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Fig. 1.9. The ‘oxygen effect’ in exposing cultured Chinese hamster ovary cells to jonizing
radiation. Figure by courtesy of Dr H.B. Michaels.

Barry Halliwell and John MC Gutteridge: Free Radicals in Biology and Medine 4t ed. 2007



Adelman R et al. Proc Natl Acad Sci USA 85:2706-08, 1988

GO FGLhEL L NVBERHERTLOMGE @AMV RAT—A—)

Tg

URINARY OUTPUT (nmol/kg/day)

1 I3

2.0 3.0

T T 7
sl dTg |
6 i
4 4
/%me

2+ -

ARAT
é /
MONKEY
/
O b_____OMAN i ] {
0 1.0 2.0 3.0

OXYGEN CONSUMPTION (mi/g/hr)

FiG. 1. Levels of thymine glycol (Tg) and thymidine glycol (dTg) in urines of four species ¢xpressed asa function of specific metabolic rate
for that species (in O, per g/hr). Urine levels are mean values = SEM for 10 humans (8). for nine rats (8), for four mice on 3 days. and for three

Mouse
(8}

monkeys.
800
%’ 600
B
g
QL
33
é%” 400
S8
>E
22 200
=]
0
0.0 1.0 2.0

Fic. 4.

3.0

02 consumption (ml/g/hr)

Comparison of urinary oh*dG levels among three species.
of*dG levels (meun = SEM) from human. rat. und mouse vi.
species-specilic metubolic rates. Numbers of sumples analyzed are
showa in purentheses. ’

i & D M1E

First living organisms
Anaerobes

Stress with
oxygen

Shigenaga M et al. Proc Natl Acad Sci USA 86: 9697-9701, 1989

Evolve antioxidant
defences

Die

Retreat to
anaerobic
environments

o]
CH CHe
HN ' on HN OH
OH
N N
"W o7 N w
Thymioe Thymine glyeol
0]
CH.OH
N
 — |
o7 N

H

S—tivdroxymethyluract

HEN

I-i;.\')\

8-H ydro.\)‘guanixic

Ot

N

Guanine

20 40 60 80
AR (E)

EEERR CERRFIR  HF LIERSE  LS7THR 1996



2.

7YV =S THhNE 7

> 1ok ( ) AEolFHE

> RRMILESR, F408Vw (FXRETHDB),

> BISIANE VW), —BHABL L TEBLTRFIELRDDIALD,
D e

> AMME. BERWEIrrbLT. b6WwiaTLRRT S,

> 7Y=L ( ) ML, CRHERRLEST
BHEIL7)—=20HLeEh, HEEL2HZRLTWL, THETL 285
2 DENALF /7’J/I/(b1 radica)& V) (B& & »F),

> ELOEOFTRFIL TV —FTALNEELTVWDS, HETIEZTOD
3~54m7U—vzﬁwk&ofmé&%aehfméo

i B

Ty —F O hNEERBELODEL
TY—=FOHINRAECREINDEY, EMBREFLRBEIRTELALTY
WHBWEFEFTOANLTEITOANER LI TRREDOHWH DEIHET,

[é{i?ﬂi"%%ﬁﬁi‘ N+ =40 HF % B AL Lf"?‘\/\]

IO 2—=>0Q: —>H:20:2:2—>0 H"’HzO!

B EoR— X —F ¥ v FolBBbkEoE Ko+ v T I ALK

w O O O
»@® ®0 @6
PO DO ®O

O
O

72p

ONOEEONO)
CROBROR®D,

SISISIOIS
SIOISIOIC)
SICISICIC)

ols @

Ground-state O,
(Zg"0y)

Peroxide ion
o

Singlet O, Superoxide
(2g0y) ©;)

Singlet O,
(2g70y)

Fig. 1.12. A simplified version of bonding in the diatomic oxygen molecule and its derivatives.
Atomic oxygen (atomic number 8) has a total of eight electrons. In O3 16 electrons are present.

Table 1.4. Reactive oxygen species

Radicals

Non-radicals

Superoxide, O3~
Hydroxyl, OH*
Peroxyl, RO3
Alkoxyl, RO*®
Hydroperoxyl, HO;

Hydrogen peroxide, HoO»
Hypochlorous acid, HOCHK
Ozone, O3

Singlet oxygen ‘Ag
Peroxymmte ONOO™*

“Could equally well be called a ‘reactive chlorinating species’.

Discussed in Section 2.5.2.

Discussed in Section 2.5.4. Could equally well be called a

‘reactive nitrogen species’.

Barry Halliwell and John MC Gutteridge: Free Radicals in Biology and Medine 4th ed. 2007
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1. modified molecules by ROS : 8-hydroxyguanine, 4~
hydroxy-2-nonenal, malondialdehyde et al.

2. antioxidant enzymes and molecules : glutathione (GSH),
thioredoxin (TRX), GSH peroxidase, GSH S-transfer-
ase, TRX peroxidase, glutaredoxin, catalase, superoxide
dismutase, heat shock protein, DNA repair enzymes et al.

3. transcription factors : NF-«B, c-myc, c—fos, c-junetal. |-

Toyokuni S. Pathol Int 49: 91-102, 1999
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Figure 3 Reaction of 4-hydroxy-2-nonenal (HNE) with protein
residues (Michael addition). (a) Proposed mechanisms for HNE—~
histidine adduct formation; (b) HNE-histidine adduct; (c) HNE-lysine
adduct; and (d) HNE-cysteine adduct. Note that an hemi-acetal
structure is common for all three adducts.
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o-Tocopherol and B-Carotene Supplements and Lung Cancer
Incidence in the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study: Effects of Base-line Characteristics and

Study Compliance

Demetrius Albanes, Olli P. Heinonen, Philip R. Taylor, Jarmo Virtamo, Brenda K.
Edwards, Matti Rautalahti, Anne M. Hartman, Juni Palmgren, Laurence S. Freedman,
Jaason Haapakoski, Michael J. Barrett, Pirjo Pietinen, Nea Malila, Eero Tala, Kari Liippo,
Eija-Riitta Salomaa, Joseph A. Tangrea, Lyly Teppo, Frederic B. Askin, Eero Taskinen,
Yener Erozan, Peter Greenwald, Jussi K. Huttunen*

Background: Experimental and epidemiologic investigations
suggest that o-tocopherol (the most prevalent chemical form
of vitamin E found in vegetable oils, seeds, grains, nuts, and
other foods) and PB-carotene (a plant pigment and major
precursor of vitamin A found in many yellow, orange, and
dark-green, leafy vegetables and some fruit) might reduce
the risk of cancer, particularly lung cancer. The initial
findings of the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study (ATBC Study) indicated, however, that
lung cancer incidence was increased among participants
who received B-carotene as a supplement. Similar results
were recently reported by the Beta-Carotene and Retinol
Efficacy Trial (CARET), which tested a combination of B-
carotene and vitamin A. Purpose: We examined the effects
of o-tocopherol and B-carotene supplementation on the
incidence of lung cancer across subgroups of participants
in the ATBC Study defined by base-line characteristics (e.g.,
age, number of cigarettes smoked, dietary or serum vitamin
status, and alcohol consumption), by study compliance, and
in relation to clinical factors, such as disease stage and
histologic type. OQur primary purpose was to determine
whether the pattern of intervention effects across subgroups
could facilitate further interpretation of the main ATBC
Study results and shed light on potential mechanisms of
action and relevance to other populations. Methods: A total
of 29133 men aged 50-69 years who smoked five or more
cigarettes daily were randomly assigned to receive o-
tocopherol (50 mg), B-carotene (20 mg), a-tocopherol and
B-carotene, or a placebo daily for 5-8 years (median, 6.1
years). Data regarding smoking and other risk factors for
lung cancer and dietary factors were obtained at study
entry, along with measurements of serum levels of o-
tocopherol and B-carotene. Incident cases of lung cancer (n
= 894) were identified through the Finnish Cancer Registry
and death certificates. Each lung cancer diagnesis was
independently confirmed, and histology or cytology was
available for 94% of the cases. Intervention effects were
evaluated by use of survival analysis and proportional
hazards models. All P values were derived from two-sided

ARTICLES

statistical tests. Resulfs: No overall effect was observed for
lung cancer from o-tocopherol supplementation (relative
risk [RR] = 0.99; 95% confidence interval [CI] = 0.87-1.13;
P = .86, logrank test). B-Carotene supplementation was
associated with increased lung cancer risk (RR = 1.16; 95%
CI = 1.02-1.33; P = .02, logrank test). The B-carotene effect
appeared stronger, but not substantially different, in
participants who smoked at least 20 cigarettes daily (RR =
1.25; 95% CI = 1.07-1.46) compared with those who smoked
five to 19 cigarettes daily (RR = 0.97; 95% CI = 0.76-1.23)
and in those with a higher alcohol intake (>11 g of ethanol/
day [just under one drink per day]; RR = 1.35; 95% CI 1.01-
1.81) compared with those with a lower intake (RR = 1.03;
95% CI = 0.85-1.24). Conclusions: Supplementation with o-
tocopherol or B-carotene does not prevent lung cancer in older
men who smoke. B-Carotene supplementation at pharmacolo-
gic levels may modestly increase lung cancer incidence in
cigarette smokers, and this effect may be associated with
heavier smoking and higher alcohol intake. Implications:
While the most direct way to reduce lung cancer risk is not
to smoke tobacco, smokers should avoid high-dose B-carotene
supplementation. [J Natl Cancer Inst 1996;88:1560-70]

The Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study, or ATBC Study, a large, double-blinded, placebo-
controlled intervention trial, tested whether the use of o-

*Affiliations of authors: D. Albanes, P. R. Taylor, B. K. Edwards, A. M.
Hartman, L. S. Freedman, J. A. Tangrea, P. Greenwald, Division of Cancer
Prevention and Control, National Cancer Institute, Bethesda, MD; O. P.
Heinonen, Department of Public Health, University of Helsinki, Finland; J.
Virtamo, M. Rautalahti, J. Palmgren, J. Haapakoski, P. Pietinen, N. Malila, J. K.
Huttunen, National Public Health Institute, Helsinki, Finland; M. J. Barrett,
Information Management Services, Inc., Silver Spring, MD; E. Tala, K. Liippo,
E.-R. Salomaa, Department of Diseases of the Chest, Turku University Hospital,
Finland; L. Teppo, Finnish Cancer Registry, Helsinki; F. B. Askin, Y. Erozan,
Department of Pathology, The Johns Hopkins School of Medicine, Baltimore,
MD; E. Taskinen, University of Helsinki School of Medicine.

Correspondence to: Demetrius Albanes, M.D., National Institutes of Health,
Executive Plaza North, Rm. 211, Bethesda, MD 20892-7326.

See “Notes” section following “References.”
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Trends in Crude Mortality Rate for Leading Causes of Death (1947-2012)
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& After the end of the World War II, the mortality of infectious diseases such as tuberculosis and pneumonia de-
creased, while the mortality of life-style diseases such as cancer and heart diseases increased.
@ Cancer has been the leading cause of death since 1981, accounting for 30% of all deaths recently.
S J
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B LA £ TS p o 228, e & DRIHENE
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L ORI R P A

DA CEBMEHAEY) 1XIRFI56 (1981) 470 5RO 1
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FEEE286.6TH N FRIECD28.7% % HidD TV 5,

19904E XD BB FETHR OB B &L A 1E, 1995
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Until the middle of this century, deaths caused by infectious
diseases such as pneumonia, tuberculosis and gastroenteritis pre-

vailed in Japan.

However, since the end of the World War 11, these diseases
have rapidly decreased and have been replaced by so-called life
style related diseases such as malignant neoplasms (cancer), heart
diseases and cerebrovascular diseases.

Cancer ranks first in the causes of deaths since 1981. The
number of cancer deaths in 2012 was 360,963, and the death rate
per 100,000 was 286.6, accounting for 28.7% of the total number
of deaths.

The sudden increases and decreases in mortality rate observed
in the middle of 1990's were the artifact caused by the change
from ICD version 9 to 10 in 1995.

¥ REHHIE78 ~ 79— T BHE, See p.78-79 for tables and references. 25
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