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Nanoscale Metallic Particles Detected
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A closer look at the
Alzheimer’s brain

Over a century ago, German psychia-
trist and neuropathologist Alois Alzheimer
examined the brain tissue of a woman who
died exhibiting memory loss, language
problems, and unpredictable behavior.
One of the things he noted in his examina-
tion was a buildup of material—amyloid
plagues—later understood to consist
of naturally occurring proteins that
accumulate between neurons and disrupt
their signaling.

Now, an international team led by
researchers from Keele University and
Warwick University have extended the
examination of Alzheimer’s-affected brain

tissue to the nanoscale level, using x-ray
spectromicroscopy at the ALS and Dia-
mond Light Source. The results revealed
the unexpected presence of elemental
forms of copper and iron in amyloid
plaques isolated from Alzheimer’s disease
subjects, raising new questions about the
role of metal biochemistry in the human
brain.

Copper and iron
brain chemistry

Copper and iron play a critical role in
normal brain function. Numerous enzymes
and proteins containing positively charged
(oxidized) copper and iron (Cu*, Cu?*, Fe2*,
and Fe3*) control key metabolic and neuro-
logical processes. However, metallic

Scientific
Achievement

Using the Advanced Light Source
(ALS), researchers detected
nanoscale deposits of elemental
copper and iron in brain tissues
isolated from Alzheimer’s disease
subjects.

Significance
and Impact

The discovery suggests new
directions of study to determine
the role that elemental metals
might play in neurochemistry,
neurobiology, and the development
of neurodegenerative disease.

(unoxidized) copper (Cu®) and iron (Fe®)
have chemical and magnetic properties
that are distinctly different from those of
their oxidized counterparts. Moreover, the
metallic surfaces are highly reactive and
will easily combine with oxygen to form
the positively charged oxides.

Disruptions in the balance (homeosta-
sis) between metals in these chemical
states have been implicated in the devel-
opment of multiple neurodegenerative
disorders, including Alzheimer’s disease
and the formation of amyloid plaques.

A deeper understanding of metal homeo-
stasis in the brain, and, in particular, the
role of specific oxidation states, requires
chemically sensitive measurements at
nanoscale resolution.



High-resolution
chemical specificity

At both the ALS and Diamond, scanning
transmission x-ray microscopy (STXM)
experiments were performed on amyloid
plague cores isolated from the brain
tissues of deceased Alzheimer's patients.
The chemical sensitivity and nanoscale
spatial resolution offered by ALS Beamline
11.0.2 allowed the researchers to deter-
mine the chemical composition of
extremely small samples in a way that
revealed both the precise distribution of
specific elements and the extent to which
they were oxidized.

The results revealed the presence of
nanoparticles with high concentrations of
metallic iron and copper, along with differ-
ent chemically reduced states, within the
same amyloid plaque. This suggests that
aggressive oxidation-reduction (redox)
reactions may be occurring within these
structures. In addition, magnetic dichroism
measurements revealed iron deposits
with strong magnetic polarization, a
finding that could affect certain forms of
magnetic resonance imaging (MRI) and
help with diagnosis and monitoring of
disease progression.

The researchers do not rule out the
possibility that these elemental nano-
particles may exist outside of the amyloid
plagues, possibly even in the brains of
healthy individuals. Thus, the next steps
will be to determine if the metallic particles
are only (or at least predominantly) found
in areas of disease pathology such as
Alzheimer’s disease plaques. In general,
this line of research will help scientists

Cu/Fe composite
le ’} m Cu®

L-2i = CuiCu®
mFe

70% Fe®
17% Fe;0,
13% Fe?*

54% Fe®
39% Fe**
.

X-ray absorption (arb. units)

Fe oxidation difference

700

710 720
Energy (eV)

Left: Composite STXM image of amyloid plaque (blue), Cu?* (green), Cu*/Cu® (red), and Fe (gray).
Center: Fe oxidation-state difference map of region in yellow box. Fe3* is light, and Fe2*/Fe® is dark.
Right: Fe spectra from regions in green and orange ovals. Comparison to reference spectra indicates
that F2is 70% Fe®, and F1 is 54% Fe®. A similar analysis was done for Cu.

to better understand the complex
biochemistry of the brain and, in particular,
the role that amyloid plaques and transition

metals—both current targets for treat-
ment—play in Alzheimer’s disease.
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