
CONFIDENTLAL:NOTTDBE USEDUNTILPUBLICATIONOF REVIEW

SYNOPSISOF:*NicotineAndTheSuDkera

A reviewpaperby: ProfessorDavidM. Warburton

(to appear in 'ReviewsOn EnvironmentalHealth'early next year)

1. Background

This lengthybut informativereviewof the roleof nicotinein the
smokinghabit is basedessentiallyon ProfessorWarburton's
comprehensive,112-page.1982 unpublishedreportentitled"NicotineAnd
The SmokingHabit",citedas reference28 in the 3rd reportof the
ISC. The conditionsunderwhichnicotineexertsits actionsare well
describedin the currentpaper. The reviewof the basic
pharmacokineticsand pharmacodynamicsof nicotineis commendable. It
is erudite,and clearlywrittenfor expertsin the field.What makes
the paperunusualIs the factthat it featuresthe virtuesof nicotine.
and contrastits uniquepropertiesby a favourablecomparisonwith
othersociallyused substances.In otherwords,it highlightsthe
benefitsof smoking.

2. EssentialMessage

Its thesisis thatnicotinehas positiveeffects,and it explains
that smoking releaseshormoneswhich reduce fatigueand acts on the
centralnervoussystem(basicallythe brain)to producewhat it terms
Emoreefficientprocessingof information".This increasedefficiency
producedby nicotineenables smokersto performbetterin their work
situations. In addition,nicotinecan havea sedativeactionreducing
anxietyand anger. At the same time, the pharinacokineticpropertiesof
nicotinemake smokingdosesremarkablysafe for normalhealthy adults,
and so there is a highbenefit-riskratio for nicotineversusother
substancesof use. It concludesthat the uniquepharmacological
propertiesof nicotinemake it an ideal substanceof use, and advocates
that the developmentof a mediumnicotinecigarettewith added flavour
but with,reductionof some smoke components could representan
importantmilestoneon the way to a better cigarette.

3. Aim of this Synopsis

Below, we have attemptedto extract poin,lsDertlnm.nt tne
industr.y.withoutlabouringesoterictechnicaldetiiil.Tnis is not

Cont.....
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becausethe technical detail is unimportant, it was most necessary to
the review.but becauseit is largelyinappropriateto the intentionof
this synopsis. Mostly, we have taken sentences verbatim from the
review.to avoid distorting their content. Some have, however,been
restructuredslightlyfor ease of reading,without (intentionally)
upsettingtheir tenor. Points need not nepessarily appear in the same
sequence as they were made in the review. Headings have been added for
convenience.

4. Importanceof Nicotine

ProfessorWarburton explainsthat in the current climate of

politicaland medicalopinion,it is not surprisingthat researchers
are reluctantto state publiclythat smoking can have any positive
effectsfor the smoker. and yet common sense argues that it must. He
advocatesthat the belief of smokersabout the beneficialeffectsof
smokingis substantiatedby this review of the literatureon nicotine
and the smoking habit.

It is stated that nicotineis the most potent psychoactiveagent
in tobacco smoke. Although it cannot be concluded that flavourfrom
the 'tar'of tobacco smoke plays no part in cigaretteacceptability,
nicotineis an essentialingredientof the cigarettefor the smoker.

5. Nicotine Absorption

A crucial part of *cigarettesmoking is smoke manipulationby

inhaling. The major site of nicotineabsorptionfor the majorityof
smokers is the lungs. Some nicotine is absorbed from the nose but it
i.sa small amount in comparisonwith inhalation. Gastric absorption
only plays a small part in nicotineuptake from cigarettesmokingin
normal circumstances. Nicotine intake can be controlledby the amount
of smoke inhaled as well as by cigarette consumption and by the MC)deof
smoke generation. The mechanisms are not necessarily interdependent;
but, as far as nicotineabsorptionis concerned,inhalationis the
finalcontrolon intake.

6. IndividitalNicotine Control

Inhalationenablesthe efficienttransferof nicotinefrorthe
tobacco to the smoker's bloodstream. Nicotine is absorbed very
efficiently,entersthe brainveryquickly.and is retabdlised(i.e., CD
de-activated)quicklyby the liver givinga brief durationof action.

bra.@l-? Smokersare sensitivetz t?ieim(::iii;@)nicotinc-leYE-1s,and car cont-ol
theirintakeof nicotine. Sr.:)ierscontrc,'ric:,,,:ine@y var.%,ir.:their

M 0 AA@ 4jtxu cicaretteconsum,-tion,their strength of p4ffing, and their cr"
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inhalation. Smokers have quite precise personal control over nicotine

intake. Nicotine intake is titrated to obtain, for example, more

nicotine from*loweryielding cigarettes and less nicotine from higher

yielding brands.

The behaviour of a smoker is the outcome of a complex set of

interactions. It is determined not only by the characteristics of the

situation, but also by the personalityof the individual. Thus,

lighting a cigarette, and the pattern of smoking behaviour controlling

nicotine intake, depends on what may be termed 'the individual

situation interaction'. Depending on the situation. smokers will

adjust their smoking behaviour in terms of the number of cigarettes

smoked, smoke generation, and-'a-'-mo-unt-of-s"m-o-k@-in-haT-e-"o control the

nicotine levels reaching their brain, and in this-way--their

psychological state.

Measures of smoking behaviour during work performance and while

subjects are under stress show that smokers vary their nicotine intake

according to the situation. Studies suggest that people use substances

which fulfil their own individual needs, and research argues

persuasively that people titrate nicotine to obtain a specific dose to

fit their needs. Some smokers smoke in anticipation of a future need.

Evidence for control over the nicotine dose is important; it argues not

only for nicotine being a necessary condition for smoking but also that

smokers are trying to obtain a dose which will produce desired or

needed effects.

7. Nicotine and Mental Functioning

Questionnaire surveys have shown that desires for stimulation and

for sedation are major smoking motives. Smoking motive questionnaires

-indicate clearly that smokers believe that smoking helps them to think

and to concentrate, and experimental studies have shown that smoking

can indeed produce absolute enhancements in work performance, as well

as preventing performance decrements. In addition, smoking enhances

both cognitive precision and reaction time (i.e., there is no speed and
y@@

accuracy trade-off), resulting in an overall improvement in mental

processing efficiency. The evidence is that nicotine helps a person to

ignore distracting information and so concentrate on relevant

information. In 'brainwave' studiesof electrocorticalactivity

(conducted by Professor Warburton's own Department), it has been found

that cigarettes (and nicotine tablets) increasethe brain's alert

pattern similar to that found when a person is concentrating. At the

same time, concentration performance was improved. Thus, smokers claim

that they smoke to help them think and concentrate, and nicotine's

a:tion on the brain produces the neural state for satisfying this

need. Therefore data support the subjective experience of smokers that

helps ther,.to concentrate. Nicotine is the most likely

-3- Csnt .....
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constituentof cigarettes for producingimprovementin perforinance.

Smokers also believe that smoking is beneficialwhen they are
anxious,and there is much evidence for the tranquillizingaction of

smoking. A large body of evidence-indicatesthat smokerssmoke in
order to reduce anxiety, and smoke more And presumably take more
nicotinewhen under stress. Certainly,anxiety-proneindividualssmoke
more intensely,and studies show that nicotine helps them cope better.
Conversely,the smoker who is deprivedof nicotine is less calm. Tile
hypothesisis that nicotineis the tranquillizingingredientof
cigarette smoke.

Nicotine seems to be a unique substance because it combines bnth
performanceenhancement with anti-anxietyand anti-angeraction.
Individualsadjust their smoking behaviour to the amount of nicotirle
requiredfor a particularbrain state and so controltheir
psychologicalstate. The desiredstate will depend on the outcome of
interactionbetween the individualand the situation. By adjustingthe
nicotinedose, the same individualmay use a cigarette to provide a
$stimulant'effect on one occasionand a 'sedative'effect on another.
Smokers have learned that to control their mood by smoking will enable
them to functionmore efficientlyon some tasks and will help them
avoid the undesired consequencesof other situations, and so
anticipatorysmoking (cf. Section6 above) can be seen as a rational
copingstrategy on the basis of their past experience.

B. How Nicotine Possibly Works

In order to act on the brain, a substancemust penetratewhat is
calledthe 'lipidblood-brainbarrier'. Nicotinepassesthroughthis
barrierextremelyefficiently.Yirtuallyall the nicotinethatis

deliveredto the brain leavesthe blood. As a resultof thisefficient
o uptake of nicotine, doses affectingthe brain can be obtainedwith

4k@l- relativelylow blood levels, which minimises the risk of toxicityto
other organs. The brain does not metabolisenicotine (i.e. chemically

'A"t change it), rather nicotine washes out quicklyfrom the brain.which
givesa short duration of action. Thus nicotineis a substancewhich
is rapidlyabsorbedinto the brain,widely distributed,and then
quicklyremoved;the ideal specification,in fact,for a substancethat
is requiredfor a short durationof action.

Chanaes in neurocbemicalactivityin the brain alter the way iri

which a person interacts with his or her environup-nt,and so
psychologicalperformance reflectsboth the nature of any substance
used and the biochemical state of the person. There is evidence that
nicotine produces chanues in tt!E-brain len,elsof nc-@;rotrans,-..-It+c-rssucr.
as cat.echolamines,indoleamines, an%';acc-tylcnc@line.This is
particularlytrue of the last, for the major effectof sitokingdosel-@is
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id= corticalreleaseof acetylcholine. However,the shifts in

6(@'@corticalactivityare within normallimits,and are indistinguishableV\,KLI
from that seen when a person is concentrating hard. Thus, smokingAu-
doses of nicotine precisely mimic acetylcholine, and produce the same

@Aeural changes that would occur after natural activation of some

@,-synapsis(the nerve junctions). The reason for this exact mimicking of

acetylcholine by nicotine at some synapsts is the remarkable similarity

between the structures of the two molecules.

di The benign action of nicotine in improving psychological

performance could therefore be due to this molecular similarity between

Nk,4 nicotine and acetylcholine, so that nicotine.acts in a natural way on

\

tlk neurones(thenervecells)andonlyproduceschangesinthebrainwhich

@&@ZA@--occur nor-mallyin states of alertness. Certainly, the most consistent
K&k

effect with smoking doses of nicotine is stimulationof certain

neurones (a subset of the cholinergic,called the 'nicotinic'

pathways). As a consequence of nicotine's similarity to acetylcholine,

No4- TO - tolerance to its action does not occur. (Toleranceis the term for
I
pharmacological resistance, the phenomenon whereby ever-increasing

doses of a substance have to be applied to induce the same effect as

previously.) This lack of tolerance is not surprisingbecause the

iq%il brain's neurones cannot become tolerant to their own transmitters,

otherwise the brain would cease to function. This lack of tolerance

might explain why smokers do not increase their smoking over the

years. Nicotine thus has low abuse potential, and smoking enables

smokers to have exquisite personal control over their psychological

functioning.

9. Nicotine's Innocuity and Attractive Properties

When evaluating nicotine use and the smoking habit, it is

interesting to compare nicotine with substances which produce 'similar'

effects. Reference substances chosen for comparison (by Professor

Warburton) are two stimulants (amphetamine and caffeine), two sedatives

(alcohol and diazepam, i.e. Valium), and a euphoriant (marijuana, of

which the active ingredient is called tetrahydrocannabinol, THC for

short). (The review goes into considerable technical detail of thE

phar-macokineticand pharmacodynamic properties of all these substances

in order to put nicotine use into perspective,but only salient points

relati@g primarily to nicotine will be featuredhere.)

Firstly, nicotine reaches potentialactive sites in the brain very

quickly in comparison with these reference substances. Frorr,the
k CMAgk 4

r,@j@4a evidence available, smoking doses of nicotine only act directly o@, c::)
@os specific systems in the boov (i.e. some of the acetylcholine systers.

tha- so called 'nicotinic' pa@'hwa-ys- see Se,-tion8 above). This
(=>

CCV '*,r- specificity of action decreases the likelihoodthat nicotine will

produ:e unwanted 'side-effects'. C)N

crl-
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Also, absorptiontime Is importantfor personalcontrolof effect,
and preventionof over-dosing: nicotine is metabolised(brokendown)
very efficientlyby the liver,which limitsnicotine'sdurationof
actionin the body. The metabolites(i.e.,the by-products)appear to
be virtuallyinactive,and so the pharmacologicaleffectsare
determinedalmostcompletelyby the actionof nicotinealone. In
contrast, diazepam and marijuana have active metabolites,which prolong
theiraction.

An ideal substance of use would enable the person to fit the dose
to his/her needs. Smokers have puff-by-puffcontrol,with brain
effectsoccurringwithin 10 seconds. A drinkerof alcohol,on the
other hand, must choose an appropriate dose-for effects in an hour or
so. Thus, in terms of personal control, the experiencedsmoker has
precise control over nicotine'spsychoactiveeffects,whereas most
drinkershave very haphazardcontrol. Clearly,nicotinefits the
specificationof a substancewhich people can use to exert fine control
over their psychologicalstates on an hour by hour basis (unlike
marijuana,in particular.the effectsof which lingerfor days with
concomitant adverse consequences).

Abuse potentialis an importantconsideration: An abuser is a
person who is consuming a substance in sufficient quantitiesto produce
damage to health. A comparisonof the number of users and abusers is
difficultbecause nicotine,caffeine,and alcoholare readily
available, while amphetamine and diazepam are controlled, and marijuana
is illegal. When amphetamineswere freely availableon prescriptionin
Britain, about 2(r,,of the users were abusing them. Alcohol and
caffeine are socially acceptable substances in most Western cultures,
and in these about 6% abuse alcohol and about r,,are caffeine abusers.
It is estimated that about 6% of marijuana users are abusers. Abusers

Ca4L
of diazepamare rare, currentestimatesare less than 1%. Strictly
speaking,the number of abusers of nicotine is zero since few

'individualstake nicotinealone, and nicotineis not consideredto

11141
avdft contribute to smoking-associated diseases.

L7j ?-
Nicotine, as used by the smoker, is a low risk substance in terms

of acute and chronic toxicity,nicotine in smokingdoses having little
known toxicity itself (the 1981 TAC Ptanographon Nicotine by
Drs. Cohen and Roe was referenced). Nicotine taken in smokinc doses
thus seems to be relativelysafe for healthy adults to use, and stands
in mar@ed contrast to the deleteriousshort-term and lono-term
consequences of the so--iallyazcep*.ablesubstance,alcohol. Without
toleranceto the desiredcffects, smokers do not have to keep or.
increasingthe dose of nicotine to achieve the desiredamnunt of
stimulationor sedation. Evidencefor chronictoxicitydue to nicotine
alone,ratherthan cioarettes-.oke,is sparse;and there is little

r, conyincinaevidenceof intelle@--tualirpa4.rrrt-r.,ever zfter a lifet4l-@--0
use.
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10. Nicotine and Future Product Design

A number of important implicationsfollow from these facts about
nicotine. If smokersderive beneficialeffects from nicotine,and

cigarettesare the most effective method of administeringnicotine,
then cigarettesshouldbe designedto deliver nicotine and its

beneficial effectswith minimum risk. The current trend of continuing

to reduce nicotine,as well as 'tar' and carbon-monoxide,cannot have

the expected health benefits because smokers are compensating by
puffing harder and inhaling more smoke. A more effective approach for

minimising risk and maximising benefit would be a product with medium
nicotine deliverybut a reduction of son* smoke components. For this
strategyto be successful,it is obviouslycrucial that the cigarette
has sufficientflavour. The reductions of smoke yield.have been
unsatisfactoryso far because they remove important flavours. Future
progress must be in the direction of reduction of specific Smoke

constituentsto reduce risk but maintainingflavour by adding

flavouringin orderto preservethe characteristicfull flavourimpact
for the smoker.

October 1984 Dr W.D. Rowland
WDR/DJS Research Division

c:::)

co
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