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Industrial cencer was first recognized in England in the
latter part of the eighteenth century, when it was eatablished that
chimmey sweeps were particularly lisble to cancer of the &crotum.¥
This wes caused by soot. Progrese in thie field of etudy was very

. slow at firet, and 1t was not until 1915 that two Japanese inveati-
gators announced the first case of carcinoma in an experimental
enimal. They produced first papillomas end then true cancexr of the
epidermis on the ears of rabbits by painting with tar over long
periods of time. 35 During the thirty years that have elapsed since
that discovery, a great doal of work has been done with various coal
" tar and.petroleum fractions and pure compounds either occurring in
these fractions or prepared synthetically.” Numorous speciea of tost
animals, including mice, rats, fowl, rubbits, and doge have boen .
used, and many msethods of applica.tion, including orel administration,
1ntrannmcular, dntravenous, and subcuteneous Injection, and painting
.on the skin. The method that appears to be the most widely used at
present consiste of painting a solution on the ekin of a special in-
bred strain of mice. Mice are preferred over animale having longer’
life-spans since they respond more rapidly. The especial strains are
' used to increase the precision of the teet. Painting is preferréd
&  to other msthods of epplication because there 18 less likelihocd of
‘ lnterference by similtanecus spomtaneous carcincmata. The  carcino- -
genicity of a given compound 18 influenced by many factors 1.ncluding - '
the genetic consiitution of the eanimal epecies and strain, its age .
end sex, the diet, the physical condition of the animal, the purity
of the compound, the dose, the physical state of the compound, the
solvent nsed, and the route or site of application.2s

y

TN

While carcinogenic properties are generally associatad with

adtiecua 16 1a#s, .
- ethyl e.lcohole glucose? S, fructoee” and a nnnber 01’ nit::ogen Dt
compounds, most of which contain one or more benzene rings?S, Badio-
\ active clements and compounds are mot included in this discussion seince
J toe mechanism of their producing cancer is probadly quite different,
' i.e., physical rathor than chemical. Matcrials vhich havo been roported _

4
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»ag carcinogenic and whose carcinogenicity is probably dme to the
presence of polynuclear aromatics include coal tar and pitch2%.27
blue shale 0il5, mineral oils and asphalt‘®, tobacco tar”?, tare
obtained 1in the destructive distillation of tea“Zand coffee'?,
diesel fuelS?, dietillates from Bormeo cruds petroleum™“, combustion
geses from fuel oil¥!, the SO» extract from a epindle oil produced
from & paraffinic crude petroleum®“, the products obtained by heating -
acetylene, isoprene, yeast, a non-carcinogenic petrolewm fraction, or
buman ekin to 700 - 900°C-’° and the products obtained by treating
ecetylene ‘ Xylcne, naphthaleno , or tetrahydronaphthaleno with aluminum
chloride’ The carcinogonicity of tars produced by heating varioue
pubstances tends to increase with increasing tempoyasture.?°,us It

- {1e probeblo that tho carcinogenic hydrocarbons proscnt 1in cortain:®
coal ter apd petroleiim fractions were to & large extent formed during
-the procees steps and were not present in the coal or crude petroleum’

. from which they were derived. However, the carcinogenicity of a given
fraction depends upon the source as well as the method of proceseing.
Locording to the Manchester Committee on Cancer“?, the following order
of increasing carcinogenicity prevails: Russisn, Pennsylvania, Texas,
Mid-Continent, Mexican, Califormia, Persia, Romanien, Borneo, Venezuela, =x-
and shale. Thie corresponds roughly to the order of increasing aromati-

city.

A large number of compoxmds have been tested for- carcino=-
genicity. Hertwell has published a survey?S vhich includes 696
‘compounds-tested. Of these, 146 were carcinogenic, and 23 additional
ones produced papillomss but no true cencers. While soms of these |,
compounds have been tested under only one or two sets of conditioms,
others have been studied very extensively. The three compounds that
have received tho most detailed study are the throe derivatives of
. 1,2-bonzenthracene: 1,2,5,6-dibenzanthacens, 3,L-benzpyreno, and.20-
~ methylcho]anthmno. Al_‘l. throe aro potent carcinogens. It has been
eetimated that they have been mveetige.ted. in 60 d.iﬁ‘erent 1abora-

torieao . ‘.-.. R
A 1list of mogt of the kmown carcmosenic compounds 18
given in Table 1,pogos 540. Structures, complete with numbering
. systems, are included, eince leck of uniformity among various in-
vestigators in this field has led to some confusion. There is
-fortunately less deviation in the cwrrent papers than in the case
- of those written ten to fifteen years ago. The mmbering used in
this report corresponds to that used by Hertwell2S It should be
wnderstood that the carcinogenicity of the compounds shown in Teble
1 varies considerably in degree and that the results have boen
" veriified by severel laboratorios in some ceses whilo in others the
- resulta of only one or two experiments are available. The reader . .
1s referred to Hartwell for more detailed ‘information and for re- -
ference to the original experimonts. It will bo observed that =
most of the compounds are eithor hydrocarbons or thoir. derimttvea ‘
contalning at least three benzeno ringe or anitrogen compounds cons
taining at lecast two benzeno rings. More specifically, the first - -
of these classes consists, with only threé exceptions, of dexrivativos ,
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of phensnthrene. The exoeptions ars tetraphewlmetha.na triphenylbenzene,
and triphenylethylone.. In Tsble 1 the hydrocarbons are subolassified
further es derivatives of 1,2-benzanthracens, 3,4-benzpyrens, cholanthrens,
and other derivatives of phenanthrene. Exsmination of the structures
ahove theat all of these are derivatives of phenanthrene. -

. While the work that has been done on the production of cancer -
by exposure to various compounds has made it possible to draw certain
conclusions regaxrding the effect of chemical structure, it i{s not as
yot possible to predict with any degree of certainty the carcinogenicity
of a givon compound from ite structure. A phenanthrene derivative may
or may not, for oxamplo, be carcinogenic depending upon such factors as
the length of en alkyl side chain, the position of a benzene ring, or
the position of an alkyl group. Howevor, a paraffinic or naphthenic
hydrocarbon or ono containing only one or two benzene ringse may. with
" a roasonablo degree of confidence bo sssumod to be non—carcinogqlifo.

The amount of compound required to produce an experimontal
cancer on a test animsl is surprisingly small. Doses of -1,2,5,6-d1-
benzanthracene and 3,4-benzpyrenc as small as 2.5 and b micrograms ,
respectively, givo-positive rcsults vhen applied to mice.l“?*Discontinuous
application, e.g., once a wock, of a given total quantity of material is
moro effective than continuous expooure.’® A single application of 20- ==
mothylcholanthrono in 0.6% benzone eolution 1s cepable of producing concer
on the gkin of mice."5 When different carcinogenic hydrocarboms, e.g.,
methylcholenthrene, benzpyrene, end dibenzanthracene, are applied -
successively the effect is additive’’. The investigators-who made this
- observation offer the hypothesis that carcinogenieis 1s essentially an

‘accunulation of abnormal protein within the cell. e

Since 80 many compounds have been tested for c'arcinogeniéity
it 15 only natural that several attempts have beern made to correlate
this property with other properties, eilther physical or chemical.

Such a correlation would be -extremsly useful in that the determination
of the phyeical or chemical property would be much simplexr then the -
rather long end teédious process of exposing experimental animals to
the substance in question. Fluorescence spectra have recei’red.-mre , < -
study 1n this regard than any other propertys:7.,25,2Mme author of a
recent paper made the gtatement that all knmown cariinogenic chemicals

are fluoroscent?> However, it is obvious from a glanco at Tsble 1

or Hartwell's tabulation that this is too bProad a claim. However,

many investigators have used fluoroecenco spectra to gocd. advaontage

in this field, and there appears to be a definite correlation with
carcinogenicity,- at least with certain types of compounds. The -
correlation may be dne in part to the fact that fluorescence spectra -
have been used as a guide in selecting fractions from coal tar foy
physiological tests; 1t 18 conceivable that othef carcinogenic com~

pounds, vhich are not fluorescent, exist or could de synthesized.

A rough parallelism between the carcinogenicity of pbl? -
nuclear.aromatics end the diez6 coupling reection has been obsefved21.22
Attempte have slso been made to correlate refractive index, or more

-gpecifically, specific refraction, with the carcmogenicity of oils
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The Manchester Committee on Cancer® recommended that epmd.le oils

of various ranges of spécific gravity have specific refraction values
below cortain limits to assurc the absence 'of carcinogenic properties.
However, 1t is obvioue that thore cen be no general corrolation betwecn.
a physical property of this nature and carcinogenicity, for slight
changse in structure, such es the position of a methyl group, vhich
would have little eﬁ‘ect upon optical properties, affect carcinogenio
propertise profoundly; furthermore the presence of a large concentra-

~ tion of a non-carcinogenic aromatic would raise the specific refraction
" of a mixture much more than would the preeence of a small amount of a

potent carcinogen.

The probabiltty of obtaining a general correlation between
carcinogenicity end esome more easily determined property would be:*
greatly enhenced if there were a clearer understanding of _the mechanism
of the action of carcinogonic compounds. It is, of course, very

‘d1fficult to obtein such an undsretanding, for so little le knmown———
- about cancer iteelf.

: Whether or not carcinogenieis by hydrocarbons and related
compounds is in eny way connected with spontaneous cencer 1s a-
question that has received much conj)ecture. That such & rslationship
does exist 18 suggested by the fact that cexrtain derivatives of
estradiol (see Table 1) which 1& closely related to the sex hormone
estrone, are carcinogenic. Spontaneous cancer quite oftem occurs. in
the. reproductive organs. Furthermore, the very potent carcimogen,
20-methylcholenthreno, cean be produced by the degradation of-deg- - - -
oxychclic acid, cholic acid, or cholestercl, the first two of which
are normal constituents of human bile and the last of which 1s

Vpreeent in all tissues of the human body.?2 Thoso degradation

reactions were, however, conducted under drastic oonditions which
are in no manner related to those prevailing physiologically, and. -
there 18 no evidence that 20-methylcholenthrene is formed in the
body through the degradation: of bile acids or choleeterol. ' The
possible commection between cancer produced sponteneously and .-
carcinogenisis by methylcholanthrene or mlated compounds therefore
remains a matter of conjecture, at least for the preeent.

There has, for dbvious reasons, been little attempt to
induce cancer in human beings through exposure to the various com-
pounds that are carcinogenic to mice. Thero is, therefore, no
direct correlation botween the suscoptibility of man and the tost
enimals. There 18, of course, an indirect correlation of occupetional
cancer largely through exposure to coal tar and dye intermediates
caused by materials. which are carcinogenic to mice.. However, many
of the compounds ehowanableldonotoccnrinamrpmdnctemm
to have caused occupational cancers, and it 1s conceivahble that sqme
compounds harmful to mioce are immocous to man. Until that can be --
proved, the only safe policy is to regerd all compounds which are
hermful to mice as dangerous and to avoid exposure by humans.

HBHZ :VAC
6/23/45
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>
. TABLE 1

CARCINOGENIC COMPOUNDS

All ‘compounds listed by Hartwell®> unless otherwise indicated.

’

i

1. Derivatives of 1,2-benzanthracene
.»
The following derivatives of -
1,2-benzanthracene: "
. 1
3-mothyl . _ 10-cyanomsthyl, —F-CN =
S-methyl ’ H
6-methyl " 3_methoxy
) g —methtl;{l . : : 10-methoxy
;"’ : ,9-dimethyl
- 10-ethy . 4,10-dimethyl
5-n-propyl 5,6-dimethyl
S5-n-butyl? - 5,9-aimethyl
o-n-eoyle, : 5°10-aimethyl
2 e 6,7-aimethyl
-h—pmpy 9,10-dimethyl . -
3-hydroxy 6,7-aimethyl =
 lo-hydroxy 4 . 9,10-dimsthyl
% 30-sldehyde, -C = 0 - 2,10 o
- ’ | - S-chloro, 10-methyl .. ..
: B 0 , 7-chloro, 10-methyl _ .- BN
10-mothyleneacetoxy, -&-o-c-_c*n3 S5-cyano, 10-methyl
' 1'1 T-cyano, lO-methyl N
1,2,7,8-d1benzanthresene’
]'I 8 1,2,5,6-dibenzanthracene
: _ 10-methylenecarbomethoxy, -?—C—O-GH3

H

JAM 014823




>

——

Report No. M-1247

The following derivetives of
1,2,5,6-d1benzanthracene:

9-methoxy

2” -mothyl

37 -msthyl
 h-methyl

9-methyl H
1 ,9-mothylenc -g-

_ o : ¢
,10-dimothylone, -¢.g-

3, g -dimsthylene (phenanthra-
8,9-dimethylene cenaphthene)

2. Derivatives of
3, l-Yenzpyrene

3,4-benzpyrene

NN
The following derivetives of
3, 4-benzpyrene:

5-aldehyde

4 -methyl

S5-mothyl

1°,2%-dihydro, 47 -met.hyl

3. Derivatives of
Cholanthracene

2t c\vf
g

The following derimi:ives of cholanthrene:

Cholanthrene

*  20-methyl

20-ethyl
20-1sopropyl
20~ tert-butyf‘ u

,.Aﬁ

S

H
. 5,6-cyclopenteno- -gg%

6,7-cyclopentecno

,27,3%, 4 -tetrohydrg

Na salt of 9,10-erdo .
alpha beta succinic a.cid'

B- C-C -ONa

3

e

7,27,37,4 -tetrahydro
¢ 1l0-acetyl )

3,4,8,9-d1benzpyrene -

5,10-d1hyd.ro-3 L8 » G-l -
benzpyrene

7-methyl,l,2,3,k-dibenzpyrene-

A
- -

15,20-dimethyl : -~ --
16,20-dimethyl
5—hyd.ron’, 20-mathy1

15-keto, 20-wothyl . - -

—.

‘
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L. other Derivatives of Phenanthrene

Colchicine
9 fH
H»C-C-N- 0-CE,
H : ,
, N_~""0-CH; -
B ' l e 1,2,5,6-dibenzfluorene
1 . 0-CE,
H3C-0-¢ “~\_~ v ‘ P AN
B <L.,l,|/‘j'
3,4-benzphenanthrene . h Rt

The following derivat.ivee of 3,h-benzphenanthrene -

' l-mcthylf : . Cholesterol oleate
2-methyl”
2-ethyl? o
2-1aopro‘gy12 o ?H’ ].I :
v ) 5 H'?"(Cﬁz)}-'c’(mz)z

)

7-methyl
8-methyl?
2,9-diethyl
" 2-methyl, 1,2,3,4-
dibenzvhenanthene

Chryseno s 0" "y v
’ O?('J-(Cﬂz)rC’-'C-(CHz)rCHJ .o -

Estradiol benzoate = _ 7 -

1,2-dimethyl chrysene?

N S-methyl chrysenol? _ '
. b4,5-methylene chrysenel?
- 5,6-dimethyl chrysenel? } o
< oo
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Equilenin bonzoate

IA:F:)

0
O-s -

Eatradbilv _cap{;}g_tq o ’

. B /\
0
CH4-(CHz )s-C"-O- I\/I/,

1,2-cyclopentcne phenanthrene?®

- Estradiol 3-n-butyrate, ;L7—bonzoate

. : : CH5-(CHz )2 -8-0 /\jj

‘ S. Other Aromatic Compounds

Tetraphenylmethene
1,3,5-triphenylbenzene
Triphenylothyleno 33

4
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organic Compounds Containing Nitmgén

. 2-amino, l-naphthol

Alpba paphthylamine?!3
Beta-naphthylemine
Acetylcholine, CH3-C-0-CHz-N-(CEj),

o-amino azotoluene ,——<CEs —CHs

. <__'/_N=N_\_-_'/'NH?

\

p-dimethyl aminoazobenzene (butter yellow)

af\:_;/\ -¥FN <—__> ~N(CE )

Scarlet red ) HO
-CH /"“CHJ 7\
/ \ ’ ' , -N=1N-\

\—_/-N=N— / | ./

(N
I/ \‘
\/\ N e
B
Syyryl lr30
cm-c-n- '(,-- -
ANV kR
(LI
_ ' H,c o-c-cx,
Benzidine *°
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»

1,2,5,6-d1benzacridine -

'
'
NN
|
//’ \N <~
1,2,7,8-dibenzacridine -
/ ' /’\\

‘Cﬁﬁ

7. Miscélleneous

Arsenic trioxide
Potassium arsenite
Aqueous hydrochloric acid

Aqueous potassiwm hydroxide

Zinc chloride

10

1,2.5,6-d1benzcarbazole

, l e
, N \,/\ -
AN \V-J

)

N

A
. ®
“

3,4,5,6-d1benzcarbazole - .

./\/ N'\'/’W
1
~ ~7 \;

|

~— e

Zinc sulfate

Ethyl alcohol -
Fructose . - )
Glucose

Galactose '
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For those wishing to acquire a more extensive background in
this f1eld, a review by Fleser2° 1s recommended as-a good stariing
point, followed by the original paperas by Cook end co-workers. For a

detailed tabulation of

-

o ‘-be Consultedo . . ueen

-V Yy
-

carcinogenic compounds Hartwell's book2S should -,

.l"
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