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Abstract β-Glucuronidases of intestinal bacteria are capable of retoxifying compounds that have been detoxified by liver
glucuronidation, which is one of the most important detoxication processes in the liver. Therefore, this enzyme is known to
accelerate colon cancer invasion and metastasis. Two bromophenols, 2,4,6-tribromophenol (I) and 2,4-dibromophenol (II),
were purified from the red alga Grateloupia elliptica. IC50 values of bromophenol I and II against Escherichia coli β-
glucuronidase were 5.4 and 8.5 mg/mL, respectively. Hence, bromophenols of G. elliptica, a potent β-glucuronidase inhibitor,
can be used as a novel pharmaceutical agent for the prevention and treatment of colon cancer.
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Introduction

The bacterial inhabitants of the human gastrointestinal tract
constitute an enormously complex ecosystem that includes
both aerobic and anaerobic microorganisms. There are
more than 400 bacterial species in the colonic flora of a
single individual (1). Epidemiologic studies have established
that environmental factors influence the incidence of colon
cancer. The disease is more frequent in North Americans
and Western Europeans than residents in Africa, Asia, and
South America (2). The critical difference between these
groups appears to be the characteristic western diet, which
is high in beef, fat, and protein. There was direct
correlation between per capita beef consumption and the
incidence of colon cancer (2). The colonic microflora is a
metabolically active soup that produces enzymes that
mediate these reactions with the production of mutagenic
substances (3). These enzymes include β-glucuronidase, β-
glucosidase, β-galactosidase, nitroreductase, azoreductase,
7-α-dehydroxylase, and cholesterol dehydrogenase (4). β-
Glucuronidase (E.C.3.2.1.31) is widely distributed in
animals, plants, and bacteria (5). Gastrointestinal bacteria
known to produce this enzyme are clostridia, bacteroidacea,
eubacteria, peptostreptococci, and bifidobacteria. Clostridia
showed the highest β-glucuronidase activity; bacteroidacea,
eubactria, and peptostreptococci showed less; bifidobacteria
showed almost no activity (6). This enzyme is capable of
retoxifying compounds that have been detoxified by liver
glucuronidation, which is one of the most important
detoxication processes in the liver. A number of carcinogens,
including N-hydroxy-N-2-fluorenylacetamide and diethyl-
stilbesterol, are activated by hydrolysis of the glucuronide
bound in the bowel (7,8). Xenobiotics are molecules that
are foreign to a living organism, and during the process of

detoxification, they are conjugated with UDP-D-glucuronic
acid in the liver. The resulting β-D-glucuronides are excreted
through the small intestine and kidney. However, β-
glucuronidase in the small intestine is known to hydrolyze
the conjugates, and the freed xenobiotics are absorbed
through the wall of small intestine and returned to the liver.
β-Glucuronides are final metabolites of hydrophobic
xenobiotics. Because β-glucuronides are excreted via urine
and feces, they play important roles in the excretion of
xenobiotics (9). However, β-glucuronidase produced by
intestinal bacteria hydrolyzes glucuronide to liberate
xenobictics, which exhibit toxicity in the intestine and
decrease excretion rate of xenobiotics via reabsorption.
Inhibition of bacterial β-glucuronidase in the intestine will
promote excretion of xenobiotics and thus decrease their
toxicity (10). Thus, it would be of considerable importance
to develop β-glucuronidase inhibitor.
β-Glucuronidase inhibitors are mainly purified from

terrestrial plants; Scoparia dulcis (11,12), Ganoderma
lucidum (13), Paeonia emodi (14), Baphia racemosa (15),
Glycyrrhiza uralensis (16), Galla rhois (17), root
vegetables (18), Lentinus edodes (19), Scutellaria viscidula
Bge (20), Zizyphi fructus (21), kampo (Japanese herb)
medicine (22), and from purine nucleotides of dried bonito
(23).

Seaweeds are rich in polysaccharides with high dietary
content and known to contain various carbohydrase inhibitors.
Most researches focused on α-glucosidase (24-26), β-D-
glucanase (27), and aldose reductase inhibitors (28). On the
other hand, Sekikawa et al. (9) reported that methanol
extracts of Chondria crassicaulis inhibited β-glucuronidase
but could not purify the inhibitory component. They found
that the inhibitory components differed from each other
because of the different inhibition mechanisms.

The objectives of this study were to screen and purify β-
glucuronidase inhibitors from seaweeds collected in the
eastern coastal area of Korean peninsula and to determine
the structure and inhibitory activity of β-glucuronidase
inhibitors of red algae Grateloupia elliptica.
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Materials and Methods

Reagents β-Glucuronidase and p-nitrophenyl-β-D-
glucuronide (pNPG) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Sephadex LH-20 and Sephacryl
HR-100 were purchased from Pharmacia Biotech Ltd.
(Uppsala, Sweden). The other chemicals used in this study
were of analytical grade.

Algal samples Two green algae (Ulva pertus and Ostria
costata), 4 brown algae (Sagassum horneri, Sagassum
thunbergii, Sagassum nigrifolium, and Myelophycus
simplex), and 4 red algae (G. elliptica, Plocaminum telfriae,
Grateloupia lanceolata, and Polyopes lancifolia) were
harvested in the eastern coastal area of Korean peninsula in
July and August, 2005. Fresh algae were washed with tap
water and air-dried in the shade at room temperature. Dried
sample was cut into small pieces (2×3 cm), homogenized,
sifted with a 500-µm sieve, and then stored at −40oC until
used.

Extraction and purification of β-glucuronidase inhibitors
β-Glucuronidase inhibitor was purified according to the
modified method of Kim et al. (29). The alga sample
(1 kg) was soaked in 1 L of methanol-H2O (80:20, v/v)
and extracted with reflux for 3 hr. The solvent extract of
the alga was filtered and evaporated to 200 mL under
reduced pressure at <40oC. The evaporated was mixed
with same amount of distilled water and then partitioned
using n-hexane:H2O (1:1). The aqueous layer was further
partitioned using CHCl3, ethyl acetate, and butanol. The
EtOAc extract with highest β-glucuronidase inhibitory
activity was loaded onto a silica gel column (2.0×15.0 cm)
and then subjected to gradient elution by increasing polarity
with mixtures (5:1, 4:1, 3:1, 2:1, and 1:1, v/v) of CHCl3-
MeOH. The fractions eluted with mixtures (3:1 and 5:1,
v/v) of CHCl3-MeOH were further purified by Sephadex
LH-20 (3.0×30.0 cm) chromatography with methanol as
an eluent. Extractive yield of inhibitor was determined by
weighting after removing solvent with a vacuum evaporator
(RE121 Rotavapor; Buchi, Flawil, Switzerland).

Inhibitory assay of β-glucuronidase activity β-Glucuronidase
inhibitory activity was determined according to the modified
method of Kurihara et al. (24) and Jun et al. (30). A 0.01
mL of 10 mM pNPG as a substrate and 0.01 mL of 20 U/
mL β-glucuronidase in 0.01 M phosphate buffer (pH 7)
were added to 2.2 mL sample solution to start the reaction.
The reaction was carried out at 37oC for 60 min and
stopped by adding 1.5 mL of 0.1 M Na2CO3. Enzymatic
activity was quantified by measuring the absorbance at
405 nm. One unit of β-glucuronidase activity was defined
as the amount of enzyme liberating 1.0 mM of p-
nitrophenol/min. One unit of β-glucuronidase inhibitory
activity was defined as one unit decrease of β-
glucuronidase activity.

Identification of β-glucuronidase inhibitor The structures
of β-glucuronidase inhibitors were identified by spectroscopic
methods including 1H-nuclear magnetic resonance (NMR),
13C-NMR, and electron impact-mass spectrometry (EI-

MS) (31). 1H and 13C-NMR spectra were recorded in
methanol-d1 (MeOD) on a Bruker DRX-600 spectrometer
(Bruker, Karlsruhe, Germany). Mass spectra were recorded
on JMS-AX500 and JMS-SX102A spectrometers (Jeol,
Tokyo, Japan).

2,4,6-Tribromophenol (I) 1H NMR (600 MHz, MeOD)
δH 7.61 (2H. s. H-3); 13C NMR (150 MHz, MeOD) δc
152.1 (C-1), 112.6 (C-2,6), 135.4 (C-3,5), 112.9 (C-4).

2,4-Dibromophenol (II) 1H NMR (600 MHz, MeOD)
δH δ 7.58 (1H, d, J=2.4 Hz, H-3), δ 7.28 (1H, dd, J=2.4,
9.0 Hz, H-5), δ 6.81 (1H, d, J=9.0 Hz, H-6); 13C NMR
(150 MHz, MeOD) δc 155.1 (C-1), 111.7 (C-2). 136.0 (C-
3), 112.0 (C-4), 132.4 (C-5), 118.6 (C-6).

Statistical analysis Statistical analysis of the data was
carried out by Duncan’s multiple comparison test (p≤0.05)
using the SPSS software package version 10.0 program
from SPSS Inc. (Chicago, IL, USA).

Results and Discussion

Extraction and isolation of β-glucuronidase inhibitor
The inhibitory activity of aqueous methanol extract of G.
elliptica (30.2%) at 5 mg/mL was highest followed by P.
lancifolia (28.40%), S. nigrifoliumi (25.2%), and G.lanceolata
(23.2%) in order (data not shown). Red algae showed
relatively high β-glucuronidase inhibitory activity. Therefore,
G. elliptica was selected as a raw material for the
purification of β-glucuronidase inhibitor in this study.
Eight % methanol was the best extractive solvent followed
by 80% acetone and 100% methanol in order (data not
shown). Therefore, 80% methanol was used to extract β-
glucuronidase inhibitor from P. elliptica in this study.
Methanol extracts of the red alga, C. crassicaulis, inhibited
E. coli β-glucuronidase (9), which was same as in this
study.

Pigment including flavonoids and lipid components are
contained in the extracts of methanol and acetone.
Flavonoids in plants are known to function as shields
against ultraviolet (UV) light, as attractants for pollination
and oviposition, as signals for N-fixing bacteria, as
antimicrobial/antiviral agents, and as plant defensive
compounds (phytoalexins) (32). In the consecutive solvent
fractionations of inhibitors, β-glucuronidase inhibitory
activities of EtOAc fraction at the concentration of 0.1, 1.0,
and 4.0 mg/mL were 12, 35, and 51%, respectively,
whereas those of butanol fractions were 8, 13, and 15%
(Table 1). However, there were no β-glucuronidase inhibitory
activities in n-hexane, CHCl3, and water fractions. Lipids,
lead, chlorophyll, refined oil, and sterol, etc are dissolved
and fractionated in n-hexane, and resin is usually extracted
in CHCl3. In addition, polyphenols such as flavonoid and
tannin are extracted in EtOAc, and water-soluble components
are shifted over in BuOH (33). A large amount of solute in
80% methanol extract was shifted over to n-hexane (52%)
and CHCl3 (26%), but the bulk is not β-glucuronidase
inhibitors (Table 1). Based on above results, β-glucuronidase
inhibitor of G. elliptica is considered to be a polar group
like polyphenols.
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Purification and identification of β-glucuronidase
inhibitor EtOAc fraction was further purified by silica
gel chromatography, which was eluted with CHCl3-MeOH
gradient. The highest β-glucuronidase inhibitory activity
and extraction yield were obtained in the fraction of CHCl3
:MeOH=70:30 eluent (data not shown). Each fraction of
CHCl3-MeOH was loaded on the plate of silica gel thin
layer chromatography (TLC) and then developed with the
solvent of toluene:EtOAc:acetic acid=5:7:1. The plate was
sprayed with FeCl3 solution to analyze spot pattern, where
positive reaction of blue color was confirmed. Therefore,
β-glucuronidase inhibitor was estimated to be a kind of
phenol compound (25). β-Glucuronidase inhibitor fraction
of CHCl3:MeOH=70:30 was concentrated by vacuum-
evaporator and then loaded onto Sephadex LH-20
chromatography which was eluted with methanol, where
total 30 fractions were obtained. Two kinds of positive
spots on the plate of TLC among 30 fractions were confirmed
and then classified into compound I (30.1 mg) and
compound II (22.1 mg). Sephadex LH-20 gel (exclusion
limit about 5,000 Da) used in this study was known to be
very effective to remove high molecular compounds and
polymers (34). The structures of β-glucuronidase inhibitors
from G. elliptica were identified as bromophenol I and
bromophenol II according to spectral data (Fig. 1), which
was similar to the results of Kurihara et al. (25), where
2,3,6-tribromo-4,5-dihydroxybenzyl alcohol and 2,3-
dibromo-4,5-dihydroxybenzyl alcohol were purified from
Symphyocladia latiuscula and Odonthalia corymbifera,
respectively. β-Glucuronidase inhibitors are categorized as
terpenoids and their glucuronides, flavonoids, and their
glucuronides, and pseudo-sugar containing nitrogen (9), in
which bromophenols are classified into flavonoids.

Inhibitory activity of bromophenols against β-
glucuronidase IC50 values of bromophenol I and II
against bacterial β-glucuronidase were 5.4 and 8.5 mg/mL,
respectively, in which bromophnel I had higher inhibitory
activity than bromophenol II (p<0.05) (Table 2). This was
similar to the result of Kurihara et al. (25), in which α-
glucosidase inhibitory potencies of the bromophenol
increased with the increasing degree of bromo-substitution
per benzene ring and decreasing degree of methyl-substitution.
Polyphenolic compounds such as tannins from terrestrial
plants and phlorotannins from marine algae are known to
be associated with a variety of proteins to form complex
(35), thus might resulted in exerting inhibitory activity. For
example, O-quinones derived from catechols are covalently
bound to protein amino acid and thiol groups (36). Algal β-
glucuronidase inhibitor, bromophenol, belongs to phenol
compounds. Therefore, bromophenols should bind to both
active and non-active site of the enzymes (36). Based on
the statement mentioned above, bromophenol of red algae,
G. elliptica, is an effective inhibitor against β-glucuronidase.
Bromophenol will decrease blood glucose level as well as
adverse gastrointestinal effects and abdominal discomfort
(37). Therefore, bromophenol can be developed as a novel
natural pharmaceutical agent because of its high inhibitory
activity against β-glucuronidase. Because above results
were obtained in vitro, further study should be carried out
in vivo for commercial application. If the structure of
bromophenol is deformed in the human body by stomach
acid or digestive enzymes, it is possible to be changed in
its inhibitory activity.

Endo-β-D-glucuronidase (commonly referred to as
heparanase) is an extracelluar matrix enzyme that degrades
heparin sulfate and heparin sulfate proteoglycans, the
major components of extracelluar matrix and basement
membrane (38,39). Therefore, this enzyme is thought to
accelerate cancer invasion and metastasis, and is expressed

Table 1. β-Glucuronidase inhibitory activities of the solvent-partitioned fractions of Grateloupia elliptica at different concentrations

Fractions
Yield (%) of

80% methanol extract 

β-Glucuronidase inhibitory activity (%)

0.1 mg/mL1) 1.0 mg/mL 4.0 mg/mL

n-Hexane 52 NI NI NI

Chloroform 26 NI NI NI

Ethyl acetate 16 12a 35a 51a

Butanol 5 8b 13b 15b

Water 1 NI NI NI

1)The final concentration in the reaction mixture; NI, no inhibition; a,bmeans in the same column with different superscripts are significantly differ-
ent (p<0.05).

Fig. 1. The structures of β-glucuronidase inhibitors purified
from Grateloupia elliptica.

Table 2. IC50 values of Grateloupia elliptica bromophenols
against β-glucuronidase1)

Inhibitor IC50
2) (mg/mL)

Bromophenol I 5.4b

Bromophenol II 8.5a

1)Enzyme with 0.01 unit activity was used in this experiment.
2)IC50 values were determined by an inhibition assay at substrate con-
centration of 50 mM; a,bmeans in the same column with different
superscripts are significantly different (p<0.05).
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to a higher extent during inflammation, angiogenesis, or
malignant transformation (40). Oral administration of L.
edodes (19), Z. fructus (21), and root vegetables (18)
significantly inhibited fecal β-glucuronidase and tryptophanase.
This was similar to the results of Gudiel-Urbano and Goni
(41), in which intestinal β-glucuronidase activity decreased
when seaweeds (Undaria pinnatifida and Porphyra
ternera) were fed. Crude drug containing β-glucuronidase
inhibitory activity decreased toxic side effects of the
metabolite SN-38 of the anticancer agent CPT-11 (22).
Direct administration of β-glucuronidase inhibitor also
decreases the formation of colon cancer in animals (42).
Hence, bromophenols purified from G. elliptica, a potent β-
glucuronidase inhibitor, can be used as a novel pharmaceutical
agent for the prevention and treatment of colon cancer.
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