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Abstract—The Type 1 cytochrome P450 binding of 53 aliphatic, alicyclic and aromatic compounds
to microsomes from phenobarbitone or 3 methylcholanthrene pre-treated or normal hamsters has
been studied. A good correlation between binding affinity and substrate lipophilicity was observed
for each series of compounds. Sterically hindered molecules tended to partially deviate from this rela-
tionship. The pronounced slopes of plots of K, against log P indicate that substrate lipophilicity
is the predominant requirement for Type I binding of these compounds. Microsomes from phenobarbi-
tone pre-treated animals showed very similar substrate binding characteristics to those of normal
animals whilst 3-methylcholanthrene pre-treated animals showed a spectral shift but similar binding

affinities.

In 1966, Remmer et al. [1] and Imai and Sato [2]
reported that various xenobiotics produced character-
istic absorbance changes in the difference spectrum
of liver microsomes which they proposed reflected the
interaction of the added compound with cytochrome
P450. These spectral changes, which are obtained
upon addition of various compounds to suspensions
of liver microsomes in buffer systems, have been
classified into three types termed Type 1, Type 2 and
reverse Type 1 [3]. Type 1 spectral changes are char-
acterised by an absorption peak at about 385 nm and
a trough at about 420 nm, and are generally acknow-
ledged to arise as a consequence of the binding of
a substrate to the apoprotein of the cytochrome P450.
The Type 2 spectral change which is indicated by
an absorption peak in the region of 425-435 nm and
a trough at about 390 nm is probably associated with
ferrihaemochrome formation arising from the interac-
tion of the haem iron with a basic nitrogen of the
added compound. The reverse Type 1 spectral change
is characterised by a peak at. about 420nm and a
trough at about 390 nm, its cause remains uncertain.

The relative binding affinities of various com-
pounds to cytochrome P450 is defined by the spectral
dissociation constant ‘K.’ which is the concentration
of substrate giving rise to half maximal spectral
change.

The Type 1 spectral change was initially correlated
with metabolism, since many compounds which elicit
this response in liver microsomes are known sub-
strates of the mono-oxygenase system, and because
similarities in spectral dissociation constant ‘K,” and
Michaelis constarit ‘K, were observed for a number
of 'substrates [4]. However, Anders et al. [5] showed
no correlation between rates of N-demethylation and
Type 1 binding spectra of several enantiomerically
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related drugs. Furthermore, Al-Gailany et al. [6],
have reported that the K,, values for dealkylation of
some p-nitrophenylalkylethers are generally one order
of magnitude lower than the corresponding K, values.
. The work of Imai and Sato [7] using the spectral
changes technique and of Al-Gailany et al. [8] and
Cohen and Mannering [9] using the fluorescent
probe technique have indicated that the ‘active site’
of cytochrome P450 is hydrophobic implying that
there could be some relationship between a com-
pound’s binding affinity ard its partition coefficient.
Jansson et al..[10] using a series of barbituric-acid
derivatives found that all the compounds studied gave

rise to a Type 1 spectral change when added to sus-

pensions of rat liver microsomes but only a weak cor-
relation was found between the partition coefficients
and the binding affinities. They could find no statisti-
cally significant correlation between partition coeffi-
cient and rates of metabolism despite an indication
that the more lipid-soluble barbiturates underwent a
more rapid oxidation than the less lipid-soluble com-
pounds. ‘ '

In the present work, a wide variety of organic com-
pounds including aliphatic carbamates, aromatic hy-
drocarbons, alicyclic hydrocarbons, fatty acids and
methyl esters have been used to establish the relation-
ship between Type | binding affinities and lipid solu-
bility.

MATERIALS AND METHODS

Chemicals. Phenanthrene was used as purchased
(Koch Light and Co. Ltd.), naphthalene (m.p. 80°)
and biphenyl (m.p. 70°) were twice recrystallised from
absolute alcohol. 2-Naphthol was thrice recrystal-
lised from aqueous alcohol, m.p. 93-95°. The follow-
ing compounds were twice re-distilled at their boiling
points: benzene, 78-79°; cyclohexylbenzene, 235-236°;
diphenylmethane, 262-263°; dicyclohexyl, 235-237°;
ethylbenzene, 133-135°; cyclohexane, 81°; toluene,
110° and dekalin (mixture.of cis- and trans-hexahy-
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dronaphthalene), 188—190° n-Butyl carbamate (Kodak
Ltd., Kirby) and benzyl carbamate (Aldrich Chemical
Co., Milwaukee, Wisconsin) were used without
further purification. Tert-Pentyl (2,2"-dimethylpropyl,
m.p. 80°), n-pentyl (m.p. 53-54°), terthexyl (3,3'-di-
methylbutyl, m.p. 55-56°), n-hexyl (m.p. 59°), n-heptyl
(m.p. 62°) n-octyl (m.p. 67°), n-decyl (m.p. 69°) carba-
mates were synthesised by the Chemistry Division of
the Chemical Defence Establishment. The purity of
the carbamates used was checked by infra-red spec-
troscopy and glc. and was found in all cases to be
>99 per cent. All other compounds were at least of
reagent grade.

Tissue preparation. Hepatic microsomes were
obtained from either male Wistar albino rats
(140-180 g) or male Syrian hamsters (12-16 weeks).
The animals were killed by cervical dislocation, the
livers were immediately removed and immersed in
ice-cold 1.15% potassium chloride solution followed
by homogenisation in 0.25 M sucrose solution using
a motor-driven Potter—Elvehjem type Teflon—glass
homogeniser. Washed microsomal fractions were then
obtained by differential centrifugation. The final
microsomal suspension was diluted with 0.1 M
sodium phosphate buffer, pH 7.4 to a final concen-
tration of 2 mg/ml. The protein content of the micro-
somal suspension was determined by the method of
Lowry et al. [11] and cytochrome P450 content using
the method of Ullrich [12].

Microsomes from phenobarbitone and 3-methyl-
cholanthrene pre-treated animals were prepared fol-
lowing injections of either 100 mg/kg body wt sodium
phenobarbitone intraperitoneally once daily for 3
days, or 50 mg/kg body wt of 3-methylcholanthrene
in Saladin groundnut oil, once daily for 2 days.

Determination of apparent partition coefficient. The
apparent partition coefficient of each carbamate was

determined in duplicate at 37° using n-octanol and
0.1 M phosphate buffer. Both the octanol and buffer
were saturated with the relevant aqueous or organic
phase before use. Equal volumes (25ml) of both
phases were used and 6 hr agitation was allowed to
achieve equilibrium [13]. The initial concentration of
carbamate was 20 mM dissolved either in the aqueous
or the octanol phase. The amount of carbamate in
both phases at equilibrium was assayed by gl.c. and
good agreement was found between duplicates.

The partition coefficients of the other compounds
were obtained from the tables of Leo et al. [13].

Apparent spectral changes. The difference spectra
produced by the compounds studied were determined
as previously described using either a Pye-Unicam
SP 1800 or Perkin Elmer 356 spectrophotometer in
the split beam mode [4]. The spectral dissociation
constant (K,) was determined using a double recipro-
cal Lineweaver-Burk plot of the absorption differ-
ences of the spectral changes against the concen-
tration of the drug. The absorbance (AA) was
measured between 420 nm trough and 385-390 peak.

Statistical evaluation of results. Linear regression
analysis based on the method of least squares was
performed on a Hewlett~-Packard 9810A programm-
able calculator. Where appropriate, data have been
expressed as mean + S.D. Tests for statistical signifi-
cance were performed using either an ‘F’-test or an
appropriate ‘£’ test.

RESULTS

Spectral interactions. The addition of low concen-
trations of benzene (0.02-0.50 mM) to liver did not
elicit a detectable spectral change, but as the concen-
tration of the compound increased, a classical Type 1
spectrum was obtained giving an absorption peak at

Table 1. Type 1 interaction of various aromatic and alicyclic compounds to
cytochrome P450* of hamster hepatic microsomes

Amul
Compound K, x 1074 M+ A x 107%/2 mg protein) Log P
1 Benzene 75.00 4.30 2.13
2 Toluene 11.00 + 1.00 4.56 + 0.75 2,63
3 Ethylbenzene 4.60 + 0.40% 3.03 + 0.50 313
4 Butylbenzene 1.40 £ 0.15% 4.76 + 090 4.13
5 n-Hexylbenzene 0.62 + 0.10% 3.18 + 0.80 513
6 iso-Propylbenzene 290 +0.25 5.55 £ 0.50 343
7 tert-Butylbenzene 1.60 + 0.10 571 + 042 373
8 Cyclohexane 9.00 + 1.50 470 + 0.65 273
9 Methylcyclohexane 6.00 + 0.753 4.00 + 0.40 323
10 Ethylcyclohexane 2.80 + 0.35% 3.60 + 0.50 3713
11 Butylcyclohexane 0.70 + 0.15% 1.80 + 0.30 4.73
12 Naphthalene 340 + 020 3.36 + 043 337
13 Tetralin 190 + 0.11 4.50 + 1.00 3197
14 Dekalin 1.10 + 0.05 346 +£0.35 4.57
15 «-Naphthol 5.25 — 3.00
16 B-Naphtho! 40 — 2.84
17 Bipheny! 5.00 + 0.55 7.20 + 1.10 4.04
18 Phenanthrene 3.07 £ 025 5.20 + 0.50 4.46
19 Diphenylmethane 2.50 + 0.15 3.00 + 0.15 4.54
20 Cyclohexylbenzene 220 £ 020 2.40 £ 0.20 464
21 Dicyclohexyl 0.88 £ 0.14 0.87 + 0.09 524
2 Fluorene 2.40 + 0.10 3.80 + 0.30 4.30
23 Perhydrofiuorene 0.79  0.05 220 + 0.40 5.50

* Values are mean S.D. of three experiments, except for benzene, a-Naphthol
and f-Naphthol where values represent the mean of two determinations.
T Students ‘" test was applied comparing the results of each compound with

that of the preceding one, {P < 0.001.

1 The absorbance A was measured between 420 nm trough and 385-390 nm
peak. Log P is the log of the partition coefficient between octanol and phos-

phate buffer, pH 7.4.



The role of substrate lipophilicity

about 388 nm and a trough at about 418 nm. The
K, value of the interaction of benzene with hamster
hepatic microsomes was found to be higher than its
saturated analogue cyclohexane (Table 1). Similarly,
the K, value of dekalin was less than that of naphtha-
lene, although there was no significant difference in
the A, values. In line with this trend, tetralin, the
partially saturated molecule, showed intermediary
binding affinity between naphthalene and dekalin.
This trend was also observed in the series: biphenyl,
cyclohexylbenzene and dicyclohexane (Table 1).

The effect of increasing number of carbon atoms
attached to the aromatic compound, benzene, was
also studied. Toluene was found to interact strongly
with cytochrome P450 giving a binding affinity ap-
proximately six times higher than that of benzene.
Ethyl, butyl and hexyl benzenes were also found to
interact in a Type 1 manner. The K value determined
for the alkylbenzenes was found to decrease with in-
creasing number of carbon atoms in the straight chain
aliphatic alkyl group but no systematic differences in
Al Values were found for these compounds (Table
1). The interaction of the branched-chain compound
tert-butylbenzene was lower than that of the other
branched-chain compound studied, iso-propylben-
zene.

A decrease in K, value was also observed as the
number of carbon atoms in the aliphatic side chain
of cyclohexane was increased. Methyl and ethyl cyclo-
hexane produced a Type 1 spectral change with no
significant difference in Am,, values, while n-butyl-
cyclohexane produced a relatively smaller A, value
(Table 1).

Type 1 spectral interactions were also found with
other hydrocarbons:— diphenylmethane, fluorene,
phenanthrene, perhydrofluorene, «-naphthol and
B-naphthol.

The binding spectra of a series of C;—C, 4 aliphatic
carboxylic acids were examined. Propionic acid and
butyric acid at concentrations as high as 5.0mM
failed to produce a detectable spectral interaction, but
acids containing more than five carbon atoms were
found to elicit a distinct Type 1 difference spectra.
A significant increase in the binding affinity of the
acids with increasing number of carbon atoms was
noticed but no similar trend was observed in the
Anax values (Table 2). Myristic acid, unlike the other
acids studied, gave no definite peak in the range
390-400 nm, but showed a trough at about 422 nm.
At concentrations below 0.5 mM myristic acid did not
affect the stability of P450, but some destruction of
P450, monitored by the appearance of a P420 peak
was clearly noticed at high concentration. At 25 mM
a 25 per cent decrease in P450 was observed. Rats
and hamsters gave very similar K, values for all the
fatty acids.

Methyl, ethyl and propyl carbamates did not give
detectable binding spectra with hamster or rat liver
microsomes, or with phenobarbitone-pretreated rat
liver microsomes, but a classical Type 1 interaction
was found with C,—C,, carbamates. A decrease in
the K, value was observed with increasing number
of carbon atoms in the straight chain compounds.
The lowest K, value was produced by n-decyl carba-
mate, but like the fatty acids, there was no significant
change in K, values between rat and hamster hepatic
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microsomes. The branched-chain compounds, tert-
pentyl and tert-hexyl carbamates did interact with
microsomal suspensions but their K, values were
higher than those of the corresponding straight chain
compounds (Table 2).

The interaction characteristics of aliphatic methyl
esters with microsomal P450 was similar to those
observed with the fatty acids. Methyl-n-butyrate pro-
duced no detectable difference spectra even at concen-
trations as high as 10 mM, whereas a classical Type
1 spectrum was found with the methyl esters of hex-
anoic acid, octanoic acid, decanoic acid and lauric
acid (Table 2).

The relationship between binding affinities and parti-
tion coefficients. For all the compounds studied, a
good correlation was observed between the logarithm
of the octanol/water partition coefficient (log P) and
the logarithm of K.

The results from regression analysis on the aro-
matic compounds are shown in Table 3. Equation
1 describes the relationship between the straight chain
alkylbenzenes and log P. The statistical significance
of this relationship was not altered by the inclusion
of the two branched-chain alkyl benzenes in the
analysis (Equation 2). The log K -log P relationship,
for the alkyl cyclohexanes (Equation 3) was not
statistically different from Equation 2. Regression
analysis using the data from all the mono-cyclic
compounds gave Equation 4 which is also shown in
Fig. 1.

Similar relationships were obtained for the naph-
thalene analogues (compounds 12-16) and the bi-
phenyl analogues (compounds 17-23) as quantified by
Equations 5 and 6.

Table 3 presents the regression analysis in the three
aliphatic series of compounds. Equation 7 describes
the relationship for the straight chain carbamates
(compounds 27-32) and Equation 8 for both the
straight chain and branched chain carbamates (com-
pounds 27-35). As was found with the alkyl benzenes,
inclusion of the branched chain molecules did not
lessen the statistical significance of the relationship.

Equations 9 and 10 describe the relationship for
the fatty acids (compounds 38-43) and their methyl
esters (compounds 47-50) respectively.

The effect of induction on spectral interaction. Pre-
treatment of hamsters with phenobarbitone increased
the amplitude of the spectral changes produced by
Type 1 compounds. Biphenyl, cyclohexylbenzene,
cyclohexane, ethylcycloliexane and butylcyclohexane
elicit a Type 1 spectral interaction giving similar K,
values for control and phenobarbitone microsomes
(Table 4). However, dicyclohexane behaved atypically,
giving a K value of about 40 uM with phenobarbi-
tone microsomes compared to 88 uM with normal
microsomes. A statistically significant increase in A,
for control and phenobarbitone microsomes was
observed with all but one of the compounds studied.

The effect of pretreatment of hamsters with 3-meth-
ylcholanthrene on the Type 1 binding site was studied
using biphenyl, cyclohexylbenzene, dicyclohexane,
cyclohexane, ethylcyclohexane and butylcyclohexane.
All these compounds produced a Type 1 difference
spectrum with 3-methylcholanthrene microsomes giv-
ing a typical peak at about 385nm, but showing a
5 nm shift towards shorter wavelength in the trough
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Table 2. Binding characteristics of various. aliphatic compounds to cytochrome P450*
of hamster hepatic microsomes

Type of max

Compound binding K, x 107*M (A x 10~%/2 mg protein) Log P
24 Methyl carbamate N.D.¥ — — —
25 Ethyl carbamate N.D. — — —
26 Propyl carbamate N.D. — — —
27 n-Butyl carbamate. I 19.00 345 0.85
28 n-Pentyl carbamate 1 9.30 333 1.35
29 n-Hexyl carbamate I 5.00 345 1.85
30 n-Heptyl carbamate 1 1.70 4.76 236
31 n-Octyl carbamate 1 0.71 5.26 284
32 n-Decyl carbamate I 0.35 6.45 3.85
33 t-Pentyl carbamate 1 9.50 312 0.94
34 t-Hexyl carbamate 1 7.40 323 145
35 Benzyl carbamate 1 19.00 385 1.23
36 Propionic acid N.D. — — —
37 Butyric acid N.D. — — —
38 Hexanoic acid 1 85.00 + 10.0 1.9 + 0.30 1.88
39 Heptanoic acid I 21.00 + 3.0 1.3 £ 020 241
40 Octanoic acid 1 345 + 0503 1.7 £ 0.15 294
41 Nonanoic acid 1 1.61 + 0.15¢ L1 £ 010 347
42 Decanoic acid I 1.28 £ 0.15% 1.6 +£0.10 4.00
43 Undecanoic acid 1 0.78 + 0.08% 2.0 +0.40 453
44 Lauric acid I 0.79 + 0.07 1.3+ 015 —
45 Myristic acid 1 0.67 + 0.05 1.3 +£0.10 —
46 Methyl-n-butyrate N.D. — — —
47 Methyl-n-hexanoate 1 12.50 + 1.00 8.80 + 0.70 220
48 Methyl-n-octanoate 1 5.50 + 0.50% 8.60 + 0.50 320
49 Methyl-n-decanoate 1 2.10 £ 0.30% 720 £ 1.0 420
50 Methyl-n-laurate I 1.00 + 0.10t — 520

* Values are mean + S.D..of three experiments. N.D. No detectable binding spectra.
Students ‘" test was applied comparing the results of each compound with that of the
preceding one iP < 0.001. 1P < 0.01. *P < 0.05.

compared to normal or phenobarbitone microsomes.
Similar K, values were obtained in normal and in
3-methyicholanthrene microsomes and an increase in
A« Was only apparent with one compound.

The effect of 3-methylicholanthrene pretreatment on
Type 1 binding was further tested with compounds
containing carboxylic acid methyl ester functional
groups. Methyl hexanoate, methyl octanoate and
octanoic acid all produced a Type 1 spectral interac-
tion with both normal and 3-methylcholanthrene
microsomes, showing an absorption peak at about
385-390 nm with both preparation, but like the hy-
drocarbons, a shift in the trough towards shorter
wavelength when the interaction with 3-methylcho-
lanthrene microsomes was compared to controls.

All the compounds studied in the phenobarbitone
and 3-methylcholanthrene microsomes showed a
similar trend to that of untreated microsomes; namely
a decrease in their K, values with increasing partition
coefficient.

DISCUSSION

The structural requirements for Type 1 binding
were studied using a wide variety of hydrocarbons
and oxygen-containing compounds. Lineweaver—Burk
type plots for the difference spectral interaction of
most of the compounds studied showed that a single
line could be adequately fitted to the experimental
data. Deviations from linear plots at very low concen-
trations (<0.05 mM) were observed for several com-
pounds, possibly due to the difficulties accompanying
the determinations of very small changes in optical
density. However, Lineweaver-Burk type plots of the
Type 1 interactions for biphenyl and methyl-n-hex-
anoate displayed a distinct bimodal shape from which
two K values could be derived, implying the presence
of more than one P450 Type 1 binding site. These
observations are in agreement with those of Burke
who found a biphasic interaction between biphenyl
and hamster hepatic microsomes [14]. Bimodal kin-

Table 3. Results of regression analysis between log K and log P for the aliphatic
and cyclic compounds studied

Correlation Compounds
Intercept of coefficient used in
Equation Slope of regression regression line (statistical regression
number line (S.D.) {SD) significance) analysis
1 —-0.64 (0.12) 290 (0.42) —0.976 (P < 0.005) 1-5
2 —0.65 (0.11) 2.86 (0.39) —0.968 (P < 0.001) 1-7
3 —0.56 (0.04) 225 (0.14) ~0.997 (P < 0.005) 8-11
4 —0.63 (0.07) 2.78 (0.25) —0.973 (P < 0.001) 1-11
5 —0.37 (0.05) 1.75 (0.19) —0.970 (P < 0.01) 12-16
6 —0.54 {0.06) 2.84 (0.28) -0.970 (P < 0.001) 17-23
7 —0.62 (0.05) 1.77 (0.13) -0.986 (P < 0.001) 27-32
8 -~0.61 (0.06) 1.77(0.12) —0.971 (P < 0.001) 27-35
9 -0.76 (0.12) 3.11 (0.40) —0.952 (P < 0.005) 38-43
10 —0.37 (0.01) 192 (0.04) —0.999 (P < 0.005) 47-50
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Fig. 1. The relationship between log K, and log P for the aliphatic compounds. The solid line drawn
is Equation 8 and the dashed line Equation 10. The dotted line is drawn by eye. Fatty acids (O)
and their esters (@), carbamate (A).

etics were presented as evidence for the presence of
high- and low-affinity P450 interactions with cyanide,
a similar observation has been made for the interac-
tion of some imidazoles with rat hepatic microsomes
[15-17].

The binding affinity increases as the number of
side-chain carbon atoms attached to benzene is
extended. The decrease in K, value with increas-
ing number of carbon atoms is found also with ali-
phatic carboxylic acids (Cs—C;,), methyl esters
(C¢—C,,), alkylcyclohexanes and aliphatic carba-
mates (C4,—C;,). It is well documented that an in-
crease in octanol/water partition coefficient parallels
an increase in chain length for a homologous series
[18]. For each of the four series of homologues stud-
ied in the present investigation, statistically signifi-
cant correlations between binding affinity and lipo-
philicity were obtained. Similar correlations were also
obtained for the series of naphthalene analogues
(compounds 12-16) and biphenyl analogues (com-
pounds 17-23).

The slopes of the regression lines for the K lipo-
philicity relationships vary from 0.37 to 0.76. It is
of interest that similar slopes have been reported for
relationship between the binding of various com-

pounds to plasma proteins and partition coefficient
[19-23].

Canady et al. have postulated that a hydrophobic
interaction is the most important single factor in the
binding of substrates to hepatic cytochrome P450,
based on the correlation between the free energy of
complex formation and the increment of carbon
atoms added on the series of benzene, ethylbenzene,
toluene, xylene, indene and naphthalene [24]. Our
results support this hypothesis by demonstrating a
clear relationship between partition coefficient and
binding affinities for a much greater range of com-
pounds. Also, Ichikawa and Yamano [25] have
reported that the transition concentrations used for
the conversion of cytochrome P450 to P420 by ani-
lines and phenols closely paralleled the lipophilicity
of the compound.

Although the branched-chain compounds show
higher K, values than their straight-chain analogues,
their K, binding could be predicted if their partition
coefficients are taken into consideration. This was
true both for the alkylbenzene series and the aliphatic
carbamate. series. Also the binding affinities of the
cyclohexane homologues could be predicted from
their log P values using the alkylbenzene regression

Table 4. Comparison of K, and A, values of compounds reacting with untreated, phenobarbitone and 3-methylcho-
lanthrene hamster microsomes*

Normal microsomes

Phenobarbitone microsomes

3-Methyicholanthrene microsomes

Amax Aas A
A x 107%/2mg A x 1072/2mg A x107%2mg

Compound K, x 107°*M protein K, x 10°*M protein K, x 10°*M protein
Biphenyl 5.00 + 0.55 7.20 + 1.10 3.50 + 0.50 14.80 + 0.30t 3.30 + 045 7.50 + 0.80
Cyclohexylbenzene 2.20 + 0.20 240 +0.20 1.50 + 0.30 9.30 + 040t 200 + 020 5.55 + 0.501
Dicyclohexyl 0.88 £ 0.14 0.87 + 0.09 0.40 1+ 0.05¢ 5.20 + 0.65% 0.40 + 0.06 2.00 + 0.40
Cyclohexane 9.00 + 1.50 4.70 £ 1.60 10.30 + 0.65 15.80 + 0.30% 16.00 + 3.00 357 £ 053
Ethylcyclohexane 2.80 + 0.35 3.60 + 0.50 2.30 + 040 5.50 + 0.60 3.50 + 0.40 3.70 + 0.50
Butylcyclohexane 0.70 £+ 0.15 1.80 + 0.30 082 +0.20 4.16 + 0.35¢ 1.60 + 035 1.85 + 030
Octanoic acid 345 £ 050 1.70 £ 0.15 - 5.20 + 065 1.30 £ 030
Methyl-n-octanoate 5.50 + 0.50 0.86 + 0.05 - 440 + 055 .11 £ 025

* Values are mean S.D. of three determinations.

T Statistically significantly different (P < 0.05) from normal microsomes.
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analysis. However, the binding affinities of the naph-
thalene and biphenyl analogues could not have been
predicted accurately from this data on the alkylben-
zenes and cyclohexanes (Equation 4). The fact that
plots of log K, against log P are not entirely superim-
posable implies that steric factors as well as hydro-
phobicity may influence P450 Type 1 binding. How-
ever this is not reflected in the molecular volume of
biphenyl and naphthalene analogues which are no
greater than the molecular volume range covered by
the compounds used in obtaining Equation 4 [26].

The regression analysis on the data obtained from
the aliphatic series of homologues in the main showed
similar behaviour to that of the aromatic compounds.
However, the chain length relationship for the fatty
acids (Fig. 1) showed a distinct biphasic character
with a breakpoint at C,. The slope of the second
phase being very similar to that obtained for the
methyl fatty acid esters. It is noteworthy that Brown
et al. studying the binding of fatty acids valerate, hex-
anoate, heptanoate and octanoate to bovine serum
albumin using the ultra-filtration technique [27], also
found a good correlation for Cs to C, with log P,
but that octanoate shows an unexpectedly high
affinity. Although the mechanism of the break in the
log K, vs log P presented by the interaction of hex-
anoic acid with P450 is unknown, it may indicate
that the P450 binding site for fatty acids containing
six or less carbon atoms is different from that for
heptanoic acid and higher analogues. This investiga-
tion could not be extended to acids containing more
than eleven carbon atoms, because of the uncertainty
of partition coefficient found. Leo et al. [13] have
reported a value of 4.2 for log P (octanol/aqueous
solution) of lauric acid (expected value 5) suggesting
that when aliphatic chains become long enough they
may tend to coil up in solution with the formation
of molecular oil droplets, a phenomenon which has
not been observed in the n-heptane/aqueous solution
partition coefficient [8]). However, myristic acid
which contains two extra methylene groups compared
with decanoic acid showed statistically similar K,
values to that of decanoic acid. Furthermore, high
chain length aliphatic carbamates (C,,—C,,) showed
abnormal spectral changes, a phenomenon which was
also found with the polycyclic hydrocarbons e.g.
benzo(a)pyrene. Thus, the correlation between log K
and log P may be considered to hold only for a cer-
tain range of partition coefficient for a particular
series of compounds.

It is clear from the results presented that changes
in A, values were either insignificant (Tables 1,2)
or not systematic and there was no correlation
between A, values with either partition coefficient
or K, values. The correlation between log K, and
log P was found also to hold with phenobarbitone
microsomes (Table 4), in which A,,., values are gener-
ally much larger than in microsomes derived from
control or 3-methylcholanthrene pretreated animals.
This latter observation would tend to imply that the
environment of the binding sites in P450 and P448
for this series of compounds is not fundamentally dif-
ferent.

K. A. S. AL-GAILANY, J. B. HOUSTON and J. W. BRIDGES

The above data indicate that the ability of a com-
pound to form a Type 1 spectrum with microsomal
P450 is probably, in the majority of instances, deter-
mined primarily by its lipophilicity. It seems likely
that the interaction point is a hydrophobic portion
of the apoprotein of cytochrome P450 but the number
of potential binding sites capable of producing a Type
1 spectrum remains uncertain,
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