SMOKING AND EPINEPHRINE

be a feedback mechanism which involves a
porphyrin or porphyrin-like compound. The
effects could be direct or through stimulation
of increased production of the plasma eryth-
ropoietic factor. Further studies are required
to establish the mechanism by which hemin
and related compounds affect erythropoiesis.

Summary. 1. Regardless of age, sex, or
species of the donor animals, lysed mammal-
ian red blood cells show erythropoietic stimu-
lating activity. 2. Comparison of the stimu-
lating effects of red blood cell components on
erythropoiesis shows that hemoglobin and he-
min are active; stroma and globin are not.
3. The following compounds related to heme
appear to increase erythropoiesis: compounds
containing 4 pyrrole rings connected by meth-
ene bridges; an open 4-pyrrole ring configura-
tion, as in biliverdin and bilirubin. The na-
ture of the side-chain groups is not critical for
activity; a metal moiety is not essential to
activity. 4. Several precursors involved in
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synthesis of the porphyrin ring, a single pyr-
tole ring, and cyanocobalamin which has a
corrinoid ring structure, did not increase
erythropoietic activity.
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Various investigators have shown that
large doses of nicotine, the active ingredient
in tobacco smoke, when administered intra-
venously can cause an increase in secretion of
epinephrine from the adrenal gland(1-4). It
is controversial as to whether or not a similar
effect can be produced as the result of inhala-
tion of cigarette smoke(5). In an attempt to
clear up this controversy the present experi-
ments were carried out to determine whether
or not inhalation of cigarette smoke could
cause an increased secretion of epinephrine
from the adrenal glands of dogs.

Methods. Twenty-two healthy mongrel
dogs of either sex with weights ranging from
7.7 to 17.7 kg were used. The dogs were
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anesthetized with intravenous pentobarbital
sodium (30 mg/kg) or chloralose (80 mg/
kg). The dogs then inhaled cigarette smoke
from a holder inserted into a tracheal can-
nula. The rate of smoking was regulated by
means of a screw clamp on a 14 mm ID rub-
ber tube which served as a bypass for the
cigarette. The same standard brand of cig-
arette was used in all experiments. Blood
samples were collected before, during and
after inhalation periods. Blood pressure was
recorded from the carotid artery by means of
a polyethylene catheter connected to a Stath-
am transducer and a Sanborn 150 M re-
corder. Heparin (3 mg/kg) was used as an
anticoagulant in all experiments.

Blood samples were taken from the adrenal
vein, inferior vena cava, the femoral artery
and femoral vein. The adrenal vein was can-
nulated using the method of Satake(7), while
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FIG. 1. Effect of slow inhalation of ecigarette
smoke (smoking time, 8 min) on blood pressure,
respiration and arterial epinephrine levels in a
representative experiment. Rate of cigarette smoke
inhalation was one inhalation per 20-25 see.

the vena cava blood was obtained by means
of a catheter placed via the femoral vein into
the vena cava to the level of the sternal notch
and well above where the adrenals empty into
the vena cava. The average smoking time for
most experiments was 3.5 minutes: however,
in certain experiments this time was pro-
longed to approximately 8 minutes, the slow-
est rate at which the cigarette could be con-
veniently burned.

Blood samples were taken when the blood
pressure response reached maximum levels
during the inhalation period. When the smok-
ing time was 3.5 minutes 2 or 3 samples were
obtained, while in the longer smoking experi-
ments of 8 minutes duration, samples were
obtained at about one-minute intervals once
the blood pressure response was seen (Fig. 1).
The actual inhalation rate for the faster
smoking experiments was approximately one
inhalation per 10 seconds, while for the longer
smoking experiments, there was one inhala-
tion per 20-25 seconds.

To eliminate other factors which might af-
fect blood epinephrine levels, control experi-
ments were conducted on the effect of inhal-
ing cornsilk cigarette smoke, the effect of
asphyxia and the effect of hypoxia on blood
epinephrine levels.

Blood samples were assayed for epinephrine
content by the rat uterus method of Gaddum
and Lembeck(8) as modified by Franko,
Bragg and Watts(9).

This bioassay method was well adapted for
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this study since epinephrine determinations
could be made on 0.5 ml serial blood samples
at about 6-minute intervals. The method
also has a good specificity for epinephrine and
a number of studies have shown that the in-
crease in circulating catecholamines following
nicotine administration is primarily due to
epinephrine(10-14). It was thus possible to
assay as many as 20 samples from a single
dog for epinephrine without stimulation of
the sympatho-adrenal system by hemorrhage.
Unfortunately, Gaddum and Lembeck’s simi-
lar bioassay method employing the rat colon
is not sufficiently sensitive to detect norepi-
nephrine in peripheral blood. To obtain in-
formation on norepinephrine levels and to
substantiate the epinephrine data obtained by
bioassay, 2 experiments were carried out in
which 40 ml peripheral arterial blood samples
were assayed for their norepinephrine and
epinephrine content by a fluorometric pro-
cedure. These determinations were made by
the method of von Euler and Lishajko(15).
Statistical analyses for significance of data
were made using Fisher’s t test.

Results. The data in Table I summarize
the effect of inhalation of cigarette smoke on
epinephrine secretion from the adrenals, on
peripheral arterial and venous blood epineph-
rine levels and on blood pressure. These re-
sults show that cigarette smoke can cause a
statistically significant increase in the amount
of epinephrine in blood samples obtained from
the adrenal vein, vena cava, femoral artery
and femoral vein of the dog.

A representative slow smoking experiment
is shown in Fig. 1. Even when the cigarette
is inhaled over a rather long period compar-
able to the average cigarette smoking time in
man, there is a significant increase in blood
pressure and arterial epinephrine levels.

The effects of inhaling cornsilk cigarettes,
of asphyxia and of hypoxia on blood epineph-
rine levels are shown in Table II. Inhalation
of the smoke from cornsilk cigarettes had no
effect on epinephrine levels of vena cava
blood, the blood in which any increase could
have been most readily detected. Although
there was some increase in epinephrine levels
during severe asphyxia and hypoxia, the
amounts observed were small compared to the
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TABLE TI. Effect of Staudard Brand Cigarettes,
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0o 4 florfapmephrme' and e:pinephrine, the results
€ e ow indicate that inhalation of cigarette smoke
— caused an average increase in norepinephrine
level from a control value of 1 ug/l to a
value of 20.2 pg/1 after smoking. The simul-
3 ? 3 taneous fluorometric analysis of epinephrine
VARRVINRY, showed an average increase from a control
value of 1.2 ug/1 to a value of 96.8 ug/l. At
the same time the samples were taken for
fluorometric analysis, another sample was also
biologically assayed for its epinephrine con-
& & & tent. The epinephrine value of 120 ug/l ob-
tained by bioassay during smoking compares
reasonably well with the simultaneous value
e o« o of 96.8 ug/1 obtained by fluorometry.
Discussion. These results show that in-
halation of cigarette smoke can cause a sig-
. e = nificant increase in secretion of epinephrine
@ o @ from the adrenal gland of the dog. It is well
established that nicotine is the chief pharma-
cologically active substance in cigarette smoke
(16,17). Nicotine in large doses can cause
the release of catecholamines from the adrenal
: : # gland(2,3,4). Control experiments involving
','? no smoking and the smoking of cornsilk cig-
% arettes had no effect on epinephrine secretion.
] The effect of asphyxia and hypoxia was very
';- * » & small when compared to cigarette smoking.
e g £ ;;3 The data indicate it is the nicotine in the
.g >F | £ smoke which produced the observed responses.
s . . |= These experiments have shown that the
E adrenal medulla is more responsive to cigar-
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ette smoke in dogs anesthetized with chlora-
lose than in dogs anesthetized with pentobarb-
ital. FExley(18) has shown that amobarbital
significantly reduced transmission through
sympathetic ganglia, whereas equivalent anes-
thetic doses of chloralose were almost devoid
of such effects. Armstrong, Porter and Lang-
ston(19) found that chloralose anesthesia was
associated with an average increase of 8%
in reflex activity over the unanesthetized level,
while pentobarbital was associated with a 99
decrease in reflex activity when compared to
unanesthetized dogs. Koppermann et al.(20)
observed that in deep barbiturate anesthesia
the carotid reflex was completely eliminated,
but when dogs recovered from anesthesia, the
reflex returned. Chloralose, on the other
hand, was found not to depress the reflex and
there was a greater than normal reflex re-
sponse during the recovery period. A combi-
nation of these factors apparently made the
dogs under chloralose anesthesia much more
sensitive to cigarette smoke than were the
dogs under pentobarbital anesthesia.

The observed increase in epinephrine secre-
tion in adrenal vein blood would lead one to
expect, and these results show, a significant
increase in epinephrine level in the vena cava,
peripheral arterial and peripheral venous
blood as the result of cigarette smoke. Since
hemorrhage and surgical trauma are known
to stimulate secretion of catecholamines(21-
24) it was thought that the vena cava tech-
nique would eliminate errors in increased
epinephrine levels due to trauma as well as
substantiate the results obtained with the
adrenal vein technique.

It is apparent that the increase in epineph-
rine content during smoking is greatest in the
vena cava blood, followed by the arterial and
peripheral venous blood, respectively. The
vena cava blood contains the immediate se-
cretions from the adrenal glands diluted by
blood flow from the posterior part of the body
only. By the time the secretions from the
adrenal glands reach peripheral arterial blood,
the epinephrine has been further diluted by
the total venous return and possibly by inac-
tivation in the lungs. Finally, epinephrine
content is further decreased by passage
through the tissues of the hind leg so the
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lowest concentration appears in the peripheral
venous blood. Further significance is placed
on the fact that inhalation of cigarette smoke
produced an increase in epinephrine levels of
peripheral arterial blood since this is the
blood which reaches all tissues. To simulate
more closely cigarette smoking in humans,
experiments were carried out in which inhala-
tion of cigarette smoke was controlled at a
slow rate. Smoking time in these experiments
was 8 minutes which is comparable to the av-
erage human cigarette smoking time. The re-
sults show that from control levels of less
than 1 ug/1 the slow inhalation of cigarette
smoke increased epinephrine levels of periph-
eral arterial blood to 25.1 ug 1 (p<0.001).
This elevation in epinephrine levels was found
to increase progressively to a maximum value
during the smoking period. In the previous
experiments, where average smoking time was
3.5 minutes, inhalation of cigarette smoke
caused an increase in arterial epinephrine level
from an undetectable amount before the
cigarette to a value of 126 ug/1 during the
cigarette. Although consideration must be
given to species and weight differences, these
results indicate that a similar effect can occur
in man during cigarette smoking.

Results obtained in this study on the differ-
ential release of epinephrine and norepineph-
rine are in agreement with results reported in
the literature on release of epinephrine and
norepinephrine by nicotine(10-14) in that the
increase of catecholamines in the peripheral
circulation is due primarily to a release of
epinephrine from the adrenal medulla.

Fowler ef al.(25) studied the effect of hy-
poxia upon adrenal secretion in anesthetized
dogs using a nonspecific bioassay method em-
ploying the rabbit aortic strip. They observed
that there was an increase in medullary se-
cretion during hypoxia. They further ob-
served that in 4 animals studied during
asphyxia there was an increase in medullary
secretion comparable to that found during hy-
poxia. Contrary to the above results, Toy-
ooka and Blake(26) using a fluorometric
technique found no significant differences in
mean urinary excretion of plasma catechola-
mines in dogs subjected to hypoxia as com-
pared to the control or recovery periods. The
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results (Table II) indicate that asphyxia or
hypoxia did not contribtue to the overall ef-
fects of epinephrine secretion due to cigarette
smoke in this present study. Only moderate
increases in peripheral epinephrine levels were
observed and these were seen only after severe
asphyxia and hypoxia. In all smoking ex-
periments there was a free exchange of res-
piratory gases; smoking always stimulated
respiration and there were no indications of
either asphyxia or hypoxia in the smoking
experiments.

Summarv. Inhalation of cigarette smoke
causes a significant increase in epinephrine
levels of the adrenal vein, vena cava, periph-
eral arterial and peripheral venous blood in
the dog, the degree of increase being propor-
tionally less in each area respectively.

1. Mansfield, G., Orv. Hetil.,, 1958, v52, 241, cited
in Larson, P. S., Haag, H. B., Silvette, H., Tobacco
Experimental and Clinical Studies: A Comprehen-
sive Account of the World Literature, Williams and
Wiikins Co., Baltimore, 1961.

2. Cannon, W. B., Hoskins, R. G., Am. J. Physiol.,
1911-12, v29, 274.

3. Stewart, G. N., Rogoff, J. M., J. Pharmacol.
Exp. Ther., 1919, v13, 183.

4. Segawa, T.. Fol. Pharm., Japan, 1934, v50, 42.

3. Silvette, H., Larson, P. S., Haag, H. B., Rev.
intern. Med., 1961, v107, 915.

6. Westfall. T. C.. Watts, D. T., Fed. Proc., 1962,
v21, 193,

"7. Satake. Y., Tohoku J. Exp. Mcd., 1954, v60,
suppl. 11.

8. Gaddum, J. H., Lembeck. F., Bril. J. Pharma-
col., 1949, v4, 401.

847

9. Franko, B. V. Bragg, A. D, Watts, D. T,
Arch. int. Pharmacodyn., 1957, v111, 123.

10. Hazard, R., Beavallet, M., Larno, S., J. Physiol.
(Paris), 1957, v49, 196.

11. De Schaepdryver, A. F., Arch. int. Pharma-
codyn., 1958, v117, 475.

12. Woods, E. F., Richardson, J. A., J. Pharmacol.
Exp. Ther., 1955, v114, 445,

13. Woods, E. F., Richardson, J. A., Richardson,
A. K., Bozeman, R. F., Jr., ibid., 1956, v116, 64.

14. De Schaepdryver, A. F., Preziosi, P., Van Der
Stricht, J., Arch. int. Pharmacodyn., 1959, v121,
468.

15. Euler, U. S. von, Lishajko, F., dcta physiol.
scand., 1959, v45, 122,

16. Ruhl, A., Lin, P., Deut. Med. Wochschr., 1936,
v62, 493,

17. Hanson, H. B., Hastings, A. B., J. Am. Med.
Assn., 1933, v100, 1481.

18. Exley, K. A., Brit. J. Pharmacol., 1954, v9, 170.

19. Armstrong, G. G., Jr., Porter, H., Jr.,, Lang-
ston, J. B, Am. J. Physiol., 1961, v201, 897.

20. Koppermann, E., Brendel, W. Thauer, R,
Pflug. Arch. ges. Physiol,, 1955, v260, 239.

21. Greever, C. J., Watts, D. T., Circulation Res.,
1959, v7, 192.

22. Watts, D. T., Meador, J. C., Arnett, E. L,
Pharmacologist, 1959, v1, 57.

23. Walker, W. F., Zilele, M. S., Reutter, F. W,
Shoemaker, W. G., Friend, D., Moore, F. D.,, Am.
J. Physiol., 1959, v197, 773. .

24. Humer, D. M., Surgical Forum, 1958, v8, 11.

25. Fowler, N. 0., Shabetal, R., Holmes, J. C,
Circulation Res., 1961, v9, 427.

26. Tovooka, E. T., Blake, W. D., Am. J. Physiol.,
1961, v201, 448.

Received November 16, 1962. P.S.E.B.M,, 1963, vil2.

Alterations of Plasma Volume, Electrolytes and Volume of Distribution of

Sodium Thiocyanate Induced by Electroshock.*

(28186)

W. W. SWINGLE AND A. ]J. SWINGLE
Biological Laboratory, Princeton University, Princcton, N. J.

Electroconvulsive shock induced by pas-
sage of an electric current through the brain
serves as a powerful stimulus to the central
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nervous system producing many and varied
reactions. Thus the dog is rendered uncon-
scious; violent muscle spasms occur necessi-
tating restraint; respiration may be held in
abeyance; profuse salivation is present; in-
voluntary urination and defecation occur.
Aside from these gross manifestations, numer-





