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Abstract JThe effects of lignans, related to macelignan, on hepatic microsomal drug-
metabolizing enzyme (DME) activity were evaluated to elucidate the structure-activity rela-
tionship in mice and rats. The compounds carrying the methylenedioxyphenyl nucleus were
found to be the most potent among compounds tested; which not only produced a marked
inhibition of DME with a single dose but a significant induction with repeated treatments.
Lack of the methylenedioxy group caused marked decrease in the activity, implying that a
methylenedioxy group is essential and of major importance eliciting DME modifying activity.
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cytochrome P-450.

Lignans are group of natural products distributed
widely in the plant kingdom, whose carbon skeletons
are constructed by the linking of C,C; units, which
are formed biogenetially through the shikimate path-
way. Biological activities of lignans were found to
cover a broad range!-2 and include anti-tumor, anti-
mitotic, anti-viral and anti-microbial properties. A dis-
tinct physiological effect was observed with lignan
treatment in animals, such as activity on the central
nervous system, protective activity against hepatotox-
ins and general stress reducing activity. On the other
hand, lignans were reported to inhibit specifically cer-
tain enzymes, such as enzymes affecting respiration,
¢-AMP phosphodiesterase and catechol-O-methyl trans-
ferase.

Recently, macelignan, a 1,4-diarylbutane deriva-
tive isolated from the arils of Myristica fragrans was
found to elicit a significant interaction with drug-
metabolising enzymes (DME)4),

This paper aims to investigate to help elucidation
of the structure-activity relationship on inhibitory effect
of diarylbutane type lignans.

MATERIALS AND METHODS

Chemicals

Macelignan (I) and meso-dihydroguaiaretic acid
(I1) were isolated from mace®. 3-Demethyl-meso-di-
hydroguaiaretic acid (III), 1-(3,4-methylenedioxy-

Part 15 in the series ‘‘Studies on crude drugs action on drug-
metabolizing enzymes’’ For part 14, see ref 1.
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phenyl)-2,3-dimethyl-4-(3’-4’-dimethoxybenzyl) bu-
tane (IV), meso-dihydroguaiaretic acid dimethyl ether
(VI) and 1,4-bis-(3,4-methylenedioxybenzyl)-dimethyl-
butane (VII) were synthesized®). Nor-dihydroguaiare-
tic acid (V) was purchased from Sigma Chem. Co.
SKF-525A was kindly supplied by Smith, Kline and
French Lab.

Animals

Male mice weighing 18-25g of dd strain were used
for in vivo experiments and male Spague-Dawley rats
weighing 150-200g of CD strain for in vitro enzyme
assays.
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Bioassays

The effects on hepatic DME were evaluated by
measuring the duration of sleeping time induced by
hexobarbital, strychnine mortality, aminopyrine N-
demethylase activity as well as cytochrome P-450 con-
tent in microsomes according to the methods desc-
ribed previously?.8.16), In brief, the duration of sleep
was measured by injecting hexobarbital sodium
(50 mg/kg, i.p.) to mice 30 min after a single
treatment or by injecting 100 mg/kg i.p. 48 hr after
the last dose of 4 daily pretreatments of compounds.
The strychnine mortality was estimated by injecting
strychnine nitrate (1.2 mg/kg, i.p.) 30 min after the
sample treatment. Mice were observed for 30 min
and the mortality was recorded. Aminopyrine N-
demethylase activity was measured by using 10,000g
supernatant fraction of liver homogenates as enzyme
source. Compounds were solubilized in EtOH, the fi-
nal concentration being 1.96%19. The concentration
of cytochrome P-450 was measured from the differ-
ence in absorbance of the reduced CO-cytochrome
P-450 complex between 450 and 490 nm?.

RESULTS AND DISCUSSION

The effect of a single treatment with lignans on
hexobarbital-induced sleeping time, strychnine mor-
tality and aminopyrine-N-demethylase activity were es-
timated in mice and the results were shown in Table
I. The mean duration of hexobarbital-induced sleep
of the animal group treated with SKF-525A, a proto-

type enzyme inhibitor, at a dose of 30 mg/kg, i.p. was
markedly prolonged by about 6.6 times compared to
that of the control. Although far less active than this
compound, it was shown that, among substances test-
ed, compound IV and VII exhibited the considerable
prolongation of the sleep duration at a dose of
200 mg/kg, by about 5.5 times compared to that of
the control. At the same dosage level, compounds III,
V and VI showed little or no potentiation of the sleep-
ing time. Compounds I and Il showed a moderately
significant prolongation (167.2 and 82.6% increase,
respectively). The pattern of synergism induced by
strychnine was quite similar to those for the potentia-
tion of the barbiturate-induced sleeping time which
appeared to closely reflect their effects of the
microsomal enzymes rather than a simple potentiation
due to their CNS depressant action. The strychnine-
induced mortality was markedly enhanced in animal
groups treated with compounds IV and VII. Com-
pounds [ and II exhibited potentiation of the toxicity
corresponding to those of the barbiturate-induced ac-
tion. Evidence supporting the liver enzyme inhibitory
effect of lignans was demonstrated by measurement
of aminopyrine N-demethylase activity. Compounds
IV and VII exhibited most potent inhibitory activity
(71.2% and 63.3% inhibition, respectively ). Com-
pounds I and II were significant but less active,
whereas compounds III, V and VI showed no signifi-
cant inhibitory activity at the same dosage level. The
direct effect of the compounds on hepatic DME was
evaluated by estimating the ability of the compounds

Table I. Effects of lignans on hexobarbital induced hypnosis, strychnine mortality and aminopyrine N-demethylase

activity in mice

Strychnine Aminopyrine
Treatment Dose Sleeping time® mortality N-demethylase®
(mg/kg, i.p.) (min) (No. died/No. dosed) (nmoles/30 min/mg prot.)
Control - 247+ 1.7 2/10 17.84+2.39
SKF-525A 30 162.8 + 10.2%** 10/10 8.41 £ 0.48**
Compound I 200 66.0+ 2.3*%* 9/10 11.77+0.29*
11 200 45.1+ 3.5* 4/10 13.73+£0.72*
11 200 293+ 54 2/10 16.90+2.40
v 200 132.2 £ 11.1%** 10/10 5.14£1.70**
\% 200 32.0+ 3.6 3/10 17.25+£1.05
VI 200 29.0+ 3.2 3/10 19.85+1.44
VII 200 134.7+ 7.2%** 10/10 6.55+ 1.60**

Mice were treated with compounds suspended in 0.5% CMC 30 min prior to bioassays.

a) Each value is the mean + S.E. for five to six animals.

b Each value is the mean + S.E. for triplicate determinations.

Significantly different from the control; *p<0.05, **p<0.01, ***p<0.001.
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to inhibit aminopyrine N-demethylase activity in vitro.
Table II shows the inhibitory potencies expressed as
IC,, values which were derived from regression equa-
tions obtained by plotting relative velocity vs. the in-
hibitory concentrations. The most potent compounds
in.the series were those carrying a piperonyl group
(compounds I, IV and VII). The ICs, values of which

Table II. Inhibition of aminopyrine N-demethylase by
lignans in vitro

Inhibitors IC5y" (M)
SKF-525A 10
Compound 1 75

11 92

11 -

v 44

Y, -

VI -

VIl 59

Microsomal fraction (10,000g supernatant fraction) from
livers of untreated rats were assayed for N-demethylase ac-
tivity using a fixed concentration of aminopyrine (0.82 mM)
as substrate.

Assay was run with graded concentrations of the inhibitors.
*Concentration of an inhibitor required to reduce the rate
of N-demethylation by 50%.

were 75uM, 44uM and 59uM, respectively. Com-
pounds which are devoid of a piperonyl group elicit-
ed considerable decrease or complete loss in the
inhibitory activity. The present investigation has clear-
ly demonstrated that a methylenedioxy group in aro-
matic ring may play a significant role in eliciting DME
inhibitory activity. It was reported that sesamin and
asarinin were effective in enhancing the toxicity of a
wide variety of insecticides®19. However, the related
compound, pinoresinol and its dimethy! ether are in-
active. These observations point towards the impor-
tance of the methylenedioxy substituent in synergistic
activity. Other studies have shown clearly that the
methylendioxy group is responsible for the inhibition
of mixed function oxidases!!-13), the enzyme system
that is responsible for the oxidation and inactivation
of most toxins. It is possible that these compounds
share this common biological activity as a result of
the presence of the methylenedioxy group. However,
meso-dihydroguaiaretic acid (compound II) which is
devoid of a methylenedioxy group showed a distinct
effect even if its intensity is weak. Thus, the chemis-
try underlying this biological phenomenon may not
be quite so straightforward. The fact that its dime-
thylether (compound V) showed no activity suggests
that such phenomena may apparently result from
such factors as lipoid solubility, steric hindrance
and/or binding on the active surface of the target
enzymes.

Table I11. Effects of repeated treatments of lignans on hexobarbital-induced hypnosis, aminopyrine N-demethylase and

cytochrome P-450 in mice

Aminopyrine Cytochrome P-4505)
Treatment Dose Sleeping time® N-demethylase? (nmoles/mg prot.)
(mg/kg, i.p.) (min) {(nmoles/30 min/mg prot.)
Control - 43.0+1.1 23.81+£2.72 0.87+0.09
Phenobarbital 50 14,8 +2.2%%* 47.23+2,19** 1.92 +0.06***
Compound 1 75 254+ 1.4* 38.83+3.25* 1.47+0.22
1 75 394+2.7 34.79 + 2.06* 1.26 +0.08
111 75 446+ 1.4 34.32+3.23 0.83+0.16
v 75 209 1.5* 56.98 + 1.50%** 1.87 £ 0.09***
A% 75 53.4+6.1 23.90+2.82 1.09+0.02
V1 75 54.7+9.3 24.36+2.41 0.77+0.03
VIl 75 23.4+0.9* 63.03 +£2.64*** 1.99 4 0.24%**

Mice were pretreated with compounds daily for 4 days and sleeping time and enzyme activities were measured 48 hrs after

the last dose.
@ Each value is the mean+ S.E. for 5 to 6 animals.

5 Each value is the mean = for the triplicate determinations.

Significantly different from the control; *p<0.05, **p<0.01, ***p<0.001.
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Drugs that initially inhibit the activity of the
microsomal DME when given acutely, often stimulate
the biotransformation of other drugs when ad-
ministered chronically!¥. SKF-525A produced such
an effect!® and even in our earlier experiments, na-
turally occurring furanocoumarins which have been
demonstrated as strong inhibitors, significantly in-
duced hepatic DME with repeated treatments of
them!6),

In this experiment, distinct biphasic responses on
microsomal enzymes was also demonstrated. As
shown in Table II1, compounds I, II, IV and VII, with
4 daily consecutive administrations (75 mg/kg, i.p.)
in mice, not only produced significant shortening of
the barbiturate-induced sleep duration but caused sig-
nificant enhancements of aminopyrine N-demethylase
activity. Increases in microsomal cytochrome P-450
contents were also seen although those of the animals
treated with compound I and II did not reach the lev-
el of statistical significance. The extent of the enzyme
induction produced by compounds IV and VII were
quite remarkable, their activities being approximate-
ly comparable to those of the animal group treated
with phenobarbital (50 mg/kg, i.p.), which is known
as a typical enzyme inducer!?.
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