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Abstract Glucosamine (GIcN), an amino sugar, is a compound derived from
substitution of a hydroxyl group of a glucose molecule with an amino group. GIcN
and its acetylated derivative, N-acetylglucosamine (GIcNAc), have been widely
used in food, cosmetics, and pharmaceutical industries and are currently produced
by acid hydrolysis of chitin (a linear polymer of GIcNAc) extracted from crab and
shrimp shells. In this review, distribution and production of GlcN and GlcNAc,
their chemistry and determination in the complex samples will be treated first. This
review will describe the procedure to identify a high-quality glucosamine prod-
uct for Glucosamine/chondroitin Arthritis Intervention Trial (GAIT) and to clarify
confusing product information and nomenclature. GlcN is a precursor of the gly-
cosaminoglycans and proteoglycans that make up articular cartilage. Glucosamine
sulfate and glucosamine hydrochloride have used for the treatment of osteoarthritis
for more than 30 years, with no major known side effects. The notion that augment-
ing the intake of the precursor molecule, glucosamine, may directly stimulate artic-
ular proteoglycan synthesis to modulate osteoarthritis has provided the rationale for
its widespread use. Theoretically, exogenous glucosamine may augment glycosami-
noglycan synthesis in cartilage. There is a simultaneous theoretical concern that it
might also induce insulin resistance in insulin-sensitive tissues. While the efficacy
of glucosamine was published in the definitive medical journals, there were views
against it. This concern will be also discussed. While glucosamine was not effective
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without combination with chondroitin sulfate in the some trial, glucosamine alone
was effective in the other trial. Some concerns about these trials will be discussed
together with the mechanism of action of glucosamine and chondroitin for antiar-
thritic potential. Finally, the review will focus on the biomedical and other applica-
tion of the glucosamine and chitosan oligosaccharide. Such biomedical applications
include wound healing, bone regeneration, antibacterial effect, and oral hygiene. It
also discusses the role of chitosan oligosaccharide as a drug carrier for molecular
therapies, such as the drug and the gene delivery systems and the role in imaging
for tumor and cancer detection.

Keywords Chitin + Glucosamine * D-Glucosamine * N-Acetyl D-glucosamine -
Osteoarthritis

Abbreviations

GIcN Glucosamine

GIcNAc N-acetylglucosamine

NAG N-acetyl-D-glucosamine

GS Glucosamine Sulphate

OA Osteoarthritis

GAGs Glycosaminoglycans

GIcNHC1 Glucosamine hydrochloride

RP-HPLC Reversed phase high-performance liquid chromatography
HCI Hydrochloric acid

NaOH Sodium hydroxide

rRNA Ribosomal ribonucleic acid

GEO Genetically engineered organisms

IGF-I Growth factor-I

bFGF Basic fibroblast growth factor

TGF-bl Transforming growth factor beal

T™J Temporomandibular joint

HA Hyaluronic acid

QD Quantum Dots

GAIT Glucosamine/chondroitin Arthritis Intervention Trial

1 Introduction

Chitin is the most abundantly available polysaccharide on earth after cellulose,
and chitin is a main constituent of cell walls of fungus, insect exoskeletons,
and crustaceans. It is one of the most ample renewable biopolymer on earth [1].
Accordingly, a very huge number of applications of D-glucosamine and N-acetyl
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D-glucosamine like food technology, biomaterial science, microbiology, agri-
culture, techniques for wastewater treatment, drug delivery, tissue engineer-
ing, bionanotechnology had been earlier described. The structure of chitin is a
biopolymer of N-acetyl-D-glucosamine (NAG) allied by beta-glycosidic bonding.
Polysaccharides, oligosaccharides, and monosaccharides are the main derivatives
of chitin, which also includes several therapeutic activities such as immunomodu-
lation [2, 3], antitumor [4] osteoarthritis treatment [5], wound healing, tissue engi-
neering, drug delivery, and for regenerative medicines [6—10]. Also, in the recent
years, NAG, the end hydrolytic product of chitin, has become an attractive bio-
material as food supplements and cosmetics [11-13]. Also, N-acetyl glucosamine
has a pure sweet taste that has also been projected to be utilized as a substitute for
similar applications [14].

Researchers has investigated about the glucosamine and analyzed that it
has two major beneficial properties. First, Glucosamine declines the level of an
enzyme that degrades articular cartilages. Secondly, it has also helped in repairing
the damaged articular tissues [15].

In recent years Glucosamine sulphate (GS) has been widely studied as a treat-
ment selection for osteoarthritis (OA) which is a great boon in the field of tissue
engineering and regenerative medicines. Glucosamine helps efficiently in regener-
ating the damaged cartilages. Glucosamine is also a natural building block of any
of the articular cartilage [16].

1.1 Chemical Structure of D-Glucosamine and N-Acetyl
D-Glucosamine

Chitin polysaccharides, which are commonly known as amino sugars with the
fundamental structural entity of N-acetyl-B-D-glucosamine are identified for enor-
mous biological functions such as antitumor activity, elicitor action, and anti-
inflammatory activity. Chitin is fragmented by endo and exo enzymes called as
chitinases (EC3.2.1.14) and B-N acetyl hexosaminidase (EC3.2.1.52), respectively
[17]. The degradation of chitin is generally initiated by sudden breakage within
the chain of chitin by chitinases to liberate the oligomers of N-acetyl glucosa-
mine chains. The molecular formula of this monosaccharide is C8H15SNOG6. The
chemical structure of glucosamine and N-acetyl glucosamine is shown in Fig. 1.
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Generally, it’s a whitish and sweetish powder that decays at 221 °C. The solubility
of GIcNAc is about 25 % in water and 1 % aqueous solutions are colorless, odor-
less, and transparent [18]. Apart from the structural constituent of homogeneous
polysaccharide like chitin, N-acetyl-D-glucosamine is also a component of hetero-
geneous oligosaccharides like murein [19], hyaluronic acid (HA) [20, 21].

2 Production of D-Glucosamine and N-Acetyl-D-
Glucosamine

GlcNAc and GIcN are the basic constituents for glycoproteins, proteoglycans, gly-
cosaminoglycans (GAGs) and other building units used in connective tissue. [22—
27]. Apart from GlcNAc existed in free form in nature, except in human milk [28,
29]. The methods of GlcNAc production summarizes in Fig. 2.

About 150 billion tons of chitin/D-glucosamine is crafted in nature [30-
32], which makes chitin a appropriate biomass source for the synthesis of
D-glucosamine and GIlcNAc. GIcNAc can be synthesized through the procedure
that was established on chitin hydrolysis utilizing chitin as feed-stock.

2.1 Preparation of D-Glucosamine and N-Acetyl
D-Glucosamine Using Chemical Method

Hydrolysis of chitin using acids such as hydrochloric acid, sulphuric acid etc.,
which is type of an industrial process for the synthesis of glucosamine hydrochlo-
ride salt (GIcNHCI), one of the most popular food supplements, drugs utilized for
osteoarthritis and other biomedical applications [33]. The main focus is to under-
stand that the treating temperature and the concentration of the acid should be

Fig. 2 Methods for
preparation of glucosamine
Crystalline Chitin
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enzymatic
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Chemical
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chosen wisely. All such factors must be highly adequate to degrade only chitin not
so high temperature that glucosamine or GlcNAc products are demolished.

Falk et al. discovered that the rates of development of acetic acid and glucosa-
mine were the same but at starting it was less than the rate of N-acetylglucosamine
synthesis. From this, it was presumed that the vast majority of the acetic acid was
produced by the hydrolysis of N-acetylglucosamine, instead of by hydrolysis of
the polymers’ N-acetyl groups. Falk also establish a maximum concentration of
N-acetylglucosamine when 10 M HCI was used for hydrolysis of 50 % of the chitin.
The authors concluded that controlled acid hydrolysis of chitin did not result best
yield of N-acetylglucosamine [34]. There are a few instances which show chemi-
cally synthesized D-glucosamine and GlcNAc. Like Kuyama et al. [35] synthe-
sized totally deacetylated chitosan dodecamers started with glucosamine monomer
using amino protective group. Aly et al. [36] explained a technique to synthesize
fully N-acetylated D-Glucosamine from GIcN monomers using dimethyl maleoyl
as an amino protective group for production of two enzymes, i.e.; chitotetraose and
chitohexaose. Removal of the amino protective group and N-acetylation was also
achieved in a one reaction to provide the required product [37].

The typical procedure for the preparation of glucosamine by direct acid hydrol-
ysis [38]. But this process has a disadvantage of chitin, which includes high cost,
lower yield (below 65 %), and acidic leftover which was formed by HCI. The esti-
mated production is 6.42 g/L. GlcNAc can be produced in 1 h [39].

Also Varum et al. studied the effect of concentration of hydrochloric acid on
hydrolysis of the glycosidic linkages and the N-acetyl linkage of moderately
N-acetylated. Hydrolysis of N-acetyl linkage was achieved by SNj reaction
mechanism where water addition in carbonium ion was rate determining stage. It
was concluded due to SN that in concentrated acid depolymerization in tenfolds
higher than de-N-acetylation and in dilute acid it was equal. [40].

Likewise Zhan synthesized an improved method for N-acetylation of
Glucoasmine in which he has used pyridine as a solvent in the presence of tribu-
tylamine and acetic anhydride. Approximate 99 % pure GlcNAc can be attained
after a series of purification methods. The estimated yield of this method had been
reported to be higher than 70 % [41].

In another related study, Trombotto et al. [42] prepared homogeneous series
of chito-oligomers having 2-12 degrees of polymerization (DP) and different
(0-90 %) degrees of N-acetylation (DA) was also obtained via two-step chemical
modification. First, they hydrolyzed completely N-deacetylated chitosan followed
by selective precipitations to produce glucosamine oligomers. In second step
hydro-alcoholic solution of acetic anhydride was used in controlled way for partial
N-acetylation glucosamine unit of oligomers. The drawback of this method, as for
the enzymatic preparation of chitooligosaccharides,is the heterogeneity of the pre-
pared chitooligosaccharides. Goyal et al. synthesized and screened an innovative
class of N-acetyl glucosamine with methoxybenzylidene acetal protective group.
This modification did not exert a negative influence on the gelation. On the con-
trary, it actually enhanced the gelation tendency for many derivatives. The intro-
duction of the additional methoxy group on the phenyl ring led to low molecular
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weight gelators with a higher pH responsiveness. The resulting gels were stable
at neutral pH values but degraded in an acidic environment [43]. Also, Trombotto
et al. [44] prepared glucosamine hydrochloride (GluNHCI) from various crusta-
cean shells like Penaeus monodon (Indian shrimp), Portunus pelagicus (blue crab)
and Portunus sanguinolentus (three spot crab) of acids through the hydrolysis
and its evaluation was analyzed by reversed phase high performance liquid chro-
matography (RP-HPLC). The results showed that the yield of chitin after demin-
eralization with 0.5 M HCI was 87.83, 89.18 and 51.11 % and deacetylation of
chitin with 2 N NaOH resulted in the yield of 68.91, 75.67, and 30 % for P. san-
guinolentus, P. pelagicus, and P. monodon, respectively. The HPLC analysis also
gives that the obtained glucosamine hydrochloride revealed species of Portunus
(21.64 mg g~! and 21.83 mg g—') were better source of Glu-HCI than P. mono-
don (3.32 mg g—"). Although the manufacture of GIcNAc by chemical methods
were assessed to be adequately profitable, thus, the product was not reflected as
a usual natural polysaccharide due to the chemical alteration of GIcNAc. That is
why, GlcNAc prepared using chemicals typically flavors bitter due to these altera-
tions. In addition, the usage of ozone has also been developed [45].

Thus, the use chemically modified GlcNAc and glucosamine covers a wide range
of applications like in food additives, cosmetics and pharmaceuticals, and medicines.

2.2 Preparation of D-Glucosamine and N-Acetyl
D-Glucosamine Using Enzymatic Method

The drawback of chemical method not only due to practical causes but also
because of the other environment interests of producing D-glucosamine and
N-acetyl D-glucosamine, this is why synthesis via chemical method is not widely
commercialized.

Kuk et al. investigated how a bacteria, GJ18, which are having robust chitino-
lytic activity which was isolated from soil of coastal areas. Then isolated strain
was recognized as A. hydrophila by its structural and biochemical characteristics
along with 16S rRNA gene sequences. The results showed up to 45 °C, it was
effectually hydrolyzed to GIcNAc by A. hydrophila GJ18 crude enzyme; however
the hydrolysis process started decreasing when the temperature is above 50 °C.
However, the enzymatic hydrolysis of chitin can synthesize the same under trivial
surroundings [46].

They both not only performs physiochemical functions but also utilized in the
field of pathological aspects [47-52].

The whole collection of chitinolytic enzymes which consists of endochitinases,
exochitinases, chitobiosidases, and acetylglucosaminidases (NAGases) that are
synthesized and secreted through a prokaryotic or a eukaryotic entities [53].

Earlier, Muraki et al. separated D-glucosamine oligosaccharides from a chi-
tosan hydrolyzate prepared with the cellulose enzyme derived from Trichoderma
viride. The separation was done by using weak ion exchange chromatography with
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the elution by 0.01 N Hcl. At last titration procedure was used to find the glucosa-
mine content. The results showed that this technique is efficient for the synthesis
of highly pure oligosaccharides [7]. In contrasting study, few microorganisms, like
Trichoderma hamatum strain or Trichoderma harzianum strain, produced N-acetyl
glucosamine in the medium in the absence of chitin or its derivatives [54].

A huge variety of enzymes is sterilized from major production of microorgan-
isms, genetically engineered organisms (GEO) for the purpose of the industrial
production of D-glucosamine and N-acetyl glucosamine [55-57].

Setthakaset et al. prepared N-acetyl glucosamine from squid pen p-chitin utiliz-
ing Aspergillus species chitinase using hydrolysis process through enzymes. The
results showed that the growth of the fungus in the media at pH 3.5 and 40 °C for
5 days which provides the maximum chitinolytic activity of 3.1 U/mL. The crude
enzyme achieved from the growth of fungus is used in the hydrolysis process of
milled squid pen B-chitin at acidic pH 4 and 45 °C using 22 U of enzyme per gram
of chitin [58]. Chen et al. proved to synthesize N-acetyl glucosamine Chitinibacter
tainanensis which was isolated from Southern Taiwan soil. The results showed
that when Chitinibacter tainanensis was incubated with chitin. Chitin degrading
factors was successfully converted to N-acetyl-glucosamine [59].

Recently, Sun et al. produced D-glucosamine by hydrolyzing chitosan with the
use of two crude enzymes chitosanase and p-d-glucosaminidase showed that the
optimal conditions were temperature 50 °C, substrate conc is 20 mg/mL, the opti-
mum ratio of enzyme to chitosan 1.5 U/60 mg, pH 6.8. Under above conditions,
it was completely hydrolyzed in 5 h and thus this method can be used efficiently
used for producing D-glucosamine which can be further utilized for other applica-
tions [60].

In one study, around 100 % pure N-Acetylglucosamine was synthesized by uti-
lizing enzymes from Aeromonas hydrophila [61], while another enzyme chitobi-
ose was also synthesized using B. chitinases [62]. The study clearly showed that
the endochitinases, exochitinases, and N-acetylglucosaminidases are essential for
the ample absorption of chitin, and more N-acetylglucosaminidases activity gives
a higher and efficient purity of GlcNAc. Thus, chitin crystalline structure and the
enzymatic constituents of these reactions are the vital characteristics in the synthe-
sis of GIcNAc through enzymatic reactions.

3 Application of D-Glucosamine and N-Acetyl
D-Glucosamine

Glucosamine belongs to a huge section of amino groups of sugars that per-
form various numbers of vital roles in human system and are also located in the
humans. It has become of great interest not only as an under utilized resource, but
also as a novel efficient substance with extraordinary ability in enormous fields,
and latest progress in chitin or chitosan chemistry is quite remarkable. All the
above mentioned properties, together with the very safe toxicity, make them an
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Fig. 3 Applications of
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exciting and promising product to get utilized for various applications such as bio-
medical applications, tissue engineering, wound healing, cosmetics, etc. The vari-
ous application of glucosamine is shown in Fig. 3.

Cosmetics

3.1 Application in Tissue Engineering

Glucosamine likewise assumes a part during the course of tissue engineering.
Regardless of numerous studies in glucosamine and the more endeavors on supra-
molecular gelators or self-collected nanofibers and other tissue designing applica-
tions [15, 35, 63, 64].

Shaunak et al. utilized used anionic, polyamidoamine dendrimers to prepare
innovative water-soluble conjugates of D-glucosamine and D-glucosamine 6-sul-
fate for effective immunogenic and antiangiogenic characteristics, respectively.
After various evaluation and clinical trials conducted on rabbits the study showed
that specially designed macromolecules such as the dendrimers depicted in this
study might be altered to have specific immunogenic and antiangiogenic charac-
teristics, and they utilized collectively to check wound tissue formation which can
be majorly utilized in the field for regenerative medicine [65].

Likewise, Wang et al. studied the comparative study between the various out-
comes of insulin-like growth factor-I, basic fibroblast growth factor, transforming
growth factor betal, and glucosamine sulphate on temporomandibular joint condy-
lar cartilage and ankle cartilage cells in monolayered culture. The results showed
that GS enhanced the cell propagation and synthesis at explicit concentrations and
exceed growth elements in definite cases [66].
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3.2 Application in Cosmetics

Human skin comprises of stratum corneum and dermis to protect the skin from
different extreme natural circumstances like aridness and UV illumination.
Stratum corneum assumes an indispensable part in maintaining the solidness of
the skin. It additionally comprises of smoothed dead cells, corneocytes and a com-
plex of lipid network, and characteristic dampness properties [67].

Chitin has a high review of UV radiation resistance, purification resistance, and
oxidation resistance. Henceforth, it turns into the ideal common beautifiers crude
materials. Chitin with saturating, film, and dynamic cell capacity can keep the skin
damp, glossy, and adaptable in the readiness of a mixture of healthy skin restora-
tive. It can likewise upgrade the metabolic capacity of epidermal cells, repress free
radical oxidation, and wipe out lipofuscinosis quality, age spots, repair skin harm,
concealment of bugs, and other harm to the skin. HA is primarily delivered from
fibroblasts and keratinocytes and N-acetyl glucosamine are the primary building
unit of HA so the last is chiefly included in skin change and assists in treating
with skin maturing and detachment. Fitting organization of GlcNAc is utilized to
enhance skin quality.

Bisset et al. [68] mulled over that GlcNAc helps in lessening the presence
of facial hyperpigmentation in 8 week, which was demonstrated by the twofold
visually impaired clinical trial [69]. Utilizing as a part of in vitro genomic trials,
the mechanism by which GIcNAc decreases melanin creation has been found to
include the up-regulation of a few gene, for example, epidermal turnover qualities
and cell reinforcement-related qualities, and the down-regulation of the cytoskel-
eton qualities included in melanosome transport [70]. It is likewise viewed as that
an important fixing in beautifiers for enhancing skin wrinkles and shading due to
its flexible properties of GIcNAc [71]. As examined in past segment, glucosamine
advances the proliferation of keratinocytes and fibroblasts and builds the creation
of HA in the skin, it has likewise been effectively used to recuperate wounds in
skin [72, 73].

3.3 Chitin as Drug Delivery Carriers

As chitin is the main constituent of Glucosamine, its important function is to act as
a carrier for drug delivery. But the main feature of chitin is that it must not accrue
inside the human system nor must it be toxic [74].

Chitin formulations like carboxymethyl chitin, succinyl chitosan [75], chi-
tosan derived hydrogel [76], hydroxyethyl chitin [77] had been clearly mentioned
to contain such properties. The colloidal structure of chitosan can easily entrap
macromolecules by enormous methods. All such associated molecules have been
revealed to transport via mucosa membrane and epithelial cells more effectively.
Cationic chitosan when combined with other natural biopolymers have also clearly
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been indicated to increase the drug encapsulation efficiency of liposomes through
layer by layer self-assembly method [78]. Nanoparticles prepared from chitosan/
chitin with polyethylene oxide which has widely utilized as an effective carrier
for proteins as well. Furthermore, an oral route for delivering drugs has also been
established by using chitosan and tripolyphosphate, alginate, etc., In such system,
microparticles and nanoparticles were get entrapped inside the beads which are
synthesized from chitosan in solution of tripolyphosphate, etc.,

3.4 Application in Regenerative Medicine- Treatment
of Osteoarthritis

Osteoarthritis (OA) is the most widely recognized manifestation of joint inflam-
mation, is a general wellbeing issue all through the world. A few elements have
been painstakingly examined for the symptomatic and auxiliary administration of
OA. This review provides published studies regarding the effect of GS and chon-
droitin sulfate synthesis on the development of knee or hip OA. Since 1969, when
first clinical trial of glucosamine conducted in Germany, various studies have con-
trasted glucosamine sulfate and nonsteroidal anti-inflammatory agents or with pla-
cebo. In the early 1980s, a little number of controlled human trials was directed in
Europe and in Asia to evaluate the clinical utilization of glucosamine sulfate in the
treatment of OA [79]. Glucosamine along with chondroitin sulfate are successfully
utilizing in treat of osteoarthritis. Glucosamine and chondroitin sulfate, when com-
bined, are found efficient in the subclass of patients with moderate-to-severe knee
pain. In North America, glucosamine hydrochloride or sulfate along with chondroi-
tin sulfate are measured as nutraceuticals (nutrition + pharmaceutical), although in
maximum European nations they are promoted as pharmaceuticals and hence prep-
aration, manufacture and marketing of glucosamine are watched more precisely in
Europe [80]. Laverty et al. investigated that in maximum clinical related outcomes
in Glucosamine/chondroitin Arthritis Intervention Trial (GATI) a perfect blend
of sodium chondroitin sulfate and glucosamine hydrochloride were taken due to
enhance the bioavailability of sulfates [81]. Clegg et al. showed the Glucosamine/
chondroitin Arthritis Intervention Trial (GAIT) for 24 week, randomized, double
blind, placebo and celecoxib controlled, multicenter trial to estimate severely the
worth and protection of glucosamine-chondroitin sulfate, and the two in combina-
tion in the handling of pain because of the knee osteoarthritis [82].

Alindon et al. conducted a 12 week study and the consequences of this study
recommended that glucosamine was no more viable than placebo in treating the
indications of knee OA. Be that as it may, it ought to be observed that this study
was intended for an alternate reason than evaluation of glucosamine [83, 84].

Hochberg et al. conducted a compare study of the effectiveness and safety of
chondroitin sulfate and glucosamine hydrochloride against celecoxib over 606
patients in France, Germany, Poland, and Spain having knee osteoarthritis and
severe pain. It was concluded that in comparison with glucosamine + chondroitin
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sulfate was reducing pain, stiffness, functional limitation, and joint swelling/effu-
sion after 6 months in patients and having a decent safety outline [85].

3.5 Application in Cancer/Tumor Imaging

Tada et al. prepared 2-deoxy-2-['®F] fluoroacetamido-d-glucopyranose via amide
bond formation with '8F labeled carboxylic acid [Fig. 4]. Rediochemical yield and
purity was 9.1 and 98 %, respectively. The compound utilized in diagnosing tumor
through imaging [86]. After an hour of injection of 2-deoxy-2-['®F] fluoroaceta-
mido-d-glucopyranose, a high uptake were measured in tumor cells which were
used to diagnosed and visualized by positron emission tomography (PET) [87].

Qi et al. designed and synthesized 99 % pure N-(2-['®F] fluoro-4-nitrobenzoyl)
glucosamine, a glucosamine derivative, via many step reaction and their performance
were checked by in vivo and in vitro study. Results showed that tumor/blood ratio
of glucosamine derivative was 4.40 and tumor/muscle ratio of glucosamine deriva-
tive was found 4.84. The prepared '8F derivative can showed it importance in tumor
imaging using by positron emission tomography (PET) technique [88]. Carroll et al.
designed '8F-labeled glucosamine analogs because glucosamine had a role in the bio-
chemical production of glycosylated proteins and lipids and this property was used
for imagining of cancer cells. They design three '3F labeled glucosamine by explor-
ing '8F radiochemistry imine formation via aldehyde condensation, alkylation, and
copper mediated click chemistry reaction. The three synthesized '3F labeled glucosa-
mine were verified in vivo in mice by using HEY Rab25 tumors (human ovarian car-
cinoma cell-line. Figure 5c displayed favorable in vivo characteristics, with no bone
uptake, quick clearance and most significantly noticeable tumor uptake [89].

Yang et al. [90] labeled glucosamine derivative with gallium 68 (%%Ga) to
design a radiotracer for diagnosing tumor cells using micro-positron emission
tomography (WPET). Glucosamine was first modified with 1,4,7,10-tetraaza-
cyclododecane-1,4,7,10-tetraacetic acid (DOTA) by reaction of D-glucosamine
hydrochloride and 2-(4-isothiocyanatobenzyl)-DOTA. Microwave irradia-
tion of 25 W for 5 min and 50 W for 5 min were used for labeling of %3Ga on

HO OH HO, OH
0 6]
18E.CH,-COOH
HO HO
H,N HN
OH OH
\C/\1 SF
O/

Fig. 4 Preparation of 2-deoxy-2-['8F] fluoroacetamido-d-glucopyranose
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Fig. 5 '8F labeled glucosamine a, b, and ¢ are prepared by Carroll et al. for imaging of cancer
cells [89]

DOTA-D-glucosamine derivative. After an hour of incubation of °*Ga labeled
glucosamine treated human epithelial carcinoma cells (A431), 15.7 % uptake was
observed. WPET images of A431 tumors bearing mice displayed acceptance of
68Ga labeled glucosamine in the tumors [91]. Igawa et al. [92] studied uptake of
D-glucosamine conjugate carboxylated QDs into cultured osteoblastic cells. Size
of the core carboxylated QDs and D-glucosamine conjugated QDs were calculated
around 3 nm and 20-30 nm, respectively. Glucosamine modified QDs adhere on
cell surface and conveyed into the cytoplasm in three hours of incubation and the
process was confirmed by using specific fluorescent staining [93].

4 Concluding Remarks

Glucosamine has always shown low cytotoxicity, biodegradable, and biocom-
patible in nature which makes them utilized for various biomedical applica-
tions. It also consists of chitinases which is widely available in nature and found



D-Glucosamine and N-Acetyl D-Glucosamine: Their Potential Use ... 291

almost in all the bacteria, fungi as well as in plants, and in the digestive sys-
tems of various animals. D-glucosamine and N-acetyl D-glucosamine is synthe-
sized using substrate, i.e.; chitin by various chemical, enzymatic methods. New
methods using glucose as a substrate can also be applied to obtain n acetyl glu-
cosamine using genetically engineered microorganisms. D-Glucosamine and N-
acetyl D-glucosamine has a wide application in regenerative medicine like for
osteoarthritis through which the damaged cartilages can be replaced by using
Glucosamine. At last, the versatile characteristics of both enhance its usage as a
novel candidate for utilization not only in regenerative medicine but also for drug
development and other biomedical applications.
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