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Abstract

In mammals, male copulatory behavior is far from stereotyped. In male rats, for instance, 
non-copulatory and copulatory phenotypes can be identified. Furthermore, male rats 
displaying copulatory behavior may have short, normal or long ejaculatory latencies. There 
are even phenotypes that feature vigorous mounts and intromissions but not ejaculation. 
Although all these male categories may result from interindividual differences in the 
availability of particular neurotransmitters, receptors for sex steroids and distinctive 
aromatase activity in specific brain regions, it has also been shown that they might reflect 
differences in sensory functions such as those observed in the olfactory system between 
non-copulatory and copulatory rat males. However, the male sexual response depends 
not only on olfactory stimuli but also upon adequate somatosensory stimulation from 
the genitals as well as from the rest of the body. Thus, differences of male copulatory 
behavior could also result from individual anatomical and functional distinctions along 
somatosensory pathways. To this end we studied a possible relationship between the size 
of the genital representation in the primary somatosensory cortex (S1) and individual 
expression of the copulatory behavior in male rats. We hypothesized that males presenting 
copulatory patterns and short ejaculation latencies would have a larger genital area 
representation in S1. In line with these expectations, our preliminary results show that 
males having short (<600s) and intermediate (601-1200s) ejaculation latencies have larger 
genital representations in S1 than those having long ejaculation latencies (1201-1800s). 
In addition, non-copulator animals had the smallest genital representations in S1. An 
inverse correlation was present between the area of the genital cortical representation 
and ejaculation latencies among the groups of male rats studied, supporting that the 
better the performance, the larger the S1 genital representation. 

Key words: Sexual behavior, ejaculation, somatosensory cortex, genital
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1. Introduction

Copulatory behavior has been considered a set of stereotyped patterns (Dewsbury et al., 
1979; Dewsbury & Hartung, 1980). This point of view, however, has been challenged by 
evidence in various mammalian species that males actually have different copulatory 
categories (Alexander et al., 1993; Alexander et al., 1999; Antaramian et al., 2015; De 
Gasperín-Estrada et al., 2008; Larsson, 1961; Pattij et al., 2005; Portillo et al., 2013; 
2006a; 2006b). While these categories could result from ecological pressure (e.g. social 
status, reproductive strategies, reproductive social organization; Lucio et al., 2012) and, 
therefore, be susceptible to modification by environmental information and/or sexual 
and reproductive experience, they could also be unchangeable and result from inter-
individual morpho-functional differences. In particular, male rats exert variable copulatory 
behavior; they may copulate or not (Larsson, 1960). If males do copulate with receptive 
females, they may show a higher or lower number of ejaculations in an experimental 
test period (e.g. 1800s) and can be categorized as having short (247 ± 45 s), intermediate 
(717 ± 133 s) or long (1697 ± 80 s) first ejaculatory latencies (Pattij et al., 2005). Because 
the performance of males in different categories show consistency, male copulatory 
categories could be relatively intrinsic, unchangeable biological characteristics (Pattij et 
al, 2005). In support of this assumption, copulating rats have higher levels of serotonin 
in the para-gigantocellular nucleus located in the lumbar region of the spinal cord and 
in the lateral hypothalamic area (reviewed in de Jong et al, 2006), increased availability 
of dopamine in the medial preoptic area of the hypothalamus (MPOA, Dominguez & 
Hull, 2005), reduced ratio of immunoreactive cells to androgen receptors (AR) in the 
postero-dorsal amygdala (MePD) and a lower ratio of immunoreactive neurons to 
α oestrogenic receptors (αER) in the anterior dorsal nucleus of the medial amygdala 
(MeAD) (Hull & Dominguez, 2007). Other observations in copulator vs. non-copulator rats 
include an increased number of immunopositive αER neurons in the MPOA, increased 
activity of the enzyme aromatase in the medial preoptic nucleus (MPN; (Portillo et 
al., 2006, 2007) and increase in the neuronal recruitment for sexually relevant odors 
in the bed nucleus of the stria terminalis (BNST) and the MPOA (Portillo et al, 2013).

Sexual behavior, however, depends not only on the traditionally studied actions of neural 
structures related to the motivation and implementation of sexual and reproductive 
behavior but also on contributions from the neural structures responsible for processing 
sensory information (Georgiadis, 2012; Georgiadis & Holstege, 2005; Ruytjens et al., 
2007) Supporting the latter view, Portillo et al., (2013) reported an increase in neuronal 
recruitment in the Accessory Olfactory Bulb (AOB) and the Primary Olfactory System 
(AOS) of copulator mice in response to sexually relevant odors. Contreras & Ågmo 
(1993) showed that anesthetizing and denerving the penis disrupts the expression of 
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copulatory motor patterns. In particular, rats with anesthesia of the balano-preputial 
groove region (BPG) showed a decrease in the number of mounts and intromissions; 
those with denervation of the dorsal branch of the pudendal nerve displayed fewer 
mounts and intromissions, and those both anaesthetized and denerved were able to 
mount but did not show the intromission pattern when paired with receptive females. 
None of the subjects in these three experimental groups reached ejaculation. Recent 
data has shown that the mechano-sensory information from external male sex organs, 
in addition to contributing towards the expression of male copulatory behavior, allows 
for the organization of the motor patterns underlying copulatory behavior (Pavlou et 
al., 2016). Therefore, differences in the expression of copulatory motor patterns observed 
among different categories of male rats could also reflect differences in the morpho-
physiology of the somatosensory system associated with the external genitals.

The somatosensory information generated by mechanical stimulation of the external 
genitals is sent to the primary somatosensory cortex (S1; Cazala et al., 2015), through a 
tri-synaptic pathway involving the dorsal column and the medial lemniscus. In the S1 
of rats, representation of the body is formed by cytoarchitectonic modules of various 
sizes, called barrels. The relative size of these representations is positively correlated with 
the functional importance of the represented body segment (Purves, 1988). Although an 
anatomical representation of the genitals has not yet been described in S1 (see results 
below), recent electrophysiological studies indicate that the genital representation in the 
rat is located on the ventral portion of the trunk representation in the somatosensory 
cortex and extends into the representation of the proximal segments of the anterior 
and posterior extremities (Lenschow et al., 2015).

In this study, we assessed the relationship between the different copulatory categories 
and the size of the genital representation in the primary somatosensory cortex in rats. 
Different copulatory categories are predicted to show systematic differences in the size of 
the genital representation in S1. In particular, we hypothesize the following: 1) copulator 
rats have larger genital representations than non-copulator ones, and 2) trained animals 
(<1200s), that show only short and intermediate ejaculation latencies, have the largest 
representation among the various copulatory categories.



Ejaculation latency and the genital cortical representation   |   39

2

2. Materials and methods

2.1 Experiment 1: Mapping cortical representation of genitals in male rats
2.1.1 Animals
Experiments were conducted with naïve adult male Wistar rats (n=19; divided in 4 
groups) weighing 300-400g, born and raised in the animal facilities of the Instituto de 
Investigaciones Biomédicas (IIB) at the Universidad Nacional Autónoma de México (UNAM). 
Animals were housed individually in acrylic cages (46cm x 32cm x 20cm), supplied 
with standard rodent food pellets and water ad libitum, and kept in temperature and 
humidity- controlled rooms set at 21 ± 1°C. The rooms were subjected to a reverse 
light-dark cycle 12:12 (lights off from 8:00 to 20:00 hrs.). All animal procedures have been 
approved by the local animal rights committee at IIB, UNAM and follow the guidelines 
of the NIH guide for the care and use of experimental animals.

2.1.2 Mapping technique
To locate and map the genital representation in the primary somatosensory cortex (S1), 
we divided the rats into 4 experimental groups:

Group 1: Tactile stimulation of whiskers--Mechanical stimulation protocol to locate 
brain areas
The animals (n=4) were in their home box when they received somesthetic 
stimulation while awake and allowed to behave freely. The right side of their whiskers 
was mechanically stimulated with a small bristle brush (Rodin No.14) by rubbing 
continuously for 20 minutes (Protocol adapted from (Filipkowski et al., 2000). Thereafter, 
stimulation was discontinued and the animals were allowed to freely move in their home 
box for approximately 40 minutes after stimulation. The subjects were euthanized one 
hour after the start of the experiment. This period of time has been shown to achieve 
the highest expression of c-Fos, an early expression protein that indicates neuronal 
activation, after applying sensory stimulation (Morgan & Curran, 1991). The rats were 
then euthanized by applying a lethal dose of sodium pentobarbital (50 mg/kg of body 
weight), administered via intra peritoneal injection (i.p.), and were then intracardially 
perfused with 0.15M sodium chloride (300 ml) and paraformaldehyde (PFA, 4%, 300 
ml) diluted in phosphate buffer (PB; 0.1M, pH 7.4). The brains were removed and both 
cerebral cortices were dissected and flattened between two glass slides, separated by 2 
mm, and post-fixed for 2 hours in the same fixative, PFA. After this period, the cortices 
were kept in PB at 4°C until processed.
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Group 2: Tactile stimulation of whiskers under anesthesia conditions--Mechanical 
stimulation protocol control
Animals (n=3) were anesthetized with sodium pentobarbital (40mg/kg) administered 
intraperitoneally. Once anesthetized, the right side of their whiskers was mechanically 
stimulated with a small brush by continuous rubbing for 20 minutes. Subjects were 
euthanized after 40 min, and brain samples were collected as described previously for 
group 1.

Group 3: Tactile sensory stimulation of genitals--Stimulation technique to locate 
genital representation area in S1
The animals (n=9) received somesthetic stimulation when awake and behaving 
freely. They were mechanically stimulated in the genital region with a bristle brush for 
20 minutes. Subjects were euthanized after 40 min, and brain samples were collected 
as described previously for group 1.

Group 4: Tactile sensory stimulation of genitals under anesthesia--Genital location 
technique control
We used the same technique used in group 2 to anesthetize the animals (n=3). Once 
anesthetized, they were mechanically stimulated in the genital region with a bristle brush 
by continuous rubbing for 20 minutes. The animals were euthanized one hour after the 
start of the experiment and brain tissues were collected as described for group 1.

2.1.3 c-Fos Immunohistochemistry and cytochrome oxidase histochemistry
To locate the neuronal activity resulting from the tactile stimulation in the body map 
on S1, we performed a double staining protocol on the cerebral cortices that had 
been collected. The following protocols were used. The cerebral cortices were cut 
(50μm) horizontally in a vibratome (Leica VT1000S Vibrating Blade Vibratome, Leica 
Microsystems) and the slices were collected individually in 24 culture-well boxes filled 
with PB. Slices were processed using a flotation immunocytochemistry protocol for c-Fos. 
The sections were incubated with polyclonal primary antibodies obtained from rabbit 
and directed against human c-Fos (Santa Cruz, 1: 8000 in PB) for 1 day at 4 ° C. After three 
washes with PB plus Triton X-100 (0.3 %), the slices were incubated with a secondary 
donkey anti-rabbit immunoglobulin G antibody (1:2500, Millipore) for 90 minutes at 
room temperature. The slices were washed again and incubated with avidin-biotin 
peroxidase complex for 90 minutes at room temperature in accordance with the protocol 
suggested by the manufacturer (Vector). Finally, after three washes in PB, the peroxidase 
activity in the sections was revealed using a solution of 2,2-diaminobenzidine (DAB) 
intensified with nickel for about 2 minutes at room temperature. Upon completion of 
the immunostaining procedure, the sections were counter-stained to reveal the activity 
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of the enzyme cytochrome oxidase, which is a technique used to reveal S1 in rodents 
(Nachlas et al., 1957, cited in Riddle et al., 1992). For this, the sections were incubated in 
a solution containing DAB (1.38 mM), cytochrome C (12.1 μM), sucrose (116.8 mM) and 
catalase (200 μg/ml) for approximately 5 hours at 37°C. After this procedure, the 
sections were mounted on gelatin-coated slides, air-dried and covered with Cytoseal. 
These slides were used to identify the relative location of genital representation in S1 
under bright field microscopy.

2.1.4 Estimating genital representation areas
To estimate the area in S1 occupied by genital representation, digital photomicrographs 
were taken under a 12.5x magnification with a Leica stereomicroscope EZ4 HD. This 
magnification allowed us to locate the site of neuronal activation in the S1 in response 
to the genital stimulation. The area occupied by the activated neurons in the genital area 
was traced along the outer edges of the activation zone with the aid of Image J software 
(NIH). Subsequently, we counted the number of immune-reactive nuclei for c-Fos in the 
genital region using an Olympus microscope DSU, under 40x magnification using Stereo- 
Investigator software (MicroBrightField Inc, Williston, USA). Counting was performed 
serially as the structure of interest is very small (average periodicity 6 sections) with a 
mesh of 300 x 300μm or 110 x 110μm and a frame count of 90 x 90μm, with a guard 
zone of 10% and a 21μm sampling network. Cell nuclei that touched the bottom or left 
lateral limits of the guard zone in our counts were discarded from the analysis.

2.1.5 Statistics
Data are presented as Mean ± SEM. The number of activated cells was compared among 
groups using a One-Way ANOVA test followed by the Tukey’s post-hoc test. Frequency 
analyses were used to establish the distribution of genital representation size in the 
animal population.

2.2 Experiment 2: Copulatory behavior assessment
2.2.1 Animals
Sexually naïve male Wistar rats (n=95; 300-400gr, approximately 3 months of age) that 
had been born and raised in the animal facilities of the Centro de Investigaciones y 
Estudios Avanzados (CINVESTAV) were used to conduct the experiments described below. 
Stimulus females (n=65) of the same strain (250-300gr, approximately 3 months of 
age) were brought into estrus by hormonal treatment. They were ovariectomized and 
injected subcutaneously 36-48 h and 4–6 h before the copulatory tests with 50 μg/rat of 
benzoate estradiol (BE) and 1 mg/rat of progesterone (P), respectively. The males were 
housed individually and the females in groups of 4 in acrylic cages (46cm x 32cm 
x 20cm) supplied with standard rodent food pellets and water ad libitum and kept in 
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temperature and humidity-controlled rooms, 21°C (± 1 ºC). The rooms were subjected to 
a reversed light-dark cycle 12:12 (lights off from 10:00 to 22:00 hrs.). All animal procedures 
have been approved by the local animal rights committee at CINVESTAV and follow the 
guidelines of the NIH guide for the care and use of experimental animals.

2.2.2 Copulatory characterization
Male copulatory behavior was registered in six training tests (30-minutes), one every 
3rd day, with receptive females during the dark phase of the light-dark cycle. The tests 
were performed in an acrylic arena (60cm x 60cm), where the male was introduced five 
minutes beforehand to a receptive female. Copula arena sawdust was refreshed for every 
sexual encounter in order to prevent previous sex-related odors from interfering with 
natural sexual performance. Females were changed for every encounter. The behavioral 
parameters recorded were number of mounts, intromissions, latencies to first mount 
and first intromission, and ejaculation latency. At the end of the training session 
period, the males were categorized in five groups: short ejaculation latency (<600s, 
n=6), intermediate ejaculation latency (<1200s, n=19), long ejaculation latency (>1200s, 
n=14), copulators with no ejaculation (n=9) and non copulators (n=17), based on their 
performance in six copulatory encounters with ovariectomized receptive females. Males 
that had ejaculated in the last four screening tests were included in the group of 
copulating rats and classified according to their ejaculation latencies. Males that showed 
patterns of mount and intromission but did not ejaculate in any of the behavioral 
tests were assigned to the group of copulators with no ejaculations (NE). Males that did 
not show any sexual behavior in any of the tests formed the non-copulator group (NC).

2.2.3 Mapping of genital cortical representation in sexually categorized males
After the six training sessions and once the animals were classified on the different copulatory 
phenotypes, 6 males of each different group (40 in total) were artificially stimulated in the 
genital region with a bristle brush and euthanized as described in experiment 1. We used 
c-Fos Immunohistochemistry, CO histochemistry and the protocol to estimate the area of 
genital representation in S1, as also described and performed in experiment 1.

2.2.3.1 Statistics
Behavioral parameters data were not normally distributed and are presented as median 
± IQR (interquartile range) and were analyzed using a one-way ANOVA Kruskal-Wallis 
test followed by the multiple comparisons Dunn’s post-hoc test. Frequency analyses were 
used to establish the distribution of the genital representation size in S1 for the animal 
population as done in experiment 1. Spearman’s correlation analyses were performed to 
establish the statistical relationships between the ejaculation latency and the area of 
genital representation in S1.
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3.Results

3.1 There is a functional representation of the external genitalia in S1.
In order to identify and locate t h e  anatomical representation of the genitals in S1, 
anesthetized male rats (n=4) or not (n=9; un-anesthetized) were stimulated mechanically 
on the genitals. As shown in Figure 1, un-anesthetized (awake) rats under free movement 
conditions showed a basal availability of cFos in the corresponding genital representation 
area in S1 (Figure 1B). The availability of cFos in neurons located in the ventral region 
of the trunk’s representation in the S1 relative to the baseline marking, increased in rats 
that were stimulated mechanically on the external genitals under free movement 
conditions (Figure 1C). In contrast, the same region in anesthetized and stimulated 
rats showed a reduced cFos immunopositive cells number (Figure 1D). Additionally, to 
compare the four groups of animals, the number of immunopositive nuclei to c-Fos in 
the area of genital representation was evaluated. The results show significant differences 
(F3,32=8.242, p <0.001) between the animals genitally stimulated without anesthesia (2783 
± 390.7) and the rest of the groups; stimulated genitally with anesthesia (201.2 ± 110.9), 
stimulated vibrissae with anesthesia (354.2 ± 49.31) and stimulated vibrissae without 
anesthesia (904.9 ± 89.31; immunopositive nuclei, Figure 1). 

3.2 There are five copulatory categories identified on the male population studied.
In order to identify the copulatory category of each male of the studied population, 
males were classified based on their copulatory performance of the last four sessions 
since it is known that in general, males ejaculate consistently from the second session 
on (Lucio and Tlachi-Lopez, 2008). Our results show the existence of five categories in 
the population (Figure 2). Male rats that do not copulate (NC) constituted 29% of the 
population. The remaining 71% were classified as copulators: short ejaculation latency 
9% (SEL; 510 ± 38s), intermediate 29% (IEL; 830 ± 34s) and long latencies 18% (LEL; 1507 
± 60s). Males that displayed sexual behavior but do not ejaculate (NE) constituted 14% 
of the population; a male can be considered part of this group if he shows mounts and 
intromission patterns but did not ejaculate in any of the copulatory tests/training 
sessions. Finally, there were no significant differences on most of the copulatory 
parameters registered among phenotypes (Figure 3). The mount latency of the SEL 
and IEL was different from the NE group (Figure 3C), and since this parameter is 
used to measure the level of sexual motivation in rodents, we can assume that the 
NE group may be less motivated to display sexual behavior than the rest of the 
copulating groups.
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Figure 1. Functional representation of the external genitals embedded into the trunk´s representation in 
the S1. The functional representation of the genitals in S1 is located in the ventral region of the trunk´s 
representation of the male rat. (A). Digital photomicrographs showing a representative tangential 
section through S1 of a male rat. Digital photomicrographs showing a representative tangential section 
of the trunk representation immunostained against cFos and counter stained with cytochrome oxidase 
in freely moving rats (B), freely moving rats subjected to tactile mechanical stimulation on their 
external genitals (C) or anesthetized rats subjected to tactile mechanical stimulation on their external 
genitalia (D). Note the increased or decreased amount of cFos labeled cells in the ventral aspect of 
the trunk (T) region in the stimulated, awake behaving rat and in the anesthetized one, respectively, 
as compared with the non-stimulated, awake behaving rat (Insets: 200 μm; red the lowest staining/ 
blue the highest staining intensity). A scale: 0.5 mm, in B, C and D: 1 mm.
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Figure 2. The number of c-Fos positive cells increases on animals under free movement conditions and is 
specific of the area stimulated. Bar graph that presents the estimated mean number of immunopostive 
nuclei to c-Fos (+SEM) in genital sub-representation of S1 under the different experimental conditions. 
Genitally stimulated without anesthesia (Genital stimulation -An) and the rest of the groups; genitally 
stimulated with anesthesia (Genital stimulation +An), stimulated vibrissae with anesthesia (Vibrissae 
stimulation +An) and stimulated vibrissae without anesthesia (Vibrissae stimulation -An)). Significant 
differences: ** p=0.003

Figure 3. Bar graphs illustrating the copulatory categories identified among the population of male 
rats studied in terms of their ejaculation latency (median ± IQR). One-Way ANOVA Kruskal-Wallis 
test; F(2,53)=46.74, p <0.001; Dunn’s multiple comparisons Post hoc test: ** p <0.01; *** P <0.001. SEL: short 
ejaculatory latency; IEL: intermediate ejaculatory latency; LEL: long ejaculatory latency; NE: (copulators) 
non-ejaculator; NC: non-copulator.
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Figure 4. Bar graphs that illustrate the mount (A) and intromission (B) number; mount (C) and 
intromission (D) latencies, (median ± IQR) in copulator rats. Mount latency of males with a SEL and 
IEL differs significantly of those that copulate but do not ejaculate. SEL: short ejaculatory latency; 
IEL: intermediate ejaculatory latency; LEL: slow ejaculatory latency; NE: (copulators) non-ejaculators. 
Non-copulator male rats are also depicted for reference. One-Way ANOVA Kruskal-Wallis; Dunn’s 
multiple comparisons Post hoc test: * p <0.05

3.3 The area occupied by activated neurons in the S1 in response to mechanical stimulation of 
the external genitals differs among male rats according to their ejaculation latency
In order to determine the size of the cortical representation of genitals in adult 
male rats evaluated and sexually categorized, and establish the relationship between 
it with their copulatory performance, the genitals of the rats were stimulated 
mechanically. After the stimulation assays, rats were euthanized and perfused and 
their brains processed to detect changes in the availability of cFos in S1 labeled 
cytochrome oxidase. As illustrated in Figure 4, all rats showed stimulated nuclei for 
immunolabelling cFos in the ventral region of the trunk’s cortical representation in 
the S1, although the number of these nuclei and the relative area occupied by them 
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varied depending on copulatory category to which each animal belonged (Figure 5). 
In general terms animals with the SEL and IEL copulatory phenotypes had larger 
genital cortical representations in the S1 when compared with those who showed 
SEL, NE and NC phenotypes.

Figure 5. The relative area of the genital cortical representation on S1 differs among rat males 
belonging to different copulatory categories A. Digital photomicrograph showing a representative 
tangentialsection of SI in a male rat. Digital photomicrographs showing representative tangential 
sections of the trunk´s representation immuno-stained against cFos and counter stained with 
cytochrome oxidase in stimulated, awake behaving intermediate ejaculatory latency (IEL; B), long 
ejaculatory latency (LEL; C) and non-copulators (NC; D) male rats. Note that the IEL male rat shows 
an increased amount of cFos labeled cells in the ventral aspect of the trunk region as compared with 
LEL and NC male rats (Insets: 200 μm; red the lowest staining/ blue the highest intensity). A scale: 0.5 
mm, in B, C and D: 1 mm.
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Figure 6. The % of the genital representation in the trunk´s S1 varies according to the male rats 
copulatory phenotype. The relative percentage of cortical area occupied by the genital representation 
varies according to the male rats’ copulatory category. A. Graph depicting the relative percent area 
occupied by the genital representation in short ejaculatory latency (SEL); intermediate ejaculatory 
latency (IEL); long ejaculatory latency (LEL); non-ejaculator (NE) and non-copulator (NC) male rats. 
B. Linear regression graph depicting the Spearman´s correlation between the relative percentage of 
cortical area occupied by the genital representation and the ejaculation latency (Pearson, r = -0.817, p 
<0.001).
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4. Discussion 

Copulatory behavior in male rats can be categorized. Although this variation is presumed 
to be associated with biochemical differences observed in neuronal groups involved in 
the regulation of sexual behavior between animals belonging to different copulatory 
categories, it is likely that they also may reflect differences in the anatomical and 
functional organization of the sensory systems participating in the regulation of sexual 
and reproductive behaviors. In support of this last concept our results show differences 
in the cortical neuronal recruitment between rats belonging to different copulatory 
categories. These differences are reflected in the area occupied by neuronal groups (i.e., 
genital representation) that respond to general sensory stimulation in S1. Thus, those 
copulator animals that showed short and intermediate ejaculatory latencies (SEL, IEL) 
had the larger genital cortical representations. In contrast, copulator rats that showed 
long ejaculation latencies (LEL), non-ejaculatory latencies and non-copulators (NE, 
NC), had smaller genital representations. Differences in the process of sensory neuronal 
recruitment were also observed in the olfactory system between copulators and non-
copulators male rats when exposed to sexually relevant odors, copulatory animals showed 
a higher number of cell nuclei positive for cFos in the accessory olfactory bulb and 
in supplemental areas of the olfactory pathway such as BNST and MPOA (Portillo et al., 
2013). Taken together, these results support the notion that differences in the expression 
of copulatory behavior observed between male rats actually reflect morpho-functional 
differences in sensory pathways. In addition, our data suggest these morpho-functional 
distinctions even may underlie the observed differences between the different categories 
of copulator rats.

The documented differences in the relative size of the cortical genital representation 
in S1 among males grouped in different copulatory categories lead to reflection on the 
originating mechanisms. Although these mechanisms are still unknown, they are likely 
to reflect events or changes in prenatal and postnatal developmental trajectories. For 
example, it is known that maternal genital grooming favors the maturation process 
of neural groups related to copulation control (Lenz & Sengelaub, 2006, 2010; Moore, 
1992). It is also recognized that genital grooming may determine copulatory behavior 
in males such that those most stimulated in the early postnatal period express a more 
consistent copulatory behavior in adulthood (Lenz & Sengelaub, 2010; Moore, 1992). 
With this in mind, it could be  argued that males with short and intermediate 
ejaculatory latencies have been cleaned more by their mothers than those who show 
long ejaculatory latencies, those who copulate but do not ejaculate and those who 
do not copulate at all. The area occupied by functional representations in the cerebral 
cortex can be modulated by an inhibitory tone via a local GABAergic circuitry (ie, 
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lateral inhibition, Derdikman et al., 2003; Griffen & Maffei, 2014; Lehmann et al., 2012; 
Porter & Nieves, 2013; Sato et al., 2008). When the tone of the lateral inhibition is high, 
the functional representation area of the activated territory in response to a mechano-
sensory stimulus applied in a specific segment of the body will be diminished (Porter 
& Nieves, 2013). The opposite is obtained when the inhibitory tone is low (Moore et 
al., 1999). Thus, differences observed in the size of the area occupied by cortical genital 
representations in anima ls showing different copulatory categories could also reflect 
categorical differences in the morphology of GABAergic interneurons (e.g. inhibitory 
tone), possibly acquired during pre- developmental and postnatal conditions associated 
or not with the intensity of maternal care (e.g. grooming; Lenz & Sengelaub, 2010). The 
relative size of the representations of the body map contained in S1 reflects, in part, the 
density innervation of the body segments, which they represent (Purves, 1988). Thus, 
mechano-sensory organs such as whiskers that have a high innervation density are 
overrepresented in S1. Therefore, it would be possible for genital organs in copulator rats 
that have short and intermediate ejaculation latencies to ensure a greater degree of 
innervation than those copulators with a long ejaculatory latency, non-ejaculators, and 
non-copulators (Rowland et al, 1997; 1998; Rowland et al., 2000; Xin et al., 1996).

Finally, a fourth possibility that might explain the reported findings is related to 
differences in threshold response and ease of recruitment of peripheral nerve fibers that 
innervate the genitals in rats of different copulatory categories (Kohno et al., 2003). A 
low threshold response associated with high peripheral recruitment would facilitate the 
activation of a greater number of neurons in the genital representation contained in S1; 
the opposite would be observed in the contrary conditions. The categorization described 
here suggests the existence of at least five different expressions of copulatory behavior in 
male rats. These categories are different from those reported in previous work suggesting 
the existence of two, three (Larsson, 1961, Alexander et al., 1993, De Gasperín-Estrada et al., 
2008) or up to four categories (Pattij, 2005; Olivier et al., 2006). Differences in the number 
of categories reported in the different studies could reflect biological distinctions between 
strains and different facilities conditions (eg, nutrition, stress levels), experimental design 
(eg, duration of training, duration of copulation tests, absence or presence of sensory cues 
indicating competition risk in the copulatory spheres) and the selection criteria of males 
incorporated in the study (eg, extra-long latency copulation rats are usually discarded 
from the studies, Ferreira-nuño et al., 2010; Olayo-Lortia et al., 2014).

In a recent study the representation of the genitals in the male rat was mapped by 
electrophysiological procedures. In this study, it was proposed that the cortical genital 
representation in S1 occupies an area that extends from the ventral portion of the trunk 
representations to the representations of the anterior and posterior limbs. In our study, 
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the area occupied by genital representation comprises a fraction of the ventral area of 
the trunk representation. The discrepancy of the extension of the genital representation 
between the two studies could be due to the fact that the morpho-functional mapping 
performed in our study was done in animals in wakefulness and free movement, 
whereas in the Lenschow et al. (2015) study, animals were recorded under urethane 
anesthesia. Anesthetics are known to decrease the tone of lateral inhibition by producing 
an expansion of the body segments representations stimulated under these conditions 
(Buonomano & Merzenich, 1998). Despite the differences between the studies reviewed, 
the relative anatomical location of the cortical genital representation in S1 reported by 
us and by Lenschow et al. (2015), is consistent with that suggested for monkeys and 
humans ( Kakigi et al., 2000; Penfield, Wilder & Jasper, 1954; Penfield & Rasmussen, 1950; 
Rothemund et al., 2002) 
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5. Conclusions 

1)  There is an anatomical and functional representation of the external genital organs 
in the primary somatosensory cortex (S1) of the male rat. This is located in the 
ventral region of the trunk representation, near the appearance of the posterior limb 
representation.

2)  Five copulatory categories were identified based on the latency of ejaculation.
3)  The functional area occupied by neurons activated in the region of the external 

genitals of S1 varied according to the latency of ejaculation, being higher in rats with 
short or intermediate ejaculatory latencies.
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