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ABSTRACT: Hyaluronic acid is an important naturally occurring 

polysaccharide present in extracellular matrices. The network-forming, 

viscoelastic and the charge characteristics of hyaluronic acid are 

important to many biochemical functions of living tissues. Its 

involvement in many diseases such as cancer, arthritis and 

osteoporosis, and the fact that it has specific protein receptors present 

on the cell surfaces, has given new impetus in drug design and 

synthesis of hyaluronic acid-drug conjugates. As a general 

arrangement, the review will focus on structure and conformation of 

hyaluronic acid, its chemistry and chemical methodologies that have 

led to a number of important hyaluronic-drug conjugates. 

INTRODUCTION: Hyaluronic acid (also known 

as hyaluronan, 1; henceforth abbreviated as HA) is 

a naturally occurring polysaccharide of a linear 

repeating disaccharide unit consisting of β-(1→4)-

linked D-glucopyranuronic acid and β-(1→3)-

linked 2-acetamido-2-deoxy-D-glucopyranose, 

which is present in extracellular matrices, the 

synovial fluid of joints, and scaffolding that 

comprises cartilage. The unique physico-chemical 

characteristics, its mechanism of synthesis and its 

size set hyaluronic acid apart from other 

glycosaminoglycans. The network-forming, visco-

elastic and its charge characteristics are important 

to many biochemical properties of living tissues. 
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It is an important pericellular and cell surface 

constituent which, through interaction with other 

macromolecules such as proteins, participates in 

regulating cell behavior during numerous 

morphogenic, restorative and pathological 

processes in the body. 

The role of hyaluronic acid (HA) in diseases such 

as various forms of cancers, arthritis and 

osteoporosis has led to the development of 

biomaterials for surgical implants and drug 

conjugates for targeted delivery.  

In recent years, a number of reviews on hyaluronic 

acid have appeared which principally deal with its 

biological and morphological functions, physico-

chemical properties, cross linking reactions, 

therapeutic uses, global markets, and its industrial 

production 
1-4

. 

This review will mainly focus on some of the 

regioselective chemical reactions of HA leading to 

products or intermediates of interest for 

Keywords: 

Hyaluronic acid, Halogenation, 

Displacement reactions, Biopolymer-

drug conjugates, Antitumor drugs, 

Biopolymer scaffold bioreactors 

Correspondence to Author: 

Dr. Riaz Khan 

Scientific Research Consultant, 

Rumsey, Old Bath Road, Sonning, 

Berkshire, RG4 6TA, England, UK  

E-mail: riazazami@gmail.com 



Khan et al., IJPSR, 2013; Vol. 4(10): 3699-3710.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3700 

pharmaceutical, chemical and food applications, 

and highlighting its importance as a vehicle for 

drug delivery.  

Structure and Conformation: The conformation 

of HA in solid state by X-ray diffraction study of 

the oriented films revealed two forms: left-handed 

single helices with 2-, 3-, and 4-fold symmetries 

and a double helical structure are stabilised by 

intra-chain hydrogen bonds linking the two 

adjacent sugar residues, and inter-chain hydrogen 

bonds and cation/H2O bridges 
5-10

. 

Evidence of conformational differences of 

hyaluronic acid in solid and solution state has been 

observed by 
13

C-NMR 
11

. In aqueous solution HA 

behaves like a fairly stiff coil; the stiffness has been 

attributed to factors such as:  

(a) The intrinsically small available 

conformational space at each of the two 

glycosidic linkages 
12, 13

,  

(b) The tendency of ha chains to self-associate 

both intramolecularly (chain folding) and 

intermolecularly in neutral aqueous sodium 

chloride solutions 
14

 and;  

(c) The existence of inter-residue hydrogen 

bonds stiffening each glycosidic linkages
15

. 

On the basis of the low reactivity of HA (1) 

towards periodate oxidation and model building 

and molecular dynamics simulation, Scott and co-

workers proposed the persistence of several inter-

residue hydrogen bonds in aqueous solution 
15, 16

. 

These inter-residue hydrogen bonds include: one 

across the β-1→ 3 linkage, linking GlcNAc C-4 

OH and GlcA O-5 and two hydrogen bonds across 

the β-1→ 4 linkage; the first one links GlcA 3-OH 

and GlcNAc O-5 and the second is a water-

mediated hydrogen bond between the GlcNAc 

amide and GlcA carboxyl oxygen.  

These inter-residue hydrogen bonds in HA were 

principally supported by 
1
H- and 

13
C-NMR in 

DMSO 
17-21

.  NMR experiments involving a 

stepwise addition of water to a solution of 

hyaluronic acid hexasaccharide in Me2SO-d6, 

revealed the existence of a water-bridged hydrogen 

bond between the NH and the COO
 -- 

groups in 

aqueous solutions of HA 
20

. 

Kvam et al 
21 

 have investigated the structures of 

hyaluronic acid ethyl and benzyl esters and 

tetrabutylammonium and tetraethylammonium salts 

by 
1
H- and 

13
C NMR spectra and have shown that 

the relative orientations of the monosaccharides at 

the (1→3) linkage in the esters and salts are 

different; there is only slight conformational 

variations around the (1→4) linkage; there are 

similarities in conformation between the esters in 

Me2SO-d6 and salts in water; and based on the 

chemical shifts of the 
1
H resonances for NH and 

OH and their temperature dependence for esters 

and the HA and salts in Me2SO-d6, concluded that 

the inter-residue hydrogen bonds between the 

carboxyl and NH groups and between HO-4 of 

GlcA and O-5 of GlcNAc for salts are markedly 

stronger.   

Chemical modifications of Hyaluronic acid: The 

basic repeating disaccharide units, D-glucuronic 

acid and N-acetyl-D- glucosamine, of hyaluronic 

acid provide a carboxyl group at C-5’ and two free 

hydroxyl groups at the C-2’ and C-3’ positions in 

the β-D-GlcpA and two hydroxyl groups at C-4 and 

C-6 position in the β-D-GlcpNAc moiety; chemical 

and enzyme-catalysed reactions at some of these 

positions have led to a wide range of derivatives. It 

is of interest to note that until 1998 regioselective 

reactions of hydroxyl groups in hyaluronic acid 

were not investigated 
22, 23

. 

It must be appreciated that, unlike simple 

carbohydrates, chemical reactions of hyaluronic 

acid or any other polysaccharide usually do not 

result in discrete compounds; a certain proportion 

of the molecule may be partially substituted or 

unsubstituted. The position and the degree of 

substitution in hyaluronic acid derivatives have 

been ascertained by High resolution NMR 

experiments such as 2D, 
1
H-

1
H and 

1
H-

13
C 

correlation spectroscopy and 
1
H-detected 2D 

DOSY experiments; and in some cases to study on 

a qualitative basis the effect of specific substitution 

on the conformation of the molecule.  

In order to ascertain the molecular integrity of the 

chemical transformation products; their Molecular 

Weight and Molecular Weight Distribution values 

have been determined, using High Performance 

Size Exclusion Chromatography (HP-SEC). 
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Organic salts of Hyaluronic acid: In order to 

enhance the solubility of hyaluronic acid (HA) in 

aprotic organic solvents and to facilitate its 

derivatization, it has generally been first converted 

into its organic salt such as tetrabutyl ammonium, 

pyridinium or collidinium salt. This conversion of 

HA from inorganic to organic salt, for example, 

involved the treatment of a solution of the sodium 

salt of HA (2) in water with 4 N HCl (12.5 mmol) 

followed by neutralisation with tetrabutyl 

ammonium hydroxide (12.5 mmol) to afford the 

tetrabutylammonium salt (3). On a large scale 

hyaluronic acid tetrabutylammonium salt has been 

be prepared using ion exchange resin in 

tetrabutylammonium hydroxide form
24

. A similar 

process of neutralisation of HA in acid (H
+
) form 

with pyridine or sym-collidine afforded the 

pyridinium and the collidinium salt, respectively 
23

. 

O O

COOY

OH

O

HO
R

O
NH

CH3

O

HO

n

- +

 
1   R = OH,  Y = H;  2   R = OH,  Y = Na;  3   

R = OH,   Y = Bu4N 

The carboxyl group of hyaluronic acid can be 

esterified by treatment of the HA 

tetrabutylammonium salt (3) in an aprotic solvent 

such as DMF or DMSO. For example, the reaction 

of 3 in DMSO with benzyl iodide at 30º C for 12 

hours gave, after addition of small amounts of 

saline water and precipitation from acetone, benzyl 

hyaluronic acid ester 
24 

(4). Hyaluronic esters of 

ethyl-, propyl-, benzyl-, and dodecyl- alcohols have 

been described as medical and pharmaceutical 

materials such as medical sutures, films, 

microspheres, pellets, membranes, corneal shields 

and implants 
1
. 

4, 6-cyclic-orthoester hyaluronic acid benzyl 

ester: The value of cyclic orthoesters as 

intermediates for selective acylation of 

carbohydrates has been demonstrated 
25

. For 

example, methyl α-D-glucopyranoside on treatment 

with trimethylorthoacetate or 1, 1-dimethoxyethene 

in N,N-dimethylformamide (DMF) in the presence 

of p-toluenesulphonic acid is known to afford the 

corresponding 4,6-cyclic orthoester derivative, 

which on hydrolysis afforded the corresponding 6-

acetate as the major and 4-acetate as the minor 

compound 
26

.  

A similar strategy has been adopted to introduce 

acetate groups selectively at C-6 and C-4 of the 

GlcNAc unit of HA (1). The reaction of HA benzyl 

ester (4) in DMF with trimethylorthoacetate in the 

presence of p-toluenesulphonic acid gave the 

expected 4,6-orthoester (5), along with its 

hydrolysed products the 6-O- (6) and the 4-O- (7) 

acetate hyaluronic acid benzyl esters as minor 

components. Acid hydrolysis of 5 followed by O-4 

→ O-6 acetyl migration using t-butylamine gave a 

mixture containing 6 as the major and 7 as the 

minor component 
23

. Conventional acetylation of 

the 4,6-orthoester 5 followed by hydrolysis with 

aqueous acetic acid afforded a mixture of 2’,3’,6-

triacetate (8) and 2’,3’,4-triacetate (9). 

O O

COOBn
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O

O
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CH3
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n
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5 Bn = CH2C6H5 
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4   R = R
1
 = R

2
 = R

3
 = H;  6   R = COCH3, R

1
 =  

R
2
 = R

3
 = H;  7   R = H,  R

1
 =  COCH3, R

2
 = R

3
 

= H;  8   R = R
2
 = R

3
 = COCH3,  R

1
 = H;  9   R

1
 

= R
2
 = R

3
 = COCH3,  R= H;  11    R = R

1
 = H,  

R
2
 = R

3
 = COCH3;  12   R = R

1
 = CH3SO2,  R

2
 

= R
3
 = COCH3.  Bn = CH2C6H5. 
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4, 6-O-isopropylidene hyaluronic acid: 

Isopropyli- denation of carbohydrates and their 

derivatives constitutes one of the most widely used 

modes for the protection of selected diol groups in 

sugar-based syntheses 
27

.  

The reaction of hyaluronic acid benzyl ester (4) in 

dimethylsulphoxide (DMSO) with 2, 2-dimethoxy 

propane in the presence of p-toluenesulphonic acid 

at 50ºC for 24 h afforded the corresponding 4,6-

isopropylidene derivative (10), which on 

acetylation with acetic anhydride in DMF in the 

presence of N,N-dimethylaminopyridine (DMAP) 

as a catalyst gave the 4,6-di-O-isopropylidene-

2’,3’-dicaetate hyaluronic acid benzyl ester (11)
 22, 

23
.  

Hydrolysis of the 4,6-isopropylidene group in 11, 

using aqueous trifluoroacetic acid in DMSO at 100º 

C for 3 h followed by neutralisation, dialysis and 

concentration  gave the expected 2’,3’-diacetate 

HA benzyl ester (12). The structures of these 

compounds have been confirmed by 
1
H and 

13
C 

NMR
23

. As compared to the starting material 4, the 

changes in the chemical shifts due to C-4’ (-1.53) 

and to a lesser degree for C-1’ (-0.1) and C-1 (-

0.78) in 9 were noted; indicating substantial 

changes around the β-(1→ 4) glycosidic linkages.  

These significant changes could be caused by the 

large 4, 6-isopropylidene group. The β-(1→ 3) 

glycosidic linkages appeared not be affected to the 

same extent, however, due to the absence of the 

OH-4…O-5’ hydrogen bonds in 10, the differences 

in the chemical shift value for β-(1→ 3) glycosidic 

linkages were observed. Similar conformational 

changes
23

 were observed when HA benzyl ester (4) 

was transformed into the corresponding 4, 6-

orthoester derivative 5. 

O O

COOBn

OR

O

O
NH

CH3

O
n

OO

CH3
H3C

RO

 
10   R = H, Bn = CH2C6H5; 11 R=COCH3, Bn = 

CH2C6H5 

Selective blocking of the 4, 6-hydroxyl groups in 

the GlcNAc residue of HA would allow reactions 

to be performed selectively at the C-2’ and C-3’ 

hydroxyl groups in the GlcA moiety. 

Compound 12, with the free hydroxyl groups at 4 

and 6 positions in the GlcNAc, has been converted 

into the corresponding 4, 6-dimesylate 13, by 

treatment with methanesulphonyl chloride in 

pyridine or in a combination of pyridine and 

catalytic amount of DMAP. The structure of 12 

was supported by its 
1
H and 

13
C NMR spectra

23
. 

6-deoxy-6-halogeno derivatives of hyaluronic 

acid: The potential importance of deoxyhalogeno 

carbohydrates as synthetic and biological 

intermediates is widely recognised 
28

. 

Deoxyhalogeno sugars have been generally 

synthesised using the following methods:  

(a) By bimolecular, nucleophilic-displacement 

(SN2) reactions of sugar sulphonates using 

halide nucleophiles 
29

,  

(b) By reaction with sulphuryl chloride and 

pyridine 
30

,  

(c) By treatment with a combination of 

triphenyphosphine: carbon tetrachloride: 

pyridine 
31

, and; 

(d) Methanesulphonylhalide: N, N-dimethyl 

formamide complex
 32-35

. 

The reaction of sugars with methanesulphonyl 

chloride: N, N-dimethylformamide complex 

permits selective replace of primary hydroxyl 

groups by chlorine. However, under forcing 

conditions, substitution at a secondary hydroxyl 

group has also been observed 
34

.  

The reaction has been rationalised: the initial step, 

slow and presumably rate limiting, is the formation 

of imminium ion (Me2N
+
=CHOSO2Me) Cl¯, which 

then reacts with an alcohol (ROH) to give an 

intermediate (Me2N
+
=CHOR) Cl¯. Bimolecular, 

nucleophilic, substitution at the alkyl group by 

chloride ion affords the chlorodeoxy product. The 

last step of the SN2 reaction was found not to be 

rate-limiting 
32

. 
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The halogenation of HA - sodium salt, - sym-

collidinium salt or - tetrabutylammonium salt in N, 

N-dimethylformamide has been described using 

methanesulphonylhalide:N, N-dimethylformamide 

complex 
35, 36

. As a general methodology, a 

suspension of HA sodium salt (2) in dry DMF at 

20ºC was treated with 1.25 mol of 

methanesulphonyl chloride at -10ºC for ~ 1 hour 

and then heated 60ºC for 18.5 h. The reaction 

mixture was then poured in portions into a mixture 

of ice and 1 M sodium carbonate with vigorous 

mixing, maintaining the pH at 9.5. The resulting 

brownish suspension was stirred at pH 9.5 at room 

temperature for about 48 h, affording a clear 

solution, which was filtered and subjected to 

tangential flow filtration. The solution was 

concentrated and freeze-dried to give 6-chloro-6-

deoxy-hyaluronic acid sodium salt (14).  

The presence of chlorine group in 14 was 

confirmed by 
13

C NMR. The C-6 resonance of the 

GlcNAc residue shifted from δ 61.18 (due to CH2-

OH) to δ 44.55; indicating that the 6-OH group was 

replaced by chlorine. The degree of chlorine 

substitution in 6-chloro-6-deoxy-hyaluronic acid 

sodium salt (14) has been calculated from their 
13

C 

NMR spectra, from the integral of CH2Cl signal 

and from the sum of CH2Cl and CH2OH integrals:  

DSCl = 100× ICH2Cl/(ICH2OH+ICH2Cl). 

A standard 
13

C NMR sequence was used, assuming 

similar relaxation times for CH2OH and CH2Cl 

signals 
35

.  

Similarly, treatment of hyaluronic acid sym-

collidinium salt with a combination of 

methanesulphonyl bromide and DMF afforded the 

6-bromo-6-deoxy-hyaluronic acid sodium salt (15). 

The presence of bromine in 15 at the C-6 position 

(δ 34.5) of the GlcNAc residue has been confirmed 

by 
13

C NMR 
36

. 

O O

R'

OH

O

HO
R

O

NH

CH3

O

HO

n

 

14   R = Cl, R' = COO
- 
Na

+
; 15   R = Br, R' = COO

-
 

Na
+
; 16 R = N = N

+
= N

-
,   

R'= COO
-
 Na

+
; 17 R = NH2, R'= COO

-
 Na

+
; 18   R 

= NH2, R' = COO
-
 Bu4N

+ 

 

6-amino-6-deoxyhyaluronic acid: The amino 

deoxy derivatives of carbohydrates are of interest 

because they are components of biological 

materials such as glycoprotein and bacterial 

polysaccharides. They are usually synthesised by 

catalytic reduction of the corresponding azido 

derivatives, which in turn can be prepared from the 

corresponding halodeoxy compounds. A direct, 

high yielding, synthesis of 6-amino-6-

deoxyhyaluronic acid has been achieved by 

selective amination of the C6-chlorinated 

hyaluronic acid in aqueous media. 

Treatment of 6-chloro-6-deoxyhyaluronic acid 

(sodium or sym-collidinium salt) with sodium azide 

in DMF or DMSO at 100ºC for 40 hours gave, after 

dialysis against distilled water and freeze drying, 

the expected 6-azido-6-deoxyhyaluronic acid 
23

 

(16). The presence of the azido group at C-6 

position in 16 has been confirmed by 
13

C NMR 

spectroscopy, which revealed the shift of C6-Cl 

signal at δ 44.55 to δ 51.34 due to azido group. The 

IR (KBr) spectrum showed a strong peak at ν 

2110.7 due to the azido group. The reduction of the 

6-azido compound 16 (sodium salt) with 

SnCl2.2H2O in methanol at room temperature, for 

96 hour, afforded 6-amino-6-deoxyhyaluronic acid 
23 

(17). The 
13

C NMR spectrum revealed a peak at δ 

42.09. The IR (KBr) spectrum showed a minor 

peak at ν 2110.7 due to the azido group, indicating 

the presence of some unreacted azido group. 

A simpler and one-step conversion of 6-chloro-6-

deoxyhyaluronan (14) to the corresponding 6-

aminodeoxy derivative 17 was subsequently 

achieved by heating compound 14 in excess 

aqueous ammonium hydroxide; with the further 

advantage of using water as the solvent for the 

reaction.  

The structure of compound 17 was supported by 

their 
13

C NMR, DEPT, and 2D heterocorrelated 

NMR spectra, which showed in the 
13

C NMR 

spectrum a decrease of the peak at 44.5 ppm due to 

CH2–Cl and the appearance of a peak at 41 ppm 

due to CH2–NH2 (Fig. 3).  
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A positive Kaiser test (ninhydrin test) confirmed 

the presence of primary amino groups 
37

. In order 

to enhance the solubility of Compound 17 in 

organic solvents, such as DMF and DMSO, it was 

converted into the corresponding tetrabutyl 

ammonium salt 18.   

Hyaluronic acid-methotrexate conjugates: Small 

molecule drugs such as antitumor compounds have 

recently been conjugated to synthetic and natural 

polymers. The advantages envisaged in this 

strategy are reduced toxicity, increased solubility 

and stability, localisation and controlled release of 

the drug 
38-42

.  

Methotrexate (19) is an antimetabolite and an 

analogue of folic acid used in the treatment of 

diseases such as inflammatory pathologies, 

autoimmune or neoplastic diseases. For example, it 

is used for the treatment of Crohn’s disease, 

inflammation of the colon, ulcer colitis 
43

, 

rheumatoid arthritis, and osteoarthritis 
44

. However, 

its therapeutic use is limited because of its high 

systemic toxicity and short plasma half-life. In 

cancer treatment it is administered in relatively 

high dose, which often leads to drug resistance and 

causes nonspecific toxicities to normal proliferating 

cells. Adverse side effects may be minimized by 

targeted delivery of the drug directly to the tumour 

site 
43, 44

. 

 
19   Methotrexate 

O
O

COOH

OH

O

HO
O

O
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CH3

O

HO

n
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20   Hyaluronic Acid – Methotrexate Conjugate 

Regioselective conjugation of methotrexate with 

HA has been investigated 
35, 36

. Treatment of a 

solution of 6-bromo-6-deoxy-hyaluronic acid 

sodium salt (15) in DMSO with a solution of 

methotrexate (19) in DMSO and cesium carbonate 

under nitrogen at 80º C for 24 hour gave the 

desired product, hyaluronic acid-6-methotrexate 

conjugate. The product was analysed by 
1
H and 

13
C 

NMR for the presence of methotrexate covalently 

linked and integrity of the polymer 
36

.  

The SN2 reaction of 6-chloro-6-deoxy-hyaluronic 

acid sodium salt (14, MW 20,000) has been 

performed with methotrexate in the presence of 

cesium carbonate in DMSO at 80º C for 40 hour; as 

is the case with biopolymer reactions in general, 

partial displacement, of the C-6 chloro group in 14 

occurred to afford a mixture of 6-chloro-6-deoxy-6-

O-α,γ-methotrexylhyaluronic acid. Its structure was 

supported by 
1
H and 

13
C NMR 

35
. For simplistic 

reason and the economy of space, only the structure 

of compound 6-O-γ-methotrexylhyaluronic acid 

has been depicted (20). The chlorine group in 6-

chloro-6-deoxy-6-O-α,γ-methotrexylhyaluronic 

acid has been subsequently replaced by acetate and 

butyrate group by treatment with the corresponding 

cesium salt in DMSO; structures of the resulting 6-

O-acetyl-6-O-α,γ-methotrexylhyaluronic acid and 

6-O-butryl-6-O-α,γ-methotrexylhyaluronic acid 

were determined using NMR spectroscopy 
35

. 

 Treatment of a solution of 6-bromo-6-deoxy-

hyaluronic acid sodium salt (15) in DMSO with a 

solution of methotrexate (19) in DMSO and cesium 

carbonate under nitrogen at 80º C for 24 hour has 

been described to afford HA-6-methotrexate (20). 

The product has been analysed by 
1
H and 

13
C NMR 

to establish the presence of covalently linked 

methotrexate and integrity of the polymer 
37

. 

Hyaluronic acid-paclitaxel conjugate:  Paclitaxel 

an antileukemic and antitumor agent was first 

isolated from the bark of the Pacific yew tree, 

Taxus bravifolia. Paclitaxel is a poorly soluble 

antimitotic chemotherapeutic agent which causes 

tumor cell death by disrupting mitosis. Its solubility 

was greatly increased by conjugation to HA. 

Hyaluronic acid is over expressed at sites of tumour 

and provides a matrix to facilitate invasion. Hence, 

to overcome the solubility problem and to target the 

tumour cells, a hyaluronic acid conjugate of Taxol 

was prepared 
45

.  
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The conjugation synthetic strategy involved:  

(a) Synthesis of Taxol-2’-hemisuccinate by 

treatment of Taxol with succinic anhydride in 

a mixture of dichloromethane and pyridine;  

(b) The hemisuccinate derivative was treated 

with N-hydroxysuccunimide diphenyl 

phosphate in acetonitrile in the presence of 

triethylamine to give Taxol-N-

hydroxysuccinimide;  

(c) Hyaluronic acid was functionalised by 

treatment with adipic dihdrazide in aqueous 

system at ph 4.75 to give hyaluronic acid-

adipic dihydrazido derivative; and finally;  

(d) The two intermediates, Taxol-N-

hydroxysuccinimide and HA-dihydrazide, 

were stirred together in aqueous DMF in the 

presence of 1-ethyl-3-[3-(dimethylamino)-

propyl]carbodiimide at room temperature for 

24 hour to afford the desired HA-Taxol 

conjugate (21).  

Compound 21 exhibited selective toxicity toward 

the human cancer cell lines (breast, colon and 

ovarian) that are known to express hyaluronic acid 

receptors; no toxicity was noted against a mouse 

fibroblast cell line at the same concentrations. 

O O
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HO
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O
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CH3

O
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n

HNO N
H

O-

O

N
H

NH

O

O

O

NH

O

O

O

O

OCH3

O

HO

OH

O

CH3

O
O

O

O

 
21   Hyaluronic Acid – Taxol Conjugate 

The balance between hyaluronic acid and 

conjugated drug is critical in obtaining the optimal 

cytotoxic effect; as the carboxyl group of the 

polymer is responsible for its targeting properties, 

high loading of the drug may affect the CD44 

recognition ability of the polymer-drug conjugate 
46

.   

In 2009, a new approach to address limited drug 

substitution in hyaluronic acid-drug conjugates has 

been proposed by Norbedo et al 
37

; since C-6 

hydroxyl groups of HA are not involved in CD44 

recognition, higher degrees of substitution may not 

significantly affect the targeting properties of the 

resulted conjugates 
47

. 

Hyaluronic acid-camptothecin conjugate: 

Camptothecin 20-(S) (CPT, 22) is a naturally 

occurring alkaloid isolated from Camptotheca 

acuminata with a significant antitumor activity 

against a variety of human solid tumours
48

. 

However, because of its limited solubility in water 

and severe toxicity its trial as an anticancer drug 

was stopped 
49

. It is also important to note that the 

intact lactone ring is critical for the CPT antitumor 

activity. In order to overcome these drawbacks, 

water soluble analogues of camptothecin, Hycamtin 

and Camtosar, were synthesised, which are 

approved for the treatment of ovarian and colon 

cancer, respectively 
50-52

. 

 
22   Camptothecin 20-(S) 
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23 Hyaluronic Acid – Camptothecin 20-(S) 

Conjugate 

To impart targeting ability and to enhance the water 

solubility, camptothecin has been conjugated with 

the hyaluronic acid at the C-6 position of the N-

acetyl-D-glucosamine moiety. The conjugation 

strategy adopted was similar to the hyaluronic acid-

Taxol conjugate:  
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(a) The C-20 hydroxyl group of camptothecin 

was converted to the corresponding 

hemisuccunate  

(b) The CPT-20-O-hemisuccinate was then 

treated with 6-amino-6-deoxyhyaluronan 

TBA salt in the presence of N-

hydroxysuccinimide/N,N-diisopropylcarbo 

diimide in dimethyl sulphoxide; and;  

(c) The resulting HA-20-O-CPT conjugate TBA 

salt was converted to the corresponding Na 

salt 
37 

(23).  

Hyaluronic acid - mitomycin c conjugate: 

Mitomycin C has been linked to the HA molecule 

by way of an amide bond between the drug and the 

carboxyl group of the D-glucuronic acid moiety. 

An amide linkage formation is a dehydration 

reaction and requires anhydrous systems. However, 

as hyaluronic acid is difficult to dissolve in an 

anhydrous organic solvent, reaction conditions 

were developed to use a water based system 
59

.  

The general scheme of the conjugation reaction 

followed: (a) activation of the carboxyl groups of 

the D-glucuronic acid moiety of the HA-Na salt (1) 

using N-hydroxusuccinimide in the presence of 1-

ethyl-3(3-dimethylaminopropyl) carbodiimide 

(EDC) in pyridine and water under acidic 

conditions (pH ~ 4.7); (b) the reaction mixture was 

treated with sodium acetate buffer to decompose 

the excess carbodiimide, and (c) the resulting N-

hydroxysuccinimide-HA intermediate was then 

treated with and aqueous solution of mitomycin C 

in a phosphoric acid buffer to afford HA-

Mitomycin C conjugate (24). 
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24   Hyaluronic Acid – Mitomycin - Conjugate 

The cancer metastasis suppressing test performed 

with the HA-Mitomycin C conjugate 24 in mouse 

with Lewis lung carcinoma cells, as compared to 

mitomycin alone, exhibited excellent cancer 

metastasis suppression effect both in single 

administration and consecutive administrations. 

Especially, the conjugate produced a striking effect 

in the three consecutive administrations.  

The conjugate also exhibited strong suppressing 

effect against cancer metastasis through lymph 

nodes and the MethA tumour growth 
53

.  

Hyaluronic Acid-Daunomycin Conjugate: 

Daunomycin (25) has been conjugated with HA, 

using ε-aminocaproic acid spacer arm. The 

carboxyl group of the hyaluronic acid was activated 

using N-hydroxysuccinimide and EDC, the excess 

was decomposed by dipottasium phosphate buffer 

and then treated with ε-aminocaproic acid to afford 

the intermediate HA-5’- ε-aminocaproic acid 

amide, which was then treated with Daunomycin C 

in water, pyridine and N,N-dimethylformamide 

(DMF) in the presence of EDC. At the end of the 

reaction the excess EDC was removed using 

sodium acetate buffer and the HA-Daunomycin 

conjugate (26) was precipitated from acetone
53

. 
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26   Hyaluronic Acid – Daunomycin Conjugate 
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Daunomycin has also been conjugate to HA 

directly. However, in order to overcome the 

solubility problem of hyaluronic acid-Na salt in dry 

organic solvent the HA-Na salt, some or all of the 

hydroxyl groups were acetylated prior to the 

conjugation reaction.  

For example, the reaction of the carboxylic group 

of the acetylated HA is performed in the following 

sequence of reactions:  

(a) A solution of the acetylated derivative of 

HA in dry DMF was treated with isobutyl 

chloroformate to activate the C-5’ carboxyl 

group of the HA,  

(b) The activated HA was then treated with a 

solution of Daunomycin in DMF in the 

presence of triethylamine,  

(c) The acetyl groups were then removed by 

treatment with sodium hydroxide at pH 

12.5, and (d) the solution was neutralised 

with acetic acid and the HA-drug conjugate 

was precipitated from acetone.  

Synthesis of hyaluronic acid conjugates of 5-

Fluorouracyl, Cytosine and Epirubicin have also 

been described 
53

. 

Hyaluronic Acid Glycyrrhetinic Conjugate: 

Hyaluronic acid-glycyrrhetinic acid-graft conjugate 

(HA-GA, 27) has been synthesized as a carrier for 

intravenous administration of paclitaxel, which 

combined hyaluronic acid (HA) and glycyrrhetinic 

acid (GA) as the active targeting ligands to liver 

tumor 
54

.  

Paclitaxel has been entrapped in HA-GA 

nanoparticles with high efficiency up to 31.16 

weight % and entrapment up to 92.02%; it 

exhibited significant cytotoxicity to HepG2 cells 

than B16F10 cells due to simultaneously over 

expressing HA and GA receptors.  

The study also includes: physicochemical 

characteristics, cellular uptake efficiency, and in 

vivo fates of HA-GA conjugates (27). 

NH

H
N

CH3 C

CH3

CH3CH3

CH3 CH3

O

O

HO

CH3

O

O O

OH
O

OH

n
NH

CH3

O

O

HO HO

27   Hyaluronic Acid – Glycyrrhetinic acid – Graft 

Conjugate 

The reaction sequence for the synthesis of HA- GA 

conjugate 24 as follow:  

(i) First GA was aminated, using ethylene 

diamine in dichloromethane in the presence 

of N-hydroxysuccinimide (NHS) and N,N-

dicyclohexyl carbodiimide (DCC) to afford 

the corresponding succinimido 

glycyrrhetinic acid [G-CO-NH-(CH)2-NH2]; 

and;  

(ii) The succinimido GA was reacted with 

hyaluronic acid in DMF in the presence of 

N-hydrosuccinimde and 1-ethyl-3-(3-

dimethylaminopropyl)-carbodiimide to 

afford the HA-GA conjugate, which was 

isolated after precipitation from acetone, 

dialysis against deionized water, and freeze 

drying. 

Biopolymer Bioscaffolds as Bioreactors: 

Biopolymer scaffolds have been generated in recent 

years to construct bio-artificial tissues or organs for 

treatment of patients 
55

, and for enzyme catalyzed 

acylation of carbohydrates 
56

. Methodologies 

available to generate biopolymer scaffolds are 

known like, for example, fibber bonding, gas 

foaming, phase separation/emulsification, solvent 

casting and particulate leaching, interpenetrating 

polymer network, chemical cross-linking, and 

photo cross-linking. This Section will cover the 

recently patented work on the synthesis of 

biopolymer scaffold and their application to 

produce regio-selectively sugar alky esters, in 

particular sugar fatty acid esters 
57

. The commercial 

importance of sugar fatty acid esters as surfactants 

has been well recognized 
58

; sucrose 6-acetates is 

one of the key intermediates in the production of 

Sucralose (Splenda
®
), a commercially important 

high intensity sweetener 
59, 60

. 
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The invention relates to the process for the 

production of biopolymer scaffolds as bioreactors 

for the synthesis of sugar 6-O-acylates, in particular 

sugar fatty acid esters. The process comprises the 

following steps:  

(a) Producing a stable biopolymer scaffold of 

appropriate pore size and pore distribution, 

by using a combination of polysaccharide 

and polyethylene glycol dimethacrylate;  

(b) Immobilizing or encapsulating both the 

enzyme (a lipase) and the substrate 

(sucrose), preferably in solid form, into the 

polysaccharide-PEG scaffold, preferably 

during the preparation step of the scaffold;  

(c) Reacting the sucrose immobilized or 

encapsulated together with the enzyme into 

the scaffold, with an acylating reagent in t-

amyl alcohol to selectively afford sucrose 6-

O-esters. 

As a general procedure, to a solution of the 

polysaccharide, e.g., hyaluronic acid or chitosan, 

and the PEG dimethacrylate in water at pH 5 was 

added IRGACURE [bis(2, 4, 6-trimethylbenzoyl)-

phenylphosphine oxide - CAS Registry Number: 

162881-26-7] (2959, 0.5%) from CIBA and 36μl 

N-vinyl-pyrrolidinone; the solution was stirred in 

dark at ambient temperature for few minutes and 

then added the enzyme (e.g., T. lanuginosa) and the 

solid substrate (sucrose) and then irradiated with 

UV light (365nm) till the gelation. It was then 

freeze dried to give the desired biopolymer 

scaffold.  

The hyaluronic acid-PEG-Enzyme-Sucrose 

scaffold in t-amyl alcohol was magnetically stirred 

(~200 rpm) in the presence of molecular sieves for 

1 h at room temperature and then vinyl laurate (5 

equiv.) was added. The temperature was then raised 

to 30-40°C and the reaction was carried out for 24 

h to give after removing the solvent sucrose 6-

laurate as the major and sucrose di-laurate as the 

minor product. The scaffolds were recovered, dried 

to remove residual solvents then regenerated with 

sucrose by treatment with aqueous sucrose solution 

and the reaction with vinyl laurate was repeated.  

The major strengths of the biopolymer scaffolds 

are:  

(i) The thee-dimensional structure of the 

scaffold is robust to withstand repeated use 

in organic solvents at the required 

temperature,  

(ii) They have appropriate porosity to retain the 

enzyme and the substrate within the 

structure,  

(iii) They allow the influx of the acylating 

reagents and the efflux of the final products 

during the enzymatic reaction;  

(iv) It does not use toxic organic solvents such 

as dmf, dmso or pyridine,  

(v) The enzyme is stable and retains its activity 

at 40°C for several weeks, allowing its 

repeated recycling and to develop a 

continuous process, and  

(vi) The process uses sustainable, regenerable, 

nanomaterials. 

ACKNOWLEDGEMENTS: It is acknowledged 

that the research on biopolymer bioscaffold as 

bioreactors was carried out at Protos Research 

Institute, Trieste, Italy, as a part of the project, 

Bioproduction NMP 026515-2; Sustainable 

Microbial and Biocatalytic Production of 

Advanced Functional Materials, co-funded by the 

European Commission within the Sixth Framework 

Programme (2006-2010).  

REFERENCES: 

1. Lapcík, L. Jr., Lapcík, L., De Smedt, S., Demeester, J., 

Chabrecek. P.  Hyaluronan: preparation, structure, 

properties and applications. Chem. Rev. 1998; 98:  2663-

2684. 

2. Murano, E., Perin, D., Khan R., Bergamin, M. 

Hyaluronan: from biomimetic to industrial business 

strategy. Natural Products Communications. 2011; 6: 555-

572. 

3. Schanté, C. E., Zuber, G., Herlin, C., Vandamme, T. F. 

Chemical modifications of hyaluronic acid for the 

synthesis of derivatives for a broad range of biomedical 

applications. Carbohydrate Polymers. 2011; 85: 469–489.  

4. Goodarzi, N., Varshochian, R., Kamalinia, G., Atyabi, F., 

Dinarvand, R. A review of polysaccharide cytotoxic drug 

conjugates for cancer therapy. Carbohydrate Polymers. 

2013; 92: 1280– 1293. 

5. Sheehan, J.K., Gardner, K.H., Atkins, E.D.T. Hyaluronic 

acid. A double helical structure in the presence of 

potassium at low PH and found also with the cations 

ammonium, rubidium and caesium.  J. Mol. Biol. 1977; 

117: 113-135. 



Khan et al., IJPSR, 2013; Vol. 4(10): 3699-3710.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3709 

6. Arnott, S., Mitra, A.K., Raghunathan, S. Hyaluronic 

acid double helix.  J. Mol. Biol., 169 (1983) 861-827. 

7. Mitra, A.K., Arnott, S., Sheehan, J.K. Hyaluronic acid: 

Molecular conformation and interactions in tetragonal 

form of potassium salt containing extended chains.  J. Mol. 

Biol., 169 (1983) 813-827. 

8. Sheehan J.K., Atkins, E.D.T., Int. J. Biol. Macromol. X-

ray fibre diffraction study of conformational changes in 

hyaluronate induced in the presence of sodium, potassium 

and calcium ions, 1983; 5: 215-221. 

9. Mitra, A.K., Arnott, S., Millane, R.P., Raghunathan, S., 

Sheehan, J.K., J. Macromol. Sci.-Phys., B24 (1985-86) 21-

38. 

10. Feder-Davis, J., Hittner, D.M., Cowan, M.K. 1991, Water-

Soluble Polymers: Synthesis, Solution Properties, and 

Applications, S.W. Shalaby, C.L. McCormick, G.B. Butler 

(Eds.), ACS Symposium Series 467, American Chemical 

Society, Washington, D.C., pp 493-501. 

11. Potenzone, R. Jr., Hopfinger, A.J. Conformational analysis 

of glycosaminoglycans. I. Charge distributions, torsional 

potentials, and steric maps. Cabohydr. Res.1975; 40: 323-

336. 

12. Potenzone, R. Jr.  Hopfinger, A.J. Conformational analysis 

of the glycosaminoglycans: II. Bond-angle studies, 

torsional potential, and steric map for the β-d(1→3) 

linkage. Cabohydr. Res.1976; 46: 67-73. 

13. Turner, R.E., Lin, P., Cowman, M.K. Self-association of 

hyaluronate segments in aqueous NaCl solution Arch. 

Biochem. Biophys. 1988; 265: 484-495. 

14. Scott, J.E. The Biology of Hyaluronan, Evered, D., J. 

Whelan (Eds.), Ciba Foundation Symposium 143, Wiley, 

Chechester, 1989, pp 6-15. 

15. Heatley F., and Scott, J.E. Water molecule participate in 

the secondary structure of hyaluronan. Biochem. J.1988; 

254: 489-493. 

16. Scott, J.E., Heatley, F., Moorcroft, D., Olavesen, A. H. 

Secondary structures of hyaluronate and chondroitin 

sulphates. A 1H n.m.r. study of NH signals in dimethyl 

sulphoxide solution. Biochem. J. 1981; 199: 829-832. 

17. Scott, J.E., Heatley, F. Detection of secondary structure in 

glycosaminoglycans via the 1H n.m.r. signal of the 

acetamido NH group. Biochem. J. 1982; 207: 139-144. 

18. Heatley, F., Scott, J.E., Jeanloz, R.W., Walker-Nasir, E.  

Secondary structure in glycosaminoglycuronans: NMR 

spectra in dimethyl sulfoxide of disaccharides related to 

hyaluronic acid and chondroitin sulfate. Carbohydr. 

Res.1982; 99: 1-11. 

19. Scott, J.E., Heatley, F., Hull, W.E. Secondary structure of 

hyaluronate in solution. A 1H NMR investigation at 300 

and 500MHz in DMSO solution.  Biochem. J. 1984; 

220:197-205. 

20. Heatley, F., Scott, J.E. A water molecule participates in the 

secondary structure of hyaluronan. Biochem. J. 1988; 254: 

489-493. 

21. Kvam, B.J., Atzori, M., Toffanin, R., Paoletti, S., Biviano, 

F. 1H- and 13C-NMR studies of solutions of hyaluronic 

acid esters and salts in methyl sulfoxide: comparison of 

hydrogen-bond patterns and conformational behaviour.  

Carbohydrate. Res. 1992; 230: 1-13. 

22. Khan, R., Bella, J., Konowicz, P.A., Paoletti, S., Vesnaver, 

R., Linda, P. Carbohydr. Res., 306 (1998) 137-146; 

Vesnaver, R., New Derivatives of Hyaluronic Acid: 

Synthesis and Characterization, Thesis, 1999, University 

of Trieste, Italy. 

23. Khan, R., Vesnaver, R., Stucchi, L., Bosco, M., EP Patent 

1,023,328, 1999; Chem. Abstr., 1999, 244688. 

24. Valle, F. della, Romeo, A., US Patent 4,965,353 (1990). 

25. Bouchra, M., Calinaud, P., Gelas, J. Am. Chem. Soc. 

Symposium Series. 1989; 386: 45-63. 

26. DeBelder, A.N., Cyclic acetals of the aldoses and 

aldosides. Adv. Carbohydr. Chem. Biochem.1965; 20: 

219-302; ibid.1977; 34:179-241.  

27. Brady, J.F. Jr. Cyclic acetals of ketoses.  Adv. Carbohydr. 

Chem. Biochem.1971; 26: 197-278.  

28. Szarek, W. A., Adv. Carbohydr. Chem. Biochem., 28 

(1973) 225-306.  

29. Khan, R., Adv. Carbohydr. Chem. Biochem. 1976; 33: 

235-294.  

30. James, C.E., Hough, L., Khan, R., 1989, Progress in the 

Chemistry of Organic Natural Products, Herz, W., 

Grisebach, H., Kirby, G.W., and Tamm, Ch., Eds., 

Springer-Verlag, Wien New York, 117-184. 
31. Anisuzzaman, A.K.M., and Whistler, R.L. Selective 

replacement of primary hydroxyl groups in carbohydrates: 

preparation of some carbohydrate derivatives containing 

halomethyl groups. Carbohydr. Res.1978; 61: 511-518.  

32. Evans, M.E., Long, L. Jr., Parrish, F.W. Reaction of 

carbohydrates with methylsulfonyl chloride in N, N-

dimethylformamide. Preparation of some methyl 6-chloro-

6-deoxyglycosides.  J. Org. Chem. 1968; 33:  1074-1076.  

33. Edwards, R.G., Hough, L., Richardson, A.C., Tarelli, T. A 

reappraisal of the selectivity of the mesyl chloride - N, N- 

dimethylformamide reagent. Chlorination at secondary 

positions. Tetrahedron Lett. 1973; 2369-2370.   

34. Khan R., Vesnaver R., Stucchi L., Bosco M., US Patent, 

(2002) 6,482,941 B1. 

35. Sorbi C., Bergamin M., Bosi S., Dinon F., Aroulmoji V., 

Khan R., Murano E., Norbedo S. Synthesis of 6-O-

methotrexylhyaluronan as a drug delivery system.  

Carbohydr. Res. 2009; 344 : 91-97. 

36. Miglierini G., Rastrelli A, Stucchi L., EP 1274446 A1 

(2003). 

37. Norbedo S., Dinon, F., Bergamin M., Bosi S., Aroulmoji 

V., Khan, R., Murano, E., Synthesis of 6-amino-6-

deoxyhyaluronan as an intermediate for conjugation with 

carboxylate-containing compounds: application to 

hyaluronan–camptothecin conjugates. Carbohydr. Res. 

2009; 344: 98-104. 

38. Brinkley, M. A brief survey of methods for preparing 

protein conjugates with dyes, haptens, and cross-linking 

reagents.  Bioconjugate Chem. 1992; 3: 2-13. 

39. Krinick, N.L., Kopecek, J., 1991, Targeted Drug Delivery. 

Hand Book of Experimental Pharmacology, Juliano, R.L., 

Ed., Springer-Verlag, Berlin, pp 105-179. 

40. Maeda, H., Seymour, L., Miyamoto, Y. Conjugates of 

anticancer agents and polymers: advantages of 

macromolecular therapeutics in vivo. Bioconjugate Chem. 

1992; 3: 351-362. 

41. Puttnam, D., Kopecek, J., Polymer Conjugates with 

Anticancer Activity. Adv. Polym. Sci. 1995; 122: 55-123. 

42. B. Levin. Ulcerative colitis and colon cancer: biology and 

surveillance. J. Cell. Biochem. Suppl. 1992; 16G: 47-50. 

43. Homma, A., Sato, H., Okamachi, A., Emura, T., Ishizawa, 

T., Kato, T. Novel hyaluronic acid-methotrexate 

conjugates for osteoarthritis treatment.  Bioorganic and 

Medicinal Chemistry. 2009;17: 4647–4656. 

44. Riebeseel, K., Biedermann, E., Loser, R., Breiter, N.,  

Hanselmann, R., Mulhaupt, R. Unger, C., Kratz, F., 

Polyethylene glycol conjugates of methotrexate varying in 

their molecular weight from MW 750 to MW 40000: 

Synthesis, characterization, and structure-activity 

relationships in vitro and in vivo. Bioconjugate Chem. 

2002; 13: 773–785.  

 



Khan et al., IJPSR, 2013; Vol. 4(10): 3699-3710.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3710 

45. Luo, Y., Prestwich, G. D. Synthesis and selective 

cytotoxicity of a hyaluronic acid- antitumor bioconjugate. 

Bioconjugate Chem. 1999; 10:  755-763. 

46. S. Banerji, A. J. Wright, M. Nobel, D. J. Mahoney, I. D. 

Campbell, A.  J. Day, D. G. Jackson. Structures of the 

Cd44-hyaluronan complex provide insight into a 

fundamental carbohydrate-protein interaction. Nat. Struct. 

Mol. Biol. 2007; 14: 234–239. 

47. Giovanella, H., Hinz, A., Kozielski, J., Stehlin, R., Silber, 

M., Potmesil, M. Complete growth inhibition of human 

cancer xenografts in nude mice by treatment with 20-( S) 

camptothecin.  Cancer Res. 1999; 51: 3052–3055. 

48. Thomas, C. J., Rahier, N. J., Hecht, S. M. Camptothecin. 

Current perspectives. Bioorg. Med. Chem. 2004; 12:1585–

1604. 

49. Saltz, L. B., Cox, J. V., Blanke, C., Rosen, L. S., 

Fehrenbacher, L., Moore, L., Maroun,  J. A., Ackland,  S. 

P., Locker, P. K., Pirotta, N., Elfring, G. L., Miller, L. L. 

Irinotecan plus fluorouracil and leucovorin for metastatic 

colorectal cancer. Irinotecan Study Group. New Engl. J. 

Med. 2000; 343: 905–914. 

50. Vanhoefer, U., Harstrick, A., Achterrath, W., Cao, S., 

Seeber, S., Rustum, Y. M.,  

Irinotecan in the treatment of colorectal cancer: clinical 

overview. J. Clin. Oncol. 2001; 19: 1501–1518. 

51. Creemers, G. J., Bolis, G., Gore, M., Scarfone, G., Lacave, 

A. J., Guastalla, J. P.,  Despax, R., Favalli, G., Kreinberg, 

R., Van Belle, S., Hudson, I., Verweij, J., Ten Bokkel 

Huinink, W. W. Topotecan, an active drug in the second-

line treatment of epithelial ovarian cancer: results of a 

large European phase II study. J. Clin. Oncol. 1996; 14: 

3056–3061. 

52. H. Lu, H. Lin, Y. Jiang, X. Zhou, B. Wu,  J. Chen, Lett. 

Drug Design Discovery, 3 (2006) 83–86. 

53. Akima, K., Iwata, Y., Matsuo, K., Watar, N., US Patent, 

5,733,891, March 31, (1998). 

54. Li Zhanga, Jing Yaoa, Jianping Zhoua, Tao Wangd, Qiang 

Zhange, International Journal of Pharmaceutics 441 

(2013) 654– 664. 

55. Leach, J. B.  Bivens, K. A., Patrick Jr., C. W., Schmidt, C. 

E. Photocrosslinked hyaluronic acid hydrogels: natural, 

biodegradable tissue engineering scaffolds. 

Biotechnologies and Bioengineering. 2003; 82: 578-589. 

56. Ferrer, M., Cruces, M, A., Bernabé, M., Ballesteros, A., 

Plou, F. J.  

Lipase-Catalyzed Regioselective Acylation of Sucrose in 

Two - Solvent Mixtures. Biotechnology and 

Bioengineering. 1999; 65:10-16.  

57. Khan, R., Perin, D., Murano, E., Bergamin, M., Serial No. 

PCT/IT2010/000420, 19th October 2010.  

58. Khan, R., Konowicz, P. A., Kirk-Othmer.  Encyclopaedia 

of Chemical Technology, Vol., 23, ISBN 0-471-52692-4 

(1997).  

59. Hough, L., Phadnis, S. P., Khan, R., Jenner, M. R., US 

Patent, 4,549,013 (1983). 

60. Fraser-Reid Bert. From Sugar to Splenda, ISBN 978-3-

642-22780-6, Springer Heidelberg Dordrecht London New 

York 2012. 

 
 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

 

How to cite this article: 

Khan R, Mahendhiran B and Aroulmoji V: Chemistry of Hyaluronic Acid and its significance in Drug Delivery strategies: A 

Review. Int J Pharm Sci Res 2013: 4(10); 3699-10. doi: 10.13040/IJPSR. 0975-8232.4(10).3699-10 


