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Target Audience: neuroscientists interested in olfaction 
PURPOSE: The olfactory systems in most mammals consist of the main and the accessory olfactory systems. The main olfactory bulb (MOB) 
receives input from the neurons in the olfactory epithelium which mainly sense common odors, while the accessory olfactory bulb (AOB) receives 
input from the vomeronasal organ which mainly senses pheromones [1]. The accessory olfactory system plays an important role in rodents, but only a 
single fMRI study looking only at the olfactory bulb of odor and pheromone stimulation has been performed in rodents to our knowledge [2]. The 
aim of this study was to investigate fMRI responses to odor and urine (which contains pheromones) in the entire mouse brain. 
 

METHODS: Animal preparation: Mice (male C57BL/6J, 15-19 weeks old), were anesthetized with ketamine (100mg/kg bolus, supplement 100mg/kg/hr) and xylazine 
(2.5mg/kg bolus, supplement ~0.3mg/kg as needed) intraperitoneally. Rectal temperature, respiration rate, heart rate, and arterial oxygen saturation were monitored. 
Monocrystalline iron oxide nanoparticles (MION; 20 mg/kg) were injected into the tail vein. Odorants: Iso-amyl-acetate diluted to 5% in mineral oil was used as a basic 
odor stimulant (n=4), and female mouse urine was used as a pheromone stimulant (n=6). Odors were delivered by nose cone with air passed over the odorant. The odor 
stimulation consisted of 3min OFF, 2min ON, 3min OFF, 2min ON, 3min OFF, 2min ON, 3min OFF. This protocol was repeated 3 times in each animal.  
 MRI was performed on an 11.7T/16 cm Bruker system with a 1 cm diameter surface coil. A 3D FLASH sequence was used: TE/TR=3.6/10 ms; 15 s/image; 
FOV=12.8*12.8*12 mm; matrix=64*64*30; resolution=0.2*0.2*0.4 mm. High-resolution anatomical images were acquired similarly but with resolution=0.1*0.1*0.4 
mm. For each animal, the 3 repeats were realigned in SPM8 and averaged. FSL was used to register between animals and do group analysis to calculate z-score maps.  
 

RESULTS: In the olfactory bulb (Fig 1), IAA induced strong activation in the superficial layers medially (arrow heads) and laterally (white arrows). 
Urine also induced similar, but weaker, activation although primarily laterally and more posterior than IAA. The AOB (yellow arrows) appeared to 
be weakly activated by urine. 
 
 
 
 
 
 
 
 IAA induced activation in many brain regions (Fig 2) associated with odor detection and processing, including the anterior olfactory nucleus 
(AON), tenia tecta (TT), dorsal endopiriform nucleus (DEn), agranular insular cortex (AI), piriform cortex (Pir), olfactory tubercle (Tu), lateral 
olfactory nucleus (LOT), areas of the amygdala (ACo and PLCo), and entorhinal cortex (Ent). Urine induced activation primarily in the posterior 
hypothalamus, ventral thalamus, and midbrain, including regions such as the ventral tegmental area (VTA), zona incerta (ZI), and midbrain reticular 
nucleus (MRN). There were also activation in the AON, AI, retrosplenial cortex (RSP) and weakly in the Pir, PLCo, and prelimbic cortex (PrL). 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION and CONCLUSION: IAA evoked robust activation in the MOB and brain regions known to be involved in olfaction [1] as we 
previously reported [3]. IAA was mixed at high concentration and generally induced stronger activations than urine (a mixture of chemicals with 
unknown and likely lower concentrations). 
 Urine evoked robust activation in the MOB. However, we detected only slight activation in the AOB with urine, in contrast to a previous fMRI 
study of only the olfactory bulb [2]. The AOB is activated by non-volatile pheromones which require direct physical contact, while the MOB is 
activated by volatile scents or pheromones [1]. Future studies delivering urine directly to the nose may provide more robust activation of the AOB.  
 In the brain, urine activated hypothalamic and midbrain regions, as expected. Compared to IAA, urine did not activate some main olfactory 
regions, such as the Tu and ACo. We also found that some brain areas in the accessory olfactory network were not activated by urine herein (such as 
the bed nucleus of the stria terminalis or nucleus accumbens [1]). This unexpected result may be due to the use of anesthesia or the volatile delivery 
of urine. Also, volatile scents in urine detected by the MOB may not activate the exact same pathways as urine pheromones detected by the AOB [1].  
 This approach offers a non-invasive means to probe the entire main and accessory olfactory systems from the bulb to the brain, which could 
improve understanding of the differences and overlap between the two systems.   
 

Reference: 1) Baum. Horm Behav 2009; 55:579. 2) Xu et al. J Comp Neuro 2005; 489:491. 3) Cong et al. ISMRM 2014; #1809.  

 

Figure 2. fMRI in the 
brain of IAA and urine 
stimulation.  
(z-scores scaled from 1-5 
and 1-3.5, respectively). 

 
Figure 1. fMRI in the olfactory bulb of IAA and urine stimulation (z-scores scaled from 1-11 and 1-5, respectively). 
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