were readily identified on the basis of
exact matches of the energy spectra
with those of the authentic compound
spectra, and the major fragmentations
observed are those expected (9). These
data clearly demonstrate the capabilities
of the MIKE technique for the direct
analysis of plant materials.
R. W. KONDRAT
R. G. Cooks
Department of Chemistry,
Purdue University,
West Lafayette, Indiana 47907
J. L. MCLAUGHLIN
Department of Medicinal Chemistry
and Pharmacognosy, Purdue University
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Chick Embryonic Skin as a Rapid Organ Culture

Assay for Cellular Neoplasia

Abstract. We used chick embryonic skin (CES) in organ culture to assess the neo-
plastic potential of a variety of cultured human and nonhuman cell lines. Cells de-
rived from cancer tissues grew in CES and formed tumors in nude mice while cells
derived from normal tissues grew in neither system. The CES proved to be more
sensitive than the nude mouse when used to assay SV40 transformed human cells;
each of four such lines grew in CES while only one of the four lines grew and formed
tumors in nude mice. In addition, the patterns of invasion by inoculated cells can be
easily studied in the CES. These results suggest that CES in organ culture offers an
inexpensive, rapid, and reliable alternative to the nude mouse as a tumorigenicity

test.

Tumor formation at the site of in-
oculation has been the ultimate criterion
for the transformed phenotype of tissue
culture cells (). For human cells in cul-
ture, tumorigenicity tests in vivo in
xenogeneic hosts have been developed
and include systems such as the nude
mouse (2), the antithymocyte serum
(ATS)-treated newborn hamster (3), the
ATS-treated mouse ¢), and the anti-
thymocyte globulin (ATG)-treated non-
human primate (5). While the formation
of a tumor in these systems defines the
transformed phenotype, the lack of tu-
mor formation could be due to non-
immune rejection mechanisms (6), an in-
sufficient number of cells inoculated (7),
or other unknown factors (8). These
models in vivo also have the disadvan-
tages of maintenance and upkeep of ani-
mals, the need for immunosuppression,
and occasionally lengthy times for tumor
formation.

Because of these considerations and
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our preliminary findings that differences
in sensitivity to tumor formation exist
among various animal models, we were
interested in developing a method for tu-
morigenicity testing that would be in-
expensive, rapid, and reliable. Previous
work suggested that the invasiveness of
cells into chick embryonic skin (CES)
might be related to malignancy (9). We
found that human tumor cell lines did
show extensive invasion in CES; how-
ever, we also found that normal fibro-
blasts such as WI1-38 showed invasion as
well. In attempts to find a marker for
neoplasia other than invasion we consid-
ered the fact that tumor formation in
xenogeneic models results from prolifer-
ation of inoculated tissue culture cells.
We reasoned that CES in organ culture
inoculated with cells would closely mim-
ic the subcutaneous inoculation of cells
in an animal, and that growth of the in-
oculated cells might then be considered
equivalent to tumor formation in an ani-
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mal. Further support for this idea came
from early experiments in which the hu-
man tumor cell lines WiDr (0) and HT-
1080 (/1) formed macroscopic tumors in
nude mice 2 weeks after inoculation,
whereas the human diploid fibroblast line
WI-38 (12) did not. Three days after in-
oculation we could find viable and ac-
tively mitotic WiDr and HT-1080 cells by
microscopic examination of inoculation
sites. In contrast, WI-38 cells were ne-
crotic 1 day after inoculation with no mi-
toses and by 3 days no WI-38 cells were
distinguishable. Thus, in vivo, the tu-
morigenicity of inoculated cells could be
predicted by the presence of actively
growing cells 3 days after inoculation.
Figure 1 illustrates the results when
cells are inoculated onto CES. Figure 1A
shows a fragment of CES inoculated on-
ly with medium after 3 days in cuiture.
The skin was viable throughout its depth
and showed the ability of the agar base to
maintain tissue structure. Figure 1B
shows a fragment of CES cultured for 3
days with WiDr cells. The skin substrate
was viable and clusters of epithelioid
cells with nuclei much larger than the
chick tissue cells were seen. The cell
clusters showed vigorous mitotic activity
and invasion, and had the same histologi-
cal appearance as tumors formed by the
injection of WiDr cells into nude mice.
The HT-1080 cells gave similar results.
Another culture of CES with WiDr was
minced and explanted into a 25-cm? flask
(Costar). The resulting monolayer had a
mixed pattern with many round colonies
of large, epithelioid cells against a back-
ground of small fibroblasts. The epithe-
lioid colonies had the same morphology
as WiDr cells.inoculated alone into paral-
lel flasks. Poliovirus inoculated onto the
mixed monolayer lysed only the epithe-
lioid cells, indicating that they were of
primate and not avian origin. As another
test to demonstrate that the epithelioid
cells were WiDr, the mixed monolayer
was challenged with a medium contain-
ing only galactose as a sugar source, be-
cause chick cells cannot survive in such
a medium (/3). Most of the background
fibroblasts died after 3 days while the
epithelial colonies survived. In control
experiments, chick cells derived from 9-
day-old embryos cultured alone died in
this medium while WiDr cells cultured
alone survived. When WI-38 cells were
cultured on CES for 3 days they showed
no evidence of mitoses in the inoculated
cells; in some cases the WI-38 cells be-
came necrotic. Thus, the ability of in-
oculated cells to proliferate in the CES
correlated with proliferation and tumori-
genicity in vivo.
SCIENCE, VOL. 199, 3 MARCH 1978



We then evaluated the tumorigenic po-
tential of a variety of cell lines in the
nude mouse and compared the results to
the ability of those lines to grow in CES
as shown in Table 1. Cell lines derived
from malignant tissues were, in general,
tumorigenic in the nude mouse; the hu-
man neuroblastoma cell line IMR-32
proved to be tumorigenic in our hands
only when inoculated intracerebrally.
The neoplastic lines also showed exten-
sive and consistent growth in the CES.
Cell lines derived from normal tissues
were uniformly nontumorigenic in the
nude mouse, and, with one exception,
showed no mitotic activity when in-
oculated onto CES. The exception was
one WI-38 CES culture harvested 1 day
after inoculation in which a single mitotic
figure was found. The 29 cultures of WI-
38 on CES held for 3 days or longer
showed no mitotic activity even though
viable cells could be seen. Thus, false
positives appear to be eliminated by rou-
tinely culturing CES for a minimum of 3
days. The last group of cell lines was
composed of cells originally derived
from normal tissues and subsequently
transformed in vitro by SV40 virus (/4).
Although human fibroblasts exposed to
SV40 virus exhibit in vitro many charac-
teristics of the transformed phenotype
(14), their tumorigenicity in vivo has
been debated (7, 15). We found that of

four such lines only NVA-2 formed tu-
mors in the nude mouse; however, all of
these four lines showed abundant mitotic
activity in the CES.

Other types of tumorigenicity assays
in vitro have been proposed such as
growth in soft agar (/16), production of tu-
mor angiogenesis factor (TAF) (/7), and
growth on contact-inhibited monolayers
of mouse (I8) and human (/9) cells.
However, these tests often pose incon-
sistencies when used to assay human
cells. Normal human fibroblasts exposed
to mutagens grow in soft agar but are
nontumorigenic in nude mice (20),
whereas a human bladder carcinoma cell
line was tumorigenic in nude mice but
did not grow in soft agar (21). HeLa cells
are tumorigenic but do not always pro-
duce TAF (22). Finally, some human cell
lines derived from bladder carcinomas
form colonies on mouse cell monolayers
but are nontumorigenic in nude mice
21), whereas some human fibrosarcoma
and osteosarcoma cell lines are tumori-
genic in ATS-treated mice but do not
form colonies on normal human epithe-
lial or fibroblastic monolayers (23). The
inconsistencies cited may be related to
the somewhat arbitrary conditions of tis-
sue culture under which the cells are ex-
amined. For example, growth in soft
agar can be enhanced or suppressed by
varying the components in the agar (24);

TAF production can be enhanced or de-
creased depending on the method of cul-
turing the cells (22). There can be growth
of cells on contact-inhibited 3T3 mono-
layers even though no visible colonies
are formed (25); in addition, the normali-
ty of 3T3 cells has recently come into
question since they can form vasoforma-
tive sarcomas in mice when implanted on
glass beads (26).

In contrast, organ culture on agar
maintains tissues in their normal archi-
tecture without the enormous prolifera-
tive and morphologic changes found
when tissues are explanted into tissue
culture (27). Thus, we have a system in
which the ability of cultured cells to
grow and form microscopic ‘‘tumors’’ in
a normal tissue can be easily and rapidly
examined. By isolating CES from the
embryo we also eliminate any possible
immunologic rejection mechanisms. Fur-
thermore, the finding that in some cases
viable WI-38 cells could be seen without
mitoses suggests that lack of growth of
inoculated cells is not an artifact of the
method of inoculation as suggested for
systems in vivo (28). We have shown the
CES to be as reliable as the nude mouse
in discriminating between human cells
derived from cancer tissues and cells de-
rived from normal tissues. The finding
that only one of four SV40 transformed
cell lines was tumorigenic in the nude

Fig. 1. Chick embryonic skin (CES) was obtained by blunt dissection of the dorsum of 9-day-old chick embryos (Truslow Farms) and placed
feather side down on a modified Wolff agar base (27) composed of ten parts of 1 percent agar (Bacto-Agar) in Earle’s balanced salt solution
(EBSS) without bicarbonate, four parts fetal bovine serum (Reheis) and four parts chick embryo extract (prepared by extraction of minced 9-day
chick embryos with EBSS overnight, followed by clarification by centrifugation at 2000g). WiDr cells (10°) in 0.025 ml of Eagle’s minimal
essential medium (MEM) or MEM alone was dropped onto the free surface of the CES. After incubation at 37°C (in a humidified atmosphere for 3
days, the CES was fixed in Bouin’s fluid and processed for paraffin embedding. Cut edges of CES were embedded on edge, and serial sections
were cut and stained with hematoxylin and eosin. (A) Cross section of CES inoculated with MEM alone. (B) Cross section of CES inoculated
with WiDr cells. The inoculated cells have distinctly larger nuclei than the chick cells; numerous mitotic figures (arrows) are visible. Scale

bar = 0.1 mm.
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mouse could be due to the fact that only
108 cells were injected. Koprowski and
Croce (7) have shown that to form tu-
mors in nude mice it may be necessary to
inject up to 10° SV40 transformed human
cells. Our findings that all four trans-
formed lines showed vigorous growth in
the CES with inoculums of 10° cells sug-
gests that the CES may be more sensi-
tive than the nude mouse in detecting the
tumorigenic potential of SV40 trans-
formed human cells. For these reasons
we suggest the CES in organ culture to
be a viable and inexpensive alternative
to the nude mouse as a reliable tumori-
genicity test for human cells in culture. It
should be pointed out that this method
does not evaluate such clinical findings
of cancer as distant metastases; rather it
establishes the ability of cells to form lo-
calized growths (microtumors) which
could be benign or malignant. However,
metastases from inoculated human cells
rarely occur in tumorigenicity tests in
vivo (I-5).

Because the evaluation is done by his-
topathologic examination rather than by
gross observation for nodule formation,
the biologic behavior of inoculated cells,
such as patterns of invasion into a nor-
mal substrate, can also be examined. In-
vasion of tissues has been considered to

be a marker of malignancy for cells (9);
however, many normal types of cells can
invade tissues in vivo. For example, fi-
broblasts will migrate through tissue to a
wound site and lymphocytes can tra-
verse endothelial walls (29). This prob-
ably explains our histologic findings of
invasion seen with normal fibroblast
cells. Thus, invasion as a general marker
of malignancy for all cell types in culture
has its shortcomings. However, normal
epithelial cells do not invade tissues in
vivo (29), which suggests that invasion
may be a useful indicator of malignancy
for cultured epithelial cells. Further
study of this area is hampered at present
by the paucity of well-characterized hu-
man epithelial cell lines. The vast major-
ity of human cancers are carcinomas,
that is, epithelial in nature. The CES
may be a useful method to evaluate bor-
derline lesions since invasive properties
are easily studied in this assay.

Much of the present knowledge of can-
cer biology is based on experiments in
which animal cells are used; however,
there are many differences between ani-
mal and human cells in culture, and the
extrapolation from animal tissue culture
data to the human condition remains, at
best, tenuous. For example, mouse fi-
broblasts in culture usually become

Table 1. Organ culture compared to the nude mouse as an indicator of neoplastic potential.
Organ cultures were done as described in Fig. 1 and incubated for 2 to 8 days. At least 12 serial
sections per culture were examined microscopically. A positive culture was defined as one in
which mitotic figures could be seen in the cell inoculum. For the nude mouse test, 10° to 10° cells
in 0.1 ml of Eagle’s minimal essential medium was inoculated subcutaneously (sc); IMR-32 was
also inoculated intracerebrally (ic). Macroscopic tumors that developed were excised, mea-
sured in three dimensions and confirmed by histopathologic examination. Mice were held to 56
days before declared negative. Source of cells: American Type Culture Collection: CCL-54,
CCL-75.1, CCL-95.1, IMR-32, HT-1080; R. Wallace, Lederle: WiDr, LED-T;; Experimental
Biology Branch, Bureau of Biologics: HeLa, FRhL-2, MJ; C. Croce, Wistar Institute: LNSV,

NVA-2; Cell Biology Branch, BoB: WI-38.

Organ Nude
culture mouse
Ref- (number (number
Origin Species Cell name positive of tumors
erence
and and num-
number ber of in-
inoculated)  oculations)
Neoplastic cells
Colon adenocarcinoma  Human WiDr 10) 62/67 52/54
Cervical carcinoma Human HeLa 35) 32/35 13/20
Cervical carcinoma Human LED-T, (HeLa)* 36) 25/28 8/8
Neuroblastoma Human IMR-32 37) 12/12 0/4 sc; 3/3 ic
Fibrosarcoma Human HT-1080 an 17/19 10/10
SV40 virus transformed fibroblasts
Embryonic lung Human CCL-75.1% 14) 13/13 0/5
Embryonic lung Human CCL-95.1% (14) 77 0/5
Skin Human LNSV 14) 1/3 0/4
Skin Human NVA-2 4) 2/3 5/9
Normal (nonneoplastic)
Embryonic lung Human WI-38 12) 0/29 0/20
Skin (Trisomy 21) Human  CCL-54 38 0/8 0/9
Embryonic lung Rhesus FRhL-2 39) 0/9 0/5
Skin Muntjac  MJ «0) 0/16 0/5

*Although originally described as an SV40 transformed human fibroblast cell line, LED-T, was found to have

four HeLa marker chromosomes and type A glucose-6-phosphate dehydrogenase isozyme.

from WI-38.
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$Derived from WI-26.

tDerived

aneuploid with unlimited lifespan (30),
whereas many human fibroblasts remain
diploid with a finite life-span (12). Al-
though hamster cell cultures are easily
transformed by chemicals (31) there
have been few reports of chemical trans-
formation of human cells derived from
normal tissues (20, 32). Moreover, many
of the nonhuman tumor cell lines contain
endogenous viruses including retro-
viruses (33), while convincing evidence
for a similar case in human tumor cells
has yet to be established (34). Our find-
ings that organ culture can detect the
neoplastic potential of a wide variety of
human cells derived from malignant tis-
sues as well as those transformed by
SV40 virus suggest that this assay may
be of great value to basic human cancer
research.

PuiLip D. NoGUCHI

JoycE B. JOHNSON
ROBERT O’DONNELL
J. C. PETRICCIANI

Experimental Biology Branch, Division
of Pathology, Bureau of Biologics,
Food and Drug Administration,
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References and Notes

1. A. Freeman and R. J. Huebner, J. Natl. Cancer
Inst. 50, 303 (1973); K. K. Sanford, ibid. 53,
1481 (1974); R. Shields, Nature (London) 262,
348 (1976).

2. B. C. Giovanella, J. S. Stehlin, L. J. W. Wil-
liams, J. Natl. Cancer Inst. 52, 921 (1973).

3. R. Wallace, P. J. Vasington, J. C. Petricciani,
Nature (London) 230, 454 (1971).

4. E.J. Standbridge, F. T. Perkins, L. Hayflick, in
Progress in Immunobiological Standardization,
R. H. Regamy and F. T. Perkins, Eds. (Karger,
Basel, 1972), vol. 5, pp. 243-251; B. Phillips and
1. C. Gazet, Nature (London) 220, 1140 (1968).

5. J. C. Petricciani, R. L. Kirschstein, R. E. Wal-
lace, 1. P. Martin, J. Natl. Cancer Inst. 48, 705
(1972); J. C. Petricciani, R. L. Kirschstein, J. E.
Hines, R. E. Wallace, D. P. Martin, ibid. 51,
191 (1973).

. C. A. Apffel, Cancer Res. 36, 1527 (1976).

. H. Koprowski and C. Croce, Proc. Natl. Acad.
Sci. U.S.A. 74, 1142 (1977).

. G. E. Foley, Natl. Cancer Inst. Monogr. 29, 217
(1968).

. D. Ikic, M. Beck, V. Turner, Dev. Biol. Stand.
37, 235 (1977); L. DeRidder and M. Mareel, in
Excerpta Medica: Biological Characterizations
of Human Tumors, W. Davis, Ed. (Excerpta
Medica, Amsterdam, 1974), pp. 370-373.

10. J. C. Petricciani, R. E. Wallace, D. W. McCoy,

Cancer Res. 34, 105 (1974).

11. S. Rasheed, W. A. Nelson-Rees, E. Toth, P.
Arnstein, M. B. Gardener, Cancer (Brussels) 33,
1027 (1974).

12. L. Hayflick, Exp. Cell Res. 37, 614 (1965).

13. J. C. Petricciani, Comp. Biochem. Physiol. A
46, 39 (1973).

14. A. ). Girardi, D. Weinstein, P. S. Moorhead,
Ann. Med. Exp. Biol. Fenn. 44,242 (1966); A. J.
Girardi, F. C. Tensen, H. Koprowski, J. Cell.
Comp. Physiol. 65, 69 (1965); C. Croce, A. J.
Girardi, H. Koprowski, Proc. Natl. Acad. Sci.
U.S.A. 70,3617 (1973); J. Ponten, F. Jensen, H.
Kgp;;)wski, J. Cell. Comp. Physiol. 61, 145
(1963).

15. C. D. Stiles, W. J. Desmond, G. Sato, M. H.
Saier, Jr., Proc. Natl. Acad. Sci. U.S.A. 72,
4971 (1975); C. D. Stiles, W. Desmond, L. M.
Chuman, Cancer Res. 36, 1353 (1976).

16. S. Shin, V. H. Freedman, R. Risser, R. Pollack,
Proc. Natl. Acad. Sci. U.S.A. 72, 4435 (1975);
V. H. Freedman and S. Shin, Cell 3, 355 (1974).

17. M. Klagburn, D. Knighton, J. Folkman, Cancer
Res. 36, 110 (1976).

18. S. A. Aaronson and G. J. Todaro, Science 162,
1024 (1968); Exp. Cell Res. 61, 1 (1970).

19. A.J. Hackett, H. S. Smith, E. L. Springer, R.

SCIENCE, VOL. 199

O 0 N



B. Owens, W. A. Nelson-Rees, J. L. Riggs, M.
B. Gardner, J. Natl. Cancer Inst. 58, 1795
1977).

20. V. H. Freedman and S. Shin, ibid., p. 1873.

21. C.J. Marshall, L. M. Franks, A. W. Carbonell,
ibid., p. 1743.

22. J. Folkman, in Cancer: A Comprehensive Trea-
tise, F. Becker, Ed. (Plenum, New York, 1975),
vol. 3, p. 365.

23. H. S. Smith, R. B. Owens, A. J. Hiller, W. A.
Nelson-Rees, J. O. Johnston, Int. J. Cancer 17,
219 (1976).

24. 1. Macpherson, in Tissue Culture: Methods and
Applications, P. F. Kruse and M. K. Patterson,
Eds. (Academic Press, New York, 1973), p. 278.

25. C. D. Stiles, W. Desmond, L. M. Chuman, G.
Sato, M. H. Saier, Jr., Cancer Res. 36, 3300
(1976).

26. C. W. Boone, Science 188, 68 (1975).

27. E. T. Wolff and K. Haffen, Tex. Rep. Biol. Med.
10, 463 (1952).

28. P. Noguchi and J. C. Petricciani, Proceedings of
a Workshop on Cell Substrates for Vaccine Pro-
duction (Bureau of Biologics, Food and Drug
Administration, Bethesda, Md., 1976), p. 126;
R. W. Tucker, K. K. Sanford, S. L. Handleman,
G. M. Jones, Cancer Res. 37, 1571 (1977).

29. J. Ponten, in Cancer: A Comprehensive Trea-
tise, F. Becker, Ed. (Plenum, New York, 1975),
vol. 4, pp. 56-57.

30. K. K. Sanford, Natl. Cancer Inst. Monogr. 26,
387 (1967).

31. Y. Berwald and L. Sachs, J. Natl. Cancer Inst.
35, 641 (1965).

32. H.J.Igel, A. E. Freeman, J. E. Spiewak, K. L.
Kleinfeld, In Vitro 11, 117 (1975); J. S. Rhim, D.
K. Park, P. Arnstein, R. G. Huebner, E. K.
Weisburger, W. A. Nelson-Rees, Nature (Lon-
don) 256, 751 (1975).

33. M. M. Lieber and G. J. Todaro, in Cancer: A
Comprehensive Treatise, F. Becker, Ed. (Ple-
num, New York, 1975), vol. 2, pp. 91-130.

34, W. Parks, in Proceedings of a Workshop on Cell
Substrates for Vaccine Production (Bureau of
Biologics, Food and Drug Administration, Be-
thesda, Md., 1976), pp. 142-145.

35. G. O. Gey, W. D. Coffman, M. T. Kubicek,
Cancer Res. 12, 264 (1952).

36. A. W. Moyer, R. Wallace, H. R. Cox, J. Natl.
Cancer Inst. 33, 227 (1964); R. Wallace and A.
W. Moyer, Proc. Soc. Exp. Biol. Med. 119, 481
(1965).

37. W. W. Nichols, J. Lee, S. Dwight, Cancer Res.
30, 2110 (1970).

38. American Type Culture Collection, Catalogue
of Strains II (American Type Culture Collec-
tion, Rockville, Md., 1975), pp. 58-59.

39. J. C. Petricciani, H E. Hopps, D. E. Lorenz,
Science 174, 1025 (i971).

40. D. H. Wurster and K. Benirschke, ibid. 168,
1364 (1970).

41. We thank M. Beck for showing us unpublished
work demonstrating the use of chick skin in or-
gan culture as a tumorigenicity test, W. Nelson-
Rees and W. Peterson for determining the kar-
yotypes and G6PD isozyme profiles of LED-T1
and NVA2, B. Merchant and W. Taylor for
helpful discussions, and C. Croce and R. Wal-
lace for supplying several cell lines. Supported
in part by a grant from the Lord Dowding Fund,
London, England (R.O’D. and J.C.P.). In agree-
ment with the terms of this grant R.O’D. and
J.C.P. did not conduct any of the animal experi-
ments described herein. Submitted in partial ful-
fillment of requirements for the Ph.D. degree,
George Washington University (R.O’D.).

10 October 1977; revised 12 December 1977

Relative Risks of Saccharin and Calorie Ingestion

Abstract. The risk of a person getting cancer from ingesting saccharin is compared
with the risk of ingesting additional calories which cause excess body weight. It is
found that, for a person who is 10 percent overweight, the risk of ingesting one diet
soft drink, which would cause a decrease in life expectancy of 9 seconds, is approxi-
mately equal to the risk of ingesting one additional kilocalorie; that is, if ingesting a
diet drink inhibits ingestion of more than 1 kilocalorie, its benefits exceed its risks.

The reason for the use of saccharin is

" to avert the ingestion of calories. There-

fore, to make a risk-benefit analysis of

this process one must know the relative

risks of saccharin and calorie intake. It is

the purpose of this report to develop a
comparison between the two.

In the recent Canadian study of pa-
tients with bladder cancer (1), a link was
established between that disease and use
of saccharin such that if the U.S. popu-
lation (2 X 108) were to ingest one 12-
ounce diet soft drink (2) per day through-
out their lives, there would be an extra
1200 bladder cancers per year. This im-
plies a risk of 1200 cancers per 7.3 X 10%°
drinks, or one cancer per 6 X 107 drinks.
There is ordinarily a time delay of 10 to
50 years between ingestion of a carcino-
gen and development of a cancer, so an
average case would result in no more
than a 20-year loss of life expectancy;
thus an average diet drink would reduce
life expectancy by 20 years per 6 X 107,
or about 9 seconds. To put this number
into perspective, let us consider that
smoking a single cigarette reduces life
expectancy by 12 minutes (3), so a diet
soft drink is about 80 times less dan-
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gerous than a cigarette. From the above
result (or from the original finding) it is
straightforward to calculate that one diet
drink per day throughout life causes a re-
duction in life expectancy, AL, of 2 days;
or

M

AL = 2 days (dlet drmks)

day

The benefits of diet soft drinks result
from their use in weight control by re-
ducing caloric intake. Being overweight
is well known to reduce life expectancy.
In a somewhat earlier study, Pauling (¢)
analyzed the data in a 1952 report (5) to
obtain best fits to both linear and quad-
ratic relations between loss of life expec-
tancy, L, and overweight, (W — W),
where W is the weight and W, is the opti-
mal weight. These were

L = 17 years [(W — W,)/W,]
L = 36 years [(W — W,)/W,?

2
3)
If one differentiates Eq. 3 and assumes
that an average saccharin user is at least

10 percent overweight and weighs per-
haps 160 pounds (73 kg), one obtains

AL = (0.05 year/pound) AW 4)
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If one applies the same assumptions to
Eq. 2 one obtains

AL = (0.11 year/pound) AW &)

independent of the percentage of over-
weight. There are more recent data on
this subject (6). To quote typical figures,
for a 45-year-old male with an optimal
weight of 150 pounds, an increase in
weight to 170 pounds reduces his life ex-
pectancy by 1.5 years; an increase to 200
pounds reduces it by 4 years. This gives
an approximately linear relation with

AL = (0.08 year/pound) AW
(29 day/pound) AW

I

I

6

Since this is intermediate between Eqs. 4
and 5 and is based on better data, I use
Eq. 6.

An average person’s body weight is re-
lated to his average daily caloric intake
at about 1 pound per 14 kcal/day (7). If
one multiplies this by Eq. 6 one obtains a
change in life expectancy

AL = 2 day/kcal-per-day-intake (7)

By comparing Eqgs. 1 and 7 one can see
that diet soft drinks give a net benefit if
one such drink reduces caloric intake by
more than 1 kcal.

There seems to be no firm evidence on
the amount by which diet drinks reduce
caloric intake (or body weight). A non-

diet drink contains about 100 kcal, so if

all other things were unchanged, the sub-
stitution of diet for nondiet drinks would
increase life expectancy by 100 times
more than the cancer risk reduced it.
This is perhaps an extreme assumption,
but it seems most unlikely and it would
be very difficult to prove that it over-
estimates the reduction in caloric intake
from diet drinks by a factor of 100. Un-
less this is done, there is no evidence
that the risk of diet drinks is greater than
their benefits.

BERNARD L. COHEN
Department of Physics and Astronomy,
University of Pittsburgh,
Pittsburgh, Pennsylvania 15260
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