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Abstract—In isolated rat heart mitochondria lipid peroxidation was induced with ADP and ferrous
sulfate (FeSO,). Oxygen consumption and malondialdehyde (MDA) production were measured to
quantitate lipid peroxidation. The antioxidant effects of magnolol and honokiol purified from Magnolia
officinalis were 1000 times higher than that of a-tocopherol. The iCs, values of magnolol and honokiol
for inhibition of oxygen consumption were 8.0 x 10 M and 1.0 x 1077 M, respectively, while that of
a-tocopherol was 1.0 X 10~* M. Magnolol at 0.5 uM inhibited 71.4 £ 9.4% of oxygen consumption and
59.3 + 4.6% MDA production. At the same concentration, honokiol inhibited 78.1 + 4.7% of oxygen
consumption and 86.9 = 4.0% of MDA production. Of conjugated diene formation 48.4 * 4.6% and
53.1 = 3.4% were inhibited by 0.5 uM magnolol and honokiol, respectively. Also both magnolol and
honokiol exhibited free radical scavenging activities as shown by the diphenyl-p-picrylhydrazyl assay,

but they were less potent than a-tocopherol.
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Antioxidants are of interest for the treatment of
cellular degeneration, drug toxicity, irradiation
damage and ischemic/reperfusion injury [1]. All
these abnormalities are considered to be associated
with lipid peroxidation {2]. Since redox reactions are
most prominent in mitochondria, these are constantly
susceptible to oxidative stress [3,4]. The heart is
one of the target organs for injury by oxygen free
radicals [3, 6], and several studies have demonstrated
that lipid peroxidation in cardiac mitochondria plays
an important role in the pathogenesis of cardiac
dysfunction [7].

Many chemical components in Chinese medicinal
herbs have antioxidant activity. For example, Rb;,
a saponin purified from Panax ginseng, inhibits lipid
peroxidation in liver and cardiac homogenate [8].
Celastrol, a triterpine isolated from Tripterygium
wilfordii, is 15 times more potent than a-
tocopherol in inhibiting lipid peroxidation in rat liver
mitochondria[9]. Schisanhenol, a schzandrinisolated
from Fructus schizandrae, has been shown to protect
rat heart mitochondria against Adriamycin®-induced
toxicity by scavenging the hydroxyl radicals generated
by electron transfer from Adriamycin semiquinolone
radicals to hydrogen peroxide [10]. Several phenolic
compounds isolated from Salvia miltiorrhiza were
found to protect liver microsomes, hepatocytes and
erythrocytes against peroxidative damage [11].

In this study, we screened six compounds extracted
from five Chinese medicinal herbs for their effects
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on the lipid peroxidation of rat heart mitochondria.
These compounds have previously been tested for
their effect on platelet aggregation [12-16]. We
found that magnolol and honokiol (Scheme 1)
isolated from Magnolia officinalis were most potent
in inhibiting lipid peroxidation in rat heart
mitochondria, and their potencies were much higher
than that of a-tocopherol, a frequently used
antioxidant.

MATERIALS AND METHODS

Mitochondria were prepared from the hearts of
male rats as described previously [17]. Sprague—
Dawley rats weighing between 200 and 300 g were
killed by decapitation and their hearts were quickly
excised, opened and washed thoroughly with ice-
cold 0.25 M sucrose. The hearts were finely minced
with a pair of scissors into 10 vol. of SEH buffer,
containing 0.25 M sucrose, 0.5 mM EGTA and 3 mM
HEPES (pH 7.4). The suspension of minced heart
was treated with Nagarse at a concentration of
0.1 mg/mL. After 15min incubation at 0° with
occasional stirring, the supernatant was discarded
and the remaining tissue washed twice with 0.25M
sucrose solution. The dispersed heart tissue was then
homogenized with a glass pestle and diluted with
sucrose solution to 10mL/g heart tissue. The
homogenates were centrifuged at 400 g for 5 min in
the JA 20 rotor of a Beckman J2/21 refrigerated
high-speed centrifuge. The supernatant was decanted
and centrifuged at 700 g for 5min. After recent-
rifugation of the supernatant at 2500 g for 10 min,
the pellet was resuspended in a KCl-Tris solution
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containing 175mM KCl and 20mM Tris-HCI
(pH 7.4), and centrifuged again for 10 min at 6000 g.
The mitochondria-rich, red-brown lower layer was
suspended in 0.5 mL of KCl-Tris solution/g heart
tissue and stored at 0° for 3 days before it was used
for the lipid peroxidation experiment. Freshly
prepared mitochondria, like liver and myocardial
homogenate [8], were resistant to lipid peroxidation,
so that a cold storage period was required. The
amount of protein in mitochondria was determined
by the Lowry method [18], with bovine serum
albumin as a standard.

Lipid peroxidation in rat heart mitochondria was
measured according to the method described by
Sassa et al. [9]. Peroxidation was started by addition
of ADP and FeSO, to mitochondrial suspension.
Final concentrations of ADP and FeSO, were 1 and
0.1 mM, respectively. The amount of oxygen
consumed during the 6 min incubation period was
monitored with a Clark-type oxygen electrode in a
Gilson 5/6 oxygraph (Gilson Medical Electronics,
U.S.A.). The total volume of the assay medium in
the reaction chamber was 1.6 mL. The amount of
oxygen consumed during peroxidation was calculated
assuming that the saturated concentration of oxygen
at 25°is 258 uM. At the end of the incubation period,
0.3 mL of mitochondrial suspension was mixed with
0.1 mL of 15.2% trichloroacetic acid. MDA* was
assayed with a thiobarbituric acid technique and the
level was used to represent the amount of
lipid peroxides formed during incubation [19].
Tetramethoxypropane was used as an external
standard. For estimation of conjugated diene, 0.3 mL
of mitochondrial suspension was mixed with 0.7 mL
of ethanol and then centrifuged at 3000 g for 10 min.
The UV absorption of the supernatant at 234 nm
was measured with ethanol as a blank [20].

It should be pointed out that MDA measured with
the thiobarbituric acid technique is not specific for
lipid peroxidation, as aldehyde derivatives from
other compounds such as purines and amino acids
are known to react. However, all the reacting
compounds are the result of free radical damage.
Besides, compounds such as sialic acid and glucose
may interfere with UV absorption at 234 nm, but in
mitochondria suspension, there is no reason to
suspect that these compounds are changing in
concentration.

Magnolol and honokiol were isolated as described

* Abbreviations: MDA, malondialdehyde; DMSO,
dimethyl sulfoxide; DPPH, diphenyl-p-picrythydrazyl.
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Fig. 1. Dose-response curves for the inhibitory effect of

magnolol (@), honokiol (M) and a-tocopherol (A) on

oxygen consumption in rat heart mitochondria. Data points
represent means = SEM of six experiments.

by Fujita ef al. [21]. They were dissolved in KCl-
Tris buffer containing 0.5% (v/v) DMSO. At this
concentration DMSO had no effect on lipid
peroxidation.

For studying the anti-oxidant effect, a solution of
the tested compound was pipetted into the reaction
chamber prior to the co-incubation of mitochondria
and ADP/Fe**. Oxygen consumption, MDA pro-
duction and conjugated diene formation in rat heart
mitochondria in the presence of a tested compound
were compared with those in the absence of the
compound.

The radical scavenging activities of tested
compounds were determined from the change in the
optical absorbance at 517 nm due to scavenging of
the stable free radical of DPPH. According to the
method of Blois [22], 10mL of 100 mM acetate
buffer, pH5.5, 10mL of ethanol and 5mL of a
500 nM ethanolic solution of DPPH were first mixed,
then SmL of an ethanolic solution of a tested
compound was added. The change in optical density
was monitored with a spectrophotometer (Beckman
DU-50).

RESULTS

Figure 1 shows the dose-response curves of the
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Fig. 2. Dose-response curves for the inhibitory effect of

magnolo! (@), honokiol (W) and a-tocopherol (A) on

MDA production in rat heart mitochondria. Data points
represent means = SEM of six experiments.
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Fig. 3. Dose~response curves for the inhibitory effect of
magnolol (@), honokiol (M) and a-tocopherol (A) on
conjugated diene formation in rat heart mitochondria.
Data points represent means + SEM of three experiments.

inhibitory effect of magnolol, honokiol and a-
tocopherol on oxygen consumption due to lipid
peroxidation in rat heart mitochondria. It can be
seen that the inhibitory effects of magnolol and
honokiol were stronger than that of a-tocopherol.
The 1C5 values of magnolol, honokiol and a-
tocopherol were 8.0 x 1078, 1.0 X 1077 and 1.0 %
1074 M, respectively.

Figure 2 shows the inhibitory effect of magnolol,
honokiol and a-tocopherol on MDA production and
Fig. 3 shows the effect on conjugated diene
formation. The 1C5 values of magnolol, honokiol
and a-tocopherol on MDA production were
1.1 x1077,1.0 x 10"7and 1.1 X 10™* M, respectively
(Fig. 2). Those on conjugated diene formation were
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Fig. 4. Dose-response curves for the effect of magnolol
(@), honokiol (M) and a-tocopherol (A) on scavenging of
DPPH radicals after incubation for 90 min. Decrease in
optical density (O.D., expressed in arbitrary units) at
517 nm of DPPH due to scavenging of its radical was taken
as a measure of the radical scavenging activity. Data points
represent means & SEM of three experiments.
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Fig. 5. Time course for the effect of magnolol (@), honokiol

(W) and a-tocopherol (A ) on scavenging of DPPH radicals.

The concentrations of tested compounds were fixed at

200 uM. Decrease in optical density (O.D.) was expressed

in arbitrary units. Data points represent means = SEM of
three experiments.

5.2x1077,4.9 x 10"7and 5.1 x 10~¢ M, respectively
(Fig. 3).

Figure 4 shows the dose-response curve for
magnolol, honokiol and a-tocopherol in decolorizing
DPPH after incubation for 90 min. Unlike their
effect on oxygen consumption, MDA and diene
formation, the scavenging effects of magnolol and
ho.iokiol were weaker than that of a-tocopherol.
Figure 5 shows the time course of their effect on
DPPH. o-Tocopherol caused an instant decrease in
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Table 1. Inhibitory effects of magnolol and honokiol on oxygen consumption and MDA production
in rat heart mitochondria induced by various concentrations of FeSO,

Magnolol (50 uM)

Honokiol (50 uM)

FeSO,
(uM) O, consumption MDA production O, consumption MDA production
50 86.0x1.2 82.8+2.4 85722 82.1+0.6
75 843+34 782+2.1 86.2 0.8 80.3+x2.8
100 82.8+2.6 86.3 3.5 90.1 + 1.8 80.7+2.5
125 89.7+ 1.8 85.4+0.38 84.6 £3.2 788 3.6
150 86.6 2.4 80.8 3.0 823=x22 79.0+3.1

Values are expressed as percentage of control; means + SEM; N = 3,

the absorbance of DPPH while magnolol and
honokiol caused a more gradual decrease in ab-
sorbance until it reached a plateau after 60 min.

DISCUSSION

Before observing the antioxidant activities of
magnolol and honokiol, we tested four other
compounds isolated from Chinese medicinal herbs:
norathyriol from Radix gentianae (Longdan}), osthole
from R. angelicae pubescentis (Duhuo), protopine
from Rhizoma corydalis (Yanhusuo) and apigenin
from Apium graveolens. None of these inhibited
lipid peroxidation by 50% at concentrations up to
500 uM.

Magnolol and honokiol are two prominent
constituents isolated from the bark of M. officinalis
which is a commonly used Chinese medicinal herb.
They have been found to possess pharmacological
activities such as central nervous inhibition [23],
muscle relaxation [24], antibacteria activity [25],
antiplatelet aggregation {12] and prevention of peptic
ulcer. However, the antioxidant effects of magnolol
and honokiol have not been reported.

Lipid peroxidation is a complex process. In this
study, we first monitored oxygen consumption
following the induction of lipid peroxidation in
cardiac mitochondria by FeSO,. Then, we tested
both the intermediate (conjugated diene) and the
final (MDA) products of lipid peroxidation. Both
magnolol and honokiol were more potent than a-
tocopherol in inhibiting oxygen consumption, as well
as diene and MDA formation. From the ICs, values,
the inhibition of oxygen consumption and MDA
formation by magnolol and honokiol were found to
be around 1000 times higher than by a-tocopherol.
For conjugated diene formation, the potencies of
magnolol and honokiol were 10 times higher than
that of a-tocopherol.

To understand the mechanism of the antioxidant
effect of magnolol and honokiol, we monitored the
decrease in optical absorbance at 517 nm following
the trapping of the unpaired electron of DPPH. A
positive DPPH test suggested that magnolol and
honokiol were free radical scavengers. As magnolol
and honokiol possess two phenolic groups, it is
possible that magnolol and honokiol inhibit lipid
peroxidation by forming complexes with iron. This
possibility was excluded in our supplementary

experiment which showed that the inhibitory effects
of magnolol and honokiol on oxygen consumption
and MDA formation were not influenced by changing
the concentration of FeSO, (Table 1). Therefore, it
can be concluded that magnolol and honokiol acted
on free radicals and mitochondria rather than on
iron.

Unlike their effects on oxygen consumption,
conjugated diene and MDA formation, the free
radical scavenging activities of magnolol and
honokiol shown with the DPPH test were lower than
that of a-tocopherol. Besides, a-tocopherol caused
an instant decrease in optical absorbance of DPPH
while magnolol and honokiol a more gradual one.
Disparity between the effects of antioxidants on
oxygen consumption, MDA formation and DPPH
assay is most likely due to the fact that the DPPH
test is a chemical reaction which is not performed
by mitochondria. The orientation of the phenolic
hydroxyl groups of antioxidants in the mitochondrial
membrane and the differential affinity of antioxidants
for various types of lipid peroxyl radicals formed in
the mitochondrial membrane may both influence
their relative potencies.

Recently, it was reported that a slimming regimen
including Chinese medicinal herbs induced rapid
progressive interstitial renal fibrosis in young women
(26]. M. officinalis was one of the two Chinese
medicinal herbs listed in that regime and magnolol
and honokiol were confirmed to be present. Although
there was no evidence to support that these two
compounds were responsible for the adverse reaction
in these patients, the safety record of magnolol and
honokiol has to be established before they can be
recommended as medicine.
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