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1. Introduction 
  Many animal species utilize external chemical cues called pheromones to send 
social and sexual information.  In mice, pheromones are detected by two olfactory 
sensory circuits, the main olfactory pathway and the vomeronasal system, which 
leads to specific behavioral and endocrinological outputs.  Surgical ablation of the 
vomeronasal organ (VNO) results in abnormal socio-sexual behaviour.  In addition, 
mutant mice lacking components involved in the vomeronasal pathway showed 
unusual social and reproductive behaviors.  Thereby, the VNO appear to play an 
important role in ensuring sexual behavior and social aggression in mice.   
 
2. Sex pheromone in tears 
  In the course of studies to seek for pheromones that are recognized by the mouse 
VNO, we identified a male-specific 7 kDa peptide produced in the extraorbital 
lacrimal gland and released in tear fluid.  This peptide, which we named exocrine 
gland-secreting peptide 1 (ESP1), stimulates female vomeronasal sensory neurons in 
vivo.  ESP1 turned out to be a member of a previously-unrecognized multigene 
family that consisted of ~40 homologous genes, suggesting that the ESP family may 
provide a basis for variation in the pattern of information signals between individuals, 
sex, strains, or species.  
 
3. Vomeronasal reception and neural circuitry 
  ESP1 appears to stimulate female vomeronasal sensory neurons that express 
V2R-type pheromone receptors, resulting in induction of c-Fos expression.  The 
c-Fos-positive neurons stimulated by ESP1 were shown to express only one type of 
V2R, called V2Rp5. Further molecular biology experiments confirmed that V2Rp5 was 
a vomeronasal receptor specific for ESP1. The ESP1 signal received by V2Rp5 is sent 
to the accessory olfactory bulb (AOB), which then projects to the basal forebrain, 
regions that are important for reproductive and mating behavior. We found a specific 
neural circuitry that integrates the ESP1 signal from the VNO to the brain.  
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4. Conclusions 
  We discovered a male-specific peptide ESP1 that was secreted in tear fluids of male 
mice and transferred to the female vomeronasal organ wherein it elicited an electrical 
response. Mice appear to send sex-specific information by not only volatile 
pheromones released in urine, but also genetically-coded non-volatile peptide 
pheromones secreted by exocrine-glands such as in tears during direct contact. Sex 
pheromone in male tears! Fortunately or unfortunately, however, humans have lost 
the gene encoding this sex-specific peptide and also do not possess a functional 
vomeronasal organ. Instead, we developed a novel strategy to communicate each other 
through the visual system and hearing using a language. Based on our work on 
various pheromonal communication systems from insect to mammals, I will also 
discuss how each organism has acquired a unique strategy to transmit sex-specific 
signals and sense the information by adopting their social and living environment 
during the processes of evolution.    
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