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Abstract 

In rodents, male courtship is stimulated by pheromones emitted by the sexually receptive female. In 

response, the male produces ultrasonic vocalizations, which appear to play a role in female 

attraction and facilitate copulation. The present review summarizes the main findings on courtship 

vocalizations and their tight regulation by sex steroid hormones. It describes studies that address the 

effects of exposure to endocrine disrupting compounds (EDC) on ultrasound production, as changes 

in hormone levels or their signaling pathways may interfere with the emission of ultrasonic 

vocalizations. It also discusses the potential use of this behavior as a noninvasive biomarker of adult 

exposure to EDC. 
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1. Introduction 

Rodents produce ultrasonic vocalizations (USVs) in a wide variety of social contexts, such as 

mother-pup retrieval and interactions between juveniles or between adult individuals of either the 

same or opposite sex. Rodent USVs have been recognized for more than a century (Sidebotham, 

1877), recorded for the first time in the fifties (Zippelius & Schleidt, 1956), and studied in the 

context of sexual interaction since the 70’s (Nyby et al. 1977; Nyby, 1983; Sales, 1972; Whitney et 

al. 1973; Whitney et al. 1974). Nevertheless, they have only recently attracted considerable 

academic interest since the discovery of their song-like structure (Holy & Guo, 2005). 

Here, I summarize the main findings obtained on USVs emitted by males during sexual interaction, 

their regulation by sex steroid hormones, and their potential alteration by exposure to endocrine 

disrupting compounds (EDCs). EDCs are defined by the WHO and the Endocrine Society as 

exogenous chemical substances or mixtures of substances that alter functions of the endocrine 

system. EDC exposure has been reported to alter several reproductive functions (Who, 2012), 

including mating behavior (reviewed in Gore et al., 2018; Mhaouty-Kodja et al., 2018). To date, 

very few studies have addressed the effects of EDCs on the emission of courtship vocalizations. 

 

2. Male ultrasonic vocalizations during courtship 

Courtship behavior is essential for sexual reproduction and constitutes a chain of behavioral 

responses that lead to mating. Vocalizations have been extensively studied in songbirds in this 

context and have been shown to play a key role in female attraction and the success of sexual 

reproduction. Only recently has the emission of USVs during courtship gained new interest in mice, 

as mentioned above (Chabout et al., 2015; Egnor & Seagraves, 2016; Holy & Guo, 2005). 

In rodents, the courting male displays a chemo-investigating behavior towards the receptive female. 

In response to females or their odors, males produce USVs (Bean, 1982; Dizinno & Whitney, 1977; 

Nyby et al., 1977), which display the characteristics of songs (Holy & Guo, 2005). The vocalization 
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rate drops dramatically following the first mounting events (Hanson & Hurley, 2012) and the male 

engages in the copulatory phase by exhibiting thrusting and intromitting behaviors before reaching 

ejaculation. 

The emission of USVs under mating conditions are assessed by performing recordings in the 

presence of a sexually receptive female (Figure 1A). Under such conditions, males emit most of the 

produced USVs, whereas females vocalize in other social contexts towards female congeners or 

their young (D’Amato et al., 2001; Hanson & Hurley, 2012; Maggio & Whitney, 1985; Moles et al., 

2007; Wang et al., 2008; Whitney et al., 1973). In particular, devocalization of male mice reduces 

USV production to a low level, which is comparable to the condition in which both male and 

female partners are devocalized (White et al., 1998). A recent study using a new microphone array 

system to localize vocalizations from interacting mice showed approximately 82% of vocal signal 

counts to be attributable to males (Neunuebel et al., 2015). These data were more recently 

confirmed by reports showing that females vocalize significantly less often than males during 

dyadic interactions, with females accounting for approximately one sixth of all emitted signals 

(Warren et al., 2018).  

The emission of courtship USVs conveys information about the male’s motivational state and plays 

a role in attracting and maintaining the sexual interest of the female partner (Floody et al., 1979, 

Pomerantz et al., 1983; Thomas et al., 1981). For example, females spend more time near 

vocalizing than surgically devocalized males (Pomerantz et al., 1983) and playback of male USVs 

elicited approach behavior of females in a place preference paradigm (Hammerschmidt et al., 

2009). USVs have also been suggested to provide information about male quality, as in songbirds, 

since USVs are associated with dominance (Nyby et al., 1976) and regulated by androgens, as 

detailed in section 5.  

 

3. Features of courtship USVs in rodents 
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Male rodents mainly vocalize at a frequency of 35 to 110 kHz. In mice, USVs consist of several 

syllable types that are organized into phrases (Holy & Guo, 2005). The characteristics of USVs in 

terms of syllable composition, frequency of emission, duration, and frequency of the waveform 

category are different between mouse strains (Kikusui et al., 2011; Sugimoto et al., 2011). In male 

mice with a C57BL/6 background, nine major syllables that vary in duration and complexity have 

been identified and categorized as short, flat, upward, downward, modulated, complex, mixed, one 

jump, and with frequency jumps and grouped into three broad categories (Figure 1B) (Capela et al., 

2018; Dombret et al., 2017; Ey et al., 2013). The number and duration of syllables emitted during 

sexual interaction are quantifiable. However, the meaning of each syllable is not clearly known and 

the most appealing types of syllables emitted by males towards female have not been identified thus 

far. Nevertheless, Chabout et al. (2015) proposed that male mice emit simple syllables for direct 

courtship when the female is present and more complex “calling songs”, intended to attract the 

females, when males can smell but not see them. In another study, Matsumoto and Okanoya (2016) 

observed that male mice emit short syllables during the first minutes of interaction and longer and 

more complex syllables with harmonic sounds during mounting. Finally, it was observed that males 

emit more “up” and “modulated” (U-shaped) syllables and less “flat” and “down” syllables when 

females were removed from the cage (Hanson & Hurley, 2012).  

 

The emission of USVs appears to be an innate character, as congenital deaf mice or animals 

rendered deaf at postnatal day (PND) 2 are able to emit ultrasonic vocalizations with characteristics 

identical to those observed in their hearing controls (Hammerschmidt et al., 2015; Mahrt et al., 

2013). Furthermore, a cross-fostering experiment carried out between birth and PND21 showed that 

mice placed with foster parents with a genetic background different from theirs emitted 

vocalizations with acoustics similar to those of their genetic parents (Kikusui et al., 2011). 

Nevertheless, some studies have suggested that learning may occur under certain conditions. In a 

study of Arriaga et al. (2012), adult male mice were able to change some spectral features of their 
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songs under conditions of social competition, in which a male was placed in the presence of a 

receptive female and a male of a different strain. The authors concluded that male mice have some 

ability to modify their vocalizations, albeit limited, with at least some neuroanatomical features 

thought to be unique to humans and song-learning birds.  

 

4. Neural systems that control the emission of USVs 

The neural circuitry that processes the expression of sexual behavior in rodents is activated by 

pheromone cues emitted by a sexually receptive female. Signals are detected by the olfactory 

system and transmitted to the medial amygdala, bed nucleus of the stria terminalis, and the medial 

preoptic area, where signals are processed into behavioral responses, such as partner preference, 

urine marking (Figure 2). Courtship USVs are also produced in response to females or their odors 

(Bean, 1982; Dizinno & Whitney, 1977; Nyby et al., 1977), yet the neural structure underlying the 

motivation to produce USVs still needs to be documented in rodents, in particular the precise role of 

the medial preoptic area. Lesion of this hypothalamic area in adult male mice reduced mounting 

behavior but did not affect the ultrasonic vocalizations emitted in the presence of a female (Bean et 

al., 1981). However, blockade of protein synthesis by anisomycin into the rat medial preoptic area 

significantly decreased both the expression of male sexual behavior and ultrasonic vocalizations 

(McGinnis & Kahn, 1997). More recently, Gao et al. (2019) reported that optogenetic stimulation of 

the medial preoptic area, in particular neurons expressing the vesicular gamma-aminobutyric acid 

transporter-positive (Vgat), elicited the emission of USVs by males in the absence of any female 

stimulus. These USVs were acoustically similar to those emitted spontaneously by adult males in 

the presence of a female. Interestingly, ablation of these Vgat neurons did not reduce USV levels 

but altered spectral features of courtship USVs. 

A study by Arriaga et al. (2012) showed that the mouse song system responsible for USV 

production by males includes two pathways that converge at the nucleus ambiguous, which 

innervates the larynx muscles. One pathway originates from the periaqueductal grey and the other 
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from the primary motor cortex. The periaqueductal grey area could represent a potential key region 

connecting the motor system to the neural circuitry underlying sexual behavior. Indeed, it receives 

projections from the medial hypothalamus and preoptic area in rats and mice (Kohl et al., 2018; 

Shipley & Ennis, 1991) and was shown to induce mating calls when electrically stimulated at the 

level of the caudal subregion in the male guinea pig (Kyhou & Gemba, 1998). Finally, silencing a 

subset of neurons in the periaqueductal grey selectively abolished courtship vocalizations and 

impaired their ability to attract female mice in a social choice assay (Tschida et al., 2018). By 

contrast, optogenetic activation of these neurons elevated USV production, even in the absence of 

female cues. 

 

5. Hormonal regulation of courtship USVs and underlying signaling pathways 

Several rodent studies have reported that the USVs emitted by males in response to females or their 

urine-soiled bedding, are modulated by testicular testosterone. Castration of adult males was shown 

to induce a decline in ultrasound production, which was restored by testosterone treatment for the 

70-kHz vocalizations in mice (Bean et al., 1986; Dizinno & Whitney, 1977; Nunez et al., 1978; 

Nunez & Tan, 1984), 35-kHz vocalizations in deer mice (Pomerantz et al., 1983) and hamsters 

(Floody et al., 1979), and 50-kHz calls in rats (Matochik & Barfield, 1991). In these studies, 

castration did not completely abolish ultrasound production, but few vocalizations were emitted in 

the presence of females, suggesting a role of testosterone in the motivation to vocalize rather than a 

deficit in an effector system (Nunez et al., 1978). The testosterone metabolites estradiol and 5α-

dihydrotestosterone restore USV production at different levels, depending on the doses used, but are 

as effective as testosterone when treatments combine both hormones (Bean et al., 1986; Matochik et 

al., 1991; Nunez et al., 1978; Nunez & Tan, 1984; Pomerantz et al., 1983). Another argument in 

favor of the involvement of both androgen and estrogen signaling pathways in the hormonal 

regulation of courtship USVs comes from the use of systemic administration of androgen receptor 

(AR) or estrogen receptor (ER) antagonists, which block the 50-kHz ultrasonic vocalizations of rats, 
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either when used alone or together (Vagell et al., 1998). In addition to the long-term effects of sex 

steroids, recent studies have shown that testosterone and estradiol can also rapidly alter the duration 

and frequency of USVs in hamsters (Fernández-Vargas, 2017). Overall, these data support the idea 

that USVs are dynamic signals that can rapidly change in response to both internal and external 

environments. 

At the neural level, several studies designate the medial preoptic nucleus as the key structure that 

integrates the hormonal signals necessary to induce the motivation to produce USVs during 

courtship. Ultrasonic mating vocalizations were completely restored in castrated male mice 

receiving implants of testosterone into the medial preoptic area, but not the corticomedullar 

amygdala, septum, anterior and ventromedial hypothalamus, or ventral tegmental area (Matochik et 

al., 1994; Nyby, 1992; Sipos & Nyby, 1996; Sipos & Nyby, 1998). A study in rats showed similar 

results, with implants in the ventromedial hypothalamus restoring partner preference but not 50-kHz 

vocalizations (Harding & McGinnis, 2003). Estradiol benzoate implanted into the preoptic area also 

activated ultrasonic vocalizations in male mice and gerbils (Holman et al., 1991; Nyby, 1992). 

The involvement of neural AR was first studied by implanting the anti-androgen hydroxyflutamide 

in the medial preoptic area or the ventromedial nucleus of castrated males supplemented with 

testosterone (Harding & McGinnis, 2004). It was found that AR blockade in the ventromedial 

nucleus was more effective in inhibiting the restoration of 50-kHz vocalizations. More recently, the 

neural AR role in testosterone-induced regulation of USVs was investigated using a transgenic 

mouse model lacking the AR in the nervous system (Raskin et al., 2009). Under equivalent 

testosterone levels, naïve mutant males displayed a smaller total number and shorter duration of 

USVs in the presence of receptive females than their control littermates (Dombret et al., 2017). 

They also exhibited a smaller number of emitted syllables (-57% to -70% versus controls) for seven 

of the nine syllables (short, flat, upward, modulated, complex, one-jump, and frequency jump). The 

duration was also reduced for short, modulated, complex, one-jump, and frequency-jump syllables. 
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Our studies have also shown that all control males were able to vocalize in the presence of sexually 

receptive females after a first sexual experience, whereas the percentage remained unchanged for 

mutants (Figure 3A). Two-way ANOVA showed an effect of genotype and experience on the total 

number and duration of USVs (Figure 3B-C). Despite an increase in both parameters in the mutant 

males after a first sexual experience, they were still lower than those for their control littermates 

(Figure 3C). These data confirm previous studies concerning the effect of sexual experience on the 

emission of courtship USVs (Nunez & Tan, 1984) and suggest that the neural AR mediates, at least 

in part, the testosterone-induced regulation of ultrasonic vocalizations. Current studies are 

investigating the participation of neural estrogen receptors. 

 

6. Effect of exposure to EDCs 

The hormone-dependent regulation of courtship USVs suggests that this behavior may be sensitive 

to exposure to EDCs, as for other components of sexual behavior (Mhaouty-Kodja et al., 2018). 

Exposure to EDCs can interfere with the emission of courtship vocalizations through changes in sex 

steroid levels or their signaling pathways in the neural circuitry underlying sexual behavior or 

motor system controlling ultrasonic vocalizations (Figure 2). Five studies have been conducted on 

the effects of exposure to environmental EDCs on USVs emitted in the context of sexual interaction 

(Table 1). Three focused on developmental exposure to octylphenol (Pocock et al., 2002), 

polychlorinated biphenyls (PCBs), and vinclozolin (Bell et al., 2016; Krishnan et al., 2018), 

whereas the other two addressed the effects of adult exposure to di-(2-ethylexyl)phthalate (DEHP) 

and nonylphenol (NP) (Capela et al., 2018; Dombret et al., 2017). 

 

6.1. Developmental exposure 

Octylphenol and NP result from the degradation of alkylphenols, which are used as nonionic 

surfactants in a wide variety of industrial, agricultural, and domestic applications, and exhibit 

estrogenic activity (Kwack et al., 2002; Laws et al., 2000; Yadetie et al., 1999). Vinclozolin, a 
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fungicide used on fruits and vegetables, and DEHP, the most abundant phthalate used in the 

manufacture and processing of plastic products, are known to exhibit anti-androgenic activities 

(Gray et al., 1994; Wolf et al., 1999). PCBs are persistent chemicals, banned in the 70 and 80’s, 

previously used as fire preventives in electrical equipment. They have been reported to alter several 

physiological systems, including the thyroid and reproduction (Gray et al., 1993). 

Prenatal and postnatal exposure to octylphenol at high doses (100-250 mg/kg/day) or PCB (1 

mg/kg) had no effects on USVs emitted by adult males of the F1 generation (Bell et al., 2016; 

Pocock et al., 2002). Exposure to PCB or vinclozolin (1 mg/kg each) lowered the rate and 

frequency of USVs emitted by adult males of the F2 generation (Krishnan et al., 2018). These 

changes were associated with lower levels of estradiol and testosterone in the PCB- and 

vinclozolin-exposed groups. Such long-term induced modifications in hormonal levels could 

underlie, at least partially, the observed behavioral changes. 

Further studies are needed to clarify the effects of developmental exposure to EDCs on courtship 

USVs, in particular during the perinatal and prepubertal periods, when testosterone and its 

metabolites are required for the sexual differentiation of brain areas involved in sexual behavior and 

USVs. In this context, special attention should be given to EDCs with anti-androgenic, estrogenic, 

or anti-estrogenic activity.  

 

6.2. Adult exposure 

The two remaining studies addressed the effects of adult exposure to low doses (0.5, 5 and 50 

μg/kg/day) of DEHP and NP in male mice (Capela et al., 2018; Dombret et al., 2017). We used the 

same protocol of chronic exposure and showed that the effects of adult exposure to each of these 

compounds on USVs and sexual behavior present similarities and differences. 

Exposure to DEHP lowered the total number and duration of USVs. A detailed analysis of the 

syllables showed changes in the frequency of eight syllables and the duration of five at a dose of 50 
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μg/kg/day. Lower doses of 0.5 and 5 μg/kg/day affected the frequency and duration of short and flat 

syllables and slightly altered the ratio of syllable categories. These effects on courtship 

vocalizations were associated with diminished sexual interest of female partners towards males 

exposed to 5 or 50 μg/kg/d. Males of these two-exposed groups took longer to initiate mating, 

despite normal olfactory preference (Dombret et al., 2017). Further analyses showed that such 

behavioral changes were not due to modifications in hormonal levels or the integrity of the 

hypothalamus-pituitary axis but rather to down-regulation of the AR in the neural circuitry 

underlying the expression of sexual behavior (medial amygdala, bed nucleus of stria terminalis, and 

medial preoptic area).  

Exposure of adult male mice to NP induced most of the effects at a dose of 5 μg/kg/d (Capela et al., 

2018). In contrast to DEHP, NP exposure resulted in an increase in the total number and duration of 

USVs. In particular, changes concerned the total number and duration of the frequency-jump 

category and the total and mean duration of syllables of all categories. The latency to initiate mating 

was unchanged but the duration of mating increased, with a significantly higher number of mounts, 

intromissions, and thrusts exhibited by males exposed to NP at 5 μg/kg/d than those of the other 

groups. These modifications are similar to those induced by estrogens on USVs (Bean et al., 1986; 

Nunez et al., 1978; Nyby et al., 1992; Pomerantz et al., 1983) and copulatory behavior (Retana-

Marquez et al., 2016). As for DEHP, adult exposure to NP did not trigger any changes in 

testosterone levels or the hypothalamic–pituitary–gonadal axis but altered the number of AR- and 

ERα-immunoreactive cells in the medial amygdala and bed nucleus of the stria terminalis and AR 

protein levels in the medial preoptic area (Capela et al., 2018).  

Among the various behaviors analyzed in these two studies, USVs appeared sufficient to predict the 

anti-androgenic effect of DEHP and estrogenic-like effect of NP. Such activities were confirmed by 

the combination of several approaches and involved, at least in part, modifications in the levels of 

neural AR and ERα.  
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7. Conclusion 

As for other components of sexual behavior, courtship USVs are tightly regulated by testosterone 

and its metabolites. Alterations in hormonal levels or their signaling pathways could, therefore, 

interfere with USV emission. The data obtained following chronic exposure of male mice during 

adulthood indicate that the recording of ultrasounds may suggest the anti-androgenic or estrogenic 

activities of studied molecules. The high sensitivity of adult neural systems involved in the 

motivation to vocalize and/or produce USVs to DEHP and NP exposure is shown by the low doses 

at which the effects were induced. Whether the effects of adult exposure to DEHP and NP on USV 

emission can be reversed following the discontinuation of exposure is yet to be studied. Also, 

further studies addressing adult exposure are required to determine whether the observations made 

in the DEHP and NP studies extend to other molecules that exhibit anti-androgenic or estrogenic 

activities. The potential use of courtship USVs to directly predict the effects and activity of EDCs 

provides interesting perspectives in the context of characterizing and developing noninvasive in 

vivo biomarkers of endocrine disruption not only in rodents but in other species as well. Indeed, 

fish, amphibians, birds, and mammals have in common the use of vocalizations during courtship, 

which are regulated by testosterone in all (Bass & Remage-Healey, 2008). Thus, the study of 

vocalizations in diverse species may reveal their vulnerability to exposure to environmental EDCs. 
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Figure legends 

Figure 1. A) Recording of courtship ultrasonic vocalizations. Males are tested for 4 to 5 min in 

their home cage under red-light illumination, 2 h after lights off. The recording of vocalizations 

starts after the introduction of a sexually receptive female using a microphone connected to an 

ultrasound recording interface plugged into a computer equipped with the recording software. The 

total number and duration of USVs are quantified. The number and duration of each syllable, 

identified as in Figure 1, can also be analyzed. B) Illustration of ultrasonic vocalizations in mice. 

Nine syllable types of ultrasonic vocalizations (USVs) are classified into three main categories 

(simple, complex, and with frequency jumps). Simple USVs are identified as syllables with a 

unidirectional frequency with a duration that is shorter (short) or longer than 5 ms (flat, upward, 

downward). Complex syllables are characterized by frequency modulations in more than one 

direction (modulated) or with inclusion of one or more additional frequency components (complex). 

Frequency jumps are identified as syllables showing one (one jump) or several frequency jumps 

(frequency jump) with (mixed) or without sound during the transition. 

 

Figure 2. During sexual interaction, pheromones emitted by the female are detected by the 

olfactory bulb, which then stimulates the neural circuitry underlying sexual behavior. Signals are 

transmitted to the medial amygdala (MeA), bed nucleus of stria terminalis (BNST), and medial 

preoptic area (MPOA), the key hypothalamic region involved in the motivation to vocalize. The 

production of ultrasonic vocalizations is controlled by motor circuitry, not illustrated in this figure, 

including the motor cortex and periaqueductal grey, as reported by Arriaga et al. (2012). Exposure 

to endocrine disrupting compounds (EDC) can interfere with the emission of courtship 

vocalizations through changes in sex steroid levels or their signaling pathways. 

 

Figure 3. Effect of experience on ultrasonic vocalizations (USVs) in a mouse line lacking the 

neural androgen receptor. Behavioral analyses were performed on control and mutant littermates 
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that were castrated and supplemented with testosterone implants to normalize their hormonal levels, 

as previously described (Raskin et al., 2012). Males were tested when naïve and two weeks after 

mating with sexually receptive females. A) Percentage of naïve and sexually experienced males of 

both genotypes emitting vocalizations for 5 min in the presence of a sexually receptive female. B-

C) Total number (B) and duration (C) of USVs emitted by control and mutant littermates that 

vocalized during the test. Data are expressed as the means ± S.E.M. of 9 to 12 males per genotype. 

Two-way ANOVA shows an effect of genotype (F(1,13)  = 8.62, p = 0.012) and experience (F(1,13)  = 

13.75, p = 0.002) on the number of USVs. There was also an effect of genotype (F(1,13)  = 12.95, p = 

0.003) and experience (F(1,13)  = 17.71, p = 0.001) on the duration of USVs. Post hoc analyses 

showed differences between the two genotypes for both naïve and experienced animals; *p < 0.05, 

**p < 0.01. 
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Table 1 

Effects of exposure to endocrine disrupting compounds on ultrasonic vocalizations. AR: androgen 

receptor; DEHP: di-(2-ethylexyl)phthalate; ED: embryonic day; ER: estrogen receptor; BNST: bed 

nucleus of stria terminalis; MeA: medial amygdala; MPOA: medial preoptic area; PCB: 

polychlorinated biphenyls; PND: postnatal day. 
Reference Specie Exposure period Route Doses Age at analyses Analyses of ultrasonic vocalizations (USVs) Analyses of sexual behavior, hormone levels or 

hormone-sensitive tissues 

Pocock et al. 2002 Wistar rats Gestation and lactation
until PND21 Oral (diet) Octylphenol: 

100–250 mg/kg/day 
PND7, PN12, and 
PND220 for males

Pups isolated from mothers: USVs emitted at PND7 were 
reduced in number and duration for both sexes.
Adults in social interaction: no effects on USVs (data not 
shown).

No effect on testicular weight at PND19.
Heavier testes at adulthood.

Bell et al. 2016 Sprague–Dawley 
rats

Prenatal exposure at 
ED16, ED18, and ED20.
Juvenile exposure at 
PND24, 26, and 28.

Injection (ip) 
PCB (Arochlor1221)
Prenatal exposure: 1 mg/kg
Juvenile exposure: 1 mg/kg 

PND30 to PND39, 
and adulthood

Adolescents in play interaction: prenatal exposure was 
associated with fewer USVs post-play, but only for females.
Adults in the presence of receptive females: USVs 
production was not affected by 1 mg/kg prenatal exposure.

In preference tests, prenatal exposure to PCB reduced 
the amount of time spent near the no-hormone treated 
stimulus animal.

Krishnan et al. 2018 Sprague–Dawley
 rats ED8 to ED18 Injection (ip) 

PCB (Arochlor1221):
1 mg/kg
Vinclozolin: 1 mg/kg

Adult males of 
F2 generation

In the presence of receptive females:
Vinclozolin: total calls were emitted at significantly lower 
rates by males of the paternal lineage.
PCB: males of the paternal lineage had lower 
power/intensity than the vehicle group, narrower bandwidth 
than the vinclozolin group, and lower mean frequency than 
both the vehicle  and  vinclozolin groups.

Mating tests: higher frequency of intromission and 
decreased latency to ejaculation for males of both PCB 
and vinclozolin groups.
Lower estradiol levels in the vinclozolin-group.
Lower circulating testosterone levels in the PCB-
group.

Dombret et al. 2017 C57BL/6J mice Adulthood Oral (diet) DEHP: 
0.5, 5, 50 µg/kg/d

Adults: 4-6 weeks
after exposure

Reduced total number and duration of USVs at 50 µg/kg/d
The frequency of eight syllables of nine was reduced after 
chronic exposure to DEHP-50, whereas the number of short 
and flat USVs decreased in the DEHP-0.5 and DEHP-5 
groups.
The percentage of USVs per category remaned unchenged 
in the DEHP-50 group, but was altered in the DEHP-0.5 and 
DEHP-5 groups relative to the vehicle group.

Increased latency to intromission and ejaculation.
Reduced attraction of receptive females in three-
chamber test (for 5 and 50 µg/kg/d groups).
Unchanged levels of testosterone.
Down-regulation of neural AR at 5 and 50 µg/kg/d  
and unaffected expresion levels of  ERα  in the neural 
circuitry underlying sexual behavior (MeA, BNST, 
MPOA). 

Capela et al. 2018 C57BL/6J mice Adulthood Oral (diet) Nonylphenol: 
0.5, 5, 50 µg/kg/d

Adults: 4-6 weeks
after exposure

Increased total  number and duration at 5 µg/kg/d, with 
increased syllable number  for one jump and frequency 
jump syllables. Increased total duration was also observed 
for flat, upward, modulated, one jump, and frequency jump 
syllables. 

Increased duration of mating, number of mounts, 
intromissions and thrusts.
Unchanged levels of testosterone.
Modifications in the number of AR- and ERα-
immunoreactive cells in the MeA, BNST and  MPOA. 
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