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The psychoactive component of marijuana, A9-tetrahydrocannabinol (THC), is known

to have effects in humans that are mediated by the cannabinoid receptor (CB 1). Although a

great deal of research has been done to confirm the interaction of exogenous cannabinoids

with the CB 1 receptor, little is known about the receptor's natural function. Our lab's

working hypothesis suggests that the sexual behavior of the male roughskin newt, Taricha

granulosa, is regulated by an endogenous cannabinoid signaling system. For the purpose of

determining such a mechanism, localization of the CBI receptor in the brain ofT. granulosa

is essential. Therefore, immunohistochemistry was used to localize the CB1 receptor in the

newt utilizing a primary antibody against the carbonyl-terminus of the rat CB 1 receptor.

The study determined the presence of the CB1 receptor throughout the various sub-regions of

the telencephalic hemispheres and the diencephalon. The localization of the CB 1 receptor in

T. granulosa, not only suggests evolutionary conservation of the receptor distribution, but

also provides evidence for an endogenous cannabinoid signaling system in the roughskin

newt.
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Localization of the CB1 Receptor
in the Brain of Taricha granulosa

INTRODUCTION

The active component of marijuana, 09-tetrahydrocannabinol (THC), has

psychoactive effects in humans such as alterations in mood, perception, cognition, memory,

psychomotor activity, as well as analgesia, antiemesis, and immunosuppression (British

Medical Association, 1997). These effects are now believed to be mediated by receptor

activation of the cannabinoid receptor (CB 1) (Cesa, Mackie, Beltramo, and Franzoni, 2001).

Until recently, most research investigating cannabinoid receptors has focused on the

activating effects of the ligand THC. The binding of cannabinoids in rats has been shown to

drastically affect anterior pituitary hormone secretion, inhibiting the release of gonadotropin,

prolactin, growth hormone and thyroid-stimulating hormone, indicating that THC may have a

notable effect on reproductive systems (Murphy, Munoz, Adrian, and Villanua, 1998). Other

research with rats has revealed the effect of THC on short-term memory tasks, suggesting

that cannabinoid receptors may regulate the means by which memories are acquired and

recalled (Hampson and Deadwyler, 1998). THC also has antinociceptive effects resulting in

altered pain sensation as seen in laboratory mice introduced to painful stimuli (Martin and

Lichtman, 1998). For these reasons, the CB 1 receptor is of great interest in medical science;

however, little is known about the function of the CB1 receptor in non-drug related

behaviors.



The existence of CBI receptors suggested that there must be a natural physiological

function of the receptors as well as a natural ligand. Hence, endogenous cannabinoids, which

are produced by the body, were hypothesized to be present (Iversen, 2000). Two such

ligands have been identified in mammals, anandamide and 2-arachidonlyglycerol which were

discovered by William Devane and Raphael Mechoulam at the Hebrew University of

Jerusalem (Mechoulam, Shani, Yagnitinsky, Ben-Zvi, Braun, and Gaoni, 1995). Both

ligands are derivatives of arachidonic acid, a common fatty acid present in the phospholipid

bilayer of the cell membrane (Iverson, 2000). The identification of two putative ligands and

CB1 receptors gives rise to the theory of an endogenous cannabinoid signaling system

(Elphick and Egertova, 2000).

The presence of such an endogenous cannabinoid system is supported by

electrophysiological studies. Miller and Walker (1995) demonstrated that the activation of

CB 1 receptors inhibit neurotransmitter release leading to a decrease in spontaneous activity

of post-synaptic neurons. Further electrophysiological studies on rats explained such results

by introducing a retrograde mechanism which contradicts the traditional definition of the

synapse as a "one way street" of information transfer (Wilson and Nicoll, 2002). The exact

mechanism of such a retrograde pathway is under debate and, to date, there are two proposed

mechanisms for the production of endogenous cannabinoids in postsynaptic membranes, and

two proposed mechanisms for the action of these endogenous cannabinoids to decrease the

release of neurotransmitters from presynaptic membranes.

All of the mechanisms are similar in that they are supported by the fact that the CB1

receptor is a G-protein coupled receptor (Howlett, 1998) which is located on the presynaptic

terminals of neurons (Elphick and Egertova, 2000). Thus, the activation of the CB 1 receptor



leads to the regulation of such proteins as adenylate cyclase, KK channels and Ca`' channels

(Howlett, 1998).

The first mechanism for synthesis of endogenous cannabinoids, which is supported by

electrophysiological work done in the rat cerebellum, involves the regulation of Ca2+

channels (Marco, Levenes, Mackie, and Marty 2002). Depolarization of postsynaptic

membranes results in the opening of CaZ+ channels, thus inducing the conversion of a lipid

precursor to its active endocannabinoid form. The second known mechanism is independent

of depolarization and proposes that the activation of metabotropic glutamate receptors on the

postsynaptic cell causes endocannabinoids to be synthesized from their lipid precursors

(Wilson and Nicoll, 2002).

The release of endogenous cannabinoids into the synaptic cleft results in the binding

and activation of the CB 1 receptor on the presynaptic cell membrane. Activation of the CB 1

receptor, in turn, activates the G-proteins that interact with effector proteins to decrease the

release of neurotransmitters by way of two possible pathways (Wilson and Nicoll, 2002).

The first pathway suggests that the activation of the G-protein inhibits the influx of CaZ+ into

the presynaptic cell. The second mechanism suggests that activation of the G-protein

increases the current of potassium through the cell membrane and, thereby, inhibits the

release of neurotransmitters from the presynaptic cell (Wilson, Kunos, and Nicoll, 2001).

These studies have evaluated the cellular mechanism of CB 1 signaling, yet little is

known about the role of the CB 1 receptor in a natural behavioral context. Studies done on

the roughskin newt, Taricha granulosa, support an involvement of the CB 1 receptor in stress

and sex behavioral responses. Such evidence includes behavioral studies showing that

endogenous cannabinoids are associated with the stress hormone corticosterone (CORT)



blocking sex behavior (Moore and Miller, 1985; Coddington and Moore, 2002). This

research indicates that the administration of CORT may indirectly inhibit clasping by

increasing the release of endogenous cannabinoids (Coddington and Moore, 2002). Thus,

our lab's working hypothesis proposes that male newt sex behavior is regulated by the

activity of the CB 1 receptor in an endogenous cannabinoid signaling system.

For the purpose of defining a mechanism in which the CB 1 receptor is involved in

sex behavior, localization of the CB 1 receptor in the brain of Taricha is essential.

Orthologues of the mammalian CB1 receptor have been identified in fish, amphibian and bird

species, indicating the presence of the CB 1 receptor throughout the vertebrates (Elphick and

Egertova, 2000). The CB 1 receptor sequence has been cloned in a small number of

amphibians, including Taricha granulosa (Soderstrom, Leid, Moore, and Murray, 2000).

Very little divergence seems to have occurred over evolutionary time as the CBI receptor in

Taricha shares eighty-four percent of its amino acid sequence with the rat and human CB 1

receptor (Soderstrom et. al., 2000).

Due to the evolutionary conservation to the CB 1 receptor, we were able to use

antibodies developed against the rat CB 1 receptor to localize the distribution of the CB 1

receptor in the Taricha brain. We utilized immunocytochemistry (ICC) and light microscopy

to map the distribution of the CB1 receptor.

Previous ICC studies done on the rat and Xenopus brains have localized the CB1

receptor (Tsou, Brown, Sanudo-Pena, Mackie, and Walker, 1998; Cesa et. al., 2001). Within

the rat brain, the main regions that labeled positive for the CB 1 receptor were the: olfactory

bulbs, pallium, hippocampus, hippocampal formation, septum, amygdaloid complex,

midbrain, thalamus and hypothalamus (Tsou et. al., 1998). CB 1 localization in Xenopus was



prevalent in the following brain regions; olfactory bulbs, pallium, amygdala, septum,

striatum, thalamus and hypothalamus (Cesa et.al., 2001).

From these studies we predicted localization of the CB 1 receptor in the brain of

Taricha to be abundant in the pallium, pre-optic area, thalamus, hypothalamus, striatum,

amygdala, and the olfactory bulbs. Microscopic analysis of the neuroanatomy of the labeled

slides provided a three-dimensional map of the CB 1 receptor distribution in the newt brain.



MATERIALS AND METHODS

Vertebrate Species and Tissue Collection

Sexually active adult male roughskin newts, T granulosa, were collected from ponds

in Benton Co., Oregon and held in large tanks containing dechlorinated water in an

environmentally controlled room (7 °C and 12L:12D photoperiod with lights on at 0700).

Fixation Procedure

The experiments were performed under the guidelines established by Oregon State

University animal care. To collect the brains, newts were killed with rapid decapitation.

Brains were removed quickly by dissection, which was performed on wet ice. Immediately

after dissection, brains were fixed in freshly prepared 4% paraformaldehyde (Appendix) for

24 hours. The brains were then washed twice in 0.1 M Sodium Phosphate Buffer (Appendix)

for 12 hours each wash. The tissue was then placed in 0.1 M Sucrose Buffer (Appendix) for

at least 12 hours (tissue can be stored in this buffer indefinitely).

Tissue Preparation

The brains were removed from the Sucrose Buffer, blotted on tissue, and embedded

in M-1 Embedding Matrix (Lipshaw, Pittsburgh, PA). The tissue was then stored at -80 °C

in airtight microfuge containers until sectioning. Brains were cut serially in transverse planes

with a cryostat set at -20 °C and 25 µm thickness. Sections were thaw-mounted on labeled,

subbed slides and distributed serially across sets of four slides. In order to stabilize tissue on

the slides, they were heated on a hot plate for 5 minutes at 40-45 °C. Slides were stored at -

20 °C in slide boxes containing desiccant.



Incubation Procedures

Day 1: Sections were air-dried and when at room temperature they were marked with

Peroxidase-Antiperoxidase pen. The slides were placed in Coplin jars and washed twice for

five minutes in phosphate buffered saline (PBS) (Appendix). The slides were placed in a

humidifier and incubated for 16-20 hours at 4 °C in primary antibody (125µl/treatment;

diluted to 1:500 in 0.1% Triton-X-100/PBS with 0.01% Sodium Azide) (Appendix) against

the rat CB 1 receptor. This antibody was generated by a fusion protein sequence matching the

carbonyl-terminal fragment of the rat CB 1 receptor (gifted from Ken Mackie, University of

Washington, Seattle Washington). Fifty-six sections were treated with the Vasotocin R-82

antibody as a positive control (125µ1/treatment; diluted to 1:1000 in0.05M PBS).

Day 2: The slides were transferred into Coplin jars and washed twice for 10 minutes

in PBS. During the washes, the VECTASTAIN Anti-Rabbit IgG Biotinylated antibody was

prepared by adding one drop of stock from VECTASTAIN ABC kit (VECTOR Laboratories,

exp. 1/02/03, Burlingame, CA) to 10 ml of 0.1% Triton-X-100/PBS. After the PBS washes,

the slides were blotted and placed in the humidifier and incubated with VECTASTAIN Anti-

Rabbit IgG Biotinylated antibody for 60 minutes at 4 °C (125µl/treatment).

The VECTASTAIN ABC Reagent from the VECTASTAIN ABC kit was prepared

30 minutes into the incubation of the VECTASTAIN Anti-Rabbit IgG Biotinylated antibody.

Two drops of REAGENT A was added to 10 ml of Triton-X-100/PBS (Appendix A). Two

drops of REAGENT B (Biotinylated Horseradish Peroxidase H Enzyme) was added to the

REAGENT A mixture and allowed to stand for 30 minutes. The slides were then washed

twice for 5 minutes in PBS, blotted, and placed into a humidifier. The slides were incubated



for 120 minutes at 4 °C with VECTASTAIN ABC Reagent (125µl/treatment). The slides

were then be transferred to a Coplin jar and washed twice for 10 minutes in PBS. During the

first wash 0.02% hydrogen peroxide (100 ml; made in distilled water from a 3% or 30%

stock; 670 µl 3% H202/100 ml distilled water or 67 µl 30% H202/100 ml distilled water) was

prepared. During the second wash, 0.05% diaminobenzidine tetrahydrochloride (DAB) was

prepared from the VECTASTAIN DAB kit (Vector Laboratories, Burlingame, CA), avoiding

exposure of the solution to light. The solution was stirred for 5 minutes and the NiC12 was

added and stirred for an additional minute. The slides were incubated for 5-7 minutes in

peroxidase substrate solution and then washed twice for 5 minutes in tap water.

The slides were washed in deionized distilled water. Then the slides were dehydrated

twice in EtOH 70% for 1 minute, twice in EtOH 95% for 1 minute, twice in EtOH 100% for

1 minute, and twice in Xylene for 1 minute. The slides were mounted using Premount

Histological Mounting Medium (Fisher, Fair Lawn, NJ) (50 µl/50X22 mm coverslip).

The two hundred and forty three two-dimensional sections were mounted on slides

and were then examined under light microscopy and localization of the CB 1 receptor was

determined by labeling patterns within the cerebral cortex and hypothalamus regions of the

newt brain.



RESULTS

CB 1-like immunostaining in Taricha was abundant in defined regions of the

forebrain (the hindbrain and olfactory bulbs were not examined in this study).

Immunostaining of nerve fibers in both the neuropil and cell bodies of specific areas in the

forebrain was observed. Distinct labeling of cell bodies was not observed. The protocol was

confirmed with positive cell body immunostaining in sections treated with Vasotocin R-82

antibody (1:1000).

CBI-like Immunostaining in the Forebrain

Telencephalic hemispheres

Immunostained nerve fibers were observed throughout the telencephalic hemispheres, in the

medial pallium, dorsal pallium, and lateral pallium. In the neuronal somata regions, nerve

fibers were most abundant in the medial pallium (Figure 1). In the neuropil, nerve fibers

were significantly concentrated in the dorsal pallium. Labeled nerve fibers in both neuropil

and neuronal somata regions were abundant in the amygdala pars medialis, amygdala pars

lateralis (Figure 2) and striatum. The immunoreactivity of these processes displayed a

meshwork of fiber tracks extending within and between the neuropil and neuronal somata

areas.

Diencephalon

A strong CB1-like-immunoreactive innervation was observed in the thalamus pars ventralis,

thalamus pars dorsalis, dorsal magnocellular area, and the preoptic area (Figure 3). Labeled

nerve fibers were present to a lesser extent throughout the hypothalamus, habenula and the

anterior preoptic area.
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Fig. 1. CB 1 Immunoreactivity in the medial pallium of the Taricha brain.
A. Outline of Taricha brain. Dashed line indicates location of cross-section. (R

rostral, C caudal).
B. Schematic of cross-section. (MP medial pallium, DP dorsal pallium, LP lateral

pallium.)
C. Lateral cross-section of the Taricha medial pallium showing immunostained

nerve fibers within cell body regions. Arrowheads indicate immunoreactivity.
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Fig. 2. CB I Immunoreactivity in the amygdala region of the Taricha brain.
A. Outline of Taricha brain. Dashed line indicates location of cross-section. (R

rostral, C caudal).
B. Schematic of cross-section. (MP medial pallium, DP dorsal pallium, LP

lateral pallium, APL amygdala pars lateralis, POA preoptic area.)
C. Taricha amygdala showing immunostained nerve fibers within cell body

regions. Arrowheads indicate immunoreactivity.
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Fig. 3. CB 1 Immunoreactivity in the preoptic area of the Taricha brain.
A. Outline of Taricha brain. Dashed line indicates location of cross-section. (R

rostral, C caudal).
B. Schematic of cross-section. (TPD thalamus pars dorsalis, TPV thalamus pars

ventralis.)
C. Lateral cross-section of the Taricha preoptic area showing immunostained

nerve fibers within cell body regions and in the neuropil. Arrowheads indicate
immunoreactivity.
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DISCUSSION

In the present study the distribution of the CB 1 receptor in the brain of Taricha

granulosa was determined by means of immunocytochemistry and a specific primary

antibody raised against the carbonyl-terminus of the CB 1 receptor.

The immunocytochemical findings of this study show that there is a rich CB 1-like

immunoreactivity present in the Taricha forebrain, distinctively in the medial pallium, lateral

pallium, dorsal pallium, amygdala, and striatum. In addition, positive nerve fiber innervation

was observed in the thalamus and preoptic areas of the diencephalon.

Only one other study has looked at the CB 1 distribution in the brain of a non-

mammal species, Xenopus leavis (Cesa et. A, 2001), while several studies have localized the

receptor in mammals such as rodents (Gatley, Gifford, Volkow, Lan, and Makriyannis,

1996). The data obtained from this study suggest that in at least some regions of the Taricha

forebrain, CB 1 -like immunoreactivity shows a distribution that is similar to the distribution

found in Xenopus and mammals. This indicates that there is evolutionary conservation of the

CB 1 receptor distribution and that endogenous cannabinoids may have comparable

functional activities in both non-mammalian and mammalian systems.

The specificity of the rat CB 1 antibody has been assessed previously and

immunoreactivity was only observed in fibers and axon terminals; immunostaining was not

observed in any neuronal somata in the brain of rats (Egertova, Giang, Cravatt, and Elphick,

1998; Egertova, and Elphick 2000; Farquhar-Smith, Egertova, Bradbury, McMahon, Rice,

and Elphick, 2000). Studies involving immunocytochemistry using primary antibodies raised

against the mammalian amino-terminus have been shown to have immunoreactivity in the

somata of neurons in both rats (Tsou et. al. 1998; Pettit, Harrison, Olsen, Spencer, and



Cabral, 1998) and frogs (Cesa et. al, 2001). Therefore, in order to identify neuronal somata

populations in Taricha, future studies would need to utilize an antibody developed to the

amino-terminus region of the CB1 receptor.

The localization of nerve fibers using the amino-terminus antibody in Taricha

suggests that functional similarities between mammals and non-mammals may be apparent

when considering such regions as the amygdala in Taricha. The amphibian amygdala is

homologous to the amygdala region in the human brain (Marsicano, Wotjak, Azad, Bisogno,

Rammes, Grazia Cascio, Hermann, Tang, Hofinann, Zeiglgansberger, Di Marzo, and Lutz,

2002) which regulates moods and emotions (LeDoux, 1998). Recent studies indicate that the

amygdala in mice is crucial to acquiring and storing memories of conditioned fear as well as

being involved in the extinction of aversive memories (Marsicano et. al. 2002). The

abundant CB 1-like immunostaining in the amygdala regions of mice, humans, and Taricha

suggest that endocannabinoids could be involved in the neuroendocrine regulation of moods

and fear among vertebrate species.

In amphibians, the medial pallium is homologous to the hippocampal formation of

the mammalian brain (Roth and Westoff, 1999). The hippocampus region is involved in

memory storage and emotional processing in rats and humans (Roth and Westoff, 1999).

Since an endocannabinoid signaling system has been identified in the rat hippocampus

(Wilson and Nicoll, 2002) it can be inferred that the dense meshwork of CB 1 fiber tracks in

the medial pallium of the newt may be involved in a similar retrograde system. Exactly

which behaviors the endocannabinoid system in this region affects in newts are still

unknown.



A third region of the newt brain that may involve a cannabinoid signaling system is

the preoptic area. This region is not only important for expression of male Taricha sex

behaviors (Moore, Richardson, and Lowry, 2000), but has also been found to take part in the

regulation of sex steroids in frogs by way of stimulus from social signals and environmental

cues (Wilczynski, Allison, Marler, 1993). Thus, with recent behavioral studies linking

cannabinoid activity to male Taricha sex behavior (Coddington and Moore, 2002) and with

positive immunoreactivity in the newt, we can speculate that the endocannabinoid signaling

system found in the preoptic area of Taricha might be involved in the expression of male sex

behavior.

Although various regions of the Taricha brain were examined in this study, CB 1

immunoreactivity was not determined in the olfactory bulbs due to technical difficulties in

obtaining sections in this region. The hindbrain was not examined either, due to the

extensive endogenous peroxidase activity and neuromelanin in this region of Taricha.

However, CB1 localization in the rat (Tsou et. al., 1998) and frog (Cesa et. al., 2001) both

distinctively display positive nerve fibers and somata regions in both of these areas.

Therefore, future immunohistochemstry studies of Taricha may display similar

immunoreactivity in the olfactory bulbs and hindbrain, providing further insight to the

possible functional roles of the endogenous cannabinoid signaling system. Moreover,

analysis of physiological and behavioral studies of the cannabinoid system in Taricha will

help to further understand the neuromodulatory function of an endogenous cannabinoid

system and contribute to finding a relevant functional mechanism that is regulated by

cannabinoids.
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4% PARAFORMALDEHYDE
10 g Paraformaldehyde
3.75 g Sucrose
500 .td NaOH 1N
101 ml 0.2M Monobasic Stock
24 ml 0.2M Dibasic Stock
125 ml Distilled H2O

Boil dH2O and NaOH, add paraformaldehyde, sucrose, and buffers, swirling after each
addition. Let sit for five hours.

0_1 SODIUM PHOSPHATE BUFFER
100 ml 0.2M Sodium Phosphate Buffer
100 ml Nanopure H2O

0.2M SODIUM PHOSPHATE BUFFER
Monobasic sodium phosphate
27.6 g Monobasic Sodium Phosphate
1000 ml Nanopure H2O
Dibasic Sodium Phosphate
53.6 g Dibasic Sodium Phosphate
1000 ml Nanopure H2O

Mix 19 ml Monobasic Sodium Phosphate with 81 ml Dibasic Sodium Phosphate, pH 7.4.

0.1 SUCROSE BUFFER
50 ml Nanopure H2O
50 ml 0.2M Sodium Phosphate Buffer
30 g Sucrose
0.1 g Sodium Azide (Extreme Poison)

Mix in a glass beaker.

0.05M PHOSPHATE BUFFERED SALINE (PBS)
26.8 g Sodium Phosphate Dibasic into 1.5 liters nanopure H2O
Add 16 g NaCl
Adjust pH to 7.4 using 5.ON HCL
Add final volume of 500 ml nanopure H2O

0.1% TRITON-X-100/PBS
Add 0.3 ml Triton-X-100 to 300 ml PBS

0.1% TRITON-X-100/PBS WITH 0.01% SODIUM AZIDE
Add 0.03 g Sodium Azide (Extreme Poison) to 300 ml Triton-X-100/PBS


