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Since Harman proposed the ‘‘free-radical theory of aging’’, oxidative stress is postulated to be a major causal fac-
tor of senescence. Accumulation of oxidative stress-induced oxidatively modified macromolecules including protein,
DNA, and lipid, were found in tissues during the aging process. However, it is not necessarily clear which factor is more
critical for an increase in endogenous reactive oxygen and/or decrease in antioxidative defense, to the age-related in-
crease in oxidative damage. To clarify the production of reactive oxygen increasing with age, we examined reactive oxyg-
en-dependent chemiluminescent (CL) signals in ex-vivo brain slices prepared from different aged animal brain during
hypoxia-reoxygenation treatment using a novel photonic imaging method. CL signal was intensified during reoxygena-
tion. The signals in SAMP10 (short life strain) and SAMR1 (control) brain slices increased with aging. The slope of in-
crease of CL intensity with age in P10 was steeper than those in R1. Age-dependent increase of CL intensity was also ob-
served in C57BL/6 mouse, Wistar rat, and pigeon. However, SOD activity in brain was not changed with age. These
results suggest that reactive oxygen production itself increase with aging. The rate of age-related increase of CL intensity
was inversely related to the maximum life span of the animals. We speculate that reactive oxygen may be a kind of signal
for aging and its levels in tissue may determine the aging process and life span. To decelerate the age-related increases of
reactive oxygen production is expected as a potent strategy for anti-aging interventions.
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Fig. 1. Schematic of the System (A), and Diagrams Displaying the Combination of Chemiluminescence Detection without a Scintil-
lator (Left) and Radiation Detection with a Reflexible Solid Scintillator (Right) (B)
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Fig. 3. Chemiluminescent Emission in Firefly Luciferin-luciferase Reaction
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Fig. 5. Changes of Radioactivity and Chemiluminescence Counts in Brain Slices at the Acquisition Time Points after the Start of In-

cubation with FDG and Lucigenin
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Fig. 6. Effect of EUK-8 and Cu,Zn-SOD on Chemilumines-
cent Intensity in Wistar Rat (3-month-old) Brain Slices
A set of eight rats was used for the control and of five rats for EUK-8
and Cu,Zn-SOD experiments.
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Fig. 7. Effect of Mitochondrial Electron Inhibitors on Chemiluminescence Intensity in Wistar Rat (3-month-old) Brain Slices
Images of four brain slices prepared from a rat were acquired every 3 minutes under the oxygenated condition for up to 165 min (twenty-five frames) . The NaCl
and NaCN solutions (30 ul), and ethanol, rotenone, antimycin A, and 3-nitropropionic acid solutions (300 ul), were added at the point indicated by arrow.
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Fig. 9. Analysis of Age-related Changes of Superoxide Levels in Senescence Accelerated Mouse (SAM) Brain Slices
Superoxide-dependent chemiluminescent intensity expressed as ‘‘counts/pixel/min’’ was represented as the mean=+S.D. for 2, 6, 10, 12, and 15-month-old

SAMPI10, and for 2, 12, 15, and 20-month-old SAMRI.
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Fig. 10. Age-related Changes of Superoxide Levels in C57/BL6 Mouse, Wistar Rat, and Pigeon Brain Slices
Superoxide-dependent chemiluminescent intensity expressed as ‘‘counts/pixel/min’’ was represented as the mean+S.D. for 3, 6, 12, 18, and 24-month-old C57
/BL6 mice, 1, 3, 6, 12, and 22-month-old Wistar rats, and 2 and 10-year-old pigeons.
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Fig. 12. Analysis of Age-related Changes of Superoxide Dismutase (SOD) Activity in Brain Tissues
Each value represents the mean+S.D. for C57/BL6 mice: 3, 6, 12, 18, and 24-month-old, for Wistar rats: 3, 6, 12, and 20-month-old, and for pigeons: 2 and
10-year-old.
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Fig. 13. Increase of Oxidative End-product Concentration during Aging Process

Age-related changes in 2carbonyl concentration of protein from different tissues,® malondialdehyde concentration of erythrocyte,® and <8-OHdG concentra-
tion of nuclear DNA from brain,” were analyzed as markers for protein, lipid, and DNA oxidation, respectively.
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M, SOD, h&¥ 55—+, VL& FA I3 MHEZ
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ERLTWSEEZS5NS (Fig. 10). HBREN D
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HRFTHS. 1 FRABYNILF TR FE 5 EDZAL
XN THD, ZHNITHENT 5 F TEREREE{L A
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H 5. 120)
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Fig. 14. Relationship between Rate of Age-related Increases
of Superoxide-dependent Chemiluminescence and Maximum
Life Span Potential (MLSP)

Rate of age-related increases of superoxide-dependent chemilumines-
cence expressed as ‘‘counts/pixel/min/month’’ was obtained from the data
(2, 6, 10, 12, and 15-month-old SAMP10 mice; 2, 12, 15, and 20-month-old
SAMRI1 mice; 3, 6, 12, and 18-month-old C57/BL6 mice; 3, 6, 12, and 22-
month-old Wistar rats; 3, 10, 22, and 28-month-old Fischer rats; 2 and 10-
year-old pigeons). MLSP was calculated from the data in published
report,’ or was taken from published reports.!!8.120
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