition of prey-catching behavior in corticosterone treated 
toads. Ten pg/200 pi corticosterone or ethanol control was 
injected into the dorsal lymph sac 30 min prior to acquisition. 
Corticosterone was significant at 40 min and 70 min only. 
Values represent the mean + S. E. M. of six animals per group. 
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Figure 3.11. Acquisition process and specificity of ACTH[ 1 -39] influence. 
Toads injected with ACTH[l-39] (11. U.) 30 min prior to testing 
were presented a black triangle after habituation to a black 
rectangular prey-model. Arrows indicate moving dhections of prey-
models. N=6. 
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CHAPTER IV 

DISCUSSION 

My data confirm the observations of Hom et al. (1979) and Hom and Hom 

(1982) showing that ACTH[l-39] facilitates acquisition of leaming behavior. These 

data extend their findings by showing that a-MSH and ACTH[4-10] also facilitate 

this behavior. ACTH[l-39], N-acetylated-a-MSH and ACTH[4-10] were the only 

peptides used in this study that significantiy influenced prey-catching behavior. 

These data suggest that the minimal sequence required for behavioral activity is in the 

ACTH[4-10] fragment. Schwyzer and Eberle (1977) showed that different regions of 

the a-MSH molecule are responsible for receptor binding at melanocytes, as opposed 

to receptor activation. This organization allows neighboring amino acid residues to 

mediate different components of the biological activity of the molecule. Their data 

suggests that MSH biological activity is contained in two regions of the molecule. 

The first region is within position #6 through position #9. The second region contains 

the last three amino acids of the MSH molecule, from position #11 to #13. These 

regions are identified as the "message sequences" of the molecule (Gmber and 

Callahan, 1989). The remaining N-terminal amino acid residues, positions #1 

through #5 and position #10, act as "potentiating sequences" which serve to increase 

the potency of the "message" such as binding affinity to the receptor, and functional 

degradation protection or species-specific identification (Gmber and Callahan, 1989). 

Peptides like a-MSH, which have two "message sequences" for their biological 

activity, appear to have a potentiated activity (Schwyzer and Eberle, 1977). The 

ACTH/MSH peptides that significantiy influenced prey-catching behavior contain at 

least one of the biologically active "message sequences" for the peripheral receptor. 
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The smallest ACTH fragment to induce a significant difference in prey-

catching behavior was ACTH[4-10]. This fragment is beheved to have tiie active 

heptapeptide core sequence common to all adrenocorticotropic, melanotropic and 

lipotropic hormones. The peptide has about 10-6 steroidogenic activity of ACTH[1-

39], yet it is considered the corticotropically-active sequence (Schwyzer et al., 1971). 

This peptide sequence is critical for inhibition of extinction of active avoidance 

behavior when administered subcutaneously or intracerebrally, or induction of 

grooming behavior when administered intracerebroventricularly (ICV) in mammals 

(DeWied, 1974; Gispen et al., 1975). The fact that ACTH[4-10] and a-MSH exhibit 

little corticotropic activity supports the notion that the behavioral ACTH effects are 

independent of interrenal glucocorticoid secretion. 

In the present study, NDP-MSH had no effect on acquisition. This suggests 

that the analogue does not efficiently interact with the melanotropin receptor 

responsible for facilitating habituation. NDP-MSH is a superpotent agonist for 

melanocytes, and induces grooming behavior in rats when injected ICV (Kobobun et 

al., 1983). a-MSH and NDP-MSH are equipotent in inducing grooming behavior in 

mammals (Spmijt et al., 1985). In contrast, in associative leaming paradigms 

employing visual discrimination tasks, a-MSH improved leaming while NDP-MSH 

has no effect on or inhibits leaming (Kobobun et al., 1983). My data suggests that the 

receptors mediating a-MSH effects on leaming in toads are similar to those in 

mammals to the extent that NDP-MSH is not a potent agonist. 

Another peptide which failed to significantiy influence prey-catching 

behavior in the toad was des-acetyl-a-MSH. The des-acetylated form of a-MSH was 

not as effective as N-acetylated-a-MSH. This is similar to results in rats showing that 

N-acetylation regulates behavioral activity of a-MSH (O'Donohue et al., 1982). 

There are two notable differences between the acetylated and nonacetylated a-MSH 
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that may account for the functional variances between the peptides. O'Donohue et al. 

(1981) suggested that N-acetylation provides an effective regulatory process for 

modulating the behavioral potency of the melanotropic products of the pituitary cells 

in the rat and human CNS. Des-acetyl-a-MSH is enzymatically degraded 5-10 times 

faster than acetylated-a-MSH by neuropeptidases. The simple elongation of the 

acetylated form of the peptide on the N-terminus provides a positive charge which 

may account for the enhancement of biological activity (Suli-Vargha, 1992). 

Secondly, a variance in the affinity of des-acetylated-a-MSH and N-

acetylated-a-MSH for the melanotropin receptor may be responsible for behavioral 

modifications. These data support the suggestion of SuH-Vargha et al.(1992) that the 

presence of an acetyl group on the N-terminus is not a stmctural requirement for the 

receptor. However, the acetyl group increases the lipophilicity of a-MSH, which 

may allow it to pass more readily across the blood-brain barrier to reach melanotropin 

receptor sites in the brain (O'Donohue et al., 1981). Acetylation may alter the 

electric charge of the whole molecule, enabling the peptide to have a higher affinity 

for the melanotropin receptor (Suli-Vargha et al., 1992). Both N-acetylated-a-MSH 

and des-acetyl-a-MSH are endogenous peptides detected in many species 

(O'Donohue et al., 1981; Steveson et al., 1990). However, acetylation may also be 

an evolutionary adaptation in the POMC biosynthetic pathway as suggested by 

O'Donohue et al. (1981). In dogfish and salmon, des-acetyl-a-MSH is the only form 

present in the pituitary (Lowry and Chadwick, 1970; Kawauchi and Muromoto, 

1979). Since the des-acetylated form is less effective in stimulating dermal 

melanophores and behavioral activity in anuran amphibians, it is possible that the 

non-acetylated form is a storage form of the hormone. Acetylation occurs in the 

secretory granules prior to or during exocytosis (Glembotski, 1982). 
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The present data show that the non-acetylated form of a-MSH did not 

significantiy alter habituation. a-MSH is N-terminally acetylated, but ACTH[l-39] is 

not, suggesting that acetylation is not specifically required for the habituation of prey-

catching behavior, since ACTH[l-39] influenced acquisition and extinction of the 

behavior. Acetylation may be important in maximizing the biological potency of a-

MSH as well as preventing the peptide from being enzymatically degraded. 

This is the first study to investigate the effects of the a-MSH antagonist, U-

76188E, on behavior. U-76188E was able to inhibit a-MSH and NDP-MSH induced 

skin-darkening in vivo (Castmcci et al., 1994). My data suggest that this antagonist 

is capable of inhibiting the behavioral actions of a-MSH on prey-catching behavior. 

The fact that injection of the antagonist alone has no effect on habituation argues 

against elevated secretion of a-MSH during acqusition. 

Corticosterone is the major glucocorticoid secreted by the interrenal gland in 

anuran amphibians (Leboulenger et al., 1978; Leboulenger et al., 1982; Maser et al., 

1980). My data suggest that corticosterone enhances acquisition, but with a different 

latency than that observed with the ACTH peptides. This latency may be the effect of 

the steroid acting through a specific receptor within the nucleus or being transported 

from the cytosol to the nucleus (Barrack, 1987; Ringold, 1985). The activated 

nucleoplasmic receptor is translocated to the chromatin where messenger RNA 

synthesis increases and codes for specific proteins. Peptide hormones, such as ACTH 

and a-MSH, have membrane receptors and act through secondary messengers to 

create an immediate cellular response (Harrison and Lippman, 1989). Significant 

effects of corticosterone on habituation were not observed until 40 and 70 min after 

onset of testing. The fact tiiat ACTH[l-39], a-MSH, and ACTH[4-10] had effects in 

the first 20 min suggests that they acted independentiy of glucocorticoid secretion. 
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To ensure that dorsal lymph sac injection of corticosterone was effective in elevating 

blood corticosterone, plasma corticosterone levels were measured in a seperate group 

of toads sacrificed 30 min after corticosterone or control injection. My results 

indicate that the treatment dose was able to cause a 9.4-fold increase in plasma 

corticosterone levels. 

It is known that POMC-derived peptides, such as ACTH, a-MSH and P-

endorphin play a role in the stress response. Stress can be viewed as a biological and 

functional response to internal and environmental stimuli. Exposure to different 

stressors causes the activation of both the hypothalamic-pituitary-adrenocortical 

system and the sympathetic-adrenomeduUary system. The physiological response 

stimulates catecholamine neurons, both centrally and peripherally, to secrete 

dopamine, norepinephrine and epinephrine. In addition, the pituitary is stimulated to 

release ACTH, a-MSH and P-endorphin (Guillemin et al., 1977). In mammals, it is 

known that POMC messenger RNA increases during stress in hypothalamic a-MSH 

cells (Baubet et al., 1994) 

Dunn and Kramarcy (1984) suggest that acquisition is a critical leaming 

process in the gathering and storage of information about environmental stressors. 

Although several neuropeptides, such as enkephalins, endorphins, vasopressin, 

oxytocin, angiotension and substance P, have been shown to influence aspects of 

leaming and memory, my data supports the growing body of evidence that 

ACTH/MSH and related peptides have a role in the CNS facilitating leaming and 

memory (van Wimersma Griedanus and Versteeg, 1980; Bohus et al., 1978) Many of 

these neuropeptides associated with leaming and memory are also released during 

stress. 

Research done by Sandman et al. (1973), through investigations of footshock 

or immobilization stress in rats, revealed that both physiological and psychological 
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stress causes an increase in a-MSH secretion, van Wimersma Greidanus et al. 

(1977) concluded that fear motivation is an effective stimulus for ACTH release. 

They found that emotional stress is a potent stimuh for activation of the pimitary-

adrenocortical system during passive avoidance paradigm. Wilson and Morgan 

(1980) provided evidence that a-MSH plasma concentrations were increased during 

acquisition of conditioned avoidance behavior but not extinction. In addition, the 

data showed that plasma a-MSH levels increased more during fear-motivated 

leaming than during reward-motivated leaming. This suggests that both 

psychological and physiological stress stimulate the pituitary-adrenocortical system 

and therefore indicateACTH and MSH related peptides. Pedersen et al. (1982) 

provided evidence that N-terminal POMC peptides, such as ACTH, MSH and 

ACTH[4-10], are elevated during stress. Chan et al. (1983) provided data in humans 

that supported the elevation of the N-terminally derived POMC peptides in patients 

with Gushing's or Addison's disease. Nelson's syndrome and chronic renal failure. It 

is known that corticosterone levels rapidly increase when amphibians are stressed 

(Maser et al., 1980) but the physiological effects are not apparent for several hours 

(MbangKollo and DeRoos, 1983; Rosenthal and DeRoos, 1985). This suggests the 

steroid does not participate in the immediate response to stress. Recent research 

performed by Kim (1995) in this laboratory showed that in 5M/O cogwafM^ toads, 

plasma a-MSH concentrations were significantiy higher in control animals than 

habituated toads during acquisition of prey-catching behavior due to non-specific 

stressors associated with escape behavior from the apparatus. 

Recentiy, different researchers have cloned five melanocortin receptors with 

sequence homology in the mouse and human (Cone et al., 1993; Labbe' et al., 1994). 

Identification and localization of the receptors may assist in characterizing the 
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function of ACTH/MSH related peptides. The melanocortin receptors are a 

subfamily of G-protein-coupled receptors. This subfamily is characterized by short 

N- and C- terminal domains that couple hormone binding with adenylate cyclase 

activation, resulting in cAMP as a second messenger. They are the smallest of the G-

protein-coupled receptors. The receptors are deficient in proline residues in the 

fourth and fifth transmembrane domains and one or both of the cysteine residues 

typically residing in the first and second extracellular loops. The residues are present 

in most G-protein-coupled receptors (Cone et al., 1993). As a result of these 

characteristic features, the melanocortin receptors are likely to have a different 

tertiary stmcture from other G-protein-coupled receptors. The melanocortin receptors 

identified are not closely related to other neuropeptide receptors, such as the 

bombesin receptor. However, the receptors may by related to the cannabinoid 

receptor (Cone et al., 1993) 

The five melanocortin (MC) receptors appear to have differences in specificity 

and tissue distribution within mammals. The MCI receptor is melanocyte specific 

and MC2 is adrenal cortex specific, also identified as the ACTH receptor (Mountjoy 

et al., 1992; Chhajlani and Wikberg, 1992). The MC3 and MC4 receptors are both 

present in the brain. MC3 and MC4 receptors are primarily expressed in the 

hypothalamus, brainstem and limbic system (Magenis et al., 1994). MC3 is 

expressed in both the human brain and placenta (Gantz et al., 1993a; Labbe' et al., 

1994). The fifth melanocortin receptor (MC5) has a broad tissue distribution (Labbe' 

et al., 1994). The receptor has been identified in the stomach, spleen, thymus, skin, 

all three layers of the rat adrenal cortex, and the brain (Griffon et al., 1994; Labbe' et 

al., 1994). MC5 receptors have been localized in the olfactory bulb, substantia nigra 

and striatum of the brain. Studies indicate that the striatum, nucleus accumbens, 

substantia nigra, periaqueductal gray, ventral tegmental area and the anterior-ventral 
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tiurd ventrical are the sites involved in inducing grooming behavior in rats (Tatro. 

1990). These brain areas show specific [ 125i] NDP-MSH binding. 

The melanocortin receptors in the brain are beheved to mediate regulation of 

hypophysiotropic hormones (Calogero et al., 1988; Khorram et al., 1984), behavior, 

leaming, memory, attention and motivation (Beckwith et al., 1989; DeWied and 

Jolles, 1982; Kobobun et al., 1983). Both MSH and ACTH have an equal affinity 

for the MCI, MC3, and MC4 receptors, whereas MC5 is more specific for MSH than 

ACTH (Griffon et al., 1994). Furthermore, NDP-MSH has a higher binding affinity 

for MC5 but lower activity at the receptor. The smaller ACTH fragment, ACTH[4-

10], has a lower affinity at both the MC5 and MC3 receptor suggesting the amino-

carboxy-terminals are cmcial for biological activity of the peptide at these receptors 

(Labbe' et al., 1994). The MCI, MC4 and MC5 receptors appear to have a similar 

functional profile. However, MC3 has the greatest affinity for y-MSH, 

pharamacologically distinguishing it from the MCI and MC4 receptors. Stmctural 

analysis suggests that in the MC4 receptor the tyrosine at position #2 and proline at 

position #12 of the ACTH/MSH peptides are critical for full agonist binding to the 

receptor (Gantz et al., 1993b). The MC4 receptor was most potentiy activated by 

NDP-MSH, des-acetyl-MSH, ACTH[l-39], a-MSH, y-MSH and ACTH[4-10] in 

descending order of activity. The data from this research suggests that the MC4 

receptor is not responsible for the behavioral aspects of the ACTH/MSH related 

peptides. The results support the suggestion by Tatro and Entwistle (1994) that other 

undiscovered melanotropin receptors exist in the brain that mediate the behavioral 

effects of the ACTH/MSH peptides. 

In conclusion, my data indicate that peptides with little corticotropic activity 

mimic tiie facilitory effects of ACTH[l-39] on acquisition. These data, along witii 

the observation that corticosterone facilitates acquisition with a much longer latency, 
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suggests a brain site of action. N-terminal acetylation appears to unprove efficacy of 

a-MSH on acquisition. The brain receptor mediating these effects is probably not 

related to the two melanocortin receptors identified in the mammalian brain, since 

NDP-MSH was not effective. The fact that NDP-MSH does not facilitate leaming in 

mammals suggests that an unidentified receptor exists that mediates the behavioral 

actions of these peptides. This receptor may have some similarity to the MCI 

receptor, since the effects of a-MSH were not observed in the presence of the 

antagonist. Further research will need to be performed using varying dosage 

treatments of the behaviorally active peptides shown by this data to alter leaming. 

This will determine the relative potency of the peptides to influence habituation. 

Furthermore, ICV injection of the peptides prior to acquisition will assist in 

establishing the role of ACTH/MSH peptides as neuromodulators or 

neurotransmitters in the brain of the toad. ICV application of the behaviorally active 

peptides will directly introduce the peptides to the receptors responsible for 

behavioral modification. The peptides administered so are less likely to be degraded 

by semm enzymes and avoid the difficulty of crossing the blood-brain barrier 

otherwise encountered through dorsal lymph sac injections. 

In summary, this research has provided some essential information conceming 

the effect of ACTH/MSH related peptides on leaming in vivo . The research 

examined a newly discovered a-MSH antagonist, to which the behavioral response 

was previously unknown. The only peptides to significantiy influence prey-catching 

behavior in Bufo cognatus were ACTH[l-39], N-acetyl-a-MSH and ACTH[4-10]. 

My data suggests that the habituation of prey-catching behavior can be modified by 

smaller, behaviorally active fragments of the larger ACTH peptide. 
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