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ABSTRACT 

Corticotropin-releasing factor (CRF) is a 41 amino acid peptide that is best known as 

the principle hypophysiotropic hormone regulating the pituitary-adrenal axis during 

stress. CRF also regulates many stressors and anxiety related behaviors including food 

intake, and over-expression of CRF is thought to be the main causative agent in anxiety 

related eating disorders such as anorexia nervosa. Recent data collected in our laboratory 

using amphibian models indicate that, in addition to affecting appetite, CRF may 

modulate visual sensory pathways involved in detecting and responding to food. 

Here we examined the hypothesis that CRF directly modulates sensorimotor 

processing in the optic tectum of the African clawed frog, Xenopus laevis, the major site 

for integration of visually guided behavior in the non-mammalian brain. Previous studies 

in X. laevis using RT-PCR revealed that cells in the optic tectum express mRNA for CRF 

and the CRF R1 receptor but not the CRF R2 receptor. Furthermore, 

immunohistochemical studies by our laboratory indicate that CRF producing neurons are 

located strategically in tectal layers 6-8 to intercept retinal information. While these 

studies suggest that may be released by neurons in the tectum to act locally on CRF R1 

receptors, whether or not CRF is actually released by tectal neurons and the existence of 

cognate CRF R1 receptors in the tectum has never been shown. In the current work, in 

vitro CRF-release studies revealed that both basal and depolarization-induced release of 
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CRF, determined using a homologous radioimmunoassay, was greater from the optic 

tectum relative to the telencephalon, hypothalamus/midbrain or brainstem. These findings 

most likely reflected regional differences in the inhibitory regulation of CRF, as tectal 

content of CRF was actually lower than that of the hypothalamus in the two anuran 

species that have been studied to date. Depolarization-induced release of CRF from the 

optic tectum was calcium dependent. Radioligand binding studies indicated that specific 

binding of [
125

I-Tyr]-oCRF to tectal cell membranes could be displaced by the CRF R1 

selective antagonists antalarmin or NBI 27914. CRF enhanced cAMP content in tectal 

slices in vitro, but the differences were not statistically significant.  

In order to figure out whether the control of CRF neurons is controlled by 

chemically defined pathways innervating the tectum we conducted in vitro studies with 

glutamate, the primary excitatory neurotransmitter in the tectum, neuropeptide Y (NPY) 

and the cholinergic agonist carbachol. The results showed that glutamate significantly 

inhibited basal and depolarization-induced CRF release from optic tectum. We conclude 

that the optic tectum possesses a CRF signaling system that may be involved in 

modulating communication between sensory and motor pathways involved in food 

intake.  
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CHAPTER I 

INTRODUCTION 

    Animals are exposed to various kinds of stressors in their environment all the time. 

Individual animals have to keep adjusting themselves by either behavioral or 

physiological means in order to adapt to frequent disturbances from the outside world in 

order to survive (Flik et al., 2006). Vertebrates employ the endocrine stress response in 

order to respond to physical or emotional stressors. At the heart of the endocrine stress 

response is the hypothalamus-pituitary adrenal axis (HPA), a complex set of hormonal 

signaling and feedback interactions among the hypothalamus, pituitary and adrenal 

glands. The HPA axis is critical for adapting to stressors and is ultimately controlled 

through the hypothalamic hormone corticotropin-releasing factor (CRF), which controls 

the secretion of adrenocorticotropin hormone (ACTH) from the anterior pituitary 

(Hillhouse et al., 2006). 

CRF is a peptide with 41 amino acids that is produced by neurosecretory neurons in 

the paraventricular nucleus (PVN) of the hypothalamus and is transported to the anterior 

pituitary through the portal vessel system (Carr & Norris, 2006). It plays a key role in 

mediating the effect of stressors on the HPA and in coordinating the endocrine, 

neuroendocrine, paracrine, behavioral and immune responses to stress (Turnbull et al., 
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1997). Activation of the CRF signaling system is involved in a large number of 

stress-related behavioral and somatic disorders (Stengel & Tache, 2010). In 

nonmammalian species, CRF-related peptides are hypothesized to play the same role in 

neuroendocrine regulation and neuromodulation as has been shown in mammals (Yao et 

al., 2004). One of these roles is in the regulation of appetite, and an abundance of data 

indicates that CRF is a potent anorexic (appetite inhibiting) peptide (Britton et al., 1982) 

The conventional view of CRF-inhibition of feeding involves activation of CRF 

receptors located on neurons within the hypothalamic circuitry that regulates appetite 

(Fig. 1 A) (Hauger et al., 1990). However, preliminary data from our laboratory suggest 

that CRF may also act within subcortical visual pathways to rapidly inhibit the 

recognition and acquisition of food (Fig. 1 B). Most anuran amphibains locate food 

through their eyes and the recognition of prey fully depends on subcortical visual 

pathways (Carr, 2006). After collecting visual information about prey or predator, the 

information is sent through retinal ganglion cells to the optic tectum which integrates this 

information. Work in our laboratory indicates that giving a novel stressor or 

administering CRF to toads inhibits visually guided prey catching behavior (Carr et al., 

2001), a finding that has subsequently been confirmed by other investigators (Crespi & 

Denver, 2004; Morimoto et al., 2011) indicating that CRF may modulate the visual 

recognition of food during stress. Our laboratory has also identified CRF-producing 
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interneurons (Carr et al., 2010) within an area of the optic tectum (the principal site for 

integration of sensory (visual) and motor output in all non-mammals lacking a striate 

visual cortex) known to be pivotal in modulating incoming retinal afferent information. 
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Figure 1. The conventional view and the study from our lab show the different ways of 

stress hormone adjusts appetite. The conventional view of stress hormone regulation of 

appetite is that CRF and melanocortin peptides act within the hypothalamus to inhibit 

appetite in the presence of a stressor (A). Our work suggests an alternative in which CRF 

and possibly other stress modulators act at first order visual pathway synapses to modulate 

the recognition of food in the presence of a stressor (B).  

 

    Where does CRF act to inhibit visually guided feeding? Data collected to date 

indicate that the optic tectum expresses both CRF and CRF R1 mRNA and that CRF is 

co-localized to pyramidal interneurons within layer 8 of the optic tectum (Lustgarten, 

2009). At present we do not know if CRF is secreted from tectal neurons or if CRF acts 

on cognate receptors within the optic tectum. The optic tectum plays a key role in 
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behavioral decision making, as it lies at the interface of sensory-motor communication 

within the visual pathways of all non-mammalian vertebrates. The homolog of the optic 

tectum in mammals, the superior colliculus, also plays an important role in integrating 

visual sensory and motor behavior, as well as regulating premotor pathways controlling 

extraocular skeletal muscle and eye saccades. 

The objective of this study is to identify whether CRF is secreted from tectal 

interneurons in a Ca
2+

-dependent manner to response depolarizing stimulus and whether 

CRF acts on tectal CRF R1 receptors in the optic tectum to alter cAMP levels to 

potentially alter visually guided behavior. 

1.1 CRF & CRF-related peptides 

CRF was first isolated from ovine hypothalamus (Vale et al., 1981). Subsequently, 

the primary amino acid sequences of rat, goat, pig, cow and human CRF were determined 

(Rivier & Plotsky, 1986). After determining the structure of CRF, additional members of 

the CRF gene family were sequenced including three types of urocortins (UCN-1, 

UCN-2, UCN-3) (Vaughan et al., 1995; Reyes et al., 2001; Lewis et al., 2001), three 

types of urotensins (UTn1, UTn2 and UTn3) (Lederis et al., 1982; Pearson et al., 1980) 

and sauvagine (Svg) (Montecucchi & Henschen, 1981). 
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Past studies have revealed that the primary amino acid sequence of human CRF is 

the same as rat CRF, but both of them are different from ovine CRF (Dautzenberg & 

Hauger, 2002). UCN-1 was isolated from rat and has high sequence similarity to 

urotensin-1 and sauvagine (Vaughan et al., 1995). UCN-2 and UCN-3 are part of the 

CRF peptide family and show high sequence homology to CRF (Lewis et al., 2001). 

Utn-1 and Svg have around 50% amino sequence similarity with human CRF and rat 

CRF (Dautzenberg & Hauger, 2002). 

    The CRF peptide family (CRF, urocortin 1, urocortin 2, urocortin 3) is produced by 

cells not only in the central nervous system (CNS) and but also in peripheral tissues 

(Boorse & Denver, 2006). Through radioimmunoassy (RIA), CRF was observed in the 

central nervous system including 70 brain nuclei and the posterior pituitary of the rat 

(Palkovits et al., 1985). Immunohistochemical mapping of CRF suggested the CRF 

producing neurons are found in the paraventricular nucleus of the hypothalamus, which 

has the highest concentration of CRF neurons, and the amygdala, and brainstem which 

have lower concentration (Krieger et al., 1977 Cummings et. al., 1983; Palkovits et al., 

1985). CRF is present in low to medium concentrations in several limbic nuclei including 

the central amygdaloid nucleus and bed nucleus of the stria terminalis (BnST). 
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1.2 CRF receptors 

    CRF works through activating two receptors in the brain or peripheral tissues, 

known as CRFR1 and CRFR2. Both receptors belong to the G-protein-coupled family 

(GPCR) and they share 70% similarity in their amino acid sequences (Perrin & Vale, 

1999). CRFR1 and CRFR2 are encoded by 2 distinct genes (Hillhouse & 

Grammatopoulos, 2006). They are present in the CNS and some peripheral tissues with 

splice variants present for both genes. Peripheral CRFR1 is distributed in adrenal gland 

ovaries, testes, kidney heart lung and skin (Hiroi et al., 2001). CRFR1 is found in the 

anterior pituitary and is involved in triggering the secretion of adrenocorticotropic 

hormone (ACTH) to regulate pituitary during neurological stress period (Linton et al., 

1985; Vale et al., 1981). CRFR1 and CRFR2 also are distributed widely in CNS and 

peripheral tissues including the BNST, hypothalamus, pituitary, adrenal, testes, skeletal, 

muscle and GI tract (Lovenberg et al., 1995). Through radioligand binding studies, CRF 

shows a preferential affinity for CRFR1 while UCN- 1 tends to have some affinity for 

both receptors (Vaughan et al., 1995). In contrast, UCN-2 and UCN-3 have much greater 

affinities to the CRFR2 and no affinity to the CRFR1. Besides the receptors, a binding 

protein with 322 amino acids can also modulate the actions of CRF (Behan et. al., 1996). 

Although the sequences of CRFR1 and CRFR2 are different, the mechanism of 

intracellular signaling is the same. Both CRF R1 and R2 link to Gs to activate adenylate 
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cyclase and thus enhance the levels of cAMP (Dautzenberg & Hauger, 2002 Hauger et 

al., 2006). 

 

Figure 2. The relationship shows the different affinities between CRF family members 

and CRF receptors. 

1.3 The structure of optic tectum 

In all non-mammalian vertebrates, the optic tectum is the primary site for subcortical 

processing of visual information. The optic tectum lies at the interface of sensory-motor 

communication within the visual pathways of all non-mammalian vertebrates. The optic 

tectum is a paired structure located on the back side of the midbrain. The tectum consists 

of alternating cellular and laminated layers. The main layers are described by the arabic 

numbers (1—9) (Gaupp, 1899). The thickness of each layer varied in different species. 
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Layer 9 is the outermost and the thickest layer, with the thickness in this layer 

correlating to the degree of retinal input- in other words animals that rely more on visual 

processing have a thicker superficial layer in the tectum. The bulk of layer 9 is composed 

of retinal afferent nerve fibers, but fusiform cells, stellate cells and amacrine cells also are 

present. Layer 8, which has fusiform cells and branched dendrites that arise layers below, 

is much thinner than layer 9. Layer 7 is a layer containing mainly axons and dendrites 

form other tectal layers. Layers 2, 4 and 6, are cellular layers, but layer 6 is much thicker 

than layer 2 and 4. Layer 1 is the innermost layer which has ependymal glial cells. 

1.4 Neurochemically coded pathways modulate the visual process in the optic tectum 

The optic tectum works not only as receiver to get the input through the optic tracts 

from the retina (Fig. 3), it also can work as a command site to trigger a series of motor 

behaviors like approach the prey and elude the predator (Carr, 2002). Tectal interneurons 

like T5.2 neurons are found in layers 6-8 of the optic tectum (Matsumoto et al., 1986; 

Ewert et al., 2001). These detector neurons, which project to premotor areas of the 

brainstem and trigger behaviors, respond electrically to retinal signals (Matsumoto et al., 

1986) conveying visual information from the prey. There are lots of pharmacological 

evidences showing that the excitatory amino acid L-glutamate plays critical role in retinal 

function in the vertebrate visual system (Kageyama & Meyer, 1989) (Fig. 4). Glutamate 
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is the major excitatory neurotransmitter communicating retinal information to 

interneurons in the tectum. Neuropeptide Y (NPY) also may be a key neurotransmitter in 

the neurochemical coding of the inhibitory pretectal pathway in anurans (Fig. 4). 

Previous studies show that hypothalamic CRF may inhibit food intake induced by NPY 

neurons in rodents (Leibowitz, 1986; Morley, 1987). Through the mapping of the 

NPY-immunoreactive (ir) in the brain of frogs, a dense network of NPY-ir fibers was 

found in the retinal recipient which partially overlapped with layer 9 of the optic tectum ( 

Kozicz & Lazar, 1993). NPY, acting on Y2 receptors in the tectum, dampens the tectal 

response to retinal information (Schwippert & Ewert, 1995; Schwippert et al., 1998; 

Funke & Ewert, 2006). Acetylcholone, presumably reaching the tectum from the nucleus 

isthmi (Caudill et al., 2010), has been reported to inhibit tectal integration of prey 

information (Stevens, 1973). 
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Figure 3. The working hypothesis about the potential connectivity of tectal CRF and CRF 

R1 producing cells. CRF is expressed in neurons within tectal layers 8 and 6 (Carr et al., 

2010). Golgi studies have shown that neurons in these areas extend dendrites into 

retinorecipient areas of layer 9 and axons from these cells descend into layers 6 and 5. 

CRF R1 expressing neurons are found throughout the tectum (Calle et al., 2006; 

Lustgarten, 2008). CRF released from tectal neurons may modulate the activity of CRF 

R1 expressing interneurons or projection neurons. Whether cognate CRF R1 receptor 

proteins are located in the optic tectum is unknown but is a topic for this proposal. 
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Figure 4. Neurochemically coded pathways innervating the tectum. Excitatory pathways, 

green; inhibitory pathways, red; pathways with unknown function in prey capture, black. 

Excitatory Glu pathways from the retina (1) innervate tectal layer 9. Inhibitory NPY 

pathways (2) arise from retinorecipient areas of the thalamus and innervate tectal layer 9. 

Inhibitory cholinergic innervations (3) from the nucleus isthmi regulate tectal processing 

through complex feedback pathways.  Catecholaminergic projections (4,5) are abundant 

within the tectum but at present play an unknown role in tectal sensorimotor processing. 
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1.5 Significance 

The data collected from this work will contribute broadly to an understanding of 

how a critical stress hormone/neuromodulator may impact rapid decision making. There 

is no area of the brain more critical in sensory/motor coordination than the optic 

tectum/superior colliculus, and these data in the amphibian model may help us 

understand clinical problems that have been associated with superior colliculus 

malfunction, including attention deficit hypersensitivity disorder (ADHD) (Overton, 

2008) and sensory processing disorder (SPD) (Stein et al., 2009). Both of these disorders 

involve alterations in sensory-motor processing and mulitsensory integration within the 

superior colliculus. For example the inability to fix a gaze for a normal period of time is 

not only characteristic of ADHD but also is diagnostic. How stress and stress hormones 

impact SPD and ADHD is currently unknown, but is a future translational component of 

the basic work described here. 
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1.6 Preliminary data 

    In past studies, the relationship between CRF neurons and visual pathways in toads 

was investigated by us. CRF-immunoreactive neurons were distributed mainly in layer 8 

and a few in layer 6. The fibers of CRF-ir neurons can be projected to the superficial area 

of layer 9 in the tectum (Fig. 5) (Carr et al., 2010). 

Figure 5. xCRF-ir cells are located in tectal layers 6-8. xCRF-ir processes are most dense 

in tectal layer 9 (Carr et al., 2010). 
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    The optic tectum expresses genes encoding CRF and its receptors. Data collected by 

Jacob Lustgarten for his thesis (Lustgarten, 2008) showed that genes for CRF, and 

CRF-R1 were both expressed in X. laevis optic tectum (FB: Forebrain, Hyp: 

Hypothalamus, OT: Optic tectum, BS: Brainstem) (Fig. 6). Both hypothalamus and 

brainstem express CRF, CRF-R1, CRF-R2 and CRF-BP. CRF-BP could not be found in 

neither forebrain nor optic tectum. 

 

Figure 6. 2% agarose gels showing RT-PCR analysis of CRF related mRNA expression 

in Xenopus laevis brain tissue. RPL8 is a housekeeping gene. Primer sequences based 

upon Boorse and Denver, 2004. FB, forebrain, Hyp, hypothalamus, OT, optic tectum, BS, 

brainstem. 
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CHAPTER II  

METHODOLOGY 

2.1 Animals and Care 

    Six-month old South African Clawed Frog (Xenopus laevis) juvenile frogs (mean 

body weight=48.0g) were reared in our lab or were bought commercially and maintained 

in a 160L plastic tank with dechlorinated tap water containing 0.33 g/L Instant Ocean at 

22-23
 o
 C on a 12L:12D light regimen at a stocking density of 20 frogs per tank. Frogs 

were fed NASCO Xenopus chow three times per week. The water was changed and the 

tank was cleaned three times (Monday, Wednesday, Friday) per week. All procedures 

were approved by the Texas Tech Animal Care and Use Committee. 

2.2 In vitro CRF release 

    Juvenile Xenopus.laevis (26.1 ± 2.1 g; mean ± SEM; n=6) were anesthetized in 

3.8mM tricaine methanesulfonate (MS-222). Brains were removed and dissected into the 

following regions: telencephalon, hypothalamus, optic tectum, and brainstem. Individual 

brain areas were minced and placed into oxygenated Earle’s Balanced Salt Solution 

(EBSS, mM: NaCl, 116; NaH2PO4, 1; NaHCO3, 26; CaCl2, 1.2; MgSO4, 0.8; KCl, 5.4; 

glucose, 5.6; phenol red, 0.029; containing bacitracin, 14 mg/L; bovine serum albumin, 
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50 mg/L) at 4 
o
C. Slices were preincubated in 1 mL EBSS at 22 

o
C for 20 min with 

constant 95%O2/5%CO2 gassing. After 20 min, medium was replaced with 1mL fresh 

medium containing 5 mM K
+
 and slices incubated for an additional 40 min. After 40 min, 

the medium was collected and replaced with 1 mL EBSS containing 60 mM K
+
 (adjusted 

for NaCl concentration) and slices incubated an additional 10 min. After 10 min, medium 

was collected and tissue slices collected and frozen at -80 
o
C. Medium and tissues 

samples were stored at -80 
o
C until assayed for CRF content by radioimmunoassay (Carr 

et al., 2010). 

To determine the Ca
2+

 dependency of K
+
-evoked CRF release, the experiment 

described above were repeated using Ca
2+

-free (with EGTA) and normal Ca
2+

 (1.2 mM) 

EBSS. The only brain area treated was optic tectum. The mean weight of the frogs used 

for the Ca2+ dependency studies was 12.4 ± 0.9 g (mean ± SEM; n=12). The experiment 

was repeated using neuropeptide Y (porcine) (Bachem, H-4430), glutamate (Research 

Biochemicals International, G-100) and carbachol. The mean weight for the frogs used 

for this study was 66.5 ± 4.7 g (mean ± SEM; n=12). For each treatment (neuropeptide Y, 

glutamate, carbachol and control), we used one tectal lobe. Slices were preincubated in 1 

mL EBSS at 22 
o
C for 20 min with constant 95%CO2/5%O2 gassing. After 20 min, 

medium was replaced with 1mL fresh 5 mM K
+ 

medium containing NPY (IE-6 M), 

glutamate (1E-4 M), and carbachol (1E-4M). After incubating for an additional 40 min, 
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the medium were collected and replaced with 1 mL60 mM K
+
 (adjusted for NaCl 

concentration) EBSS containing NPY, glutamate and carbachol and slices incubated an 

additional 10 min. After 10 min, medium were collected and tissue slices collected and 

frozen at -80 
o
C. Medium and tissues samples were stored at -80 

o
C until assayed for 

CRF content by radioimmunoassay. 

2.3 In vitro cAMP studies 

    The mean + SEM weight of the frogs used for these studies was 21.3 ± 5.5 g (mean 

± SEM; n=10). Juvenile Xenopus.laevis were anesthetized in 3.8mM tricaine 

methanesulfonate (MS-222), brains were removed and dissected into the following 

regions: telencephalon, hypothalamus, midbrain, optic tectum, and brainstem. Individual 

brain areas were minced and placed into ice-cold EBSS equilibrated with 95%O2/5%CO2. 

Slices were placed in 1 mL ice cold EBSS in 12-well plate. The culture dish was placed 

in 22°C Dubnoff shaker with constant 95%CO2/5%O2 gassing for 1 hour. In the 

meantime EBSS contained 1E-7M ovine CRF (Bachem, 4055914) with the adenylate 

cyclase inhibitor 3-isobutyl-1-methylxanthine (IBMX) (Sigma, I7018) and the EBSS 

contained only IBMX were prepared. After one hour, medium was replaced with 1 mL 

EBSS containing oCRF and IBMX or EBSS containing IBMX. After incubating 30 min, 

medium was removed to the labeled tubes and frozen after acidification immediately for 
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determination of extracellular cAMP content through Lowry’s assay. Tissue slices were 

stored at -80°C for subsequent determination cAMP content by radioimmunoassay. 

2.4 cAMP radioimmunoassay 

    Frozen brain tissues were sonicated in 700 µl of 5% TCA (Steiner et al., 1969) and 

centrifuged for 15 min at 12,000 x g at 4
o 
C. Homogenate pellets were dissolved in 2N 

NaOH and assayed for protein content. Supernatants were collected and extracted three 

times with 5 ml water-saturated ether. Extracts were dried in a Speed Vac and 

reconstituted with RIA buffer prior to being assayed. The cAMP RIA were carried out 

using a commercially available [
3
H]cAMP kit (Amersham, TRK432) according to the 

manufacturer’s instructions. 

2.5 CRF Iodination and radioimmunoassay 

    xCRF was iodinated as described previously (Carr et al., 2010). [
125 

I]-xCRF were 

separated from unbound [
125

I] on a Sephadex G-10 desalting column eluted with with 

0.05M phosphate buffer containing1 mg/mL BSA. The peak fractions containing 
125

I 

xCRF were collected and further separated on a Sephadex G-75 column that separates 

125
IxCRF from non-immunoreactive peptide and iodinated BSA (Fig. 8). Dextran blue 

was used for marking void volume. Fractions within the second peak of radioactivity 

containing [
125

I]-xCRF were used for the RIA (Fig. 8). 
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The RIA method has been previously described (Carr et al., 2010) and is based upon 

an original method described by Boorse and Denver (2004). Media samples were 

extracted with three volumes of ice cold methanol and dried in a speed vac. The 

coefficient of variation for this extraction was 90% based upon recovery of 
125

xCRF from 

spiked media samples. Media extracts were reconstituted in CRF assay buffer (0.1M 

sodium phosphate, 0.05M sodium chloride, 0.01% (w/v) sodium azide, 0.1%(w/v) BSA, 

and 0.1%(v/v) Triton X-100) prior to RIA. Briefly, reconstituted media samples were 

incubated with rabbit anti-xCRF (1:6000) overnight before addition of 10,000 cpm 

125xCRF in a final assay volume of 400µl. After 48 hr incubation at 4oC, bound hormone 

were separated by addition of goat anti-rabbit IgG (Sigma, R0881) in 5% polyethylene 

glycol and after a 30 min incubation at 4
o
C centrifugation at 2,500 *g. xCRF content 

were determined by comparison with authentic xCRF standards run in duplicate in the 

same RIA (see Fig. 9 for a typical standard curve). 

2.6 Radioligand binding studies 

Receptor binding studies were carried out as previously described (Carr et al., 1993; 

D’Souza et al., 1998) with modifications. Frogs (64.1 ± 5.2 g; mean ± SEM; n= 23) were 

anesthetized with MS-222, brain tissues were removed and homogenized in 10 vol 

homogenization buffer (50 mM Tris-HCl/250 mM sucrose, pH 7.4). Homogenates were 

centrifuged at 1,000 * g for 10 min at 4
o
C. The supernatant was decanted and centrifuged at 
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35,000 * g for 25 min at 4
o
 C. The pellet containing isolated cell membranes were 

reconstituted in binding buffer (50 mM Tris-HCl, 10 mm MgCl2, 2 mM EGTA, 0.1 % 

BSA, 100 units/mL aprotinin with 1% bacitracin, pH 7.4 at 19
o
C). Membranes were kept 

on ice while preparing tubes for binding assays. Assays were performed in a 25
o
 C shaking 

water bath for 2 hr. All assays were carried out in a final volume of 0.5 mL in 

polypropylene tubes. Final assay volumes contained 150-350 µg protein in 200 µl buffer, 

50 µl radioligand and 250 µl binding buffer. Nonspecific binding were determined using 10 

µM NBI 27914 (Sigma, N3911) or antalarmin (Tocris, 2778) which was a highly selective 

CRF R1 antagonist. Incubations were terminated by placing tubes in an ice bath for 10 min. 

Membranes were harvested and rapidly filtered onto Whatman GF/C filters using a 

Brandel cell harvestor. Filters were pretreated with 0.5% polyethylenamine (PEI) to 

minimize nonspecific binding of the radioligand to the filter. Washes were performed with 

ice cold 50 mM Tris-HCl buffer pH 7.4 for an experimentally determined length of time. 

Following washes, filters were air dried approximately 15 min. Filter punches were placed 

in clean polypropylene tubes and counted on a Packard gamma counter. 

Final protein content was determined in triplicate using a modification (Markwell et 

al., 1981) of the Lowry method (Lowry et al., 1951). Specific binding was defined as the 

total radioligand binding minus the nonspecific radioligand binding. Wash experiments 

were performed to empirically determine the wash time needed to remove excess 
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nonspecific radioligand binding to membranes and filters. Single concentrations of 

[
125

I]-Tyr
0
 oCRF (1nM) were used in each assay. Filters were washed with ice cold 50 mM 

Tris buffer using one of 6 different wash times, ranging from single 1 to 6 sec washes to 

multiple 4 sec washes. Wash times yielding at least 70 % specific binding of the total 

radioligand binding were used in subsequent binding assays. 

2.7 Statistical analysis 

    Data were analyzed using either parametric or nonparametric statistics. If the 

assumptions of parametric statistics were met, then Student's two-tailed t-test or analysis 

of variance (ANOVA) followed by the Tukey-Kramer multiple comparison test were 

used. If the assumptions of parametric tests were not met, then the Mann-Whitney 

nonparametric t-test or the Kruskal-Wallis (KW) ANOVA by ranks followed by Dunn’s 

multiple comparisons test were used. For in the vitro cAMP study, data from treated and 

non-treated anaimals were analyzed within each brain area by Student’s two-tailed t-test. 

In the study of depolarization evoked CRF secretion from the optic tectum in vitro in the 

presence and absence of Ca
2+

, the data were log transformed prior to student’s two-tailed 

parametric t test. All statistical analyses were performed using InStat (v. 2.05a, GraphPad 

Software, San Diego, CA) or SPSS (v. 11, SPSS Inc., Chicago, IL).   
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CHAPTER III 

 RESULTS 

3.1 Radioligand binding studies 

    We were interested in determining whether ovine CRF binds to high affinity receptors 

in the optic tectum as this peptide is a potent modulator of visually guided feeding in 

amphibians (Carr, 2002), in part because it binds poorly to the CRF binding protein (Behan 

et al., 1995) which can sequester bioactive peptide and prevent it from interacting with 

cognate receptors. We used [
125

I]-Tyr-oCRF because CRF peptides do not normally 

contain tyrosine residues. Although CRF peptides do contain two histidine amino acids, 

and these can be iodinated through oxidative methods such as chloramine T or iodogen, the 

Tyr-iodinated peptide is HPLC purified and has been shown to be biologically active, a 

requirement for labeling receptors. 

 In our initial studies we compared the ability of two nonpeptide CRF antagonists, NBI 

27914 (Krahn et al., 1986) and antalarmin (Deak et al., 1999) to displace [
125

I]-Tyr-ovine 

CRF from membrane binding sites in optic tectum and telencephalon. As shown in Fig. 7, 

antalarmin displaced proximately 84% of [125I]-Tyr-ovine CRF binding to receptors in 

both telencephalon and optic tectum. These data are consistent with the hypothesis that 

highly selective CRF R1 receptors are present within the optic tectum.  
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Figure 7. Radiolabelled oCRF bound to CRF R1 binding sites in the telencephalon (top) 

and optic tectum (bottom). Antalarmin was used to determine specific binding. Bars 

represent the mean + S.E.M. from ten experiments. Body weights averaged 64.1 ± 5.2 g. 
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3.2 In vitro cAMP studies 

If selective CRF R1 receptors are present within the optic tectum, it follows that 

CRF R1 signaling pathways exist in this brain area. As we discussed before, CRF R1 

belongs to GPCR family. The CRF R1 activates Gs α unit, then the activated G protein 

complex binds to and activates adenylate cyclase (AC), which increases the level of 

cAMP (Hillhouse et al., 2006 Hauger et al., 2009). As shown below, in vitro treatment 

with oCRF (1E-7 M) produced a trend to increased cAMP in all brain areas studied, 

although none of these differences were statistically different due to small sample size.  

Table 1. Mean (+ S.E.M.) cAMP concentration (pmol/mg protein) in various brain areas 

treated with 1 µM oCRF.  

Brain Area Control oCRF 

Telencephalon 0.025 + 0.005 0.121+ 0.060 

Hypothalamus 0.033 + 0.007 0.049 + 0.011 

Optic tectum 0.040 + 0.005 0.075 + 0.033 

Brainstem 0.015 + 0.002 0.047 + 0.022 

The brain tissues were from juvenile frogs (21.3 ± 5.5 g; mean ± SEM; n=10). Data were 

analyzed within each brain area by Student’s two-tailed t-test. No value is below p<0.05. 

 

 

 

  



Texas Tech University, Bo Zhang, August 2012 

26 

 

3.3 xCRF iodination and RIA 

In order to assess whether CRF is a true neuromodulator within the optic tectum, we 

needed to determine whether endogenous CRF is secreted by nerve terminals in the brain 

area. xCRF was iodinated using iodogen and separated from 
125

I and damaged peptide by 

size exclusion chromatography resulting in highly immunoreactive CRF (98% binding in 

the absence of competing peptide) based upon binding to a homologous CRF antierum 

donated by Dr. R. Denver (U. Michigan) (Fig. 9). In our hands the antiserum showed high 

affinity for xCRF but the related peptide xUCN-1 or xUCN-3 (Fig. 9 top). Parallelsim 

studies showed that the antiserum recognized authentic xCRF in media extracts (Fig. 9 

bottom).  
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Figure 8. G-75 separation of 125xCRF (peak 2) from iodinated BSA (void volume, peak 1) 

and smaller damaged peptide (peak 3). Vo, void volume. In the absence of competing 

ligand 98% of [125]xCRF bound to antibody.  
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Figure 9. Top panel shows the standard curve for xCRF RIA. In our hands the xCRF 

antiserum did not recognize xUCN-1 or xUCN-3. Bottom panel shows the serial diluted 

media extracts parallel to xCRF standards.  
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3.4 In vitro CRF release from optic tectum 

    In the first set of experiments, we simply wanted to see whether CRF was released 

from nerve terminals in the optic tectum under basal and depolarizing conditions. As 

shown in Fig. 10, CRF release into the incubation medium was measurable for all brain 

areas. Surprisingly the greatest concentration of CRF release as expressed per unit tissue 

total protein was observed in the optic tectum. Depolarization-induced CRF release was 

significantly greater than basal release in all brain areas (Fig. 10). The experiment 

described above were repeated using Ca2+-free (with EGTA) and normal Ca2+ (1.2 mM) 

EBSS. Through comparing two different treatments, the conclusion of depolarization 

induced CRF release from tectum was calcium dependent can be made (Fig. 11). The 

experiment was repeated again using NPY (1E-6M), glutamate (1E-4M) and carbachol 

(1E-4M), the results indicated that glutamate significantly inhibited basal and 

depolarization-induced CRF release from optic tectum (Fig. 12A, Fig. 12B, Fig. 12C).  
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Figure 10. Basal and depolarization-induced CRF released from various areas of the 

Xenopus brain in vitro. Bars represent the mean + S.E.M. of six animals per treatment.  

Asterisks indicate significant difference from basal release for each brain area. The tissue 

samples were from juvenile frogs averaging 26.1 ± 2.1 g. 

 

 

 

 

 

 

 

Figure 11. Depolarization evoked CRF secretion from the optic tectum in vitro in the 

presence and absence of Ca
2+

. Bars represent the mean + S.E.M. of six animals per 

treatment. Asterisk indicates significantly less than control. The data were log 

transformed prior to Student’s two-tailed parametric t test, P < 0.05. The tissue samples 

were from juvenile frogs weighing 12.4 ± 0.9 g.   
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Figure 12. (A) Glutamate significantly inhibited basal and depolarization-induced CRF 

release from optic tectum compared to controls. Bars represent the mean + S.E.M. of six 

aniamls per treatment. The tissue samples were from adult frogs weighing 66.5 ± 4.7 g.  
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Figure 12. (B) Effects of glutamate (1E-4 M), NPY (1E-6
 
M), and the non-selective 

cholinergic agonist carbachol (1E-4 M) on basal CRF secretion from the optic tectum.  

Bars represent the mean + S.E.M. of six animals per treatment. Asterisk indicates a 

significant difference from controls.    
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Figure 12. (C) Effects of glutamate (1E-4 M), NPY (1E-6
 
M), and the non-selective 

cholinergic agonist carbachol (1E-4 M) on depolarization induced CRF secretion from 

the optic tectum. Bars represent the mean + S.E.M. of six animals per treatment.  

Asterisk indicates a significant difference from controls.  
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CHAPTER IV 

  DISCUSSION 

4.1 CRF and CRF receptor distribution it Xenopus laevis brain 

    CRF, CRFR1, CRFR2 and CRF binding protein (CRFBP) are expressed in the 

pituitary (Suda et al., 2004) in mammals, and a similar expression pattern was observed 

in Xenopus laevis through qualitative RT-PCR analysis (Boorse & Denver, 2006). CRF 

and CRF mRNA were found in whole brain samples of X.laevis via RIA and RT PCR 

(Boorse & Denver, 2004). Through immunocytochemistry, the cells and fibers of CRF-ir 

neurons were found in different brain regions of X.laevis: forebrain, hypothalamus, optic 

tectum and brain stem (Boorse & Denver, 2006; Calle et al., 2005). These results were 

consistent with the previous data from our lab (Fig. 6). 

    Using immunocytochemistry Carr et al. (2010) examined in detail the distribution of 

CRF-ir neurons in the optic tectum (Fig. 5). The endogenous CRF-ir neurons were 

consistently observed within tectal layers 8 and layer 6 in the optic tectum and projected 

dendrites to the superficial 9
th

 layer of the optic tectum. The fact that CRF inhibitis 

visually guided feeding in anurans was initially shown by Carr et al. (2002) and has 

subsequently been confirmed by Crespi and Denver (2004) in Spea hammondii, the 

Western spadefoot toad and by Morimoto et al. (2011) in the American bullfrog Rana 

catesbeiana. Our preliminary data and the data generated in this proposal suggest that 
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CRF plays a role in feeding behavior such as prey-catching through modulating the visual 

information. The results in our data indicated that CRF may regulate the visual 

information about the food through working directly with CRFR1 in optic tectum. 

    As mentioned previously, the optic tectum works as a commander to modulate 

visually prey-catching behavior through dealing with visual information from the retina. 

The main exchange site for retinal efferent and afferent motor commands is located in the 

layers 6 and 7 of the optic tectum (Weerasuriya & Ewert, 1981). In Ramon y Cajal’s 

study (Ramon y Cajal, 1911), there were lots of axons of small pyriform cells which 

mainly spread in layer 6 to layer 8 ascended their dendrites to the 9th of optic tectum. Carr 

et al. (2010) confirmed the distribution of CRF-ir neurons in the optic tectum. CRF-ir 

neurons which were small pyriform cells were found to locate in the anterior optic tectum 

(Fig. 5) with CRF-ir fibers crossing through layer 8 and projected corresponding 

dendrites to tectal layer 9 (Carr et.al., 2010). 

    CRF-ir has been detected in the median eminence, preoptic area as well as several 

other brain areas (Carr et al., 2010) and appears to also function as a primary 

hypophysiotropic peptide in amphibians (Yao et al., 2004; Gonzalez & Lederis, 1988). 

CRF-ir neurons and fibers also were found widely distributed throughout the 

hypothalamus and stimulated the release of ACTH (Denver, 1999; Yao et al., 2004). 

However the CRF-ir fibers are quite rare in pituitary gland (Calle et al., 2005). In X.laevis, 
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large populations of CRF-ir neurons were found in the bed nucleus of the stria terminalis, 

nucleus habenularis ventralis, paraventricular organ, anterior tegmental nucleus and 

cerebellum (Yao et al., 2004; Calle et al., 2006). Not only is CRF expressed widely in the 

brain and pituitary, but CRF-ir neurons also have been observed outside the brain in 

peripheral tissues like spinal cord, pancreas, GI tract, lung, heart, liver, kidney, skin, 

pancreas and adrenal glands (Petrusz et al., 1985; Suda et al., 1984). 

Calle et al. (2006) were the first to describe the distribution of CRFR1 mRNA in X. 

laevis brain and pituitary gland and identified CRF R1 expression in the optic tectum. 

The preliminary data from our lab (Lustgarten et al., 2008) also showed CRFR1 mRNA 

can be found in the hypothalamus, forebrain, optic tectum and brainstem in Xenopus 

laevis. Compared to CRFR1, CRFR2 mRNA was not identified in the optic tectum, 

however, CRFR2 mRNA was more widely expressed in peripheral tissue like stomach, 

intestine, heart and lungs (Boorse and Denver, 2006). Zorilla (2003) found CRFR1 was in 

charge of initiating avoidance and defensive behaviors, meanwhile CRFR2 was in charge 

of adjusting digestion and satiation (Zorilla et al., 2003).  

The main function of CRF BP was regulating the interaction of CRF with CRF 

receptors. In juvenile X.laevis, CRF-BP was detected in brain, hear, kidney, intestine, 

lungs, stomach, ovary, liver, adipose tissue and skin in Boorse and Denver (2006). 

Compared to mammals, CRF-BP had broader expression in brain and peripheral tissue in 
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frogs which may suggest CRF BP plays a key role in regulating CRF actions in whole 

body of X. laevis (Boorse & Denver, 2006). The results from Lustgarten (2008) showed 

there was no CRF BP in forebrain and optic tectum, the reason may due to the expression 

level was too low to detect. 

4.2 CRF R1 receptor antagonist 

Based upon the work of Lustgarten (2008) and Calle et al. (2006) showing CRF R1 

mRNA expression in the optic tectum we wanted to confirm that the CRF R1 protein 

encoded by the mRNA was actually present in the optic tectum and that the source of the 

CRF R1 mRNA was not tectal projection neurons that transported the receptor to other 

areas innervated by tectal neurons. Our initial studies showed that [125I]-Tyr-ovine CRF 

binding to tectal membranes were displaced by CRF R1 selective antagonists and was 

dependent upon magnesium, as had previously been reported for mammals. We 

determined empirically that 10 mM Mg
2+

 was optimal for binding to X. laevis tectal 

membranes. We also compared the ability of both NBI 27914 and antalarmin to displace 

[
125

I]-Tyr-ovine CRF from membrane binding sites in optic tectum and telencephalon. 

Our data showed that antalarmin displaced approximately 84% of [
125

I]-Tyr-ovine CRF 

binding to receptors in both telencephalon and optic tectum. Simply stated, 84% of the 

[
125

I]-Tyr-ovine CRF binind sites in the optic tectum were CRF R1 receptors. These data 

was consistent with our previous work showing CRF R1 mRNA expression in the optic 
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tectum and also indicate that CRF R1 expressing neurons in the optic tectum are 

interneurons. The results also confirm that the optic tectum possesses a CRF signaling 

system that may be involved in modulating communication between sensory and motor 

pathways involved in food intake. 

    Since there was no CRFR2 mRNA detected in the optic tectum, we used the 

antagonist antalarmin and NBI 27914, two newer generation non-peptide antagonists that 

have specific affinity for CRFR1 receptors. NBI 

27914(2-methyl-4(N-propyl-N-cyclopropane-methylamino)-5-chloro-6-(2,4,4-trichloroan

ilino)pyrimidine) was synthesized by Neurocrine Biosciences (Chen et al, 1996). Smagin 

et al. (2001) tested the involvement of CRFR1 in anxiety-like behaviors induced by 

restraint with NBI27914 (Smagin et al., 2001). Smagin et al. (2001) showed that after 

treating mice with NBI 27914, the mean and total time of animals spent in the maze and 

number of entries was significantly reduced. Webster et al. (1996) showed that 

antalarmin inhibited CRF-induced ACTH secretion in vitro (Webster et al., 1996). 

Another CRFR1 antagonist was synthesized later from 2,4,6-trimethylaniline named 

antalarmin (N-butyl-N-ethyl-(2,5,6,-trimethyl)-7- [2,4,6-trimethylphenyl] 

-7H-pyrrolo[2,3-d]pyrimidin-4-yl-amine) (Webster et al, 1996). Deak et al. (1999) 

showed antalarmin weakened the induction and expression of conditioned fear and also 
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blocked the improvement of fear conditioning produced by previous exposure to 

unavoidable shock (Deak et al., 1999). 

4.3 CRF RIA analysis 

    Because xCRF, similar to mammalian CRFs, contains no tyrosine residues, our 

iodination labeling reaction most likely resulted in single and dual labeled histidine 

residues. By using our purification method, ie a desalting column to get rid of 

unincorporated 
125

I and a size exclusion column to purify the radiolabeled xCRF we 

prepared [125I]xCRF of that displayed greater than 90% binding to the antibody in the 

absence of competing peptide. xCRF antiserum (from Dr. R. Denver, Univ. Michigan)  

did not recognize xUCN-1 or xUCN-3 and the serial diluted media extracts parallel to 

xCRF standards. Denver and Boorse (2004) determined the cross-reactivity of X.laevis 

CRF (xCRF), ovine CRF (oCRF), rat/human CRF (r/hCRF), sauvagine (SV), fish 

urotensin I (UI), and rat urocortin (UCN) through RIA. Both oCRF and r/hCRF had 

similar slope with the displacement curve of xCRF, SV, UI and UCN displayed slight 

cross-reactivity with xCRF antiserum. Moldow (1982) found CRF-like immunoreactivity 

in the hypothalamus of rat via CRF RIA. Linton (1985) carried out RIA for r/hCRF with 

N-terminally directed antiserum and C-terminally directed antiserum separately. The 

displacement curve of rCRF and hCRF also paralleled standard CRF (Linton & Lowry, 

1985). Our data also show that the methanol extraction did not interfere with binding to 
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the antiserum as serially diluted extracts exhibited parallelism with a range of authentic 

xCRF standards. 

4.4 CRF release study 

Smith et al. (1986) performed neurochemical studies and showed a Ca
2+-

dependent 

release of CRF stimulated by K
+
. The brain tissue from amygdala, midbrain, striatum and 

hypothalamus released CRF under the stimulation with 56mM K
+
 in a manner depending 

upon Ca
2+

 (Smith et al., 1986). We also conducted similar experiment of CRF release 

studies, we applied 60 mM K
+
 to depolarize brain slices. The results confirmed the 

outcomes of Smith's, depolarization-induced CRF release was significantly greater than 

basal release in all brain areas (Fig. 10) and the depolarization induced CRF release from 

tectum was Ca
2+

 dependent (Fig. 11). The increase in CRF release after depolarization 

were observed in all brain areas included telencephalon, midbrain, optic tectum and 

brainstem. This result showed the distribution of CRF in brain was consistent with the 

outcome of RT-PCR was conducted by Jacob Lustgarten (Lustgarten, 2008). The greatest 

concentration of CRF release was observed in the optic tectum compared with other brain 

areas which confirmed that the CRF modulated visual information locally within 

subcortical visual pathways through optic tectum. 
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4.5 CRF receptor signaling in optic tectum 

Previous studies have explored the signal transduction of binding to two major CRF 

receptor types, CRFR1 and CRFR2 which belong to G-protein-coupled receptor (Hauger 

et al., 2003). In this thesis, I only talked about the CRF receptors work through PKA 

pathway which was involved in depression and anxiety. The heart of this mechanism is 

CRF receptors informed Gsα binding to the intracellular loop (IC3), then activating 

adenylyl cyclase and generating the second messenger cAMP (Guerineau et al., 1991; 

Orth, 1992; Aguilera et al., 1986). CRF binding in the pituitary stimulates the activation 

of adenylate cyclase and trigger the accumulation of cyclic adenosine monophosphate 

(cAMP) (Williams et al., 1987; Chen et al., 1986).  

We hypothesized CRF modulated the visually guided feeding behavior through 

binding on the CRF R1 receptors in the optic tectum which should follow that CRF R1 

signaling pathways exist in this brain area. In order to test our supposition, we attempted 

to stimulate brain slice cAMP in vitro using CRF. We observed that oCRF (1E-7M) 

produced a trend to increased cAMP in all brain areas studied which was uniform with 

our hypothesis, but due to small sample sizes, none of these differences were statistically 

different. Further study to explore in vitro cAMP release could be conducted with larger 

sample size. 
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4.6 Innervation of the optic tectum through neurochemically coded pathways 

Our results indicate that glutamate significantly inhibited basal and 

depolarization-induced CRF release from optic tectum, suggesting that glutamate 

inhibition of tectal CRF release might be important in transfer of sensory information 

from the retina to the optic tectum. The immunocytochemistry showed most of the optic 

axon terminals were glutamate-like immunoreactive in Bufo marinus (Gabrie & 

Straznicky, 1995) and that N-methyl-D-aspartate (NMDA) glutamate receptors are 

located in the superficial layers of the optic tectum in Rana pipiens (Hickmott & 

Constantine-paton, 1993). This evidence shows that glutamate is the principal excitatory 

transmitter in the frog tectum (Hickmott & Constantine-Paton, 1993). Glutamate also was 

found to be the principal excitatory transmitter in the retinotectal pathways of fish, 

reptiles and birds (Kageyama & Meyer, 1989; Reperant et al., 1997; Wang et al., 1978).  

However, diverse research suggested the presence of cholinergic synapses in the 

tectal layers in amphibians illustrated acetylcholine (ACh) may be involved in 

retinotectal transmission (Freeman, 1977). For example, the large amount of ACh and 

choline acetyltransferase (ChAT) which was the synthetic enzyme for ACh was found in 

the optic tectum (Oswald et al., 1979) and acetylcholinesterase (AChE) which was the 

degradative enzyme for ACh activated intensely in the superficial layer of optic tectum 

(Shen et al., 1955). Furthermore, high level of nicotinic and muscarinic receptors were 
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observed in the optic tectum and ACh worked as an excitatory neurotransmitter in tectal 

cells of frog indicated that ACh involved was released from retinotectal inputs (Fite & 

Wang, 1986). 

    Besides receiving afferents from the retina and pretectal area, the optic tectum can 

also receive inputs from other areas in brain such as nucleus isthmi (NI) which may 

potentially regulate visually guided feeding behavior. Wang (1995) showed that the 

projections from NI to the tectum were both glutamatergic and cholinergic (Wang et al., 

1995). ACh acted through the feedback between the optic tectum and NI to inhibit tectal 

prey catching neurons (Caudill et al., 2010; Hock, 1983). 

The neurochemical coding of the inhibitory pathways in pretectal area in anurans 

were not well-defined, however lots of indications suggested neuropeptide Y (NPY) may 

play a key role in this pathway. In the layer 9 of the optic tectum, NPY-ir fibers presented 

densely into plexuses, the axons of NPY-ir could be observed in the outer half of the 

optic tectum (Kozicz & Lazar, 1993). The electrophysiological studies from Schwippert 

and Ewert (1995) showed the NPY-ir participate the pre-tectal inhibition of the optic 

tectum in anurans (Schwippert & Ewert, 1995).  
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CHAPTER V 

CONCLUSION 

    The previous study from our laboratory using amphibian models indicates CRF 

may modulate visual sensory pathways involved in detecting and responding to food 

besides to affect appetite. CRF may play an important role in inhibiting visually guided 

feeding in the presence of a stressor through optic tectum. Evidence of a role for CRF in 

working locally to regulate visual information comes from RT-PCR showing that CRF 

and CRF R1 receptor were expressed in the optic tectum and the concentration of CRF 

content in optic tectum is greater relative to the telencephalon, hypothalamus and 

brainstem thourgh in vitro CRF-release studies. The CRF-release studies also show that 

depolarization-induced release of CRF from the optic tectum was calcium dependent. 

Radioligand binding studies indicates that specific binding of [
125

I-Tyr]-oCRF to tectal 

cell membranes could be displaced by the CRF R1 selective antagonists antalarmin or 

NBI 27914. In order to figure out the innervations of the optic tectum through 

neurochemically coded we conducted in vitro studies with glutamate, neuropeptide Y 

(NPY) and carbachol. The results showed that glutamate significantly inhibited basal and 

depolarization-induced CRF release from optic tectum, so that we conclude the optic 

tectum possesses a CRF signaling system that may be involved in modulating 

communication between sensory and motor pathways involved in food intake.  
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