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INTRODUCTION: The olfactory system plays an important role for survival in rodents and shows robust plasticity after injury. Biological studies have shown the 
regeneration of olfactory axons and synapse formation in the frontal cortex after neonatal unilateral olfactory bulb ablation (OBA)1

. Manganese-enhanced MRI 
(MEMRI) has been used previously for assessing transneuronal dysfunction of olfactory system in adult as well as in neonatal rodents2,3. In this study, we aim to 
investigate how the transneuronal transportation of manganese after OBA would change with time. 
METHODS: Animal Preparation: 10 Sprague Dawley rat pups were subjected to left olfactory bulb ablation (OBA) at postnatal day 24, leaving the right side intact as 
an internal control. Six of the rat pups together with one age-matched normal pup were given 5µL 100mM MnCl2•4H2O by bilateral intranasal instillation at 
postnatal day 12 (P12). The other four OBA rat pups were given 7µL 500mM MnCl2•4H2O by bilateral intranasal infusion at postnatal day 28 (P28). MRI 
Protocol: MRI was performed at postnatal day 9 (P9) and 24 hours after Mn2+ administration in all animals with a 7 T Bruker scanner using a mouse brain coil. The 
rats were kept warm with circulating water at 37°C while anaesthetized with inhaled isoflurane under respiratory monitoring. 2D T1WIs were acquired with 
FOV=25×25mm, MTX=256×256, slice thickness=0.5 mm, number of slices=19, TR/TE=500/7.3 ms, RARE factor=2 and NEX=20; T2WIs were acquired using same 
resolution with TR/TE = 6000/64.2ms, RARE factor = 12 and NEX = 2. Data Analysis:  Regions of interest (ROIs) were manually defined in the bilateral posterior 
piriform cortex (pPir) on 3 consecutive slices. Manganese enhanced T1W signals were measured in the bilateral ROIs in ImageJ. The signal ratio of left to right pPir 
obtained at two different time points were compared using independent t-tests in SPSS. 
RESULTS: The OBA was confirmed by T2W imaging at P9. As shown in Fig. 1, forward displacement of the frontal hemisphere was found in the region made vacant 
by removal of the olfactory bulb. Fig. 2 shows the manganese enhanced T1WIs of one normal rat at P12 and two OBA rats at P12 and P28. At P12, the left pPir showed 
a comparable manganese enhancement as the right side at P10, while obviously decreased enhancement in the left pPir can be observed at P28. Statistical analysis as 
shown in Fig. 3 detected a significantly low signal enhancement ratio of the left pPir to the right pPir.  
DISCUSSIONS AND CONCLUSION:   
Several factors would contribute to the manganese enhancement in the pPir with the absence of ipsilateral 
main olfactory bulb. First, manganese in the uninjured OB could be transported to the contralateral side 
through anterior commisure5. Second, it could be related with gliosis caused by neurodegeneration in the 
olfactory cortex following deafferentation, enhanced by systemic manganese exposure because manganese 
could leak through blood vessels to the systemic circulation. The enhancement in the ipsilateral pPir 
decreased at P28 as compared with that at P12 in OBA rats, indicating recovery of olfactory function till this 
time of survival was not very likely, although olfactory neurons were proved to have reconstituted within 30 
days and glomeruli-like structure would form in the forward displaced frontal cortex1. Further studies at later 
time points would be performed to investigate how the regenerated glomeruli functions and sends signals to 
the pPir.  
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Fig.1 Representative T2WIs acquired at postnatal day 9 (P9) 
of rat brain with left olfactory bulb removed at postnatal day 
2 (P2). Left image: Coronal view; Middle and right image: 
Sagittal view. 

Fig.3 Comparison of manganese 
enhanced T1W signal intensity ratios of 
left to right posterior piriform cortex in 
OBA rat (P12 VS. P28). Data were 
shown as Mean±SD with ***P<0.001 
(independent sample t-test).  

Fig. 2 Manganese enhanced T1WIs of normal rat brain at postnatal day 12 (P12) and OBA rat brains at P12 and postnatal day 
28 (P28) respectively. Regions of interest (ROIs) were defined in posterior piriform cortex (pPir) according to atlas as 
indicated by encircled light-blue line. Corresponding images of olfactory bulb (OB) were shown on the right side. Left pPir 
of OBA rat at P12 showed comparable enhancement as the right side, while reduced manganese enhancement could be 
noticed at P28. 
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