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From a study of the structure~activity relationship of barbitiurates inn fonr biochemical systems, inhibition of
Arbaria egg cell division, inhibition of rat brain oxygen consamption, hypnotic activity, and inhibition of NADH
oxidation, it is found that very good strinctnre-activity correlations can be obtained consideriitg only the relative
hydrophobic character of the variows derivatives. Steric and electronic effects play a minor role. Comparison
of the structnral requirements for activity of the barbitnrates with inhibitors of bacterial laminescence, parame-
cium mobility, lung oxygen consnmption, gut contractility, histamine release, narcotic action on frag heart and
muscle, and narcotic action on tadpoles and C-mitosis indicates & very similar structure-activity relationship
for a great variety of molecules in a variety of processes. The valne of a single mathematical refereirce svstem far

comparisoh of experimental systems and resnlts carried ont originally for different parposes is stressed.

It is

suggested that interference with electron transport may be a common mechanism of action for the different
compounds in the various systems. The results of onr analysis also constitute further evidence for the additive-
constitutive nature of octanol-water partition coefficients and illustrate the application of this principle to prob-

lems of interest to the medicinal chemist.

Recently?—* we have been attempting to place the
discussion of structure—activity relationships of bio-
logically active compounds on a mathematical basis.
To this end we have developed an expression for the
correlation of the change of biological response for a
set of congeners with extrathermodynaniically related®
substituent contants. Assuniing that an equivalent
biological response for a series of drugs can be related
to their effects on one rate-controlling reaction whose
rate or equilibrium constant is represented by kx, we can
write* eq 1. In eq 1, relative biological respouse is

E(1/Cx) = Axkx (1)

defined in terms of the applied molar coucentration
(1/C biological response) of drug X producing a stand-
ard response in a constant time interval. Ax is the
probability of drug X reaching the site of action
during the test time. We have assumed* that 4 is a
function of the logarithm of the partition coefficient of
the drug (thus it is related to its free energy of transfer
from phase to phase) and 4 has the form of a normal
distribution. In eq 2, @ and b are constauts and P

2

Ax = aexp[—(log Px — log Pux)2/b]
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is the partition coefficient. We have normally used
l-octanol-water to represent the aqueous and lipid
phases of the cell. Substituting eq 2 into eq 1, taking
logarithms, and collecting constants, we obtain,
rementbering that P is a coustaut for a given system

log (1/Cx) = —k(log Px)? + k' log Px + log kx + k" (3)

The first two terms on the right of eq 3 take into ac-
count the differences in drug activity due to differences
it the random-walk process by which drugs find the
active sites. They may not find the receptor sites
during the time of test because of being localized in
lipophilic pools, metabolic destruction, or elimination.
All of these processes appear to be highly dependent
ot log P. The effect of structure variation on ky can
be trented by the technique of linear combination of
free-entergy-based substituent constants.®6 We have
normally replaced log kx in eq 3 using expressions such
as eq 4. The constanuts a, b, ¢ are different from those

alog Px + po + bE, + ¢ (4)

in the previous equations. In eq 4, a log Px accounts
for the free-energy change in the hydrophobic binding
of the drug to a critical enzyme or protein.” The usual
Hammett? significance is attached to pe and E, is the
Taft steric parameter.

It is possible to formulate a higher order approxima-
tion as suggested by Miller.® This can be done utilizing
eq 23 of Miller’s paper. Recasting his equation in terms
of log kx, log Px, o, and E; instead of his parameters

log kx
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| lEiliv 2-Fthylhesyl SN nao P 5UNON N7
2 Allvl t-Methylbniyl 205 1.2 562 2 ONTN 1.7
3 Berayl Exopropyl 2.6 1182 3,40 .24 a. i
4 Allyl Benzyl 204 a6 2,82 RER S 0.2
0 lithyl I-Merhyl-2-bvaenyl 1.4 a.7s BEnt 243 1,87
it Lihyl Hexyl 2,65 066 302 3 Is2 1006
7 2-Methylidlv I-Merhylbni vl 245 11,80 N 5.07TS a.(m)
S lithyl [xoamyl s (78 282 2664 a. e
a lSthyl t-Methyvlbicyl L5 Loa2 2.2 2,704 .16

i Ethyl I-Ethylpropyl [ 1,84 2N 2710 014

Ll lithyl Amyl 2015 (.82 QN2 REE ST 1), 02

12 I<thyl 2-Phenylethyl 280 0.74 2,66 B a.ny

I Li1hyl I os-Dimethylbntyl RN (1.0 R R s

I 1Sthyl Cyelopentenyl 174 a4 277 b 0.s

|5 Allyl [xobniyl | 65 11,54 241 2 0.au

16 ISthyl Cvelohexenyl 20 D6 224 2. . h

17 [<ohiay] 2-Merhyhdlyvl .25 162 240 2. 120

IN léthyl Batyl 1.65 .76 240 E 1.1

I [thyl Phenyl bod2e (.26 202 2. 0,00

20 Allvl [zopropyl 115 0.73 2.0l b 0,02

21 Allyl Allvl 1.aj5 .62 [ 1) 0. 0s

22 lithyl [xopropyl .45 1.aa [t I 0,11

25 Lithyl lithyl .65 1.7H 1440 L. Ay

CAPAL relresent= (AL — T Fromorel 120 O s concenaralion caing 300, inhibtion at pllss 7 Calenlaced ising o 100 2 Dil-
ference hetween observed and calerdated log (1/C < Fxperiment:dly derermined salnes: all nther valnes salenlaied.

TaBLE 11
Barprrnaek INBrrox or Rt Buary OxvGey ConNsUMperioN

- cLoe o] e
Taled? Alog il

No. IS R Lag /° ApN 7 Obigd¢ (

24 Fihyl I5thyl .65 .75 R Loo70 .05
25 l5thyl [xopropyl .95 .00 1,84 1,800 1}, 00
26 lithyl Butyl .65 .76 2,80 2806 .01
27 l5thyl I-Methyibnavl L4095 .2 307 30T 0.0
28 Fsthyl [soamyl L.205 0.7 32 5071 0.115
21 Fothyl llexyl 260 066 340 BRSNS 1.4l
350 LSthyl Phenyl (IR Bl 0,206 2,206 2,951 a. 14
5l Allyvl Ixopropyl [ 0.7 2.4 21 1).22
o2 Allyl [xobntyl 1.65 1) 04 2 R0 2 NI6G 1.0l
K Allyl 1-Methylbim vl 205 0 92 SEN 3,205 0.02
HE| Allwvl Cyelopentenyl? 0. 240 Foand a5

o From rel 12, “From ref 18, © Culed 1wing eq 16, ¢ Data Tor this comprind were 1101 1eed in the regression analysis sinee o valne
for pA, was not available.  © Fxperimnentally determined valnes: all orher valnes ealenlaied.

Tasue 111

IIvesorte Activery oF 5,0-BarBITI R vres

No. R R’ Log /* P Olisd? Caled” Aldog 410
By lithyl I5thyl 0,65 — (1. 510 3,012 1), 08
6 Propyl Propyl 1.65 - 0.24 i 5.6306 a1l
i Propyl Ixopropyl 145 ~ (). i 5628 (a
B Byl Butyl 2,65 (.26 3. 040 a.21)
B lsthyl Tsopropyl 0.45 —0.29 5 BEREN .04
10 lsrhyl Tsobutyl 1.45 -0 3 349N 04
41 [othyl Butyl 1.65 —0.23 N 3,670 0.06
42 l5thyl Tsoamyl L5 - 0.2 0. 1604 .15
13 Propyl Troamy] 245 —0.25 BIEE 3,464 1,22
4 15thyl PPhenyl 42 0.5 BERTH) 1620 0.1
5 Tethyl see-Batyl l.45 0. 31 565 3628 101

¢ Front rel G From vel 10, ¢ Calealated nsing eq 220 4 Bxperimentally letermined values: @l other vahies calindated,
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y, x, z, and 1w, we obtain ey 5. Substitution of eq 5

log kx = alog Px + po + bE: + c(log Px)o +
d(log Px)Es + ecE. + f(log Px)eEs + g (3)

into eq 3 yields an expression (eq 6) which, if the de-

log (1/Cx) = —k(log Px)* + kilog Px + po + kEs +
ky(log Px)o + kilog Px)E; + ksoEs + ks(log Px)oEs + k1 (6)

peundence of log kx on log P, ¢, and Ej is strictly linear,
should give a better correlation than our previously
formulated expression. The difficulty, of course, with
eq 6 is that one does not often have sufficient data to
statistically validate the nine constants, k—k; and p.
However, often it is unmecessary to include ¥ and eq 6
then reduces to eq 7. For the work in this paper we

log (1/Cx) = —k(log Px)? + ki log Px + po +
ks(log Px)e + ke (7)

have fitted those data in Tables I-X to eq 7 and its
simpler forms.

Over the years much work has centered on the rela-
tion of the degree of ionization of drugs to their biologi-
cal activity.®  Fujita!l has recently analvzed the ad-
vantages to be gained in correcting for ionization in
structure—activity correlations where there is consider-
able variance in lonizatiou. In this paper we are con-
cerned i assessing the relative importance of the de-
gree of itonization of the barbiturates aud their lipo-
philic character. Considerable interest has centered on
the correlation of barbiturate activity with degree of
tonization.!*!* It has also been recoguized that the
activity of these drugs is dependent upoun their lipo-
philic character.!®

Methods

In our preliminary report ou barbiturates? we corre-
lated substituent effects for a single series of barbitu-
rates using 7 values for substituents and log P for
barbituric acid as our base of reference. Barbituric
acid 1s not the best reference molecule to use to correlate
3,5-disubstituted barbiturates. Disubstitution shields
hydrophobic and hydrophilic interactions of the 5-
carbon atom and groups adjacent to it. In this work
we have used 3,5-diethylBatbiturie acid (log P = 0.65
+ 0.02) as our reference molecule. We have also
determined log P (octanol-water) for the ethylphenyl-
barbituric acid (1.42 = 0.01) and barbituric acid
(—1.47 = 0.03). The value of barbituric acid is more
accurate than our previously reported value.P

The shielding around the 5-carbon atom by two alkyl
groups can be estimated as follows. The calculated
value of diethvilbarbituric acid, assuming simple addi-
tivity, 1s

m(2Et) + log P (barbituric acid) = 2.00 — 1.47 = 0.53

The difference between this and the experimental value
(0.65 — 0.53 = 0.12) represents the increase in partition

(10) A. Albert, “Selective Toxicity,” 3rd ed, John Wiley and Sons, Inc.,
New York, N. Y., 1965.

(11) T.Fujita, J. Med. Chem., 9, 797 (1966).

(12) G. H. A. Clowes, A. K. Kelteh, and M. E. Krahl, J. Phermacol. Exptl.
Therap., 68, 312 (1940).

(13) M. E. Krahl, J. Phys. Chem., 44, 449 (1940).

(14) F. F. Blicke and R. H. Cox, '"Medicinal Chemistry,"” Vol. 1V, John
Wiley and Sons, Inc., New York, N. Y., 1959, p 17.

(15} C. Hansch, A. R. Steward, and J, Iwasa, Mol. Phnrmacol., 1, 87
(1963).
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TasLE IV
3¢5 InHiBITION 0OF NADH OXIDATION BY BARBITURATER
~—Log (1/C)=— A log

No. R R’ Log P Obsd® Caled?® (1/C)
46  Ethyl Phenyl 1.42¢ 2.96 2.810 0.15
47  Ethyl Isoamyl 1.95 52 3.397 0.12
48  Ethyl 1-Methylbutyl 1.95 51 3.397 0.1l
49  Ethyl 2.566 0.07

50  Ethyl Butyl 1.65
51  Ethyl Ethyl 0.65° 96 1.957 0.00

¢ From ref 20. ? Caleulated using eq 25. ¢ Experimentally
determined valiies: all other valies calenlated.

60 3.064 0.46

3.

3.
Cyclohexenyl 1.20 2.64

2,

1.

TaBLE V

InHIB11ION OF BACTERIAL LUMINESCENCE BY ALCOHOLS
AND URETHANS

~——Log (1/C) —_ Alog

Alcohol Log P Obsd® Caled? (1/0)
Methanol —0.667 —0.44 —-0.530 0.11
Ethanol —-0.16 0.05 0.036 0.01
Propanol 0.34/ 0.60 0.621 0.02
Butanol 0.84 1.12 1.207 0.09
Pentanol 1.34 1.72 1.793 0.07
Hexanol 1.84 225 1,379 0.13
Heptanol 234 3.04 1.964 0.08
t)etanol 2 R4 3.66 3.550 0.11
e 0g (1 (lm——m . Alog

Uretban log 7 Obsd® Obsd! Caled® e
Methyl —0.65 0.50  0.06 0517 0.02
Ethyl -0, 157 1.15 0).48 1.137 0.0]
Propyl 0.35 1.70 L.05 1.736 0.06
Butyl 0.85 2.30 1.4 2. 376 0.08
Izoamyl 1.15 3.00 2.25 2.748 0.25
Hexyl 1.85 3.50 3.616 0.12

e From ref 21. * Calenlated using eq 27. ¢ From ref 22. The
anthors included the octvl derivative as well. It was not used in
our calenlations since log P for this derivative was high enough
s0 that departure from the linear relationship was apparent.
¢ From ref 21. The difference in value for log (1/C) for the two
setg of urethan data results from the fact that different degrees
of inhibition were used as reference points. ¢ Calenlated using
eq 29. 7 Experimentally determined values; all other valies
calenlated.

coefficient due to shielding by disubstitution. No
doubt this will vary somewhat with the size of large
substituents; however, this will not be significant for
our purposes. Random errors in the biological tests
are much larger. The values for log P for the com-
pounds in Tables I-IV were found by adding the proper
7 value for the alkyl groups to —1.35 (—1.47 + 0.12).
IFor example, in Table I, 15 was calculated as follows.

0
| vy
»=0 + CH,=CHCH.— + (CH).CHCH~ =logP
’ y

()

—1.35 + 1.20 + 1.80 =165
The value of 1.20 for allyl was obtained by subtracting
0.3 from 1.50 for n-propyl. The figure of 0.3 was ob-
tained by subtracting = for ethyl from = for vinyl.1
The value of isobutyl comes from subtracting 0.2 from
n-butyl.

Log P for 5-ethyl-5-cyclopentenyl barbituric acid was
estimated by subtracting 0.41 from the ethyleyelo-
hexenyl derivative. The value of 0.41 is an average

(16) J. Iwasa, T\ Fpjita, and C, Hansch, J. Med, Chem., 8, 150 (1965),
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Tasrr VI
H0CE InmBrrioN or MISCELLANEOTUS BronLocioea,
Fuxerions By ALCoHOLS®
--—-0bsd log (1,/0)————m—-.

Gt Para- Lyng O: Hist-

contrac-  meciin consnmp- amine

Compd Log I* tility mohility tion release
Methanol —0. fis” 0.0 —0.20 —0.40 0G4
Fthaunol - .14 0,252 0. 14 —0.12 0,42
I’ copanol 0. 34" 0 N3 0.52 0.5 125
Batanol (.84 157 100 .42 158
Pentanol 134 205 1.66 146 Jo0l
Hexanol 1 84 260 212 1.92 2 46
Heptaul 3004 RN 2064 215 2.72
O¢tanol 2 x4 5,60 RARTI 266

“ Data Trom vel 23, ¢ Experimentally determmed values: all
other valies calenlated,

Tasue VII
Narcorie AcTioN oN FroG TTEART

~—Log {1/Cy—m. Alog
(fompd Log £ Ohrd¢ Caled? (/0
Methanol — 0, 66r ~ .57 — 0. 50N 0.04
Lithanol —0.16 —0.08 0.041 0.04
Propanol 0,34~ 0.4 0.425 0.01
2-Prapanol 0.14 0,18 0.239 0.06
Betanol 0, %4 0.906 0.892 0.07
[sobutyl alcohol 0. 64 0.87 0.705 0.17
{-Butyl alcohol (.47 0.20 (. 453 0.45
{-Pentyl alcohol 0.8 0.74 0030 0.20
Isopentyl aleohol L4 b4 1,172 0.24
Heptanol 254 2052 2291 0.2
Acetone —0.21] —0.04 —0 0.0
lither 0.77 0.5 0. 0,30
Methyl acetate (.13 (.59 0. 1).27
Isthyl acetate 0.7% (.80 0. 0.10
Propyl acetate 123 I .46 L. 1,20
lsopropyl acetate 1.03 .21 I 0. 14
Ixobutyl acetate 153 s 1.536 028
Barbital 0. 65 .07 0.714 (.86
Benzene 9013 1,96 2006 0. 14
Chlorofor 1.7 1015 1.046 .20
Methy! iodide .00 119 1504 0,32
Ethyl chloride 1,30 134 1,405 u.a7
I<thyl bromide | .60 48 1.60l 0.12
Lithyl jodide 200 192 LOT4  0.03
Propyl chloride .89 177 .87 0.10
Propyl bromide 20100 2010 26K 0.0
[sopropyl
hromide Lo 2,00 1.881 0.12
Propyl iadule 250 2.30 2. 441 0.14

lsthylene

chloride 178 1.51 1.769 (.26

+ From ref 24, ' Calenlated nsing eq 34. Barbital was nnn
nsed in deriving eq 34. ¢ Experimenially determined valies: all
other values calenlated.

of xeveral estimations.  Dividing the 7 values from the
phenoxyvacetic acid series’™ for evelohexyl (2.51) and
ryelopentyt (2.14) by 6 and 5, respectively, gives 0.42
and 0.43. Subtracting log £ 0.29 for ethyl methyl
ketone from log P 1.50 for methyl 2-cyclopropyl ketone!®
gives the value of 1.21 for cyclopropyl; dividing by 3
vields 0.40. The 7 value for cyvelohexyl can also be
calculated from log P cyclohexanol (1.23) and the =
value for aliphatic?™ OH (—1.16). Dividing this value
of 2.39 by 6 vields 0.40 for the cyclic CH, unit. Thus
the value of 0.41 seems like a reasonable compromise.
I"or the benzyl function in 3 and 4 we have used log

Q71 (a) T. Fujita, J. Iwasa, and C. Hansch, J. Am. Chem. Soc., 86, 5179
(1964); (11 . anseh and 8. M. Anderson, J. Org, Chem., 82, 2583 (1967,
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I for toluenc (2.69) and for the phenvlethyl group in
12 we hive nsed the log 77 tigare for othylbenzone
14.150.%  For each double band we have sabtructed
0.3 from the n-alkyl group.

Table I contains data on the inhibition of cell division
m Arbacia cgegs** Table II gives data on the inhibition

TasLe VIII
Nascorie Aemion oN Fuoo Miuysers
<o Log il Cyes

Conipd Log I [FIENE Caled” Ao il o
Methanel — (.66 — 11 (1.0606 a. e
Fthanol —11.16 (.25 0517 27
Acetone - 21 (.40 0,472 .07
J-Propanol 0. 14 0.45 (). T8N 1), 34
Propanol 0,547 .6y 1) nid 057
{"rethan -0 15 L.on 0.426 047
Lithyl ¢ther 177 1 07 1.357 (.20
Butanol (.54 [ 1.420 (.20
Antipyrine 0,2 .22 0869 a3
Pyridine 0.63 L.23 | o24s 1.4z
Hydvoguanone 0, a9 1. 6a botad .41
Aniline 0.aa .70 | 474 0.2
Benzyl aleohol Lo 1.70 1655 .05
Acetanilide Lo16 1N 1704 a2
Pentanol Lo 1 .s0 1.871 .07
Phennl | 46Y 2N 1.980 o
[Texanol |84 24 2520 012
Nitrobenzene o857 2053 D332 020
Qrdnoline RARIRY 2.7 2 404 2l
Heprtanol 234 RER 27T 1
2-Naphthol 2 N4 300 5205 1,
O¢ranol 2 84 316 50225 0.y
Thymal SIS HoaY 364 .12
Tolaeier RN 200 RN (SR
Chloroform IRt 1 50 244 a g

“From ret 23, " Calenlated  «xing eq 30.
chlovoform were noi wsed in dercving eq 36.
determined values: ull other values ealenlated.

*Tolnene
¢ Fxperimenially

TaBrLe IX
Nakearie Act1oN oN TAppoLES

e THIT R Y T A low

Cowpd Tng ¢ Obhsd? Cale* 0

Lthyl acetate 0,734 1 11 I 54 1ol
Ithyl propionate 1.23 210 20127 0.a3
Ethyl buytyrate 1.73 2.6 2713 .09
Fithyl valerate 200 505 3200 .25
Acetone -] 0.49 (1.430 1105
J-Butanone 0 29 1.02 L02a .0l
2-Pentanone 0.79 |57 L.611 110
Chloroform 1.07¢ B B 2004 i3
Nitromethane =0, 339 ().85 0208 0 55
Ethyl ether 0.771 1,30 | O8S 1124
Methanol -0, 6064 —0. 10 =008y Dola
Ethauol —-0.16 0.46 (.498 (.24
Propanol (). 344 1) 98 [ERIES 1.4
Butannd (AR | 77 |.670 1. 10
Hexunol .54 o0 2842 014
Heptanol 234 A Ga BIE S a iy
Octannl 2N 4,05 1.04 (.14
NMethyl carbamate —0.65 0.5 (. TN a1
Ethyl carbamate —1. 159 |.46 I4oe s
Propyl carbamate 0.35 J.33 208010 0,25
Isobityl carbamate .65 T 2484 11.0]
Isoamyl carbamate ) 3.00 F.1060 0 16

« From ref 26. Tadpoles of varioins ages were used in 1The fexix,
The esters were tested on 3-day tadpoles, the ketones on T-day,
the group from chloroform to ether on 6-day, the alcohnls on 6-
day, and the carbamates on 3-day. * Calenlated 1sing cq 57,
e Calenlated using eq 38, ¢ Experimenrally determined vabies:
ull other valies calenlated.
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Famii X log (1/C) = 0.801 log P + 1.076 176 0 §6o 0 i'l ()
InpuctioN oF C-Mrrosts 1x ALnivm Roor Tips vg (1/€) = 0. 8 - ' o )
e Log (1/C)—— log (1/C) = 0.30448pK. + 2.230 19 0.209 0.394  (9)
Compd Log P Obsd® Calcrl—” Alog (1,C) log (1/C) = 0.793 log P +

Ethanol ~-0.16 0.12 0.407 0.29 0.356ApK, + 0.845 19 0.971 0.151 (10)

Propanol 0.34° 0.73 0.887 0.16 s - .

Butanol 0.84 1.33 1.367 0.04 log (1/C) = 0.547 log P — 0.534ApK, +

Isobutyl alcohol 0.64 1.03 1.175 0.1a 0.336(log £)ApK. + 1.331 19 0.974 0.146 (11

t-Butyl alcohol 0.37° 0.73 0.916 0.19 log (1/C) = —0.082(log P)? +

Isopentyl aleahol 1.14 1.43 1.656 0.23 0.880 lag P — 0.320ApK. +

{-Pentyl alcohol 0.89° 0.73 1.414 0.69 0.338(log P)ApK. + 1.034 19 0.978 0.140 (12)

Octanol 2.84 3.43 3.289 0.14 . v -

Acetone —0.12] 1)_4;; ;),._-)»51, 0.07 the equatious, even eq 12. This does not change the

Ethyl ether 0.77¢ 1.03 1.300 0.27 essentinl shapes of the curves, but it does improve the

Acetamide —1.20 0.12 -0 592 0.71 correlation.  The multiple correlation coefficient is

Iithyl carbamate  —0.13 0. 60 0.416 0.18 represented by 7, s is the standard deviation, and C is

Chloroform 1.97¢ 2.19 2.453 0.26 the molar conceutration of drug producing the standard

Benzene J.13¢ 1,60 J.607 0.01 mhibition.

Xvlene B.13 8.52 3.567 0.05 Equatious 8 and 9 represent the two simplest hypoth-

Naphthalene _'"'3‘6 _‘f'i‘* e ‘9’_’ 0.44 eses; that is, the inhibiting power of the drugs is directly

Anisole 2.1 2.49 2.987 v.10 proportional to their lipophilic character (eq 8) or

Acetanilide 1.16¢ 2,14 1.675 0.45 reclv or o 1 K Th lati

Acetophenone 1.5%¢ 9.49 1,078 0.41 direcly proportional to ApK, (eq 9). e correlation

Barbital 0.65° | 52 1185 0 34 with eq 8 is extremely good while that of eq 9 is very

e From ref 27. Two concentration points were determined:
the concentration just causing C-mitosis and the highest con-
centration not causing C-mitosis. We have used the average
of the two in caleulating log (1/C). ? Calculated using eq 389.
Barbital was not used in deriving eq 39. ¢ Experimentally de-
termined values; all other values calculated.

of oxygen cousumption by rat brain.’® Table III
presents data on the hypuotic action of barbiturates.!®
Although there are several good series of barbiturates
which have been carefully tested for hypnotic activity,
we have used this set because polar substituent con-
stants were available for these relatively simple alkyl
substituents. Table IV contains the data for the in-
hibition of NADH oxidation by barbiturates,? Table
V summarizes the data on bacterial luminescence by
alcohols and urethans, 2122 Table VI those on ithibition
of four biological processes by aleohols,?® Table VII
contains data on narcosis of frog heart,?* Table VIII
lists recent data on narcosis of frog muscle,® Table IX
presents data on the narcosis of tadpoles,? aud Table
X has information on colchine-like mitosis (C-mitosis)
i outons. ¥

Results

Using the method of least squares we have derived
eq 8-12 from the data on the inhibition of cell division
of Arbacia eggs. In the equations, n is the number of
points used in finding the constants. In deriving these
equations we have omitted using data from 2, 5, 12,
and 14 since the compounds were poorly fit by all of

(18) F. A. Fubmnan and J. Field, J. Pkarmacol. Exptl. Therap., T7, 392
(1443).

(19) H. A, Shonle and A. Moment, J. Am. Chem. Soc., 45, 243 (1923).

(20) A. Giuditta and G. Di Prisco, Biochim. Biophys. Acta. T7, 394
(1963).

(21) G. W. Taylor, J. Cellular Comp. Physiol., 4, 329 (1934),

(22) F. H. Johnson, E. A, Flagler, R. Simpson, and K. McGeer, ihid., 87,
1 (1951).

(23) H. P. Rang, Brit. J. Pharmacol., 18, 185 (1960),

(24) H. Fuhner, Biochem. Z., 120, 143 (1921).

(25) D. Agin, L. Hersh, and D. Holtzman, Proc. Natl. Acad. Sci. U. 8., 63,
v32 (1965).

(26) H. M. Vernon, J. Physiol. (London), 47, 15 (1913).

(27) G. Ostergren, *Mecanisme De La Narcose,' Centre National de la
Research Scientifiqoe, Paris, 1950, p 77.

low. Combining log P and ApK,, we obtain eq 10
which accounts for 94.29, of the variance in the data
vs. 92.69% accounted for by eq 8. Although this is a
small difference, it is statistically significant (Fy =
5.96). F tests indicate that eq 11 is not significant at
the 0.90 level when compared with eq 10. Equation 12
is significant at the 0.90 level when compared with eq
10. For all practical purposes eq 10 gives the best fit.
While the squared term in eq 12 is significant, it is not
important unless one were to counsider more lipophilie
molecules. Equation 10 does establish the fact that a
very small amount of the variauce in biological activity
can probably be attributed to differences in the degree
of ionization.

Equatious 13-18 result from the data on oxygen con-

n r s

log (1/C) = 1.037 log P + 0.959 10 0.956 0.203 (18)
log (1/C) = 0.8367ApK. + 2.367 10 0.122 0.683 (14)
log (1/C) = 0.334log P — 1.335ApK. +

0.920(log P)YApK. + 1.973 10 0.962 0.218 (15)
log (1/C) = —0.424(log P)? +

2.411 log P + 0.017 10 0.988 0.112 (16)
log (1/C) = 0.429(ApK,)? —

0.181ApK, + 2.521 10 0.127 0.729 (17)

log (1/C) = —0.494 (log P)?* +
3.066 log P + 1.136ApK, —

0.572(log P)apK, — 1.020 10 0.992 0.109 (18)

sumption of Table II. Again, comparison of the two
monoparameter equations reveals that log P is the
parameter of overwhelming significanice. Adding two
additional terms, as in eq 13, does not result in a reduc-
tion in variance (compare values of ). Ineq 16 and 17
we have exaininted the use of squared terms for the two
parameters. Equation 16 results in a statistically
significant improvement in correlation (Fy; = 19.1)
over the simple linear relation. The correlation with
eq 17 is meaningless. The highest order approximation,
eq 18, is not a significant improvement over eq 16
(Fas = 1.23). These results clearly indicate that small
changes in the degree of ionization of the barbiturates
have no bearing on their inhibition of oxygen consumyp-
tion. This does not imply that ApK, could be neglected
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for large changes. ! iquation 13 rationalizes 916¢ of the
vartance in the data, and eq 16 accounts for 986 .
Compound 34 was not used in the regression analysis
because no ApK, vahie was available.  Tts caleulated
tog (1/07) (Table 11) 1= not v very gaod agreement
with the experimental vahie. The exelopentenyl graup
ix nlzo not well predicted v Table 1. This mayv be chie
to our method of estimating log /2 ar =ame sterie taetar
may be involved.

I'ron the data i Table ITE on the hyvpnotie action af
barbiturates, we have formulated eq 19-24.  Netther

i o N

log i1/C) = —0.040 log P + 5.527 I 0085 0.296 <y
log (1/01) = —0.028¢* 4 ;5457 L0027 o207 ¢2a:
fog T1/¢H = 2801 log I? — 16.4006a* +

H1.594(log Pe* — 0.485 L0008 0,271 21
log 11/¢7)y = —0.G301log Py +

2,002 log 17 + 1LOIS 11 0,086 N i3a 22y
log (1/07) = 1.140(a** —

0.2806* + 3.315 [ B B R VI 4 B B LR
log (1/( = —0.657dog I?)* +

2000 log P + 0.203¢* —

0.305(log ¢*}log P + 103 HE0.012 0140 124

of the siiple lmear equations, 19 and 20, result i
significant correlations,  Kven the three-parameter
equation, 21, accounts for only 354% of the variance i
the data.  Comparing eq 22 and 23 with 19 and 20
shows a very high degree of dependence of hypnotic
activity ob log 2 and essentially no dependence on o*.
Fquation 24 does not offer an improvenent over eq 22
(compare s valies).  lor these equations we have had
to employ the polar substituent constant o instead
of ApK, since pKy values were not available for many
of these barbiturates. Within the limits of this approxi-
mation, hyprotic activity appears not to he dependent
on the degree of ionization. Az is usually the cases®
for the action of drugs in whole organisnis, we tind o
strong dependence of activity on (log £)2

‘The dependence of the inhibition of NADH oxidation
ol barbiturates on their hpophilic character is -
mrized inoeqg 25 and 26 abtained from data i Table
IV, Agaip it ix scen that the additian of the jonization-

I s ~
bog (1/¢) = 1107 log P + 1.257 60921 0261 (25
log (1/¢) = 1154 log PP —
0.208AnK, + 1.305 60,926 0.295 (265

related term in eq 26 does not result moan miproved
correlation.  Thus, the relative biochemical activity in
the nhove four quite different tests i= shawn ta depend
almost entirelv on their relative hpaphibe choracter,

Discussion

The results embodied in ¢g 826 bring out clearly the
great, practical importance of the additive character of
log P and 7. Of the 27 different barbiturates, we havc
measured partition coefficients for only three for our
regression analvses (the value for barbituric acid is not
essential).  The others were estimated in o few minutes
with penecil and paper. This represents a great saving
in time and money. Probably the c¢hief reazon greater

G280 O Thosely A R Srevard, L e, oodd 100W,

*hecegaqend., 1, 205 (1865,

DeGesely, 1,

<aN M. ANprrsax Vol 16
follow ap ol the work of Mever and Qvertan bas not
been made is the expense af determining the many
prrtition cocffictents necessary for o tharongh sty
Safficient evidenee® 23 for the additive charaeter b
tag 2 1= now in hand to m=tifv the effort of thearetieal
studhies sich as the presenl.

Fothe best ol o knawledge. ot of the biachiemien!
stndies ol the d.5-disnbstituted barbiturates use deriva-
tives sich as those represented in Tables TV where
either simuple ar complex alkyl or alkenyt finetians do
not result i =etz of cangencers having much spread in
thetr degree af tonization,  Our results show that at-
tempt= to rationatize even a small fraction of varianee
moactivity with degree af dovization are likely (o he
mnpratitable.

I ot »f the equations fornuldated i this paper
have we atrempted to account far highly specttic sterie
restrictions an the interactions ol the barbiturates with
the bioehenieal material through which they medinfe a
given bialogicat response. The Ingh correlntions ob-
tained without the nse of such parameters indieates
that “lock and key theory™ 1= of Hitle wse i explaining
their mode of netian. 1o this respeet, it s of inferest to
canstder the four poarty it molecules (2, 5. 12, o 14)
of Table 1. With the possible exception of 12, they do
not contain amisually bulky zronps.  There is nothing
mit=tanding about 2 and 5 ta explain their poor fit.  In
any case. <terie factars do rat <cem ta he responsible.
Thix result 1= mast tikely ta be fomud o the neasire-
ment of the biochemical response or the ealeubated
tog 7 ar o cambination of the twa.

Iy one =en=e. the most interesting  aspect of the
quantitative appraach to structuro-activity stadies is
to hud thase moleenles which do give the nnexpected
resubt. The ase af regression analvsiz enablex the re-
searchers ta quickly xpot i a mass af dara the unisiaal
nmoleenles from whieh the next advances v the under-
standing ol 1he 1aribly complex pharmacologient
problems ean be made.

One af the advantages af farnmlating resualt= of strne-
(are activity stidies in the farn of equations is that
it greathy Toeilitates comparizans af results by different
researeh groups on different svstems. While o areal
wany =tudies attempting to relate biochemieal netivity
ta partitinon cacflicients or other phyvsteal parameters
have been made, theve has been relatively hittle wark
done nsing any uorticalar referenee svstems. Me-
Gowan's** gnd Zahradpik’s®™ stadies are natable ex-
Ceptions,

This camparative approach to pharmacodynamies 1=
ilhixtrated in the Tollowing sunmmary of the linear
refation between straeture and activity in the barbitn-
rates. The tigimesin parenthesesave the 908 contideree
intervals. Atthoogh (log 232 was statistically signitician
in twa of the obove smdies, the diffevenee trom the
simple linear one-parameter equation was so slight that
we can ignhore these effects for the molecules under

G20 T Vojbo, L Dvasa, sosd O Wanseh, JL Aa Chene Sac.. 86, 0T

(1964,
1305 DL 4L Curewe, )
Céem., 44, TONS 11005,
i O Hansel, Praceedings of (be Internacional Congress von Plarmacol-
ogy. Sao Pado, 18606,
W2 7 Thiorsel and X0 ML Vdderson, vnpolisbed sesdts,
A1 Teachn and R DL O Brien, . Eeow, Eitognl., B9, (270 146,
RE RN o Vg Chene 40T E1OD1C

S50 1L Zabeodniles 1ovhl Tadeva, Pha(omaqeadya,, 135, 710 125

I, Taeawdy, IR F, Sibver, and 110 1 Tlolyes, Caa, W)L
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2007 inhibition of Arbacia egg cell division

log (1/C) = 0.801 log P + 1.076 (%)
(0.10) (£0.20)
A0¢, inhibition of rat brain oxygen coasnmption
log (1/C) = 1037 log P + 0.939 (13)
(£0.11) (20.36)
A0¢, inliihition of NADIT oxidation
g (1/0) = 1107 log PP + 1.937 (23)
(=0.30) (£0.77)

consideration.  The very sniall role of lonization in the
egg cell division study can also be neglected.  This
study was made at pH 8. This alkaline pH would
exaggerate the effects duc to fonization,  The studies
on brain tissie were made between pH 7.3 and 8§ =0
that they are not too different from the cell division
studyv,  The lack of more precise pH control in this
study may aceount for the apparent independence of
eq 13-18 on ApK,. Negleeting these two factors, one
is struck by the close correspondence of the constants
i eq S and 13, Both the slopes and intercepts of the
two equations fall v the range covered by the can-
fidence intervals. The fact that the intercepts are the
sante could be more fortuttous sinee thix constant would
be so dependent on experimental conditions.  However,
in this connection it ¢ of Interest to note that it was
the point of 30% inhibition which was measured in
each syvstem.  Morcover, it was observed that when the
egg cell division was reduced by 209, respiration wa
reditced 309;. Thus it scems very likely that the sanie
enzyine system ix being acted on meach case,

Giuditta and Di Prisea® measured the inhibition of
NADH oxidation in beef heart mitochondrin by bar-
biturates. Although the correlation is not as sharp as
with the other two svstems, the slopes and intercepts
of eq 25 are very close to those of eq 8 and 13, In
sumniary, studies from three distinetly different bio-
lagical syvstems using different kinds and numbers of
barbiturate derivatives vield equations having slopes
and intercepts which are almost identical. It 18 ap-
parent that the structural feature of overwhelming
intportatice in the above barbiturate studies ix the
lipophilic character.

The close agreement among the three barbiturate
studies, as well as many good correlations in other
systems, ™ encouraged s to use our octanol—water
reference syvstem for the comparison of barbiturates
with other narcotics which might also inhibit oxidative
processex snch as that represented in eq 25. For this
purpose we have selected studies in which rather large
numbers of compaunds were tested in situations which
might be contparable to those of the barbiturates,

A biochemical =vstem in which it has been possible
to make careful quantitative measurements is that of
bacterial luminescence. ' 1t ix also known that bar-
biturates and other hypnotics inhibit  this  phe-
nomenon .4

I'romn the data in Table ¥V we have derived eq 27-29
for the mhibition of laminescence by alecohols and
nrethans. lor the three sets of data we tind extremety
good correlations between inhibition and lipophiliv
character. The slopes of the equations are all close
1o 1 as found for the barbiturates,

(36) W, D, Melllroy, J. Celluley Comp. Physiol., 21, 05 (1013,
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In a recent study, Rang?® investigated the 509
mhibition of four biochemical processes by alcohols.
Equations 30-33 are derived from his data in Table
VI. Again we find extremely high dependence between
biological action and lipophilic character aud, with the
exception of inhibition of histamine release, the slopes
are essentially 1. The histaniine ithibition by alcohols
also seenis distinetly different front the other alcohol
inhibitions hecause of itx much greater intercept. For
three of the five alcohot inhibitions (ithibition of lu-
minescence, paramecium mobility, hing oxvgen con-
sumption), the intercepts as well az the slopes are
essentially the same.  This strongly suggests that the
sante mechanism of action ix volved. Tn the fourth
exaniple, that of gut coutractility, the intercept is
slightly  higher. However, this difference is simall
considering the disparity i the nature of the tests.

n I 8
aleahol inhihition of lminescence®!

log (1€ = 1171 log PP + 0.223 8
(£0.06) (£0.10)

98 0L lot (27

nrethan inhihition of lnminescence?!
log (1/¢) = L116log P + 0.17a 5
(£0.27) (£=0.20)

JORG 0168 (28)

urethan 504, inhibition of laminescence??
log (1/¢) = 1.240 log P + 1.323 6
(£0.16) (£0.16)

98 00147 (29)

uleohol 504 inhibition of parame-
cinm mobility
log t1/C)y = 0.955 log P + 0.327 8
(=0.05) (=0.08)

aleohol H0¢ inhibithn of lnng O.
constimption?
log (1/C) = 0.904 log P + 0.163 T0.005
(=£0.08) (£0.11)

AO80.086 (30)

0,106 31

alcohol 50¢, inhihition of gut con-
tractility?
og (1/C) = L0060 log P + 0.621 S0.997
(£0.07) (£0.11)

0. 118 182)

aleohol 30¢ inhibition of histamine

releaxe?
0g (1/C) = 0.72
(=0

1log P + 1.050 70997 0.063  (33)
53} (£ (.06)

It is of interest to conipare the above equations for
closely related sets of congeners with more complex
mixed sets. FKquation 34 1s derived fromi Iihner's
data in Table VII on the inhibitioun of frog heart action.
e 35 comes from the data of Overton on the narcosis
of tadpoles, eq 36 comes from the data in Table VIII
on the narcasis of frog muscle, eq 37 and 38 are derived
front Table IX for tadpoles, and eq 39 comes from the
data m Table X on the niduction of C-mitosis in
ontonhs.

The slopes for eq 34-39 are very close to those for
eq 8, 13, and 25-33 indicating quantitatively the
similarity of mechanism of action as defined by the
octanol=water reference system. Equation 35 has heen
rederived using improved log P values,?? and a slightly
better carrelation than aur previous ovnel® is obtained.
The average value and the standard deviation for the
slopes for the above 11 equatians (omitting eq 33 and
3%) is 1.03 = 0.13. The goud correlations and the
consistent value of 1 for the slope in the 11 examples
is evidence that the octanol-water model is a satisfae-
tory obe to represent the aqueous and lipophilice
biophases.

The meaning of the intercept is hard to interprct.
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narestic aetion of miscellaneoics ali-
phatic eomponnds on frog heart*
log (1/C) = 0,933 log PP + 0.108 O8N 0075 082 4t

(£0.073 (==0.10;

reatic acetion on tadpolest
log (1/() = 0.873 log I’ + 0.707 280079 0,160 oy
{2 0.061 = 0.0%)

pareotic aelion »f aromatic and ali-
phatie componnds on frog niesele

log (171 = 0.903 log I + 0.662
(== (LOSY (=015 ¢

242 036

tarensix ot tadpoles?s

log (1/C = 1172 log P + 0.68) 17 0987
{+0.091 (==0.12}

L2040 (1T

parcoxis of Tadpoles hy carbanal es?
log (1/C = 1Ls43 log P + 1611 30085 0.

(=0.32) (=0),2201

EDUNN

Clamitoxix e allinm rool T=¥
log i1/ = 0L.061 log 2 4+ 0.5060 1)
=] ] =019

0,965«

o405

Comparing  mtereepts  means  camparibg  cobgeners
whose actabol -water partition cacflicients are 1 (1.,
log 17 = 0). Henee, lest sysicns being equal. the Iarger
the intercept. the more active the sct of cangeners
(assuminbg the slopes are the <ame).  ar example, com-
paring c¢q 34 and 35 where the slopes are the same, we
find two different intereepts, Sincee such a nisceellaneons
gronp af componnds was covered moeach test, it seems
upreasanable ta say that ape set is basically more
active than the other. The move logieal rationalization
1= that the tadpole test is more =ensitive than the frog
heart test. The bavbiturates are nore poteint inhibitors
by this test, being roughly five tines stronger than the
alcohols. That is, the average intercept for the three
equations 8, 13, and 24 12 1.09. The average intercept
for the alecohols i eq 27 and 30-3212 0.333.  The antilog
of the difference i abaut 5. The value of log (109
for diethylbarbituric acid was measured ov the frog
heart. test and found to be 1.O7 (Table VID. lLog
(1707 for thix matecule in Tables 1, 11, and TV is 1.49,
132, and 196 (nv = 1.59). Thisx molecule daes indieate
the mechanism of actian ta bhe the same in the heart
as 1 the other systems.

Compartson af the intercepts ol eq 37 and 38 indicates
that the earbamates. like the barbitirates, are more
potent narcaties when abe campares them with isa-
lipophilic congeners =such as aleohols, esters, hvdra-
carbons, allkyl halides, ete.

Iiquation 39 correlates the activity of organie com-
pounds i causing colehicine-like mitosis in plants.
Ostergren and others? have pointed out the great
similaity between the componnds causing such mitosis
and the ponspecitic narcoties.  FEquation 39 makes
(qantitative camparison passible, The similarity of
slape and intercept is indeed very striking.  Diethyl-
bharbiturie ueid is about twa times more active i C-
mitatic ichietan thay the average moleenle in Table X
Ithyl carbamate is only <lightly mare active.

Anderson™ hus recently made an extensive survey of
the relation between CNS depressants and C-mitotic
agents emphasizing the similarity pointed out by Oster-
gren, Anderson concludes that narcotic and C-
mitotic  agents may  bath interfere with electron-
transport syvatems i acrobic metabobsm.

A N L Adersen, Acta Aneslhesyol. Seardd, Syppl., 22, 3 (1966},
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The narcotiec respovse nmy be brought about by
tolecular interaction of parcoties with proteins or
lipopratan  complexes,  Again,  the  actanol-water
veference svstem can be of help vy making distinetions
by altowing a comparison of the dependence of nareotic
actian on log 1" with the dependence of the binding of
nrgable compounds ty proteins on lag 70 We have
shawn®' that the 1:1 binding ol barbiturates with
bavine serumy albamin (BRAG s well carrelated with
111}4‘ r :11’1‘1x1‘<1i11g tir 0q 40. The S]H})(- af () 40 1% clase

»
C= 00N lag I 4 2040 4

< ~
log + /¢ a.961 U137 540

to that of 0.68 fonnd for the bindibg of phebals to BSA
and 0.67 faund for the binding of mizcelanceons
organte compannds to bavine hemoglobin. ™

Goldbaum and Smith* from whose work eq 306
stems, also <tudied the binding af barbiturates ta a
variety af rabbit tissnes. I'rom log P2 values fram Table
bofor allvi-T-methyvibueyl-, ethyvl-T-methyibutvl-, ethyl-
phenyvl-, and diethylbarbiturie acids and from the log
(C¢ boundy data® we have derived eq 41-449 10 Fable
X1 far the dependener af tissae binding o lag /2.

Tasre X1
Binvine oF Baanrcratiss BY Raspir T'ssve HoMoceN ATES

Tyvpe of

tisspe Log ' hoomd: " ) ~N
Undilnned 0392 log 2 -+ 02078 40081 0045 1l
plasima (0,163 {=0.261
Red »ellx 1.400 log P2 — 0,402 40903 0,048 120
(12 (20.20;
Liver A4l log 1" 4+ 0.792 40078 0,077 43
(0.1 =0.521
Muzele 0.4 Iog 17+ 0.504 400949 0010 44
[ A B (=0.40)
Brain .526 log P+ 0.467 40,002 0,006 45
(=0 141 (+0.2%})
Dilnted 1.527 log P2+ 0.544 40,08 0,074 (46
plasma o= 0, 140y (03D
Kidney 1544 log P2 4 0468 40088 08t 47
P20 (420,35
Lang N.601 lag I' =+ 0,550 1 0087 0,080 54N
0. 1 =035
Hear 1648 log 2+ 02358 40066 0. 142 19

(=i .36 (A20.54)

The corvelations between binding and lipophilie ebar-
acter are quite good as measured by ». However, be-
cause of the few points and the experimental errar,
the confidence intervals are broad enough so that they
all overlap the average slope of 0.51. Fxcept for the
undiluted plasina, the confidence intervals on the
intercepts atl averlap the average valwe of 054, AL
though the data ave not strietly comparable, it i= votable
that the average slape of 0.51 agrees closely with that
of 048 1 eq 40, The results embodied v eq 4149
indicate the binding of barbiturates to miseellaneous
proteinaceous material has about the same dependence
on log P as the binding to pure BSA.  Also, the type
of binding is very close to that which we have found for
neutral compounds with BSA and hemoglobii. The
adsorption af nentral organic compounds (o proteins
AR L Wiens, CL 1lansely, el Lo Moore, Biockemdsley, 5, 2602 (14645,

2 LR, Goldhbwna and Py K. Sinidl, J. Pharmaol. Kapd, Thevap., 111,
107 (19541,
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is a surprisingly uniform process with the slopes of
dependence on log P falling in the range of 0.5-0.7 for
those systems so far studied. This is quite a different
dependence on hydrophobic character than we find
in eq 8, 13, 25, and 27-39 aud suggests that the simple
adsorption of unarcotics onto proteins is not the cause
of nareotic action. It does not eliminate the possibility
that perturbation of a protein by hydrophobic bouding
is the cause of narcosis.

I'rom the above studies as well as our previous ones,
sufficient data have accumulated to show that the
octanol—water model suggested from the work of Col-
lander is a very useful reference system with which to
study the interaction of organic compounds with
biochemical systems. The exact meaning of such cor-
relations is not clear. There are at least two important
aspeets. No doubt increasing lipophilic character, up
to a poiut,?® facilitates movement of the narcotics
through lipophilic biophases onto the sites of action.
However, the ultimate measured response is most likely
brought about by interaction with an enzyme or lipo-
protein membrarne which might or might not be sup-
porting enzymes. In such material, hydrophobic
interactions could easily produce conformational per-
turbations® which could disrupt cellular processes.
The great variety of saturated and uunsaturated,
aliphatic aud aromatic molecules in Tables I-X have
nothing i1 common except relative lipophili¢ character.
It is difficult to imagine a common mechanism of action
other than solution it a lipoidal membrane. The slopes
of essentially 1 in the 14 above examples i which the
measured responses are so extremely different imply
that a common rate-limiting step is being influenced.
The fact that so many different processes have the
same dependence on log P and, except for the slightly
greater activity of barbiturates and carbamates, the
same concentration of isolipophilic compounds produce
the same respouse would indicate that the mechanism
of interference in the biophase is exactly like the transfer
of the compound from water to octanol. All of the
processes being inhibited are energy-requiring processes
and we might illustrate the problem in the following
diagrammatic way. Certaiuly all of the steps a — n
in the energetic processes shown cammot be the same.
The observer watching egg cell division, DPNH

(40) B. Belleau, J. Med, Chem. T, 776 (1964),
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energy reservoir, —

ay=>by—¢ — ..... — 1I; — movement of frog muscle
ehergy reservoir, — T ) )

Q> by =g — ... .. — 1z — cohsumption of O, by brain
energy resel'voirs — T o

as—by—>cz — ..... — ng — C-mitosis

—_—

common sites of narcotic action

oxidation, ete., categorizes each molecule’s activity on
the basis of au ultimate response very likely many
steps renioved from the site of inhibition.

Considerable evidence has accumulated to indicate
that narcoties and C-niitotic agents iunhibit oxidative
metabolism through interference with electron trans-
port,20:37.41—¢  Thig appears to us to be a most attrac-
tive working hypothesis for the mechanism of narcotic
action. Such interference could easily be the result
of slight conformational changes in a membrane which
would, to varying degrees, disrupt the flow of electrons.
The lipoidal material would seem to be rather loosely
structured and very similar inn nature or else one would
not always get the same change in response for a given
A(log P).

To account for the difference in intrinsic activity of
the barbiturates or the carbamates, one would assume
that a niore specific interaction of these functions with
polar counterparts it a lipoprotein matrix would give
leverage to the hydrophobic interactions so that a
greater conformational change would be produced by
molecules with 110 more hydrophobic bonding power
(as defined by log P).

In summary, we can say that the use of a standard
set. of substituent constants allows us to make precise
comparisons between different drugs acting in the same
system aud the same drugs acting in different systems.
As more such correlations are made, they should form
the basis for a quauntitative approach to pharmaco-
dynamics,
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