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ABSTRACT Endogenous cannabinoids and
type-1 cannabinoid receptor (CB1) are widely pro-
duced and distributed in the central nervous system
(CNS) and peripheral nerves in mammals. In addition,
the detection of endocannabinoids and corresponding
receptors in non nervous peripheral tissues indicates
an involvement of the system in the control of a wide
range of physiological activities, including reproduc-
tion. Recently, the existence of CB1 was also observed
in lower vertebrates and in urochordate suggesting that
the endocannabinoid system is phylogenetically con-
served. Using RT-PCR, CB1 mRNA expression profiles
were characterized in a wide range of tissues of the
anuran amphibian, the frog, Rana esculenta. Besides
a strong expression in the CNS, CB1 was also present
in testis, kidney, liver, ovary, muscle, heart, spleen,
and pituitary. The CB1 expression pattern has been
characterized in both testis and CNS during the annual
sexual cycle. In testis, CB1 is poorly expressed during
the winter stasis of the spermatogenesis rising during
the breeding season and resumption period. An
expression profile mismatching to that observed in
testis was detected in whole-brain preparations during
the sexual cycle; in particular in the diencephalon, the
encephalic area mainly involved in the control of
reproductive functions. Furthermore, fluctuations in-
side isolated encephalic areas and spinal cord were
observed all over the reproductive cycle. In conclusion,
CB1 receptor is expressed in R. esculenta CNS and
testis. As far as the gonad it concerns, our results
suggest the involvement of the endocannabinoids in
the control of reproductive function.Mol. Reprod. Dev.
73: 551–558, 2006. � 2006 Wiley-Liss, Inc.
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INTRODUCTION

Endocannabinoids are a novel class of lipidic media-
torsderived fromarachidonic acid that bindandactivate
specific membrane receptor subtypes (CB1 and CB2).
The main compounds classified as ‘‘endocannabinoids’’

are arachidonoylethanolamide (AEA, anandamide), 2-
arachidonoyl glycerol (2-AG), 2-arachidonyl glyceryl
ether (2-AGE, noladin ether), and o-arachidonoyletha-
lamine (virodhamine) (Lutz, 2002). These molecules
havedifferent affinity for andactivate todifferent extent
the CB1 and CB2 receptors. The effect of AEA via CB1
and CB2 receptors depends on its extracellular concen-
tration, which is controlled by uptake and degradation,
respectively due to a specific AEA membrane transpor-
ter (AMT) and to a fatty acid amide hydrolase (FAAH).
Generally, endogenous cannabinoids, cannabinoid
receptors, FAAH, and AMT are designed as ‘‘endocan-
nabinoid system’’ (for review Elphick and Egertovà
2001; Fride, 2002; Lutz, 2002; Pertwee and Ross,
2002).

Indeed, a part from the classical CB1 and CB2
receptors, AEA interacts with potassium and calcium
channels as well as 5-HT3 receptors and vanilloid
receptor (VR1). In vitro and in vivo studies, the latter
conducted using CB1�/� mice, support the existence,
almost in mice, of additional non-CB1, non-CB2, and
non-VR1 receptors (CBx) not yet identified (Wiley and
Martin, 2002, for review).

CB1 is a classical G-protein coupled receptor with
seven transmembranespanning regions (Matsudaet al.,
1990). Signaling aspects of this receptor have taken
advantage of synthetic and natural (D9THC: D9-tetra-
hydrocannabinol, the primary psychoactive constituent
of the marijuana plant, Cannabis sativa) cannabinoids.
Invivo, cannabinoids are responsible for a characteristic
tetrad of pharmacological effects in mice, consisting in
suppression of locomotor activity, hypothermia, anti-
nociception, and catalepsy (Martin et al., 1991). Dra-
matic effects at central and peripheral level, especially
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on reproduction, in marijuana smokers are widely
reported (Habayeb et al., 2002 and reference there in).
Cellular consequences, specifically linked to CB1 recep-
tor activation, include inhibition of adenylyl cyclase and
modulation of Ca2þ and Kþ ionic channels and activa-
tion of mitogen-activated protein kinase (Mukhopad-
hyay et al., 2002).

CB1 receptor is widely expressed in the nervous
system and in some peripheral tissues, including
pituitary gland, immune cells, reproductive tissues,
gastrointestinal tissues, sympathetic ganglia, heart,
lung, urinary bladder, and adrenal gland (Galiegue
et al., 1995; Shire et al., 1995). Splice variants of CB1
receptor, CB1a and CB1b, with differential pharmaco-
logical effects and expression rate, have been described
in human, but their functional role is still unknown
(Shire et al., 1995; Ryberg et al., 2005). CB2 receptor is
expressed almost exclusively in the immune system,
particularly into B-cells and natural killer cells; in rat,
CB2 receptor is scantly expressed also in testis and lung
(Brown et al., 2002).

CB1 receptor has been cloned in several vertebrates,
from fish to amphibians and mammals (Elphick and
Egertovà, 2001; Cottone et al., 2003, 2005). Also in the
urochordate Ciona intestinalis CB1 receptor and FAAH
have been cloned and their tissue distribution have been
analyzed (Elphick et al., 2003; Matias et al., 2005). At
present, high affinity cannabinoid binding sites have
been detected in several deuterostomian and protosto-
mian invertebrates but a part from C. intestinalis, no
functional cannabinoid receptor was found in inverte-
brates (Salzet and Stefano, 2002 for review; McPartland
and Glass, 2003). Overall, the above quoted results
indicate that the cannabinoid system ishighly conserved.

In this work, we analyze CB1 expression in the
anuran amphibian, the frog, Rana esculenta tissues,
providing evidence for a differential expression in brain
and gonads during the annual sexual cycle. A putative
relationship between cannabinoid and testicular func-
tion at both central and peripheral levels is reported.

MATERIALS AND METHODS

Animals and Tissue Collection

Fortymale frogs,R. esculenta, were collectedmonthly
from September until July in the neighborhood of
Naples (Italy) for 2 years; 4 additional female frogs were
captured in June. The animals were killed under
anesthesiawithMS222 (Sigma-AldrichCorp., St. Louis,
MO). Brain, spinal cord, nerves, testis, kidney, muscle,
liver, spleen, heart, and ovary were removed and
appropriately stored at �808C, until used for total
RNA extraction. Furthermore, four brains and four
spinal cords from June, July, September, October,
December, March, and April animals were respectively
dissected in telencephalon, diencephalon, mesencepha-
lon, romboencephalon, and cervical, thoracic, lumbar
tracts.

This research was approved by the ItalianMinistry of
University and Scientific and Technological Research.

Total RNA Preparation

Total RNA was extracted from R. esculenta tissues
using TRIZOL1Reagent (Invitrogen Life Technologies,
Paisley, UK). In brief, the sample was homogenized in
Trizol Reagent (1 ml TRIZOL1 Reagent/50–100 mg of
tissue); after homogenization, the samplewas incubated
for 5 min at RT to allow the complete dissociation of
nucleoprotein complexes. Moreover, 0.2 ml of chloro-
form/ml TRIZOL1 Reagent was added and the sample
was centrifuged at 12,000g for 15 min at 48C. The
aqueous phase was transferred to a fresh tube and total
RNA was precipitated by mixing with isopropyl alcohol
(0.5 ml/TRIZOL1 Reagent). After centrifugation at
12,000g for 10 min at 48C, RNA pellet was washed
with 75% ethanol, centrifuged at 7,500g for 5 min at
48C, and then dissolved in an appropriate volume
DEPC-treated water. Total RNA purity and integrity
were determined by spectrophotometry analysis at 260/
280 nm and by electrophoresis.

CB1 mRNA Detection by RT-PCR

Total RNA, previously treated for 30min at 378Cwith
DnaseI (10 U/sample) (Amersham Biosciences Europe
GmbH, Freiburg, Germany) to eliminate genomic DNA
contaminations, was reverse transcribed to prepare
cDNA. For testis, brain, and spinal cord preparations,
2 mg RNA/month were pooled and processed as single
sample. The reverse transcription was carried out using
5 mg total RNA, 0.5 mg oligo d(T)18, 10mMdNTP, 0.01M
DTT, 1� first strand buffer, 40 U RNase Out, 200 U
SuperScript-III RnaseH- Reverse Transcriptase (Invi-
trogen Life Technologies, UK) in a final volume of 20 ml,
following the manufacturer’s instructions. As negative
control, total RNA not treated with Reverse Transcrip-
tase was used.

PCR reactionwas carried out using 1 ml of diluted (1:5)
cDNA and 10 pMol oligonucleotide primers specific for
frog CB1 mRNA, (sense: 50-attggggtaaccagtgttct-30;
antisense: 50-accagggtctttgctaacct-30; amplificate pre-
dicted size: 201 bp) in PCRmix [0.2 mM dNTP, 1� PCR
buffer, 1.5 mM MgCl2, 1.25 U Taq Polymerase (Invitro-
gen Life Technologies)], using an Applied Biosystem
ThermocyclerApparatus. PCRconditionswere: 948C for
5 min, 1 cycle; 948C for 30 sec, 568C for 30 sec, 728C
for 30 sec, 30 cycles for brain samples, and 35 cycles for
testis and tissues; lastly 728C for 7min, 1 cycle. In order,
to normalize the signals, 1 ml of diluted cDNAwasmixed
with 10 pMol specific primers for the R. esculenta
ribosomal protein P1 mRNA (fp1) (sense 50-tacgagcgtc-
catcacacac-30; antisense 50-agaccaaagcccatgtcatc-30;
amplificate predicted size: 356 bp) with the previously
described PCR mix. PCR conditions were: 948C for
5 min, 1 cycle; 948C for 30 sec, 568C for 30 sec, 728C for
30 sec, 22 cycles; lastly 728C for 7 min, 1 cycle. Possible
contaminations among sampleswere evaluatedusing as
negative controls samples prepared without cDNA.

Finally, 25 ml of PCR amplification mixture were
analyzed by electrophoresis on 1.2% agarose gel in 1�
Tris-borate (TBE) buffer and stained with 0.5 mg/ml
ethidium bromide.
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Statistics

Analysis of mRNA levels was carried out by GELDOC
1,00-UV fluorescent gel documentation system
(BioRAD, Hercules, CA). The relative amounts of the
signals are expressed as fold increase of the ratio cb1
mRNA/fp1 mRNA�SEM. ANOVA followed by Dun-
can’s test for multi-group comparison was carried out to
assess the significance of differences. Observations
range from 3 to 8.

RESULTS

As we have recently cloned CB1 receptor cDNA in the
frog R. esculenta brain (accession number in GenBank
AM113546), to assess CB1 expression and distribution,
we have preliminarily used a semiquantitative RT-PCR
approach on different frog tissue-derived cDNA’s.
Specific primers were designed upon frog brain CB1
sequence and an amplificate of the predicted size of 201
bp was analyzed by electrophoresis. Expression of the
housekeeping gene, fp1, encoding the frog ribosomic
proteinP1was also evaluated as anamplificate of 356 bp
and used to normalize CB1 signals.

Tissue Distribution of CB1 Receptor mRNA

CB1 is expressed in all the tissues tested (Fig. 1),
although the levels in heart, pituitary, and spleen
appeared to be extremely low (Fig. 1B). Significant
amount of CB1 mRNA is detected in kidney, liver, and
muscle. Higher levels of CB1 are detected in gonads
(P< 0.01), in both testis and ovary. In the central
nervous system, highest CB1 expression is observed in
total brain. In the spinal cord, CB1 is significantly lower

than in brain (P<0.01), but comparable to kidney, liver,
and muscle.

CB1 Expression in Testis During the Annual
Sexual Cycle

The anuran amphibian, R. esculenta, is a seasonal
breeder whose gonads undergo precise morphological
modifications during the sexual cycle. Spermatogenesis
proceeds slowly and occurs in cysts containing cluster of
germ cells at the same maturational stage. In this
respect, each period of the year is characterized by awell
defined germ cell population. In particular, the annual
sexual cycle can be divided in four phases: resumption
(September–November), when spermatogenesis pro-
ceeds and spermiogenesis events are massive; winter
stasis (December–February), when proliferation of
spermatogonia does not occur and testis progressively
becomes empty; breeding season (March–May), when
spermatogenesis resumes, spermatogonia proliferate,
and spermatozoa are released; post reproductive period
(June–July) when spermatogenesis proceeds with
appearance of meiotic stages (Rastogi et al., 1976;
Pierantoni et al., 2002).

During the annual sexual cycle, fluctuations of CB1
mRNA are observed in mature testis from September
until July (Fig. 2).CB1 levels arehigh inSeptemberwith
a peak in November (September vs. November,
P<0.01); thereafter they decrease reaching the nadir
during the winter stasis (December, January, and

Fig. 1. A: cb1 and fp1 expression in frog tissues. 1, kidney; 2, liver; 3,
muscle; 4, heart; 5, spleen; 6, ovary; 7, testis; 8, pituitary; 9, brain; 10,
spinal cord; �, negative control. B: Normalization of the signals
observed by RT-PCR. Data are representative of three separate
experiments at least and are expressed as fold increase of the minimal
value observed. Observations range: 3–8.

Fig. 2. A: cb1 and fp1 expression in frog testis during the annual
sexual cycle. �, negative control. B: Normalization of the signals
observed by RT-PCR. Data are representative of three separate
experiments at least and are expressed as fold increase of the minimal
value observed. Observations range: 3–8. (a vs. b, a vs. c, and b vs. c
P< 0.01; c¼d; d vs. e P< 0.05).
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February vs. November and September, P<0.01). As
soon as testicular activity resumes during the breeding
season, CB1 expression level quickly increases (March-
April vs. December, January, and February, P< 0.01);
after that, it decreases in May (March-April vs. May,
P<0.01) and remains still low in post reproductive
period (May vs. June N.S.; June vs. July, P< 0.05).

CB1 Expression in CNS During the Annual
Sexual Cycle

To assess CB1 expression in the brain, we have
collected samples during the annual cycle, from Sep-
tember until July and processed them as ‘‘whole brain’’
(Fig. 3).

CB1 expression is at comparable levels in September
and October, it reaches a minimal value in November
(P<0.01), gradually it increases from December until
January (December vs. January P< 0.05), and it
remains at the same high levels during March and
April. After that, CB1 expression gradually decreases in
May-June period (P< 0.01), peaking again in July
(P<0.01 July vs. November, December, May, June).

Togain further informationonCB1mRNAproduction
into the CNS,mainly in relationship to the reproductive
function, we have collected and processed an additional
series of samples dissecting encephalic areas and spinal
cords (Fig. 4).

Generally, CB1 expression in the forebrain and
midbrain is higher than in the hindbrain (P< 0.01) in
all the considered periods, except in September and

October. In fact, in September CB1 expression levels in
both diencephalon and rombencephalon are comparable
and significantly lower than in telencephalon and
mesencephalon (P< 0.01); in October, CB1 expression
is significantly higher only in the mesencephalon
(P<0.01) (Fig. 5). In June, high expression levels are
detected in mesencephalon (P<0.01); in July, CB1
expression gradually increases from telencephalon to
diecephalon (P<0.05) to mesencephalon (P<0.01); in
September, a peak is observed in telencephalon and
mesencephalon (P< 0.01 vs. diencephalon); in Decem-
ber, CB1 expression is strong in the diencephalon
(P<0.01); in March, CB1 mRNA peak is observed in
telencephalon and mesencephalon (P< 0.01 vs. dience-
phalon); in April, higher expression is registered in
mesencephalon (P<0.05 vs. telencephalon and dience-
phalon).

Also in the single encephalic areas, CB1 expression
fluctuates during the annual reproductive cycle and a
specific profile/area is observed (Fig. 5).

In the telencephalon, where the olfactory system
resides, CB1 mRNA levels are minimal in June, it
progressively increases until September (June vs. July
and September P< 0.01; July vs. September P<0.01)
decreasing again at minimal value in October. During
the winter stasis, CB1 expression increases (October vs.
December P<0.01), reaching maximal levels in March
(P<0.01) and decreasing in April (P<0.01).

In the diencephalon, the encephalic area mainly
involved in reproductive function control, CB1 expres-
sion peaks in December (P< 0.01), and it is maintained
at higher values during the breeding season (P<0.01).
Low CB1 mRNA levels are detected during the post
reproductive and resumption periods, with minimal
values observed in June and in October (June and
October vs. July and September P< 0.01; July vs.
September P< 0.01).

In themesencephalon, CB1 expression increases from
June until September (P< 0.01), reaching a minimal
value in October (P<0.01 except vs. June). Then it
peaks in March (P<0.01), and it remains still high in
April (P< 0.01).

In the rombencephalon, CB1 expression isminimal in
June, it gradually increases until September (June vs.
July P<0.05, June and July vs. September P<0.01).
Then it decreases in October (September vs. October
P< 0.01), peaking in December and April.

In the cervical tract of the spinal cord, minimal levels
of expression are detected in June (P<0.01); then CB1
mRNA gradually increases until April, reaching the
maximal expression level (at least P< 0.05).

In the thoracic tract of the spinal cord, CB1 expression
is constant fromJuneuntil December, peaking inMarch
(P<0.01), and being minimal in April (P<0.01).

In the lumbar tract of the spinal cord, low CB1
expression levels are observed in June and in April
(P<0.01). After that mRNA peaks in July (P<0.01),
decreasing until the minimal value in September
(P<0.01); then it rises again in October, remaining
constant until March.

Fig. 3. A: cb1 and fp1 expression in frog whole brain during the
annual sexual cycle. �¼negative control. B: Normalization of the
signals observed by RT-PCR.Data are representative of three separate
experiments at least and are expressed as fold increase of the minimal
value observed. Observations range: 3–8. (a vs. b P< 0.05 at least).
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Scanty expression of CB1 was also detected in the
lumbar plexus nerves during the year, except in April.

DISCUSSION

In the presentwork,we demonstrate the expression of
CB1 receptors in the anuran amphibian, the frog, R.

esculenta. Besides the CNS, in which the strong CB1
expression is expected, RT-PCR approach has allowed
the detection of modest CB1 expression also in a wide
array of peripheral tissues, mimicking the expression
pattern already described in mammals (Galiegue et al.,
1995; Shire et al., 1995). In particular, in gonads (ovary

Fig. 4. cb1 and fp1 expression in frog-isolated encephalic areas during June, July, September, October,
December, March, and April. 1, telencephalon; 2, diencephalon; 3, mesencephalon; 4, rombencephalon; 5,
cervical tract of the spinal cord; 6, thoracic tract of the spinal cord; 7, lumbar tract of the spinal cord; 8,
nerves of the lumbar plexus; �, negative control.

Fig. 5. Normalization of the signals observed by RT-PCR in the isolated encephalic areas and isolated
tracts of the spinal cord and nerves. Data are representative of the separate experiments at least and are
expressed as fold increase of the minimal value observed. Observations range: 3–8.
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and testis), CB1 expression is significantly higher than
in other tissues (except brain). Also in the sea squirt C.
intestinalis CB1 is differentially expressed in tissues in
that higher mRNA levels are observed in cerebral
ganglion, heart, pharynx, and testis, while lower
levels are observed in intestine, ovary, and stomach
(Matias et al., 2005). Interestingly, in mouse, the N-
acyl-phosphatidylethanolamines (NAPE)-hydrolyzing
phospholipase D (NAPE-PLD), the enzyme responsible
for the release, on demand, of AEA from membrane
NAPEs (NAPE-PLD) is highly expressed in brain and
also in kidney and testis; lower expression level are
reported in other peripheral tissues such as liver,
spleen, lung, and small intestine (Okamoto et al.,
2004). In mammals, the role of endocannabinoid
systems in embryo implantation is well documented
(Paria et al., 1996; Yang et al., 1996; Schmid et al.,
1997). In addition, alterations of the hypothalamus-
pituitary-gonadal axis activity in marijuana smokers
and in animal models have also been reported (for
review Wenger et al., 2001; Habayeb et al., 2002). Few
informations are available on endocannabinoid effects
on testicular function. In this respect, our experimental
model has the advantage of a slow progression of the
spermatogenetic stages; in fact clusters of germ cells at
the same maturative stage develop in a particular
environment, named germinal cyst, and appear in
specific periods of the annual sexual cycle (Rastogi
et al., 1976; Pierantoni et al., 2002). The analysis of CB1
expression in the testis reveals high expression level
in September-November and March-April periods. In
September-November, massive formation of post-meio-
tic stages occurs; in March-April, the breeding season,
sperm cells are released and spermatogenetic activity
resumes. Western blot and immunocytochemical stu-
dies conducted in the same experimental animals reveal
that in September also CB1 protein level is efficiently
produced and that CB1 immunoreactivity is restricted
to elongated spermatids and spermatozoa (Cobellis
et al., 2005, submitted for publication). Effects of
anandamide on spermmotility and fertilizing capability
are reported inbothhumanandseaurchin (Schuel et al.,
1994, 2002); in addition, in humans, CB1 is expressed in
spermatozoa (Rossato et al., 2005). Interestingly, CB1
mRNA profile here reported well correlates with plas-
matic testosterone levels observed during the annual
sexual cycle (d’Istria et al., 1974; Cobellis et al., 1997). In
this respect, further investigation will be addressed to
assess a possible steroid-dependent expression of CB1
receptor in frogs.

Fluctuations of CB1mRNA inside theCNSduring the
annual sexual cycle in total brain, encephalic dissected
areas, and spinal cord are described here. Generally, the
main sites of CB1 expression in the brain are the
forebrain and themidbrain. Similar expression patterns
are observed in vertebrates from fish (immunological
observations byCottone et al., 2005) tomammals (in situ
hybridization analysis by Matsuda et al., 1993; immu-
nological observations by Tsou et al., 1998), and in the
anuran amphibia Xenopus laevis (in situ hybridization

analysis byCottone et al., 2003; immunological observa-
tions byCesa et al., 2001). Endocannabinoids control the
feeding process in invertebrates. AEA accelerates
mouth closures in the protostomian Hydra vulgaris, a
coelenterate (De Petrocellis et al., 1999); after mechan-
ical stimulation, HU-210, a cannabinoid receptor
agonist inhibits the buccal siphon reopening in the
deuterostomian C. intestinalis (Matias et al., 2005). In
mammals, the cannabinoid system modulates several
activities in the central nervous system, such as
olfactory system, memory, movement control, food
intake, analgesia (for review Elphick and Egertova,
2000) and some of these functions are conserved among
vertebrates. In Pelvicachromis pulcher, Xenopus laevis,
and rat, a potential action of endocannabinoids at
different levels on the olfactory system has been
postulated (Tsou et al., 1998; Cesa et al., 2001; Cottone
et al., 2003). In the urodele amphibian, the newt,
Taricha granulosa, high expression of CB1 in the brain
has been reported and the effects of cannabinoids on
spontaneous locomotor activity and courtship clasping
behavior have been described (Soderstrom et al., 2000).
Similarly, in both Xenopus laevis and rodents, expres-
sion and distribution of CB1 into the spinal cord are
correlated to nociception (Salio et al., 2002 and refer-
ences there in). At present, it is not excluded that similar
involvement of the cannabinergic system might be, in
the next future, extended also to the R. esculenta.

Interestingly, a mismatching profile to that observed
in testis is described in whole brain preparations.
Focusing on the reproductive activity control, negative
regulation of gonadotropin releasing hormone (GnRH)
secretion, the main controller of gonadal activity, is
exerted by cannabinoids in rat and in immortalized
GnRH secreting neurones (GT1-7) (Fernandez-Ruiz
et al., 1997; de Miguel et al., 1998; Gammon et al.,
2005). InR. esculenta diencephalon, the encephalic area
mainly involved in the release of GnRH, CB1 expression
peaks inDecember.Low levels ofGnRHmolecular forms
in male R. esculenta brain have been detected from
December until April (Fasano et al., 1993; Di Matteo
et al., 1996; Meccariello et al., 2004), matching the
increase of gonadotropin release (Polzonetti-Magni
et al., 1998) and testicular androgen production (Fasano
et al., 1993). In testis, minimal expression levels of
CB1 are reported in December, during the winter
stasis. Since in Xenopus laevis nerve terminal immu-
noreactivity for CB1 has been observed in the median
eminence and in pituitary CB1 colocalizes with LH-
releasing cells (Cesa et al., 2002), an involvement of
amphibian cannabinergic system in the neuro-endo-
crine hypothalamic control of adenohypophysis is
postulated.

In conclusion, we provide evidence forCB1 expression
in the frog, R. esculenta, confirming that the cannabi-
nergic system is phylogenetically conserved. In addi-
tion, the fluctuations of CB1 mRNA at both central and
testicular levels strongly indicate a possible involve-
ment of the cannabinoid system in the regulation of
gonadal activity.

556 R. MECCARIELLO ET AL.



REFERENCES

Brown SM, Wager-Miller J, Mackie K. 2002. Cloning and molecular
characterization of the rat CB2 cannabinoid receptor. Biochim
Biophys Acta 1576:255–264.

Cesa R, Mackie K, Beltramo M, Franzoni MF. 2001. Cannabinoid
receptor CB1-like and glutamic acid decarboxylase-like immunor-
eactivities in the brain of Xenopus laevis. Cell Tissue Res 306:391–
398.

Cesa R, Guastalla A, Cottone E, Mackie K, Beltramo M, Franzoni MF.
2002. Relationships between CB1 cannabinoid receptors and
pituitary endocrine cells in Xenopus laevis: An immunohistochem-
ical study. Gen Comp Endocrinol 25:17–24.

Cobellis G, Pierantoni R, Fasano S. 1997. c-fos- and c-jun-like mRNA
expression in frog (Rana esculenta) testis during the annual
reproductive cycle. Gen Comp Endocrinol 106:23–29.

Cobellis G, Cacciola G, Scarpa D, Meccariello R, Chianese R, Franzoni
MF, Mackie K, Pierantoni R, Fasano S. 2005. Endocannabinoid
system in frog and rodent testis: type cannabinoid receptor and fatty
acid amiole hydrodase activity in male germ cells (in press).

CottoneE, SalioC, ConrathM,FranzoniMF. 2003.Xenopus laevisCB1
cannabinoid receptor: Molecular cloning and mRNA distribution in
the central nervous system. J Comp Neurol 464:487–496.

Cottone E, Forno S, Campantico E, Guastalla A, Viltono L, Mackie K,
FranzoniMF. 2005. Expression and distribution of CB1 cannabinoid
receptors in the central nervous system of the African cichlid fish
Pelvicachromis pulcher. J Comp Neurol 485:293–303.

d’Istria M, Delrio G, Botte V, Chieffi G. 1974. Radioimmunoassay of
testosterone, 17beta-oestradiol and oestrone in the male and female
plasma of plasma of Rana esculenta during sexual cycle. Steroids
Lipids Res 5:42–48.

deMiguel R, Romero J, MunozMR, Garcia-Gil L, Gonzalez S, Villanua
MA, Makriyannis A, Ramos JA, Fernandez-Ruiz JJ. 1998. Effects of
cannabinoids on prolactin and gonadotrophin secretion: Involve-
ment of changes in hypothalamic gamma-aminobutyric acid (GABA)
inputs. Biochem Pharmacol 56:1331–1338.

De Petrocellis L, Melck D, Bisogno T, Milone A, Di Marzo V. 1999.
Finding of the endocannabinoid signalling system in Hydra, a very
primitive organism: Possible role in the feeding response. Neu-
roscience 92:377–387.

Di Matteo L, Vallarino M, Pierantoni R. 1996. Localization of GnRH
molecular forms in the brain, pituitary, and testis of the frog, Rana
esculenta. J Exp Zool 274:33–40.
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