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ABSTRACT 

Tumor therapy is a growing research topic due to the increasing global 

frequency of tumor. Challenges include antitumour medicines' 

organisation lethality, lack of tumor localization, and diffusion 

throughout the entire body. Anti tumor drugs have short half-lives in 

circulation of blood and unsatisfactory cinacalcet characteristics. 

Amalgamation of low molecular mass pharmaceuticals to 

supermolecule transporters has been utilized to improve drug 

distribution. Various supermolecule, comprising proteins, antibodies, 

polysaccharides, lectins, and synthetic polymers, have been linked with 

antitumour medicines. tumor is defined by the unrestrained 

proliferation of aberrant cells, that can infect adjacent tissues and 

spread to other parts of the body via metastases. Currently, tumor cure 

techniques include surgery, radiation, and chemotherapy. 

Chemotherapy is required for organisation sic cure of metastases 

associated with tumour development. Organisations based on polysaccharides have received 
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increased interest due to their low cost, abundance, exceptional. Physicochemical and 

biological characteristics, along with the straightforwardness of the chemical reactions 

needed for particular modifications. Polysaccharides are useful as drug transporters due to 

their steadiness, non-lethality, and biodegradability. 

 

KEYWORDS: Chitosan, PTX, Curcumin, Alginate, Pectin Cisplatin. 

 

INTRODUCTION 

Tumor therapy has become one of the most researched topics in recent years, owing to the 

increasing global frequency of tumor. The most significant hurdles to influence tumor 

therapy include anti tumor medicines‘ organisation sic lethality, lack of tumor localization, 

and diffusion all over the entire body, comprise tumor tissues. Furthermore, anti tumor drugs 

have short half-lives in circulation of blood and exhibit unsatisfactory cinacalcet 

characteristics, which are among the disadvantages of tumor cure. Amalgamation of low 

molecular mass pharmaceuticals to macromolecular transporters has been utilized to 

overcome this issue, which improves the distribution of drug molecules throughout the body. 

Various supermolecule, comprising proteins, antibodies, polysaccharides, lectins, and 

synthetic polymers, have been linked with anti-tumour medicines.
[1] 

 

Tumor is defined by the unrestrained gain of aberrant cells.
[2,3]

 These malignant cells can 

infect adjacent tissues and spread to other parts of the body via the blood and lymphatic 

organisations (metastases).
[4]

 Every year, more than 550,000 people die from tumor in the 

United States, accounting for one out of every four deaths.
[5]

 Currently, tumor cure 

techniques include Surgery, radiation, and eradicator. Localized cures, such as surgery and 

irradiation therapies, are influence only when hostile cells are restricted to the cured area. 

Eradicator is thus required for the organisation siccure of metastases associated with tumor 

development at the local and regional levels.
[6]

 Evolution are the results of death due to 

tumor. 

 

The antitumour medications employed in Eradicator are comprehensive antiproliferative 

agents, which is the cause of splitting cells first. These anti tumour compounds include 

antimetabolites, alkylating agents, DNA-complexing agents, mitotic inhibitors, and 

hormones, and they work by interfering with some part of DNA replication, repair, 

translation, or cell division. They rely mostly on tumor cells' increased gain rate and are thus 

not fully selective for tumor cells. The prolonged use of chemotherapy causes deadly harm to 
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gain benign tumor cells, which is especially true in the cure of solid tumors, because the bulk 

of malignancy cells do not split fast.
[7]

 

 

Studies have demonstrated that administering cytotoxins to patients with substantial tumor 

burdens leads to remissions of varying lengths and intensities, followed by the re-emergence 

and spread of more aggressive and multidrug-resistant tumor forms.
[8]

 Despite decades of 

intensive research, the long-term prognosis for patients with aggressive tumor remains poor. 

There is a pressing need for innovative approaches to designing anti tumor drugs that have 

lower lethality and higher therapeutic indices.
[9,10] 

 

Polysaccharide-based organisations have garnered increased attention due to their low cost, 

natural abundance, excellent physicochemical and biological properties, and the intelligibility 

of the chemical reactions needed for specific modifications. Many polysaccharides contain 

various reactive functional collection (such as amino, hydroxyl, and carboxyl moieties), 

which can be readily utilized as active sites for drug combine, either directly or via linkers. 

 

Properties of polysaccharide transporters 

Polysaccharides are defined by their chemical structure, which consists of monosaccharide 

units joined together by glycosidic linkages.
[11] 

They can be characterized according to their 

monosaccharide components, chain length, and chain branching pattern. The glycosidic bond 

within the anomeric carbon atoms of the acceptor and donor monosaccharide units 

distinguishes them from proteins and peptides. Polysaccharides, such as cellulose, have 

intrinsic storing qualities that give them physical shape and steadiness. Polysaccharides can 

be positively charged (like chitosan) or negatively charged (such as alginate, heparin, 

hyaluronic acid, and pectin) depending on the functional collection present.
[12]

 Chemical 

modifications, comprising sulfation, phosphorylation, and carboxymethylation, alter the 

biological properties of polysaccharides,
[13]

 making them valuable as drug transporters.  

 

They also chose drug transporter due to their steadiness, non lethality, and biodegradability. 

Furthermore, chemical changes enhance the remedial effectiveness of the medicine via 

combine.
[14] 

Drugs have poor immersion that are weakly soluble in aqueous solutions, interact 

with food, and degrade enzymatically, resulting in limited bioavailability.
[15]

 Polysaccharide 

drug transporters boost the bioavailability of small molecules, proteins, and peptides by 

increasing their capacity to enter tissues due to their subcellular and submicron size.
[16]

 

Upgrade cellular immersion in tissues inhibits first-pass metabolism and P-glycoprotein-
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mediated efflux, while also facilitating intestinal lymphatic transport.
[17]

 Polysaccharides' 

features, such as mucoadhesiveness, increased immersion, adaptability to chemical 

modification, biocompatibility, and low lethality, make them ideal drug transport techniques. 

aim-specific medication transport to the diseased site minimizes the drug concentration 

necessary for cure, his increases therapeutic influence and reduces adverse drug reactions by 

limiting drug distribution, thereby avoiding organs not involved in the diseased condition.
[18]

  

 

Polysaccharides Based Drug Transporters 

Polysaccharides are carbohydrates that have more than 10 monosaccharide units connected 

by a glycosidic bond. Polysaccharides, as natural polymers, have special qualities such as 

biocompatibility, steadiness, safety, sticky capabilities, attraction for certain receptors, and 

non- lethality, making them an important contender in drug transport organisations.
[19] 

Polysaccharides exhibit significant structural and chemical diversity, as well as a variation of 

functional collection that allow for numerous chemical changes, hence improving their 

steadiness, solubility, recapitulation, and aim specificity. On the other hand, the presence of a 

large number of hydroxyl collection in the backbone of polysaccharides promotes the 

incorporation of particular ligands, creation in functionalized colloidal organisations. 

 

Nauts et al. conducted the first study of the anti tumor capability of polysaccharides derived 

from B. prodigiosus (Serratia marcescens) toxins in 1946, suggesting that the microbes toxins 

could cause revocation in tumor patients.
[20,21] 

Polysaccharide K (PSK) and polysaccharide 

peptide (PSP) are polysaccharides bound to protein derived from Coriolus versicolor that 

have been utilized as adjuvant immunotherapy for malignancies such as Polysaccharides are 

utilized in the cure of lung, breast, colorectal, and gastrointestinal tumors. Various 

polysaccharides utilized in drug transport organisations include alginates, chitosan, 

cyclodextrin, pullulan, dextran, guar gum, hyaluronic acid, pectin, and cellulose are 

employed in tumor cure. 

 

Chitosan 

Chitosan, the N-deacetylation result of chitin, a naturally occurring polysaccharide, is mostly 

found in the armor of arthropods, insects, and fungi. Chitosan is a linear polysaccharide 

composed of glucosamine and N-acetyl glucosamine units connected by -(1→4) linkages. Its 

distribution throughout the biopolymer chain can be random or block-like, depending on the 

extraction technique from chitin. The degree of deacetylation, defined as the molar ratio of 

glucosamine to N-acetyl glucosamine, is a crucial factor in determining its properties and 
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applications. 

 

Chitosan may dissolve in acidic solution after deacetylation, and Chitosan is the only 

polysaccharide known for its high density of positive charges resulting from the protonation 

of amino collection on its backbone. Aside from its unique feature, chitosan has been shown 

to exhibit a variety of intrinsic qualities, comprising biocompatibility, non- lethality, and 

biodegradability.
[22] 

Chitosan and its adjunct have sparked tremendous scientific interest and 

become one of the trendiest subjects in latest ages, particularly due to their dietary, medicinal, 

and pharmaceutical uses, such as nutrient
[2-5]

 and medication transportation
[6-9]

, as well as 

tissue engineering.
[23,24] 

 

Chitosan, an N-deacetylated is branch of chitin, is becoming increasingly popular as a 

macromolecular transporter due to its necessary features, comprising compliant and 

decomposability.
[25] 

The cognizant amino moieties included in chitosan's backbone allow for 

the chemical coupling of a wide range of biological substances. Furthermore, like hyaluronic 

acid, chitosan has been shown to play an important part in tumor biology and may be 

employed to prevent tumour angiogenesis.
[26]

 Given the chemical nature of chitosan, 

numerous adjunct, comprising glycol chitosan, N-succinyl chitosan
[27] 

and carboxymethyl 

chitosan, have been employed in addition to non-modified chitosan. However, one of the 

most significant limits to the use of chitosan at pH 7.4. is its unsolvable. While 

nanoparticulate organisations have addressed this feature, numerous efforts have been 

undertaken to produce chitosan adjunct that are physiologically soluble, that may be 

employed in organisationsic tumor chemotherapy. Because of their recognized mucoadhesive 

nature and application in buccal drug transport organisations, Chitosan and its adjunct have 

been extensively employed for buccally administering weakly soluble anti tumor drugs, such 

as PTX and docetaxel (DTX). Low molecular mass chitosan (LMWC) is preferred for this 

purpose due to its higher solubility compared to high molecular mass chitosan.
[28] 

These 

couples demonstrated equivalent in vitro and in vivo anti tumor activity and larger 

bioavailability (p.o.) than i.v. traditional drugs at the identical dose, as well as a longer 

circulation of blood time and less subacute lethal. One significant advantage of coupled 

LMWC is its ability to traverse the P-gp-mediated barrier (efflux pump) in the 

gastrointestinal tract, thereby bypassing cytochrome P450-dependent metabolism in the 

intestine and liver. Radiolabelled couples have also shown that LMWC-PTX was most likely 

captivated from the ileum and entered the organisation sic circulation of blood entire.
[29] 
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Chitosan, a naturally occurring positively charged polysaccharide, is widely employed in 

biomedical research. Chitosan is the most abundant chitin adjunct, initiate in the cell walls of 

fungus, mollusc shells, and crustacean Armor. Chitosan is produced by deacetylating chitin 

under specific situation, with degrees of deacetylation ranging from 60% to 100%. The 

molecular mass of commercially generated chitosan ranges between 3800 to 20,000 

Daltons.
[30,31]

 Chitosan has (1 → 4)-2-acetamido-2-deoxy-β-D-glucan. (Nacetyl D-

glucosamine) and (1 → 4)-2-amino-2-deoxy-β-D-glucan (D-glucosamine) units
[32]

 Chitosan 

is a naturally occurring polysaccharide that is weakly water soluble but soluble in low pH 

solutions. To enhance its water solubility, various forms of chitin have been developed, 

comprising carboxymethyl chitin, fluorinated chitin, and sulphated glycol chitin. Several 

chemical modifications have been conducted to create numerous chitosan adjunct for 

controlled drug transport organisations. Chitosan exhibits antibacterial, antimicrobial, and 

anti-coagulant properties, and it also accelerates wound healing.
[36] 

Chitosan with less 

molecular mass inhibits tumour development and exhibits anti-tumour activity while having a 

lower harmful affect on regular developing cells.
[37,38] 

As a result, using less-molecular mass 

chitosan (LMWC) as a medication transporters can provide synergistic influences. Chitosan 

adjunct' anti tumor influences have been documented in a variation of tumor cell lines, which 

includes MCF-7, HeLa, and HEK293.
[39] 

Chitosan contains various qualities that promote 

drug transport influence in the ocular, transdermal, and nasal routes, comprising cell 

permeability and mucoadhesion. 

 

Chitosan with a positive charge was combined with negatively charged chemicals to create a 

variety of drug transporter organisations.
[40] 

As a result, chitosan plays an important role in 

the transport of less-molecular- mass medicines and biomacromolecules. Chitin and chitosan 

adjunct show promise as polymeric transporter of anti tumor drugs. Chitosan's solubility and 

bioavailability can be enhanced by chemically modifying it. 

 

Previous research has shown that derivatizing chitosan with an acetamido residue and an 

amino group improves the solubility of encapsulated medicinal molecules.
[41]

 Some tumor 

cells are resistant to certain anti tumor medications, comprising cisplatin, docetaxel (DTX), 

methotrexate (MTX), and 5-fluorouracil.
[42]

 Currently, traditional drugs have hazardous 

influences on various bodily organs, comprising the gonads, bone marrow, and 

gastrointestinal tract. Because of its stronger positively charged amino group, LMWC is 

especially drawn to the tumor cell membrane, which typically carries a higher negative 
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charge compared to normal cells. Additionally, chitosan has been demonstrated to attack 

tumor cells through electrostatic interactions with the tumour cell membrane. Moreover, 

chitosan-drug nanoparticles can serve as alternatives to conventional medications due to their 

selectivity for tumor cells and their biocompatibility. 

 

Chitosan with Paclitaxel (PTX)  

PTX, derived from Taxus brevifolia, is a powerful anti tumor cure for lung, breast, ovarian, 

and stomach tumors. However, PTX's aquaphobic properties and strong haemolytic lethal 

provide substantial challenges while drug distribution. mixing or uploading of PTX with 

biocompatible and biodegradable chitosan can boost PTX's water solubility and alleviate 

issues related with its aquaphobicity.
[43]

 The PTX-chitosan combination is high influence in 

tumor cure than free PTX. The anti tumor impact of the PTX-chitosan complex was 

investigated in vitro in triple-negative breast tumor cell lines (MDAMB-231).
[44] 

PTX 

attached to LMWC via a cleavable succinic anhydride linker increased its water solubility 

and showed comparable anti tumour to free PTX in tumor cell lines (NCIH358, SK-OV-3, 

MDA MB231). Furthermore, an buccally administered aqueous solution of the PTX-LMWC 

couples dramatically reduced tumour development in mouse having xenograft or allograft 

tumours.
[45]

 Trimethyl chitosan PTX couples improved mucoadhesion and intestinal transit of 

PTX. Furthermore, folic acid functionalization enhanced the couple's anti tumor activity by 

increasing cellular uptake and intratumor accumulation. 

 

Chitosan with Doxorubicin (DOX)  

DOX is an anti tumor medication employed to cure bladder tumour, breast tumour, and 

lymphoma. Nonetheless, DOX induces cardio lethality and other adverse affects in the human 

body.
[46]

 To minimize lethality, DOX had been coupled with chitosan using a cross-linking 

approach which enhances DOX's anti tumor performance at lower doses.
[47] 

The cross-linking 

approach has been employed to link DOX with chitosan, thereby increasing anti tumor 

potency. The drug uploading organization was improved by combining tripolyphosphate with 

a chitosan-DOX mixture. The diameter of the chitosan-DOX complex ranged from 130 to 

160 µm. In VX2 cells, the chitosan-DOX compound outperformed free DOX in terms of anti 

tumor influence.
[48] 

DOX-loaded magnetic nanoparticles coated with chitosan quickly entered 

MCF-7 cells, gathered around the nucleus, and successfully administered doxorubicin. DOX-

loaded nanoparticles served as a pH-dependent drug transport mechanism. Because they 

release the doxorubicin at pH 4.2, the medication can enter the tumour conditions.
[49]

 DOX-
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loaded cholesterol-modified glycol chitosan micelles coupled with folic acid produced 

considerable anti tumor counter to FR-positive HeLa cells. 

 

Chitosan with DTX  

DTX is a tumor cure agent employed to cure a variety of tumors, comprising, prostate tumor, 

breast, stomach and, non-small cell lung. Chitosan was converted into glycol chitosan, and 

DTX was uploaded onto the change to better version chitosan using the scission procedure. 

This couple's anti tumor activity was investigated in mice that carried A549 lung tumor cells. 

The DTX-loaded glycol chitosan nanoparticles exhibited lower lethality than free DTX. In 

lung tumor-bearing mice, DTX-loaded nanoparticles suppressed tumours more influence than 

free DTX.
[50]

 Several investigations have found that a drug-loaded glycol chitosan nano-

couple represents a promising nano preparations for tumor cure. DTX-loaded chitosan 

nanoparticles in a water-in-oil nano emulsion organisations have demonstrated enhanced anti 

tumor in a human breast tumor cell line. Furthermore, DTX-encapsulated chitosan 

nanoparticles have shown higher levels of Bax (a pro-apoptotic factor) compared to cells 

cured with free DTX. 

 

Chitosan with MTX 

The first need of MTX for tumor cure occurred in 1947. It is employed to cure leukaemia, 

breast tumor, and lymphomas, however it has nonspecific adverse influences. MTX has been 

linked with natural polymers like chitosan to minimize its lethality. Glutaraldehyde functions 

as a cross-linking agent to connect MTX and chitosan. The chitosan-MTX-TPP complex is 

formed through the ionic gelation of MTX, coupled chitosan, and sodium triphosphate. The 

anti tumor influence of chitosan-MTX coupling, tested in MCF-7 cells, showed that the 

coupled form of MTX was more potent and less toxic than free MTX. Erlotinib-loaded MTX-

chitosan magnetic nanoparticles displayed temperature- and pH-dependent drug release. The 

specific uptake of MTX-chitosan magnetic nanoparticles through folate receptors positioned 

them as an intelligent transporter for intended cure in FR-positive solid tumours. 

 

Chitosan with Curcumin 

Curcumin is a potent anti tumor drug, but its main drawback is a poor pharmacokinetic 

profile. Chitosan-curcumin couple, formed by chemically conjugating curcumin to chitosan, 

considerably enhances curcumin solubility and steadiness via imine production. Under 

microwave irradiation, coupling occurs via imine connection within chitosan's amino group 

and the carbonyl group.
[53]

 However, a recent work found that the use of a 1-ethyl-3 (3-
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dimethylaminopropyl) carbodiimide spacer reduced steric hindrance in curcumin coupling, 

and the degree of substitution was boosted by utilizing acetate as a stimulus.
[54] 

Encapsulating 

curcumin in chitosan nanoparticles could boost its anti tumor potency. Curcumin 

encapsulated with chitosan nanoparticles enhances its bioavailability and functions better 

than free curcumin. The anti tumor activity of curcumin-loaded chitosan complexes has been 

investigated in vitro in lung tumor. In vitro studies have shown that curcumin-loaded chitosan 

nanoparticles are more influence in inhibiting tumour development than free curcumin in 

breast tumor, hepatocellular carcinoma, and colorectal tumor. 

 

Chitosan with Oxaliplatin  

Oxaliplatin is a platinum-based chemotherapeutic agent employed in the cure of rectal and 

colon tumor. It inhibits either delays the increase of the tumor. Oxaliplatin was uploaded onto 

chitosan to create a pH-sensitive nano transporters enable intended transportation in tumour 

cells. Oxaliplatin-loaded chitosan nanoparticles enhance the influence of oxaliplatin in tumor 

cure. The pH-sensitive chitosan-oxaliplatin releases oxaliplatin significantly faster at pH 4.5 

than at pH 7.4, which is crucial for tumour- intended drug transport.
[55] 

The complex's anti 

tumor activity was investigated in MCF-7 cell lines. The chitosan-oxaliplatin combination 

activates the apoptotic cascade by increasing the production of cytochrome C, Bax, Bik, and 

caspases 3 and 9 in breast tumor cells. So, the oxaliplatin-chitosan combination could be a 

brilliant tumor cure strategy. Indeed, chitosan-based transporters hold promise as a strategy 

for delivering anti-tumor drugs. 

 

Alginate 

Alginate is a natural polysaccharide derived from brown seaweeds and marine algae such as 

Ascophyllum nodosum, Laminaria hyperborean, and Macrocystis pyrifera, accounting for up 

to 40% of the dry mass.
[56]

 Alginate is a water-soluble linear polysaccharide composed of 

alternating blocks of 1-4 linked alpha l-guluronic (G-block) and beta-d-mannuronic acid (M-

block) residues. These blocks are often arranged in an irregular block wise pattern with 

varying proportions of G-G, M-G, and M-M blocks. The carboxylic acid collection on these 

units confer a negative charge to alginate, enabling it to interact electrostatically with 

positively charged molecules, leading to gel formation. The gelation occurs as a result of the 

dimeric linkage of G-G blocks into "egg-box junctions" produced by multivalent cations. 

Even under extremely mild conditions, alginate can be readily cross-linked with non-toxic 

reactants, especially divalent cations like Ca2+, Sr2+, Zn2+, or Ba2+, with Ca2+ being the 
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most extensively studied. However, monovalent cations and Mg2+ ions are unable to form 

gels with alginate.
[58] 

There are two gelation strategies for crosslinking alginate with 

polyvalent cations: exterior and internal gelation.
[59] 

In external gelation, the alginate-drug 

solution is slowly dripped into a calcium salt (CaCl2) solution. For internal gelation, the 

alginate-drug solution is initially blended with an insoluble calcium salt (CaCO3), and the 

mixture is subsequently injected into an acidified oil phase. allowing Ca2+ to interact with 

alginate. However, the alginate-Ca2+ gel generated by these gelation techniques typically has 

a unbounded composition, resulting in drug lost while the gelation procedure, particularly for 

water-soluble medicines.
[60-62]

 For example, the encapsulation of bovine methaemoglobin
[63]

 

and bovine serum albumin into alginate microspheres resulted in protein loss during the 

emulsification process due to migration from the internal to the exterior phase. As a result, 

certain adjustments have been made to this gelation process to improve drug transportation, 

such as the PEC within chitosan and alginate. The production of PEC is due to powerful 

electrostatic communication within chitosan amino collection and alginate carboxyl 

collection. The chitosan-alginate polyelectrolyte complex (PEC) is one of the most 

extensively studied types of alginate complexes. It has been prepared in various forms, 

comprising nanotubes, nano-/microparticles, beads/hydrogels, filaments, and 3D dimensional 

matrices, depending on the preparation process and preparations. PEC exhibits superior 

physicochemical properties and offers advanced biomedical applications compared to 

alginate-calcium gels and chitosan gels. The following sections will delve into the 

applications of chitosan-alginate PEC in different forms for drug transport. 

 

Alginates are linear, unbranched anionic polysaccharides present in the cell walls of brown 

algae like Laminaria and Ascophyllum. They consist of (1 → 4′)-linked β-d-mannuronic acid 

and α-l-guluronic acid. Alginate finds primary application in food processing, 

pharmaceuticals, and industrial processes. Alginate has the prospective to be a useful drug 

transportation agent due to its qualities such as biocompatibility, bioavailability, low price, 

low lethality and medium gelation by the inclusion of divalent cations. Alginate has a wide 

range of applications, comprising cell transplantation, wound curing, and as a transporter for 

proteins, tiny chemical medicines. Alginate hydrogels are easily synthesized using the 

crosslinking process. Because of its bio-adhesive nature, alginate hydrogels would either 

verbally or inserted into the body straight. Alginate is widely employed in the pharmaceutical 

business due to its characteristics.
[64]

 Alginate nanoparticles could be steadied by inclusion 

cationic polyelectrolytes.
[65] 

Alginate's characteristics, comprising its ability to thicken, 
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stabilize, and form gels, make it an influence drug transporter. Controlled release medication 

transfer techniques is thought to provide stable and kinetically predictable medicine 

proclamation. Alginate, like hydrocolloids, has participated an important part in the 

development of controlled release result.  

 

Alginate with DOX 

Alginate is employed in anti tumor drug transfer organizations in a variety of techniques, 

comprising hydrogels, nanogels, and nanoparticles, because of its biocompatibility besides 

biodegradability.
[66] 

Alginate nanoparticles was made with gelling alginate and bivalent 

cations like calcium and then loading it with DOX.
[67] 

DOX has an stronger attraction for 

alginate polymers. Alginate nanoparticles are employed as medication transporters because of 

its large DOX uploading capability. That may be extra than 50 mg for every 100 mg of 

alginate. DOX-loaded nanoparticles had been shown in experiments for curing liver 

metastases in mice. DOX-loaded alginic acid/poly(2-(diethylamino)-ethyl methacrylate) 

nanoparticles were evaluated in H22 tumor-bearing rats. Alginate nanoparticles demonstrated 

increased absorptivity and preservation, passively pointing tumor cells, as proven by near-

infrared (NIR) fluorescence tomography techniques. In H22 tumor-bearing mice, an 

intravenously administered DOX-loaded alginic acid/poly(2-(diethylamino) ethyl 

methacrylate) (ALGPDEA) nanoparticle suspensions outperformed free DOX cure.
[68]

  

 

Alginate with Curcumin  

Curcumin is a polyphenol found in nature substance castoff to cure a variety of malignancies, 

comprising prostate, bladder, cervical, and breast tumor.
[69]

 But, the main issue is limited 

water solubility also weak bioavailability. Encapsulating curcumin in aquaphilic calcium 

alginate nanoparticles can help improve its steadiness and bioavailability, allowing for 

intended transport to specific sites in the body. Alginate's entrapment effectiveness for 

curcumin was 49.3 ± 4.3 percent. The curcumin-loaded calcium alginate nanoparticles were 

created using an emulsification and cross-linking process. The atom proportions were 

determined to be 12.53 ± 1.06 nm. An alginate nano preparations were tested in prostate 

tumor besides shown lethal possessions on DU145 prostate tumor compartments in vitro.
[70]

 

Furthermore, coupling with alginate greatly increased curcumin's water solubility. The 

couples were formed by esterifying curcumin's hydroxyl group with sodium alginate's C-6 

carboxylate assembly. The anti tumour tests employing L-929 murine fibroblast cells 

indicated that the anti tumour likely of curcumin were maintained even later coupling.
[71]
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Alginate with Exemestane (EXE)  

EXE is a potent aromatase inhibitor that is aquaphobic and exhibits significant lipophilic 

properties. It has shown favourable solubility in organic solvents. EXE, an buccal 

chemotherapeutic agent, primarily combats breast tumor by reducing estrogen production.
[72]

 

That is uploaded into alginate nanoparticles using easy contained gelation procedures. 

Loading and unloading were verified through X-ray diffraction (XRD), scanning electron 

microscopy (SEM), and Fourier transform infrared spectroscopy (FTIR) techniques. The 

XRD measurements were carried out to verify the EXE encapsulation.
[73]

 The preparation‘s 

anti tumor activity was investigated in vitro on DLA cells (Dalton's lymphoma ascites). EXE 

was unrestricted since the nano preparations in vitro at pH 7.4, and the controlled release of 

EXE packaged in alginate nanoparticles reduces chemotherapy side influences. Therefore, in 

vitro investigations have indicated that the EXE–alginate nano preparations holds promise as 

a potent anti tumor agent. 

 

Alginate with Tamoxifen (TMX)  

TMX was employed extensively to cure breast tumor.
[74]

 Its solubility in water is limited, that 

limits buccal transport of medication. That challenge could solved using a nanoparticle 

transporter technology for drug transport. Nanoparticles containing bovine serum albumin 

besides thiolate alginate were produced using the coacervate process and encumbered with 

TMX. In vitro release studies of this preparations revealed a TMX release ranging from 45% 

to 52% over a period of up to 25 hours. Cellular uptake of TMX-loaded nanoparticles was 

examined in monocultures of MCF7 and HeLa cells. The TMX-loaded alginate nanoparticles 

demonstrated influence in both cell lines. Additionally, folate- intended alginate-silver 

nanoparticles coated with TMX displayed enhanced anti-tumor influences in breast tumor 

cell lines. These influences were achieved by inducing ROS, downregulating survival 

oncogenic genes such as BCL-2 and survivin, and arresting the cell cycle at the G2/M phase.  

 

Pectin  

Pectin is a linear polymer that is present in larger concentrations in plants' middle lamellas.
[76]

 

Pectin consists of D-galacturonic acid (GalA) units linked by α (1 → 4) glycosidic bonds. It 

forms a homopolymer composed of (1 → 4) α-D-galactopyranosyluronic acid units, with 

varying degrees of methyl esterification on the carboxyl collection. The pectin backbone also 

contains rhamnose, whereas the side chain contains galactose, xylose, and arabinose.
[77,78]

 

Pectin's most important trait is its capacity to produce gels. Because of its feature, employed 
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in utilized in the nutrition and pharmacological sectors. The primary source of pectin is plant 

residue left after juice extraction. Citrus fruit peels contain approximately 20-30% pectin, 

while apples contain around 10-15%. Other sources of pectin include beans, mango trash, 

sunflower heads, cabbage, and sugar production waste. Because of its ability to form gels in 

acidic environments, pectin has long been utilized as a medicine transporter. The gel-forming 

capability of pectin varies depending on its molecular composition, molecular mass, and 

source. Pectin is extensively utilized as a food additive and is considered entirely safe for 

consumption. Pectin is now employed as a medication transporter due to its beneficial 

qualities like non lethality, bioavailability, besides less production price. There various 

modalities of transport, as well as nasal and buccal direction. Pectin's carboxylic acid 

functional group allows it to easily couple with the amino collection of anti tumor 

medicines.
[79] 

The antitumor drug from the pectin couple is rapidly released within the tumor 

cell due to the facile hydrolysis of the amide bond by lysosomal enzymes. 

 

Pectin, a significant element of all higher plant cell walls, is a naturally occurring 

carbohydrate that is plentiful and widespread. Pectin denotes to a group of oligosaccharides 

and polysaccharides that have mutual properties, although their fine structure varies 

depending on the source. Although pectin's chemical structure is exceedingly variable and 

intricate, it is often rich in 1,4-linked alpha d-galactosyluronic acid residues, with acetyl and 

methyl esterified carboxyl sets forming a linear chain.
[80]

 The functional characteristics of it 

are influenced by the level of methyl esterification and acetylation. Its most attractive feature 

is its ability to form gels, making pectin widely employed in the food industry as a gelling 

agent and stabilizer since the 1800s. From the 1990s onward, extensive research has for 

employed on pectin's application in pharmaceuticals, particularly in colon-specific drug 

delivery and encapsulation. Pectin molecules remain intact in the gastrointestinal 

organisations but degrade in the colon due to pectinolytic enzymes and bacteria. However, its 

high solubility poses challenges for transporting encapsulated medicines through the stomach 

and small intestine. To address this, pectin adjunct with low water solubility, like calcium 

pectinate and amidated pectin, are utilized, along with coating materials, particularly 

chitosan, to create controlled-release pectin-based transport organisations. Pectin is primarily 

recognized for its resistance to digestion in the gastrointestinal tract, yet it can be broken 

down through fermentation in the colon. Consequently, significant research has been 

conducted to develop transport organisations intended for the colon. The chitosan-pectin PEC 

combines the strengths of both components, offering distinct advantages as a colon- intended 
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drug transport organisations. This includes robust electrostatic crosslinking in the stomach to 

prevent particle dissolution, as well as high resilience to enzymatic hydrolysis, ensuring 

sustained drug release until reaching the colon.  

 

Pectin with Curcumin  

Curcumin is extracted from turmeric rhizomes besides utilized as an anti-inflammatory, 

antibacterial, antiviral agent, and anti tumor agent.
[85] 

Curcumin exhibits remarkable 

hepatoprotective properties.
[86]

 Curcumin is an excellent anti tumor medication applicant due 

to its antioxidant and anti-inflammatory characteristics, however inadequate immersion is the 

primary issue when buccal dispensation. That issue could addressed with creating right 

curcumin nano preparations by pectin. Curcumin demonstrates the ability to impede the 

development of human colon tumor by modifying the NF-κB signalling pathway. Studies 

have shown that curcumin-loaded pectin exhibits a stronger anti-tumor influence in colon 

tumor (HCT116) compared to free curcumin. Pectin acts as a carrier, preserving curcumin's 

integrity and bioactivity while facilitating intended delivery to colon tumor cells. 

Additionally, pectin-type B gelatin curcumin couples have proven to be more efficacious in 

distributing curcumin through buccal administration as anti-tumor drugs. These couples are 

formed through an esterification process between the carboxylic collection of pectin and the 

phenolic -OH group of curcumin. Investigations into the anti-tumor properties of these 

couples have demonstrated significant suppression of KYSE-30 cell lines when compared to 

free curcumin.  

 

Pectin with DOX 

Pectin has been employed as a transporter for anti tumor medicines like DOX. Pectin was 

thiolate-linked with DOX to generate thiolate pectin-DOX couple, with The anti-tumor 

influence of thiolate pectin-DOX coupling was investigated in human prostate tumor, human 

bone osteosarcoma cells, and colon tumor in vitro. In the case of 143B and CT26 cells, the 

coupling exhibited greater anti-tumor activity compared to free DOX, but no significant 

difference was observed between free DOX and thiolate pectin-DOX in prostate tumor cells. 

Thiolated pectin-DOX couples have been utilized for intended drug delivery in CT26 cells. 

Additionally, self-assembled DOX-coupled aquaphilic pectin nanoparticles loaded with 

aquaphobic dihydroartemisinin demonstrated a rapid and mild release of DOX and DHA.  

 

 

Pectin with Cisplatin  
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Cisplatin is an anti tumor medicine expended to cure a variety of tumors, comprising lung, 

head and neck, ovarian, and bladder tumor.
[92]

 Cisplatin can be employed alone or in 

combination with other tumor cure like radiotherapy. Pectin couples with cisplatin were 

investigated in vitro in B16 cells (murine melanoma). These in vivo experiments 

demonstrated anti tumor influence in rats. The anti-tumor influence was assessed by 

assessing tumor development. Tumor regression studies
[93] 

found that cisplatin significantly 

reduced tumor size. When combined with radiation, pectin nano couples and cisplatin were 

more influence than cisplatin alone. Pectin-cisplatin nano-couples exhibited an extended 

blood retention profile in mice, as confirmed by the detection of cisplatin in the bloodstream 

even after 24 hours. When J-774 cells were incubated with the nano-couples labelled with 

FITC, approximately 40% of the cells showed uptake within 30 minutes of incubation.  

 

Guar Gum  

Guar gum, a naturally occurring high-molecular- mass, uncharged carbohydrate, is 

predominantly found in Cyamopsis tetragonolobus. It consists of galactomannan, a polymer 

containing galactose and mannose. With its numerous hydroxyl collection, guar gum is well-

suited for derivatization. It is widely utilized as a stabilizing and emulsifying agent. Guar 

gum's key feature is its swelling property, which is utilized to limit medication release. Guar 

gum is water soluble, then not soluble in hydrocarbons, lipids, alcohol, esters, and ketones.
[95] 

Frequently, it yields a dense colloidal solution in both hot and cold water. Guar gum's 

steadiness, non- lethality, and biodegradability make it useful in a variety of medicinal 

applications, most notably drug administration. Guar gum and its adjunct are employed as 

medication transporters in intended drug transport organisations. Guar gum has been 

employed to manage the release profile of medications which are very water soluble and 

difficult to distribute to the aim site.
[96]

 

 

Guar Gum with 5-Fluorouracil (5FU) 

5FU is a medication employed to cure colon tumor.
[97]

 5FU is weakly immersed after buccal 

dosing, resulting in limited bioavailability. To increase bioavailability, a microsphere made of 

guar gum and sodium borate was created using the emulsification cross-linking technique. 

That assisted to limit the drug's delivery over 24 hours, precisely in the colon, and it was 

more influence counter to colorectal tumor. The microspheres loaded with 5FU exhibited 

enhanced steadiness, and the release of 5FU followed zero-order kinetics, involving both 

degradation and erosion mechanisms. These microspheres were capable of delivering the 
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maximum amount of medication in a controlled manner specifically for colon tumor cure. 

The pH range in the colon is roughly 5.5-7, and there is slight gastrointestinal enzymatic 

action, which promotes higher medication immersion. The influence of preparations in colon- 

intended buccal medication transport organisations has been investigated in vivo.
[98]

 

 

Guar Gum with Tamoxifen Citrate (TMX)  

TMX has an antagonistic influence breast tumor cells then utilized to cure ER (+) tumors.
[99]

 

The emulsion technique produced guar gum containing TMX nanoparticles. Guar gum has is 

employed as a medication transporter for a variety of anti tumor medicines, although slight 

data is available regarding its nano preparations. Guar gum nanoparticles coated with TMX 

were tested on albino rat for 2 days. After 2 days, nanoparticles are identified in mammary 

also ovarian tissue, then nanoparticle acceptance and retaining were greater in mammary 

glands.
[100]

 

 

Guar Gum with MTX 

Guar gum microspheres were produced and utilized to cure colorectal tumor.
[101]

 The trapped 

effectiveness of MTX-loaded microspheres was determined to be 75.7%. Guar gum 

microspheres supplied the most medication to the intended spot in colon tumor. The 

preparations were administered buccally to albino rats, and drug release was monitored in 

different regions of the body, including the stomach, colon, and small intestine, at different 

time intervals. The research revealed that guar gum microspheres released MTX specifically 

at the aimed region in the colon. Consequently, guar gum microspheres have been utilized as 

an effective MTX transport vehicle in the treatment of colorectal tumors.  

 

Guar Gum with Curcumin  

Curcumin have employed as an anti tumor medicine because of its antioxidant qualities, 

however the main issue is low immersion in the GI tract.
[103] 

To address this issue, curcumin 

was mixed with guar gum at various concentrations, and the preparations were tested for their 

influence on colon tumor. The drug release of the preparations containing 40% guar gum was 

91.1%, while the 50% guar gum containing preparations had a drug release of 82.1%, which 

was lower than the 40% guar gum preparation . Guar gum's influence and drug release 

analyses counter to colonic microbes are investigated using mice cecal fillings. Guar gum 

may be an influence medication transporter for curcumin administration in colon tumor. 

 

Dextran  
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Natural polymers are employed as transporters in medication transport organisations because 

they are non-toxic also inexpensive to produce. Dextran is a natural polymer employed in 

intended drug transport organisations
[104]

 with a monomeric α-D-glucose unit and α- (1 → 6) 

glycosidic linkage in the backbone. Dextran finds extensive use in the pharmaceutical, food, 

and chemical industries as a transporter, stabilizer, and emulsifier. Its biocompatibility, non-

immunogenicity, and non- lethality have made it a valuable component in drug transport 

organisationss. It is also simply changed and thus commonly employed in drug transport 

organisations. It boosts the drug's constancy also keeps it gathering in the blood.
[107]

 Dextran 

slows tumor development and decreases the lethality. Dextran holds promise as a drug 

transport agent for anti-tumor medications.  

 

Dextran, another extensively employed macromolecule in anti tumor drug coupling 

techniques, contains monosaccharides of the plain sugar glucose. Initially approved as a 

plasma expander, this poly-glucose biopolymer possesses favourable physicochemical 

properties, along with low cost and a well-established clinical history, rendering it an 

attractive choice for drug transport applications. While dextran sulphate has been utilized in 

conjunction with positively charged anti-tumor drugs owing to its polyanionic structure, the 

dextran backbone contains numerous primary and secondary hydroxyl collection that deliver 

possible functional locations for drug coupling via direct or indirect techniques. Several anti-

tumor medications, including doxorubicin (DOX), CPT, mitomycin C (MMC), and 

methotrexate (MTX), have been linked to dextrans to form anti-tumor drug conjugates. In 

drug transport, at least three dextran adjuncts have been utilized: carboxymethyl dextran, 

oxidized dextran, and amino-dextran. A lot of in vitro and in vivo studies found that these 

couples had a longer impact and lower lethality and immunogenicity. Carboxymethyl (CM) 

dextran contains a significant number of carboxyl moieties, providing ample coupling sites 

for the attachment of polymer drugs, resulting in water-soluble CM dextran-drug conjugates. 

Peptidyl spacers are commonly used for the indirect coupling of dextrans. These linkers serve 

as substrates for lysosomal cysteine proteinases, particularly cathepsin B. The choice of 

peptidyl linkers plays a crucial role in determining the success of the conjugates in mice 

xenograft models and clinical trials. Although most dextrans investigations have not gone 

beyond the preclinical stage, oxidized dextran-doxorubicin couples (AD-70) have begun 

Phase 1 clinical trials. Unfortunately, this alteration produced a non-biodegradable polymer 

with lethality, that was related to dextran immersion through human liver reticuloendothelial 

cells. In Phase 1 clinical studies, another dextran-drug compound (DE-310) using CM 



www.wjpr.net      │     Vol 13, Issue 19, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Patil et al.                                                                            World Journal of Pharmaceutical Research 

1558 

dextran as the polymer demonstrated dose-restrictive lethal such as thrombocytopenia, 

neutropenia, and changeable hepato lethality. However, Among the patients, one achieved 

complete remission, one experienced partial remission, and 14 demonstrated disease 

steadiness, all in the context of metastatic adenocarcinoma of unknown origin. Another 

carboxymethyl dextran-CPT adjunct combination, Delimotecan, showed limited reactions in 

individuals by anal tumor and head and neck tumor. 

 

Dextran with DOX  

Dextran is an excellent transporter in drug transport organisations, enhancing the steadiness 

of DOX.
[108] 

Combinations of dextran-DOX and dextran-CPT demonstrated exceptional anti 

tumor action counter to the 4T1 cell line and 4T1 tumor-bearing rat when related to the 

unrestricted medications.
[109]

 A biocompatible poly prodrug, derived from dextran-DOX 

prodrug (DOXDT), was synthesized using one-step atom transfer radical polymerization 

(ATRP). DOXDT prodrug has a larger drug loading capacity than other lipid-based drug 

transport techniques, with a maximum of 23.6%. The DOXDT exhibits increased anti tumor 

counter to 4T1 and HeLa cells. DOXDT was also researched for its cancer-suppressive 

properties. The DOXDT-based transport device inhibited the development of tumor cells.
[110]

 

 

Dextran with PTX  

PTX, also known as Taxol (TXL), is an anti tumor medication employed to cure breast, 

ovarian, and lung tumor. TXL and its adjunct were coupled with aminated dextran to generate 

dextran-TXL couples, which were tested for anti tumor influence on HeLaKB cells in vitro. 

When combined with folic acid, Dextran-TXL couples demonstrated two to threefold 

enhanced anti tumor activity. So, conjugating TXL with dextran and folic acid may boost 

Taxol's anti tumor activity.
[111]

 A Dex-SS-PTX combination exhibited substantial anti tumor 

in BT-549 and MCF-7 cells.
[112]

 

 

Dextran with Phenoxodiol (PXD) 

PXD is a artificial counterpart of the plant isoflavone genistein that has a higher anti tumor 

activity.
[113]

 PXD, an anti-tumor drug, was coupled with dextran to increase its influence.
[114]

 

The couple's anti-proliferative influence was investigated in glioblastoma, breast tumor 

MDA-MB-231, and neuroblastoma SKN-BE (2)C cells. Additionally, the anti-tumor efficacy 

was assessed in both HMEC-1 (human microvascular endothelial cells) and non-malignant 

human lung fibroblast MRC-5 cells. This couple outperformed the free medication in terms 

of steadiness, influence, and safety.
[115]
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Dextran with MTX  

MTX is prescribed to cure tumor and other hematological disorders. To improve the drug's 

preparations, MTX is covalently linked to dextran.
[116] 

The couple's anti tumor activity was 

assessed in human brain cancer (H80) and 9L gliosarcoma in mice brains. The combination 

destroyed cancer cells more efficiently than free MTX.
[117]

 

 

Dextran with Curcumin  

Curcumin is widely employed in tumor cure because of its well-known biological 

characteristics. A research with carboxymethyl dextran-coated liposomal curcumin found that 

it boosted anti tumor and cellular immersion in HeLa cells.
[118]

 Dextran-curcumin micelles 

(Figure 6) formed by self-assembly of dextran curcumin coupling, demonstrated significant 

anti-tumor activity in tumor cells attributed to enhanced solubility and increased cellular 

uptake related to free curcumin.
[119] 

Curcumin has been influence coupled with dextran using 

a free radical process. The anti tumor influence of curcumin-dextran combination was 

investigated in MCF-7 and adenocarcinomas stomach cell lines using the MTT evaluate. 

Curcumin-dextran couples inhibit proliferation in MCF-7 cell lines and human gastric tumor 

cells.
[120] 

Curcumin-dextran couples operate as a transporter for MTX and work 

synergistically to improve the anti tumor influence in MCF-7 cell line.
[121]

 

 

Dextran with Exatecan 

Exatecan has been utilized in clinical studies for the cure of sarcoma, lymphoma, lung tumor, 

leukaemia, and liver tumor, among other conditions. Exatecan is a structural analogy of 

camptothecin that has antineoplastic properties. The linker needed for coupling is Gly-Gly-

Phe-Gly. The types of bonds produced are amide with medication and amide with polymer. A 

solo dose of the coupling (DE-310) had comparable or better anti tumor influence than 

several dispensations of DX-8951f (different human cancer xenografts and murine solid 

cancer).The approximate molecular mass of couple is 360kDa. 

 

Hyaluronic Acid (HA) 

Hyaluronic acid is a negatively charged biopolymer composed of interchanging disaccharide 

units of d-glucuronic acid and N-acetyl-d-glucosamine, linked by (1→4) interglycosidic 

connections. It is frequently employed in drug transport requests because of its wide range of 

biological functions, outstanding physicochemical properties, compatibility with living 

organisms, ability to break down naturally, and lack of immune response. Elevated HA levels 
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have been deemed a valid disorder development indicator in various kinds of malignancies, 

comprising bladder tumor. Even though high molecular mass hyaluronic acid (HA) has been 

utilized in medical settings for its physical attributes, such as lubrication in eye surgeries and 

knee issues, low molecular mass HA and its smaller fragments are significantly involved as 

active agents in tumor biology. This highlights the significance of selecting the molecular 

mass of bioactive polysaccharides in the design of anti-tumor drug transport organizations. 

Studies have shown that HA oligomers consisting of 8-50 disaccharides, unlike high 

molecular mass HA, promote angiogenesis. The capability of HA to actively aim without the 

use of additional aiming ligands is perhaps its most surprising advantage. Hyaluronic acid has 

a high attraction for cell-definite superficial indicators comprising CD44 and RHAMM, 

which has sparked a lot of attention. CD44 is a cell superficial protein that performs as a 

particular film receptor for HA. It is upregulated in numerous tumor cells and tumor stem 

cells, and its presence has been associated with the invasive characteristics and metastatic 

mechanisms of these cells. As a result, breast tumor cells preferentially absorb HA over 

normal tissue As a result, by conjugating anti tumor medicines, these HA-based organisations 

shift the organisations of dose immersion from non- definite interest to receptor-mediated 

endocytosis. Because of the rising evidence of CD44 expression on tumor stem cells, the 

possibility of selectively directing chemotherapeutic drugs to CD44 has piqued researchers' 

curiosity. Furthermore, studies have revealed that endogenous HA is essential for increased 

p-glycoprotein production, which is the basic cause of medicine repealing. Research has 

shown that the direct interaction between CD44 and p-glycoproteins inside the cell can lead 

to the overexpression of one while impacting the other. It's been suggested that by disrupting 

the constant HA-CD44 complex with a competitive antagonist, tumor cells could become 

more responsive to anti-tumor drugs by reversing multiple drug resistance mediated by p-gp. 

Thus, hyaluronic acid-drug couple might be reflected an antagonist that increases the 

susceptibility of drug- repeal cells to the anti tumor therapeutic molecule. The hydroxyl and 

carboxylic collections on the hyaluronate support make good locations for drug coupling. . 

Direct drug coupling to HA is in influence because of backbone steric hindrance also limited 

carboxylate group responsiveness. In indirect coupling, HA can be widely adjunct with adipic 

acid dihydrazide (ADH). This approach creates responsive functional assemblies (NH2-NH2) 

that permit additional particles to connect to the HA support. Furthermore, The employment 

of adjuncts such as HA-ADH allows for regulating the extent of substitution (DS) of 

carboxylic acid, which plays a crucial role in the energetic aiming capabilities of HA. It is 

discovered that DS concentrations more than 25 mol% can reduce the capacity of HA to aim 
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CD44. In that situation, adequate anti tumor by HA-drug couples is attained as soon as a 

stability is struck within nominal HA alteration and maximum dose uploading. It was 

demonstrated that large PTX uploading occluded the CD44 credit fundamentals of HA, 

causing couple accumulation and thereby limiting couple lethality in comparison to free PTX. 

A novel technique to limiting drug replacement in HA-drug couples was projected. 6-Amino-

6-deoxyhyaluronan was produced as an intermediary for coupling with CPT. Because CD44 

recognition does not rely on HA's C-6 hydroxyl collection, higher degrees of substitution may 

not affect the targeting capabilities of the resulting complexes. Given HA's limited solubility 

in most organic solvents and the aquaphobic nature of many anti-tumor drugs, its 

aquaphilicity restricts its interaction with these medications. To address this challenge, 

various solubilization techniques have been employed to achieve a uniform mixture of HA 

and aquaphobic reactants in a single solvent. Methods such as nano-complexation with 

dimethoxy polyethylene glycol and ion pair complexes involving long aliphatic chain 

cationic salts have been utilized to enhance solubility in polar organic solvents or mixtures of 

water and polar solvents (e.g., DMSO/H2O or DMF/H2O). Finally, a variety of HA-drug 

couples were synthesized using the procedures described above and evaluated for anti tumor 

in vitro. These research produced partially contentious information on several cell lines. It 

was hypothesized by enhancement in anti tumor of HA-drug couples relative to unrestricted 

dose is owing to higher water solubility and cell internalization capability of the couples, 

whereas the described Reduced impact, including on CD44+ cells, might be associated with a 

decrease in the availability of unbound anti-tumor molecules that are linked together. 

Although various approaches to developing a potential anti tumor-drug couple have been 

evaluated (Table 2), The sole couple form of high molecular mass HA-PTX, pioneered by an 

Italian research group, has progressed to clinical trials. The compound was proven to have 

slight lethality and no complete immersion following intravenous instillation for 

noncompliant bladder tumor (Bassi et al., 2011). Including aiming ability, upcoming 

applications of hyaluronic acid in anti tumor medication coupling appear to be attention 

employed on improving the coupled drug's biodistribution and pharmacokinetics following 

organisation transport. 

 

Hyaluronic acid (HA), also known as hyaluronan or hyaluronate, is a naturally existing 

polysaccharide that is non-toxic, biocompatible, and biodegradable. It is unique among 

glycosaminoglycans in that it lacks sulfation and consists of repeating disaccharide units, 

specifically -1,4-d-glucuronic acid--1,3-N-acetyl-d-glucosamine. HA occurs naturally in the 
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body with a broad molecular mass range, from 100k Da in serum to 8000k Da in vitreous.
[122] 

HA is found in all tissues of existing creatures, comprising connecter, epithelial, and neuronic 

tissues. Because of the carboxyl collection on the backbone, It's a naturally occurring ionic 

polysaccharide that has been extensively studied for its potential in forming PEC 

(polyelectrolyte complex) nanoparticles when combined with cationic biopolymers the most 

common of which is chitosan. PECs based on HA have shown promise as biological 

materials due to their ability to be customized in terms of size, their colloidal stability, low 

anti-tumor properties, and protection from enzymatic degradation, among other factors 

(reference 123). 

 

HA with PTX  

PTX is sourced from the bark of the Pacific yew tree and possesses antimitotic properties. 

PTX is an anti tumor drug that increases tubulin association. PTX has been chemically 

modified through esterification with hyaluronic acid. It suppresses cell multiplication during 

the delayed G2/M stage.
[124]

 Initially, hyaluronic acid was dissolved in DMSO along with 

polyethylene glycol (PEG), and subsequently, it was coupled with PTX through an ester 

linkage without any further modifications.
[125]

 The HA-PTX couple produces micelles in 

aqueous solution. Tumor cells exhibit an overexpression of the hyaluronic acid receptor. As a 

result, the HA-PTX compound demonstrates greater binding affinity and anti-tumor effects in 

tumor cells compared to normal cells. In vitro, this compound demonstrated anti-tumor 

influence in MCF-7 and HCT-116 tumor cells.
[126]

 Chitosan-coated HA–PTX nanoparticles 

were synthesized by applying chitosan onto the surface of self-assembled HA–PTX 

complexes (refer to Figure 7). These HA–PTX nanoparticles exhibited increased cellular 

uptake compared to free PTX when tested in HepG2 cell lines. 

 

HA with DOX 

DOX is beneficial for curing ovarian, multiple myeloma, breast, and paediatric solid 

tumors.
[128]

 DOX has been conjugated with hyaluronic acid through an amide linkage 

between the carboxylic acid group of HA and the amine of Dox, forming an amide bond and 

a nano-conjugate with enhanced anti-tumor activity. The anti tumor influence of the 

hyaluronan-DOX nano couple was investigated in MDA-MB-231 breast tumor cell lines. The 

nano-couple increased anti tumor in breast tumor cell lines. The combination exhibited less 

lethality to usual cells. The nano-couple also suppressed breast tumor in vivo, increasing 

survival rates. The nano couple reduced tumor development in the early stages of breast 
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tumor.
[129] 

 

HA with Cisplatin 

Cisplatin is commonly prescribed to cure bone and blood vessel tumor. Cisplatin is a 

powerful anti tumor mediator, though the usage is restricted because of toxic influence on the 

neurological organization. Cisplatin was combined through hyaluronic acid to generate a low 

poisonous compound with enhanced tumor- intended transport, reducing its negative impact. 

The couple was administered to squamous cell carcinoma of the head and neck in vivo to 

evaluate its anti-tumor ability. The outcomes reveal that the couple has better anti tumor 

activity while causing less lethality. The couple's anti tumor influence is too demonstrated in 

dogs with smooth tissue carcinoma.
[130]

 

 

HA with Camptothecin (CPT)  

CPT (camptothecin) is derived from Camptotheca acuminata, a tree native to China, and 

possesses anti-cancer properties by inhibiting nuclear enzymes. CPT is an alkaloid with low 

water solubility, resulting in reduced cellular immersion. Numerous CPT similarities have 

designed for address an issue also increase water solubility.
[131,132] 

7-ethyl-10-hydroxy 

camptothecin, an analog of CPT, has been conjugated with hyaluronic acid to create 

ONCOFID-S. Its anti-tumor properties have been studied in breast, esophageal, ovarian, 

gastric, and lung tumors (reference 133). ONCOFID-S has shown anti-tumor activity in mice 

with peritoneal carcinomatosis induced by esophageal, colorectal, and gastric 

adenocarcinomas (reference 134). 

 

HA with Sodium butyrate 

Sodium butyrate is a compound with the chemical formula Na(C3H7COO). It is the sodium 

salt of butyric acid. There is a variety of influences on cultured mammalian cells, comprising 

reduction of explosion, initiation of variation, and activation or suppression of gene 

expression. Hence it employed in the laboratory to produce any of these influences. Cure with 

butyrate leads to histone hyperacetylation, as butyrate inhibits the activity of class I histone 

deacetylases (HDACs), particularly HDAC1, HDAC2, and HDAC3. This inhibition can be 

utilized to investigate histone deacetylation in chromatin structure and function. It is 

estimated that inhibiting HDAC activity affects only 2% of mammalian gene expression. The 

HA and sodium butyrate are directly coupled, establishing an ester link. The couple's 

approximate average MW is 85166 kDa. The difference in molecular weight did not affect 

the biological activity of the compounds through CD44 in MCF-7 cells. 



www.wjpr.net      │     Vol 13, Issue 19, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Patil et al.                                                                            World Journal of Pharmaceutical Research 

1564 

 

HA with curcumin 

Curcumin is a diarylheptanoid which fit in to the curcuminoids family of phenolic pigments 

that give turmeric its yellow hue. Curcumin has been examined in a variety of human 

carcinomas, comprising head and neck, melanoma, pancreatic, prostate, breast, colon, and 

ovarian tumors. Epidemiologic studies link India's less colon tumor occurrence to the chemo 

protective also antioxidant capabilities of curcumin-rich diets. Curcumin's anti tumor actions 

are complex and varied, affecting several stages of control in cellular development and death. 

The couple has an approximate average molecular mass of 560 kDa. Direct coupling occurs 

between HA and curcumin, resulting in the formation of an ester bond. Improved anti tumor 

owing to water solubility ell internalization ability of the couple. 

 

Cyclodextrin 

Cyclodextrin (CD), which consists of cyclic oligosaccharides, features a aquaphilic 

superficial layer composed of (α-1,4)-linked α-D-glucopyranose units and a lipophilic core 

cavity (reference 135). Cyclodextrins are biocompatible, exhibiting less lethality and 

immunogenicity. Their molecular mass ranges from 1000 to 2000 Da. Examples of natural 

cyclodextrins include α-cyclodextrin (αCD) with six glucopyranose units, β-cyclodextrin 

(βCD) with seven glucopyranose units, and γ-cyclodextrin (γCD) with eight. β-cyclodextrin 

is the maximum often employed cyclodextrin in the pharmacological business due to its less 

manufacture price, high bioavailability, and ideal cavity proportions. Cyclodextrins create 

water-soluble complexes with numerous weakly soluble chemicals. Cyclodextrins are hollow 

and truncated, featuring a cavity that is somewhat aquaphobic internally and aquaphilic 

externally. Drugs with aquaphobic properties can be readily enclosed within the cavity of 

cyclodextrins, forming an inclusion complex without undergoing any chemical reaction. 

Consequently, encapsulating the aquaphobic medication in cyclodextrin improves its stability 

and aqueous solubility. Cyclodextrin also exerts a protective effect, reducing the drug's 

adverse effects on the human body (reference 136). 

 

Even though there are few publications of usage of cyclodextrin polymer, It could be 

considered one of the most impactful polysaccharides for drug conjugates in terms of design 

and optimization studies aimed at achieving CRLX101. CRLX101 (previously IT-101) is a 

polymeric nanoparticle preparations consisting of 30-40 nm elements made of CPT 

covalently attached to a linear -cyclodextrin-polyethylene glycol copolymer. CRLX101 

underwent Phase 1 clinical trials have been undertaken for the treatment of advanced solid 
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tumors., with several animal studies demonstrating its anti tumor ability and suitable safety 

profile. IT-101 has a half-life of approximately 40 hours in humans. Conferring to Phase I 

clinical trial data, Phase II trial has begun to evaluate the influence in ovarian tumor. 

 

Cyclodextrin with DOX 

The anti-tumor medication DOX was encapsulated in pegylated liposomes and coupled with 

γ-cyclodextrin. It was examined for its anti tumor influence in BALB/c rat carrying colon-26 

cancer cells. The anti-tumor action was related in various couples, comprising pegylated 

liposomes entrapping DOX, γ-CD, and the binary organisations of liposomes containing both 

DOX and CD and unrestricted DOX. Several arrangements have been tried in rats, and 

outcomes suggest that the composite-in-liposome containing DOX and CD delivered higher 

DOX levels in plasma and solid cancer than the another preparations. Pegylated liposomes 

containing DOX and γ-CD inhibited cancer development and increased mouse existence 

rates, enhancing DOX's anti tumor influence. 

 

Cyclodextrin with CPT  

CPT is a aquaphobic anti tumor medication, but then its therapeutic use is limited because of 

features like in steadiness in physiological circumstances also low solubility in aqueous 

solutions. Nanoparticulate organisations comprising poly-epsilon-caprolactone, amphiphilic 

cyclodextrins, or poly(lactide-co-glycolide) (PLGA) exhibit enhanced solubility and 

steadiness.
[137] 

Amphiphilic cyclodextrin nanoparticles had higher dose-uploading size and 

anti tumor activity than other nanoparticles. The anti-tumor influence of nanoparticles was 

investigated using the breast tumor cell line MCF-7. CPT-uploaded cyclodextrin 

nanoparticles verified that is moral transporter technique for efficient CPT administration.
[138]

 

 

Cyclodextrin with Curcumin 

Curcumin is employed as an anti tumor drug, but its weak buccal bioavailability is a serious 

issue which is addressed by conjugating by cyclodextrin.
[139]

 The curcumin-cyclodextrin 

combination is studied for several anti tumor investigations. For 1 investigation, curcumin 

was enclosed in the β-cyclodextrin void with the saturated aqueous solution technique. 

Cyclodextrin improved curcumin distribution, increasing its therapeutic influence in vitro. It 

affected multiple pathways, comprising up-guideline of p53/p21, down-guideline of CyclinE-

CDK2, increased expression of MAPK/NF-κB pathway, Bax/caspase 3, and CD15. The 

cyclodextrin-curcumin combination has employed to increase curcumin's anti tumor activity 

and transport in lung tumor.
[140]
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Cyclodextrin with PTX  

PTX is prescribed to cure lung, breast, bladder, oesophagus, and ovarian tumor. There 

solubility in aqueous solution is quite poor, that poses a significant challenge in cure. The 

difficulty could solved with conjugating PTX with cyclodextrin. The anti tumor influence of 

the PTX-cyclodextrin combination was demonstrated in MDA-MB-231 breast tumor 

cells.
[141]

 The PTX-loaded cyclodextrin peptide (R8-CMβCD) enhanced PTX absorption by 

inhibiting the P-gp efflux pump in tumor cells. PTX-linked β-cyclodextrin polyrotaxane 

significantly inhibits tumor growth and prolongs the survival of tumor-bearing rats.
[142,143]

 

 

Pullulan 

Pullulan is a natural biopolymer made up of maltotriose units connected by α (1 → 4) 

glycosidic bonds. Following, subsequent maltotriose units are connected by α (1 → 6) 

linkages. Pullulan originates from the fermentation broth of Aureobasidium pullulans.
[144]

 

Pullulan's great water solubility makes it an influence medication transporter. Chemical 

changes resulted in a number of pullulan adjunct with varying solubility. Pullulan has no cell 

lethality and is a non-immunogenic polymer that can be employed in biomedical 

implementations. Pullulan degraded faster than dextran in serum. Pullulan's elasticity and 

thermal steadiness have enabled it to be employed in a variety of applications. Pullulan was 

derivatized using either DOX or DOX plus folic acid. Periodate oxidation activated pullulan, 

which was then functionalized through reductive coupling with cysteamine and PEG (NH2)2. 

DOX-pullulan bio couples has employed for inactive cancer aiming. Pullulan has coupled 

with many anti tumor medicines to improve their influence.
[145]

 

 

Pullulan with DOX 

DOX is an anti tumor medication that suppresses DNA synthesis in tumor cells. Pullulan's 

biocompatibility and non-immunogenicity make it suitable as a medication transporter. 

Pullulan contains a lot of functional collection, which is advantageous in drug 

transport.
[146,147] 

DOX has harmful influences on usual cells, which is decreased by 

encapsulating it. Certain studies have shown that encapsulated DOX nanoparticles 

incorporating folic acid were more effective in tumor suppression compared to free DOX. A 

pullulan-g-poly (Lactide-co-glycolide) (PLGA) copolymer coupled with folic acid has been 

developed to deliver DOX to the targeted region within tumor cells. Consequently, pullulan 

and its various derivatives, including pullulan/PLGA graft copolymers, emerge as promising 

candidates for drug formulation. The antitumor efficacy of this combination was 
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demonstrated in KB cancer cells in vitro.
[148]

 

 

Pullulan with Mitoxantrone 

Mitoxantrone is an anti tumor medication that prevents topoisomerase and can interpolate 

DNA. Because of its lethality, mitoxantrone has restricted use.
[149] 

A derivative of pullulan 

was employed for loading mitoxantrone. Pullulan nanoparticles that were modified with 

cholesterol to become aquaphobic were used for this purpose also cholesterol substituted 

pullulan polymers (CHPs) showed better mitoxantrone transport.
[150] 

The several types of 

CHPs were synthesized according to the grade of cholesterol replacement and width. The 

drug release capability of nanoparticles increases with their size. The drug-loaded CHP 

nanoparticles with the greatest magnitude had greater anti tumor activity in bladder tumor 

cells, as validated by flow cytometry. The drug-loaded nanoparticles may block the relocation 

of MB49 cells.
[151]

 

 

Pullulan with Curcumin  

Pullulan is aquaphilic in nature, hence it can transport aquaphilic substances but not 

aquaphobic compounds.
[152] 

This difficulty could be overcome by acetylating pullulan acetate 

particles to give them an amphiphilic character. Pullulan acetate could be employed as a 

transporter for the medicines. To increase curcumin's steadiness and physiochemical 

characteristics, nanoparticles loaded with pullulan acetate were synthesized. It exhibited 

superior biocompatibility and hemocompatibility in zebrafish embryos in vitro. The 

curcumin-pullulan acetate nanoparticle complex acted as a hepatoprotective agent, enhancing 

the solubility, pH stability, and photostability of curcumin. A galactosylated pullulan-

curcumin compound (Figure 8) was developed for targeted curcumin delivery to 

hepatocarcinoma. Galactosylated pullulan was linked with curcumin via succinic anhydride, 

introducing acidic functionalities. The galactosylated pullulan-curcumin compound showed 

increased lethality and internalization rate in HepG2 cells through asialoglycoprotein-

mediated endocytosis compared to its non-galactosylated counterpart. These findings suggest 

that the enhanced uptake of the galactosylated pullulan-curcumin compound may occur via 

asialoglycoprotein receptor (ASGPR)-mediated endocytosis. 

 

Heparin 

Heparin has a wide past of experimental usage as an anticoagulant, comprising research into 

its use as a transporter to boost the influence of anti tumor medicines. Heparin has been 

demonstrated to limit tumor cell adhesion, deactivate heparanase, activate NK cell attacks in 
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the immune organisations, and interfere with the function of development factors such as 

bFGF and VEGF, hence preventing cancer angiogenesis and metastasis. In this example, less 

molecular mass heparin proved high efficient than not fractionated heparin. As a result, 

heparin is commonly employed in anti tumor medication transport organisations. Heparin has 

lately gained popularity as a drug transporter in macromolecule-anti tumor drug couple 

models. Although anticoagulant activity is a problem as a drug transporter, this assets of 

heparin is reduced after drug coupling, lowering the likelihood of haemorrhagic 

consequences in clinical claims. In research using PTX as a anti tumor pharmacological 

molecule, it was exposed that anticoagulant movement was abridged with no important 

impact on hemolysis, however distinct heparin-PTX couples displayed high anti tumor than 

free PTX. Couples have superior solubility for PTX and have a longer organisation 

circulation period than free drug solutions of PTX and ATRA. Heparin's unique properties 

make it a prospective polysaccharide transporter, alongside hyaluronic acid and chitosan. 

 

Heparin with PTX 

Heparin-paclitaxel (HP-PTX) and heparin-pyropheophorbide-a (HP-Ppa) were synthesized 

by conjugating paclitaxel (PTX), a small-molecule chemotherapeutic agent, to heparin using 

a reactive oxygen species (ROS)-responsive linker, and pyropheophorbide-a (Ppa), a 

photosensitizer. Nanoparticles containing heparin and PTX are more hazardous. This couple 

requires linkers, such as carbonate and ethylene diamine, which produce bonds similar to 

those formed by mide with polymer and ester with medication. 
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