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Toxicological Testing Dilemma 

The controversy over the priorities of 
research conducted at the National 
Cancer Institute to reduce the time re- 
quired to perform bioassay tests and the 
high cost ($47 million) of the Institute's 
carcinogenesis program (News and Com- 
ment, 7 May, p. 529) underscore the prob- 
lems currently associated with testing 
procedure for carcinogens and other toxic 
substances. Before new chemicals manu- 
factured for human consumption can be 
registered, federal regulatory agencies re- 
quire a long (3 to 10 years) series of 
toxicological tests: the acute, a single 
dose with a range of concentrations; the 
subchronic, repeated doses or exposures 
administered for up to 90 days; and the 
chronic, lasting 2 to 10 years, depending 
on the species being tested. Routes of 
administration are selected on the basis 
of the most likely mode of human con- 
tact (such as ingestion, inhalation, or 
skin contact) (1). Several species and 
large numbers of animals are required for 
statistical reliability and to assess inter- 
specific variation in the reactions to toxic 
substances. Human health evaluation ac- 
cording to the standard, accepted proto- 
cols currently costs more than $500,000 
per compound. Wildlife, aquatic, plant, 
and domestic animal toxicity evaluation 
(2) costs are additional. Twelve govern- 
ment agencies conduct toxicological test- 
ing and research and spend probably 
more than $100 million annually; private 
industry probably spends much more. If 
the $100 million the federal agencies now 
spend were devoted to human health 
effects research alone, testing of only 
about 200 compounds could be started 
each year. However, many thousands of 
chemicals are in need of toxicological 
evaluation (3). Obviously, the current 
federal allocation is insufficient to test 
the majority of these chemicals. 

Many toxicologists agree that faster 
and less costly testing procedures are 
urgently needed (4) and that research 
should be devoted to evaluating in vitro 
testing methodologies (5). Moreover, the 
acute test is being challenged, since a 
single exposure is much less likely to 
occur in an environmental or an occupa- 
tional situation than repeated low level 
exposures. The chronic test is often con- 
ducted using the lowest effective concen- 
tration determined in the subchronic test 
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and a one or half log dilution below that. 
Since two dilutions provide sufficient em- 
pirical data in approximately 95 percent 
of the cases, why conduct the chronic 
test, which is six to ten times more ex- 
pensive than the subchronic? The an- 
swer is because lifetime studies are the 
accepted procedure for assessing carcin- 
ogenic and other possible toxic effects, 
including reproductive malfunctions (6). 
However, less expensive batteries of 
mutagenic screening tests (4) could be 
employed that would estimate the poten- 
tial for carcinogenicity. 

Furthermore, in vivo tests are subject 
to interspecific variation in test animals. 
Species have different strategies to deal 
with toxicity. Measurable toxic effects 
often represent exposure levels higher 
than concentrations of pollutants ac- 
tually found in the environment. More 
sensitive tests, such as those based on 
behavioral toxicology, are being devel- 
oped (7), but few are widely accepted. 
The National Center for Toxicological 
Research and other agencies are devel- 
oping such new and rapid tests, and the 
National Institute of Environmental 
Health Sciences is evaluating the pos- 
sible substitution of the traditional, long- 
term, in vivo tests with rapid screening 
methods. The Committee for In Vitro 
Toxicity Testing of the Tissue Culture 
Association is defining and validating the 
presently available in vitro tests. Al- 
though faster and cheaper tests are being 
developed, we wonder whether we can 
afford to wait? The Toxic Substances 
Control Act will soon be implemented 
(8). Many potentially useful chemicals 
remain unevaluated. 

We propose that a more decisive step 
be taken: a team of expert toxicologists 
and scientists from related fields should 
be assembled to evaluate existing tech- 
nology and identify a battery of the most 
predictive screening tests, including in 
vitro systems, animal models, and chem- 
ical behavior (5). A combination of quick 
tests could replace the conventional 
protocols, whereas any single test might 
not. This team could also perform cost- 
benefit analyses and estimate how much, 
if any, sacrifice of confidence would re- 
sult from using a battery of screening 
tests at this time. Use of a combination 
of screening tests might allow a tenfold 
reduction in cost and a fivefold reduction 
in time for toxicological testing. We 
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would expect little or no sacrifice of safe- 
ty, since most of the tests tend to err on 
the side of false positives. Standard 
methods could still be employed if in- 
dicated by the screening results. 

The findings of the "blue ribbon" 
team should be presented to a national 
referendum symposium of decision-mak- 
ing toxicologists representing all the fed- 
eral agencies, academic institutions, and 
private industries involved in tox- 
icological testing. The prevailing opinion 
could then be presented to the regulatory 
agencies for their consideration and the 
current requirements modified. 

If a battery of screening tests were to 
be accepted, we would find the process 
of testing many thousands of chemicals a 
more manageable task. At present it 
looks pretty hopeless. 
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gin, unusual virulence, and unprecedent- digits were found to be wrong. But it did 
ed epidemiology. If scientists do not con- not take computers to inspire verifica- 

F O O D elude from this juxtaposition that it tion. As early as 1854 Shanks' 
be good to face up to ignorance in mation was verified to 500 decimal places. 

in which we have no experience, In 1945 it was found to be in error past 
During the past few years, serious instead of engaging in facile speculation, 527 places. D. F. Ferguson, of the Royal 

shortages in world food production I hope the public will. Naval College and the University of Man- 
and soaring agricultural prices have I am not claiming that the mystery chester, extended the result to 808 places, 
posed some vital questions concern- disease is a result of genetic manipula- cowardly resorting to the mechanical 
ing the world's capacity to feed itself tion, since obviously no one knows its calculator to obtain the last 300 or so. In 
in the future. 

Now, more than 30 Science articles cause. But I wish to point out that to 1949, George W. Reitwiesner and his 
are collected in an important com- pretend to know more than we do about colleagues verified the work, extending 
pendium: causes and prevention of disease can the approximation to 2035 figures on the 

only discredit science and scientists. (At Electronic Numerical Integrator and Cal- 
FOOD: Politics, Economics, this writing, infectious and toxic agents culator (ENIAC) at the Aberdeen Proving 

Nutrition, and Research have in tum been ruled out as causes of Ground. The computer was convenient 
"Legionnaire's Disease" and today's and reassuring, but hardly indispensable 

Edited and with a foreword by newspaper talks about Fort Detrick and to uncover the error. 
Philip H. Abelson. possible unknown varieties of infectious D. J. MONTGOMERY 

Provocative reading for everyone agents.) Department of Metallurgy, Mechanics, 
concerned with today's-and tomor- A further point: if a recombinant (and and Materials Science, College of 
row's-food supply. perhaps short-lived) coliform organism Engineering, Michigan State University, 

Price: $1 2.95 Casebound ($1 1 .95 ever were to produce an outbreak of an East Lansing 48824 
members); $4.95 Paperbound epidemic, it might well be nearly impos- 
($4.45 members). sible to identify or to culture as the cause 

in the presence of all the other, normal 
strains of Eseherichia coli that grow in Open Debate U us. 

Davis suggests that medical history I can only assume that Frank J. Munger 
Order from: AAAS, Dept. F-6 shows such risks must be taken and im- (Letters, 30 July, p. 358) had no opportu- 

1515 Massachusetts Ave., N.W. plies that the high child mortality rate of nity to express his "concern for freedom 
Washington, D.C. 20005 

a century ago was reduced through mcdi- of information" while National Science 
(Please allow 6 to 8 weeks for delivery) cal intervention. This is not true. Almost Foundation (NSF) officials physically 

nine-tenths of the decline in the com- barred a member of our staff from attend- 
bined death rate from scarlet fever, ing a meeting of the former advisory 
whooping cough, diphtheria, and measles committee for research, of which he was 
in children under age 15 occurred before a member, since the meeting was held 

L the introduction of specific therapies or behind closed doors, in violation of the ? ii E  
vaccinations; and similarly with tubercu- Federal Advisory Committee Act. 
losis, cholera, typhoid, and most other I must also assume that he was un- 

Use, Conservation, infectious diseases. The most probable aware of the nearly unanimous criticism 
and Supply reasons for these reductions were im- of the committee's operation, as reflect- 

provements in nutrition and public ed in letters from past committee mem- 
health measures-better housing, clean bers, which the committee reluctantly 

Interested in understanding the energy water, and so forth. The specific medical agreed to supply but which were not 
problems we face, in finding practical measures of the last three to four dee- included in their report. 
solutions to these problems? Then 
you re sure to want a personal copy ades only clipped the tail off the asymp- Munger also calls for "open debate" 
of this AAAS compendium. it pre- totic curve. This is not to underrate the on issues such as "fewer but larger 
sents a collection of enduring and importance of every life saved. Further- grants," which Nicholas Wade correctly 
readable articles that originally ap- more, those risks were taken to cure reported in his article (News and Coin- 
peared in Science during 1973-1974- known diseases, not to create new ones. ment, 28 May, p. 872) was among the 
articles providing a wealth of infor- RUTH HUBBARD suggestions offered by NSF officials as a 
mation for everyone concerned with 
the profound and far-reaching effects Biological Laboratories, potential way of cutting administrative 
of the energy problems that continue Harvard University, costs. 
to alter our traditional modes of sup- Cambridge, Massachusetts 02138 Unfortunately, such open debate in 
ply and patterns of usage. the scientific community would require 

Edited by and with an introduction by access to information on plans and prob- 
Philip H. Abelson. Retail price: Case- lems, which NSF has been so unwilling 
bound, $12.95; Paperbound, $4.95. Computers: Reassuring, but Dispensable to provide in the past. Thanks, in part, to 
AAAS member price, prepaid: Case- 
bound, $11.95; Paperbound, $4.45. such discussion of the issues, NSF has, 

Paul Chemoff's insightful letter on in recent weeks, come closer to being the 
Send orders to Dept. E6 understanding mathematical proofs (23 open-door, nonsecret organization that it 

AMERICAN ASSOCIATION for the July, p. 276) includes a remark that is should be. 
ADVANCEMENT OF SCIENCE 

1515 Massachusetts Avenue, N.W. perhaps misleading. He states that Shanks ARTHUR KRANI5H 
Washington, D. C. 20005 spent years calculating pi to 707 decimal Trends Publishing Company, 

(Please allow 6 to 8 weeks for delivery) places and implies that it was only after National Press Building, 
_______________________________ the advent of computers that the last 200 Washington, D.C. 20024 
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