
searchers with the Illinois Natural History 
Survey are investigating the effectiveness of 
this barrier in limiting movement of native 
fishes, but studies are needed that specifi- 
cally address whether such a barrier could 
prevent bighead and silver carp from enter- 
ing Lake Michigan. 
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Clioquinol's Return: 
Cautions from Japan 

IN HER ARTICLE "AN ANTIBIOTIC TO TREAT 
Alzheimer's?" Laura Helmuth reports on 
clioquinol, a chelating antibiotic, that Ash- 
ley Bush and colleagues have found dis- 
solves amyloid plaques in postmortem 
brain tissue from Alzheimer's patients and 
also dissolves Alzheimer's-like plaques in 
living mice (News of the Week, 17 Nov., p. 
1273). The drug is in phase I1 clinical trials. 

This drug, however, caused a tragic dis- 
ease, subacute myelo-optico-neuropathy 
(SMON), in the 1960s in Japan. Patients 
showed subacute onset of visual loss, mus- 

2 cle weakness, numbness, and a tingling 
g sensation in their lower extremities. Au- 
3 topsies revealed degeneration of the optic 

tract and of the lateral and dorsal columns 
of the spinal cord. Neurologists noted that 

$ patients had green tongues and green 
$ urine, and analytical chemists concluded 

that this was due to chelated iron from 
iij treatment with clioquinol (I). Rats and 
$ mice did not develop the disease, but dogs 
$ developed a similar condition when treated 
6 with this drug (2). It has also been found 

that a chelate of clioquinol with zinc is 
toxic to mitochondria (3). Our epidemio- 
logical study revealed that those individu- 
als who received 1.2 grams per day of chi- 
noform containing clioquinol for more 
than 2 weeks developed SMON (4). 

The use of clioquinol was banned in 
1970 in Japan. Many patients still suffer 
residual effects from their treatment with 
this drug. Clioquinol might be found to 
help to relieve the symptoms of 
Alzheimer's disease, but it has the poten- 
tial to cause a dreadful condition. 
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(This is written in Japanese. ProfessorTsubaki is dead 
and no English translation is available.) 

there were 10,000 cases of SMON in Japan, 
whereas there were only 220 cases identi- 
fied in the rest of the world. Also, no clear 
relation has been identified between CQ 
dose and the risk for SMON. Six cases of 
encephalopathy (but not SMON) induced by 
acute overdoses in excess of 7.5 grams have 
been reported (4). Most importantly, 25% of 
patients with the diagnosis of SMON (in a 
sample of 2465 from Japan) had never taken 
CQ (5). Tabira cites one paper that shows 
that CQ is toxic to mitochondria in vitro. 
However, most antibiotics at high concen- 
trations are toxic to mitochondria, and in 
medicine, antibiotics are dosed to avoid mi- 
tochondrial toxicity. 

So why were the Japanese so severely af- 
fected by the syndrome? We believe that lo- 
cal demographic factors prevalent in Japan 
at the time might have predisposed this pop- 
ulation to develop SMON. This disease re- 
sembles an accelerated form of subacute 
combined degeneration due to vitamin B-12 
deficiency, and administration of CQ to nor- 
mal micecehas been reported to deplete brain Response and serum levels of vitamin B-12 (6). One 

W E  APPRECIATE TABIRA'S CONCERN possibility is that the 
about clioquinol (CQ), a Japanese were endemi- 
copper/zinc chelating antibiotic cally B-12 deficient as a 
that markedly inhibits amyloid consequence of their diet 
pathology in a transgenic animal in the postwar years, and 
model for Alzheimer's disease (1). that this was the predis- 
The proof of principle of this ap- posing factor to SMON. 
proach in transgenic mice was CQ was commonly used 
achieved against a background of to treat gastrointestinal 
extensive in vitro data from our symptoms in an unregu- 
laboratories, which have defined lated manner in Japan in 
the p amyloid protein of that era, and SMON 
Alzheimer's disease as a metallo- usually begins with 
protein with structural features symptoms of abdominal 
similar to CutZn superoxide dis- pain and diarrhea; there- 
mutase (2). fore, overdosing in a B- 

Clioquinol earned an unfavor- disease affects 12-deficient population 
able reputation in Japan in the about people in might have exaggerated 
1960s. It was used extensively for the united States. the incidence of SMON 
20 years before the first case of in Japan. 
SMON was described. Before its retirement, In light of this possible explanation for 
the drug was used for 500 million patient the association of CQ with SMON, co-ad- 
days as an antibiotic with a very favorable ministration of vitamin B-12 is part of the 
safety profile. As Tabira describes, in the phase I1 clinical trial that is in progress. 
1960s Japan suffered an epidemic of this Nevertheless, we are sensitive to the possi- 
syndrome, and CQ was implicated in the bility of neurological side-effects in our tri- 
pathogenesis. Because of the relatively low al, and we have kept the doses of the drug to 
benefit of the drug as an antibiotic, its man- a fraction of what the dose was when it was 
ufacturer, Ciba, withdrew it from the world used as an antibiotic (7). Taking this into a o  
marketplace rather than try to defend it. count, we, and two other scientific bodies 
However, a causal relation between CQ and (3, believe that CQ might be safely used 
SMON was never proven (3). again as a drug. However, we agree that we 

In examining the drug's history, we must remain alert to the possibility that it 
found a number of facts that argue against might cause this syndrome, and safeguards 
CQ being the true and only cause of SMON. are in place to monitor for SMON in the 
For example, the per capita consumption of clinical trials. 
CQ was higher in several other countries ASHEY I. BUSH." COUN L MASTE& 
than the per capita consumption in Japan. 'Laboratory for Oxidation Biology, Genetics and Ag- 
Yet, at the time the drug was withdrawn, ing Unit, Massachusetts General Hospital East, 13th 
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Forum for Agricultural 
BiotechnologyDebates 

THE STATEMENT THAT THE STANDING 
committee on agricultural biotechnology of 
the National Academy of Sciences "is expect- 
ed to launch a study of the ecological risks of 
trees, grasses, and ornamental shrubs" in Jo- 
celyn Kaiser's News Focus article "Words 
(and axes) fly over transgenic trees" (6 Apr., 
p. 34) is incorrect. Although issues raised by 
the development of transgenic trees are of 
great interest to the Committee on Agricultur- 
al Biotechnology, Health and the Environ- 
ment (CABHE), we are not on the verge of 
launching such a study and could not pursue 
such issues until appropriate new resources 
are identified. 

CABHE is a relatively new standing com- 
mittee of the National Research Council. 
Composed of experts in biological and social 
sciences and in public policy, CABHE has 
been formed to address several h o r t a n t  as- 
pects of agricultural biotechnology, such as 
health-related and environmental conse- 
quences of using biotechnology for produc- 
tion of fiber and food (both plant and ani- 
mal). Thus far, with support from the U.S. 
Deparknent of Agriculture and the Food and 

Drug Administration, CABHE has been in- 
volved in planning and overseeing studies of 
animal biotechnology and of environmental 
risk assessment for transgenic crops, attempt- 
ing to bring a diversity of viewpoints to the 
polarized debates about these issues. Surn- 
maries of CABHE activities appear on the 
project's Web site at http:llwww.national 
academies.org/agbiotech. 
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CORRECTIONSAMD CURIFiCATICDNS 

LFITERS: "Human origins and ancient human 
DNA" by A. Cooper et al., Response by G. J. 
Adcock et al. (1 Jun., p. 1655). In their letter, 
Cooper et al. described an error in a table in 
G. J. Adcock et al., Proc. Natl. Acad. Sci. 
US.A. 98, 537 (2001). This information, 
however, was received too late in the publica- 
tion process to include a response by Adcock 
et al. Their response is as follows: "Cooper et 
al. correctly point out that column 199 in out 
Table 1 is incorrectly marked as parsimo- 
niously informative. This error is due to a 
copy-and-paste error and does not affect the 
remaining phylogenetic analyses." 
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