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Estimated oxidative DNA adducts per rat liver cell
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Oxidants in Hepatocytes from Young and Old Rats
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Cardiolipin Levels in 3 and 24 Month Old Rat Hepatocytes
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R123 Fluorescence in old and young rat hepatocytes
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Mitochondria decay with age

1. Decreased cardiolipin levels and structural deficit;  
2. Decreased membrane potential (the driving force for

ATP synthesis) and cellular oxygen consumption; 
3. Increased oxidation and heterogeneity;
4. Prone to oxidative damage, leading to a vicious cycle.
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L-Carnitine/Acetyl-L-Carnitine (ALCAR)
• Transports long-chain fatty acids into mitochondria
• Removes short- and medium-chain fatty acids that accumulate

• Mediates the ratio of acetyl-CoA/CoA
• Decreases with age in plasma and in brain
• Improves cognitive function in rats

12



Effect of ALCAR Supplementation on Cardiolipin Levels
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R-α-Lipoic Acid (LA) in mitochondria
• LA reduced to dihydrolipoic acid, a potent antioxidant, & chelator of Fe & Cu
• Coenzyme of pyruvate  and α-ketoglutarate dehydrogenases
• Involved with carbohydrate utilization for ATP production
• Improves cognitive function in aged mice
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Lipoic Acid Lowers Mitochondrial Oxidants in Old Rats
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R-Lipoic Acid Restores Cellular Ascorbate
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MDA levels in young and old rats with LA, ALCAR, or both
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Ambulatory Activity before and After Supplementation 
with Lipoic Acid (LA) + Acetyl-L-Carnitine (ALCAR)
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Age-associated decrease in immune function and the 
effect of ALCAR (0.2%) + LA (0.1%) treatment for 2 
months. Values are mean + SEM of 10-11 animals.
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Morris Water Maze for Testing Spatial Memory 

Spatial Memory relies on 
intact hippocampal 
function.

Treatments  improved poor 
memory in old rats

22



Spatial Memory Tested With Morris Water Maze
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Improvements in Spatial Memory of Old Rats Treated 
with ALCAR, LA, or Both
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Peak procedure: for measuring temporal memory.    
Associated with striatum, cerebellum, & hippocampus
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Oxidative Damage to Nucleic Acid in Old Rats by mAb to 
oxo8G/oxo8dG: Immunohistochemical stain of neurons
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Staining of oxidized nucleic acid in neurons 
(mAb to oxo8dG in DNA/oxo8G in R�NA)

RNA is Oxidized 

(92% is removed by RNase)

*oxo8G: 8-hydroxyguanosine;   oxo8dG: 8-hydroxy-2’-deoxyguanosine 27
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Meta-analysis of acetyl-L-carnitine versus placebo for mild cognitive 
impairment and mild Alzheimer’s disease

Montgomery, S.A., Thal, L.J., and Amrein, R., Int. Clin. Psychopharmacol 18:61-71 (2003)



Treatment with alpha-lipoic acid significantly improves both 
neuropathic symptoms and deficits in diabetic patients with 

symptomatic diabetic neuropathy

Professor Daniel Ziegler of the Diabetes Research Institute, Düsseldorf, Germany: 
Meta-Analysis Provides Highest Level of Evidence, Diabetes Monitor (2002, p6)
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Analysis of nonlinear regression models: comparison of an overall model 
and individual models of Z-transformed values vs. ln- nonheme liver iron
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9)  Atamna et al (2001) JBC.           10)  Atamna et al (2002) ABB.
11)  Atamna et al (2002) PNAS.

Similarity Between the Consequences of Heme Deficiency and 
Normal Aging/neurodegeneration

Factor in Study Heme Deficiency Aging/Neurodegeneration

Complex IV
Iron
Oxidative Stress
APP

NOS
Cell-cycle and
differentiation
Metabolism
Calcium
Ferrochelatase
Heme synthesis

Loss of complex IV
Accumulation
Increased
Decreased and
aggregate appear
Increased
Disabled differentiation
or proliferation
Mitochondrial decline
Corrupted
Increased
Decreased

Loss of complex IV
Accumulation
Increased
dimmer or aggregate

Increased
Loss of Axons; 
neuronal death
Hypometabolism
Corrupted
Increased in senescent cells
Decreased with age**
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*Not Determined in vivo. **Not determined in the aging brain



1994-96, 1998 CSFII Study, USDA





Zinc Deficiency Induces Increased
Oxidative Stress in C6 Glioma Cells
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Zinc Deficiency Induces Fapy Glycosylase (Fpg)-sensitive 
Single Strand Breaks in Human Lung Fibroblasts
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Zinc Deficiency

Mean intake by ethnic group (mg)
20 yrs 40 yrs 60 yrs

RDA 11 11 11

White 15 14 13
Black 16 13 10
Hispanic 15 15 11

Mean intake by ethnic group (mg)
20 yrs 40 yrs 60 yrs

RDA 8 8 8

White 9 10 10
Black 10 8 8
Hispanic 11 9 8
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