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ABSTRACT 

Several lines of evidence indicate that, in mammalian and non-

mammalian vertebrates, alpha-melanocyte-stimulating hormone (a-MSH) 

acts as a neurotransmitter/neuromodulator within the brain to enhance 

learning and memory. Although a great deal is known about the 

pharmacological effects of a-MSH peptides on learning, virtually nothing is 

known about the physiological role of endogenous a-MSH neurons in 

learning behavior. I used a simple behavioral model of learning, 

habituation of prey-catching behavior in the toad Bufo cognatus. to examine 

whether learning behavior is associated with alterations in the activity of 

melanotropin cells in the brain and pituitary gland. Changes in the tissue 

concentration of a-MSH in specific brain areas were used to gauge changes 

in the synthetic/secretory actions of brain a-MSH cells. 

The distribution of a-MSH and adrenocorticotropin (ACTH) in the 

brain of the toad was examined by immunocytochemistry using the avidin 

biotinylated-peroxidase technique. Pro-opiomelanocortin (POMC) 

perikarya were detected in the ventral infundibular nucleus and the lateral 

hypothalamic nucleus. The cells projected their fibers toward brain areas 

that included the ventral telencephalon, the ventral hypothalamus, the 

tectum and pretectal area, the brainstem, and the spinal cord. Intense 

immunoreactive staining was observed in the olfactory nucleus and the 

nucleus accumbens, the medial anterior thalamus, the preoptic nuclei, 

and the infundibulum. 

The immunocytochemical localization of a-MSH-immunoreactivity 

in the brain of B. cognatus was confirmed by biochemical studies. First, 



heterologous radioimmunoassay of a-MSH in the toad was validated by the 

demonstration of parallelism between serially diluted brain extracts and 

plasma and synthetic a-MSH. a-MSH concentration was highest in the 

caudal tha lamus and retrochiasmatic hypothalamus, followed by the 

caudal telencephalon and preoptic area, the rostral telencephalon, the 

brainstem and the optic tectum. With one exception, there were no 

significant differences at any time point between control and habituated 

animals. However, significant changes in brain a-MSH content were 

observed within each group over time. In the brains of both habituated and 

control animals, a-MSH content was increased in the hypothalamic and 

the preoptic areas and decreased in the telencephalic area and the 

bra ins tem. 

My immunocytochemical and biochemical findings suggest that , 

aside fi'om its hormonal activity in the control of melanosome dispersion, a-

MSH may play a role as a neurotransmitter and/or neuromodulator in the 

toad brain. Furthermore, it seems tha t the habituation of prey-catching 

behavior is not associated with changes in the activity of a-MSH levels in 

the brain and the plasma of toads. Prolonged confinement might cause 

alterations in the activity of neuronal and pituitary POMC cells. 
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CHAPTER! 

INTRODUCTION 

Alpha-melanocyte-stimulating hormone (a-MSH), a tri-decapeptide 

produced by proteolytic cleavage of pro-opiomelanocortin (POMC) in certain 

cells of pituitary gland, controls melanosome dispersion in melanocytes 

(Harris and Lerner, 1957). a-MSH peptides are also produced in the brain 

of both mammalian and non-mammalian vertebrates (O'Donohue et al., 

1979; Vallarino, 1984; Yamazoe et al., 1984; Benyamina et al., 1986; Schoofs 

et al., 1988; Vallarino et al., 1992). The fact that a-MSH neurons project to 

many different brain areas suggests that this peptide may play a role as a 

neurotransmitter or neuromodulator (Beckwith and Sandman, 1978; 

O'Donohue and Jacobowitz, 1980). Recent research has shown that a-MSH 

and structurally related peptides facilitate acquisition and retard extinction 

of conditioned avoidance behaviors in mammals (Stratton and Kastin, 1974; 

van Wimersma Greidanus et al., 1978; Beckwith et al., 1989). It is 

unknown, however, if learning is associated with changes in the activity of 

brain or pituitary POMC cells. The purpose of this study is to test the main 

hypothesis that learning is associated with alterations in the activity of 

brain and pituitary a-MSH-producing cells. 

Discovery of a-MSH 

In 1916, P. E. Smith and B. M. Allen simultaneously, but 

independently, discovered that the pituitary contains a material which 

causes changes in the pigmentation of dermal melanophores. They 

observed that hypophysectomy induces a significant loss of skin color in 



amphibians. A few years later, the neurointermediate lobe was identified 

as the source of the skin-darkening factor (Swingle, 1921). Smith (1924) also 

found that t ransplantat ion of the intermediate lobe of adult fi*ogs into 

hypophysectomized tadpoles caused dispersion of melanophores. Zondek 

and Krohn (1932) termed the skin-darkening hormone "intermedin." The 

term "melanocyte-stimulating hormone, or MSH" was coined by Lerner et 

al. (1954). 

Structure of a-MSH 

a-MSH was first isolated fi-om the pig pituitary (Lee and Learner, 

1956) and characterized as an acetyltridecapeptide amide (Harris and 

Learner, 1957). In mammals, there are at least three known peptides with 

MSH bioactivity: a-MSH, p-MSH and adrenocorticotropic hormone (ACTH). 

These peptides share the common amino acid sequence Met-Glu-His-Phe-

Arg-Trp-Gly, necessary for melanotropic activity. This core sequence is 

identified at positions #4 through #10 of ACTH (Malven, 1993). The entire 

amino acid sequence of P-MSH is contained within residues 41-58 of a 

larger 91 residue peptide p-lipotropic hormone (P-LPH). In addition, the 

amino terminal serine residue of mammalian a-MSH is acetylated, and the 

C-terminal residue is amidated. C-terminal amidation of a-MSH is not 

necessary for full biological potency but almost certainly prolongs the half-

life of the peptide circulating in the blood (Kawauchi, 1988). 

The structure of a-MSH has been highly conserved throughout 

evolution. For instance, Xenopus laevis a-MSH contains a substitution of 

the N-terminal Ser by Val (Martens et al., 1985, 1987; Rouille et al., 1989) 

while the sequence of Rana catesbeiana and Rana ridibunda a-MSH is 



identical to the mammalian peptide (Tonon et al., 1989; Pan and Chang, 

1989; Hilario et al., 1990). MSH extracted from pituitaries of reptile, 

amphibian and shark is not acetylated on the amino terminus, which 

suggests that the enzyme N-acetyltransferase is not present in endocrine 

cells of the intermediate lobe or that a-MSH is acetylated during the 

secretory process in these vertebrates. 

Biosynthesis of a-MSH in the pituitary 

a-MSH is derived through the proteolytic cleavage of a larger (31 K) 

precursor protein, POMC (Nakahanish et al., 1979). The pituitary gland is 

the major source of POMC-production in all vertebrate groups. POMC is 

S5mthesized in corticotrophs of the pars distalis and in melanotrophs of the 

pars intermedia (Gee and Roberts, 1982). POMC is proteolytically cleaved to 

ACTH, P-LPH, p-endorphin and cleavage products of the 16 K fragment (the 

joining peptide) in corticotrophs where as it is cleaved into a-MSH, 

corticotropin-like intermediate-lobe peptide (CLIP), p-endorphin and 

cleavage products of p-LPH and 16 K fragment in melanotrophs (Eipper and 

Mains, 1980; Gramsch et al., 1980; Liotta et al., 1980). 

In mammalian melanotrophs, the initial cleavage of POMC yields 

ACTH[l-39] and P-LPH[l-93]. The majority of ACTH is endoproteolytically 

cleaved at basic residues 15,16 and 17 to form des-acetyl a-MSH (ACTH [1-

131 amide) and ACTH[18-391 (CLIP). Amino-terminus acetylation of both 

ACTH[1-13] amide and p-endorphin occurs in parallel when the peptides 

are stored in secretory granules of pars intermedia (Glembotski, 1982). It is 

known, however, that N-acetylation of des-acetyl a-MSH occurs just before 

or during the process of exocytosis in several families of anuran 



amphibians (Martens, 1981; Verburg-van Kemanade, 1987), including Bufo 

(Stevenson, 1990; Dores, 1993). 

The cDNA encoding POMC has been cloned fi-om the anuran pituitary 

(Martens et al., 1985; Martens, 1987; Pan and Chang, 1989; Hilario et al., 

1990). In 1992, workers fi-om several laboratories have reported the cDNA 

sequence of the two putative POMC processing enzymes, PCI and PC2 (Day 

et al., 1992). Anatomical studies indicated a parallel distribution of PCI 

and PC2 with POMC-producing cells of the pituitary and the brain. Co-

expression of POMC with PCI and PC2 in endocrine cells resulted in 

chromatographically authentic end-products. The analysis of peptide end-

products in endocrine cells after transfection with vaccinia virus vectors 

( W ) containing POMC cDNA inserts and either W:PC1 or W:PC2 

indicates that PCI cleaves POMC into P-LPH and ACTH, while PC2 cleaves 

POMC into P-endorphin and a-MSH (Seidah, 1993). 

Distribution of a-MSH/ACTH in the brain 

From the 1960's, several studies using bioassays have reported that 

melanotropic peptides exist in the brain of the amphibians (Ralph and 

Peyton, 1966; Preslock and Brinkley, 1970). Later, two biochemical and 

chromatographical studies confirmed the presence of an a-MSH-like 

peptide in the fi-og brain (Vaudry et al., 1978; Jegou et al., 1983). Recently, 

Tranchand Bunel et al. (1992) isolated a-MSH from the brain of Rana. This 

group characterized the peptide in the brain as desacetyl a-MSH. 

Benyamina et al. (1986) first localized a-MSH-ir cells and fibers in the brain 

of Rana ridibunda. Most cell bodies were observed in the ventral 

infundibular nucleus with projections mainly to the preoptic nucleus, the 



ventral telencephalon and the median eminence. Two minor cell groups 

were visualized in the preoptic area and in the lateral amygdala. The a-

MSH perikarya in the lateral amygdala projected dorsally to the hebenular 

region. A similar distribution of a-MSH-ir cells and prospective fibers was 

reported in the hypothalamus of Rana esculenta. except that no a-MSH cell 

groups were observed in extra-hypothalamic areas (Vallarino, 1987). 

The distribution of a-MSH-ir perikarya in the hypothalamus of 

anuran amphibians is consistent with that observed in mammals. Three 

a-MSH perikarya groups are observed in the brain of the rat (O'Donohue et 

al., 1982; Tranchand-Bunel et al., 1987). a-MSH neurons were observed 

mainly in the arcuate nucleus, which corresponds anatomically to the 

infundibulum in amphibians (Watson et al., 1978). a-MSH projections from 

the arcuate nucleus were directed toward many brain areas such as, 

hypothalamus, thalamus and midbrain, amygdala and telencephalon, 

cerebral cortex, cerebellum and spinal cord (Eskay et al., 1979). a-MSH-ir 

neurons in the arcuate nucleus produce mainly non-acetylated forms of a-

MSH and p-endorphin. A second group of a-MSH perikarya was 

subsequently localized in the nucleus of the solitary tract (Joseph et al., 

1983; Schwarzenberg and Nakane, 1983), which produces mostly acetylated 

a-MSH (Dores et al., 1986). a-MSH-ir projections fi-om both the nucleus of 

the solitary tract and arcuate nucleus innervate many areas in the caudal 

medulla. a-MSH-ir cells have also been observed in the dorsolateral region 

of hypothalamus. Projections from a-MSH cells in the dorsolateral 

hypothalamus travel to the dorsal hippocampus and the cerebral cortex. 

This third cell group contains a very small portion of the total hypothalamic 

concentration of a-MSH (Turner et al., 1983). 



Immunocytochemical studies on the CNS of humans have shown 

that POMC cells are stained in the arcuate nucleus. The same neurons 

produce a- and P-endorphin, ACTH, a- and P-MSH and P-LPH in the 

infundibulum (Bugnon et al., 1979). a-MSH fibers project to the 

periventricular nucleus (Desy and Pelletier, 1978 ). a-MSH 

immunoreactivity is also found in the substantia innominata which 

contains many other neuropeptides such as ACTH, cholecystokinin 

octapeptide (CCK), somatostatin, vasoactive intestinal polypeptide (VIP), 

substance P and ox3rtocin (Candy et al., 1985). The fact that the substantia 

innominata is related with cognitive functions suggests that a-MSH 

modulates the cholinergic system of the nucleus of Meynert, located near 

the substantia innominata (Candy et al., 1985). 

The brain distribution of a-MSH-ir cells seems to be consistent among 

vertebrates. For instance, a-MSH perikarya are concentrated in the ventral 

hypothalamic area of most mammals like cow, cat, guinea pig, and rhesus 

monkey. In lizards, Lacerta muralis. a single group of cell bodies is 

observed in the preoptic nucleus (Vallarino, 1984; Dores et al., 1984), while 

Anolis has a unique distribution of immunoreactive MSH in 

mesencephalon (Khachaturian et al., 1984). POMC neurons are localized 

in the basal hypothalamus in fish (Vallarino et al., 1992; Vallarino et al., 

1993). Vallarino and his colleagues found a-MSH-ir cells in the caudal part 

of the diencephalon in elasmobranchs (Scyliorhinus canicula), the ventral 

hypothalamus in teleosts (Salmo gardneri) and the preoptic nucleus and 

the caudal part of the hypothalamus in the lungfish (Protopterus 

annectens). The existence of a-MSH-, ACTH- and p-endorphin-

immunoreactivity in the central nervous system of insects indicates that 



the processing of POMC has been established early during evolution 

(Schoofs et al., 1987,1988; Pestarino, 1988). 

Roleofg-MSHinCNS 

Biochemical and immunocytochemical studies have confirmed that 

the brain synthesizes and stores POMC-derived peptides. The presence of 

a-MSH/ACTH in the CNS indicates a physiological role for these peptides in 

brain function. A number of studies on the behavioral effects of a-

MSH/ACTH peptides over the past forty years has demonstrated that they 

are true neuropeptides affecting the nervous system (Eberle, 1988). The 

intracerebral ventricular (icv) injection of a-MSH affects many behavioral 

processes such as learning and memory, attention, arousal, motivation, 

stretch-yawning sjmdrome (SYS), grooming, depression, and social 

behavior. Furthermore, a-MSH exerts a trophic action on the nervous 

system and is antipjrretic (De Wied, 1993). 

a-MSH/ACTH effects on learning behavior 

Miller and his colleagues reported that peripheral ACTH injection in 

intact and adrenalectomized rats inhibits the extinction of a learned 

avoidance response without influencing acquisition (Murphy and Miller, 

1955; Miller and Ogawa, 1962). A few years later, De Wied and Bohus (1966) 

found that systemic injection of ACTH-related peptides facilitated 

acquisition as well as delayed extinction in hypophysectomized rats. A 

number of studies on the structure-activity of various ACTH/MSH-related 

peptides have been performed in both active and passive avoidance and 

appetitive conditioning paradigms. These studies clearly indicate that the 



amino acid sequence contained within the positions # 4 to # 10 of ACTH 

plays a key role in facilitating learning behavior and the retrieval of 

memory. 

Direct action of the ACTH/MSH peptides on the brain is suggested by 

the observation that ACTH 4-10 has only minimal steroidogenic activity in 

vivo and affects avoidance behavior in both adrenalectomized and intact 

rats (Weiss et al., 1970). The fact that ACTH/MSH peptides facilitate 

reversal learning in appetitive and aversive paradigms, emplo5dng visual 

discrimination cues (Sandman et al., 1972; O'Donohue et al., 1981), 

indicates that these peptides improve learning by selectively enhancing 

visual attention (Beckwith and Sandman, 1978; Beckwith, 1988). 

MSH/ACTH effects on prey-catching behavior in toads 

Anuran prey-catching behavior has been successfully used as a 

model for investigating the neural substrates underlying the visual 

recognition and localization of visual cues. When a toad or fi'og is 

confronted with a moving visual stimulus that represents a prey item, it 

responds immediately by orienting its head and body toward the prey item 

(Ewert, 1980). This behavior habituates rapidly as animals 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 (Ingle, 1976; Horn and Horn, 1982). 

The neural basis for the visual recognition of a prey-stimulus has 

been extensively studied by J.-P. Ewert and others. Electrophysiological 

studies, as well as lesion experiments, support a major role for the optic 

tectum in integrating the prey-catching response (Ewert, 1980; Ingle, 1976). 
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Individual stages of the prey-catching sequence (orienting, snapping) can 

be triggered by stimulating different points in the optic tectum (Ewert, 

1967a; Ewert, 1967b). The optic tectum also appears to be the site of the 

cellular adaptations that instigate behavioral habituation (Ingle, 1976). 

Adaptation of tectal neurons to the continuous presence of a moving prey-

stimulus may involve an inhibitory control by neurons in the pretectal area 

of the caudal thalamus. Lesions of the pretectal area result in a 

disinhibition of tectal neurons (Ingle, 1973) and a consequent loss of 

behavioral habituation to the moving prey item (Ewert, 1968). 

Peripheral injection of ACTH and ACTH fragments enhances the 

acquisition and delays the extinction of habituation in the prey-catching 

model (Horn and Horn, 1982; Carpenter et al., 1994). When ACTH [1-391, 

ACTH [1-101, ACTH [4-101 and a-MSH are injected into the dorsal lymph 

sac prior to acquisition, toads habituate more rapidly, as determined by a 

significant decrease in the number of turning reactions after presentation 

of a black stripe prey stimulus (Horn et al., 1979; Carpenter et al., 1994). 

When toads are injected with ACTH at the end of acquisition, the extinction 

of habituation was slower than when that of saline-injected controls (Horn 

et al., 1979). The effect of ACTH on extinction is stimulus-specific, as toads 

pre-treated with ACTH and habituated to a black stripe show normal 

orienting behavior in response to a black triangle prey model. The fact that 

the non-corticotropic fragments ACTH [1-101, ACTH [4-10] and a-MSH were 

effective suggests (by default) that ACTH and a-MSH may act directly 

within the brain to influence habituation (Horn and Horn, 1982; Carpenter 

et al., 1994). 



Objectives 

Although a great deal is known about the pharmacological effects of 

a-MSH peptides on learning, virtually nothing is known about the 

physiological role of endogenous a-MSH neurons in learning behavior. The 

use of a simple behavioral model of learning, such as habituation, might 

facilitate our understanding of how a-MSH peptides act to influence 

learning. The goal of this research was to exploit the prey-catching 

behavior to understand if simple learning processes are associated with 

alterations in the activity of endogenous neuropeptide systems. Changes in 

the tissue concentration of a-MSH in specific brain areas were measured to 

gauge changes in the synthetic/secretory actions of brain a-MSH cells. The 

primary hypothesis tested was that habituation is associated with changes 

in the activity of endogenous a-MSH neurons. Three main questions were 

addressed. First, does a-MSH-like immunoreactivity exist in the brain of 

the toad? If so, where are a-MSH neurons located? Does habituation of 

prey-catching behavior result in change in the content of endogenous a-

MSH in the ventral hypothalamic area of toads? I used 

immunocytochemistry to detect and visualize a-MSH neurons in the toad 

brain. Radioimmunoassay was used to identify and measure the 

concentration of a-MSH in specific areas of the toad brain during the 

acquisition of the learned behavior. 
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CHAPTER II 

MATERIALS AND METHODS 

Animal selection 

All experiments used adult male toads Bufo cognatus (40-70 g) 

collected locally from breeding ponds around Lubbock, TX, in May 1994. 

Animals were housed in 76 L glass aquaria (10 toads per tank) and had free 

access to water. They were fed mealworms twice a week. The animals 

were maintained at constant temperature (21 ^C) with an established 

photoperiod of 12 h light per day (light from 07.00-19.00 h) for at least two 

weeks before testing. Animal care and handling procedures and all 

experimental protocols were approved by the TTU ACUC. 

Tissue collection 

For immunoc3d:ochemical studies, toads were rapidly decapitated. 

Brains were removed and placed in Benin's fixative for 48 h and then 

transferred into 70% ethanol. Brains were dehydrated in a graded ethanol 

series, embedded in paraffin and serial transverse sections cut at 10 |im. 

Slide-mounted sections were dried for 7 days in an oven set at 37 ^C. 

For measurement of tissue a-MSH, toads were killed by rapid 

decapitation within 3 min of testing. Since it has been reported that 

significant diurnal variations in a-MSH concentrations occur in the brain 

of Bufo (Kim et al., 1995) and rat (Dunn et al., 1976; O'Donohue et al., 1979b; 

Monnet et al., 1981; Scimonelli et al., 1987), all tissue samples were 

collected between 08.00 to 10.00 h. Brains and pituitaries were rapidly 

removed and placed on an ice-chilled dissection plate. Brains were 
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dissected into 6 different regions (Figure 2.1): rostral telencephalon (Tel), 

caudal telencephalon and preoptic area (PO), optic tectum (OT), caudal 

thalamus and retrochiasmatic hypothalamus (T/HT), and brain stem (BS). 

The samples were immediately immersed in ice-cold 0.5 ml 1 N acetic acid. 

Tissues were sonicated for 30 s, the homogenates centrifuged at 16,000 x g 

for 15 min at 4 °C and the supernatants collected and lyophiHzed. Pellets 

were analyzed for protein content using a modification (Markwell et al., 

1981) of Lowry's method (Lowry et al., 1951). 

Trunk blood was collected in ice-cold tubes containing 100 |il of 7.5% 

ethylenediamine tetraacetic acid (EDTA) and centrifuged at 2800 x g for 15 

min at 4 °C. Plasma was removed and stored at -80 °C until assay. 

The mean protein content of each brain area was 903 ± 38 mg for 

rostral telencephalon, 304 + 15 mg for caudal telencephalon and preoptic 

area, 201 ± 32 mg for the optic tectimi, 181 + 29 mg for caudal thalamus and 

retrochiasmatic hypothalamus and 378 ± 59 mg for the brainstem. 

Coefficients of variation (COV) of each brain area ranged from 3-7%. In 

order to measure the recovery rate of the extraction, 10,000 pg of synthetic a-

MSH was added to the brainstem homogenates (n = 3). The recovery rate 

for the tissue extraction procedure averaged 73%. Reported values are 

corrected for recovery. 

Immunocytochemistry 

Alpha-MSH- and ACTH-ir neurons were visualized using the avidin 

biotinylated-peroxidase method employing an ABC kit from Vector 

Laboratories. Sections were rinsed in 0.1 M phosphate-buffered saline 

(PBS, pH 7.2) for 5 min followed by treatment with H2O2 solution (0.9 % in 

12 



Figure 2.1. Schematic sagittal section through the brain of B. cognatus 
showing the limits of the region dissected. BS, brainstem; OT, 
optic tectum; PO, caudal telencephalon and preoptic area; Tel, 
rostral telencephalon; T/HT, caudal thalamus and 
retrochiasmic hypothalamus. 

13 



PBS) for 10 min. After rinsing, the slides were placed into normal goat 

serum (NGS, 2% in PBS). Trypsin (0.25 mg/ml in 0.5 M Tris buffer) was 

applied for 3 min. Following serial rinses in PBS tissue sections were 

incubated with a-MSH or ACTH antiserum (1:2000 dilution for a-MSH and 

1:1500 for ACTH in PBS containing 0.01% NaNs) for 48 h at 4 °C. Afi:er 

washing with PBS, biotinylated goat anti-rabbit gamma globulin (GARGO) 

was applied for 2 h at a dilution of 1:500. Sections stained for a-MSH or 

ACTH were incubated in avidin biotinylated-peroxidase complex (Vector 

Laboratories) for an additional 2 h at room temperature. Immunoreactive 

cells were visualized with 0.08% DAB (diaminobenzidine tetrachloride) in 

Tris buffer containing 0.002% H2O2. To improve visualization of 

immunoreactive cells, sections were exposed to Os04 vapors for 5 min after 

exposure to the chromogen substrate. Following several final rinses in 

PBS, sections were stained lightly with toluidine blue, dehydrated and 

coverslips mounted with Permount. 

The a-MSH antiserum (Ab #97, donated by Dr. K. Knigge, Univ. of 

Rochester, School of Medicine and Dentistry, Div. of Neuroendocrinology) 

has been previously characterized (Melrose and Knigge, 1988). The 

following synthetic peptides were ineffective in reacting with the a-MSH 

antiserum: ACTH 1-39, P-endorphin (camel), p-endorphin (human), p-

MSH, gonadotropin-releasing hormone (GnRH), thyrotropin-releasing 

hormone (TRH), substance P, somatostatin, oxj^ocin and Met-enkephalin. 

The antiserum to human ACTH (hACTH-IC2) was donated by Dr. A. F. 

Parlow, Pituitary Hormones & Antisera Center, Harbor-UCLA Medical 

Center. The ACTH antiserum does not cross-react with growth hormone 

(GH), prolactin (PRL), leutenizing hormone (LH), folhcle-stimulating 
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hormone (FSH), or thyroid-stimulating hormone (TSH). Blocked controls 

were performed by pre-incubating either antiserum with 10 \ig synthetic a-

MSH or ACTH for 18 h. The nomenclature and grouping of the nuclei in 

the brain of Bufo cognatus are based on the atlas of Kemali and Braitenberg 

(1969) and on the papers of Neary and Northcutt (1983), Wada et al. (1981), 

and Hoffinann (1973). 

Radioimmunoassay 

a-MSH (Bachem, Torrance, CA) was iodinated using chloramine-T 

and purified by gel filtration (Sephadex G-10). a-MSH was measured in 

acid extracts of toad brain using a modified diseqmlibrium assay (Khorram 

et al., 1984) as previously described (Carr et al., 1993). Each lyophilized 

sample was reconstituted in 1 ml dH20. The antiserum was diluted to 

1:48,000 in a final assay volume of 600 jxl. Assay standards were prepared 

in duplicate using synthetic a-MSH at concentrations of 8 to 2000 pg/assay 

tube. Standards and samples were incubated with antiserum for 24 h, 

followed by addition of 10,000 cpm i^sj.iabeled a-MSH. Assays were 

terminated by incubating with a second-antibody procedure using GARGG 

for an additional 24 h at 4 °C. To separate bound hormone fi*om free 

hormone, 2 ml of 0.05 M phosphate buffer were added to each tube and the 

tubes were centrifuged at 2800 x g for 40 min. The supernatants were 

immediately aspirated, and the pellets counted by y-counter. All plasma 

samples were measured in the same RIA to reduce interassay variation, as 

were all samples for each brain area. The sensitivity of the assay ranged 

from 5 to 8 pg of a-MSH. Intra- and interassay coefficients of variation were 

2.83% and 10.05%, respectively. 
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a-MSH antiserum (H-50, donated by Dr. WilHam Millington, Division 

of Structural and Systems Biology, University of Missouri, Kansas, MO and 

Dr. G. Mueller of the Uniformed Services University of Health Science, 

Bethesda, MD) recognizes the C-terminal of a-MSH and therefore detects 

des-acetyl-a-MSH and diacetyl-a-MSH (as well as the Met-oxidized 

derivatives) but not deamidated a-MSH, ACTH 1-10,1-13,1-24, p-endorphin 

or P-Hpotropin (P-LPH) (Pettibone and Mueller, 1984). 

Behavioral testing 

Prey-catching behavior was tested in an apparatus (Figure 2.2) first 

described by Ewert (1967c) and later modified by Horn et al. (1979). Test 

animals were placed in a plexiglas cylinder (10 cm diameter) centered in 

the middle of test arena (50 cm diameter). A black prey dummy, attached to 

a motor-driven white disc on the floor of the arena, rotated around the 

arena (12 cm from center) at a constant velocity (2 rotations/min). Each 

trial was initiated by placing the black prey dummy (rectangle, 5 mm in 

height and 20 mm in length) 90 ^ left of the longitudinal axis of the toad. To 

allow animals to adapt to the new environment, toads were left in the glass 

cylinder for 3 min prior to testing. Animals who showed more than an 

average 20 turning reactions in the first three minutes were used. 

Acquisition of habituation was determined by presenting the prey dummy 

to an individual toad continuously for 20, 60 or 120 min and measuring the 

number of turning reactions per min. Brains and plasma samples were 

collected within 3 min of testing. Control toads were placed in the test 

apparatus for 0, 20, 60 or 120 min without presenting a rotating prey model. 

16 



^ 

plexiglas 

. \prey dummy 

Figure 2.2. Prey-catching apparatus used in the present study. 
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Data analysis 

To account for slight differences in brain dissection fi-om animal to 

animal, brzdn a-MSH concentrations were expressed as a function of the 

tissue protein content. Differences between group means were tested with a 

t-test. Variance around the group means was analyzed by one-way 

analysis of variance (ANOVA) followed by Fisher's test for least significant 

(protected ANOVA). Homogeneity of variance was tested by the Fmax-test 

prior to ANOVA. Data transformation was performed when the variance 

was heterogeneous. Values are reported as mean ± S.E.M. 
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CHAPTER HI 

RESULTS 

Distribution of g-MSH in the brain of the toad 

ACTH- and a-MSH-ir cells and fibers in the brain of the toad were 

detected and localized using immunocytochemistry. Transverse and 

parasagittal sections of the toad brain were analyzed with antisera raised 

against a-MSH or ACTH. Table 3.1 summarizes the distribution and 

relative density of immunoreactive perikarya and fibers. The schematic 

distribution of a-MSH/ACTH-ir perikarya and fibers is shown in Figure 

3.1. Analysis of adjacent sections revealed that the distribution of a-MSH-ir 

perikarya and fibers is essentially identical to that of ACTH 

immuoreactivity, which suggests that both peptides originated from the 

same POMC cell. 

Telencephalon 

Intensely stained a-MSH/ACTH- ir fibers were found in the ventral 

telencephalic area. Numerous immunoreactive fibers terminated in the 

nucleus accumbens and the olfactory nucleus. Many fibers were also 

observed in the septum area, mainly in the dorsal area of the nucleus 

lateralis septi and ventral of the nucleus medialis septi. There were no 

immunoreactive projections in the pallial area and only a few fibers were 

observed in the ventral striatum. Many fibers were found in close 

apposition to the subependymal layer surrounding the lateral ventricles. 

They were lined ventrally around the ventricle, but did not contact the 

cerebrospinal fluid (CSF). 
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Table 3.1. Distribution and relative density of a-MSH/ACTH-ir 
perikarya and fibers in the brain of the toad B. 
cognatus. 

Structure Perikarya* Fibers* 

Telencephalon 

Nucleus oliactorius anterior (NOA) 

Bulbous of oliactorius accessorius (BOA) 

Pallium dorsalisCPD) 

Pallium mediale (PM) 

Pallium laterale, pars dorsalis (PLd) 

Pallium laterale, pars ventralis (PLv) 

Nudeus medialis septi Q̂ JMS) 

Nucleus accumbens septi (NAS) 

Nucleus lateralis septi (NLS) 

Striatum, pars dorsalis (Std) 

Striatum, pars ventralis (Stv) 

Medial forebrain bundle (MFB) 

Nucleus diagonal band of Broca (NDB) 

Amygdala, pars lateralis (Al) 

Amygdala, pars medialis (Am) 

Nucleus entopedimcularis (NEP) 

Pallial commissure (PaC) 

Bed nucleus of the pallial commissure (NBPC) 

Diencephalon 

Epiphysis (E) 

Hebenular cormmssure (HC) 

Nucleus habenularis dorsalis (NHD) 

Nucleus habenularis ventralis (NHV) 

Area ventralis anterior thalami (AVA) 

Area ventrolateralis thalami (AVL) 

Nucleus dorsomedialis anterior thalmi (NDMA) 

Nucleiis dorsolateralis anterior thalmi (NDLA) 

(Corpus geniculatus laterale (CGL) 

Lateral forebrain bundle (LFB) 

Nucleus rotundus (NR) 

Nucleus posteriocentralis thalami (NPC) 

Nucleus posteriolateralis thalami (NPL) 

Nucleus preopticus (NPO) 

Nucleus infundibularis dorsalis (NID) 

Nucleus infundibularis ventralis (NTV) 

Median eminence (ME) 

Posterior commissure (PC) 

Optic chiasma (OC) 
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Table 3.1. Continued 

Structure Perikarya Fibers 

Optic tract (OTr) 

Optic nerve (ON) 

Mesencephalon 

Nucleus mesencephalicus nervi trigemini (NMNT) - + 

Stratum album super&dale tecti (SAS) - + 

Stratum griseimi superfidale tecti (SGS) - + 

Stratum album centrale tecti (SAC) - ++ 

Stratmn grisevmi centrale tecti (SGC) - ++ 

Stratum albvun periventriculare tecti (SAP) 

Stratum griseum periventriculare tecti (SGP) 

Nucleus of the film (NF) 

Nucleus profondus mesencephali (NPM) 

Nucleus anterodorsalis tegmenti mesencephali (NAD) 

Nucleus anteroventralis tegmenti mesencephaU (NAY) 

Nucleus posterodorsalis tegmenti mesencephali (NPD) 

Nucleus posteroventralis tegmenti mesencephali (NPV) 

Nuclexis of the trochlear nerve (NTRO) 

Trochlear nerve (TrN) 

Nucleus of the oculomotor nerve (NOM) 

Torus semidrcularis (TS) 

Nucleus reticularis isthmi (NRIS) 

Nudeios interpedimcularis (NIP) 

Nudeus isthmi (ND 
Nudeus reticularis superior (NKS) 

Nudeus cerebeUi (NCER) 

Metencephalon 
Granular layer of the cerebellimi 

Purkinje cell layer of the cerebellum (C) 

Molecula layer of the cerebellimi 

Rhombencephalon 
Griserum centrale rhombencephali (CiC) 

Sulcus 1^mitJ^ns (SL) 

Mediahs longitudinal fasdde (MLF) 

Chroid plexus (PCh) 
Nudeus vestibularis (NV) 

Nudeus cochlearis (NO ^ '_ 

* +, scarce; ++, moderate; +++ dense; -, no immunoreactive 
cells or fibers. 
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Figure 3.1. Continued 
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Figure 3.1. Continued 
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Diencephalon 

The preoptic area was densely innervated by a-MSH/ACTH-ir fibers. 

Many fibers were observed in the subependymal area around the third 

ventricle. Those fibers travel bilaterally toward the lateral forebrain 

bundle. Another intensely stained projection traveled from the caudal 

preoptic area to the medial amygdala across the anterior commisure. 

Immunostaining of parasagittal sections revealed that projections passing 

through the amygdala continued projecting toward the hebenular area. 

Immunoreactive fibers terminated in the lateral region of the nucleus 

hebenular ventralis and the caudal region of the nucleus hebenular 

dorsalis across the anterior thalamic area. A number of fibers in the 

supraoptic chiasma region projected dorsally. These fibers terminated in 

the posterior thalamus. A small group of fibers was observed near the 

subcommissural organ. They were concentrated in the dorsal boundary of 

the posteriocentral thalamus. The most intensive staining was seen in the 

ventral infundibulum. Numerous immunoreactive fibers were distributed 

mainly along the ventral wall of the hypothalamus. There were also many 

fibers in the nucleus of the periventricular organ and the dorsal 

infundibulum area. A projection toward the median eminence from the 

immunoreactive cells at the base of the nucleus infundibularis ventralis 

was seen. 

As is shown in Figure 3.2, the a-MSH- or ACTH-specific antibody 

detected two distinct immunoreactive cell groups concentrated in the 

infundibular area. One group of neurons was localized in the ventral 

infundibuliun nucleus. This group of cells projected short and sometimes 

strongly stained fibers rostrally. The caudoventral portion of the cell group 
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issued fibers that projected toward the median eminence. The majority of 

the immunoreactive cells were unipolar or bipolar and round or oval in 

shape. A smaller group of intensely stained neurons was seen in the 

medial retrochiasmatic area, called the lateral hypothalamic nucleus by 

Neary and Northcutt (1983). Most of these perikarya were round or conical 

and had a diameter twice as large as those in the ventral infundibulum 

nucleus. In contrast to the former cell group, they protruded very darkly 

stained and relatively long fibers toward the mesencephalon and the 

rhombencephalon area. The cytoplasm of immunoreactive cells in both 

groups was dark brown, while the nuclei were pale blue, indicating that 

POMC-derived peptides were restricted to the cytoplasm. The cells 

projected beaded-shaped fibers toward many brain areas. 

Mesencephalon 

In the mesencephalon, a moderate number of fibers projected from 

the dorsal infundibulum to the optic tectum. These projections passed 

through the ventrolateral and posterocentral thalamus and the nucleus 

mesencephalicus nervi trigemini to reach the optic tectum. Some 

immunopositive fibers were stained around the optic tectimi ventricle. The 

fibers around the ventricle were distributed mainly in the s tratum griseum 

centrale and periventriculare tecti. There were also laterally projected 

fibers in the caudal mesencephalic area. Those fibers were probably 

infundibulum-originated protrusions toward the posterodorsal tegmentum 

and more caudally toward the nucleus isthmi. No a-MSH- or ACTH-ir 

fibers were detected in the cerebellum. 
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Other areas 

It was difficult to find immunoreactive fibers in transverse sections 

of the brainstem, since a few fibers ran caudally through the 

rhombencephalon and the spinal cord. However, dorsomedial and 

mediolateral projections could be detected in parasagittal sections of the 

brainstem and the spinal cord. The presumptive terminals of the fibers 

were uncertain. 

Preincubation with 10 |xg synthetic a-MSH blocked staining with the 

a-MSH antiserum. The same result was obtained when ACTH antiserum 

was preincubated with 10 \ig porcine ACTH. Preincubating ACTH 

antiserum with synthetic a-MSH did not block ACTH-immunoreactivity. 

However, there was some cross reactivity between the a-MSH antiserum 

and synthetic ACTH peptide. The control experiments are summarized in 

Table 3.2. 

Effect of habituation on endogenous a-MSH levels 

Figure 3.4 shows that the dilution curves of the various toad brain 

extracts and the blood are parallel to the standard curve for synthetic a-

MSH. Therefore, a-MSH-immunoreactivity in the toad brain and the 

plasma is similar to synthetic a-MSH. The basal a-MSH content of the 

different brain regions is shown in Table 3.3. The a-MSH concentration per 

protein is in the order of T/HT > PO > Tel > BS > OT. 

The normal dynamic of the acquisition process is shown in Figure 

3.5. Test animals confronted with a worm-hke prey dummy showed a 

decreased number of orienting behavior over time. There was a marked 

decline of prey-catching behavior during first 20 min of acquisition. After 
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Table 3.2. The control experiment of immunoperoxidase staining for a-
MSH and ACTH antiserum. 

Antigen a-MSH Ab ACTH Ab 

Tris buffer + + 
a-MSH - + 
ACTH 
a-MSH + ACTH 

+; positive staining. 
-; negative staining. 
See the text for more detail. 
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the first 20 min, each toad showed variable but consistently low number of 

orientation response. 

a-MSH content did not differ between control and habituated toads at 

any time point in any brain region. However, significant changes of a-

MSH-ir level were observed within each group over time. The a-MSH 

concentration in the caudal tha lamus and retrochiasmic hypothalamus 

area of the control group was elevated 20 min after toads were placed on the 

prey-catching apparatus and remained high until 120 min (F(3,20) = 3.634; 

P < 0.030). The habituation group also showed an increase at 120 min, 

F(3,16) = 3.292; P < 0.047. In the preoptic area, the peptide level at 120 min 

was higher than at 0, 20 and 60 min in the control group (F(3,20) = 4.406; P < 

0.015). In contrast to those areas, the rostral telencephalon showed a 

significant decrease 60 min after testing. The immunoreactive a-MSH level 

in the control group was different between the early groups (0 and 20 min) 

and the late groups (60 and 120 min), F(3,21) = 4.437, P < 0.014. The result 

was similar in the habituation group; tha t is, the immunoreactive peptide 

level at 60 and 120 min was less than at 0 min (F(3,20) = 3.947, P< 0.023). 

The assay could not detect any significant change in the optic tectum and 

brainstem peptide levels. 

The changes of a-MSH-ir level in the blood showed a different pattern 

from those in several brain areas. There were significant differences 

between the habituated group and the control group as well as among 

different time periods. The differences between the control and the 

habituated group were markedly increased at 120 min (two-sample t-test, P 

< 0.0004). Over time a-MSH levels in the plasma of the habituation group 
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remained at almost the same level while these in the control group were 

significantly increased at 120 min, F(3,20) = 2.086, P < 0.026. 
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CHAPTER IV 

DISCUSSION 

The present findings provide the first evidence tha t a-MSH- and 

ACTH-like immunoreactivity is present in the brain of the toad, a-

MSH/ACTH-ir cells and fibers were visualized and localized by the 

immunocytochemistry. POMC perikarya were detected in the ventral 

infundibular nucleus and the lateral hypothalamic nucleus. These 

distributions are in agreement with previous studies in frogs (Doerr-Schott 

et al., 1981; Benyamina et al., 1986; Vallarino, 1987) and mammals 

(Khachaturian et al., 1985; Chronwell and O'Donohue, 1988). In contrast to 

most immunoc5i:ochemical studies in frogs or other vertebrates, no POMC 

cells were detected in the preoptic recess organ of B. cognatus. The absence 

of ACTH-ir cells in the preoptic nucleus is also shown in another species of 

toads, Bufo speciosus (unpublished data). 

It seems tha t there are several major projections from POMC 

neurons in the infundibulum (Figure 4.1). The most prominent fibers 

project to the preoptic recess organ and some of them further innervate 

several telencephalic areas. One group of projections terminated in the 

olfactory nucleus and the nucleus accumbens. These regions showed some 

of the most intensive staining of any of the brain areas examined. Even 

though a previous study on the frog brain reported the distribution of a-

MSH-ir fibers in the ventral telencephalon (Benyamina et al., 1986), these 

authors did not identify specific terminal fields in this brain area. 

Therefore, it is difficult to correlate these findings with previous research 

on the locaHzation of POMC neurons throughout the central nervous 
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Figure 4.1. Schematic sagittal section through the brain of B. cognatus 
depicting the distribution of a-MSH/ACTH-containing perikarya 
and axons. A, anterior thalamus; H, hebenular nucleus; NAS, 
nucleus accumbens septi; NI, nucleus isthmi; NIV, ventral 
infundibulum; OC, optic chiasma; OT, optic tectum; P, 
posterior thalamus; POR, preoptic recess organ; S, septum. 
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system. Several studies in amphibians have shown the presumptive 

terminals of other neuropeptide-producing neurons in the nucleus 

accumbens, such as somatotropin-release inhibiting factor (SRIF) (Inagaki 

et al., 1981), substance P (Taverna et al., 1993), enkephalin (Taverna et al., 

1993), and tachykinin (Renda et al., 1989). Interestingly, catecholaminergic 

neurons provide a major afferent projection to the nucleus accumbens in 

amphibians (Gonzalez and Smeets, 1991, 1993) as well as in mammals 

(Buijs et al., 1984; Voorn et al., 1986). 

The other group of a-MSH/ACTH fibers in the hypothalamo-

telencephalic t ract reached to the limbic system, especially, the medial and 

lateral septal areas. Those telencephalic projections seemed to originate 

from the ventral infundibulum nucleus and traveled through the medial 

portion of the hypothalamus and caudal telencephalon (preoptic recess 

organ and the nucleus diagonal band of Broca) to branch bilaterally to 

innervate the limbic system. 

One branch of immunoreactive fibers in the caudal portion of the 

preoptic nucleus projected dorsally to the amygdala and further to the 

hebenular nucleus. Benyamina and his co-workers (1986) reported tha t the 

a-MSH-ir perikarya were visualized in the lateral amygdala and the 

immunoreactive fibers arising from those cells innervated the hebenular 

region in the frog. Those results are in disagreement with the report of 

Vallarino (1987), who proposed that a-MSH-ir cells and fibers are present 

only in the hypothalamus. Interestingly, the present study detected 

another tract toward the amygdala area that projected fi-om the ventral 

infundibulum through the suprachiasmatic nucleus and the anterior 

thalamic area. These two projections in the amygdala area became 

45 



integrated and extended toward the hebenular area. A few a-MSH/ACTH-

ir fibers were observed in the s t ratum griseum region. The pathway of this 

innervation is questionable: it is not certain whether it is directly fi'om the 

basal hypothalamus or from the extension of the hebenular innervation. 

In the mesencephalon, fibers emanating presumably from the 

lateral hypothalamic nucleus innervated the mesencephalic area and the 

inner layer of the optic tectum. This mesencephalic tract of a-MSH/ACTH-

ir neurons is also shown in the frog (Benyamina et al., 1986). As is shown 

in localization studies on other neuropeptides (Yui, 1983; Jokura and 

Urano, 1985; Carr and Norris, 1990), POMC-containing fibers were 

observed in the median eminence area. Finally, two minor groups of 

immunoreactive projections were found in the rhombencephalon and the 

spinal cord. It appears tha t one extension passed through the dorsal 

infundibulum, the nucleus isthmi, the nucleus of basal cerebellum, the 

dorsal rhombencephalon, and the spinal nerve III. Another group of fibers 

fi-om the lateral hypothalamic nucleus extended to the dorsal infundibular 

nucleus and the ventral rhombencephalon and innervate along the motor 

tracts in the spinal cord. The presumptive axon terminals of those two 

minor tracts are not clear. In contrast to previous studies on the 

distribution of POMC-ir in the CNS of the fi-og, this is the first study 

showing that a-MSH/ACTH-ir fibers project to the brainstem and the spinal 

cord. Even though biochemical analysis of the frog brain indicated the 

existence of POMC-derived peptides in the brain stem (Jegou et al., 1983), 

all immunocytochemical studies on the frog brain failed to visualize the 

POMC immunoreactivity (Benyamina et aL, 1986; Vallarino, 1987). In the 

r a t brain, however, it is known that POMC neurons are present in the 
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nucleus of the solitary tract and that these cells project their axons in many 

brain areas (Joseph et al., 1983; Schwarzenberg and Nakane, 1983; 

Yamazoe et al., 1984). 

This study detected and visualized ACTH-like immunoreactivity in 

the brain of the toad. Only one radioimmunoassay study reported the 

existence of ACTH in the anuran brain (Jegou et al., 1983), while all other 

biochemical and immunocytochemical studies proposed the lack of ACTH 

peptide (Vaudry et al., 1978; Vallarino, 1987). However, it is obvious tha t 

ACTH-ir peptides exist in the CNS of many other vertebrates, such as non-

anuran amphibians (Vallarino, 1984), fishes (Nozaki and Gorbman, 1984; 

Vallarino et al., 1989a, 1989b; Bird et al., 1989; Olivereau and Olivereau, 

1990; Belen'kii et al., 1990), and mammals (Guillemin et al., 1962; Watson et 

al., 1978; Kleber et al., 1980; Nilaver et al., 1979; Shibasaki et al., 1981; 

Khachaturian et al., 1984; Kitahama et al., 1986) as well as invertebrates 

(Georges and Dubois, 1979). 

To unders tand the distribution and characterization of POMC 

neurons in the toad brain in more detail, further research is needed using 

retrograde axonal tracing of a-MSH neuronal systems and the 

identification, characterization and localization of other POMC-derived 

peptides, such as P-endorphin or p-LPH. Also, more studies on the 

receptors for POMC peptides should be investigated to understand the 

actual site of action in the brain. The existence and distribution of a-MSH 

neurons in the central nervous system of R cognatus suggests tha t a-MSH 

may play a role as neurotransmit ter or/and neuromodulator in this 

species. 

47 



The immunocytochemical localization of a-MSH-immunoreactivity 

in the brain of B. cognatus is confirmed by biochemical studies. First, 

heterologous radioimmunoassay of a-MSH in the toad was vahdated by the 

demonstration of parallelism between serially diluted brain extracts and 

plasma and synthetic a-MSH. a-MSH concentrations were highest in the 

caudal thalamus and retrochiasmic hypothalamus, followed by the caudal 

telencephalon and preoptic area, the rostral telencephalon, the brainstem 

and the preoptic area (Table 3.1). In plasma, basal a-MSH levels were 84 ± 

16 pg/ml. This level was lower than those observed in Xenopus plasma. 

The concentration of a-MSH-ir level in the hypothalamic area was also 

lower than in fi'ogs (Table 3.1). 

The present study is the first in any vertebrate to investigate 

learning-induced changes of a-MSH level in the brain. I conclude that 

there are no correlations between the acquisition process of prey-catching 

behavior and the endogenous a-MSH levels in the brain. As shown in 

Figure 3.6, changes of a-MSH-ir levels in several brain areas were 

somewhat variable. In the brain of both habituated and control group, the 

peptide level was increased in the hypothalamic and the preoptic areas and 

decreased in the telencephalic area and the brainstem. One interpretation 

is an enhanced turnover rate of a-MSH in nerve terminal regions such as 

the rostral telencephalon after animals are placed in the testing apparatus. 

To maintain supply, a-MSH levels are increased in brain areas containing 

a-MSH-ir perikarya such as the caudal hypothalamus. 

There were several attempts to correlate learning behavior with 

changes in endogenous a-MSH level in the rat during the 1970s. Most 

research revealed tha t the stress is the main factor that influences a-MSH 
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release from the pituitary. Sandman et al. (1973) suggested tha t 

psychological stress cause an increase in a-MSH secretion. His observation 

corresponds to the study of van Wimersma Greidanus et al. (1977), who 

found that "fear" or expectancy of being shocked is a more potent stimulus 

for ACTH release than a real electric footshock during the passive 

avoidance paradigm, van Wimersma Greidanus et al. (1981) measured 

plasma a-MSH levels during the acquisition or extinction of active and 

passive avoidance behaviors in rats . These authors found tha t there were 

no significant changes during the learning process. However, Wilson and 

Morgan (1980) reported tha t a-MSH concentration in plasma was increased 

during acquisition but not during extinction. By comparing conditioned 

avoidance behavior with maze learning behavior, they found tha t plasma 

a-MSH levels were higher during fear-motivated learning than during 

reward-motivated learning. The result of Wilson and Morgan's 

experiment indicates tha t not only psychological stress but also 

physiological stress is a primary stimulator of a-MSH secretion. 

Observed changes in blood a-MSH levels during acquisition of prey-

catching behavior are consistent with these previous reports. The control 

toads, particularly, tried to escape fi-om the prey-catching apparatus after a 

while. That non-specific stressor seems to be a factor influencing increased 

plasma a-MSH levels in the control group. In contrast, the habituated 

toads were presumably paying attention to catching the prey dummy and 

sat on the test arena motionless after habituation. It is assumed that the 

intensity of the stress from orientation reactions (consummatory behavior) 

is less than tha t from escaping trials in terms of endogenous a-MSH 
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release. Therefore, the habituat ion group probably showed smaller 

increases than the control. 

It is quite interesting tha t all POMC-derived peptides, like ACTH, a-

MSH and P-endorphin, have a role related to the stress. Exposure to a 

number of different stressors induces the same physiological response, 

characterized by activation of both the hypothalamic-pituitary-

adrenocortical system and the sympathetic-adrenomedullary system. 

Higher brain centers st imulate both peripheral and central catecholamine 

(dopamine, norepinephrine, and epinephrine) neurons. Meanwhile, they 

also stimulate the pituitary to release not only ACTH, but also a-MSH and 

p-endorphin (Guillemin et al., 1977; Carr et al., 1991). It is yet unknown, 

however, whether the POMC system in the brain is activated in stress 

(Dunn and Kramarcy, 1984). 

One of responses to the stressor in organisms is adaptation. In lower 

vertebrates, the major action of MSH is a skin color change to adapt to the 

background color. During evolution, however, the main adaptive function 

of MSH seems to have moved to the brain (van Wimersma Greidanus, 1981). 

Much evidence supports the role of a-MSH and related peptides in the CNS 

as facilitating learning and memory. Acquisition is a very critical 

component of learning since the organism needs to store information about 

the stressor (Dunn and Kramarcy, 1984). There are several neuropeptides 

which have been reported to influence learning and memory, such as AVP 

(Bohus et al., 1973, 1978) or oxytocin (Kovacs and Telegdy, 1983). 

Surprisingly, most of them are also released during stress. This suggests 

tha t stress-induced hormone secretion may influence learning and 

memory. 
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There is also a s trong suggestion that the catecholamine system 

interacts with the POMC-derived peptides. It is well-known that the 

dopaminergic neurons innervate the pars intermedia in anuran 

amphibians (Telou and Van Kooten, 1974; Tonon et al., 1992) as well as 

mammals, and exert an inhibitory action on the a-MSH secretion (Bower et 

al., 1974; De Rijk et al., 1992). Furthermore, epinephrine or norepinephrine 

stimulates the pituitary to release not only ACTH but also a-MSH and p-

endorphin (Berkenbosch et al., 1981). Even though there are controversies 

as to whether the effect of ACTH-related peptides on catecholaminergic 

system is stimulatory or inhibitory, many lines of evidence indicate the 

interaction of POMC neurons and noradrenergic or dopaminergic neurons 

(Versteeg, 1986). The present immunoc3i:ochemical study supports the 

strong possibility t ha t the POMC neurons are innervated in the areas 

which are previously reported as having catecholaminergic innervation 

(Gonzalez and Smeets, 1991, 1993). A modulatory role of a-MSH/ACTH on 

catecholaminergic neurons and a feedback mechanism involved in these 

two systems could be supposed. Further research on the co-localization of 

POMC-neuron and catecholaminergic neuron in the brain is needed to 

resolve this question. 

My data also indicate that POMC neurons and axons or dendritic 

terminals directly innervate the nuclei involved in the prey-catching 

behavior. For instance, a-MSH/ACTH-ir fibers project to the optic tectum, 

the thalamic-pretectal region (the nucleus posterolateralis thalami and the 

nucleus posterolcentralis thalami), the str iatum, the nucleus isthmi and 

possibly the tegmentum and the spinal nerves. When toads are confronted 

with a prey dummy, specific photoreceptors for a prey stimulus become 
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activated and transduce the impulse through each different optic nerve. 

The optic nerves cross at the optic chiasma and innervate mainly 

contralateral diencephahc and mesencephahc areas (Scaha and Fite, 1974). 

The tectum is the major retinal projection site. However, within the 

thalamus, the nucleus of Bellonci (the corpus geniculatus laterale), 

posterior thalamic nucleus and the pretectal nucleus (dorsal portion of the 

nucleus posterolateralis) receive visual information (Ewert, 1984). In frogs 

and toads, the optic tectum is responsible for the localization of visual 

stimulus, and it is connected to the thalamic-pretectal area, which is 

known for playing a role in identification of objects (Ewert, 1980). Moreover, 

a telencephalic nuclei seems to interact with the thalamic-pretectal region, 

since lesions of the medial pallium delayed the habituation of prey-catching 

behavior (Finkenstadt and Ewert, 1988). When the thalamus-pretectum 

region is lesioned, animals show a hyperactivated prey-catching behavior. 

Thus, Ewert (1980) proposed that the telencephalon exerts an inhibitory 

action on the thalamus/pretectum area, which projects neurons to the optic 

tectum and inhibits prey-catching behavior. 

Therefore, two possible actions of a-MSH/ACTH neuronal system on 

habituation of prey-catching behavior were suggested. First, a-MSH/ACTH 

neuron indirectly acts on the medial pallium by modulating 

catecholaminergic neuron in the nucleus accumbens. Previous research 

showed the medial pallium projection of catecholamine-ir fibers (Gonzalez 

et al., 1991, 1993). Second, my immunocytochemical study implied that a-

MSH/ACTH neuronal system directly stimulates the thalamic-pretectal 

region to inhibit prey-catching behavior. 
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In summary, a-MSH content did not differ at any point between 

control and habituated animals by in large. However, there were 

significant changes as a function of time that the animal remains in the 

test apparatus. My data suggest that the habituation of prey-catching 

behavior is not associated with changes in the activity of a-MSH levels in 

the brain and the plasma of toads. Prolonged confinement might cause 

alterations in the activity of neuronal and pituitary POMC cells. 
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