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Abstract
Background: Glycosaminoglycans (GAGS) are polysaccharide composed of
repeating disaccharide units either sulfated or non-sulfated monosaccharides
of uronic acids and amino sugars which are structured alternately [1, 2]. As the
sources of GAGs are mainly from the non-halal source and less extracted from
halal source especially from marine lives, thus this invention is likely
conducted in order to find the new halal source of GAGs. Objective: The
objectives of the study are to extract the GAGs from Blue-spotted Stingray
and characterize the extracted GAGs by using Blyscan assay, FTIR and NMR.
Results: The Blue-spotted stingray shows high sulfated GAG content which is
7.58% from crude obtained. Carboxylate with sulfate and amine presende in
FTIR spectra indicate that the sample is chondroitin sulfate. The presence of
O-sulfated group and methyl group of GalNAc and GlcNAc in NMR spectra
indicate the presence of chondroitin sulfate. Conclusion: From the results, it
can be concluded that GAGs contained in Blue-spotted Stingray.
Keywords— Glycosaminoglycan (GAGs), extraction, chondroitin sulfate,
Blyscan, Fourier-Transform Infrared (FTIR), Nuclear Magnetic Resonance
(NMR)
INTRODUCTION
GAG is a beneficial polysachharide that can be found naturally in human cell surface
and extracellular matrix. It is a naturally unbranched polysaccharide that composed
from repeating disaccharides unit of hexoamine and uronic acid or galactose[3] and
they are structured alternately [1, 2]. GAG is said can be a good antioxidant, anti-
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aging, anti-coagulant, anti-inflammatory and probably a promising anticancer [4-6].
Previously, GAGs were mainly extracted from bovine cartilage as its extraction yield
is higher compared to other sources [7-9]. However, people nowadays especially in
Muslim country are concern about the halalness of the GAGs sources, thus the
extraction of GAGs from halal source is going to be a novelty study. Furthermore,
[10] in his previous research stated that the GAGs can be found more in
fibrocartilagenous tendon of stingray . The structure of the GAG can be characterised
by using rapid established phsyco-chemical methods such as Fourier Transform
Infrared (FTIR) and Nuclear Magnetic Resonance (NMR) spectroscopy.. This is a
complimentary approach as a result of the particular absorption of the infrared
radiation via resonance associated with vibration from non-centrosymmetric modes
[11]. The infrared absorption spectrum is resulted from the vibrations that describing
the fingerprint characteristics of biochemical compounds such as carbohydrates,
amino acids, fatty acids, lipids, proteins and polysaccharides simultaneously [13-15].
[12] has stated that NMR is a powerful technique to determine the structure of
molecules and the most common NMR analysis for biological compounds is proton
NMR (1H NMR). The chemical shift values in units of parts per million (ppm) will be
expressed to obtain the resonances that related to the reference compound. The signals
produced at the different chemical shift values present the spectra and they are depend
on type of solvent, its concentration and pH [16]and the molecular structure [17].
MATERIALS AND METHOD
A.

Extraction

Blue-spotted stingray (Dasyatis kuhlii) was collected from Wildlife Handler
Resource, Selangor, Malaysia. The samples were sliced and chopped into small pieces
then macerated in ethanol for a week. After a week, the sample was weighed and
blended with a mixture of urea and NaOH for deproteinization. The sample then
centrifuged and the supernantant collected were lyophilized by freeze drying.
B.

Blyscan test

The crude GAGs were characterized by doing Blyscan test to obtain percentage of
GAG. Total sulfated GAG was carried out by using Blyscan kit manual provided.
C.

FTIR and NMR analysis

FTIR and NMR spectroscopy were done in order to confirm the structure of GAGs
obtained. FTIR was done by taking a bit of the solid crude of GAG and mixed with
Potassium Bromide (KBr). The sample mixture was placed in press and then pressed
at 5000-10000 psi. FTIR program was launched and run. The data collected was
saved and analysed. For NMR analysis, the GAG crude was dissolved in distilled
water with 10mg/ml concentration then submitted to University Malaysia Pahang’s
Central Laboratory for Proton NMR analysis.
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RESULTS AND DISCUSSION
A. Extraction
In this project, the Blue-spotted stingray was used. This type of stingray usually found
in the entire continental waters of Asia. A whole part of the stingray is used in the
extraction. Ethanol can dissolve a larger portion of polar compounds, most of the
polar compounds are easily eluted by ethanol which is bioactive responsible for their
activity. On the other side, some non polar groups may also be dissolved in ethanol.
For deproteinization, the mixture solution of NaOH and urea with specific molarity
were used. The mixture solution is not only practical in removing protein, but also can
remove DNA. Sodium hydroxide is used in the last step of precipitation. As GAG is
organic disaccharides with acidic sugar which is not really solule in water, treatment
with NaOH will produces corresponding sodium carboxylate salt. The ionic condition
of the salt makes the GAG compound soluble in water. The supernatant collected
from the last extraction step then sent for freeze dry. The crude weight of the sample
after freeze drying was taken. The crude weight obtained is about 5280.40mg from
300g of raw sample used.
Table 1. Extraction yield (gram) and protein absorbance reading. The table shows the
raw weight and crude extraction yield of blue spotted stingray with its protein
absorbance after deproteinization.
Sample

Raw weight (g)

Crude weight (g)

Blue Spotted
Stingray

300

5.2804

Protein absorbance
(after
deproteinization)
0.0180

B. Blyscan test
The yield of sulfated GAG from blue spotted stingray was extrapolated from the
calibration curve where chondroitin sulfate is used as a standard. From the given
concentration, 1.0, 2.0, 3.0, 4.0
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Figure 1. The Blyscan sulfated GAG standard calibration curve. The graph shows the
sulfated GAG standard calibration curve determine from Blyscan assay with different
concentration of 1, 2, 3, 4, 5 µg/ml read under wavelength 525nm.
and 5.0µg/ml were prepared and the standard curve then plotted as in Fig 1. For
samples preparation, samples with 1mg/ml concentration were prepared. From the
concentration, only 50µl of samples were taken to be tested as in procedure. The mean
absorbance reading for Blue-spotted stingray is 0.8033. For 1mg/ml concentration,
50µl contains 50µg sample. By using the standard sulfated GAG calibration curve,
3.7891µg of sulfated GAG was found. Total crude of GAG extracted is 5280.4mg,
thus that makes the total percentage of sulfated GAG from the crude is 7.58%.
C. FTIR analysis
[18]stated that FTIR spectroscopy is one of the simple and reliable constant analytical
techniques that analyse a broad range of sample types rapidly. The absorption spectra
were read within the range of 450 – 4000cm-1. The IR spectrum of the GAG sample
was characterized by a broad band above 3000cm-1 and its intense absorption was
about 1650 to 1020cm-1. Corresponding to the presence of the combination of
carboxylate with sulfate and amine, the stretching and deformation vibrations of –CO-H- bands were at 1600cm-1 and 1400cm-1. The peak intensities of GAG sample at
1654.54cm-1 and 1404.06cm-1 showed the presence of carboxylate with sulfate and
amine. The particular hydroxyl-streching vibration of water and polysaccharide mixed
up in hydrogen bonding was represent by the broad band above 3000cm-1. In the GAG
sample spectrum, the similar peak intensities were found at 1100cm-1 to 600cm-1. The
IR spectra data for the GAG sample confirms that the condroitin sulfate is the type of
GAG in the Blue-spotted Stingray.
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Figure 2. Blue-spotted stingray FTIR spectra. The peaks at 3391, 1654, 1404, 1084
and 668 in FTIR spectrum shown above strongly suggesting the chemical entity as
chondroitin-4-sulfate (CS).
D. NMR analysis

Figure 3. Blue-spotted stingray NMR spectra. The identification of the GlcUA (H1)
& (H2) proton resonance at 3.37ppm and 3.57ppm were confirmed by decoupling
experiment. Proton NMR result shows the presence of chondroitin sulfate. Proton
NMR was run by Central Laboratory with crude concentration 50 mg/ml.
GAG crude then was analysed by using 1H NMR. The sample spectra analysed from
1
H NMR is in the range of 0.20 to 4.0 ppm as the GAGs peaks located within this
range. The standard chondroitin sulfate was analysed in order and compared with the
sample spectra in order to confirm the presence of GAGs. Fig 4 represents the spectra
for Blue-spotted stingray. As can be seen, the spectra can be divided into different
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ranges which are from 0.77 – 2.61 ppm and 2.85 – 3.69 ppm, indicates the presence of
sugar ring protons and methyl protons important in GAGs characterization. In the
range of 2.85 – 3.69 ppm, the narrow spectral range make it is difficult to differentiate
for the signals of several ring hydrogens which are H-2, H-3, H-4, H-5 and H-6 of
hexosamine and hexuronic acids. However, it can be said that there were some
information related to Glycosaminoglycan characteristics. O-sulfated carbon atoms
can be found in the range of 0.4 – 0.7 ppm. The differences between 1.91 – 2.19 ppm
show the presence of methyl group in GalNAc and GlcNAc.
CONCLUSION
The Blue-spotted stingray shows high sulfated GAG content which is 7.58% from
crude extracted. Carboxylate with sulfate and amine presende in FTIR spectra indicate
that the sample is chondroitin sulfate. The presence of O-sulfated group and methyl
group of GalNAc and GlcNAc in NMR spectra indicate the presence of chondroitin
sulfate. It can be concluded that GAGs contained in Blue-spotted Stingray.
ACKNOWLEDGEMENT
The authors would like to gratefully acknowledge Universiti Malaysia Pahang for an
operation research grant (UMPRDU130308) and Ministry of Higher Education for
Research Acculturation Grant Scheme (RAGSRDU 131406) and Fundamental
Research Grant (FRGS RDU 140131)
REFERENCES
[1]

G. W. Yip, M. Smollich, and M. Götte, "Therapeutic value of
glycosaminoglycans in cancer," Molecular cancer therapeutics, vol. 5, pp.
2139-2148, 2006.

[2]

W. Knoll, Handbook of biofunctional surfaces: CRC Press, 2013.

[3]

T. Nakano, N. Ikawa, and L. Ozimek, "Extraction of glycosaminoglycans
from chicken eggshell," Poultry science, vol. 80, pp. 681-684, 2001.

[4]

N. Puizina-Ivić, L. Mirić, A. Čarija, D. Karlica, and D. Marasović, "Modern
approach to topical treatment of aging skin," Collegium antropologicum, vol.
34, pp. 1145-1153, 2010.

[5]

P. du Souich, A. G. García, J. Vergés, and E. Montell, "Immunomodulatory
and anti‐inflammatory effects of chondroitin sulphate," Journal of cellular and
molecular medicine, vol. 13, pp. 1451-1463, 2009.

[6]

M. L. Cornish and D. J. Garbary, "Antioxidants from macroalgae: potential
applications in human health and nutrition," Algae, vol. 25, pp. 155-171, 2010.

Blue-spotted Stingray: A promising source of beneficial Glycosaminoglycans (GAGs)

801

[7]

T. Nakano, K. Nakano, and J. S. Sim, "Extraction of glycosaminoglycan
peptide from bovine nasal cartilage with 0.1 M sodium acetate," Journal of
agricultural and food chemistry, vol. 46, pp. 772-778, 1998.

[8]

Y. Kato, Y. Nomura, M. Tsuji, M. Kinoshita, H. Ohmae, and F. Suzuki,
"Somatomedin-like peptide (s) isolated from fetal bovine cartilage (cartilagederived factor): Isolation and some properties," Proceedings of the National
Academy of Sciences, vol. 78, pp. 6831-6835, 1981.

[9]

J. McMurtrey, B. Radhakrishnamurthy, E. Dalferes, G. Berenson, and J.
Gregory, "Isolation of proteoglycan-hyaluronate complexes from bovine
aorta," Journal of Biological Chemistry, vol. 254, pp. 1621-1626, 1979.

[10] A. P. Summers, M. M. Koob-Emunds, S. M. Kajiura, and T. J. Koob, "A
novel fibrocartilaginous tendon from an elasmobranch fish (Rhinoptera
bonasus)," Cell and tissue research, vol. 312, pp. 221-227, 2003.
[11] K. A. Oberg, J. M. Ruysschaert, and E. Goormaghtigh, "The optimization of
protein secondary structure determination with infrared and circular dichroism
spectra," European Journal of Biochemistry, vol. 271, pp. 2937-2948, 2004.
[12] K. Manjusha and M. Saleena, "Isolation and characterization of
glycosaminoglycans and a study of its bioactive potential in two commercially
important species of Cephalopods, Loligo duvauceli and Sepia pharaonis,"
Cochin University of Science and Technology, 2011.
[13] E. M. Caoili, R. H. Cohan, M. Korobkin, J. F. Platt, I. R. Francis, G. J.
Faerber, et al., "Urinary Tract Abnormalities: Initial Experience with Multi–
Detector Row CT Urography 1," Radiology, vol. 222, pp. 353-360, 2002.
[14] N. N. Kaderbhai, D. I. Broadhurst, D. I. Ellis, R. Goodacre, and D. B. Kell,
"Functional genomics via metabolic footprinting: monitoring metabolite
secretion by Escherichia coli tryptophan metabolism mutants using FT–IR and
direct injection electrospray mass spectrometry," Comparative and Functional
Genomics, vol. 4, pp. 376-391, 2003.
[15] G. G. Harrigan, R. H. LaPlante, G. N. Cosma, G. Cockerell, R. Goodacre, J. F.
Maddox, et al., "Application of high-throughput Fourier-transform infrared
spectroscopy in toxicology studies: contribution to a study on the development
of an animal model for idiosyncratic toxicity," Toxicology letters, vol. 146, pp.
197-205, 2004.
[16] T. W.-M. Fan, A. N. Lane, M. Shenker, J. P. Bartley, D. Crowley, and R. M.
Higashi, "Comprehensive chemical profiling of gramineous plant root
exudates using high-resolution NMR and MS," Phytochemistry, vol. 57, pp.
209-221, 2001.
[17] C. A. Hunter, M. J. Packer, and C. Zonta, "From structure to chemical shift
and vice-versa," Progress in Nuclear Magnetic Resonance Spectroscopy, vol.
47, pp. 27-39, 2005.

802

Marina Mohd Sham and Nina SuhaityAzmi

[18] D. Naumann, V. Fijala, H. Labischinski, and P. Giesbrecht, "The rapid
differentiation and identification of pathogenic bacteria using Fourier
transform infrared spectroscopic and multivariate statistical analysis," Journal
of Molecular Structure, vol. 174, pp. 165-170, 1988.

