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Summary 
Pure mcotme. (-) nicotine, nicotine H+ tartrate, mco- 
tine sullfate and total alkaloids extracted from cigarette 
smoke (more than 90 % nicotine), all of which have 
been used in much physiological and behaworal re- 
search, were compared as to thefr LD~o in mice. Signi- 
ficant differences in toxicity were noted among several 
of the preparations, indicating posslble d#terences 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 substances have been used. 

Despite the utilization of different nicotine 
preparations for research at various labora- 
tories, there have been no published reports 
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 f ive commonly used nicotine preparations 
for mice. In addition to investigating the 
comparative potency of these compounds, 
we were particularly interested in comparing 
(- )n icot ine 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 earl ier samples received from the 
same source. 
600 male albino mice, all from one supplier 
and weighing between 25-30 g, were em- 
ployed, each animal being used only once. 
All preparations were intraperitoneally in- 
iected, 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- 
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tained for each drug ranging from 0 to 100 % 
mortality, and the LDso 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 LDso for mice of intrapedtoneally 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- 
ture are seen, since such factors 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 SO4. The exact LDs0 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 SO4 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 LDs0 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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Fig. 1 The comparative toxicity for mice of five mcotme preparations. 
Avs .  a = p < . 0 5  

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 to have been confirmed), it can be 
seen that although (--)nicotine (pH 9.4) was 
slightly more toxic than nicotine SO4 (pH 
6.7), both the nicotine H + tartrate (pH 3.2) and 
total alkaloids (pH 3.3) were significantly 
more toxic than the nicotine SO4~ 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 1/2 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 90-- 
100 % effective in "b lock ing"  the lethal and 
convulsive actions of nicotine at all dosage 
levels of the latter. In the two mice 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, fol lowed 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 af ter  in ject ion, with the mouse 
remain ing in the same posit ion. In contrast,  
the in ject ion of a comparab ly  high dose of 
n icot ine a lone was normal ly  fo l lowed in 
qu ick succession by cramping,  normal  ac- 
tivity, a imless wander ing,  convuls ions wh i le  
lying on one side, respiratory gasping and 
death or, if the mouse survived, depress ion 
and remain ing very sti l l  af ter  resuming an 
upr ight  posit ion. A l though it has been pre- 
v iously determined that both the lethal ef- 
fects of n icot ine in mice and the "b l ock i ng "  
act ion of mecamy lamine  on these effects 
takes p lace centra l ly  [3], the pecul iar  "me-  
camy lamine- l i ke"  symptoms seen here, upon 
combin ing lethal doses of n icot ine with de- 
f in i te ly sub- lethal  doses of mecamylamine,  
demonst ra te  that the in teract ion of these two 
substances in the brain is far more com- 
p l icated than any s imple b locking act ion of 
one against  the other. 
In add i t ion to fur ther  invest igat ion of the 
n ico t ine-mecamylamine  interact ion de- 
scr ibed above, another  interest ing pro ject  
to be under taken as a fo l low-up to this 
present study is to determine the exact  role 
which factors such as the pH and " i r r i ta t ing 
ef fect"  of var ious n icot ine preparat ions by 
di f ferent  in ject ion routes, as wel l  as d i f ferent  
env i ronmenta l  condi t ions,  p lay in the ab- 
sorpt ion (and toxic i ty)  of nicot ine, 
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