
RESEARCH & DEVELOPMENT ESTABLISHMENT, British-AmericanTobacco Co., Ltd.,Southampton.

5th May, 1960.

Symposium on

"Chemical-and Biolorical 1-3roblemsrelated to Smoking"

2ncV3rd May, Stockholm.

The Symposium was arranged by the Advisory Co,-=itteeof the

.Swedish Tobacco 14onopolyin order to bring together Swedish chemists and

physicians interested in tho problem and to stimulate ne%vapproaches.

The programme consisted of lectures by foreign scientistst t-.,Ithopen discussions

following each paper and the sessions each :iayi-iereconcluded by a number

of short comirunicationsby Siiedishv.,orkers,outlining their present researches',

most of which rieresupported by the SvvedishTobacco @ionopoly.

Besides the guest lecturers and Swedish Y;orkerstthere were a

number of foreign observers. These Included Dr. Barkemeyer (B-A.T.0 Hamburg)

and Dr. Weberp representing the German Research Com.1'@'.ee,Dr. Jorgen..Lam

(AarhuspDenmark),,Dr. Anguere (French Regie), Dr. Day and myself.

The Symposium was opened by Mr. Olof SBderstrbmg,the President

of the Swedish Tobacco gonopolyp Ythowelcomd the visitors and explained

the background to the Swedish work on Smoking and Health. At the request

of the Riksdagt the Swedish Medical Research Council was asked in the

summer of 1956 to review how the research should be orgenised to enquire
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into the biological effects of smoke and the chemical analysis of smoke

for possible harmful compounds. (The report, made in 1951@,was circulated

to members of T.,*--.,.S.C.)As a result, a COmittee was established under

the Chai=anship of Prof. Theorell. All projects recorzrendedby the

Council have been baclcedby the @.lonopoly. A system of joint payment

by the Monopoly, the Swedish -nd the SviedishCancer Society has

been evolved. There Is, apparently,a second bodyg the Scientific Advisory

Comittee of th6 Monopolyl on which serve all the members of the M.R.C.

Comittee, other than Frof. Theorell, and this serves to coordinatethe

research projecti. It is intended to hold other Symposia at later dates,

with a purely scientific aim of bringing together interestedv.-orkeTs.

The first paper, by Dr. Carruthers (--:xeter),vas a broad outline

of Chemical Carcinogens, tracing the development from Perceval Potts onviard

and mentioning all types of carcinogens, r,,hetherpresent in tobacco smoke

or not. There was no fresh work in this reviet,,,andthe plan of researches

at Exeter was not irentioned.

Prof. Druckrey (Freiburg)folla.-.,edwith a paper in which he

firstly viewed Carcinogenesisfrom the point of view of pharmacology.

His development of tlilsaspect follo-.-.-edthe lines of his paper to the C.I.B.A.

Symposium on Carcipogenesis. Thus he referred to the "sunnationeffect"

in which response is governed by the sum of the doses. He sh(%"d that

for 4-dinothylaminostilbentthere was a linear relation betweendaily

dose and carcinogenic sum dose and concluded that the life span of the test

animal was the only apparent limiting factor governingdose threshold.

H# then went on to consider smoke condensate and described his laboratory

c::)
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work, starting eight or nine years ago. fiehas used subcutaneous injection

of condensate into rats) which were chosen becaule he now possesses a number

of pure strains of known genetic constitutionf and this would moreover offer

a species different fron,the mice used by IVynder. This node of administration

was selected because it permits accurate dosage aridthe possible recognition

of systemiceffects,unlikely to be noticeable in the purely local effect

given by painting techniques.

Denicotinisedcondensates,collected by cold trap or by electrostatic

precipitation# were sup;@liedby Reemtsna and the benzpyrene content was

measured by Dr. Grirne In Prof. Tschetsche's laboratory. The solvent,

3-caprylic alcohol, was shorinto be free from fluorescentmaterial.

A cumilative dose of 3.2 g. of condensate i-;asapplied and treatment

then discontinued. Since the carcinogenicactionIs irreversible,all

reversible side effects due to condensate disappear follaiingthe cessation

of treatment. The animals are then observed over the remaindcr of their

life and histologicalexamination is made of secticnstaken at post mortem.

Two sort$ of condensate vvereexamined

A - normal condensate

B - Condensate from special cigarettes,where efforts

were made to ensure as complete combustion as possible i.e. by varying cuts

per lnchp paper porosityetc,

Malignant tumours were observed in all groups.

Condensale No. of animals No. _otanimals with tumouts

A 97 21

B 47 13

None 39 1
(control) C=>
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The experiment v.,asrepeated on the filial generation and v.-hile

Condensate A gave an identical result, Condensate B gave only I tumour.

Prof. Druckroy concludad that tobacco smokc was very .-,,eakly

carcinogenicand exerted a purely local actiori. The total dose corresponded

to the condensate from 150 cigarettes per rat, the yield of turiourswas

,.malland the induction I-eriodprolonged (about 100 riecksfor rats, ap,,@roximately

equivalent to 50-60 years in humans). Druckroy believes that for small

exposures in liunans,the inductionperiod rtillbe greater than the 2C-30

years suggested by Doll and others.

A secon@ experiment with the same strains of rats was made

using

1. Benzpyrene - I Aci/r.,eekover the whole life-time

2. Benzpyrene - IfLgi anthracene - 10 Ag and pyrene - 10 Ag.

3. 3-Caprylic alcohol

This yielded the follotvlngresults

Exr,eriment No. of animals treated No. of animals r.,Ithtumours

1 41 2 sarconata

2 45 4 sarconata

3 24 2 sarcomato

Druckrey therefore concludes that benzpyrene Is not the sole

causative agento since 3.2 g. condensate contains only 3.2 ILg.benzpyrene

and yet yields tumourst while 1 Ag. benzpyrone per week for 108 weeks

yielded no tumlur. Hd Is also following up the idea that tobacco itself

is carcinogenicand cited cancer of the mouth In tobacco and betel nut

chewers in India. He has begun testing txtracts of tobacco made using
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7CX alcoholp from which nicotine has not been removed. The dosage is

57 ug./weokpusing the same subcutaneousroute of administrationwith

glycerolas the vehicle. Although the experiments are 7incompletegthe

tumour yield already seems to be greater than with condensate. Druckrey

believes that azaphastsshould be placed primarily on Investigation of

tobaccoleaft especiallythe arseniccontent,althoughhis reasonswere

not clear and certainlyunconvincing. Nevertheless,his paper was the

most stimulatingand fresh of the symposium.

Prof. Ingramgave the third paper on electron resonance5tudies

of free radicalsproduced in tobaccopyrolysis. The firstpart was a

reiterationof the work he carriedout JointlyvilthLyons and already

published. He went on to mention a new theory of carcinogenesis,based

upon the believed coincidenceof upper energy levelsbet%-ieenproteins and

careinooenicpolycyclic hydrocarbons. He suggestedthat photoactivation

of an electron In a protein to an upper energy level would lead to its

transferto an upper energy level of a hydrocarbon,from i7hichit t,.,ould

drop to a Imer levelin the hydrocarbon. This lot-jerlevelviouldnot

have an equivalentIn the proteingwhich %iouldthereforenow have an unfilled

level. His hypothesisviasbased upon the belief that electronsIn the

proteinwould be now delocalised,resultingin a carcinogeneticstate.

The theorywas attackedby Prof.Theorellwho was interestedto

know how photoexcitationwould occur without any noticeableabsorption of

lightof the requiredenergy. Ingram attemptedto answer this by

sayingthat the processneed not proceedon a scale sufficientlylarge

to be measurable.
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The rest of the session on Monday afternoon was devoted to Swedish

contributions. Dr. Westermark suggestod that gaseous ions, arising from

flames o-og.cooking stovesp electric are and welding processes# spare

heaters,car exhaustsetc., could lead to a free radical chain reaction,

whichp occurring in the epitheliumof the lung, viouldbe akin to radiation

phonomenag (radiomimeticreactions). The theory is based on the assumption

that the chain reaction %vouldbe carried on through the cell %-iallto the

nucleus. He then described some preliminary experiments in vihichhe

measured the magnitude of charges occurring In cigarette smoke. He

calculatedthat, if the charges are radiarnimeticgthen the dose in cigarette

smoke would be large enough to be carcinogenic.

Dr. Dalhamn repeated tticpaper he gave at Oxford describing his

new method of measuring ciliary activity In the rabbit by means of a high

speed camera enclosed in a tracheotomy.

Dr. libkfeldsan endocrinologist,describedmeasureients of the

urinary output of aldosterone an::.'hydrocortisone/cortisonemade on non-smokere

before and after the consumptionof a cigarette. T@e aldosterone level

goes down while the cortisone output goes up. liesuggested that the nicotine

affected tho central nervous systemg upsetting the control of adzenalin

output tihichin turn controlledthe output of ACRH from the adrenal cortex

and thereby affectedthe cortisone level. Alternatively,the effectmay

be mediated via the hypothalamus. He stated that stress situationsled

to an Increase In aldosteroneproduction and thus nicotine acted to counteract

stress. The ImplicationsIn this work were not made clear by fibkfeld.

Dr. Friberg described the study in progress in collectingdata

CZ)
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on mono and hetero-zygotletwins in Sweden. Data on three quarters of the

95,000 Swedish twins have been entered on punch cards, and interviews have

started. Genotype diagnosis Is based on the interviewin most cases, with

an estimated9% probabilityof correct diagnosis.

Tuesday 3rd Ma

The first session was cjiven by Dr. Wynder *o reiterated many of

the points he has made on earlier occasions. liestressed that he bases his

belief that cigarettesmoking is the cause of lung cancer on statisticaland

epidemiologicaldata, and that the laboratoryresultsare not proof in

themselves, He scorned the Fisher theory of cienotypedifference by referring

to his studies on Seventh Day Adventists, and mentioned the recent "cranberry

3care* in the U.S. where preventive action was taken based upon one animal

experiment and no evidence from humans that aminotriazole was carcinogenic.

He described his animal experiments contrasting the area of the

human trachea and bronchi with the area of a mouse skin. Although this lung

area is only six times as large as the mouse skin area, it receives about

350 g. condensateper year in contrast to the 10 g. per year adn.lnisteredto

mice. 14astated that his experiments showed cigarette smoke was weakly

carcinogenic to mice.

After referringto the almost completeretentionof fluorescent

material in the lung on inhaling cigarettesmoke, he drew attention to the

differing butt lengths In the U.S. and U.K.)and congratulatedthe Swedish

Monopoly on the ring printed around their King Size cigarettes,which, he said,

was a step in the right direction. Pointingout that there was no evidence
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yet for selective filtration, he decried attempts to rely solcl,- on filters,

even of high efficiency, as the solution to the problem.

liethen tlxned to the chemical studies carried out for him by

Hoffmann, and called attention to thepossible im.ortance of the phenolic

fraction as a co-careinogen oT promoter. tiithoutgiving any evidence, he

suggested that smoke frm Viroinis type cigarettes may be richer in phenols,

perhaps becauseof a greatercontentof polyphenols in flue-cured as opiiosed

to air-cured tobaccos. He intends tc;give this prominence in his research

program.@. He detailed the chemo-biological studies on condensate, sho,-iing

how the activity in a rapid test (sebaceo,.isola.-i-Jsu,:,pression,@follo-.,,vd

benzpyrene, altho,,inhhe acl-,itted1.)iatal! Ihc,l@nc@.-.,npolycyclicsin smcke

acccunted for only a'@:cut3',
.. of the biologicol a-.ti-.-i"yof i-.-@'iolesr@loke. This

was furtho.-"evide-.ce"ofthe exist@2nceof a pro;:ioter.

Ho no,.vreports tunc)ursliavebef2no@.)toiriod.-.-!'-h;)yrc,lysatesmade

at 72CP and 64OPC.l as v.,ellas at highe: te,-iperaturesand thrrefore tended to

gloss over the pos-@ibleeffect of coml,)ustion'@emperatui-eupoti@.licforni.,tion

of biologicallyeffective conicnsa@Les.

In a ne-;.*inves'L.19@k@ionof bon-,-pyrenecont-@-otof Emoke liereports

that sidestreamsmoke containsv,-rylarge ar.,)unts,grea"erttianthe -,,.ainstream.

Moreover the smoke from the first half of a cigaretteconta'@ns2 ppm

benzpyrenewhereas that from the second half novionly con'6ains1 pprio This

result has been confirz-,edIn a secondexperiment. tlisex,-lanationof this

interestingand unexpectedfindingviasextremelyrr..tiddled,unclearand

unconvincing. Wynder appearsto be soirethatpuzzled himselfand did not

alludeto the opposite result r@.portedby Lindsey.

CD
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He has reopened work an catalysts. Originallyhe found only

coppernitrate led to a reduction in benzpyrane,aluminagiving rise to

a large increase. Biologicalactivitywas only marginallyreduced by

copper nitrate,maqnesitnoxide or aluniniumsilicate. These results

were found using 3 puffs per minute, tiou,using I puff per minute, he

finds the biologicalactivity of his control condensateunchanged, but

that of condensate from cigarettes with added calcium carbonate and copper

nitrate Is greatly reduced*

In an endeavour to study in greater detail the dependence of

activity upon the typ* of condensate, he has sinokL-d'"spinachcigarettes',

v4hichgive much greater anounts of benzr)yrene,probably to the less

complet* wmbustion. However tobacco smoke condensate is More active

biologicallythan is spinach smoke condensate. Tt-.,odifferences are the

greater basic fraction from tobacco smoke ind also the believed greater

amount of phenol fraction.

Wynder ended with his usual cataIGgue of the steps which may be

taken to reduce exposure,and mentioned the possibilityof selective

filtrationfor the phenol fraction.

It was apparent that while the lecture t-ias"the mixture as bofore",

he has changed his tack somewhat to acco-,inodatethe veering wind of

emphasis. He is clearly impressed by the now concentrationof effort on

the phenolic fraction,,and without any real weight of observation,is

building lofty towers of conjectureupon this fotmdation.

The second session was given by Dr. Ceellie Leuchtenberger, who

described her work on the histopathology of the trachea and bronchi of mice

c::>
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exposedto a daily dose of tobacco snoke. .1-ticewere sacrificed after

variable exposuzesand after varying Intervals after the cessation of

exposure. No changes were noted In the trachea but observations on the

bronchi led to sub-divisionInto three categories

(a) Approximately 50% of the mice showed no reactions

(b) About 25% showed a mild bronchitis*

(c)About 25% showed a very severe bronchitis*

With category (c)% Leuchtenberger claimed a marked change in

cellulartype with proliferationof the epitheliumand said that Auerbach

agreed that this iysplastic change was identicalwith carcinoma in situ.

Although the experiment is incomplete, no evidence of an invasive

carcinoma has been foundg although mice have received the smoke from lp6OD

cigarettes. On cessationof smokingsmarked desquanationof the epitheliln

occurs and the state of the bronchi gradually retuxns to normal.

Irrespectiveof the dosage (exposure) the same percentages of mice

were foundto show the three cellular reactions*

This work has been supplementedby analysis for MIA In the cells

by microspectrophotometry.

The last session* on Tuesday afternoon, was again devoted to mrk

by Swedish workers, Dr. Welling,,of Glasgow working in Prof. von Euler's

departmentg described some approaches towards synthetic analogues of nicotine

in vihichthe pyrrolidinering was opened at the five possible positions*

He was followed by von Euler who dealt with the pharmacology of these

analogs. His researchesto date led him to believe that the biologically

active part of the molecule was the N-Methyl pyrrolidineringp although

C:D
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piperidine,isolablefrom cow and hunan urine has a nicotinelike action

on the blood pressure but of only 1/15th the activity* SL,@iilarlyanabasine

Is only 1/10th as active as nicotine. tloneof the syntheticanalogueswere

found to possess more than 1/10th the activity of nicotine and most were

inactive.

The tests used were

(a) Blood pressureof cat.

(b) Action on rabbit intestinalsmoothmuscle.

(c) Action on guinea pig Intestinalsmooth muscle*

Dr. Skoglxinddealt with the effect of nicotineon the central

nervous system studiedusing decapitatedcats kept alive by artificial

respiration. The drug was administeredby Intravenous injectionor by a

specialroute directly into the spinal cord* The maximm effectwas found

on monosynaptic reflexes, nicotine appearing to act by depolarisingmuscle

membrane potential. It also affects the outpi@tof adrenaline and nor-adrenalin.

Dr. Skoglund's thesis was extremelydifficultto follow.

Lastly Dre Claesson (Uppsala) described Investigationshe has

started In the combustion process of tobacco. He is studying shortlived

intermediatesand, in order to sinplify his problem, he is s-,iokingcigarettes

in constant(non-intermittent)airflow. Short-livedradicalsIn the side-stream

are measured mass spectrometricallyby presentation on a cathode ray

oscilloscope which Is photographed. Radicals such as methyl etc. in the

main stream are measured as methanev ethane etc. by gas chro..-ftatography,

using a catharmeter detector..His chief problem viasin ensuring reproducible

combustion and this now appears to have been overcomee
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On balance, the symposiun %-iasrather disappointing as Very

little new work was reported by the quest lecturers. 'Auchhas already

been published. The discussions follovyingthe papers were not very

informative. Perhapsthe presence of Dr. Ilynder,In particular,served

as a 'damper" on the proceedings and it vrasvery noticeablethat

participantstended to seek answers to their questions by personal contacts

outside the meetings.

The Swedish Monopoly arranged press conferences before and after

the Symposim whicfiwere reported in the Swedish press, with photographs

of the guest lecturers,,Copies of the relevant news-papers were obtained,

MF/OIB/46D
LT

6th Mayp 1960.
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