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SUMMARY

Application of cért_:a.in substances to the shaved skin of mice
results izll"ap increase in thickness of the epi'dermi’s. This phenomenon
was exarﬁined to determine its nature and whether any distinction could
be d'l\'a\;vn between the mechanism by Which_it is produced by carcinogens
and n.on-car;.:.inogenic irritants. Sucha distinctio_n might fbrm, the basis
of a short term Bio-assay which would be invgluable in helping to
ideptify ‘car‘cino‘gen;, the presence of which js suspected in many sub-
‘étanc'e‘s consq.med by the human population.

Inérease in'e.p'iderrn‘al thickness.was shown not to be proportional
ito’éércinogenic potency; but evidence is presented which suggests that
- the péwerfufl carcinogens induce thickening by the same specific
mechanism and this is related to their promoting properties. The
response of the epidermis after treatment with ifritant chemicals
ap'pea'rs to be'non-spgciﬁc an.d depends upon the nature of the applied
météri;al. Simpie quantitativebmeasurementé of cell éopulation, size of
‘célls _an.d..thickn.ess of the- epidermis were made over the first five days"
lc_>f exposure .to a single application of many active substances and
response ‘p"att‘erx;s were recognised which could be correlated with
ih‘itiat':'liqn;‘ promotion and totallcarcinogei’lic_i;ty. Initiating activity
appears to be .associat-(ad with an interference in the progress of cells
thr_o,ugh: fh‘e cell cycle and a.-ltho_ugh‘ this results in a measurable reduction

in total cell population, there does not appear to be a direct effect upon

- mitosis.,
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‘The de’v_*elopfnent of a short term cancer test provided a rapid
‘method of_ examining the biological activity of condénsed tobacco smoke
which induces tumours to arise in mouse skin after prolonged énd per-
sistant application. The resp‘onse patterns following a single applica-
tion of fractions of the condensate, isolated By physico - éhemical

: sepafations -iAndic.ated that some of these contained co-carcinogen‘ic

'f'cqns‘tituents', although there_was little evidence of initiating activity.
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CHAPTER 1

" {NTRODUCTION

CANCER

‘Benign and malignant tumours
Nomenclature of tumours ’
Chemical induction

"Skin tumours

CARCINOGENIC AGENTS

- Latent period and turhour incidence
Promotion and initiation . '

TOBACCO SMOKE

' EPIDERMAL THICKENING

Contributing parameters
Irritant and carcinogenic

SCREENING TESTS

CANCER -
A tﬁrnoxJ;r was defined by Willis (1948) as "an abnormal mass of

ti's'sile,. the _gr‘owth of which exceeds anq is uncb-ordinaféd with that of
'nor,x.n‘al,tissu'e, and persi'st_s in the same excessive manner after
cess’é.t_i_oh. of thé stimuli which evoked the change"? Biological
B _ Q:ganisms have a high degree of organisation whigh is attained through
, ,grc")vvi/.t-h a»nd differenfig;tion based on a cellular strnctﬁ_re. The growth

- o f an ofganism is achie\'red by- cellular division which is strictly con-

" trolled and limited. Differentiation of cells leads to the formation of

g “\sE:ia
=9 1_‘{0\!'19711 ‘

B M
,_’l’”"(Aﬁ:g\ :
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specialised tissues and organs within the organism. Tumour
growti_l is unique in that it does not follow this purposeful organisa-
tion which characterises a living organism, Tulmour. cells are
,.derived from normal cells bu£ have in some way escaped the con-
‘trol of the force‘s.which govern normal cell growth, Some
authorities believe t’lilatltumou-r cells have acquired a new charac-
‘teristic which enables thém to ovefcbme the intrinsic governing
" organisational forces of the body, while othef- autilorities believe
that it is the systemic control itself whiéh has been lost and all
' cells would behave like tumour cells if this influence were removed.
In benign tumours the cells are properly differentiated to

sho‘w the characteristic features Qf the tissue of origin. They-
grow by expansion and the rate of growth is quite slow and may
jsfop qui_te suddenly and be followéd by a partial or complete'
reéression. Malignant tumours generallir bear little -resemblance'
- to'the original tissue and are characterised by this lack of différen-
_tiia;tion. Growth is very rapid‘ a.nci new tissue infiltrates into the
: sl'lrroundi'ng nor.frié.l tissue. The >malignant- cells have the power to
enter the blood and lymphatic systems and pass to other localities
: in'the'>b'ody’and develop into secondary tumours or metgstases.
.vBenign; tu.moufs may devélop into maligﬁént tumours but it is not
.lntx.;oWn‘vs»rhether, all malignant tumours pass th.rough an intérmediate
benigﬁ phase.

' . Tumours are named after the tissue from which they originatéd

Page 12



“and aécording to whether they ai‘e malignant ér benign. Tumours of the
- . : ' )
non-glandular epithelia are termed papilloma if benign and carcinoma if
~malignant.. ‘T‘hg latter are also given a prefix‘to indicate-the type of
epithelium fr orﬁ which they are— derived. In this way, a malignant
tumour -ar.ising from the epidermis is known as a squamous cell
carcinoma. In experimentally induced sidn cancer, this is normally
prec.edqd by the formation of a papillqma., which is‘ simply an outgrowth
. of the epidermis, toi)pgd by a conical mass of keratin. Malignant
tumours of supporting tissue such as connective tissue, bone, cartilage
»fnﬁscle or fat are namedv sarcoma. Glaﬁdula: tumours are termed
adenoma if benign and -adenoca_rcinomé. if malignant. There exist also ”
tumours 'involvingl -fhe c_élls of lymph and 4blood e.g. lymphosarcoma
and tumou‘rsr of nerve tissue. ‘. |
All 'the.s'e- tumours can be pl;odu'cedl experimentally in animals by
chemiéal cé.rcinogens. The least complex_ and most easily observed
- acj:ion bf carcinogens is the production of tumours at Fhe site of applica-
-t.ion, e.g. when painfed on fhe skin of the experirﬁental animal or. :
-inj_eg:t_ed s-ubc'utaneously. The process becomes more ‘complex when
-tumpdi's arise at dista;nt sites after, " for examplé, intravenoﬁs injection.
Ya_magivé and Ichikawa (1918) wére the first workers to succeed in

" inducing papillomata in the skin of rabbits by persistant topical applica-

R : tion of coal tar. Prior to the formation.of a papilloma, there is an

" increase in thickness of the epidermis and epithelial hyperplasia and the

. formation of papillary processes extending upwards,between'the enlarged
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‘and cfstic hair follicles, which are filled with keratin. Later, at the
beginning of the malignant stage, a typical proliferation oceurs at the
_base of the epidermis. and cell processes break through the basement
membrane and‘ into the underlying connective tissue. Cell growth

| spreads invasiveiy downwards through tﬁe comective tissue and the

' pa.nnicﬁlus carnosus muscle. The tumour cells themselves, forming
a la_i.'ge solid mass, show some fesemblance to the epiderrhal struc-
ture With early squamous cells at the periphery and keratinised cells
o..n'the ouside, sometimes with pearls of keratin. Very maligné.nt
skin turhours, however, may as_suLme a trabecular arrangement and
con's'ist_ only .of ifreéular polygoﬁal cells. The tumour is supplied and
: 's.up'po_rjted by aL stroﬁa of fibrous connective tissue containing blood
Vess‘el_s.. If. growth is so rapid as to outstrip the vascular supply,
‘h,aemo'.rr-hages and #ecfdsi.s may occur in the centre of the tumour mass.

CARCINOGENIC AGENTS.

~Carcinogenic substances are those vA/hivch sig'.nifi'cantly increase
the yield of maliglna-nt neoplasms in an animal.populatiop.. Th‘ey can
bl;oadly be. separa?ed into three main classes: ionising r.adiaf.:ion,
vil_'gsesl'and chemical compounds. This wgrk is only concerned with
the latter.ciass. The vast majority of chemical carcinogens can be
. vclassiified‘ fu‘rthler. acéording to their.chemical orb Biological activity -

e.g. pqucyciic aromatic hydrocarbons, azo dyes, bi;logical alkylating

' ,va.gex.mt‘s,, aromz;t‘ic a.mines, inorganic substances and hprmbnes. Very

- often they only induce tumours at particular sites within the animal's
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body and'they may be acfive in particular species e.g. the skin of the
rat is relatively resistanf to the polycyclic hydrocarbons, whereas
that of the mouse is r_elatively Asusceptible.

Some of the folycyclic hydrocarbons have been found to be very
potent carcinogens on mouse skin and are capable of producing a high
tumour incidence after only a single painting., Many chemical carcino-
gens, however, must be painted persistantly over and over Aagain
befpre tumours a‘rise. In both cases there is a périod ‘of time between
the first exposure to a group of mice and the appearance of the first
tumbu:. The duration of-_this period appears to be éssociated with the
idéﬁ£ity and dose level of the carcinogen and also with the strain of
mice employed. - This period of time which élap,seé between the appli-
_éat'ion of the carcinogén and the first appearance of a tumour for any
: éiven doéage is known as the latent period.I The tﬁmOur incidence is
the proportion of animals bearing tumoul;s out of the whole number of
animals treated with a given dosage. It is important to extend the
" experiment uﬁtil no more tuméurs are being produced in the exposed
grlo'up and f:ha.f the numbér of animals is suffic-iefntl}'r‘ iarge .to give a.
reliable estiméte. In general, a carcinogen which produces a high
.tumoﬁr. iﬁci&ence also has a short latent per-iod and vice versa, but
therg afé gome exceptioﬂs. These two'critefié. are usually.used-in
coxﬁbination whén trying to compare the relative potency of carcinogeﬁs.

: ‘Ih"aaditi'on to pure chemical carcinogens, some substances can
énﬁé.nce tumour iﬁcideﬁce 'anc.i shorterix the Iatent period when applied

) togéther with, or shortly after the carcinogen although they are not
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capable of girring rise to-tumours on their owu. These substances are.
known as cocarcinogens or promoting agents and the phenomenon is
termed promot.ion. Very often when the dose level of a pure carcin.o-
gen is gradually reduced, the latent period is evx'tex_lded until the
tumour inciden..ce falls to zero. Dose levels below this threshold are
known as initiating dose leveis and the carcinogen 'is then known as a
.c,ocareihogenic initiator since the subsequent application of a promot-
ingv agent restores the carcinogenic activity and results in the induction
of{tumour's .

TOBACCO SMOKE:

.The work at'the Tobacco Research Council Laboratories‘_ is con-
cerned with the relati.onship between tobacco srnoking and health,.
Caneer res'earchv forms. a largle‘ part of the»'progra'mme.because human
'epiderhiologicai studies (Best Josie and Walker, 1960; Doll and Hill,
1954: 1956) suggest that the risk of deve10p1ng lung cancer, particularly
squamous ‘cell carcmoma, ‘may be mcreased by c1garette smokmg It
| would seem logical to assume that the development of this type of cancer
must proceed through a stage in wh1ch the normal columnar cells of the
lung. undergo a metaplastic transformation into squamous cells. Sucha
transformation has been demonstrateo in experimental animals sub-
. jecte_d to inhalation tree.trhent with tobacco smoke. It has also been
hnowh f_or,_ some tirhe that conolens ed tobacco shmke ,applied persista_ntiy |
" to shaved mouse skin is catpable of inducing epithelial tumours (W’ynder

and Hoffmann, 1953) The r.elevance,of the'se observations to human

lung cancer may be rather obscure, but similar attempts to demonstrate
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a car.cinogenicactivity of tobacco smoke on lung tissue of experimental
apimals have met with very limited success (Stewart and Herrold, 1962;
Peacock and.Peacock, 1966; Harris and Negroni, 1967) and topical
application provides the most satisfactory bio-assay system. The dis-
advanté.ges of this system are: |
(2) the time required (two y_ea..rs-thi'ee years);
(b) its relevance to human lung tissue;
(c) its inabilify to demonstfate a recognisablec_hange
with cocarcinogenic agents which are incapable
of inducing tumours on their own, but which may,
nevertheless, be potentially very potent.

' T.pba.cco smoke condensate contains many thousands of constﬂituents
aﬁd it seems likely -that.ivts total car cinogenic acti;'ity results from the
sepefate co_cer'cinogenicity- of several of these conetituents. Attempts
~are being madeto identify tinese substances on the- assumption that they
" fall into distincti;e ehemicauy related groups. Progreés in sPiittirlg
tobacce smoke condensate into fractions usir;g ‘physico-chemical separa-
- tions is good (Wmtehead and Rothwell, 1969), but defermieation of the
b1olog1cal activity of these fractions is held up by the length of time
ta_ken in carrying out each»long term skin painting -e:.-cperlrnent. During
the ceuree ‘Q£ the.routine patholog'icfal's-cree'ning.ofi e_kin samples taken
- f.rom'.t'he t;i'eated. area of mice which had been removed from some ch the
‘e.a..rIi-er long ter¥n expefi_ments, a thickening of the epide‘rmis was noted.
‘Tests were c‘ar'r.ie'd.out and it wae sho;arn that- even single applications of

tobacco smoke condensate produced an increased epidermal thickness

within a few hours.
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EPIDERMAL THICKENING
Increase in width of the -epidermis is an integral part .of the initial
'l;esponse~ of mouse skin to tréatment with irritants and carcinogens and
it is a parameter which can be measured very readily. ‘Chapter.4- is
devoted to a description of the preliminary work carried out on this
singlé pérameter. It can ﬁe analysed info three distinctive components,
any of which could change-and contribute to its increas e:
: (a) the cell population;
(b) the size of the constituent cells;
(c) the size of the int‘ercellular spaces.
" (a) | Hyperplasia would result if the normal process of cell loss
.wa.s reduced or if the faté of cvell production was increased.
‘- A Ifeductic;n_ in thz-aArate of cell loss would suggest some
.interfererlxc'e with the process of differentiation or matura-
_tibn of the squamous cells. An increase in the rate of cell
' 'broduction could’ rgsult from either a regenerative‘at‘tempt
| T to compénsate for cells which have been ill're've‘rvs'ibl.y
" damaged o-r. a stimulative.sho'ck which fofées cells to
| ventei' cellular division premat_tirely. . Such a condition
'A coul(i be demonstrated by é. stathrﬂokinetic investigation
aﬁd this is discussed in .Chapter 5.
(b) Hypertrofhy most~probaﬁiy reéuité from ?,nl increased fluid
| upta..ke‘-b}.r the ce:lls. The.l_'ea.sén for this remaiﬁs a matter

6f conjecture but would be most likely to result from

. Page 18



damage to cell membranes or the reticulo endofhelium.
Inyestig_ation_s of changes in cell .size are describ.ed in
‘Chapters 6 and 7. |
(c). The reason for an increase in the size of the intercellular
spaces is‘again very uncertain, but it may be associated
With changes in the adhes.ive properties of the cell mem-
. brane, Itis ialso difficult to visualise a technique by
~which such-a parameter could be me;atsured. Setala,
Merenmies, - Stjernvall, Nyholm and Aho (1960) used the
electron microscope to examine changes after treatment
with Tween 60 and concluded that there was an increase in
the intercellulé.r space, and this contributed to less than one
fifth of the greate‘st Vincreas_e in epidermal thickness..
Treatment of méuse skin with a carcinogen inducés a hyperplastic
‘ responsé in the epidefmis within a few hours, but hyperplasia is not a
speéiﬁc response to carcinogenic administration ahcil is frequently obsef:—
N ved_iﬁ‘ _a‘ssqci.at-ion with lesions caused by physical or chemical damagg.
' Wolbach (‘1 936), Orr (1938) and Page (1938) were unable to distﬁguish
‘ hypAelv'p.las'ia induced by carcinogens from that induced by non-;:arcinogenic
- irritants. 'fhe latter'type forms part of a regenerative process which
""occ':urs aftef,a p.art of that tissue has .been destroye&, and these workers
cOnsider‘.edvthe caf-cinogen-induc-ed hyperplasia to be part of such a
feé-en'er,a.tive pfocess.

. 'Piﬂlinger (1',940:.1941) described the changes which occur each day
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in the epidermal cell population, drawing attention to the increé.se in
| vqlume of nuclei and cells, the disturbance in the incidence of mitotic
‘division and the discrepancy betWeen the comparatively small pfopor-
f.iun of degenera_tivé cells and the subsequent strong hyperplasia. She
believed that thes e; and other chéra;ctéristics could be used to di.stin-
guish a carcinogen from a non-carcinog’eu. .Glucksmann (1945)

showed that the hyperplasia pro'duced: by benépyrene (BP) is not
Ijelafed to any nbt-eworthy degenerative effect and that the duration of
thé hyperplastic activity cannot be correlated wif}i tissue damage.
Reller and Cov.oper (1944) reported a rise in mitotic activity which
~st:a.rt:s within forty-eight hours of application and is progressive for

the first thirty-seven days. Evensen (1961) also observed an increase
1n fhe m-'itotic count AandAsuggested that this was due to either an
increase in fhe number. of cells goiug into mitosis, or to prolonging of
the division time. Cramer and Stowell (1942) preferred to regard the

: initié,l t-hickening of the epidermis as cellular differentiation rather
, -than hyperpAlasm, since they were unable to correlate the increase in
the number of cells with -a proport10na1 1ncreasé ‘in mitotic act1v1ty,
;_.eveh aftér treatment with colchicine. They reported a true hyperplas1a
occurrmg much later, about three to four weeks ufter a smgle applica-
- tiqn of 20 - mg:th‘ylchola;nthrene (MC),' but this oni};loccurred in a pro; . |
vp'ortion of the mice which they termed the 'susceptible' animals. In
these the hyperplasm often develops 1uto a tumour w1thout further

4' application of the carcinogen. They also demonstra.ted that the dose of
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20 - methylcholanthrene necessary to induce skin cancer diminishes as
the interval between successive applications of the ca?cinogen is pro-
longed. They believe that a carcinogen might react with living tissue

" in two ways which conflict with each other; both stimulating and inhibit-
ing mitotic activity. Prolonging the interval between successive appli-
ca-tions would diminish the toxic inhibiting action apd enable the pro-
liférati;ig action to proceed to a point above which it becomes uncontrol-
le(i.

Exhaﬁstivé studies were carried out (Iversen, 1960a: 1960b: 1961:
Iversen, Aandahl and Elgjo, 1965; Iversen and Bjerknes, 1963; Iversen
and E\.renSen,- .1962; Iversen and Iversen, 1964; Elgjo, 1963 : 1966;
Evensen, ‘1962:‘19.64; Evensen and Iversen, 1962) into the rate of cell
f‘enewal and celi loss in the epiderfnis of hairless mice after carcino-
gen ahd{irritant\tr.ea.tment. These indicate that DNA - synthesis and
_ cellulérAdiyision are immediately inhibi_ted on carcinogen treatment and
this inhibition lasts for several hours. It is accompanied by loss of
damaged'celhls.-frc;m' the surface. This loss is then made.good by a
répidrate of cell renéwal and.within' a short time_zg a transient hy};er-
plasia is evident. These workers have sugg-ested that this is a'regenera‘-
tive pfoq.e'ss.. The ei:idermis then 'retu.rps to normal except for the
- .rhito'tic' index, whic_h may be .persistantly higher for th;e next ten weeks.
étdhfération is at a normal level and thé increased index is due to a
longef duration'of cellular division:

This report describes the investigation carried out to determine
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whether .these éa'rly epidermal changes> could bg correlated wit1:1 the
carci_no'genic or cocarcinogenic activity of the subsfances paiﬁtéd on
- the ski.nand,' if this was so, whether a short term bio-assay sirstem
| édul& be désigped to screen the a.btivity of fractions of tobacco smoke

condensate.

‘j“.SCREENING TESTS

~ Screening tests based on epidermal hyperplasia, incidence of
's.eb.a'c:eous glandé and inﬂamma.tory changeé, have been reported in_
the literatﬁre. (Lazar, ‘Libermapn,- Chéuroulinkov and Guerin, 1963;
Riiey, 1966), but their reliabilit}} is douBtful aﬁd they are restricted
| in tﬂét they r;\re only uée’ful for generlal_ compafative work. It would
see.mulil.celg.r that many of the changes upon which they are based are
associated with the prdmoting activity of caré'inogeﬁs and that
.sevé.r.al aspe.cts.'o;f these changes undoubtediy result from treatment

with non-carcinogenic irritants as well.
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'CHAPTER 2°

MATERIALS and METHODS

MATERIALS

Animals
Chemicals: ‘
Tobacco Smoke Condensate
. Preparation
Fractionation

METHODS

- Shaving
Administration
Sampling

Fixing.
Washing
Processing
Embedding
Microtomy
Staining

. MATERIALS

Animals - The mice weré supplied by Dr. D; G. Davey of’t}Aue

, fharméééuticals ‘Division, Irhperial Chemi‘cél Iﬁdqséries Lim-ifed

- ff;arh_the Aspecifi'c"'pathogen freé albino gqlony .rnair;';ained near

- Macclesfie'ld in Ches_hife. The females are more easily maintained
AbA'e‘ca.u‘se'they' have less tendency to figh;c with each other than the males
.anvd.ca.n,:.'t‘he-ref‘ore, be caged 't_ogethér. 'i‘he long term skin painting
'_:e,xpefi;'hef.lts .caljrie;l 6&_ in t'he.se '].a'bo_reé.torie_s are, therefore,v .conﬁned :

: "tro :the t_evs'ting‘.bf female mice. The early part of thi% work, investigat-
'.ring-chaﬁgt;s' in thicknéss, was also carried out on femaie mice. When

the wb_rk was extended to include observations on c_e'llular division male
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mice were used, because fhe o‘éstrbus cycle in female mice is known
"to have an effect upon the mitotic index'(Bullough,. 1946‘). The mice
were isolated-in an-air-conditioned room which was maintained a.f a
‘coAnslf:a.nt' temperature (ZOOC-ZIOC) and they were provided with Oxoid
breeding,diet pellets and water ad ligitum; The males were housed
| separa.tely in gélvanised iron boxes on sterile saw&ust. In order to
avoid disturbing the animals aurmg the course of an expefiment, the
boxés wére not changed and the room was only visited for essential
maintgnance and to obtain skin samples at the appropriate time. They
were suppligd when thr ee_month_s old and then allowed to become
a;éus}tomed to their surroundings for two weeks. |

Chemicalﬁ - 'Thése were 'obta‘,inedAf_rom the following sources:
Pr.ofeSSQr E. Héckef, BiochemiSches Institut, Heidelberg
(Cocarcinogen Al); Che.ster Beatty Researcﬁ Institute (.Croton Oil);
Univeréity 6f Nottingham (Tricycloquinazoline); Britisil Drug Houses
.Limifed (Urethane, 1.2 - benzanthra.cene, phenol, toluene, ethyl alcohoi,
dimethyl s'ulph,oiidé); Fluka A. G., Buchs, Switzerland (20 -
methy"lchzolanthbrene, 1.2,5, 6.:- aibenzanthrécene); Koch Light
' ”Labor‘at‘oﬁri'es (9. 10 - dimethyl 1.2 - benzanthrac;e'ne, 1.2.3.4 -
cl:;benzé.nthracene, 3.& - benzpyre#e, ‘acridine); Middletons Limited,
..“:SAtoc‘kton ;)n Tees .A(‘a'll}r.l-i‘so-t'hiocyana.t-e); B. Newton Mainé Limited
(1. 2 7.8 -j dibenzanthracene_); C.I.B.A, Labor.z.tt,ories (Colcemid).
o The 1.2 - ,bénzanthracene was purefied by repeated £ecrystalliza-

tion from ethanol. Th‘e..other agents were used without additional puri-

-~ fication,
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TObéCCO Smoke Condensate (TSC) - Pr‘eparat.ion - This was
carr'ied_ out by the Chemistry Department at the Tobacco Research
Counf:il Laboratories'according to the méthod desc;ribed by Day (1967):

Plain cfga‘;‘ettés (length 70 mm., circumference 25.3 mm.,
| average weight 1.125 g.) were specially manufactured from a compo-
site blend of ﬂué-'cured tobacco repres enting the major plain cigarette
b1_'and$ smoked in the United Kingdom, packed in batches of fifty in
vacuum-sealed tins and stored at 4°C. before use.

T}ie automatic smoking machine used 0peratés by connecting
eé.ch of twenty-four cigarettes, s‘ecured in holders situated round a
rgvolx;'ing .disc', in turn to a source of vaéumn the unlighted end of each
cigélretfe being oi)en to atmosphere between Puflfs. Cigarettes were
lightéd bx an elecfrica.lly heated coil. When indi&idual cigarettes had
reached aﬁ e-stima'te.:d butt length of 20 mm., .the butts were removed
z_md r'eplé.ced with fresh cigarettes.

Aufomatic s'moki;lg constants were chosen to gimulate the manner

uged by the'. avérage_ cigarette smoker in the United Kingdom (Bentley
- apa,Burgan, 1961): |

Puff volume 25 ml.; Puff duration ﬁno seconds
. Puff interval one minute; butt length 20 mm.

: Cig‘va'rette} smoke was colle;ted in fo.ur glas_;s. traps connected in
sefiés; céoled iﬁ acetone/ crushed solid carbon dioxide. Traps 3 and 4
,ea'c-h_c;:on_tained'glass .h'elices (100 g., 4 mm. diam. single turn). On
complétidn ~9f smoking, -traps were allowed to attain room temperatu?e )

condensed smoke was washed from the traps and connecting tubes with
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acet‘one (about 906 ml.), the washings filtered through glass wool and
an'aliquot of the combined filtrate taken to check non-volatile whole
smoke yield by deterﬁlination of nicotine. The average yield of nico-
ti-ﬁe waé 1.61 mg. /[cigarette, range 1.30-1.91 fng. [cigarette.

Fra.éti.onation - This was carried out as described by Whitehead
and Rothwell (1%9)5
! Fractions B and C - A suspension of TSC (20 g.) in acetone
(25 ml.) §vas pou'r‘ed, in small quahtities, into distilled water (300 ml.)
 with shaking after each addition. Rapid co-'olingAand .vigorous shaking
_causAed the insoluble material to adhere to the flask and a clear yellow
filti;ai:e was 6bta.ined by filtration through a wet, double, fluted filter
(Whatman No. 1). The iﬁsoluble residue was treated similariy twice
using 12 ml. of acetone and 150 ml. of distilled water for each further
treatment.

Fraction B - (yiéld 52 0% w/w TSC) was recovered by freeze
drying l;he corhbine:d. a.ciuec)us extracts and Fragtion.C (yield 45.3% w/w
A- 'I'SC) was recsveréd by dissolving the insoluble n"1aterials in acetone '
and evaporating the combined sqlutions fo'consta_nf: weight, under
reducéd pre;sﬁre, at not more than 10°C.

. ” Fractions D and E - The bulked aqueous extracts were confinuously
V '. éxtracted Witi‘l ether for twenty-_fpur ‘hours. The ethereal extract after |
dr'yi'n;g-_,(anhydrous MgSOy) ;Jvas e\}aporated below 1_0?(3’. to‘ ieave
Fraction E. Yield 26. 0% w/w TSC. |

| Fra.ction. D was recovered.by freeze drying the residual aqueous

" solution. .Yield 26. 4% w/w TSC.
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‘Eractions F é.nd G - f‘raction C (from 20 g. TSC) in methanol
(180 ml.) was vigoroﬁsly shaken with cyclohexane (200 ml.) and after
- dilution 'With‘wa.'ter~*(“20"-ml. )-the shaking was continued. The phases .
were separated by centrifugation. Four further extractions of the
lowér phas'}e with cyclohexane (200 ml) were carried out, Fractién G
was recovered from the combined cyclohexane extracts (yield 24.5%
w/w TSC) and Fraction F from the methanél by evaporation to eonstant
weight as.above (yield 15.1% w/w TSC). |

. Fractions F and G - Fraction C (from 20 g. TSC) in methanol
(180 ml.) was vigorously shaken with cyclohexane (200 ml.) and after
dilution wifh water (20 ml. ) the shaking was continued. The phases
wer.e,'separatgd Bytcenfrifugation. Four further extractions of the lower
phase with cycldhexan‘ei(Z(')‘O ml.) were carried out. Fraction G was
_ r'ecovered from the combined c.yclohexane extracts (yield (24. 5% w/w
TS'(-I) and Fraction F from the metha..nol. by evaporation to constant
weight as above (yield 15.1% w/w TSC).

'Fl;a.ctions"H and J - Fraction G (fr'om 20 g. of TSC) dispersed in
methanoi '(100 ml.) was shaken with urea (20 g.). .The mixture was
c‘ooied~.from ZSOC. to 0°C. (%OC. per hour) and kept at 0°c. overnight.
After the mixture had a.tta.ine‘d room témperature, aqueous saturated
: 'uféa "séiﬁfion (12 ml.) was adcied and the whole wag extracted with
| cyclohexane (6 x. 1_00> 'ml.) centrifugiﬁg when necessary to break any
emulsi.or.ls .formgd. The cyclohevxane solution v&aé dried (MgSOy) and the

solvent at ‘IOOC. under reduced preésure to leave Fraction J (urea non-

a:dductable). Yield 17.9% w/w TSC.
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| .The urea‘adduct and aqueous methanolic residue were mixed with
hot water (600 ml., 80°C. ) and the mixtnre formed was extracted, after
- cooling, with ‘benZene‘(IOO ml. aliquots) until colourless. 'i‘he bulked
benzene washings were dried (MgSO4) and the solvent removed, as
: before, to leave Fraction H Yield 5.3% w/w TSC.
Fractions K and L - Fraction J (from 20 g. TSC) was dlssolved in
cyclohexane (30 ml.) and the solut1on was extracted with DMSO (4 x 20
ml ). Each aliquof of DMSO was then washed successively with cyc-
-:lohexane (3 x 10 ml.). So;vents were equilihrated before use.. The com~"
:, bined‘u'pper phas_es _wer_e washed with water (2 x 50 ml.), dried and |
'evaporated as above, to give Fractlon K. Y1e1d 8.8% w/w TSC. The
combmed lower phases were d11uted with the aqueous washmgs and dis-
.tilled water (ca.- 300 mil. ) and the sAolu_tion, after saturation with salt,
Was extracted.w‘ith' benzene (100 ml. aliquots) until eolourless. The
benzene extract was dried and evapvorated to give .Fraction L. Yield
5.3% w/w TSC." M
'.Fractio'ns M and N - .Fraction L'(f'rom 20 g.‘ TSC) dissolved in
benzene (200 ml ) was shaken with silica gel (14 g ) (Koch-Light chro-
| ‘matographm grade, 50 100 mesh deactlvated by adjusting the water con-
v_v"ten.t to 7.,9% w/w). After filtering 'and,washmg the gel with benzene
- _.(10 ml ), the voldrne of.the'ﬁlltrate and washings'Was reduced to 50 ml.
‘under 'reduced pl.','essvure. .The abeve nrocedure was repeated with a
;fdrt.hervb‘atch‘of sili_ca (7 g.). Fraction N-Was recovered hy evaporation

of the solvent from the combined benzene 'solu_tio'ns and washings. Yield
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1.6% w/w TSC. Fractiorl N was obtained by extraction of the silica gel
residues with methanol in a Soxhlet extractor. Yield 3.0% w/w TSC.
Fractioris G2a, Gl and G2b - A Quickfit and Quartz Steady State
.Disfribution Maehine was modified so that extraction could be carried
eut simuitaneously'in each of two 51 tube trains. The solvent pair was
- made by-equilibratrhg cyclohexane with 9:1 methanol: water, the water
being half sattrrated with AhalaR Sodium Chloride. The work was car-.
ried out in a temperature controlled room at 20°C.
‘Fraction G (35 g.) dissolved in upper phase (175 ml.) was charged

in tubes‘ 0 to 6 in each tube train numbered as follows:

delivery of = ) i (delivery of
upper phase ) (+8 to +1) (0 to =6) (-7 to -42) (lower phase
from machine) - - : - (from machine

- The rrlachine -was programmed to. carry out 614 transfers, deli-
vering 25.m1. ef upper phase end» 25 ml. of lower phas-e in opposite
Adirections in the ratio of two upper phase transfers to eleven lower
'pha..se transfers ~All the upper pha.se delivered from the machine was
Acollected in a smgle receiver and the lower phase fron;l transfers 0 319
and from 320-614 in separate receivers. The re51dues were recovered
“from file lo;aver phase, after the rrrethariol had Been, removed, by extrac-
tiorl inro cyciohexane which was then waehed with water, dried (Mgs0y,)

. arld evapo'rated to constant weight. - Upper phase was washed with Qater,
drled (MgSO4) and the .re51due recovered by evapora.tmg off the solvent. |

"The sub fractions collected were made up as follow5° -
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G2A Lower phase ejected during transfers .0'-319

This fraction contained all the material within the
distribution coefficient range 0-2. 50 with a pro-

_.portion of material from 2.5-2.75 and the yield
was 4.9% w/w TSC.

Gl Material remaining in tubes +7 to -42 after 614

transfers and lower phase ejected during trans-
fers 320-614.

This fraction contained all the material within the
distribution coefficient range 2.75-6.06 with
some material from 2.5-2.75 and from 6.06-6.58.
The yield was 2. 0% w/w TSC.

G2B The contents of tubes +8 and 9 and the upper phase
ejected during transfers 0-614. This fraction
contained all the material within the distribution
coefficient range 6. 58-00 with some material
from 6.06-6.58 and the yield was 14.3% w/w TSC.

- Subfraction Gl contains all the un'subst.ituted polycyclic aromatic
‘hydrocarbons. . '

' ‘Subfraction G2 is made by recombining fractions G2A and G2B
and contains no polycyclic aromatic hydrocarbons. '

' Shaving

Aboﬁ.f twenty -four hours before tfeatment, a strip of skin,
approximately 2 cms. wide, was shavgd along the dorsal midline of the
A-i'ni‘cé from the nape of the neck to tfle Base of the tail. (Pllaté 10). Great
‘care was taken to avoid damaging the skin and on the rare occasions
when this did happen, the mouse was discarded. The clippers weré
lubr_ica'téd wifh'sesame oil which is generally rega;ded as having.no _
_ »’p.rvomoting propertieé. The shaving was alwafé started at 10. 00 hours.
G M. TA.' .to é.void changeé which miél;t be associated with a diurnal
rlllythm-'_.-A Several technicians worked on each batch of mice-and, on

.average, one person could shave one mouse each minute.
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Administration

| Painting was carried out at 08.30 hours on the following day when
a volume .of 0.3 ml. of the test solution was delivered directly from
the syringe of a Jencons repette to form a shallow lake bound by the
unshaved hair on the edge of the treated area and the solvent was then
allowed to evaporate (Plate 11).. The mice wvere removed from their
boxes and passed to the person carrying out the dosing procedure.

Skin paintiri’g was always performed by the same technician at a
rate of about twAelve mice every three minﬁtes. - The Jencons repett~es
wefe- 'c'hecked an&_ recalibrated before each experiment. After paix;ting,
the mouse boxes were repiaced on the battery and labelled accordiné
to thé__sampling scheme.

Saﬁgling
At specific i:irﬁes which were rigidly adhered to in all cases, the
" mice' were kilied_ by cervical dislocation énd a rectangular'a.rea of
' skm, Qith the'longelf side at right angles to the dorsal line‘ of the
" animal and sllig}-xtly wider than the treafed area, was removed from the
iowéi‘ thoracic f'egion of each mouse .(Plate 12).' - The under surface of
the sl;'in--was applied to ti'lin card to minimise ciistortion during fixation..

Fixing -

- | Fi:iat_ion was carried out in Zenker's fluid with 5 per cent glacial »

acetic acid,
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Mercuric chloride .. ... .. .. 5.0g.

Potassium dichromate .. .. .. 2.5g¢g.
Sodium sulphate monohydrate .. 1.0g.
Distilled water .. .. .. .. .. 100ml

This stock éolution caﬁ be stored for lohg periods and the:
glacial acetic acid added just before usé. The opti.mum time for
fixation was found by trial and error to be about four hours. Some-

: -tirn.es when the skin samples were taken at inconvenient times, such
as late in the evening, part of the fixa'.cion was carried out in a refri-
gverator-- at aboﬁt 4°C. when the appropriate fixation time was increased
sixfold and the samples could then be removed i:nore conveniently

from the fixative during the course of the following day.

Washing

| lDu..ring préceséing the potassium dichronﬁat’e is gradually
.r'educed to the Véry insoluble green chromium salts which are impos-
sible to remove and inhibit haematoxylin staining. To avoid this, it
is nec'essary to. remove the dichromate by waéhiﬁé with tap w'a‘ter.
' The_ dichromate ‘is particularly difficult .to remove fI'OI'I.'l mouse skin
and it was found necessary to set up a special 's:yphoning arrangement
. whi'ch 'continuallyv flushed the samples with tap water for seven full
‘days-». - Before continuing to process the samples‘ they were imm’erse,d

- indistilled water for one hour.
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Processing

The following scheme was used:

50% alcohol .. .. .. .. two changes over two hours
70% alcoholic iodine . .. several changes until the

o ' following day
70% alcohol .. .. .. .. half hour
'96% alcohol .. .. .. .. two changes over one and a
- half hours '
Absolute alcohol .. .. .. -Three changes over six

_ : hours

Absolute alcohol/chloroform.. the samples were left in

absolute alcohol overnight
~ and when they became com-
pletely dehydrated they
dropped down into the -
: chloroform layer
Xylene .. .. .. .. the following morning the
samples were carefully
transferred to xylene and
within ten-twenty minutes
they became completely
_ translucent _
Paraffin wax at about 56°C. .. two changes of two and a
half hours each

All processing was carried out manually without the aid of an
automatic processing machine.

Embedding

The samples were blocked in paraffin wax _vindividﬁally using the
' -Tiséue ’;[:ek system.A This consist‘s. of pla.stic rings which fit into meta.'l
boafs in which the tissue is embedded. The pla-stic ring is filled up
‘with wax and fits very conveniently into the microtome ch;.lck.
'Microtomz |

" The blocks. were pre-cooled on trays of-ice and cut at 5 pm. on a
Jung rotary microtome. Two sections of skin were mounted on each

slide' and these were selected from different ends of the ribbon. The

- slides were allowed to dry overnight and then stained the next day.
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Staining
Ehrlich's haematoxylin with eosin counterstaining was the nor-

~—-mal-method of staining. .

1. Removal of wax with xylene - five minutes
2, Absolute alcohol - until slides ran clear
-~ 3, 70% alcohol o - " " " "
~ 4. Distilled water L
5. 'lodine in potassium iodide ‘- three minutes - washed
: ' in tap water
6, 5% sodium thiosulphate solution - three minutes - washed
S - ' in tap water ‘
7. Distilled water -~ a short rinse-
8. Ehrlich's haematoxylin - time depending upon
' ripeness
-9, Washed in two rinses of-tap water _ A
.10. Acid alcohol to differentiate =~ - washed in tap water
11. Blued in warm tap water -« twenty minutes
12, 1% aqueous eosin . ' - five-ten minutes

13, Washed in water until the water
remained clear
14, 70% alcohol
15. Absolute alcohol
.'16. Cleared in xylene and mounted
in DPX
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CHAPTER 3

4

THE HISTOLOGY OF MOUSE SKIN

INTRODUCTION

EPIDERMIS

DERMIS .

HAIRS

INTRODUCTION

The skin consists of two main layers, the surfacé epithelium or
epidermis which 1s derived from fhe ectoderm and the lower dense
com;ective tissue layer, the‘; dermis which is der.ived from the
rﬁ_esenc_h‘yme. ‘vIn addition, there is often a looser connective tissue
1ayer fvbellow‘the dermis which may consist of much subcutaneous fatty
tissue and is sdfnetimes referred to as the hypodermis. The boundary
| betwe.en the epidermi“s and the dermis is well defined, but it is inipos-
sible to draw‘ a sharp histological boundary betweeh the -dérmis and

-‘the' subcutaneous layer because the fibres pass between the two layers.

| EPIDERMIS
- . In.the normal aduilt mouse the epideArmis éonsists of two or more
layers of nucleated cells. i‘he basal layer is composed of genuir-le
bé.:sal fcells, together with some spinous cells. TheAexternal layers

| are:forme-:'d from ‘no.n-nucleated keratinisiné. cells and-between these
and the basal lé.yer additional sp.i.nous cells a.md“-a, non-uniform stratum

.- gra-pqlpsum ma.y,sonietim.es be distiﬁguished.(Plate 1). Its rﬁain func-

" tion is pr_otectivé;_ it is very difficult to moisten with water and it
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prevénts the underlying tissues from drying. Tﬁe very t‘hin keratin
plates on the surfaée are welded so closely together that they are
very hard to isolate, even after prolonged maceration. The epider-
mis has no vascular system and it is supplied by tissue fluid which
penetrafes i.n.t;) the inter-cellular spaces of the nucleated cells from
the blood capillarie;s, in the undelflymg connective tissue. Between
thé epiderrﬁis and the defmis there is a basemenf memBrane which
stains positifrely with periodic acid-Schiff (Plate 5).

It requirés only one application.of é. lcarcinogeh to transform
this very thin epidermiis into several lé.yers, in which the basal layer,
stratum s'p'ihosum, str.atﬁm granulosum and stratum corneum become
distinct. - There is also a progressive increase in the size of the cells
aﬁd nuclei. It is very easy to make the mistake of regarding the
epidermis as a cénstant sfationary feétur_e, when it should be visua-
lised as a living tis s'ue.in a constént state of activity. A proportion of
the I;ei'atin.ised éells are continually being lost from the surface-and

replaced by new cells moving up from the basa‘-l layer.

| DERMIS

: Bundles of collagénous fibres run in variéus directions of which -

the main‘one is.always more or less parallel to the 'surface. and f:hese
form a“dense network which is strengtheﬁéd bsr elas.tic fibres occupy-
ing_thé spaces b’etw;aen collagenous fibres. _Thé connéctive tissu.e con;
: tainsr'many cells sucﬁ as ﬁbrobiaéts, undifferenfiaied cells, macrop-
Bég.es, lymphoid .Vwandering cells, mavst ce,l}s, eosinophils, plasma

.. cells and fat cells.. Deeper in the dermis, “the connective tissue
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‘becomes. les s tightly pa;kéd and areolar connective tissue is more
abundént. Sometimés this is differentiated separately as the hypo-
dermis. In female mice this layer is much thicker and the colla-
genous elastic layer is thinner than it is in male animals. The lower
dermal layers are penetrated everywhere by large blood vessels and
nérve»tracks a:'hd contain many' nerve endings.

' Following carcinogen treatment, the collagenous'fibres become
swollen and ma.y. appear to be fragmented and more widely separated
than normal, The capillary vessels becoﬁe swollen and engorged with
blood (Plates 6 and 7) and the lymphatic capillaries also become dilated,
sugéestihg an eodemétoﬁs c\ondibtion.v Acute inflammation is very evi-
A-‘d(-ant writh' an abundance of polymorphonuclear leucocytes. Accumula-
"tions of mononuclear cells, fibroblast’s and va.ri‘ous other cellé such as
mast cells cah. be observed. The mast cells Become disr‘upted and in
many _areés th»eI granul-es can be seen to be discharged (Plates 8 and 9).

: N o

The.'se arise from the epidermis in tubulgr ipvaginations of the
skin',‘ the walls of which are compoéed of modified epidermal and dermal
tissue.- The c;)nnective tissue papilla projects into the bottom of the

" hair follicle deep in the dermis. The root of the hair develops i.nto the
hai; shaft, the free end of \;vhich protrudes beyond the surface of the
skin. The hairs axje‘o.iled by secretions from the sebaceous glands
' whiéh é.reﬁloc'altjed in'th'e 'obtﬁse a;néié between the fiollicle. and the sur-
A'-fa'.ce ;nd' open into the neck of the foilicle. The hairs afford érotectiog
' -agaiﬁét cold, water and‘geﬁeral é.ttfition and alsé play a part in escape

3

responses and sexual dis play.
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Avfter carcin‘ogen tre;tment, ﬁany of the hair follicles may
become blocked by the excessive production of keratin around their
mouths and pressure atrophy is often evident. It has been shown by
fluorescence studies (Simpson and Crémer, 194‘3) that carcinogenic
polycyclic hydrocarbons can penetrate the hair foilicles and become
localised in the sebaceous glands.

The experiments we(re always pe‘rformed when the mice were

thfee and a half months old, since mitotic index is thought to vary
- with age (Bullough, 1949). In addition, it is known that the activity
of the epidermis is associated with the ‘ha.ir cycle since it was shown

that hair pro.lifération has én effect upon the number of cells in the

: épidermis, the thickness of the dermis and adipos.e layer and the size
| Qf‘the 4se‘ba‘ceous glaﬁds"(Chase, Mbnta{gna and Malo.ne, 1953). The
l;la;ir cycie is, belie;fed to be ir; the resting phaée at this age (Andreasen,

1953).
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CHAPTER 4

THE EXTENT AND DURATION OF CHANGES IN WIDTH
OF THE EPIDERMIS INDUCED BY TOPICAL APPLICATION
OF CONDENSED TOBACCO SMOKE COMPARED WITH

THOSE BROUGHT ABOUT BY OTHER SUBSTANCES

INTRODUCTION

METHODS
Measurement of epidermal thickness
-~ - RESULTS

Single exposure

- Acetone and distilled water (9:1 by volume)
Tobacco smoke condensate '
3.4 - Benzpyrene
Phenol and toluene
Ethanol and dimethylsuphoxide

Repeated exposure

. Tobacco smoke condensate

DISCUSSION

CONCLUSIONS

. INTRODUCTION

This (_:habter describes the preliminary studies which were under-
taken to establish the duration and magnitude of the initial response, .
vusi1A1g :bi‘1_1c‘rease in width as,a‘representative chafacteristic.

‘Thg response to single applications of different dose levels of
.tobacc‘:o smok‘e-. gon;iensate were compared to detgrmine»whether ther,e-
was a gu_éiitafive -correlation and, if so, ;:vhether‘ it was displayed by

changes in magnitude or duration. This was followed by an examination

of the effeét of repeated applic;ations of the highest dose level. It
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seemed‘u-nlikevly that epfdermai_fhickéning would continue to increase
inde_ﬁnitely’and such an experirﬁent might provide information on the
ways i1;1 which the.epidermi_s_ mighf make adjustments fo deal with a
prolonged and persi;tant i_nsult. In #ddition, it was important to

: _.detern"‘lir.le the rate at -thch the cell population- recovered after treat-
ment had been termingted. The behaviour of the epidermis after
treatment with tobacco s»rn-oke condénsate was compared with the
response obtained‘ after.tr@aatmént: with two dose levels of a pure car-
cir;ogen (3.4 - benzpyrene) and mixtures of tobacco s;ﬁoke condensate
-' and.the same carcin.ogen.

‘Expériments were c;rried out with various org-anic liquids to
_'sée_‘whéther.they ihduced any epidermal c'hanées which would prohibit
thei{r”use‘.a..s solvents. Finaily? .the respons'e to single applicafions of
népécaréinogqnic irritant subéf:énces was investigated.

_Tbe-maiﬁ purppse in this seljibes of experiments was to establi:;h
thé -tir.rie facfl.'_o.l"s i.nvvolved in the various changes, 1 e. the time between
'pai#ting .avnd thé first inc;ease m thi-c'k.ne'ss, the time before maximum
thicknﬁe‘ss' was attained and the durétion 'pf the recovery period. T.he,
'deéign _bf future experifnenté depended very rrluch upon whether the
P';%ogre'ss of the hyperplastic reaction was the same after treatment
‘ n\'_;vith all the different types of test substanges and whether s'}ngle peaks
.'oi'" rﬂgltiplé peaks of activ’ity invariably 'o'c,c’urre_d.,i

Méasurém.ent of Epidermal Thickness

' This was measured with a scale on a graticule incorporated in’

the microscope eyepiece (P__l“ate- 14). The measurement was alWays
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-ma;de to the nearest division on the scale. Calfbration was carried
out with a standard stage micrometer on whichAa millimetre scale
Qas engrayed in 0.1 and 0. 01 éradua,tions. The eyepiece division
was about 1 rri?cronieter using a 100x oil immersion lens and 10x

_ occulars. The measurements were made from the junction between
the- eéidermis and the dermis to the outer extremity of the basophilic
.kiera'tohyline granules (Piate 1). During processing of the skins, a
proportion of tﬁe éorgified cells on the surface become stripped off
the underlying cells and the amount of keratinised material removed
- iﬁ this way varies .cbnsiderably along the _1ength of the skin and depends
,upox_-l so man.y.factors thavt it is impossible to make any experimental
-cofrectién;. At intervals, \the epidermis is interrupted by hair fol-
: -liéles_' and it was necessary to avoid these because its thickness
increasés around their mouths. Gféat effort was made to make the

' method as objective as possible and ten measurements were always
r.na.dze at reguls.r predetermined intervals over a disfance of 10 mm.
.except where the mouth of .a. follicle intervened. In thi§ event, Athe
r_ﬁidros;qpe stage was moved another half di-visi-on on the vernier

: vs'c'a.le.

 Experiments and Results

_Severai experiments ;vere carried out to détermine whether a
| _iniXture of acetone and distilled water (nine parts to oine by volumé)
| prc’:dpced ansr changes in epidermal thickness. Even after repeated
| ._a"pplications,_v no response could be dez"n_on.strated'. After appliéa‘tion

- of 0.3 ml. of this mixture on three consecutive days the mean
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epidermal thickness was 7.3 pm. (6.92-7.61).

Follbwing single applications of tobacco smoke condensate, the
width of the epiderrﬁis é.ppeared to fluctuate quite markedly (Table 1)
but, on c.10~ser_.examina.tion, it became evident that there was some
connection bétween the thickness and the time at which the skins had
been s'am‘pled. For this-.reasoh, only the results which had been
obtained from samples taken at 08.30 hou;s are presented in the
figures. Twenty-four hours after painting \yith tobacco smoke con-
densafe, the increase in thickﬁess was greatest after a 50 mg.' dose
and.l'e_a‘st- with a 100 mg ‘dose, v’vhereaé after seventy-two hours the

width of the’ epidermis was proportional to the dose level.

Figure I

TSC 100Mgms. -eveeveeee

75 1
15 P . —

Epidermal Thickness(microns).

L

24 48 72 96 120 144 168 192 216

Time in hours. - i

Comparlson of the effect of a single apphcatlon of three
_dose levels of tobacco smoke condensate (T.S.C.) on the
thickness of the living layer of epidermal cells measured
.on a section perpendicular to the surface of the skin.
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In association with this it appeared that the time of maximum

response varied according to the dose level, twenty-four hours with

750 mg.’, forty-eight hours with™75 mg. and seventy-two hours with

100 mg. By the fifth day the epidermis had returned to normal
thickness but this was followed by an almost impercepfible deczlease
in the thickn;ass. Treatment with tobacco smoke co.r-ldensa'te in the
presence of 3.4 - benzpyrene resulted in a more persistant
resi)oﬁse acéompanied By changes in the time of maximum response, -

B

“in addition to a slight increase in magnitude (Table 2).

Figure 2

} : - ;
| | | 300gms.34-BP |
; Y AN 100MGIMS, csevsvesesees ;
o T I A
! : /._:' '°.. + TSC 75 " -—— -
oo i _
. m :o
QO $ ;‘
i [ :
L ‘
O j

§
1

0

24 48 72 96 120 #44 168 172 216 .

Time in hours

b e

Changes in ep1derma1 th1ckness throughout the ten days
| following a single application of three different dose
levels of tobacco smoke condensate (T.S.C.) to which a
standard amount (300 Fg ) of 3.4 benzpyrene had been
added -
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Figure 3

P

34-Benzpyrene 300 fjgm ——

1 _——
5 50 Pgm --- |

b

Thickness.

o 2 48 - 72, 96

Time in hours.

The effe'ct of two dose levels of 3.4 benzpyrene on

epidermal thickness. Painting was carried out at

-08. 30 hours G. M. T. (0 hours on the abscissa)

: .3.‘.4 Benzpyrene treatment alone produced a s_li-glllt‘thickening,- but
with the lower dose level this is almost negligible. The respt;nse
was nowhere near as mérked as that produced by tobacco smoke c;)n-
densate. The g&‘eéter part ofi the thickeniﬁg ‘a;ppeared to be. due to
Ahyper'tro;;h.y rather than h;rperplasia. - Cytoplasmic vacuolation and
aééu@dation bof chrqmatin w_ithin fhe nﬁ_clei werAeV:'obs‘erveAd, but the
.méjbrity of cell; appeared to recover fairly fapidly and very few

| degene_ratéd éomp_letely. Pyknosis and karyolysis were observed
y-e?y ihfrequeritly.

- The irrita.nté, phenol and toluene (Table 4) -
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Figure 4

; ~ Phenol

Thickness.

3 0 24 48 .72 96

. ' - Time in hours.

t
— . 3

Effect of a single application of phenol and toluene on
epidermal thickness over the next four days.

(Dose levels: Phenol - 1.41 mg. Toluene - 0.3 ml.)
' appeared fo have di_fférent effects at the dose levels applied. Phenol
depres s‘ed the activity of the tissue whereas toluene caused extensive
'dar.nage resulting-in a typical regen-erative hy}ﬁerpl.asia coupled with
- much inflammation. Some parts of the epideI;mis weére destroyed
cbmpietely and thérc—; was ext;:nsive ulceration in many areas. This
was so bad in two of the samples thatA they éould not be measured.

A group of untreat_e’d mice were also killed at the same timg
‘ir}tAérAv_a.l's ;nd over the same period as the 3.4 - benzpyrene experi-
,fnentr The shadéd area in each of the figures represents the 98 per

'vcent; confidence limits calculated from the measurements of the

V .'sampl‘es,taken at 08.30 hours. o
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Ethanol and dimethylsulphoxide (DMSO) both produced changes
in the apidermal thickness and this suggests that they would be

unsuitable for use as solvents. The results are presented in Table 4.

Figure 5

DMSO —— o
Ethanol ------

! 15

Thickness.

0 24 48 72 96

Time in hours. :

U

Effect of a single application of 0.3 ml. of dimethylsul-

phoxide and ethanol on epidermal thickness over the next

fqur days. ’ ‘

100 mg of smoke condensate in 0.3 ml. 6f 90 per cent aqueous
é.cetone were épplied to tile shaved dofsal midline of a batch of mice
~on fo-_utrtéen consecutive days. From the-seconé day six mice were
re;m'oved each day aﬁd a piece of skin was excised from the treated
area oAf‘ éach mous e; Contrél_ mice were treated with 'the. same volume
_of pure 'solvent. Sufficient mice had been inclu&ed to continue with-
'dxjal.;aring six miélg from both the control and the treated group for a -

further -pefiod of fourteen consecutive days after dosing had terminated,

in order to gain information about the recovery period.

Page 48



Examination of the sections. obtained from the control mice
-showed that no hyperplasia developed and application of the solvent
-alone had no observable effect-upon-any-of the skin layers. The

results obtained from the treated skins are presented in Table 5

and Figure 6.

~ Figure 6
; 608
;
40
»
.. N
o
! | o
% 20
2
L
P 0

Eios' 7 4 21 28
ing started. dosing finished.
Time in days.

The response of the epidermis to repeated applications
~of 100 mg. of tobacco smoke condensate on fourteen
consecutive days as measured by changes in epidermal

_‘th1ckness

' The '.epi'dekrmis thickened rapidly to reach.a ma.xirm}m on the
,sévenfh day and th&s level was maintained until after treatment had
’ stopp.ed.- On the ninth day the skins of all the mice were so badly

ulcerated that measurements could not be made. The mean epidermal

~ thickness had returned to normal by the twenty-eighth day.
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'DISCUSSION

After repeated applications of tobacco smoke condensate, the
' epiderrnis become transformed into a layer about eight times its
normal width .in a comparatively short timve. This remarkable
increase appeared to have come about as a result of changes in all
'. three of the features ment_ioned in Chapter I, but the rapidity with
_ whieh it regained its former width when administration was stopped,
'suggested that inhibition of differentiation was the main contributing
fa.ctor. It is difficult to understand how enough desoxyribonucleic
acid (DNA) could have been syntnesis ed rvapidly enough to keep
fpaee with such a vast increase in the cell synthesising process.
‘Comparison of the. qnalitati;/e Observetions‘ mé.de on these
treated samples of epidermis suggested that the thickening produced
By,the 't'obacco smoke condensate was due more to a stimulating
et’fect,' whereas after-3.4 benzpyrene treatment some regeneration
in fesponse to celvl damage was responsible. VWit_h an irritant such
: as't_oluene, the pfocese would seem to be entirely negenerative.
~ Both dose levels of 3.4 benzpyrene wo_ul@ produce a high pro-
.portion~ of skin tumoure after repeated appitcation to mouse skin‘
(Badger, Cook, Hewett, Kennaway, Martin and Robmson, 1940)
whereas tobacco .smoke condensate is not nearly so potent (Day, 1967)
é.nd .yet_.the increase in thickness after '3..4 benzpyrene treatment was
| mnch iess than that obta.ined with tobacco smoke eondeneete. It is
' clee.r, ‘ tl'-lerefore_, -that the .neopla.stic pr‘oce's_s is not dependent upon ’

.the mag'nitude of the disturbance in the epiderma.l cell population. It
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is possible that it is more concérned with t;he combination of the two
influences; a stimulative mechanism and a regenerative mechanism,
"Tobacco smoke condensate may act primarily as a stimulant .Of cel-
lular proliferaﬁon but, if it is applied in sufficient quantity over a
long period, the accumulation of toxic substances is gfeat enough to
exceed the irritant threshold and bring about malignancy.

CONCLUSIONS

* (i) Epidermal thickness is increased after application of
tobacco smoke ‘condensate, 3.4 - benzpyrgﬁe and
toluene. It is, therefore, not a specific response to
pg.inting With a carcinogen.

(11) Increase in thickness was greater after treatment with
smoke condensate than aftei'.3.4 - benzpyrene. Carci-
nogénic activity is not quantitatively related to increase
in epidermal thickness.. .

(iii’: Degenerative cellular changes were most pronounced after
treatment with the non- carcinogeﬁic irritants. There was

" . some evidence of_t.heserafter treat_rpent with smoke con-
densate, bL‘Lt they were more aéparent after 3.4 - benzpyrene.

(1v) Measurement of increase in epidermal thickness alone is an
unsuitable method of' comparmg the carcinogenic act1v1ty of

_ chemical substances.
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-CHAPTER 5

THE EFFECT OF VARIOUS SUBSTANCES ON THE
~RATE -OF .CELLULAR DIVISION OF THE EPIDERMAL
CELL POPULATION IN THE AREA OF TOPICAL
APPLICATION

INTRODUCTION

Stathmokinetic agents
Proliferation rate
Mitotic duration

METHODS

- Cell counting
Histology

RESULTS

Control

3.4 - Benzpyrene

Tobacco smoke condensate
Neutral fraction :
‘Efficiency of arrest

DISCUSSION

CONCLUSION

New cells are produced in the epidermis by division of the basal
cells; (Flemming, 1884). After division, one v01-'-both of the daughter
: cell'; may'sfart to differentiate or they may remain as basal cells and
either divide 61; differentiate some time later (Greulich, 1964).

Mitosis can be arrested by treatment with certain substances such as

colchicine and colcemid.
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Colcemid

These a]kaloids are believed to act by inhibiting the formation
of the spindle in metaphase, but the pas sage- of ‘di\'ridi-ng cells which
ére in anaphase and telophase at the time of injection gliffers no inter-
 ference. The action of colchicine on the cells é.;md its use as a stath-
._"mok‘inet;ic ;gent have been extensiv.ely'r studied (Eigsti and Dustin, 1955;
vDustin, 1_959; Bertalanffy, 1964). 0.2 mg. per 100 g. body weigilt of
'-c<.)1chicine injected subcutaneously in_tt;.) mice, arrests metaphase

- nuclei for up to about eighteen hours. If the mice are killed only a

few hours after injection, before sufficient time as elapsed for the
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effect of the drug to become diminished, the number of cells accumu-
lated in mitosis per unit of time gives'an estimate of the rate of cellu-

lar division.

K = Ni/}n " " where; K _ = proliferation rate(mitosis per hour)
D N = percentage of arrested metaphases
D** = duration of arrest (hours)

In order to ensure an efficiency oi 100 per~cei1t, the mice in these
experiments were killdd six hours after injectidn oi cdlchicine. Fou'r.
consecutive groups of six animals were used to ,furnisll data on the
,..per'ce'ntage of cells dividing in the epidermis during é. complete twtenty
four_dhour‘pe_riod. ‘The six animals of the first gi'oup were injected
i;vit}i' colchicine and killed six hqurs later, wheri the second group was
,i-njected and so on. Tlie épiderr_nié of the twe'ntir-four animals com-

‘ birie’d'c'oiitain, ,a.rr.ested in metaphase, all the cells which entered
'd..ivision dtirixig..tlie' twenty-four hdur’«period.A The. en‘trir -of the cells
‘intc'). division is not affected bi_r treatment with colchicine. Colchicine
tréatment in each experimént was started exa.ctly-}for’ty-eight hours

, a.fter painting and the last group of mice was killed seventy-two hours '
vafter ;iaintmg An additional group of mice was k111ed s:xty hours
a.vfter‘ painting. These: weré not treated w1th cdlch1c1ne and the mitotic
' éo’unts_ froirri these animals répi_esent the propqrtion of cells dividing
,a.t: th’e, instant of sami:ling. The dura_,tion of rriitbsi’s can be ca.lculated.

from the following formulé.:
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where: Tm = duration of mitosis
T =_m Nm = percentage of mitotic figures

K = proliferation rate (Mitoses per hour)

'MET‘HOD OF MEASUREMENT

.' Ten groups of one hundred nucleated cells were differer'ﬁ.ia..ted
at one millimetre intervals down the epidermis of}eac_h section, Pro-
phase nuclei were ;:ou#féd as iﬁterphase nuclei, but é.ny anaph'ase and
" telophase nuclei, which would indicate inefficiency of arrest, were

enumerated.

‘HISTdLOGY

| _ Preliminary studies on skins.fixed in Lillie's calcium formol,
’B'ouin, Zenker, Helly, élarke, -C‘arnoy and Newcomer's fixatives and
' forlmol saline indicated thaf Zenker-;cetic and Bouin were by far the
]Qest for staihing with Ehrlich's haematoxylin-and eosin. The slightly
more ebs-inophil.ic staining after Zeﬁker, madé the mitotic ﬁéures
: mérg conspicuou;s and easier to differentiate.thap after Bouin fixation.
R;ESULTS
| The result; obtained from the control animals were compg.red

~ with those obtained after treatment with the neutral fraction using the

‘Student's 't' test:

»Tifne-Pe.ri‘.od o ‘Probability
. 4gesa i- .0'001.;0.01._
54-60 : ©0.001-0.01
.'60-66. _» :'o_. 0»1 -o'.loz
 66-72 0.0'2- -0.05
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TABLE 6

A
Comparison of the Arrested Metaphase Index (Nm) over '
_ different Periods after Treatment with Benzpyrene (BP),
Tobacco Smoke Condensate (TSC) and the Neutral Fraction (NF)

(Six mice per group)

Periods of

" Arrest after N'rAn (S.E.)
Application Control : BP : TSC NE
. (Hours)
48 -54  3.17(0.90) 7.50 (3 48) 117.33 (24. 28) 17. 00 (6. 22)
54 - 60  2.00(0.77) 5.83(0.56) 91.80 (34.37) 6.33(1.14)
60 - 66 2.50 (0.73) 3.50 (0.84)  24.42(14.17) 7.33(2.30)
66 -72  3.00(0.65) 2.17(0.40) 36.58 (13.75) 7.17 (2.20)
TABLE 7
Comparison of Proliferation Rate (K) over Different
Periods after Treatment with Benzpyrene (BP), Tobacco
Smoke Condensate (TSC) and the Neutral Fraction (NF)
Periods of Arrest after Control K (Calculated from Table 6) NE
© Application (Hours) ~ BP TSC :
48 -54 0.53 125 19. 55 2.83
54 - 60 0.33 0.97 15.30 1.06 .
60 - 66 0.42 - 0.58 4,07 1.22
66 -T2 0.50 - 0.36 6.10 1.19
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TABLE 8

Comparison of the Mitotic Index (Nm) Sixty Hours after=
Application of the Test Substances '

Substance Painted '

Solvent only
Benzpyrehe (300 pg.)

Tobacco smoke condensate (100 mg.)

Neutral fraction (100 mg. equivalent) -

TABLE 9

Comparison of Duration of Mitotic Division (Tm), Sixty

Total Count

15/30, 000
89/18, 000
193/18, 000
51/18, 000

Hours after Application of the Test Substances

Solvent only
Benz_pyrehe
- ~Tobacco smoke condensate

Neutral fraction

Tm (Nm/K) Hours

2.22
6.36

1.1l
2.49

Nm.

0.83

4.94
10.37

2.83
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The proliferation rate over the. forty-eight to fifty-four hour
period was found té be significantly different (p =0.02-0. 05) from that
~of the fifty-four to sixty hour peridd after painting wi.th neutral fraction.
(For an ex‘planation. ‘of the origin of tﬁe neutral fracéion see Chapter 9).

Aﬁaphase .and telophase figures were present in small proportion
in two of these experiments (tobacco smoke condepsate - 1.035%; 3.4
bén%I;Yrene - 12..28%) so'it is doubtful how much sigﬂificance can be
attached to t}‘le.se results. .These phases of mifosis were not seen in
the"control gxperiment or after treatment with the ngutral fraction
and they were’inever obse’rvec_l lower do'wn_ the hair vfollic_lc;,s than 20 ].1rn
bfrona the t'op;. Elgjo (1966) has described a method for testing the
éfﬁéi_ency of i:he arresting agent whereby specimens- of skin are taken
‘Ao'rie, two, threé, foui‘, five and siﬁ: hours after injection and the time.
-'a‘t-'which the increasing straight line collection of mitoses begins to
fali off indicates the duration over which the drug is effective. Experi-
ments were éarriéd out using this technique to test colchiciﬁe, colce-
m_id and vinblastine by-intraperitonéa.l, intravenous and. subcutaneous

injection. .
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Incidence of arrested metaphase figures after increase in
the duration of treatment with colchicine. The maximum
point (here shown to be after five hours) is considered by
~ some authorities to indicate the limit of efficiency of the
_ arresting agent, but this technique does not take into
‘account the fluctuations in mitotic activity associated with
a diurnal rhythm.

Straight line collections of arrested metaphases were obtained
(Figure 7) up to five hours, but in every experiment a few anaphase

and telophase figures were seen in sections taken from earlier samples.

- DISCUSSION

The reliability of this method would seem'very doubtful in view of
the incidence; of anaphase and telophase figures and the results obtained '
| are p:obably-best uséd as a guide to the_ interpretation of the geﬁera_l
'}c:h'a'.ng;es which are taking place. Changes resulting from treatment are

' 65viously still taking place sevents‘r-’.two hours after ai)plication and

' fhese are quite rﬁarked ‘with the tobacco smoke condensate and the

' neutral fraction, The rate of proliferation in all cases is rapidly
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. returning to normal throughout the fort}r-éight to seventy-two hour
period. Accor‘ding to Montagna (1962) the normal duration of mitosis
is ébout two and a half hours which is in very good agreement with

the results obtained from the control and neutral fra;cti;)n experiments.
" The value obtained after the 3.4 - benzpyrene treatment is absurd

because the total time of arrest was only six hours.

CONCLUSIONS

This technique proved too unreliable to draw any firm conclusions.
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CHAPTER 6

THE EFFECT O_f‘ A CARCINOGENIC AND A
NON-CARCINOGENIC POLYCYCLIC AROMATIC
HYDROCARBON ON THE EPIDERMIS COMPARED

WITH THAT OF A NON-'CA'R'CI'NOG_ENIC IRRITANT

DIURNAL VARIATION IN MITOTIC DIVISION

' TEST SUBSTANCES

20 - Methylcholanthrene
. 1.2 - Benzanthracene
Allyl-iso-thiocyanate

METHODS OF MEASUREMENT

Epidermal thickness
Cell population -
- Mitotic Index
- Cell' size

EXPERIMENTAL PROCEDURE

RESULTS

Diurnal rhythm
_ Unshaved, shaved and solvent painted
controls '
Treated mice

'DISCUSSION

- CONCLUSIONS

" This section of the work is concerned primarily with the relat‘ive'
contributions of hyperplasia and hypertrophy to increase in epidermal
thickness. A pai"a.'ilel investigation of the mitotic index was carried

" _out to determine whether there was any correlation between incidence
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of cellular division and the size of the epidermal population. Because
the measurements: on proliferation rate had been anomalous, the nor-
mal frequency of .epidérmal mitosis throughout a completeé twenty-four
hour period was examined to determine whether it was associated with
a diurnal rhytﬁm. This proved to be the case. The precautions involv-
ing consistent shaving, painting and sampling at the sarhe time of day -
‘were shown to be of very great importance. Moreover, the highest
incidénce of cellular division was seen to occur in the middle of the
- day, a.n. obs ervg.tion which dei’nonstrated that; the mice .were still
'b‘ehaving as nocturnal animals, in spite of the experimental conditions,
" and f1v'omA t_hi{; time the experimental ro§m~ was permanently locked
ana only visited when it was ébso_lutely neéessary;

| One example of éach class of test substances was examined and
thet solvenf in ga‘ch case was the same (90 per éeﬁt a:queous acetone).

A Carcinogenic Polycyclic Hydrocarbon - 20 Methylcholanthrene

- The carcinogenicity of methylcholanthrene is well known
(Cramer and Stowell, 1943). In addition the early
response of mouse epidermis to application of this carci-
- nogen has been studied in detail (Cramer and Stowell, 1942,
1943 a and b; Liang, 1947; Reller and Cooper, 1944;
- Simpson and Cramer 1943, 1945; Suntzeff and Carruthers,
. 1946; Terracini, Shubik and Della Porta 1960; Iversen and
Evensen, 1962; and Elgjo, 1966). o
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A Non-Carcinogenic Polycyclic Hydrocarbon - 1. 2 Benzanthracene -

e

There are conflicting reports in the literature concerning
the activity of benzanthracene. Occasional tumours have
‘been noted after skin painting but these are generally con-
sidered to have developed 'spontaneously' (Kennaway, 1930;
Barry, Cook, Haselwood, Hewett, Hieger and Kennaway,
1935; and Hill Stanger, Pizzo, Riegel, Shubik and Wartmann,
1951). Berenblum (1941) was unable to demonstrate an
initiating activity with this compound in an experiment in
which a saturated solution of benzanthracene in acetone con-
taining 0,025 per cent croton oil resin was painted on twenty

" consecutive weeks. Graffi, Vliamynck, Hoffmann and Schulz
(1953) and Roe and Salaman (1955) succeeded in inducing skin
tumours to arise with very high doses of benzanthracene and
subsequent croton oil treatment. Samples of benzanthracene
obtained from the manufacturers generally contain quantities
of related polycyclic hydrocarbons which would be sufficient
to initiate neoplastic activity and precautions should be taken
to increase their purity. The sample used in this work was
pur1f1ed by repeated recrystalization from ‘ethanol:

A Non- Carcinogenic Irritant - Allyl-iso.-thiocyanate
CH,. CH. CH, NCs.

This compound is the active ingredient of mustard and it seems
unlikely that it possesses any carcinogenic or cocarcinogenic
activity, but this has never been confirmed experimentally.

METHODS OF MEASUREMENT

o VEp'idermal Thickness
The width of the epidermis was measured w1th a scale on a gra-
' t1cu1e 1ncorporated in the mlcroscope eyepiece (Plate 14) The gra-

ticule divisions represented 1.042 pm. at the magmﬁcatlon used.
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- During processing there is a tendency for the stratum corneum to
become displaced from the surface in some areas, so only the thick-
~ness of the non-cornified layers were measured in this way.

'Number of Cells per Millimetre' of Epidermis

The eyepiece graticule (Plate 14) was also inscribed with a
square around the measuring scale used for thickness measurements,
and Fhe number of nuclei within this area was enumerated at ten dif-
ferent locations on each section of epidermis. These locations cor-
: 'respond'to readings' on the vernier .scale of the stage and were pre-
selected to avoid subjective‘error-s. Only nuclei in the interfollict;tlar
gpidérmis were c.ounted. '

Mitotic Index

Teﬁ groups of one hundr'edAnucleated cel}s were differentiated at
one millimetre intlervals down the epidermis of two sections from each
mouse. In sofnelexperiments, interphase, prophase, -metaphase,
a.naphé.se and‘telo.p(haﬂse nuclei wefre.differentia*fed. In other experi-
fments normal interphase nuclei, normal mitotic figures, atypical

- ‘mitotic figures, invalid mitotic figures and degenerate cells were dis-
tinguished. bissolution of the nuclear membrane was taken as the
criterion for entfy_into prophase. The end of prophase was indicated
by contraction of the chr-om'osomes -iﬁt?o a regular arrangement in the

| 'éehtré of the cell and this appeared oblong, wlién viewed equatorially,
or a.nntilar in polar view. The separation into two clumps marked the
beginning of anaphase. The _beginﬁing_ .o.f teloé}iase Qas signified by -

ch'ontraiction of the cell membrane about the central axis and its
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termination by breaking up of the chromatin and 'ia.ck of regularity in
its arra;nge_ment. Reappearance of the nuclear membrane is unsuit-
able as a criterion for the end of telophase.‘ Atypical mitotic figures
were recognis'ed when chromatin bridges were present across the
spindle or abnormally long chromatin arms projected from the main
spireme. The mitotic figures were considered to be invalid when

: Apiec_es; of chromatin were distinctly observed to B¢ lying outside the
c;ell membrane, When the contents of the nuclear vesicles and the
chromatin had become tightly packed into a dense basophilic mass or
br;)ken up into coarse fragments or when they had disappeared com-
pletély leaving a non-nucleated eosinoPhilic dead cell, these were
counted as degenerate cells. In the second type of diffe'rential count
ﬁorrﬁal, atypiéai a.nti invalid mitotic figures were all iﬁcluded in
caléulating'the actual mitotic indéx. The purpoée of this type of
count was to determine whether any correlation could .be found bet- -
ween initiating .ac‘t‘ivi‘ty and the. propo.rtion of atypipal or invalid
mitotic figures and between '-irrit.a.ncy' and the proportion of degene-
| ra£¢ cells,

Cellular Diameter

The size of the cells was calculated from the epidermal thickness

‘and the humber of cells per millimetre of epidermis:
. mean thickness x 1, 000
Diameter = 2 x —
number of cells per millimetre x 77

' This parameter is intended to.be merely a guide to changes in cell

. s.ize.’ It is based on the false assumption that the cells are perfectly

Page 68



spherical and does not take into account any change in the size of the
intercellular spaces. ‘Nevertheless, so long as these deficiencies
are borne in mind, it is a useful parameter for comparing hyper-

tr 6phic changes.

EXPERIMENTAL PROCEDURE

Measurements were carried out on three batches of control
mice to determine what effect shaving and application of solvent had
_lipon'the épidermis. Each ba.fch consisted of twenty - four mice divided
into four eéual sized gro-ups which were sampled at times equivalentA
to four, twelve, twenty-seyen and seyénty-ﬁve hours after solvent
v trea‘tment.A Th’e first batch were untreated (A), the second batch were
shaved é,long the dorsal midline (B) and the third batch were painted
with 0.3 ;111. of solvent twenty-two and a half hours after shaving(C).
Miée which were not shaved or not painted were removed from their
boxes é.na received sham treatment at the relevant tirr.1e of day.

The efféct -of‘a single appiication of the sol_vc_ant was examined
'ovelf five consecutive days. 'Seventy-two mice were painted at 08. 30
héulf_s and then randomisedr into twelve g1»'o‘ups‘ of six. Four groups
were killed on the'da.y of painting and thereafter sampling was carried

out twice a day at 11,30 hours and 20. 30 hpﬁrs.

Methylcholanthrene and Benzanthracene:

Seventy-two mice each received a single total dose of 300 pg.
(0.3 ml. ofa 0.1% solution in 90% aqueous acetone). Sampling was

carried out as in the solvent control experiments.
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Allyl-iso-thiocyanate

Preliminary .experiments were carried out to establish the
——most-suitable-dose level to be-used. The compound, which is liquid
at room temperature, Qvas mixed with 90 per cent aqueoﬁs acetone
to produce concentrations of 20 per cent, 10 per cent, 5 per cent and
2% pér cent by volume., A 40 per cent c‘oncentraﬁion could not be
obtained since it was non-miscible, Sampling was carried out two
.days after painting w‘iththe above conf:entrations and the epide‘rmis
was sédred on the basis of increase in thickness and absence of
ﬂuciei in the cells adjacent to fhe basement membrane:
ZOA% - All ghowed absence of nuclei
iO% - One third showed ab-sence' of nuclei
" 5% - All showed an increased epidermal thickness.
‘ '2%% - All showed an increased (;pidermal thickness
Following these observations, a single application of 0.3 ml.
ofa 5' pér cent solution w’as appiied to seVenty-tWo mice which were
sampled in the normal manner.. ’ |

RESULTS

‘ Diur.nal Rhythm
YT‘he mean mitotic index was determined in twelve groups of six
mice .'whi.,ch had been killed at two fxourly intervals throughout a com-
plAet‘e‘,.tWenty‘-four ho_ur’peric'ad. | The.se fesuits are é_resénted in Figure

8 and Table 10. The index followed a precise diurnal rhythm reaching
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a maximum at about 14,30 hours and a minimum in the early hours

of the morning .

Figuré,B
5 %
4
¥
B 3
2
2
=
1
0830_ 30 2030 - 0230 hours.

Changes in the mitotic index throughout a twenty-four

hour period..

Control Observations

The results are presented in Table 11 and Figures 9-12
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Variation in thickness of the epidermis in three groups
of control mice compared with a single application of
300 pg. of methylcholanthrene. '
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: (Sham shaving; sham painting )
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i (Shaved only) 4 .
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Figure 10

Index

Mitotic

Time in hours

Shaving Painting

, ,Changes in the mitotic index in the epidermis of three
“groups of control mice and one group of carcinogen
treated mice. :
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Variation in the epidermal cell population of three groups
of mice treated with a single application of carcinogen.
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Y

Time of Day
« 08.30.
10.30
“12.30
14.30 .
16. 30
18.30
20. 30
22.30
" 00.30
02.30.
04. 30
06. 30

TABLE 10

Mitotic Index

=W W b W W

.33
.00
.83
.08
.08
.33
17
67
17
17
.42
.08
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Figure 12
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. Variation in cell size following a single -application of
" methylcholanthrene compared against three different

types of controls. '

The measurements of epidermal thickness and the mitotic
~counts of these three experiments were compﬁred by énalyses of
variance‘. The_se confirmed that the fhickness -did not v‘ary- sfgniﬁ-
caﬁily over the experimental period, ;but shayi;ig and subséquent
appli;a.tion\of the solvent brought abéut an increasé in tf.-hickness.
Thelfé was a slight insignificant increase aftgr shaving, buta signifi-
. cant increase (p <0. 0'1 ) after both sh;ving and solvent treatment. In
aﬁsociation with this, it was shown that shaving and painting with the
- s’o’lyent produced a significantly higher level (p <o. 01) of cellular

3

di‘vision‘.‘ The changes in mitotic index associated with diurnal rhythm
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were also shown to be significant, (p{0.001).

Control Samples over Five Days

‘Figure 13

% Solvent controls with S.E.

- represented by shaded area

e 25 : . _—
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‘Increase in epidefmal thickness following a single
application of 300 pg. of methylcholanthrene.
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Mitotic
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1

- Variation in cellular division in the area of epidermisA
over the five days following exposure to a single appli-
cation of methylcholanthrene. Note the almost total
‘absence of mitotis twenty-seven hours after painting
and the "compensating effect' on the fourth and fifth

days.

The mitotic counts again showed a diurnal variation since the

counts made on the evening samples were consistently lower than

those at mid-day, resulting in five maximum points (Figure 14). On

~the first dé.y and the last two days of sampling, the results were the

" same, but the maximum on the second day was somewhat higher and

?

that on the third day somewhat lower than the average. It is not

X e'ntirAely clear whether this is associated with the solvent treatment

" but 'séem reasonably pr'obable. The other parameters were all

fairly constant.and did not appear to be

’

'thythin (Figures 13, 15 and I6).

associated with a diurnal

Page 79



1

K
1,

Number._ of celis per mm. of epidormis

.' of

3og

2s0]

S0
- 0246 12 27 36 51 - 60 75 84 99 108

Time after painting (hours)

J e e Gl e

Changes in the epidermal cell population after exposure
to methylcholanthrene. Note the hyperplastic changes
on the fourth and fifth days in agreement with Figure 14.
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Figure 16
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Pronounced cellular hypertrophy shown by measure-
ments of apparent cellular diameter following a single
application of méthylcholanthrene.
Methylcholanthrene

The results are-c_ompared with the solvent cohtrols in Figures
'13-16. After treatment with this carcin_ogen, “the epidermis responded
~ with a.‘sli.gh‘t reduction in thicknessfollOwed by a steady 1increase
throughout the second and third days. The incr'ease was then main-

: 'tamed on the fourth and fifth days. It has been shown that in the

early stages this was largely due to hypertrophy, but on the flfty day

t

a greater pr0port10n is due to the hyperplas1a wh1ch or1g1nated on the -
' third day. - These changes correlate very well with the level of cellular
- division. ‘A depression in the mitotic index became apparent very soon’

after painting and after twenty-seven hours division was almost com-

Page 81



oumﬁ”m%uomnuwoﬂ:ﬂzdﬂ -~ DIIV 2uddeayjuezudg -yg Sudayjue[oydTAyio - DN

(c'01-2°'8 )2°6

(8'11-2°6 ) L 0T
(¥'z1-L°01) S 11

(2'2z1-9701) %11
(L'11-%°01) 0°11
(0°61-8°€1) b1
(9rg1-8°11) 2721
(9°L1-€°61) %91
(9°11-€°01) 6°0T
(8°01-2°6 )6°6

(L0T-27°6 ) 6°6

(s'11-8°6 ) 9°01

O1IV

 (s39orag

(e"11-2°01) L°0OT
(¢e'o1-8°6 )1°01

(L'21-°01) 911
(0°11-6°6 ) #'0T

(9'21-L"6 ) 1°11
(s z1-%"11) 0°21

“(Lrot-s76 )orot
(9711-876 ) L0

(6°'8 -2°8 )s°8
(0'8 =s°L)8"L
(06 -2 )¢'8

(L'6 =9°8 ) 276

vd

AmJom-ﬁhmﬁvm.ﬁH
(z°0z-9°91) €81
(6 °81-€°ST) 0°LT
(470275 °91) s '81
(s'Gg1-1°'€1) 2 %1
(8°91-8°%1) 8°S1
(9-e1-L711) 9°21
Am.mﬂ-¢.ﬁgv 921
(¥°6 -5'8 ) 6°8
(8°01-2°6 ) 0°0T

(L°01-L°8 ) 9°6
(L°0T-2°6 )66

oW

(wurt) s mocxowah Tewaaprdy

21 dT1dV.L

(8°01-%°6 ) 1:0T

(0°TT-4'6 ) £°0T -

(z'6 -2'8 ) L8

Aouﬁﬁ-¢.oﬁvv.ﬂﬁ
(0'11-276 ) £°01
(8°11-0°01) 6°01

(€-zt-t11) L7 1T

(9°6 =5°8 ) 0°6
(6°01-0°0T1) %01
(5°01-€76 )66
(L'01-6°8 )8°6
(e-11-5°01) 6°01

SO I3U0D .De,>.m£m

ur sjTWT] 028.@&#00 jueo xad 89 £q pamol[oy sanfe) uedN)

APage 82

80T
66
¥8

si
09
1s

9¢
L2

w
2

. Am.hﬁomv.ﬁoﬂduﬁmaaﬂ..
I933e Puur],



ajeuedooryi-osi- 4V - DLIV

(L°0-€%°0) 85°0
(T1°€-55°2) €82
Aoo.ﬁ-N«.ovmupo
(te-1-61°0)SL°0
(9L°1-16°0) €€ 1
(e1°€-12°2) L9°2
(0L°$-0€°2) 05 '€
(81°8-66"%) 859
(LO"1-60°0) 85°0

(0s°0~-L1°0) €€°0

(00°1-05°0)sL°0
(s8°1-86°0) 2% 1

U.HI&.

(LL 1-90°1) 2¥% "1
(p8°¢-91°¢) 05 '€
(b5 T-21°1) €€°1
(L8'¥-96°¢) 2% ¥
(L1'2-g€ 1) SL°T
(08°'5-9€°¢) 85 %

(9L'2-1%"1) 80°2

(¥9°€-69°2) L1°¢
(¥L°0-€%°0) 85°0
(60°2-80°1) 851

(L€°2-9%"1) 261

(zLz-19°1) L1

vd

ausdeayjuezuag - vd

(08°'2-,8°1) €€ °2
(LE'9-9¥% ‘%) 2% 'S
(gr°€-L2°2)00°€

(9% L-02 ') €8°S

(¢6°¥-c2°€) 80 ¥

(p1°5-€5°2) €8°¢
(tL°z-6L°1) S22

(86°0-92°0) 2% "0
(€ET°1-%5°0) €870
(66°2-v€°2) L9'2
(52°€-60°2) 26°2
(60°€-%2 '1) L1°2

DN

X9pu] OTI03TIN

€1 ATdVL

aud ayjueloydTAyIdW - DN

(¥L°1-€6°0) €€°1
(81°%-66°2) 85 '€
(b2 °1-€6°0) 801
(22 '%-11°€) L9€

(82°1-88°0) 801

(56 '2-6€°2) L9'2
(12 1-9%°0) €8°0
($L°S-9L°€) SL'¥
(9€°1-18°0) 801
(z6°2-SL°1) €€°2
(18'¥-s8°2) €8°¢€
(00 "¥~L1°€) 85 '€

Page 83

801
66
8
SL
09
s .
9¢
Lz
21

14
(4

ST0a7U0D PIATUS

(s3e>orag uUT SITWIT @oULpPUOD Jusd i19d g9 Aq POmOT[OF SINTBA UBIW) -

(sanoH) Gorreonddy
I933e awr g, .



pletely blocked. Recovery was evident throughout the third day and on

the last two days of sampling the index again assumed a pfecise rhythm

~ although it was maintained at a higher value than normal. The simi-

larity of the shape of the curves obtained for mitotic index and proli-

ferafiqn rate (Figure 17) would indicate a fairly constant value for the
duration of division and this is demonstrated in Figure 18. It is pos-

sible that mitotic division was proceeding faster by the end of the fourth

" day and throughout the fifth.

Figure 17 .

Proliferation Rate
-

- 16

12

0 - -
0246 12 27 36 - 51 60 75 84 99 108

Time after painting (hours)

Chahgeé in pr';jliferatién. rate after a single application
" of methylcholanthrene. The mice were injected with
~ colcemid three hours before sampling.

Page 84



e o i i 2 e e e e i

1

Duration of Mitotic Division (hours)

vbe'gun to rec.over by the evening.

Figure 18

H
i

!

,.
~n

0 .
0246 12 27 36 51 60 75 84 99 - 108

Time after painting (hours)

- Changes ‘in mitotic duration of the epidermal cells

- following a single application of methylcholanthrene.'

~ The duration was calculated’from the mitotic index
-and the proliferation rate. -

‘Benzanthracene

CoA

E _'.I‘he results are presented in Figures 19;22. Epidermal thick-
ness was'reduced for a fetav hours immediately after painting, but had
Thls is reflected in the number of
ep1dermal cells present From the second day onwards these para-

meters showed very little variation from those of the controls. A very

| ~mild hyperplastic 'condition may have preva.l_led on day four (p <0. 05)

but thls level of 51gn1f1cance results from an unusually low control

value at this part1cular tlme It is poss1ble that the cells were some-

-what enla.rged a.fter the first day, but even on the third day this was

-hardly.‘signiﬁcant (p <0. 2).. The m1tot1c index was reduced throughout
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the day of application, but had recovered by the next day. It reached a
makimuin on the third day; the mean value is one standard error

greater than that of the shaved controls.

Figur el9g

30
Solvent controls with S.E.

2 represented by shaded area ’ . !

After a single application of

0: . ' . '
20 0.3 rpls. of 0.1 o 1.2: BA . ‘

15

Thickness,

Epidermal

0 .
0246 12 27 36 S1 60" 75 84 99 108

Time "after painting (hours)

The effect of a single application of 300 pg. of
benzanthracene on the thickness of the living layer of
‘epidermal cells measured on a section perpendicular
to the surface of the skin. '

..
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ure 20

. Fig

tndex.

Mitotic

° .
0246 12 27 36 51 60 75 84 99 108

Time after painting (hours)

Variation in incidence of cellular division _in the
~ epidermis over the five days following a single
application of benzanthracene.
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Figur e 21

350, ,
Solvent controls with S.E.
represented by shaded area

] 300

[ After a single application of

& o,

2 : 0.3mls. of 0.1% 1.2: BA

s 2500 |
-

° '
£

E

L

@
.a

2 1
®

]

-

°

]

-]

£

3

z

g0

0246 12 27 36 " 60 75 84 99 108 .

Time after painting (hours)

Ché.nges in the epidermal cell population following a
single application of benzanthracene. :
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Figure 22

12
10 X
P
s
a [}
s
S 2
0
- 02486 12 27 36 $1 60 75 84 99 - 108
Time after painting (hours)'
!
Variation in cell size over the five days following a
single application of benzanthracene. Note that this’
hydrocarbon did not produce hypertrophy.
Allyl-iso-thiocyanate

" The results are presented in Figures 23-26. The epidermal

thickness was significantly increased on the second and third days

_after painting and this increase was entirely due to enlargement of

the squamous cells.  No hyperplasia was evident at an;} time and

there was a pronounce.d tendency for the number of cells to diminish

after the third day.
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Figu}e 23

Epidermat Thicness(microns)

B

e R B )

The effect of painting 15 pg. of allyl-iso-thiocyanate on
the thickness of the epidermis compared with that of the .
pure solvent (acetone water, 9:1 by volume), The

' shaded area represents 1 standard error of the control.
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Figure 24

UG S SRS MDY

ek e e

o e e eem

Mitotic Index

° - .
0246 12 : 27 36 51 60 75 84 99 108

Time in hours

Variation in incidence of cellular division in the
epidermis over the five days following a single appli-
cation of allyl-iso-thiocyanate. Note the depression
on the first and fourth days. ‘
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Figure 25

mm. of epidermis

Number of ceits per

350

250

200

150

0246 12 & 36 51 60 | 75 84 99 108

Time after painting (hours)

RN

Changes in the epidérmal cell population following.a
single application of allyl-iso-thiocyanate.
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Figure 26.

e e e e e
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3
8
2

0
0246 12 z 36 51 60 1] 84 99 108

Time in hours

Variation in cell size after a single application of
allyl-iso-thiocyanate. Note the hypertrophy from days
two-four inclusive.

- The treatment immediately reducéd the level of cellular division
for at -léase the first twelve hours. On the folloWing (iay there were
mé.ny mitotic figures, but in several of these the séparéte pieces of

' chromatin were contracted and this was especiélly .evident in anaphase °
when the two arms of each chromosome did not 4appear to be extended
towa;i"ds the equatér as they usually. are. Pyknof:ic‘celis were seen
adjacent to the basement membrance and a few had degenez.'ated further
and-w.e.'re karyolitic. The mitotic index was severelf depressed on the | 4

' f;urth-aay. It is possible that so many of the cells from one phase of
vthe prolifgrati’ng section of the epidermis ha.d 'be'en dest?oyed and insuf-

_ficienf daughter cells were prepared to divide until the next day when the
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déily rﬁythm was resumed. An interesting feature of these results is
‘_that they resemble the variation of the mitotic index foun.d after
'pahlj:ing with the soly'ent, In both cases a high mitotic index on the
rﬁorning of the second day was followea by a redﬁced count on the
thirad. day, and, altﬁough this was much less conspicious with the latter,
it could have resulted from a mild irritation,

. TABLE 16
.Incidence of Degenerate Cells and Abnormal Mi.tOtic

Figures in a Count of 12, 000 Nucleated Epidermal
Cells after AITC Treatment

Time after . Degenerate - Atypical Invalid

Application (Hours) Cells Mitoses Mitoses

2 o 16 2 0
4 ‘ : 38 0 0

| 39 -0 0

12 B ¥ 0 0
27 ~ 94 0. 0
36 , 110 1 0
51 - 56 1 0
60 - 39 0 0
75 o 20 0 0
84 36 0 0
9 10 3 0

, i .

108 - S 29
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DISCUSSION

There.carLbé no doubt that the three substances e;ca’rnined in
this $ectioh have very different effects upon the epidermal cell poPe-
lation. Applic‘ati.on of methylcholanthrene or allyl-iso-thiocyanate is
followed by an increase in epidermal thickness. In both cases it is
‘apparent that this results more frone chehges in the size of the con-
_stituent cells than an increase in their numbel.'. The difference, how-.
- ever, lies in the persistance of these.changee after treatment with
the carcinogen. The increased thickness induced by allyl-iso-
thio.cyanate treatment is only a transitory resbonse, Both of these
comi:euﬁds also protiuced marked changes in the proltfereting com-
pavrtrr.lent of the tissue_.. The diffet'ence in this case lies in the timing
~ of the response. The irritant produced an immediate inhibition of
ceilule.r diw}isioztwhereas a delay of twenty-four hours occurred after
methylcholanthrene treatment. At thi‘s time the epider-mis which had
bee‘nﬂ'exposed to the irritant was in a very active state of cell produc- .
' t..ion which would seem to agree with the hypothesis that this is a
regeﬁeratix)e phenomenon in which the tissue ie undergoing ; state of
:eelf repair in response to cell damage. This is a;gain'contirmed by
the h1gh proportlon of pyknotlc and karyohtlc cells observed at this
t1me'. A quant1tat1ve measurement was not made of the degenerate )
cells J;.n the methylcholanthr ene-expos ed tissue, but qualitative exami-
natlon suggested that the incidence was at no time hlgher‘than that of
- the con_tr_ol tissue. | Th1s is supported by quant1tat1ve findings with

other carcinogens (Chapter 7). The reason for a second phase of

»Pege 97



_mitotic. inhibition following allyl-iso-thiocyanate treatment is not
clear. At thi.s timé the methylcholanthr.en-e-exposed épidermis_ dis-
played a highly active state of cellular division with accompanying
hyperplasia. This was not accompanied by a proportional increase in
cellular degeneration and the new daughter cells é.ppeared to be less
hypgrtrophied and more normal in shape. These observations on
samples taken a few days after exposure to the carcinogen are in
agr-eerneht with those of many other workers (Frei and Stephens, 1968).
There is a distinct impression that this létter phase is associated with
a st'imulation of mitosis rather than a regenerative mgchaniém.

.4 There is no evidence to suggest fhat treatment Qith either
inethylcholanthrene dr benzanthraigene has influenced the duration of
éhy of-the phases of mitotic division (Figure_s 27-29). Berg (1948)
discussea the contradictory reports on the relative incidence of the
various phases and compared these with his own results in which ben-
zanthracene treafment was followed by a very m}lgh reduced incidence:
of metaphase figures. Figure 28 demonstrated the rapidity with which.
the incidence of thei various phasé changes during the firs£ thirty-six
hoﬁrs after the tr eatment and may help to expla.in. the apparent contra-

‘ dic':‘ti_onslvlvhich have led to .confusion in the past.
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Figure 27

d ‘ X
— PROPHASE
¢ 3
A e METAPHASE
.3 N
' o . —._ TELOPHASE
3.
z
= L Y
. £
(o]
)

Variation in the various phases of mitosis in the epidermis
following a single application of the pure solvent. '
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Figure 28

—— PROPHASE -
..... METAPHASE
---- ANAPHASE

—.— TELOPHASE

Differential Mitotic Index

Incidence of the phases of cellular division over the five
days following a single application of 0. 1% methylcholan-
threne in 90% aqueous acetone at 0 hours (08.30 hours
G.M.T. ). Since none of the phases occurs in unusually
- high proportion at any time, it would appear that the car-
cinogen does not interfere with the actual mechanism of -

mitosis.
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Differentlal Mitotic Index

‘ Inc1dence of the phases of cellular division over the five
- days following a single application of 0. 1% benzanthracene
in 90% aqueous acetone at 0 hours (08.30 hours G. M. T.).

.‘ The control obs.ervations suggest-thé.t the application of an acetone/
water mixtufe is just as irritating as careful shaving. Because this
slight response only became evident in an examination of the measure-

. -fnents g.nd was not noticeable in th'e skin sections, it has been shown that
this type of quantitative study is very valuable in detecting comparativély’
minor chahgeé in the epidermis and obtaining information which may

contribute to a better understanding of the cancer mechanism.

CONC LUSIONS

- (i) Treatment with-the carcinogen brought about an
increase in epidermal thickness which was still
" very much in evidence on the fifth day after

exposure. : .-
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(ii) This i‘ncrease was due to both hyperplasia and
hypertrophy, but the latter contributed more,
especially in the earlier stages.

(iii) Treatment with a non-carcinogenic irritant pro-
duced a transient increase in epidermal'thick-
ness which was entirely due to cellular hyper-

_ trophy.

(Viv)’ I‘he non-carcinogenic hydr.ocarbon did not induce
eiaicierma,l thickening.

(v) Al thrgé test substances and the solvent vehicle
had an appreciable affect upon the incidence of
dividing cells in the epidermis. This was much

.less >marked With benzanthracene treatment than
the other two test substances. The pattern of
change v;/as ver;)r different between the ca‘rcinogen-

" and the non-carcinogenic irritant.
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CHAPTER 7

AN ATTEMPT TO CORRELATE EARLY EPIDERMAL

- CHANGES WITH THE TWO STAGE MECHANISM

OF CARCINOGENESIS BY EXAMINING THE EFFECT OF

A SINGLE PAINTING OF URETHANE AND COMPOUND
- Al

-INTRODUCTION

“Tumour regression
Initiation
Transformation
Co-carcinogenic promotion
METHOD
RESULTS

Urethane
Compound Al
~ Urethane followed by Compound Al

DISCUSSION

CONCLUSIONS

‘Persistant application of tar to the skin of mice induces papil-
lomata to arise- from the epidermis which are l-ikely to regress if

the treatment is stopped. After a much shorter per1od of tar pa1nt1ng

_____ the tumours reappear Mi-_xg__thg_gwaln_e_'place. They may also be induced
-tb 'reéppear by pa.intihg with turpentine or by wounding the previously
‘painted area. There is no apparent histological difference between

the area of ep1derm1s which replaces a regressed papllloma and nor-

mal hea.lthy ep1derm1s (Rous and K1dd 1941 and Mackenzie and Réus,
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1941). 4These ob;erva.tions would suggest that some of the cells of
the epiderrﬁis which replace the tumourAare altered in some way,

' although they present a normal appearance and, in the presence of
a_'suit'able stimulus, they- are capable of giving rise to a new papil-
lo;na. |

Berenblum (1941) was interested in the effect of irritants upon

the mouse epiderimis. ‘He found that croton oil, turpentine and
' ;cylene did not produce any appreciable increase in the tumour yield
obtained 'w.it.h high dose levels of benzpyrene. With 10wI dose lévels '
' hqwéve'r, he discovered that croton 0il resin did produce an increased
tux'nour yie'ld. Sin;e this .was much greater than the sum of the
tumours produced by these substanc_es when painted separately, he
: qonclﬁdéd that the low dose level of benzpy;ehe’ initiated the cancer
méchanism, but was incapable of bringing it to completion without
the s_.ubsequent application of the Jcroton oil, rather than a simple
' summation effect of two weak carcinogens. Thi§ was the first indi-
cation that the cancer mechanism might be divided into two stages.
Berenblum cOnsidefed high doses of benzpyrene to be éapable ‘of
bringing about both these sté.ges. Mottfan{x (i944), using a similar
type of test sy'stég}, showed that a single application of a low dose of
' bén'zpyrene:Was svufficient‘to initiate latent t'ul"no_ur ceAlls. In 1947,
Berenblum .and Shubik demOn"strz.Lted'that the initia_tion stage was

: i.rr_eversible. and fhat the transformed cells remain dor-mant in the
" gkin anci_ do nof _grg.’dually dis;ppear. This'-wa.s shown by delaying

. the start of the Silbsequerit'éroton oil treatment when the latent
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period was increaséd in pr0portion,' but thg tufnqur yield remained
the same.

" "Much of the information concerning the initiation stage is theo-
retical. For ipstance, the existance of these transformed dormant
cell; ﬁas never been demonstrated and there is no expérimental.
ev.idence which would exclude an overall 'tissu.e change. It is difficult
to understand the persistance of transformed célls in a tissue such as
the epidermis which is in a continual state of cell turnover. A few
pure initiating agents are known. One of these is urethane (Salaman
and _Roé, ' 1‘9 53) which 'Has beeﬁ shown to initiate skin tumours although
.in the lung it is a total carciﬁogen (Nettleship and Henshaw, 1943).
;I‘helle is no record in the literature of any wofk_er's oBserving an epi-
dermal response after treatment with urethane. |

‘Conv.érsel}r.the response evoked by promoting agents is very
nﬁar_ked a.nd-has been éxtensively studied. Croton oil is not a pure pro-
moting agent because it is capable of prodﬁcing a few tumours when
painted alone. In.1968 Hecker and his colleagues succeeded in isolat-
ing a compound, 13 - acetyl phorbol 12 . rx;yristate, frqm croton oil
which they 'svhowe‘d‘ to be the active constituent. ~Before its identity
bébé;mé-accepted in the lite1;ature. Other pure promoters are known',v

| "and the most important of the.se are the non-ionic detergents’, known
| by the tlfivial names of Tween énd Spé.n—. These have been investigated
by S‘etala Ia.nd his colleag'ue's (1956 and 1957). All the knpwn promoting

'agents produce a short term rbespons'e' which is characterised by
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extensive epidermal hyperpla.‘sia. and hypertrophy. This can also be
evoked by treatment with irritants wh;ich are not>carcinogenic, but it
"would not seem to be as persistant as that produced by the promoting
agents. Sucha cbndition élso forms part of the responée produced by
maI;y, if not all, of the carcinogenic polycyclic hydrocarbons as has
been demonstratéd with methylcholanthrene in thé previous chapter.
It has also been observed, however, after treatment with anti-
carcinogens (Berenblum, 1929).

METHOD

In this seétion the i'nitbiat,or, ureti_lane and the co-'car.cinogen Al

weré subjected f;o the test system developed in Chapter 5. In these
expgriments samples were not taken in the evening because the extra
work involved did ﬁot seem to have prdvidgd any more valuable infor-
. mation in the cases alreé;dy tested. The urethane was applied as a 20
- per cent solution in 90 per cent aqueous acetone (i.e. single applica-
.tion of 66 mg.). In the following éxpériment 3.75 pg. of compound Aj
were apélied in a single application of 0. 3' ml, of solvent. If urethane.
behaves asAa pui'ie. initiating agent and compo@d A)] behaves as a pure
promoting agei}t, then appliq;tién of both these substances would be
expécted té- produ.cg tufnours after prolonged exposure of the shaved
skip. In order to determin.e whéther the epidermal response to
| cAompoun'd A) was modified ’by pretreatment with urethane, an experi-
fnent' was pérfbrmé_d in which the same quantity of compound A was

‘applied exactly seventy-two hours after a 'single application of 20 per
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cent urethane. It was anticipated that any modification which was
likely to occur might be very dependent upon the relative concentra-
tions of the two compounds and the duration of the intervening period
between applications. A period of seventy-two hours was chosen
because previous experiments, such as the one involvi.ng-trea.tment
with methylcholanthrene had shown that the major disruptive changes,
‘whic‘h had been observed and were therefore likely to occur in the

' epidermis,l hé.d all had a chance to oberate by this time. The same
dose volumes and concentrations were used so that the r;asPonse could
be c%ompaLred directly with the parameters already determined. .
RESULTS |

The results bbtained after treatment with both urethane and
compound Ai a;r.e compared with those Aalready .obtained in Figures 30-33.
Numerical values are presented in Tables i7-20.

Ureth'ane‘ .

On the day following treatment, the épidermjs was considerably
reduced in t_hickr.xess, but on subsequent days, ij: gradually returped to
normal and on the fifth,_day there was evidence to suggest that an
a.lir'nost'imperceptible thickening was still in prégress. The early
1':e‘ductio'n in'thickﬁess is explaiﬁed by a very low cell population on
fﬁv'o sﬁBs equent'»days and.thé later thickening is accounted for by a

_return to a normal popula.tioﬁ accompanied by a slight increase in the

size of the squamous cells. The mitotic index was within normal con-

tr'ol,limits throughout the course of the experiments.
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Figure 30

25

Epidérmal Thickness (hicrms)

,
I

|| C2 3 4 5 ,
. 1

L

painted

shaved Days of exposure

Comparison of the effect of a single application of
various substances on the thickness of the living layer
‘of epidermal cells measured on a section perpendicular
to the surface of the skin. For key see Figure 31.
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: Fig ure 31

PO S

— — — URETHANE.

—-—- CROTON OIL
‘ CMPD At

Index

.Mitotic

shaved painted Days of exposure

~ Comparison of the effect of a single application of.

various substances on the incidence of mitosis at

11.30 hours G. M. T. on the first five days of exposure,
" The boundaries of the shaded area represent deviations

of 2.S. E. from thé mean calculated from all results
"obtained from normal, shaved and solvent treated mice

‘at this time of day.
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Figure 32

E
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13 . — — — URETHANE.
E 130
5 —-—- CROTON OlL
L2 CMPD A1
: %0
! 0 |1 2 3 ‘4 5
shaved ~Painted '

Comparison of the effect of a single appliéation of’ .
various substances on the epidermal cell population.
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- Figure 33
i
B 20:MC. — — _ URETHANE. _
J— 12:BA. — - —- CROTON OlL ;
. CMPD A1, '
;8 !
L% :
E
3
Q
o
(8]
5

0 ‘1 2 3 4 s
shaved Painted Days of exposure

J

i

- Comparison of the. effect of a single application of
various substances on the apparent size of the epidermal

cells._"

Compound A

Treatment was followed almost ir.nmedialtely by an increase in
- the .size of the cells, but the epidermal thicknéss femained unalfered
' becéuse of a slight drop iﬁ_éell population. This was proba.Blj caused
' bf a. fémporary inhibition of cellular divi'sion-si.nce the mitotic index
Qas-'almast.negligible‘7 On subsequent ‘daysf there"was a aramatic
in_cfeasé in all parameters.‘- On the day fo}lowing’treé.tment mito;:ic
f_igﬁres were incredibljr abundant é.s if they had Begn arrested for a
- long peri_éd with colchicine but ali phases were presenf and appeared

‘to be normal. The mitotic index was the highest ever recorded in
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this series of experiments. On subsequent days it was much reduced,
but still significantly higher than the control value (p <0. 001). This

intense cellular proliferation led to a progressive increase in the num-.

ber of epidermal cells which still persist;adﬁ on the last day of sampling
and was accompanied by an inéreased thickness. Maximum thickness .
.was ,a.c‘hileved on the fourth day, the reduction on the following day
‘being associated wﬁb_a_g_l_'_a,gga;l liosﬁs_ of hypertrophied cells. Distortion
of the cells Qas rﬁost apbarent on the day after treatment and thereafter
thé cells bea;;;a:me progressively smaller. Presumably only those cells
Which were formed during the first twenty-four hours after treatment
-were affected in thi's way and they were gradually lost by differentiation
aﬁd exfoliat'ion' from the surface.

Urethane followed by .Compound Al

The results obtained are compared with those obtained for urethane

and compound A1 in Figures 34-37.

Figure 34
!

i
I
§ Pt
! N\ T,
| 7\ .
} L | / \
: / \
} \ -
; A =
' _ |
- g !
. |
]
i £ Urethane
[
; . . ' o Croton il A1
| i 3 . .

H . ‘ — — = Urathane & compound A1

. :

-
i |
. LE 7 5 I ) == L m o
i t

Painted with Painted with compound A1
- Time In  hours.

£

Effect of the combination on epidermal'thickness
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Figur e 35

(-
¢ Ursthane
!
[ N R Croton oil compound At
1
. [ ) ~ — —— Urethane & compound A1
. 15 "k - ..
)
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H % !
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10 ) ’
1 r\ \ !
! / Y
i ’ \ “\.‘
8 / AR
2 /
K] 8 / \
3 A N
- ] ,.-};'/ N
{ . ﬁl
: e :
§ ll 217 1] k] 9 12 147 17t 180
Painted with Painted with compound Al ’
urethane

Time in  hours

e e

" The effect of a combination of urethane and compound A,
on the incidence of cellular division in the epidermis.
Note the reduced level of division ninety-nine hours after

the start of the experiment.
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Figur e 36
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The effect of a combination of a weak initiator and a
powerful co-carcinogenic promoter on the epidermal
cell population. ' ‘
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Figure 37
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1
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Painted with » ) . Painted with compound M‘

Time in hours

The effect of a combination of urethane and compound A
. on the apparent size of the epidermal cells compared with -
 that of each of these substances separately.

- On It‘he day following the application of comp'ound Al’ the mitotic
index had again ri;en dramatically, but only just over half as much as
“that following compound A1 alone. The differgncg is not significant,

: l'lowevver, (p <0. 2). Oﬁ the fifth day the index r éturned_to normal,
This rriodific?,tion was also réﬂectéd in the epidermal thickness and
thé number of aéuam'ous cells, the values of which were both decreas-

" ing rai)idly on thej last day’ of sampling.' It is interestixig to note that

fhe nurr;ber of <.:elis ir; the épidermis was much higher (p <0. 02) three

hbgrs :after subsequent treatment with corﬁpound A1 than it had beeg :

" after application of this substance on its own.
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' DISCUSSION

T.r eatment with urethane is followed by a transient hypoplasia of
~ ~the epidermal cell population. Whether this is a general characteristic
of initiating agents remains difficult to prove in the absence of other
members of this class which can be showh to be &efinitely devord of
promoting properties. The mechanism by which this hypo-plastic state.
is irlduced also remains somewhat obscure. It could result from an
abnormal loss of cells by sur_face exfoliation. Alternatively, it might
be associated Qith a change in the rate of cellular division. An
increase in the duration of mitosis with a proportional decrease in the
dividing population would show an apparently normal mitotic index at
anyjins-tant .of time, but'would- result in a reduction in the cell popula-
_ tion‘.‘

The absence of any noteworthy cellular degeneration c'ou.pled with
the very high incidence of cellular division following treatment with

.compound A suggests that the changes observed are not associated

‘  with a regenerative response. The persrstanee of the hyperplastic
response is.very notable and ie 'strong.ly rerriihiscent of the response
follovs}ing methylcholanthr ene treatment'. Wherr treatment was pre-

. ~ceeded by application or urethane, the hypertrophy which was most
apparent on the day after dosmg, did not reach a maximum until the’
| '.'b'next day. This might indicate that the initiating effect operates by -

subdumg early changes so that if the potency . of the 1n1t1at1ng agent

’could have been greatly increased, the response would tend more to
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- resemble that shown by méthylchoiaﬁthfene.
Corrglation §£ 'somatic mutations', expressed as atypic_al or
| -———in\‘ral‘i"d mitotfc.figﬁres, with initiatiﬁg activity is c;ertainly not evident -
(Tabl‘e 21). This mé.y be bec.ause' the numerical values are too small,
but, si_ﬁce each representé the value obtained from a _céunt of 12, 000
nucle'i, a more reliab1¢ va'lue; would necessitate ah enormous amount of
cell comting. L
Reéent work (Oehlrert and Grimm, 1966; Hecker and Paul, 1968)
usving trititi.rn. l.abelled carcinogenic ‘hyd.rocarbons éuggests that there
is some reaction between these .a.ndvthe cellular constituents of the
: epid'er.mi‘s‘v.ery shortly a;fte'r a‘idministrati()n, and that thié reaétion
ma.y be éOm_pleted in about the first twen@y-four hours. The evidence
"a>l,s';c~> ',sug'gésts‘ that the reaéfion products remain m the epidérmis for
.at least séventy ;two hours and they are then gradually eliminated
- ofer the next eight days. Investiga;tions. of the synthesis of DNA land |
~RNA._(Pa'.u.1, 41969) after adminis'tl"ation of hycvlroca'rbons and cofnp'ound
A1 sUggeﬁs't that sypthesis is’i‘nterrﬁpteci by Acvafrcir'logensfv during the
‘twenty -four hours folloWir;g treatment: and this is followed by stimu-
o .lafidh, ".wherenas the promoting -a;gént stimulate; syntheéis without a
.p.r__éllimina'ry inhibition.” Stimulation of DNA synthesis continued for up
fb-Seveﬁty-two’ hours. Thé duration and 'timi.ng'_ of the various aspects
of t_he.r_hesponse obtained with urefhéne, compound A1~ and‘methyl-
. Chd'lanfhr ene are in very gqod-agreement w‘ith fhe observations of

 _these workers. . . .
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CONCLUSIONS

(i) :AApplica‘tion-of the initiator was followed by a’
"reduction in the thickness of the epidermis
which was entirely due to a diminished population
of cells. |
(ii) Application of the co-carcinogenic promoter
resulted in massive epidermal thickening due to
both hyperplasia and hypertrophy. In addition,
‘the incidence of cellular division was ex';remely
B pronounced.
(iii) The visible changeé associated with the initiator
~ were completed in thé first three daLys. lThe
changes a_s,socia'ted With the promoter were still
\}ery much in evidence on the fifth day after
exposure.
(iv) Cellular dege'neration and chrbmosorﬁe aberrations

o‘ccufred:very.'seldom and could not be correlated

with either type of treatment.
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CHAPTER 8

AN INVESTIGATION OF THE RESPONSE PATTERNS
OF SEVERAL MORE EXAMPLES OF EACH CLASS
OF ACTIVITY AND THE SUBSEQUENT DEVELOPMENT
OF A SCREENING TEST FOR CARCINOGENS AND

COCARCINOGENS
' INTRODUCTION
METHOD
SUBSTANCES TESTED )

" A. Polycyclic aromatic hydrocarbons

9.10 - Dimethyl 1.2 - benzanthracene
3.4 - Benzpyrene

1.2.5.6. - Dibenzanthracene

1.2.7.8. - Dibenzanthracene

1.2.3.4. - Dibenzanthracene

20 - Methylcholanthrene

' B. Nitrogen Heterocyclics
Tricycloquinaquine
- Acridine
. C. Miscellaneous substances

Cantharidin
Croton oil

~ ANALYSIS AND INTERPRETATION OF THE RESULTS

* . DISCUSSION

CONCLUSIONS

The series of experiments described in this section were carried

' ‘_ out with the obj.ect of determining whether the features of the epidermal

: ~ response were characteristic‘of the various classes of activity under
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iﬁvestigation aﬁd whether particular aspAects could bé specifically
as.s.ociated‘ with carcinoggnic or cocarcinogenic substances. As the
work progressed, it became evi_dent fchat there were correlations
between the activity of the test substances and the response patterns
which were ‘t;eginning to emerge. These patterns weré analysed into
d.i‘stinctive features.and a short term test was developed.
'METHOD |

Essentially the same test system was used, but, in order to
increase the number of s-ubstances‘\‘vhich could be tested, sampling
“was carried out on the first, second.and fourth ddys only, because
| ’th'e‘most important changes ih mitotic index had been dbser.ved.at those
times. In addition, an examinat_ion of the sa'mp_les' taken previously
shéwed fha.t six mice per grdup produced very. little more inforr'na-
fioﬁ than -a sample of fqur, In eacin experiment twelve mice, which had
been shaved onrthe previous day at 10: 00 hours, were painted with a
solution of the test substance at 0.8. 30 hours. These were vdivided into

three groups which were sampled three, twenty-seven and seventy-

five hours after treatment.
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EXPERIMENTS AND RESULTS

A. Polycyclic Hydrocarbons

-~9.10 --Dimethyl 1. 2 --Benzanthracene (DMBA), 300 pg.

T AT T T —

It is well established that this is a very potent carcinogen
(Burrows, Roe and Schober, 1945). Application was fol-
lowed, initially by a slight rise in mitotic index, but on

" the following day cellular division was strongly inhibited.
Four days after treatment, the mitotic index was slightly
lower than normal and accompanied by a reduced cell

- population, possibly indicating some irritant activity. The
most striking aspect of the response on this day was the
enormous enlargement of the cells which gave rise to an
abnormally thickened epidermis.

TABLE 22

Epidermal Mitotic Number of Cellular Dead Cells
Thickness Index - ~ Cells Diameter ———————
Dayl - 4.50 - - 0.13
Day 2 10.7 0.75 177 8.8 3.13
Day 4 - 19. 2 2.38 167 12.1 625
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: 3.4 - Benzpyrene (BP), 300 pe.

\,
N e e o e e e 8

) A A S LSy
Lo v

This is another highly potent carcinogen (See Chapter 3).
. The response was very similar to that obtained after

methylcholanthrene.
TABLE 23
Epidermal Mitotic Nurﬁber of Cellular
- Thickness Index Cells Diameter Dead Cells
Day 1 - 2.00 - - 100
Day 2 10. 1 0.13 150 9.3 1.38
Day 4 14.2 4.25 189 9.8 2.50
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1.2.5.6. - Dibenzanthracene (DBA), 300 |.1g.‘

This is another standard carcinogen used in cancer testing.
Its.activity is less than methylcholanthrene, dimethyl-
benzanthracene and benzpyrene (Pullinger, 1945). - On the
day after treatment hyperplasia was evident and this was
‘accompanied by a reduction in the mitotic index. This
reduction was not as marked as has been observed with
methylcholanthrene, dimethylbenzanthracene or benzpyrene:
‘and this may reflect the lower activity of 1.2.5.6. -
dibenzanthracene. Cellular hypertrophy and an increased
mitotic index were evident on the fourth day. This response
pattern is of particular interest since it is possible to dis-
tinguish similarities to the separate patterns observed after
. treatment with urethane and compound A}; hypoplasia, twenty-
_seven hours after treatment is followed by an increased mitotic
- index and cellular hypertrophy seventy-five hours after treat-

ment.
TABLE 24
Epidermal Mitotic Number of Cellular '
" Thickness Index =~ _ Cells Diameter Dead Cells
Dayl - 3.25 . - - 113
Day 2 - 10.3° 2.88 164 8.9 . 1.00
Day4. 11.0 ~ 6.63 164 9.2 1.00
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.l. 2.7.8. - Dibenzé.nthracene, 300 I.lg.

Its activity is equivocal since it has not been examined very
"-thoroughly. Barry, Cook, Haselwood, Hewett, Hieger and
Kennaway (1935) found one malignant and three benign
~ tumours in the skin of twenty mice. After an initial depres-
sion, the mitotic index rose considerably higher than normal.
"The comparatively low cell population on the second day is
not in agreement with the high mitotic index. Hypertrophy
_-was evident on the fourth day. ' :

TABLE 25

Epidermal Mitotic ~Number of  Cellular 4 ¢ 14

Thickness Index Cells Diameter
Day 1 - 2. 50 - - 1.38
Day 2 10.1 6.88 . 180 - 8.5 0.63
Day4  12.0 . 4.63 170 9.5 .  0.88
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1.2.3.4. - Dibenzanthracene, 300 pg.

AN

This has been painted very seldom and then only with
small numbers of mice. Cook, Hieger, Kennaway and
Mayneord (1932) produced two tumours, but the purity of
the sample was uncertain. Barry, Cook, Haselwood,
Hewett, Heiger and Kennaway (1935), with the pure com-
pound, produced no tumours in twenty mice 487 days after
the beginning of treatment. In this case, the anomaly bet-
ween the number of epidermal cells and the mitotic index
on the second day was even more evident. On the fourth
day, although the mitotic index was at its highest and well
above the normal range, the cell population remained very
low. Hypertrophy was again evident on the fourth day.

TABLE 26
‘Epidermal Mitotic Number of Cellular -
Thickness - Index Cells " Diameter Q—M
~ Day 1 - . 3.25 - e 2.13
"Day2 9.2 4.25 157  .8.6 = 2.50
Day 4 10.6 5.13 168 9.0 1.75
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20 -~ Methylcholanthrene, 150 pg.

The response was almost identical to that obtained at the higher

—dose level (see Chapter 5).

TABLE 27
‘ Epidermal Mitotic Number of Cellular
Thickness Index ~ Cells Diameter Dead Cells
Day 1 - . 4.38 - - - 0.50
Day 2 11.1 0.50 165 9.2 2.25
Day 4 - 14.8 © 8.50 176 10.4 . 1.13

B. Nitrogen Heterocycliés

Tricycloquinazéline (TCQ) 25.8 pg.

B I U SRPIUE: 3 SO

300 ug. applied twice weekly produced malignant tumours in
twenty-six mice out of a total of thirty-six after 280 days
(Baldwin, Cunningha.m and Partridge, 1959). This compound
is, therefore, highly carcinogenic. Unfortunately, its

- solubility in the acetone-water mixture was very limited and
this was the highest dose which could be applied without
altering the standard experimental conditions. There
appeared to be a slight elevation in the mitotic index three
hours after treatment and on the following day this had
become significant. Conversley, the cell population was
considerably reduced and a marked hypoplasia was apparent.
Cellular hypertrophy was not detected at any time and on the
fourth day the mitotic index had fallen to normal.
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TABLE 28

E 'd - . . b ) f
pidermal  Mitotic = Number of  Cellular . oy

Thickness  Index Cells Diameter
Dayl1 - © 4,38 - . ~0.50
Day 2 9.5 5. 50 153 - 8.9 0.63
Day 4 10.4 3.00 176 - 8.7 2.00

Acridine, 300 pe-

{ ’ S0 ' }

This compound is not known to have produced any skin
tumours although it has often been tested, (Kennaway, 1924
a, band c.). It is generally regarded as a non-carcinogenic
irritant. '

TABLE 29

Epidermal Mitotic Number of Cellular Dead Cells

Thickness . Index Cells - Diameter
Dayl - 2.3 - - 1.38
. Day2 ° 10.5 2.5 192 8.4 2.00
. Day4  .8.6  2.63 158 8.3 2.38

‘The mitotic index was slightly lower than normal on each day and
this probably accounts for the significantly reduced cell population
(p <O. 01) on the fourth day. Hyperplasia and hypertrophy were not .

‘vobse'rx-red,throughout the course of the experiment.
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C. Miscellaneous Substances

Cantharidin, 60 pg.
¥

-

This is a very powerful skin irritant. It was shown to be
non-carcinogenic by Orr (1938), to reduce the carcinogenicity
of tar by Berenblum (1935), to have no profnoting activity by
" Gwynn and Salaman (1953) and to have no initiating activity by
_ Roe and Salaman (1955). This dose level was found to be the
highest non-lethal dose, indicating that it is much more toxic
in this strain of mice than in the hairless mice (Elgjo, 1966).
_An elevated mitotic index on the day following treatment was
accompanied by a significant increase in the number of
.degenerate cells. Cellular hypertrophy was evident on the
second and fourth days, but the cell population did not show
any appreciable fluctuations. The mitotic index had returned
to normal by the fourth day. '

TABLE 30 ..
Epidermal Mitotic Number of  Cellular '
Thickness Index Cells Diameter Dead Cells
Day 1 - 3.38 - - 222
Day'2 . 14.3 7.00 186 9.9 5. 50
Day 4  12.3 3.75 189 9.1 2.25

Croton Oil, 300 pg.
" The promoting a.c'tivity- of croton oil is well known (See Chapher 7).
Through the Rind co-operation of Mr. B c. V. Mitchley, a sample of

' .prov'e'd activity was obtained from the Chester Beatty Research Institute.
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Three hours after treatment, mitotic activity was almost completely
inhibitéd. On t};e second day the epid_e'rmis was found to be in a very
active state of division with an Ai’ncrc.aa.s ed cell population and much

'hypertrophy. 'IWO days.later mitotic activi@y was ﬁot so pronounced,
although it had not I;eturned to normal. An even larger population of

cells was evident, but a greater proportion of these were of normal

~ size.
TABLE 31
Epidermal  Mitotic Number of Cellular
Thickness Index Cells Diameter M
. Day 1 - 0.75 - S 1.25
Day 2 17.1 10.88 208 10.2 0.88
Day 4  14.9 6.13 216 9.4 1.25

ANALYSIS AND INTERPRETATION OF THE RESULTS

A more thorough statistical exafnination was made of the control

| ?esults obtained in Chapter 5 to determine the exact values at which -
the cha.nées in the various paramgteré became significant. Special
a.ttgm:ion was paid to. the connection between the level of cellular divi-

' sipn and the size of the cell populaf:ion. | An analysis was carried out
~on the me;asurements made on all the shaved control skins sampled at '
| .11, 3_6 hours and the results are presented in Table 32. The changes in
~>the'. various parameters weré then studie& to determine those features B
Whi;h appéared to be relatéd to the éctivity of the test substances. The
‘sig'ni‘f'icAa.nt features obtained by analysis Qf th.e- response patterns were

then coded as follows:
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'A.A Mitotic index less than. 2.36 on Day 1"

B. Mitotic index on Day 2 less than that on Day 1.
""C. Mitotic ihdéx greatel" than 5.14 on Dayv'Z;

‘D. Cell éoPulgtion less fhan 166 on Day 2.

E. Cell population less than 185 on Day 2 when the mitotic index
is greater than 5. 14, .

"F. Cell population greater than 204 on Day 4.
G. Cellular diameter greater than 8.7 on Days 2 or 4.
H. Degenerate cell incidence greater than 4.0 on Day 2.

J.. A marked decrease in the cell population between twenty-
seven hours and seventy-five hours after painting.

In this way the response patterns were subjected to a close quali-
tative comparison, based upon strict quantitative criteria and the test
substances were found to separate into groups of which the respective

members all possessed the same activity. (Table 33).
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TABLE 32

Analysis of Shaved Control Results

(Series B from Chapter 5)

Distribution of mitotic index of avera.ge of four animals
obtained from results of six animals on three separate
occasions at 11.30 hours G. M. T,

S.E. +3 +2 +1 0 -1 -2 3
5.83 5.14 4,44 3.75 3.06 2.36 1.67

Distribution of number of cells per millimetre of epidermis
‘from average of four animals obtained from results of six

animals on three separate occasions at 11,30 hours G. M. T,
S.E. 43 +2 +1 o -1 -2 -3
215 204 194 184 175 166 158
Distribution of cellular diameter of average of four animals
obtained from results of six animals on three separate
occasions at 11,30 hours G. M. T,
S.E. +3 2 +1 0 -1 2 -3
“ 9.0 8.7 8.4 8.1 7.8 1.6 1.3
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TABLE 33

Test Substance ) Response Code Activity

ABCDETFGH]

Methylcholanthrene x X X Potent carcinogen
Dimethyi benzanthracene x | x Potent carcinogen
Benzpyrene . X X xl - x  Potent carcinogen
1.2.5.6. - DBA x x x Cércinogen
-1,2.7.8. - DBA o X x X Weak carcinogen
1.2.3.4. - DBA X X X Weak carcinogen
Tricycloquinazoline X X x B < .Carcinogen at low
' dose
Benzanthracene - ‘ x ‘ _ Non-active
Urethane ' x ' Initiator
‘Allylisothiocyanate x x x x x Irritant
Cantharidin : X ‘ X X Irritant
Aqridine : . x Irritant
Compound A1 X X X X Promoter
Grotén oil - A X x =+ X X Promoter

~Some of these results are compared diagramatically in Figure 38.
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Figure 38
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Diagrammatic illustrations of changes in mitotic index,
cell population and cell size in the mouse epidermis on

the first, second and fourth days following application of
various test substances. The curves indicate changes in
mitotic index and are superimposed on the dotted line
which indicates the normal level of cellular division. The
number of cells present in the population is indicated by
circles of different sizes representing changes in cell size.

DISCUSSION

These features which have emerged can be recognised as being

specifically, characteristically or occasionally associated with the

types of activity under investigation. It seems likely that a reduction in

the epidermal cell population (D and E), whether it is associated with a

reduced mitotic index (A and B) or is brought about by some unknown
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| mechanism, is 'a specific response to treatment with an initiating
agent. The response to topical application of urethane is apparent
between twenty-seven hours and fifty-one hours after .application,
whereaﬁ the response associated with promoting activity proceeds
beyond this time and is still apparént at least seventy-five hours

after treatment. A relatively persistant hyperplasia (F) would appear
to be specifically asso;iéted with promoting activity and such a
resi)onse has been shown to invariably correlate .with a high incidence
of mitotic division twenty-seven hours after application (C). Other
cha.racteristicé are an initial suppreésioﬁ' of mitosis (A) and a gross
“hypertrophy of the squamous cells (G). Substanceé which are in
themselves capable of inducing tllmours of the epidermis after pro-
longed tfeatment, have been shown to evoke responses which show
features of both these types. There are indications that the response
to a carcinogen depends upon not only the potency, but also the dose -
level. Application of powerful carcinogens such as methylcholanthrene
o,rv dimethylbenzanthracene is-followed by a marked depression of
mitotic index twenty-seven hours later (B), But this féature changes
with -de,creasing potency to an elevated iﬁdex a.s‘sociated with a lower
_f:ell éopulation than the mitotic index would predict (E). When the
dose lével of ifﬁethylcholan.t:hren_e is reduced by half, the B response is
E _still of the same order of rﬁagnitu_de, whereas thoSe aspectg which are
associated with promoting activity i. e. F apd' G ar.e 'much reduced. If

this trend continues as the dose level is reduced methylcholahthrene
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would be expected to behave as an initiating agent with very poor
promoting activity at very low doses. Tricycloquinazoline was found
to be only slightly soluble in the solvernt and was'tested at a compara- .
.tivelyl low dc;sg level. | The results ipdicated that, under‘ these condi-
tions, its activity would be limited to iﬂitiation. Unfortunately, this
has not been verified by long term experimenfs, but these examples
are in accord with the tw.6 stage theory. Further studies in.vestigating
the response to minimal doses of carcinogens are in progress. Treat-
ment with chemical irritants produces a transient hyperplasia and an
elevated mitotié index with a high i?midence of mitotic cell.s which is
‘mosi: app'are.nt on the foliowing day. s

| A similar type of short term test has Been developed at the
’Ihstitut d’e Recherches sue le CaLr;cer du_C.'N.'R..S._' at Villejuif (Lazar
Libérmanﬁ, Chouroulinkor and Fue;in, 1963). This is based on
observations of disappearance of the sebaéeous glands and development
of epidermal hy.perplnasia in the same strain of mice as hé.ve been used
i1;1 this work. The test substarice is applied dropwise in highly volatile.
: solvént‘s such as acetone on three Aoccasions with an interval of forty-
eight hours between each. The mice are_samp.led forty-eight hours
after the final application. The number of sebacéqus glands, number:
of ﬂuclei and width of the el.)idermis are measured in several micro-
_ scépe vision fields. The activity -o.f.the test substances is related
inversely to the first,pa»ramevter and directly to the last two parameters.

This. system has not found wide application because of certain
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important limitations:
1. many non-carcinogenic irritants produce identical changes
in these parameters;

.2, the epidermal thickening produced by tobacco smoke c;)nQ
densate is much greater than that produced by high doses
'of‘carcinogeni‘c polycyclic hydroca.i‘bons which give rise

~ to a much greater tumour yield in long term studies;.
3. urefhane is completely inactive in this test.

On the basis of the results obtained in this work, the above
system would érobably be very efféctiye in comparing the potency of
promoting agents.

The similarity between the response evoked by crude croton oil

~and its ac-tive ingredient (compound Al) is very striking. The other

ingredients. might have been expected to have obscured any similarities
but the only distinction is in magnitude. The ébsence of any note-
worthy cellular degeneration coupled with the very high incidence of
céllulai' division, indicates tha't. the changes observed are not
associated with a regeperative response, This. supports the hypothesis

_that promoting activity is associated with a stimulative response (Frei'

| and Stephens,. 1968).

CONCLUSIONS

1. Potent carcinogens appear to briﬁg about a marked decrease
. in mitotic activity on the day following applicatibn. As

. woﬁld be expected, this is usually accompanied by a
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reduction in the epidermal cell population.

2. Promoting agents cause an immediate reduction in mitotic
activity followed by a high level of division on the follow-
ing day \ﬁrhic'h is relatively persistant and causes epidermal
hyperplasia.

3. Non-carcinogenic substances may cause fnarked changes in
the epidermal cell population, but the response appears to
be non-specific and quite unlike that of carcinogens and
co-carcinogens.

4, Weaker cafcinogens or potent calf(_:ipogens applied in minute -
quantities cause changes which suggest a combination of
the 'response,s bro_ught about by pure initiating and pure pro-

mdting agents.
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CHAPTER 9

THE APPLICATION -OF THE SHORT TERM TEST TO
FRACTIONS OF TOBACCO SMOKE CONDENSATE IN
AN ATTEMPT TO PREDICT THEIR BIOLOGICAL
ACTIVITY IN LONG TERM SKIN PAINTING EXPERIMENTS

INTRODUCTION

Fraction G
Fraction Gl
Fraction G2
Fraction G2a
FEraction G2b
Fraction ¥
Fraction H
Fraction K
Fraction Q-
Fraction L(G)1
Fraction L(G) 2a
Fraction L(G) 2b
Fraction R
Fraction P
Fraction K (G)
Fraction L(G)

. Fraction L(G2b)

DISCUSSION

" CONCLUSIONS

Répeated and persistant application of tébacco smoke condensate
to the shaved back-skin of mice produces benign and ma.lignant
tur.no.urs in-the epidermis and dermis (Wynder, Grah-am and Croninger,
1953; Da.ir, 1967). The vcondens'ate contains many thousands of consti-.
tuent'co_mpouﬁds and identification of those responsible for this activity

depends upon a scheme whereby these constituents are separated into
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groups of chemically related substances which are then subj?cted to
biological testing. Theoretically the carcinogenic constituents might

be expected to separate out in the same group and betray their pre-
sence .by induging tumours in a long term skin test at each stage of

“the fraci:ionation scheme. Those sub-fractions which do not display
carcinogenic activity in this way can then be d>iscarded. The process
would continue until only .carcinogenic substances remain in the final
fraction. Once these i'lad been identified, methbds could be devised

t.o either prevent their formation or remove them from cigarette
“smoke. Unfortl;mately the process doegﬁ not work out so simply in
‘practice. Tfle two stage -cancer mechanism does not require the total
cafcinogenicitir to be located in one: substance, (see Chapter 7).

N InitiatorsAand cocarcinogéns are very often from completely unrelated
chemical groups and it has been shown that there are cocarcinogens
presentAin tobacco smoke condensate which separate into fractions

other than those containing initiators (Roe, Salamgn, and Cohen, 1959;
andgr and Hoffrﬁann, 1961).. Evidence for the presence of co- |
cafcin‘ogeni.c agents was demonstrated as early as 1956 by Gwynn and
Salaman and Hamer and Woodhouse. A further pro‘plem is the time
required to obtain positive results in tiae loné term tests on mouse skin.:
If the fractionation scheme <;an ohly proceed oﬁ_e sfage further every
'~.twp or,thfee years, it could be deca:des before it is possible to even ‘
make an informed guess as to the identity of the a.ctive' substances. The

presveAnce‘ of polycyclic aromatic hydroéarbons and heterocyclic
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 compounds in smoke condensate has been demonstrated and the sub-
fraction in which they were inainly localised was shown t6 have the
highest activity in the Triton test (Bonnet and Neukomm, 1957,
Neukomm, 1957). Since these are dnly present in very small amounts,
Wynder and Hoffmanﬁ (1968) considered it'more likely .that some of
‘ them were only responsible for initiatihé the tumour process. The
| .first steps in the fractionation schemes involved the separation of the
smoke condensate into basic, phenolic, acidic and neufral fractions
and the techniques involved the use of strong acid and alkali (Wynder
and Wright, 1957). The activity was mainly localised in the neutral
frac.’tion from which Wynder and Hoffrﬁann (1959) isolated a polycyclic
ar_ofna;tic hydrocarbon-rich fraction which also proved to be active in
. long te,r.m tests. Uﬁfort‘mately there was a considerable discrepancy
Betwéen thc;, tumour yield obtained after wholé smoke condensate
treatment and fha.t obtained after treatment with the n'eutral fraction
or fec-ombinations of the four sub-fractions r;lentioned abovg. It
‘seemed likely that some of the substances respon;ible for the carcino-
genic actiyity of the .condez.lsate were being inactivated by thevse.para-
tion .pro'cedure. As a résulf, an é.lternative fracti'onation.scheme
- (Figure 39) was developed att bt'hese la;bor-atories using solvent pa.rtiticiﬁ
n;leth‘ods (Whitehead and Rothwell, 1969). Th&s ;gheme was a.lso airr;ed
at concentfating the polycyclic aromatic hydrocarbons into a single

’fréctic"n, but fhexfe. is reason to be less confident about the importance

of these ,compounds.
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Figure 39
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Fractions and sub-fractions 6f tobacco smoke condensate were
selected by the Senic;r Chemist, recoded and examined by the prelimi-
nary screéning méthod‘developeci'in Chapter 8 in a ''blind" test.
RESULTS |

Numerical values and coded response patterns are compared
;avifh the results obtained from shaved control animals in Table 34.
The f@gures given for percentage of tumour bearing ar;imals are
obtained from those long term experiments which have been complétea
a;t the time of writing, These experiments are direc.ted‘by the
pathologist; Dr.vR.' F. Daviés, who con'firms the presence of tumours
histologically'. The fractions are applied to the Ashaved backs of mice
three times a week from the age of about ten weeks to the time when
'the'y are céns&dered to have a tumour which has penetrated the
panniculus carnosus or until they die. Further information on the
techniques empolyed in the long term experiments may be féund in the
reports which have been published (Day, 1967; Dayie; and Day, 1969;
Whitehead and Rothwell, 1969).

Seventeen fractions and su_b-fractioné were,te-sted and two of
th_eée Were‘-dﬁplicat.ed, although this w‘é.s not 'knéwh at the time. In
- each casé.f}i'e dose was equivalent to 200 mg. of whole smoke conden-

»

 sate (A).

Fraction G - (Coded ST86)
The mild initiating response (E) coupled with a corﬁparatively

potent promoting pattern (ACG) indicated that the test substance would
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be capable of inducing epidermal tumours when applied persistantly

at a high dose level.

Fraction Gl - (Coded ST87)

‘The initiating response (E) was borderline and the promoting
response (ACG) was much lower than that obtained with G suggesting
that, although the test substance was a total carcinogen, its activity

would be very limited.

Fraction G2 - (Coded ST88)

In this case the initiating response was less-marked than with G,

but the promoting response was greater, suggesting that this sub-

stance would be capable of tumour production, but the yield would be

increased by priming the skin with small initiating doese of

'r'nAeth'ylchol_anthr ene or dimethyl-behzanthrac ene.

Fraction G2a - (Coded ST89)

This gave a moderately strong pforho_ting response, but there
was ev‘idence of the presence of irritant substances and this leads to
confusion in trying to estimate the magnitude of the promoting
response. No initiating activity was detected.

Fraction G2b - (Coded ST90 and ST108)

This gave a well defined initiating response and a slight pro-
moting response. This material woﬁ1<_:'l be expected to produce a few
skin tumours in a long fterfn experiment,

Fraction F - (Coded ST95)

A powerful promoting response was demonstrated and very slight.
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linitiating activity. This material may produce skin tumours in a long

_term experiment, but oniy a small number, unless the skin had been

“primed with a powerful initiator when it would probably produce a
high proportion.

Fraction H - (Coded ST96)

The result was similar to Fraction F, but the promoting response

was only about half as marked.

Fraction K - (Coded ST97)
After counting only a few skins, it became evident that the
results were equivocal and counting was stopped. This material is

either non-active or was dissolved in an unsuitable solvent vehicle.

Fraction Q - (Coded ST98)

Thé response éuggests that this substance is 2 carcinogen with
sufficient initi.ating and promoting activity to produce a fairly high
tumour yield in a long term exper'iment._ |

Fraction L(G)1 - (Coded ST99)

This substapce produced a stron;g initiating respo@se, bgt the
promoting response was very limited and- suggests that only a low
tumour yield would be obtained in a classical long term experiment.

' ?ainting this material in conjunction with a promoting agent such as

~croton oil would probably produce quite a high yield of tumours.

Fraction L(G)2a - (Coded ST100) .
‘Th'is produced a similar response fo that obtained after croton

oil treatment. There were some differences in magnitude; the
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mitotic index was slightly higher twenty-seven hours after painting
and the cell popula.tion was slightly lower and this could be interpreted
as indicating traces of initiating material. It is possible that a long
term experifnent could prqduce several tumours, but this is more

likely if the skin is primed with a small dose of dimethylbenzanthracene.

Fraction L(G)2b - (C'ode'd.STIO'l'a‘.nd ST107)

The response was ;/ery similar to that given by urethané and
indicated that this substance is entirely initiating. Although urethane
is incapable of induéing tumours from the epidermis, it is a total lung

' carcinogen and this may also be true for this fraction.

- The response suggests that this is a much milder carcinogen than
‘ Fraction Q. A low tumour yield would be expected in a long term

experiment.

Fraction P - (Coded ST104)

There were fluctuations in the various parameters, but the mean
values were inside the shaved control confidence limits. At this dose

level it would appear to be inactive. "

Fraction K (G) - (Coded ST105)

This produced a weak carcinogen response, similar to that of

Fraction Gl.

Fraction L(G) - (Coded ST106)
This demonstrated a promoting respohse, but the initiating

‘response was entirely absent. Such a result is somewhat anomalous
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since subfractions have demonstrated initiating activity. It may be
that a fairly powerful promoting response could overwhelm and

-.obscure a-relatively mild initiating response.

Fraction L(G2b) - (Coded ST109)
This demonstrated a mild promoting response.

DISCUSSION

Long térm experimeﬁts have shown that almost all the activity
éf tobacco smoke condensate is found ip Fraction C which contains all
the polycyclic aromatic hydrocarbons. These are then concentrated
into Fractioﬁs G, J, L and N respectively. Carcinogenic activity is
confirmed by tumour indﬁction_after repeated skin painting, but the
acti\./'it}; of Fraction N is much lower t};an that of the others and only
abéut 01.'1e‘fifth of Fraction G. It would seem.that much of the éctivity
had .becorhe bound to the silica gel and could not be regained, since
recofnbina.tion of N and M'still only produced about one fifth of the
aétivity of G. An alternative system was adopted in which G was
sepa‘r'ated by a counter current distribution betweén cyclohexane and
-aqueous methanol into three sub-fractioné of which the middle one, GlI,
was shown-t‘o contain thé polycyclic hydercarbo‘ns, Thg other two were
.éombinéd to give G2. In long term exper‘iments,' G2 was unexpectedly
found to be morie active than Gl. The short term response patterns
. suggest that the main promoting act_;iyity has separated into G2a, whilst
_the main initiating activity has separated into G2b and.t-he residual

L promotingi and initiating activity is found in Gl.
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Fraction L(G) was obtained from G by omitting the'intermediate
(Fraction J) stage. When. this was submitted to a similar counter
éurrent' distribution the short term resi:onse indicated that the
initiating éctivity previously associated \;vit_h G2b had now appeared in
L(G)1. The explanation for this phenomenon might be associated with
the physical properties of the active substances. |

’ Waxy substances are more soluble in cyclohexane and would,
therefore, appeaf in G2b, unless there is pretreafment with
dimethylsulphoxide, when fhe waxy substances would pass into K (G)
leaving the actixl/e principle in L(G). In the absence of these waxy.
substances, the latter would then be less solublé in cyélohexane and
éésls into L(G)1. These observations have not been confirmed by

long terrrblA experiments since, at the time of writing, these are in the
‘early stages and no tumours have yet appeared.
There is a striking similarity between the responée to Fraction F
~and that produced by compound Al' Whether this will prove to Be such.
a potent promoting ai.gent.remains to be demonstfated and long term
experiments are due to start shortly.

CONCLUSIONS

l Nongl' of the frac_tiqns produced the response pattern typical
of poteﬁt caréindgens. |

2.' Sevéral fractions, in pa:rticular Fraction F, prgduced a
réspc‘mse pattern which has been shown t.o be typical of

- cocarcinogenic promoting agents.
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3. In some casés a mild initiating response pattern could be
discegned, co.upled with some aspects of the promoting
‘response. |

4. The_initiéting activity of tobacco smoke condensate is
ve'ry .low ~a.nd may be almost negligible.

5. Tobacco smoke condensate has a considerable éromoting
activity which may Be due to several different chemical
‘constituents because it was distributed between many of
the fractions.

6. It may be more meaningful to conside; that tobacco smoke

’ contai_né a tumour‘ pi‘omoter than to regard it as a

primary cancer causing agent.
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PRACTICAL CONSIDERATIONS

IRRITATION VERSUS PROMOTION

TOBACCO SMOKE CONDENSATE -
ITS MODE OF ACTION

VALUE OF THE SCREENING TEST

THEORETICAL CONSIDERATIONS

PRACTICAL CONSIDERATIONS

Tkhe crux ,Of this technique lies in recognition of the rapidity
with which the mitotic index changes throughout the day, and the
importance of carrying out the various procedur.es at exactly the
same tim¢ each day. Deiays.of even an hqur or two would produce
spurious results and a valid interpretation would be impossible.
Moreover, the action of such a mild solvent as acetone, which does
not seem to have any visible effect upon the epidermis in thin sections,
indicates that the choice of test v-ehicle is not to be taken lightly.
Organic solvents, such a;s benzene and toluene, produce changes which
are likeiy. to obscure the dellicate fluctuations in the epidermal cell
populatic;n. 'Using this techhique, much valuable information can be
obtained lin a short'SPacA:e of time after only a single application of the

test substance.
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IRRITATION VERSUS PROMOTION

The r.esponselpatterns observed after treatment with allyl-iso-
"~thiocyana.te, ‘acridine and cantharidin suggest that irritant treatment
is not associated with any characteristic changes in the epidermal
cell population. Disturbances undoubtedly occur in the rhythm of
proliferation and this is generally, but not inva.ria“bly associated witl.'x
changes in cell size. The activity can probably be distinguished into
two types; toxic irritation which results in cellular degeneration
leading to pyknosis and kafyolysis é.t the cellular level and acanthosis
- and hyperkerat.osis a‘t the tissue level, and non-toxic irritation which
affécté the proliferativé comi:artment, but causes no visible alteration
in e‘piderma.l structure at either level.i On the. other hand, promoting
agents wbuld seem to produce a characteristic response. Croton oil,
compound A1 and fractibps F, H, G2a and L(G) 2a all produce similar
cha‘nges an;d the progress of these cilanges would seem to be identical.
Acanthosis' in this case is extensive, massive and very persistant, but
the -most striking aspect is the abs_ence of the groés degenerative
changes seen aftervtoxic irritation. Hyperkeratosis and gross
hy.pgrtrophy form part of the response, but aga‘.in this is not focal as B
- it appears ,to‘bé after toxic irritant frea.tment. These differences- in
the reépoﬁse pafterns all pbint to a secondary regenerative response
- to .ill'l;juriy fqilo_w_ing_ irritant treatmén_t and a primary stimulative acti:on‘

on the part of the promoting agents.
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TOBACCO SMOKE CONDENSATE - ITS MODE OF ACTION

None of the fractions produced a depression in the mitotic index
on the day-following treatmeﬁt. This change was observed after
treatment with all the potent polycyclic hydrocarbons and'would appear
to be associated with their initiating properties. It seem likely,
therefore, that tobacco smoke condensate either only contains traces
of initiating material or .the activity of the initi_ating agents is very
weak. On the other hand, the similarity between the responses of
compound A1 and fraction F suggests that the promoting activity may
be very markedA. These observations qnly apply to the activity of fhe
condensate on the skin of mice and ;nay be of little relevance to its
,a_'ctiyity in lgng tissue. Urethane ;)_roduces lung tumours in mice, but
' theuepilder‘ma.l response bears no resemblance to that of compound A1
and little reséxhblance to that of the carcinogenic polycyclic hydro-
carbons. It would be useful to turn to an examination c;f the changes
~in the epithelium of trachea and bronchi under the influence of these
- substances. Unfortunately these epithelia.-are not so easy to work
bwith since it is difficult to apply the test substa.n,ces with any deg?ee of
| certé;inty. Small rodents a_lmost invariaiale bre;.the through the nose
apd the mucous membranes covering the scroll bonés remove mény of
the vingln'ed'ienfs of smoke antji aerosols. Many of the disadvantages can
be overc‘.ome by performing the experiments on isolated pieces of tissue

in brééh -cuiture and such a programme is scheduled to start in the_néar
- future. - It is>hoped that the execution of this.pr'ogramme will be greatly

facilitated by the observations made on the epidermal cell population.
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VALUE OF THE SCREENING TEST

.Quant‘it.ative correlations could not be recognised, but the
qualitative nature of the procedure does not reduée its value as a
preliminary screening test. Not only is it a rapid bio-assay technique
but it has the advanta.ge of demonstrating initiating apd-promotir;g
- activity sepa.rately. Ina long term exp'e.riment using topical a;ppli-
»c‘:atiqn, the only criterion Which can be used is the induction of
tumours. Pure initiating agents or pure co-carcinogenic substances
are not recognisable in a simple long term test, since they are
'incapab'le‘>of producing tumours even though théy may be very potent.
In ovl"der t.o'demonstrate their activity, it is nec;essaryvlto set up a
m(})r“eﬂ complicated sysitem in which they are applied in conjunction
with thé éomplementaryagénf, and, in many casés, there is insuf-
ficient evidence to go to such lengths. On the other hand,' the produc-
tion of tumours- is the only satisfactory criterion which cén.be used in
| id‘entify’ing a-potentia.lly'active substance and this A_;hor-t term technique
can never be more than a screening test to be uséd in conjunction

with the classical long term system.

 THEORETICAL CONSIDERATIONS
"'-H_igh resolution autoradiography with t_ritiatgd thymidine has pro-
duced infdrma<tion on.the pr'ogfess and fate of éells in a diyiding popﬁ-
’_lation (review; Basefga., 1965). In the epidermis either or both of the
. Vda'ﬁvghtex_' cells pfoduced by mitotic division may differentiate into

keratin plates, or they may remain attached to the basement membrane

Page 158




and subse‘quently divide again. Nothing is known about the influence
which determines which of tilese courses the cell will follow. The
-progress of the basal cells between one mitosis and the next is

known as thé cell cycle (Howard and Pelc, 1951) and is believed to
last for about one hundred and ﬁfty' hours in the méuse epidermis
(Dormer, Tulinius and Oehlert, 1964);' Before division. can take
place, the cells rnust.dou.ble the nuclear DNA content so that duplica-
tion of the chromosomes can occur. A distinct period of DNA
synthesis has been recognised which last for about eight hours and

. js known as thé S pha'se of the cell cyéie._ The period pric;r to the S
phase and fo.llowin-g the last division has been distihguished into two
phases GO and Gl. GO is believed to be variable in duration and in a
period of intense cell production may be non-existant. Gl is the first
phase in a proliferative sequence of events which are believed to be
 constant in duration. During this phése the cell syntheses RNA and
proteins for about fifteen hours. §Sis followed by a second phase of
R‘NA synthesis known as G2 which lasts for about one hour and is
followed by the first stage of mitos»is. Therefore, the series of
events (Gl, S, G2 and M) through which the cell must continue to pro-'
ceed, oncc_a.it has >been committed, lasts for a.total of just over twenty-
four hours. This would suggest that the depression in mitotic index
which has been observed"t;w'entyv-seven houfs after single applications
‘of poteﬁt polycyclic hydrocarbons, re;ults froﬁ changes brought about

in the latent basal cells in the GO pha_se. Allison and Paton (1969) have
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suggested that carcinogens attack the lysogomes of latent basal cells,
allowing enzymes to esc‘ape which subsequently alter the nuclear
membrane. This could then be followed by an attack on the nuclear
constituents, either by the enzymes of other tissue or cell components,
or by thei carcinogens. The evidence accumulated in this in\}esfigation
of short term response patterns suggests that initiating activity is
éxei'ted within forty-eight hours of application and this is supported :
by the observation that sixigle small doses of initiator are sufficient to
start the tumour process in long term experiments. If the transforma-
tion occurs in iatent basal cells during the first forty-eight hours of
expésure to air, do these tfansformed cells remain in GO or are they
‘thef small number seen to be dividing twenty-seven hours later? Since
depres si-on of the mitotic index does ‘noi; occur after urethane treat-
ment, it is possible that tlie initiating transformation does not produce
‘a cellular breakdown great enough to prevent the cells from entering
the proliferative cqmpartment, When this occurs with methylcholan-
_threne, it may be because the damage is unnecessarily severe. On
this assumption, it would seem likely that the small number of cells,
seen tb be dividing twentir-sevén hours after t}ie treatment, include
fhev trans formed cells. If_the latter were ab1¢ to proceed to the next
divisién in a normal ma.nne‘r, the chances of their being lost by
differentiatiori,and exfoliaiion would be increased. It 1s niore likely -

~ the they remain attached to the basement membrane in a comparatively
qﬁie‘_séant-: state. This is gupported'by the obseivations that delay in
subsequent crbton oil treatment prodtices an equivalent prolongation
of the lafent period without a r.eduétifiii in tumour yield. Carrying the

Page 160




discussion to i.ts logical conclusion, the stimulative action of a pro-
mpting agent forces the quiescant transformed cells to pass through
-the proliferating compartment. Repeated treatment increases the
cells ability to do this and eventually it reacquires the ability to

cycle on its own, leading to multiplication and eventually a tumour.
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S O NORMAL EPIDERMIS
L ,. Sectlon through the epldermls of the shaved area of sk1n -
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Lottt T o PLATE 47 s
U HYP’ERP’“LASIA-AND‘ HYPERT'ROPH’Y
_ . Sectlon of ep1dermls taken from a mouse two days after
2o pamtmg ‘with compound Al show1ng extenswe hyperplasia.
Y- 7 and hypertrophy. AR S :
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i ik PLATE -6
T Whole sk1n preparatlon from the shaved area of an untreated
mouse. Tolu1d1ne blue.
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S Whole sk1n pr eparat1on from a mouse treated with smoke
T condensate (100 mg, in'0.3 rhl) showmg engorgement of

"blood vessels and 1ncreased number of mast cells and
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. D1srupt10n of mast cells w1th release of granules into the
R derm1s of a mouse treated W1th smoke condensate.
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e Measurlng scale and square 1nscr1bed on the eyeplece
R ”--gratlcule superlmposed on, a sectlon of .epidermis to
RN 111ustrate ow the measurements were made. :
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Sectlon of epldermls from a mouse 1nJected w1th colch1c1ne
three hours beforé’ sampllng. " The presence of anaphase and
telophase nuclel indicates’ that some- cellular division is still

in- progress and the arrest of metaphase f1gures is not fully ,
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