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Differential vulnerability of CA1 vs CA3 pyramidal neurons after ischemia:  possible relationship to 
sources of Zn2+ accumulation and its entry into and prolonged effects on mitochondria 

 Zn2+ and ischemic injury to CA1 and CA3 neurons 
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Animals.



Preparation of acute hippocampal slices.  

μ

Loading individual hippocampal neurons with fluorescent indicators. 



Fluorescent measurements. 

Oxygen-glucose deprivation (OGD) in slices. 



Antibody labeling and confocal microscopy.  



Reagents:

RRID

Statistics and data analysis



Ca2+ and Zn2+ contribute to OGD induced degeneration of both CA3 and CA1 pyramidal neurons 



 “Excitotoxicity” contributes to OGD induced degeneration in both CA3 and CA1 pyramidal neurons

Critical contribution of Zn2+ entry through Ca-AMPA to acute OGD injury in CA3 



 

  

 

 

Zn2+ mobilization from MT-III contributes to OGD induced degeneration of CA1 neurons 



  

Protracted mitochondrial Zn2+ accumulation after sublethal OGD in CA1 but not in CA3 neurons  



Zn2+ accumulation in CA1 mitochondria during “reperfusion” reflects mobilization from MT-III



Distinct “pools” contribute to injurious hippocampal Zn2+ accumulation in vivo 



in vivo

in vivo



 

Mitochondria as critical targets of injurious Zn2+ effects 

in vitro



Summary and therapeutic implications

in vivo



















Relationship between intracellular Zn2+ and Ca2+ rises, and loss of membrane 

integrity in individual CA3 neurons subjected to OGD.

Zn2+ rises precede the terminal Ca2+ deregulation in CA3 as well as CA1 pyramidal neurons:

Similar Zn2+ contributions to the occurrence of terminal Ca2+ deregulation in CA3 and CA1 

pyramidal neurons:



Ca-AMPA channel blockade  substantially delays Ca2+ deregulation in CA3 (Left), with no effect on 

CA1 neurons (Right).

In the absence of vesicular Zn2+ (in ZnT3 KO’s), protective effects of TPEN and of NASPM on CA3 

neurons are eliminated (but TPEN still protects in CA1).  



In the absence of MT-III, protective effects of TPEN persist in CA3 (Left) but are eliminated in CA1 

(Right).  

In the absence of MT-III, NMDA and VGCC mediated excitotoxicity contributes substantially to OGD 

evoked Ca2+ deregulation in both CA3 and CA1 pyramidal neurons. 

 

Cytosolic Zn2+ rise and slow recovery in CA1 neurons after sublethal OGD



Administration of FCCP 55-60 min after OGD termination evoked  large cytosolic Zn2+ rises in CA1 

but not in CA3 neurons. 

 

Substantial recovery of mitochondrial potential ( m) in both CA1 and CA3 pyramidal neurons 

after sublethal OGD. 

 

MCU inhibition only blocks mitochondrial Zn2+ uptake when applied shortly after OGD, while 

cytosolic Zn2+ is elevated:



both 

comparisons with the rise in control, 75±21.9%, from Fig. 5B

Diminished delayed mitochondrial Zn2+ accumulation in CA1 pyramidal neurons of MT-III KO mice

 Summary data:  Delayed mitochondrial Zn2+ uptake as a function of treatment.

Appearance of mitochondrial swelling.

Quantitative measurements.

Length, in μm: control 

1.4±0.047, OGD 0.8±0.032, p=2.0x10-4 vs control; OGD+RR 1.0±0.062, p=8x10-3 vs control, p=0.04 vs 



OGD; Width: control 0.49±0.007, OGD 0.64±0.045, p=0.03 vs control; OGD+RR 0.55±0.024, p=0.09  

vs control, p=0.1 vs OGD

(based on the same data; control 2.9±0.1, OGD 1.4±0.11,  p=1.9x10-4  vs control; OGD+RR 2.0±0.17, 

p=7.9x10-3 vs control, p=0.03 vs OGD




















