Table 3. Comparison between some chemical constituents of slags and copper ores (per-
centage of original sample) ; cobalt and lead were not detected in the slags.

No. Material Cu Fe Mn Cl P.0Os CaO MgO
136/55  Porous slag 1.74 35. 2.71 0.1 0.72 417 1.04
137/55  Massive slag 1.55 35. 2.74 0.06 1.05 4.68 1.11
348/55
through
352/55  Copper ores 15-23 0.4-17 0-0.07 0.1-0.8 0.8-7.8 0.1-0.4

Two kinds of black slag are found
in the ash heaps of the acropolis, mas-
sive and porous, They are found in rela-
tively small fragments, as a rule, in con-
trast to the large and irregular pieces of
slag found at the foot of the acropolis,
within an enclosure, and elsewhere in
the area. It is not clear whether the slag
in the acropolis was fragmented by man
or by the natural agencies. If it was
fragmented by man, the purpose of the
operation is obscure. Melting points of
both kinds of slag are the same, about
1250°C and higher—a remarkably high
temperature. Their chemical composi-
tion is nearly the same (Table 3).

The discrepancy between the manga-
nese content of the slags and of the cop-
per ores is significant enough to make
one doubt any relationship between the
two materials, to doubt possibly the very
supposition that it was copper that was
melted in the acropolis, unless one could
prove that manganiferous materials were
used in the smelting flux (8). No such
materials were found by us there, except
a few rounded fragments of a manga-
nese-quartz conglomerate. Studies now in
progress may help clarify this and other
problems posed by our preliminary find-
ings.

Archeological-historical understanding
of the ancient metallurgical skills is not
possible without detailed chemical anal-
ysis and experiments in the laboratory
and a full accounting in the field for all
materials in the acropolis—that is, for
the sources of ores, fluxes, and the out-
of-place rock. Our interest is not in the
scale of the operations but in their qual-
ity and kind, the more so since the acrop-
olis seems to be unique among the smelt-
ing sites of southern Negev in regard to
the materials it contains and the kind of
operations their presence implies.

V. P. SOKOLOFF
A. SEROUSSI
Machzavei Israel, Haifa
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Cocarcinogens and
Minimal Carcinogenic Doses

The concept of cocarcinogenesis origi-
nated in 1938, when it was reported that
a coal tar distillate, the basic fraction of
a creosote oil, was capable of enhancing
the activity of 3,4-benzopyrene on mice
even though alone it did not give rise to
tumors after skin painting or subcutane-
ous injection (7). Since the fraction did
not appear to be carcinogenic, it was
termed a “‘cocarcinogen.” Subsequent
studies with croton oil, croton resin,
ultraviolet light, ionizing radiation,
trauma, heat, and burns established those
agents as experimental cocarcinogens for
the mouse and led to acceptance of the
term to apply to physical or chemical
agents that are noncarcinogenic but
which enhance the effect of a carcinogen,
especially when the carcinogen is weak
or applied at too low a level to produce
tumors (2, 3).

Recognized tumor - inducing agents
also have been used experimentally as
cocarcinogens on the assumption that
they were applied at so-called “mini-
mal” or “subminimal” levels. It was sup-
posed that they could not both “initiate”
and “promote” neoplastic changes at low
dosages in normal cells; their action was
interpreted to be only that of “promot-
ing” the growth potential of cells already

rendered neoplastic by some preceding
mechanism.

With the recent demonstrations that
almost all heretofore identified cocarcin-
ogens are capable of both initiating and
promoting the growth of tumors (4), it
would appear that, with the possible ex-
ception of trauma, what have been
termed cocarcinogens are probably tu-
mor-inducing agents tested under condi-
tions that did not disclose their potency
as tumor initiators. It appears timely
therefore to question what is meant by
“minimal,” “subminimal,” “initiating,”
and “promoting” doses when a known
tumor-inducing agent is involved.

A technique frequently employed in
experiments on cocarcinogenicity in-
volves the application of a single sub-
minimal carcinogenic stimulus to a se-
lected site of the experimental animal to
initiate a neoplastic change; this is fol-
lowed by repeated applications of a co-
carcinogen to promote the development
of a grossly visible tumor from the ini-
tiated, but latent neoplastic cells. An
experiment (5) to study the individual
effects of the initiating and promoting
dose with the carcinogen 3,4-benzopy-
rene is illustrated in Table 1. In that
experiment, one group of mice received
on the shaved interscapular skin a 0.01-
ml drop of 1.25-percent benzopyrene in
benzene. This provided approximately
125 pg of the carcinogen as a single sub-
minimal dose. To a second group of
mice, an estimated total of 120 ug was
applied as a promoting agent in a dosage
form of approximately 1 ug of 3,4-benzo-
pyrene in benzene three times weekly
for 40 weeks. The absence of any inter-
scapular tumors in the first group is in
sharp contrast with tumor induction in
9 of 42 mice in the second group by the
40th week of the experiment. Thus, de-
pending on dosage and duration of ex-
posure, the total amount involved in a
subminimal acute exposure was more
than adequate for tumor induction when
exposures involved fractions of the total
dose administered repeatedly. These re-
sults, obtained with a percutaneously ap-
plied carcinogen, parallel the observa-
tion that repeated oral doses of CCI,
produced hepatomas in mice, whereas
an equal total amount given in one dose
did not (6). The factors of dosage and

Table 1. Tumor induction following single
and repeated exposures to equal amounts
of 3,4-benzopyrene in benzene.

3’:-]3:::20- Appli- Tumors

(Jg per cations after 40

application) (No.) wk (%)
125 1 None

1 120% 20 (9/42)

* Applied three times per week to interscapular
skin of C57/B1 male mice.
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Table 2. Skin tumor induction following repeated exposures to approximately 1 ug of
3,4-benzopyrene that was applied percutaneously three times per week.

Mice Weeks preceding tumor appearance Mice
with no
Strain No. 30 35 40 45 50 55 60 65 70 75 80 85  tumors*
C57BL 13 1 2 1 2 1 4 1
DBA/2 13 1 1 1 1 1 1 6
CAF, 12 1 1 1 1 6

* Nontumor deaths after the 30th week.

exposure time are essentials that have
been omitted previously in proposed
methods for assaying comparative car-
cinogenic potency (7). In the absence of
experimental verification, the exposure
level at which a carcinogen ceases to
have “initiating potency” and retains
only “promoting action” cannot be pre-
dicted at this time.

From the early studies in experimental
carcinogenesis, there has been general ac-
ceptance of 0.3 percent as providing a
standard low concentration of carcino-
genic hydrocarbon dissolved in benzene
for skin painting experiments (8). An
indication that 0.3 percent is in fact a
high concentration of carcinogen may be
found as early as 1940, when, despite
reference to the concentrations used as
minimal doses of carcinogen, tumors
were reported in 18 of 20 mice that had
been painted with a 0.05-percent solu-
tion and in 14 of 20 mice that had been
painted with a 0.02-percent solution of
benzopyrene in benzene (9). In our
laboratory, the tumor-inducing potency
of even lower concentrations was demon-
strated with the application of 1 ug or
less of benzopyrene as a 0.01-percent
solution in benzene three times weekly
for the life span of the animal or until
a tumor was induced (Table 2). Evi-
dently, when solutions of 0.01-percent
benzopyrene applied in microgram or
lesser quantities induce tumors in 50 to
100 percent of exposed mice during their
life span, such terms as low standard
concentration, minimal dose of carcin-
ogen, initiator, promotor, and cocarcin-
ogen need to be redefined in quantitative
terms.

It cannot be denied that cocarcinogens
may exist, with roles in carcinogenesis
comparable to that of pharmacologic ad-
juvants and physiologic or chemical cat-
alysts. But their existence is yet to be
conclusively demonstrated by the experi-
mental oncologist.

WirLiam E. PokL
Department of Occupational Health,
University of Pittsburgh,
Pittsburgh, Pennsylvania
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Preliminary Report on Biological
Applications of Color Television

Electronic image processing (1) is the
term we have used to describe a variety
of electronic means for viewing objects
or processes and picturing these in their
original or in altered but meaningful
forms. These techniques have been of
particular interest to us when they per-
mit visualization of biological phenom-
ena that cannot otherwise be seen, or
when the electronic systems employed
bring out information that is concealed
when the phenomena are viewed di-
rectly. Such systems are analogous to
indicator systems used in morphological
studies, such as stains.

Color television has been explored as
one of these electronic image-processing
techniques that can be applied to bio-
logical problems. Sixteen millimeter
color kinescope (motion-picture) film
records of a pilot experiment indicate
that some theoretical advantages of this
technique can be realized. An amphib-
ian preparation (frog) was set up in the
C.B.S. Studios in New York on 10 Apr.
1955, by Louise Warner of Georgetown
University Medical School and Edward
H. Bloch of the Western Reserve Uni-
versity School of Medicine; the quartz-
rod illumination technique was em-
ployed. This preparation was selected
because it is simple, the results are re-
producible, and direct motion-picture
records by this technique are familiar
to investigators in the field of micro-
scopic circulation as well as readily avail-

able for comparison by others. The
C.B.S. color system was employed be-
cause it is a completely engineered sys-
tem with inherent adaptability for these
experimental purposes, and a fully de-.
veloped kinescope recorder is available.

Microscopic circulation in frog mes-
entery and'liver can be observed in nor-
mal color relationships at satisfactory
magnifications and with good resolution.
When lighting is reduced below levels
for microcinematography, satisfactory
films are obtained. Reductions in the
Kelvin temperature of the light source
can be compensated without sacrifice in
the final picture. Thermal energy de-
livered to the tissue can be reduced to
low levels, thus simplifying the problem
of maintaining physiological conditions.

At will, the investigators could re-
move one or two colors from the picture
and record the remaining color or colors.
Gamma (the degree of contrast) could
be varied independently for each color.
“Crispening” circuits were employed to
increase apparent contrast. Phase shifts
between the camera color wheel and the
monitor and recorder color wheels made
it possible to record red subject matter
as green or blue. The investigators could
observe the exact picture that was being
recorded on a monitor that was con-
veniently located near the subject ma-
terial.

Examination of kinescope film made
during this pilot experiment with un-
modified equipment indicates that com-
binations of the afore-mentioned vari-
ables produce color motion-picture film
that contains usable information that is
not available by direct photography.

The extreme sensitivity to light that
is an inherent property of such systems
makes it conceivable that undisturbed
human circulation can be observed and
recorded at usefully high magnifications
in the retina of man. With the substi-
tution of appropriate filters for the color
disks in the camera, chemical data could
be correlated with living morphology in
those instances in which dissociated light-
transmission curves have chemical sig-
nificance, as in the case of reduced and
oxyhemoglobin.

The experimental film has been or-
ganized into a short motion-picture en-
titled, Color Image Processing, Experi-
ment 26, Joint Study of Electronic
Image Processing. It is one of 26 ex-
periments conducted by the Special De-
vices Center, Office of Naval Research,
U.S. Navy, and the National Institutes
of Health, Department of Health, Edu-
cation, and Welfare, in the course of the
first part of a study of the usefulness of
television and related techniques in the
medical research environment.

Murray C. Brown
Clinical and Professional Education,
National Institutes of Health,
Bethesda, Maryland
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