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Abstract—Twelve homologous and regioisomeric pyridylalkanamides were examined spectrally for their
binding affimity to cytochrome P-450 in phenobarbital- and 3-methylcholanthrene-induced rat hiver
mucrosomes The pKs values were calculated by the Lineweaver—Burk method and by non-hnear analysis
using both a one higand—one acceptor and a one ligand-two acceptor model The latter model best fits
most of the data, confirming that two pKs values extst for most derivatives in the 3-pynidyl and 4-pyndyi
series Structure—binding relationships are discussed The two binding constants are hypothesized to arise
from a dual mode of binding to the ferric 1on. At low ligand concentrations, binding to hexacoordinated
cytochrome P-450 occurs and involves displacement of an endogenous 6th hgand, at higher concen-
trations, the hgands bind to the pentacoordinated P-450, resulting in a high-to-low spin shift

Cytochrome P-450 monooxygenases are among the
most important enzymes mvolved n the oxidation
of xenobiotics as well as endogenous compounds
The binding of substrates to cytochrome P-450 1s a
major step 1n their biotransformation. Additionally,
binding to the enzyme may in some cases cause
inhibition and possibly also be involved in its induc-
tion The binding process 1s thus a key event 1n
determining the outcome of the interaction between
a chemical compound and cytochrome P-450

Globally, two modes of binding to cytochrome
P-450 are known, namely substrate and ligand bind-
ing [1]. The former mvolves binding to a hydrophobic
region near the catalytic site and is the first step in
the biotransformation process. Substrate binding is
detected spectrally as type I binding spectra. In con-
trast, ligand binding involves the interaction between
a heteroatom and the 1ron atom; 1t 1s detected spec-
trally as type II (mutrogenous ligands) or modified
type II (oxygenated hgands) binding [1-3]. Ligand
binding may produce inhibition of cytochrome P-450
function; 1t results in the conversion of a high spin
form to a low spin form, or a low spin form to another
low spin form. The spin state equilibrium was shown
to modulate both the substrate binding and the redox
potential of cytochrome P-450 1n such a way that the
reduction of the ferric high spin state 1s favoured as
compared with the reduction of the ferric low spin
state [4,5]. The mechamisms of binding and the
relationships influencing them are thus significant
elements 1n a global understanding of cytochrome
P-450 mediated biotransformation.

Pyridine and many pyridine derivatives are known
to be strong ligands and direct-acting inhibitors of
cytochrome P-450[6, 7]. In the present study, various
aspects of cytochrome P-450 binding and structure—
binding relationships are examined using a sertes of
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regioisomeric and homologous pyridylalkanamides
(Fig. 1) as model compounds of metyrapone

MATERIALS AND METHODS

Pynidylalkananudes

These compounds were synthesized as described
[8] Therr basicity (pK, values) and lipophilicity (log
P values) have been reported [9]

Preparation of microsomes

Sprague-Dawley male rats (150-200 g) recerved
by 1 p. injection during 3 days phenobarbital (80 mg/
kg/day) 1n physiological NaCl solution or 3-methyl-
cholanthrene (20 mg/kg/day) in corn oil Control
amimals were 1njected only the vehicle The amimals
were killed by decapitation 24 hr after the last injec-
tion, they had recerved no sohid food during the last
12 hr.

Subcellular fractionation was performed at 4° The
livers were homogenised 1n a 0.25 M sucrose solution
(1'3). The homogenisation was done 1 a 60ml
Elvejhem-glass homogeniser with a Teflon pestle
(radial clearance 0.18-0.24 mm). The suspension
was centrifuged for 15min at 10,000 g to remove
nucler, mitochondria and debris. The supernatant
was centrifuged for 60 min at 105,000 g. The micro-
somal pellets were resuspended 1n a sodium pyro-
phosphate 0 1 M/EDTA 0.1 mM solution (pH 7 4)
with a 60 m! Dounce Homogeniser (small clearance
508 um), then recentrifuged for 60 min at 105,000 g

@-(CHz)n_ CONH,
N

n=1—4
General formula for the 12 pyndylalkanamides
investigated

Fig 1
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The pellets were resuspended to concentrations of
10-20 mg protein/ml 1 a 0 1 M sodium phosphate
solution (pH 7 4) and immediately frozen at —70°
The hiver (ca 6g) of each rat (100-150g) yielded
approximately 180 mg of microsomal protein The
protein concentration was measured colorimetrically
using crystalline bovine serum albumin as standard
[10}] The concentration of cytochrome P-450 was
measured according to [11]

Spectral studies

The spectra were recorded at room temperature
between 360 and 500 nm using an Aminco DW2
spectrophotometer The two cuvettes each contained
7504l of a standardized microsomal suspension
(1 Smg protein/ml) freshly prepared from the con-
centrated microsomal suspension The amdes were
dissolved 1n a 0 1 M sodium phosphate buffer (pH
7 4) and added in portions of 0 5-10l nto the
sample cuvette Corresponding volumes of the buffer
solution were added to the reference cuvette The
diution resulting from the addition of the ligand
solution was always taken into account to calculate
the ligand concentration in the cuvette and to correct
the absorbance The volume variation never
exceeded 10% The dervatives with one methylene
group In the side cham present a detectable absorp-
tion (AA,,;) This absorption was taken into account
too using the tollowing formula

AA i = AAmu\urgd - AIA[\\r

Calculation of Ks values

Assumptions For the calculation of Ks values a
number of assumptions were made

(a) The Lambert—Beer law 1s satisfied 1in the con-
centration range investigated

(b) The ligand—P-450 complex has the same absorp-
tion coefficient (A€, .mn) for all used higands
with a defined type of microsomes

(c) When a lhgand displays two affinity constants.
the corresponding complexes have the same Ae
value

(d) The ligands with the strongest affimty bind to
the entire cytochrome P-450 population present
when their concentration tends towards mfinity

Regarding assumption (b). a comment 15 necessary
Indeed. there 15 no theoretical proof that the Ae
values are the same but this assumption 15 unavoid-
able since 1 this case there 1s no practical possibility
to differentiate between both values At low ligand
concentrations the spectral maxima and minima are
broad due to the small amplitude The introduction
ot a second Ae¢ value in the non-linear regression
would lead to overparametnization of the model
Data analysis using the same Aeg values vields con-
sistent results thus favouring assumption (b)

Mathematical model When the hgand (L) binds
to the acceptor (E,)} tollowing

E,+L=EL (H
its dissociation constant 1s
(E.J[L]
K, =——+ f =1,2. 2
, L] orir =1, n (2)
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This dissociation constant 15 vahd only when the
metabolisation rate 1s nil or neghgible In our case
this could be assumed because no cofactors were
present in the cuvettes

The mass balance for the dacceptor gives

El..=[E]|+[EL fory=1 2 " (3)
t
Equations (2) and (3) gne
» L . IEI}IHI . q 4
[E, - L]= TT R K L] fori=12 n ()

I'he mass balance tor the hgand 15

(L]= L} + ’E][E,Li

~ & B
=L+ 2‘[ 1+ K,/[L]

The transtormation of equation (3) with regaid to
(L) 1s a quadratic one for n = | and a third degree
one for n =2 In the two cases. the solution must
respect the following condition

0= (L] (L], (o)
The difference between maximum and mimimum
absorption AA 15 defined by

" "

[El]lm
= = As _
AA = As ’Z][E,L] ¢ 21 T KL

(7N
Parncular cases

(a) Representanion according to AA 1= f{([L] ')

When n = 1. equation (7) can be written

1 K, | 1 :

A AE. U AdE. 0 ©®

For this model we have to know [L] When the ligand
concentration 15 much higher than the cytochrome
P-450, or when the ligands have Iittle affinity for the
acceptor, then [L],, = [L]. and equation (8) 15 the
Lineweaver—Burk equation {12]

1 K 1 . !
AA AF[EIIM [L]tm AF[El]IUI
For n =2 this representation gives an hyperbola

(b) Sumplificarion of the model 1o determine AA,,
When the tollowing conditions are vahd

[L]lm > Kl and [L]lm > K,

19)

=23 i

and
2 E Lo L (10)
1
Then L], =[L] and equation (7) simphfies to
”’ [E‘l]lm
AA=A¢ [ DIE + ——— i1
! ('A/:[ lh 1+ Kl /[Lllux ( )

We have analyzed the results according to

(1) Lineweaver-Buik (equation 9)

(2) non-linear model (equation 7) for n =1 o1
2. using the program “MODFIT™ [13] The
iterative determination ot five parameters (A,
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Fig 2 Type I1 binding spectra resulting from the interaction of 4-pyndylpentanamide (0 4-28 uM) with
a microsomal suspension (imtial P-450 concentration 3 11 uM) from PB-induced rats

[E1]iots [E2)ior» K1+ K3) cannot converge due to
overparametrization For this reason Ag was
determined independently from AA., The
latter was calculated from equation (11) using
the ligand showing the highest affimity when
[L] tends towards mfimty (hypotheses d and c.
see “Assumptions”) The Agpp and Aggpc were
calculated from the means of AA,, using

AAde AAmay
Agpg or AS}M(_ = = [P-450]

2 [EI ]t()[

=1

(12)

The values of the four parameters forn=1orn=
2 were obtained when the difference between the
last two 1terations were less than 1% An F-test was
performed to compare the results obtained for one
acceptor (n=1) and two acceptors (n=2) The
program also calculates the fraction f3, of acceptor
relative to the concentration of P-450

(E o

b = tpas0] (13)

RESULTS AND ANALYSIS OF DATA

The content of cytochrome P-450 by CO-binding
spectra was found to be 0 792, 2 073 and 1 656 nmol
P-450/mg protein 1n non-induced, PB-induced, and
3MC-induced rat liver microsomes, respectively The
mteraction of the pyridylalkanamides with the PB-

and 3MC-induced microsomes resulted in each case
in typical type II spectra Figure 2 exemplifies the
spectra obtained with 4-pyridylpentanamde

The spectral characteristics are the same for the
3- and 4-pyndyl senies (A =425 =2nm, A,, =
393 + 2nm, 1sobestic point=415+2nm) We
observed a httle shift toward the low wavelength
for the 2-pyndyl series (Ap, =422 =2 nm, A
391 = 2nm, 1sobestic point = 409 + 3 nm)

min

Lineweaver—Burk analysis of data

Figure 3 shows a double reciprocal plot typical of
several investigated pyridylalkanamides The 3- and
4-pynidyl sertes yield two straight lines Slope
changes were determined by selecting the pair of
straight hnes which mimimizes the residuals The 2-
pyridylalkanamides present only one line Tables 1-
3 report the results obtamed with the three senes of
amides

The Lineweaver—-Burk plot 1s characterized by 1ts
sumplicity However, and like other methods based
on the transformation of experimental data, 1t
exhibits a number of shortcomings stressed by Klotz
[14] and Burgisser [15] Thus. the distorted dis-
tnibution of points can lead to inaccuracies and over-
simphified plots two straight lines are apparent in
Fig 3 when the real function should be a hyperbola
(interaction of a ligand with two acceptors) Non-
linear methods overcome these hmitations [14]

Non-linear analysis of data
The AA,,, values were calculated with equation
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Fig 3 Double reciprocal plot for the binding of 4-pyridylbutanammde to PB-induced rat ver microsomes
AA = Ay-Ayg. M = ligand concentration n M, I = —1/Ks,, IT = —1/Ks,

(11) respecting conditions (10) The Aevalues deter-
mined from equation (12) are S0 mM ™~} cm™! for PB-
induced microsomes and 65 08 mM~!em™! for the
3MC-induced ones.

Figure 4 represents the individual binding data of
4-pyridylpentanamide plotted according to the one-
and two-acceptor models. Visual inspection clearly
reveals that the two-acceptor model yields a better
fit This 1s confirmed statistically* the residual vari-
ance1s 1 12 x 107*and 2 24 x 1074, respectively, for
the one-acceptor and two-acceptor model
(P < 0.001). Tables 4-6 present the pKs values cal-
culated for the three 1someric sertes of
pyrnidylalkanamides.

DISCUSSION

Comparison of the pKs values calculated by the
Lineweaver—Burk and non-linear methods

Globally, the pKs values calculated by the two

methods (symbolized by “L.B” and “nonlin”. respect-
wvely) are remarkably similar (Fig. 5) The regression
equation 1s

pKs(LB) =0.79(+0 04) pKs(nonlin) + 0 78(=0 15)
n =40 r? = 0900 (16)

This similarity must be due to the fact that the
ligands were tested in the broadest possible con-
centration range, between the detection limit and
the limit of spectral saturation A more narrow con-
centration range could have yielded pKs(LB) values
mtermediate between pKs; and pKs,(LB) values

A closer examination of the tables and Fig 5 shows
that pKs,(LB) values are smaller than pKs,(nonln),
whereas the reverse holds for pKs, values These
systematic biases may originate from the <im-
plfications of the Lineweaver-Burk model. which
1dentifies a hyperbola with two straight lLines

The above comparison shows that the Line-

f S—
o8- *{f-’—:q
_x= xy 75
= .
-
3 4 06[’ P
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e
7
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]
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0 25 5077 100 140
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Fig 4 Plot of data for the binding of 4-pyridylpentanamude to PB-induced microsomes. the ordinate
and abscissa being defined according to AA/AA,,, and L /[P-450], respectively The curves for the

one acceptor (---) and two acceptor models (

) were calculated according to equation (11) Note

the different scale of the abscissa above S50
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Table 1 pKs values of 2-pyndylalkanamides (Lineweaver-Burk analysis)

PB-induced microsomes 3MC-induced microsomes
nC* conc [M}+ ¥ N§ pKs[M]|| conc [M]+ ri N§ pKs[M]|
1 201073201077 0992 25 1712009 2010°-43107° 0804 17 2.23=+038
2 271073-2410"3% 0993 15 176010 07107°-5810"* 0994 19 220=006
3 40107%-5010"* 0980 26 197007 101073-50107° 0985 21 237=007
4 041073-11 1073 0987 18 269009 101073-17 1077 0993 12 248 = 008
* nC = number of —CHy— group 1n side chain
+ conc = concentration range investigated
i r = correlation coefficient
§ N = number of points i the regression
| The errors were calculated from the 95% confidence himts of the slope
Table 2 pKs values of 3-pyridylatkanamdes (Lineweaver—Burk analysis)
nC conc [M] r N pKs, [M] conc [M] r N pKs,; [M]
PB-induced microsomes
1 041044010* 098 28 332=x009 0610%-2210° 0921 8 240024
2 0410*-6010* 0997 11 298=x016 061072-30102 0971 12 234x010
3 04107°2410° 0979 22 452=010 301079710 0975 19 355x007
4 021075-3710° 0991 17 458=008 37107*-1810* 0888 5 380+039
3MC-induced microsomes
1 121074-2010"* 0977 13 334x014 0210224107 0990 16 265x005
2 04107%-1610 0999 12 336=x003 161032910 0991 18 272x004
3 10105491075 0987 14 420+x009 4910%-9710™* 0991 8 343=018
4 2010%-5810°% 0971 20 48 =013 06101810 0995 22 387=003
See Table 1 for column headings
Table 3 pKs values of 4-pynidylalkanamides (Lineweaver-Burk analysis)
nC conc [M] r N pKs; [M] conc [M] r N pKs, [M]
PB-induced microsomes
1 04104-1910* 0976 31 369009 20107°-11107° 0994 8 279007
2 02104-21107* 0910 34 4022014 20103-17107° 0988 7 28010
3 04107°-6810° 0972 30 450009 0710°-1010 0973 12 338=008
4 04107°-2810° 0993 22 515+x012 28107°-42107% 0999 8 446003
3MC-induced microsomes
1 04107-1010* 0980 20 370x010 10103-3010° 09% 6 311010
2 101075-6010° 0996 13 385x009 0610°-19107° 09% 10 313004
3 08107°-7210"° 0998 18 422003 7210792107 0989 12 343=006
4 161075-16 107 0991 8 528*012 0210%-1510* 0973 19 402%x012
See Table 1 for column headings
Table 4 pKs values of 2-pyridylalkanamides (non-hnear analysis)
nC  pKs* [M] ot dff  pKs;* [M] pKs,* [M] a,t dft P8
PB-induced microsomes (total P-450 concentration in cuvettes 3 11 uM)
1 158004 177107 45 1512027 036=x119 322107 43 NS
2 186005 105107 20 187005 066=x267 117107 18 NS
3 195003 20210°° 30 178+028 268=x112 1910°* 28 NS
4 257005 153107 200 128+036 276x009 14810°° 18 NS
3MC-induced microsomes (total P-450 concentration in cuvettes 2 49 uM)
1 182010 157107 20 155+032 0 0001]] 407107 18 NS
2 184004 83710° 20 171004 424059 272107 18 <001
3 211005 3801074 23 170007 375026 822 10°° 21 <0 001
4 240005 148107 14 192+017 3.27x026 44010° 12 <005

* pKs resp pKs; and pKs, = pKs values obtained with one resp two binding sites model
1 0, resp o, = residual variance obtained with one resp two binding sites model

+ df = degrees of freedom

§ P assessed by F-test (NS = non-significant)

| Starting value 1 iteration, otherwise non-calculable

2237
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Table 5 pKs values of 3-pynidylalkanamides (non-linear andalvsis)

nC pKs [M] o df pKs, [M] pKs, [M] a A P
PB-induced microsomes (total P-450 concentration i cuvettes 3 11 M)

1 2702004 09010 * 34 210014 346 =0 16 257 32 001

2 278008 36010 ° 19 139028 336 +010 30010 ¢ 17 (g

3 378005 295107 39 296008 453008 342010 37 0001

4 419006 2051070 19 298033 4+62+012 628 10 17 i 0]
3MC-induced microsomes (total P-450 concentration in cuvettes 2 449 M)

1 277=003 088 10" 27 242007 371+ 010 1 N6 D o~ 106

2 2792003 11310 ° 27 2352006 353010 12310 0 (Y]

3 364 2004 178 10 ° 20 288 =011 417 - 008 20110 IS (1001

4 IRT002 0481077 40 365008 479+ 024 (01

1 4s o N

See Table 4 for column headings

weaver—Burk analysis 1s only approximate for a one
ligand—two acceptor model The approximation 1s
satisfactory if sufficient points have been measured
over a large concentration range, as evidenced by
the 3- and 4-pyridylalkanamides The approximation
1s not as good 1f the concentration range 1s relatively
narrow. or if the number of acceptors 1s uncertain as
15 the case for the 2-pyridylalkanamides Non-hinear
methods, while less straightforward to employ. are
globally more rehable

Hvypothesis regarding the existence of two pKs values

The non-linear analysis of data has unambiguously
established the cxstence of two dissociation con-
stants tor most of the ligands mvestigated here A
tew similar cases have already been reported in the
literature [17]. but no explanations have been
ottered

A number of hypotheses can be postulated to
explain dual affinity of a ligand to cytochrome P-450

(a) The binding occurs to two distinct 1sozyme
populations However. we note that the pKs values
are practically the same for PB- and 3MC-induced
microsomes This could indicate that the difference
in the relative proportion of 1socytochromes P-450
has no influence on the hgand-binding ot
pyvridylalkanamides

(b) Hajek er af [18]. using other ligands and
purified 1socvtochromes P-450. also found two affin-
ities This would suggest that dual affimity results
from dual binding to a given 1sozyme either as 5th
and 6th ligand. an improbable hypothesis in the light

of studies published by White and Coon [19Y] showing
that the S5th ligand (=5 ) does not change during
the metabolic activity ot cvtochrome P-450 or as 6th
ligand and as substrate on an adjacent protemn region
resulting in a modification of the tvpe 11 spectrun
[20]. which however was never detected o1 may also
be due to an additiond] non-specific biding to «
protein region remosved from the heme motety
hypotheses which must be excluded since such o
bmding would not he detectable with the spectral
technigue used

Thus no acceptable cyplanation can be ottered
which would satisty a dual binding to a simgle 1so/vme
n a single state

{¢) The most Iikely posability imvoives changes in
the spin state of the ferric1on We postulate that at
low concentrations. the pynidines bind as the 6th
ligand to the population of evtochiome P-450 existing
in the low-spmn state due to the presence ot an
endogenous 6th hgand the latter s thus displaced
by the exogenous hgand and this produces a tyvpe
[Ib spectrum At higher concentrations the higand
binds to the high spim ( pentacoordmated) 1ron 1on
producing o shitt to the low-spin state theva-
coordimnated) and type 1T spectium which represents
the sum of type ITh and [la spectia [17]

In the context of this hypothesis one could have
expected different pks, values depending on the type
of inducer being used Indeed cvtochrome P-450 1n
hepatic microsomes trom PB-pretroated rats oxasts
preterentialhy 1n the low spin torm whereas atter
IMC pretreatment the high-spin torm predonumates

Table 6 pKs values of 4-pyridylalkanamides (non-lincar andlysis)

nC pKs [M] 0, df

pKs; [M]

pKs, [M] o 0t P

PB-induced microsomes (total P-450 concentration in cuvettes 3 11 aM)

1 308 =004 16510 ° 39 255+015 3R3I+01Y 076 10 37 01
2 368 =004 40510 ° 57 255+018 409+ 008 1 65 10 33 000
3 3942005 65410 " 46 2690017 450 =010 21 44 (o0t
4 473003 11210 ° 27 414010 S34 =411 224000 oS 0 00;
3MC-induced microsomes (total P-450 concentration in cusettes 2 19 A

1 3442004 064107 24 233 x() 64 379+ (15 AR RIS o2 NS
2 332004 240 10 ¢ 20 287+007 4282013 3S2 00 1 0 061
3 3832004 24810 ° 27 274+013 125+006 Q4000 oS 0001
4 3199+ ()05 35710 ° 26 389 +009 615+ 159

3710 4 NS

Sce Table 4 for column headings
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Fig 5 Compansson of the pKs values obtained by Line-
weaver-Burk (LB) and non-hnear (nonlin) analysis The
calculated line 1s described by equation (16)

[21,22]. Our results show a great similanty n the
pKs, values of both types of microsomes, as also
found by Jefcoate er al. [17] when studying ahphatic
amines. These observations make sense since there
are mdications [21] that the preparation of mucro-
somes may easily alter the spin state of cytochrome
P-450, and since measurements of spin state by EPR
yield only relative and not very accurate data.
Hypothesis (c) 1s supported by data from other
studies White and Coon [19] showed that imidazole
presents more affimity for low spin cytochrome P-450
(LM; induced by PB) than for the high spin form
(LM, 1induced by 5,6-benzoflavone). Moreover,

pK.,
D
I
\\HH
i
=

L. | 1

-06 -02 02
log P
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Table 7 B values obtamned from equation 13 for a one
acceptor- (n = 1) and a two acceptor-model (n = 2)

n=2
Substances n=1
tested B, [%] B, (%] B[]
PB* 2+-1% 42 +2 49 + 29 01+282
2-2 432
2-3 44 + 1 4112 6=+ 16
2-4 34 +2
34-1% 582 33+3 19+4
3-2 78+ 3 95 + 30 445
3-3 702 50+2 33+3
34 68 =2 49 = 44 +6
4+-1% 78 £ 2 69 x5 25+7
4-2 87 +2 49+ 4 57=5
4-3 83 x2 565 514
4-4 83 +2 63 =4 33+6
IMC* 24-1% 20x2
2-2 33+1 341 2204
2-3 37x2 39+2 61
2-4 372 40=x3 8§+3
31t 76 £2 64 =4 18x4
3-2 86 + 1 65+ 4 29+5
3-3 78 £2 S0x4 =5
3-4 81 =1 74x4 12+5
4*-1% 57+2 63 =42 33+9
4-2 90 +2 71+ 4 26+ 5
4-3 852 44+ 3 56+ 4
4-4 102+ 4 99 + 5 54

* PB and 3MC = microsomes tnduced by PB and 3MC,

respectively

+2, 3 and 4=2-, 3-

respectively

and d4-pyndylaikanamides,

1 1 to 4 = number of —CH,— groups 1n side chain

(b)

oK,

pKa

Fig 6 Plots of pKs values (PB-induced microsomes, non-linear analysis) versus (a) log P (I r = 0 844,
n=8 Il r=0691,n=8,III r=0962,n=4) and (b) pK, (I r=0846,n=8,I1 r=0700, n =8,
II r=0 872, n=4) values of pyndylalkanamides Full symbols pKs,, open symbols pKs,, @, O =

2-pyndyl series, B, (0 = 3-pyndyl series, A, A = 4-pyridyl series
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Kumaki et a/ [21] observed that a type IIb hgand
has a higher affinity for the cytochrome P-450 than
a type Ila hgand.

The particular results of the 2-pynidylalkanamides
are of interest The single pKs with these compounds
implies that the only detectable binding 1s to the high
spin form (low affinity site. Table 7) resulting 1n a
type I1a spectrum The little shaft toward the lower
wavelength as compared to the regioisomers suggests
a decreased contribution of a type IIb component 1n
the spectrum The fact that the sum 3, + B, (express-
g % enzyme molecules occupied) 1s smaller than
50% (see Table 7) 1s compatible with binding to the
high spin form only

Structure-binding relanonships

Tables 4-6 show that the affimty of pyndyi-
alkanamides for cytochrome P-450 15 dependent
upon their chemical structure However, clear-cut
structure-binding relationships are not apparent
Qualitatively. two effects can be seen the affinity
decreases in the series 4- > 3- > 2-pyridylalkanam-
ides, and the affinity increases with increasing length
of the side chain

The first effect 1s postulated to be steric in nature,
steric shielding of the pyridyl nitrogen being unfavor-
able for its hgand binding to the ferric 1on The
particular mode of binding of the 2-pyridyl senes
mdicates the importance of steric effects permitting
binding onlv to the pentacoordinated iron which 1s
sterically more accessible

As regards the increase 1n affimty with the length
of side cham. 1ts ongin cannot be assessed with
certainty. Indeed, we have shown [8,9]. that the
lipophilicity (log P) and the basicity (pK,) of these
compounds 1ncrease with increasing length of the
side chain Typical plots of pKs versus log P and pK,
values are shown 1n Fig 6 They indicate a global
mcrease 1 atfinity for both increasing lipophilicity
and basicity But because these two physicochemical
properties are intercorrelated n this series (r =
0 85). 1t 15 not possible to conclude whether the
binding of the pyndylalkanamides to cytochrome
P-450 15 controlled by lipophilicity and/or basicity
Piots of pKs values (measured with 3MC-micro-
somes) versus log P and pK, are similar to those
shown in Fig 6 This work and others [17. 19, 23]
indicate that the dissociation constant is influenced
by lipophilicity and basicity Indeed the hgand must
present a sufficient solubility to approach the heme
and nucleophilicity to bind to the Fe*”

Ihe correlations between pKs and log P or pK,
values are only partial (Fig 6). perhaps suggesting
other structural factors to be influential The thermo-
dynamics of distribution of pyndylalkanamides
between organic solvents and water ([24], Repond et
al oin preparation) has shown that 1in media of low
polanty the 2-pyridyi homologs having 1 to 3 methyl-
ene groups n the side chamn can form an intra-
molecular H-bond between the amide group and the
heterocyche mitrogen (Fig 7) This conformation
amphhes the steric ettect of the 2-substitution and
contributes to the masking of the nitrogen for the
binding to the ron atom

In conclusion. the present work brings evidence
for a4 dual mode of binding ot a number of higands
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Fig 7 Representation ot the intramolecular H-bond tor 2-
pynidylethanamide

to cytochrome P-450 High affinity binding 15 pos-
tulated to involve the low spin, hexacoordinated
fernc cation, whereas low affimty binding 1s believed
to occur to the high spin, pentacoordinated ferrc
cation, and to induce a high spin to low spin conver-
ston This hypothesis, however, needs experimental
confirmation. Furthermore, 1t may be of nterest
to mvestigate whether the pyridylalkanamides are
inducers of cytochrome P-450, and whether there 1s
a relationship between therr affinity and inducing
properties Such studies have been performed and a
publication 1s 1n preparation
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