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Abstract

The antioxidant properties of anthraquinones (AQs) and anthrone were evaluated using di�erent model systems. The antioxidant
activity of these compounds (200 ppm) on the inhibition of peroxidation of linoleic acid was found to be in the order of BHA
(96%), anthrone (95%), alizarin (93%)>aloe-emodin (78%)>rhein (71%)>emodin (36%)>anthraquinone (8%). Chrysophanol

accelerated the peroxidation of linoleic acid. Anthrone and alizarin exhibited a reducing power, although the other AQs did not
show any reducing power. AQs and anthrone exhibited a weak chelating ability on iron (II). At a concentration of 0.25 mg/ml, the
scavenging e�ects of anthrone, aloe-emodin and emodin, on hydroxyl radicals produced by the Fenton reaction were 26.2, 16.6 and
41.8%, respectively. However, at the same concentration, anthraquinone, alizarin, chrysophanol and rhein accelerated the pro-

duction of hydroxyl radicals. These results suggest that the antioxidant mechanism, for both emodin and aloe-emodin, possibly
depends on scavenging hydroxyl radicals. The strong activity shown by anthrone could be due to its reducing power and scavenging
e�ects on hydroxyl radicals. The pro-oxidant activity exhibited by chrysophanol might be due to the enhanced production of free

radicals. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Antioxidants are used to preserve foods by retarding
discoloration, rancidity, or deterioration due to auto-
xidation. However, synthetic antioxidants have been
reported to be carcinogenic (Imaida, Fukushima, Shivai,
Ohtani, Nakanishi & Ito, 1983). Hence, several attempts
to replace synthetic antioxidants with natural anti-
oxidants have been developed. Antioxidative substances
obtained from natural sources, such as oilseed, grains,
beans, vegetables, fruits, leaf waxes, bark, roots, spices,
hulls and seaweeds, have been investigated (Duh, Yen &
Yen, 1992; Milovanoric, Jovanovic, Radovic & Vrbaski,
1996; Namiki, 1990; Oomah & Mazza, 1996; Yen, Chen
& Duh, 1998).
The seeds of Cassia tora L., called jue ming zi in Chi-

nese, have been conventionally used in traditional Chinese
medicine for several centuries. Traditionally, jue ming zi
has been used to improve visual acuity and to remove
``heat'' from the liver. This herb has been reported to

contain many active components, including chrysophanol,
emodin, aloe-emodin, rhein, physcion, obtusin, aurantio-
obtusin, rubrofusarin, torachryson, and toralactone
(Duke, 1992). The basic chemical structures of anthra-
quinones and anthrones are shown in Fig. 1. The
anthraquinones, with two ketone groups added at posi-
tion C9 and position C10, occur naturally in plants.
Anthraquinones and anthrones, of which the latter is
reduced from the former, are referred to as anthraqui-
noids. The anthraquinones, accompanied by an additional
functional group on the phenyl group, are e�ective
against certain diseases (Brown, 1980; Huang, Chang,
Tung, Wu & Foegh, 1992; Malterud, Farbrot, Huse &
Sund, 1993; Mitsuda, Yasumoto & Iwami, 1966). In our
previous study, the extracts of jue ming zi and emodin
were determined to exhibit antioxidant activity (Yen et
al., 1998). However, it remains unclear whether anthra-
quinoids possess antioxidant activity.
The present paper describes the inhibitory e�ects of

anthraquinones and related compounds on the perox-
idation of linoleic acid emulsion. The correlation
between the structure of anthraquinoids and their inhi-
bitory e�ect, as well as their e�ects on chelating metal
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ions, scavenging hydroxyl radicals and their reducing
capacity, are also discussed.

2. Materials and methods

2.1. Materials

Anthraquinone was purchased from Fluka (Buchs,
Switzerland). Anthrone, alizarin, aloe-emodin, rhein,
emodin, chrysophanol, butylated hydroxyanisole, a-
tocopherol, and 5,5-dimethyl pyrrolidine-N-oxide were
obtained from Sigma Chemical Co. (St. Louis, MO).
Selected compounds tested were dissolved in dimethyl
sulfoxide (E. Merck Co., Darmstadt, Germany).

2.2. Antioxidant activity in a linoleic acid system

Antioxidant activity assay was carried out by using
the linoleic acid system. A sample solution containing
each sample (0.5 ml, 2.0 mg/ml), a solution of linoleic
acid emulsion (2.5 ml, 0.02 M), and 0.2 ml phosphate
bu�er (pH 7.0, 0.2 M) was mixed thoroughly. The
reaction mixture was incubated at 37�C in the dark, and
the degree of oxidation was measured according to the
thiocyanate method (Mitsuda et al., 1966), by sequen-
tially adding ethanol (4.7 ml, 75%), ammonium thio-
cyanate (0.1 ml, 30%), sample solution (0.1 ml) and

ferrous chloride (20 mM in 3.5% HCl) solution (0.1 ml).
After the mixture was stirred for 3 min, the peroxide
value was determined by reading the absorbance at 500
nm, and the percent inhibition of linoleic acid perox-
idation was calculated as (%)=[1-(absorbance of the
sample at 500 nm)/(absorbance of control at 500
nm)]�100. All tests were run in duplicate, and analyses
of all samples were run in triplicate and averaged.

2.3. Reducing power

The reducing power of extract was determined
according to the method of Oyaizu (1986). Samples (2.5
ml, 0±10 mg/ml) in phosphate bu�er (2.5 ml, 0.2 M, pH
6.6) were added to potassium ferricyanide (2.5 ml,
1.0%) and the mixture was incubated at 50�C for 20
min. Trichloroacetic acid (2.5 ml, 10%) was added, and
the mixture was centrifuged at 650�g for 10 min. The
supernatant (5.0 ml) was mixed with distilled water (5.0
ml) and ferric chloride (1.0 ml, 0.1%) , and then the
absorbance was read spectrophotometrically at 700 nm.
Higher absorbance of the reaction mixture indicated
greater reducing power.

2.4. Chelating of metal ions

The chelating of ferrous ions by the sample was esti-
mated by the method of Dinis, Madeira and Almeida
(1994). Brie¯y, samples (0.2 mg) were added to a solu-
tion of 2.0 mM ferrous chloride (0.1 ml) and 3.7 ml
methanol. The reaction was initiated by the addition of
5 mM ferrozine (0.2 ml) and the mixture was shaken
vigorously and left standing at room temperature for 10
min. Absorbance of the resulting solution was then
measured spectrophometrically at 562 nm. All tests and
analyses were run in replicate and averaged.

2.5. Hydroxyl radical scavenging activity

The hydroxyl radical reacts rapidly with the nitrone
spin trap DMPO; the resultant DMPO-OH adduct can
be detected by use of electron paramagnetic resonance
(EPR) spectroscopy. The spectrum was recorded 2.5
min after samples (0.2 ml) were mixed with H2O2 (10.0
mM, 0.2 ml), Fe2+ (10.0 mM, 0.2 ml) and DMPO (0.3
M, 0.2 ml) in phosphate bu�er (pH 7.2). Parameters of
EPR spectrometer (Bruker ER 200D 10/12) were set at
the following conditions: receiver gain, 8�105; modula-
tion amplitude, 1.0 G; scan time, 200 s; ®eld, 3478.9�50
G; time constant, 0.5 s (Shi, Dalal & Jain, 1991). The
data are the average of two determinations.

2.6. Statistical analysis

Statistical analysis was carried out by the Statistical
Analysis System (Statistical Analysis System Institute

Fig. 1. Basic chemical structures of anthraquinones and anthrone.
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[SAS], 1985) software package. Analysis of variance was
performed by ANOVA procedures. Signi®cant di�er-
ences between means were determined by Duncan's
multiple range tests.

3. Results and discussion

The data of percentage inhibition of linoleic acid per-
oxidation, determined by the thiocyanate method, at
37�C after the addition of di�erent authraquinones,
anthrone and other antioxidants, are plotted in Fig. 2.
The order of potency of these compounds was found to
be: BHA (96%), anthrone (95%), alizarin (93%)>a-
tocopherol (79%), aloe-emodin (78%)>rhein (71%)>
emodin (36%)>anthraquinone (8%)>chrysophanol
(ÿ23%). BHA, anthrone and alizarin exhibited the
strongest activity, with no signi®cant di�erences (P>0.05)
in antioxidant activity to be found among them. Of
these compounds, anthrone, which lacks a ketone group
at the position C-10 , showed the strongest antioxidant
activity when compared with the other of anthraqui-
noids. No signi®cant di�erence (P>0.05) was found
between alizarin and anthrone, indicating that hydroxy-
lation at positions C-1 and C-2 in the case of alizarin
contributes to the inhibition, even though alizarin con-
tained a ketone group at position C-10. The antioxidant
activity of aloe-emodin was stronger than that of rhein
indicating that the carboxyl group in rhein, resulting
from the oxidation of aloe-emodin, lowered its anti-
oxidant e�ects. Chrysophanol acts as a prooxidant in
the model system. This observation is in agreement with

the study by Hartman and Goldstein (1989). However,
the mechanism of pro-oxidation of chrysophanol
remains unclear.
Some literature (Yen & Duh, 1993) has reported that

reducing power was associated with antioxidant activ-
ity. Pitotti, Elizalde and Anese (1995) noted that the
antioxidative e�ect of Maillard reaction products
(MRP) were shown to be concomitant with the devel-
opment of reducing power. Thus, it is necessary to
determine the reducing power of anthraquinones and
anthrone in order to elucidate the relationship between
their antioxidant e�ect and their reducing power. The
reducing power of di�erent anthraquinones and
anthrone are shown in Fig. 3. The reducing power of
anthrone and alizarin increased with an increase in
concentration; however, the remaining anthraquinones
showed no reducing capacity. According to Figs. 2 and
3, the greater reducing power of anthrone and alizarin
correlates well with their marked antioxidative action,
indicating that their reducing power contributes to their
antioxidant activity. However, the other anthraqui-
nones, which also possessed antioxidant activity,
showed almost no reducing power, suggesting that
reducing power of other anthraquinoids, except for
anthrone and alizarin, can not be considered as con-
tributing to their antioxidative e�ect.
Fig. 4 shows the chelating e�ect of di�erent anthra-

quinones and anthrone on ferrous ions. Selected
anthraquinones at 0.5 mg/ml show a 0±15% chelating
e�ect on Fe2+. Of these compounds, anthraquinone did
not show any chelating e�ect, and anthrone showed
nearly no e�ect. Apparently, these compounds exhibited
weak chelating e�ects on metal ions. This observation
corresponds well with the report of Weng and Gordon

Fig. 2. Antioxidant activity of anthraquinones and anthrone. *Inhi-

bition of peroxidation (%)=[1±(absorbance of sample at 500 nm)/

(absorbance of control at 500 nm)]�100. aÿf. Each value is the mean�
standard derivation of three replicate analyses. Values in each column

with di�erent letters are signi®cantly di�erent (P<0.05). **The con-

centrations of various anthraquinones and anthrone were 0.2 mg/ml. Fig. 3. Reducing power of anthraquinones and anthrone.
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(1992), who noted that certain quinone-derivatives, iso-
lated from Tanshen (Salvia miltiorrhiza Bunge), showed
weak chelating e�ects on Fe2+. Apparently, the chela-
tion e�ciency of a compound on Fe2+ is dependent on
the number of hydroxyl groups. Moreover, the ortho-
dihydroxyl, at positions C-1 and C-2 in alizarin, results
in an increasing chelating e�ect. This suggests that
hydroxyl substitution in the ortho position is desirable.
The scavenging activity of di�erent anthraquinones

and anthrone on the hydroxyl radical was evaluated by
the EPR spectra of DMPO-OH spin adducts (data not
shown). At a concentration of 0.25 mg/ml, anthrone,
aloe-emodin and emodin showed 26.2, 16.6 and 41.8%
scavenging e�ects, respectively, on hydroxyl radicals
produced by the Fenton reaction (Table 1). However,
anthraquinone, alizarin, chrysophanol and rhein, at
0.25 mg/ml, accelerated the formation of hydroxyl
radicals. Among these compounds, emodin exhibited
the strongest scavenging e�ect on hydroxyl radicals.
Emodin has been known to be pharmacologically
potent and this characteristic was reported to be asso-
ciated with its scavenging of hydroxyl radicals (Huang,
Lee, Lee, Chao, Chen & Chu, 1991). On the other hand,
the prooxidant ability of chrysophanol may derive from
its greater formation of hydroxyl radicals.
In conclusion, the basic chemical structure of

anthrone exhibited the role of electron acceptor, and the
ortho-dihydroxy substituent in alizarin, polyhydroxyl
group at position C1, C6 and C8 with methylation at
position C3 (emodin), and polyhydroxyl group at posi-
tion C1 and C8 with hydroxylmethylation at position
C3 (aloe-emodin) are multifunctional antioxidants,
combining both chain-breaking and metal-chelating
properties. In general, the greater reducing power of

anthrone and greater reducing power as well as metal
chelating activity of alizarin, may relate to their marked
antioxidant activity. On the other hand, the signi®cant
scavenging e�ect of emodin and aloe-emodin on hydro-
xyl radicals may contribute to their antioxidant activity.
However, it is not easy to relate the data presented in
the four model tests because of di�erences in test meth-
ods, substances and antioxidant concentrations. In the
present work the antioxidant properties of anthraqui-
nones depend on both hydroxyl substitution in the
structure and on the methods of assessment.
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