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ABSTRACT

Supplementing with proteolytic digest of shark cartilage (SCP) to give
1.5% and 2.5% in the diet significantly moderated hyperuricemia in rats
induced by potassium oxonate in the diet. On the other hand, no significant
effect was observed by a diet containing 2.5% proteolytic digest of cow
cartilage. Hyperuricemia induced by a single intraperitoneal injection of
potassium oxonate was also moderated by single ingestion of the proteolytic
digest of shark cartilage in a dose-dependent manner. The proteolytic digest of
shark cartilage was fractionated on the basis of the isoelectric point into
acidic, weak acidic and basic fractions. Significant anti-hyperuricemic activity
was observed only in the basic fraction, and ingestion of chondroitin sulfate
free from protein, one of the major constituents of the digest, had no significant
anti-hyperuricemic activity. Basic components, possibly peptide, might be
responsible for anti-hyperuricemic activity in this rat model.

PRACTICAL APPLICATIONS

The present study demonstrates that ingestion of diet containing food-
grade microbial protease digest of shark cartilage can lower the serum uric
acid level of the oxonate-induced hyperuricemia rats, while that of cow carti-
lage has no significant activity. The shark cartilage digest was fractionated by
large-scale preparative isoelectric focusing on the basis of amphoteric nature
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of sample without using chemically synthesized carrier ampholine, which
is referred to autofocusing and has potential for further scale-up. Only basic
fraction can significantly lower the serum uric acid. On the other hand, chon-
droichin sulfate, one of the major constituents of the acidic fraction has no
significant activity. These results suggest the basic peptide fraction might
responsible for the uric acid-lowering activity. This fraction could be prepared
in an industrial scale and used for food ingredient to prevent and alleviate
gout attack.

INTRODUCTION

Gout is a serious lifestyle-related disease. With the change in eating
habits, gout has become prevalent worldwide. Hyperuricemia is an important
risk factor for the onset of gout (Hall et al. 1967; Campion et al. 1987).
Hyperuricemia is developed by excessive production of uric acid and/or
decreased renal excretion of uric acid (Nugent and Tyler 1959). To treat gout,
chemically synthesized drugs – allopurinol, benzbromarone, probenecid and
so on, for example, which are based on inhibition of the synthesis or enhance-
ment of urinary excretion of uric acid, have been clinically used; however,
occasional side effects of these medicines are a stumbling block for chronic
use. In spite of their low frequency, the side effects of allopurinol could be
life-threatening and occur more often in patients with renal insufficiency (Fam
1998; Harris et al. 1999; Lipshultz et al. 2003; Schlesinger 2004). To control
the blood uric acid level by food, patients suffering from gout are encouraged
to eat foods with low purine content, as uric acid is also a metabolite of
food-derived purine. For the patient suffering from gout, low purine beverages
have been developed. Recently, it has been reported that oral ingestion of
chitosan can moderate hyperuricemia by suppressing absorption of purine in
food (Shirogane et al. 2004). To the best of our knowledge, there are, however,
few reports on the control of hyperuricemia by food ingredients modulating
the synthesis and excretion of uric acid.

Shark cartilage consists of proteoglycan, collagen and various proteins
with biological activities (Lee et al. 1984). Highly purified chondroitin sulfate
C, polysaccharide moiety of proteoglycan, has been used for medical purposes
(Ameye and Chee 2006). In addition to medical products, various forms of
shark cartilage products have been prepared as food ingredients. It has been
suggested that these products might have beneficial effects on patients suf-
fering from cancer, osteoarthritis, rheumatoid arthritis and so on, although
their efficacy is controversial (Miller et al. 1998; Hyodo et al. 2005). Recently,
a food-grade proteolytic digest of shark cartilage has been prepared on an
industrial scale (Murota et al. 2003). In our preliminary experiment, we
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noticed that ingestion of the proteolytic digest of shark cartilage decreased the
serum uric acid level of normal rat, suggesting that the digest has the potential
to moderate hyperuricemia.

The objectives of the present study were to confirm the anti-
hyperuricemic activity of the proteolytic digest of shark cartilage using an
oxonate-induced hyperuricemia rat model and to identify the component
responsible for anti-hyperuricemic activity.

MATERIALS AND METHODS

Materials and Reagents

Crude proteolytic digests of shark cartilage (SCP) and cow cartilage
(CCP) were prepared on an industrial scale using the method of Murota
et al. (2003). Briefly, shark and cow cartilages were digested with microbial
protease preparation. The digests were clarified by filtration and charcoal
treatments and then spray dried.

Analytical grade chondroitin sulfate and the Uric Acid Test Wako Kit
were purchased from Wako Pure Chemicals (Osaka, Japan). Agarose powder
was purchased from Nacalai Tesque (Kyoto, Japan). Potassium oxonate was
purchased from Across Organics (Geel, Belgium).

Fractionation of Components in SCP

The fractionation of components in SCP was performed by ampholyte-
free preparative isoelectric focusing (autofocusing) according to the method
of Hashimoto et al. (2005) using autofocusing apparatus with 10 sample
compartments (75 mm in length ¥ 80 mm in width ¥ 85 mm in height). SCP
was dissolved in deionized water to give 10% (w/v) and loaded into sample
compartments No. 5 and 6. The other sample compartments were filled with
deionized water. Autofocusing was carried out 500 V for 12 h.

Animal Experiments

Female Sprague-Dawley strain rats and male Wistar rats were purchased
from Charles River Laboratories Japan (Yokohama, Japan). Male Sprague-
Dawley strain rats were purchased from Japan SLC Inc. (Hamamatsu, Japan).
All animals were caged in the same building and allowed free access to diet
pellets and tap water. They were allowed to adapt to the environment for a
week before being used. This study was conducted in accordance with the
standards established by the guide for the care and use of laboratory animals
of Maruha Nichiro Holdings Central Research Institute (Tsukuba City, Japan).
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Experiment 1. Hyperuricemia was induced by the method of Dan et al.
(1994). Nine-week-old female Sprague-Dawley strain rats (average body
weight, 221.1 g) were fed a diet containing 2.5% (w/w) potassium oxonate
(hyperuricemic; HU diet). SCP was supplemented to the HU diet to give 2.0%
(SCP diet). The compositions of the HU and SCP diets are shown Table 1.
Eighteen rats were fed the HU or SCP diet for 41 days. In addition, another
12 rats were fed the HU diet for 29 days and then divided into two groups; one
group (n = 6) continued to ingest the HU diet and another group (n = 6) was
switched to the SCP diet for an additional 12 days. Rats were fasted for more
than 12 h before blood drawing. The diets used in all experiments were
prepared by Oriental Yeast (Tokyo, Japan).

Experiment 2. SCP was suspended in distilled water at a test material
concentration of 0.02–0.2 g/mL (w/v) and administered at a constant volume
of 5 mL/kg body weight to 8-week-old male Sprague-Dawley rats (average
body weight, 285.4 g) via a stomach sonde to give a dosage of 0.1, 0.3 and
1.0 g/kg body weight. One hour later, the rats were i.p. injected with potassium
oxonate solution (250 mg/2 mL of 3% gum arabic saline/kg body weight) to
elevate the blood uric acid level (Osada et al. 1993). Whole blood samples
were collected 1 h after oxonate injection.

Experiment 3. Four-week-old male Sprague-Dawley rats (average body
weight, 140.1 g) were fed diets containing 3% potassium oxonate supple-
mented with SCP, CCP or purified chondroitin sulfate (CS) for 28 days. Rats
were fasted for more than 12 h before blood drawing.

TABLE 1.
COMPOSITION OF HYPERURICEMIC AND SCP DIETS IN

EXPERIMENT 1 (%)

Hyperuricemic
(HU) diet

SCP diet

Corn starch 38.0 38.0
Casein 25.0 25.0
a-corn starch 10.0 10.0
Cellulose 8.0 8.0
Soybean oil 6.0 6.0
Mineral mix (Oriental) 6.0 6.0
Vitamin mix (Oriental) 2.0 2.0
Sucrose 2.5 1.0
Potassium oxonate 2.5 2.5
SCP – 1.5
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Experiment 4. Acidic, weak acidic and basic fractions of SCP prepared
by autofocusing were evaluated for their anti-hyperuricemic activity. The
fractions were freeze-dried and re-suspended in distilled water and adminis-
tered daily at a constant volume of 5 mL/kg body weight to 7-week-old female
Sprague-Dawley rats (average body weight, 201.3 g) to give a dosage 380,
250, 370 mg/kg body weight for acidic, weak acidic and basic fractions,
respectively, via a stomach sonde. The dosage of each fraction was determined
on the basis of the recovery of each fraction by autofocusing. The rats were fed
a purified diet (Oriental Yeast) and administered with the test components for
22 days. Rats were fasted for more than 12 h before blood drawing.

Preparation of Sera

Blood was collected from the caudal artery, or the abdominal aorta under
anesthesia and left to stand for 0.5–1 h at room temperature to clot. Serum was
collected by centrifugation and stored at -30C until used.

Analytical Procedures

Protein, mucopolysaccharide, lipid, moisture and heavy metals were
determined according to the Association of Official Analytical Chemists
method (AOAC 1990). Amino acid analysis was performed according to the
method of Bidlingmeyer et al. (1984) with a slight modification (Sato et al.
1992). Chondroitin sulfate was determined by the method of Bowness (1957).
Serum uric acid was measured using an Uric Acid Test Wako Kit based on the
phosphotungstic acid method.

Statistical Analyses

Data are presented as the means � standard deviation. Differences
between the means were evaluated by Student’s t-test with Holm adjustment
(P = 0.05) or analysis of variance followed by Dunnett, Bonferroni/Dunn or
Fisher’s protected least significant difference method (P = 0.05). Statistical
studies were performed with StatView Version 5.0 (SAS Institute, Cary, NC).

RESULTS

Chemical Characterization of Crude and Fractionated Proteolytic
Digest of Shark Cartilage

The crude proteolytic digest of SCP was characterized for its proximate
composition and amino acid profile, as shown in Tables 2 and 3. SCP consisted
of mainly peptide/protein and acidic polysaccharides containing uronic acid,
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namely mucopolysaccharide. Cellulose acetate electrophoresis and com-
positional analyses revealed that chondroitin sulfate C is a major constituent
of the mucopolysaccharide fraction of SCP (data not shown). SCP contained
hydroxyproline, a modified amino acid specifically distributed in collagen, at
3%. In collagen, hydroxyproline accounts for approximately 8% of the total
amino acids. On the basis of these data, the protein moiety of SCP consisted of
peptides derived from collagen (30%) and other proteins.

The SCP was fractionated by autofocusing. As shown in Fig. 1, pH
gradient from 3 to 11 was formed. Fractions 1–6 showed approximately pH 3.
On the basis of pH value after autofocusing, fractions 1–6, 7 and 8, and 9 and
10 were combined and used as the acidic, weak acidic and basic fractions in

TABLE 2.
APPROXIMATE COMPOSTION OF CRUDE PROTEOLYTIC

DIGEST OF SHARK (SCP) CARTILAGE

Component

Protein 53%
Mucopolysaccharide 43%
Lipid 0.01%
Moisture 4.1%
Heavy metal less than 10 ppm

TABLE 3.
AMINO ACID PROFILES OF CRUDE PROTEOLYTIC DIGEST

OF SHARK CARTILAGE (SCP)

Amino Acids (g/100 g)

Hyp 3.6
Asp 4.1
Thr 2.2
Ser 2.2
Glu 5.8
Pro 5.1
Gly 10.7
Ala 6.2
Cys 2.0
Val 1.7
Met 3.9
Ile 4.2
Tyr 0.4
Phe 1.3
Lys 2.3
His 0.7
Arg 3.9
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the following experiments, respectively. The acidic fraction was rich in chon-
droichin sulfate C. The weak acidic fraction was rich in peptide. As shown
in Fig. 2, collagen-specific amino acids (hydroxyproline and hydroxylysine)
were distributed in all fractions in approximately the same ratio. The peptide
in the acidic and weak acidic fractions showed comparable amino acid com-
position, while the basic fraction was characterized with smaller acidic amino
acids and higher basic amino acids than other fractions.

FIG. 1. PH GRDIENT AND CONTENTS OF CHONDROICHIN SULFATE C AND PEPTIDE IN
THE AUTOFOCUSING FRACTIONS

Peptide content is expressed as sum of constituent amino acids. Acidic (A; Fr. 1–6), weak acidic
(WA; Fr. 7 and 8), and basic (B; Fr. 9 and 10) were collected for the following experiments.

FIG. 2. AMINO ACID COMPOSITION OF AUTOFOCUSING FRACTIONS
Acidic; Asp and Glu after hydrolysis, neutral; sum of Ser, Gly, Thr, Ala, Pro, Tyr, Val, Met, Ile,

Leu and Phe, basic; sum of His, Arg and Lys. Hyp and Hyl represent hydroxyproline and
hydroxylysine, respectively.
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Experiment 1. The addition of oxonate to the diet increased the serum
uric acid level in the control group, as shown in Fig. 3A. On the other hand,
supplementation of SCP to the control diet suppressed oxonate-induced
hyperuricemia. Twenty-eight days after the administration of oxonate, the SCP
group showed a significantly lower serum uric acid level than its counterpart.
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FIG. 3. EFFECTS OF SUPPLEMENTATION OF SCP IN HYPERURICEMIC DIET ON
DEVELOPMENT OF HYPERURICEMIA

(A) Rats received hyperuricemic (HU) or SCP diet from the start of the experiment; (B) Rats
received HU diet for 28 days and then received HU or SCP diet. The composition of HU and SCP
diets is shown in Table 1. Data represent the means � standard deviation for 6 animals. *indicates

significant difference between HU and SCP groups (P < 0.05; Dunnett). Different letters
(capital; SCP or switch-SCP, small; HU) indicate significant difference within a group

(P < 0.05; Student’s t test with Holm adjustment).
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Rats fed the HU diet containing oxonate for 28 days showed mild hyperuri-
cemia. The serum uric acid level continued to increase in the HU diet group,
while it stopped increasing in the group switched to the SCP diet. Twelve days
after the supplementation of SCP, the serum uric acid level was significantly
lower in the SCP group (Fig. 3B). There was no difference in body weight gain
among groups (data not shown).

Experiment 2. Hyperuricemia was also induced by a single i.p. injec-
tion of potassium oxonate. As shown in Fig. 4, oral administration of SCP
decreased serum uric acid in a dose-dependent manner.

Experiment 3. To compare the uric acid-lowering effect with SCP, enzy-
matic hydrolysate of CCP and purified shark CS were used. After supplemen-
tation with 2.5% CCP and CS for 28 days, no significant uric acid-lowering
effect was observed, while a significant effect was again observed in the SCP
group (Fig. 5). There was no difference in body weight gain among groups
(data not shown).

Experiment 4. The components in SCP were fractionated on the basis
of the isoelectric point. After administration of test components for 22 days,
only the basic fraction showed a significant uric acid-lowering effect even in
smaller dosage than that of SCP (Fig. 6). There was no difference in body
weight gain among groups (data not shown).
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FIG. 4. DOSE-DEPENDENT URIC ACID LOWERING EFFECT OF SCP
Rats received vehicle and SCP in different dosages via stomach sonde and i.p. injected with

potassium oxonate. Uric acid values were standardized against that of the vehicle group as 100.
Data represent the means � standard deviation for 6 animals. * indicates significant difference

between vehicle and SCP medication groups (P < 0.05; Dunnett).
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DISCUSSION

As the most of mammalians including rodents have uricase, which is a
key enzyme for uric acid metabolism and missing in human, the rodents are
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FIG. 5. COMPARISON OF SERUM URIC ACID LOWERING EFFECT WITH COW
CARTILAGE DIGEST AND PURIFIED CHONDROICHIN SULFATE C

Rats were fed the HU diet containing 3% oxonate and supplemented diets with 2.5% SCP, cow
cartilage digest (CCP), or purified chondroichin sulfate C (CS). Uric acid values were standardized

against that of the HU diet group as 100. Data represent the means � standard deviation for 6
animals. Statistical significance between HU and CS was evaluated by Student’s t test. *indicates

significant difference between HU and crude proteolytic digest groups (P < 0.05; Dunnett).
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FIG. 6. COMPARISON OF URIC ACID-LOWERING EFFECT OF AUTOFOCUSING
FRACTIONS OF SCP

Uric acid values were standardized against that of the HU diet group as 100. Data represent the
means � standard deviation for 6 animals. Different letters indicate significant difference within

groups (P < 0.05; Bonferroni/Dunn).
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not hyperuricemic. To induce hyperuricemia in rats, oxonate, which is a
specific inhibitor of uricase has been used. The oxonate-induced hyperurice-
mia rat has been widely used for screening of anti-hyperuricemic activity
(Dan et al. 1994).

In the hyperuricemic rat model based on long-term ingestion of oxonate
in the diet, supplementation of SCP from the start and 29 days after oxonate
administration suppressed the development of hyperuricemia. A similar effect
was observed in both male and female rats of two strains. On the other hand,
the proteolytic digest of CCP does not have this potential activity. This sug-
gests that SCP has the potential to moderate hyperuricemia, which must be
proven by clinical study.

As shown in Table 2, SCP predominantly consists of mucopolysaccha-
rides (chondroichin sulfate C) and peptides. The ingestion of purified shark
chondroitin sulfate C did not show anti-hyperuricemic activity. This result is
consistent with the acidic fraction, which contains a higher amount of chon-
droitin sulfate C, having no anti-hyperuricemic activity. On the other hand, the
basic fraction showed higher anti-hyperuricemic activity. In addition, the water
extract of shark cartilage without proteolytic digestion did not show a signifi-
cant uric acid-lowering effect (data not shown). These facts suggest that basic
peptide might be responsible for anti-hyperuricemic activity.

Amino acid analysis revealed that the protein/peptide fraction consists of
collagen- and other protein-derived peptides; however, the active peptide has
not been identified. Our preliminary experiment revealed that the SCP has no
in vitro inhibitory activity against xanthinoxidase, which is a key enzyme for
uric acid synthesis. Therefore, the in vitro assay system based on the inhibition
of xanthinoxidase cannot be used for identification of the active peptide. In
addition, the peptides in the microbial protease digest might be further
degraded by peptidases in digestive tracts and blood of rat and change their
biological activity. It is, therefore, the in vitro activity of peptide in the diet
could not be directly linked to the in vivo activity of peptide. Fortunately, a
single administration of SCP can suppress transient elevation of serum uric
acid by i.p. injection of oxonate in a dose-dependent manner, as shown in
Fig. 4. Based on this result, in vivo activity-guided fractionation of the peptide
is now in progress in order to identify the active component, which would
allow us to elucidate the mechanism for uric acid-lowering effect.
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