
SUBVENTRICULAR ZONE
In Fig. 2, quantitative heat maps of the metals along the subventricular zone and 
adjacent caudate nucleus show a heterogeneous distribution, with a clear distinction 
in levels between the caudate nucleus and the ventricular regions. Zinc is present at 
much higher levels than either copper or manganese.
  • Zinc was significantly elevated (p = 0.0312) in the PD subventricular  zone, but not 
 in the caudate nucleus (p = 0.3061), compared to controls (Fig. 3A)
 • Copper concentrations were unchanged in both the subventricular zone 
 (p = 0.2930) and caudate nucleus (p = 0.9327) in PD (Fig. 3B)
 • Manganese was unchanged in both the caudate nucleus (p = 0.2359) and 
 subventricular zone (p = 0.0608) in PD (Fig. 3C)  
In Fig. 4, the histology stains for free zinc (A) and ferric iron (B) show a similar 
distribution to the LA-ICP-MS images (Fig. 2), and both metals can be observed on 
processes and in amorphous masses. Ferrous iron (C) is less abundant than ferric 
iron, but shows a more clumped appearance.

OLFACTORY BULB
Distinct regions with varying concentrations of metals can be seen in the 
LA-ICP-MS scans across the olfactory bulb (Fig. 5). Zinc was high throughout 
the bulb and tract, and higher in regions with less copper. Iron was also high 
throughout the bulb and tract, but also had clear layers of higher and lower 
concentrations. There was very little copper in the olfactory tract, while higher 
concentrations were seen in a distinct layer of the olfactory bulb. 
In Fig. 6, a histological stain for zinc (A) shows a similar distribution as with 
LA-ICP-MS, with high levels of zinc throughout. There was more free zinc in 
the olfactory bulb than in the subventricular zone. Ferric iron (B) was present 
on processes and in clumps, while ferrous iron (C) was seen mainly in clumps.

METHODSBACKGROUND
In Parkinson’s disease (PD) there are changes in the abundance of some 
essential biometals in affected brain regions. 

   • Zinc and iron are elevated in the PD substantia nigra, while copper is 
  decreased in this region compared to controls (1) 
   • Occupational manganese exposure has been linked to PD, and manganese 
  neurotoxicity shows similar symptoms to PD (2)
 

Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) can 
accurately measure metal concentrations with a high level of spatial resolution 
(3). In this study, LA-ICP-MS was used to study the distribution and 
concentrations of copper, zinc, manganese, and iron in the subventricular zone, 
caudate nucleus, and olfactory bulb of human control and PD brains. Both the 
subventricular zone and the olfactory bulb, which are directly connected via the 
rostral migratory stream, may be especially vulnerable to metal accumulation. 
The subventricular zone is in close contact with cerebrospinal fluid and 
numerous blood vessels, while the olfactory bulb takes up airborne particles, 
including metals, and is one of the first regions to be affected in PD.
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DISCUSSION
This study found elevated zinc concentrations in the PD subventricular zone, as 
has been previously observed in the substantia nigra in this disease. Zinc can 
enter the brain via blood and cerebrospinal fluid, both of which are in close 
contact with the subventricular zone. Thus, future studies into zinc transporter 
and metallothionein expression in this region in PD may provide critical insights 
into altered zinc homeostatic mechanisms, and identify potential therapeutic 
targets.
Zinc, iron, and copper were also found in the human olfactory bulb and 
appeared to be localised to distinct regions in this area. A large amount of free 
and loosely bound zinc was seen in the olfactory bulb, which may have 
pathological implications; intranasal zinc administration has been linked to the 
development of anosmia (4). Future studies will investigate if the concentration 
or distribution of zinc, copper, or iron changes in the olfactory bulb in PD.
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