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ESSO LABORATCRIES
STANDARD OIL DEVELCPMENT COMPANY
_ P. 0. BGX 51, LINDEX, N. J.

May 4, 1954

70: Members of the Subcommittee on Carcinogenicity
Gentlemen:

I am attaching a copy of a mamuscript forvarded to me by
Dr. Horton entitled "Carcinogenesis of the Skin: I. Basic Methods
Employed in Testing Complex Hydrocarbon Type Tars aod Oils, and the
Development of a Quantitative Scale to Express Their Relative
Potencies to Mice". This paper has deen wvritten by Dr. Horton and
his associate, Dorothy T. Denman. It i{s his plan, I belleve, to
submit this paper to Cancer Research for publication, slthough he has
pot yet indicated to me just to which Jjournal he plans to submit it
for publication,

Dr. Horton has indicated that any date in May except the
period May 11-20 would be all right for & meeting of the Subcommittee.
After having reviewed the manuscript, I Delieve a meeting of the
Subcoumittee with Dr. Horton would be advisable, and would suggest
that this meeting be held aftér each of you has had ample time to
reviev the maouscript both personally and possidly with some of your
technical people, 80 that at the time of the meeting with Dr, Borton

.ve will be in a position to express all suggestions to him. With

this in mind I tentatively propose .the dates of Friday and Seturday,
May 21 apd 22, or Thursday and Friday, May 27 and 28 for a meeting
vith the Kettering group to discuss this mapuscript. I would
appreciate it if each of you would let me knov as soon as possible

. vhich of these two dates would be satisfactory so that final arrange-

ments can be made with the Kettering group. As soon as your vishes
are in, I shall send you definite notice of the meeting dates.
Sincerely yours,
/s/ R. E. Eckardt

R. B. ECKARDT, M. D.
REE:1lk

¢c: Members of the Medical Advisory Committee
Dr. A. Wesley Horton
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CARCINOGENESIS OF THE SKIN, I. Basic Methods Employed
{n Testing Complex Hydrocarbon-type Tars and 0ils, and the Develop-
gont of a Juantitative Scale to Express Their Relative Potencies

to Mice,
by A. Wesley Horton snd Dorothy T. Denman

. The investigation of skin cancer in this Laboratory has
peen concerned with the estimation of the extent of the potential
pazard of this disease in certain industries. As in any other
gspect of the general field of toxicology, it must be recognized
that a specific hazard is the product of several vnrinblea; two
of which assume dominant importance. These may be termed conven-
{ently the phyaiologicﬁl gctivity of the matorif} or mixture in
.question, and the conditions of exposure. The latter aspect in-
volves the practices of perasonal and 1ndustriai hygiene., This
paper will be devoted primarily to the development"pf reproducible
mothods of determining the first variablae, the level of activity,
or relative carcinogenic potency, of hydrpcarbbn-type oils and tars,

. Mice were chosen as the primary test species since neo- '
"~ plasms of the skin, comparable in certain resgpects to those of man
in the sams %issue, can be reproduced in these animals under auit-
eble equrimantal conditions, Certain specific materials, which
have induced an abnormally high incidence of cancer of the skin
of men as a result of repeated exposure in their occupation, have
been found capable of producing epitheliomas in the skin of mice.
Caneraoly. in our experience certain inbred mice, such as tﬁo

633 strain, have not developed "spontaneous™ skin tumors, nor have
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they reactéd by skin tumor formation to repeated experimental .
sppncation of e number of materials, including water, benzene,
shite mineral 611, etc,, which are preaumo& to be non-carcinogenic
to the skin of man on the basis of oxtepsive practical experience,
The specification, "su;tablo-oxporimenthl conditions",
in ihe previous paragraph was used advisedly, It is evident from
perusal orlthe literature, that too often the problem of excessive
mértality due to the toxicity of the material undgr examination, |
as well as thagd:: gg; occurrence of inclidental disease among
the experimental animals, has been met only by increasing the number
;f animals on teat. Such an approach ignores the probability that
the survivors of these conditions are not at all representative of
the population 1nvolyod with respect to their susceptibility to
carc;nogonehis. Henée,_stress will be lald upon the necessity for.
standards of selectioﬁ and care o( the expo;imontal animals which

vill meintain their health at as high a level as possible,

EXPERIMENTAL METHODS

Host.or our uofk has beon‘carriod out with male mice of
the C3H strain, purchased from the Jackson Memorial Laboratory,
Bar Harbor, ﬁdine. A number of experiments have alsc been carried
out with male mice .of the CFW aérain obtained from Carworth Farms,
but the results wero.not as reproducible as those derived from
the C3H strain, Although the difference in genetic homogsneity
is undoubtedly a factor, the fact that the C3H mice are more docile
Probebly contributes to the reproducibility of experiments in which

they are employed. The frequent occurrence of bites and scratches
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of the ;kin of the CFW mice, inflicted by their companions, probably
results in occasioral direct intraepithelial introcuction of car-
cinogens. Added to this complication is the possibility that
.,ound-healing may play an accelerating role in carcinogenesis (1),
The aamé troutle has been expérlenced in recent experiments with
swiss males, aithough the females seem to be more congenial,

"~ The mice were received at six to ei ht wesks of age and

placed under observation for approximately four weeks before use

{n any experiment. To control infestation of the animals with
‘mites or lice (which when uncontrolled affects adversely their
'.uoalth), the mice were dusted routinely with Aramite® by the sup-
plier prior to shipment and t';hen twice again with the same miticide
.during the period of otservation in this laboratory. Any group
»»»»» in which there was evidonce of poor health during this period was
withheld from use in teats in which quantitative results were needed, _
In all exper:ments described herein, the mice were fed
on Purina Ldboratory Cﬁow and water without restriction. At six
months of age, C3H m:lc:o fed -on.this diet and subjected to no adverse
experimental ]‘:oz-c,\cedv.n-el reach an average weight of about 29-31 g.,
-while corresponding CF'' mice weigh about 33-35:3. Since growth
of both the hosts and.their tumors might vary with the temperature
of their aurrbundingu, an effort has been made to maintain a
relatively constant ﬁmperaturo of 75%2° in the animal rooms.
For a giver experiment, a group of 20 to 30 mice was
divided into three to five cages, The animals were assigned in- .
dividual numbers for identif ication and markod by clippins their toea, .

“—

Arnmite - 15w, U. S. Rubber Company, llaugatuck, Conn. ]
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The exposure of the mice to any givén material in;olved
repeat'ed applications upon the interscapular region. In preparation
for the application of dosages of 100 mg; of a material, the fur
was left intact, but when the dosage was to be less than 100 mg.,
the fur was removed by means 6: electric clippers. A small camel's
nair brush of & selected size to deliver the desired dosage was
used to apply the material, which was then simply allowed to sprogd
aécording to its individual physical characteristics. Applications
vere repeated in accordance with a predetermined achedule (ocne,
two, or three times each week) until the animals died, Care was
taken to koop.the dosage and the 1ocltion or'each application aas
constan§ as possible throughout the experiment,

Normal growth of the mice could mot be maintained in

testing certain of the materials, particularly those of high potency,

.when the experiment involved three 100 mg. applications each week.

Hence, when there was some physicochemical or biological -evidence

that a given sample was likely to have a }elntively high carcino-
ggnic potency to the mici (;qulvalent to that of a solution of

0.15 percent, or greater, of methylcholanthrene in benzene), the
paterial was applied at a lower rrequepcy, ususally once each week,

In the case of materials of lower potency, more frequent applications

were required to obtain sufficient tumors. Hence, when toxicity

~of such samples provod a serious problem at the 100 mg. level, the

dose was ro&ucod, in some cases to as low as 5 mé; per apolication.
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Experience has shown that, even when the mortality among
- experimental group was low, the time of appearance of tumors was
. gome times fiel!.ayed seriously by conditions of variable or uncertain
origin which also interrupted the normal growth of the animals, As
;measure of such conditions, therefore, the mice were weighed
at frequent intervals throughout the experiments. Since early
obs;arvations gave evidence that interruptions of growth were
usually the .result of intercurrent infections of low severity
affecting most of the animals in a given cage, the weighing of
individudl animals was discontinued in favoir of determining the
average weight of the survivors in each group. Various precautions,
such as regular cleaning and sterili.zation of cages, feeders and
ntef bottles, decontamination {with a bacteriostatic agent) of
gloves used to handle animals from one cage before proceeding to-
‘dnother;, and isolation of sick mice, were taken to minimize infece
tions and to prevent their spread trom one group to another,

Throughout each oxporiment , the anumla were exmined
st least once each week by one of us (D.T.D.), and the preaenco and
time of appearance of any abnormal gross changes in the skin were
:reco;'ded. Epilation and crusting of small areas were frequently
noted and, in the early stages of tests on solutions of greater
than 0,2 percent of methylcholanthrene orbenzopyrene in benzene,
large swellings, of the type previously described by Cramer (2),
ind small nléerated areas, were occasionally oburv@d. Ih Tresponse
to the application of solutions of these synthetic carcinogens,'

Papillomas eventually developed on the skin of practically all of
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¢ne gurviving animals except 1n the case of the lowest level of
concentration tested (0,01 percent). In general, the induced nec-
plasns progressed through the familiar pattern from papilloma to
squamous cell carcinoma, with gross evidence of invaslon., In the
rirst test of a given materlal, sections of any epidermal tumors
produced were prepared for microscoplc examination,

The date of which egch typical papilloma reached the
arbltrary size.ot 1 mm, in diameter and elevgtioﬁ was recorded as
the "time of appearance" of the papilloma. In addition, the date
on which 1t was grossly apparent that the ‘tumer was invading the
,ubcutanedua tissues was not?d (rolled bordof. generally accomw
panied by cratering necrosis of the center), When a mouse developed
such an apparently malignant tumor, it was i:illed. Usually, the
others were maintain?d on test until death from "natural causes”
occurred, The data, thus .‘obtained, were recorded on graphs such as
those shown in Figures 1 through L. )

As experience uQ gained in assoclating the physical and
chemical characteristics ‘of various typ;s of materials with their
relative toxicity and with thsir ability to induce tumors of the
skin in C3H mice, certain criteria were developed for selecting
optimum conditions for any given blo.oglcal test.‘ As a general
practice, a schedule of application was chosen which would lead
to induction of papillomas in an average time of not less than
12 weeks., The restr.ict.ion was based on repsated observations that
this average time was unduly variable in experiments in which the

‘#everity of exposure resulted in more rapid induction of tumors,

-
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cn'the othQr hand, experimental conditions which lnvolved very
jong periods of exposure before tumors were induced proved to be
even more unsatisfactory than those associated with vefy short
jatent periods, because cf the increased possibility of inter-
current infections or other unidentified interferences witn the
normal growth of the mice. Even when these interruptions resulted
in 1ittle or no loss of animals, the irregular effects on the
) *‘ ’ growth of the induced tumors made it very difficult to interpret

the results of the experiment. Therefore, as a general rule the
frequency and severity of the applicatlons were aéheduled to produce

an average latent period as . close to 15 weeks as posaible, When
H the materials were low in potency, this obviously ménnt the use of

as severe conditions as were compatible with the normel growth and

survival of the mice, .

INTERPRETATION OF DATA OBTAINED
In 5ehprnl, under these ;xperiﬁontal.conditlcns one of

two resulté has been obtained in response to the npblicntions of ‘
any one of a series of materials;ii.e., most of the animals which
liied iong enough developed tumors of the skin at the site of the
application, or none of them .did so. The outcome of the experiments,
thefofore, has been essentially unequivocal, and the relative
potencies of the different active materials could be exprosséd in

terms of the relative rates of induction of tumors,

API 0577g

—v

EB 005523



-8 -

The calculation of the "mean time of appearance cf tumors"
1nvalved fhe determination, by the method of least squares, of the -
jinear function which best fitted the plot of the cumulative frequen-
ey of tumor response (in probits) versus the time (in weeks) after
the first application (shown on the right side of Figures 1 through

y). The latter coordinate 1s equivalent to cumulative dosage., It

§s to be noted that, for these~expeiimenta 1nv61ving repeated

applications Qf carcinogenic materiﬁla-to the skin, the response
va}ied linearly with the dosage itself, and not with the logaiithm
of dosage. It is assumed that the exponentially decreasing rate of
sppearance of tumors usually observed following single or limited
mmm;rs of exposures to carqinogena (3) was not seen in these ex-
periments because the more resistant animals in any given group

were given a larger effective dosage than were the more susceptible.

Calculation of Cumulative Frequenciles of Response

The convention 1s-adopted (after Blias, ) that,
at the midpoint of the period b;tween two given cbser-
vationa, the riuumber of mice bearing tumors is equal to
the average or‘the numbers at the times of the obser-
vations, At the midpoint of each period during which one
or more mice develop their first papilloms, a calcu- 4
lation is made of the cumulative percentage of the
"effective group of mice™ which bear tumors on that
date. The “eftective group® at a‘given time is defined

as the sum of the number of survivors plus the number of-
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mice which died previously after developing tumors of

the skin, except that after the appearance of a tumor

in the “"aversge" mouse this sum is held constant, The

"gverage” mouse 1s designated by the median in a simple

arithme*ic array of the times of appearance of the
first tumor in each animal,

' ' As en example, the calculations used to obtaln
‘ the c_umulativo frequencles of tumor response from the

data of Figure 3 are shown in the following table:
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MIDPOINT‘ ' TOTAL :
. TIME® OF OF PERIOD NUMBER NUMBER OF CUMULATIVE ~ PREQUENCY
OBSERVATION BETWEEN OF NEW . MICE BEARING RESPONSE, EFFECTIVE OoF
OF NEW OBSERVATIONS, POSITIVES, TUMORS, e {R + (IR + R') "NUMBER RESPONSE, r
POSITIVES b S __R1 R! + IR 2 " OF MICE (probits)
' 19,5 . = 0.5 18 3,08
20 1 1 '
' 23.5 1.5 18 3.62
2 1 2 ,
2.5 . L 2.5 18 3.91
. ' . .
25 . , 1 3 —
o
33,5 L.o 16 L.33 )
3 2 5 |
1%.9 : 6.5 16 b.76
36 3 8 I
' . 37.5 9.0 16 5,16
' 38 _ 2 10
7
> 38.5 11.0 16 5.49
8 39 | 2 12
S 41,5 12.5 16 5.78
] 42 1 13
36,5 1.0 16 6.15
L7 ) ‘ 2 _ 15 _
# Number of weeks after first application, u;zntmoz‘rﬁ. sgg.e}oagmgggaggawga.uth tumors at the
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gg}ct.-tlntion of Mean Time of Appoaience of Tumors, X:

1. Assume that the tumor response in probits, r, 1s
a linear function of the time, x,
or r=mx +>b ‘

2, Determine coﬁstmts-,mmdh by method of least
squares (5). Normal equations:

mIx? + bIx .

mfx + 9b

irx

ir

(values of x in weeks and r in probits are under-
* lined in preceeding table)
1485.67 = 10,688,25m + 300.5b
42.28 = 300.,5m + 9 b
b = 0.960

0.112 = slope of dose-response

relationship
.112x + 960

-
-

e}
[ 1]

3. - X = time of S-probit response = 36.1 weeksa
5, standard deviation of mean, '
= T minus time of l=probit response

s 8,9 weeks,

CLASSIFICATION OF EXPERIMENTAL R ESULTS ON THE BASIS OF THE HEALTH

OF THE ANIMALS . . L

In the appraisal of data derived from these experiments,
tonsideration has been given to the following a_ppargnt: relation-

thips between the avdrngo growth and survival of the mice and the

Bsan "time of appearance” of their epidermal tumors,
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1. 1If, in the course of an experiment, an intercurrent
ynfecticn overtakes a group of mice at about the time when pap-
1110"‘55 would be e;pected to appear (on the basis of other compar-
gule experiments), there is usually a delay in the mean time of
gppearance of tumors. The infection need not be lethal to any of
thg mice, a change in sign of the slope of the average growth
curve frequently being an indicetlon of such a condition (see
pigure- 1), It is believed that, in many such instances, the
pice would probably be unaffected were their resistance not
diminished somewhat by systemic toxic effects induced by the
hydrocarbdns being applied upon their skin, Thus, untreated con-
J trols may not show any symptoms of the infection. ‘

Vot infrequently, as the animals recover from such dis-

turbances, tumors grow to measurable size in a large propo.rtion

of Qhe animals in a relatively shoft time. The slope of the plot
of the frequency of response versus time ls-then exceedingly steep.
In other words, the standard deviation of the mean time of appear-
ance of tumors in the group is much smaller then noi;mal {see

Pigure 2). Thus, 1t could be assumed mistakenly, I1f it were not
for the evidence from the weight curves of the presence of uncon-
trolled variablea, that such an experiment had defined the
Statistical limits of the mean better than another in which such

disturbances had not occurred,
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2. In aome experiments the cumulative toxic effects cf
the material applied, or chrénic infections, or a combination of
poth, result in prolonged inhibition of the growth of the mice.

y number of examples have been observed in which the average weights
nafe increased for a few weeks, but became statlionary at a point
io,percent or more below that of adult controls, and then, in many
jpstances, gradually declined (see Figure 3). Thus, whether or

not thesﬁ conditlions influence the timing of the initial changes
r,sﬁlting in the neoplasms they may retard the growth of the in-
duced tumors to visibly discernible size and, accordingly, lengthen
the apparent average period of e;posure'required for the induction
of tumors by the material under test, In such experiments, the
standard deviation of this mbnq time is :reqnentlf much greater:
than normal.

This somewhat extended discussion of the apparent relation-
ships between the irregularities in growth due to the toxicity of
applied materials and to 1ntepcnrren£ 1nr;ctions, and the rate of
induction -of tumors, does not relate to the originality of this
‘oﬁservatidn but rather from our recognition of its importance in
"experiments in which varipus materials are being compared. Occasion-
1l mention of the vhenomenon has appeared in the literature on
experimental carcinogenesis (1. e., 6,7,8) and, in the fleld of
chemotnerapy of cancer, recognition has been given to the necessity
of conaidering the systemic toxicity of a material in evaluating

the specificity of its apparent "anticarcinogenic® effects (i.e., 9).
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purthers the relationships between general health and susceptibility

ccn,pontaneous“ tumors in man are currently }eceiving attention,
4ence s it is boileved that, in the experimental assay of the relative
;otencies-or.various materials or of the susceptibility of various
specles or strains of one species to a given material, information
on the healih ;nd survival of the groups of animals being compared
i, essentialAto any quantitative 1ntefprotation of the data,

The results of all experiments described herein have been

examined, therefore, in the light of these relationships, Each

one has been classified according to the estimated significance of

such effects in the following manner,

Cclass A. Those characterized by normal growth and survival

of the mice at least until the time when most

br the animals haye doyoloped papillomas (see Fig.h)._
Clasa.B. _Those in which all or most of the mice lived long
' eriough to devoloﬁvtumors, but in which there was
evidence (from average weights) of intercurrent
infection at times prior to or during the period
when the new growths were appesring., So long as
focovory from the infection was prompt, and no
obvious skewing of the distribution of the times
ét appearance of tumors occurred, it was felt that
reliable eastimates of the mean time of appearance
could reasonably be made (see Figure 1), However,
when no tumors had appeared prior to the onset of

an infection, and when with recovery tumors developed
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somewhat precipitously, the reliability of tﬁé
apparent mean time of appearance was not determin-
able, and therefore such tests were clasﬁified X
(see Figure 2),

Cclass X. Those characterized by poor growth (as discussed
in Section 2 above) or hiéh rate of mortality. The
confidence limits of the apparent mean -time for the
induction of tumors.coulaanot be calculated by stand-
ard .statistical methods, because of .inability to

assign proper welght to the effects of the uncén-

trolied variables.

Several types of moderately toxic materials failed to

 yleld experiments of the Class A category. On the other hand,

experimental results of. the frankly unsatisfactory typb'(ciasa X)
were usially found to be avoldable through the exercise of appro-
$ priate care in the initial cholce n.rfd the subsequent handling of
the mice. .
_ REFERENCE STANDARDS

To provide a background of reference which might permit
& more nearly quantitafive interpretation of the mean times of
appearance of tumorshinduced in C3H mice by certaih complex oils
- and tars under various conditions of exposure, a number of experi-
ments havé been carried out over the past five years employing '
salutions of the synthetic carcinogens, 3j-methylcholanthrene,

benzo (8} pyrene, and 7,12-dimethylbenz fa}anthracene, in various.

solverits. It has been foun& that one of the essential requirements
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or obtaining reproducible and logically consistent results is the

ingenanée of the animals in a good state of health as measured

vy gfowtn curves, Thus, in Table II, the results of Experiments

205 show the precision of the determination of the
ghen Class B experiments are involved. Similarly,
rouhd that even in the case of & complex material,

conditions of the experiments permitted reasonably

mean time, X,
it has been
30 long as the

normal growth

_of the animals, the repeatsbility of the determination of the mean

time, X, has béen quite sgtisfactory(withih % 10%).

To determine the effect of variations in the level of

concentration and in tne frequency of exposure, comparable experiments

were conductecd with other solutions of methylcholanthrene in benzene,

and the results are shown in Table II.

The purity of the polfcyclic hydrocarbon is obviously

an important consideration in obtaining consistent results,

The usual chemical criteria are necessary, but not always

sufficient, requirements. In one case in particular, the

methylcholanthrene, as received, had a sharp melting poine,'

176-7°C., and no indication was apparent by its ultraviolet

absorption spectrum of any contamination. Yet, on repeated

bioassay, it proved to be excessively Irritating and much

more rapidly carcinogenic then the normal material., Un-

fortunateiy the quantity available did not permit deter-

‘mination of a satisfactory procedure for purification.

Since no further sample with such unusual .potency has been

obtairied, biloassay remains the only way of acertaining that

the methylcholanthrene 1a free of the materiasl responsible

for this activity.
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TABLE II

EXPERIMENTS INVOLVING THE APPLICATION OF SOLUTIONS OF METHYLCHOLANTHUHENE IN oBENZLNL
UPON THE SKIN OF C3H MICE

CONCENTRAT ION
OF METHYLCHOL- DOSAGE OF
: ANTHRENE SOLUTION PER
EXPERIMENT IN SOLUTION  APPLICATION -
NUMBER _ (% by weight) (mg, )
201 0.012 100
202 0.04Y 100
203 0.086 100
203 0,086 100
204 0.172 100
204 0.172 20 -
204 0.172 20
204 0.172 20°
205 0.3u5 100
205 0.345 100
205 0.3U45 100
205 0.345 100
206 0.69 100
206 0.69 100

NUMBER
OF
APPLI-
CATIONS
PER_WEEK

F W oR N W W W W W W W W W

3

DOSAGE OF MEAN TIME
METHYLCHOLANTHRENE . OF
PER UNIT AREA'  APPEARANCE
PER WEEK OF TUMORS, CLASSIFI-
(mg.) X (weeks) CATION
0.036 72,6 X
0.132 30.443.8" B
0.258 29.9%2.2 B
0.258 26.323.4 B
0.516 15.7%1,6 B
0.516 16.4%1.1 B
0,516 16,6%1,2 B
0.516 15,5%1.1 B
1.035 11.0%1.9 B
0.69 15.1%1.5 B
0.345 22.422,7 B
1.035 .7 X
0.69 17.8 X
1.98 6.744.1 B

Area of skin covered by 100 mg. of solution of methylcholanthrene in benzene.
6% fiduclal limits,
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TABLE 1l1. (page 2)
EXPERIMENTS INVOLVING THE APPLICATION OF SOLUTIONS Of METHYLdHOLANTHRENE-IN BENZENE
UPON THE SKIN OF C3H MICE

CONCENTRATION "NUMBER DOSAGE OF MEAN TIML

OF METHYLCHOL- DOSAGE OF . OF METHYLCHOLANTHRENE OF
ANTHRENE ©  SOLUTION PER APPLI- PER UNIT AREA!  APPEARANCE
" EXPERIMENT IN SOLUTION APPLICATION  CATIONS PER WEEK OF TUMORS, CLASSIFI-
NUMBER _ (% by weight) (mg. ) PER_WEEK (mg. ) X (weeka) CATION_
207 1.15 - 100 3 3.45 8.9 X

209 0:517 20 1 0.517 18.3%1.9* B
209 0.517 100 1 0,17 16.2¢2,7 B
209 0.517° 1100 3 1.551 10.4 X
219 '0.115 100 3 0.345 24.0 X
220 1.034 100 1 1.034 9.7%1,6 B
238 0.23 20 2 0.46 18.7%2.3 B
238 0.23 100 2 o.46 16.4%2.0 B
2,3 0.15 " 100 3 0.45 17.9%2.0 A
243 0.15 20 3 0.45 ' 18.2%2.1 B
268 _ 0,287 20 2 0.57 17.6 X

Area of skin covered by 100 mg, of aolution of methylcholanthrene in benzene.
6% fiducial limits,
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In Table II 1t is appirent that variﬁtion in the dosage .
of golution per application from 20 to 100 mg., other factors
,emaining constant, had no effect on the rate of induction of tumors
‘methylcholanthrene in benzene. Similar results have been observed

12
shen solutlions of benzopyrene in benzene were used as the carcinogenic

.gtimulus, This constancy of potency with variation in the quantity
of material epplied {or area of skin exposed) also‘holdg for some
complex oils and tars, but for others there is significant change
of potency with changes in the quantity used for each application.
The chemical basis for these differences will be discussed in a
later paper,

' Thé values in column 5, Table II, were calculated from
the concentration of methylcholanthrene in the solutions and the
n;mbor of applications per wéek. Ié has been determined experi-
mentally that variations in the concentration of the carcinogen did
not affect the area covered by a given weight of the solutions., It
‘was further aaquﬁed that the dosage .per unit area was not signifi-
cantly difrerent when 20 or 100 mg, of the same solution were
applied. Comparison of the data in columns Szzdahowa a consistent
invors; pelgpionahip between the dosage of carcinogen per unit
irea per week ind‘the‘mean time of appearance of tumors, The data
(omitting Class X experiments) are plotted in Figure 5 together
with the curve of the corresponding hyperbolic function (calculated

‘'by the method of least squares),

(X - 3.7)(d + 0,10) =8,2

- 8 2
or, X 8 et # 37 P
(@ + 0.19)
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NEL interesting to note the similarity between this equation
gnd that calculated from theoretical considerations of the mechanism

of carcinogenesis by Iversen and Arley (10),

T = .1

ap = ;._ + T, where k and T are constants.
Co )

the constant, 0,10, in the experimental equation might be inter-
preted as a correction required by the definite, though very small,
probebility of the "spontaneous" excitation of a cell of the dorsal
akin of a d}H mouse ;o the rate of proliferation necessary for the
development of a new growth,

Similar experiments have been carried out with solutions
of two other coymonly used carcinogenic hydrocarbons, benzopyrene
and 7,12-dimethylbenzanthracene. The results are shown in Table III,
togeth;r with some data on aoiutiona of methylcholanthrene in sol-
vents other tﬁan benzene, AS 1s evident from the data, it has been
difficult to obtain satisfactory experiments withbenzoﬁyfone on
C3H mice. The growth.or the animals has tended to be extremely
erratic. Ev@phin tests in which the average weight eventually
reached 30 g., the curve was, more often then not, interrupted at
critical timés by sharp downward breaks. In such experiments,
recovery from-these ﬁoriods of poor health was sometimes accompanied
by the appearance of tumors in a large percentage of the animals
in.a gelatlboly short time (relationship exemplified in Figure 2).
It will also be noted that, even at high levels of concentration,
tie mean time of appearance of tumors was 1n no case less than

20 weeks.,
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TABLE

£IX

‘1-‘.h-p----u----f-..ﬁﬁ

EXPERIMENTS INVOLVING THE APPLICATION OF SOLUTIONS OF SYNTHETIC CAﬂCINOGENS.
IN VARIOUS SOLVENTS UPON THE SKIN OF C3H MICE '

~ o Q
M "o
S
g=88 - -
« 335 DOSAGE OF.
2 E &3 SOLUTION
EXPERI- «95 35 PER APPLI-
MENT  CARCIN- - as @ S CATION
NUMBER _OGEN! _ SOLVEN?  ~—=¥= _ (mg,)
215 DMBA Benzene 0.115 100
214 '~DMBA Benzene 0.345 100
24y BP Benzene 0.172 100
2uY BP Benzene 0,172 20
252 BP Benzene 0.322 20
252 BP Benzene 0.322 20
262 BP Benzene 0,322 100
282 BP Benzene 0.092 20
264 BP white oll 0.175 20
270 BP Wiite oil 0.35 20
285 BP  Cotton- 0.50 20
seed oll -
286 BP Cotton- 1.00 20
. seed oil
261 MC cottonseed 0,042 100

NUMBER
OF

APPLI-

CATINNS

PER WHEK
3
3
3
3
1
3
3
3
3
3
3

3
3

osm)
dIIM ¥ad

VENVY LINON "3d
DONIJHYOD
0 Iodvsod

0.345

1.035
0.516

OI516 :

0,322
0,966
0.966
0.276
0.525
1.05

1.50

3.00
0.126

MEAN TIME RELATIVE
OF CAHCINO-
APPEARANCE GENIC
Fomar i T
15,6%3,3° B 0,19
T.431.1 B 0.62
25.1%2,.5 B 0.10
~J27.3 X (0.09)
A235,0 X (0.18)
4/23.0 X (0.11)
~20.1 X (0.13)
X
~J25.4 X (0.10)
as21.5 X (0.12)
X
~20.Y B(X) (0.13)
~}41.0 B 0.047 .

1 .
1 carcinogens arg },lz-dimethylbenz[}]anthracene.DuBA;benzo[g]pyrene,Bp;}methylcholanthrene, MC.
Area of skin covered by 100 mg. of solution of methylcholanthrene  in benzene,

5¢ fiducial limits.

2
3



-z2-

ySE_OF REFERENCE STA:DARDS AS A SCALE OF RELATIVE PCTENCY OF COMPLEX
TARS AND OILS
various methods of expressing the relative potencies of
the pure polycyclic carcinogens and complex materials haveibeen
reviewed by Badger (11). Many of these are simply rough classifi-
cations based upon a particular investigator's personal experience.

.The Iball index (12) and a recent adaptation (13) attempted a more

quantitative approach, involving the use of the reciprocai-of the
mean time of appearance of tumors., Such methods are useful in com-
-paring results obtained in a given laboratory using a standardized
and inflexible schedule of application of various materials, How-
ov;r, experimental techniques dirrer signiflicantly from one research

organization to the next, thus rendering the comparison of data

on this basis rather difficult. Further, as was pointed out
previously. in thié article, it was ‘sometimes necessary in the
.current ;nyestigation to change eifher or both the frequency and
severity of exposure to obtain aatiéf&ctoéy conditions for the
neasurement of the potenéy of a lnmplQ while minimi;ing its toxic
ai&e efrectl; Hence, & scale of relative potenciea'which would
permit such flexibility in-experimental design was needed.

The use of the data on relative rates of induction of

‘§- tumors by the pure carcinogens, methylcholanthrene and benzopyrene,

as external atgndards of reference, providéd a practical solution
to this proglen. The latter is one of the important contributors
to the potency of cracked residua (lh)} the former has not been
ldentified in complex tars and oils but might be regarded as a

EB 005538
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"presentativo qf the ﬁ-ringod carcinogens supposed to be present
(15,16). Tkus, the ge_an time of appearance of tumors induced by
someé complex tar or oll may be translated into & value of Relative
carcinogenic Potency, Py, ( potency as compared to methylchole
anthrene), by use of Figure 5. The dosage of methylcholanthrene
co'rresponding to the éivon mean time is either read off the graph
or calculated from the equation, ‘

d=-38:2_ _o.,0,

X - 37 :

Then, the value -of the.relative potency, Py, for the complex

material in question 1s

Pyc = 4, for an experiment involving one application each week,

= %, for an expariuexit involving two applications each week,

= %, for an experiment involving three applications each week,

Thus, by comparing the results of tests on complex mater-
{als with those involving me'thylchoimthréno a3 &an external standard
of reference, one may obt':aih the relative carcinogenic potencles of

the different materiala, even though the experiments may have in-

" volved differing frequencies of applications, It should be noted,

however, that the deacription- of tljxe potency of a complex oil can-
not be considered complete until it has been tested at two apprec-
tably different dosages, i,e., 20 mg, and 100 mg, per application,
unless npgn{:ivo results were obtained at the higher level of dosage

in a test in which the mice survived and grew at a normal rate,

EB 005539
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hus, ,-éiven 0oll may be much more potent than another u}xder

sovere conditions of exposure, but the former may ictunlly have

", 1ower potency than the latter if the comparison 1s carried out
under mild conditions, Chemical research on such oils has led to .
an understanding of this apparent paradox, and the ﬁgtter will be
deait with in a later publication. '

The technigue of relating reaul?s on coﬁplex materials

to those on standard synthetic carcinogens should facilitate compar-
fson of results from different laboraforiea. The ayntﬁetic com=-
pound chosen should, of course, be comparable to the type of carcin-
ogens supposed to Se prQsent in tﬁe complex mixtures., Under eppro-

,.priate conditions of dosage and exposure, it must be capable of

{nducing tumors at least as rapidlj as the most potent of the

samples to be tested. Thus, benzopyrene has not proved to be a suit-

able standsrd:for work with C3H mice, since 1t will not induce

'tumora surficientlylrapidly even at high levels of concentration,
7,12 -Dimethylbenz{g)anthracene on the other hand, 1s very sat-
isfactory from this standpoint, but has the disadvnnt&ge of requir-
ing special care in handling to prevent its oxidatlon to the non-
carcinogenic 7,12-photooxido (7.

it should be reemphasized that this consideration of a
quan;itafive scale of potencies applies only to the results of
experiments which may be classified as satisfactory (A and B by our
criteria)., Those in our Class X have only a limited value, If
positive results are obtained, the material may be cla;ditied
qualitatively as carclnogenic; 1if survival 1is good and most of the
nice eventually develop tumors (X classification ba;od on certain .

irregularities ;h growth) the estimation of the appirent potency

nay be useful as a minimum value, -
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RELATIVE POTENCIES OF POLYCYCLIC AROMATIC COMPOUNDS
The data available to the writers on experiments involving

repeated applications of solutidns of various polycyclic carcinogens
{n solvents such as benzene, acetone, and white mineral oil of high
viscosity, upon the skin of mice, indicate that the average rate
of induction of papillomas i{s independent of the quantity of sol-
ution used in oﬁch applicAtion so long as it exceeds 10 ng. The
controlling variables are the frequency of application and the
dosage of carcinogen per unit area of the skin, The latter will
depend upon the .concentration of carcinogen in the solution applied
and the relative spreading coefficlent of the solution, .
Solutiona of polycyclic hydrocarbons in different solventa
have different capacities for spreading over the skin of a mouse
pecause of variations in such.phya;cll pfoporties as volatility,
{nterfacial tension, and viscosity. Since much of the previous
experiﬁentkl testing of polycyclic compounds for their carcinogen-
icity to the skin has been carrlied out with solutions in benzene,
this solvent was uaéd ror'tho'refereﬁce standards deacribed hofoin.
An intensive 1nwoatigafion of the effects of variation of the com~
position of the solvent has aiqo been cafried out end will be
described in a later paper. -

By comparing data on the rate of 1nduction of tumors by
solutions of known concentration of various aromatic hydrocarbons'
in benzene under suitable experimental conditions, with such data
83 those shown in Table II and Figure S, it should be possible to

. arrive at logical estimates of the relative carcinogenic pofanciea
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¢ the different compounds. By inference, the relative potency of
0 -
m,.chylcmlm“_‘"“‘ on the Pyc scale would be 100, Corresponding

numori"‘l values for benzopyrene and. 7.lZ-dimethy;oenzanthracene
,ay'then be derived from the data of Table III, Thus, since 0,34S
percent 7, 12-dimethylbenzanthracene produced tumors at the same

rate @s 0.62 percent methylcholanthrene under comparable conditions,

the relative potency of this dimethyl- derivative is

Pyg® = —22 x 0.62 = 180
0.345 .

from Experiment 215, the relative potency, Puc°, for 7,12-dimethyl-
. penzanthracene is 165.. The higher value 1s preferred at the present
gime, since, if autoxidation of the hydrocarbon caused any reduction
tn activity, it might reasonably be assumed that the effect would
have been greater in Experiment 215.

simihrly, the relative potency of bonzoi:yrone on this -
scale 18 57 - 65 (Experiments 244, 252, and 282). The data from
gxperiment 252 involving throo applleationa each nek cannot be
used since appareritly the maximun effoctive doaggo of this carcine
ogen had -béen reached at a lower level, Thua; as & general rule
the determination of the relative potency of. thy given compound
should be based upon the results of experiments at at least two _
different Aconcentr;tio:'u. which yioldgd significantly different
mean times of appearance of tumors gndor otherwise eomparablq
' conditioha.' At least one and preferably both of t;.heae should
_mest our classification A or B from the standpoint of growth and

srvival,
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 ZXPERIMENTS INVOLVING THE APPLICATION OF MATERIALS UPON THE SKIN OF
' C3H MICE

LEGEND

Symbols used in connection with average weight curves:
W/  Time of death (from disease) of | th tumor-free mouse,

L Time of death (from disease) of tth tumor-bearing mouse
?or T Time mouse killed.
» Painting discontinued for 1 week at each indicated time. -

Gross and microscopic pathology:

© Time of appearance of firast papilloma in i th mouse.
When this symbol is first used for a given mouse after
its death, the presence of non-invading carcinoma .
(intra-epithelisl) or small areas of benign neoplasm i
was determinaeble only by histopathology. - :

© Time of appearance of gross changes indicative of malig-
nancy in tumor of i th mouse., [Liagnosis confirmed
except in cases where no tissue section available,
¥hen this symbol is first used for a given mousé after
its death, the invasive malignancy of the tumor was
determinable only by histopathology.

ﬁ] or&‘g No tiiauo section available for histopathology because :
of extensive post-mortem decompcsition or cannibalism,
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FIGURE 1

EXPERIMENT 220, SOLUTIOﬁ 01" METHYLCHOLANTHRENE,
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FIGURE &

EXPERIMENT 243, SOLUTION OF METHYLCHOLANTHHENE, 0.15 PERCENT:
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CARCINOGENESIS OF THE SKIN, I. Basic Methods Employed
{n Testing Complex Hydrocarbon-tyse Tars and 0ils, and the Develop-
gent of a Qﬁantitatlve Scale to Express Their Relitive Potencies

to . Mice,
by A. Wesley Horton and Dorothy T. Denman

The investigation of skin cancer in this Laboratory has

peen concerned with the estimation of the extent of the potential

'hazard of this disease in certain industries. As in any other

aspect.of the.goneral field of toxicology, it must be recognized
that a specific hazard 1s the product of several variables, two
of which assume dominant lmportance. ‘These may be termed conven-
1ent1y-the physiological activity of the material or mixture in
question, and the coﬁditions of oxpoaﬁre. The latter aspect in-
volves the prchiéea of personal and industrial hygiene. This
paper will be devoted primarily to the dbvolopment of reproducible
methods of determining the first variable, the level of activity,
or relative carcinogenic potency, of hydrocarbon-type oils and tars,
~ Mice were ghoaen as the primary test specles since neo-
plasms of the skin, comparable in certain r;apocts to those of man

in the same tissue, can be reproduced in these animals under suit-

_able experimental conditions, Certain specific materials, which

‘have induced an abnormally high incidence of cancer of the skin

of men as & result of repeated exposure in their occupation, have
been found capable of producing epitheliomas in the akinidr mice.
Conversely, in our experience certain inbred mice, such as the

C3H strain, have not developed "spontaneous™ skin tumors, nor have .
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they reacted by skin tumor formation to repeated experimental
appncation of a number of materials, including water, benzene,
white mineral oil, etc,, which are presumed to be non-carcinogenic
gd'the skin of man on the basis of extensive practical experience,
The specification, "suitable experimental conditions",
in the previous paragraph was used advisedly, It 1s evident from
perusal of the literéture, that too often the problem of excessive
mortality due to the toxicity of the materiel under examination,
as well as thatd:: ::;-occurrence of incidental disease among
the exnerimenta) animals, has been met only by increasing the number
of animals on test. Such an abproaeh ignores the probabllity- that
the survivors of these conditions are not at all rebresentative of
the population involved with respect to their susceptibility to
carcinogenesis, Hence, stress will be laid upon the necessity for
standards of selection and care of the experimental animals which

will maintain their health at as high a level as poassible,

EXPERIMENTAL METHODS
Most of our work has been carried out with male mice of

the C3H strain, puréhased from thQ Jaéknon Memorial Laboratory,

ﬁnr Harbor,'udine. A number of experiments ﬁave alao been carried
out with male mice of the CFW strain obtained from Carworth Farms,
bgt the results were not as reproducible as those derived from

the C3H strain. Althougﬁ the difference in genetic homogeneity

1s undoubtedly a factor, the ract.that the C3H iice are more docile
probably contributes to the roproducibiiity of experiments ip which

they are employed. The frequent occurrence of bites and scratches
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of ghe;skin of the CFW mice, inflicted by their companions, probably
results in occasional direct intreepithelial introcuction of car-
| ciuogensd. Addad to this complication is the possibility that
gound-healing may piay an accelerating role in carcinogenesis (1),
The same troutle has been experienced in receni experiments with
gwiss males, aizhough the females seem to be more qcngénial.
The.mice were recelved at slx to el -ht weaxks of age and
placed under observation for approximately four weeks before use
{n any experiment, To control infestation of the animals with
nites or lice (which when uncontrolled affects adversely thelr
pealth), the mice were duste& routinely Qith Aramite® by the sup-
'piier prior to shipment-and then twice again with the same miticide
during the‘period of otservation in this laboratory. Any group
in which there was evidence of poor health during this p;fiod was

wvithheld from use 1n:teats in which quantifative'results were needed.
In all exper:ments described herein, the mice were fed
on Purina Laboratory ciow and water witﬁout restriction. Ac';ix
* months of age, CBH mice fec? on thi.s diet and subjected to no adverse
.oxpeyimental procedure'feach an average weight of qpout 29-31 g.;.
while cprraaponding CF*' mice weigh about 33-35 g+ Since growth
of both the hosts and.thelr tumors might vary with the temperature
of their surroundings, an effort has been made to maintain a
relatively constant témperaturelof 7532° in the animal rooms.
For a giver experiﬁent, a group of 20 to 30 mice was
divided into three to five cages, The animals were assigned in-
dividual numbers for identification and marked by clipping their toes,

N . =
Aramite - 1SW, U. S, Rubber Company, Naugatuck, Conn,
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The exposure of the mice to any glven material involved
reéeated applications upon the interscapular region. In preparation
for the application of dosages of 100 mg. of a material, the fur
qas left intact, but when the dosage ;as to be less than 100 mg.,
the fur was remqvod‘by meaﬂs_of electric clippers. A small camel's
pair brush of a Selected size to deliver the deaired dosage was
used  to apply the mafqrial, which was then simply ailowed to spread
according to itg individual physical characteristics. Applications
were repeated in accordance with a-predetermined schedule (cne,
two, or three times each week) until -the animals died. Care was
taken to keep the dosage and the location of each application as
constant as possible throughout the ;;perimqnt.

Normal growth cf the Aice could not be maintained in
testing certain of the materials, parpicularly those of -high potency,
vhen the experimént 1nvolveg three 100 mg. applications ‘each week.
Hence, when there was some physicochemical or biological evidence
that a given sample was 11kgly to ﬁavg afrelativalj.high carcino-
genic potency to the miée (equivalent to that of ‘a solution of
0.15 percent, or greater, of methylcholanthrene in benzene), the
material was applied at a lower frequency, usually once each week.

In the case of materlials of lower potency, more frequent hpplications
were required to obtain sufficient tumors. Hence, when toxicity
of such samples proved a serious problem at the 100 mg, level, the

dose was reduced, in some cases to as low.as S mg. per application,
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Experience has shown that, even when the mortalify among
an experimehtal gféup was low, the time of appearance of tumors was
gometimes delayed aeribusly by conditions of variable or uncertain
origlin which also interrupted the normal growth of the animals, As
o measure of  such conditions, therefore, the mice were weighed
at frequer: intervals throughout the experihents. Since early
observations gave evidence that interruptions of ggdwth were
usually the result of intercurrent infectlons of low severitf
affecting most of the animals in a gifon‘cage, the weighing of
individual anigala was discontinued in favor of determining the
average welight of the survivors in each group. Various precautions,
such as regular cleaning and sterilization of cages, feeders and
vater bottlea,'decontamihation (with a bacteriostatic agent) of
gloves uséd to handle animals rrén one cage-borore.pfpcooding ts
another, and 1solation of sick mice, were taken to minimize infece
tions and tq prevent their spread from one group to another,

Throughout each exporigént} the animals - were examined
at least once'each week by oﬁe of us (D.T.D.), and fhe.presence and
time of appearance of any abnormal gross changes in the skin were
recorded, Epilation and crusting of small areas were frequently
noted and, in the early stages of tests on solutions of greatef
than 0,2 percent of methylcholanthrene orbenzopyrgne 1n-benzene,
large swellings, of the type previously described by Cramer (2),
and small ulcerated areas, were occasionally obaserved, In response
to the application of aolutiong of fhosg synthetic carcinogens,
Papillomas eventually developed on the skin of practically all of
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che surviving animals exc;pt in the case of the lowest level of
concentrstion tested (0.0l percent). Ixfx general, the induced neo-
plasms progressed through the familiar pattern from pnpil.loma to
squamous cell carcinoma, with gross evidence of invasion. In the
' rirst test of 'a given materlal, sections of any epidermal tumors
produced were prepared for microscopic exemination,

The date of wﬁiqh each typical papilloma reached the

groltrary size of 1 mm. in diameter and elevation was recorded as
the "time of appearance" of the papilloma., In 'ﬁddltion, the date
on which 1t was grossly apparent that tl'_Ae tumer was inveding the
subcutaneous tissues was noted (rolled border, generally accom-
panied by cratering hecroaia of thg center), When a mouse developed
such an apparently _mal'igxiant tumor, it was 'killed, Usually, the
others were maintained on test until death from "natural causes"
occurred, The data, thus obtained, were recorded on graphs such as
thoae. shown in Figures 1 tﬁrough L

As experience was gained 1in associating the physical and
* "chemical characteristics of various types of materials with their
relative toxicity and. with their abllity to induce tumors of the
skin in C3H mice, certain criteriﬁ were developed for selecting
optimum conditions rér any giw're'n blo.oglcal test., As a general
-practice, a schedule of applibatién was chosen which would lead
to induction of papillomas in an average time of not less than
12 weeks. The restriction was based on repeated observations that

this average time was unduly var:ﬁble in experiments in which the

¥everity of exposure resulted in mors rapid induction of tumors,
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o8 tre other hand, experimentsl conditions .which involved very
10n8 periods of expcsure before tumors were induced proved to be
even more unsatisfactory then those associated with very short
1atent periods, because cf the increased possibility of inter-
,anent infectlons or other unidentified interferences with the
noraal growth of the mice. Even when these interruptions resulted
in little or no.loss Af animals; fhe irregular effects on the

growth of the induced tumors made it v?ry dirricﬁlt to 1nterpfet

the results of the experiment. Therefare, as a general rule the
frequency and severity of the applications werb scheduled to produc;
an average latent pcriod as close to 15 wéeks as possible, then

the materials were low in potency, this obviously méant the use of

as severe conditions as were compatible with the normal growth and

survival of the mice.

INTERPRETATION OF DATA_OBTAINED

In general, under these experimentkl conditions one of
two results has been obtained in response to the appiicationa of
any one of a series of materials, i,e., most of the animals which
lived long enougﬁ developed_tumors of the skin at the site of the
application, or ﬁoﬁb of them did so. The cutcome of the experiments, -
therefore, has been essentially unequivocal, and the relative
potencies of the different active materials could be expressed in -

terms of the relative rates of induction of tumors,
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Thé calculation of the "mean time of appearance  of tumors"

1avolved the determination, by the method of least squares, of the

1inear function which best fitted the plot of fhe cumulative frequen-
¢y of tumor response (in probits) versus the time (1n.weeké) after
':hé first application (shown on the right side of Fisures 1 through
4). The latter coordinate is equivalent to cumulative dosage. It

13 to be noted that, for these experiments involving repeated

applications of carcinogenic materials to the skin, the response
* varied linearly with the dosags 1itself, and not with the logarithm
of dosage. It is assumed that the exponentially decreasing rate of
appearance of tumors usually observed following single or limited

numbers of exposures to carcinogens (3) was not seen in these px;

periments because the more resistant animals in any given group

were given a larger effective dosage than were the more susceptible,

: Calculation of Cumulative Frequencies of Response
‘p The convention is adopted (after Bliss, ) that,

at the midpoint of the period between two given obser-

vations, the number of mice bearing tumors is equal to

the average of the numbers at the times of the obser-
vations. At the midpoint of sach period during which one
or more mice develop their first papilloma, a calcu-
lation is made of the cumulative percentage of the
"effective group of mice"™ which bear tumors on that

date. The "effective group" at a given time is defined

as the sum 6f the number of survivors plus the number of
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mice which died previously after developing tumors of
.l . the skin, except that after the appearance of a tumor
] in the “"average" mouse this sum is held constant, The
"gverage" mouse is designated by the median in a simple

arithmetic array of the times of appearance of the
rirst tumor '1n each animal,

As an example, the calculations used teo obtain
* the cumulative frequencies of tumor response from the
data of Figure 3 are shown in the following table:
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TABLE X
»
. MIDPOINT : TOTAL
TIME® OF OF PERIOD NUMBER NUMBER OF CUMULATIVE FREQUENCY
‘OBSERVATION BETWEEN OF NEW MICE BEARING RESPONSE, EFFECTIVE OF
. OF NEW OBSERVATIONS, POSITIVES, TUMORS, 3, IR + (ZR + R')  NUMBER RESPONSE, r.
POSITIVES x R! ~ R' + IR - _CF MICE (probits)
19,5 0.5 : 18 3.08
20 1 1
23.5 1.5 18 3:62
24 1 2
2,5 2.5 18 3.91
. ]
25 1 3 —
. [@]
- 33.5 4.0 16 .33 )
3 2 5
35.9 6.5 16 4.76
36 3 8
37.5 9.0 16 5.16
' 38 ‘ 2 10 _
38.5 11.0 . 16 5.49
> 39 2 . 12
_ 41,5 - 12.5 16 5.18
a y2 1 13
o
bt 46.5 4.0 16 6.15
s L7 2 15

# Number of weeks after first application.

*2ZR,{2,the L0t} NumBaE.of.Bl5R, Mith tunors at the



calculation of Mean Time of Appearance of Tumors, X:

1. Assume that the tumor response in probits, r, is
a linear function of the time, x, -
or rsmx +b '

2. Determine constants,mend b by method of least

|
|
!
|
|

squares (S5). Normal equationa:

Irx = mIx® + bIx

ir = n;zx + 9b
(Values ofix in weeks and r in probits are under-
* lined in preceeding table)
1485,67 = 10,688,25m + 300,5b

L2.28 = 300,5m + 9 b
b = 0,960 .

m = 0.112 = slope of dose-response
relationship -
e TS L112x + .960 ’
3. X = time of S-probit response = 36,.1 woeks
* 3, standard deviation of mean,

= X minus time of h;probit response

= 8,9 wéeks.

CLASSIFICATION OF EXPEBI}&ENTAL R ESULTS ON THE BASIS OF THE HE.ALTH
OF THE ANIMALS |
In .the appraisal of data 'dorived from these experiments,
consideration has bdeen givon to the following apparent relation-
thips between the average growth and survival of the mice and the

mean "time of appearance” of their epidermal tumors, -
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l. If,in the course of an experiment, an intercurrent
infecticn overtakes a group of mice at about the time when pap-
1ilomas would be expected to appear (on the basis of other compar-
atle experiments), there 1is u;ually a delay in the mean time of
appearance of tumors. The infection need not be lethal to any or'
the mice, a change 1n sign of the slope of the average growth
curve fregquently being an indication of such a condition (see
Figure 1), It is believed that, in mahy such 1hstances, the
nice would probably be unaffected were their Eeaistance not
diminished somewhat by.systemic toxic effects induced by the
hydrocarbons being ap;:lied upon their skin. Thus, untreated con-
trols may not show.any symptoms of the infection, '

Vot infrequently, as the animals recover from such dis-
turbances, tumors grow to measurable size in a large proportion
of the animals in a relatively short time. The slope of the plot
of the frequency of response versus‘time is then exceedingly steep.
In other words, the standard deviation of the mean time of appesar-
ance of tumors in the group is much smaller than normal (see
Figure 2), Thus, it could be assumed mistakenly, if it were not
for the evidence from the weight curves of the presence of uncon=
trolled variables, that such an experiment had defined the
statistical 1imits of the mean better than another in which such

disturbances had not occurred,
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2. In some experiments the cumulative toxlc effects of
¢ne materiel applied, or chronic infections, or a combination of
peth, résult in prolonged iphibition of the growth of the mice,

s number of examples have been observed in which the average weights

have increased for a few weeks, but beceme stationary at a point

_ 10 percent or more below that of adult controls, and then, in many

instances, gfadually declined (see Figure 3). Thus, whether or
not thess conditions iprluence the timing of the initial changes
resulting in the neoplasms they may retard the growth of the in-
duced tumors to visibly discernible size and, accordingly, lengthen
tﬁe apparent average period of exposure required for the induction
of tumors by the material under test., In such experiments, the
standard deviation of this mean time 15 frequently much greater
than normal, ) |

This somewhat extended discussion of the apparent relation=
ships between the irregularitles in.growth due to the toxicity of
epplied materials and to 1ntepcurréné 1nreétions, and the rate of
induction of tumors, does not relate to the originality of this
observation but rather from our recognitiﬁn or.its iﬁportance.in
experiments in which various materials are bsing compared. Occasion-
al mention of the phenomenon has appeared in the‘litérature_on
experimental carcinogenesis (i.e., 6,7,8) and, in the field of
chemotherapy of cancer, recognition has been given to the necessity
of consideri&g the systemic toxicity of a material in evaluating
the specificity of its apparent "anticarcinogenic" effects (i.e., 9).
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curther, the relationships between general health and susceptibility

tc"spontaneous" tumors in man are currently receiving attention.
I dence, 1t is believed that, in the experimental assay of the i@lative
pctencies of. various materials or of the susceptibility of various
specles or strains or.one specles to & given material, information
on the health and survival of the groups of animals being compared
1s essential to any quantitative 1nterprgtation of the data.’

The results of all experiments described herein have been
* examined, tﬁererore, in the light of these relationships, Each
one has been classified accordingltd the estimated significance of

such effects in the following manner,

Class A. Those characterized by normal growth and survival

of the mice at least until the time when most

of the animals have developed papillomas (see Fig.lh).
Class B, Those in which all or most of the mice lived long
enough to develop tumors, but_in'which there was

# evidence (from average weights) of ‘intex_-curranf
infection at times prior to or during the period
when tha new growths were appearing. So long aﬁ
recovery from the infection was prompt, and no
obvious skewing of the distribﬁtion of the times
of.appearanco of tumors occurred, 1£ was felt that

- reliable estimates of the mean time of appearance
could reasonably be made (see Figure 1), However,

when no tumors had appeared prior to the onset of

an infection, and when with recovery tumors developed
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somewhat precipitously, tﬁe reliability of the
apparent mean time of aprearance was not determin-
able, and therefore such tests were classified X
(see Figure 2),

Class X. Those characterized by poor growth (as discussed
in Section 2 above) or-high rate_of mortality. The
confidence limits of the apparent néan-time for the
induction of tumors could not be calculated by stand-
.ard statistical methods, because of inability to

assign proper weight to the effects of the uncon- -

trolled variables.

Several types of moderately toxic~matef;ala falled to
yield éxperiments‘gr the Class A categqry.' On the other hand,
experimental results of the frankly’unsatisractogy type (Class X)
were usually found to be avoidﬁble through the exercise of appro-
priate care in the initial choice and the subsequedt handling of
the mice,

REFERENCE STANDARDS

To provide a bacﬁground of reference which might permit
a more nearly quantitative interpretation of the mean times of
appearance of tumors induced in C3H mice by cartgin’complex oils .
and tars under various conditions of exposure, a number of experi-
ments have been carried out over the past flve'yeara.employing
solutions of the synthetic carcinogens, 3-methjlcholanthrene;
benzo [8] pyrene, and 7,lé-dimethy1ben'z {(ajJanthracene, 1in various

solvents. It has been found that one of the essential requiremontaA
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for obtaining reproducible.and ;ogically consis@ent results is the
-aintenance of the animals in a good state of health as mgasured‘

by growth curves. Thus, in Table II, the results of Experiments

' 205 show the precision of the determination of the mean time, X,

when Class B experiments are involved, SImilarly; it has been

"found that even in the case of a complex materiai, so long as the
conditions of the experiments permitted reasonably normal érowth

of thg animals, the repeatabllity of the determinatiop of the mean
time, X, has been quite satisfactory(within % 10%).

‘ To determine the effect of variations in the level of
concentration and in the frequency or.exposupe, comparable experiments
' wefe conductec with other solutions of methylcholanthrenes in benzene,

and the results are shown in Table II,.

The purity of the polycyclic hydrocarbon-1s obviously

-an important consideration in obtainihg consistent results,
The usual chemical criteria are necessa;y, but not always
surricient, requirements, In oné case in particular, the
methylcholanthrene, aﬁ received, had a sharp melting point,‘
.176-7°C., and no indication was apparent by its ultraviolet
absorption spectrum of anf contamination.‘Yet, on repeated
bioassaj, i1t proved to be excessively irritating and much
more rapidly carcinogenic than the normal ﬁaterial. Un;
fortunately the gquantity available did not permit déterf
minatioﬁ of a satisfactory procedure for pgrirication.
Since no further sample with such_unﬁsual pocencyhhas been
obtained,;bioasaay remains the only way of acertgining'that
the methylcholanthrene 1s free of the material responsible

for this activity.

}_. .
_ . e
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TABLE 11

EXPERIMENTS INVOLVING THE APPLICATION OF SOLUTIONS OF METHYLCHOLANTHRENL IN wENZIM
UPON THE SKIN OF C3H MICE

CONCENTRATION NUMBER DOSAGE OF MEAN TIME

OF METHYLCHOL- DOSAGE OF OF METHYLCHOLANTHRENE OF
ANTHRENE SOLUTION PER APPLI- PER UNIT AREA®  APPEARANCE :
EXPERIMENT  IN-SOLUTION  APPLICATION  CATIONS PER WEEK OF TUMORS, CLASSIFI-
NUMBER __ .(¥ by weight) (mg,) PER_WEEK (mg.) X _(weeks) CATION
" 201 . 0.012 100 3 0.036 72.6 X
202 0.0 100 3 0.132 © 30.4%3.8" B
203 0.086 , 100 3 0.258 | 29.9¢22 B
203 0.086 100 3 0.258 26.3%3.4 B
201, 0.172 " 100 3 0.516 15.7%1.6 B L
204 0.172 20 3 0.516 16.441.1 B N
204 0.172 20 . 3 0.516 ‘ 16,6%1,2 B
204 0.172 - =20 3 0.516 _ 15.5%1,1 B
205 0.345 100 ° 3 1.035 © 11,0%1,9 B
205 04345 100 2 0.69 | 15.121,.5 B
205 04345 100 1 0.3L45 22.4%2,7 B
- 208 04345 100 3 1,035 W.7 X
206 0.69 100 1 0.69 17.8 X
206 0.69 100 3 1.98 6.7%4.1 B

22850 Id¥

Area of skin covered by 100 mg. of solution of methylcholanthrene in benzene.
* o5¢ fiducial limits. .
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TABLE 11 (page 2)
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EXPERIMENTS INVOLVING THE AFPLICATION OF'SOLUTiONS.OF METHYLCHOLANTHRENE IN BENZENL
UPON THE SKIN OF C3H MICE

EXPERIMENT
NUMBER

207
209
209
209
219

220

238
238
243
243

268

GONCENTRATION NUMBER DOSAGE OF MEAN TIME
O METHYLCHOL~  DOSAGE OF OF METHYLCHOLANTHHENE oF
ANTHRENE SOLUTION PER APPLI- PER UNIT AREA! APPEARANCE
IN SOLUTION APPLICATION  CATIONS PER WEEK OF TUMORS, CLASSIFI-
(£ by weight) {(mg.) PER WEEK _(mg.) X (weeks) CATION
1.15 100 3 345 8.9 X
0.517 20 B! 0.517 18.3%1.9* B
0,517 100 1 0.517 16,2%2,7 B
0.517 100 3 1.551 10. 4 X '
-
0.115 100 3 0.345 24.0 X @
[}
1.034 100 1 1.034 9.7%1.6 B
0.23 20 2 0.46 18.7%2.3 B
"0.23 100 2 0.46 16.4%2.0 B
0.15 100 3 0.45 17.9%2,0 A
0.15 20 3 0.45 18.2%2.1 B
0.287 20 2 0.574 17.6 X

1 Area of skin covered by 100 mg. of solution of methylcholanthrene in benzene.
2 of fiducial limits.
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In Table II 1t is apparent that variation in the dosage

of solution ﬁer application from 20 to 100 mg,, other factors

| remaining constant, had no effect on the rate of induction of tumors
" py methylcholanthrene in benzene., Similar results have been observed
when solutions of tenzopyrene in benzene were used as the caréinogenic
stimulus, This constancy of potency with variation in the quantity
of material applied (or area of skin exposed) also holds for somé
complex oils and tars, but for others therelia significant Ehange

of potency with changes in the quantity used for each application.
The chemicai basis for.thése differences will be discussed in a

later paper,

The values in column 5, Table II, were calculated from
-the concentration of methylcholanthrene in the aoiutions and the

number of applications per week, It has been determined experi-

mentally that variations in the concentration of the carcinogen did

I not affect the area covered by a given weight of the 'solutions. It
‘ was further assumed that the dosage per unit area was not signifi-

cantly different when 20 or 100 mg., of the same solution were
and

; applied. Comparison of the data in columns 5[6“ahoya a consistent
: inverse relationship betioen the dosage of carcinogen per unit

I area per week and the mean time of appearance of tumors, The data
; {omitting Class X exge:iments) are plotted in Figure § togetheé

| with the curve of the corresponding hyperbolic function (calculated
} .by the method of least squares),

] (X = 3.7)(d + 0,10) =82

l o;,. X = 8.2 + 3.7 o

‘ (@ # 0.10) ‘
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1t 1s interesting to note the similarity between this equation
and that calculated from theoretical considerations of the mechanism

of carcinogenesis by Iversen and Arley (10),

™™ - 1

tap = ;_- + T, where k and T are constants,

The constant. 0.10, in the experimental equation might be inter-

preted as a correction required by the definite, though very small,

—

probability of the "spontaneous™ excitation of a cell of the dorsal
.l' skin of a C3H mouse to the rate of proliferation necessary for the
development of a r=w growth,

Similar experiments have been carried out with solutlons
of two other commonly used carcinogenié hydrocarbons, benzopyrene
and 7,l2-dimethylbenzanthracene. The results are shown in feble 111,

together with some data on solutions of methylcholénthrene.in sol-

vents other than benzene. As is evident from the data, it has been
-difficult to obtain satisfactory experimenti withbenzopyrene.on

C3H mice. The growth of the animals has tended to be extremely
erratic, Even in tests in pﬁich the average weight eventually
reached 30 g., the curve was, more often than not, interrupted at

critical times by sharp downward Breaks. In such experiments,

recovery from these periods of poor health was sometimes accompanied'

by the appearance of tumors in a large percentage of the animals

in a relatively short time (relationship exemplified in Figure 2).
It will also be noted that, even at high levels. of concentration,

the mean time of appearance of tumors was in no case less than

s Al <o A2 ol ses

20 weeks,
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TABLE III
EXPERIMENTS INVOLVING THE AP?LICATiON OF SOLUTIONS OF SYNTHETIC CARCINOGENS
IN VARIOUS SOLVENTS UPON THE SKIN OF C3H MICE

R 98 &
e -
< >0 S92y '
% 5 a+3 DOSAGE OF  NUMBER HHEZ S MEAN TIME RELATIVE
8 & @ SOLUTION OF Hag OF CAKRCINO-
EXPERI- ® 383 PER APPLI- APPLI- o 558 Appmarance GENIC
MENT  CARCIN- : "ggg CATION CATIONS @& ﬁ & OF TUMCRS, CLASSIFI- POTEHNCY, -
NUMBER  _OGEN? SOLVENT _ ~=Z= (mg,) PER WEEK > R3S X (weeks) CATION Pyc
21s DMBA Benzene 0.115 100 3 - 0.345 15.6%3.3° B 0.19
21y DMBA Benzene 0.345 100 3 1.035 74211 B 0.62
24Y BP Benzene 0.172 100 3 0.516 25,1%2.5 B 0.10
auL BP Benzene 0.172 20 3 0.516 A21.3 X (0.09) !
nN
252 BP Benzene © 0322 20 ° 1 0,322 A’35.0 X (0.18) "~
. - J
252. BP Benzene 0.322 20 3 0.9066 A23.0 X (0.11)
252 . BP Benzene - 0,322 100 3 0.966 ~20.1 X (0.13)
282 BF  Benzene 0.092 . 20 3 0.276 ' X
264 BP  white oil 0.175 20 . 3 0.525  AJ25.4 X "(0.10)
270 BP white oil 0.35 20 3 1.05 A21.5 . X (0.12)
285 BP Cotton- 0.50 20 3 1.50 X
seed oll )
266 BP Cotton- 1.00 20 3 3.00 ~20.4 B(X) (0.13)
seed oil . ]
281 MC cottonseed 0,042 100 3 0,126  A}41.0 B 0.047

}  carcinogens érg;},IZ-dimethylbenz[Q]anthracene,DMBA;benzo(g]pyrene,BP;}methylcﬁolanthreno, MC.

.a  Area of skin covered by 100 mg. of solution of methylcholanthrene in benzene.

3 ¢ fiducial limits,
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UsSE _OF REFERENCE "STAIDARDS AS A SCALE OF RELATIVE POTENCY OF COMPLEX
B 00 Y
' : TARS AND OILS

_ Various methods of expressing the relative potencles of
. the §ure polycyclic carcinogens and complex materials have been
reviewed by sddger (11). Many of these are simply rough classifi-
cations based upoﬁ a particuiar 1nvo§tigator's persénai experienée.
The Iball index (12) and a recent adaptation (13) attempted a more
quantitative approach, involving the use of the reciprocal of the
‘)“ mean t’ime of appearance 'o!‘ tumors, Such methods are useful in com-
paring results cbtained in a given laboratory using a standardized
and inflexible schedule ét application of various materials. How-
) , ever, experimental techniques differ significantly'from'one research

' organization to the next, thus rendering the comparison of data

' on this basis rather difficult. Further, as was pointed out
previously in this article, it was sometimes necessary in the
- current investigation to change either or both the frequency and
‘m severity of exposure to obtain aati_sr;ci:ory‘ conditlons for the
measurement of the potency of a sample while minimizing its toxic
side grrects. Hence, & scale of relative potencies which would

permit such rlexibiliiy in experimental design was needed.

The use of the data on relative rates of induction of
tumors by the pure carcinogens, methylcholanthrene and benzopyrene,
as external gtandardé of raference, provided a practical solution
to this problem, The latter ia one of the important contributors
té_the potency of cracked residua (14); the former has not been

identified in complex tars and oils but might be regarded'aa a

{
i
i
i
i
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representativs of the L-ringed carcinogens supposed to be present

(15,16). Tkrus, the mean time of appearance of tumors induced by

some complex tar or oll may be translated into a value of Relative
carcinogenic Potency, PMC ( potency.as compared to methylchoi—
anthrene), by use of FigureFS. The dosage of methylcholanthrene
.corresponding to the given mean time i1s either read off ;ha'grgph
or calculated from the equation,
.d==.§.‘_2___ - 0,10 .,
X = 3.7
Then, the value of the relative poténcy, Pycs for the compléi

material in question 1is

d, for an experiment involving one application each week,

d

Puc ;
3 for en experiment involving two applications each week,

d, for an expoéiment involving three applications each week

Thus, by comparing the results of tests on complex.matef~

-{als with those involviné methy}cholnnéhrenelts'an external standard
of reference, one may obtaiﬁ the relativq carcinbgenic potencies of
the different materials, even though the experiments may have in-
volved differing frequencies of applications. It should be noted,
however, that the description of the potency of a complex oil can- .
not be considerad completé until it has been tested at two apprec-
iably different dosages, 1.6., 20 mg. and 100 mg. per application, -
unless negatiéq results were obtained at the higher level of dosage

in a test in which the mice survived and grew at a normal rate,
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I Thus, & glven oil may be much more potent than another under .
gevere conditions of exposure, but the former may actually have
a lower potency than the latter if the comparison is carried out
R un&er mild conéitions. Chemical research on such oils has led to
i an understanding of this apparent paradox, and the matter will be
deait with in A laéer publication,
Aj The technigue of relating results on complex materials
] to those on standard synthetic carcinogens should facilitate compar-
1son of results from different laboratories., The synthetic com-
‘*‘ pound chosen shodld, of course, be comparable to the type of carcin-
ogens supposed to be present in the complex mixtures. Under appro-
priate conditions of dosage and exposure, it must be capadble of
inducing tumors at least as rapidly as the most potent of the

semples to be tested., Thus, benzopyrene has not proved to be a suit-

able standard for work with C3H mice, since it will not induce

tumors surriciehtly rapidly even at high levels of concentration.

' 7,12 -Dimethylbenz{g} anthracene on the other hand, 1is very sat-
“h isfac;ory from this standpoint, but has the diﬁad;antago of reguir#
: ing special care in handl;né to‘prevent its oxidation to the non-

! carcinogenic 7,12-photooxide (7).

It should he reemphasized that this consideration of a
quantitativé scale of potencies applies ohly to the results of
experiments which may be classified as satisractory (A gnd B by our

: criteria), Those in our Class X have only a limited value, If

j positive resﬁlta are obtained, the material may be classified
qualitatively as carcinogenic; if survival is good and most of the
mice eventually develop tumors (X classification baaed on certain

irregularities in growth) the estimation of the apparent potency

may be useful as a minimum value, . -
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EELATIVE POTENCIES OF POLYCYCLIC AROMATIC COMPOUNDS

The data available to the writers on experiments involving
repeated applications of solutiecns of varlous palyeyclic carcincgens
in solvents such as benzene, acetone, and white mineral oil of high
viscosity, upon the skin of mice, indicate that the average rate
of induction of rapillomas is independent of the quantity of sol-
ution used in each application so long as it exceeds 10 mg. The
controlling variables are the freﬁuency of application aend the
dosasge of carcinogen per unit area of the skin. The latter will
depend upon the ;oncentration pf carcinogen in the solution applied
and the relative spreading coefficient of the soclution.

Solutions of polycyclic hydrocarbons in dirferopt solvents
have -different capacities tof spreading over the 3kin of a mouss
because of variations in such physical properties as volatility,
interfacial tension, and viscosity. Since much of thé previous
experimental testing of polycyclic compounds for their carcinogeh-

1c£ty to the skin has been carried out with solutions in benzene,

An intensive 1nv§stigatlon of the effects of variation of the com-
position of the solvent has also been carried gut and will be
described in a lat;r paper.

By comparing data on the rate of 1nducfion of tumérs by
solutions of ¥nown concentration of various aromatic hydrocarbons
in benzene under suitable experimental conditions, with such.dnta
as those shown in Table II and Figure 5, 1t should be pdasible to

arrive at logical estimates of the relative carcinogenic potencies
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6f the different compounds. By inference, the relative potency of
methylcholanthrene on the Py,. scale would be 100, Corresponding |
numerical values for benzopyrene and 7,l2-dimethylbenzanthracene
may then be derived from the data of Table III. Thus, since 0,345
percent 7 l&dimethyl‘penzanthrncone produced tumors at the same

rate as 0,62 percent methylcholanthrene under comparable conditions,

the relative potency of this dimethyl- derivative 1is

p..0= 100 ¢ o0.62 =180
MG 0.345

From Experiment 215! the relative potency, PMCO' for 7,l2-dimethyl-.
benzﬁnthracene 18 165, The higher value 1is preferr‘d at the present
time, since, 1if autoxidatiqd’of the hydrocafbon caused any reduction
in activity, 1t might reasonably be assumed that the effect would
h;vo been greater in Experiment éls. ‘

Similarly, the relative potency of benzopyrene on this
scale 1s 57 - 65 (Experimenta_Zhh, 252, and 282), The data from
Experiment 252 involving three applications each week ceannot be
used since_app‘rently-the-mnximum effective dcsngé of this carcin-
ogen had bogn reached at a lower 1eyels Thus, as a general rule

the determination of the relative potency of any giveh compound

should be based upon the results of experiments at at least two

different concentra;iona,which yielded significantly different
mean times of appearance of tumors under otherwiase comparable
conditions., At least one and preferably both of these should
meet our classification A or B from the standpoint Sr growth and

survival,
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EXPERIMENTS INVOLVING THE APPLICATION OF MATERIALS UPON THE SKIN OF
C3H MICE '

LEGEND

Symbols used in conrection with average woig&f curves:
'/  Time of death (from disease) of ith tumor-free mouse.
it .Time of .duth (from disease) of L th tumor-bn..r.ing mouse
@or T Time mouse killed.
o Painting discontinued for 1 week at each indicated time.

Gross and microaco‘gic p athology:

Time of appearance of first papilloma in ¢ th mouse.
¥hen this symbol is first used for a given mouse after
its death, the presence of non-invading carcinoma
(intra-epithelial) or small aress of benign neoplasm
was determinable only-by histopathology.

) Time of appearance of gross changes indicative of malig-
nancy in tumor of (th mouse. Tiagnosis confirmed '
. except in cases where no tissue section available.
¥hen this symbol is first used for a given mouse after
4ts death, the invasive malignancy of the tumor was
determinable only by histopathology.

@.oré No tissue section available for histopathology because
of extensive post-mortem decomposition or cannibalism,

-
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UNIVERSITY OF CINCINKATI
The Kettering Laboratory
College of Medicine - Eden Avenue
Cincinnati 19, Ohio

May 8, 1954

Mr. D. V, Stroop, Director
. Technical Service Division
American Petroleum Institute
( SO West 50th Street '
Nev York 17, New York

Dear Mr. Stroop:
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before the bibliography. '
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. Sincerely yours,
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A. Wesley Hortoun .
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¢e: Dr. R. E. Eckardt
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~ SUMMARY
Repeated applications of solutions of carcinogenic hydro-

carbons upon the dorsal skin of msle mice of the C3H strain under-
guitable experimental conditions result in the induction of epithel-
jomas in essentially all of the exposed'animals. The average pefiod
of exposure (X) to solutions of 3-methy1cholnnthfene in benzene
required to induce papillomas of the skin of these mice vafies
inversely with the dosage (d) of the carcinogen per unit area per

week, according to the following relationship:

- . _B8.2
d + 0.10

+ 3.7

For eiperimants involving combinations of -synthetic carcinogens

with non-accelerating solvents, the mean time of induction of tumors
is independent of the total area of skin exposed, so long‘(a\a.
certain minimum is exceeded (about 10 sq. mm.), .The good health

of the mice, as measured by their growth, has proved to be an
essential fadtor in obtaining reproducible results,

A quantitative scale for exﬁresaiﬂg the relative carcino-
genié potencies of various synthetic carcinogens and complex tars
and oils has been derived, using the experiments on solutions of
methylcholanthrene in benzene as reference standards, Utilizing
the relationship between the dosage of methylcholanthrene and the
rate of induction of tumors shown above, a value for the relative:
potency, Pyc» is obtained. The numerica; value of the PMG of a
tar or oil is .equal to the level of concentration, in percent by
weight, of the solution of methylcholanthrene in benzene which would

induce papillomas at the same rate as the material in question under
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comparable experimental conditions. The pqtencies, PMcb' of
pure compounds, relative to that of methylcholanthrene, taken
as 100, may be derived in a similer manner, From the data

in this paper, the relative potencies of.7,12-d1methylbenz[a]-

anthracene and benzo[g]pyrene'are 180 and 60, respectively
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SUMMARY .

Repeated applicatlions of solutions of carcinogenic hydro-
carbons upon the dorsal skin of male mice of the C3H etrain under
suitable experimental conditions result in the induction of epithel-
fomas in essentlally all of the exposed animals. The average period
of exposure (x) to solutions of 3-methylcholanthrene in benzene
required'to induce papillomas of the skin of these mice varies

inversely with the dosage (d) of the carbinogen per unit area per

' week, according to the following relationship:

X = 8.2 + 3.%

d + 0,10
For experiments involving combinations of synthetic carcinogens
with non=accelerating solvents, the mean time of induction of tumors.
is 1nde§endent of the total area of skin exposed, 8o long as a
certain minimum is exceeded (about 10 aq.'ﬁm.). The good health
of the mice, as measured by.their growth, has proved to.be an

essential factor in obtaining reproducible results. .. 3

A quantitative scale for oxﬁrossiﬁg the relative carcino-
genic potenéies of various.synthetic cgréinogons and comﬁlox tars ¥
and oils has been derived, using the oxpérimenth on solutions of
methylcholanthrene in benzene as reference standards. Utilizing

the relaiionship between the dosage of methylcholanthrene and the

‘rate of inductlon of tumors shown above, & value for the relative

pot@ncy, Pyce is obtained, The numerical value of the PMC of a

" tar or oil is equal to the level of concentratidn, in percent by

weight, of the solution of methylcholanthrene in benzene which would

induce papillomas at the same rate as the material in question under
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-

comparable experimental condiéiqns. The potencies, PMCO' of
pure compoundg, relative to t?mt of methylcholanthrene, taken
as 100, may be derived in a similar manner, .From the. data

in ihis paper, the relative potencles of 7,l2-dimethylbenz{a)-

anthracene cnd benzo [g]pyrene are 180 and 60, respectively,
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