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The only exceptions appear to be the pyrrolidinium
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, k1, by a factor of three
and to reduce the rate of dissociation, kz, by a factor
of nine. This would account for the increase in affinity
XK (= k1/k2 ) by 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
F-pyridylmethyltrimethylammonium are very similar to the
effects of replacement in tetramethylammonium itself.
The methyldiethyl compound 1s a partizsl agonist and the
triethyl compound purely entagonist, 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 and Y
Unfortunately the fully ethylate%Kquaternary

ammonium compounds were not avallable, but the affinity
of p=pyridylmethyldipropylammonium was found to be the
same as that of PB=pyridylmethyltriethylammonium with
which 1t is isomeric., The results show particularly
clearly the increase in affinity with increasing size of
the substituents in the onium group. The effect of
lengthening the chain between the pyridine ring and the
onium group is variabley 1in three instances there is

an increase, but in two instances there is a decrease

in affinity. In general the p~compounds have a lower a
afiinity than their «or 3-1somers. In the three
comparisons which can be made, the X compounds always
have a higher affinity than the B compounds. In two
instances out of three, the « compounds have higher
affinity than the B compounds, and in.the third instance,
there is little difference between them. As the B
compounds with trimethylammonium or dimethjiammonium
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,




Values for agonists are equipotent molar 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,
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CH3CH, - 2,867 + 0,074 (L) oL
@cn - 3,681 + 0,097 (6) 1
@cm- 4.033 + 0,046 (7) 2.l 4 8L (6
O-Cﬂz- 4. 325 + 0,035 (5) 3,722 + 0,108 (L)
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A comparison of the ethyl, pyridyl, and benzyl
compounds (Table XI) indicates the effect of the pyridine
ring on affinity and efficacy. The pyridyl compounds
have about ten times the affinity of the ethyl compound,
and half the affinity of the benzyl compound. The
pyridyl compound has iOO times the activity of both of
these, indicating its importance for efficacy. The -
nitro group in the benzene ring apparently increases
affinl ty about 2-fold, and lowers the efficacy so that
the trimetﬁylammonium 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 substitu¢tnts on alffinity and
efficacy is at present being made by Mr. G. Thompson.
Fhenyl Alkyl Compounds

The tests with the phenylalkyl trialkylammonium
salts were designed to investigate the effects of chain
length on afiinity and efiicacy, 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




regular way, but results of experiments on the guinea-
plg 1leum, 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 assoclated 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 18 not clear whether this is a generalization or
an absolute rule: it may be that in certain molecules,
the groups produce high efiicacy 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.




ACKNOWLEDGEVMEN TS

My grateful thanks go to my supervisor, Dr. R. B.
Barlow, for all his help and encouragement, and for
preparing the compounds tested, I would also like ]
to thank Mr, R, P, Stephenson for helpful discussions,
end, above all, for the design and manufacture of the
various automatic assay epparatus used: my thanks also
| g0 to Professor W, L, M, Perry who gave me encouragementI
when I had doubts about completing the work., I am very
. grateful, also, to liss M, Dalling for technical
assistance, and, of course, to Miss J, Elliot who gave
up much of her spare time to the awful task of typing
the script. Lastly my thanks go to the Faculty of
Medicine for the award of a Scholarship which enabled

me to undertake this work,



' Haglid, F., and Wellings, I, (1963a). £fcta Chem, Scand,

REFERENCES

Ariens, B, J, (1954). Arch, int, Pharmécodyn. 99. 32,

Ariens, E, J., and Van Rossum, J, M, (1962), Arch, int,
Pharmecodyn. i40. 592.

Ariens, E, J., and Van Rossum, J, M, (1962). Arch, int,
Pharmacodyn. 136. 385.

Barlow, R, B,, and Hamilton, J, T, (4962). Brit, J,
Pharmacol, 18. 510,

Barlow, R, B., and Hamilton, J, T, (1962). Brit. J.
Pharmacol, 18, 543.

Barlow, R, B,.,, Scott, X, A,, and Stephenson, R, P,
(1963). Brit, J. Pharmacol,, 21. 509.

Burgen, A. S. V, (1965). Brit, J, Pharmacol, 25. 4,
Clark, A, J, (1926)., J. Physiol, 61. 530.

Clark, A, J. (1926), J. Physiol 61. 547.

Dale, H, H. (1914). J. Pharmaecol, 6. 147.

Ehrlich, P, (1890), Dtsch, med, Wschr, 16. 717.

Erdtman, H,, Haglid, F,, Wellings, I, and Von Euler,
U. S. (1963)., Acta Chem, Scand., 17. 1747.

Gaddum, J, H, (1937). J. Physiol, 89. 7P,

ﬂo 1727.

Heglid, F., and Wellings, I. (1963b). Acta Chem, Scand|
175 1735,

Heglid, F,, and Wellings, I. (1963c). Acta Chem, Scand,
17. 1743,

Hey, P. (1952). Brit, J. Pharmacol., 7. 117.

Ho%;on, P.,, and Ing, H, R, (1949). Brit., J, Pharmacol,
[ ] 190.




=Tl

Hunt, R., and Renshaw, R. R, (1933). J. Pharmacol,

8. 105,
Ing, H. R. (1949). Science 109. 264.

Ing, H. R., Dawes, G, S,., and Wajda, I. (1945).
J. Pharmacol, 85. 85,

'Ing, H, R., Kordik, P., and Tudor Williams, D. P. H,
" "t4952)." Brit, J. Pharmacol. 7. 103.

Lengley, J. N. (1878). J. Physiol. 1. 339,

!;fgngley, J. N, (1905), J, Physiol. 33. 37L4.

| Mustafa, M, G. (1967). Ph.D, Thesis. University of
' Edinburgh.

Nickerson, M, (1956). Nature, 178. 697.

Ormerod, W, E. (1956). Brit, J. Pharmacol, 11. 267.
Paton, W, D, M, (1957)., J. Physiol, 137. 35P.

| Paton, W, D, M. (1961). Proc., Roy. Soc. 154 B. 21.

| Pfeiffer, C. C, (1948). science 107. 9L.

;Raventos, J. (1937). GQuart, J. exp. Physiol, 26. 361.

Schild, H., 0., (1947). Brit, J. Pharmacol., 2. 189.

scott, K, A. (1962), Ph.,D, Thesis., University of
Edinburgh,

Sekul, A, A., end Holland, W, C, (1961)., J. Pharmacol,
| 132¢ 174«

i Stephenson, R. P, (1956). Brit, J. Pharmacol, i1. 379.

Wong, K. C., &nd Long, J. P, (1962). J. Phamacol,
121. 70-




