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Tolerance to eholinolytics at different ages has so far been studied only in respect to atropine. The tolerance 
to this cholinolytic shown by animals has been found to increase with age [-4, 7, 9, 10, 11]. In the present investiga- 
tion we studied the tolerance shown by mice of different age groups to atropine, ttopacin, difacil (spasmolytin, 
trasentin), amisil (benactisine), amisil methylate, pachycarpine, and hexonium (hexarnethonium). 

EXPERIMENTAL METHOD 
Experiments were carried out on albino mice from the same nursery, in the following age groups: newborn 

(2-3 days), after the development of vision (2 weeks), after reaching a stage of independent existence (3-4 weeks), 
and fully grown male mice. Aqueous solutions of the test drugs were injected subcutaneously in the dorsal region 
in a volume not exceeding 1.5% of the body weight. The tolerance of the animals to the cholinolyties was judged 
by the size of the LDs0 , determined from lethality curves. Each curve was plotted from the results in 30-100 (usual- 
ly 60-80) animals; altogether about 1800 mice of different ages were used in the experiments. The lethality curves 
were plotted by the method of least squares E3]. The error of the LDs0 was calculated by the method of Miller and 
Tainter ES] and added to the experimental error ['2]. The significance of the difference between the values of LDs0 
was determined from the criterion t in conjunction with the combined error. In the text the probability of the dif- 
ferences between the LDs0 values is expressed by the term q. The differences were considered to be absolutely sig- 
nificant when q -> 0.99 and relatively significant when q ~ 0.95. 

EXPERIMENTAL RESULTS 
It follows from the results in Table 1 that the tolerance of mice to cholinolytics did not remain constant in 

the course of ontogenesis. 

TABLE 1. LDso of Cholinolytics for Mice of Different Age Groups when Injected Sub- 
cutaneously (in mg/kg) 

Cholinolytic Newborn 2 weeks old 3-4 weeks old Adult 

Tropacin hydrochloride 
Pachycarpine 
Hexonium diiodide 
Amisil hydrochloride 
Amisil methylate 
Difacil hydrochloride 
Atropine sulfate 

214 4. 9 

180 4. 4 

170 • 16 

144 4. 9 

90 ! Ii 

672 4. 21 

394 4. 40 

102 4. 4 

724.9 

228 4. 5 

128 4. 6 

161 • 12 

694 • 17 

259 ~ 70 

130 ~ 5 

904.1 

130 ~ 12 

136 ~ 2 

192 4. 27 

821 4. 21 

441 4. 66 

90 4. 15 

9113 

166 4. II 

203 4. 3 

240 4. 8 

510 4- 18 

578 4. 24 

The differences between the adult and newborn mice were particularly marked. The tolerance of the latter 
to tropacin, pachycarpine, and difacil was 2.4, 2.0, and 1.3 times greater than in adult mice respectively (see figure). 
At the time of development of sight the tolerance m tropacin and pachycarpine was lowered (q > 0.99); while the 
tolerance to tropacin moved close to that shown by the adults (9 = 0.4), that to pachycarpine actually fell slightly 
below the tolerance shown by adults (q = 0.91). With regard to difacil, in the2-week old mice the tolerance 

1256 



remained the same as in the newborn (q < 0.001). At the age of 3 weeks the tolerance to all three cholinolytics in- 
creased: that to pachycarpine to the adult level (q = 0.001), and to tropacin and difacil to a higher level than in the 
adults (q = 0.98 and 0.99). The tolerance to atropine and amisil shown by the newborn mice was approximately 1.5, 
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LD~0 of cholinolyties for newborn 
(I), 2-week old (II), and 3-4 weeks 
old (III) mice as percentages of the 
LDs0 for adult males (IV), taken as 
100%. Along the axis of ordinates-  
-percentages  (logarithmic scale). 
1) Tropacin; 2) paehyearpine; 3) 
difacil; 4) hexonium; 5) amisil; 
6) atropine; 7) amisil methylate.  

and that to amisil  methylate 3.5 times smaller than in the adults (q > 0.999). 
At the age o f  2 weeks, the tolerance to amisil and, in particular, to atropine 
fell still lower (q = 0.85 and 0.999), whereas that to amisil methylate,  on the 
other hand, rose sharply (q > 0.999). Subsequently the tolerance to all three 
eholinolytics gradually increased and approached its adult level. In relation 
to hexonium it was the same in the newborn mice as in the adults (q < 0.001), 
rose slightly to the second week of life (q = 0.99), and fell again at the third 
week to a lower level than in adults (q = 0.97). 

The change in the tolerance of the mice to eholinolytics in the course of 
ontogenesis obeyed certain general principles. The tolerance to cholinolytics 
blocking the N-cholinergic system (central - t ropacin and difacil, and ganglion- 
blocking-pachycarpine)  diminished with age, whereas that to cholinolytics 
blocking the M-cholinergic systems (atropine, amisil, and amisil methylate) 
increased. The tolerance to a third group of compounds (tropacin, paehycar- 
pine, and atropine) fell during the second week and rose again during the third 
week of life, while the tolerance to a fourth group (the N-lytic hexonium and 
the M-lyt ic  amisil methylate), on the other hand, increased during the second 
week of life. 

The intensity of the central effect of the cholinolytics evidently played 
no important part here: the newborn mice were very tolerant to some central 
cholinolytics (tropaein and difacil) and showed low tolerance to others (atropine 
and amisil). 

By expressing the doses of the cholinolytics as gram molecules per kilo- 
gram body weight (mol/kg)  we found that the tolerance shown by the mice of 
all age groups to difacil and atropine was significantly higher than that shown 
to the other compounds (Table 2). LDs0 for difaciI was 1.14-1.84 mol /kg ,  for 
atropine 0.95-1.39 mol /kg ,  and for the other cholinolytics it varied from 0.1a 
to 0.46 m o l /kg .  

The newborn mice were less tolerant to cholinolytics blocking the M- 
cholinergic systems-amisi l  and amisil me thy l a t e - ,  and more tolerant to the 

TABLE 2. Distribution of Cholinolytics in Order of Diminishing Tolerance 
Shown to Them by Mice at Various Age Periods 

Newborn 2 Weeks old 3-4 Weeks old Adult 

Difaeil 
Atropine 
Pachycarpine 
Tropacin 
Hexonium 
Amisil 
Amisil methylate 

Difacfl 
Atropine 
Hexonium 
Amisil methylate 
Amisil 
P aehycarpine 
Tropacin 

Difacil 
Atropine 
Amisil methylate 
Amisil 
Pachycarpine 
Hexonium 
Tropacin 

Atropine 
Difacil 
Amisil 
Amisil methylate 
Hexonium 
Pa chyearpine 
Tropacin 

cholinolytics blocking the N-cholinergic systems-pachycarpine,  hexonium, and tropacin (not counting atropine and 
difacil). At the age of 2 weeks this order was changed: tolerance to amisil and its methylate was greater than to 
tropacin and pachycarpine, Mice aged 3-4 weeks showed a lower tolerance to eholinolytics blocking the N-cho-  
linergic systems and a higher tolerance to cholinolytics blocking the M-cholinergic systems. After sexual matura- 
tion this order of arrangement was not substantially changed. 
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Hence the mice of all the younger age groups were less tolerant than the adults to cholinolytics blocking the 
M-cholinergic systems and more tolerant to the cholinolytics blocking the N-cholinergic systems. 

Death from poisoning by cholinolytie drugs is known to result mainly from their action on the central nervous 
system. The variation in the tolerance shown by the animals at different age periods is apparently due to the sen- 
sitivity and functional importance of the brain systems reacting with the cholinolytic at the various stages of onto- 
genesis. Since these differences are associated almost exclusively with which particular cholinergic systems are 
blocked, it may be concluded that the toxic action of the tested drugs depends on their specific cholinolytic proper- 
ties. Very probably, therefore, the lower tolerance of the newborn and 2-4-weeks old mice to M-cholinolytics is due 
to the earlier maturation of the M-cholinergic systems and to their greater functional importance in the young ani- 
mals than in the adults for maintenance of homeostasis. The greater tolerance shown by the newborn animals to N -  
cholinolytics is probably determined either by the later maturation (and, possibly, differentiation) of these systems 
or their lesser importance for the vitally important functions in mice of this age. It is clear that the N-cholinergic 
systems are formed in mice not before the second week of life, whereas the M-cholinergic systems are developed at 
birth. 

The lowering of the tolerance of the 2-week old mice to the tertiary cholinolytics may be related to the de- 
velopment of the hapten-forming capacity of the cholinergic systems of the brain after the stage of acquisition of 
sight, while the increase in the tolerance to the quaternary cholinolytics, on the other hand, may be due to stimula- 
tion of the barrier function of the blood-brain barrier E5]. This barrier is known to be less permeable to compounds 
containing quaternary nitrogen in their molecule [-1, 6]. 

Peripheral effects can be of some importance only in mice poisoned with hexonium. This may be the factor 
responsible for the changes in the tolerance of the animals to this cholinolytic. 

SUMMARY 
An inquiry was made into the tolerance of mice, aged 2-3 days, 2 weeks, 3-4 weeks, and adult mice to chol- 

'inolytics, atropine, tropacine, difacil, amisil, amisil methylate, pachycarpine and hexonium. It was shown that the 
differences in the tolerance of mice to these compounds depended on their capacity to block the M- or N-cholino- 
reactive systems. Nitrogen charge in the molecule was of lesser significance. Mice of younger age groups were less 
tolerant to M-cholinolytics, and more so to N-cholinolytics, than adult animals. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b ib l iography  are  l e t t er -b y - l e t t er  tranMiter-  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the  o r ig in a l  R u s s i a n  j o u r n a l .  Some  or  all of this peri- 
odical literature m a y  well be available in English translation. A co mp le t e  U s t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  
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