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Abstract: Wound healing is a crucial physiological process necessary for restoring skin integrity following 

trauma. This process involves three essential stages: hemostasis/inflammatory, proliferative, and remodeling. 

Extensive experimental studies and preclinical models have provided significant insights into the mechanisms 

underlying wound healing. Curcumin (C₂₁H₂₀O₆), the primary curcuminoid derived from Curcuma longa, a plant 

from the Zingiberaceae family, has been widely used in traditional Ayurvedic and Chinese medicine. It is a popular 

herbal supplement, frequently utilized as a dietary ingredient, cosmetic additive, and coloring agent. Curcuma 

longa is rich in curcuminoids, which exhibit notable therapeutic properties. In drug delivery, nano-based carriers 

such as solid lipid nanoparticles, nano emulsions, and liposomes are preferred due to their high drug-loading 

capacity, stability, and biocompatibility. This review focuses on understanding the mechanism and types of 

wounds, the wound healing process, and the significant impact of nanocarriers in wound healing. Additionally, it 

highlights the accelerated wound healing effects of curcumin at various stages of the natural healing process. 

Keywords: Wound Healing, Curcumin, Curcuminoids, Nano Carriers. 

1.Introduction 

 

Curcumin (C₂₁H₂₀O₆) is a potent polyphenol obtained from the aromatic plant Curcuma longa, belonging 

to the Ginger family. It is one of the most well-known, widely researched, and commonly used spices in Ayurveda 

as well as Chinese medicine since time immemorial. It is a bright yellow chemical and a natural anti-inflammatory 

compound widely used for culinary purposes, as an immunity booster, and as a coloring agent. Curcuma longa is 

derived from a group of natural yellow pigments called curcuminoids. The biological activity of turmeric is 

primarily attributed to curcumin. Curcumin, or diferuloyl methane, has a low molecular weight and is also a 

lipophilic molecule [1]. Curcumin (chemical formula: C₂₁H₂₀O₆; (1E, 6E)-1,7-Bis (4-hydroxy-3-methoxyphenyl)-

1,6-heptadiene-3,5-Dione) also modulates wound-healing processes [2]. It was first identified in 1815, and its 

crystalline form was attained in 1910, but its final identification was confirmed in 1913 [1]. Curcumin is 

recognized as the standard organic healing compound of turmeric, with a multitude of valuable pharmacological 

properties attributed to it, including anti-inflammatory, anti-cancer, anti-microbial, anti-mutagenic, anticoagulant, 

anti-infective, and antioxidant activities [3]. Curcumin is insoluble in both water and ether, although it can dissolve 

in certain organic solvents like ethanol [4]. Curcumin promotes wound healing through various processes, 

including granulation tissue formation, matrix protein synthesis, re-epithelialization, and collagen deposition in 

different types of skin wounds. The direct application of curcumin on the skin has been found to promote re-

epithelialization and improve neovascularization [1]. Curcumin acts as an anti-tumorigenic agent, and numerous 

research studies highlight its significant cytotoxic effects on human cancer cell lines [5, 6, 7]. However, its 

therapeutic effectiveness is limited due to poor bioavailability and rapid elimination [8]. Nano carriers of curcumin 

enhance its bioavailability and facilitate its delivery to the brain for tumor treatment. To assess its impact on brain 

targeting and bioavailability, curcumin nano carriers containing tripalmitin, oleic acid, and polysorbate 80 are 

administered intraperitoneally to null mice bearing A172 xenografts [9]. Curcumin-loaded nano carriers exhibit 

improved pharmacokinetic properties, with the half-life of the drug increasing from 3.1 to 5.7 hours and the area 

under the curve (AUC) increasing 6.4-fold in blood drug levels compared to the control group [10]. 

 

2. Wounds 

 

A wound can be defined as a disruption in the integrity of the epithelial lining of the skin due to physical 
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or thermal damage. Wound healing is an intricate, complex, and dynamic process that restores cellular structures 

and tissue layers. It is the repair mechanism that follows an injury to the skin and other soft tissues. Following 

injury, an inflammatory response occurs, and the cells beneath the dermis begin to proliferate, leading to the 

regeneration of epithelial tissue. Biological and molecular processes involved in wound healing include 

coagulation, migration-proliferation, inflammation, and remodeling [11]. Depending on the duration and nature 

of the healing process, wounds can be classified as either acute or chronic [12, 13]. 

 

Types of Wounds: Based on healing time and method, wounds are broadly categorized into two types: acute and 

chronic [11]. 

 

2.1. Acute Wounds 

 

Acute wounds result from factors such as radioactivity, corrosive chemicals, mechanical injury, heat, or 

electrical shock and typically require immediate treatment [11]. Cutaneous injuries do not have any underlying 

pathophysiological defects, allowing for rapid repair with minimal energy expenditure [14]. Acute wounds can 

occur due to various reasons, including surgical procedures or tissue loss. These wounds have the ability to heal 

naturally, following an orderly and timely healing process [15]. 

 

2.2. Chronic Wounds 

 

Chronic wounds are often associated with specific conditions such as diabetes mellitus and do not follow 

the typical wound-healing process. They generally remain in the inflammatory phase for an extended period due 

to factors such as necrotic tissue, bacterial load, and moisture imbalance in the wound area. Additionally, chronic 

wounds have a high risk of recurrence unless the underlying illness is properly treated [3]. Some chronic wounds 

may heal within a short time, while others may take years to fully recover [16]. In chronic wounds with pre-

existing physiological abnormalities, developmental variations may not occur, leading to impaired healing [17]. 

Chronic wounds are more prevalent in the elderly population [18]. Studies show that approximately 3% of 

individuals over the age of 65 in the United States suffer from open wounds. The U.S. government estimates that 

by 2060, the elderly population will exceed 77 million, suggesting that chronic wounds will continue to pose a 

significant healthcare challenge [19]. Currently, around 2% of the total U.S. population is affected by chronic 

wounds [20]. It is predicted that the impact of chronic wounds will continue to rise globally [21]. 

 

Wound Classification Based on Depth: Wounds can also be categorized based on their depth [22] 

1. Superficial wounds – Do not extend beyond the epidermis. 

2. Partial-thickness wounds – Affect the epidermis and deeper dermal layers. 

3. Full-thickness wounds – Extend beyond the subcutaneous fat, severely damaging deeper tissues [22]. 

 

3. Wound Healing Process 

 

Wound healing is a vital yet complex process in both humans and animals, involving a series of intricate 

steps that occur sequentially. This process consists of three primary phases: the hemostasis/inflammation phase, 

the proliferative phase, and the remodeling phase [23]. 

 

3.1. Hemostasis/Inflammation Phase 

 

Immediately after an injury, the process of hemostasis is initiated. The primary goal of this mechanism 

is to prevent excessive blood loss (exsanguination) [24, 25]. This phase begins instantaneously upon wounding 

through vascular contraction and fibrin clot formation. Growth factors such as transforming growth factor (TGF)-

β, platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), and epidermal growth factor (EGF) are 

released as a result of clot formation and from various wound tissues [26]. 

 

3.2. Proliferative Phase (Wound Damage Repair) 

 

The most prominent cell types involved in dermal repair are fibroblasts and endothelial cells, which 

promote capillary growth, collagen synthesis, and granulation tissue formation at the site of injury. Fibroblasts, 

the principal components of the extracellular matrix, produce collagen and proteoglycans at the wound bed. The 

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50453 



proliferative phase is marked by active cell division, which is essential for tissue regeneration. This phase may 

continue for an extended period, eventually leading into the final remodeling stage. 

 

3.3. Remodeling Phase 

 

During the remodeling phase, many newly formed capillaries degrade, and the vascular density of the 

wound returns to normal. A crucial aspect of this phase is the reorganization of the extracellular matrix to resemble 

the architecture of normal tissue. Throughout the wound healing process, the wound also undergoes physical 

contraction, which is believed to be facilitated by the appearance of contractile fibroblasts. This is the final phase 

of wound healing, where granulation tissue gradually diminishes. The dermal vasculature, epidermis, and 

myofibrils are remodeled, ultimately resulting in the formation of functional tissue [27, 28]. 

 

Factors Affecting Wound Healing: Wound healing is influenced by various local and systemic factors [29]. 

Fig. 1) Systemic factors affecting wound healing 

 

4. Local Factors Affecting Wound Healing 

 

Methods for Preparing Nano Carriers 

1. High-pressure homogenization technique 

2. Cold homogenization 

3. Hot homogenization technique 

4. Microemulsion technique 

5. Melting dispersion method 

6. High-shear homogenization or ultrasonication 

7. Solvent emulsification evaporation technique 

 

The smaller size of lipid particles ensures close contact with the upper layer of the skin, thereby enhancing drug 

penetration into the mucosa or skin. 

 

5. Role of Curcumin in Wound Healing 

 

In line with the ongoing research on “Curcumin in Health and Disease,” it is essential to emphasize the 

beneficial properties of curcumin, a natural polyphenol obtained from the root of Curcuma longa. Curcumin has 

therapeutic potential due to its antioxidant and anti-inflammatory properties [30]. Although curcumin is effective 

against various human disorders, its limited bioavailability—caused by poor absorption, rapid metabolism, and 

quick systemic elimination—hinders its therapeutic efficacy [31]. To address this, various strategies have been 

developed to enhance curcumin’s bioavailability. One common approach involves using metabolic pathway 

inhibitors to prevent curcumin’s rapid breakdown. The combined effect of piperine, a known inhibitor of hepatic 

venous 
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infection
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and intestinal glucuronidation, has been studied to assess curcumin's bioavailability in healthy individuals [32]. 

 

Aim 
 

Methodology Result Reference 

1)To study the effect of 

water solubility as well as 

stability of curcumin on 

wound healing 

1)Formation of Nano 

micelles in aqueous 

medium 

2)Conjugate to hyaluronic 

acid 

Curcumin was found more 

active in wound healing when 

used by HA acid 

 

 

[33] 

2To study and 

demonstrate the effect of 

antibacterial property of 

curcumin in wound 

healing 

Exhaustion method 

was used for  different 

chemicals derivative so that 

there is  increment in  its  

solubility  and  cell uptake 

of curcumin also 

 

Curcumin with hydrogel silver  

nanoparticles when used 

increase the function of 

hydrogel silver Nano composite 

for  wound dressing 

2)Complex of curcumin with 

cobalt nanoparticles showed 

strong antibacterial activity in 

wound healing against E.coli 

 

 

 

 

 

[34] 

3)To study the Nano 

formulated curcumin 

effect on wound healing 

Spinning solution was made 

by mixing 1g gelatin and 

0.1 g curcumin in 10ml tri 

fluro ethanol. During 

electro-spinning process, 

spinning solution was filled 

into syringe with help of 

gauge nozzle away from an 

aluminum foil wrapped 

copper plates. 

Crystalline peaks of curcumin 

disappear in the range of 

blended NMs and indicate that 

curcumin exist in amorphous 

Nano solid dispersion after 

electro spinning. 

 

 

 

 

 

 

 

[35] 

4)To study combine effect 

of curcumin and piperine 

in wound healing 

Rotatory evaporation 

technique was used where 

lipids including tripalmitin 

,di palmitoyl 

phosphatidylcholine and 

cholesterol together with 

curcumin or piperine were 

dissolved in organic solvent 

and then ultrasonication 

bath replaced the final 

extrusion step 

It was found that in human 

being taking 2gm of curcumin 

alone, serum level was 

signficantly low in them but 

when given with 20 mg of 

piperine then  its bioavailability 

in wound healing was  found to 

be increased 

 

 

 

 

 

[36] 

5) To study the effect of 

curcumin when applied 

topically to standardized 

wounds than diketonic 

natural curcumin in 

accelerating 

reepithelization 

A novel triketonic 

chemically altered cur 

cumin was tested for 

effectiveness in healing 

It wa found that 1% suspension 

of chemically modified 

curcumin was more effective 

when applied topically to 

wounds than diketonic natural 

curcumin 

 

 

 

[37] 

6)To study the effect of 

curcumin when loaded 

into chitosan and gelatin 

sponge in wound healing 

Agar diffusion method 

using Pseudomonas 

aeruginosa 

More amount of gelatin in 

composite  sponge was found to 

exhibit faster release up to 240 

minutes in wound healing 

 

[38] 

7) To study the role of 

curcumin containing 

ethanolic extract in wound 

healing using aspirin 

 

Crystallization 

,phytochemical screening 

Result of aspirin on wound 

healing obstruction was 

lessened by using ethanolic 

extract due to presence of 

curcumin 

 

 

[39] 

 

8)To prepare curcumin 

Nano emulsion and study 

its effect in wound healing 

and inflammation 

Ultrasonication method 

was used with different oil 

like almond oil , clove oil 

Cu NPs play an important role 

in wound healing and also has 

anti-inflammatory effects 

,demonstrating potential as 
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and surfactant like tween 

80 and PEG 400as co 

surfactant 

An aquous micro titration 

method with high energy 

ultrasonication was used to 

prepare cu Ne 

Nano formulation for useful 

and non-hazardous transdermal 

delivery 

[40] 

9) To study the activity of 

curcumin loaded Nano 

films for wound healing 

Nano films of curcumin was 

prepared by solvent 

evaporation method using 

chitosan ,glutaraldehyde 

,hydroxyl propyl 

methylcellulose 

Better efficacy of prepared 

Nano films was attributed due 

to presence of curcumin and 

chitosan 

 

 

 

 

[41] 

10)To study the effect of 

silver NPs using curcumin 

cyclo dextrin’s loaded into 

bacterial cellulose based 

hydrogel in wound healing 

The method involved bio 

reduction of AgNo3 with 

aqueous solution of 

CUR:HPβCD 

resulting in Nano particle 

formulation 

It was found  that Ag NPs can 

be successfully synthesized, 

following the green chemistry 

approach using CUR:HPβCD 

and loaded in BC to produce 

hydrogels with a potential 

wound-dressing application 

 

 

 

[42] 

 

6. Nano Carriers in Wound Healing 

 

Nanoparticles, also known as ultra-microparticles, range in size from 1 to 1000 nm, placing them in the 

transitional region between atomic clusters and macroscopic objects [43]. Due to their unique properties, 

nanoparticles can be used to treat various types of wound infections. Consequently, many researchers are exploring 

better alternative therapeutic methods. Plant-based nanoparticle synthesis is generally stable, fast, and cost-

effective. Additionally, nanoparticles can be synthesized with diverse structures [44]. Various structural and 

chemical compositions of nanoparticles allow for numerous applications [45]. The synthesis of different types of 

nanoparticles involves several techniques, including physical methods (e.g., pulsed wire, ball milling, 

mechanochemical synthesis), chemical methods (e.g., microemulsion, chemical reduction, electrochemical, 

solvothermal decomposition), and biological methods (e.g., plant extracts, bacteria, yeast) [46]. Carbon hydrogels 

exhibit long-term and broad-spectrum antibacterial activity [47]. Iron oxide nanoparticles are easy to synthesize, 

biodegradable, and low in toxicity, while also possessing antibacterial properties [48]. Copper nanoparticles (Cu 

NPs) are used in both direct and modified applications. Klinkajon et al. developed a copper alginate hydrogel 

using alginate, and the results demonstrated that the gel exhibited significant antibacterial activity against 

Escherichia coli, Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (MRSA), Staphylococcus 

epidermidis, and Streptococcus. This antibacterial effect was proportional to the concentration of Cu²⁺ ions [49]. 

Chen et al. synthesized silver nanoparticles (AgNPs) using a green reducing agent (egg white) and subsequently 

combined them with konjac glucomannan (KGM) powder to prepare a KGM/AgNPs composite sponge [50]. The 

combined application of chitosan and AgNPs enhances their individual antibacterial properties, further improving 

the overall antiseptic effect [51]. Besides ZnO, emerging nanoparticles such as TiO₂, CeO₂, and Fe₂O₃ also play a 

role in skin wound healing. TiO₂, in particular, exhibits excellent biocompatibility and water retention properties, 

which can promote wound healing [52, 53]. 

 

Due to their chemical properties and resistance to surface modifications, gold nanoparticles (Au NPs) are 

widely used in medical applications, including wound healing. Before use in wound healing applications, AuNPs 

often require fusion or surface modification with other biomolecules. For instance, the addition of polysaccharide 

peptides to AuNPs enhances their ability to promote healing [54]. Gold nanoparticles function as antioxidants by 

inhibiting free radicals such as hydroxyl, nitric oxide, and hydrogen peroxide [55]. When applied to cutaneous 

wounds, AuNPs increase angiopoietin and collagen expression while decreasing TGF-β levels [56]. Beyond 

wound healing, gold nanoparticles are also used in cancer therapy, biosensing, gene and drug delivery, imaging, 

and biocompatibility studies [57]. Additionally, an antibiotic-coated gold nanoparticle-doped PCL/gelatin 

nanofiber mat was tested on infected full-thickness wounds, resulting in reduced bacterial infection and an 

accelerated healing process [58]. Silver nanoparticles (AgNPs) are considered less toxic to mammalian cells 

compared to other metal nanoparticles. Due to their relatively small size, AgNPs can easily penetrate cells through 
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the cell membrane, making them a potential antimicrobial agent [59]. Ferulic acid, recognized for its numerous 

pharmacological properties—including antimicrobial, anti-inflammatory, anticancer, anti-arrhythmic, anti-

diabetic, and immune-stimulating activities—is a potent antioxidant with low toxicity. It also helps reduce nerve 

cell damage and may support the healing of injured nerve cells [60, 61]. Specifically, the induction of collagen 

types I and III, the stimulation of fibroblast proliferation, and wound contraction observed in in vitro studies can 

be attributed to the essential oil’s major anti-inflammatory, antibacterial, and antioxidant constituents [62, 63, 64, 

65]. Lavandula essential oil is believed to promote better and faster wound healing, most likely due to its ability 

to enhance granulation tissue formation via platelet-derived growth factors (PDGFs) and stimulate re-

epithelialization through epidermal growth factors (EGFs) [66]. Additionally, drug encapsulation in nano carriers 

can protect drugs from instability, significantly improving their effectiveness [67]. Common nanoparticle 

preparation methods include mechanical milling, laser ablation, and ion sputtering [68, 69, 70]. 

 

1) To study how nano 

collagen containing silver 

nanoparticles increase 

regeneration of wound 

healing as compared to 

collagen microfibers   

Collagen was extracted from 

scales of Catla fish and made 

into nanocollagen with the help 

of ultrasonication method and  

nanocollagen with Ag NPs  

subjected to MTT assay using 

enhanced concentration  

Silver nanoparticles 

possess great medicinal 

potential, so can be used 

for both infected diabetic 

ulcer wound healing  

Silver Nano particles 

have antimicrobial 

resistance and 

biocompatible wound 

healing property also 

 

 

 

 

 

 

 

[71] 

2)To evaluate antimicrobial, 

antioxidant and  wound 

healing properties of 

photosynthesized NPs 

Au NPs were synthesized 

through  aqueous okra extract 

with help of citrate synthesis 

method  

Different  groups such as 

hydroxyl group,carboxyl  

groups were used  

Au NPs act as antioxidant 

as well as  in cancer 

therapy  

Okra fruit has chemical 

like quercetin which has 

antioxidant and anti I 

tumor activity  

 

 

 

 

 

 

[72] 

 

3) To study the effect of TiO2 

NPs  with different activities 

of wound healing  

Synthesis of TiO2 NPs was 

done using hydrothermal and 

solvothermal conditions by 

microwave assisted green 

synthesis with the help of 

growth characterization of 

multi drug resistance 

pathogens  

The synthesized TiO2 NPs 

shows non genotoxic and 

have a great alternative to 

antibiotics in  treatment of 

wound infection  

Newly formulated TiO2 

NPs have superior 

antibacterial property 

also  

 

 

 

 

 

 

[73] 

 

4)To evaluate effect of TiO2 

NPs on apoptosis and 

invasion of cancer cells live 

MKN 45 

MTT assay was performed to 

assess proliferation of MKN 45 

and ethidium bromide was used 

to visualize cancer cells 

apoptosis  

Different  forms of TiO2 

NPs reduced cell 

proliferation and induce 

apoptosis in cancer cells  

 

 

 

[74] 

 

6)To study and evaluate how 

nitric oxide releasing NPs 

accelerates wound healing 

by promoting fibroblast 

migration and collagen 

deposition  

Hydrogel glass composite was 

synthesized by using a mixture 

of tetra methyl orthosilicate 

,polyethylene, chitosan glycol, 

sodium nitrate in buffer of 

sodium phosphate  

NO nanoparticles 

encourages the retrieval 

of tissue  wound healing 

via direct re-

epithelialization  and 

inspires migration and 

collagen deposition by 

fibroblast migration and 

collagen deposition  

 

 

 

 

 

[75] 

 

7)To study how cerium oxide 

nanoparticle-loaded 

Cotton act as a supporting 

layer for NP s and well 

Research propose that 

Ce-nGel  NPs  could be a 
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polyvinyl alcohol Nano gels 

delivery for wound healing 

care systems on surgery 

dispersed NPs were prepared 

by stabilizing effect of PVA in 

the Nano gel medium  

promising wound care 

arrangement having 

effective damage and scar 

inhibition 

 

 

[76] 

8) To study the effect of 

gallum gum when 

incorporated with titanium 

dioxide NPs biofilms on 

wound healing  

The GG +TiO2 NPs biofilms 

was prepared using 

evaporative casting method 

and characterized using FTIR 

and XRD 

When GG +TiO2 NPs 

biofilms contacts wounds, 

the TiO2 NPs dissociate 

into titanium ion and 

released into wound these 

ions support wound 

healing process. 

 

 

 

 

 

[77] 

 

 

9)  To study the effect of 

Graphene Oxide/Copper 

Nano derivatives-Modified 

Chitosan/Hyaluronic Acid  

for  Wound Healing 

 GO/Cu-decorated 

chitosan/hyaluronic acid 

dressings (C/H/GO/Cu) were 

prepared using sodium tri meta 

phosphate (STMP) 

crosslinking and the vacuum 

freeze-drying method, 

GO/Cu-incorporated 

chitosan/hyaluronic acid 

dressing’s suggested a 

synergistic antimicrobial 

efficacy and acceptable 

biocompatibility both in 

vitro and in vivo, as well 

as a significantly 

accelerated healing 

process of bacteria-

infected wounds.  

 

 

 

 

 

[78] 

10) To study the effect of 

Development of Anti 

biofilm Nanocomposites: 

Ag/Cu Bimetallic 

Nanoparticles Synthesized 

on the Surface of Graphene 

Oxide Nano sheets in wound 

healing 

 Ag and Cu nanoparticles on a 

GO surface (Ag/Cu/GO) when 

synthesized using a chemical 

reduction method, their 

antimicrobial effects in 

contradiction of numerous 

bacterial species were 

recognized. Ag/Cu/GO 

nanocomposites were 

characterized by TEM and 

energy-dispersive X-ray 

spectroscopy. 

It was found that the 

wound healing effect 

could be as effective as 

that of antibiotics by 

applying our 

nanocomposites to animal 

skin infection models. 

The Ag/Cu/GO 

nanocomposites could 

effectively remove 

biofilms that formed in 

the microfluidic channel 

or in the wounded area of 

small animals. 

 

 

 

 

 

 

 

 

 

 

[79] 

 

7. Conclusion 

 

Nanotechnology has revolutionized the field of wound healing by introducing nanoparticles as effective 

therapeutic agents. Various types of nanoparticles, including gold, silver, iron oxide, copper, and titanium dioxide, 

have demonstrated significant antibacterial, anti-inflammatory, and wound-healing properties. Their ability to 

enhance angiogenesis, collagen synthesis, and re-epithelialization makes them promising candidates for advanced 

wound care treatments. Additionally, nano carriers have improved the bioavailability and stability of therapeutic 

compounds like curcumin, overcoming their limitations in absorption and metabolism. Despite their remarkable 

potential, challenges such as toxicity, long-term biocompatibility, and large-scale production must be addressed 

to ensure their safe and effective clinical application. Future research should focus on optimizing nanoparticle 

formulations, developing targeted drug delivery systems, and conducting extensive clinical trials to validate their 

efficacy. With continuous advancements in nanotechnology, nanoparticle-based therapies hold great promise in 

transforming wound management and accelerating the healing process. 

List of abbreviations 

TGF - Transforming growth factor  

PDGF - Platelet-derived growth factor  

FGF - Fibroblast growth factor  

EGF - Epidermal growth factor 

KGM - Konjac glucomannan  

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50458 



11. References 

[1] Choudhary, V, & Shivakumar, H. G. (2018) A review on curcumin: Wound healing properties and 

biomarkers of wound healing Int. Res. J. Pharm 9(4): 1-5.  

[2] Akbik, D., Ghadiri, M., Chrzanowski, W. & Rohanizadeh, R. (2014) Curcumin as a wound healing 

agent Life Sci. 116: 1–7. 

[3] Naksuriya, O., Okonogi, S., Schiffelers, R. M. & Hennink, W. E. (2014) Curcumin Nano 

formulations: a review of pharmaceutical properties and preclinical studies and clinical data related 

to cancer treatment Biomaterials 35: 3365–3383.  

[4] B. B. Aggarwal, A. Kumar, and A. C. Bharti (2003) Anticancer potential of curcumin: preclinical and 

clinical studies Anticancer Research 23, no. 1/A: 363–398.  

[5] Jia T., Zhang L., Duan Y., Zhang M., Wang G., Zhang J., Zhao Z . (2014) The differential 

susceptibilities of MCF-7 and MDA-MB-231 cells to the cytotoxic effects of curcumin are associated 

with the PI3K/Akt-SKP2- Cip/Kips pathway Cancer Cell Int 14:126. 

[6] Vecchi Brumatti L., Marcuzzi A., Tricarico M.P., Zanin V., Girardelli M., Bianco M.A. (2014) 

Curcumin and Inflammatory Bowel Disease: Potential and Limits of Innovative Treatments 

Molecules 19:21127–21153. 

[7] Chen Q.Y., Jiao D.M., Wang L.F., Wang L., Hu H.Z., Song J., Yan J., Wu L.J., Shi J.G (2015) 

Curcumin inhibits proliferation-migration of NSCLC by steering crosstalk between a Wnt signaling 

pathway and an adherens junction via EGR-1. Mol. Biosyst 11:859–868. 

[8] Park W., Ruhul Amin A.R.M., Chen Z.G., Shin D.M (2013) New perspectives of curcumin in cancer 

prevention Cancer Prev. Res. 6:387–400.  

[9] Xue, H.; Hu, L.; Xiong, Y.; Zhu, X.; Wei, C.; Cao, F.; Zhou, W.; Sun, Y.; Endo, Y.; Liu, M.; Liu, G.; 

Liu, Y.; Liu, J.; Abududilibaier, A.; Chen, L.; Yan, C.; Mi, B. (2019) Quaternized chitosan-Matrigel-

polyacrylamide hydrogels as wound dressing for wound repair and regeneration Carbohydr. Polym. 

226: 115302. 

[10] Tao, G.; Wang, Y.; Cai, R.; Chang, H.; Song, K.; Zuo, H.; Zhao, P.; Xia, Q.; He, H (2019) Design 

and performance of sericin/poly(vinyl alcohol) hydrogel as a drug delivery carrier for potential wound 

dressing application. Mater. Sci. Eng., C, 101:341−351. 

[11] Nguyen HM, Hwang IC, Park JW, Park HJ (2012) Enhanced payload and photo-protection for 

pesticides using nanostructured lipid carriers with corn oil as liquid lipid. J Micro Encapsul 29: 596-

604 

[12] Robson MC, Steed DL, Franz MG (2001) Wound healing: biological features and approaches to 

maximize healing trajectories Curr Prob Surg. 38:77–89.  

[13] Szycher M, Lee SJ (1992) Modern wound dressings: a systemic approach to wound healing J 

Biomater Appl. 7:142–213.  

[14] Singer, A.J.; Clark, R.A (1999) Cutaneous wound healing. N. Engl. J. Med. 341:738–746.  

[15] Robson MC, Steed DL, and Franz MG (2001) Wound healing: biologic features and approaches to 

maximize healing trajectories Curr Probl Surg 38:72 – 140 

[16] Akbik, D.; Ghadiri, M.; Chrzanowski, W.; Rohanizadeh, R (2014) Curcumin as a wound healing 

agent Life Sci. 116:1–7.  

[17] Harding, K.G.; Morris, H.L.; Patel, G.K (2002) Science, medicine and the future: Healing chronic 

wounds. BMJ 324:160–163.  

[18] Gould L, Abadir P, Brem H, et al.  (2015) Chronic wound repair and healing in older adults: current 

status and future research J Am Geriatr Soc 63:427–438. 

[19] Census.  Older people projected to outnumber children   for   first   time   in   U.S.   History 2019.  

[20] Ja ̈rbrink   K,   Ni   G,   So n̈nergren   H,   et   al.   (2017) The humanistic   and   economic   burden   

of   chronic wounds: a protocol for a systematic review. Syst Rev 6:15. 

[21] Olsson M, Ja ̈rbrink K, Divakar U, et al (2019) Thehumanistic   and   economic   burden   of   

chronicwounds:   a   systematic   review.   Wound   Repair Regen 27:114–125.  

[22] Mehnert W., Mäder K (2001) Solid lipid nanoparticles: Production, characterization and applications 

Adv. Drug Deliv. Rev.  47:165–196. 

[23] L.E. Lindley, O. Stojadinovic, I. Pastar, M. Tomic-Canic (2016) Biology and biomarkers for wound 

healing Plast Reconstr Surg 138(3):18S. 

[24] Broughton G, Janis JE, Attinger CE (2006) The basic science of wound healing. Plast Reconstr Surg 

117(7): 12S – 34S. 

[25] Rahman, Md Ashiqur, Md Sazedul Islam, Papia Haque, M. Nuruzzaman Khan, Makoto Takafuji, 

Murshida Begum, Gawsia W. Chowdhury, Mala Khan, and Mohammed Mizanur Rahman (2020) 

Calcium ion mediated rapid wound healing by nano-ZnO doped calcium phosphate-chitosan-alginate 

biocomposites Materialia 13: 100839. 

[26] Singh P, Gupta RK, Jan R, Raina SK (2017) Original Article Adherence for medication among 

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50459 



self-reporting rural elderly with diabetes and hypertension J Med Soc 31: 86-89. 

[27] P. Olczyk, Ł. Mencner, and K. Komosinska-Vassev (2014) The role of the extracellular matrix 

components in cutaneous wound healing BioMed Research International 8.  

[28] T. A. Wynn and K. M. Vannella (2016) Macrophages in tissue repair, regeneration, and fibrosis 

Immunity 44, 3:450–462.  

[29] Guo, S.A. and DiPietro, L.A. (2010). Factors affecting wound healing. Journal of dental research 

89(3): 219-229. 

[30] C. R. Ireson, D. J. Jones, S. Orr et al. (2002) Metabolism of the cancer chemopreventive agent 

curcumin in human and rat intestine Cancer Epidemiology and Prevention Biomarkers 11(1):105–

111.   

[31] Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB (2007) Bioavailability of curcumin: 

problems and promises Mol Pharm. 4(6):807–18.  

[32] Shoba G, Joy D, Joseph T, Majeed M, Rajendran R, Srinivas PS (1998) Influence of piperine on the 

pharmacokinetics of curcumin in animals and human volunteers Planta Med. 64(4):353– 6.  

[33] Wang, K., Wang, H., Pan, S., Fu, C., Chang, Y., Li, H., & Qi, Z. (2020). Evaluation of New Film 

Based on Chitosan/Gold Nanocomposites on Antibacterial Property and Wound-Healing 

Efficacy. Advances in Materials Science and Engineering. 

[34] Zorofchian Moghadamtousi, Soheil, et al. (2014) A review on antibacterial, antiviral, and antifungal 

activity of curcumin Biomed Research International. 

[35] Dai, Xinyi, Juan Liu, Huaiyuan Zheng, Johannes Wichmann, Ursula Hopfner, Stefanie Sudhop, 

Carina Prein, Yi Shen, Hans-Günther Machens, and Arndt F. Schilling (2017) Nano-formulated 

curcumin accelerates acute wound healing through Dkk-1-mediated fibroblast mobilization and 

MCP-1-mediated anti-inflammation NPG Asia Materials 9(3): e368-e368. 

[36] Peng -C-C, Yang M-H, Chiu W-T, et al (2008) Composite nano-titanium oxide–chitosan artificial 

skin exhibits strong wound-healing effect—an approach with anti-inflammatory and bactericidal 

kinetics Macromol Biosci. 8(4):316–327.  

[37] Zhang, Yazhou, Steve A. McClain, Hsi-Ming Lee, Muna S. Elburki, Huiwen Yu, Ying Gu, Yu Zhang, 

Mark Wolff, Francis Johnson, and Lorne M. Golub (2016) A novel chemically modified curcumin 

“normalizes” wound-healing in rats with experimentally induced type I diabetes: initial studies 

Journal of diabetes research. 

[38] Nguyen, V. B., & Hsieh, M. F. (2013). Curcumin-loaded chitosan/gelatin composite sponge for 

wound healing application. International Journal of Polymer Science (2013) 106570. 

[39] Pawar, R. S., Toppo, F. A., Mandloi, A. S., & Shaikh, S. (2015). Exploring the role of curcumin 

containing ethanolic extract obtained from Curcuma longa (rhizomes) against retardation of wound 

healing process by aspirin. Indian journal of pharmacology 47(2):160.  

[40] Ahmad, Niyaz, et al. (2019) Preparation of a novel curcumin Nano emulsion by ultrasonication and 

its comparative effects in wound healing and the treatment of inflammation RSC advances 9:35. 

[41] Deb, Apurvaa, et al. (2018) Formulation and evaluation of curcumin loaded nanofilms for the 

treatment of wounds SPER Journal of Pharmaceutical and Biological Reasearch 1: 5-9. 

[42] Gupta, Abhishek, et al. (2020) Synthesis of silver nanoparticles using curcumin-cyclodextrins loaded 

into bacterial cellulose-based hydrogels for wound dressing applications Bio macromolecules 21(5): 

1802-1811. 

[43] Zorofchian Moghadamtousi, Soheil, et al. (2014) A review on antibacterial, antiviral, and antifungal 

activity of curcumin." Biomed research international . Whitesides GM. Nanoscience, 

nanotechnology, and chemistry. Small. 1(2):172–179.  

[44] Ravichandar R, Jamuna RR, Varadarajan S (2016) Article Study of adverse drug reactions in a tertiary 

care teaching hospital. IJBCP 5: 209-212. 

[45] T. Shahwan, S. Abu Sirriah, M. Nairat et al. (2011) Green synthesis of iron nanoparticles and their 

application as a Fenton-like catalyst for the degradation of aqueous cationic and anionic dyes 

Chemical Engineering Journal 172(1):258–266. 

[46] H. Hou, B. Mahdavi, S. Paydarfard et al. (2020) Retracted article: novel green synthesis and 

antioxidant, cytotoxicity, antimicrobial, antidiabetic, anticholinergics, and wound healing properties 

of cobalt nanoparticles containing Ziziphora clinopodioides Lam leaves extract Scientific Reports 

10(1):1–19.  

[47] Cui FC, Sun JD, Ji J, et al. (2021) Carbon dots-releasing hydrogels with antibacterial activity, high 

biocompatibility, and fluorescence performance as candidate materials for wound healing J Hazard 

Mater 406:124330.  

[48] Khashan KS, Sulaiman GM, Mahdi R (2017) Preparation of iron oxide nanoparticles-decorated 

carbon nanotube using laser ablation in liquid and their antimicrobial activity. Artif Cells Nanomed 

Biotechnol 45(8):1699–1709.  

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50460 



[49] Klinkajon W, Supaphol P (2014) Novel copper (II) alginate hydrogels and their potential for use as 

anti-bacterial wound dressings. Biomed Mater 9(4):045008.  

[50] Chen HL, Lan GQ, Ran LX, et al. (2018) A novel wound dressing based on a Konjac 

glucomannan/silver nanoparticle composite sponge effectively kills bacteria and accelerates wound 

healing. Carbohydr Polym. 183:70–80.  

[51] Verma J, Kanoujia J, Parashar P, Tripathi CB, Saraf SA. Wound healing applications of 

sericin/chitosan-capped silver nanoparticles incorporated hydrogel. Drug Deliv Transl Res. 2017; 

7(1):77–88.  

[52] Orlowski, P., Zmigrodzka, M., Tomaszewska, E., Ranoszek-Soliwoda, K., Czupryn, M., Antos-

Bielska, M., & Krzyzowska, M. (2018). Tannic acid-modified silver nanoparticles for wound healing: 

the importance of size. International journal of nanomedicine 13:991. 

[53] Jeng HA, Swanson J (2006) Toxicity of metal oxide nanoparticles in mammalian cells J Environ Sci 

Health, Part A 41(12):2699–2711.  

[54] O. Akturk, K. Kismet, A. C. Yasti et al. (2016) Collagen/gold nanoparticle nanocomposites: a 

potential skin wound healing biomaterial Journal of Biomaterials Applications 31(2):283–301. 

[55] S. Medhe, P. Bansal, and M. M. Srivastava (2014) Enhanced antioxidant activity of gold nanoparticle 

embedded 3, 6-dihydroxyflavone: a combinational study Applied Nanoscience 4(2):153–161.   

[56] J. E. Kim, J. Lee, M. Jang et al. (2015) Accelerated healing of cutaneous wounds using 

phytochemically stabilized gold nanoparticle deposited hydrocolloid membranes Biomaterials 

science 3(3):509–519. 

[57] L. Wang, Y. Liu, W. Li et al., “Selective targeting of gold nanorods at the mitochondria of cancer 

cells: implications for cancer therapy,” Nano Letters, 11, 2, 772–780, 2011. 

[58] X. Yang, J. Yang, L. Wang et al. (2017) Pharmaceutical intermediate-modified gold nanoparticles: 

against multidrug-resistant bacteria and wound-healing application via an electrospun scaffold ACS 

Nano 11(6):5737–5745. 

[59] Lin JJ, Lin WC, Dong RX, Hsu SH (1998) The cellular responses and antibacterial activities of silver 

nanoparticles stabili G. Zhao and S. E. Stevens Jr. Multiple parameters for the comprehensive 

evaluation of the susceptibility of Escherichia coli to the silver ion Biometals 11(1): 27–32. 

[60] Diegelmann, R.F.; Evans, M.C (2004) Wound healing: An overview of acute, fibrotic and delayed 

healing Front. Biosci. 9:283–289.  

[61] Grimaudo, M.A.; Amato, G.; Carbone, C.; Diaz-Rodriguez, P.; Musumeci, T.; Concheiro, A.; 

Alvarez-Lorenzo, C.; Puglisi, G (2020) Micelle-nanogel platform for ferulic acid ocular delivery Int. 

J. Pharm 576:118986.  

[62] Perez-Mosqueda, L.M.; Trujillo-Cayado, L.A.; Carrillo, F.; Ramirez, P.; Munoz, J (2015) 

Formulation and optimization by experimental design of eco-friendly emulsions based on d-limonene 

Colloids Surf. B Biointerfaces 128:127–131.  

[63] Sofi, H.S.; Akram, T.; Tamboli, A.H.; Majeed, A.; Shabir, N.; Sheikh, F.A (2019) Novel lavender oil 

and silver nanoparticles simultaneously loaded onto polyurethane nanofibers for wound-healing 

applications Int. J. Pharm. 569:118590.  

[64] Altaei, D.T. (2012) Topical lavender oil for the treatment of recurrent aphthous ulceration Am. J. 

Dent 25:39–43. 

[65] Koca Kutlu, A.; Cecen, D.; Gurgen, S.G.; Sayin, O.; Cetin, F (2013) A Comparison Study of Growth 

Factor Expression following Treatment with Transcutaneous Electrical Nerve Stimulation, Saline 

Solution, Povidone-Iodine, and Lavender Oil in Wounds Healing Evid.-Based Complement Altern. 

Med 361832.  

[66] Martins, S.; Sarmento, B.; Ferreira, D.C.; Souto, E.B (2007) Lipid-based colloidal carriers for peptide 

and protein delivery–liposomes versus lipid nanoparticles Int. J. Nanomed 2:595–607.  

[67] Zhang, X.; Lin, D.; Jiang, R.; Li, H.; Wan, J.; Li, H (2016) Ferulic acid exerts antitumor activity and 

inhibits metastasis in breast cancer cells by regulating epithelial to mesenchymal transition Oncol. 

Rep. 36:271–278.  

[68] Ullah M, Ali ME, Abd Hamid SB (2014) Surfactant-assisted ball milling: A novel route to novel 

materials with controlled nanostructure - A review Rev Adv Mater Sci 37(1–2):1–14. 

[69] zed by different polymers. Nanotechnology. 2012; 23(6). Artn 065102 https://doi.org/10. 1088/0957-

4484/23/6/065102 PMID: 22248930 3. 

[70] Houriet R, Vacassy R, Hofmann H (1999) Synthesis of powders and films using a new laser ablation 

technique Nanostructured Materials 11 (8):1155–1163.  

[71] Nie M, Sun K, Meng DD (2009) Formation of metal nanoparticles by short-distance sputter 

deposition in a reactive ion etching chamber J Appl Phys 106(5):054314.  

[72] Korani, Shahla, et al (2021) Evaluation of Antimicrobial and Wound Healing Effects of Gold 

Nanoparticles Containing Abelmoschus esculentus (L.) Aqueous Extract  Bioinorganic Chemistry 

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50461 



and Applications. 

[73] Allhadrami, Hani A., and Raniyah AM Shoudri (2020) Titanium Oxide (TiO2) Nanoparticles for 

Treatment of Wound Infection. 

[74] Allhadrami, Hani A., and Raniyah AM Shoudri. "Titanium Oxide (TiO2) Nanoparticles for Treatment 

of Wound Infection." (2020). 

[75] Han, G., Nguyen, L. N., Macherla, C., Chi, Y., Friedman, J. M., Nosanchuk, J. D., & Martinez, L. R. 

(2012) Nitric oxide–releasing nanoparticles accelerate wound healing by promoting fibroblast 

migration and collagen deposition The American journal of pathology 180(4):1465-1473.  

[76] Lianlian, Guojing Shao, Fengmei Ren, Minghua Yang, Yan Nie, Qian Peng, and Peng Zhang (2021) 

Cerium oxide nanoparticle-loaded polyvinyl alcohol nanogels delivery for wound healing care 

systems on surgery Drug Delivery 28,1:390-399. 

[77] Nur Arifah Ismail , Khairul Anuar Mat Amin , Fadzillah Adibah Abdul Majid , Mohd Hasmizam 

Razali  (2019) Gellan gum incorporating titanium dioxide nanoparticles biofilm as wound dressing: 

Physicochemical, mechanical, antibacterial properties and wound healing studies Materials Science 

and Engineering: C 103:109770.  

[78] Yang, Ying, Zhonggen Dong, Min Li, Lihong Liu, Hang Luo, Pu Wang, Dou Zhang, Xinghua Yang, 

Kechao Zhou, and Shaorong Lei ((2020) Graphene Oxide/Copper Nano derivatives-Modified 

Chitosan/Hyaluronic Acid Dressings for Facilitating Wound Healing in Infected Full-Thickness Skin 

Defects International Journal of Nanomedicine 15: 8231. 

[79] Jang, Jaehee, et al (2020) Development of antibiofilm nanocomposites: Ag/Cu bimetallic 

nanoparticles synthesized on the surface of graphene oxide nanosheets  ACS Applied Materials & 

Interfaces 12(32): 35826-3583. 

 

____________________________________________________________________________________________________

International Journal of Current Research and Techniques (IJCRT)
E-ISSN: 2349-3194 (Online) | P-ISSN: 2348-4446 (Print)

UGC Approved Journal No: 47722 [No: 2616]
DOI: https://doi.org/10.61359/2024050055

IJCRT, Volume 15, Issue 1, 2025

____________________________________________________________________________________________________

WWW.IJCRT.ORG.IN 50462 

https://pubmed.ncbi.nlm.nih.gov/?term=Ismail+NA&cauthor_id=31349525
https://pubmed.ncbi.nlm.nih.gov/?term=Amin+KAM&cauthor_id=31349525
https://pubmed.ncbi.nlm.nih.gov/?term=Majid+FAA&cauthor_id=31349525
https://pubmed.ncbi.nlm.nih.gov/?term=Razali+MH&cauthor_id=31349525
https://pubmed.ncbi.nlm.nih.gov/?term=Razali+MH&cauthor_id=31349525

