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ABSTRACT

The hyaluronic acid, glucosamine, chondroitin are now used as health food by many persons in many countries
including Korea. Hyaluronic acid (HA) is an important component of articular cartilage. Hyaluronidases are a
family of enzymes that degrade hyaluronic acid. The inhibitory effects of HAase by chondroitin sulfate and
glucosamine sulfate were assayed using a Morgan microplate assay. Methanol extract of the chondroitin sulfate
was evaluated 36.0% on 800 mg/L and that of the ethanol extract was 35.1% at same concentration. Overall,
compounds including glucosamine sulfate and chondroitin sulfate were slightly higher in HAase inhibitory activity
than those of pure chondroitin sulfate. Methanol extract of the glucosamine sulfate with chondroitin sulfate was
evaluated 41.7% on 800 mg/L and that of the ethanol extract was 40.8% at same concentration. There was
significant difference between pure chondroitin sulfate groups and compounds including glucosamine sulfate and
chondroitin sulfate groups (p <0.05). The results of this study suggest that the stem extract of chondroitin sulfate
has significant HAase inhibitory effect. Chondroitin sulfate and glucosamine sulfate may be useful compounds for

studies connected with the hyaluronidase inhibition.
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INTRODUCTION

Hyaluronic acid (HA) or hyaluronan was first obtained
by Karl Meyer and John Palmer in 1934 from the
vitreous body in a cow's eye.™ HA is a polymer of a
repeating disaccharide unit, N-acetyl hyaluronic acid,
linked via the hexosaminidic bonds in p-(1—4)
linkages.

HA is an important component of articular cartilage,
where it is present as a coat around each cell
(chondrocyte). HA has been FDA-approved to treat
osteoarthritis of the knee via intra-articular injection.

HA can be degraded by a family of enzymes called
hyaluronidases. In humans, there are at least seven types
of hyaluronidase-like enzymes, several of which are
tumor suppressors.

Hyaluronidase (HAase) is an enzyme that depolymerizes
the polysaccharide HA in the extracellular matrix of
connective tissue. HAase is divided into mammalian
HAase (Mammalian type, EC 3.2.1.35,
hyaluronoglucosaminidase), leech HAase (EC 3.2.1.36,
hyaluronoglucuronidase), and  bacterial HAase
(Bacteriological type, EC 4.2.2.1, hyaluronate).®! In
particular, mammalian HAase exists in testicles, skin,
liver, and placenta fluids in the human body to hydrolyze

(1-(1,4) glucosamine bonds, which are components of
HA, to produce tetrasaccharides, or chondroline, which
are active fluids and cartilage in the joints of our body.
Two hyaluronidases found in vertebrates, Hyall and
Hyal2, have long been considered the primary
degradative enzymes for HA.I HA must be internalized
by cells for degradation by Hyall in lysosomes. Hyal2
has often been cited as the principal cell-surface
degradative enzyme for HA in most tissues.™®!

Chondroitin sulfate is a sulfated glycosaminoglycan
(GAG) composed of a chain of alternating sugars (N-
acetylgalactosamine and glucuronic acid). It is usually
found attached to proteins as part of a proteoglycan.!”
Chondroitin sulfate is an important structural component
of cartilage® and it has become a widely used dietary
supplement for treatment of osteoarthritis, although large
clinical trials failed to demonstrate any symptomatic
benefit of chondroitin. The effect of chondroitin sulfate
in people with osteoarthritis is likely the result of a
number of reactions including its anti-inflammatory
activity, the stimulation of the synthesis of proteoglycans
and hyaluronic acid, and the decrease in catabolic
activity of chondrocytes.

Glucosamine is a water-soluble amino monosaccharide
available in two forms (glucosamine sulphate and
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glucosamine hydrochloride), which is a normal
constituent of glycosaminoglycans (GAGS) in cartilage
matrix and in the synovial fluid and consequently present
in high quantities in articular cartilage.™

The objective of the current study was to evaluate
chondroitin sulfate and glucosamine sulfate inhibitory
effects on hyaluronidase activity of the aqueous, ethanol,
and methanol extracts using the microplate method.

MATERIALS AND METHODS

Sample extract

A sufficient amount of chondroitin sulfate is prepared to
use the 96 well plate. If 106 capsules, including 10%
spare, are required for one experiment, 316 capsules are
required for three repetitions. The three bottles (360
capsule per bottle) of chondroitin sulfate were purchased
from Doctor’s Best (Tustin, California, USA). This
capsule contains chondroitin and other ingredients
(chloride, sodium, potassium, glucosamine sulfate, and
methylsulfonylmethane). For comparison with pure
chondroitin and capsules, pure chondroitin sulfate A
sodium salt from bovine trachea was purchased from
Sigma-Aldrich (Merck, CAS No. 39455-18-0).

Water, ethanol, and methanol were used as the extraction
solvent. The capsules of chondroitin sulfate was ground
with hot distilled water or 80% ethanol or methanol and
a grinding mixer to get rid of gelatin. An aliquot was
further mixed with 100 mM Tris-HCI buffer (pH 7.4).
The mixture of boiling group was further stirred with a
magnetic bar at 100°C for 60 minutes. The sample was
treated with ultrasound at room temperature for 60
minutes. The ultrasound extraction was carried out using
an ultrasonic bath (5510, Branson, USA). The mixture
was shaken vigorously for one hour at room temperature.
Extracted sample was filtered. The sample was
evaporated to remove solvent under reduced pressure and
controlled temperature by using rotary vacuum
evaporator (N-1001S-W, Eyela, Tokyo, Japan). To get
dry powder, samples placed in a low temperature
vacuum chamber.

Hyaluronidase inhibition assay

The inhibitory effect of HAase by chondroitin sulfate
was assayed using a Morgan microplate assay. HAase
(Type 1-S from bovine testis, Sigma-Aldrich Co.,
England) is dissolved in 0.1 M acetate buffer (pH 3.5)
and mixed with extracts of chondroitin sulfate. The
resulting solution was applied to a microplate. A
negative control (0.1 M acetate buffer) to serve as a
reagent blank was also applied to another wells with
enzyme. FBHAL-04 BE-100 (Amsbio, Abingdon, U.K.)
was used as a positive control. The plate was put in water
bath for 20 minutes at 30°C. 12.5 mM CaCl2 was added
to the plate and incubated for 20 minutes at 37°C.

HA (6 mg/ml) which was dissolved in a 0.1 M acetate
buffer was added to HAase complex solution and
incubated for 40 minutes at 37°C. 0.4 N NaOH and 0.4

M potassium tetraborate were added to terminate the
enzymatic reaction for 3 minutes at 100°C. After cooling
the mixture until room temperature, 180 pl DMAB
solution (0.04 g/5 ml p-dimethyaminobenzaldehyde,
100% 3.5 ml acetic acid) were added to each well and
incubated for 20 minutes at 37°C. 50uL of stop solution
(10 N 5.0 ml HCI) was added to each well including
blank control well and mixed well. The optical density
(0.D.) was determined at 450nm using a microplate
reader immediately. The color change was measured
spectrophotometrically at a wavelength of 540 nm.

HAase assay was validated by demonstrating that pure
tannic acid (0.07 mg/ml Sigma-Aldrich Co., England) as
a positive control, a known HAase inhibitor, > give
76-80% enzyme inhibition." | used the FBHAL-04 BE-
100 (Amsbio, Abingdon, U.K.) as a positive control. All
experiments were done in triplicate.

HAase inhibition was calculated on the ratio of the area
under curve (AUC) of HA peak in an inhibitor sample to
that of negative control sample as follows:

HAase inhibition (%) = [1- (AUC inhibitor / AUC
control)] x 100

AUC inhibitor: AUC of the HA peak with inhibitor

AUC control: AUC of the HA peak of control sample
without inhibitor

Control and repeat tests were analyzed by a one sample t
test with values above the 95% confidence interval
considered significant (P <0.05). The difference in group
mean values among in vivo treated groups were analyzed
by one way analysis of variance followed by Student
Newman Keuls (SNK) multiple comparisons test."®! In
some cases the paired t-test was used for comparisons.

RESULTS

In this study, the inhibitory effects of extracts against
HAase inhibition were investigated. Tables 1 was shown
the inhibitory effect for pure chondroitin sulfate of three
solvent treated groups. It was observed that inhibition
percentage values go on increasing with enhancements in
concentration of research chondroitin sulfate extracts in
the assay mixture. Methanol extract of the chondroitin
sulfate was evaluated 36.0% on 800 mg/L and that of the
ethanol extract was 35.1% at same concentration. Water
extract was 28.0% at same concentration.

Overall, compounds including glucosamine sulfate and
chondroitin sulfate were slightly higher in HAase
inhibitory activity than those of pure chondroitin sulfate
(Table 2). Methanol extract of the glucosamine sulfate
with chondroitin sulfate was evaluated 41.7% on 800
mg/L and that of the ethanol extract was 40.8% at same
concentration. Water extract was 33.3% at same
concentration.

Although methanol extract of the chondroitin sulfate was
slightly higher in HAase inhibitory activity than those of
water and ethanol, there was no significant difference
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among four concentrations (50, 100, 200, and 400 mg/L)
(p > 0.05) (Table 3). However, there was significant
difference among 800 mg/L (p < 0.001). There was
significant difference among three solvents (water,
ethanol, and methanol) on compounds including
glucosamine sulfate and chondroitin sulfate groups (p
<0.05). There was significant difference between pure
chondroitin sulfate groups and compounds including
glucosamine sulfate and chondroitin sulfate groups (p

In order to verify the popularized potential in practice,
we prepared chondroitin sulfate as HAase inhibitor and
compared its HAase inhibitory activity with FBHAL-04
BE-100 (Fig. 1). The result showed that HAase
inhibitory rate of chondroitin sulfate was 68.7% in the
concentration of 800 mg/L, and relative inhibitory rate of
glucosamine sulfate and chondroitin sulfate was 74.2%
in the concentration of 800 mg/L.

<0.05) (Table 4).

Table 1: The percentages of HAase inhibition activity at various concentrations of the pure chondroitin sulfate.

Concentration Solvent
(mg/L) Water Ethanol Methanol
50 3.77+2.07 | 5.42+1.83 | 5.75+2.26
100 6.20+0.85 | 7.38+£0.86 | 7.70+1.61
200 12.35+0.31 | 12.22+1.60 | 13.34+3.22
400 20.06+£1.91 | 22.22+2.11 | 23.93+3.91
800 28.03+2.82 | 35.07£1.66 | 36.03+1.67

Data represent the mean £+ SD from three replicates.

Table 2. The percentages of HAase inhibition activity at various concentrations of the commercial product
containing chondroitin sulfate and glucosamine sulfate with chondroitin sulfate.

Concentration Solvent
(mg/L) Water Ethanol Methanol
50 7.83£1.68 | 11.11+2.14 | 12.91+2.94
100 12.26+1.20 | 14.50+2.42 | 15.94+3.35
200 17.17+1.45 | 18.20+3.53 | 21.78+3.94
400 25.74+1.94 | 31.31+£3.92 | 32.73+3.07
800 33.34+1.05 | 40.75+2.69 | 41.71+2.69

Data represent the mean + SD from three replicates.

Table 3. Compare F-test of difference in means of chondroitin sulfate per concentration and glucosamine sulfate
with chondroitin sulfate per concentration.

Solvent
Concentration | Chondroitin Glucosamine sulfate
(mg/L) sulfate among | and chondroitin sulfate
three solvents among three solvents
50 1.647 6.163**
100 2.329 2.950*
200 0.429 2.916*
400 2.333 6.751**
800 21.123*** 20.194***

*, p<0.05; ", p<0.01; ", p<0.001.

Table 4: Compare F-test of difference in means of chondroitin sulfate and glucosamine sulfate with chondroitin
sulfate at same concentration.

Concentration Solvent
(mg/L) Water Ethanol | Methanol
50 8.719** | 12.154** | 13.988**
100 63.849*** | 28.050*** | 18.381**
200 39.975*** | 8914** | 10.317**
400 15.636** | 15.622** | 11.752**
800 11.642%* | 12.122** | 12.057**
¥ p<0.01; ™, p<0.001.
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Figure 1. The rate of HAase inhibition activity of FBHAL-04 BE-100 (positive control) and relative inhibitory

rate for chondroitin sulfate.

DISCUSSION

Hyaluronic acid is a linear glycosaminoglycan polymer
abundantly present in the extracellular matrix of adipose
tissue. The extracellular matrix (ECM) plays pivotal
roles in cell self-renewal, fate, death, and signaling to

regulate  diverse functions including migration,
proliferation,  differentiation,  tissue  patterning,
inflammation, and angiogenesis, among other

homeostatic and pathological processes.*"

Hyaluronic acid (HA) and chondroitin sulfate (CS) are
valuable bioactive polysaccharides that have been highly
used in biomedical and pharmaceutical applications.
Recently, great attention has been given to the use of
biomass, including animal wastes and by-products, as a
potential source for the isolation of both HA and CS.™*!
An important role of CS is to increase the expression of
TGF-B1 on the extracellular matrix™*® and to promote the
synthesis of HA and collagen type 1L The
mechanism of action of HA and CS seems to be
complementary, developing a synergistic effect."
Stellavato et al.”® reported two concentrations of CSb
(0.6% and 2% w/v) and HA (0.6 and 1% w/v)
significantly reduced both IL-6 and IL-8 gene
expression. The HA/CSb formulation also effectively
reduced the harmful effect of TNF-a on bladder cells.

Hyaluronidase hydrolyzes glycosaminoglycans including
hyaluronan (HA) in the extracellular matrix during tissue
remodeling. The balance between synthesis of HA and
its degradation by hyaluronidase is a key feature of
normal connective tissue.”™! During injury, repair, and
regeneration, the balance between synthesis and
degradation of matrix components including collagen,
glycosaminoglycans, and proteoglycans can be affected
adversely.?

Glycosaminoglycans are a diverse class of linear
polysaccharides that are composed of a repeating
disaccharide unit and negative charged polysaccharides.
GAGs possess a variety of biologic activities including
the ability to bind growth factors and cytokines and

promote water retention. Many synthetic and naturally
occurring compounds act as HAase inhibitors. HAase
inhibition of foliage and central stalk of Equisetum
arvens was 24.3% at 4.0 mg/ml and that of rhizomatous
stem and root was 27.3% at same concentration.!*?l The
glycosaminoglycans present in ECM include heparin,
heparin sulfate, chondroitin sulfate A and B, and
hyaluronic acid (HA). HAases also appear to be inhibited
by chondroitin and other ingredients (chloride, sodium,
potassium, glucosamine sulfate, and
methylsulfonylmethane) through a mixed inhibition
mechanism in this study.

CONCLUSIONS

An inhibitor of hyaluronidase would be useful for the
prevention of infection. Chondroitin sulfate and
glucosamine sulfate may be useful compounds for
studies connected with the hyaluronidase inhibition.
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