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A B S T R A C T

A shark cartilage proteolytic digest was fractionated by selective extraction with 75% eth-

anol. Peptides in the digest were recovered in the 75% ethanol-soluble fraction. The etha-

nol-soluble fraction showed lower viscosity and higher solubility in water than the crude

digest. Oxonate-induced hyperuricemia in rat was suppressed by the oral administration

of the ethanol-soluble fraction of the digest (1 g/kg body weight/day) for 28 days. Single

administration of the ethanol-soluble fraction also reduced blood uric acid level in a

dose-dependent manner. Administration of the ethanol-soluble fraction of the digest

(1 g/kg body weight/day) significantly increased serum inhibitory activity against xanthine

oxidase, whereas the ethanol-soluble fraction had no in vitro xanthine oxidase inhibitory

activity. These facts suggest that peptides in the ethanol-soluble fraction might be con-

verted into smaller peptides with xanthine oxidase inhibitory activity during digestion,

absorption, and metabolism.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Hyperuricemia is one of the risk factors for gout. In addition,

it has been demonstrated that hyperuricemia is closely asso-

ciated with other lifestyle-related diseases (Hosoya, 2008).

Uric acid is the final metabolite of endogenous and food-de-

rived purine bases in humans. To control the blood uric acid

level, patients suffering from hyperuricemia are encouraged

to consume foods with a low-purine content. For this pur-

pose, low-purine alcoholic beverages are commercially avail-

able in Japan (Shibano et al., 1996; Tofler & Woodings, 1981).

However, it is difficult for individuals to control their blood

uric acid level using low-purine foods alone.

In a previous study, we demonstrated that ingestion of a

shark cartilage proteolytic digest moderated hyperuricemia

in a rat model and suggested that peptide fraction might be

responsible for the anti-hyperuricemic activity (Murota

et al., 2010). However, the underlying mechanism for the

anti-hyperuricemic activity of the digest has remained to be

solved. In addition, the crude digest of shark cartilage showed

high viscosity in water due to presence of chondroitin sulfate,

which makes difficult to sallow it down by human subject.

The objective of the present study was to prepare a peptide

fraction with lower viscosity and higher anti-hyperuricemic

activity from the crude digest, which is suitable for human

trial, and to elucidate the underlying mechanism for the

anti-hyperuricemic activity of the product.
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2. Methods and materials

2.1. Materials and reagents

A crude proteolytic digest of shark cartilage was prepared on

an industrial scale according to the method described by Muro-

ta, Nishikawa, Tamai, Yoshikai, and Kihara (2003) and Murota,

Tamai, Baba, and Sato (2006). Briefly, shark cartilage was sus-

pended in water and heated in an autoclave at 120 �C, before

being digested with a food-grade Bacillus licheniformis protease.

The digest was clarified by filtration, passed through activated

carbon, and then spray-dried. This product, referred to SCP,

can be obtained commercially from Maruha Nichiro Inc. (To-

kyo, Japan). The digest was suspended in 75% ethanol and stir-

red for 60 min. After centrifugation at 3000g for 10 min, the

supernatant was collected. Then, the extract was dried under

vacuum and then resolved in a minimum amount of water, be-

fore being powdered by spray drying or freeze drying.

A Wako Uric Acid Test Kit, bovine milk xanthine oxidase,

xanthine and allopurinol was purchased from Wako Pure

Chemical (Osaka, Japan). Potassium oxonate was purchased

from Acros Organics (Geel, Belgium).

2.2. Animals experiment

Female Sprague–Dawley rats and male Wistar rats were

purchased from Charles River Laboratories Japan (Yokohama,

Japan). All diet pellets were purchased from Oriental Yeast

(Tokyo, Japan). All animals were housed (temperature: 22–

24 �C, humidity: 40–60%) under a 12 h light–dark cycle in the

same building and given free access to their diet pellets and

filtered water. The rats were allowed to adapt to their environ-

ment 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).

In experiment 1, hyperuricemia was induced according to

the method of Dan, Yoneya, Onomia, Onuma, and Ozawa

(1994). Seven week-old female Sprague–Dawley rats (mean

body weight of 199.8 g) were divided into three groups (n = 7

for each group). Two of the groups were fed on a diet contain-

ing 2.5% (w/w) potassium oxonate (HU diet) for 28 days. The

other group was fed on a normal diet. The compositions of

the HU and normal diets are shown in Table 1. The ethanol-

soluble fraction was suspended in distilled water at a

concentration of 0.2 g/ml (w/v) and orally administered to

the one of the HU groups once daily at a constant volume of

5 ml/kg body weight via a stomach sonde for 28 days. The

other groups were administered with same volume of dis-

tilled water. The rats were fasted for 12 h before the blood col-

lection from the abdominal aorta under anesthesia.

In experiment 2, seven-week-old female Sprague–Dawley

rats (mean body weight of 201.6 g) were divided into two

groups (n = 6 for each group) and fed on a normal diet for

28 days. The ethanol-soluble fraction was suspended in dis-

tilled water at a concentration of 0.2 g/ml (w/v) and adminis-

tered orally to one of the groups once daily in the same

manner as in experiment 1. Another group was administered

the same volume of distilled water. The rats were fasted for

12 h before their blood was collected.

In experiment 3, hyperuricemia was induced according to

the method of Osada et al. (1993) with slight modifications.

Six-week-old male Wistar rats (mean body weight of 161.2 g)

were fed on a normal diet. The rats were divided into five

groups (n = 6 for each group). Each test component was

administered orally 2 h before the blood collection. The crude

digest and the ethanol-soluble fraction were suspended in

distilled water at a concentration of 0.2 g/ml (w/v) and admin-

istered orally at a constant volume of 5 ml/kg body weight to

one group of rats each via a stomach sonde. Allopurinol was

dissolved in water to give a concentration of 0.01 g/ml (w/v)

and administered orally in the same manner as the crude di-

gest and the ethanol-soluble fraction to another group of rats.

One hour later, the rats were intraperitoneally injected with

potassium oxonate solution (250 mg/2 ml of 3% gum arabic

saline/kg body weight) in order to elevate their blood uric acid

level. Whole blood samples were collected 1 h after the oxo-

nate injection.

In experiment 4, hyperuricemia was induced in the same

manner as in experiment 3. Six-week-old male Wistar rats

(mean body weight of 172.1 g) were divided into four groups

(n = 6 for each group). The rats were administered 0 (vehicle),

30, 100, or 300 mg/kg body weight of the peptide fraction; i.e.,

the ethanol-soluble fraction was suspended in distilled water

at a concentration of 0, 6, 20, or 60 mg/ml (w/v) and adminis-

tered orally at a constant volume of 5 ml/kg body weight via a

stomach sonde. One hour later, the rats were intraperitone-

ally injected with potassium oxonate solution (250 mg/2 ml

of 3% gum arabic saline/kg body weight) in order to elevate

their blood uric acid level. Whole blood samples were col-

lected 1 h after the oxonate injection. To estimate the 50%

inhibitory dose value (ID50), serum uric acid values were stan-

dardized against those of the normal and vehicle groups,

which were taken as 0% and 100%, respectively.

In experiment 5, six-week-old male Wistar rats (mean

body weight of 150.9 g) were divided into two groups (n = 6

for each group). The rats were administered orally 0 (vehicle)

or 1 g/kg body weight of the ethanol-soluble fraction and

intraperitoneally injected with potassium oxonate solution

in the same manner in experiment 3. Whole blood samples

were collected 1 h after the oxonate injection.

The blood samples were stood for 0.5–1 h at room temper-

ature to clot. The serum was then collected by centrifugation

and stored at �30 �C until use.

Table 1 – Compositions of normal and oxonate diets used
in experiment 1.

Normal
diet (%)

Hyperuricemic
(HU) 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 5.0 2.5

Potassium oxonate – 2.5
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2.3. Xanthine oxidase inhibitory activity assay

The xanthine oxidase assay was performed according to the

method of Osada et al. (1993) with slight modifications. Xan-

thine was dissolved in 50 mM Tris–HCl buffer, pH 7.4, to give

15 mM. Xanthine oxidase was resolved in the same buffer to

give 0.1 mU/ll. The ethanol-soluble fraction was dissolved in

the same buffer to give a suitable concentration. The substrate

(40 ll), enzyme (10 ll), and sample solution (1950 ll) were

mixed and incubated for 10 min at 37 �C. The reaction was

terminated by addition of 50 ll of 3.2% (v/v) perchloric acid dis-

solved in the same buffer. Absorbance at 292 nm was mea-

sured. Allopurinole and the buffer were used as positive and

negative controls, respectively. Inhibitory activity is expressed

as remaining activity against the negative control (%).

For the evaluation of effect of ingestion of the ethanol-sol-

uble fraction on the serum xanthine oxidase inhibitory activ-

ity, 200 ll of serum from the rats in experiment 5 were mixed

with 3 vol. (v/v) of ethanol. The precipitate was removed by

centrifugation at 16,300g for 3 min. The supernatant was

dried under vacuum and dissolved in the same buffer

(1950 ll) and used as sample.

2.4. Other analytical procedures

The protein, mucopolysaccharide (glycosaminoglycan), lipid,

moisture, and ash contents in the crude extract and etha-

nol-soluble fraction were determined according to the meth-

od of the Association of Official Analytical Chemists (AOAC,

1990). Amino acid analysis was performed according to the

method of Bidlingmeyer, Cohen, and Tarvin (1984). The deter-

mination of chondroitin sulfate was performed according to

the method of Bowness (1957). Serum uric acid was measured

using a Wako Uric Acid Test Kit (Wako Pure Chemical, Osaka,

Japan) or the HPLC-UV method of the Committee on Biochem-

ical Constituents and their Analytical Reagents (1993).

The viscosity of a 20% sample water solution was measured

using an RC-500 (Toki Sangyo, Tokyo, Japan) at 100 rpm and

25 �C. To estimate water solubility, the quantity of water

required to completely dissolve 1 g sample at 25 �C was deter-

mined. The molecular weights of the peptides were estimated

by gel filtration chromatography using a TSKgel G3000PW · l

column (7.8 · 300 mm; Tosoh, Tokyo, Japan) equilibrated with

45% acetonitrile containing 0.1% trifluoroacetic acid (TFA)

and equipped with a Waters alliance 2965 HPLC system

(Waters, Milford, MA, USA). The column was calibrated with

glutathione (0.3 kDa), bradykinin (1.1 kDa), a-melanocyte stim-

ulating hormone (MSH, 1.7 kDa), insulin chain B oxidized

(3.5 kDa), aprotinin (6.5 kDa), cytochrome C (12.4 kDa), car-

bonic anhydrase (29.0 kDa), albumin (66.0 kDa), and alcohol

dehydrogenase (150.0 kDa) as molecular weight markers, and

a plot of log molecular weight versus Ve/Vt was used to esti-

mate molecular weight, where Ve is the elution volume of each

protein, and Vt is the retention volume of the total permeation

peak.

2.5. Statistical analyses

Data are presented as the mean ± standard deviation. Differ-

ences between means were evaluated using the Student’s

t-test or an analysis of variance followed by Dunnett’s test

or the Bonferroni/Dunn method (p < 0.05). Statistical analyses

were performed with StatView Version 5.0 (Abacus Concept,

Berkeley, CA, USA).

3. Results

3.1. Characterization of the ethanol-soluble fraction

The 75% ethanol-soluble fraction had a yellow-white powdery

appearance. The crude digest and ethanol-soluble fraction

had their compositions and physical properties characterized

as shown in Table 2. Acidic polysaccharides containing uronic

acid, namely glycosaminoglycans, accounted for nearly half

of the crude digest. On the other hand, most of the glycosami-

noglycans had been removed from the ethanol-soluble

fraction. Protein accounted for 99% of the ethanol-soluble

fraction. Removing the glycosaminoglycans decreased the

viscosity of the fraction to 1/27th of that of the crude digest

and improved its solubility in water at 25 �C by 3-fold

compared to that of the crude digest.

As shown in Table 3, the ethanol-soluble fraction had an

amino acid composition similar to type II collagen. In shark

type II collagen, hydroxyproline accounts for approximately

8% (mol/mol) of all amino acids. On the basis of its hydroxy-

proline content, approximately 75% of the peptides in the eth-

anol-soluble fraction were derived from type II collagen.

As shown in Fig. 1, approximately 90% of the peptides in

this fraction were distributed in the 0.3–7 kDa molecular mass

range, and their mean molecular mass was estimated to be

1.5 kDa.

3.2. Animal experiments

Experiment 1: When the vehicle was administered, the serum

uric acid levels of the rats that consumed the HU diet for

28 days were increased compared with those of the rats that

ate the normal diet. The administration of the ethanol-solu-

ble fraction (1 g/kg body weight) suppressed the development

of hyperuricemia (Fig. 2A). There was no difference in body

weight gain among any of the groups (data not shown).

Experiment 2: In the normal rats, there was no significant

difference in the serum uric acid level between the rats re-

ceived the ethanol-soluble fraction (1 g/kg body weight) and

Table 2 – Approximate composition and physical prop-
erties of a crude shark cartilage digest and its ethanol-
soluble fraction.

Component Crude
digest

Ethanol-soluble
fraction

Proteins 53% 99%

Glycosaminoglycans 43% 0.6%

Lipids <0.1% 0.1%

Apparent viscosity of 20%

solution at 25 �C
35.1 mPa s 1.3 mPa s

Water solubility (1 g) 6.0 ml 2.0 ml

Data are shown as the mean values of duplicate determinations.
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vehicle for 28 days (Fig. 2B). There was no difference in body

weight gain among any of the groups (data not shown).

Experiment 3: In this experiment, hyperuricemia was in-

duced in rats via a single intraperitoneal injection of oxonate.

One hour before the oxonate injection, the test samples were

administered orally. As shown in Fig. 3, a single dose of

allopurinol decreased the serum uric acid level of the rats to

below the normal level. A single administration of the etha-

nol-soluble fraction (1 g/kg body weight) also significantly de-

creased the serum uric acid level of the hyperuricemic rats in

comparison to the administration of the vehicle and same

dose of the crude digest.

Experiment 4: As shown in Fig. 4, a single administration

of the ethanol-soluble fraction moderated hyperuricemia in

a dose-dependent manner. A significant decrease in the ser-

um uric acid level was observed at a dosage of 300 mg/kg.

The 50% inhibitory dose value (ID50) of the ethanol-soluble

fraction was estimated to be 262 mg/kg.

3.3. Xanthine oxidase inhibitory activity

As shown in Fig. 5A, the ethanol-soluble fraction did not show

significant in vitro xanthine oxidase inhibitory activity even

at relatively high dose. However, ingestion of the ethanol-sol-

uble fraction significantly increases xanthine oxidase inhibi-

tory activity in 75% ethanol-soluble fraction of the serum of

rat (Fig. 5B).

4. Discussion

In the present study, a peptide fraction of nearly 99% purity

was prepared from the shark cartilage microbial protease di-

gest using simple selective 75% ethanol-extraction method.

This fraction shows anti-hyperuricemic activity in two animal

models by using different strains of rat. The efficacy was sig-

nificantly higher than the crude digest. On the other hand,

purified chondroitin sulfate, one of the major glycosamino-

glycans present in the crude shark cartilage digest, had no

anti-hyperuricemic effect (Murota et al., 2010). Taking these

findings together, it can be concluded that the peptides in

Table 3 – Amino acid (g/100 g of protein) profile of the
ethanol-soluble fraction.

Peptide fraction extracted
from crude digest

Type II collagen

Hypa 6.4 7.6

Asp 5.8 5.2

Thr 2.7 2.3

Ser 3.2 2.5

Glu 8.6 10.0

Pro 8.8 8.7

Gly 16.8 16.5

Ala 7.5 6.8

Val 1.5 1.9

Met 1.8 1.2

Ile 4.1 1.4

Tyr 1.4 0.9

Phe 2.5 2.1

Lys 2.8 2.9

His 1.2 0.9

Arg 6.1 5.9

a Hydroxyproline.

Fig. 1 – Elution profile of the ethanol-soluble fraction on gel

filtration chromatography. Graph is presented for elution

profile of the ethanol-soluble fraction on gel filtration

chromatography. The column was calibrated with A:

glutathione (0.3 kDa), B: bradykinin (1.1 kDa), C: alpha-MSH

(1.7 kDa), D: insulin chain B oxidized (3.5 kDa), E: aprotinin

(6.5 kDa), F: cytochrome C (12.4 kDa), G: carbonic anhydrase

(29.0 kDa), H: albumin (66.0 kDa), and I: alcohol

dehydrogenase (150.0 kDa) as molecular weight markers,

and a plot of log molecular weight versus (Ve/V0) was used

to estimate molecular weight.

Fig. 2 – Effect of the orally administered ethanol-soluble

fraction on the serum uric acid level of rat models. Graphs

are presented for the serum uric acid level of a rat model. A:

Rats were fed the HU diet containing 2.5% oxonate or the

normal diet and then received vehicle (normal and HU) or

the ethanol-soluble fraction for 28 days (experiment 1).
++ Indicates a significant difference to the HU group (p < 0.01;

t-test). B: Rats were fed the normal diet and then received

vehicle or the ethanol-soluble fraction for 28 days

(experiment 2).
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the digest are responsible for its anti-hyperuricemic activity

in this rat model.

In addition to increase of anti-hyperuricemic activity, the

present ethanol-soluble fraction shows significantly lower

viscosity and higher solubility than the crude digest by re-

moval of glycosaminoglycans. Then, human subject can take

it without difficulty in comparison to the crude digest. Low

viscosity and high solubility in water are also advantageous

with respect to manufacturing efficiency, which makes easy

in filtration, etc. This ethanol soluble-fraction equivalent to

the present peptide fraction can be also produced as a byprod-

uct in the process of medical grade chondroitin sulfate.

The present ethanol-soluble fraction predominantly con-

sisted of peptides with molecular weights of less than 7 kDa

and displayed a similar amino acid composition to collagen.

However, on the basis of their hydroxyproline content,

approximately 25% of the peptides in the present fraction

are derived from non-collagenous extracellular matrix pro-

teins. To the best of our knowledge, there have been no

reports about peptides with anti-hyperuricemic activity, ex-

cept for imidazole dipeptides, which mildly moderate fatigue

and consequently fatigue-induced hyperuricemia in humans

(Nishitani, Munekiyo, Sugino, & Kajimoto, 2009; Quinlan,

Lamb, Tilley, Evans, & Gutteridge, 1997). However, only negli-

gible amounts of b-alanine, a constituent of imidazole dipep-

tides, were detected in the HCl hydrolysate of the present

ethanol-soluble fraction. Therefore, non-imidazole peptides

are responsible for the anti-hyperuricemic activity of the

present ethanol-soluble fraction.

Xanthine oxidase is a key enzyme for uric acid synthesis.

Therefore, food components that are able to inhibit xanthine

oxidase have been tested (Yoshizumi, Nishioka, & Tsuji, 2005).

However, few peer-reviewed papers have demonstrated that

ingestion of food components display anti-hyperuricemic

activity based on xanthine oxidase inhibition. The present

study clearly indicates that inhibition of xanthine oxidase is

involved in the anti-hyperuricemic activity by ingestion of

the ethanol-soluble fraction (Fig. 5B). However, the ethanol-

Fig. 3 – The serum uric acid lowering effects by single

administration of the ethanol-soluble fraction, crude digest,

and allopurinol. Graph is presented for the serum uric acid

level of a rat model (experiment 3) administered orally the

ethanol-soluble fraction, crude digest, or allopurinol

followed by oxonate treatment. Normal; rat without oxonate

treatment. Different letters indicate a significant difference

within groups (p < 0.05; Bonferroni/Dunn). ++ Indicates a

significant difference between the vehicle group and the

normal or crude digest group (p < 0.01; t-test).

Fig. 4 – Dose-dependent serum uric acid lowering effect of

the ethanol-soluble fraction. Graph is presented for the

serum uric acid level of a rat model administered the

ethanol-soluble fraction orally in the dose-finding study

(experiment 4). To estimate ID50, serum uric acid values

were standardized against those of the normal and vehicle

groups, which were taken as 0% and 100%, respectively.
* indicates a significant difference between the vehicle group

(p < 0.05; Dunnett’s test).

Fig. 5 – In vitro and in vivo xanthine oxidase inhibition by

the ethanol-soluble fraction of shark cartilage digest. A:

Remaining xanthine oxidase activity after addition of the

ethanol-soluble fraction. Allopurinol was used as positive

control. B: Remaining xanthine oxidase activity after

addition of the ethanol-soluble fraction of the serum of

Wister strain rat after ingestion of vehicle and ethanol-

soluble fraction (experiment 5). The remaining activity was

standardized against that of the vehicle groups, which were

taken as 100%.
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soluble fraction had no significant in vitro xanthine oxidase

inhibitory activity (Fig. 5A). Then, conventional in vitro activ-

ity-guided fractionation based on xanthine oxidase inhibition

assay cannot be used for identification of the active peptide in

the ethanol-soluble fraction. The apparent inconsistency be-

tween in vitro and in vivo results could be explained as follow.

After ingestion of the ethanol-soluble fraction, smaller pep-

tides or their metabolites with xanthine oxidase inhibitory

activity might be produced from parent peptides in the etha-

nol-soluble fraction during digestion, absorption, metabolism

processes. A further study based on in vivo activity-guided

fractionation for identification of the anti-hyperuricemic pep-

tides in the digest is now in progress.

5. Conclusion

Peptides in a shark cartilage microbial protease digest are

responsible for the anti-hyperuricemic activity by oral admin-

istration. The peptide fraction of the shark cartilage digest

with higher anti-hyperuricemic activity and lower viscosity

than crude digest can be prepared using by simple 75% etha-

nol extraction, which can be used for the preparation of food

ingredients. Therefore, this preparation has potential as a

functional food ingredient with anti-hyperuricemic activity

and consumer-friendly textural properties. Inhibition of uric

acid synthesis is demonstrated to be involved in the anti-

hyperuricemic activity of the present preparation.
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