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Figure 13
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Figure 1

An outline of pathways of base excision repair (BER): On the left side is

“Short patch” pathway and the right side “Long patch” pathway.

Crossing over of the pathways can occur at points 2 and 7. Abbreviations: DB,
damaged base; GLY-DNA, glycosylase; Pol B/ 6/ €, DNA polymerase B/ &/ €
respectively; LIG I/III, DNA-ligase I/IlIT; PARP1, poly (ADP-ribose) polymerase 1;

dNTPs, deoxynucleoside triphosphates.



Figure 2

(A) Morphology of neurons isolated from ‘Young’ (7 days postnatal), ‘Adult’
(6 months) and ‘Old’ ( >24 months) rat brain cerebral cortex by Ficoll
gradient (28% ficoll/22% ficoll). Image taken at 40 X magnification from an

inverted microscope.

(B) Western blot shows neuronal extracts prepared from young rats probed with
anti-neuron specific enolase (NSE) and anti-glial cell fibrilary acidic protein

(GFAP).



Figure 3

(A) Morphology of astrocytes isolated from ‘Young’ (7 days postnatal), ‘Adult’ (6
months) and ‘Old’ ( >24 months) rat brain cerebral cortex by Ficoll gradient (28%
ficoll/22% ficoll/10% ficoll). Image taken at 40 X magnification from an inverted

microscope.

(B) Western blot shows astroglial extract prepared from young rat probed with
anti-neuron specific enolase (NSE) and anti-glial cell fibrilary acidic protein

(GFAP).



Figure 4

Alkaline single cell gel electrophoresis or comet assay of neurons prepared
from ‘Young’ (7 days postnatal), ‘Adult’ (6 months) and ‘Old’ ( =24 months)

rat brain cerebral cortex.

(A) Fluorescence photomicrographs showing comets of neurons prepared from
young, adult and old rat brain cortex. Neurons were embedded within agarose on a
glass slide, then lysed, and DNA is “unwound” under alkaline conditions followed
by alkaline electrophoresis (pH>13). Following SYBR Green I staining, nuclei
were visualized under epifluorescence microscope, and images were captured for
comet moment analysis. Damaged DNA migrates towards the anode, resulting in
an appearance of a comet, which can be analyzed quantitatively for DNA SSBs.

(B) Bar graph showing tail moment expressed in arbitory units of neurons prepared
from young, adult and old rat brain cortex. 50 randomly chosen comets were
analyzed. Values are expressed in meantstandard deviation (SD). Results from
three independent experiments are shown. *These values are significantly different
(p<0.05 for adult and old neurons) from the corresponding values at young

neurons.



Figure 5

Alkaline single cell gel electrophoresis or comet assay of astrocytes prepared
from ‘Young’ (7 days postnatal), ‘Adult’ (6 months) and ‘Old’ ( =24 months)

rat brain cerebral cortex.

(A) Fluorescence photomicrographs showing comets of astrocytes prepared from

young, adult and old rat brain cortex. Other notations same as Figure 4.

(B) Bar graph showing tail moment expressed in arbitory units of astrocytes
prepared from young, adult and old rat brain cortex. 50 randomly chosen comets
were taken for analysis. Values are expressed in meantstandard deviation(SD).
Results from three independent experiments are shown. *These values are
significantly different (p<0.05 for adult and old astrocytes) from the corresponding

values at young astrocytes.



Figure 6

Neutral single cell gel electrophoresis or comet assay of neurons prepared
from ‘Young’ (7 days postnatal), ‘Adult’ (6 months) and ‘Old’ ( =24 months)

rat brain cerebral cortex.

(A) Fluorescence photomicrographs showing comets of neurons prepared from
young, adult and old rat brain cortex. Neurons embedded within agarose on a glass
slide, then lysed, and DNA is followed by neutral electrophoresis (pH~8.2).
Following SYBR Green I staining, nuclei were visualized under epifluorescence
microscope, and images were captured for comet analysis. Damaged DNA
migrates towards the anode, resulting in an appearance of a comet, which can be
analyzed quantitatively for DNA DSBs.

(B) Bar graph showing tail length expressed in arbitory units of neurons prepared
from young, adult and old rat brain cortex. 50 randomly chosen comets were taken
for analysis. Values are expressed in meantstandard deviation(SD). Results from
three independent experiments are shown. *These values are significantly different
(p<0.05 for adult and old neurons) from the corresponding values at young

neurons.



Figure 7

Neutral single cell gel electrophoresis or comet assay of astrocytes prepared
from ‘Young’ (7 days postnatal), ‘Adult’ (6 months) and ‘Old’ ( =24 months)

rat brain cerebral cortex.

(A) Fluorescence photomicrographs showing comets of astrocytes prepared from

young, adult and old rat brain cortex. Other notations same as Figure 6.

(B) Bar graph showing tail length expressed in arbitory units of astrocytes prepared
from young, adult and old rat brain cortex. 50 randomly chosen comets were taken
for analysis. Values are expressed in meantstandard deviation(SD). Results from
three independent experiments are shown. *These values are significantly different
(p<0.05) for adult and old astrocytes) from the corresponding values at young

astrocytes.



Figure 8

Measurement of uracil sites in young brain (Y, 7 days postnatal), adult brain
(A, 6 months) and old brain (O, > 2 years) neurons by single cell gel
electrophoresis or comet assay.

Three different experiments have been conducted. A typical representative image

of comet is shown.



Figure 9

Measurement of uracil sites in young brain (Y, 7 days postnatal), adult brain
(A, 6 months) and old brain (O, > 2 years) astrocytes by single cell gel
electrophoresis or comet assay.

A typical representative image of comet is shown out of three different

experiments.



Figure 10

Uracil DNA glycosylase activity (Udg) in ‘young’, ‘adult’ and ‘old’ rat
neuronal and astroglial extracts.

Neuronal and astroglial extracts prepared from different age of rats were incubated
with 200 fmol of 5°[y**P]-kinased 21-mer DNA oligonucleotide duplex containing
uracil at position 8 in the assay buffer for 20 minutes at 37 °C, generating the
specific 7-mer cleavage product. The samples were then processed as described in
Materials and Methods, Chapter 2. A typical autoradiogram from three different
experiments is shown. (A) Lanes 1-3, neuronal extracts from young brain (Y, 7
days postnatal), adult brain (A, 6 months) and old brain (O, > 2 years). Lanes 4-6,
astroglial extracts from young brain (Y, 7 days postnatal), adult brain (A, 6
months) and old brain (O, > 2 years). Lane 7 is 0.5 units of pure Uracil DNA
glycosylase (Udg). Lane 8 is without any extracts (enzyme blank). One unit of Udg
releases 50 pmol of uracil from an oligomeric substrate containing single dUMP
residue in 15 minutes at 37 °C in a 50 ul reaction volume.

(B) Quantitative analysis of Udg activity in neuronal and astroglial extracts as the
function of age, determined by densitometric measurements on autoradiogram from
three independent experiments. The Udg activity was calculated as the relative
amount of 7-mer product to 21-mer substrate (product/substrate+product). Values
are expressed in mean+SD.

* These values are significantly different (P<0.05 for adult and old) from the

corresponding value at ‘young’ (ANOVA, Holm-Sidak method).



Figure 11

Apurinic endonuclease 1 (Apel) activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal and astroglial extracts.

Neuronal and astroglial extracts prepared from different age of rats. Equal amount
of protein (200 ng) from each age was incubated with the 5’ [y **P]-kinased 21-mer
DNA duplex (200 fmol) containing tetrahydrofuran analog (F) of an AP site at
position 14 in incision buffer, for 10 mintues at 37 °C, generating the specific 13-
mer cleavage product. The samples were then processed as described in Materials
and Methods, Chapter 2. A typical autoradiogram from three different experiments
is shown. (A) Lanes 1-3, neuronal extracts from young brain (Y, 7 days postnatal),
adult brain (A, 6 months) and old brain (O, > 2 years). Lanes 4-6, astroglial
extracts from young brain (Y, 7 days postnatal), adult brain (A, 6 months) and old
brain (O, > 2 years). Lane 7 is 1 unit of pure Apel. Lane 8 is without any extracts
(enzyme blank). One unit is the amount of enzyme required to cleave an AP site
oligonucleotide within an oligonucleotide duplex at the rate of 1 pmol/hour at 37
°C.

(B) Quantitative analysis of Apel activity in neuronal and astroglial extracts as the
function of age, determined by densitometric measurements on autoradiogram from
three independent experiments. The incision activity was calculated as the relative
amount of 13-mer product to 21-mer substrate (product/substrate+product). Values
are expressed in mean+SD. * These values are significantly different (P<0.05 for
adult, old, neurons and astrocytes) from the corresponding value at ‘young’

(ANOVA, Holm-Sidak method).



Figure 12

DNA polymerase p dependent base excision repair (BER) activity assay.

Schematic diagram illustrates the principle of BER assay. Uracil DNA glycosylase
will remove uracil (U) and AP endonuclease incise the abasic site on its 5’ side.
DNA polymerase B (Pol p) will label the repaired DNA strand by adding a [o’*P]-
dCMP residue, thereby generating a repair unligated intermediate (8-mer). When
the 5°-dRP residue is removed, the nicked substrate can be ligated to generate a full

length ligated product (21-mer).



Figure 13

Uracil initiated base excision repair activity in ‘young’(Y), ‘adult’ (A) and
‘old’ (O) rat neuronal extracts.

DNA oligoduplex containing uracil at position 8 was incubated for 20 minutes at
37 °C with 10 pg of neuronal extract in the presence of [a **P]-dCTP, dNTPs and
buffer as described in Materials and Methods, Chapter 2. The reaction products
were purified and separated on a denaturating 20% polyacrylamide sequencing gel,
exposed to X-ray film and visualized by autoradiography. A typical autoradiogram
from three different experiments is shown. Lanes 1-3, neuronal extracts from
young brain (Y, 7days), adult brain (A, 6 months) and old brain (O>, 2 years).

Position of 21-mer, ligated product and 8-mer, unligated products are shown.



Figure 14

Uracil initiated base excision repair activity in ‘young’(Y), ‘adult’ (A) and
‘old’ (O) rat neuronal extracts in presence of aphidicolin and neutralizing
polyclonal DNA polymerase  antibody.

Neuronal extracts prepared from rat brain and pure Pol B were incubated with
aphidicolin (Aph) or neutralizing polyclonal anti-DNA polymerase 3 (anti-pol ) or
any other factor as indicated, on ice for 45 minutes. Then, BER assay was
performed by using DNA oligoduplex containing uracil present at position 8 as
substrate by incubating for 20 minutes at 37 °C in the presence of [a **P]-dCTP,
dNTPs and buffer as described in Materials and Methods. The reaction products
were purified and separated on a denaturating 20% polyacrylamide sequencing gel,
exposed to X-ray film and visualized by autoradiography. A typical autoradiogram
from three different experiments is shown. Lanes 1-3, neuronal extracts from
young brain (Y, 7days), adult brain (A, 6 months) and old brain (O>, 2 years).
Lanes 4-6, Y, A and O with 50 uM of Aph. Lanes 7-9, Y, A and O with 1 pl anti-
Pol B. Lane 10, pure 0.5 units Udg, 1 unit Apel, 0.1 units Pol B and 20 units
Ligase. Lane 11, pure Udg, Apel, Pol B and Ligase with Aph. Lane 12, pure Udg,

Apel, Pol B and Ligase with anti- Pol .



Figure 15

Uracil initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal extract supplemented with Udg, Apel, Pol B, Ligase.

A representative autoradiogram is shown. Lanes 1-3, neuronal extracts from young
brain (Y, 7 days), adult brain (A, 6 months) and old brain (O>, 2 years) with 0.5
units of Udg. Lanes 4-6, neuronal extracts (Y, A and O) supplemented with 1 unit
of Apel. Lanes 7-9, neuronal extracts (Y, A and O) supplemented with 0.1 units of
Pol B. Lanes 10-12, neuronal extracts (Y, A and O) supplemented with 20 units of
T, DNA Ligase (Ligase). Lanes 13-15, neuronal extracts from Y, A and O rat brain
supplemented with Pol B and Ligase. Lanes 16-18 is supplemented with Udg and
Apel. Position of 8-mer and 21-mer marker as shown. Other notations are same as

Figure 13.



Figure 16

Uracil initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal extract supplemented with Udg, Apel, Pol p and Ligase in different
combinations.

A representative autoradiogram is shown. Lanes 1-3, neuronal extracts from young
brain (Y, 7days), adult brain (A, 6 months) and old brain (O>, 2 years)
supplemented with Udg, Pol B and Ligase. Lanes 4-6 are supplemented with Apel,
Pol B and Ligase. Lanes 7-9 are supplemented with Udg, Apel and Pol B. Other

notations are same as Figure 13.



Figure 17

Uracil initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal extract supplemented with Udg, Apel, Polp and Ligase.

Lanes 1-3, neuronal extracts from young brain (Y, 7days), adult brain (A, 6
months) and old brain (O>, 2 years) supplemented with Udg, Apel, Polf and
Ligase. Reconstitution of uracil-initated BER was performed with supplementation
of pure enzymes. Lane 4, only Udg. Lane 5, Udg with Apel. Lane 6, Udg, Ape
with Pol B. Lane 7, Udg, Apel, Pol B with Ligase. Position of 8-mer unligated and

21-mer ligated product as shown.



Figure 18

Levels of BER enzyme proteins in ‘young’, ‘adult’ and ‘old’ rat neuronal
extracts.

(A) Representative western blots show the expression level of Ligase III, Pol § and
Apel in neuronal extract prepared from rats at different ages.

(B) Quantitative analysis of Ligase III, Pol B and Apel in neuronal extract as the
function of age, determined by densitometric measurement on autoradiogram from
three independent experiments. Values expressed as mean+SD.

* %k and *** are significantly different (P<0.05 for adult and old) from the

corresponding value at ‘young’ (ANOVA, Holm-Sidak method).



Figure 19

Measurement of 8-0x0G sites in young brain (Y, 7 days postnatal), adult brain
(A, 6 months) and old brain (O, > 2 years) neurons by single cell gel

electrophoresis(comet assay).

Three different experiments have been conducted. A typical representative image

of comet 1s shown.



Figure 20

Measurement of 8-0x0G sites in young brain (Y, 7 days postnatal), adult brain
(A, 6 months) and old brain (O, > 2 years) astrocytes by single cell gel

electrophoresis(comet assay).

A typical representative image of comet is shown out of three different

experiments.



Figure 21
8-oxoguanine DNA-glycosylase/AP lyase activity (Oggl) in ‘young’, ‘adult’

and ‘old’ rat neuronal and astroglial extracts.

Neuronal and astroglial extracts prepared from different age of rats were incubated
with 200 fmol of 5°[y’*P]-kinased 24-mer DNA oligonucleotide duplex containing
8-0x0G at position 10 in the assay buffer for 120 minutes at 32 °C, generating the
specific 9-mer cleavage product. The samples were then processed as described in
Materials and Methods, Chapter 2. A typical autoradiogram from three different
experiments is shown. (A) Lanes 1-3, neuronal extracts from young brain (Y, 7
days postnatal), adult brain (A, 6 months) and old brain (O, > 2 years). Lanes 4-6,
astroglial extracts from young brain (Y, 7 days postnatal), adult brain (A, 6
months) and old brain (O, > 2 years). Lane 7 is 0.2 units of pure human 8-
oxoguanine DNA glycosylase (Oggl). Lane 8 is without any extracts (enzyme
blank). One Unit of Oggl catalyzes the cleavage of 1 pmole of a [*P]-
oligonucleotide probe in 1 hour at 37 °C, at an 8-0x0G:C base pair within a duplex
oligo. (B) Quantitative analysis of Oggl activity in neuronal and astroglial extracts
as the function of age, determined by densitometric measurements on
autoradiogram from three independent experiments. The incision activity was
calculated as the relative amount of 9-mer product to 24-mer substrate
(product/substrate+product). Values are expressed in mean+SD. *These values are
significantly different (P<0.05 for adult and old) from the corresponding value at

‘young’ (ANOVA, Holm-Sidak method).



Figure 22

8-0x0G initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat

neuronal extracts.

A representative autoradiogram showing the product of 8-o0xoG initiated base
excision repair synthesis incorporation following incubation of double-strand 8-
oxoG containing oligonucleotide present at position 10 with neuronal extracts
prepared from different age of rats were incubated with 25ug of protein extracts
for 120 minutes at 32 °C in the presence of [o°P]-dGTP. A typical autoradiogram
from three different experiments is shown. Lanes 1-3, neuronal extracts from

young (Y), adult (A) and old (O) rat brain.



Figure 23

8-0x0dG initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal extracts supplemented with 0.2 units of Oggl, 0.5 units of Apel, 0.2

units of Pol B, 20 units of T, DNA Ligase alone.

A typical autoradiogram from three different experiments is shown. Lanes 1-3,
neuronal extracts from young brain (Y, 7 days postnatal), adult brain (A, 6 months)
and old brain (O, > 2 years) with 0.2 units Oggl. Lanes 4-6, neuronal extracts from
Y, A and O with 0.5 units Apel. Lanes 7-9, neuronal extracts from Y, A and O
with 0.2 units Pol . Lanes 10-12, neuronal extracts from Y, A and O with 20 units

T, DNA Ligase (Ligase).



Figure 24

8-0x0dG initiated base excision repair activity in ‘young’, ‘adult’ and ‘old’ rat
neuronal extracts supplemented with different combinations of 0.2 units of

Oggl, 0.5 units of Apel, 0.2 units of Pol B, 20 units of T, DNA Ligase alone.

A typical autoradiogram from three different experiments is shown. Lanes 1-3,
neuronal extracts from young brain (Y, 7 days postnatal), adult brain (A, 6 months)
and old brain (O, > 2 years) with Oggl and Apel. Lanes 4-6, neuronal extracts
from Y, A and O with Pol B and Ligase. Lanes 7-9, neuronal extracts from Y, A
and O with Oggl, Apel and Pol . Lanes 10-12, neuronal extracts from Y, A and O
with Oggl, Pol B and Ligase. Lanes 13-15, neuronal extracts from Y, A and O with
Apel, Pol B and Ligase. Lanes 16-18, neuronal extracts from Y, A and O with
Oggl, Apel, Pol B and Ligase. Lane 19, with all pure enzymes Oggl, Apel, Pol

and Ligase.



Figure 25

Effect of calorie restriction on the levels of Pol f.

(A) Western blot showing the level of Pol B (39 kDa) in young, adult, old control
and calorie restricted old neurons. Pure human DNA polymerase  (Pol B) is kept as
a positive control in this blot. The relative levels of Pol B protein in various extracts
were quantified using Image J 1.41 (NIH, USA). The densitometric value of 39 kDa
band of Pol B, expressed as mean z=standard deviation from three different
experiments, is 63+6.2, 37+2.6, 19+£2 and 27.66+2 for young, adult old control and
calorie restricted old rat neurons respectively. The increase in the levels of Pol B in
calorie restricted old neuronal extracts when compared is significantly different from
old control neuronal extracts at P<0.01(Student’s-test). The average percentage
increase in level in calorie restricted as compared to old control was 45.6. Y, A, O
and OCR represents 7 days young rats, 6 months adult rats, 30 months old control rat
and 30 months old calorie restricted rat. Lower panel showing B-actin levels in the

same amount of extracts used in upper panel.



Figure 26

DNA gap repair activity in neuronal extracts prepared from young (7 days),

adult (6 months), old and calorie restricted 30 months old rats.

(A) Lanes 1-2, neuronal extract from young rats. Lanes 3-4, neuronal extract from
adult rats. Lanes 5-6, neuronal extract from old rats. Lanes 7-8, neuronal extract
from calorie restricted old rats. Lanes 9-10, enzyme blanks. Lanes 1, 3,5, 7 and 9
are with 1gap (1G) substrate. Lanes 2, 4, 6, 8 and 10 are with 4 gap (4G) substrate.

Lanes 11 and 12 are standard 14-mer and 32-mer.

(B) The oligo duplex substrates with one and four nucleotide gaps used in the study
are also shown. An oligo duplex having a 1 nucleotide gap in one strand is
prepared by annealing a previously 5°-kinased oligo 2 (14-mer) and a oligo 4 (17-
mer) to unlabeled oligo 1, the 32-mer. Such an annealing would produce a 1- gap
oligo. It may be noted that the strand with 1 nucleotide gap is also having a *°P
label on 5’ side and a non radioactive phosphate on the 5’ side of down stream 17-
mer. Similarly, annealing a 5’-kinased oligo 2 and oligo 3, to oligo 1, the 32-mer
would yield a duplex with a 4 nucleotide gap. The strand with 4 nucleotide gap is
also having a **P label on 5’ side and a non radioactive phosphate on the 5’ side of

down stream 14-mer.

Y, A, O and OCR represents 7 days young rats, 6 months adult rats, 30 months old

control rat and 30 months old calorie restricted rat.



Figure 27

DNA gap repair activity in neuronal extracts prepared from control and
calorie restricted 30 months old rats. Effect of supplementing the neuronal

extracts with ImM ATP together with T, DNA Ligase.

Lanes 1-4, neuronal extracts from control and calorie restricted rats supplemented
with ImM ATP. Lanes 5-8, neuronal extracts from control and calorie restricted
rats supplemented with ImM ATP +20 units of T4 DNA ligase. One unit of ligase
activity is defined as (according to the supplier) that amount of enzyme required to
achieve 50% ligation of lambda/Hind III digest in 30 minutes at 16 °C in 20 pl of
the reaction mixture and at a 5’-DNA termini concentration of 0.12 uM. The
densitometric values of 32-mer band (mean +standard deviation calculated from
three different experiments) in lanes 5 and 7 are shown at the bottom of those
lanes. Lanes 9-10 enzyme blanks. Lanes 1, 3, 5, 7 and 9 are with Igap (1G)
substrate. Lanes 2, 4, 6, 8 and 10 are with 4 gap (4G) substrate. Lanes 11 and 12

are standard 14-mer and 32-mer. Other notations are same as in Figure 26.



Figure 28

Template driven primer extension activity in neuronal extracts prepared from

young (7 days), adult (6 months), old and calorie restricted 30 months old rats.

(A) Lanes 1-2, neuronal extract from young rats with a oligo duplex substrate
having a mismatched base pair (GT) or a correctly matched base pair (GC) at 3’
position of the primer respectively; Lanes 3-4, neuronal extract from adult rats with
GT and GC substrates respectively; Lanes 5-6, neuronal extract from old control
rats with GT and GC substrates respectively; Lanes 7-8, neuronal extracts from
calorie restricted old rats with GT and GC substrate respectively; Lanes 9-10, GT

and GC substrate enzyme blanks respectively.

(B) The structures of the two oligo duplexes used in these experiments are also
shown in the figure. The 5’ kinased oligo-A, 14-mer is hybridized with (oligo-B,
21-mer) and (oligo-C, 21-mer) to form correct duplex (G-C) and mismatched
duplex (G-T) in equimolar concentration. Y, A, O and OCR represent 7 days
young rats,6 months adult rats, 30 months old control rat and 30 months old calorie

restricted rat. Lanes 11and 12 show the mobility of standard 14 and 21-mers.
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AD : Alzheimer’s disease

AP : Apurinic/Apyrimidinic

APH : Aphidicolin

APE 1 : AP endonuclease 1
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Table 1

Approximate frequencies of occurrence of endogenous DNA damage in
mammalian cells.

Damage Events per cell Reference

per day
Depurination 10,000 (Lindahl and Nyberg 1972)
Depyrimidination 600  (Lindahl and Karlstrom 1973)
Deamination 100-300 (Lindahl and Nyberg 1974)
Single-strand breaks 10,000 (Saul 1985)
(Including all types of

base damage viz. oxidative

damage, adduct formation

with reducing sugars,

methylation,cross-links

and so forth)

Double-strand break 9  (Bernstein and Bernstein 1991)
Interstand cross link 8  (Bernstein and Bernstein 1991)

DNA-protein cross link unknown (Bernstein and Bernstein 1991)




Table 2

Name Sequence

UG S’gccattgUgctaccgatcgecg3’

3cggtaacGecgatggctagecgce?’

F S’cgcgatcggtagcFcaatggce3d’

3’gcgctagccatcgCgttaccg?h’

0] 5’gaactagtgOatcccccgggectge 3’

3’cttgatcacCtagggggcccgacg?’

U: deoxy-uracil; F: Tetrahydrofuran abasic site analog; O: 8-oxo-guanine



Table 3

Detection of uracil sites in isolated neurons and astrocytes prepared from Young
(7 days), Adult (6 months) and Old (=2 years) rat cerebral cortex by comet assay

following with or without treatment with uracil-DNA glycosylase (Udg).

Sample Buffer Udg Net amount
of uracil
Tail moment Tail moment sensitive sites.
(mean£SD) (mean+SD)
Young Neurons 14.96 £12.06  22.77+15.22 7.81
Adult Neurons 115.71 +£30.79 141.78 £ 65.29 * 26.07
Old Neurons 13470 £41.83 18534+ 74.63 * 50.64
Young Astrocytes 18.80 = 15.77 24.83 +16.84 6.03
Adult Astrocytes 121.92+£3591 141.72+57.39 * 19.8
Old Astrocytes 135.72+39.22 175.44+61.71 * 39.72

Values are expressed in mean = (SD).

* These values are significantly different (P<0.05 for adult and old) from the

corresponding value at ‘young’ (ANOVA, Holm-Sidak method).



Table 4

Detection of 8-0x0G sites in isolated neurons and astrocytes prepared from
Young (7 days), Adult (6 months) and Old (=2 years) rat cerebral cortex by comet

assay following with or without treatment with 8-oxoguanine DNA glycosylase

(Oggl).

Sample

Buffer

Tail moment

Oggl

Tail moment

Net amount of

8-0x0G sites

(mean£SD) (mean+SD)
Young Neurons 14.46 +10.09 20 .76 e£P0W9 8.29
Adult Neurons 94.76 + 33.10 138.18 + 78.09* 43.42
Old Neurons 114.01 +£21.24 175.64 £ 54.96* 61.63
Young Astrocytes 20.04 + 14.89 30.74 + 24.56 10.7
Adult Astrocytes 100.42 +36.95 135.05 £43.31* 34.63
Old Astrocytes 116.59 +23.10 169.49 + 54.59* 52.9

Values are expressed in mean + standard deviation (SD).

*These values are significantly different (P<0.05 for adult and old) from the

corresponding value at ‘young’ (ANOVA, Holm-Sidak method).



Table 5

DNA polymerase f activity in young, adult and old control and calorie restricted

rat neuronal extracts with ‘activated’ calf thymus DNA as template primer.

Sample Specific activity of % increase in specific
Pol B activity in calorie

restricted compared

to control
Young Neurons 7859 £1143
Adult Neurons 780 + 88
Old Neurons 229 + 86 -
Old calorie restricted Neurons 369 £ 61* 61.18

Values are mean = S.D. and expressed as picomole of the radioactive deoxynucleotide
incorporated into the acid insoluble fraction in 1 hour/milligram protein. Three
independent experiments were performed in the case of young and adult neurons and
five independent experiments were done in case of old control and calorie restricted old
neurons respectively.®* indicate values are significantly different from old control

neuron, P<(0.01 (Student’ t-test).
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INTRODUCTION



INTRODUCTION

Aging is the progressive accumulation of changes with time associated with
or responsible for the ever-increasing susceptibility to disease and death, which
accompanies advancing age. These time-related changes are attributed to the aging
process. This process may be common to all living things, for the phenomenon of
aging and death is universal. If so, both aging and the rate of the aging process are
under genetic control to some extent for the manifestations of aging, and life span
differs between species and individual members of a species. Further, like all
chemicals and chemical reactions, the manifestations of aging, which reflect the
chemical composition and the rate of the aging process should be subject to
environmental influences (Harman 1981).

Many theories of aging have been proposed in this century, and very often the
proposer attempts to explain the whole complex process of aging in terms of a
single theory. These attempts are probably doomed to failure, since it has become
obvious that aging is multicausal or multifactorial.

There is evidence supporting at least 5 common characteristics of aging in
mammals (Troen 2003).

1. Increased mortality with age after maturation.

2. Changes in biochemical composition in tissues with age.

3. Progressive decrease in physiological capacity with age.

4. Reduced ability to respond adaptively to environmental stimuli with age.

5. Increased susceptibility and vulnerability to disease.



Aging is a universal, intrinsic, progressive and deleterious process. Understanding
it is of major interest to scientist, physicians as well as to the general population.
Critical to this understanding is to formulate comprehensive theories of aging with
high predictive and explanatory power. More than 300 theories have been
postulated over the years in an effort to adequately explain the phenotype of aged
organisms. Some theories have been proven to be related to aging where as others
show high probability or possibility of affecting aging, while others has been
disproven. Modern technology and research techniques have allowed the
researchers to test many of these theories of aging. One theory, which enjoys
considerable logic and rationale, is the DNA damage and repair theory.
DNA DAMAGE AND REPAIR THEORY

Alexander (1967) was the first to suggest that DNA damage per se, apart
from its role in inducing mutations, may be a primary cause of aging. This theory
postulates that the DNA damage, which is bound to occur in the body of an
organism, is repaired efficiently up to a certain age of an organism, but thereafter is
compromised in a predetermined manner. Thus, from some point of lifespan, DNA
repair capacity decreases, therefore DNA damage accumulates. This accumulation
of DNA damage leads to the breakdown of all the vital process in the cell finally
leading to death.

Hart and Setlow (1974) observed a direct relationship between maximum
achievable lifespan of a species and its capacity for UV induced unscheduled DNA

synthesis (UDS) [a measure of DNA repair capacity] in fibroblast from seven
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species. Similar observations were made using fibroblast from primates (Hart and
Daniel 1980) between two mouse species with a difference in Lifespan of 2.5 fold
(Hart et al. 1979), in skin cells of humans (Sutherland et al. 1980) and in lens
epithelial cells from rat, rabbit, dog, cow and horse (Treton and Courtois 1982).

Wei et al. (1993) demonstrated in basal cell carcinoma skin cancer patients
that the normal decline in DNA repair with increased age may account for the
increased risk of skin cancer that begins in middle age, suggesting that the
occurrence of skin cancer in the young may represent precocious aging.

Cortopassi and Wang (1996) demonstrated that the rate of mitochondrial
mutagenesis in laboratory mouse is exponential and is 40 times faster than humans,
which is consistent with the lifespan of mice. Zahn et al. (2000) showed in two
mouse strains that in the strain with shorter longevity, damage increases and the
repair deficiency is drastically different from those with higher longevity. These
findings of strong coupling of the DNA status to aging as well as longevity suggest
causative relations. De Boer et al. (2002) showed in mice with a mutation in XPD,
a gene encoding a DNA helicase that is mutated in the human disorder
trichothiodystrophy (TTD), that aging in TTD mice is caused by unrepaired DNA
damage that compromises transcription, leading to functional inactivation of
critical genes and enhanced apoptosis.

There are also a few studies that do not support DNA damage contributing to
aging. Studies in vitro of senescent fibroblast showed minimal decrease in DNA

repair (Hart and Setlow 1976).



Similarly, another study showed that the capacity to repair DNA single and double
strand breaks mediated by ionizing radiation is not altered during in vitro cellular
senescence (Mayer et al. 1989). However, there is extensive correlative evidence
that DNA damage and mutations increase with age. In addition, there are studies
that have demonstrated a corresponding decrease of DNA repair. This decrease in
DNA repair may in part account for the increased DNA damage levels and
mutation frequencies observed with age.

In mammals, long-lived neurons, differentiated muscle cells, and other
differentiated cell t