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Abstract
Olfactory dysfunction is common in Parkinson’s disease and is an early symptom, but its pathogenesis remains 

poorly understood. Hindering progress in our mechanistic understanding of olfactory dysfunction in Parkinson’s 
disease is the paucity of literature about the human olfactory bulb, both from normal and Parkinson’s disease cases. 
Qualitatively it is well established that the neat arrangement of the glomerular array seen in the mouse olfactory bulb 
is missing in humans. But rigorous quantitative approaches to describe and compare the thousands of glomeruli 
in the human olfactory bulb are not available. Here we report a quantitative approach to describe the glomerular 
component of the human olfactory bulb and its application to draw statistical comparisons between olfactory bulbs 
IURP� QRUPDO� DQG� 3DUNLQVRQ¶V� GLVHDVH� FDVHV�� :H� VXEMHFWHG� KRUL]RQWDO� ��� ȝP� VHFWLRQV� RI� ROIDFWRU\� EXOEV� IURP�
VL[� QRUPDO� DQG� ¿YH� 3DUNLQVRQ¶V� GLVHDVH� FDVHV� WR� ÀXRUHVFHQFH� LPPXQRKLVWRFKHPLVWU\� ZLWK� DQWLERGLHV� DJDLQVW�
vesicular glutamate transporter-2 and neural cell adhesion molecule. We scanned the immunostained sections 
ZLWK�D�ÀXRUHVFHQFH�VOLGH�VFDQQHU��VHJPHQWHG�WKH�JORPHUXOL�DQG�JHQHUDWHG��'�UHFRQVWUXFWLRQV�RI�ZKROH�ROIDFWRU\�
bulbs. We document the occurrence of atypical glomerular morphologies and glomerular-like structures deep in 
WKH�ROIDFWRU\�EXOE��ERWK�LQ�QRUPDO�DQG�3DUNLQVRQ¶V�GLVHDVH�FDVHV��:H�GH¿QH�D�QRYHO�DQG�REMHFWLYH�SDUDPHWHU��WKH�
JOREDO�JORPHUXODU�YR[HO�YROXPH��ZKLFK� LV� WKH�WRWDO�YROXPH�RI�DOO�YR[HOV�WKDW�DUH�FODVVL¿HG� LPPXQRKLVWRFKHPLFDOO\�
DV�JORPHUXODU��:H�¿QG�WKDW�WKH�JOREDO�JORPHUXODU�YR[HO�YROXPH�LQ�3DUNLQVRQ¶V�GLVHDVH�FDVHV�LV�KDOI�WKDW�RI�QRUPDO�
cases. The distribution of glomerular voxels along the dorsal-ventral dimension of the olfactory bulb in these series 
RI�KRUL]RQWDO�VHFWLRQV�LV�VLJQL¿FDQWO\�DOWHUHG�LQ�3DUNLQVRQ¶V�GLVHDVH�FDVHV��ZKHUHDV�PRVW�JORPHUXODU�YR[HOV�UHVLGH�
within the ventral half of olfactory bulbs from normal cases, glomerular voxels are more evenly spread among the 
ventral and dorsal halves of olfactory bulbs from Parkinson’s disease cases. These quantitative whole-olfactory bulb 
DQDO\VHV�LQGLFDWH�D�SUHGRPLQDQWO\�YHQWUDO�GH¿FLW�LQ�WKH�JORPHUXODU�FRPSRQHQW�LQ�3DUNLQVRQ¶V�GLVHDVH��FRQVLVWHQW�ZLWK�
the olfactory vector hypothesis for the pathogenesis of this neurodegenerative disease. The distribution of serine 
129-phosphorylated alpha-synuclein immunoreactive voxels correlates with that of glomerular voxels. The higher the 
serine 129-phosphorylated alpha-synuclein load of an olfactory bulb from a Parkinson’s disease case, the lower the 
global glomerular voxel volume. Our rigorous quantitative approach to the whole olfactory bulb will help understand 
the anatomy and histology of the normal human olfactory bulb and its pathological alterations in Parkinson’s disease.
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