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Abstract—The K| values of several homologous series of barbiturates were determined. The relationship
with the lipophilicity and the rate at which the barbiturates were eliminated by the isolated perfused
rat liver, was investigated. The K values decreased with larger substituents, indicating a higher affinity
for cytochrome P-450. The bromoallyl substituted and N-methylated barbiturates had lower K, values
than their allyl and non-methylated homologues. This corresponded generally very well with the rate
of the metabolism, which was expressed as heptabarbital clearance ratio. The relationship between
the K, values and the lipophilicity in the various series could be described by a parabolic function.
However, it appeared that the length of the side chain rather than the lipophilicity is responsible
for the decline in affinity for cytochrome P-450 as was found for the derivatives with long substituents.
It is concluded that although an affinity for cytochrome P-450 is a primary requirement for metabolism,
other factors as the reactivity of the substituent are involved in the quantification of the metabolism.

For many drugs there seems to exist a relationship
between the ability to produce a spectral change with
liver microsomes and to undergo oxidative metabolic
conversion [1]. This suggests that drug binding is an
obligatory step in the mechanism of drug oxidation.
The dissociation constant obtained by spectral differ-
ence measurement, is regarded as a measure of the
affinity of the substrate for cytochrome P-450.

Although various studies have been undertaken to
measure the K, values of barbiturates [2-4], system-
atic studies involving large homologous series of bar-
biturates, are still lacking. We have, therefore, deter-
mined the K, values of a large number of barbiturates
and have correlated these values with the lipophilicity
and the hepatic clearance of the compounds.

MATERIALS AND METHODS

Drugs. Barbiturates not commercially available
were prepared by condensing the appropriate malonic
esters with urea according to Fischer et al. [5].
N-Methylated barbiturates were prepared by methy-
lation according to Martin et al. [6]. All barbiturates
were recrystallized from ethanol-water. The purity
was better than 99 per cent as determined by G.C.
All other reagents were of analytical grade.

Preparation of microsomes. Livers of male Wistar
rats were excised immediately after decapitation,
weighed, transferred to 9 vol. ice-cold 0.25 M sucrose
and homogenized in a Potter-Elvehjem homogenizer.
Nuclei and cell debris were sedimentated by centrifug-
ing at 600 g for 5min. The supernatant was centri-
fuged at 18,000 g for 15 min and the microsomal frac-
tion was obtained by centrifuging the 18,000 g super-
natant for 1 hr at 105,000 ¢g. The microsomal pellet
was resuspended in 0.15 M KCl and centrifuged once
more at 105,000 g for 30 min to remove haemoglobin
and finally resuspended in 4 vol. 0.15M KC1-0.05M
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Tris-HCI (pH 7.4) to a concentration of about 1 mg
microsomal protein per ml.

Recording of difference spectra. The barbiturates
were dissolved in KCI-Tris-HCl buffer to concen-
trations ranging from 0.02 to 2mM. Two cuvettes
were filled with 1 ml microsomal suspension and 2 ml
barbiturate solution was added to the suspension,
while to the reference cuvet an equal volume of buffer
was added. With varying substrate concentrations,
spectra were recorded from 500-350 nm on a Carry
118 C double beam spectrophotometer with a scat-
tered transmission accessory. The extent of spectral
change was determined as the difference in absorption
at 420 and 390 nm. K, values were obtained from
double reciprocal plots with the help of a linear
regression computer program.

Partition coefficients. Octanol-water partition coef-
ficients were measured by shaking 5ml octanol [1]
solution containing 20 mg barbiturate per 100 ml,
vigorously for 0.5 hr with an equal volume of phos-
phate buffer (Sorensen 1/15M). After equilibration
and centrifuging the two layers were separated. The
partition coefficient was calculated from the decrease
of concentration in the octanol layer. Because of
the large differences in partition of the members of
the various series, measurements had to performed
at different pH’s. From these apparent partition co-
efficients (APC) the true partition coefficients (TPC)
were calculated with the formula: TPC = APC
(1 + 1071 -7Ka) pK values were taken from Doornbos
et al. [7], Krahl [8], Sitsen [9] and Kakemi er al.
[10].

Hepatic clearance of the compounds. In order to
determine the hepatic metabolism of the barbiturates,
independent of distribution processes and other
routes of elimination as is the case in intact animals,
the isolated perfused rat liver was selected.

The perfusions were mainly performed according
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Fig. 1. Type I spectral change caused by 5-ethyl-5-alkyl substituted barbiturates. Final concentration
0.22mM.

to the methods of Miller et al. [11]. In order to cor-
rect for variations in metabolic activity of the livers
used, the metabolic clearance of heptabarbital was
choosen as internal standard of each perfusion, since
this barbiturate has been reported to be eliminated
mainly by metabolic conversion [12]. The metabolic
clearance of the barbiturates has been expressed as
the heptabarbital clearance ratio (i.e. clearance com-

pound/clearance heptabarbital in the same perfusion).
Detailed information on the perfusion system and
analysis of the barbiturates is given by Yih [13].

RESULTS

In the concentration ranges used, all barbiturates
showed a type I spectral change with an absorption

Table 1. K, values, partition coefficients and metabolic clearances of a number of barbiturates

§ R
R, L— N\C =0
R —N -
O H
Log TPC K, Heptabarbital

Compound R, R, R, oct-water (mM) clearance ratio
Propy! ethyl propy! H 0.87 0.235 + 0.044 0.004 + 0.001(2)*
Butyl ethyl buty! H 1.70 0.089 + 0.009 0.068 + 0.005(5)
Pentyl ethyl pentyl H 223 0.032 + 0.004 0.289 + 0.056 (5)
i-Pentyl ethyl 3-methyibutyl H 21 0038 + 0.017 0.161 + 0.023(4)
s-Penty! ethyl {-methylbutyl H 213 0.045 + 0.012 0.310 + 0.062(4)
Dm-Buty! ethyl 2.3-dimethylbuty! H 239 0.025 + 0.002 0425 + 0.017(4)
Hexyl ethyl hexyl H 3.08 0.019 + 0.003 0.809 + 0.065(5)
Heptyl ethyl heptyi H 3.64 0020 + 0.004 1.025 + 0.122(6)
Octyl ethyl octyl H 385 0.024 + 0.002 1110 + 0.272(4)
Nonyl ethyl nonyl H 413 0.056 + 0.011 1.611 + 0.225(4)
Aprobarbital ally! isopropyl H 1.64 0.219 + 0.047 0.015 £+ 0.005(3)*
Talbutal allyl 1-methylpropyl H 1.76 0.098 + 0.008 0.066 + 0.006(3)
Nealbarbital allyl neopentyl H 2.53 0.061 + 0.007 0.049 + 0.007(3)
Secobarbital allyl 1-methy!buty} H 2.59 0.028 + 0.002 0.303 + 0.064(4)
Braliobarbital bromoallyl allyl H 2.05 0.136 + 0.030 0.037 £ 0.005(5)t
Noctal® bromoallyl isopropyl H 221 0.105 + 0.015 0.047 + 0.004 (3)t
Pernocton® bromoallyl i-methylpropyl H 2.58 0.031 + 0.005 0314 + 0.030(3)
Rectidon® bromoallyl 1-methylbutyl H 313 0.013 4 0.001 0.965 + 0.175(4)
m-Brallobarbital bromoaliyl allyl CH, 234 0.103 + 0.013 0.270 + 0.060(3)t
Eunarcon® bromoallyl isopropyl CH; 278 0.034 + 0.001 0.524 + 0.042(3)
m-Pernocton bromoallyl 1-methyipropyl CH, 320 0.012 + 0.001 0.594 + 0.036 (3)
Norhexobarbital methyl 1-cyclohexen-1-yl H 1.16 0.099 4 0.003 0.092 + 0.008 (3)*
Cyclopal* allyt 2-cylopenten-1-y! H 1.64 0.080 + 0.010 0.134 + 0.010(3)
Cyclobarbital ethyl 1-cyclohexen-t-yl H 202 0.041 + 0.003 0.299 + 0.028 (3)
Heptabarbital ethyl 1-cyclohepten-1-yl H 245 0.022 1 0.002 1

Reposal® ethyl bicyclo-3,2,1-oct-2-en-2-y! H 278 0.026 + 0.004 0.757 + 0.063(3)
Hexobarbitat methyl I-cyclohexen-1-yl CH, 204 0.036 & 0.003 0815 + 0.092(3)
m-Cyclopal allyl 2-cyclopenten-1-yl CH, 195 0.025 + 0.001 1.252 + 0.054 (4)
m-Cyclobarbital ethyl 1-cyclohexen-1-yl CH, 232 0.024 1+ 0.002 1.554 + 0.208 (4}
m-Phenobarbital ethyl phenyt CH, 203 0.023 + 0.003 0.076 + 0.009(3)
m-Heptabarbital ethyl {-cyclohepten-1-yl CH, 2.95 0.015 + 0.002 2.570 + 0.301 (3)
m-Reposal ethyl bicyclo-3,2,1-oct-2-en-2-yl CH; 3.26 0017 + 0,001 2428 + 0.414(3)

* Mean + S.D.; number of experiments in parentheses.
+ Slowly metabolized in perfusion [16].
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Fig. 2. Reciprocal plots of changes in absorbance at 420 nm relative to 390 nm caused by consecutive
additions of N-methylated ring substituted barbiturates to microsomal suspensions.

minimum at 420 nm and a peak at 390 nm. Figure
1 shows the spectral change of a number of 5-ethyl-5-
alkyl substituted barbiturates added to a final non-
saturating concentration of 0.22mM. There is an
increase in spectral change from the propyl to the
heptyl derivative, while a further lengthening of the
alkyl side chain results in a smaller spectral change.

In Table 1 the dissociation constants of the 5-ethyl-
5-alkyl series, based on the induced spectral change,
are listed. Our values for the butyl and s-pentyl de-
rivative are consistent with those reported by Jansson
et al. [14]. The value of the i-pentyl derivative is in
agreement with that of Topham [4] and Sitar [15].
Table 1 presents the values of a series of allyl and
2-bromoallyl substituted barbiturates together with
some N-methylated homologues. In both groups
there is an increase in affinity for cytochrome P-450
with increasing alkyl side chain. The K, values of the

bromoally] substituted barbiturates are lower than
those of their allyl substituted homologues.

Figure 2 shows the reciprocal plots of a number
of N-methylated barbiturates with a cyclic substituent
at the S-position. There is apparently an optimum
in affinity for cytochrome P-450 for the cycloheptenyl
substituted derivative. In Table 1 the K, values are
listed for the cyclic substituted barbiturates. As in the
previous series the N-methylated barbiturates have
lower K values than their non-methylated homo-
logues.

Attempts have been made to correlate the K, values
of the various barbiturates with their octanol-water
partition coefficients. In Fig. 3 a curve is shown,
which presents the relationship between log P and
the affinity for cytochrome P-450 of a number of
5-ethyl-5-alkyl substituted barbiturates according to
a parabolic function. The correlation coefficient and
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Fig. 3. Relationship between log P(octanol-water) and the affinity to cytochrome P-450 of a number
of 5-ethyl-5-alkyl substituted barbiturates.
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Table 2. K, values and partition coefficients of some
N-methylated S-ethyl-5-alkyl substituted barbiturates

K, Log TPC
Compound (mM) oct-water
hexyl* 0.008 + 0.001 326
heptyl 0.009 + 0.002 4.16
octyl 0011 + 0.002 425
nonyl 0.020 + 0.003 4.34

* Refers to alkyl substituent.

the residual standard deviation were 0.935 and 0.105
respectively. This is consistent with the reports of
Hansch et al. [16] on the parabolic dependence of
pharmacological activity upon the lipophilic charac-
ter of the compounds.

In the S-ethyl-S-alkyl series, the lipophilicity of the
compounds was increased by the introduction of
larger substituents. It was interesting to investigate
whether the high lipophilicity was responsible for the
higher K values of the octyl and the nony! derivative.
The lipophilicity of the last four members of the series
was increased, therefore, in another way, namely by
N-methylation. If the high lipophilicity is responsible
for the decline in affinity for cytochrome P-450, these
N-methylated derivatives should have higher K;
values than their non-methylated homologues and
should be situated on the descending part of the para-
bola, presented in Fig. 3. The results, presented in
Table 2, indicate that the length of the substituent,
rather than the lipophilicity is responsible for the de-
scending part of the curve.

DISCUSSION

The introduction of larger substituents either ali-
phatic or cyclic at the S-position of the barbituric
acid nucleus results in a decrease in K, value. Further,
the 2-bromoallyl substituted and N-methylated bar-
biturates have lower K values than the correspond-
ing allyl and non-methylated derivatives. In the
various homologous series this corresponds very well
with the metabolic clearances of compounds with no
more than 6 or 7 carbon atoms in the side chain.
Generally, compounds with a low K value are meta-
bolized faster than those with higher K, values.
Studying derivatives with no more than 6 or 7 carbon
atoms in the side chain may lead to the conclusion
that the K values are only dependent on the lipophi-
licity of the compounds [4]. Our results, however,
indicate that with larger substituents the influence of
a steric effect becomes visible resulting in a lower
affinity for cytochrome P-450, despite the higher lipo-
philicity of the compounds. This decrease in affinity
for cytochrome P-450 .may be responsible for the
parabolic relationship found, when plotting the meta-
bolic clearances against the partition coefficients of
the compounds [13].

T. D. YiH and J. M. vaN RossuMm

Jansson et al. [14] did not find a good correlation
between the lipophilicity and the rate of metabolism
of barbiturates. One of the reasons may be that the
barbiturates studied, were treated as belonging to one
homologous series. They may indeed structurally.
However, when looking at their routes of metabolism,
they belong to different series [13].

Besides an affinity for the metabolic system, the
rate of metabolism is also dependent on factors as
the reactivity of the C—H bonds to be hydroxylated.
For instance, nealbarbital and methylphenobarbital
are slowly metabolized, despite the rather high affinity
for cytochrome P-450. When going from the n-hexyl
to the n-nonyl compound the number of reactive
C—H bonds increases, explaining their greater clear-
ances, despite a decrease in affinity for cytochrome
P-450.

In conclusion we can say that a certain affinity for
cytochrome P-450 is a primary requirement for meta-
bolism. However, other factors as the reactivity of
the C—H bonds to be hydroxylated and the number
of those bonds, obviously play a role in the quantifi-
cation of the rate of metabolism of the barbiturates.
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