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which were consistent , and even these were not exactly

reproducible by different people at different times.

It seems that the apparatus, and in particular the

thermostat, was not adequate for accurate measurements to

be made. Although the resuits are not satisfactory, it

seemed worthwhile trying to use them to see if there

were any obvious correlation between ion size and biolog¬

ical properties. Accordingly the log. equipotent molar

ratios and log. affinity constants have been plotted

against the log. of the conductance ratio, calculated

from the values obtained with lCf^M solutions (Figures

3a ana 3b). This conductance ratio is not a good

measure of ionic radius because the viscosities of the

compounds in 10~aM solutions will not be the same,

nevertheless the ratio could be expected to give some

indication of relative size. A comparison of Figures 2a

and 2b with Figures 3a and 3b indicates that ion size

probably accounts for some of the differences between

the compounds, in particular for the properties of the

quinuclidinium canpounds, and justifies further work on

the ionic conductances. The results obtained with

these simple onium salts suggest that increases in

affinity may be as&ociated with decreases in efficacy.
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The only exceptions appear to "be the pyrrolidiniura

compounds which have relatively high affinity and high

activity. Stephenson (1956) had suggested that, in

general, high affinity for acetylcholine receptors in the

guinea pig ileum was not compatible with high efficacy,

and an incompatibility between high affinity and high

efficacy is readily explained by the "rate theory",

(Paton, 1961). The effect of an extra methylene group,

discussed above, would be to reduce the rate of combin¬

ation of drug with receptor, k^ , by a factor of three
and to reduce the rate of dissociation, k2, by a factor
of nine. This would account for the increase in affinity

K ( = Kj/kg ) ^ a factor of three, and the decrease in
efficacy by a factor of nine.

Analogues of Nicotine

The effects of replacing methyl groups by ethyl in

^-pyridylmetliyltrimethylammonium are very similar to the
effects of replacement in tetramethylammonium itself.

The methyldiethyl compound is a partial agonist and the

triethyl compound purely antagonist, and the affinity

apparently rises with increasing ethylation, although

the difference between the affinities of the methyl¬

diethyl and triethyl compounds is not significant.
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(X. y
Unfortunately the fully ethylated/quaternary

ammonium compounds were not available, hut the affinity

of 0-pyridylmethyldipropylammonium was found to he the

same as that of 0-pyridylmethyltriethylammonium with

which it is isomeric. The results show particularly

clearly the increase in affinity with increasing size of

the suhstituents in the onium group. The effect of

lengthening the chain between the pyridine ring and the

onium group is variable| in three instances there is

an increase, but in two instances there is a decrease

in affinity. In general the 0-compounds have a lower a

affinity than their <* or ^isomers. In the three
comparisons which can be made, the ^ compounds always
have a higher affinity than the 0 compounds. In two

instances out of three, the oC compounds have higher

affinity than the 0 compounds, and ihthe third instance,

there is little difference between them. As the 0
> -

compounds with trimethylammonium or dimethylammonium

groups have the highest activity (Barlow and Hamilton

1963)» it seems likely that, as with the simple onium

salts, the factors which favour binding decrease efficacy.



TABLE XI

oz MW& ma miisma QH Mwm m> Aamirc
ON ERQO RECTUS PREPARATION

Values for agonists are equipotent raolar ratios and are doubly

underlined: all other figures are log, affinity constants, those

for partial agonists being singly underlined, and those for pure

antagonists not underlined,
<>*•

+ ♦

NEta NMe3

I

92.U + 8.U (6)

3.722 + 0,108 (4)

CH3CHa- 2.867 + 0.07U (4)

VCH2- 3.681 + 0.097 (6)

U.033 ± O.Oke (7)

i+,325 + 0.035 (5)

NOa
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A comparison of the ethyl, pyridyi, and benzyl

compounds (Table XI) indicates the effect of the pyridine

ring on affinity and efficacy. The pyridyi compounds

have about ten times the affinity of the ethyl compound,

and half the affinity of the benzyl compound. The

pyridyi compound has 100 times the activity of both of

these, indicating its importance for efficacy. The ja-

nitro group in the benzene ring apparently increases

affinity about 2-fold, and lowers the efficacy so that

the trimethylammonium compound is a partial agonist:

one slightly puzzling finding is that benzyltriethyl-

ammonium is still a partial agonist. A systematic

survey of the effects of substituents on affinity and

efficacy is at present being made by Mr. G. Thompson.

The tests with the phenylalkyl trialkylammonium

salts were designed to investigate the effects of chain

length on affinity and efficacy, and are not very easy

to understand. The affinity of the compounds does not

rise in a regular way, but again the most active agonist

appears to be likely to have the lowest affinity. The

conductance experiments (Table X ) appear to indicate

that the shapes of the ions may not be altering in a
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regular way, but results of experiments on the guinea-

pig ileum, in the presence of hexamethonium, are more

regular and indicate a gradual rise in affinity. It

seems unlikely, therefore, that the irregular changes

in affinity on the frog rectus can be associated with

irregular changes in ion size because of conformational

irregularities.
Conclusion

The overall impression left by the results with

both the simple onium salts and the analogues of nicotine

is that, in general, high affinity does not lead to high

efficacy, and changes in structure which favour binding

may not, in fact, favour activity.

It is not clear whether this is a generalization or

an absolute rule: it may be that in certain molecules,

the groups produce high efficacy as well as high affinity

but it is quite clear that the interpretation of struct¬

ure-activity relationships simply in terms of "fit" to

receptors is unjustifiable.
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