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An abnormally developing tumour that starts out as a localised illness that may expand 

and affect other organs or critical functions is what causes cancer. Cancer is the result 

of unchecked cell proliferation. Cancer remains, causing many deaths every year. 

continues to be among the world's worst illnesses. The purpose of this research was to 

provide a summary of previously released papers about current developments in the 

discovery of anticancer drugs. Chemotherapy involves delivering drugs to the tumor and 

is very effective in treating cancer. Anti-inflammatory drugs such as camptothecin 

(CPT) are important for liver and tumor treatment. This study successfully developed 

novel HA-coated CPT nanocrystals to specifically deliver hydrophobic CPT to tumors 

using a precipitation method which was inspired by the unique CD44 binding potential 

of hyaluronic acid (HA). These nanocrystals of CPT coated with HA.HA may be used 

as a ligand to create tailored nanovehicles for potential use in cancer treatment in the 

future. Our goal in this review is to give a summary of several in vitro and in vivo 

research that address this possibility. 
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INTRODUCTION 

Uncontrolled cell proliferation, which results in 

the development of aberrant tumours, is the 

hallmark of the condition known as cancer. These 

tumours have the ability to infect vital organs or 

systems, impairing their regular operations [1]. 

Cancer is considered a multifactorial disease 

because it is caused by the interaction of many 

factors, including pollutants, dietary poisons, 

infections, medications, ionizing radiation, and 

genetic alterations. [2]. Multiple systems that 

have been preserved throughout evolution strictly 

control cell division, ensuring that two genetically 

identical cells are produced [3].Every year, many 

people lose their lives to cancer, one of the worst 

diseases in modern times. Global differences, the 

accessibility of healthcare, and other 

https://www.ijpsjournal.com/
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socioeconomic considerations all affect how this 

condition is managed [4]. 

Global cancer figures indicate that 20 million 

additional instances of cancer will occur. and by 

2023, cancer will kill 10 million people 

worldwide. Cancer rates are expected to rise by 

more than 60% over the next two years, putting 

pressure on individuals, communities and 

healthcare systems. A study in Ethiopia between 

2000 and 2016 found that cancer killed 50,913.5 

people of all ages and genders (95% confidence 

interval), with the standard death rate with age 

being 93.5 per 100,000 people and the crude death 

rate being 93.5 per 100,000 people. He found that 

it was. Most patients are women. The increase in 

cancer cases, especially due to increasing 

lifestyles, has caused the pharmaceutical industry 

to invest heavily in this field. Cancer drug 

research is still very difficult, and the desired 

therapeutic results have not yet been attained, 

despite these efforts [5].Driven by an increased 

understanding of the physiopathology of the 

disease, drug makers Despite their high cost-

benefit ratio, have persisted in producing 

therapies. since the first half of the 20th century 

[6,7]. 

Many classes of anticancer medications have been 

created by pharmaceutical corporations, including 

immunomodulators, hormones and hormone 

antagonists, and cytotoxic pharmaceuticals (such 

as botanical extracts, antibiotics, alkylating 

agents, antimetabolites, and other cytotoxic 

agents) [8,9].Nevertheless, these chemotherapies 

have drawbacks such cytotoxicity, lack of 

selectivity, multidrug resistance induction, and 

stimulation of stem-like cell proliferation[10]. 

The possibility of creating more potent medicines 

has expanded with the discovery of new 

molecular targets. The primary obstacles in the 

search for new cancer drugs Monoclonal 

antibodies and antibody-small molecule 

conjugates have been used to combat will reduce 

side effects and increase selectivity. These 

advances solve the problems caused by antibiotics 

such as toxicity, lack of selectivity, and side 

effects., producers and researchers have 

thoroughly documented therapeutic targets and 

novel approaches for drug development. The 

objective of this review is to gather and synthesise 

research on new chemical compounds that show 

cytotoxic action against cancer cells in vitro, with 

a focus on novel target proteins and biomarkers 

that may have therapeutic applications. 

An Overview of the Discovery of Anticancer 

Drugs 

Anticancer medications are complicated, 

expensive, time-consuming, and demanding, 

which has presented researchers and 

pharmaceutical corporations with many 

difficulties in their design and development. [11]. 

In addition to being extremely dangerous and 

complicated, first-line medications do not directly 

target cancer cells. [12,13]. Manufacturers are still 

working hard to create anticancer medications, 

but there is still a great deal of interest in creating 

unique, targeted small-molecule medications. 

Using in silico techniques has proved very 

beneficial in this endeavour in the past several 

years [14]. 

AI, or artificial intelligence, has recently emerged 

as a promising tool for the development of 

anticancer drugs, enabling faster, more efficient, 

and more effective methods than traditional 

methods. AI has the capacity to quicken the 

finding of new drugs and the development of 

better treatment candidates. When searching for 

antibodies, AI can help identify targets and then 

screen potential products structure-based, ligand-

based, and fragment-based.AI also makes it easier 

to repurpose drugs, accurately forecast drug 

reactions unique to anticancer treatments, and 

create big compounds from scratch for anticancer 

objectives [15,16].New developments in 

anticancer treatments come from synthetic or 
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natural sources, taking into account the therapies' 

effectiveness and toxicity. 

 Drug design and discovery heavily relies on both 

conventional computer-aided drug design 

(CADD) and artificial intelligence-based 

technologies. Furthermore, the practice of 

repurposing drugs based on prospective targets 

has become more widespread [17-19]. Cancer 

immunotherapy does face certain challenges, 

though , including immune response evasion by 

cancer cells, resistance, and problems with 

delivery systems [20].Recent developments 

indicate that these problems might be resolved by 

using nanoparticles with nanocarriers as their 

vehicles [21].Because of their special properties, 

which include reduced Nanoparticles' impacts 

include toxicity, greater permeability, improved 

stability, precise targeting, and prolonged 

retention are a significant tool in the fight against 

cancer [22]. 

Targets and Biomarkers for Anticancer Drugs: 

Current Progress  

In order to increase overall survival rates and 

decrease side effects from cancer treatment, 

targeted therapy is essential. In contrast to patients 

who received no matching targeted therapy, those 

who did saw significant improvements in overall 

survival and progression free endurance  [23]. 

Because of problems with toxicity and efficacy 

that have made many molecularly targeted drugs 

unsuccessful in treatment, recent advances in 

molecular biology have forced researchers to 

concentrate on therapeutic targets that may 

successfully destroy cancer [24]. 

Kinases as targets  

One family of anticancer medications called 

kinase inhibitors works by physically interfering 

with target enzymes' active sites to prevent kinase 

activation. An estimated 2000 kinases, classified 

as tyrosine-specific or serine/threonine-specific, 

are thought to be present in the human genome. 

There is a connection between these kinases [24]. 

Imatinib was the initial drug to be launched in the 

field of clinical oncology.; bosutinib, sorafenib, 

and sunitinib came next. All of these medications 

target catalytic binding sites of tyrosine kinases by 

competitive ATP inhibition; however, the range 

of kinases they target, their pharmacokinetic 

properties, and their substance-specific adverse 

effects differ [25]. 

 
Structure 1.1 

Tubulin/ microtubule as target 

A 52 kD globular protein called tubulin 

polymerizes to create microtubules, which are an 

essential part of the eukaryotic cytoskeleton. 

Throughout the whole cell cycle, microtubules 

expand and shrink. The development of cancer 

cells depends on the microtubules' strength., 

which divide and multiply more quickly than 

normal cells. As a result, since microtubule-

targeting drugs impede cell proliferation and 

growth, their development has drawn attention in 

the fight against cancer. Thus, tubulin has 

emerged as a top target for the development of 

anticancer medications. To find safer and more 

potent therapeutic options, researchers have 

synthesised a variety of tubulin-targeting 

compounds and performed structure-activity 

relationship studies [24,26]. 



Bhavesh B. Ahire, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 1820-1835 |Research 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                1823 | P a g e  

 
Structure 1.2 

Vascular targeting agents  

Trained to particularly target the vasculature of 

tumours, vascular targeting agents (VTAs) 

impede the growth and development of tumours. 

These drugs take advantage of the fact that tumour 

cells divide quickly, making them dependent on a 

constant supply of nutrients and oxygen. Tumour 

metastasis and progression depend on the creation 

and upkeep of blood vascular networks. Because 

Vascular disruptors, or VDAs, have the ability to 

halt blood flow to tumours, they are a prospective 

adjunct to systemic chemotherapy in the treatment 

of cancer [27,28]. 

 
Structure 1.3 

Inhibitors of Angiogenesis  

Angiogenesis a new family of medications called 

inhibitors aims to stop the vascularization process 

of tumours. VEGF-A overexpression is often 

linked to the development, invasion, and 

metastasis of tumours. Currently, inhibitors of 

VEGFA and VEGFR2 are used to target VEGF-

A [28].When treating bevacizumab and additional 

inhibitors of angiogenesis for non-small-cell lung 

cancer (NSCLC)and ramucirumab are utilised to 

target VEGFs in an effort to block their effect 

[29].  

 

Structure 1.4 

Graphical abstract: 

 
Figure 1: Graphical abstract 

HA Micelle 

Due to their potential to solubilize anticancer 

medicines that are water-insoluble and their 

efficient tumor-targeting properties, polymeric 

micelles (PMs), which are self-assembled 

structures, have been thoroughly explored as 

targeted drug carriers [30–31] via interactions that 

are chemical, physical, and electrostatic, tiny 

hydrophobic medicines The hydrophobic core of 

polymeric micelles (PMs), which are amphiphilic 

in nature, can contain it [32–34]. You have the 

option to keep the medication submerged in 

water, extend blood circulation, and make it more 

soluble in water tumour through the improved 

permeability and retention (EPR) impact at 

locations, they help deliver hydrophobic drugs to 

their intended targets [35], thereby improving the 

efficacy of anticancer treatments [36–38]. 

After systemic delivery, PMs can aggregate 

selectively in angiogenic tumour tissues through 

fenestrated vasculature because of their nanosized 

structure (20 ~ 100 nm) [36, 39]. Combining 
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hydrophobic polymers, tiny pharmaceuticals, or 

pharmaceuticals with hyaluronic acid (HA) can 

result in effective medications. Effective 

nanocarriers (Figure 2) that release medications in 

response to certain stimuli, including redox 

processes or exposure to acidic pH, can also be 

coated on HA to increase its anticancer impact. 

 
Figure 2: Hyaluronic Acid (HA) Polymeric 

Micelles Schematic Representation 

Amphiphilic HA-ligands can conjugate or 

encapsulate medications to form micelles in 

aqueous solutions. Polymers can graft onto Block 

copolymer, tiny molecules, and the HA backbone 

like dendrimers and medications or positively 

charged molecules through electrostatic 

interactions (shown by green circles) can modify 

HA. These changes improve the antitumor 

efficaciousness of HA polymeric micelles by 

allowing them to respond to stimuli like acidic pH 

or redox processes. 

1.HA Polymeric Micelles (PMs)  

It has been extensively studied to conjugate 

hydrophobic polymers with HA is used to form 

amphiphilic polymers that can be combined into 

micelles with graft polymers [40], block 

copolymers [41], and ring-opening polymers [42]. 

These hydrophobic polymers contain 

caprolactone, methacrylate’s, and ethylene glycol, 

among other ingredients. Parker et al. [42-44] 

studied cross-linked HA polymer micelles (PM) 

formed from HA graft polymers HA-poly 

(pyridine) disulfide methacrylate (HA)-b-

P(PDSMA) and HA-b-poly (caprolactone) (HA-

b-PCL) are two examples. The disulphide bond 

was used in this crosslinking technique (Figure 3) 

2-To create a block copolymer containing HA, 2-

(Pyridyldithio)-ethyl was joined to the 

methacrylate chain. The core-crosslinked HA 

polymeric micelle (PM), with its solid structure, 

reduces medication loss during circulation. But in 

the glutathione-rich environment characteristic to 

tumours, which is found in large amounts in the 

cytoplasm of cancer cells, the crosslinked 

disulfide bond can break, releasing medication 

quickly. 

These bio-reducible PMs are intended to increase 

the effectiveness of treatment by encouraging the 

release of the drug in response to particular 

stimuli. PEGylation, or poly(ethylene glycol) 

conjugation, has been devised to further improve 

selective accumulation at tumour locations [45, 

46].Reduced liver absorption and an extended 

bloodstream circulation period are two benefits of 

PEGylation. It may, nevertheless, also obstruct 

the way in which cancer cells' receptors interact 

with it [32].To improve anticancer therapy, 

Camptothecin (CPT), an anticancer medication, 

was encapsulated in PEGylated HA micelles. 

Camptothecin-loaded HA nanoparticles (CPT-P-

HA-NP) are hydrolyzed by the enzyme HAdase, 

which releases camptothecin into tumor tissues. 

Furthermore, the Costa group investigated cancer 

chemophotothermal treatment (PTT) using Dox 

and IR780-loaded HA-functionalized micelles, 

two widely used phototherapy probes. [47]. To 

add a hydrophobic moiety to HA and promote 

Grafted rau HA with Poly(maleic anhydride-alt-

1-octadecene) (PMAO), causing it to self-

assemble into HPN (HA-g-PMAO) nanoparticles. 

These HPNs can be loaded with Dox and IR780 

to create formulations like IR/Dox-HPN and IR-

HPN for cancer chemo-phototherapy. 
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Figure 3 Hydroxyapatic acid (HA) polymer-

grafted redox-sensitive hydrophobic polymer 

micelles 

(A) HA-b-P methacrylate HA-polypyridyl 

disulfür (PDSMA)chemical structure.  

(B) Diagram showing the doxorubicin (Dox)-

loaded cross-linked HA polymer micelles. When 

doxorubicin combines with glutathione (GSH), it 

is liberated from core cross-linked polymeric 

micelles based on HA (CC-HAM). 

Source: Used by permission; reproduced from 

[43]. Copyright Elsevier Ltd., 2015. 

Using photothermal treatment (PTT), IR780 

demonstrated strong cytotoxicity under near-

infrared (NIR) irradiation. Additionally, loading 

Dox gave breast cancer cells chemotherapy and 

created a synergistic impact. These tactics so 

reveal that when drugs are loaded into polymer-

grafted HA micelles, they exhibit significant 

cytotoxicity., augmenting anticancer therapy in 

vivo as well as in vitro. 

2. HA Coating Micelle  

Positively charged nanocarriers and hyaluronic 

acid (HA), a polyanionic biomacromolecule, 

interact electrostatically. Drug leakage is stopped 

and active targeting to CD44 receptors is made 

possible by coating HA on the surface of these 

carriers [48].The Ryu group presented findings on 

amphiphilic HA micelles that incorporate peptide-

drug conjugates and small compounds like NIR 

cyanine that target mitochondria, demonstrating 

selective cancer therapy [49, 50].They created a 

positively charged pyridinium moiety in a water-

soluble, mitochondria-targeting indocyanine dye 

(IR-Pyr), and through electrostatic interactions, 

they created HA micelles (HA-IR-Pyr). By using 

photodynamic therapy (PDT) to target the 

mitochondria of cancer cells, these indocyanine 

dyes function as sensitizers, allowing HA-IR-Pyr 

micelles to improve anticancer therapy (Figure 4). 

In the SCC-7 tumor model, HA-IR-Pyr worked 

better than other PDT dyes, highlighting the 

significance of HA in cancer. Nanostructures are 

created by combining well-charged tripeptide 

(KCK-CPT) with CPT in aqueous solutions, via 

electrostatic interactions, change into micelles 

(HA-KCK-CPT). Compared to KCK-CPT alone, 

HA-KCK-CPT was more specific for cancer cells, 

particularly SCC-7 cells. Furthermore, Liu and 

colleagues [51] The HA-Fe-C14/Dox micelles 

dissolve and release Dox as they transition from 

hydrophilic to hydrophobic ferrocene in the GSH-

rich tumor microenvironment. Studies conducted 

in vivo demonstrate that HA-Fe-C14/Dox can 

stop tumor development. Wu et al. created a two-

layer method to encapsulate chiral (∘)-gossypol 

for cancer treatment utilizing HA-coated PEI-g-

stearic acid (PgS). [52]. 

An amphiphilic branching polymer (PgS) is 

produced when stearic acid is grafted onto PEI. 

PgS has the ability to form micelles in water and 

enclose (-)-gossypol ((-)-G) through electrostatic 

interactions. Positively charged PgS micelles are 

encapsulated in negatively charged HA. The 

anticancer drug activity and in vitro and in vivo 

stability of chiral medicines are enhanced by 

bilayer (α)-G-PgS/HA. Luo's group employed 

PCL-PDEAMPC', an amphiphilic copolymer 

made of poly(caprolactone), to create HA-coated 

polymeric micelles (PM).N,N-di 
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Ethylaminomethylmethacrylate -b-poly2 

(methacryloyloxy)ethylphosphorylcholine, or -r-

poly(2- [53]. 

The size of Mcelle was 76.3 nm instead of 72.6 

nm. after HA coating. A doxorubicin (Dox) load 

was applied to PCL-PDEAMPC micelles. 

Throughout the 48-hour incubation period, Dox-

loaded PCL-PDEAMPC-HA micelles 

demonstrated toxicity towards 4T1 cells, despite 

the fact that the micelles themselves were 

innocuous to the cells. Consequently, HA-coated 

micelles provide a number of benefits, such as the 

safe administration of hydrophobic medications, 

improved cellular absorption, and strong 

anticancer activity.  

 

 
Figure 4: Schematic Illustration of HA-Coated Carriers for the Management of Cancer 

(A Diagram illustrating the The procedure of 

producing HA-indocyanine dye (IR-Pyr) 

micelles.   

(B) How HA contributes to the buildup of HA-IR-

Pyr tumors ; in comparison to IR-Pyr and IR-780 

dyes, HA-IR-Pyr shows improved localization.  

Source: Used by permission; reproduced from 

[49]. The Royal Society of Chemistry, All rights 

reserved. 

Physicochemical and structural properties 

Hyaluronic acid, often known as A 

glycosaminoglycan present in the extracellular 

matrix is hyaluronic acid (HA). Composed of 

glucuronic acid disaccharide units and N-

acetylglucosamine that repeat. The fact that this 

basic chemical structure is preserved in all species 

shows how important it is to biology (Chen and 

Abatangelo, 1999). Hyaluronate, a salt present in 

significant quantities in a variety of Skin, blood 

vessels, synovial fluid, and vitreous humor are 

among the tissues that contain hyaluronic acid 

(HA). It is also present in significant 

concentrations in tissues such as the kidney, brain, 

muscles, and lungs.  

1.Chemical structure  

The disaccharide unit of hyaluronic corrosive is 

composed of the d-glucuronic corrosive and d-N-

acetylglucosamine connections between Î²-1,4 

and Î²-1,3 glycosidic linkages (allude to Figure 1). 

These sugars have the ability to adopt a beta 

configuration in which the majority of bunches 

(the anomeric carbon of the adjoining sugar, the 

carboxylate moiety, and the hydroxyl bunch) are 

present but the hydrogen particles are varied are 

positioned similarly because of their structural 

resemblance to glucose. Axial position is met. The 
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disaccharide units are more robust and stable in 

this configuration. 

 
Structure 1.5 

2. Resolution framework 

Hyaluronan's backbone takes on a stiffer the 

composition of a physiological solution  as a result 

of interactions with the solvent, internal hydrogen 

bonding, and the chemical arrangement of its 

disaccharide units. By virtue of the disaccharide 

structure While axial hydrogen atoms may form a 

nonpolar, hydrophobic face, recitational side 

chains provide a polar, hydrophilic face akin to a 

twisted ribbon. It has a water basis and offers 

effective lubrication. Hyaluronan polymer chains 

expand into a random coil shape while in solution. 

Their unique rheological behaviour is partly due 

to the entanglement and intermingling of these 

chains even at low concentrations. Hyaluronan 

solutions exhibit a very high viscosity that is 

dependent on shear pressures at increasing 

concentrations. 

Solutions containing hyaluronan have exceptional 

rheological qualities that make them excellent 

lubricants. Hyaluronan in 1% solution looks like 

jelly, but when applied pressure, it flows smoothly 

and with a small-bore needle for injection, which 

is why it's called a "pseudo-plastic" material. 

These treatments are incredibly lubricating, 

effectively separating tissue surfaces that glide 

past one another. Research has indicated that the 

lubricating characteristics of hyaluronan 

significantly reduce the formation of adhesions 

during surgery. orthopaedic and abdominal 

procedures. 

Hyaluronan's molecular structure is responsible 

for its distinct rheological behaviour. The reason 

hyaluronan has a stronger helical structure in 

solution is because hydrogen bonds occur in-

betiend the hydroxyl groups throughout the 

polymer chain. With this arrangement, the 

polymer is able to coil into a structure that can trap 

molecules of water, holding about 1000 times its 

own weight in water [54]. 

Polymer structure 

Large linear polymers of hyaluronic acid are 

formed by hyaluronic acid synthase from 

substrates like the monomeric UDP-glucuronic 

acid and the N-acetylglucosamine. Conversion 

enzymes add glucuronic acid and N-

acetylglucosamine to the growing chain of 

hyaluronic acid to generate a repeating structure. 

[55]. Hyaluronic acid molecules can contain more 

than 10,000 repeating disaccharides, giving them 

a molecular weight of more than 4 million daltons. 

Each repeating disaccharide has a weight of 

around 400 daltons. A disaccharide's average 

length is one nanometer. Put another way, a 

hyaluronic acid molecule stretched end to end 

may measure 10 microns in length. This is 

achieved by repetition 10,000 times. This length 

is approximately equal to a human erythrocyte's 

diameter [54]. 

Technique of action 

Although the primary mechanism of action of 

exogenous hyaluronic acid (HA) is still unknown, 

investigations conducted in vivo, in vitro, and in 

clinical settings support its range of physiological 

benefits. The physiochemical actions of HA are 

protective, which could perhaps account for its 

long-term impacts on articular cartilage and 

contribute to its chondroprotective properties in 

vivo. Research suggests that HA may reduce the 

sensitivity and nerve impulses associated with 

pain. This glycosaminoglycan has proven to be 

protective to cartilage properties in experimental 

forms of osteoarthritis [56].Studies further reveal 
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that cartilage incorporates exogenous hyaluronic 

acid [57].Exogenous hyaluronic acid (HA) 

decreases the synthesis and activity of matrix 

metalloproteinases and proinflammatory 

mediators while increasing the synthesis of HA 

and proteoglycans by chondrocytes. By stopping 

the migration and aggregation of leukocytes and 

macrophages, scavenging free radicals produced 

by reactive oxygen, and inhibiting the attachment 

of immune complexes to polymorphonuclear 

cells, it modifies the behaviour of immune cells 

[58].Furthermore, HA controls the proliferation of 

fibroblasts. Depending on its molecular weight, 

these physiological consequences of exogenous 

HA may differ [59-62]. 

Deckert et al. (2006) have suggested that the 

remarkable hygroscopicity of hyaluronic acid is 

important for maintaining tissue hydration and 

osmotic equilibrium. Hyaluronic acid, a 

dissociated basic particle, works in tandem with 

cell surface receptors to regulate cell motility, 

expansion, and separation, also functions as a 

signaling molecule. Carcinogenesis and 

embryogenesis stand to gain [63]. The 

extracellular matrix and body's hydration are 

significantly impacted by its hygroscopic 

qualities. Hyaluronic acid also causes signals 

linked to genetics, cell migration, and 

proliferation through its interactions with various 

receptors. [64, 65] 

Making of CPT Nanocrystals with HA Coating 

Using a bottom-up approach, uncovered and HA-

coated CPT nanocrystals were created by 

ultrasonic treatment in order to increase the 

precipitation resistance [66, 67]. Ten milliliters of 

HA solution (pH = 4) were added to the DMSO 

mixture at several concentrations 

(0.25â€ “ 1.00%, w/v). To encourage HA 

adsorption, the mixture was sonicated forcefully 

at 200 W for 20 minutes. After that, it was 

constantly stirred at room temperature, first at 500 

rpm for 10 minutes, then at 300 rpm for thirty 

minutes, and lastly at 100 rpm for many hours. 

Finally, the wrapped question—which may be 

CPT nanocrystals coated with HA or left 

uncovered—is channeled via a 50 nm 

polycarbonate film channel. At that point, the 

nanocrystals were resuspended in pH = 4 

deionized water after being rinsed three times 

with 5 mL of course of action. Three distinct 

quantities of HA-coated camptothecin 

nanocrystals (0.25%, 0.5%, and 1%) as well as 

white camptothecin nanocrystal powder were 

obtained by using a cement drier (FO-IC-50, 

Boyikang Exploratory Defiant Organization). 

Characterization of Physical and Chemical 

Properties 

The following procedures were used to create 

aqueous dispersions of HA-coated and naked CPT 

nanocrystals with different concentrations of HA: 

How the CPT nanocrystals, both bare and covered 

with HA crystallize the powder is a major factor 

in verifying the saturation of the nanocrystals 

during extraction. For a minimum of 48 hours, add 

5 mL of deionized water to the mixture and gently 

shake it at room temperature. Dynamic light 

scattering (DLS) technology was used to evaluate 

the zeta potential, PDI value, and size (Z-mean) of 

different samples. Spectrophotometric 

measurements of the camptothecin content in the 

supernatant were made at 370 nm using the 

calibration curve as a reference. First, at room 

temperature, we thoroughly dissolved the 

powders of our CPT nanocrystals, both bare and 

covered with HA in DMSO. The CPT was then 

calculated by extracting the CPTs. Using UV 

spectrophotometry, the content of camptothecin 

was ascertained by comparing the absorbance of 

camptothecin Finally, the wrapped question—

which may be CPT nanocrystals coated with HA 

or left uncovered—is channeled via a 50 nm 

polycarbonate film channel. At that point, the 

nanocrystals were resuspended in pH = 4 

deionized water after being rinsed three times 
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with 5 mL of course of action. Three distinct 

quantities of HA-coated camptothecin 

nanocrystals (0.25%, 0.5%, and 1%) as well as 

white camptothecin nanocrystal powder were 

obtained by using a cement drier (FO-IC-50, 

Boyikang Exploratory Defiant Organization). 

Drug Loading Efficiency (Wt%)  

Amount Of Cpt In Drug Nanocrystals / Total 

Amount Of Cpt In Feed  X 100       (1)  

To confirm the completeness of the HA layer on 

the CPT nanocrystal surface, add up to reflectance 

(ATR) Fourier change infrared (FTIR) analysis 

was carried out using an ATR-FTIR spectrometer 

(Nicolet Nexus 670, Thermo Electron Enterprise). 

The CPT nanocrystal powders, both uncovered 

and coated with HA, were mixed with coarse HA 

and KBr to create a cloth suitable for 

400â€ “ 4000 cmâ€ “ 1 ATRâ€ “ FTIR 

spectroscopy analyses. The Creation software was 

used to gather and examine the data. We selected 

our HA-coated CPT nanocrystals for further 

investigation because they had the best watery 

scattering, molecule estimation, zeta potential, 

and sedate stacking productivity. 

To confirm the completeness of the HA layer on 

the CPT nanocrystal surface, add up to reflectance 

(ATR) Fourier change infrared (FTIR) analysis 

was carried out using an ATR-FTIR spectrometer 

(Nicolet Nexus 670, Thermo Electron 

Organization). The CPT nanocrystal powders, 

both uncovered and coated with HA, were mixed 

with coarse HA and KBr to create a cloth suitable 

for 400â€ “ 4000 cmâ€ “ 1 ATRâ€ “ FTIR 

spectroscopy analyses. The Creation software was 

used to gather and examine the data. We selected 

our HA-coated CPT nanocrystals for further 

investigation because they had the best fluid 

scattering, molecular measure, zeta potential, and 

sedate stacking productivity. SEM synopsis. 

With the use of filtering electron microscopy 

(SEM), the area and estimation of HA-coated, 

crude, and exposed CPT nanocrystals were 

measured. In order to conduct SEM experiments, 

a silicon wafer was sputter-coated with an Au/Pd 

conductive layer for a length of 1.0 millimeter 

after being coated with around 20 Î¼L of the 

sample solution and dried using nitrogen. SEM 

images were captured using the Auriga measured 

pillar workstation. At a speed of 0.03Â°/min. 

2.Â°. 40Â°, the X-ray diffraction (XRD) designs 

of HA-coated CPT nanocrystals, uncovered CPT 

nanocrystals, and crude CPT were examined 

using a checking X-ray diffractometer (Rigaku). 

In Vitro Drug Release Study. 

The in vitro release of camptothecin from both 

uncovered and HA-coated camptothecin 

nanocrystals was investigated using the sifting 

process in phosphate buffer solution (PBS) at two 

distinct pHs (7.4 and 5.5). To put it briefly: Using 

PBS (pH 7.4 or pH 5.5), the CPT-free solution and 

exposed or HA-coated CPT nanocrystals were 

weakened to a concentration of 100 Î¼g/mL in 

DMSO arrangement. Each of the 6000–8000 

dialysis tubes was filled with one milliliter of the 

suspension. The tubes were then fixed and stored 

in 500 milliliters of PBS (pH = 5.5 or 7.4) at 37 

°C with constant shaking. The in vitro discharge 

of camptothecin from exposed and HA-coated 

camptothecin nanocrystals was examined at two 

different pHs (7.4 and 5.5) using the sifting 

preparation in phosphate buffer arrangement 

(PBS). In a nutshell: The CPT-free solution and 

exposed or HA-coated CPT nanocrystals were 

weakened with PBS (pH 7.4 or pH 5.5) to a 

concentration of 100 Î¼g/mL in DMSO 

arrangement. One milliliter of the suspension was 

recently added to each of the 6000–8000 dialysis 

tubes, which were then fixed and stored in 500 

milliliters of PBS (pH = 7.4 or pH = 5.5) at 37 °C 

while being gently shaken. 

Biocompatibility Evaluation: Hemolysis Assay 

The initial technique employed to isolate red 

blood cells (RBCs) from whole blood from 

Kunming (KM) rats was spinning in heparinized 
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tubes for 10 minutes at 4 °C and 1000 rpm. 

Following that, 2% solution was used to dissolve 

the red blood cells, and they were then rinsed three 

times with physiological saline. Following the 

brooding period, the mixture was centrifuged for 

ten minutes at 1000 rpm. Thermo Logical 

Enterprise supplied a microplate reader that was 

used to quantify the density of hemin released in 

the supernatants of each group at 540 nm. 

Utilizing the following formula, determine the % 

hemolysis: 

To calculate the % hemolysis, divide the sample 

absorbance by the negative control absorbance 

and multiply the result by 100. 

Evaluation of Cell Migration: 

Wound Healing Assay 

The anti-migratory impact of A wound test was 

used to examine HA-coated CPT nanocrystals on 

mesenchymal-like MDA-MB-231 cells. MDA-

MB-231 cells were seeded onto 24-well plates at 

a thickness of 2 ý— 104 cells/well, and they were 

then brooded for a whole day. Following that, 

PBS was added to the medium used for cell 

culture, and sterile 10 μL pipette tips were used to 

physically scrape the confluent monolayer, 

creating wounds in the middle of each well. Use 

PBS to wash cells and detritus three times. 

Scratched cell monolayers in the process. The 

cells are then withdrawn for a whole day. Using a 

light source, pictures of the injured region were 

obtained at 0 and 24 hours following application. 

Using ImageJ software, the migration of several 

cell types in relation to the wound area was 

assessed. 

FINAL REPORT AND DISCUSSION 

Applying HA coating to CPT nanocrystals:  

Optimisation and Characterization: A traditional 

bottom-up method was used to create CPT 

nanocrystals that were both uncoated and coated 

with HA [67]. Re-forming nanoscale CPT crystals 

in pH 4 DI water containing different HA 

concentrations (0.00, 0.25, 0.50, and 1.00%) was 

accomplished with success. Their physical 

characteristics were evaluated, such as their 

aqueous dispersion, zeta potentials, medication 

loading efficiency, particle sizes, and values of the 

polydispersity index (PDI). Over 90% drug 

loading efficiencies were shown by all drug 

nanocrystals, indicating the efficacy of the 

antisolvent precipitation technique and the 

particular recrystallization circumstances. 

 
Figure 5. (a) The CPT discharge profile from HA-

coated CPT nanocrystals (NC) over time in vitro 

under physiological conditions (pH 7.4) as 

compared to free CPT and uncovered CPT 

nanocrystals (NC). (b) A comparison of the release 

of HA-coated camptothecin nanocrystals at 

varying pH (7.4 versus 5.5) and time intervals. In 

physiological medium (PBS, pH 7.4), zeta 

potential and measure variations of uncovered 

and HA-coated CPT nanocrystals over time are 

shown in (c). Opportunities for producing efficient 

nanocrystals. The fluid scatterings of the 

uncovered and HA-coated CPT nanocrystals were 

more prominent than those of the crude CPT 

(almost 1.2 Î¼g/mL). 

The concentration of CPT in the supernatant of 

CPT nanocrystals provided in 0.25% HA 

arrangement is 21.4 times more notable than that 

of rough camptothecin, and the maximum fluid 

dispersion may reach 26.9 Î¼g/mL. Because of its 
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watery nature and nanoscale size, CPT's zone has 

a bigger volume than its endless fluid scattering, 

making it more wettable. Furthermore, because of 

the negative charge of the HA polymer, the zeta 

potential of the HA-coated CPT nanocrystals was, 

respectively, 22.8, 26.9, and 28.5 mV lower than 

that of naked CPT. 

By preventing steric obstruction and electrostatic 

repugnance, the negatively charged HA coating 

enhances the colloidal soundness of CPT 

nanocrystals by anticipating reticuloendothelial 

framework (RES) phagocytosis and Ostwald 

development. As the HA chains expanded, the 

typical hydrodynamic measure of CPT 

nanocrystals increased from 196.5 nm 

(uncovered) to 434.8 nm. The effective 

authoritative of HA to CPT nanocrystals was 

directly screened using zeta potential and 

molecular estimation changes. 

CONCLUSION 

Hyaluronic acid-based nanoparticles that are 

biomaterials targeted to specific tumours are seen 

as a viable and alluring approach to enhance 

cancer treatment, as seen by the many 

publications published in the last few years. The 

goal of this work was to By precipitating the 

hydrophobic anticancer medication CPT, HA-

coated CPT nanocrystals were created that target 

cancer cells that overexpress the CD44 receptor. 

The HA-coated CPT nanocrystals exhibit 

remarkable physicochemical properties such as 

tall medication stacking, forward water 

dispersibility, extended solidity, enlarged 

circulation duration, and a pH-sensitive sedate 

discharge profile. Furthermore, all available data 

suggest that, in contrast to exposed and rough 

camptothecin nanocrystals, HA-coated 

nanocrystals are necessary for transportation in 

order to increase resistance and lessen adverse 

effects. 
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