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On the Origin of Cancer Cells
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1d o tamads, wirt therr vanyng cancer
oot har dhey ferment more
«rne’s che e caneer eells thev con-
‘. htotaday we can deternmmine the
Jhsetat e rermentation vaiues of the can-
1 cells and find such ngh values that
e come verv cdnse *o the fermentauon
va'ues f wildhy prolifcracng Torula
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What was torme-lv enlv qualitative
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an.-r oceils if we know how
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meters of lactie aaid produced per milhi-
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ergy cquinvalents, means -hat the cancer
cells can obtain approx.nately he same
amount of energv frm fermentation as
from respitation, whereas the normal
bodv «clls mam mmuch more
from respiration then from 7 vraenioe
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as from fo=mpenian o
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atives are also sUORg, SPecific respira-
tory poisons. We know today thar cer-
tain hvdrogen sulfide denvauves, thio-
urea and thicacetamide, with which
citrus fruit juices have been preserved
in recent times, mnduce cancer of the
liver and gall bladder in rats.

Urethane 15 a nonspecific respiratory
poison. It inhibits respiration as a chem-
icallv indifferent narcotic, since it dis-
places metabolites from cell structures.
In recent years 1t has been recognized
that subnarcouc doses of urethane cause
lung cancer in mice in 100 percent of
treatments. Urethane is particularly suit-
able as a carcinogen, because, in con-
trast to alcohol, it is not iwself burned
up on the respiring surfaces and, unlike
ether or chloroform, it does not cyto-
lvze the cells. Any narcotic that has
thesc properties may cause cancer upon
chronic administration in small doses.

The first notable experimental induc-
tion of cancer by oxygen deficiency was
described by Goldblatt and Cameron
{3), who exposed heart fibroblasts in
tussye culture to intermittent oxygen
deficiency for long periods and finally
obtained transplantable cancer celis,
whereas in the control cultures that were
maintained without oxygen deficiency,
no cancer cells resulted. Clinical experi-
ences along these lines are innumerable:
the production of cancer by intermittent
irritation of the outer skin and of the
mucosa of internal organs, by the plug-
ging of excretory ducts of glands, by
cirrhoses of tissues, and so forth. In all
these cases, the intermittent irriations
lead to intermittent circulatory disturb-
ances. Probably chronic intermittent
oxygen deficiency plays a greater role in
the formation of cancer in the body than
does the chronic administration of respi-
ratory poisons.

Any respiratory injury due to lack of
energy, however, whether it is produced
bv oxygen deficiency or by respiratory
poisons, must be cumulative, since :t 18
irreversible. Frequent small doses of res-
piratory poisons are therefore more dan-
gerous than a single large dose, where
there is always the chance that the celis
will be killed rather than that they will
become carcinogenic.

Grana

If an injury of respiration is to pro-
duce cancer, this injurv must, as aiready
mentioned, be irreversible. We under-
stand by this not oniv that the inhibi-
nion of respiration remains afrer removal
of the respiratory poison but, even more,
that the inhibition . respiration also
conunues through ali the fcllowing cell
uivisions, for measusements of metabo-
hem in transplanted tumors have shown
that cancer cells cannot regain normal

%o

-

respiration, even in the course of many
decades. once they have lost it

This onginally mysterious phenome-
non has been explained by a discovery
that comes from the early years of cell
physiology ‘4). When liver cells were
cytolyzed bv infusion of water and the
cytolyzate was centrifuged, it was found
that the greater part of the respiration
sank to the bottom with the cell grana.
It was aiso shown that the respiration of
the centrifuged grana was inhibited by
narcotics at concentrations affecting cell
structures, from which it was concluded
—already in 1914—that the respiring
grana are not insolubie cell particles but
autonomous organisms, a resuit that has
been extended in recent vears by the
English botanist Darlington (5) and
particularly by Mark Woods and H. G.
du Buy (6) of the National Cancer In.
stitute in Bethesda, Md. Woods and du
Buy have experimentally expanded our
concepts concerning the self-perpetua-
ting nature of mitochondrial elements
(grana) and have demonstrated the he-
reditary role of extranuclear aberrant
forms of these in the causation of neo-
plasia. The autonomy of the respiring
grana, both biochemically and geneti-
cally, can hardly be doubted today.

If the principle Omne granum ¢ grane
is valid for the respiring grana, we un-
derstand why the respiration connected
with the grana remains damaged when
it has once been damaged; it is for the
same reason that properties linked with
genes remain damaged when the genes
have been damaged.

Furthermore, the connection of respi-
ration with the grana (7) also explains
a carcinogenesis that I have not men-
tioned previously, the carcinogenesis by
x-ravs, Rajewsky and Pauly have re-
cently shown that the respiration linked |
with the grana can be destroved with
strong doses of x-rays, while the smail
part of the respiration that takes place
in the fluid protoplasm can be inhibited
verv little by irradiation. Carcinogenesis
by x-rays is obviously nothing else than
a destruction of respiration by elimina-
tion of the respiring grana.

It should also be mentioned here that
grana, as Graffi has shown (8), fluoresce
brightly if carcinogenic hydrocarbons
are brought into their surroundings, be-
cause the grana accumulaie the carcino-
genic substances. Probably this accumu-
larion is the explanation for the fact
that carcinogenic hydrocarbons, although
almost insoluble in water, can inhibit
1espiration and therefore have a carcino-
genic effect.

Increase of Fermentation

When the respiration of body celis has
been irreversibly damaged, cancer cells
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by no means mmediately remsit. For cam-
cer formation there is ascessary ame ey
an irreversible damaging of the reapim-
tion but also an increase in the fermen-
tation—indeed, such an increass of we
fermentation that the failure of regpirs-
tion is compemsated for emergutically.
But how does this increase of forments-
tion come about?

The most important fact in this fieid
in that there is no physical or chemicel
agent with which the fermesmtation of
cells in the body can be imcressed &-
rectly; for increasing fermentation, a
long time and many cell divisions are
always necessary. The temporal cowrse
of this increase of fermentauon in car-
cinogenesis has been measured in mamy
interesting works, among which I should
like to make special mention of those of
Dean Burk (9).

Burk first cut out part of the liver of
healthy rats and investigated the me-
tabolism of the liver cells in the course
of the ensuing regeneration, in which,
as is well known, the liver grows more
rapidly than a rapidly growing tumeor.
No increase of fermentation was found.
Burk then fed rats for 200 days on butter
yellow, whereupon liver carcinomas were
produced, and he found that the fer-
mentation slowly increased in the course
of 200 days toward values characteristic
of tumors.

The mysterious latency period of the
production of cancer is, therefore, noth-
ing more than the time in which the fer
mentation increases after a damaging of
the respiration. This time differs in vari-
ous animals; it is especially long in man
and here often amounts to several dec-
ades, as can be determined in the cases
in which the time of the respiratory dam-
age is known—for example, in arsenic
cancer and irradiation cancer.

The driving force of the incresse of
fermentation, kowever, is the energy de-
ficiency under which the cells operate
after destruction of their respiration,
w hich forces the cells to replace the irre-
trievably lost respiration energy in some
way. They are able to do this by a selec-
tive process that makes use of the fer-
mentation of the normal body cells. The
more weakly fermenting body cells per-
ish, but the more strongly fermenung
ones remain alive, and this selective
process continues until the respiratory
failure is compensated for energetically
by the increase in fermentation. Only
then has a cancer cell resulted from the
normal body cell.

Now we endersaand why the increase
in fermentation takes such a long time
and why it is possible ounly with the help
of many cell divisions. We also umder-
stand why th- {asency period is differem
ir. rats and in man. Since the swerage
fermentation of mormal! rat sells s much
greater than the average fesmentation
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oi mormal human cells, the selectine
process begins at a higher termenracion
ievel 1o the rat and. hence. 15 completed
~~"<e quicklv than it 1s 'n man.
fnllows from this that there would
> no cancers if there were no fermenta-
non of normal bodv cells, and hence we
shou!d like to know, naturally, from
where the fermeatanon of the normal
body cells stems and what 119 significance
is In the body Since, as Burk has shown,
the fermentation remains aimost zero in
the regenerating liver growth, we mus
conclude that the fermentation of the
bodv cells has nothing to do with normal
growth. On the other hand, we have
found that the fermentation of the body
cells is greatest in the very carliest ciages
of embryonal development and that it
then decreases gradually in the course
of embryonal development. Under these
conditions, it is obvious—since ontogeny
is the repetition of phylogeny—that the
fermentation of body cell8 is the inheri-
tance of undifferentiated ancestors that
have lived in the past at the expense of
fermentation energy.

Scructure and Energy

But why-—eand this is our last ques-
ton—are the bodv cells dedifferentiated
when their respiration energy is replaced

.~ fermentation energy? At first, one

suld think that it is immaterial to the
cells whether they obtain their energy
from respiration or from fermentation,
since the energy of both reactions is
transformed into the energy of adeno-
sme triphosphate, and yet adenosine tri-
phosphate = adenosine triphosphate. This
equation is certainly correct chemically
and energetically, but it is incorrect
morphologically, because, although res-
piration takes place for the most part
in the structure of the grana, the fermen-
tation enzymes are found for a greater
part in the fluid protoplasm. The adeno-
sine triphosphate synthesized by respira-
rion therefore involves more structure
than the adenosine triphosphate synthe-
sized by fermentation. Thus, it is as if
one reduced the same amount of silver
on a photosraphic plate by the same
amount of light, but in one case with
diffused light and in the other with pat-
terned light. In the first case, 2 diffuse
blackening appears on the plate, but in
the second case, a picture appears; how-
ever, the same thing happems chemically
sad evergetically in both cases. Jum as
the ene type of light energy invalves
more structure than the other type, the
sdemovine triphosphate enexgy involves
" more srechure whes {t is formed by
respiration than it does when it is formed
by fermemtation.
In any event, it is ene of the fumds-
mental facts of presemt-day biochentis-
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trv I adenosine wnphosphate can be
svritheszvd  in homogeneous sotutions
with s allizea fermeniation enzvmes,
whersas 80 far o one has succesded in
svuthe dzing adenosine (nfhosphate in
homogenrous sulutions with dissoived
respiraton enzvmes. and the structuie
always goes with ox:danive phosphoryla-
tion.

Moreover, it was known for a long
ume before the advent of crvstallized fer-
mentation enzymes and oxidauve phos-
phorylation that ferrientation—the en-
ergy-supplying reaction of rhe lower or-
ganisms—is morphologically inferior to
respiration. Not even yeast, which is one
of the lowest forms of life, can maintain
its structure permanently by fermentation
alone; it degenerates to bizarre forms.
However, as Pasteur showed. it is re-
juvenated in a wonderful manner if nt
comes in contact with oxvgen for a short
time, “l should not be surprised,” Pas-

“teur said in 1876 (10) in the deseription

of these experiments, “if there should
arise in the mind of an attentive hearer
a presentiment about the causes of those
great mysteries of life which we conceal
under the words youth and age of cells.”
Today, after 80 years, the explanation
is as follows: the firmer connection of
respiration with structure and the looser
connection of fermentation with struc-
ture.

This, therefore, is the physicochemi-
cal explanation of the dedifferentiation
of cancer cells. If the structure of yeast
cannot be maintained by fermentation
alone, one need not wonder that highly
differentiated body cells lose their dif-
ferentiation upon continuous replace-
ment of their respiration with fermen-
tation.

I would like at this point to draw at.
tention t0 a consequence of practical
importance. When one irradiates a tis-
sue that contains cancer cells as well as
normal ceils, the respiration of the cancer
cells, already too small, will decline
further. If the respiration falls below a
certain minimum that the cells need un.
conditionally, despite their increased fer-
mentation, they die; whereas the normal
cells, where respiration may be harmed
by the same amount, will survive because,
with a greater initial respiration, they
will still pomess a higher residual respi-
ration after irradiation. This explains the
selective hilling action of x-rays on can-
cer cells. But still further: the descend-
ant of the surviving notmal cells may in
the course of the latent period compen-
sate the respiration decresse by fermen-
tation increase and, thence, become can-
cer cells. Thus it happens that radiation
which kilis cancer cells can also at the
|mame time produce cancer or that ure-
thane, which kills cancer cells, can also
at the same time produce cancer. Both
events ke place from harming respira-

uon. the killing, bv harm:ng an aiready
harmed respiration. the .arcinczenems

by the harming of a not yet harmed »»epi-
raton

Mmtmue Ew

When dediflerenuation of the body
cells has occurred and cancer cells have
thereby dzveloped, there appears a phe-
nomenon to which our attention has been
called by the special living conditions of
the ascites cancer cells. In extensively
progressed ascites cancer of the mouse,
the abdomunal cavity contains so many
cancer cells that the latter cannot utilise
their full capacity to respire and ferment
because of the lack of oxygen and sugar.
Nevertheless, the cancer cells remain
alive in the abdominal cavity. as the re-
sult of transplantation proves.

Recently we have confirmed this re-
sult by direct experiments in which we
placed varying amounts of energy at the
disposal of the ascites outside the body,
in vitro, and then transplanted it. This
investigation showed that all cancer cells
were killed when no epergy at all was
supplied for 24 hours at 38°C but that
one-fifth of the growth energy was suffi-
cient to preserve the transplantability of
the ascites. This result can also be ex-
pressed by saying that cancer cells re-
quire much less energy to keep them
alive than they do for growth. In this
they resemble other lower cells, such as
yeast cells, which remain alive for a long
time in densely packed packets—almost
without respiration and fermentation.

In any case, the ability of cancer cells
to survive with little energy, if they are
not growing, will be of great imporance
for the behavior of the cancer cells in the
body.

Sleeping Cancer Cells

Since the increase in fermentagon in
the development of cancer cells takes
place gradually, there must be a transi-
tiona! phase between normal body cells
and fully formed cancer cells. Thus, for
example, when fermentation has become
so great that dedifferentiation has com-
menced, but not so great that the respira-
tory defect has been fully compensated
for energetically by fermentation, we may
have cells which indeed look like cancer
cells but are still energetically insufh-
cient. Such cetls, which are clinically not
cancer cells, bave lately been found, not
ouly in the prostate, but aiso in the lungs,
kidney, and stomach of elderly persons.
Such cells have been referred to =
“sleeping cancer celld” ({1, 12).

The sleeping aancer cells will possihly
play a role in ¢ . From
energy considerations, I could think that

m
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Caucer ceils wnzinate from nonmyl
hodv ¢*s in 1ie 2 phases The first pnase
i~ the rooveranle (1 jur.ng ob tespriat on.
Ju t as there are mans rermiote causes of
} wgue --hrat, ansects, rats—-hut  cn'v
cn- > mmon cause, the plague bar: “us,
therr are 3 great Many remoic causes of
FAM. L T --TAT 13VS, ADSENIC, Pressury, ies
thane st there 1s onlv one cominon
cats 1 t0 which all other causes of can-
cer merue, the arreversihble :njuring of
respirinon

The irreversible injuring >f respira-
nen s fatlowed. as the seennd phie of
cancer tornation, by a lenz struggie for
eatstence by theanjured celis to manton
their structure, :n which a part «: the
cvlls persh from lack of energy, while
annther part succeed norepiaoing tae ar-
retroovanhy lost resparanon cacrey by der.
mentauon enesey  Because ot the mor-
pholomical inferiony of  fermentation
enern, the b:ghiv differentated body
rells are camverted by thic into undiffer.
entiatea cclls that grow wildly —the «.un-
cer cells

To the thousands of quanutatine -
pernents on which these resuire are
hased | chould like to add. as a turther
wgument, the fact that therr is nn alier-
r.auve today 1f the explanation of a vital
process 1t iz reduction to pivans and
chrmistrv, there s todav 1o other ex-
pianation for the origin of cincer cddls.
either <pecial or general From this paint
of vitw mu‘aton and carcin. Zrare agent
are not alternatives, but empry wiids,
unless metahol:callv speeinied Fven more
harmiul n the struggle ava,st ~nncer
can be +he continual diseovery of mquser]-
laneous cancer agents and cancer viruses,
whirh, by obscunng the undcriving phe-
nomena. mas hinder necessarv presentive
measures and thereby become respon-
siole for L ancer cases.

Technical Considerations
and Comments

Morahal m o theacziec ance- cells
I'he hizh rormentation o, ascites coneer
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hes meas-
uremeneg, the as es cels are ~or crans-
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the abwnee of oxagen

fven higher furmentation quotenss
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with other straine of mouse ascites cancer
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wmors. The quonents of the normal
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frrence in metabolism between normal
rells and cancer cells s much greater
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L tlizalle cnerpy of re:piration and
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resprratiun or by fermentation respen
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Encrgy proadu 'von o0 cancer cells and
»f normal hedy eils In Tabis . che O
values of some normal body cells are 1on-
rrasted with the Q values of our ascrtes
cancir o (rile

The cincer cells have about s madh
energy avanahic as the normai bhody cells,
hut che taae od the fermenravon carrd
0 chy pespiralion - Rergy Sy N N greacss
i the cancer colls than 12 11 the nore
mal oeils

Unrnepl rg nf respiration 10 v arg
it o mbrvo s transferred te o tne vnne-
o Rinzer’'s sohwrion, the npree
transparent  emane heoomes
opaque and soon appears  oacntated
17 . At the came ume, the .ar e ten

[ALA TR SN

AN IXITAN &Y

between respifasron and phosphe cviar e
ts hroken thatic Llthoueh ovve no g suil
consunied and carbon dov L it de
veloped the cuery of 1th o Camsee
processag locgior hfe 1f o0 o cpsdiem
guottente had provioushy boon

Q.= tQmIdg s '

Q. D= 05 QN

in the ammior duid, afterward. .0 Ring
er« solut.na rhey are F

Q.= 15.Q =25 Qu™
Qure® -0 Q™2 05

Because of uncouphing of 1oy rare
and phosphorviatinn. the en~rev proda.
unn of the emhrvo has fai'
Qatr™+ Qarp M =130, 20 2% wpie the
uncoupling 1s irreversibie, *he .mbne
dies in the Ringer's solut:on

This rxample will show that the hra
phase ~{ carcinogenesis, the trreversible
damaging of respiratior, need not be an
actual decrease in the respiration quo.
nient but merely an uncoupling of respir
ton. with unditnininvhed over-all e
consamption Asaites can er o Ho whach
owe (he = onigin primaniv ‘o an uncou-
phng of respiravon. could + neenvably
have the following metabolisim annoenis
far example-

Q.. =~50, Qu=1i0 QO ~ - 'nee
QunPr=n Q. 1z 0

whion would mean tharn de - e peon
resprration, <he usable en -0 prade s on

woulil he do placed comp o v vt

i

frien

— parc m——

o oade af frmentavon (2 e
have nooecarch for waren co s
ACIOUNE  INe AN eS caneer o Sald

mors—nd cnecially s o e

mae et s onaned noespia- s rumer— noed ne lone - NURTYRRTN.
torn oo R examannons ¢ ey of L ogeee
VTP cvorcevs v = piy o8 4y anee chenhid e are w0 0 m

T LN by b owe ol the ponewer anr o hiealogrea.
of e aviiimeters of ATE nae - [IERLS AL VRS LENT IS P GRT ’
ooy owae dey suhian. . AN Y 3] menta o, 2 propery Poaerw g
th oo o, e YLy 22400 (i, ey I - arser o Ve b geran o - vepracen
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LT [ «1.de clearn 1%
S o oaase o3t made of
" coesoer e Thus O Cornor
Srofcoeniaovipmeat goour ol ewner-
= of ‘ne

aoprs o0 CChe G e ey

‘b ween tranederred oo
tore hee dre v che cone
oot R e growen of nornial hody
s oomplered at she experse nf the
cecn Ot ormentanen, evn thouen
.~ » heen owtabished that the emnbnon
frment when it
-rwve 1 the amnione dund

Rrop raznry possons. The specific reepi-
. nonarnbiung efecs of arsenious acid

ng v rreversthlding af 2 anhibiions
« ¢+ dsovered in the Frat quantitative
~ tasor redl respiraton 03, 240, There

duindant hieerature on the carcino-
Zenoss svoareemc, parucularis on arsenic
aneer afie treaunent of paorasis and
anthe cans or of grape owrers who sprav
tharr vinevaras with arsene The specing
respnratrnanhenting efeer of hvdroz n
wiide hav fikewise bern leseribed by
253%, and carcinazopesis by de-
rnatnns o hvdrogen suiide has been
r- ently deserbed by DN Gapra 267

I'hearresersible inhibinon ot cell respi-

reon by urethane was discovered early
.7 1~ weil as the fact that the ur~thane
athition i« mere irreversible the higher
the iemperiture In sea urchin eges, the
o1 of urethane wus :nvestigated, not
o' the metabolism, but alvo on o 1]
dvivior in <tudies 28 from whih the
ver ur thane rreatment of leakem.a was
Asvelopedl The phycicochemical mecha-
nsm by which urethane and other in-
dffer *nr narcoues inhibnt cetl respiration
was cteared up tn (921 129 Onlv much
lat. = cid the carcinogenic effect of ure-
thane b come known  Actuallv, mulriple
lirg aderomas can often be producr d
in 10 pereesit of the mice treated with
smali dowe: v urethane 730V,

O n d-ficney Short-pertod oxv-
gen defivnnev arreserciblv destrovs the
eesperaros M embrvos 16)  without
therebw inh.biting the anarrobic fermen-

Camo bl

Wenrs ahnon

e hos

Y arrobie

Nogelen

Tabie ?

canter cauls

E RO AL oo d ‘ A - 1
a2 o P
Py ity T PR S 1A U S AR e
rorae deveicem oo che AlDan dnae
der, M rmie any A Lrm el a0
toe respiriten wus b e A -
(S HTNN, | [N ' '

aneand dey o

Gin dblart
thanoan the ;o s oL ar e
blasts, ‘umo, s anpear ¢ wner the
cultures werr oxposed 1o sitorm rene
oxvgen deicenty for Jong  penong
whereas. 1 e oontral cxlturec o uner
celis appeard In the discusaes oo oh
Stuttgart conventon, Letiré orved azanst
Co'dhlatt and Cameren the far thae
arother \merican ssue cu'turist, Earle,
has occasionathv ohenned tuever cells
frert fhroblasts for o sons unkn wn o
him and i aa urreproduceable nionner,
hut this objecticn does not <erm werghty,
and the Latter part .« untrze 33 Inanv
event. hers 1s an areyq inwhich the meth.
ods of tissue culture could prove useful
for cancer research DBut warnings must
be anen acunst moteoolisin measyare-
ments :n tssue culrures, if and when the
tvsne ealiures cre mixtures of growing
and duing ce'ls, especially under cordi-
t-ons uf malnutrition \n example of -he
I-t*er tvp~ of confusvan e noolved in the
drseussion by Athert Fischer 14 L ospee
cially in the chaprer “Energy exchange
of teue colls cultvated inocoorn ™

Rous azrnt. If thc Rous agent < in-
oculated in*n the chonon f chca ~me
bryns. tumors oneate tn the caurse of
a {ew davs— s rap:dlv as 0 che rranse
plantanon of cancer c-llv The umiors
farmed are not chorion trnors but Rous
carcamas The Rous az o0 0 which o
particle weight of 150 million v ascnibed
at present, ts thered e capable of rrans.
nutting the morphnl.acal properties of
the Rous sarcrma: and whatever we call
the Rous agent— hereduary unit” eell
fragment. micracell, ar spore—the tran--
mission of the Rous sarroma by the Rous
agent is, in amy case, uothing more than
a trancplantat.on and s to be differen-
tiated strictly from the production of a
chirken sarcoma by methyvichnianthrene,
which is a neaformatinn of a tumor from
normal hodv cells and a< <uch tikes a
long ume

The metabnlism of the chicken sarco-
mas. whether produced by the Rous
agent or v methylcholanthiene, |5 the

N

e
v

Contrast of rthe Q values of some normal body cells with the Q values of ascires

Q.M 0™ o,

Coils Q. Q.% Qo0
Licer -15 i 105 H 176
K.dney - 15 ! 105 ! 10K
Embryo (vern voune - 15 25 123 23 130
Cancer -7 6V 49 »n0 109

1 FEBRUARY "%

S RPN Tty WL - m
e m R SO ST

R R NI ATy
! frontatoon poentae hae een
canpaantd  wath e Rous aoeng,
wWrenoas 1 the second case che termens
0 nas heen iatens., 1o seb on

oanrmas undy cods Lnet e aen
o meehvichoianthre e

Addendum: in vitro
Carcinogenesis and Metabolism

Sinve thic paper was prepared, siriking
conhrmaunn and ext nson Of 18 main
vonclusions have been obrained from cor-
reiated metaboiic and arewih studies of
two lines of tissus vulture cancer v olis
of widely diffrring mudignancy that wore
both dcerived from one and the same ror-
mal, tissue-cuiture ceil 3¢ The single
cell was nolated som» 3 vears ago from
a 97.dav o!d parent ruliare of ncrmal
subcutaneous adipose tissue of a strain
C3H He mouse bv Sanford, Likelr, and
Farle 23 of the Nzauonal Cancer In-
sutute Up to the time thot the s.ng'e-
cell olaunn was made, 5o tumors devel-
oped when celis of the parent culture
were injected into strun CIH/He mice
Injections of 1 titry cells cf the lines
1742 and 2039 formeriv labeled sub-
stratns VI antd 11, resprcuvelv) first
producrd tumers in normal C3H 'He
mice afier the 12th and 19th i curo
transplant zeneratons, respecuvely after
11y vears, the percentage procucti-n of
sareomas was 63 and 0 percent, respec-
tiveiv: and after 3 years, it wa< 97 and |
prreent, respectivels, with correcpond-
inglv marked differences in length of in-
duction period Despute «ih cross dif-
ferences in “malignancy” in vwo, the
rates of growth of the two lines of cells
maintained conunuously tn :ro have
remamed nearby identical and relat vely
rapid. Nevertheless, the merabolism of
the two lines of cancer cells, whose ma-
lignanev was developed in vitro. has heen
found bv Woods, Hunter. Hobbv, and
Burh 10 paraliel strikingly the differences
in malignancy observed tm rwo, in a
manner 1n harmony w.th the predica-
tions and predictions of this article

The metabolic valurs werc measured
fuilowing dircct transfer of the liqud
cultures from the growth flasks 1into
manometr:: vescels. without notable al-
teration of environmental temperature,
pll. or medium composiion  horse
scrum, chick embrvo extract, glucose,
brcarbonate. balanced saline). The val-
ues obitained thus accuratcly represent
the metaholism of growing, adequately
nounshed. pure lines of healthv cancer
cells free of admixture with any other
tissue cell twpe The anaerobic glvroivas
of th» h:eh-malignancy line 1742 was
Qu~. = 00 te 80, which 1s virtualis max-

313
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AP Yeiractapic 2y nlves of the .x\(p””a «agnificance f these ~rd|r.‘n-d 2. 3’9 ::;:)) im | Beconv 33 ' 1046
; v . . LR .
MO ST ART . e wag hAweves v enzvmric  chffrrences in erlanan to cthe 7 & compuaucn of Amencas wirks es e ae §
one-cs rd .x grear, Q'V‘: N 1o 3 The parat. ’ giveannuc d fzrences, measured tabrom of the grana i whih ©v randy

avergve derabic giv. nlvas values for he
twn e wers 1n (e Ame order, )\1 y =
35 ori 10, peepecuvelv, but of Dower
M. o~ tade ‘acagse of the vsual, pro.
paur 1 s effects greater or ine
1743 shanoan bre 2089 0 Qyte- Oy s

\ . 8 A Graffi. Z Krebitorsch 49 ¢ 199 L
awyr e Orn the othes had. ol whirh ongm:"(-d from a (mglp, n- 9 D Burk Symponwm on Recprratery & ,
the rar « of wegen conaimp: o were dividual coll and have oern mointained %snnj tW:«:a; naP"]“' ;hd.no- lmu N
) . 2 (& » mier 1. ek
noche erve e osrder, ovng smaller an exclusneiv o ovien rver a peiind of Camcer Reci h 4 54 rass,
hee 1742 Q, =3 to {0 than in Line vears cpiionnze and prove nnallv the 1V 1 Pastenr Fiware we .a Bierr Masnu Parn
145 3 . ] : RN . 186 p le.
-z (3“‘ =00 i cr\rrwspnn(! ne to main e uNons ~f this artwle which 1] (rmeee ] etk Bs e €3 177 "

1 greater degree of respiracory defect in
tine 1742 The respiratory deiect 1n bo'h

nee was further delineated hy the find.-  prwarful 1ot for dugnonic of mulig- TH 16T tusn

ing of little or no tacrease in respiration nathv in the ever-incr-asing varsn of 12 A;.Sl N:«‘hade Binchem o1 Bropav: 4 o 11
. . R IR .

after the addition of suc-inate 1o either aeqge-citlture lines now heconung aval- 1¢ M Wands, ] Hunier D Mk ! Nant

fine o1 exllc, in contrast tv the consider-
ablr 'nrreases nbtained weth virtually all
normal tissues /9°, and the respiratorv

increase with naraphenti-nediamine was  tnethods  animal ineculatien or other. 16 (1 “';‘"lfisz ;:PP"’:":" £ Neveeir M
t | chem . O
Lkewiee relavvely low, .ompared with wise  mav he difficult or impract:cable T E Negeiein 1bed, 165, 171 7t
normal tissue responses. Thes metabolic toni shoald e especialls 18 0 erhu‘:g 'L uq, \bid sms va 1:-’
. R R R 1927 . 1IN ol te
A further rotable d‘ference brtween important in connection with the uee of 433 rnwlog’\ e

the two cell lines was the verv much
Iower anhibizion of zhvinlivas bv pndn.
phiiln materiais  anti-nsuhin potentia-
tors  observed rwith hne 1742 compared
with "ine 2049 fnr example, 10 and 70
percent respecunedv, ar a amtahiv dow
concentrationt. This recult would he rx-
pected on the basiz of the much greater
loss f apt-insulin hormona restr unt nf
giucnce metabolism, at the hexok nase
phosphorviaing level, as the degree of
mahignancy is oreased. st as woas re-
ported fer a spectrum of aiid tumors

i+ .

Finallv. the high-maiizn ey bine 702
cells have heen Tound A L Schade
to contyin ¥ tmes as mu- h aldedase as
the low-mulignaney hine 2719 enlle 11 .
300 verans 3170 \\arhuxz WCHVIY umits

-

with aliquots of the same rell cultures,
iwoevdent and may weil e cenpected
w.oh the carresponging hexnk nase svs-
tem ditferene e

Th~ new merabolic dara on the (wo
renarkahls contrast ng ttnee of cancer

are based rn decadrs of rescarh Such
metahoiie analvses pracide promse of a

ahte in rhic rapudly expindmg biotng-
real and medical ficld, whiere character-
tzatton of malignancy by . cnventional

tissue - abinres for  the rosimanem of

Hemothe rapeutic agents or other con.

‘red procs dures,
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I'ssO RESEARCH AND ENGINEERING COMPANY

‘FOURMARLY STANDARD OIL DEVELOPMENT COMPANY)
P. 0. Mox 121, LinpxN, N. J.

MEDICAL RESEARCH DIVISION

ACBERT T ECRARDT, PH O, 4 © -
cimecronr '~

NATHAN ¥ HRENDEBICRS, CH T
HEAT INDUSYRIAL MYOIEMIOY

MORACKE W GRRAROR. "% 0. M D
HEAD TORICOLOGISY

BERTRANL L BENNIBQ, - D N
crigr cl.:“'cl\. :"IA:EN PUYSICIAN . Jm 6’ 1956

Mr. David V. Stroop
American Petroleun Institute
50 ¥est 50th Street

Rev York 20, Bew York

Dear Mr. Stroop:

The attached information has been received from the Medical Reseaxrch
Council in Bngland, describing their work on the carcinogenic action
of mineral olls.

You will note that in attaciment "B" mention is made of & series of
sheets vhich have been camplied by them which I have removed from this
information and will keep in the Subcommittee on Carcimogenicity file
as a permarent record. I do not believe these tables would be of any
particuiar interest to the Medical Advisory Committee but I 40 believe
taat they would be inpterested in the enclosed information.

I wvould appreciate it if you would have this information duplicated and
distributcd to the menbers of the Medical Advisory Committee.

Very truly yours,

R ¢ Sohardt

R. B. ECKARDY, M. D.

rEE:clh
Attach. - Minuteg of the Committee on the
Cercinogenic Acticn of Mineral Oils

20th Meeting, July 3, 1956

Lo

Covy From D. V. Siroop Fur Information Of Members of Medical
Advisory Tcmmittee 7/9/56
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MEDICAL RESEARCH COUNCIL

. RC, 56/608
CAV0.Ag. 20

Minclasgifieq”
For Soeziried Circulation
(Members of Camilitee)

COIMIT-E QN THE CARCINCGINIC ALCTION OP | TILRLL OILS

AGENDA

for the Twentieth Meoting to bc held at
38 01d Queen Stroet, Westminster, S, W, 1,
on Tuesday, 3rd July, 1956, at 2,15 p. m=.

1., dinutes of the previous meeting (1RC.55/1010, CAMO. Nin.l1? - already

circulated).
2. Progress Feports:-
(1) Cherical -
(2) by Dr. W. Carruthers and Dr. J.W, Cook (MRC.56/543, CAMO.56/% -
Enclosure 4).

v ,
(b) by Proressor P, lorton (to be circulated).
(ii) Bilologicel -

(a) No.XVI (May 1956), tests campleted by Dr. D.L, Woodhouse
(1954~55), and tests cammanced Pebruary 1756, (MRC.56/542,

CiMC,56/3 - Enclosure B).

(b) Statistical anclysis of 1954-55 experiments by Dr. J.0. Irwin,
(:RC.56/54°, CAX0.56/5 - Enclosure D).

(c) On 1954=55 cxperimonts with mice &t Leeds, by Dr, J.0. Irwin,
(MRC.58/549, CLAL.56/6 - Enclosure E).

3. Discussion of Date tables of minerni oil fractions subnittied by
Ir. D.L. Toodhousc (section two of 1RC,56/542, C.}0.56/3 - Enclosure C)

4, Puturce plans,
5. LNy other business,

6. Date cf next meeting.
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MEDICAL RESEARCH COUNCIL -~

MRC.56/543

"Unalasstfled”
R CANO. 56,

For Snacified Circulation
lnembers of Ccmn‘.tteeS

CQUITTEN ON THE INOGENIC N _OF 1S

! Report by W, Carruthers and J.f, Cook

! The picrate~forming fractions Kksud.p - x,,saup have been sub=
‘ divided by chromatography on alumina into four main fractions:-
!

(L) eluted with petrcleum ether, refractive index less
than 1,5700, These fractions were generally solid
| at rocm tomperature, and consisted mainly of waxy
i mtm&l,

(iL) eluted with pstroleum sther, refractive index greater
than 1,5000,

(1i1) eluted with benseme,
(iv) eluted with methanol,
The tabls shows the fractionation cbtained in the different experiments,

, The petroloum ether oluates p (1i) were cambined, and the
composite material was carefully refracticnated, wsing a spirning btand
l Iractionating column, in Profsssor Morton's laboratory., Wo cre greatly
indobted to Professor Marton for having this fractionaticn carried out
for us. Thirty-one fraotians and a residus were ocollected. We are now
engr.god in a sytemntic examination of these fractions by crystailisation
of moleoular oamplexes and other means, A proliminary swvey of their
- Wtm-viclet absorption spectm disolosed, disappointingly, that no
serarnticr. of baslio ring structures had been achieved by the distillatiom.
| The spectre cf fractions over the whole range of the distillation wore
practiocally suporimposatls,
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chramst hic S tion of Pi -fozwin ctions £ C

— Piomte-forming Caramtogruphy of

criginal Distillato Bxtrmot (A) Pruotions Piornte-forming material
- Aot | %we, ons (g}
sl FaELon bepe Vol. (e.0.) Ryeo(g.) | Bxtract used 1 2 3 L
—

0,58 365-367% 570 200 39 16, 6 | 77 |19 9
£,5,b 3677-370 1130 302 30 23 103 |03 | 251 o
5,550 570-372% 790 1% 7 | 53 63| %0 |94 ¢
£,S5b 3724515 1150 225 22 188 | 3 |12 || 13
.[;,,s@ 375-3774 210 %8 s2 | - f- |- {-1}-
. Kb 5774-380 1430 23 19 a5 | 33 [193 | - |175
. & 380-382% 1000 280 3 25 | 5% J157 | 22§ 1¢
t LS 3824385 1100 280 28 20 |8 (1M |, 2
KsSe 385-387% 1050 207 22 180 W2 {102 { 20| 13
\
" RIp | 3874-3% 735 19 30 | 159 |39 |8 |30]1c

5 The difference in these two series of figures is aoconted for Ry the fact that
scme of the plomte~forming material was ocoswmed in animel experiments,

"+ This fraction was chromatographed before withArewing s quantity for the enizal
experim. ats,

'. The bemsens eluates p (1i1) were individually subjasted to caretul
chrommtographio analysis m alumina, and a aunber of orystalline ctmpounds
have therety beea isclated froa them. Pruction K)Sghhp (1ii) afforded a
hydrooarbon mep, 125-126° identified as B-gathyl=!:2<bonsfluarene (I, R = CH3)
by comparison with an authentio speoimen and by axidation tc the fluorenone,

' The parent hydrocarban, 1:2=benaflucrens iz. R = B) was subsequently cbtained
from fractions K,Ssthp (111) and K Syehp (111) and was likewise Ldentified by

. uized melting point,

Chramtography of K Sybhp (1i1) ylelded, among other produsts, a
orystalline oompound Cq@liq¢S, shomn by its ultre-viclet abscrption spoctrua
! to be a derivative of dibenscthiophens. Desulphurisation by bolling the
oanpound with Baney niakel in ethandl affarded o hydrooarbon Cqydiqg fdentified
as 3:4:3' i <totramethyldiphenyl (II). The sulphur conpownd is thus
ocbriously o tetramothyldibensothiocphene for which thero are omly three possitle
altormative orientations, One cf these has been elirinated by the synthasis
of 2:3:5:7etotrumothylditocsovniophans (II1), shich was not {2enti.al with
the compownd fram the oll fmcotia.,

Anothor dibensothiopheno derivative CigE443S was fownd in the
fraction K, Sqehp (111), but as yeot nothing is known of 1ts mare 3etallsd
struacture,
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In addition to tho above campounds, wo also ancounterod, in
savural difforent fractions, 1:2:8«trimethylphenanthrono (IV) and
l-motnylpyrone (V), both of which havo been isclatod bofore from other
fractions of tho Kumit oil,

uay, 1956 University of Glasgow
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MEDICAL RESEARCH COUNCIL

"Unclzasified” MRC, 56/548
Par Srecified Circulatisn CIMO,56/5
{Marbers of Coammittee)
COMITTEE ON THE CARCTNOGENTC ACTION OF MINERAL OJ18
Statistical Analymis of 1954-55 Experiments st Birmingham
by
J. O !xwl.n

Bxperiments with 21 treatmsnts ware carried out with both mice and
rabbits. The 18 principal fractions tested were the "m", "p" and "r" fructiors
derived from X S)A - K SpA. The s and b (lower and higher body) fractions
of T)\S6i were tested separmtely, In addition K4S9 was tested, This was a
fraotion badling just abowe 390°C, prepared from the residue left after distil-
lation of ¥4S1-8. Complete details of the mature and preparation of these
fraotions are given in CAMO.5./10,(MRC, S4W/606).

In cddition the same two standards D(2) and D(}) were used as befare
(i.e, 0.2% and 0,055 dimethyl 1:2 bensanthreosne in liquid paruffin),

Sxy.eriments with Mice
The results are given in Table 1.
The Standard

The responses wcre very close to those obtained in previous years
(particularly 1953-54), which are here inserted for cospariscn,

=.T.L. Total number

3tandard {52 weeks) 10% Date of tumours
1952-3 13.9 % 0.l .3 0.8 38
45 b2 2.0 6.6 = 0.2 36
1952-3 2.8 3 1.6 17.1 3 0.6 ]
D% 3-# 18.1 : 0.8 10.} : 0.6 ‘5
l“'5 17-9 - 0.3 1-107 - 00’ ‘.’

The Practions

The test with mice has not resulted in any discrimination between the
frastions, the mumber of tumowrs i: very wmll indeed, The results, which are
included here for oompleteness, make it questionable whether these tests axe
morth contimiing in future years.

Ecrizoants with Dabbits

The dcsign of ihis caxpecinent was the saxe as that vied iy Lre Droevione
tvo yoars (mce M..t.C. S54/28i,, TAMD 5./2 end X.R.C. 5/B87, CaMO 54/¢); ihe 21
fraotiona were asuigwd randamly to the lctters &, b, o, ....u,. The ker s
given in Teble 2, There are 21 groups of 5 rabdita., In each group cach radoit

el -
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/‘\
discussion ns possibly providing a basis for the concisc tabulation
nf data which would dc converdent for the workers ian the soveral oentres
: and for corrittee merbers, Thoy would carplament the "Troo" prepared
: by Profcssor Morton, The shouts vould nood extension, eto. fram time
' to time and would help in the dooision &s to what othor frections might
need attention,
Pt
i
|
|
i
—
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MEDICAL RESEARCH COUNCIL

"Uneloasified” MRC, 56548
Par Specified Ciroulation CAMO, 56/5

(Mcebers of Committee)

COMITTEE ON THE GARCTNOGENIC ACTION OF MTNERAL OJ1S

Statistical Annlyeis of 195l s at

by
J. 0. Irwin

Experiments with 21 treatments ware carried out with both mice and
radbits. The 15 principal fractions tested were the "m", "p" and "r" fructiors
derived from X S)A - K SgA. The a and b {(lower and h:lgmr body) fractions
of ELSEA were tested separately, In addition K\S9 was tested, This was a
fraction badling just above 390°C, prepared from the residus left after distile
lation of Xi4S1.8. Complete dstails of the mature and preparsticn of these
fractions are given in CAMO.5.L/10,(MRC. 54/606).

In gddition the lmtwltuﬂu'dlb( )MD(& were used as defare
{i.e, O, zlnndoosﬂmeﬂwllzzbmﬂmoninu 4 paraffin),

Experiments with Mice
The results are given in Tuble 1.
The 3

The resporses wcre very close to taose obtained in previous years
(partioularly 1953=54), which are here inserted for comparison.

5,T.L. Total mmber

Standard (52 m) 10% Dato of tumours
1952-3 13.9 2 Oub 1l 3 0.8 38
Dz "‘} 12.9 - 0.6 807 : o.‘t w
“"5 n&.‘b - 2.0 606 - 002 56
1952-3 .83 1.6 1713 0.6 5
’-lh 1801 - 008 10.5 : 006 “5
45 17.9 = 0.8 1.7+ 0.3 L3

The Practions

The test with mioce has not resulted in any disorimimation between the
frastions, the mmber of fumours i: very ssmll indeed, The results, which are
included hare for oompletoness, mke it questionable whether these tests are
wmorth contimiing in future years.

Excrirants witk Rabbits

Toe desifn of ihis caperiment was the sune as that wied ir ire nrovise
two years (sce M,3,C, 54/28i, CAMD 54/2 end M.R.C. 54/B87, CAMC 54/¢); ike 21
fraotions were asuignod randamly to the lctters &, b, o, ....u,. Tho keyv e
given in Tadble 2, There are 21 groups Of 5 reabbits, In each group cach rebbit

-l e
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was nainted with: tho same 5 frsctioms, one on cach of the sites I, II, III, ™
and VII, Tach o7 the 21 subefructions or standards was painted on each sit
in ono and enly onc group, Eacia fraction tas used in axmctly 5 groups and
svery pair of fracticns in just 1 group.

The percentage of each group of 5 animals which got tumours on each
site s1s calculsted, The method of analyais was to transfoam percentages to
degrees by mears of the angular transfarmation (which approximately equalises
variance at different lovels) and then to perfarm an analysis of variance of the
Tosults, Tablc 3 showe the msan values of the tranaformed variables and the
probabilities of getting a tumour, estimated for each fraction and standard.

In a fow instances recorded tumours were marked with a query; most
of these werc present at the end of the test, but it was douwbtful whether or not
they were actually papillamms. This ncver affected the mumber of tumours, out
of 25 peasible for any onc fraction, by mare than one (or in one case 2); e.g.
for fraotion K S,Ap the lower result was 1/25 and the higher 2/25; for D the
lomer result was 10/25 and the higher 11/25; for the X,SgAap the lower result was
2 and the Mghor L. The results were analysed both uding and excluding the
doubtful tumours. This nedo no appreciabls difference, and harc the results
excluding tho dowbtfil tumoure are given,

Tr.c standards
The rosults are here omparsd with thoas of previcus yoars:-

19523 1953-is 19545
D, 798 (£0.6) 643 (52,2) o776 (59.4)
Dy «296 (34.6) 156 (26,6) 399 (39.9)
Standayd

Brror | (5+0) - (540) (%7)

The ostimated probability of a tumour is given sbove, and the transformed
variable is shown in brackets, The results are in good agreement; thore is
no significant diffarence from yoar to year,

Tho Practions
K39, ouriously cnough, aprears to bo the most carcinogerdo., The
B secrios is t ingrt, tho p sorios with the oxception of KLSEA.p is

only slightly active, K S6A.p is siznificently more active than the other p
fractioms; the > sories is more active than the other p freotions; the
diffceronce just roaches the 5+ loval of signifiomnoce. K;S¢ 1is not significantly
more sotiwo than K, SgA.p.

Aralysis of Varianoc

“he amalysis of variance i3 shown in Table 4, Thare are signifiocant
differcnces between sitos, but not this tim bdetween the diffevent proups of
rebbits, In 1953-4 tho site aoffect was signifiennt but the group effect was
not. In 1:52-3 haoth effocts wrre significant, The corbined evidenco leaves
1y Jestht that rth e ects are real,

Te gresicet numour of tumours {sce Table ©) im agalir oan :it. LD
(mtddle of the bach ncarest the ears),
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Tablo 1

Sxporimonts with mice ot Birmingham in 122-5

24andard or Bxpoctation of Dato whon 1G» Total
Frastion Tunourloss Lifo of swrvivors nunber of
(limitod to 52 woeks) had tumours " tunours
Dy W 2 2.0 6.6 + 0,2 36
D1y 17.9 2 0.8 11,7 2 03 N
K,8q 50.8 & 0.8 not roached 2
1,81An 51.7 £ 0.3 not reached 1
Ky,ScAn 52 not reached 0
K, SAqm 52 not reached 0
K Sdpn 51.1 £ 0,7 not reached 2
KkS-’,&m 52 not roached 0
K SiAp 52 not roached 0
K, ScAp 52 ] not reached 0
K.3ckap 52 not reached 0
Khsé'bp 52 not reachod o
K, Sqp 51a3 £ 0.5 475 2 1.0 2
§,3gkp 51.7 £ Ools not reached 1
K,8)Ar 5142 + 0,8 not reached 1
K,Sg.r 52 not reachod 0
KiS¢har 5141 2 0.7 not reached 3
K, S¢hpt 5146 & 03 Dot reached 2
p,Sxkr 511 + C.9 " not reachod 1
K, Sghr 5%.4 2 Ouk not reached 2
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The Carcinopanic Activity of the m, p, © seriess campared with the fryctions
fran whica they were derived

The dimethyl-benzanthracme squivalent of the fractions has been
calculated on the assumption that the relation betwesn responae (moasured by
the transformed variablo (y) ) and the logarithm of concentration is linear
and has tho samo slope for the fractios as for the standard. The relatim
is then of the form Y = a + bx whero x = logypn conoentration. The slopo
was ostimatod from tho values of y obtainod for Dy and D’l" The slope
ostimates in 1953« and in 1954-5 did not diffor significantly and the moan
of tho two was used, Thus the squations of the ooncontration-response lines
for the two years were sstimated to be

19545 T = L9.65 + 37.36x
19534 Y = 39,41 ¢ 37.36x

By substituting for Y the cxperimental values cbtainod for any fmotiom,
tho corresponding value of x, and the oorresponding "D equivalent™ ocan be
ocbtainod,

The rosults are given in Table 6, The last colum of Tabls 6
suggosts that on the avarugo tho sum of the activitios of the m, p, T
froctions s only about 40Os of that of the fractions from whioch thay wore
derivod,

No great rellance oan be placod on tho procisc figures; at
prasent wo know little about tho concontration-rospomse cwrves for the
fractions™ so that the assumptions on whioh the calculation i{s based may
bo in error,

02 tho simplo assumption (cortainly not truo) that the
conoentration of carcinogonic matorial is directly proportional to the
porcentage of tumour~bonring sites, tho estimte of tho ariginal sctivity
recovorod in thom, p, r fractions is about 608, Thus there has
cortainly boon some loss of activity which may bo of the ardor of 5K.
The reascns for this desorve ocaroful ommsideration.

)

8 Tho oniy direct ovidonco is from the dilution exporimonts carried out
1t Slaulagram in 1949--50, This is favouruble, as far as it goos;
st.erv wos r.c siguificant difforunce butwoon tho slopes of ¢ho camcentmtic.-
"TINLRNG curves for fmmetions 7 aad ¥ and tho standard.
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Eabbits

1-5
6 =10
14 - 15
16 - 20
A -25
26 - 30
N =35
36 = 40
Lt =45
L6 - 50
51 =55
56 = 60
61 - 65
66 - 70
T -75
76 - 80
81 -85
86 « 90
9 =95
96 - 100
101 = 105

K,Sghn
Ky Sps
K,Sgham
Edghm
X),ScAm
KSihn

LI

"
r

Tadlo 2

P d

(]

B ieNe ™R N0 MOOP ccdu OO OB

K,Sphp =
e =
RySehap
K, Sehvp
KSehe
KSibe

= K,SeroP
= K,Spp
- )

= wruzra
= K Syhr

= wwo

Sig z

-
[oa]

EARROTOSBHKGOrITR % AP

= 2R |

sorimonta wi‘h Rabbiis at Biminghcen 1

3itos

B
]

n

oOoOPgc ctagOT O 98B 2 KearS O O
B gawOoOsB RN =T o O OP o

Méumrﬁ =
KySAr =
K Sger *
K SgwT
K, Sghr
RSpr =

K S¢hpm
K,S5kn
X SAn
Ky Sjar
¥1,53Ap
xrmmPn

®

oDwaqumﬁomoch«aﬂaﬂ a

KSg =
D) =
Dy -

s = K,Spir

t = KSAp

u = D(2)
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Iablo
—
Excorizonts with Rabbits at Birmdngham 19845
Two "standard” and ninotosn dorived fraotions
dean valuos corrocted for growp differencos
mnT mime TRMP e
25 possible).

KA 16,14 otl 0
K, 35hn 4,28 0 0
I, S6ham 14,04 0 0
K, Sghpm 18,76 +Olide 1
' Ky, Spam .67 <082 2
) K, Salm 17.95 Q3% 1
' K51k 18,76 «Obds 1
—~ X, 35Ap 2,% «090 3
K, SchaP 36479 «338 9
 KuSdhee 20,14 « 061 2
& Shp 23,56 109 3
K, Sehe 27,76 A5 5
K SiAr 26,2 J50 5
K, SeAr 30432 218 6
Ky S¢feg T 29,9, o211 6
X SghpT 32,57 «258 7
K)Sqr 23,57 109 3
K, Sghr 26, 61 156 5
KiSe 45,54 511 13
Dz 59.36 o776 19
A~ Bn 3943k 399 10

1 T, can ren L,72

| Jil, vovaAusn API 06180
' two moans 8.67 _



Sites

Groups of
Rabbits

Fractims

Brror

Tabls L

ents tbits gt Bimin 1004 -

Analysis of variance on angular transfarmation of
proportion of tumours out of 5

Sum of Degress of Wean Variance

Squares Freedan Squars Ratilo

194252 L 4B6,13 Lebh (01K P LOO)
3090.86 20 154,54 1,47 NeS.
13450419 20 672,54 6b2 (.0N< P < 4001)
6288,09 60 104.80

24,773.66

Table 5
Bxperiments with Rabbits at Birmingham 19545

Nunber of tumours out of 105 possible on
the five different sites

Site Number of tumours

I 19
Bars
II 16
1T 17
v 1%
VIiI g ¥iddle of back 35
nearsst oary
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P
Total oorresponding
x X fractiom in
1950=5 Y ° 1953«
S, Am 16,14 2 T.103 +1268 28 6.0
2642 150 1375
o i SE T Gﬂs
. 41,0533 1134 18.8 .
Kok Jrgds o 1,266 JBL9 30.7 10,8
P 22,26 .2190 '1"14.8 22 4 1
30,32 .
) P> P Lo o3
' 1 12,9 4.9
'Y s 1“00‘ 0 l.w .1113
| w 6&‘: 36479 «338 %".16323 .15527 52,6 : 9.9
r 29.9% ._2" M
a9 300:Q ﬂ
o 22,6 6.5
RGBS xR
r 32,57 8 1, .
— > 42 B2 B
T 8 19,0
8 2,67 082 1.2511 21783 30,
K# Th: 2\3'56 0:” %-;g:; .5003 5‘»2 go‘#
r 23 057 ﬁ . Py g& .‘|2}.h ﬁ
22.0 7.7
8 17.95 O34 T.1515 A7 .
| n‘. $: 27076 0175 ;0“110'1 025195 Wolg :ko:
‘ 1953
K, S 51,57 634 3255 2,416
1Sy . .
K353 L3.14 #563 02337 1,13
2.
X, 3¢b 52,77 o654 _.3576 279
! F)37h 38.35 »366 1,9716 0.937
Ky 30 49435 <587 . 2661 1,843
l
P

p = probability of a tumour ocowrring
y = angular tranafaw of p
X = "D equivnlont” API 06182

——




. ——— — =~

MEDICAL RESEARCH COUNCIL =
"inolassified” NRC .56/5L9
Par Spec Circulation CAMO,56/6

Membars of Camittes

CQUITTER ON OGENIC 1S
R on the 1 antsg Miocs at da
by
Je0e Irwin

An experiment with 11 frmotions (or standarda) was oarried out.
These were: =

KyS2 (k) K36 (o) K4 ()
s (a) KSe () Kafy) (0
XSy, (1) KSgp (o) D(2) (3)
K,Sb (v) D(1) (b)

Fractions (k), (a), (®), (o), (d), (g), (1) produwced no tumours. The
results for the other fruotions are given in Table 1, where certain

caparisons are made with she 19534 results at Bimingham. That for
K;Sgd 1is based on the second tests for this fruotian. The first was

discarded because the animals suffered severe depletion by an outbreak
of haemolytic streptoooocal septicaemia,

The St aard API 06183

The lower and higher concentrutions ars not very clearly
differentiated; there were actually fewer fumours with D(g) than with %)

though the former gave a significantly earlier valus of the date whemn 1
of survivars had tumours. K,33 and K, i(4) Yielded no tunours in

these experiments; the same happened with K;S3 and K, () in the 19534

experiments at Birmingham. Howsver in the Bimmingham experiments in 1953,
K,82, K485 and EuS¢ ylolded eae or %wu tumowrs, whersas the correspanding
fractions in the presant experiments were entirely negative.

The results for Ky, aond K;Sgd are oompared with the correspond-

ing rosults at Bimmingham in 19534, The Leeds results suggest alightly
higher activity, :



Standard or
Fraction

Lgodg §954-5

D(2)
D(3)
Kyt
KSeb

(2)
%)
LR
Ku3g
K,32
K35
K86

Expectatiam of
Tunourloss Life
(limited to

52 weeks)

16,1 £ 1.8
18,8 ¢ 0.9
L6.9 & 2.1

LS.0 :,'107

12,9 & 0.6
18,1 2 1.0
50,6 & 0.8
51,6 & Ok
51.9 2 0,2
51,2 ¢ 0.8

51.9 & 0.1

Date when 1R
of survivors
had tumours

10,1 & 0.5
12,2 & 0,2
2.4 2 1.0

NS521ad

8.7 2 0.4
10.3 & 0.6
not roached
not reachod
not reachod
not reached

not reachod

Total
oswmber of
tumours

N}

45
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sy ‘rmat CA:77, Netiona, Lostitites of Health, LS. Pubbe E,’ed of mathylcholanthrens (MC) and other car-

""‘:’:q‘;""l' e comtained 18 o thems eputied C.NOFEN OW skin sierols. ~The muoimiua concentrs-

“Camtrasting Rfects of {~ruam Orgatuc { ampounds ao Skun  $100 of MC 10 acetone Lo produce » byperplana
Snerols ano on the Emoerms ' by 3. C. Brocks, Uaivermty of Was O U£5 per cent. at which dosage an ncrease in
Fucommn, Juse, 1968, )0 wisch Uhe arpersmectal provsdures  chojestervl was barety detectable. Higher concen-
aad the vermiiane i At are recurded (3 conmaarsoie detad oy ons 0f MC Lused increases 1n both cholesterol

Reverved fr pubiratuon Docember 14, 1888, ADY i epriermal weight whth & sunultapevus de-
ss7
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crease in the concentration of A'-cholestenol (Ta-
ble 2). The maximum decrease occurred when 0.2
per cent of MC was applied; 0.8 per cent caused &
heavy hyperpiasia and a greater increase in cho-
lesterol, but without as great a decrease in A'-
cholestenol, possibly because of a rapid scabbing

[
Serwmis
BORMAL

Dyidorais

vy, T -
Ly, NN

I§

which may have decresesd the penetration of ssd
sequent applications of MC into the lower laywn
of the epidermis.
Chart 2 illustrates the changing concentrsts

of the two sterols with increasing hyperplasia due
to MC. The increases in cholesterol paralisied and
slightly exceeded the increnses in fut-free dry epi-
dermal weight, whereas the decrease in A'-che-
lestenol was substantial. Thus, the previously ob-
served decreases in A'-cholestenol in the sterol
mixture from MC-trested skin (8, 7) appear to
have been the result of two processes, a true de-
crease in the amount present per unit of area, ag-
gravated by dilution with extra cholesterol.

Cuanr 1 Comparative data of five other compounds of
TABLE 1
STEROLS AND EFTDERMAL WEIGET OF NORMAL MOUSE SXIN
Rpidarmal g Lpidermal
elemarol/ & sbolestonal/ Mg dormut Mg, epibermist
Sarier® nem - eca o cm. o om.
m: »o 8.0
vy .0 ®.0
Vit " as.0
VIS .0 w4
x %0 .4 1t st
X 5.0 $0.4 19.8 S5
X1 §7.0 o5 129 g6
XII sk b 80.0 10 1 19
xm 80 ¢ o 150 Y]
X1V a7 “.4 'Y L1
P4 Y Y 188 L4
va s o 126 st
Mean S1 64114 'STE X 104417 £ 910

® All serins incinds twe pesis of too mics sach ancupt surins (11 (four punis)} and VI sad VI (eon enshl.

Masa ¢ stasderd devmtinn,
t Dvy extracted reside
3 Ares wes mnlcuinied rem durwmal waight

TABLE ¢
EPreCcT oF CRRTAIN CARCINOGENS ON SKIN STEROLS AND ON EPIDERMAL WERIGET
Componnd® 4 o0
applied 1a Mg.t »g Epriermal ng Lpidermal total
acetaone epidermis/ chalestarsl/ A'-chalostonel/ awreh Ne.
Sarbes (por comt) - em - em n el (par eumt) aaples
Im-Xvi None L ot0 51 6411 4 se.e40 ¢ [ ] -
X Nove e to M 81 ]
IX? 0 0167 MC S8 " o [_J s
IX? 0 025 MC 80 62 0 “ 3 41 ]
X1 005 MC 48 108 0 L ] -} |
Vi§ IX 01 MC ¢ 8 [ J] 190 17 4
IV IX. X ot MC 48 o8 8 18.8 13 8
IX oS MC 74 170 & Mub 17 |
XVl Nooe L4 [ ] [ 56
vl ce MC 490 111 8 ” 4 19 . |
Xvl [} BP 48 108 5 0 8 fe
XVl1 [V 4 DMBA 48 106 O s 7 4
VI 0o DBA L ™o %0 L ] S
XVl 0s BA 48 104 0 e 0 > 3
vVl 40 Croton ol 108 180 0 ot s ] 2
. = Mathricholasthress.
:’C- Banepyrone
DMBA = 7.18-dumstiyll-ans ¢ mal hranme.
DBA = Drosasasihracens t Dry sesteme-antracted remdw
BA = 3 Ares ne caicuinted trem dwrmal ought.
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vanous carcinogenic strength< are presented in
Table 2. A true lowering of A"-cholestenol was ex-
hibited by U.2 per cent sulutions of metbyicho-
ianthrene, bengia'pyrene. 7,12.dinicthylbenzia -
anthracene, and 1,2.5,8-dibenzanthracene, whereas
two weakly carcinogenic sojutions. 0.3 per cent of
1.2-benzanthracene and 4.0 per cent of croton oil,
showed no lowering of A'—chulestenol in this 8-day
test. Each of these compounds produced hyper-
plasia and a corresponding increase in the amount
of epidermal cholesterol.

Effect of methylcholanthrene in certain mineral
oils. ~Others have shown that the carcinogenicity
of MC varies with the vehicle :n which it is dis-
solved (2, 14, 15). In the present study, 0.2 per
cent of MC was applied in mineral oils of widely
different viscosities, a very heavy pharmaceutical
USP mineral oil and & much lighter oil, “*Eurekas,”
oil 4.! The changes induced in the skin sterols were

TABLE 8

panied hy only & minimal hyperplasia and a mini-
mal increase in cholesterol (Table 8.
A partial explanation for the reduced effective-

A

§

© CHOLESTERCL
gzoccoumov. y
&  Rance
S /
% 100 El: EPOERMAL WT.
A L a”.cHoLESTENOL _ .
it SO SR D
0
0 005 O 02 03
% MC

Crant 2.—Changes in skin sterols and epidermal weight
with the application of various levels of wethyicholanthrene
in acetone. Narrow lines represent ranges.

ALTERED EFFECTIVENRSS OF METHYLCHBULANTHRENE IN MINERAL ODL

Mg*
epudermis/
Baries Application N cm
HI-XVIi Nope 29109
\Aj USP miseral oil $0
VIt “Eureka’” mineral ol 42
vt 0 2 per cent MC in S0
USP minersl oil
Vit 0 2 per cent MC1n s
“Eureka’’ mineral o1l
vit, X111 0 & per cent MC in se
USP minenal ol

¢ Dry sestons-extiracted remdue.
t Aren caicuinied from dermal weght

much leas when the carcinogen was applied in
these oils (Table 8) than in acetone (Table 2): 0.2
per cent MC failed to alter the concentration of
A'-cholestenol from that observed when the oils
were applied in the absence of carcinogen, whereas
0.5 per cent of MC in USP mineral oil caused a
substantial decrease in A’-cholestenol accom-

! The miners! oils and their fractions were obtained from
Dr W. G. Hoekstra of this depurtment; they were onginally
spphed by Dr G. W. Flint of the Standard O} (0., Whiting,
Indmns. Data on the oils themselves have been published
previogaly (7)

The sromatr fraction of ““Whiting™' ol was prepared by
eim grl chramatography. The n-paraffin fraction from the
«l was prepared by ures sddoction of the dearomatised oil.
T us-pasate rch frachos was prepured by thermal diffu-
am of the wl af\er rmoval of n-panaffine and sromatucs-
" runge from ! 6488 o 1.4807 The naphthenench fraction
% prepared by thersmal difwmca of the vil sfter remova) of
“aruffing and srematun: NJ range fromm 1 4861 to ) 4740,
e mano- and paipeychic aromatics were prepared from the
Swmatic fractios by thermal diffumos The fractuon nch in
Sy compownds wes rwpared by removing the a-paraffing
S whole 0il with wes. and wo-parafing with throures

D -

a' x 100

»g Epudermal »g Eprdermal total

cholestevol/ A'wcholestemol/ A Ne.
- cm Qq cm (per comt) satspls

51611 4 teth ¢ 30 s
438 30 8 49 14
hi 89 &8 [ ] L
e 5 50 & 4 4
kAN ] 52.0 42 14
62.0 2 0 7 )

ness of MC in mineral oil probably lies in a di-
minished penetration of carcinogen into the skin,
with a substantial fraction remaining on the sur-
face in the oil itself. However, the various effects
of MC in mineral oil (Table 3) differed qualita-
tively from those observed when minimal amounts
of MC were applied in acetone (Table 2), and
hence it 1s suggested that the route of penetration
of carcinogen into the skin probably varies with
the solvent in which it is applied.

Homologous series of hydrocarbons.—Saturated
hydrocarbons from octane to octadecune, and
unsaturated analogs from 1-heptene to 1l-octa-
decene were applied as the undiluted liquids. Vir-
tually all the compounds in the two series proved
to be hyperplastic agents, with the maximum el-
fect observed when the chain was 14 carbon atoms
long (Tabie 4). The amounts of epidermal cho-
lesterol tended to parailel the increases in fat-free
epidermal dry weight: the maximum incresse in
¢ pidermal cholesterol in the saturated semes was
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VI XTIV Urtadecane § «
XvT1 1-Heptene 49
XVII 1 Octene 65
Vi {<Decene 94
\. XIV t-Dogecene T
X, XIv ! Tetradecene 7
X, XTIV 1-Hexadecene 66
X. X1V 1-Octagerne S 6
Al Ether 28
XI1 Rensene R
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1n ether
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Table 4 . ana the increases in cholestert were
alse verme Largns, e gL oover 300 per rent for n-
nuty lbenzenr However. in <iute of the magnitude
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munmal. atd for twa of the compaunds, n-butyi-
benzene and phonyldodeeane, the amount of A%
chiviestenol  was neharged. The appheation of

FABLE 4

EFFFCT oF CERTAUN ALIPHATIC AND AROMATIC HY DROCAWBBONS 0N
SEIN STFROLE aND 0N EPIDERMAL WHIGHT

* Mry scetone-estracte! residue
‘ Area ca!uiated frum detmal weggh

pereentage of AT-cholsstenol 1 the sterol milxtnre

‘Table 4, calemn 6, ara Ref 7
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516-11 ¢ 32 ¢+9 2 50 23
39 3 40 HS 3
5% 5 5t 8 34 4
91 u 45 35 38 4
132 1 39 5 s1 4
1135 45 % 6
1S 79 29 4
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[HE I 43 3 14 }

cvelohexy lhenzene, on the other hand, caused a
sguifieunt decrease i the A -sterol, the over-all
eJeet 'n the 6-day test resembling that observed
when MC s applied i act tone

Chmosene i benzene 30 mg day . caused the
cholestercl concentration to inereace along with
the epideringd weght, with no sigmifieant etfeet an
A-cholestenal Benzene staelf hud no etfeet on the
sterols crom e lermal s eght

FToct of hndrocarbene v esterification of sliin
In normal touse epnlernas approsimate-
ot per een® of the Z-cholestenol and 74 per cent
e chadesterad was g estontied, simple hyvper-
plasi bk no effeet on the estesficabion of either
Aicinemcased epirterinal
worcht of sanach as 178 que von weth the appliea-
A Lot ol e the esterthe -

srornfe

storeod o b tedsgd ratie
cal e

[ I S S DTS O f,”.p..»;nd: who b
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436 0837 cansed the greatest ieerease in cho-
lesterol and mrepaaermal wetght, ol i~ o shght |owe
ering of A7 holestenol, wherea s the " Whiting™ ol
15 per cent nnsulfiaedable residue, batling
range 5197 v63 b cunsed hyperplasia with an
INCrPas “olesterol but no apparent lowerning of
A'-choiestenn,  hle 3o,

Neither the n-parathin fraction of “Whiting™ o1l
approximately 17 per cent of the whole wil- anr
i igo-parattin fraction Japproximately 30 per
cent  exerted any effect on the fast-acting sterols
althungh both caused a hyperplasia anil an in-

TABLE 5

EEFFCT OF CFRTAIN MINERAL OUS AND MINERAL O1L FRACTIONS
ON SKIN STEROLS ASD uN EPIDPRMAL WFIGHT

Mol afte theay  aciati, of Votetradecene, phenyi-

sujecn or o0 wene  Phe ather conipounds ex-
Mg

ep.lermas.
~eties App.iratioa a tm

-2V \une 29209
tII-1s - Mideontinent otneral il ? 87
T Whiting mineral vd} 87
Vi n-Paraffins} )
Ve wo-l'aruffins? 54
LR11 Ring -ompends? 69
it Nuphibenes: s 6
VI Monocs clie aromatics? 98
VIt Piiyeyclic aromatics? 6 4

® Iy aigae-estracled residue
* Area calcuisted lrom oermal weight

ered no effect ur causcd lesser increases in free
cholesterol

Eflect of hudrocarbona on the dermis.—Approxi-
mately 65 per cent of the cholesterol ani 12 per
cent of the A”-cholestenol in the skin was found in
the “Jdermis” preparations It s poussible that this
latter represents hatr follicles and sebaceous glands
which fatled to separate eampletely from the der-
ous The application of the various hyperplusia-
inducing compounds failed to affect the cholesterol
content of the dermis, unless the hyperplasia was
w swvere thut there was also an increase 1n the
dermial weight In these cases the increase in cho-
lestery! was somewhat greater than the increase in
dermal wewht

Effect ' “rurtwms frowe crrtain mineral ods —
Kandutsch wand Baumann showed that certain
mineral cils ifepressed the perentage of fust-ucting
stervls in the total stermil of treated epideryns The
A chuwestenol-lowering capacity and the hyper-
plastic jeaency of the ails aygueared to depend on

AT ¥ 100
ug Fprdermal »d Epgerma! 1otsl
choresterol, a'-cnolestenai, sterole “o
| cm . ecm per cont smples
51811 4 5¢2-9 ¢ 30 25
146 0 h ] 1] 4
128 ¢ 50 5 "0 2
120 v 50 S 44 1
104 3 58 0 34 1
131 3 40 20 1
54 5 93 15 1
175 0 4 0 12 1
138 0 80 15 1

$ ~ee icolnote t lext!

crease tn cholesterol. These fractinns therefore re-
acted very much like the aliphatic hydrocarbuns
described 1th a previous weetion of this paper

The “ring compound” fraction, on the other
hand, caused a slight lowering of the fast-acting
sterols accamnpanied by an increase in cholesterol
and in epidertnal wewhit Sinular effects were noted
when the ono- and pobvevehic arcomatic fractions
of the "rng componds™ were applied A very
great decrease 1 the fast-acting steruls resulted
from the apphcation of the “naphthene’ fraction
(approntnatels 30 per eent of the whole ol Both
aromatic fructions  approxunately 17 per cent of
whale mil combined) induced hyperplusia and in-
creased the eontent of cholesterol, but the naph-
thenes had no effect o either epderinal wewht or
on cholesterol Thus, the etfect +.f the nanhy per-
plastic,  A'-cholestenol-lowerning naphthene frac-
tinn was very sittnilar to that observesl when ) 5 per
cent uf MC wa~ apphedan USP nuneral o Table
3.
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DISCUSSION

In the light of the present results, it is still pos-
sible that changes in skin sterols may be useful for
a rapid preliminary recognition of active carcino-
gens for skin (7). However, the percentage of fast-
acting sterols in epidermis is not a reliable meas-
urement for this purpose, since so many noncar-
cinogens lower this percentage by increasing the
amount of cholesterol in epidermis. On the other
hand, carcinogens consistently lowered the amount
of A'-cholestenol per unit area of skin. Since A’-
cholestenol appears to he associated with the se-
baceous glands (see below ', the value of the sterol
test may depend ultimately upon whether a rapid
destruction of sebaceous glands is a reliable test
for skin carcinogens.

Three types of response were encountered in this
study. The first was characterized by parallel in-
creases in epidermal weight and cholesterol and by
a relative constancy in A’cholestenol. This hyper-
plasia was caused by noncarcinogenic hydrocar-
bons such as the saturated alkanes and the longer-
chained mono-unsaturated alkenes. The alkylated
aromatics tested and some of the shorter alkenes
produced similar but somewhat more intense ef-
fects, so that the dermis was also affected. The
second type of response was shown by carcinogens
administered in acetone. These solutions caused
byperplasia of the epidermis and also some in-
crease in the weight of the dermis. Cheniically, the
byperplasia was characterized by a marked de-
crease in A’-cholestenol, plus an increase in choles-
terol which tended to exceed the increases in epi-
dermal weight. The third type of response was the
comparatively rare one in which follicular struc-
tures were attacked without any hyperplasia of the
epidermis proper nor of the dermis; this was ob-
served after the application of MC in a heavy oil,
or of the naphthene fraction from certain mineral
oils. Chemically, this response was characterized by
a decrease in the amount of A’-cholestenol per unit
area, with only minimal changes in cholesterol and
in epidermal weight.

Some of the differences between these hyper-
plasias may have been due to specific sensitivities
of different parts of the epidermis to the various
compounds applied. The differences probably also
reflect the ease and the route by which the hyper-
plastic agents penetrate the various parts of the
epidermis. The pertinent theoretical possibilities
are .2 direct percutaneous absorption; () trans-
foliwcular absorption (11) with subsequent diffu-
sion into the rest of the epidermis, or a combins-
tion of follicular absorption and percutaneous ab-
sorption. and ‘¢’ absorption by the follicular strue-

b

[

tures without any subetantial diffusion imto the
rest of the epidermis.

Many of the present results are consistent with
the assumption that A%-cholestenol is concentrated
in the sebaceous glands. In the many examples of
“type I"" byperplasia encountered, the increases in
epidermal weight were apparently due to increases
in ordinary epidermal substance, the new material
containing asbout the same proportion of cholester-
ol as that originally present. However, this new
material contained no A’-cholestenol. Thus, com-
pounds such as tetradecane appear to affect only
the “pavement’ part of the epidermis and leave
the follicular structures unchanged. This effect
would most probably result from percutaneous ab-
sorption.

When MC is applied in acetone, histological
changes in the sebaceous glands are detectabie
after 1 day, and the number of sebaceous glands
remaining after 5 days is very small (10). This
rapid dissppearance of the sebaceous glands paral-
lels the rapid disappearance of A'-cholestencl from
the epidermis (Table 2 and Ref. 7). It also parallels -
the loss of lipase from the skin of mice treated with
MC (10). This enzyme is normally concentrated in
the sebaceous glands (10), and the sterol located in
the sebaceous glands is said to be completely ester-
ified (18, 16). The A’-cholestenol found in epider-
mis is largely in the ester form. Further cireum-
stantial evidence for the location of A’-cholestenol
in the sebaceous glands is the relative absence of
the sterol from the skin of newborn rats and mice
(8), before the glands have developed, and its
presence in bigh amount in the skin of hairless
mice which contain many such glands (9). It is
also present in sebaceous cysts (9).

Accordingly, “‘type 11 hyperplasia,” that due to
MC and related carcinogens in acetone, can be
visualized as resulting from transfollicular absorp-
tion of the carcinogen, with destruction of the
sebaceous glands and of A’~cholestenol, plus an in-
crease in the epidermis proper. “Type III byper-
plasia,” that due to MC in mineral oil, on the
other hand, appears to involve only the follicular
structures.

SUMMARY

1. A series of hydrocarbons was applied to
mouse skin, and the hyperplastic responses, as well
as the changes in skin sterols were measured. Most
of the compounds increased the weighta of the
epidermis without any significant change in the
dermis.

2. Metbylcholanthrene (MC) in acetone caused
a hyperplasie and a marked inereace in cholesterol
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y . Anat., 61:39-60. 1947
7. The evidence svailable suggests that the A7 14 Siupaiv, W .. and (manme, W Sensitimation of Skia
cholestenol of normal mouse epidermis 1s located by ( arcinogenically Inactive Methylcholanthrene t) Sub-
in the sebaceous glunds. seyuent ¢ arcinogeness ¢ ancer Research, §:5-iu, 1945,
18 Stowewl, R. b, and ( aaner, W Effect of wilvents oa
REFERENCES Methy Icholanthrene Epviermal ( arcinogeness ( ancer
1 Barnseager. J P . Scv—sery, V. aud Cowprr, E Research. 3:103-07, 1942
Methuds for the Separation of Fpidermus and Dermuw and 16 Suskinu, B R The Chemutry of the Human “etaceous
Sutne Pby.mk and | bemscal Pm of the Isolated Gland | Histochemscal Jbeervations I)CUDIW.
Epidermus J. Nat ( ancer Inst., 8:413-2¢. 194142 17:37-54. 1981
¢ Braxvsiow, I, and xmosntai, R The Apparent Anti- 17 Wewis, W W | and Bavmany, . A Skin Stervls V.

carcinogerxc Action of Lanolin. Cancer Resesrch, 7:380-
oL, 1947, .

Effect of ! ltruvivlet Light oo the Sterols of Rat Skin
Arch Busxhem & Biophys, 83:471-78, 1954,
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ROBERT E£. ECKARDY, P, M.D.
DIRECTOR

N V. HENDRICKS. CH. E.
HEAD INDUSTRIAL HYGIENIST

HORACE W. GERARDE. PH.D M. 0.
HEAD TOXICOLOGIST

SBERTRAND E. BENNISON. M.D.
CHIE® CLINICAL RESEARCH PHYSICIAN

August 3, 1956

Dr. Robert A. Kehoe

University of Cincinmati

The Kettering Laboratory

College of Medicine - Eden Avenue
Cipeinnati 19, Ohio

Dear Dr. Kehoe:

This constitutes a samewhat belated additional reply to your letter
of June 2, and my letter to you of June 20.

The Subcommittee on Carcinogenicity bas voted to contimue the epidem-
iological studies at the Kettering Laboratories until Jamary 1, 1957,
in order that you might analyze the data which has been collected up
until nov and prepare a final report of the work for the bepefit of the
subcamittee and the Medical Advisory Committee. It was the feeling of
the subcammittee that this could probably be done at an expense not to
exceed $7,500.

Discussing this with Dr. Curtis by phone last Friday, he informed me that
I, as chairman of the subcomittee, could proceed immediately, directly
with you, in the negotiations to affect s comtimuation of these studies
until Jamary 1, 1957. Although it is already past the July 1, I think
that you will understand the difficulties of getting opinions from diverse-
ly scattered members of the subcommittee and that this has oceasion to
delay in autherizing you to proceed with the work outlined in your letter
to me. I trust that it will be possible to proceed, as you outlined, and -
to have Dr. Phair analyze the data and prepare a final report for the MAC
by the date of Jamary 1, 1957.

By carbon copy of this letter to Mr. Stroop, suthorization for expenses

not to exceed $7,500 for this work is provided. It is understood that
this money is already available in the budget of the subcammittee so that
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Dr. Robert A. Kehoe -2- August 3, 1956
1t requires only authorization of the subcommittee to proceed with this
expenditure.

If there are any questions for discussion perhaps these could be brought
up at the next meeting of the subcommittee, but if they cannot wait until
then, I weculd be glad to discuss them with you at any time.
Sincerely yours,
R. E. ECKARDT, M. D.
REE:zjh
22 - Messrs.: E. W. Adams M. N. Newquist
L. E. Curtis A. C. Pabst
C. H. Hine J. J. Phair
E. K. Linder D. V. Stroop &=
R. C. Mithot?
—~)
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ROBENT € ECRARDT PW_ 8.0
DIRECTOR

N v HENDRICKS, CH B
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HORACE w. QGERARDE. P. 0. M.C.
HEAD TORICOLOGIST

BENTRAND K. BENNIOON. M. D.
CHIET CLINICAL RESEARCKH PHYSICIAN

Auzust 22, 195c

ifr. David V. Stroop
American Petroleum Institute
50 West 50th Street

New York 20, New York

Dear Mr. Stroop:

The attached article appeared in the NEW YORK TIMES on the
norning of August 2L, 1956.

Of particular ihterest to the petroleum industry is the section
underlined in red. Although 1 4o not agree with the report when it

ssys that paraffines op milk cartons have produced capncer in man and
experimental animals, nonetheless, it 1s likely that the various petroleum

carpanies nay receive inquiries as @ result of this news item. In
order to prepare them for this, I believe that the attached article should

be circulated to all member's of the Medical Advisory Comittee af the
API. Dr. Horton should be asked to prepare some data which provides
information on this particular subject.

Very truly yours,

T.¢. tebard ¥~

R. E. ECKARDT, M. D.

REB:cjh

Attach. = Article in THE NEW YORK TIMES, Tuesday,
August 21, 1956. Cancer is Traced to
Food Additives.,

! Topy Frex D. V. Streoop For Information OFf “emoers (f
l e llcudl Advisory Zomm.ttee aud Mechnica. riviscrs
{ $ie3/me !

L ———
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&he New Pork Times

TUESDAY, AUGUST 21, 195. L

—meme

GANCER IS TRACED
10 FOOD ADDITIVE

S —

Experts’ Symposium in Rome
Lists Many Dyes, Flavors,
Preservatives as Unsafs

ASKS LEGISLATIVE CURB

Appeals for International
Collaboration to Protect
Mankind From Hazards

By ARNALDO CORTESI

Sovcint to The New Yark Mass
ROME, Aug. 20—-A sumber of
100d additives used-in the United
States and Europe as dyes, thické
eners, sweefeners preservatives
ang the (ke were labeled cancere

! Repert Subject te Review
o TR
y symposium
!sulmct to review by the Execu.
|tive Comimitttes of the Interna.
tional Union Against Cancer. Ig
s, therefore, ible that some

thindiprionic acid. sulpburecus
acid and its derivatives and tore

producing today By & symposie | Juse

um of the International Usen
"Agunst Cancer.

Other food sdditives were put
on s guspect lst as unsafe uatil
their propeities had been more
thoroughiy tested.

The cancer experts meeting in
Rome acknowledged thqt this
creatad & "senous public health
problem ~ They unanimously ree=
jogmized !Re “urgent mecessity of
-internai:onal collsborstion fot
the’ protecuan of manking™
Against such hazards as canogre
producing food additives,

The participants in the syme

posium also acknowiledged that
food additives were only ome
ipart of the vast problem of ene
ivironmental cancer which in.
cludes occupstiona! and lung
zancers,
' The symposium was attended
-ov fortv-two cancer experis {rom
‘twanty-one countries, ineluding
seven Americans and four Rus-
sians, It was cailed by the con.
‘gress of the Intermational Lnion
Against Cancer held 1n R4n
Pzu.o. Brazil, 1n 1954,

t Feot Dyes Combomim
; Food dyes cams in for partic-

ulariy severe condemnation from
L e symposium. Its report stated
that no food dye at present met
“agreed criteria of safely.”’
Twenty-nine dyes wery listed 28
“unsuitabla” or “potentially dan.

. h Mm?t.m.‘ twenty-
ree dyes might
satisfactory further tests.

Baa o8 Three Dyes Upbeld

More than TWo years ago, iR
ithe United States. the Federal
|Food and Drug Administration

{dmm ot Appeals upheid the bax
on Orange No. i, Orange No 3
lnd Red No 33
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Copy From D=V, Strocp Por Information Of Mrhers Of = .
Medicel Advi. .y Committee & Technical Adviso, 9/12/56 T

RIELIC MRALZE OOOITINR of e
PAVER CUP AXD COFRADER INSTITUTS
250 Puzk Avenmue, Bev York 17, K.X.

Seteber 5, 1956

™ AIL MIMEER COEPANIES
FRO{: Hosar X. Calver, Secretary

Witk further referance t0 my recent seacrands cn the Koms Coafwrence,

you will be interested in ths following gquciitioms from W pepers wiioh
wore prasented at the Joint Ddustrial Ewalth Conferemce of the Ammrisan
Association of Paysicians and Surgecns end the Amarica Dubwstridl Rugiens

Assccistion delld in Atlantic City, New Jursey on April 23th, 1951t

William B. Smith, K.D. Dougles A. Sunderlapd,
X.D. and Kmnamsteu Sugiurs, ScD. New York.

"It has been found that certain crude waxes( ‘slack waxes’) bave
oaas carcinogeic estivity., This vas shom %0 be Gue %o ooclusion
of minor emounts of the higher sropailss at intexmsiiate stages of
o The &xestie sulfuris asié treatamnt leading to e
Righly refioed paraffic vaxss, familiar iz daily life, removes ¥
aramtic sonteminamts t0 yiald iassrt profwots.”

Nnea--Fropartiss of Rgh-Beiling Petrolam Produsts
Taysiesl apd Chaxion) Properties o5 Palated %
Careincgmis Astivity, by 2.0.. Tiecher, B.B.
illian Priestley, J¥., %.6., L.T. By, A.D.,
G.G. Wanless, B.8s. and Joba Rebner, Jr., M.D. APT 06200

MI.J.
Tha foregoiag are extracted from & publication sntitled “Symposium o
& Concer Contxol Progrem for Righ-Boiling Cetalytisally Crecked 018" ree
printed vith adbitions, from the Anericas Nedioal Associstiom Archives of
Industrial Rygiens agd Ocoupstiorsl Medicine, October 1951, Wal. b, pp. 897- ‘

W5,
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ESSO RESEARCH AND ENGINEERING COMPANY
(FORMERLY STANDARD OIL DEVELOPMENT COMPANY)
P. 0. Box 121, LINDEN., N. J.

MEDICAL RESEARCH DIVISION

ROBERT K. ECKARDT, PH.. M.D.
DIRECTOR

N. V. HENDRICKS, CH. K.
HEAD INDUSTRIAL HYGIENIST

HORACE W. GERARDE. PH.D.M.D.
HEAD TOXICOLOGIST

SERTRAND E. BENNISON, M.D.
CHIEF CLINICAL RESTARCH PHYSICIAN

September 13, 1956

Doctors: L. B. Curtis K. R. Fourcher J. W, Osborn
v. CO mrd. T. u. m RO c. Pm
F. D. Gessawvay C. H. Hine R. J. Potts
W. 0. Armstrong W. F. Kahle B. B. Reeve
L. Blaney T. J. Kelly J. C. Ruddock
F. ¥. Boys E. K. Linder George M. Ssunders
M. Clinton E. P. Luongo R. ¥. Schoeider
J. W. Crockshank C. R. Miller L. J. Vade
Kieffer Davis M. N, Newquist E. R, Vare

Dear Doctors:

"At the recent Gordon Research Conference on Toxicalogy, I was approached by

Dean F. Davies, Ph.D., M.D., Administrator for Lung Cancer Research of the

American Cancer Bociety, in order to determine whether industry might be interested
in participating in a research project which the dmerican Cancer Society is under-
taking. In brief, the American Cancer Society is interested in Asterminding whether
screening lung X-rays offer any hope in prolonging the swrvival of lung cancer cases.
In an attempt to do this, they wish to gatber records of as many cases of lung cancer
as possible, in vhich certain criterisa were met. The criterias which they wish to
meet are as fallows:

1) Only records of patients who have been treated or
discovered at least three years ago are wanted.

2) A follow-up on the survival time of each case will
be necessary.

3) Only cases in which there have been normal X-rays

within a year of the first appearance of a radiclogic
shadow are of interest.

L) A statement of the kind of therapy, if any, should be
available. The date of surgery, if any, should be noted.

5) The age and sex of the patient must be known.

6) Only cases which bhave been verified by cytologic or
pathologic diagnosis either during life or at sutopsy
are of interest.
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7) All X-ray films on each such case will be borrowed
for a period long enough to have them duplicated.
They will then be returned to the original source
so that radiologists can study the copies at their
leisure.

The American Cancer Society, in this study, has ebsolutely no interesgt in the
etiologic or possible eticlogic aspects of the lung cancer problem. That is, they
are completely unconcerned ag to whether lung cancer may be due to smoking, air
pollutton, occupational hazards or other intrimsic, or as yet not well understood
factors. Their sole interest is in determing whether or not screening lung X-rays
offer hope in doing something about the rather distressing problem of lung cancer.,

I promised Dr. Davies that I would contact each of you to inquire whether any of you
have cases which meet the criteria outlined above, and vhether you would be interested
in participating in this research program by submitting case histories and X-rays.

If you do have cases vhich meet the geven criteria and would be interested in such
participation, you may communicate directly with Dr. Davies, whose full address is as
follows:

Dr. Dean F. Davies

Administrator for Lung Cancer Regearch
American Cancer Society, Inc.

521 West 57th Street

Few York 19, New York

Dr. Davies has suggested that it is possible that arrangements could be made for a
statistical clerk to assist you if you have a sufficient number of cases which meet
these criteria. Understand that any participation on your part will be on an individual
and entirely voluntary basis.

I would like to emphasize, however, that I believe a study of this nature will have

extremely beneficial results in our understanding of the course and possible methods
of contral of this ever imeressing digease.

Sincerely yours,
R.E. Cebpadl
R. E. ECKARDT, M D.
REE:ejh

ec: Dr. D. F. Davies
Mr. D. V. Stroop

*This information is being provided to you under the terms of the
Toxicologicel Research Agreement.
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m--n.mi

Yagaret: B. ¥, Mg B &. Mart?
6. k. Himn B B. Bougist
2. K. Mader as G0 NSO

Sontlonens

Attashed for youwr infumghisn eve cupics of e Sulicuingy
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Husper's mmmweript whish liste “wegping
a.u::;ﬁ::kifﬁﬂrt::iﬂgﬁfhk..-.;:-u-u.;n-ng:-r'---nut;:-n-
3 ' =~ - sines thay have ast yet
should pot be trested as pbliestions
Thess reports

m’a“ ,”r“-‘-l“
[ ] m

Yery truly yours,

2. B. XCKAKEE, X, D,
1Oteh

e, Curtis
m(v/“.)-::l'-::: |
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ROBERT E. ECKARDT, PH., M.D.
DIRECTOR

N. V. HENDRICKS, CH E.
HEAD INDUSTRIAL HYGIENIST

HORACE W. GERARDE, #PH.D . M.O.
HEAD TOXICOLDGIST

BERTRAND E. BENNISON,. M.D.
CHIEF CLINICAL RESEARCH PHYSICIAN

Septemder £, 1956

Mapgie: S. Y. Sdams R. C. Mitchof?
S, B, re M. K. Fequist
3., X. LinGer A. Co Fabst

Jentliecr:

s 13 to confirm hat the next meeting af the Subcammitiee on Carcinogenicity
#1311 be kold ir Chicagoe, Saturday, Octcber 20, 1956. The place will be my rocm
at tae Crake Zetel. Undortunataly, I was umsble to obtain e suite at the Hilton
aml so et ithe sugestion of Dr. Zeboe, I have managed to get a suite at the Dreks.
Incilently. for hooe who might not reslize it, the Safety Council is meeting in
77 Chieago ab tais sire., Jor this reeson, hotel reservations are scarce for October 20, T .

y If any cf ycu cryive late Fridsy night, Octaber 19, it is pxrobable that I will bave
an extea ped ir oy sulte erd I wuld be very heppy to have you join me 4f you are
unzhle to zet e reservation. In fect, if necessary, we could probably have a couple
of cots put up in the living ream, if hotel reservations are that tight.

I m astachiog %o this letter; a copy of a proposal that was recently made %0 snother
capony £or studiles on microcrystalline wax. These studies wvere reelly for the purpose
of deteriining tie chromic toxicity, in accordance with the recomendations of the FDA,
exd éo rav lnclude iegts of carcinogezicity. Even 50, however, the total possible
exxerses o2 these shtudles comes to zbout 5000,

Tae preposzl which 1s under considerzilion by the FDA for testing of carcinegenicity,
irgludes 20O rais axmd 800 mice (2 strains) on feeding expariments for 2 years, plus

LOC raus sd 100 mice (2 strains) oo injection studies, plus 20 dogs on feeding studies
2oz o totul of T years. &b the recent Gorden Repearch Conference on Taxicology,

. Flizhugh of the FDA suggested that ve night oonsider a cumproxise on the feeding
studies, "kick would eomsist of 150 rats for 2 years with an additiomal 100 contrals
and 300 mice for 2 years with 2n sdiiitional 200 comtrols. This would then total scme
75C codents. Iizy uight comsider £ dogs with 4 coutrols for S5-7 years for cancer.

In gddition, trer wsuld provebly resuive the 40O rmts and 400 mice on injection studies.
It i3 ecesv 0 sse that IT these recom—erdations are to be followed, the ~osts of guch
stidies would be far in excess of t:e coount suzgested in the sttached.
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This ziiocchioent in ooder e give each of you some
e ezaitude of the preblem we are facing in planning
3 reinogeais studies on vexes. The prelimipary discussions whieh
=2 i uiiih Dr. X:iz2z szd Or, Sorton ip Chicago, suggested a thecretical
A ‘I"'»o"e:r, which, from & scientific standpoint, might be entirely
szticfomier .': 3%, I . rot cbtein any approval for use on milk cartons,
oS ienst TrIn he tazedxe enic Stapdpoint. I sincerely hope that Dr. Kehoe,
-22n ze wol3s iz propesal in Chicpgo, will irdieate the practical facts of
i.Pe, nxzmely. k32 dealing with the FDA into consideration of making his
y=opesal, 21 o2 ve whoha:venadd.ea.linssﬁththemmthemthmtm,
£t oue e cr arpciuer, that theoretical considerations, although eaxTying
relght with the ¥24, must, at times, e suyplenented by rather practical
copsilderziicns of hat will be esceptehle to the FDA.

It is my {esire vcat Dr. Kebee vill bave for us, a8 wite-up of his propossl

W .

2% least o week ia sdveree of the October 2Cth meeting af the Subcamuittee,

L]

ia crder thas 222h of s may cerefully reviev it prior to the meeting.

AN *ms,
Q "P /’\"j G
. B. ZSKAROT, M. D, Tjw

FEB:cth
&otacn. - PROPISAL IOR SIUDIES OF MICROCRYSTALLIME WAX. pp. 1e3.

ce: Dr. i B. Curtis (v/o otiach.)
. 4 ‘io Eom w/atmho)
R, A. Keioe (w/attach.)

» Do V. Streop {wo/attach.)

Ticialed, but oot resd
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— Esso Standard Oil COmpanv
‘ 15 WEST FifUY-FIRST STREEY . MEW YORK 19. M V.

A.L mAY
VICE-BRESICENT Septenber 20, 106

ur. Frank !}. Porter, :’residert
| Americzr. Fetroleum Institute
i 5C West 50th Sireet

i
e
*,

tew york 20, llew York
Dezr lir. Forter:

wWell over nhall of tie wan precducec by the United States petroleun industry
goes intc packaging of foods Througacut its long history in this service,
the suitability of wax has ccme 4o be :enerally reccgnized. This acceptance
has been due in a lar:e uart te the ceneral level of purity voluntarily

. daveloped anc maintained by the refiners producing it. Easo Standard feels
this quality should ccntirme on a voluniary basis in contrast to regulation.
necent, events moy foreshadow questioning of this guality.

¥You rave neo d:ubrt had some lnowledge of the symposium helid in Rome August 10=15
by the Intermational Unicn Against Cancers While newspaper and nagazine
acccunts may have lacked accwracy, they have fccused new attention on paraffin
wax as the petroleum preduct most intimately connected with foeodstuffs, The
sympos jum revort begins «=

"The participants unanimously recogmize the urgent necessity for
irternational collaboration for the protection of mankind against
exogernons (externsl) carcinogenic factors, and notably against
carcinwgenic substances that may be present in food., This
collaboraticn should tend tc eneourage, help, coordinave and, if
posaitle, supcort researcn sc as to achieve practical results in
the shortest possible time., 7Thus, the necessary scientific basis
could be estzblished for industries to nlan their production and
Tor zovernments of different countries to legislate for the
eflfcctive protection of the Lealth of ccnsumers,®

e ——— Ly e, —— i ——

Having <hus pointed up the proolem and suggested avermes of enforcenent, the
Symposiun Rezart, under (C) Food Contaminants, L. reads --

"Sinece various petrcleum constituerts including certain mineral
2115 and paraflir r2ve oroduced cancer in men and e.perieental
) animals, the presence of such cinemicals in foods appears tc be
co ecticnable, particularly when such materials are subjected

to too nigh temperatures.¥

@ e — 3

Tre revort represents the c.mhined co.vient of forty-two carcer experts fram
TW- ILy=one countries,
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Ty ¥rvani :l. Portery rred’ dent ala Sc¢ tenber 2o, Lidt

Ir censidering the future ¢ serr~leum wax in feoC ackapin,, we must “ace
rre Tact *hat the svweoziun report links it directi, wlith onz <o our aost
Jire afflicricnse desnite pmedical advaucer in diggnosis and con-rhl, cancer
23 eiill cre of manxind's most dreaded wurds. &4 Lie zame tl e, Liere is
1i“tle bizlagical or clinical data to substantiate the current industry

level nf d2raffin or ricrocrystalliine wax quality., Wnile we may fecl 4n
ascociatinn with cencer is illeadvised, we are hard put tc prove it,

dliile the 1L S, Pharmacovoeia acid test for varaffin has existed for several

vears and has been accepted by American Stzandards and the ASTM, its significance
as a quality index is not unassailatle, It ie not suitable with microcrystalline
wax and is not sc¢ used., It has ret tc te linked bileclogically with food package
use and [ew refiners warrant tnat tneir paraffin always passes ite In fact,

the industry mey oe vulnerable in tuzi, lacidng a vetier index, we have railed

te generally reech its lewel of Jurivy esnecially for foodstufls,

Yy conmpany has dene some madlical resasrch on paraffin and its potential cencer
prenoting tendencye We mede limited use of these data in replies to qusestions
cn the Rcme aLlegatians. It may point to oil content of wax as an important
cnaracteristice 3ut it is not complete and must Ce extenced to include nicro=
crystnlline waxes.

U's to tais time there nas been little if any cooperative =ffort between food
corotainer manuf:=cturers and wav producers, This is especiailly itrue of the
piological phases of wax quality, In gemeral, the package maker tossed his
muesticns on wax purity to the refiner or wax jobber and accepted the quality
assurances he received. e used them tc his cwn best advantage and enjoyed
tze ceneral axiam that "everyone knows paraffin is okay fcr foods." This
concdition may not long endure,

There are four main trade associztions in the food container field concerned
sver ithe symposium report and the generel problem of acceptable petroleun wax

quelity. 7They are:

Liquid Tight Container Association

Paper Cup aml liested Ccntainers Association

Waxed Pzpar Institule, Inc.

National Associa*ion of Sard tary M1k Zootle
Clesure Mamufacturers, Ince

I believe M¥r, Hunphricss of API nas =21lready had corresoondence with the paper
cup groupe I am rot sure that the sanitary drinidnp straw man facturers are
represented but they should ce interested as s=:a5uld Ex-Cell-0 llachine wiich
rerts units for making napsr milk contalners, The position cf all these and
the natroleum industry would be sc much streonger if trere was a proven quality
level for waxes used in ifsod containers,

iastoricelly, I de nov (mow irtieh A1 . roup has carricc ire respensivility of

paraffin waxe I* secms to involve Loth T efining and nmarvetingc. bSut wherever
the assignment falls, we —Tist f2ce ihe fact .ra: Wwe lack any rroven level of
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e, LAl ... SCTLET, IO oent == Scotenber 20, 1950
sirizy for tnis important utiic usee Wit out it coun We and e conlainer
wnkers ars vulnerable io jquestions arising: lrom tie lome me2eiip, °r oinhers
simiiar tc it,

Te syapeosium ceporce includes cne general conclusion sreseatec at thns end.
It rezds --

nThe uvonference recomnenas that, as a basis for active cancer
arevention, the proyper authcorities of varicus countries cromulgate
amd enact adequate rules and regulations prohibiting the adaition
to fcod cof substances navi.. ~ovential carcinogenicity,® '

we snould be prepared tc establish peticleum waxes inzerded for food as
suitable under such rogulation. As a menoer of the llarket.ing Division I
continue interested in the considerat.ion : iven this problem.

Jery truly yours

ALAFC
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From: Dr. R. B. EcxaxpTY

Possibly you mignt wish to distribute
this to the members of the MAC,

Ree.

R. k. E.GP
XEE:cin
Attach.

— e e

Capy From D. V. Iuroop Fo-~ Infermat.on of Members Of
L.‘-:EDICAL AWISCRY COMANITIE, . TTJHNIZAL ADVISCRS 9/21/36 |
S |
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KINUTES OF THE MEETTIC OF THE SUBCOMOTIER OB CARCINOGENICITY
Held in the Conrad Hiltom Hotel in
Thursdsy, September 6, 1956

On Thursday, September 6, 1956, the Subcamsittee on Carcinogsnicity met at the
Conrad Hilton Hotel in Chicago. In sttendance were the follpwing:

R.‘.m,!.n.-w

C. K. Hine, M. D.

P. Halley - (representiug B. ¥. Adams)
B. K. Linfer, M. D.

R. C. Mithott

M. N. Bewquist, X. D.
Representing the Kettering Laboratory were:

Jo. J. Phair, M. D.
R. ‘0 m’ '. nl
A. ¥, Horton

T™wo guasts, namely, T. N. Frank, M. D. and Lamsox Rlanwy, M. D, mm-dthe-ctu;.

The Kettering Laborstory repressntatives joined the meeting at spproximately 10:00 &, k

After spproval of the report of the Subcammittes t0 the Medical Advisory Committes at
its April meeting, the meeting was turned over to Dr'. Horton. Dr. Horton reviewed the
slides wvhich be intends to use for his talk in Atlamtic City before the Amsrican Chemic:
Society. The mamuscript for this talk has Already besn approved by the NAC and the
Nedical and Health Committee of the Board.

Dr. Horton then submitted to the group the sbetract entitled, “Relationships Between
the Composition snd Carcinogemic Properties of Various Refinsry Streams.” At the regue:
of the American Chaxical Society, this abstrect was prepared for distridbution to reposte
at the ACB meeting. The Bubcommittee had certain suggestivns concernming the abstract
=nd these will be incorporsted in sudbsequent revisions of the abstract by the Ksttering

raboratory.

Dr. Eorton pext pressuated a table of his more recent dsta vhich is developing scientific
support for his equation Ppom Mg(Cy + Co ¢ C3). It will be remembered that this equatic
has been qualitatively formulated %y the btzclu Laborstory to express the carcinogen-
icity of any complex mixture.

In the formula, Mg represents s multiplication factor which is determined by the
accalerators. Cy,C» and C3 represent contributions from the carcinogens in the mixtures
it being oupponi’tgnt thete are at least three classes of carcinogems. In the table
submitted by Dr. Horton, the experiments with API NUMEER B9, suggest that st s 100 mg.
dosage the P is 0.3, This mixture was tbhen chrumsatographed and separsted into
ssturstes through Al¥yl naphthalenes and Sotal palycyclics. Biclogical testing of the
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of toe polycyclics yieldsd a P of 0.0k, This dats suggested that M_ in the above
formula is somswnere bctveen?"&dB. mwue-wudnmun%mcl+c2+c._:
in the above equation. Next, Dr. Rorton trested API WUMBER 89 wvith maleic anhydride. ~
It wvill be remembered tnat such trestment yields an adduct with anthracens-type campoun.
It is Dot believed that twec or three ring maleic anhydrids adducts are carcinogenic, bt
it is believed that the i+ rings, which resct with maleic anhydrids, countain the ecareir:
gens of & bensanthracene type. Blological testing of this M ring msterial yielded a
Ppe Of 0,012, Thus, this type of compound comtributes sbout 1/3 of the carcinogenicity
of the polycyclics. Conceivably, this figure, 0.012, might be taksn to Cy

in the above equation. C, + C, would represent the difference between 0.0% and 0.012, &
Mwmcm-fbutinofum classes of carcinogsns, such as cyclopentano
wmmo

In the case of the API BUMERER 65, the Ppe of 0.11X is probably all contributed to by

the polycyclics and of these, approximately 1/4 are by the bentanthracene-type compounds
Thus, & thermal tar has littls, if any, accelerstors and Ng in the above equation would
be ons. The rest of the data in the table is incomplete st the present time, but is dei.
evaluated by Dr, Horton in the above fashion, in an sttempt to determine the comtributio
of each of these constitusuts, to the over-all carcinogenicity of the mixture. It is
Dr. Horton's hope that this work will permit a chemical quartitative estimstion of the

| — carainogenicity of complex mixtures.

Mollewving Dr. Horton's presentation the chsir was turmed over to Dr. Phair, who dsseribe
vhat they hoped to accomplish with the epidsmic.ogical dsta thus far collectsd. It is
his hope that among the 2,000+ cases thus far collected, they will st lsast dbe adble to
provide us with same figures on relative rrequencies of 4iffcrent types of cancer within
the petrolewn industry. Dr. Phair emphasizad that he did not believe the epidemiclogica.
wrk had been & total faillure, since he believes that secondary benefits, such as making
x3dical directors think in terms of digease reporting and the callecting of disease
statistics, had been accomplished by the sbortive attawpt to ecollect epidemiclogical
dutn, o? is zouible that this attempt withir the peiralewn industry was just 10 years
snead its time.

Jtbsequent t0 these discussions, the Subcomittec discussed the present situstion con-
--iuing milk esrton wax which had been precipitated by a recemt article in THE NEV YORK
"TiEB. It was the gensral consensus that the following represented a fair estimste of
w.at we should do at the present tims.

1) J¥o public statement should be made by the
APl st the present tims.

2) The Shairman of the Subcommittee should
distribute to all members of the MAC, a
memorandun summarizing prasently available
information on the carcinogemicity of milk
carton wax. Such distribution will be de-
pendert upon his being able ¢to obtain clearsnce

— fros his managemont.
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3) The chairman of the Subcommittee, after
receiving Dr. Bueperis Rome mumscript and
the resalutions of th8 Rome symposium, should
vrite a lestter to the Surgeon-Gensral, with
3 carbon copy to Dr. Hueper, asking for clar-
ificstion of the ststements which sppeared in
THE MEW YORK TDEES. This should be dome on
AV] lotterhead and the tenor af the letter
, should be dependent upon the text of Dr. Bueper's
' merusceript and the resolutions adopted in Roms.
l The letter will bde circulated to the Subcommittee
prior to being forvarded to the Surgson~Geperal.
h) It was the general coosensus tbat ingufficient dates
is presently svailable to0 permit edsquateevalua-
. tion of the carcinogenicity of dairy waxss. The
Kettering Laborstory was asked wvhether they would
be interested in conducting tha research necessary
‘ to elarify and establish the status of dairy waxes
! in regexd to tieir carcinogenicity. The JNettering
f Laborutory expressed interest in thig resesrch
) Progrem and promised to prepare definite proposals
' for such resesarch with budget estimstes as to tie
| — cost for s subsequent meeting of the Subcomxittes,
: to be held in Chicago on October 20, 1956. Temtatively,
| the place of this meeting will be st the Drake Eotel,
providing the chairman of the Subcamxittee can obtain
sdequate accamcdations for a meeting room for the
Subcamittee on that date. At this tims, the Kettering
( Laboratory will have specific propueals with, more or
f less, specific budgetary estimates for the research
‘ necegsary to elarify this situation. In the meantine,
the chairman of the Subcamittee will provide to
Dr. Kence, a copy of the mesorandum vhich 18 €& be
distributed under item #2 above.

>, Kehoe wvas reminded, just before the meeting adjourned, that there would be a meeting
¢? the Subcoomittee sbout the time of the IMA meeting in April and at this time, he
would be expected t0 present budgetary figures for the year July 1, 1958 to Jums 30, 195

R. B. ECKARDT, M. D./cjn
Cualrman, Subcamaittee on Carcinogenicivy
3zytember 10, 1956

Attach. ~ ANSTRACT RRIATIORSHIPS EETWREN THE COMPOSITION AND
— CARCINOGENIC PROPERTIPE OF VARIOUE REVI¥VERY SIRENWV3,
A. Vegley Eorton, et al.
o = Do ¥, Str»
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RELATIONSHIPS BETWEEN THE COMPOSITIOR AND CARCINOUENIC PROPERTIES
OF VARIOUS REPINERY STREAMS

by
As Wesley Borton, Rusaell Tye and Mary Jans Oraf
Kettering Laboratory, University of Cineinnati

Various high-dboiling mixtures derived from fossil fuels
have ths capacity tc produce tumors when applied repested’y upch
the skin of certain experimental animsis for long periods of time,

~~ An extensive program of testing of such materials encountersd in
petrolsun refining operations has been undsrtaken (at ths requrst
of this industry).

A technigus of analysis for bensopyrenes in such oils
has been developed. Application of this method to a wids variety
of 0ils hss shown that knowledge of ths concentration of this
carcinogen alone 1is not sufficient for reliable estimation of the
carcinogsenic potency of & particuler oil,

Further research indicated that very important eontri-
butions to the potencies of certain cils are made by classes of
hydrocarbons whish are completsly non-carcinogenic when separsted
end tested by themseives. The eract mechaniss of their sction in
nixtures with polyeyelies such as venzopyrsne is unknown, but their

~ffect is to shorten the latent perioé vefore the daovelopment of

tumors.
API 06214



work is «lso in progress to identify tle {mportant oc&rsin.
sgene of csrtain sctive oils which ere essentially free of benzo-
*,;yrenn. Ths tecnniques of chromstograpby, distillation, solvent
extracticn, and the formation of Disls-Alder adducts have been used
to produce relatively simple mixtures. Some biological testing of
these fractions has been made end addirionsl testing is under way,
The appreximats compoaition of these fractions has been determined
by absorption and mass spectrometry: A strong likelihood is indi-
cated that the unknosn carcincgens are L-ringsd hydrooarbons, but

different in structure from the classical benzanthracenss and

/\‘.v.'yaonol.
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CHROMATOGRAL1:AC CONTRI~
FRACTIONATIOR BUTIOR
‘Saturates OF
thru Alkyle Poly~- POLY~
aPI 100 mg. { naphthalenes | oyclios CYCLICS
iMGER|  DESCRIPTION | FPyp (%) (2) TO Pug |
89 FCC Sidestream | 0,3
fe.1
}',.‘,|_.2
Fmy 1% 0,0
1.4 €la
45  |Thermal tar 0,11X ’
52 : 1‘
|
120 |straight run 0.77
éistillate (50 wg. )|
i20-1
120-2 33 inc.
33 Coker gas oil 0.4
33-3
d
™ 105 |stratght run 0,11
e aistillate
Mo 115 iStraight run 0.03
™ aistillate ' '

FRACTIOR EKTRACTRD 5%

A direct teat of ti:ie fraction lics producei 1 beniga papiilona fr. 28 wseks,

MALRIC ANHYDRIDE
TContributicn
X Ylelds of L+ Ring
Praction '
P___ZO ringsi i+ rings Yo Puc
1‘& -
0.2 0,012
(0‘9’ 1.1 0,01
(1.2; 0.4y <0.01
'201) 202 oo,




Date___September 13, 1956

T 2 \?_cr.-v i o L0
[~
From: DR. R. E. ECKARDT i

Possibly you might wish to distribute
this to the members of the MAC.

X

R. E. E.%
REE:cjh
Attach.
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MINUTES OF THE MEETING OF THE SUBCOMMITTEE OF CARCIROGENICITY
Held in the Conrad Hilton Hotel in Chicago
Thursday, September 6, 1956 '

On Thursday, September 6, 1956, the Subcommittee on Carcinogenicity met at the
Conrad Hilton Hotel in Chicago. 1In attendence were the follpwing:

R. E. Eckardt, M. D. - Chairman

C. H. Hine, M. D.

P. Halley - (repregenting E. W. Adams)
E. K. Linfer, M. D.

R. C. Mithoff

M. N. Newquist, M. D.

Representing the Kettering Laboratory were:

J. J. Phair, M. D.
R. A. Kehoe, M. D.
A. W. Horton

Two guests, namely, T. M. Frank, M. D. and Lamsom Blaney, M. D., attended the meeting.
The Kettering Laboratory representatives joined the meeting at approximately 10:00 A. M.

After approval of the report of the Subcammittee to the Medical Advisory Committee at
its April meeting, the meeting was turned over to Dr. Horton. Dr. Horton reviewed the
slides which he intends to use for his talk in Atlantic City before the imerican Chemica
Society. The manuscript for this talk has already been approved by the MAC and the
Medical and Health Committee of the Board.

Dr. Horton then submitted to the group the abstract entitled, "Relationahipa Between
the Camposition and Carcinogenic Properties of Various Reﬁ.nery Streams.” At the regues
of the American Chemical Society, this abstract was prepared for distribution to reporte
et the ACS meeting. The Subcommittee had certain suggestions concerning the abstract
and these will be incorporated in subsequent revigions of the abstract by the Kettering
Laboratory.

Dr. Horton next presented a table of his more recent data which is developing scientific
support for his equation Pp.= M.a(c +C+C It will be remembered that this equatio
has been gqualitatively formulated by the Ketgering Laboratory to express the carcinogen-~
icity of any camplex mixture.

In the formula, Mg represents a multiplication factor which is determined by the
accelerators. C;,Cp and C; represent contributions from the carcinogens in the mixtures
it being supposed that thefe are at least three classes of carcinogens. In the table
submitted by Dr. Horton, the experiments with API NUMBER 89, suggest that at a 100 mg.
dosage the P, is 0.3. This mixture was then chromatographed and separated imto
saturates through alkyl naphthalenes and total polycyclics. Biological testing of the
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of the polycyclics yielded a P__ cf 0.0k. This data suggested that M_ in the above
formula is somevhere between Tmca.nd 8. The polycyclics would resprsen% the C; + C, + C3
in the above equation. Next, Dr. Horton treated API NUMBER 80 with maleic anhydride.

It will be remembered that such treatment yields an adduct with anthracene-type compounds.
It is not believed that two or three ring maleic anhydride adducts are carcinogenic, but
it is believed that the 4+ rings, which react with maleic anhydride, contain the carcino-
gens of & benzanthracene type. Biological testing of this i+ ring material yielded a

Pge of 0.012. Thus, this type of compound comtributes about 1/3 of the carcinogenicity
of the polycyclics. Conceivably, this figure, 0.012, might be taken.to sent C3

in the above equation. C, + 03 would represent the difference between 0.04 and 0.012, and
would represent the contribution of other classes of carcinogens, such as cyclopentano
phenanthrene.

In the case of the API NUMEER 65, the Ppe of 0.11X is probsbly all comtributed to by

the polycyclics and of these, approximately l/k are by the benzanthracene-type compounds
Thus, & thermal tar has little, if any, accelerators and Mg in the above equation would
be one. The rest of the data in the table is incomplete at the present time, but is being
evaluated by Dr. Horton in the above fashion, in an attempt to determine the contribution
of each of these constituents, to the over-all carcinogenicity of the mixture. It is

Dr. Horton's hope that this work will permit a chemical quantitative estimation of the
carcinogenicity of complex mixturesg.

J—\ Following Dr. Horton's presentation the chair was turned over to Dr. Phair, wvho described
vhat they hoped to accomplish with the epidemiouingical data thus far collected. It is
his hope that among the 2,000+ cases thus far collected, they will at least be able to
provide us with some figures on relative frequencies of different types of cancer within
the petroleum industry. Dr. Phair emphasized that he did not believe the epidemiological
vork had been a total failure, since he believes that secondary benefits, such ag making
medical directors think in terms of disease reporting and the collecting of digease
statistics, had been accomplished by the abortive attempt to collect epidemiological
dates It is possible that this attempt within the petrolewm industry was just 10 years
abead of its time,

Subsequent to these discussions, the Subcommittee discussed the presenmt situation cone
cerning milk carton wax which had been precipitated by a recent article in THE KEW YORK
TIMES. It was the general consensus that the following represented a fair estimate of
vhat we should do at the present time.,

1) FNo public statement should be made by the
API at the presenmt time,

2) The Ghairman of the Subcommittee should
distribute to all members of the MAC, a
memorandun sumarizing presently available
information on the carcinogenicity of milk
certon wax. Such distribution will be de-
pendent upon his being able to obtain clearance
from his mansgement.

API 06220
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3) The chairman of the Subcomittee, after
receiving Dr. Hueper's Rome manuscript and
the resolutions of th® Rome symposium, should
write a letter to the Surgeon-General, with
a carbon copy to Dr. Hueper, asking for clar-
ification of the statements which appeared in
THE NEW YORK TIMES. This should be done on
APl letterhead and the tenor of the letter
should be dependent upon the text of Dr. Hueper's
mamiscript and the resolutions adopted in Rome.

The letter will be circulated to the Subcommittee
prior to being forwarded to the Surgeon-General.

L) It was the general consensus that insufficient data
is presently available to permit adequateevalua-
tion of the carcinogenicity of dairy waxes. The
Kettering Laboratory was asked whether they would
be interested in conducting the research necessary
to elarify and establish the status of dairy waxes
in regixd to their carcinogenicity. The Rettering
Laboratory expressed interest in this research
program and promised to prepare definite proposals
for such research with budget estimates as to the
cost for a subsequent meeting of the Subcommittee,
to be held in Chicago on October 20, 1956. Tentatively,
the place of this meeting will be at the Drake Hotel,
providing the chairman of the Subcommittee can obtain
adequate accommodations for a meeting room for the
Subcammittee on that date. At this time, the Kettering
Laboratory will have specific proposals with, more or
less, specific budgetary estimates for the research
necegssary to elarify this situation. In the meantime,
the chairman of the Subcommittee will provide to
Dr. Kehoe, a copy of the memorandum which is tG be
digtributed under item #2 above.

Dr. Kehoe was reminded, jJust before the meeting adjourned, that there would be a meeting
of the Subcomittee about the time of the IMA meeting in April and at this time, he
would be expected to present budgetary figures for the year July 1, 1958 to Junme 30, 1956

-5

R. B. ECKARDT, M. D./cjh
Chairman, Subcammittee on Carcinogenicity
September 10, 1956

Attach. « ABSTRACT KRELATIONSHIPS BETWEEN THE COMPOSITION AND
CARCINOGENIC PROPERTIES OF VARIOUS REFINERY STRERMS.
A. VWesley Horton, et al.
cc - D. V. Stroop
R. A. Kehoe
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ABSTRACT

RELATIONSHIPS BETWEEN THE COMPOSITION AND CARCINOGENIC PROPERTIES
OF VARIOUS REFINERY STREAMS

by
A, Wesley Horton, Russell Tye and Mary Jane Graf
Kettering Laboratory, University of Cincinnati

Various high~boiling mixtures derived from fossil fuels
have the capacity to produce tumors when applied repeated’y upcn
the skin of certain experimental animals for long periods of time,
An extensive program of testing of such materials encountered in

~=etroleum refining operations has been undertaken (at the request
of this industry).

A technique of analysis for benzopyrenes in such oils
has been developed. Application of this method to a wide variety
of olils has shown that knowledge of the concentration of this
cercinogen alone is not sufficient for reliable estimation of tle
carcinogenic potency of a particular oil,

Further research indicated that very important contri-
butions to the potenciee of certain olls are made by classes of
hydrocarbons which are completely non-carcinogenic when separated
end tested by themselves. The eract mechanism of their action in
mixtures with polycyclics such &s venzopyrene is unknown, but their
effect is to shorten the latent period before ths development of

¥ ars,
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Work is also in progress to identify tl» important carcine
ogens of certain active oils which are essentially free of benzo-~
pyrenes, The techniques of chromatography, distillatlon, soclvent
extraction, and the formation of Diels-Alder adducts have been used
to produce relatively simple mixtures, Some biological testing of
these fractions has been made and additional teating is under way,
The approximate composition of these fractions has been determined
by absorption and mass spectrometry, A strong likelihood is indi-
cated that the unknown carcinogens are L-ringed hydrocarbons, but

different in structure from the classical benzanthracenes and

chrysenes,
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FRACTION EXTRACTED BY
MALEIC ANHYDRIDE

CHROMATOGRAL'1:LC CONTRI-
FRACTIONATION BUTION
Saturates OoF
thru Alkyl- Poly- POLY-
API 100 mg. | naphthalenes| ocycliocs cYCLICS
NUMBER|  DESCRIPTION | Pyn (%) (%) TO Pyg
89 FCC Sidestream | 043
89-1
89-2
89-3 19 0,04
89-4 81+
65 |Thermal tar 0.11X
65-1 60 0.12
65-2
120 jStraight run 0.0
distillate ( mg.)
120-1
120-2 33 inc.
33 |Coker gas oil O.l
33-3
33-4 33 inc,
105 |Straight run 0,11
distillate
115 |Straight run 0.03
distillate

f

Contribut

# A direct test of this fraction has produced 1 beniga papilioma fn 28 weeks,

£ Yields of L+ Ring
Fraction |
| 2-3 rings| i+ rings| to Pug
1.64 =
0.2 0.6
(0.9) 1.1 000
(1.2) 0"“‘ <Q£9-]$
(2.1) . 2'2 mc.




Socony Mcbil 0Oil Company, Inc.

150 EAST 42ND STREET NEW YORK 17. N V¥
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Pwblic Bealth Service
Batiomal Instituxtes of Esalth

Dethesda 13, M4,

Swprember 3, 19%

terobielogieal & Mischamical Reoconrsh Osnter

Pr. Erneet Resd, Mrester
Syracwse University
Syracwse 10, Bev York

Dear Doetor Deed:
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m ik i M
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/e/ Y. ¢. Desper

¥, C. Damper, K. §., Ohief
Inviresmsatal Onacer Sectica
Ixtiena) Camesr Instituts

Bruset Doed, Pireetor
Rierobiologieal A Biocehsmienld
Research Center

lepreuber 10, 19%
*orvxréded 1

API 06226

Syracuse Uniwersicy
Syracuae 10, Jew York



~

EssO0 RESEARCH AND ENGINEERING COMPANY
(FORMERLY STANDARD OIL DEVELOPMENT COMPANY)
F. 0. Box 12]. LinpEN, N. J

MEDICAL RESEARCH DIVISION

ROBERT £. ECRARDY. Pi.. .D
DINECTOR

N V. MENDRICKS, CHM K.
MEAD INDUSTRIAL =YGIENIST

HMORACE W. GERARDE. PM.D. M.0O
HNEAD TOXICOLOOIST

BSERTRAND K. SENNISON, M.D
CHIEF CLINICAL RESEARCH PrYSICIAN

AN
September 24, 1956

Mr. D. V. Stroop
American Petrolewn Ingtitute

50 West 50th Btreet
Hev York 20, Nev York

Dear Mr. Stroop:

I em sending you mimutes of the lzst meeting of the Committee on
the Carcinogenic Action of Mineral Oils
Ressarch Council.

!
g
X
;
i
E

Sincerely yours,

R ¢ Sehopuel—

R. E. ECKARDZ, M. D.

EEBscih
Attach, - MEDICAL REEBARCE COUNCIL. Committee on the Carcimogenic
Action of Mineral Oils. MAC.56/727 CAMD, Mim.20 pp. l-3.

- MEDICAL RESEARCH COUNCIL. Committee on the Carcinogenic
Action of Mineral Oils. Data Tadles of Miperal 0il Practions.
MBC.56/T31 CAMD.56/8 pp. 1-2.

Copy Frer D. V. Stoccp Por Informatr.on (7 Members (7
Med.ca. ‘oviocr. ornittee 9.'20/55
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MEDICAL RESEARCH COUNCIL
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71,
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"Unclassifiz3" # 1

Por Svecif:ed Corculniion CAMO,

Yembers of Cormittee }’/’)

3

COMMITTEE ON T CARCINOGENIC ACTION QF MINERAL OILS
DATA TARLES OF MINERAL CIL FRACTIONS

Amgndmanta and additions 'co section 2, of MR

Page K.1 add note to Praction K.h.4 (390-400°C)

All used up. Praction is no longer available,

Page K.3 Freaction K, S, P  delete 25K add 798
add X, Sqb, K SgP
Page K.lp Pootnote £ delete A& D, add e4&d

Page K.5 delete whole page and add page K.5 attached,

Foge K.6 = add new fractions

KX KX2 KX3 KX, Kg
(350-355°%C) (355-3609C) (360-365°C) (365-370%C) (370-375°C)
Kxs X7 K

(375-380%) (380-385%) (385-390°C)
Page L,2 add 7 to each fraction, except 14,89
Page L.3 add (to all aromatics) 7
TN 34
add L4804, 1ySoP

Page 0.2 delete "Steadman Still" add  "Stodman Still"

| Page 0.3 add O,SF. 0,Sgh, C,SgP

NCTE:- FPractions Ly,SP and 0,SP correspond to the K,SP fraction, that is to suy
that they ere prepared by making & blend from equal volumes of the
fractions L;S}P ------ 14SEP {end 0,S3P =-=-- - 0,S8P). They were rade in
order to test the baologicel activaty of the ‘non-aramatic’' pcrticn of the

0il after acetore trccoent.

API 06228
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P. k.3
Purther Separation of Atomatic Practions

K,Sghor, K, Spar, Klﬁ?ibl‘- K\Splar, K,S8Abr

Each of the above fructions chramtographed on Alumina, ylelding in each case

Petrol.Ether Eluate

Benzene Eluate

' Methanol Eluate
Corresponding Eluntes from all fimcetinns combined to give btnlked sampic:
!
| i
tPet . Cther' ‘Benzene’ "fethano) ¢
! 3 H
K1 S6-8Ari K, Sg-pAria

K,Sg.gAriii '

Each tulked sample dist':illed on the 'Spim.ing Band Colum’, and equal volume fractions taker,

Loy | | 4 | :
X, Sg-gAriv K1, Sg-aAriiX K,S6-8Amiix
1 b 3
Ki,S6-BATAN K, S6-pArs iy K)S¢_gAriisy
X, S¢_garix*

xhss_au-uzz (Residue) Khss_glu-lii!: (Residue)

K&Ss_el\rift

K ,‘ss_auiz‘ (Residue)
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COMITTTEE ON THE CARCINOGENIC ACTION OF MINERAL OTLS

Mimtes of the twentieth meeting held at 38 0ld Queen Street,
London, S.¥.1, on Tuesday, 3rd July, 1956 at 2.15 p.m.

MEDICAL Present: Professor T, Ferguson (Chaiyman), Col. S5.J.M. Auld,
resEARCH  Dr, J.W. Cook, Professor H.N, Green, Dr. 1. Hieger, Dr, J.0. Irwin,
pIvISIO Professer F. Mcrton, Professor R.D. Passey, Professor J.R. Squire,

e Dr. D.L, Woodhouse, with Dr, R.C. Norton (8ecretary).

(1)

NVH Attended: Dr. Philip J. King, and Dr. W, Carruthers.

WG

= 1, JMinmutes

rwe

ARJ The Minutes of the ninesteenth meeting were approved and signed.

JoY

— T 2 |Jatters arising from the Minutes

- New Rapid Screening Tests for Possible Carcincgens

Lc™

o Professor Squire said that he had written to Dr. W.B. Smith
— e (Minute 158 (ii)), but that he had not yet received a reply.

SEP 17 <988 3« Progress Reports
(a) by Dr, W, Carruthers and Dr. J.%. Cook (MRC.56 CAND, 56/

Dr. Carruthers drew attention to the high percventage of sulphur
compounds present in tne oil, most of those isclated being didensthiophen
derivatives. He was, however, disappointed that it had not been possiblc
to isolate many of them ir a pure state and then only in small amount.

Dr. Cook drew attention to the pudblication by Dr. Carruthers of
papers describing the icolation of certain of the compounds:
"):8-Dimethyldibenrothisphen in & Kuwait incral 0il FPraction®.
¥, Carruthers, Nature, 1355, 175, 790.

"The Constituents of High-boiling Petroleum Distillates. Part III.
Arthrecene Homelogues in a Kuwnit 041", W, Carruthers,

J. Chem. Soc., 1955, 603.

"Triterpencids, Part XXI. A Triterpencid Lactone from Petroleum”.
D.H.R. Barton, W. Carruthers end K.E, Overton, J.Chem,Soc,,1956, 788.

Dr, Carruthers pointed out two errors in the formulae on page 3 of
his and Dr. Ccok's paper:-

Pormule (1) should read as follows:

i3]
and formula (II) as follows: (Hy/
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He also pocinted out that in the table on page 2 of his repcrt
(Chramatzcraphac Separation of Picrete-forming Practions from Kuweit
0il), the figure in the last column opposite KiSgb should be 17.5 and
not 175,

(v) Dy Professor F. Morton (CAMO 56/7)

Referring to table 1 in his report, Professor Morton said that the
fractionation of eluates supplied by Dr. Carruthers had been dis-
sppointing. The work had had to be undertaken hurriedly and, at that
time, they were inexperienced in the necessary technique. The first
fow distillations had therefore dbecn inefficient, The ultimate picrate-
forming fraoctions, although the distillation curve had dbeen good, were
also disappointing in that there had been no marked separation into
chemical types. He #hought that o more efficient method of fracticnation
would have to be found than any which had been used to date. FPor the
distillation of the highest fractions it might be necessary to purchase
& molecular still., He thought, howover, that this molecular still would
not be needed until the large scale picrate separations had been campleted.

He pointed out that the tables from page 1L onwards in his report
brought Dr, Woodhouse's data tables (L3 and 03) up to date.

Professor Morton referred to the aguouches which he had been making
to the Dyestuffs Division of Imperial Chemical Industries at Blackley, to
see whetner they could undertake in their pilot plant the large scale
separation of compounds using picric acid. Thc Committee approved of
these approaches, and agreed that Profiessor Morton should discuss details
of the whole work with I.C.I, representatives on a confidential bdasis.

The Committee also Roted that Professor Morton intended to publish
the campleted analytical data on the X, L and 0 oils.

Dr. Irwin said that a point of greet significance emerging from this
report was the failure to recover the original carcinogenic activity in
the sub-fractions tested during 1955. The sub-fraction results showed
that at least 50 per cent of the activity originally present scemed to
have disappeared. Posaiblo causes for this loss of activity were
discussed. These included consideration of whether there had been a
loss of promoters, €.g., by crystallisation with picric acid. It was
suggested that 2t might, as & check, be diairable to re-blend the separated
materiols and then tcst the resulting mixtures to soe if the original level
of carcincgenic activity had been reccverca. Profeascr Morton thought it
unlikely that there had been any significant loss or chemical changs during
the processcs of fracticnation,

Profcsscr Passcy suggested that the carcinogens might in fact still
bo prusent, but that thcir concentration had fallen below the level of
biclogical activity, Hc referred to tho work on tobacco, and pointed out
that, although benzpyrene had been isolated from all the tobacco tars, no
tumours had yct been produced in this country with any of these tors.

Professor Squire mentioned the possibility that tharc might be aome
arithmetical fallacy connected with the dilution of the fractions with
liquid paraffin. This, however, was gencrally felt to be unlikely,

Tho Committee agrecd that the reasons for this loss of activity
requircd the most carcful consideration.

-2 -
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F-furrun. €0 cuiir egpects of Ure Woolhouwl's roport, Lr. lrarn
szid trat tne rsust. with racce were gimilar to thcse obtawnea in
previous year: and had noct shown iy diacrimination between fructi.r..

He therefore gucried the desirability of continuing these experiments

in future year:. Dr, Cock aaid that cven if there were to be no more
experiments with micu using the K franctions, he felt that the experiments
should, ncvertheless, be continued with those from the L and 0 oils.

Dr. Woodhousc said that re would like to continue thc mice experiments
with all the ocils, and the Carmittec agreed in principle that this should
be done,

(d) Data tnbles in minerel ci, frections, submitted by Dr. D.L. Woodhouse -
Section 2 of MRC,56/5L2, CAMO, 56/

Dr. King pointed out samc errors in ticsc tables and he agrecd, in
conjuncticn with Dr, Woodhouse, to submit amendments for circulatiar.

(e) Experiments with mice at Leeds, {(MRC.56/5L9, CAMO,56/6)

Dr. Irwin said that thc results cbtained agreed well with thosc
obtained at Birmmingham,

4. Puture plans

(a) Chemical - It was pointed cut that activities would, for the timc
bteing, have to ve to same extent limited due to the moves of
Professor Morton and Dr. Carruthers to Manchester and Exvter
respectively,

i It was thought desireble that the sepammtions, which had so far
boen perfarmed by Dr. Carruthers on a small scale, ahould now be
repoated on a larger scale and thrat this picratc separation should
then be followed by chromatography of the p and r fractions, instead
of by their frecticnal distillation.

(v) Biological - (i) Birmingham - It was suggested that the work at
Birmingham should cantinue to be on tho K serice. The Committce
that Profeasor Squire, Professar Morton and Dr. Woodhouse

chould meet early in September to discuss detailed srrangementa.

(11) Leeds - It was agreed that the next series of tests
ot Leeds should be on the K,Sg series and the equivalent L and 0
fractions, making 6 fracticns an all. Ip cddition to theee
Dr. Carruthers ugreed to provide a further 12 frections from the
picrate seres.

Profeascer Green suggestod that now his facilitics were being
increased, he might uncertake a series of pilot experiments, in
addition to the large scale work, in the hope of piaking out quiaikly
further fractions of high carcinogeric activity, Dr. Irwmn said
that he would look intc the possibility of evolving & more flexibie
design for testing about 5 fractions, using about 10 rebbits for
each.

5. HN.xt meeting

It was sarceq that the next meeting should bc held about thne rirst
week in December,

\n
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COOITTEE ON THE CARCINOGENIC ACTION OF MINERAL OIIS
DATA TARLES OF IINERAL OIL FRACTIONS
Page K.1 add note to Fraction K.h.h (390-100°C)
All used up. Fraction is no longer available,
Page K.3 Fraction K, S,P  delete 298 add 79
add K,Soh, K,SoP
Page K.4, Footnote £ delete A&D, add a&bd
Page K.5 delete whole page and add page K.5 attached.
—~ :
Fage K.6 add new fractions
KXy KX2 KX3 KX, K35
(350-355°%C) (355-3609C) (360-365°C) (365-370°C) (370-375%C)

KXg KX9 KXg
(375-380°%C) (380-385°C) (385-390°C)

Page L.2 288 7  to each fraction, except LyS9

Page 1.3 add (to all aromatics) 7
sy’
add LySgA, LySgP

Page 0.2  delete "Steadman Still" add "Stedman Still"

Page C.3 add O,SP. 0O4S¢h, O4SgP

NOTE:~ Practicus L,SP and 04SP correspond to tne F SP fraction, that is to say
that they ere prepared by making a blend from egqual volumes of tne
fractions 1,S1P =~----- LuS8P (ané £8P ----- - C.SgP)., They were rade ir
order to test the tiolcomcal activaty cf the 'nen-aroratic!' periicon of tne
ozl after acetone trezTrert,
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= ther §qparation of Atomatic Fractions

K,Sehpr, K,SyAwr, K,S7Apr, KpSghar, K,Sghpr

Each of the above fractions chromatographed on Alumina, yielding in each case

P

-
Petrol .Ethes Eluate Benzene Eluate Methanol Eluate

Corresponding Eluates from all fractions combined to give bulked samples

| l

'Pet.Cther! 'Benzene’ "Methanol!

1 ¥
K1,36-8Ari K;Sg_gArii K,Sg-gAriii

1 | l

Each bulked sample dist':illed on the 'Spinning Band Colurm', and equal volume fractions taken

Vg | |

1 +
K;,S6-BATLV Ky, S6_gAriiX %), Sg_pAriiax’
3 . H
K, S6-BATiN Ky, S-pAriiY K;,Sg_gAriiir
H 1 ¥
K}, Sg.ghriX K,Sg-ghriiz” (Residue)  K,Sg_gAriiiz

(Residue)
H
K1, Sg-ghriY

KhSG_BAI'iZI (Residue) -
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COMMTITTEE ON THE CARCINOGENIC ACTION OF MINERAL OILS
Minutes of the twentieth meeting held at 38 014 Queen Street,
London, S,W.1, on Tuesday, 3rd July, 1956 at 2.15 p.m.
1CAL Present: Professor T, Ferguson (Chairman), Col. S.J.M. Auld,
arcH  Dr. J.W. Cock, Professor H.N, Green, Dr. I, Hieger, Dr. J.0, Irwin,
810! - Professor F, Morton, Professor R.D. Passey, Professor J.R, Squire,
Dr. D.L. Woodhouse, with Dr. R.C. Norton (Secretary).
Attended: Dr. Philip J. King, and Dr. W, Carruthers.
l, Minutes
The Mimutes of the nineteenth meeting were approved and signed.
[: 2, Matters arising from the Minutes
r New Rapid Screening Tests for Possible Carcinogens
— Professor Squire said that he had written to Dr. W.E. Smith
f ___ (Minute 158 (3i)), but that he had not yet received a reply.
}“ - 5. Progress Reports
(a) by Dr. W. Carruthers and Dr. J.W. Cook (MRC.56/543, CAMO,56/.)
/"\

Dr. Carruthers drew attention to the high percentage of sulphur
compounds present in the oil, most of those -solated being dibenzthiophen
derivatives, He was, however, disappointed that it had not been possible
to isolate many of them in a pure state and then only in amall amount,

Dr. Coock drew attention to the publication by Dr. Carruthers of
describing the isolation of certain of the compounds:

*1:8-Dimethyldibenzothiophen in a Kuwait Mineral 0il Praction®,
W. Carruthers, Nature, 1355, 176, 790.
"The Constituents of High-boiling Petroleum Distillates. Part III.
Arnthrecene Homologues in a Kuwait 0il", W, Carruthers,
J. Chem, Soc., 1956, €03.
"Triterpenoids, Part XXI. A Triterpenocid Lactone frar Petroleum".
D.H.R. Barton, W. Carruthers and K.H, Overton, J,Chem,Soc.,1956, 788.

Dr, Carruthers pointed out two errors in the formulae on page 3 of
his and Dr. Cook's paper:=

Formmala (I) should read as follows:

CRz St
and formula (II) as follows: GHy/  \ 74 \>cﬁ5

-1 -
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Ue alsc pcinted out that in the table On page 2 of his repcrs
(Chramatosrarhsc Separaticn cf F:ocrate-forming Fractions fri- Xuwait
0i1), the figure in the last cciumn opposite K,S£b shouid be 17,5 and
not 175.

(b) by Prefesscr F. Yorton (CAMO_56/7)

Referring to table 1 in his report, Professor Morton said that the
fractionation of eluatea supplied by Dr. Carruthers had been dis-
appointing. The work had had to be undertaken hurriedly and, at that
time, they were inexperienced in the necessary technique. The first
few distillations had therefore been inefficient, The ultimate picrate-
forming fractions, although the distillation curve had been good, were
also disappointing in that there had been no marked separation into
chemical types. He #tought that a more efficient method of fractionation
would have to be found than any which had been used to date. For the
distillation of the highest fractions it might be necessary to purchase
& molecular still, He thought, however, that this molecular still would
not be needed until the large scale picrate separations had been camplete

He pointed out that the tables from page 1, cnwards in his report
brought Dr. Woodhouse's data tables (L3 and 03) up to date,

Professor Morton referred to the sggeoaches which he had been making
to the Dyestuffs Division of Imperial Chemical Industries at Blackley, to
see whether they could undertake in their pilot plant the large scale .
separation of compounds using pieric acid. The Committee approved of
these approaches, and agreed that Professor Morton should discuss details
of the whole work with I.C.I, representatives on a confidential basis.

The Committee also Roted that Professor Morton intended to publish
the campleted analytical data on the K, L and 0 oils.

(e)

Dr, Irwin said that a point of great significance emerging from this
report was the failure to recover the original carcinogenic activity in
the sub-fractions tested during 1955. The sub~fraction results showed
that at least 50 per cent of the activity originally present seemed to
have disappeared. Possible causes for this loss of activity were
discussed. These included consideration of whether there had been a
less of promoters, e.g., by crystallisation with picric acid. It was
suggested that it might, as a check, be disirable to re-blend the separat
materials and then test the resulting mixtures to see if the original 1
of carcinogenic activity had been recovered. Professor Morton thought it
unlikely that there had been any significant loss or chemical change
the processes of fractionation.

Professor Passey suggested that the carcinogens might in fact still
be present, but that their concentration had fallen below the level of
biological activity, Hc referred to the work on tobacco, and pointed out
that, although benzpyrene had been isclated from all the tobacco tars, no
tumours had yet been produced ip this country with any of these tars.

Professor Squire mentioned the possibility that therc might be some
arithmetical fallacy connected with the dilution of the fractions with
liquid paraffin. This, however, was generally felt to be unlikely.

The Committee agreed-that the reasons for this loss of activit
required the most careful consideration.

-2 -
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raferrornz to cther aspects cof 2r, Wecihsuui's ropert, Dr. Irsin

s2id that tne results with mice were similar teo tit.c obtained in

rreviclus years and had nct shewm eany diz-sizinzticr hetrecn fractions.

te therefore jueried the desirz:ility of :on thes: experiments

ir futurs years. Dr. Cook said that cven ir' tner: were to be no rcre

exzerzments with mice using the X fractions, he fcit t--t the experiments

should, ncvertheless, be continued with those from the L and 0 oils.

Dr. Wcodhousc said that he would like to centinue the mice experiments

2th ail the oils, and the Carmitiee ggreed in rrinciple that this should

be done,

(d) Tzte tables in mineral oil fractions, submittcd by Dr. D.L. Woodhouse -

(Section 2 of ¥RC.56/5.2, CAZ.5673)

Dr. King pointed out some errors in these tables and he agreed, in
conjunction with Dr. Woodhouse, to submit amendments for circulatiom.

(e) Experiments with mice at leeds, (MRC.56/5L9, CAMO,56/6)

Dr. Irwin said that the results obtained agreed well with those
cbtained at Birmingham,

4. Future plans

] {a) Chemical - It was pointed out that activities would, for the time
l being, have to be to some extent limited due to the moves of

Professor Morton and Dr. Carruthers to Manchester and Exeter
respectively,

It was thought desirable that the separstions, which had so far
‘ been performed by Dr. Carruthers on a small scale, should now be

| repeated on a larger scale and that this picrate separation should
then be followed by chrumatography of the p and r fractions, instead
of by their fractional distillation.

l,”‘\ (b) Biclogical - (i) Birminghem - It was suggested that the work at
Birmingham should continue to be on thc K series. The Committee

l agreed that Professor Squire, Professor Morton and Dr. Woodhouse

chould meet early in September to discuss detailed arrangements.

(ii) Leeds - It was agreed that the next series of tests
at Leeds should be on the K;Sg series and the equivalent L and 0
fractions, making 6 fractions in all. In cddition to these
Dr, Carruthers agreed to provide a further 12 fractions from the
picrate series.

Professor Green suggested that now his facilities were being
increased, he might undertake a series of pilot experiments, in
addition to the large scale work, in the hope of picking out quickly
further fractions of high carcinogenic activity. Dr, Irwin said
that he would look into the possibility of evolving a more flexible
de:l:';gx for testing about 5 fractions, using abcut 10 rabbits for
each,

5. Next meeting

It was agrced that the next meeting should be held about the first
week in December.

M P A N
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DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE

FOOD AND DRUG ADMINISTRATION
WASHTHGTON 25, D. C.

September 20, 1956

Mr. Homer N. Calver

Secretary, Public Health
Cormmittee of the

Paper Cup and Container Institute

Two-Fifty Park Avenue

New York 17, New York

Dear Mr. Calver:

Reference is made to your letter of September 12, 1955 reques*ing
my comments on news reports of the recent Rome meeting of the Int.2rpational
Union Against Cancer. You particularly ask if there is evidence that
carcinogens are involved in food additives used in this country as some of

the news items apparently imply.

We have seen some news items and we have had a number of iajuiries
about these reports. We agree that some of the chemicals mentionad are
unsuitable for food use, although we are not certain that the evidence as
to carcinogenicity is complete. However, we are not aware of evidence
that any of the food wrappers or containers, chemical additives, or food
colors in use in this country are, in the manner used, carcinogenic. If
such evidence were available, of course, we would take appropriate action
against such use under the Food, Drug, and Cosmetic Act.

We do believe that a potential public health problem does exist as
a result of the production of vast numbers of new chemicals in recent years,
many of which have been proposed for uses that would, either deliberately
or inadvertently, add them to food products. Sufficient information
regarding the chemistry and possible toxiecity of many of these new chemicals
is not available. In the absence of evidence of toxicity or harmfulness
ve would not be able under the present law to prevent the use of these
new additives. It has been our view that provision should be made in the
law to require that a chemical by appropriate tests be proved innocuous
before it may be employed as a food additive. You may know that the
Congress has had under consideration a number of proposed amendments to the
Act which, in line with the report of the House Select Committee to
Investigate the Use of Chemicals in Foods and Coszetics (Report 2356, 824
Congress, June 30, 1952), would provide a legal basis and procedure for
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Mr. Homer N. Calver

requiring proof of safety before additives could be used as ingredients
of food products.

I am not sure just when a report of the Rome meeting will be
available. Committees were appointed to prepare reports on the various
matters, which will be circulated among participants before they are

prepared for release. I am enclosing a copy of the paper which I
submitted at this meeting. I think it indicates ocur views with respect
to the problem of food additives.

I believe that same of the items in the newspaper reports that you
‘mentioned were based upon Dr. Hueper's paper. You perhaps have made
inquiry of him as to the information which he presented at these meetings.

Sincerely yours,

i A. J. Lelman, M.D.
| Chief, Division of Paarmacology
" Bureau of Biological and Physical Sciences

Enclosure
Problems of Food
Safety

API 06239
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Presented in Rome, Italy,

at Meeting of Natl. Comm.

on the International Union

Against Cancer, Aug. 10-15, '56

Problens of Food Safety
by
A. J. Lehman and A. A. Nelson
Division of Pharmacology, Food and Drug Administration
Department of Health, Education, and Welfare, Washington, D.C.

The safety of food has been of concern to man from the very earliest
time. Trial and error must have played a large part in estimating hazards.
No doubt fatal errors must have taught which foods could be eaten without
harm. It is also safe to say that the problems of food safety in these
early times dealt with acute poisonings. Food safety problems of modern
civilization rerely concern those substances, natural or otherwise, thsat
result in immediate harm. On the contrary, it is the insidious hazards
of chronic toxicity that are associated with the problems of today.

The current problems of food safety fall into three general groups.

1. Food production. In this category is & long and lengthening series
of chemical substances which include insecticides, fungicides, herbicides,
plant growth regulators, insect repellents, defoliants, animal growth
stimilants, crop protectants, and fumigants.

2. Food processing. In processing, foods may receive preservatives
such as antioxidants and aptimycotics, bleaches, colors, flavors,
deodorizing trestment, humectants, drying agents, thickening agents,
sequestering agents, sweetening agents, stabilizers, emulsifiers,
neutralizers, acidifiers, anticaking and antifoaming agents. These and
other agents may influence practically every property of natural food.

In addition one must also recognize the possibility of inadvertemtly
introducing still other sybstances such as cleaning and sanitizing agents,

leachings from the surface of processing equipment, and even lubricants.
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An excellent example of the latter is the x-disease or hyperkeratosis of
cattle caused by chlorinated naphthalenes getting into pelleted food via
lubricants.

3. Food packaging. The finished food is commonly distributed in
packaging materials which contain synthetic resins, plasticizers,
stabilizers, pigments, and other components, all of which may contribute
additives to the food.

Food Production and the Pharmacological Problems of

Crop-Protecting Chemicals

There is no question about the necessity for pesticides in the
production of food crops and even in some instances in the protection of
the stored crops after harvest. By and large, these chemicals are poisonous
and in their use there is apt to be & residue on the treated crop. Our
major pharmacological problem, however, is not to determine whether or not
the pesticide can cause death, but rather the appraisal of the hazards
associated with the continued use of agricultural products treated with
normal amounts of the pesticide.

The accepted experimental procedure for the evaluation of the safety
of a pesticide is coaducted on the basis of determining =t effects may
be produced by lifelong feeding studies in a short-lived animal. This
procedure has been comprehensively described in an article entitled
Procedures for the Appraisal of the Toxicity of Chemicals in Foods, Drugs.
and Cosmetics prepared by members of the Division of Pharmacology of the
Food and Drug Administration, and published in the Food Drug Cosmetic Law

Journal for October 1955.
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This procedure employs carefully selected animals kept in a uniform
euvironment and whose only challenge is the pesticide under study. The
normal order of affairs for the human are not homogeneity, uniform
environment, or confrontation with but a single challenge. For this reason
it would be desirable to supplement the accepted experimental procedure
with groups c¢I tests representing animals under stress. However, this is
not entirely feesible because of the number of stress conditions that could
be introduced and the number of animals involved in the tests would
rapidly outstrip laboratory facilities.

A supplementary approach which we have employed consists of
determining what proportion of an administered test dose that is absorbed,
what proportion is destroyed or modified by metabolism, and what proportion
is stored in the tissues. We also vary this technigue by putting a streses
on the dynamic equilibrium established by the experiment just mentioned.
This consists of determining the level of intake at which the pesticide or
its metabolite produces a deviation from the normal pattern of absorption,
metabolism, and storage.

The problem of the carcinogenetic activity of pesticides also is
carefully considered. Probably more is read into this aspect than is
varranted. Nevertheless, pesticides with structural relationships to
known carcinogens, and those that cause definite morphological alterations,
are especially scrutinized. Pesticides that are stored like wise are
considered possible carcinogens and investigated accordingly. Chronic
exposure to the test substance becoﬁes most important. A few of the many

reference points which bhave been of considerable value in evaluating
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carcinogenicity are (1) the disappearanee point, i.e., the highest dosage
level in a chronic feeding study at which tumor formation canmot be
observed on histopathological examination; (2) the point at which mortality
is affected by the test substance, i.e., the lowest dosage level which
influences the mortality of the animals under test; and (3) the fifty
per cent point, i.e., the dietary level of the pesticide at which
approximately half of the animals show tumor formation. These reference
points for DDT are: (1) disappearance point, 300 ppm dietary level;

(2) effect on mortality, 500 ppm; and (3) the fifty per cent point,
undetermined because the dosage level which is apparently necessary to
produce this effect cannot be tolerated by the animals syl death results
before tumors are induced. DDT is not classed as a carcinogen because
even at the dietary level at which tumor formation was reported there
wvas cnly a minimal and late tendency in the formation of hepatic cell
tumors. The tumors themselves were benign rather than malignant on
histological examination. The relative case of rat liver tumor formatiom,
the relative scarcity of buman primary liver tumors, and the whole
problem of translating animal data into human terms, must of course be
concidered. As of the present writing we feel that no pesticide used in
agricultural practice in the United States has shown carcinogenetic
tendencies in animals such that the residues ingested by man would be a
danger. Only one (Aramite, a chlorinated miticide) has produced tumors
with any facility, and a residue of 1 ppm i8 being allowed while more

extensive studies of its carcinogenic potency are being conducted.
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Food Processing and Intentional _Chemica.l Additives

As already mentioned chemical additives are added as retainers,
modifiers, and inhibitors of practically every property natural food
may exhibit. In the United States we proceed on the premise that no
citizen is expendable within the meaning of the Federal Food, Drug and
Cosmetic Act. The pharmacological techniques and procedures which we
follow to evaluate the safety of a food additive are essentially the same
as those applied to pesticides. Those of us who are responsible for
safeguarding the food supply do not indulge in the educated guess or the
calculated risk. Decisions regarding the safety of a proposed food
additive involve many copsiderations including carefully designed
experimental studies and a critical analysis and interpretation of the
data. A given usage is considered safe only if the maximum safe dose in
long-term animal feeding studies is at least 100 times the amount that
may occur in the total buman diet. Among the reasons for such a high
factor is the generally greater resistance of animals versus man to
toxicants. All of the additives presently used in the United States
vhich bave been informally cleared with us have met this criterion. In
general if a proposed additive meets the basic principles as defined by
the Food Protection Committee of the National Research Council, its
safety can be considered as being established to a reasonable degree.

The possible carcinogenicity of food additives bas also been the
subject of critical scrutiny. At this point it may be informative to
sketch briefly the reasons why an effective preservative and antioxidant,

thiourea, is not permitted in foods. If we apply the same reference
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points mentioned in connection with DDT the following facts are revealed.
The disappearance point at which the continuous ingestion of thioures

in the diet of rats does not cause tumor formation is about SO parts per
million. Mortality is afiected at 1500-2000 ppm. The fifty per cent
point, or the level of feeding at which approximately balf of the exposed
animals develop tumor, is between 100 and 500 ppm. These latter values
approach the use level of thiourea as a direct additive to foods. Other
uses which have been propos;d are far in excess of the 100-500 ppm
concentration. A concentration of 2 to 44 was proposed in a dip for
oranges.

In this comnection the use of thiourea as a component of house-
hold silver polishes may be questioned. This is permitted in the United
States. Man is less sensitive to the acute effects of thiourea than to
the chronic ones. Furthermore, both thiourea and the salt of the silver
complex formed during the polishing procedure are water soluble. Thus,
the occasional use of the polish followed by rinsing should not contribute
a significant residue to food which cames in contact with the treated
silver.

There has been much speculation and uninformed opinion regarding
the safety of food colors. The only food colors we are concerned with are

the 19 certifiable FD&C colors. None of these has yet shown evidence of

carcinogenicity in man or in feeding tests with experimental animals. Scme,

particularly in the triphenylmethane class, have produced fibrosarcomas
at the site of repeated subcutaneous injection in rats. This site, known

to be a sensitive one, and only recently coming into common use in
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carcinogeniecity testing, is of course an abnormal one as far as food
colors in the diet are concerned. However, it is a warning against the
use of these colors in parenteral drugs, as has been proposed. To the
extent that time and limited facilities permit, the Division of
Pharmacology is engaged in more detailed animal toxicity studies with
these colors than has heretofore been done.
Three colors. FD&C QOrange No. 1, FD&C Orange No. 2, and FD&C
Red No. 32, have been withdrawn for food and drug use in the United States.
This action has not been based upon carcinogenicity but upon toxicological
evidence which showed that these dyes could no longer be classed as harmless,
Substances which have been found to be carcinogenic in recent
years and which, for that and other reasons, the Food and Drug Administration
has not permitted in foods include dulcin, a synthetic sweetener, and
selenium compounds as insecticides,
Emlsifiers presently used in foods in the United States are not
carcinogenic by any of the criteria that have been applied. One property
of emulsifiers, their surfactant effect, was the cause of some concern.
However, the Food Protection Committee of the National Research Council
has reviewed the literature on the subject and bhas stated that the
surface acting effect of emlsifiers and wetting agents is no measure of
their toxicity. This means that each compound must be individually investi-
gated for toxicity with the surfactant effect only an icidental property
which need not be considered in its safety evaluation. Based upon this a
broader use 0f emulsifiers may be permissible in foods than heretofore.

The Food Protection Committee's statement also has & bearing on
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the use of surfactants as detergents and sanitizers for food processing
equipﬂent. If harmlessness of these compounds can be established by

the accepted procedures, contamination of food by equipment cleaned

wifh these agents becomes less of a hazard than in our previous estimates.
A problem which appears to be confused in the minds of some is the use

of "polyphosphates' as detergents. In our opinion the linear phosphates,
sodium hexametﬁ.phosphate for example, are harmless substances and present
no hazard when employed for cleaning purposes. Until proven otherwise

we are of the opinion that cyclic phosphates are deleterious substances
and their use where food contamination may result would not be permitted.

Chelating agents are another class of compounds which may find
greater application in the food field. Since a chelating agent chelates
different metals in different degrees, this property must be taken into
account in its final evaluation of safety. One of these, phytic acid
and its calcium salt, is well on its way toward being established as
acceptable for a number, of food applications. The familiar ethylene
diamine tetraacetic acid, EDTA, has not yet been established as safe
for use in foods.

Flavoring agents have not received a3z much attention as other
food additives. Some two years ago & survey was made to determine the
approximate mmber of flavoring agents in more or less common use.

A list of about 250 flavor chemicals was assembled and classified into
five chemical groups. In order to proceed in some orderly fashion in
the investigation of these aromatics, a primary list representing about

10 compounds for each of the classifications was prépared and several
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candidates were chosen from each classification for study. Before these
studies were undertaken our Division of Food undertook to characterize
chemically each of the flavors, since a reasonable degree of purity

has to be established before the flavor was considered acceptable for
inclusion in our program. The five classifications are ethers, esters,
phenols, aldehydes, and alcohols. The general plan has been to feed
these compounds at levels of 1%, 0.25%, and 0.1% in the diet of weanling
rats for three months. Our present thinking is that any flavor compound
showing no effects at the 1% level may be considered safe for use in foods.
A compound showing an effect at 0.25% is considered suspicious, and one
producing toxicity at 0.1% would be classed as too toxic for use. None
of the flavors tested so far has shown toxicity of sufficient degree to
warrant advising against their use in foods.

As final statement for this part of the discussion it can be
said that no intentional food additive presently used in the United
States is carcinogenic by the route normally used. Although the
pharmacological evidence is not always as complete as it should be to
meet all food-safety uncertainties, we see no reason for coancern with
present usage.

Food Packaging

The contamination of foods with harmful substances whether by
direct addition or by indirect addition during processing or fram contact
with the packaging material is of concern to the Food and Drug

Administration. The functions of a package are many and varied. Protection

of the food to the point of purchase, protection after the product
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reaches the ultimate consumer; prevention of dehydration; retention of
flavors and aromas; grease proofing; provision for wet-stremgth of paper
wraps; retardation of rancidity are but a few such functions. To achieve
these desired objectives requires the use of synthetic resins, plasticizers,
stabilizers, dryers, special coatings, antoxidants, toc mention a few.

The principal problem involved is whether or not any component of the
finished wraps is transferred from the wrapper to the food in contact
with the packaging material. As a rule resins are so insoluble as to
pose no proble The other ingredients are usually leachable to varying
degrees and must be determined. Extractability tests can be conducted
using the foods to be packaged, or simpler food type solvents can de
substituted. At present approximately 17 resins, 11 plasticizers, 22
stabilizers, 6 release agents, 3 antioxidants, 5 pigments, 4 antimycotics,
and 8 lubricants have been established as acceptable for use in food
wraps, either by extractability studies, or adequate pharmacological

investigations to prove safety, or by both.

General Consideration of Carcinogens in Foods

The introduction of a carcinogen into foods has been the subject
of much discussion. If a carcinogen is defined as a substance vwhich will
produce & peoplasm in experimental animals regardless of the degree of
response, the route of administration, the dosage required, or the time
involved, then same chemicals presently used in foods would conform with
this definition. We do not believe that & carcinogen is properly so
defined. 1If a chemical is to be administered only by the oral route,

the fact that a tumor may be produced by subcutaneous injection would
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got rule out its use where oral ingestion only is the mode of entry
into the body. In our evaluation of the chronic toxicity, the number
of tumors encountered as well as the time and amount of material needed
to cause them are considered carefully. Only when the results indicate
a significant increase of tumors in animals fed test diets over those
fed the control diet is carcinogenicity suspected. Even under these
circumstances it cannot be assumed that a chemical which ipduced tumors
in one species of animal by one route will also produce tumors by other
routes in this same species or will necessarily be tumorigenic for
other animal species. Accordingly, positive results can be taken as
creating a suspicion that the chemical under study may be carcinogenic

for man, but do not prove it to be so.

API 06250



s
’ -
! —~ ~ D -

~ -
i

~ MEMORANDUM ON A MEANS OF APPRAISING THE POTENTIAL CANCEROGENIC
HAZARD OF THE USE OF PETROLEUM WAXES UNDER CONDITIONS THAT MAY
RESULT IN THEIR INTRODUCTICN INTO HUMAN FOOD AND BEVERAGES

The question of the safety of the use of refined
waxes on food containers was apparently raised in Rome this
past summer. According to Dr., Arnold Lehman of the F.D.A.,
the potential problem was not discussed by Dr. Hueper in his
formal paper. (It has since been referred to briefly, among
many other sourées of contamination of food, in an article in
the Saturday Review of literature.) At the same time, the
reports in the popular press are sufficient evidence that the
subject was discussed informally by some members of the conference.
In any event, it seems highly probable that the question will
o~ have to be answered eventually by the acquisition and publica-
tion of convincing experimental evidence.

on October L, the following persons participated in
an informal discussion of a suitable approach to the problems:
Drs. Lehman, Nelson and Voss of the Food and Drugs Administra-
tion and Drs. Kehoe and Horton of the Kettering Laboratory.
There was unanimous agreement that the somewhat conventional
experiment of feeding test materials to rats over a period of
two years 1s not particularly applicable. It was further
agreed that the experimental approach to the testing of
materials in terms of the responses of animals, must be or,
at least, should be controlled in a positive answer by some
experimental procedure in which a known carcinogenic hydro-
carbon will produce maligrant tumors of relevant type and
lccation. In keeping with the sense of the foregoing dlscussion,

and following careful consideration of the entire problem, we
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selected materials by introducing them into the forestomach
and small intestine of mice (see publications of Lorenz and
Stewart of National Cancer Institute) after choosing a suitable
solvent for the appropriate exrerimental material or fraction
thereof. The use of positive controls, exposed in corres-
ponding manner to methylcholanthrene in the same solvent, and
negative controls, comparably exposed to the solvent alone,
would form a necessary part of such a program. (Dr. Lehman
and his associates indicated that they would be in substantial
agreement with this approach. Dr. Lehman suggested further
that, since the methods for developing cancer of the skin

from 1iquid solutions had been worked out, it might be ex-
peditious to apply some of the solutions to the skin, at least
in the preliminary phases of the program. The data from the
skin, in combination with those from the gastro-enteric tract,
would provide & much higher level of confidence in the inter=
pretation of the results then would be possible i1f only one or
the other of the tissues was involved.)

In considering the proper scope of such an investi-
gation, the opinion was general that there 1s a lack of the
date necessary to present a clear picture of the situation
rather than an actual or imminent hazard to the public heelth.
Hence, although a fairly detalled examination of the problem
seems warrented, it should be carried out in a carefully cone
sidered manner and at a loglcal speed, rather than after the

menner of an emergency.
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In general, the prcblem arises out of the fact that
refined waxes, as marketed, are faintly to strongly fluorescent
under ultraviolet light. 'hile not all fluorescent hvdrocarbons
are carcinogenic, the converse apparently is true. There is,
for example, evidence that ;he carcinogens responsible for the
development of scrotal cancer in wax pressmen are fluorescent,

Since the refined waxes derive from the distillates
essociated with these occupational skin cancers, the oovious
question is raised, since the waxes still fluoresce, whether
the carcinogens have been eliminated or to what extent their
concentration has been reduced. A program aimed at a gual-
itative understanding of the composition of the carcinogens in
the wax distlillates and a quantitative measure of the desired
decrease in their concentration during the refining processes . _
seems to be called for.

Although API Research Project MC-1 has been directed
Primarily at cracked olls, the general principles and techniques
developing in that work should be applicable to the wax problem,
Biological testing of solutions of suitable fractions of the
intermediates and final products in parallel with chemical
research on the composition of the fluorescent components
should provide the information needed for the long term answer
to this problem,

| This question concerns every oll company engaged in
the production or distribution of petroleum waxes. Since the
inclusion of even selected materials from each of these companies
would quickly multiply the experimental effort beyond the scope
warranted by the nature of the problem, it would seem appropriate

to follow the mechanism for sampling used in Project MC-1 in
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194,9-50, The general boundaries of the investigation would ve
described by the advisory committee. Guided by this outline,
the Kettering Laboratory should assume the responsibility for
assembling the necessary confidential information from the
individual producers and selecting a representative group of
samples. The experience along this line and contacts already
established should make this a falrly efficient process of
arriving at the desired goal.

As to the general level of the overall effort, an
annual expenditure in the neighborhood of $35,000 to $40,000
for avout five years would produce the information needed in
the most economical and satisfactory manner. It is doubtful
in our mind that a higher rate of expenditure initially would '*
be wise or necessary. It will probably be desirable to be
able to indicate an early date for the initiation of the in-
vestigation. The staff of the Laboratory would be prepared to
start the necessary groundwork for the sampling program at a
moderate cost, as soon as the decislion to proceed has been

arrived at,

[CHEN N P

Robert A, Kehoe, M. D.

Qctober 11, 1956
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A PROGRAM FOR THE INVESTIGATION OF INTERMEDIATE AND REFINED WAXES

03JECTIVES: Certain crude paraffinic distillates have besn
agsocliated with the development of scrotal cancer in wax pressmen.
By further refining (essentially deoiling and decolorization
processes) the waxy components of these distillates are purified
until they meet the specifications for their particular use,

The mejor objective of the proposed investigation 1s the
determination by suitable biological tests of the stage in the
refining process at which the concentration of the components
of the paraffinic distillates responsible for their carcinogenic
potency for the human skin has been reduced to a negligible level,
o A correlated and equally important goal will be the development:*
of blological techniques which will yleld some estimate of the
relative cancer hazard incurred by human beings through the
ingestion of these partially or fully refined waxes. Pertinent
information on composition obtalned in the course of the
research on cracked oils and straight run distillates (API
Research Project MC-1) will be applicable to the various waxes,
Analyﬁi?al techniques based on these findings will serve as
a fur;i%r check on the extent of the reduction in the concen-
tration of carcinogens present in the crude distillates from

which the waxes were derived.
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I. Selection of materials

A.

Prccess variables to be considered (partial assembly

of this information from Individual producers has been
carried out in an early phase of Project MC-l)

1., Crude source

2. Preparation of feed to the wax plant

3. Method of deoiling the wax

Types of materials under consideration

l. Correlated series of samples
a., Feed to the wax plant (straight run or
extracted paraffinic stocks)
b. Intermediate scale waxes resulting from
sweating or solvent deoiling operations
¢c. Refined waxes after final deoiling and
decolorization (e.g., MEK-benzol or adsorbents)
2. Waxes of increasing molecular weight (melting
point), including those referred to as "micro-
crystalline"”
3. Sultable composites of closely related materials
from different producers

Pertinent properties oy which selected materials may

be described

1., 01l content
2. Melting range or molecular weight
3. Content of fluorescent materials (chromatographic)

L. Absorpti.n and mass spectra
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II. 3iological testing

A. Criteria for selection of exverimental conditions

l.

Control animals subjected to the administration of
vehicles alone, with no added carcinogens, should
have a low, essentially negligiole incidence of
the cancer to be reproduced

Positive results should be obtainable if a known
carcinogenic hydrocarbon is introduced into the

animal under the conditions of the investigation

B. Materials to be tested

1.

Solutions of fluorescent fractions (chromatographic)

of the waxes, in selected concentrations in the
appropriate vehicles

Solutions of benzopyrene (BP) or methylcholanthrene (MC)
in the same vehicle

Vehicles alone

Solid solutions of 3P or MC in the non-fluorescent

fraction (chromatographic) of selected waxes

C. Species of animals to be used

1.
2.

Inbred mice for induction of skin cancer
Selected srecies, including mice, which are
available from healthy stocks, for induction of

cancer of small intestine or other internal organs
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II.

III.

3iological testins (continued)

T. Experiments involving the induction of skin cancer

1.

Tests to determine the relative potencies of liquid
fractions of slack waxes which differ with respect
to the variables shown in I.A. or I.C.

Subsequent tests to determine the relative potencies
of liquid fractions, or solutions of fluorescent
fractions of related samples of slack wax, inter-

mediate scale waxes, and fully refined wax

E. Experiments involving the induction of intestinal tumors

1.

Attempted duplication of published method of induc-
tion of intestinal tumors by solutions of MC in
olive oil

Subsequent attempts to induce similar tumors by
solutions of fluorescent fractions of waxes
Determination of relative potency to intestine of
solid solutions of MC in non-fluorescent fractions

of waxes

Application of analytical techniques from Project MC-1

to paraffinic olls and separated waxes

Kettering Laboratory
Vovember 1, 1056
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December 1, 1956

To: Members of the Medical Advisory Committee, API

From: Dr. John J. Phair

The accompanying statement describes the present status of the
epidemiological studies conducted for the Medical Advisory Committee,
This part of the report could not be prepared in time for distribution

! prior to the November meeting of the Medical Advisory Committee,

but it should be attached to and considered as a section of the document

—~ circulated by Dr. Horton summarizing the biological and chemical

studies.

Phair, M. D.

Attachment

|
|
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