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Introduction

Intraspecifi c communication by chemical sig-

nals (pheromones) plays a main role in social or-

ganization and sexual selection of many reptiles 

(Mason, 1992). Males of many lizard species se-

crete chemicals from the femoral glands that may 

function as pheromones (Alberts, 1993; Weldon et 
al., 2008). The presence and relative concentration 

of pheromone components in femoral secretions 

seem to vary consistently among individuals and 

might transmit chemical information about the 

characteristics and health state of a male (López 

et al., 2006; Martín et al., 2007a). Behavioural 

experiments found evidence of female prefer-

ences for substrates scent marked by particular 

individual males, which suggest active pheromo-

nal mate choice (e.g., Martín and López 2000, 

2006a; López et al., 2002, 2003; Olsson et al., 2003; 

López and Martín, 2005a). Substrate scent marks 

can also provide information to other males on 

individuality, fi ghting ability or dominance status 

(Aragón et al., 2001; Carazo et al., 2007; Martín et 
al., 2007b).

However, there is little knowledge on the role 
of specifi c chemical compounds as sexual signals 
in lizards. The chemical composition of femoral 
gland secretions has been analyzed in only a few 
lizard species (reviewed in Weldon et al., 2008). 
Secretions are composed of both lipids and pro-
teins, but most recent evidences point to lipids 
as the main compounds involved in pheromonal 
communication (Mason, 1992; Martín and López, 
2006a). The few informations available on the 
chemical composition of femoral secretions indi-
cate that although the types of chemicals in se-
cretions are similar (e.g. steroids, carboxylic ac-
ids and alcohols, among others), the presence of 
specifi c compounds and the relative proportion of 
each chemical vary widely between species. These 
variations may be due to phylogenetic differences 
between species per se, but it is also likely that, if 
the persistence of scent marks in the habitat is a 
requisite for their effi ciency, there is selection for 
the presence of different chemicals with different 
properties in different habitats (Alberts, 1992; 
Escobar et al., 2003; Martín and López, 2006b). 
However, to test this hypothesis, we need more 
studies that deal with a wider range of lizard taxa 
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and consider a larger variety of microhabitat and 
environmental conditions.

“Green lizards” are a distinctive clade of lac-
ertid lizard species (Harris et al., 1998; Godinho 
et al., 2005) with adult males often having green 
brilliant dorsal colourations (Václav et al., 2007). 
They are large and robust lizards that tend to 
live in dense vegetation. Several closely related 
species of green lizards are widely distributed 
throughout much of the southern half of Europe, 
from France and Spain, through Central Europe 
to the Black sea, the Balkans and Greece, thus 
inhabiting a wide range of environmental condi-
tions (Nettman and Rykena, 1984; Arnold and 
Ovenden, 2002; Böhme et al., 2007). There are 
no specifi c studies on chemosensory detection of 
conspecifi c scents in green lizards, but, as in other 
lacertid lizards, the vomeronasal organ is well de-
veloped and chemoreceptor cells are abundant 
(Cooper, 1996), tongue-fl icking is often observed 
during social interactions (unpublished observa-
tions), and there is a clear sexual dimorphism 
in femoral pores, i.e., the size of pores, and the 
amount of secretion is higher in adult males and 
during the mating season; females have vestigi-
al pores without apparent secretion. These data 
strongly suggests that, as in other lacertids, green 
lizards should use femoral gland chemical secre-
tions in some aspects of their reproduction and 
social life.

A previous study examined the femoral gland 
secretions of the Schreiber’s green lizard (Lacerta 
schreiberi) (López and Martín, 2006), an endemic 
lizard from the North and Central Iberian Penin-
sula. Secretions of this lizard include several ster-
oids, α-tocopherol, and n-C9 to n-C22 carboxylic 
acids and their esters, and minor components such 
as alcohols between C12 and C24, two lactones, two 
ketones, and squalene (López and Martín, 2006).

In the present paper, we report the results of an 
analysis by gas chromatography-mass spectrome-
try (GC-MS) of the lipophilic fraction of femoral 
secretions of male green lizards (Lacerta viridis) 
from a Hungarian population. This is a large di-
urnal lacertid lizard, widespread in Europe, from 
Turkey and the Balkan Peninsula northwards 
across the Carpathian Basin to Ukraine, the 
Czech Republic and eastern Germany (Nettman 
and Rykena, 1984; Böhme et al., 2007). In Hun-
gary, the subspecies L. v. viridis is found in almost 
all its territory from plains to mountains, in open 
woods, woods and fi eld edges (Puky et al., 2005). 

In spring males defend territories from other 
males, the centre of the territory being the main 
refuge (Ihász et al., 2006). We compared the cur-
rent data on femoral secretions of L. viridis with 
previous data on the related L. schreiberi (López 
and Martín, 2006), aiming to understand whether 
the patterns of the lipid composition of femoral 
secretions of different lizard species depend on 
taxonomic affi nities and/or environmental char-
acteristics.

Material and Methods

We captured by noosing 22 adult male L. viridis 
during April and May 2007 and 2008, from a 
population near Tápiószentmárton (Pest county, 
Hungary). The habitat is sand puszta with dis-
turbed grassland, cultivated sand cottonwoods, 
honey locust (Gleditsia triacanthos) scrub, and ar-
tifi cially planted black pine forests (Pinus nigra). 
The soil is sandy with a large grass cover, where 
invasive weeds dominate. Only adult lizards with 
intact or fully regenerated tails were considered. 
Lizards were weighed [body mass, (16.5 ± 5.6) 
g; range, 6.3 – 27.7 g] and their snout-vent length 
(SVL) was measured [mean ± SE, (83 ± 9) mm; 
range, 64 – 100 mm]. Lizards had an average (± 
SE) of (17 ± 1) (range, 15 – 20) femoral pores on 
each leg.

We extracted the femoral pores secretion of liz-
ards by gently pressing around the femoral pores 
with a forceps, and collected the secretion directly 
in glass vials with Tefl on-lined stoppers. The vials 
were stored at – 20 °C until analyses. Lizards were 
released to their initial sighting location prior to 
the capture. We also used the same procedure on 
each sampling occasion, but without collecting 
secretion, to obtain blank control vials that were 
treated in the same manner to compare with the 
lizards samples and be able to exclude contami-
nants from the handling procedure or from the 
environment, where lizards were found, and for 
further examining impurities in the solvent.

We analyzed the samples with a Finnigan-Ther-
moQuest Trace 2000 gas chromatograph (GC) 
fi tted with a poly(5% diphenyl/95% dimethyl-
si loxane) column (Supelco, Equity-5, 30 m 
length × 0.25 mm ID, 0.25 μm fi lm thickness) and 
a Finnigan-ThermoQuest Trace 2000 mass spec-
trometer (MS) as detector. The samples, 2 ml of 
each sample dissolved in n-hexane (Sigma, capil-
lary GC grade), were injected using the splitless 
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mode at an inlet temperature of 250 °C. The GC 
was programmed so that the oven temperature 
was kept at 50 °C for 10 min, increased to a fi nal 
temperature of 280 °C at a rate of 5 °C/min, and 
kept at this temperature for 30 min. The carrier 
gas was helium at 30 cm/s. Ionization by electron 
impact (70 eV) was carried out at 280 °C. Mass 
spectral fragments below m/z = 39 were not re-
corded. Impurities identifi ed in the solvent and/
or the control vial samples are not reported. Ini-
tial identifi cation of secretion components was 
performed by comparison of sample mass spectra 
with those in the NIST/EPA/NIH 1998 computer-
ized mass spectral library. If possible, identifi ca-
tions were confi rmed by comparison of spectra 
and retention times with those of authentic stand-
ards (from Sigma-Aldrich Chemical Co).

Results and Discussion

A total of 40 lipophilic compounds were identi-
fi ed in femoral gland secretions of male L. viridis 
(Table I). The main components were steroids 
(59.6% of TIC), α-tocopherol and one of its de-
rivatives (28.5%), esters of carboxylic acids rang-
ing between n-C16 and n-C20 (4.6%), fi ve alcohols 
between C12 and C20 and two unidentifi ed alco-
hol derivatives (2.6%), and squalene (2.5%), but 
we also found three lactones (1.6%), one ketone 
(0.2%), and one unidentifi ed, but characteristic 
compound (0.4%). The major compounds were 
detected in all individuals, although the relative 
proportions of some chemicals showed a high in-
terindividual variability. On average, the two most 
abundant chemicals were cholestan-3-one (27.5% 
of TIC) and α-tocopherol (25.6%), followed by 
lower amounts of cholesteryl methyl ether (6.7%), 
cholest-4-en-3-one (5.9%) and cholesta-3,5-dien-
7-one (5.8%).

We found a high portion of α-tocopherol in se-
cretions of this lizard. Similarly, in secretions of 
the closely related Schreiber’s green lizard (L. 
schreiberi), α-tocopherol was also the main com-
pound (18.3%) (López and Martín, 2006). Both, 
the similar microhabitats and the close phyloge-
netic relationship between these two green  lizards 
may explain the presence of large amounts of 
α-tocopherol in the secretions. α-Tocopherol was 
also found, although in much less amounts (be-
tween 0.1 and 1.9%), in femoral secretions of the 
European lacertid, but unrelated, lizards Acan-
thodactylus erythrurus, Psammodromus algirus, 

Podarcis muralis and Lacerta vivipara (López and 
Martín, 2005b; Martín and López, 2006b, c; Gabi-
rot et al., 2008), and also in the South African 
cordylid, Cordylus giganteus (Louw et al., 2007). 
Furthermore, other unrelated reptiles such as am-
phisbaenians and crocodiles also have α-tocopherol 
in their glandular secretions (López and Martín, 
2005c; Weldon et al., 1987, 1988). This suggests that 
the presence of α-tocopherol in secretions is not 
just a consequence of the close phylogenetic rela-
tionship between green lizard species.
α-Tocopherol, and also squalene, are two well 

known fi xers and lipophilic antioxidants (Brigelius-
Flohe and Traber, 1999), whose fi rst possible func-
tion in secretions might be to inhibit oxidation of 
other glandular lipid components in the wet en-
vironments usually occupied by both species of 
green lizards, L. viridis and L. schreiberi, and to 
increase the chemical stability of the other lipid 
fractions in scent marks by limiting oxidation (see 
Alberts, 1992; Novotny and Martin-Neto, 2002).

However, secretion of α-tocopherol has to be 
costly for lizards. First, α-tocopherol is  typically 
produced by microorganisms and plants, and 
thus should be dietary in origin. Furthermore, 
α-tocopherol is one of the most abundant forms 
of vitamin E, which is the main lipophilic anti-
oxidant and radical scavenger, both in vitro and 
in vivo, and it is involved in membrane  defense 
(Burton and Traber, 1990; Brigelius-Flohe and 
Traber, 1999). The physiological relevance and the 
severe pathological consequences of α-tocopherol 
defi ciency, such as neurological disorders or lung 
diseases, impose a major challenge to animals for 
sustaining an adequate supply of this vitamin to 
different tissues (Mardones and Rigotti, 2004), 
particularly those highly sensitive to α-tocopherol 
defi ciency such as the brain and gonads. Given all 
these important functions of α-tocopherol in me-
tabolism, and given that it can only be obtained 
from the diet, its actual function in femoral secre-
tions is of enough importance to divert it from 
metabolism and “secrete” it from the body. It 
is likely that only males with an adequate sup-
ply could do it, and, as it occurs in other lizards, 
the presence of “costly” compounds (e.g.,  vitamin 
E, pro-vitamin D) in scent marks of males may 
be used by females as an index of the quality of
 a male or of his territory, which can affect fe-
male mate choice decisions (Martín and López, 
2006a,d). Nevertheless, the function of α-toco-
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pherol and other compounds in secretions re-
mains to be analyzed properly.

In addition to α-tocopherol, we found a deriva-
tive of this compound. Based on its characteristic 
mass spectrum (Fig. 1) we tentatively identifi ed it 
as a tocopherol derivative since the difference in 
the ion series is similar (444 – 179 = 265) to the 
difference for α-tocopherol (430 and 165) and 

γ-tocopherol (416 and 151). The mass shift of the 
small ion of 14 amu, which represents the chro-
manol head portion of the tocopherol structure, 
suggests a methyl derivative of this group. Since 
there is only one likely place for methylation (the 
phenolic OH), the spectrum coincides with the 
chemical structure of 6-O-methyl-α-tocopherol. 
This α-tocopherol derivative seems to be the 

Table I. Lipophilic compounds found in femoral secretions of male green lizards, Lacerta viridis. The relative 
amount of each component was determined as the percentage of the total ion current (TIC) and reported as the 
average (± 1 SE) for 22 individuals. Characteristic ions (m/z) are reported for some unidentifi ed compounds.

RTa 
[min]

Compound Mean ± SE

30.5 Dodecanol  0.75 ± 0.37
35.1 Tetradecanol  0.17 ± 0.10
35.3 2-Pentadecanone  0.22 ± 0.16
40.0 Hexadecanol  0.33 ± 0.31
41.3 Unidentifi ed alcohol derivative 1  0.19 ± 0.17
41.9 Hexadecanoic acid 1-methylethyl ester  0.35 ± 0.30
42.0 Heptadecanol  0.44 ± 0.20
43.0 Unidentifi ed alcohol derivative 2  0.19 ± 0.08
43.3 Octadecenoic acid methyl ester  0.11 ± 0.06
43.4 4-Hydroxy-hexadecanoic acid γ-lactone  0.87 ± 0.33
43.6 Octadecanol  0.36 ± 0.15
45.6 Unidentifi ed waxy ester 1  0.09 ± 0.06
47.0 4-Hydroxy-octadecanoic acid γ-lactone  0.59 ± 0.97
47.3 Eicosanol  0.16 ± 0.13
47.7 5-Hydroxy-octadecanoic acid δ-lactone  0.19 ± 0.18
48.3 Eicosanoic acid  0.57 ± 0.28
49.9 Hexadecanoic acid tetradecyl ester  1.05 ± 1.27
54.8 Squalene  2.46 ± 1.80
57.6 Unidentifi ed waxy ester 2  0.54 ± 0.98
57.9 6-O-Methyl-α-tocopherol  2.82 ± 1.42
58.1 Unidentifi ed compound (205, 430)  0.38 ± 0.28
58.3 Cholesteryl methyl ether  6.74 ± 2.64
59.7 α-Tocopherol 25.63 ± 10.42
60.2 Cholesta-3,5-dien-7-one  5.78 ± 2.64
60.4 Cholestan-3-one 27.45 ± 5.45
60.6 Unidentifi ed steroid (161, 187, 355, 394, 430)  3.16 ± 1.22
61.0 Unidentifi ed waxy ester 3  0.76 ± 0.69
61.4 Ergost-22-en-3-ol  1.27 ± 1.20
61.5 Unidentifi ed steroid (187, 213, 255, 382, 397)  1.02 ± 0.78
61.7 Unidentifi ed waxy ester 4  0.46 ± 0.53
62.1 Cholest-4-en-3-one  5.92 ± 3.97
62.5 Ergostanol  0.73 ± 0.47
62.8 Cholestan-3-one methyl derivative? (217, 231, 386, 401)  2.78 ± 0.81
65.0 Cholest-4-en-3-one methyl derivative? (124, 229, 275, 356, 399)  1.30 ± 0.88
65.2 Cholestan-3-one derivative? (217, 231, 386, 400, 415)  1.94 ± 0.55
65.9 Unidentifi ed steroid (354, 380, 400, 413)  0.17 + 0.15
66.3 Unidentifi ed steroid (137, 245, 354, 380, 401, 413)  0.77 ± 0.37
66.8 Unidentifi ed waxy ester 5  0.29 ± 0.26
67.8 Stigmast-4-en-3-one  0.59 ± 0.33
69.3 Unidentifi ed waxy ester 6  0.42 ± 0.31

a RT, retention time.
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same compound that remained unidentifi ed in L. 
schreiberi previous analyzed (López and Martín, 
2006). To our knowledge this compound has not 
been described as a natural product, although it 
can be synthesized in the laboratory, for exam-
ple by treating α-tocopherol with diazomethane 
(Saladino et al., 2008). However, the simple ana-
lytical procedures that we used and the recurrent 
appearance of this compound in all samples of 
several lizard species, and in different years, made 
very unlikely that this compound was an artifact 
of our analyses.

The major steroids found in femoral secretions 
of L. viridis were different from those found in 
the related L. schreiberi. The main steroids in 
L. viridis were cholestan-3-one and cholesteryl 
methyl ether, whereas these two steroids are 
minor components in secretions of L. schreiberi 
consisting mainly of ergostanol (16%), cholesta-
nol (12%) and a derivative of cholestanol (13%) 
(López and Martín, 2006). Moreover, in L. viridis 
cholestanol was not found and ergostanol was 
only a minor component. Also, many others of 
the minor steroids are different in both species. In 
contrast, in other lacertid lizards, cholesterol was 
the main steroid, and the main lipid, and it was 
found in high abundance: 67% in Lacerta monti-
cola (López and Martín, 2005 d), between 52 and 
63% in several species of Podarcis lizards (Martín 
and López, 2006b), and 86% in Lacerta vivipara 
(Gabirot et al., 2008). Cholesterol was also found 
in L. schreiberi, but in considerably lower por-

tion (6.4%) (López and Martín, 2006), and was 
not found in L. viridis. These large disparities in 
major steroids of femoral secretions suggest that 
phylogenetic relationships might not explain per 
se the specifi c compounds found in secretions.

Interestingly, further evidence of the role of 
the environment regarding the composition of 
secretions may originate from interspecifi c differ-
ences in the fatty acid composition of green liz-
ards. While, L. viridis secretions contain esters of 
C16 to C20 carboxylic acids and at least six waxy 
esters, L. schreiberi secretions contain free car-
boxylic acids between C9 to C22 and none waxy 
ester (López and Martín, 2006). Fatty acids with 
a higher number of carbon atoms and waxy esters 
are less volatile and would confer more stability 
to secretions under conditions where high levels 
of humidity increase evaporation (Alberts, 1992). 
Although both lizard species occupy relatively 
humid microhabitats, differences in the prevail-
ing climate in the geographical areas occupied by 
each species might infl uence the chemical compo-
sition of secretions. This might be explained by the 
persistence of scent marks in the habitat which is 
important for the effi ciency of intraspecifi c com-
munication (Alberts, 1992). Similarly, populations 
of the Iberian wall lizard, Podarcis hispanica, that 
occupy areas characterized by high levels of hu-
midity have femoral secretions with less volatile 
compounds (i.e. more waxy esters and fatty ac-
ids of longer chain) than populations of the same 

Fig. 1. Mass spectrum of the α-tocopherol derivative, tentatively identifi ed as 6-O-methyl-α-tocopherol, found in 
femoral secretions of male green lizards, Lacerta viridis.
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species occupying drier areas (Martín and López, 
2006b).

In contrast, the two green lizard species have 
very similar alcohols in femoral secretions, al-
though L. viridis has two probable alcohol de-
rivatives not found in L. schreiberi. Similar alco-
hols have been found in other lacertid lizards, but 
not in iguanian lizards (see Weldon et al., 2008 
for a review). Thus, it seems that alcohols might 
be characteristic of femoral secretions of lacer-
tids lizards (Scleroglossa clade), but be absent in 
others groups (Iguania clade). Finally, both green 
lizard species coincide in the presence of two lac-
tones and one ketone (López and Martín, 2006), 
but L. viridis has an additional exclusive lactone 
and L. schreiberi an additional exclusive ketone.

Further studies are clearly needed to under-
stand the patterns of presence and abundance 
of different compounds in femoral secretions of 
lizards, and how phylogenetic relationships and 
environmental conditions can explain the charac-
teristics of these secretions. Given the wide dis-
tribution of L. viridis in Europe, where several 
authors have described fi ve subspecies, as well as 
other very closely related species (Nettman and 
Rykena, 1984; Böhme et al., 2007), green lizards 
could be an ideal species group to examine the 

causes of possible variations in femoral secretions 
though all their geographical range of occurrence. 
Also, we need to clarify the possible role of the 
compounds found in femoral secretions with po-
tential of being signaling pheromones, such as to-
copherol, in social organization and sexual selec-
tion processes of green lizards.
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