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Abstract: Biopolymers are referred to as materials that are 

either biodegradable, derived from renewable and non-renewable 

resources, or materials that are non-biodegradable and derived 

from renewable sources. Polymeric nanoparticles collide particles 

ranging in size from 10 to 1000nm. Drugs may be dissolved, 

entrapped, encapsulated, or attached to a nanoparticle matrix. 

Because these systems have very high surface areas, drugs may 

also be adsorbed on their surface. The many biopol5 (proteins and 

Polysaccharides) that have recently transformed the field of 

biocompatible and degradable natural biological materials are 

highlighted in this review on nanoparticles. The review is mainly 

focused on the types, methods of preparation, and application of 

biopolymeric nanoparticles. 

 

Keywords: Polymeric nanoparticles, biodegradable, 

nanoparticle matrix, biocompatible, renewable, non-renewable. 

1. Introduction 

Nanotechnology is the study and controlled manipulation of 

materials at atomic, molecular, and macromolecular sizes. 

structures and devices with length scales ranging from tens to 

hundreds often soften [1] 1–100nm the term "nanotechnology" 

was presumably coined first Taniguchi in Japan [2], is an 

industrial branch where diameters on the scale of a Nanometer 

matter the importance of size and scale was stressed by several 

researchers. Highlighted nanoparticles' benefits over 

microspheres (>1metre) [3]. As an alternative to liposomes in 

drug delivery systems. To overcome the problem, technology is 

being used related to the stability of these vesicles in biological 

fluids and during storage (4) nanoparticles have grown up 

ubiquitous in science as well as in a wide range of daily 

consumer goods. Catalysts make use of synthetic inorganic 

nanoparticles. From metals or alloys to semiconductors, oxides, 

and sunscreens, and are manufactured from a wide range of 

materials. or other types of ceramics [5] Polymeric 

nanoparticles, in contrast to these materials, are synthesized for 

a variety of purposes. Polymers based on vinyl monomers, such 

as polystyrene and poly alkyl (meth) acrylates, are commonly 

used. There are only a few polyesters and polyurethanes used. 

Most of them are synthetic in origin the particles gain  

 

functionality as a result of this. Surface alteration via chemical 

means. Aside from the general subject of sustainability. [6] 

Nanoparticle technology has been increasingly important in 

recent years for boosting medicinal efficacy. The nano-particles 

are compatible with colloidal drug delivery systems. 

Technologies that provide drug targeting benefits through 

changed [7] as well as the improvement of body distribution 

cellular uptake [8], which is aided by the decrease of unwanted 

substances free medications, have hazardous adverse effects 

[9]. They also show electrostatic attraction, hydrophobic 

interactions, and covalent bonding as a drug loading processes. 

Furthermore, the presence of functional groups in protein-based 

nano-particles allows for a variety of surface modifications. 

groups on the surfaces of the nanoparticles, allowing for precise 

drug targeting to the location of the action. Polysaccharides are 

digested by the same enzyme that digests proteins [10]. In terms 

of Polysaccharides have advantages over synthetic polymers in 

terms of lengthening circulation time. This review details the 

latest developments in proteins and Polysaccharides. Based on 

a previous study, we hypothesized that biopolymeric 

nanoparticles are used to achieve a more favorable 

pharmacokinetic profile and greater therapeutic efficacy. 

 

 
Fig. 1.  Properties of biopolymeric nanoparticles 
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2. Biopolymeric Nanoparticles 

Albumin and non-biodegradable synthetic polymers like 

polyacrylamide and poly (methyl acrylate) were used to create 

the first biopolymer nanoparticles. [11-13]. 

Chronic toxicity from non-degradable polymer overloading 

in intracellular and/or tissue was quickly identified as a key 

barrier to systemic administration of polyacrylamide and poly 

(methyl acrylate) nanoparticles in humans. As a result, 

synthetic biodegradable polymers such as 

polyalkylcyanoacrylate, poly (lactic-co-glycolic acid), and 

polyanhydride [14–17] were used to create the sort of 

nanoparticles that gained a lot of interest. These biodegradable 

colloidal systems have been studied for their therapeutic 

potential in a variety of applications [18–23]. 

Despite the intriguing results published in the literature, these 

systems may also have toxicological issues [24, 25] Another 

restriction for bio nanoparticle-based delivery of hydrophilic 

molecules such as peptides, proteins, and nucleic acids 

(oligonucleotide and genes), which are known to have 

considerable therapeutic potential, is that they are hydrophilic 

molecules. This is because most of the polymers used to make 

these nanoparticles are hydrophobic, whereas proteins, 

peptides, and nucleic acids are hydrophilic. Make sit to 

encapsulate the medicine and protective from enzymatic 

breakdown [26]. As a result, more hydrophilic and naturally 

occurring materials have been studied for the creation of 

nanoparticles [27–29] Years ago, it was recognized that 

biodegradable nanoparticles (liposomes, virus-like particles 

(VLPs), proteins, and other biodegradable nanoparticles) might 

be used as effective drug delivery devices [30]. There as on for 

this is that in addition to the general benefits of nanoparticles, 

biopolymer nanoparticles, in particular, have several 

advantages, including the ease with which they can be made 

from well understood biodegradable polymers and their high 

stability in biological fluids and during storage [31]. 

Nanoparticles consisting of biodegradable polymers such as 

proteins and polysaccharides can be used as effective drug 

delivery vehicles for sustained, controlled, and targeted release, 

enhancing therapeutic effects while reducing adverse effects 

[32-34]. 

3. Types of Polymeric Nanoparticles 

A. Protein/polypeptide nanoparticles 

1. Protein-based nanoparticles 

2. Silk–based nanoparticles 

3. Collagen and Gelatin based nanoparticles 

4. Beta–casein-based nanoparticles 

5. Zein–based nanoparticles Protein 

6. Albumin-based nanoparticles 

7. Polypeptide nanoparticles 

B. Polysaccharides nanoparticles 

a) Alginate 

b) Chitosan 

1. Polysaccharide nanoparticles by crosslinking 

2. Polysaccharide nano particles by Polyion–complex 

3. Polysaccharide nano particles by self–assembly 

4. Characterisation of Nanoparticles 

A. The efficiency of Entrapment (%) 

The amount of drug trapped in nanoparticles was calculated 

as a percentage of the total drug added during nanoparticle 

manufacturing to determine the percentage of drug entrapment. 

Using a 0.1 syringe filter, the free drug was measured. 

% Entrapment Efficiency= (unfiltered–filtered/unfiltered) 

*100 

B. Composition of Drugs 

With minor changes, the drug content of MTX in 

MTXCHNP was determined using the HPLC technique [35]. In 

a nutshell, MTXCHNP was sonicated after a known amount of 

perchloric acid was introduced. This was then diluted with the 

mobile phase, filtered with a 0.22 m capsule filter, and run on 

HPLC with a mobile phase of methanol and PBS (pH6.0) 

(40:60) using an Acclaim 120 (C18, 3 m, 4.6*150 mm) column 

at 0.75 ml/min. MTX had an absorption of 306 nm. 

The drug content and release kinetics of DEXCHNP were 

determined using an in-house validated approach that included 

the use of a Cary 60 UV–vis spectrophotometer (Agilent 

technologies). A known volume of sulphuric acid was mixed 

with 1 ml of produced nanoparticles, and the volume was 

increased to 3ml using distilled water. DEX's absorbance was 

measureddirectlyat270 nm and compared to the standard curve. 

C. Zeta Potential and Size 

Malvern Zeta sizer Nano ZS, which works on the concept of 

Dynamic Light Scattering, was used to estimate the size and 

polydispersity index (PDI) of CHNP (DLS). 1 ml of the 

nanoparticle-containing sample was deposited in a clear 

disposable cuvette and the measurement was performed using 

the Zeta sizer automated program. The particle size-distribution 

narrowness index (PDI) indicates how narrow the particle size 

distribution is [36]. A zeta sizer was also used to measure zeta 

potential (Malvern Zeta sizer Nano ZS). 

D. Morphology of the Surface 

Transmission Electron Microscopy (TEM) was used to 

analyze the morphology of CHNP in terms of size and form, 

with an FEI Tecnai G2 T30 (USA) voltage of 300 kV and there-

commended magnification. On a carbon-coated copper grid, a 

thin coating of nanoparticles was placed. The grid was then 

dried in a desiccator before being put onto the microscope [37]. 

The scanning electron microscopeEVOLS10 (Carl Zeiss, 

Brighton, Germany) was used to complete the analysis. It 

functioned at a working accelerating voltage of 20.0 kV and has 

a high vacuum with amplification of 15000X. The lyophilized 

samples were spread on aluminum stubs with double-sided 

adhesive tape, then gold bombarded to charge the surface 

before being examined under a microscope. The image was 

processed using the Smart SEM software tool [38]. 

E. X-ray diffraction study 

 On a Bruker High-resolution X-ray diffractometer, powders-
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ray diffraction (XRD)graphs for chitosan, MTX, MTXCHNP, 

DEX, and DEXCHNP were recorded throughoutthe20 a range 

of 5–80. 

F. Study of Drug- Excipient Interactions 

The Cary 630 FTIR was used to analyze the drug-excipient 

interaction (An Agilent technology. The sample was placed on 

the instrument's diamond ATR, and the Microlab PC program 

was used to observe the peaks. 

5. Method of Preparation 

Emulsification, desolvation, and coacervation are the three 

most prevalent processes for making protein and 

polysaccharide-based nanoparticles [39]. 

The synthesis of nanoparticles can be done in an 

environmentally responsible man materials have been used in 

the formation of nanoparticles in this method, and they can be 

used as a capping agent as well as a stabilizing agent [40,41]. 

The tiny particles are the biopolymer nanoparticles were chosen 

because of their small size, flexible manufacturing, and large 

surface area Drug delivery vehicles that are easy to use. Several 

biomaterials, such as collagen, could be used to make 

nanoparticles. Polysaccharides, proteins, and phospholipids 

[42-44]. Silk, keratin, collagen, elastin, maize, and other natural 

materials Soy protein has been used in a variety of nanoparticle 

investigations, including medication delivery and medicinal 

applications [45-48]. Drug delivery systems have has been 

utilized in medicine for illness prevention, diagnosis, and 

treatment. Before the discovery of microencapsulation, drug 

administration relied primarily on cataplasms or oral ingestion 

of herbal constituents, both of which are only partially 

successful while offering unnecessary health risks to the 

patients on whom they were employed [49-51]. They were 

recently supplemented by the electrospray drying process. 

 

 
Fig. 2.  Types of nanoparticles 

6. Emulsification 

The spontaneous emulsification that occurs when an organic 

phase and an aqueous phase are mixed (scheme 1(a)) provides 

the basis for nano-emulsion production. The phase of life that 

is organic is a homogenous mixture of oil, a lipophilic 

surfactant, and other ingredients. The aqueous phase consists of 

a water-miscible solvent, whereas the water-miscible solvent 

[52] of a hydrophilic surfactant and water This strategy is 

flexible. The dissolving of hydrophobic compounds in a liquid 

and organic solvent is emulsified with an aqueous medium. 

process solution with a high shear rate, as a result, every minute 

droplets(50–100nm) are formed. Evaporation removes the 

organic solvent after emulsification, leaving stable solid 

nanoparticle dispersions [53-55]. The most important need for 

organic solvent is the downside of this procedure and then 

taking it away. Furthermore, organic solvent residues may 

result in a harmful problem. 

 

 
Fig. 3.  Emulsification process 

7. Desolvation 

Marty et. al [56] employed a different strategy for 

nanoparticle manufacturing that entailed slowly adding a 

desolvation agent to the protein solution such as natural salts or 

alcohol. The tertiary structure of the molecule is altered by the 

desolvation component protein. Protein desolvation reaches a 

critical level when it reaches the critical level of desolvation. 

Co esteretal [57,58] developed a two-step desolvation 

technique for the production of gelatin nanoparticles which is a 

modification of the desolvation approach. In the low molecular 

gelatin fractions, the first desolvation process. De canting 

removes the contaminants in the supernatant while decanting 

removes the contaminants in the filtrate. Second, the silt 

contains high molecular fractions. At pH 2.5, the salts are 

redissolved and then resolved again. The Centrifugation can 

quickly purify the resultant particles. As well as redispersion. 

 

 
Fig. 4.  Desolvation process 

8. Coacervation 

The coacervation method is similar to the desolvation 

method in that it uses an organic solvent such as acetone or 

ethanol to produce small coacervates from an aqueous protein 
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solution. The addition of crosslinking to coacervates limits 

them. a chemical, such as glutaraldehyde [59]. The distinction 

The varied concentrations, agitation, speed, the molar ratio of 

protein / organic solvent, and organic solvent addition rate of 

coacervation and desolvation methods characteristics that 

influence the fabrication process to achieve the intended result 

[60]. 

 

 
Fig. 5.  Coacervation process 

9. Electron Spray Drying 

The electrospraying approach produces protein particles that 

are generally monodisperse and physiologically active. This 

procedure entails dissolving the dry powder into a protein 

solution. in a solution that can be electro sprayed. The solution 

dispersion Dry residues are collected after solvent evaporation. 

on appropriate deposition substrates Insulin nanoparticles of 

various size. This approach produced nanoparticles with 

diameters ranging from 88 to 110 nm [61]. The synthesis rate 

of nanoparticles increases as well their dimensions. The electro 

sprayer’s biological activity method does not affect protein-

based nanoparticles conditions. 

 

 
Fig. 6.  Electron spraying process 

10. Applications 

Recently, multifunctional nanomaterials for cancer imaging 

and therapy have been developed [62,63]. For medication 

delivery, many functional nanomaterials have been tried as 

imaging agents and diagnostic sensors [64] Carbon nanotubes, 

gold nanoparticles for gene and medication delivery, magnetic 

nanoparticles, and silica nanoparticles have been explored [65-

68]. Nanotechnology has recently received a lot of attention for 

its use in cancer treatment and prevention diagnosis. 

Nanoparticles can effectively treat tumors by transporting 

chemotherapeutic drugs to the tumor's location. Generation and 

progression [69,70] The theranostic protocol demonstrate a 

well-coordinated strategy for allowing the body to heal itself. 

Nanoparticles are used to diagnose and treat patients at the same 

time. Edible coatings containing integrated silver nanoparticles 

have already been tested on a variety of meals, including fruits 

and vegetables, meat, and cheese. Nonetheless, the research has 

so far been limited to a laboratory setting. As a remedy, using 

coating materials on fresh and minimally processed fruits and 

vegetables Multiple experiments have been conducted to reduce 

spoiling and increase shelf life during post-storage. In a study 

conducted by Sharanya et al. [71], it was discovered that apple 

and sapota storage periods differed. Covered tomato, chili, and 

aubergine were kept covered for 25 days, and covered tomato, 

chili, and aubergine were kept covered for 30 days. The 

duration of storage was increased to 21, 23, and 30 days, 

respectively. Moussa et al., in a separate study [72] 

Nanoparticle-based delivery technologies have the potential to 

improve pharmaceutical stability, prolong the therapeutic effect 

and enable enteral or parenteral administration. administration, 

which may aid in the prevention or reduction of 

pharmacological adverse effects. cellular outflow, degradation, 

and metabolism [73-76]. Protein nanoparticles (figure 1) can 

convey information. a variety of drugsthatcrosstheblood-

brainbarrieronaregularbasisYouwillnotbeabletoovercomethis 

 
Fig. 7.  Applications 

 

Barrier after intravenous administration. A wide range of 

Several authors has demonstrated a high proclivity for Protein 

nanoparticles build up in some malignancies. For example,5-

fluorouracilbindstoavariety of cytotoxic drugs. Paclitaxel and 

doxorubicin in albumin or gelatin nanoparticles. In the face of 

experimental challenges, the efficacy was considerably 

improved. Tumors or human malignancies were transplanted 

into nude mice. The hydrophilic nature of chitosan 

nanoparticles results in longer circulation in the blood, as 

reported by Allemann et al [77] for the hydrophilic nature of 

chitosan nanoparticles. nanoparticles. As a result, hydrophilic 

systems are capable of controlling not just the flow of water, 

but also the flow of the rate at which drugs are administered to 

extend the length of treatment not only the therapeutic effect 

but also the delivery of the medicine to specified locations. [78]. 

Chitosan nanoparticles with surface modifications are also 

used. Appropriate for the trapping and release of proteins in a 

regulated manner Ethylene oxide propylene oxide block, for 

example, ethylene oxide, propylene oxide issue in vaccinations 

[79]. The advantages of polymers made from renewable 

resources are currently most obvious in biomedical 

applications. One of the key advantages of such a 
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Biocompatibility and unique biochemical (enzymatic) or 

chemical (hydrolytic) breakdown is an important aspect of 

systems. importance when a system like this is proposed for use 

in organisms that are alive. Aside from the utilization of 

proteins particularly, For the most part, gelatinization is the 

formulation of nanoparticles. Particularly polysaccharides and 

polyesters are used in relevant systems identified in the 

literature (lactic acid). Apart from it, polystyrene beads, 

nanoparticles created from commercially available polystyrene 

beads The most often utilized polymeric materials are those 

made from poly (lactic acid) or its derivatives. Massive 

Biomedical nanoparticulate systems Only a portion of the 

massive This section can account for the number of 

publications.  I'm hoping to offer the reader an idea of the 

possibilities and point in the right direction. 

Microencapsulation to in-depth biomedicine Adsorption, 

covalent bonding, and matrix are the other three basic ways for 

making bioartificial organs and artificial cells, respectively. 

entrapment. Cells have been encapsulated in microcapsules 

made of natural or synthetic polymers. Bioactive compounds 

(mammalian and microbial) (enzymes, proteins, and 

pharmaceuticals) [80]. The main advantages of this method are 

that cells or bioactive agents can be used. A microporous 

semipermeable membrane isolates them from the body and the 

encapsulated substance. As a result, it is safe from destruction. 

a matrix that is closed This type of device can be implanted and 

utilized as an artificial organ, a bioreactor, or to treat disease: In 

many circumstances, successful chemotherapy is restricted by 

the patient's ability to tolerate it. Non-targeted bodily areas are 

harmed by the drug's hazardous side effects nano capsulation 

polymers must be nontoxic and sterile, and they must not 

interact with the host Furthermore, the capsular materials' 

mechanical robustness is crucial, especially when long-term 

implantation is required. because the capsules must be able to 

survive the host's circulating fluids generate hydrodynamic 

forces. Furthermore, the capsule membrane must be intact. be 

permeable to nutrients and oxygen but not to water Immune 

cells and antigens [81]. Microencapsulation is most commonly 

done with polymer hydrogels [81,82]. Membranes with many 

components Polymers can be synthetic, semi-synthetic, or 

natural. The preparation of immune isolation barriers has shown 

significant potential. The most important encapsulation criteria 

and the systematic evaluation of nearly a thousand polymers. In 

recent papers [83-85], these issues have been discussed. Even 

though numerous polymers can be utilized to make capsules. 

Nevertheless, only a few have been used substantially. Covalent 

attachment of biotin-binding proteins to the surface of gelatin 

nanoparticles allows biotinylated drug targeting ligands to be 

bound by the avidin-biotin complex. One of the tactics explored 

was formation [86-88]. To release, thiolated gelatin 

nanoparticles were created. a heavily integrated nucleic acid 

molecule lowering the environmental impact [89]. These 

nanoparticles can due to their adaptability, can suit specific 

controlled release criteria in crosslinking and chemical 

modification This was reinforced by the fact that Kushibiki and 

Tabata [90] demonstrated this in 2005 using DNA that has been 

changed with poly (ethylene glycol) (PEGylated) nanoparticles 

of gelatin PEGylation of gelatin was also successful. In vivo, it 

is favorable to a long-circulating delivery method, as well as 

BT/20 human breast cancer cells [91]. for example, can be used 

to target tumor cells.] tenuous cells Chitosan has been used in 

the pharmaceutical industry for many years. Films, beads, and 

intragastric floating are just some of the options. Tablets, 

microspheres, and nanoparticles. [92-96] It was used as a 

delivery vehicle for drugs. [97-100]. 

11. Future Scope 

Therearestillafewobstaclestoovercomeinthecreationofbiopol

ymer-based nanoparticles: 

1. Protein and polysaccharide-based nano structure 

preparation procedures must be improved in order to 

obtain equally dispersed and stable nanoparticles. 

2. The characteristics and applications of protein and 

polysaccharide-based nanoparticles formed action 

delivery and therapeutic purposes are still being 

researched. 

3. These biopolymeric nanoparticles' cytotoxicity, 

biodegradability, biocompatibility, and immunological 

response must all be assessed before they can be used in 

clinical drug delivery. 

4. Because the research and manufacturing of biopolymeric 

nanoparticles are still in the laboratory, biologists and 

chemical engineers will need to collaborate to produce the 

nanoparticles on a big scale. 

5. By combining bioengineering, chemical modification, 

and nanomaterials sciences in the design of 

nanoparticulate structures, the drug delivery system's 

pharmacokinetics and biodistribution will be improved. 

12. Conclusion 

Theranostic nanoparticles are rapidly being developed for 

application in the treatment of diseases such as cancer and 

tuberculosis. Because of their tumor homing abilities and 

selectivity, biopolymer nanoparticles hold promise in cancer 

therapy and diagnosis. Biopolymers are natural 

macromolecules derived from animals and plants, making them 

readily available and renewable. Biopolymers are attractive 

targets for research and development in the field of theranostics 

because of their biodegradability and adjustable features. 

Nanoparticles manufactured from biopolymer-based materials 

can be easily processed and are often biocompatible. These 

biopolymers have a high surface-to-volume ratio which means 

they have a lot of room for macromolecule attachment. They 

provide for a regulated release of encapsulated pharmaceuticals 

with a long residence duration at drug absorption sites. The 

surface of nanoparticles can be easily manipulated to increase 

blood circulation times and render them immune. It's critical in 

the treatment of disorders like cancer, where the immune 

system is al is ready under strain. By coating the nanoparticles' 

surfaces with the active targeting ligand, the nanoparticles' 

tumor-targeting efficiency might be increased. The 

nanoparticles could be employed as a convenient integrated 

platform for developing safer and more successful drug 
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delivery systems for the treatment of lethal diseases that 

combine diagnosis, therapy, and monitoring activities. 

Noninvasivereal-time monitoring of drug efficacy and 

treatment success can assist clinicians in making timely 

decisions and optimizing drug doses and treatment plans. 

Because each theranostic modality has its own set of strengths 

and limitations, there are a few hurdles to overcome before 

theranostic nanoparticles may be used effectively in clinical 

settings. To achieve synergistic effects from nanoparticles, it is 

critical to choose the best combination of medicinal and 

diagnostic components. Theranostic biopolymer development 

based on nanoparticle system development should be 

thoroughly investigated for human and environmental safety. 

Nanoparticles with well-defined structures that can be 

synthesized repeatedly and are predominantly made of 

biodegradable and/or biocompatible building blocks can be 

considered great candidates for future research. 
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