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Comparative Toxicity of Nicotine Alkaloid and Nicotine Salts. 

DAVID I. MACHT -4sn LYMSN C. CRAIG.” 

From the Laboratom1 o f  Organic C‘licniistry, Johns Hopkins University, and 
Phnrmacologica2 Research Laborcttory, Hynson., Westcott  4 Dunning, Ircc. 

The idea is generally accepted 1)y niost pharniacologists that the 
physiological activity antl toxicity of powerful alkaloids are prac- 
ticallv the same as that [if their salts. provided allowance is made 
for the slight increase in molecular weight of the salts due to the 
acid radicles, and for the difference in solubility between the alka- 
loids antl their salts. The chici exception to the rule, in a limited 
way, is cocaine. The atldition o f  sodium hicarbonate to cocaine 
scdution increases its efficiency ;it; ;L local anesthetic when applied 
directly to nerve trunlis. and thi> is clainietl to he due to the greater 
penetration o l  the alkaloid for the nerve tissue. Such a difference 
is not noted after hj-i)o(lermic or intratlerrnal injections.’? ‘y 

In connection n-i th a coniparati ve phariiiacological and toxicologi- 
cal study of &)yri(lj-l-q ( S-methyl ) -pyrrolitline, or nicotine, and a 
neu- series of related chemical tlerivatives of pyrroliciine, the writers 
iioted a marked difference in the 1:hysiological activity of the alka- 
I c i l  itself and its salts. Previous ivriters have noted a difference 
in toxicity lietween nicotine ant1 its salts 1mt their work dealt mostly 
with the effects of these chemicals as insecticides. Del Quercio,’ 
reporting some experiments on silkn-orrns sprayed with aqueous 
sc)lutions of nicotine and its halts. states that aciclulated nicotine 
was less active than the alkaline sulkstance itself. Moore and Gra- 
bani;-' comparing the effects oi nicotine sulpliate with and without 
scdium carbonate on certain aphids, found that the sulphate was 
less active ‘than nicotine solution containing sotliuni carbonate. 
Moore and RowG found nicotine itself more toxic for the frog than 
nicotine hydrochloride. n e  On$ showed that free nicotine admin- 
istered orally to chickens lvas more toxic than nicotine sulphate ; 
and Langley antl Dickinsoii nc btc-cl that nicotine solution u-as more 
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active for  ganglion cells and nerve fibers than nicotine sulphate.’ 
Richardson and Shepard found that the toxicity of nicotine for 
mosquito larvae varied to some extent with the hydrogen ion con- 
centration.!‘ 

This difference in activity between the alkaloid and its salts was 
explained either by the variation in the hydrogen ion concentration 
of the solutions or by the volatility of nicotine itself and its conse- 
quent rapid diffusion through the bodies of the insects. These ex- 
planations may hold good for experiments on insects and other small 
organisms, hut it was deemed desirable to determine definitely 
whether a difference between the nicotine alkaloid and its salts may 
he demonstrated in large animals and also in living plants. 

A nicotine of the highest chemical purity was prepared by one of 
the authors, and solutions of its various salts were so made as to 
contain exactly the same amount of nicotine by weight, irrespective 
of anions. The following 5 salts were studied : hydrochloride, 
acetate, salicylate, sulphate and tartrate. Phytopharmacological 
studies were made of the toxicity of the various compounds for 
the seedlings of Lupiizzt,~ ~ Z ~ Z C S  suspended in dilute solutions of the 
drugs ; antl the zoopharmacological activity of the compounds was 
studied on goldfish, Carcrssius aurcus; minnows, Gninbusia; larvae 
of tadpoles, Iicrizn q lvn t icn ,  4 weeks old, and Rnncr catesbiana, 1 
year old ; leeches, Iiirwdo ~iicdiciiznlis; small crayfish, Cambarus; 
frogs, Rcrizn clanzntcr; white mice, white rats, canaries and on cats. 
The results are exhibited in Tables I and 11. 

IVithout exception there was a marked cliff erence in toxicity be- 
tween the nicotine alkaloid and its ~ a l t s  for both animals and living 
plants. Ol>viously, this cliff erence in toxicity cannot be explained on 
the basis of volatility of the nicotine alkaloid as has k e n  suggested 
in case of sprays for insecticidal purposes, nor by variations in the 
hydrogen ion concentration of the solutions used, especially when 
the drugs were injected in such animals as  rats and mice intramus- 
cularly or intraperitoiiea,lly, and intravenously in cats. The con- 
centrations in which the seedlings of Lupinzis nlbus were suspended 
were made by dissolving the driigs in Shive solution,’* containing 
magnesium sulphate, diacitl potassium phosphate antl calcium ni- 
trate. Studies on the hydrogen ion concentration of such solutions 
of nicotine antl its salts in this plant physiological medium showed 
very little difference in their reactions. In Table I1 it will be noted 
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TABLE I. 
Toxicity of Nicotine and it3 Salts for Animals. 

Animals Nicotine Alkaloid Nicotine Salts 
Concen- Concen- 
tration Dead tration Dead -~ 

~ _.____ - - - 
Carassius aureus 

Gum b usia 
Larvae of R a m  syl- 

vatica, 4 weeks old 

Larvae of Rana 
catesbiana, 1 year 
old 

Hirudo medicinalis 
Cam barus 
R a m  ctamata 

White Mice 

White Rats 

Canary 

Cats 

1 : 5,Ooo 3 min. N. hydrochloride 
N. acetate 
N. salicylate 

4 min. N.sulphate 
N. tartrate 

2 min. N. hydrochloride 
N. hydrochloride 
N. acetate 
N. salicylate 
N. salicylate 
N. sulphate 

1 : 1 0 , m  
N . hydrochloride 
N. salicylate 

1 : 5,ooo 3 min. N. sulphate 
1 : l0,Ooo 
1 : 10,000 53 min. " 

0.5 mg. per 30 gm.; paral- '' L( 

ysis and characteristic 
posture in 25  min. 

0.1 mg. per 10 gm.; dead 
in 3 min. 

1 : l0,Ooo 

1 : l0,Ooo 

9 min. N. tartrate 

6 min. N. hydrochloride 
4 ;  

L L  66 

0.1 mg. per 20 gm.: dead " L L  

in 4 min. 

M.l.d., 27  nig. per kilo " < (  

0.05 mg.; immediate con- " L L  

vulsions 
Intravenous injection un- '( 

der ether, 1:2,OOO solu- 
tion gives m.l.d., 2 mg. 
per kilo 

IL  

1:5,OOO 12min. 
1:5,0oO 18min. 
1:5,OOO 11 min. 
1:5,OOO 13min. 
1:5,OOO 4 S - k  hr. 
1:5,OOO 4min. 
1:1O,OOO 24-  hr. 
1:1O,oOO 2%+ hr. 
1:1O,OOO 18hr. 
1:S,oOo 2 g h r .  
1 : 10,000 2% 4- hr. 
1:1O,OOO 18 hr. 
1:5,OOO 65min. 
1:5,OOO 29min. 
1:5,ooO 49 min. 
1:5,OOO 12 min. 
1:5,OOO 113 min. 
0.5 mg. per 30 
gm., little or no 
effect in 25 min. 
0.1 mg. per 10 
gm.; dead in 6 
mm. 
0.1 mg. per 20 
gm. ; dead in lo+ 
min . 
recovery after 27 
mg. per kilo 
0.05 mg., little 
or no effect 
intravenous in- 
jection u n d e r 
ether of 1:2,OOO 
solution at  same 
rate gives m.l.d., 
2.6 mg. per kilo 

TABLE IT. 
Toxicity of Nicotine and Its Salts for Lupinus Albus. 

Index of Growth in 

% 

Index of Growth in 

% 

Alkaloid 52 34 
Acetate 69 50 
Hydrochloride 81 50 
Salicylate 26 10 

Concentration Concentration 
Nicotine 1:5,ooo 1 : 2,OOO 

-- - __ ___ - - - - __ __ - __ - --__ 

Sulphate 90 56 
80 Tartrate 85 - - -- - -- 
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that the salicylate of nicotine was much more toxic for plant tissues 
than other salts. This agrees with the findings of Macht and Liv- 
ingston on the great toxicity of benzoates for living plants," which 
observation was later found to hold good also for salicylates. The 
marked difference between the alkaloid nicotine and its salts is 
especially interesting when compared with the relative effects of 
certain other alkaloids and their salts, which were used as controls. 
We have made comparative pharmacological studies with solutions 
of atropine and atropine sulphate, cocaine and cocaine hydrochloride 
and strychnine (alcoholic solutions) and strychnine sulphate and 
found that those alkaloids did not differ substantially in toxicity 
from their salts. 
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The Critical Period for Control of Sex in Moina. 

A. M. BANTA AND C. A. STUART. 
Prom the Bidvgioal Laboratory, Brown Unhersity. 

Banta and Brown' have shown that with crowding under favor- 
able food conditions the critical period for sex control with Moina 
w~~crocopa  is approximately 4 hours before the eggs are laid into 
the brood chamber. Stuart, Cooper and Miller,* while unable to 
affect control of the sex of the same Cladoceran species later than 
the fourth hour before egg laying, concluded that sex could be in- 
fluenced by conditions prevailing previous to the fourth hour before 
egg laying. The following experiment was designed to sliow that 
the critical period for sex control is dependent to some extent upon 
the environmental conditions under which the animals are reared, 
i. e., upon environmental conditions present earlier than, and inter- 
rupted before, the time of the critical period as described by Banta 
and Brown for crowding under good food conditions. 

In 4 series of bottles, A, B, C and D, each series containing from 
15 to 20 bottles, were placed 75 ml. of varying dilutions of manure 
infusion and 10 young Moina m r o c o p a  females. The infusion in 
series A and E was diluted 12.5 times, in series C, 25 times, and in 
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