
Development of trace analytical
methods for biological 

microenvironment monitoring
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Still to be Answered : What cause brain damage in acute 
ischemic stroke and traumatic stress?

Production of Free Radicals in Fetal Brain 

http://www.nichd.nih.gov/publications/pubs/acute/acute.
cfm
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In light of the recent observation of stress-related 
breaks in the blood-brain barrier, the mechanism 
of metal ion accumulation in the brain should be 
re-evaluated.

Nature, 393, 1998, 373



Blood–brain barrier (BBB) 
disruption in hypoxia/ischemia

Stroke, 2011; 42: 3323-3328



Postmortem Changes in CSF metal ions concentrations
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Schoning P. et al., J. Forensic Sci., 1980, 25:60-66. Sun Y.C. et al., J. Mass Spectrom. Rev., 2010, 29: 392-424 .



Post ischemic changes over time

Molecular Neurology (2007) ed. S Waxman, Elsevier, Amsterdam

Early after the onset of the focal perfusion deficit,
excitotoxic mechanisms can damage neurons and glia.
Later changes include peri-infarct depolarizations,
inflammation, and apoptosis.



300 μM

Only 6 nM

Therefore, the 
concentration of Zn2+

released was still 
unclear.

Between 10 and 30 μM

The Journal of Neuroscience, July 30, 2003-23(17):6847-6855



Why in-vivo monitoring is “The worst of the 
worst” to Analytical Chemistry

7

Low analyte concentration

 10-1 g/L < [Mn+] < 102 g/L

Limited sample volume

 Sampling rate=0.5-1 L/min

 Sample volume=10 L/20 min

Sensitivity

 1 g/L×10 L= 10 ×10-12 g

Selectivity

 Normal saline=0.9% NaCl

 Target anionic and cationic species

Robustness

 12 h continuous monitoring

 Blank control

0.9% NaCl
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Microdialysis



X-ray showing location of 
microdialysis guide cannula

The Journal of Physiology
Volume 532, Issue 2, pages 467-481, 5 AUG 2004 DOI: 10.1111/j.1469-7793.2001.0467f.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7793.2001.0467f.x/full#f1

http://onlinelibrary.wiley.com/doi/10.1111/tjp.2001.532.issue-2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7793.2001.0467f.x/full#f1


Microdialysis in vivo sampling technique
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Schematic illustration of the on-line 
MD−desalter−ICPMS hyphenation system 



Figure 5 Time course of the concentration of trace metals in the ECF of a living rat following insertion of a microprobe into the 

brain:  (a) Cu, Zn, and Mn with prior collection of microdialysate in a 10 μL loop; (b) Ca and Mg, real-time measurement without 

use of the sample loop. The error bars represent the standard deviations (n = 3). The MD probe was inserted at time zero.
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Time course of the concentration of trace 
metals in the ECF of a living rat 
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In-tube PVC Solid Phase Extraction
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Schematic representation of the flow injection laboratory-on-valve system for trace element preconcentration via complexation 

with a nonfunctionalized PVC tube. VA and VC: six-port rotary valves. VB: eight-port rotary valves.

Published in: C. K. Su; T. W. Li; Y. C. Sun; Anal. Chem. 2008, 80, 6959-6967.

DOI: 10.1021/ac800802e

Copyright ©  2008 American Chemical Society

Schematic representation of the flow injection 
laboratory-on-valve system
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Time course of the concentrations of trace metals in 
the brain extracellular fluid of a living rat 




