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1. Introduction

The expansion of hobby terraristic corresponds 
with the veterinary medicine, which works more 
frequently with various species of terraristic ani-
mals. For this reason it is necessary to know more 
about the biology of these potential veterinary pa-
tients. Amphibians represent an important group 
of terraristic animals. Like in other animals, the 
ability of chemical communication using specific 
substances – pheromones – is intensively studied 
also in amphibians. Courtship pheromones are im-
portant for the reproductive behaviour of salaman-
der and other amphibians. However, very little is 

known about these amphibian chemosignals. The 
following short overview summarizes the signifi-
cance of pheromones for amphibians.

2. Characterization and biological activity

The skin glands of anurans secrete various defence 
compounds, including biologically active peptides. 
The parotid and rostral glands of magnificent tree 
frog (Litoria splendida) secrete several biologically 
active peptides, including the broad-spectrum an-
timicrobial caerin-1 peptides. An aquatic, female-
attracting pheromone secreted from the parotid 
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and rostral glands of this frog species was the first 
pheromone from an anuran (frogs and toads) to be 
identified. This substance was designated splen-
dipherin (Wabnitz et al., 1999). 

Female-attracting pheromones obtained from the 
abdominal gland of Japanese fire bellied newt (red 
bellied newt, Cynops pyrrhogaster) and Japanese 
sword-tail newt (Cynops ensicauda) males are pep-
tides consisting of 10 amino acid residues. Both of 
them are generated from precursor proteins. These 
substances were designated sodefrin and silefrin, 
respectively, and each attracted only conspecific 
females. The synthesis of these pheromones is 
regulated by the hormones prolactin (PRL) and 
androgen. The responsiveness of the vomeronasal 
epithelium to sodefrin is enhanced by prolactin and 
oestrogen. Every salamander synthesizes multiple 
isoforms of the specific pheromone, which was des-
ignated Plethodontid receptivity factor. An example 
is a 22-kD proteinaceous pheromone, secreted in 
the submandibular gland of terrestrial salamander 
Plethodon jordani males. In Anura, the female-at-
tracting peptide pheromone, splendipherin, was 
investigated in magnificent tree frog (Litoria splen-
dida). This chemosignal comprises 25 amino acid 
residues and is secreted in the male skin glands 
(Kikuyama et al., 2002). 

A decapeptide – sodefrin with a species specific 
activity was found in the apical portion of epi-
thelial cells of the abdominal gland of the male of 
Cynops pyrrhogaster. This is considered to be the 
first peptide pheromone identified in a vertebrate 
(Kikuyama et al., 1995).

The pheromone sodefrin of Cynops pyrrhogaster 
males is stored in a biologically inactive COOH-ter-
minally extended form. The activation of a protease 
that cleaves at a Lys-Ile bond and thus produces 
the active pheromone must occur by the time of 
the onset of reproductive behaviour. Additional 
peptides [preprosodefrin-(146-175)-peptide and 
preprosodefrin-(159-173)-peptide] are derived 
from the precursors by cleavage at monobasic and 
dibasic processing sites. The existence of multiple 
genes encoding sodefrin and its variants was con-
firmed (Iwata et al., 2004).

The pheromone detection is mediated through 
neurons of the vomeronasal organ. Possible phe-
romone receptors include two groups of the G-pro-
tein coupled with seven transmembrane proteins 
(Yamagishi et al., 2002).

Various animals release biogenic substances that 
vary in composition with the physiological state. 

A high-density population might produce chemi-
cal messages that cause a reduction of productive 
processes (e.g. growth, metamorphosis and re-
production) in conspecific or related individuals, 
or even illness and death (loss of immunocompe-
tence, anaphylaxis). The infochemical system can 
be disrupted by an ecological influence (chemical 
contamination of aquatic ecosystems) (Kamps and 
Neill, 1999).

3. The sexual role of pheromones and their 
interactions with hormones

The pheromones have an important role in sexual 
relationships. Males of salamanders of the family 
Plethodontidae deliver special pheromones during 
courtship interactions. The role of pheromones in 
the courtship behaviour of the North American 
southern dusky salamander, Desmognathus fuscus 
conanti (Plethodontidae), was described by Verrell 
(1995). The pheromones are secreted from the 
male’s mental (chin) gland. These chemosignals 
increase female receptivity and are probably in-
volved in the mate choice. 

Rollmann et al. (2003) investigated if conspecific 
and heterospecific pheromones acted in some sala-
mander species. Females of Plethodon shermani 
were exposed to conspecific (P. shermani) or het-
erospecific (P. yonahlossee or P. montanus) male 
pheromones. In all cases, the exposure to pherom-
ones increased female receptivity, indicating that 
pheromones from the heterospecific species were 
as effective as the conspecific pheromones. These 
courtship pheromone signals may be conserved 
across related species. 

Male courtship pheromones of terrestrial sala-
manders are received by the accessory olfactory 
system and act (presumably via the hypothalamus) 
to increase female receptivity and thus they can 
increase male courtship success (Houck, 1998).

The cutaneous glands were studied in some spe-
cies of Rana (R. dalmatina, R. iberica, R. italica, 
R. “esculenta”, R. perezi). Two different types of 
mucous cutaneous glands were found in R. dalma-
tina, R. iberica, and R. italica. Besides the ordinary 
mucous units, randomly distributed over the body 
surface in both males and females, specialized mu-
cous glands were observed on the male dorsal skin, 
but they are present only in males of R. dalmatina, 
R. iberica, and R. italica. In males of these species 
with specialized skin glands vocal sacs did not oc-
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cur. Chemosignals released by the male mucous 
units of the three above-mentioned species may 
replace vocal communication during the breeding 
season and thus play an important role in female 
attraction and/or territorial announcement (Brizzi 
et al., 2002).

An interesting influence of a neurohypophyseal 
hormone, arginine vasotocin (AVT), was found in 
experiments with the males of the newt Cynops 
pyrrhogaster. AVT enhanced the incidence and 
frequency of androgen-induced courtship behav-
iour. In this case, AVT was likely to act centrally 
because the behaviour was evoked with a much 
smaller amount of AVT when the hormone was 
administered intracerebroventricularly than when 
given intraperitoneally. This indicates that AVT in-
duces sodefrin discharge, acting peripherally on the 
contractile structure of the abdominal gland: the 
content of sodefrin, a female-attracting pherom-
one in the abdominal gland, was decreased by the 
intraperitoneal AVT application, suggesting that 
AVT stimulated the release of sodefrin from the 
abdominal gland into water. AVT was also found to 
induce spermatophore deposition in the male kept 
in the absence of the female. The results of these 
experiments indicate the involvement of AVT in 
reproductive natural events, acting both centrally 
and peripherally (Toyoda et al., 2003).

The effects of AVT and gonadotropin-releasing 
hormone (GnRH) were investigated in two different 
types of sexual behaviour, calling and amplexus, in 
the Great Plains toad (Bufo cognatus). The former 
of these two peptides, AVT, applied at a dosage of 
100 µg/100 g animal weight, significantly increased 
both the amount of calling behaviour per individual 
and the probability that an individual would call, 
but it did not induce amplexus. GnRH had no ef-
fect on calling behaviour, but significantly induced 
amplexus. There was a reciprocal effect of these 
peptides on amplexus. These results are the first 
report of GnRH influencing sexual behaviour in an 
anuran amphibian. AVT effect could be inhibited 
by Manning compound (an arginine vasopressin 
receptor antagonist) (Propper and Dixon, 1997). 

Vasotocin (AVT) and its mammalian homologue 
vasopressin influence various social behaviour. In 
male roughskin newts, Taricha granulosa, AVT 
stimulates courtship behaviour and amplectic 
clasping. AVT affects male courtship behaviour by 
enhancing the central state of sexual motivation, 
by affecting sensorimotor integration mechanisms 
in individual sensory modalities, or by influencing 

a nonspecific state of attention, arousal, or anxi-
ety. AVT selectively enhanced responses to female 
olfactory stimuli (sex pheromones), but similarly 
enhanced responses to female and food-related 
visual stimuli (worms). The utility of such a mo-
tivational mechanism was thus questioned, as the 
responses to female stimuli were not selectively en-
hanced in all sensory modalities. It is probable that 
exogenous AVT independently influences olfactory 
processes associated with orientation/attraction 
toward a female sex pheromone and visual proc-
esses associated with orientation/attraction toward 
a visual feature common to females and worms. The 
results suggest that AVT affects courtship by influ-
encing specific sensorimotor processes associated 
with behavioural responses to individual releasing 
stimuli (Thompson and Moore, 2000).

The influence of courtship on plasma steroid and 
brain gonadotropin-releasing hormone (GnRH) 
concentrations was studied in the newt Taricha 
granulosa with respect to changes in female sexual 
receptivity. GnRH levels were high in the anterior 
telencephalon at courtship initiation (females unre-
ceptive), but decreased by sperm transfer (females 
receptive). No effect of courtship on GnRH con-
centrations in any other brain region or on plasma 
progesterone or corticosterone levels was found 
(Propper and Moore, 1991).

The sexually dimorphic skin glands (breed-
ing glands) of male dwarf African clawed frogs 
(Hymenochirus sp.) release a mate-attractant chem-
osignal. Conspecific females showed a positive chem-
otaxis to water housing males and to water containing 
homogenized breeding glands, but they showed no 
reaction to water housing conspecific females or to
water housing breeding gland-ablated males. Males of 
Hymenochirus showed no response to water housing 
either females or other males, indicating that the at-
tractant is specific to females. Because many anuran
species possess breeding glands, pheromonal com-
munication may be more widespread among frogs 
and toads (Pearl et al. 2000).

One of two minor peptides of the male Litoria 
splendida skin secretions is the female-attracting 
aquatic male sex pheromone, a 25 amino acid pep-
tide, called splendipherin. This pheromone consti-
tutes about 1% of the total skin peptides during the 
breeding season (January to March), but about 0.1% 
during the period June to November. Splendipherin 
attracts conspecific females. The second peptide is 
a wide-spectrum antibiotic of the caerin 1 group 
(called caerin 1.10), a 25-residue peptide. The 
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neuropeptides of L. splendida are also seasonally 
variable, the change is identical for both females 
and males. During the period October to March, 
only the neuropeptide caerulein is secreted in skin. 
Caerulein is active on smooth muscles and is also 
an analgesic. During the southern winter ( June 
to September), more than half of the caerulein is 
hydrolysed, and this substance shows no smooth 
muscle activity. A new peptide, Phe8 caerulein, be-
comes a major component of the skin secretion. 
Perhaps this seasonal change is involved in ther-
moregulation, which initiates and maintains frog 
hibernation (Wabnitz et al., 2000). 

The chemical communication in the archaic anura
Leiopelma hamiltoni was investigated by Waldman 
and Bishop (2004). This investigation offers an in-
sight into how frogs may have communicated before 
mechanisms of bioacoustic signalling evolved. The
experimental animals preferred substrates that they 
had marked themselves to those marked by frogs 
collected from other home ranges. The prefer-
ences were greater when the conspecific frogs had 
been collected farther away. The animals did not 
discriminate between their own odour and those 
of other individuals with which they had shared a 
home range.

The knowledge of peptides isolated from Australian
anurans was summarized by Apponyi (2004). In ad-
dition to sex pheromones, various neuropeptides 
(including smooth muscle active peptides and 
peptides that inhibit the production of nitric oxide 
from neuronal nitric oxide synthase), antimicrobial 
and anticancer active peptides, antifungal peptides 
and antimalarial peptides were found in skin glands 
of these animals.
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