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INTRODUCTION

The use of tobacco has become an almost universal
habit and as a result it is important to the physician
to understand the various effects that this hablt can
have upon the human body. Abstinance from tobacco can
be correctly prescribed only after its pharmacological
activity with its possible end results are known. That
the use of tobacco can aggravate and possibly be an etio-
logical factor in certain diseases is known, but in what
diseases 1t should be proscribed 1s nct always d finite.
That this question i1s worthy of consideratiocn 1s beyond
doubt.

Pearl (73) in 1338 found that smoking of tobacco
was statistically associated with an impairment of 1life
duration and the amount or degree of this impairment
increased as the habitual amount of smoking increased.
Moreover, tobacco has 1ts most sericus effects during
the earlier period of life. Pearl noted that the differ-
ences in specific mortality rates between the various
groups of smokers and non-smokers practically disappears
from the age of seventy years on. Those who survive
to the age of seventy years are tough and resistant spec-
imens. Thereafter tobacco does them no further mecasur-

able harm as a group.
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Fig. 1. The survivorship lines of 1ife
tables for white males falling into three cat-
egories relative to the usage &f tobacco.

A. Non-users:(solid line); B. Moderate smok-
ers (dash line); C. Heavy smokers (dot line).
(From: Pearl, 73)

(of 100,000 non smokers age thirty, 66,564 will
reach age sixty.

Of 100,000 moderate smoders age thirty, 61,911
will 'reach age sixty.

Of 100,000 heavy smokers age thirty, 46,266 will
reach age sixty.)



No mention was made of the cause of death in the
study by Bearl, but presumably a falr percentage were
cardio-vascular in nature. Within the past forty-five
years the use of tobacco has increased one hundred per
cent in the United States and, during this period, the
incidence of heart disease, apoplexy, Bright's Disease,
and other diseases of cardio-vascular nature has also
markedly increased. Molmes (50) also reported cardio-
vascular disease to be much more prevalent among American
men than women up to and including the year of 1921.
Since that time more tobacco 1s belng used by women and
it will be interesting to note 1f the incidence of cardio-
vascular deaths increases among them. In a series of
two thousand thirty one cases by Short (79) in 1929
of individuals securing life insurance policies, 1t was
found that symptoms of palpitation, precordial pain or
stress, and dyspnea upon exertion increased from fifty
per cent to one hundred and forty per cent in smckers,
as compared to the same number of non-smokers of

approximately the same age group.
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THE PHARMACOLOGICAL ACTION OF TOBACCO
IN THE NORMAL INDIVIDUAL

A conslderable amount of werk has been done in the
attempt to learn the effects that tobacco has upen the
human body. It has long been suspected of being harm-
ful. In 1845 Brodie's experiments demonstrated that
the action of an infusion of tobacco, when injected into
the intestine of an animal, was to disrupt the action
of the heart, stop the circulation, and thus produce
syncope and death. (Allwatt-3) A short time later
Claude Bernard showed by experimentation on mammalian
animals that the effects of nicotine were the same
whether applied to the alimentary c.nal, a wound of the
skin, the mucous membrane, or the conjunctivae. BHe
concluded that the arterial-capillary system was
especially affected by nicotine through the medium of
the sympathetic nervcus system. (Taylor-90)

Most smokers perhaps have ncoted palpitaticn and a
drop of temperature in the extremities following
smoking, which brings up the question of the pharmacoc-
logical action of tobacco.

There has been considerable controversy over the
effect tobacco has upon the blood pressure. Lee (59) in
1908 found smoking raised the blood pressure and was of
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the opinion that the rise was more in the novice smokers
than in the habitual smoker. He belleved that nicotine
was the important poison in the smoke and that the
pyridine bases present were not of sufficient amount to
be iInjurious. Excessive smoking caused, according to
Lee, a depression of the vasomotor center and lowered
the blood presseure even to the extent that collapse
occurred. Hesse (45) observed that both blood pressure
and pulse pressure, as a rule, went up after smcking and
then dropped below normal after about twenty minutes.

He obtained the same results with denicotinized tobacco
and concluded that the effects were of psychic origin
and not due to the tobacco smoke. At the same time.
Hesse did his work it was not kno.n that "denicotinized
tobacco" contained 1.1% nicotine, whereas regular
tobacco contained approximately only twice as much of
the nicotine. Bogen (9). This fact causes Hesse's
facts to be of little value.

Bruce et al (14) through experiments upon twenty-
one year old males found the diastolic pressure was
ralsed slightly, whereas the systolic pressure was
increased to a more marked degree. This agress with
the findings of Hesse that the pulse pressure is raised.

Atkmann (£) in 1915 reported as many or more



subjects exhibited a fall of blood pressure as responded
to smoking with an increased vascular tensicn. He fecund
that the results were not constant even in the same
individual and out of twenty-seven subjects more exper-
ienced a drop of blood pressure than a rise after smok-
ing one cigarette. Two years later in 1917, Thompson

et al (93) obtained evidence that was in harmony with
the results of Ailmmann., In fifty-eight patients there
was a rise of sytolic pressure in 35% and a fall in 45%,
the remaining 20% being unaffected. They also found
that the same patient sometimeg exhibited a rise and
less often a fall in systolic pressure. Sinc= the time
»f Thompscon's work, many men have taken up the study cof
tobacce and its effects on blocd pressure. The results
are similar and such that tobacce can be considered to
cause a temporary elevation of the blcod pressure. (28),
(32), (43D, (44), (49), (62), (64), (85), (78).

There is 1ittle evidence that tobacco causes any
permanent hypertension in the average individual. Dizon
(24) was of the opinion that chronic smeckers exhibited
a hypertension, but was immediately challenged. Fven
before Dixon, Brigham (12) observed one hundred thirty
two smokers and non-smokers and found no appreciable

difference between their blood pressures. The same

(5)
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observations were made by Farp (25) in a series of two
hundred subjects. Johnson (53), studying one hundred
and fifty smckers and non-smokers of the same age group,
found the average systolic blood pressure of smckers

to be more than a millimeter of mercury lower than in
the non-smokers. The diastolic was also slightly lower
in the smokers. Hadley (34), working with seven thous-
and office patients, found the average systolic pressure
in smokers nearly three millimeters of mercury lower

and dlastolic approximstely one and one half millimeters
lower than in the group of non-smokers.

The logical conclusions to be drawn from above are
that tobacco smoking causes an initial temporary rise
in blood pressure, but has little if any permanent
effects. There 1s little doubt that in some individuals
it causes a temporary lowering of the pressure, but
this 1s more than likely due to nervous tension
exhibited by many habitual smckers before theyﬁ@ﬁzir
customary cigarette.

Another well known pharmacological reacticn te
smoking is peripheral vaso-constricticn. This reacticn
1s so closely related to the rise in blood pressure that
it cannot be separated from it. Lee (59) realized that
smoking ralsed the blood pressure by vaso-censtriction.

The methods of determining vaso-constriction have been
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varied, but the results are approximately the same.
The conclusion, that tobaccc smoke causes vaso-
constriction in the average normal individual is well
accepted. An occasional individual will show vaso-
dilatation.

Bruce et al (14) measured the size of the extrem-
ities before, during, and after smoking by a plethysmo-
graph and thus determined the amount of peripheral
vaso-constriction. Other workers demonstrated the vaso-
constriction by the lowering of the skin temperature
in the extremities. (5), (8), (54), (63), (e4), (70%,
(78), (80). Tvans and Stewart (28) measured the same by
decrease 1n the skin temperature and rise in the rectal
temperature. Friedlinder et al (29) observed gangrene
develop in the toes of a rat due to prolonged vaso-
constriction following repeated injections of nicotine.
Other men have directly observed the constricticn of
the arterioles of the nail folds and retina by the use
of the microscope and ophthalmoscope. Photographs have
been made of the retinal arterioles before, during, and
following smoking. These also demonstrated the
constriction. (42), (43), (44), (98). Wright (97)
noted that the bloodiflow decreased and even stopped

in the capillaries of the nail fold during the smoking
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of one cigarette.

Some very interesting observations were made by
various men while studying vaso-constriction due to
tobacco. Barker (5) found that in general the hyper-
sensitive nervous ty:e of individual was more subject
to vaso-constriction from smoking. It would seem log-
ical that a tolerance could be developed to tobacco
against vaso-constriction, but Wright and Moffat (98)
reported that the length of time a person had been
smoking or the number of habitual daily cigarettes had
no correlation with the degree of reaction. Their
observaticns have been corroborated by Johnson and Short
(54). Maddock et al (64) stated they found Jewish
people more sensitive and responded with a greater degree
of vaso-constriction than Gentiles. Blotner (8) found
arteriosclerosis reduces very little the amount of
active constriction of the arterioles. However, arterio-
sclerosis does decrease vaso-constriction. Herrell and
Cusick (43) also noted that the increase in blood
pressure approximates the amcunt of constriction of
retinal arterioles on a percentile basis.

Much attention has been focused upon the possible
activity of tobacco upon the coronary vessels. Most
clinicians favored the view that it caused constriction

presumably because smcking may precipitate anginal
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attacks and perhaps coronary accidents in certain
instances. (13), (65), ¢16), (20), (:8), (20), (&9),
(75). Other authors question the possible fact that
angina is due to the vaso-constriction of the coronaries,
but think it is probably the result of other factors to
be discus ed later in this paper. (&2), (48), (53), (91),
(95). Mansfeld and Hecht (67) introduced tobacco smoke
into the lungs of the heart-lung preparation of dogs
and found only coronary dilatation and increased coronary
circulation with infusion of tobacco and with nicotine
in all but excessive doses in isolated rabbit hearts.
The controversy of coronary constriction versus coronary
dilatation is not decided and more work will have to be
done.

Tobacco also affects the pulse rate and at times
the heart rhythm. Slight tachycardia, an increase of
from four to fifteen beats per minute, is a temporary
result of tobacco smoking that has been verified by
numerous men. (2), (11), (14), (£8), (*5), (37), (42),
(46), (59), (63), (64), (65), (70), (78), (84), (85),
(91), (92), (94). Smith (84) found.that phlegmatic
indivi.uals showed a more marked increase in the pulse
rate than in the more sensitive individuals. Other
authors disagree with his conclusions. The amount of

tachycardia seems to be variable and the same subject
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responds to a different degree at different times.
(Thompson and Sheldon (93). Sontag and Wallace (85)
observed an increase in the fetal heart rate after the
mother smoked.

There 1s evidence that the tobacco hahit causes
a slight permanently increased pulse rate as long as
the habit is continued. Hadley (34) studied seven
thousand cases and found the average pulse rate of
smokers to be 78.31 beats per minute and of non-smokers
77.30 per minute. Erigham (12), in one hundred thirty
two young male smokers and non-smokers, found the
average pulse rate to be 82 beats per minute in non-
smokers, 83 in light smokers, 86 in moderate smokers,
and 90 in heavy smokers. Other authors, Short et al
(79) and Farp and Camb (25), believe there is no sig-
nificant difference between the pulse rate of smokers
and non-smokers. THoweferg tobacco smokers as a whol

seem to have a higher pulse rate than ncn-smckers,
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THE MANNER OF ACTION OF TOBACCC
UPON THF CARDIOVASCULAR SYSTFM

It is necessary to Aave an understanding of how to-
bacco works upon the cardiovascular system in healthy
individuals before its effects in disecase can be
discussed.

Traube (94) in 1862, while studying the action of
nicotine upon the dog's heart, observed that there is
at first a slowing or even temporary cardiac arrest
followgd~by tachycardia with reinforced contractions.

Langley (56) in 1901 found that nicotine stimulates
sympathetic nerve cells. The stimulation was shown to
be direct by applying dilute nicotine to a ganglion
after degeneration of its preganglionic fibers. Ry
animal experimentation, comparing the intact kidney with
a denervated kidney, Bariety and Kohler (4) found that
nicotine produced a definite hypertensicn with a dimin-
ution in the volume of the kidney <hich was intact and
and an augmentation of the volume in the one without
nerve supply, thereby concluding that the effects of
nicotine 'ere upon and through the nervous systém.
Heyman's (46) by experimentation found nicotine acted
reflexly on the carotid sinus producing tachycsrdia
and vaso-constriction. Brunton (15) observed that

nicotine stimulates the vagus center in small doses






(16)

ramlisectomy and ganglionectomy and a lumbar ganglion-
ectomy for Raynaud's disease, which abolished all
sympathetic control to the extremities, they found
smoking caused the usual blood pressure changes, but
no peripheral vaso-constriction. ertheimer and Colas
(95) noted that acceleration of heart raté which follows
injection of nicotine i1s present whether the extrinsic
nerves are intact or not and an increase in arterial
tension even after destruction of medulla and spinal
cord. Action, however, 1s greater on heart and blood
vessels when the nerves are intact demonstrating a cen-
tral as well as peripheral effect.

This peripheral effect brings up another factor
in the manner that tobacco acts upon the cardiovascular
system. Cannon et al (18) experimenting with cats
found injections of nicotine increased the secretion of
epingphrine. Thls was corroborated by Dale and Laidlow
(22). Stewart and Rogoff (86) observed a preliminary
increase in the output of adrenalin upon injection of
nicotine with a corres.jonding rise in blood pressure.
This was followed by a decreased output and subnormal
pressure. In thelr experiments the smaller the dose of

nicotineinjected, the longer the stimulatory period
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tended to be before depression occurred. LeLair (60)
found injections of nicotine intraveinously to dogs
caused the blood sugar level to rise, but after double
adrenalectomy, the blood sugar level does not rise upon
injection. Other workers have found the blood sugar
level to rise upon smoking in human subjects also.
(Baggard and Greenberg (35) and Short and Johnson (78).
Sollmon, ascited by Short and Johnson (78), states

that blood pressure may be raised by nicotine injections
even without the vasocmotor center, but not without the
suprarenals.

Tobacco smoking evidently acts primarily upon the
nervous system. The nicotine inhaled stimulates the
sympathetic ganglia, vaso-constrictor center, and
suprarenals to cause tachycardia, vaso-constriction, and
an increased blood pressure. It also acts reflexly through
the carotid sinus upon the vaso-constrictor and cardieo-
inhibitory centers to augment the reactions. The reac-
tions are extremely variable for diffe.ent individuals
and in the same individuals at different times, because
the vagal centers are also stimulated and tends to
counteract the sympathetic effects. However, in most
subjects the vagal reaction either tends to be paralyzed

after a short time by the increased amcunt of nicotine
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ORBANIC EFFECTS FROM THE USE OF TOBACCO

The use of tobacco has been suspected from
time to time to cause organic changes in the cardio-
vascular system. If such 1s the truth it can have
far reaching consequences.

Baylac (8), in 1906, described atheromatous
plagues in the aorta of rabbits that had been injected
with nicotine. Lee(59), experimenting with rabbits
a short time later, reported extensive fibrosis of
the tunica media invading to a slight extent the in-
timz, which in certaln areas showed the antecedant stage
of fibrosis as an inflammation with plentiful ce2l
proliferation. He also found marked erosicn and rup-
ture. of the elastic fibers and some of these were en-
cased in calcium salts. Adler and Hensel(l), in 1906
and also working with rabbits, denied any degeneration
or inflammatory changes in the intima of the blood
ves els but found a calcareous degeneration in the
media similar to that proeduced by adrenalin. COther
men using rabbits observed similar results. (81), (76)
and (77). Romm and K uschnic (76) injected some rabbits
with epinephrine and others with nicotine. Epinephrine.
injected rabblits showed sclerotic plaques in the great

vessels earlier and to a grezter degree than did the







































of their own accord.

The relation of tobacco to essential hypertensicon
has recently received considerable attention and promises
to be very significant and interesting. Clinicians
today regard an exaggerated response to the cold pressor
test as.a possible indication of a latent or actual
hypertension in otherwise healthy individuals. It is
an indication of a hyeractive vascular system.

Herrel and Cusick (43) founa that certain individuals,
who had a hyperresponse to the cold pressor test, also
had an exaggerated rise in blood pressure following
smoking which corresponded very closely to the pressure
obtained during the pressor test. Other patients, how-
ever, did not give thls response. In other rds, here
as in other conditions, some individuals show abnormal
reacticns to tQbacco while others do not. It is an
individual problem. Hines and Roth (49) had similar
results from their experiments. They found most patients
with essential hypertension, except in those who did not
smoke, had an elevation in systolic and diastolic

blood pressure following the smoking test, which was
greater than in the naormal subjects. The significance
of the above observations is not lnown as the etiology

and reasons for progression of essential hypertension
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angiitis obliterans on a decreased physiologic. 1l response
to tobacco-smoke. They noted that the responses of
blood pressure increase, tachycardis, etc. are present
to a greater degree in viomen than men, -hic'. sug ested
to them that a decreased response is an etiological
factor, it being remembered that Buerger's disecse has
not been reported in women. They found a reduction in
oxygenation of arterial blood after swoking vhich was
more apparent in men than women due sugrposedly to the
less physiological response present in men. They think
the lowered oxygen tensicn in the tis-ues may pre‘isiose
to thrombo-angiftis obliterans. The basis of lessened
physiologic..! response a cause 1s in contraindication
to results founa by other workers, vaso-ccnstriction
see.ng to be more a, arent in ca: s o” Buerger's disease
than in normsel individuals.

Though the exact eticlogy of Buerger's disease
is still unknovin, the use of tohacco is :efinitely
contraindicated in this condition. It uefinitely
aggravates the disease as already re.,orted earlier in
the ;aper.

Tobagcco could be profitably proscribed in any
gangrenous conditicn or lesion iwvhich has its ¢érigin on

a low blood sup,ly basis. The further reduced blood
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