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andd ueous glands in tho palate, ete.

Although provious interest in tobaceo as a tissus irritant hes been manifested for
n muaber of ycars, relatively little attention has been given to the mouth. Numerous
arperimental studies, utilizing tobacco in the form of extracted tars; have been concern-
ed with the reaction ol the skin of rebbits and mice to such procedures as painting. In
meneral, these studics hove resulted in o lock of sgreement; the £inQings ranging from no
affoct to inflamatory response to occasional production of "benign” and "malignant’
tumors. In the reviewed literature, only Roffo (Rev. Sudsmer. de med. et de chir. 1:321;
'LDBO) undertook to demonstrate cxperinmentelly the effcet of tobacco on oral tissues. His
Tindinga in rabbits reoceiving daily vhole smoke applications to the gingivae; showed
eulokeratotic lesiona” after but 25 dnys. Although a difference in animel cpecies pro-
alvdes any valid comparison of findings with those reported in the present study, there
in appreciable evidence that oral tissucs, at least in mice and hamsters, have a high
Hegree of resistance to tobecco in the foim of whole smoke.

1I. Specific Ainmg

1. Contimuation of present study. As indicated in the progrese report; the initi-
ntion dntes of the various experimental (roups have veried. For exomple, hamsters have
heen under observation for 8 to 16 months and mice for 7 to 12 months. In light of the
herhaps significant finding of Wynder, Grahem and Croninger (Cancer Research 13:855;19%3)
that CAF; mice require an exposure to cigarette ter for sbout one~-balf their life span
(sverage of (1 weeks) before skin carcinomas develop, it would seem advisable to continue
the period of obeservation in the present study to 18 months. Such a request; if approv-
24, vould entall a 6 month period of support beyond the termination dnte of the current-
1y active pgrant.

2, Inasmuch os the hamster pouch hns been demonstrated to be quite susceptibvle to
such irritants as croton oil, as well as to varlous carcinogenic hydrocexbomns, it mny Lo
hf consideratvle significance to determine whother the response of this segment of intra-
oral tissue to whole tobocco smoke and other irritants, is compareble to that manifest-
rd by the palate. Such a study of relatively adjacent oral tissues (one containing no
Filandular elements and quite removed from the environmentel conditions of the mouth
proper) could provide some definitive information on the pudbject of oral tissue response
to {rritants, and the role of the tongue end saliva es protective factors. (As discussed
in the prograss report; complete extirpation of the major salivary glands does not appre-
cicbly diminish oral sccretions, possibly due to inereased activity of minoxr accessory
lands).  Conversely, the demonstrated production of carcinoma in the hemster pouch, fol-
Lowing application of various cercinogenic hydrocarbons, ralses the question whether
bther oral tissuc sites, such as the palnte, have a similsr degree of susceptibility to
movn earcinogens or follow the same psttern of resistance shown for whole tobaeco smoke.
IIn gtudies have been concerncd with these questions.

3. Inasmuch as tobacco has been irplicated by some investigators as a carcinogenic
hpent, and demonstroted to produce tumors in the skin of mice when applied as a tar con-
Janasate, question may e raised whether orol tissues would be similarly reactive to the
par, or nanifeet o resistance comparable to that shown agalnst tobacco in the form of
fiole smoke. No study »? this quostion bas been reported. In this regard, it may bve of
hripe glinificance to note that although considersble difference of opinion prevaills on
bhe oubject of the pospible relationship of inereascd use of tobacco to a real or
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»pparent increased incidence of lung cancer; therc is little or no indicetion of & like
relationehip to oral tissues.

ITI. Method of Procedure

1. Application of whole tobacco smoke to the hamster pouch. Deily treatment of
%0 hemstars will be eccomplished by means of & smoking machine specificelly designed to
provide ready occcese to tissue sites and a standsrdized and controlleble volume of
eroke, Animals will be equally divided Ly sex end strain (golden and albino), and be
of uniform age (10 to 12 wecks) ot the start of the experiment. Inasmuch as studies
to dnte (as indicated i{n the Progross Report) show & rather corplete resistance of the
palatal rucosa to whole tobecco smoke applications, and since the hemster pouch is
unique in being an oral structure quite removed from the lmmediate envirommentel condi-
tions of the mouth proper as well as devoid of glandular clements, a comperison of the
meaponse by cech tilssuc site moy provide significant information.

?. Appliecation of eroton oil (5% solution) to the orsl and cuteneous tissucs of
bamsters and mice. This deily procedure on 20 hamsters and 30 mice, equally divided by
sex and strain (as listed below), will accomplish the purpose of establishing a control
to evaluate the response of the designated tissues to & known irritant. It is entici-
pated that this might also provide information relative to the compersble degree of
response manifested by Aifferent tissue sites to an irritant other than tobacco.

3. Application of tobacco tar condensate to the oral and cutaneous tissues of
hemsters and mice. Forty hemsters of uniform age (10 to 12 weeks) and equally divided
by sex and strain (golden and albino) will receive deily epplications, by painting, to
the pouch, palate and ear. Similar o,pplieations will be made to the lips and cars of
(0 male and female mice representing Swiss, C.. and CAF, strains. The method of tar
extraction will be similar to that described 0§ Wynder ot al (Cancor Rescarch 13:855;
1953). This phagse of the study may provide pertinent information relative to the
reeponse of oral tissues to tobacco in the form of tar as coppared with whole smoke.
Should a comparable resistance be demonstrated, there would be sanc experimentel
confirmation, as well es explanation, of the generally held impression thht cancer of
the mouth is not statistically related to the consumption of tobacco as may be the case
with lung cencer (Krantz, J. and Carr, C.; Pharmacologic Principles of Medical Practicey

1951).

L, Application of a known carcinogenic hydrocarbon to the oral and cutaneous
tissues of hamsters end mice. Twenty hamsters and 30 mice cqually divided by sex
and strein (as in the previous groups) will receive deily epplications of 3,L4-benzpy-
rene An ecctone to the pouch, pealate, lip and ear. This procedure will serve the
purpose of cstablishing a control at the opposite extreme to contrast with that
provided by the croton oil irritant. Furthermore, pertinent information, mey be pro-
vided rclotive to oral versus cutanecous tissue response to earcinogenic agents and
the comporoble susceptibility of pouch mmcose, palate, lip and cutaneous tissue.

As noted above, a total of 120 hemsters end 120 mice will be trested daily. Ex-
pericnce; to dete, bos shown thet this mumber is the mexirmm that can be conveniently
handled. With reference to personnel, studics to Bate have required the services of
two leboratory aides to ceyyy out the doily experimental procedurcs of smoking machine
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operation and epplications to the designated tissue sites. One of these persons is
also charped with the responsibility of preparation of histologic material.

Iv. Significance of this Research

As indicated in this application, previous and current studies have demonstrated
rather pronounced resistance of oral tissues to such irritants es oll of mustard and
tSbacco in the form of whole smoke., It is anticipated that further study, in accorde .
ance with the suggested methods of procedure, mey clarify the nature of oral tissue

responge o local irritants from the standpoint of susceptibility end protective
mechaniong,
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1.
studies on the subject of tissue response of Swiss and C.., strain mice

to tobacco indicated that the muco~cutaneous 1ip region is markedly resistint to repeat-
ed daily applications of whole smoke covering s three month experimental period. It was
further demonstrated that such factors as gonadectomy and vitesmin A and B complex deficis
ency had no demonstrable influence on tissue susceptibility. In striking contrast to
these findings was the significant susceptibility of the mouse ear to identical prooeé-
dures of tobacco application. The predominating change wvas a proliferation characteriz-
ed by hyperkeratosis, hyperplasis; acanthosis and chronic inflammation of the corium.
Of interest is that the degree of cutaneous tissue response was most severe in vitamin
A and B complex deficient animals and eppreciably less in those maintained on a normal,
adequate diet. There was also the observation that gonadectomy imparts a rather marked
|degree of tissue resistance to the irritant in question. An evaluation of the various
components of the vitamin B complex as predisposing factors in tissue response to tobac-
co, led to the suggestion that riboflavin, pyridoxine and pantothenic acid are of most
significance. On the other hand, thismine and nicotinic acid showed no greater influence
on tissue susceptibility to tobacco than 414 animals on a normal, adequate diet. These
findings are explainable, in part, by the demonstrated resistance of mice to niacin de-
ficiency and by the fact that thiemine deficiency is manifegted principally in non-
taneous tissues.
Further studies extending over a more prolonged period were carried out on Swiss and
APy strain mice. Although not yet completed, the nature of the fi to date, indi-
ates that tobacco has no demonstrable effect on the oral tissues (1ips) of mice regard-
less of sex, strain, vitamin B deficiency, gonadectamy or duration of exposure up to one
year. In contrast to these observations, the cutanecus tissues(eers) of mice wvere
Pfected quite remdily by identical sapplications of tobacco; the characteristic tissue
response being one of ulceration, inflammation and proliferation. No carcinomatous

anges were noted. Also confirmed in this study wes the influence of B avitaminosis on
issue response. However, appreciably less significant than previously demonstrated wvas
gthe factor of gonadectomy in modifying the degree of cellular change. Possibly the
umilative effect of daily applied tobacco wes sufficient to negate any protective in-
uence of castration or ovariectomy.
As in the case of the mice, groups of hamsters under long range study also showed
ho demonstrable reaction of their intra-oral palatal ¢ s to vhole tobacco smoke ap-
blications regardless of sex, strain (golden and albino), desalivation, vitamin B defi-
iency or duration of exposure up to 16 months. Although this would indicate that the
pral tissues of hamsters are just as resistant to the effects of tobacco as are mice, it
d be emphasized that the cutanecus tissues showed an almost comparable lack of
sponse. Whereas this would ordinarily suggest a rather generalized type of resistance
this animal species to the irritant in question, it is of interest to note the report-
»d findings of a high susceptibility of the oral pouch of the hamster to both irritants
eg. croton oil) and esrcinogenic hydrocarbons (salley, J.:J.D.Res.33125351954). Inas-
mich as the hamster pouch is devoid of glandular elements and in other ways not compar-
nhle to such intra-oral structures as the palatal mucoss, the significance of the
salivary flow and tongue activity as protective mechanisms remains an important conside-
ation. In this regard, it is pertinent to note that the hamster mouth remains well
lubricated despite desalivation; possibly due to hyperactive accessory salivary
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Background,

; The past three ycarn, the applicant has bcep engaged in studies related
to the effact of loocal irritants on oral tissues with particular reference to
tobacco. In the preliminary phase-of this study, it was reported (J.A.D.A. LSs
5283 Nov. 1952) that whole tobacco smoke spplications.to the lips of mice caused
little or no tissue change. These animsls had been grouped previously so that
one series was maintained on a normal adequate diet, another was rendered de-
ficient in vitamin A, and a third deficient in the vitamin B complex. Two ad-
ditional groups were comprised of gonadectomizcd mige maintained, respectively,
on normal . and ‘B oomplex deficient diets. -In striking contrast to. the negative
lip findings in all' of these gro.ps, was the evidence of appreciable susceptibili-
ty of the ears of certain of the same animals following identical procedures of
tobacco smoke application.;: These changes were most farked in the vitamin B defi-
cient mice, less 80 in the yitamin A deficient and nprmal diet groups, and least
in the gonadectomized.animals regardléss of their diets. On the basis of the ob-
served difference in pusceptibility of oral and cutaneous tissues, it was suggested
that a significant protective effect is exerted by the tongue and saliva readily
removing deposited tars from the oral mucosa. It was further concluded that where-
as vitamin B complex deficlency causes a markedly inereased susceptibility of cu-
taneous tissues to tubacco irritants, orchiectomy and ovariectomy establish a
certain degree of resiatancec; , e

Following the above report, additionhﬁ‘atudies were carried out on mice to
the end of furiher evaluating the various fastors that seemingly contribute or
predispose to altered tissue susceptibility. The first of these, concerned with
the subject of vitamin B deflciencybhas been submitted recently for publication
in the Journal of Dental Research. 'Inasmuch as an dppreciable portion of this
work was made possible by the current grant from the Surgeon General of the Army
(Contract No. DA«49~007=MD=506), due acknowledgement is made, Experimental results
may be summarized as fhllowas : .

1. Vitamin B c0mplet deficiency in mice renders their cutaneous tissues
" more susceptible o the irritating-effects of whole tobacco amoke.
2, . Riboflavin, pyridoxine and pantothenic acld are the B complex compo-
" nents prina;ily'responcible for such alterations in tissue response.
3s. Animals miintained on diets deficient in bidtin, thiamine and nicotinic
" acid show no greater tipsie susceptibility to tobacco smoke applications
than do mice on a-normal:adequate diet. Thebe observations are explain-
"able, in part, by the demonstrated resistance of mice to niacin deficiency
and by the faot that thiamine deficiency is manifested principally in
: non<cutaneous tissues,
ko Gonadectomy renders cutaneous tissues 1aas auaceptiblc to the irritating
. effects of whole tobacco smoke.
5. Tissue response, under the conditions of study, is not influenced by sex.
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6. The described cutaneous lesions are in striking contrast to the relative
absence of pathologic change in oral tissues subjected to similar appli-
cations of whdole tobacco emoke. .This suggests elther a basie difference
in response by different tissues or a protective effect by the tongue
and saliva in readily removing deposited tars.

7. The predominating feature of tissue response to whole tobacco smoke is
a proliferative change characterized by hyperkeratosis, hyperplasis;
acanthosis and chronic inflammation of the corium. Cellular alterations
in sise, shape and staining qualitles as well as loss of basal cell polari-
ty and increaged mitotic activity indicate the abnormal nature of the
tissue chengss: =~ . - o

8. There is no evidencs of an acquired capacity of the tilssues for continued

. proliferative change after terminating exposures to the tobacco emoke,

&

Specific aimss. - B '

The current phasie of study is being supported entirsly by Grant No. DA<y9-
«007=MD=506. Although the ultimate objective is to evaluate the effect of a
variety of local irritarits on oral “issues; initial consideration is being given

to tobacoo in order to further explore and more adsquately evaluate those findings
discussed in the section above. ; .

Methods of proceduret

Eighteen hamsters, equally divided by sex, had complete bilateral extirpa-
tions of their major salivary glands. These snimals and an equal numbar of non-
desalivated males and females were divided into groups mainteined on normal ade-
quate and vitamin B complex deficient diets. An additional kL males, 2 of which
were desalivated, were gonadectomiszed and included in the B deficient groups
Four other identically operated animals were included in the normal diet group.

Following postoperative recovery and the development of clinically demon=
strable avitaminosis, the palatal mucosa and ears of the animals in the various
experimental categories were subjected to daily applications of whole tobacco
smokes method of application being by means of an apparatue specifically de-
signed to provide a standardired and controllable volume and exposure time of
amoke; Varicus control procedures also were established in other hamaters in
order to (1) determine the possible influense of suction and pressure alone
incident to the operation of. the smoking apparatusj (2) evaluate the factor of
heat that might be created at the site of smoke applicationi (3) compare findings
with tissue response to another, more or less standardisged, irritant such as
o1l of mustard. N

Since the experimental procedure on hamsters is planned for an appreciebly
longer period of observation than ware the preliminary pilot studies on mice,
it would be prematurs to report any findings at this time other than the inter-
esting observation that after receiving twice as many smoke applications as did
the mice, none of the hamsters showed any significant tissue change. This per-
haps indicateg the questionable validity of making gemeral conclusions on the
basis of experiments with @ single species of laboratory animal, and the specu~
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lation involved in ap:1lying such findings to man,

In order to better evaluate the long term study on hamsters and the influence
of various conditioning or predisposing factors on tissue response to tobaceo
jrritants, an additional series of CAF} mlce are included in the general experi-
mental plan, Forty of these, divided into castratcd and non=-castrated males and
females on both normal and vitamin B deflcient diets;are receiving daily suoke
applications to their lips and earsy the duration of the experiment to parallel
that of the hamster series.

Suggesting that diffcrent tissues as well as local environmental factors
peculiar to such tissues may appreciably influence their response to tobacco,
a third series of animd s 1s beilng subjected to whole smoke inhalation, It is
anticipated that this procedure will premit a comparative study of pul-onary
tissue response to tobacco with those responses manifested by oral mucosa and
cutaneous tissues. DMethod of smoke applicatlon to the lungs is by means of a
face mask adapted to the smoking apparatus,

Do Significance of research:

The nature of oral tissue response to local irritants may be further
clarified from the standpoints of local and general conditioning or predisposing
factors.
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