
dominant and worrisome element. But per- Mixed Messages 
haps de Bry's embellishments hold a deeper 

from the Distant Past? message as to why overfishing is the power- 
ful agent of ecological extinction that it has 

THE STRIKING 16TH-CENTURY COVER become (I). The more we perceive our fel- 
illustration of the Algonquian fishermen low humans to be benefiting from freely 
on Pamlico Sound (special issue on Ecolo- available natural abundance, the more we 
gy Through Time, 27 Jul.) looked vaguely want to believe that the world is constructed 
familiar. Casting about, I soon found the so as to invite us to do it too-in short, 
Summer 198 1 issue of Oceanus. Science's Hardin's "tragedy of the commons" (2). To 
illustration, credited to John White (1585), my eye, therefore, the real message of both 
is so similar to that on the 
Oceanus cover, credited 
to Theodor de Bry 
(1590), that there can be P

2 little doubt that one is 
2 parent to the other (see 
2 the figure). If we accept 
;the dates, then de Bry has 
E embellished and possibly 2
5 corrected White's por- 
5 trayal of these early fish- 
3 ing practices. 

The oddly constructed 
- holding pen in White's il- 
$ lustration has become an 
;9 elaborate (and more likely) 
2 fish trap, ~~~h versions 3 Cover comparison. The Science cover from 27 July (Left) and the 

the scene teem with sea Oceanuscover from Summer 1981 (right). 

F life, but de Bry's much 
the more so, in seeming contradistinction illustrations is allegorical, embodied in the 

$ to the fact that he also has added consider- most obvious element they have in com- 
ably to the fishing effort. The fish traps mon-the curious image, dead center, of 

2 line the distant shore in de Bry's version, two humans seemingly intent upon burn- 
B and many more canoes and spear fishers ing a hole directly through the bottom of 

dot the scene. their canoe. 
The point made in Science's cover cap- THOMASM. LESCHINE 

tion is that the vision of natural abundance School of Marine Affairs, University of Washing- 
% revealed in this long-ago moment in time ton, Seattle WA 98195, USA. E-mail: tml@u.wash- 
E stands in contrast to contemporary perspec- ington.edu 

tives in which humans are an increasingly References and Notes 
z 1. 1. B. C.]ackson et  dl., Science 293,629 (2001). 

0 	 2. G.Hardin, Science 162, 1243 (1968). 
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Letters (-300 words) discuss material published The TWO Faces in Science in the ~revious 6 months or issues 

of general interesk. They can be submitted by of Vitamin C
6:: 	 e-mail (science-letters@aaas.org), the Web 
(www.letter2science.org). or regular mail S. H. LEE AND CO-AUTHORS SUGGEST ON THE 6 	 (1200 New York Ave., NW, Washington, DC 

basis of their research findings that high 20005, USA). Letters are not acknowledged 
2 upon receipt, nor are authors generally con- vitamin potentially pro- 
8 sulted before ~ublication. Whether ~ublished mote DNA damage that lead can-

-	 in full or in letters are subject ;o editing cer (Reports, ''Vitamin C-induced decom-
for clarity and space. position of lipid hydroperoxides to en- 

P dogenous genotoxins," 15 Jun., p. 2083). U 

Their report could leave the impression 
that no human studies have been per- 
formed to address this question. 

In fact, five human studies have been 
conducted that do not confirm Lee et al.'s 
speculation (1-5). For example, researchers 
at Johns Hopkins University could not find 
evidence of a "significant main effect or in- 
teraction effect on oxidative DNA damage 
in non-smoking adults" with 500 mg per 
day of vitamin C supplementation (I). In a 
German study, researchers found that 1000 
mg of vitamin C consumed by smokers and 
nonsmokers for 7 days did not produce 
DNA damage, as measured by the number 
of micronuclei in blood lymphocytes (2). 
And in yet another study conducted by Im-
munosciences Laboratory in California, 20 
healthv volunteers were divided into four 
groups and given either placebo or daily 
doses of 500, 1000, or 5000 mg of vitamin 
C (ascorbic acid) for 2 weeks. The re- 
searchers concluded that "ascorbic acid is 
an antioxidant and that doses up to 5000 mg 
neither induce mutagenic lesions nor have 
negative effects on natural killer cell activi- 
ty, apoptosis, or cell cycle" (3). 

BILLSAUDI 
Knowledge of Health, Inc., 457 West Allen Avenue, 
Number 117, San Dimas, CA 91773, USA. E-mail: 
bsardi@aol.com 
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THE INDICTMENT OF VITAMIN C AS A POSSIBLE 
in vivo producer of genotoxins (molecules 
that damage DNA) by Lee and colleagues is 
based on a test-tube reaction that does not ad- 
equately represent the cellular environment. 
Cells have many ways of quenching ffee rad- 
ical chains that include peroxidases, superox- 
ide dismutases, and catalase, as well as other 
proton donors like glutathione and vitamin E, 
which can be maintained in the reduced state 
by vitamin C. 

The authors cite a study showing that 
supplementary vitamin C (200 mg daily) 
can produce intracellular concentrations of 
1.4 to 3.4 mm, implying that this level 
might be harmful. However, rats have about 
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6 rnrn vitamin C in their pulmonary alveo- 
lar fluid (1). This nearli twofold-greater 
concentration apparently' helps protect and 

eta l ,  Proc. Natl. Acad. Sci. U.S.A. 90,1102 (1993). 
2. D. Bar-Or, G. W.Thomas, LT. Rae1 E. P. ~ a u ,  J.V. ~inkler,  

Biochem. Biophys Rer Commun. 282,356 (2001). 

maintain alveolar capill& membranes that 
mediate transport of 02. A similarly high 
concentration of vitamin C is found in CONTRARY TO SARDI'S INTERPRETATION, WE 
adrenal glands, where free radicals are rou- did not suggest that high doses of vitamin 
tinely produced by the many hydroxylation C would cause DNA damage. We said in 
reactions involved in the synthesis of our report, "The efficiency of [vitamin] C 
epinephrine and steroid hormones. in inducing the decomposition of lipid hy- 

D. H. Kooes* droperoxides suggests that this process 
Department of Pathology, Loma Linda University, could give rise to significant levels of 
Loma Linda, C A  92350, USA DNA damage in vivo." Furthermore, we 
*Emeritus Associate Professor took great care to show that the effect we 

References and Notes observed was not a pro-oxidant effect. 
1. A. Snyder, L. Sk0za.Y. Kikkawa, Lung161.111 (1983). Four of the articles cited by Sardi (1-4) 

describe the formation of DNA adducts 
THE STUDY OF LEE AND COLLEAGUES derived from oxidative damage and so are 
demonstrates the decomposition of lipid irrelevant to our findings. We actually re- 
hydroperoxides to form genotoxins in the ferred to the article by Proteggente et al. 
presence of vitamin C and in the relative (3) in our report as being illustrative of the 
absence of transition metals. However, this potential for a transition metal ion-mediat- 
in vitro reaction was carried out at a pH of ed pro-oxidant effect of vitamin C. As far 
7.0, which is not physiologic and would as we are aware, nobody has examined the 
represent severe acidosis in vivo. At a plas- effects of vitamin C on lipid hydroperox- 
ma pH of 7.0, which occurs with ischemic ide-mediated DNA damage in humans. It 
disease states, a large amount of weakly is only recently that the methodology for 
bound copper is released from ceruloplas- such studies has become available (5). 

The other study Sardi mentions, by 
"i Schneider et aL (4, was also primarily 

involved in measuring the conse- 
"Lee et af. present no evidence I quences of oxidative damage to DNA. 

I However, Schneider et &did indeed for the role of vitamin C alone show that no stvisfically sig- 
nificant effect of vitamin C on either at P ~ Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  pH (7A) in lymphocyte sister chromatid exchange 

generating genotoxins." L or the numbers of lymphocyte micronu- 
clei in nonsmokers or smokers. Sirnilar- 
ly, there was no significant difference in 

min and other proteins to oxidize low-den- 
sity lipoproteins (I). The released free 
Cu(I1) is then available to participate in 
Haber Weiss and Fenton reactions to gener- 
ate reactive oxygen species and form geno- 
toxins with resultant DNA damage (2). 

This in vivo mechanism of DNA damage 
is probably more important than vitamin C 
alone. Lee et al. present no evidence for the 
role of vitamin C alone at physiological pH 
(7.4) in generating genotoxins. When acido- 
sis is present, the Cu(II)-vitamin C interac- 
tion accounts for most of the DNA damage 
through the formation of radicals. Lee et 
a1.k suggestion that oral intake of vitamin C 
in physiological conditions (in the absence 
of acidosis) might have a damaging effect 
on DNA was not proven by their study. 

DAVID BAR-OR 
Trauma Research, Swedish Medical Center, 501 
East Hampden, Englewood, C O  80110, USA. E- 
mail: dbaror@dmibio.com 

'?BARS," a crud; index of lipid perox- 
idation products. This study did not monitor 
the formation of any lipid hydroperoxide-de- 
rived DNA adducts. Therefore, it is also not 
really relevant to our findings. 

We accept that there is no evidence 
from short-term studies that vitamin C 
causes mutagenic lesions in healthy volun- 
teers. However, the effects of vitamin C on 
different populations have not 'been studied 
in any detail. Since the submission of our 
report, we found out that there is evidence 
that vitamin C causes sister chromatid ex- 
change in human lymphocytes in vitro (7). 
Furthermore, a paper published 2 weeks 
before our report showed that vitamin C 
enhances single-strand breakage induced 
by peroxynitrite in human myeloid 
leukemia cells (8). Peroxynitrite induces 
lipid peroxidation (9), so this makes it 

- - 

even more important to conduct long-term 
studies in different populations to deter- 
mine whether lipid hydroperoxide-derived 

References and Notes 
lesions in DNA can be detected. 

1. D. J. Lamb, D. 5. Leake, FEBS Lett 338,122 (1994); D. Ow study h a  provided a IXWlecular tar- 
S. Leake, Atherosderosis 129,149 (1997); M. Chevion get to study whether vitamin C (or other 

antioxidants) can induce lipid hydroperox- 
ide-mediated DNA damage in vivo. 
Methodology is now available for the anal- 
ysis of etheno-2'-deoxyadenosine (5), the 
lesion that we showed results from the re- 
action of 4,5-epoxy-2(E)-decenal with 
DNA. We anticipate that it will now be 
possible to test whether vitamin C can in- 
duce this mutagenic lesion (10) in differ- 
ent human populations. 
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KOOBS IS CORRECT IN ASSUMING THAT 
vitamin C will prevent the formation of 
lipid hydroperoxides by scavenging free 
radical reactive oxygen species. However, 
lipid hydroperoxides can form by other 
pathways, such as those we suggested in 
our report (1). In this situation, vitamin C 
will cause the formation of DNA-reactive 
bifunctional electrophiles by inducing 
lipid hydroperoxide decomposition (see 
the figure). Intracellular concentrations ,of 
vitamin C in humans (21 are similar to , , 
those we used in our experiments. This is 
why we suggested that vitamin C could in- 
duce lipid hydroperoxide decomposition in 

Vitamin C-induced decomposition of lipid 
hydroperoxides to DNA-reactive bifunction- 
al electrophiles. 

vivo to the same DNA-reactive bifunction- 
al electrophiles that we observed in our in 
vitro experiments. At concentrations of 6 
mm vitamin C that Snyder et al. observed 
in rat pulmonary alveolar fluid (3), the 
same electro~hiles would be formed if 
lipid hydroperbxides were also present. 
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phys. 349,376 (1998). 	 functional electrophiles with DNA. Below would result in generation of the same lipid 
2. 	M. Levine et a/., Proc. Natl. Acad. Sci. U.S.A. 93.3704 p~ 6.0, 4,5-epoxy-2(,5)decenal is unstable. hydroperoxide-derived bifunctional elec- 

(1996). 
3. A. Snyder, L. Skoza,Y. Kikkawa, Lung 161,111 (1983). However, this is the pH that we trophiles that we reported. Furthermore, the 

used in our reactions. Subsequent to the mutagenic potential of the resulting DNA le- 
submission of our report, we tested the re- sions, such as etheno-2'-deoxyadenosine (3), 

I N  RESPONSE TO BAR-OR, WE ACCEPT actionofvitaminCwithlipidhydroperox- is much greater than that resulting from ox- 
the criticism that this study was idative damage (3, 4). This suggests that it 
conducted at pH 7.0 rather than will be important in the future to monitor hu- 
p~ 7.4. We were mainly con- "From a theoretical man populations for DNA lesions that result 
cerned with eliminating transition from lipid hydroperoxide-derived genotox- 1 

metal ions and with conducting 
the reactions at neutral pH to show 
that we were not simply observing 
the well-known transition metal 
ion pro-oxidant effect ( I ) .  clearly, 
the only way to prove that the lipid 
hvdroueroxidderived bifimction- 1 
ai ele:trophiles are formed at in- 
tracellularUHis to conduct both in I 
vitro cell culture and in vivo ex- I 
periments. From a theoretical per- 

perspective, there is no reason 

to suppose that a pH 
.. 

difference of 0.4 units would 

ins, as we suggested in our report. 
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Sustainability: Insight 
from Industrial Ecology 

SUSTAINABILITY IS ONE OF THE MOST 
important issues we face today, and thus it 

affect the reaction 

that we discovered." 

ides at pH 7.4 and found that the product 
profile was essentially the same as that ob- 
served at pH 7.0 (2). 

It is certainly conceivable that DNA dam-
age caused by acidosis results from 
Cu/ascorbate-mediated radical formation 
rather than ascorbate alone. However, our 
study showed that lipid radicals could also 
be formed by the Cuiascorbate system. This 

spective, there is no reason to suppose that 
a pH difference of 0.4 units would affect 
the reaction that we discovered. Thus, at pH 
7.0 and pH 7.4, both vitamin C and polyun- 
saturated fatty acid hydroperoxides exist al- 
most exclusively in their corresponding an- 
ion forms. Furthermore, small changes in 
pH have essentially no effect on the reac- 
tions of lipid hydroperoxide-derived bi-
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