Zeitschrift flir Praventivmedizin 17, 211-213 (1972)

Revue de Médecine préventive

The comparative toxicity for mice of five commonly used

nicotine preparations'

P. Driscoll

From the Department of Hygiene and Work Physiology, Division of Behavior Biology, Swiss Federal Institute of

Technology, Zurich

Summary

Pure micotine, (-} nicotine, nicotine H+ tartrate. nico-
tine suflfate and total alkaloids extracted from cigarette
smoke (more than 90 % nicotine), all of which have
been used in much physiological and behavioral re-
search, were compared as to their LDse in mice. Signi-
ficant differences in loxicity were noted among several
of the preparations, indicating possible differences in
potency at supposedly identical dosage levels, in re-
gard to the literature, and also helping to clarity some
other discrepancies which exist in experiments where
these subsiances have been used.

Despite the utilization of different nicotine
preparations for research at various labora-
tories, there have been no published reporis
in which several of these compounds have
been compared in the same experiment.
With the exception of one brief abstract [1],
this holds true even for the basic determi-
nation of LDso (lethal dose) in mice. In this
study, we have measured the toxic effects
of five commonly used nicotine preparations
for mice. In addition to investigating the
comparative potency of these compounds,
we were particularly interested in comparing
(—)nicotine with recently supplied nicotine
purissimum. These two preparations should
normally be identical, since pure nicotine
is also laevorotatory, or (=). It has been our
impression, however, that the nicotine puris-
simum obtained here in recent months has
not been as effective in rat behavior experi-
ments as earlier samples received from the
same source.

600 male albino mice, all from one supplier
and weighing between 2530 g, were em-
ployed, each animal being used only once.
All preparations were intraperitoneally in-
jected, in logarithmically calculated doses,
into groups of ten mice each, with all drugs
being administered on any given day of in-
jection. A toxicity estimation was thus ob-
' Based on a presentation at the scientific meeting of

the Swiss Society for Preventive Medicine, Geneva,
June 22, 1972.

tained for each drug ranging from 0 to 100 %
mortality, and the LDss was determined from
these values by applying a Probit analysis
[2]. As in previous studies [3], it was obser-
ved that either the mice died within a few
minutes after injection (during convulsions),
or they survived.

The LDse for mice of intraperitoneally in-
jected L- (pure) nicotine is about 10 mg/kg
[4]. Although the results of this present ex-
periment are in relative conformity to this
figure, occasional differences in the litera-
fure are seen, since such faciors as age,
number of animals per cage and environ-
mental temperature, to name but a few, pro-
bably play a role in the toxicity of nicotine,
as they do with amphetamine. With the latter
drug, for example, the strain of mouse used
has been also shown to exert a considerable
influence on the LDso [5]. The important con-
sideration in comparing various prepara-
tions, therefore, is that the tests be con-
ducted at the same time and place, with like
animals, and under the same environmental
conditions. This having been done here, it
can be seen from the results (Fig. 1) that the
nicotine H* tartrate and total smoke alka-
loid preparations were significantly more
toxic than those of nicotine purissimum and
nicotine SQ4. The exact LDso values for each
preparation follow, with the respective pH
given for each in parenthesis: nicotine pu-
rissimum 10.8 mg/kg (pH 9.3), (—)nicotine
9.5 mg/kg (pH 9.4), nicotine SO1 10.4 mg/kg
(pH 6.7), nicotine H* tartrate 9.15 mg/kg
(pH 3.2) and total smoke alkaloids 8.7 mg/kg
(pH 3.3). All LDso values are expressed in
terms of the nicotine base.

The pH of nicotine solutions has long been
known to play an important role in their ef-
fect on living organisms, with many re-
searchers having demonstrated that nico-
tine is better absorbed, by various routes of
administration, when in alkaline solution.
It has also been shown, however, that the
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irritating properties of nicotine solutions,
possibly irrespective of pH, can also in-
crease nicotine absorption, probably through
vasodilation and other physiological mech-
anisms [6]. In that study it was demonstrated
that intraperitoneal injections of cigarette
smoke solutions were substantially more
toxic in mice than injections of nicotine ace-
tate of equal nicotine concentration, and
that the toxicity of smoke solutions was un-
likely to be due to any other ingredient than
nicotine. In this present experiment (dis-
regarding the values for nicotine purissi-
mum, whose recent reduction in potency
seems 1o have been confirmed), it can be
seen that although (—)nicotine (pH 9.4) was
slightly more toxic than nicotine 8Os (pH
6.7), both the nicotine H¥ tartrate (pH 3.2) and
total alkaloids (pH 3.3) were significantly
more toxic than the nicotine SQO4. This result
encourages speculation that the irritant na-
ture of such strongly acid solutions may re-
sult in increased nicotine absorption when
injected intraperitoneally. In this regard it
should be mentioned that although a com-
plete comparison has not yet been made,
buffered (pH 6.0) nicotine H* tartrate solu-
tion, injected into groups of ten mice each
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at two dosage levels (10.0 and 9.5 mg/kg),
appeared to be only slightly less toxic than
this compound at pH 3.2.

Another comparison was made in this study
which is worthy of note at this time. A 6.67—
10.0 mg/kg dose range for nicotine H* tar-
trate was repeated, with five groups of ten
mice each. All injections, however, were pre-
ceded by 30 min with a subcutaneous in-
jection of 12 mg/kg mecamylamine HC1, ex-
pressed as base. This dose is /2 of the mini-
mal lethal dose for this substance (intra-
peritoneal), as calculated in this present
study, and a much smaller fraction of the
lethal dose when injected subcutaneously
[7]. As expected, mecamylamine was 80—
100 % effective in “blocking” the lethal and
convulsive actions of nicotine at all dosage
levels of the latter. In the twomice which died,
however, and a few of the others as well,
symptoms were observed which were iden-
tical to those seen with high doses of me-
camylamine alone. These were initial hyper-
activity, followed by depression and hud-
dling, during which the mice displayed jerky
movements and shaking when trying to walk.
Death was preceded by difficult breathing
in an upright position, and occurred as late as



15 minutes after injection, with the mouse
remaining in the same position. In contrast,
the injection of a comparably high dose of
nicotine alone was normally followed in
quick succession by cramping, normal ac-
tivity, aimless wandering, convulsions while
lying on one side, respiratory gasping and
death or, if the mouse survived, depression
and remaining very still after resuming an
upright position. Although it has been pre-
viously determined that both the lethal ef-
fects of nicotine in mice and the “blocking”
action of mecamylamine on these effects
takes place centrally [3], the peculiar “me-
camylamine-like” symptoms seen here, upon
combining lethal doses of nicotine with de-
finitely sub-lethal doses of mecamylamine,
demonstrate that the interaction of these two
substances in the brain is far more com-
plicated than any simple blocking action of
one against the other.

In addition to further investigation of the
nicotine-mecamylamine  interaction  de-
scribed above, another interesting project
to be undertaken as a follow-up to this
present study is fo determine the exact role
which factors such as the pH and “irritating
effect” of various nicotine preparations by
different injection routes, as well as different
environmental conditions, play in the ab-
sorption (and toxicity) of nicotine.

The author wishes to express sincere thanks to Pro-
fessor K. Béttig for his advice and guidance during the
course of this study, and to Miss R. Mdiller for her
technical assistance. Special thanks are also extended
to Drs. G. H. Hall and C.F. Morrison for a generous
supply of nicotine H+ tarirate, to Drs. M. Hiusermann
and H. Gaisch for preparation of the total smoke
alkaloids soiution, and to Merck Sharp and Dohme for
the mecamylamine HC1. This study was made possible
through the help of a grant from the Swiss Association
of Cigarette Manufacturers.

References

[1] Haag H. B. and Neale R. C.: J. Pharm. exp. Therap.
69, 289, 1940.

[2] Fisher R. A. and Yates F.: Statistical Tables for
Binlogical, Agricultural and Medical Research,
Ohver and Boyd, Edinburgh 1963.

[3] Aceto M. D., Bentley H. C. and Dembinski J. R.:
Brit. J. Pharm. 37, 104111, 1969.

[4] Larson P. S. and Silvette H.: Tobacco - Experi-
mental and Clinical Studies, Suppl. 1, Williams and
Wiikins Co., Baitimore 1968.

[5] Dolfini E., Garattini S. and Valzelli L.: Eur. J.
Pharm. 7, 220-223, 1969.

[6] Haag H. B.: J. Lab. Clin. Med. 25, 610-618, 1940.

[71 Stone C. A., Torchiana M. L., Navarro A. and Beyer
K. H.: J. Pharm. exp. Therap. 117, 169-183, 1956.

Adresse des Autors:

Dr. vet. med. P. Driscoll, Institut fir Hygiene und Ar-
beitsphysiologie der ETH Zirich, Abt. Verhaltensbio-
logie, TurnerstraBe 1, 8006 Zurich

213



