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ABSTRACT: 

Home grown drugs are secure and appear essentially less side impacts than their manufactured partners. its power. The writing uncovers that electrospun nanofibers 

appear effortlessness, productivity, taken a toll, and repeatability in contrast to alternative manufacturing techniques. One underutilized tactic that reduces obstacles 

and gives electrospinning additional advantages is forcespinning. Nanofibers made of polymers—whose preferences lie in steadiness, dissolvability, and medicate 

storage—overcome issues related to medicate conveyance, like precariousness and hydrophobicity. As of late, Electrospun polymeric nanofibers have demonstrated 

potential as an application method for medication delivery systems. The high surface-to-volume ratio of the fibers can improve a number of functions, including 

mass transfer, medication loading, and cell adhesion and proliferation. One of the most significant and extensively studied uses of electrospinning in drug delivery 

is the controlled release of active ingredients, which can range from macromolecules like proteins and DNA to antimicrobials and anticancer medications industry. 

This method has the advantage of allowing a large range of poorly soluble medications to be placed into the fibers for either controlled release or increased 

bioavailability. Summary of the various drugs that are encapsulated in polymeric nanofibers for use as drug delivery systems is given in this paper. It provides 

information on medications with a variety of bioactivities, including cardiovascular, anti-inflammatory, antibacterial, anticancer, antihistamine, gastrointestinal, 

palliative, and preventative medications, among others. Highlighted are the benefits of electrospun polymeric nanofibers over other drug delivery systems, the 

electrospinning techniques utilized in each system, and the polymers utilized as matrix for the nanofiber synthesis. This evaluation is particularly aimed at collecting 

and summarizing the existing literature on this topic. Additionally, it suggests future directions. 
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INTRODUCTION: 

The basic thought of electrospinning was presented by Formalas in 1934 in a arrangement of licenses, [1] and uncovered an exploratory established for 

the production of polymer fibers using electrostatic drive. Some of the documented events include: (i) the creation of energized beads by Vonnegut and 

Neubauer in 1952; (ii) the arrangement of fluids into mist concentrates under tall electric possibilities by Drozin [3] in 1955; (iii) the creation of ultra-

thin strands with unique designs under electrical turning by Simons [4] in 1966; and (iv) the creation of acrylic strands with widths within the range of 

0.05-1.1 microns under tall DC voltage by Baumgarten [5]. This technique was known as electrostatic turning until 1993, and the term "electrospinning" 

was first used in 1994. [6].Quick disintegration or controlled discharge have ended up important for creating novel techniques for medicate conveyance 

applications; usually since of their preferences:expanding the medicate solvency and bioavailability, or managing the delivery's pace and site. While some 

are supplied parenterally, Most known medication delivery techniques are administered enterally, as tablets, capsules, granules, etc., such as intravenous, 

intra-arterial, intramuscular, or subcutaneously. There are certain drawbacks to the administration techniques and forms, like first-pass metabolism, 

soreness, or discomfort. Direct drug administration into the buccal cavity can resolve these problems. As a result, adding the active substances to 

nanofibers is advantageous. The purpose of electrospun nanofibers is be rapidly moistened by saliva, dissolve or break down in the patient's mouth 

without needing them to chew or drink, and release drugs into the buccal mucosa practically instantly for rapid absorption (Fig. 1). Water-soluble polymers 

and a vast surface area exposed to the dissolution media can be employed to accomplish this. In the case of controlled release, the drug delivery mechanism 

is expected to degrade or break down within a specified period of time. Oral or transcutaneous controlled-release medication delivery once or twice daily 

improves patient compliance and reduces the potentially hazardous plasma peak concentrations that can result from repeated doses of immediate-release 

formulations [7, 8]. A different approach for these kinds of releases is to load active pharmaceutical ingredients using the electrospinning technique, 

which creates ultra-fine fibers (from micro- to nanometers) or melts the polymer and exposes it to an electrical field if the polymer needs a good solvent. 

[7,9]. 
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Fig. 1. Nanofibers frameworks right away crumbled by spit, within the patient's mouth without requiring them to chew or drink, allowing medications to 

enter the buccal mucosa nearly immediately for rapid absorption. Plot based on [7, 8]. 

STRATEGIES OF CONSOLIDATING DRUGS 

Electrospinning is straightforward and widely used, providing Excellent material selection flexibility, large loading capacity, and excellent encapsulation 

efficiency make it perfect for drug and medical research. Drug loading in the polymer solution for electrospinning can be done in a number of ways.  

 

Blending  

 

The primary technique for adding pharmaceuticals to polymer solutions is mixing, which involves dissolving or spreading the medication before 

electrospinning. The physicochemical Even though this process is easy and basic, the properties of the medication and the polymer must be carefully 

considered because they affect the encapsulation efficiency. the drug's distribution within the fiber and its rate of release. Hydrophilic drugs, such as 

doxorubicin hydrochloride, should dissolve in a hydrophilic polymer for the best encapsulation, while lipophilic drugs, such as paclitaxel, should dissolve 

in a lipophilic polymer. If the medicine reaches the fiber surface and isn't completely dissolved in the polymer solution, a dispersion occurs, it may cause 

a burst release. [10]. 

Emulsion  

Another method involves creating a medication or protein solution that has been emulsified into a polymer solution for electrospinning. [11–13] The 

latter serves as an oil phase, and spinning such an emulsion produces a well-distributed fiber for a low molecular weight drug and a core-shell structure 

for a high molecular weight drug. The main factor influencing the success of this process is the ratio of the liquid solution to the polymer solution, which 

controls the distribution behavior of the molecule within the fiber, which in turn dictates the encapsulated biomolecules' release profile, physical stability, 

and bioactivity[11]. 

Multi-Drug Conveyance 

Multi-drug Conveyance is a newer approach in which various Combinations of medications with or without comparable therapeutic effects are electrospun 

with the appropriate polymer or polymers [14,15]. In order to create a chain-like structure with a particular release behavior, Wang et al. employed 

polymeric nanoparticles containing drugs for the core and a drug-infused polymer for the outer layer. This allowed for the sustained or programmed 

release of various drugs [14]. Using Using benzoin as a hydrophobic model drug along with polyvinylpyrrolidone (PVP) as a release agent, Xu et al. 

created a hydrophilic model featuring bovine serum albumin (BSA) loaded into chitosan microspheres, which they then suspended in a solution of poly 

controller [15]. 
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Figure 2. Graphical introduction of a multi-drug delivery system: (A) overview; (B) a cross-sectional view of a tetra-layered sequential electrospun mesh. 

Layer I contains the drug-loaded mesh, Layer II serves as the barrier mesh, while Layer III is another drug-loaded mesh.) make up the cross-sectional 

view. and substrate mesh (layer IV). Adapted from [15]. 

SORTS OF ELECTROSPINNING  

The sort Apart from the factors related to technique and formulation, the electrospinning process can significantly influence fiber production. The choice 

between solution and melt electrospinning, as well as the arrangement of the nozzle, play crucial roles are two key considerations in this type of 

electrospinning [16].  

Melt versus Solution versus Emulsion The process of electrospinning 

Typically, polymer melts, emulsions, or solutions are used to create electrospun fibers. Solutions offer the advantages With a wide range of polymeric 

materials, decreased energy usage, and enhanced mechanical, optical, and electrical characteristics of processed fibers, melt spinning provides a high 

production rate and processing reliability. To create flame-retardant fibers from high melting point polymers, emulsion electrospinning is necessary. 

Gupta and colleagues have released a study comparing different spinning techniques using poly(lactic acid) (PLA) as an example polymer [17].  

Spout Arrangement  

Spout setup refers to the quantity and configuration of capillary tubes that give rise to the fiber streams. The most straightforward and popular design 

involves a single nozzle, in which the charged solution passes via a single capillary The initial and most prevalent method of process modification 

involved co-electrospinning blends of polymers using either an identical solvent or a mixture. Zhou et al. produced nanofibers with diameters less than 

30 nm by integrating polyaniline with poly(ethylene oxide) in chloroform [18].  

Electrospun Nanofibers in Home grown Sedate Conveyance  

Drug delivery via the electrospinning technique has been used to treat a number of illnesses. The most common ways to give electrospun fibers are orally, 

topically, and as implanted devices.  

 

NSAIDs,vitamins,/herbalremedies  

 

Through the skin, the transdermal drug delivery system (TDDS) administers drugs either locally or systemically. This works best for medications that 

aren't able to be taken orally because they experience a lot of first pass metabolism or are significantly degraded in the gastrointestinal system [19]. 

Vitamins A (all-trans retinoic acid) and E (α-tocopherol) have been added by Taepaiboon et al. to solvent cast films and electrospun fibers made of 

cellulose acetate polymers. The findings demonstrated that during the 24-hour testing period for vitamin E-laden fiber and the 6-hour testing period for 

fiber loaded with vitamin A, the electrospun fiber mats demonstrated a slow and consistent rise in the total vitamin release as determined by a total 

immersion method. Vitamins break out of the matching solvent cast films. In a related investigation, Nagwhirunpat et al. contrasted the solvent cast and 

electrospun films of polyvinyl alcohol containing the anti-arthritic medication meloxicam. [20]. 

Antibiotics/Antibacterial Operators and Dressing Wounds 

Using unique Polymers and their various combinations have emerged as prominent carriers, antimicrobials, and antibacterial agents in recent years. Due 

to their biodegradability, several polymers such as PLA, PLGA, and PCL are predominantly employed in electrospun fibers. Additionally, other widely-

used synthetic hydrophilic or hydrophobic polymers are utilized to modulate the drug's release profile. In their research, Kenaway et al. integrated 

tetracycline hydrochloride with PLA, poly(ethylene-co-vinyl acetic acid derivation) (PEVA), and a 50:50 mixture of these two components to deliver the 

medication for periodontal disease treatment [20]. 

Transmission of Anticancer Experts  

For postoperative chemotherapy, electrospun fibers containing polymers including PLA, PLGA, and PLLA have been integrated with anticancer agents 

such as doxorubicin, paclitaxel, cisplatin, and dichloroacetate. A water-in-oil (w/o) emulsion was created and electrospun to incorporate polymeric 

solutions of  the oily phase and water-soluble medications in the aqueous phase create fibers [21]. In a follow-up In a study, The emulsion-based 

electrospinning technique for multi-drug delivery was employed to load both the hydrophilic drug doxorubicin and the hydrophobic agent paclitaxel 

simultaneously. When compared to the single-drug approach, the combination therapy demonstrated increased levels of inhibition and apoptosis during 

the cytotoxicity assessment of mouse Glioma C6 cells. Additionally, a separate in vitro cytotoxicity study of the same cell line revealed that it exhibited 

four times the cytotoxicity compared to the free drug, along with a prolonged release of platinum-based cisplatin lasting over 75 days without any burst 

release [23].  
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Growth Factor, Protein, RNA, and DNA Conveyance  

Growth factors, proteins, RNA, and DNA are the bioactive substances most frequently loaded into electrospun fibers. Bioactive materials should be 

electrospun in a way that maintains their activity and functional effectiveness both during and after the process. Prior to coaxial electrospinning, the 

blending method was used in a number of investigations on bioactive compounds. The defining characteristic of growth factors in tissue-engineered 

systems is their stability. BSA was used as a transport protein to encapsulate human nerve growth factor (hNGF) within PCL and poly(ethyl ethylene 

phosphate) nanofibers (PCLEEP). Over a period of more than three months, the protein was released steadily from the electrospun fibers, demonstrating 

a partial preservation of its bioactivity. [24]. 

ELECTROSPINNING OF ROUGH PLANT EXTRICATES FOR APPLICATIONS IN ANTIBACTERIAL AND 

WOUND HEALING   

Electrospinning continues to be the preferred and appealing technique to create nanofibers using various types of polymer fabric [25]. Electrospinning 

offers many advantages over other methods for producing nanofibers, regarding both material selection and control over the process. The process of ES 

works on a very simple principle that is not only easy but also cost-effective. The equipment includes a A syringe equipped with a nozzle, a power supply 

unit, and a collector, typically a metal plate or a rotating mandrel, is used. The procedure takes place at room temperature and can be arranged in both 

horizontal and vertical configurations, as illustrated in Figure 3. 

 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 shows the setup for (a) vertical and (b) horizontal electrospinning equipment [26]. Although the operation seems to rely on a quite simple 

principle, there are several parameters that impact the properties of the products, including thickness, alignment, porosity, and mechanical strength, among 

others. The common features associated with the properties of the nanofibers involve solution concentration [26,27], collector composition, and shape, 

molecular weight and thickness of the solution of polymers [28]. Temperature, humidity, and ventilation are some of the other important factors that 

affect how the final structure. One can adjust these parameters to produce fibers with attractive features for various uses.  

Eucalyptus citriodora  

Another The antimicrobial activity was evaluated by Mariana DA et al. using eucalyptus essential oil (EEO) combined with β-cyclodextrin (β-CD). They 

investigated three different concentrations (20%, 30%, and 40%) of the solutions and observed the resulting morphological changes. At a 30% 

concentration of zein solution, they produced nanofibers with a consistent shape and no beads, demonstrating that the concentration of the solution 

significantly affects the morphology of the electrospun fibers. The electrospun fibers containing the IC (Incorporation complex)-β-CD/EEO complex 

were tested for their antimicrobial properties. At a loading of 24% IC-β-CD/EEO, there was a 24.3% reduction in the growth of S. aureus, while for L. 

monocytogenes, the reduction reached as high as 28.5%. Increasing the concentration of IC-β-CD/EEO resulted in a higher inhibition rate compared to 

Figure 3:  
Setup of (a) vertical; (b) horizontal electrospinning apparatus [44]. 
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zein fibers that lack antimicrobial properties. Nonetheless, the nanofibers showed no significant effect when evaluated against gram-negative bacteria 

such as S. typhimurium and E. coli. The resultant material is appropriate for use in food packaging applications [29].  

Calendula officinalis  

The extract of calendula officinalis, recognized as a A natural agent known for its wound healing and anti-inflammatory properties was effectively 

combined with hyperbranched polyglycerol (HPGL) to develop an electrospun nanofibrous structure intended as a drug delivery system by E.A. Torres 

Vargas and his team. The morphology of the material was assessed using SEM, while HPLC was employed to illustrate the drug release profile. They 

succeeded in creating an extremely fine fibrous structure that ranged in diameter from 58 to 80 nm. It was discovered that HPGL's structure was The 

extent to which C. officinalis is present is crucial. Moreover, the physical characteristics of the fiber were also significantly affected by the inclusion of 

C. officinalis, which became more flexible and soft. A rapid drug release was observed, attributed to the high swelling rate and large surface area. The 

biocompatibility assessment was conducted to determine cytotoxicity. The results showed high cell viability. In vivo testing of the fabric demonstrated a 

rapid rate of re-epithelialization and low inflammatory response [30]. 

Garcinia mangostana Linn  

An An antibacterial wound dressing was developed by Orawan Suwantong and their team utilizing extracts from G. mangostana Linn, specifically 

dichloromethane extract (dGM) and acetone extract (aGM), combined with PLLA. The characteristics of the material were evaluated for its structure, 

antibacterial effectiveness, drug release, and cytotoxicity. The fiber structure was found to be smooth, with a diameter varying from 0.77.to 1.14 µm was 

achieved. The drug release results showed a link between drug amount and release pattern. The release concentration for A 50% loading of dGM and 

aGM was observed to exceed the 30% loading threshold for both dGM and aGM. AGM demonstrated a superior release profile in both A/T/M and S/T/M 

media compared to dGM regarding their release characteristics. Additionally, it was found that all GM release profiles in the S/T/M medium surpassed 

those in the A/T/M medium. Additionally, against a variety of bacterial species, both extracts demonstrated strong antibacterial activity. PLLA fiber mats 

loaded with 30% aGM, however, failed to produce any zone of inhibition against E. coli. 10 mg mL-1 of dGM-loaded PLLA at 50% and 30% was 

discovered to be harmful to human dermal fibroblasts, while the other concentrations of both extracts were not harmful to the cells, indicating the 

antibacterial wound dressing ability of the material [31].  

Camellia sinensis  

Another plant extract The material that has undergone electrospinning originates from the green tea plant, which is well-known for its anti-inflammatory, 

antibacterial, and antioxidant properties. The inherent capabilities of this plant were effectively integrated into Chitosan/polyethylene oxide to produce 

an antibacterial dressing for wounds. The morphological characteristics of the material were examined using SEM, and its drug release profile and 

antibacterial performance were further evaluated through tests on animal models. SEM images revealed that the diameter and bead formation were 

influenced by the concentration of the extract. A diameter of 86.18 nm, accompanied by minimal bead formation, was obtained with a concentration of 

chitosan/PEO/GT (2%). UV-Vis spectrometry was utilized to investigate the release profile of the extract from the composite fiber. The results showed 

a steady and continuous release of the drug on the 13th day of the The combination of chitosan, PEO, and GT was examined for its effectiveness against 

Gram-positive and Gram-negative bacteria, both of which showed susceptibility to antibiotics, with measured zones of inhibition of 6 mm and 4 mm for 

each strain, respectively. The findings from the animal tests are presented in Table 2. [32]. 

DIFFICULTIES WITH ELECTROSPINNING COMMERCIALIZATION : 

Despite the fact that electrospinning's benefits have proven mostly shown in various areas of science, there’s still a significant need to carry out the 

process in an effective way. Several issues There are still several issues associated with the electrospinning process that require attention. These include: 

(a) large-scale production; (b) precision and uniformity throughout all stages of production; and (c) electrospinning's safety and environmental 

implications [33]. The primary obstacles in the mass production of electrospun fibers include low output per spinneret, blockage of the spinneret tip, 

inter-jet contacts, recovery of evaporated solvents used in the process, and the alignment of fibers over a large area of considerable thickness. To fabricate 

electrospun nanofibers without structural defects, a minimum concentration of solution is necessary, with the solvent constituting more than 70% of the 

mixture. weight. As a result, the weight of the generated nanofiber is influenced by only a small portion of the solution that passes through the spinneret.  

[34].    

CONCLUSIONS : 

The electrospinning method has attracted attention for various medical uses because of its versatility, convenience of usage, and capacity to regulate fiber 

diameter at scales ranging from micrometers to nanometers. Even though This technique has been utilized for numerous years, and the equipment and 

approaches employed in the electrospinning process are constantly advancing. By means of coaxial and emulsion spinning, electrospinning advanced 

from single-nozzle setups to multi-nozzle configurations methods. Further research is ongoing to adjust the nozzle arrangement and collector design to 

significantly enhance fiber properties and optimize the manufacturing process. 

 

 



International Journal of Research Publication and Reviews, Vol (6), Issue (3), March (2025), Page – 6691-6697                         6696 

 

REFERENCES: 

 

1] Formhals A. - Process and apparatus for preparing artificial threads. - US Patent 1,975,504, 1934.  

2] Vonnegut B., Neubauer R.L. - Production of monodisperse liquid particles by electrical atomization. - J. Colloid Science, 7, 616, 1952.  

3] Drozin V.G. - The electrical dispersion of liquids as aerosols. - J. Colloid Science, 10, 158, 1955. 4. Simons H.L. - Process and apparatus for producing 

patterned non-woven fabrics. - US Patent 3,280,229, 1966. 

 4] Baumgarten P.K. - Electrostatic spinning of acrylic microfibers. - J. Colloid and Interface Science, 36, 71-79, 1971. 

 5] Doshi J., Reneker D.H. - Electrospinning process and applications of electrospun fibers. - J. Electrostatics, 35, 151-160, 1995. 

6] Huang, Z.-M.; Zhang, Y.-Z.; Kotaki, M.; Ramakrishna, S. A review on polymer nanofibers by electrospinning and their applications in nanocomposites. 

Compos. Sci. Technol., 2003, 63(15), 2223-2253. 

 7] Villarreal-Gómez, L.J.; Vera-Graziano, R.; Vega-Ríos, M.R.; Pineda-Camacho, J.L.; Almanza-Reyes, H.; Mier-Maldonado, P.A.; Cornejo-Bravo, 

J.M. Biocompatibility evaluation of electrospun scaffolds of poly (L-Lactide) with pure and grafted hydroxyapatite. J. Mex. Chem. Soc., 2014, 58(4), 

435-443. 

8]Villarreal-Gómez, L.J.; Cornejo-Bravo, J.M.; Vera-Graziano, R.; Grande, D. Electrospinning as a powerful technique for biomedical applications: A 

critically selected survey. J. Biomater. Sci. Polym. Ed., 2016, 27(2), 157-176. 

9]Zeng, J.; Yang, L.; Liang, Q.; Zhang, X.; Guan, H.; Xu, X.; Chen, X.; Jing, X. Influence of the drug compatibility with polymer solution on the release 

kinetics of electrospunfiber formulation. J. Control. Release 2005, 105, 43–51. [CrossRef][PubMed] 

10] Yang, Y.; Li, X.; Qi, M.; Zhou, S.; Weng, J. Release pattern and structural integrity of lysozyme encapsulated in core–sheath structured poly(DL-

lactide) ultrafine fibers prepared by emulsion electrospinning. Eur. J. Pharm. Biopharm. 2008, 69, 106–116. [CrossRef][PubMed] 

11] He, S.; Xia, T.; Wang, H.; Wei, L.; Luo, X.; Li, X. Multiple release of polyplexes of plasmids VEGF and bFGF from electrospun fibrous scaffolds 

towards regeneration of mature blood vessels. Acta Biomater. 2012, 8, 2659–2669. [CrossRef][PubMed] 

12] Yang, Y.; Li, X.; Cheng, L.; He, S.; Zou, J.; Chen, F.; Zhang, Z. Core–sheath structured fibers with pDNA polyplex loadings for the optimal release 

profile and transfection efficiency as potential tissue engineering scaffolds. Acta Biomater. 2011, 7, 2533–2543. [CrossRef][PubMed] 

13] Wang, Y.; Qiao, W.; Yin, T. A novel controlled release drug delivery system for multiple drugs based on electrospun nanofibers containing 

nanoparticles. J. Pharm. Sci. 2010, 99, 4805–4811. [CrossRef][PubMed] 

14] Xu, J.; Jiao, Y.; Shao, X.; Zhou, C. Controlled dual release of hydrophobic and hydrophilic drugs from electrospunpoly(L-lactic acid) fiber mats 

loaded with chitosan microspheres. Mater. Lett. 2011, 65, 2800–2803. [CrossRef] 

15] Okuda, T.; Tominaga, K.; Kidoaki, S. Time-programmed dual release formulation by multilayered drug-loaded nanofiber meshes. J. Control. Release 

2010, 143, 258–264. [CrossRef][PubMed] 

16] Sill, T.J.; von Recum, H.A. Electrospinning: Applications in drug delivery and tissue engineering. Biomaterials 2008, 29, 1989–2006. 

[CrossRef][PubMed] 

17] Gupta, B.; Revagade, N.; Hilborn, J. Poly(lactic acid) fiber: An overview. Prog. Polym. Sci. 2007, 32, 455–482.[CrossRef] 

18] Zhou, Y.; Freitag, M.; Hone, J.; Staii, C.; Johnson, A., Jr.; Pinto, N.J.; MacDiarmid, A. Fabrication and electrical characterization of polyaniline-

based nanofibers with diameter below 30 nm. Appl. Phys. Lett. 2003, 83, 3800–3802. [CrossRef] 

19] Prausnitz, M.R.; Langer, R. Transdermal drug delivery. Nat. Biotechnol. 2008, 26, 1261–1268. [CrossRef] [PubMed] 

20] Xu, X.; Chen, X.; Ma, P.; Wang, X.; Jing, X. The release behavior of doxorubicin hydrochloride from medicated fibers prepared by emulsion-

electrospinning. Eur. J. Pharm. Biopharm. 2008, 70, 165–170. [CrossRef] [PubMed] 

21] Xu, X.; Chen, X.; Wang, Z.; Jing, X. Ultrafine PEG–PLA fibers loaded with both paclitaxel and doxorubicin hydrochloride and their in vitro 

cytotoxicity. Eur. J. Pharm. Biopharm. 2009, 72, 18–25. [CrossRef][PubMed] 

22] Xie, J.; Tan, R.S.; Wang, C.H. Biodegradable microparticles and fiber fabrics for sustained delivery of cisplatin to treat C6 glioma in vitro. J. Biomed. 

Mater. Res. Part A 2008, 85, 897–908. [CrossRef][PubMed] 

23] Chew, S.Y.; Wen, J.; Yim, E.K.; Leong, K.W. Sustained release of proteins from electrospun biodegradable fibers. Biomacromolecules 2005, 6, 

2017–2024. [CrossRef][PubMed] 

24] Bhardwaj N, Kundu SC. Electrospinning: A fascinating fiber fabrication  

technique. Biotechnol Adv. 2010; 28: 325-347. 

25] Smith LA, Ma PX. Nano-fibrous scaffolds for tissue engineering. Colloids Surf B Biointerfaces. 2004; 39: 125-131. 

26] Taepaiboon P, Rungsardthong U, Supaphol P. Vitamin-loaded electrospuncellulose acetate nanofiber mats as transdermal and dermal therapeutic 

agents of vitamin A acid and vitamin E. Eur J Pharm Biopharm. 2007; 67: 387-397. 

27] Zhu J, Zhang Y, Shao H, Hu X. Electrospinning and rheology of regenerated Bombyx mori silk fibrion aqueous solutions: The effect of pH and 

concentration. Polymer. 2008; 49: 2880-2885. 

28] Queen HA. Electrospinning Chitosan-based Nanofibers for Biomedical Applicatons. MSc Thesis, North Carolina State University, United States. 

2006. 

29] Irani M, Keshtkar AR, Moosavian MA. Removal of cadmium from aqueous solution using mesoporous PVA/TEOS/APTES composite nanofiber 

prepared by sol-gel/electrospinning. Chem Eng J. 2012; 200-202: 192-201. 21.Castro-Hurtado I, Mandayo GG, Castano E. Conductometric formaldehyde 

gas sensors. A review: From conventional films to nanostructured materials. Thin Solid Film. 2013: 548: 665-676. 

30] Antunesa MD, Dannenberg GS, Fiorentini AM, Pinto V, Lim L, ZavarezeER, et al. Antimicrobial electrospun ultrafine fibers from zein containing 

eucalyptus essential oil/cyclodextrin inclusion complex. Int J BiolMacromol. 2017; 104: 874-882. 

31] Vargas EAT, Barach NCV, Brito J, Queiroz AAA. Hyperbranched polyglycerol electrospun nanofiber for wound dressing applications. Acta 

Biomaterialia. 2010; 6: 1069-1078. 

http://dx.doi.org/10.1016/j.jconrel.2005.02.024
http://dx.doi.org/10.1016/j.jconrel.2005.02.024
http://www.ncbi.nlm.nih.gov/pubmed/15908033
http://www.ncbi.nlm.nih.gov/pubmed/15908033
http://www.ncbi.nlm.nih.gov/pubmed/15908033
http://dx.doi.org/10.1016/j.ejpb.2007.10.016
http://dx.doi.org/10.1016/j.ejpb.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18078743
http://www.ncbi.nlm.nih.gov/pubmed/18078743
http://www.ncbi.nlm.nih.gov/pubmed/18078743
http://dx.doi.org/10.1016/j.actbio.2012.03.044
http://dx.doi.org/10.1016/j.actbio.2012.03.044
http://www.ncbi.nlm.nih.gov/pubmed/22484697
http://www.ncbi.nlm.nih.gov/pubmed/22484697
http://www.ncbi.nlm.nih.gov/pubmed/22484697
http://dx.doi.org/10.1016/j.actbio.2011.02.031
http://dx.doi.org/10.1016/j.actbio.2011.02.031
http://www.ncbi.nlm.nih.gov/pubmed/21345386
http://www.ncbi.nlm.nih.gov/pubmed/21345386
http://www.ncbi.nlm.nih.gov/pubmed/21345386
http://dx.doi.org/10.1002/jps.22189
http://dx.doi.org/10.1002/jps.22189
http://www.ncbi.nlm.nih.gov/pubmed/20821381
http://www.ncbi.nlm.nih.gov/pubmed/20821381
http://www.ncbi.nlm.nih.gov/pubmed/20821381
http://dx.doi.org/10.1016/j.matlet.2011.06.018
http://dx.doi.org/10.1016/j.matlet.2011.06.018
http://dx.doi.org/10.1016/j.matlet.2011.06.018
http://dx.doi.org/10.1016/j.jconrel.2009.12.029
http://dx.doi.org/10.1016/j.jconrel.2009.12.029
http://www.ncbi.nlm.nih.gov/pubmed/20074599
http://www.ncbi.nlm.nih.gov/pubmed/20074599
http://www.ncbi.nlm.nih.gov/pubmed/20074599
http://dx.doi.org/10.1016/j.biomaterials.2008.01.011
http://dx.doi.org/10.1016/j.biomaterials.2008.01.011
http://www.ncbi.nlm.nih.gov/pubmed/18281090
http://www.ncbi.nlm.nih.gov/pubmed/18281090
http://www.ncbi.nlm.nih.gov/pubmed/18281090
http://dx.doi.org/10.1016/j.progpolymsci.2007.01.005
http://dx.doi.org/10.1016/j.progpolymsci.2007.01.005
http://dx.doi.org/10.1016/j.progpolymsci.2007.01.005
http://dx.doi.org/10.1063/1.1622108
http://dx.doi.org/10.1063/1.1622108
http://dx.doi.org/10.1038/nbt.1504
http://dx.doi.org/10.1038/nbt.1504
http://www.ncbi.nlm.nih.gov/pubmed/18997767
http://www.ncbi.nlm.nih.gov/pubmed/18997767
http://www.ncbi.nlm.nih.gov/pubmed/18997767
http://dx.doi.org/10.1016/j.ejpb.2008.03.010
http://dx.doi.org/10.1016/j.ejpb.2008.03.010
http://www.ncbi.nlm.nih.gov/pubmed/18472256
http://www.ncbi.nlm.nih.gov/pubmed/18472256
http://www.ncbi.nlm.nih.gov/pubmed/18472256
http://dx.doi.org/10.1016/j.ejpb.2008.10.015
http://dx.doi.org/10.1016/j.ejpb.2008.10.015
http://www.ncbi.nlm.nih.gov/pubmed/19027067
http://www.ncbi.nlm.nih.gov/pubmed/19027067
http://www.ncbi.nlm.nih.gov/pubmed/19027067
http://dx.doi.org/10.1002/jbm.a.31499
http://dx.doi.org/10.1002/jbm.a.31499
http://www.ncbi.nlm.nih.gov/pubmed/17896769
http://www.ncbi.nlm.nih.gov/pubmed/17896769
http://www.ncbi.nlm.nih.gov/pubmed/17896769
http://dx.doi.org/10.1021/bm0501149
http://dx.doi.org/10.1021/bm0501149
http://www.ncbi.nlm.nih.gov/pubmed/16004440
http://www.ncbi.nlm.nih.gov/pubmed/16004440
http://www.ncbi.nlm.nih.gov/pubmed/16004440
https://www.sciencedirect.com/science/article/pii/S0734975010000066
https://www.sciencedirect.com/science/article/pii/S0734975010000066
https://www.ncbi.nlm.nih.gov/pubmed/15556341
https://www.ncbi.nlm.nih.gov/pubmed/15556341
https://www.ncbi.nlm.nih.gov/pubmed/17498935
https://www.ncbi.nlm.nih.gov/pubmed/17498935
https://www.ncbi.nlm.nih.gov/pubmed/17498935
https://www.ncbi.nlm.nih.gov/pubmed/17498935
https://www.ncbi.nlm.nih.gov/pubmed/17498935
https://www.sciencedirect.com/science/article/pii/S0032386108003923
https://www.sciencedirect.com/science/article/pii/S0032386108003923
https://www.sciencedirect.com/science/article/pii/S0032386108003923
https://www.sciencedirect.com/science/article/pii/S0032386108003923
https://www.sciencedirect.com/science/article/pii/S1385894712007759
https://www.sciencedirect.com/science/article/pii/S1385894712007759
https://www.sciencedirect.com/science/article/pii/S1385894712007759
https://www.sciencedirect.com/science/article/pii/S1385894712007759
https://www.sciencedirect.com/science/article/pii/S0040609013007190
https://www.sciencedirect.com/science/article/pii/S0040609013007190
https://www.sciencedirect.com/science/article/pii/S0040609013007190
https://www.sciencedirect.com/science/article/pii/S0040609013007190
https://www.sciencedirect.com/science/article/pii/S0141813017313284
https://www.sciencedirect.com/science/article/pii/S0141813017313284
https://www.sciencedirect.com/science/article/pii/S0141813017313284
https://www.sciencedirect.com/science/article/pii/S0141813017313284
https://www.sciencedirect.com/science/article/pii/S0141813017313284
https://www.ncbi.nlm.nih.gov/pubmed/19788943
https://www.ncbi.nlm.nih.gov/pubmed/19788943
https://www.ncbi.nlm.nih.gov/pubmed/19788943
https://www.ncbi.nlm.nih.gov/pubmed/19788943


International Journal of Research Publication and Reviews, Vol (6), Issue (3), March (2025), Page – 6691-6697                         6697 

 

32] Al-Youssef HM, Amina M, Hassan S, Amna T, Jeong JW, Nam KT, et al. Herbal Drug Loaded Poly (D,L-lactide-co-glycolide) Ultrafine Fibers: 

Interaction with Pathogenic Bacteria. Macromol Res. 2013; 21: 589-598. 

33] Sadri M, Arab-Sorkhi S, Vatani1 H, Bagheri-Pebdeni A. New Wound Dressing Polymeric Nanofiber Containing Green Tea Extract Prepared by 

Electrospinning Method. Fibers and Polymers. 2015; 16: 1742-1750.  

34] Persano, L.; Camposeo, A.; Tekmen, C.; Pisignano, D. Industrial upscaling of electrospinning and applications of polymer nanofibers: A review. 

Macromol. Mater. Eng. 2013, 298, 504–520. [CrossRef] 

 

 

  

 

  

 

 

  

https://link.springer.com/article/10.1007/s13233-013-1062-1
https://link.springer.com/article/10.1007/s13233-013-1062-1
https://link.springer.com/article/10.1007/s13233-013-1062-1
https://link.springer.com/article/10.1007/s13233-013-1062-1
https://link.springer.com/article/10.1007/s12221-015-5297-7
https://link.springer.com/article/10.1007/s12221-015-5297-7
https://link.springer.com/article/10.1007/s12221-015-5297-7
https://link.springer.com/article/10.1007/s12221-015-5297-7
http://dx.doi.org/10.1002/mame.201200290
http://dx.doi.org/10.1002/mame.201200290

