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Abstract—Antioxidant activities of caffeoyltryptophan were investigated by the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging system, the superoxide anion generation system and the superoxide anion-mediated
linoleic acid peroxidation system. At 10 M, caffeoyltryptophan showed greater scavenging activity on DPPH
than dl-z-tocopherol or ascorbic acid. DPPH radical scavenging activity of caffeoyltryptophan increased dose-
dependently at concentrations ranging from 1 to 50 uM: 1 mol of caffeoyltryptophan reacted with ca 4 mol of
radical.

Caffeoyltryptophan caused 80% inhibition of superoxide anion generation at 50 yM. The inhibitory activity
of caffeoyltryptophan was as strong as that of 5-caffeoylquinic acid. Caffeoyltryptophan inhibited the formation
of conjugated diene from linoleic acid. The inhibitory activity increased in the order caffeic acid <S5-
caffeoylquinic acid < caffeoyltryptophan < df-a-tocopherol.

Effects on the in vitro haemolysis and peroxidation of mouse erythrocytes induced by H,0O, were also
examined. Caffeoyltryptophan exhibited strong inhibitory activities; Tryptophan was ineffective in these
systems. These data suggest that caffeoyltryptophan may be a natural antioxidant in the human diet and, as
such, may intervene in toxicological processes that are mediated by radical mechanisms. « 1998 Elsevier
Science Ltd. All rights reserved

INTRODUCTION In the present paper, we report the radical scav-
enging activity of caffeoyltryptophan, its inhibitory
effect on superoxide anion generation, its inhibitory
activity on linoleic acid peroxidation, and its effect on
the haemolysis and peroxidation of mouse eryth-
rocytes in vitro induced by H,O,. Therefore, the objec-
tive of this study was to investigate the biological

property of caffeoyltryptophan.

Caffeoyltryptophan (Fig. 1) has been isolated and
identified from unroasted robusta coffee beans [1]. It
is contained in robusta green coffee beans at about
110 mg per 100 g [2]. However, little is known of the
biological activity of caffeoyltryptophan. Since
caffeoyltryptophan contains the dihydroxyphenol
group, it is assumed that caffeoyltryptophan may exhi-
bit some biological activities in oxido-reduction.

In the previous paper, we reported antioxidant
activities of 5-caffeoylquinic acid which were hyd-
roxycinnamic acid derivatives [3]. 3,5-Dicaffeoylqui-
nic acid which contained two dihydroxy functions per
molecule was the most antioxidant activity among the
other catechols tested.

RESULTS AND DISCUSSION

Scavenging activity on DPPH radicals

Caffeoyltryptophan exhibited scavenging activity
on the DPPH radical. Its activity increased dose-
dependently at concentrations ranging from 1 to 50
uM. Its activity was similar to those of caffeic acid
and S-caffeoylquinic acid (Fig. 2). Since 1 mol of
caffeic acid or S-caffeoylquinic acid reacted with ca 4

H
HO CH=CH- CO— NH— CH— CH, 7" NH

COOH

Fig. |. Structure of caffeoyltryptophan.

mol of radical in preliminary reports [3, 4], 1 mol
of caffeoyltryptophan was trapped with ca 4 mol of
radical (Table 1). It was stronger than that of di-
x-tocopherol or ascorbic acid (Fig. 2 and Table 1).
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Fig. 2. Radical scavenging activities of caffeoyltryptophan
and related compounds on DPPH. The scavenging activity
was measured as the decrease in absorbance of the DPPH
radical expressed as a percentage of the absorbance of a
control DPPH radical solution without test substance. Sym-
bols used in the panel were as follows: @, caffeic acid; W
caffeoyltryptophan; W. S-caffeoylquinic acid; &. dl-2-toc-
opherol; X, ascorbic acid: @, cysteine.

100

Table 1. Scavenging activities against DPPH radical relative
to the activity of cysteine

Addition (10 M) Relative ratio

Cysteine 1.0
Caffeoyltryptophan 4.5
Caffeic acid 44
S-Caffeoylquinic acid 3.5
Ascorbic acid 24
dl-x-Tocopherol 24

The data of Fig. 2 is represented as a ratio of scavenging
activity, compared with the activity of cysteine [22].

Tryptophan showed no reaction with the DPPH
radical.

Inhibitory effect on superoxide anion generation

Caffeoyltryptophan inhibited the generation of
superoxide anion from the xanthine-xanthine oxidase
(XOD) system in a concentration dependent manner.
At 50 uM, caffeoyltryptophan caused 80% inhibition
of superoxide anion generation. Scavenging activity
of caffeoyltryptophan was as effective as that of 5-
caffeoylquinic acid, and stronger than that of ascorbic
acid (Fig. 3). Tryptophan showed no inhibitory effect.

The inhibitory effect of caffeoyltryptophan on the
generation of superoxide anion showed a good cor-
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Fig. 3. Inhibitory activity of caffeoyltryptophan and related
compounds on superoxide anion generation by xanthine-
XOD system. Symbols used the in panel were as follows: M.
caffeoyltryptophan; W, S-caffeoylquinic acid: A, ascorbic
acid.

relation with its scavenging activity on the DPPH
radical. Thus, it may be concluded that the inhibition
of the generation of superoxide anion by caffeoyl-
tryptophan is due to its radical scavenging activity.
and not due to its inhibitory activity upon the enzyme.

Antioxidant activity on linoleic acid peroxidation

Caffeoyltryptophan inhibited the formation of con-
jugated diene in the early stage of linoleic acid per-
oxidation. Its activity increased dose-dependently at
concentrations ranging from 1 to 50 uM. Tryptophan
showed no inhibitory activity. The inhibitory activity
of caffeoyltryptophan was stronger than that of caffeic
acid or S-caffeoylquinic acid, and weaker than that of
dl-a-tocopherol (Fig. 4). The greater inhibitory power
of caffeoyltryptophan compared with caffeic acid or
S-caffeoylquinic acid is interesting.

It is known that caffeic acid and 5-caffeoylquinic
acid exhibit higher stoichiometric numbers and reac-
tivity with peroxyl radical. It is conceivable to be the
cause of these activities that these compounds possess
in their structure an o-dihydroxy group which is the
putative radical target site [4--6]. Accordingly, since
caffeoyltryptophan contains an o-dihydroxy group, it
might strongly inhibit linoleic acid peroxidation by
scavenging superoxide anion or peroxyl radicals.

Inhibition of haemolysis and lipid peroxidation of ervth-
rocytes

Caffeoyltryptophan exhibited inhibitory activities
on haemolysis and lipid peroxidation of mouse eryth-
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Fig. 4. Inhibitory activity of caffeoyltryptophan and related

compounds on conjugated diene formation. Symbols used in

the panel were as follows: @, caffeic acid: M. caffeoyl-
tryptophan; W. 5-caffeoylquinic acid; A, di-a-tocopherol.
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rocytes in vitro. Caffeoyltryptophan, caffeic acid, 5-
caffeoylquinic acid and dl-a-tocopherol (50 M) were
inhibited by 89, 99, 89 and 63% respectively, the hae-
molysis induced by H,O, (Table 2).

Caffeoyltryptophan, caffeic acid, 5-caffeoylquinic
acid and dl-a-tocopherol were inhibited by 79, 90,
92 and 65% respectively, of the lipid peroxidation
induced by H.O, (Table 2). Tryptophan showed no
and a little inhibitory activities in this system.

It is known that caffeic acid or 5-caffeoylquinic acid
inhibits the oxidation of metmyoglobin induced by
H.O,. Its protection is attributed to oxoferryl
reduction to ferric form [7, 8]. Thus, it may be con-
cluded that the peroxyl radical scavenging activity
of caffeoyltryptophan is a part of the mechanism of
erythrocytes protection from the lipid peroxidation by
H,0..

5-Caffeoylquinic acid and caffeic acid have been
shown to exhibit anticarcinogenic or antimutagenic

Table 2. Inhibitory activities of caffeoyltryptophan and
related compounds on haemolysis and lipid peroxidation by
hydrogen peroxide

Inhibitory activity (%)

Addition (50 uM) Haemolysis Peroxidation
Caffeoyltryptophan 89 79
Caffeic acid 99 90
S-Caffeoylquinic acid 89 92
Tryptophan 0 18

dl-x-Tocopherol 63 65
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properties in vitro and in vivo [9-11]. 5-Caffeoylquinic
acid prevents lipid peroxidation mediated by carbon
tetrachloride and ®“Co-irradiation [12, 13]. 5-
Cafleoylquinic acid has been shown to protect against
paraquat-induced oxidative stress and y-radiation-
induced damage in vivo [14, 15). Thus, it is expected
that caffeoyltryptophan, as well as S-caffeoylquinic
acid, indicates antioxidant effects in vivo.

The absorption, metabolism, and toxicity of
caffeoyltryptophan remain to be clearly elucidated.
However, the data suggest that caffeoyltryptophan
may act as a natural antioxidant and partially protects
against free radical mediated chemical toxicity.

EXPERIMENTAL

Materials. Linoleic acid (99.9%), XOD, 5-
caffeoylquinic acid. caffeic acid, d/-x-tocopherol and
bovine serum albumin were purchased from Sigma.
1.1-Diphenyl-2-picrylhyrazyl (DPPH) and nitro blue
tetrazolium (NBT) were from Wako. All other chemi-
cals used were commercial products of the highest
grade.

Animals. Male ddY mice,
obtained from the SLC (Japan).

Radical scavenging activity on DPPH radical. Rad-
ical scavenging activity was assayed in triplicate
according to the method of ref. [16]. The reaction
mixt. contained, in a total vol. of 3.5 ml, 3 ml of 0.1
mM DPPH (in 95% EtOH) and 0.5 ml of the test
compound (in 95% EtOH). After allowing the mixt.
to stand at room temp. for 20 min, A4, was deter-
mined. The scavenging activity was measured as the
decrease in A5, of the DPPH radical expressed as a
percentage of the control value.

Inhibitory effect on superoxide union generation.
Superoxide anion generation was assayed by the
method of ref. [17]. The reaction mixt. contained, in
a total vol. of 3 ml, 2.4 ml of 50 mM Na,CO, buffer
(pH 10.2), 0.1 ml of 3 mM xanthine, 0.1 ml of 3 mM
EDTA, 0.1 ml of 1.5 mg ml" ' bovine serum albumin,
0.1 ml of 0.75 mM NBT, 0.1 ml of 0.3 U ml~' XOD
and 0.1 ml of the test compound. Reactions were
mitiated by adding XOD. After the mixt. was incu-
bated for 20 min at 37", 0.1 ml of 6 mM CuCl, was
added to the mixt. to stop the reaction. A5, was deter-
mined, and percentage inhibition calculated relative
to Asq, for control.

Antioxidant activity of linoleic acid peroxidation.
Linoleic acid peroxidation was assayed according to
the method of ref. [18]. The reaction mixt. contained,
in a total vol. of 5.02 ml, 4 ml of 1.25 mM linoleic
acid micelles, 0.5 ml of | mM EDTA-Fe** (1.1 mM
EDTA, 1 mM FeCl,), 0.5 ml of 0.3 M acetaldehyde,
0.01 ml of 18.5 U ml~! XOD and 0.01 ml of the test
compound, in 30 mM NaCl (pH 7.0). Reactions were
initiated by adding XOD; 4,;, was determined. The
inhibitory activity was expressed by the decrease in
conjugated diene formation after 10 min.

Inhibition of haemolysis and lipid peroxidation of

6-weeks-old, were
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erythrocytes. Haemolysis and lipid peroxidation of
mouse erythrocytes were carried out using H,O, and
a modification of the method of ref. [19]. The reaction
mixt. contained, in a total vol. of 2 ml, 0.5 ml of 10%
w/v erythrocytes of male mice (average body wt 25 g)
in 0.02 M Na-Pi buffered saline (PBS, pH 7.4), 0.05
ml of the test compound, 1 ml of 0.6% H,O in 0.02
M PBS and 0.45 ml of 0.02 M PBS. The mixt. was
incubated for 2 hr at 37° and centrifuged at 1500 g
for 10 min. Haemolysis was determined on 0.2 ml of
supernatant using the cyanomethaemoglobin method
{20]. Lipid peroxidation was determined using 1.5 ml
of supernatant and a quantitative assay of ref. [21].

Acknowledgments—We would like to thank Professor
Tomihiko Higuchi, Tokushima University, for his
advice.

REFERENCES

1. Morishita, H., Takai, Y., Yamada, H., Fukuda,
F., Sawada, M., Iwahashi, H. and Kido, R.,
Phytochemistry, 1987, 26, 1195.

2. Murata, M., Okada, H. and Homma, S.. 16¢A
ASIC Kyoto, 1995, 199.

3. Ohnishi, M., Morishita, H., Iwahashi, H.. Toda,
S., Shirataki, Y., Kimura, M. and Kido, R.,
Phytochemistry, 1994, 36, 579.

4. Terao, J., Karasawa, H., Arai, H., Nagao, A.,
Suzuki, T. and Takama, K., Biosci. Biotech.
Biochem., 1993, 57, 1204.

5. Laranjinha, J., Almeida. L. and Madeira, V.,
Biochem. Pharmacol., 1994, 48, 487.

6. Kitagawa, S., Fujisawa, H. and Sakurai, H.,
Chem. Pharm. Bull.. 1992, 40, 304.

7.

8.

16.
17.

18.

19.

20.

21

22.

M. OHNISHI et al.

Laranjinha, J., Almeida, L. and Madeira, V., Free
Radic. Biol. Med., 1995, 19, 329.

Laranjinha, J., Vieira, O., Almeida, L. and
Madeira, V., Biochem. Pharmacol., 1996, 51, 395.

. Kono, Y., Shibata, H., Kodama, Y. and Sawa,

Y.. Biochem. J., 1995, 312, 947.

. Tanaka, T., Kojima, T., Kawamori, T., Wang,

A., Suzui, M., Okamoto, K. and Mori, H., Car-
cinogenesis, 1993, 14, 1321.

. Stadler, R. H., Turesky, R. J., Miiller, O., Marko-

vic, J. and Leong-Morgenthaler, P., Mutation
Res., 1994, 308, 177.

. Kapil, A,, Koul. 1. B. and Suri, O. P., Phy-

totherapy Res., 1995, 9, 189.

. Zhou, J., Ashoori, F., Suzuki, S., Nishigaki, I.

and Yagi, K., J. Clin. Biochem. Nutr., 1993, 15,
119.

. Tsuchiya, T., Suzuki, O. and Igarashi, K., Biosci.

Biotech. Biochem., 1996, 60, 765.

. Abraham, S. K., Sarma, L. and Kesavan, P. C.,

Mutation Res., 1993, 303. 109.

Blois, M. S., Nature, 1958, 181, 1199.

Imanari, T., Hirota, M., Miyazaki, M., Hayak-
awa, K. and Tamura, Y., J. Clin. Exp. Med., 1977,
101, 496.

Tien, M., Morehouse, L. A., Bucher, J. R, and
Aust, S. D., Arch. Biochem. Biophys., 1982, 218,
450.

Otomo, S. and Fujihira, E., Yakugaku Zashi.
1970, 90, 1347.

Cannan, R. K., Am. J. Clin. Path., 1965, 12, 207.

. Mengel, C. E. and Kann, H. E. Jr., J. Clin. Invest.,

1966, 45, 1150.
Uchiyama, M., Suzuki, Y. and Fukuzawa, K.,
Yakugaku Zashi, 1968, 88, 978.



