
Letters Letters 

Wistar journals 

We at the Wistar Institute are ex- 
tremely appreciative of the generous re- 
marks included in the letter printed in the 
14 December issue of Science (p. 1256) 
by the managing editors of the eight sci- 
entific journals published by the Wistar 
Press, These journals, several of which 
have been published by Wistar since the 
beginning of this century, are what they 
are because of the dedication of the edi- 
tors of the journals. The priorities of the 
Wistar Institute are such that the subsi- 
dies, both direct and indirect, which the 
Institute has devoted to publishing the jour- 
nals over many decades can no longer be 
justified. Subscribers to the journals and 
the scientific community at large should 
know that Wistar will continue to ensure 
that the quality of these journals is main- 
tained while the institution divests itself 
of the primary responsibility for their 
publication. Wistar salutes the many edi- 
tors, past and present, who have made 
these journals preeminent in their re- 

spective fields and assures them and the 
readers of the journals of Wistar's con- 

tinuing interest in and support of their 
efforts. Further, authors and readers of 
these journals should know that the Wis- 
tar Institute has made arrangements to 
ensure the continued publication of the 

journals and provision of services to the 
editorial offices of the Wistar journals. 

WARREN B. CHESTON 
Wistar Institute, 
36th Street at Spruce, 
Philadelphia, Pennsylvania 19104 

Phenacetin Safety 

Vaught and King (Letters, 9 Nov. 
1979, p. 637) write that previous letters 
from our laboratories (5 Jan. 1979, p. 6; 
13 July 1979, p. 144) may introduce a 
number of misconceptions into the litera- 
ture if left unanswered. After reviewing 
these letters, we can only conclude that 
the misconceptions Vaught and King re- 
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fer to are possibly related to misinterpre- 
tation on their part, a lack of clarity on 
our part, or both. 

The mutagenicity of the pyrazolone 
analgesic aminopyrine (AM) (1) is only 
irrelevant if examined out of context. It 
is true that, in the majority of reported 
cases of urinary tract tumors presumably 
associated with analgesic abuse, which 
have originated from Sweden, the most 
frequently identified formulations have 
contained the pyrazolone analgesic anti- 
pyrine (AT), phenacetin (P), and caffeine 
(C). However, the availability of AM has 
been widespread throughout Europe (1, 
2) and was a component of at least some 
of the formulations identified in case re- 
ports of neoplasia attributed to P in pre- 
sumed situations of analgesic abuse. 

Aminopyrine, AT, or other related py- 
razolone analgesics are very frequent 
components of analgesic formulations 
containing P (3). According to our re- 
view, in only 27 of 146 reported cases of 
renal pelvic carcinoma attributed to anal- 
gesic abuse of P can pyrazolone analge- 
sics be excluded. The pyrazolone analge- 
sics have not been adequately tested for 
carcinogenicity, even though nitroso 
compounds of both AM and AT, which 
are easily produced under physiological 
conditions, are mutagenic (4), and coad- 
ministration of AM and nitrite in very 
low concentrations is a potent carcino- 
genic regimen (2). We are unaware of 
similar studies with AT, but the muta- 
genicity results suggest a need for such 
testing. This is reinforced by the report 
of renal pelvic papillomas in patients 
who had abused AT alone (5). It is incor- 
rect to imply that either AM or AT can 
be excluded from suspicion on the basis 
of current knowledge. 

Vaught and King are also incorrect 
when they state that, in studies showing 
evidence of P carcinogenicity (6-8), 
doses of 500 milligrams or higher per 
kilogram were administered. This is cor- 
rect for only one of the three studies (6). 
When one uses the data provided in 
these reports (6-8), an average daily 
dose of 755 to 1000 milligrams per kilo- 
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gram and 1160 to 1550 milligrams per 
kilogram for the groups of animals re- 
ceiving low and high doses, respectively, 
can be calculated assuming a body 
weight range of 300 to 400 grams for (6). 
An average daily dose approximating 200 
to 250 milligrams per kilogram can be 
computed for (7) and (8). A study in 
which more than twice the numbers of 
both sexes of the same strain of rat were 
used [as opposed to females only in (7) 
and males only in (8)1 and daily doses of 
23, 60, and 200 milligrams per kilogram 
were administered revealed no evidence 
of carcinogenicity (9). In this study 70 
males and 70 females were given doses 
of 200 milligrams per kilogram per day. 
One would anticipate that if P were car- 
cinogenic, some evidence of this should 
have been manifest in (9). 

The criticism of our study as a single, 
negative experiment with one inbred 
strain is inappropriate. We provided an 
average daily dose of 754 milligrams per 
kilogram of P, using a strain of mouse se- 
lected on the basis of P metabolism simi- 
lar to that of humans. We did not sug- 
gest, as implied by Vaught and King, 
that metabolic events responsible for the 
carcinogenic activity of a compound are 
those that contribute to its acute tox- 
icity. The reference to acute toxicity (10) 
was made to demonstrate that nephro- 
toxicity had been attributed to the P me- 
tabolite mentioned. The results of our 
study will be published in detail in the 
near future. An extensive manuscript 
covering both experimental and epidemi- 
ological data is also in preparation. 

Vaught and King's comments regard- 
ing the National Cancer Institute (NCI) 
bioassay of APC in Fischer rats and 
B6C3Fi mice may be inappropriate. The 
summary states that "evidence was not 
sufficient for the carcinogenicity of APC 
in Fischer 344 rats and B6C3F1 mice" 
(11). We have calculated average daily 
doses of a mixture of aspirin, P, and C 
(APC) administered in these studies 
as 350 to 450 and 700 to 900 milligrams 
per kilograms for those rats receiv- 
ing low and high doses, respectively, 
and approximately 700 and 1400 milli- 
grams per kilogram for mice receiving 
low and high doses, respectively. Phen- 
acetin constituted 50 percent of the APC 
administered. 

The papers cited (12) by Vaught and 
King to discredit the susceptibility of the 
Fischer rat to extrahepatic carcinogen- 
esis by aromatic amines are of interest. 
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Fischer rat to extrahepatic carcinogen- 
esis by aromatic amines are of interest. 
First, only females were used to study 
carcinogens, which included N-2-fluore- 
nylacetamide (2-FAA) and its N-hy- 
droxy metabolite (N-OH-2-FAA). Sec- 
ond, the carcinogens were given intra- 
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peritoneally three times a week for 4 
weeks or applied topically once to the 
mammary gland. Third, animals were 
killed after 12 months. These papers sug- 
gest that Fischer rats are inefficient N- 
hydroxylators, that aromatic amine-in- 
duced mammary neoplasia does not re- 
quire the second activation step (sulfona- 
tion), and that earlier positive studies in 
which the doses were given orally to fe- 
male Fischer rats (13) cannot be con- 
firmed. Several points are relevant. The 
positive study (13) with 2-FAA involved 
dietary administration (as in the NCI 
study of APC) for 12 months with con- 
tinued observations until death. Eight of 
ten female Fischer rats developed he- 
patic neoplasms (eight of nine survived 
beyond 178 days), and two of ten devel- 
oped malignant mammary tumors. Thus, 
the female Fischer rat can apparently ade- 
quately N-hydroxylate aromatic amines. 
Additionally, the female Fischer rat 
demonstrates adequate hepatic arylsul- 
fotransferase activity to effect the sec- 
ond metabolic step required for hepato- 
carcinogenesis by 2-FAA and, by analo- 
gy, other aromatic amines (12). The NCI 
bioassay thus provided a treatment peri- 
od adequate to induce hepatic and extra- 
hepatic tumors in female Fischer rats 
and also used male Fischer rats. Male 
Fischer rats are used for studying ac- 
etaminophen-induced nephrotoxicity, 
which requires N-hydroxylation mediat- 
ed by cytochrome P-450 (14). It has also 
been reported that daily dietary adminis- 
tration of 2-FAA increases the urinary 
excretion of N-OH-2-FAA ninefold by 
18 weeks (15). Also, with a given carcin- 
ogen, target tissues may differ among 
species (16). Thus, the Fischer rat is ob- 
viously an appropriate strain for investi- 
gating the carcinogenic potential of aro- 
matic amines, including P. 

We obviously agree that aromatic 
amines may induce mammary and ear 
duct tumors in Sprague-Dawley rats. 
However, we did point outthat the type 
of tumors reported in the studies we 
question have been induced in rodents 
treated with N-nitroso compounds (17). 
The nasal cavities are particularly sus- 
ceptible to these carcinogens (17). It is of 
interest that, in the Isaka study (6), 22 
animals given the lowest dose (P = 1.25 
percent of diet) developed tumors of the 
nasal cavities, while only one male de- 
veloped a urinary tract tumor (a transi- 
tional cell carcinoma of the bladder). 
Nineteen of 20 urinary tract tumors oc- 
curred in the group of animals (13 males 
and 6 females) that received the high 
dose (P = 2.5 percent of diet). Seven- 
teen of the 18 malignant urinary tract tu- 
mors occurred in the group of animals 

130 

(13 males and 4 females) that received 
the high dose. A male preponderance of 
urinary tract tumors has been observed 
in animals that were given two carcino- 
genic N-nitroso compounds (18). 

Although our arguments concerning 
the use of pelleted medicated diets may 
be speculative, it remains true that only 
studies employing P-containing diets that 
had been pelleted demonstrated a poten- 
tial carcinogenic effect (6-8). All other 
studies, including one (9) in which the 
same strain of rat used in the positive 
studies was used [with adequate num- 
bers of both sexes and doses comparable 
to those in two of the three positive stud- 
ies (7, 8)] were negative. The melting 
point of P was listed as a reference point 
only. Although we stand corrected as to 
the melting point of P, the pelleting pro- 
cess still generates temperatures that 
equal or exceed the melting point (19). 
The high temperatures achieved greatly 
exceed any that would be encountered in 
the production of analgesic formulations 
containing P. Such high temperatures al- 
so increase the likelihood of reactive N- 
oxidation. Furthermore, according to 
our review, approximately 97 percent of 
the cases of urinary tract neoplasia re- 
ported to be associated with analgesic 
abuse and attributed to P were likely to 
have been associated with abuse of pow- 
der (as opposed to tablet) formulations. 
Tablet formulations are not manufac- 
tured under conditions even remotely 
simulating the pelleting process used to 
produce the medicated diets containing P 
for the "positive" animal studies. Thus 
the positive animal studies do not simu- 
late clinical reality. Those questioning 
the negative bioassays should demon- 
strate that the few positive results were 
not related to the artifactual study condi- 
tions. 

Vaught and King appear to have 
missed the point regarding potential N- 
nitroso derivatives in the diet used in the 
Isaka study (6). The obvious points of 
concern are the combination of nitrites 
(either added or endogenously produced) 
in the fish meal component of the diet, 
the presence of an amine, P, and the pel- 
leting conditions. The combination of 
these factors provides optimal condi- 
tions for nitrosation of an amine to oc- 
cur. In the Isaka study, P was mixed 
with the powdered diet, and then water 
was added (20 percent) before pelleting; 
the pellets were dried for 2 to 3 hours at 
800C after pelleting (20). As a potentially 
nitrosatable amine was not added to the 
diet of the control group, we would cer- 
tainly not anticipate a comparable tumor 
incidence in the control animals. 

The medicated diet (containing 2.5 

percent P) used in the Nakanishi study 
(21), cited by Vaught and King as dem- 
onstrating that P can act synergistically 
with nitrosamines in the induction of uri- 
nary bladder tumors, was supplied by 
the same group supplying the diet for the 
Isaka study (6). The likelihood, there- 
fore, is that a pelleted diet prepared in 
the same manner was also used in this 
study. 

There are many reasons for question- 
ing the validity of the study (22) in which 
N-hydroxyphenacetin (N-OHP) was 
identified as a carcinogen. A more ap- 
propriate way to investigate the poten- 
tial carcinogenicity of the presumed P 
metabolite (N-OHP), as it may relate to 
the carcinogenicity of P in humans, is 
not to administer the metabolite orally. 
Rather, the parent drug (P) should be 
given orally, with metabolite (N-OHP) 
formation occurring after absorption 
of P. This would duplicate the way hu- 
mans may be exposed to N-OHP. To as- 
cribe any relevance to the potential car- 
cinogenicity of P based on oral adminis- 
tration of N-OHP, it would be manda- 
tory to at least demonstrate oral ab- 
sorption. of N-OHP. The above "car- 
cinogenicity" study (22) did not demon- 
strate either absorption or elimination of 
N-OHP. In addition, the urinary levels 
of presumed N-OHP metabolites report- 
ed were in no way an accurate reflection 
of the dose of N-OHP administered. 
There is only one report of the formation 
of N-OHP in a human after oral admin- 
istration of P, and the method used for 
detection of N-OHP was not considered 
entirely satisfactory because of back- 
ground interference (23). N-OHP was 
not identified in one of the two subjects 
given P, and only trace urinary amounts 
of N-OHP were identified in the other 
subject (23). N-OHP may at some point 
be definitively identified as a metabolite 
of P, other than by analogy with other 
aromatic amines. At that time it would 
be logical to suggest that the P bioassays 
have also been N-AOHP bioassays. In 
any event it would be reasonable to sug- 
gest that P bioassays are appropriate for 
assessing the potential carcinogenicity of 
P and its metabolites as it may relate to 
clinical reality. 

The value of mutagenesis testing rests 
in the identification of potential carcino- 
gens. Confirmation of potential carcino- 
genicity still depends on the results of 
appropriate bioassays. All P bioassays, 
conducted under nonartificial condi- 
tions, have been negative. We are in- 
debted to Vaught and King for identi- 
fying the first report, however, demon- 
strating P to be mutagenic (23) after 
metabolic activation. Again, however, 
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the results of appropriate bioassays are 
the relevant consideration. 

Vaught and King state that the poten- 
tial nitrosation P has received little atten- 
tion (25). In fact, nitrosation of P was 
achieved under nonphysiological condi- 
tions, whereas under conditions more 
nearly physiological, nitrosation was 
quite inefficient (25). Perhaps bioassays 
of nitrosation products of P have already 
been conducted (6-8), as these studies 
employed extreme and artifactual condi- 
tions. We obviously feel that this is a 
likely possibility. Therefore, the nega- 
tive bioassays of P and APC, which were 
conducted under conditions more close- 
ly duplicating the manufacturing prac- 
tices employed in pharmaceutical pro- 
duction and clinical reality, argue strong- 
ly against the carcinogenicity of P. We 
emphasize that AM and nitrosation prod- 
ucts of AM and AT, which can be pro- 
duced under physiological conditions, 
are mutagenic. We are not aware that 
bioassays of AM and AT alone or of ni- 
trosation products of AT have ever been 
conducted. As ingredients in analgesic 
formulations that may or may not also 
contain P, neither compound can be re- 
moved from suspicion in cases of urinary 
tract neoplasia presumably resulting 
from chronic abuse of compound analge- 
sic formulations. 

A. W. MACKLIN 
R. M. WELCH 

Wellcome Research Laboratories, 
Research Triangle Park, 
North Carolina 27709 
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tion of tourists in their native technologi- 
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But what of the scientist's responsibil- 
ity? Whose fault is it that we have a sci- 
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own. Our reductionist-specialization 
model has led us to encourage increas- 
ingly narrow training. Our imperial in- 
stincts suggested that what we should be 
concerned with in high schools was mak- 
ing superb curricula so that young scien- 
tist-geniuses might bud even earlier. 
Each professional society recited its Lat- 
in masses within its own set, closed not 

17. P. N. Magee, R. MonteSano, R. Preussmann, in 
Chemical Carcinogens, C. E. Searle, Ed. (ACS 
Monograph 173, American Chemical Society, 
Washington, D.C., 1976); IARC Monographs on 
the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans, vol. 17, Some N-Nitroso 
Compounds (International Agency for Research 
on Cancer, Lyon, France, 1978). 

18. J. S. Bertram and A. W. Craig, Br. J. Cancer 24, 
352 (1970); J. S. Bertram and A. W. Craig, Eur. 
J. Cancer 8, 587 (1972). 

19. R. C. Wornick, Feed Pelleting and Its Effects on 
Micro-Ingredients (Lecture Series No. 6, Agri- 
cultural Research and Development Depart- 
ment, Charles Pfizer & Co., Inc., Terre Haute, 
Ind., 1959). 

20. Y. Kurokawa, National Institute of Hygenic 
Sciences, Tokyo, personal communication. 

21. K. Nakanishi, S. Fukushima, M. Shibata, T. 
Shirai, T. Ogiso, N. Ito, Gann 69, 395 (1978). 

22. I. C. Calder, D. E. Goss, P. J. Williams, C. C. 
Funder, C. R. Green, K. N. Ham, J.D. Tange, 
Pathology 8, 1(1976). 

23. A. Klutch and M. Bordun, J. Pharm. Sci. 57, 
524 (1968). 

24. M. Sawamura, T. Matsushima, T. Sugimura, 
Proceedings of the Japan Cancer Association, 
27th Annual Meeting, August 1978 (1978), 
Abstr. 128, p. 43. 

25. G. Eisenbrand and R. Preussmann, Arzneim. 
Forsch. 25, 1472 (1975). 

A Scientist's Tithe? 

Edward Wenk's editorial (16 Nov., p. 
771) on the responsibility of scientists to 
devote part of their intellectual energies 
to informing their fellow citizens about 
their own fields and advances therein is 
long overdue. The lesson of Harrisburg 
is clear. The basic perceptions of the 
American public have been shaped by 
the failures of communities-that of the 
scientists first and of the press second. 
One needs no further proof of the latter 
than to examine the very different treat- 
ment of the incident in, say, the United 
States on the one hand (with a free but 
antinuclear leaning press) and, say, India 
(with a free but pronuclear leaning press) 
with Britain in the middle. The "3P" risk 
equation holds. Perception = Probabili- 
ty x Propaganda. The brokering of sci- 
ence information to and by unaided jour- 
nalists is surely one of our culture's 
grossest failures: we have created a na- 
tion of tourists in their native technologi- 
cal land. 

But what of the scientist's responsibil- 
ity? Whose fault is it that we have a sci- 
entifically illiterate populace? Mainly our 
own. Our reductionist-specialization 
model has led us to encourage increas- 
ingly narrow training. Our imperial in- 
stincts suggested that what we should be 
concerned with in high schools was mak- 
ing superb curricula so that young scien- 
tist-geniuses might bud even earlier. 
Each professional society recited its Lat- 
in masses within its own set, closed not 
only to laymen, but more and more to 
other scientists and engineers. 

Who was supposed to interpret all this 
to our colleagues in a university, to our 
families, to our representatives in gov- 
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ernment? Not me,. had to write that 
proposal, give that paper in London, tin- 
ker with the new equipment until 3 a.m., 
seek the recognition of my peers. The 
Wenk editorial points especially to the 
responsibility of the professional so- 
cieties, or every group of scientists. And 
it is indeed astonishing that, even today, 
the National Academy of Engineering 
(and the National Academy of Sciences) 
has no standing committee on the public 
understanding of technology (and sci- 
ence). I believe, however, that this solu- 
tion-at the society level-is not enough 
by itself. The urgency of educating our- 
selves and our culture to have a more 
balanced view of science and tech- 
nology, with all the ambivalence of their 
impacts on humanity, demands action 
simultaneously at two other levels of 
organization. 

First, the government agencies and 
Congress have a responsibility. Support- 
ing research is no longer enough. To 
paraphrase Oliver Wendell Holmes' fa- 
mous aphorism about justice: Research 
must not only be done, it must be known 
(by the public in broad outline) what has 
been done. Congress could require every 
agency and subagency to devote a fixed 
percentage of their budget to funding 
multiple-source interpretation of the re- 
sults of the work it sponsors. 

Second, scientists have a responsibili- 
ty at the personal level. Asking societies, 
government branches, and agencies to 
be responsible will not work unless there 
is a personal commitment to the impor- 
tance of this part of a scientist-engineer's 
profession. We must all do our part to 
share the meaning of our work. In a 
speech given in 1931 at Caltech, Einstein 
said (a quote curiously omitted from the 
centenary celebration): 

It is not enough that you should understand 
about applied science in order that your work 
may increase man's blessings. Concern for 
man himself and his fate must always form the 
chief interest of all technical endeavors, con- 
cern for the great unsolved problems of the 
organization of labor and the distribution of 
goods-in order that the creations of our mind 
shall be a blessing and not a curse to mankind. 
Never forget this in the midst of your dia- 
grams and equations. 

The Judeo-Christian tradition de- 
manded tithing of one's worldly goods. It 
would not be unfitting if science and 
technology, the prodigal children of this 
tradition, continued that demand by re- 
quiring each practitioner to give a tithe of 
time and resources for interpreting her or 
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