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Abstract- Chitosan is common polysaccharide familiarly used in biomedical applications in its derivative forms. 

Chitosan that are obtained from the shrimp shells are taken and compared with commercial. Chitosan on its 

own cannot dissolve in any neutral or basic solvents. The major problem chitosan faces is its poor solubility, 

limiting its applications in various fields. To overcome the Chitosan is common polysaccharide familiarly used 

in biomedical applications in its derivative forms. Chitosan that are obtained from the shrimp shells are taken 

and compared with commercial. Chitosan on its own cannot dissolve in any neutral or basic solvents. The 

major problem chitosan faces is its poor solubility , limiting its  applications in various fields. To overcome the 

solubility issues, a derivative of  chitosan known as Carboxymethyl chitosan (CMC) is synthesized by 

deacetylation of chitosan. There are numerous uses for chitosan in the pharmaceutical, cosmetic, and medical, 

nutrition, food industries, agriculture and sewage treatment. Chitosan is used in retaining moisture, addressing 

acne issues, improving skin tone, enhancing hair flexibility and in dental products. They are used in cosmetic 

industry due to its capacity to absorb and preserve moisture, antimicrobial characteristics and provide 

emulsion stabilization.   
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INTRODUCTION 

Chitosan is commonly a linear polysaccharide familiarly used in biomedical  

applications in its derivative forms. It is a linear polysaccharide made up of two unevenly distributed molecules such 

as N-acetyl-D-glucosamine and β-linked D-glucosamine. [1]. Chitosan is a completely positive charged compound by 

amine groups, thus it is comfortably binds to the negatively charged molecules. Chitosan on its own cannot dissolve in 

any neutral or basic solvents. It reacts with kind of small molecules or other polymeric compounds and is therefore 

transformed into chitosan derivatives or composites. The major problem chitosan faces is its poor solubility , limiting 

its applications in various fields. Since the structure and composition of chitosan is not composed of single monomer, 

despite it is a family of monomers of different size and distribution. It relates and makes the structure more 

complicated. Chitosan's limited solubility in water and other organic solvents is one of its main drawbacks and such 

limitations could be resolved through chemical modifications.  Chitosan’s biological and physical characteristics can 

be improved by chemical modifications. Carboxymethylation can be done to the chitosan to increase its solubility [2].   

 

CHITIN RESOURCES IN NATURE 

Based on the degree of deacetylation, chitosan has three different crystalline forms α, β and γ. The primary sources of 

chitin is present in crustaceans such as crabs, shrimps, lobster and krill. The shells consist of three primary 

components: approximately 15-40% α-chitin, 20-40% proteins, and 20-50% CaCO3. Minor constituents consist of 

pigments and various metal salts. β-chitin is typically present in squid pens and the tubes created by vestimentiferan 

worms and pogonophorans. It can also be found in aphrodite chaetae and in the protective cases produced by certain 

protozoa or seaweeds [4,5]. 

 

CARBOXYMETHYL CHITOSAN 

The product of chitosan's direct alkylation is carboxymethyl chitosan (CMC). N-carboxymethyl chitosan (N-CMCS), 

O-carboxymethyl chitosan (O-CMCS), and N,O-carboxymethyl chitosan (N,O-CMCS) are few of the various forms 

of chitosan carboxymethylation. [5]. Carboxymethyl chitosan (CMCS) consists of  both acidic (– COOH) and basic (–

NH2) groups, along with active hydroxyl (–OH) groups within its molecular structure. It exhibits solubility in water 

under neutral pH conditions (pH 7) and the capacity to create films and gels, along with beneficial characteristics such 

as compatible with living things, biodegradability, biological activity, and low toxicity. These properties collectively 

uses CMCS a good choice for applications in the food and cosmetics [6,7].   
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ANTIMICROBIAL PROPERTIES OF CMC 

Chitosan exhibits various anti-microbial characteristics. Such anti-microbial properties have been improved by 

different modifications of chitosan derivatives. Several research studies have indicated chitosan derivatives were 

found to be more effective than chitosan. Important variables like the kind of pathogen, the pH of the surrounding 

environment, the structural features, the source, and the concentration of chitosan all affect how effective the 

substance is as an antimicrobial. The antimicrobial activity of chitosan is dependent on the pH of the surrounding 

environment because it exhibits antimicrobial activity at pH values lower than 6.5. The abundance of amino groups on 

the polymer, where the positively charged NH3+ groups improve binding to negatively charged components in 

pathogenic bacteria's membranes, is most likely the cause of this effect. Therefore, chitosan derivatives that are water-

soluble in both acidic and basic physiological environments could be promising options as polycationic biocides. In 

addition, anti-fungal effect of chitosan was observed against Candida albicans, Candida krusei and Candida glabrata. 

Chitosan has a strong antibacterial activity against Bacillus cerus, S.aureus, Bacillus megaterium, Salmonella 

typhimurium, E.coli etc [7, 8].  

 

ANTIOXIDANT ACTIVITY OF CMC 

Chitosan retains antioxidant activities in both in vivo and in vitro. Chitosan  

with low molecular weight has more potential than high molecular weight chitosan. In human plasma protein chitosan 

prevents carbonyl formation during the exposure of peroxyl radicals.  The hydroxyl group present in the 

monosaccharide of  

chitosan reacts with free radicals. The amino group present in the chitosan reacts with  

free radical and forms macroradical. Therefore, both amino group and hydroxyl group  

are the origin of scavenging capacity of chitosan. The presence of stronger  

intramolecular bond in high molecular weight chitosan weakens the activity of amino  

group and hydroxyl group which is a major cause for less radical scavenging activity [1]. Chitosan derivatives such as 

addition of amine groups and methyl groups elevates the activity of antioxidant activity. According to a number of 

studies, water soluble derivatives of chitosan demonstrated a greater capacity than chitosan itself to scavenge 1,1-

diphenyl-2-picrylhydrazyl (DPPH) radical. Starch carboxymethylated  

chitosan showed decreased antioxidant activity than the parental one. Because the  

hydroxyl group in carboxymethylated chitosan is replaced by carboxyl groups [9].  

 

ANTI-TUMOUR PROPERTIES OF CMC 

CMCs, which are water-soluble derivatives of chitosan, are well-known in the field of biomedicine for their 

advantageous properties, including anti-cancer and anti-tumor effects. Researchers have investigated the anti-tumor 

properties of CMC both in laboratory settings (in vitro) and in living organisms (in vivo). In vitro experiments 

demonstrated that CMC exhibited cytotoxic effects on HeLa, Bel-7402, and SGC-7901 tumor cells and partially 

hindered the growth of sarcoma 180. Additionally, it enhanced the body's immune response in vivo. More recently, 

CMC's impact on inhibiting tumor metastasis in the liver was evaluated using mouse hepatoma 22 cells and human 

hepatic cancer cell BEL-7402. The results revealed that CMC had a substantial impact on reducing the migration of 

tumor cells in vitro, displayed a dose-dependent reduction in the expression of matrix matalloproteinase-9 within 

BEL-7402 cells and effectively suppressed lung metastatsis in Kunming mice induced by hepatoma-22 [10]. 

 

CMC AS AN EMULSION STABILIZER  

Chitosan has numerous potential uses in cosmetics particularly water soluble  

chitosan derivatives. Numerous studies have demonstrated that chitosan serves as an effective emulsion stabilizer. The 

presence of chitosan in the continuous phase of oil-in-water emulsion production improves the stability of acidic 

emulsions that contain isolates of whey protein. Greater viscosity, enhanced creaming stability, and the development 

of smaller droplet sizes in the emulsions all attest to this effect. The behaviour of acidic model emulsions containing 

both chitosan and whey protein isolates can be partially explained by the decreased incidence of flocculation. Because 

carboxymethyl chitosan has a hydrophilic carboxylic group and a hydrophobic glucose backbone, it is known as an 

amphiprotic ether derivative and has been shown to aggregate in diluted solutions. The surface tension of chitin 

nanocrystals in aqueous dispersions at varying concentrations was recently investigated in relation to oil droplet 

stabilisation. The results indicate that chitin nanocrystals are surface-active nanoparticles and are comparable to 

certain proteins that are employed in stabilisation.  

Micelles and aggregates are formed by the surface-active properties of chitosan  

nanoparticles and its derivatives. The resulted aggregates are used in the emulsion  

Stabilizing [11, 12]. 
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ABSORBANCE AND RETENTION OF MOISTURE IN CMC 

Chitosan’s moisture retention properties are determined by their molecular structure. Water holding capacity of 

chitosan is higher than the conventional Methylcellulose [13]. Chitosan has positive electrical charge with high 

molecular weight and hence adheres well to the skin for long time and forms a film on the skin. Due to these 

properties chitosan can be used as a moisturizer. The ability to retain moisture in a 0.25% aqueous chitosan solution is 

comparable to that of a 20% aqueous propylene glycol solution. Additionally, chitosan's viscosity closely matches that 

of hyaluronic acid, a common ingredient in skincare products. The presence of intermolecular hydrogen bonds of 

molecular chains in chitosan and its derivatives are driving force for moisture retention. CMCS has shown its ability 

to form a gel that enhances skin smoothness and provides protection against adverse environmental factors. When 

taking into account these observed attributes in combination with economic factors and a comparison to the well-

established HA, it is justifiable to suggest that CMCS has the potential to become a superior choice as a naturally 

sourced moisturizing agent in cosmetics [14].  

 

PHARMACEUTICAL APPLICATIONS OF CHITOSAN 

APPLICATION IN DRUG DELIVERY 

Chitosan is used in drug and enzyme delivering. They are used as a carriers and delivers anti-microbial, anti-fungal, 

anti-inflammatory drugs as well as proteins, peptides, DNAs and genes [15, 16]. The primary objective of targeted 

drug delivery is to transport these substances within the patient’s body, enhancing their concentration in specific areas 

relative to others. This is done to create prolonged, localized,  

focused, and protected interactions between the drug and the affected tissue [17,18]. CMC (Carboxymethyl cellulose) 

is acknowledged as a valuable polymer for this purpose due to its benefits, which include pH responsiveness, 

solubility, absorption  

capabilities, non-toxic degradation products, controlled biodegradation, adhesion to  

biological tissues, easy administration, and continuous drug release [19].  

 

APPLICATION IN WOUND HEALING 

A perfect wound dressing should maintain moisture at the wound site, allow the exchange of gases, act as a shield 

against pathogens, and manage excess exudate. Additionally, it should be non-allergenic, non-adhesive, non-toxic, 

and easily removable without causing harm. Chitosan and its CMC derivatives are promising materials for wound 

dressings, thanks to their high biocompatibility, biodegradability, strong antimicrobial properties, lack of toxicity, and 

ability to retain moisture, making them exceptional choices for promoting wound healing [20].  

 

DIETARY SUPPLEMENTS 

Chitosan is non-toxic and regarded as safe for ingestion by humans, which is why it is utilized in various 

pharmaceutical applications. It's not digested by the human body and is recognized as a source of dietary fiber, an 

essential component of a healthy diet. In the intestinal tract, chitosan has the ability to bind to lipids, reducing the 

absorption of cholesterol. Consequently, it can be incorporated into formulations for human weight loss purposes [21].  

 

FOOD INDUSTRY 

In Europe, the USA, Japan, and Korea, chitosan is permitted as a food ingredient. Chelation of metal ions is how it 

functions as a natural antioxidant in lipid-containing foods. Furthermore, chitosan is used as a food preservative to 

keep food fresh longer by delaying the ripening of fruits and preventing spoilage. Its thickening and stabilizing 

properties make it suitable for use in sauce preparation. Chitosan's ability to clarify solutions has been harnessed, such 

as in the clarification of apple juice. Edible coatings and food packaging made from chitosan have garnered interest in 

numerous studies due to their effectiveness in inhibiting the growth of fungi in many strains, except those that 

incorporate chitosan into their cell walls.[22].  

 

AGRICULTURE 

Chitosan serves as a natural and environmentally safe to use as a pesticides and agrochemicals, which can have 

negative, long-term environmental consequences. It has the capacity to trigger defense mechanism similar to vaccines 

in plants, promoting the production of specific enzymes like phytoalexins, chitinases, pectinases, and glucanases, 

while also stimulating plant growth. Chitosan is used in many different applications such as seed coating, fruit and 

vegetable protection, immune system enhancement, phenolic content increase, plant growth stimulation, controlled 

product release into the soil, and more [22].  

Waste water treatment  

Since heavy metal pollution in wastewater can make natural waters dangerous for human consumption and 

detrimental to aquatic ecosystems, it is a global concern. Heavy metals cannot be naturally broken down through 
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biological processes in their existing location. Before treating wastewater and releasing it into the environment, a 

number of physicochemical treatments are used to remove heavy metals from it.  

Ion exchange, chemical oxidation, and chemical precipitation are some of these techniques. However, these 

conventional approaches contribute to environmental pollution because they rely on synthetic chemical 

substances.Therefore, there is a pressing need for more environmentally friendly and safe alternatives. Chitin and 

chitosan have garnered attention in wastewater treatment due to their capacity to aggregate contaminants, 

biodegradable nature, and lack of toxicity, making them eco-friendly choices [23].  

 

USE OF CMC IN COSMETICS 

Water soluble chitosan and its derivatives has assuring effect in cosmetics  

because of its water retention-absorption properties and biocompatibility. Skin photoaging is the term for the 

deterioration of cell membranes and chronic inflammation caused by the generation of reactive oxygen species by UV 

radiation exposure [27]. Dryness results from this process, which removes water from the skin's outermost stratum 

corneum layer. Chitosan also acts as UV protectant that protects the skin from skin photoaging. Generally 

moisturizers hydrates the stratum corneum and facilitates desquamation in the dry skin. For buccal applications, such 

as mouthwashes, toothpastes, artificial saliva formulations, and gingival gels, the addition of CMC to cosmetic 

products was advised. Due to this polymer's mucoadhesive qualities, buccal products were selected. In skin products, 

CMC gel formulations contribute to a sensation of smooth skin and offer protection against the effects of exposure to 

harmful environmental elements and contact with detergents [28].  

 

CHITOSAN IN MUCOSAL VACCINATION 

The notable advantage of mucosal vaccination lies in its ability to generate antibodies locally at the points where 

pathogens enter the body. However, because vaccines are not well absorbed when given through mucosal routes, they 

must be co-administered with adjuvants, penetration enhancers, or particle encapsulation. Chitosan easily forms 

nanoparticles and microparticles that can encapsulate large amounts of antigens, like ovalbumin, tetanus toxoid, or 

diphtheria toxoid. Studies have indicated that the Gut-Associated Lymphoid Tissue's Peyer's patches absorb chitosan 

microparticles loaded with ovalbumin (GALT). This unusual uptake emphasises how promising chitosan particulate 

drug carriers are as oral vaccination candidates [30]. 

 

LIMITATIONS OF CHITOSAN 

Chitosan, while having many beneficial properties, does have some limitations.  

Chitosan's effectiveness can be influenced by pH levels, as it works better in acidic  

conditions. In neutral or alkaline environments, its performance may be reduced.  

Chitosan is not highly soluble in water, which can make its application in certain  

situations challenging. While chitosan can help remove heavy metals from  

wastewater, its efficiency for some metals may be limited compared to other  

specialized materials.Chitosan can be relatively expensive to produce, which may affect its feasibility for large-scale 

applications. Although chitosan is generally considered safe, some individuals may have allergies or sensitivities to it, 

which could limit its use in certain medical applications. Chitosan's properties can vary depending on its source and 

processing methods, which can make it challenging to predict its performance consistently. Despite these limitations, 

chitosan remains a valuable and versatile material in various applications, and ongoing research aims to address some 

of these constraints [28, 29] .  

 

CONCLUSION  

Herein, the most recent studies about Carboxymethyl chitosan and its  

properties were reviewed. Chitosan is synthesized from shrimp shells by deacetylation  

process. Carboxymethyl chitosan (CMC) is formed by carboxymethylation of  

chitosan. To overcome the solubility issues CMC is synthesized. Carboxymethyl  

chitosan is soluble in water, biocompatible, has antimicrobial activity with water  

absorption-retention ability. Chitosan also has gel forming ability and acts as a magnificent emulsion stabilizer. 
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