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Introduction  

Microparticles are particles with a size range of 1–1000 

µm.
1
 They are employed in the delivery systems as a drug carrier. 

Microencapsulation is a technique used to protect the drugs from 

exposure to a harsh environment, stabilize drugs, eliminate 

discrepancies, or mask unpleasant tastes. A drug-delivery system 

using microparticles aims at maximizing drug bioavailability while 

minimizing side effects.
2
 Microparticles are a type of drug delivery 

system that is characterized by their small size and high carrier 

efficiency. This delivery system offers many advantages including 

increasing efficacy, reducing toxicity, and increasing patient 

compliance.
3
 Drug release from microparticles has several 

mechanisms such as delayed, sustained, or controlled release. The 

release of a drug is also affected by polymers including natural or 

synthetic polymers. Mechanisms, physicochemical properties, and 

activities are all influenced by polymers. Some of the polymers used 

in microparticles have been applied for wound healing purposes.
4 

The aim of this scoping review was to survey the literature to 

determine the uses of topical antimicrobial microparticles of 

polymeric materials in the treatment of burn wound infection. 

 

Materials and Methods 

This scoping review consists of 50 publications from the periods 

between 2016 and 2020. Sixty-three publications were extracted from 

a search engine using various keywords. Burn wounds, wound 

healing, bacterial infection, microparticles based on polymeric 

materials, and topical formulation were some of the terms used. Data 

of publications that met the inclusion and exclusion criteria were  
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extracted manually. The inclusion criteria were publications that 

contain: topical microparticles delivery systems for burn healing; 

classification of burns and the wound healing process; natural oils that 

have antimicrobial effects and various polymers which are commonly 

used in burns. The exclusion criteria were articles in languages other 

than English and publications which did not describe parameters of the 

physicochemical properties of the delivery system. 

Data extraction was then explained more by a description of common 

microbial species that caused wound healing and examples of 

currently available antimicrobial drugs; explanation of natural oils that 

have antibacterial activity as well as antimicrobial agents that are 

commonly used in wound care; topical microparticles and polymers 

which are commonly used in burns and information of uses of drug 

delivery in various animal models. 

 

Results and Discussion 

Burn category and therapy 

Burn is defined as a traumatic injury resulting from coagulative 

destruction of the skin that can be caused by touching the body surface 

with chemicals, electricity, radiation, or objects that produce heat, 

either by direct or indirect contact.
5
 Severe burn causes chronic 

wounds, skin contractures, loss of body fluids, and wound 

infections.
5,6 

Individual burn injuries vary greatly depending on burn 

depth, surface area, heredity, immunological competence, and age. 

Furthermore, another extrinsic complication leads to prolonged 

inflammation and delays epithelialization.
6
 Burn can be categorized 

into three groups, such as first-, second-, and third-degree burn.
7,8,9 

Its 

classification based on three degrees of severity is illustrated in Fig 1. 

First-, second-, and third-degree burns are categorized and 

characterized based on the depth of the injury. This results in hair 

follicle damage and skin color changes. Some wounds heal with 

scarring and contractures for longer time.
10

 Second-degree burns can 

result from contact with liquids or hot surfaces. If left untreated, it can 

become a third-degree burn with increased edema formation.
11

 

Second-degree burn requires conservative treatment with topical 

materials and wound dressings. In third-degree burns, the entire 

dermis and all deep epidermal parts are destroyed.
5
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Figure 1: Burn wound categorization according to depth. A: 

First-degree burn; b: Histological section of first-degree burn; 

c: Second-degree burn; d: Histological section of second-

degree burn; e: Third-degree burn; f: Histological section of 

third-degree burn.
5 

 

Topical materials commonly used for pharmacological therapy in 

second-degree burns are summarized in Table 1. 

 

Wound healing process 

The skin is the largest organ in the human body and responsible for a 

protective barrier at the interface against pathogens and 

microorganisms. It is directly exposed to harmful microbial, 

mechanical, chemical, and thermal agents.
12

 Burns and chronic long-

term wounds are the most common causes of skin damage.
13

 Figure 2 

gives an illustration of skin structure and degree of burns. 

Synchronization of different cells is required for skin repair. The 

epidermis contains sebaceous and sweat glands, as well as hair 

follicles. The dermis is rich in extracellular matrix (ECM), blood 

vessels, and sensor receptors to provide strength, nutrition, and 

immunity to the skin. The source of growth factors to the dermis is 

subcutaneous adipose tissue. When skin is injured, some cells need to 

be coordinated.
14,15

  The normal wound healing phase is shown in 

Figures 3 and 4. Biochemical and cellular signals will initiate wound 

healing process when skin integrity is compromised, either through 

injury or disease. Hemostasis describes the initial and cellular phases 

which includes inflammation, proliferation, and remodeling.
6
 

 

Wound healing phases 

Wound healing phases are divided into inflammatory, proliferative, 

and remodeling.
18 

Infection is the most common cause of burn 

complications.  It is associated with microbial development, as well as 

decreased resistance to skin mechanical integrity and general 

immunological suppression. Eschar restricts the dispersion of 

antibiotics given systemically due to their avascularity.
19

 Figure 5 

shows an open wound that is prone to bacterial contamination and the 

effect of administering an antimicrobial agent. The antimicrobial agent 

acts as a physical barrier to prevent pathogens from entering the 

wound or to kill invading microorganisms to support the healing 

process by stimulating the immune system and fibroblast/keratinocyte 

migration.
20 

Chronic wounds usually contain Staphylococcus aureus (63%) and 

Pseudomonas aeruginosa (25%).
21,22 

Bacteria will directly compete 

for nutrients from host tissue, and bacterial growth will be aided by a 

protein.
23

 Ability to manage wound infection, generate a moist 

environment, protect wound area, stop bleeding, absorb exudate, 

improve wound healing, ease of use, sterilization, biodegradability, 

and non-toxicity are important elements to consider when choosing 

burn-suitable material. Various topical formulations such as ointments 

and creams have been used for wound protection.
24

  

 
 

Figure 2: Schematic illustration of (a) skin structure; and (b) degree of burns including epidermis, dermis and hypodermis layers, as 

well as constituent cells and their sub-layers.
15 

(a) 
(b) 

(c) (d) 

(e) 
(f) 
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Table 1: Commonly used topical substances used for pharmacological therapy in second-degree burn
.6 

  

Class Agent Route of administration 
Commercial product of  

burns and/or scars 

Anti-inflammatory therapies Corticosteroids Topical, intralesional Yes (off-label) 

 Calcineurin inhibitors Topical, intradermal Some (off-label) 

 F-5 fragment of heat shock 

protein-90a 

Topical No (under investigation) 

Antimicrobial therapies Gentamicin Topical Yes  

 Neomycin Topical Yes  

 Metronidazole Topical Yes (off-label) 

 Silver Topical Yes  

 Honey Topical Yes  

 Povidone iodine Topical Yes  

 Cadexomer iodine Topical Yes  

Antifibrotic therapies Nintedanib Undetermined No  

 Pirfenidone Topical No  

 Retinoids Topical Yes (off-label) 

Beta-blockers Propranolol IV Yes (off-label) 

 Timolol Topical Yes (off-label) 

Growth factors Becaplermin  Topical Yes (off-label; FDA approved) 

 Basic fibroblast growth factor Topical Yes (not FDA-approved but may be 

found in topical cosmeceuticals) 

 

 
 

Figure 3: Wound healing process.
16,17 

 

 
Figure 4: Graphical depiction of wound healing phases and 

their timeline.
6
 

Types of microbes and antimicrobial agents that support the wound 

healing process are presented in Table 2. Also, antimicrobial agents 

used in wound care are shown in Table 3. Topical application of 

controlled-release antimicrobials to chronic wounds is more beneficial 

than systemic application.
26

 

Since chronic wound surfaces often lack adequate blood supply, 

substantial dosages of antibiotics are required to control infection. 

Drug encapsulation for long-term release has the potential to improve 

drug safety. Controlled drug delivery systems such as microparticles, 

solid lipid nanoparticles (SLN), and liposomes have been formulated 

for better healing.
27 

 

Topical medicinal application 

Topical medicines are applied for promoting the healing process and 

preventing infection of all wound types. This minimizes free radicals, 

which is beneficial for wound formulations.
25

 Nano-DDS has great 

potential in increasing the efficacy of drug therapy due to its ability to 

avoid degradation and maintain release. Skin regeneration and wound 

healing are improved by DDS.
25,28

 Table 4 depicts the characteristics 

and advantages of the DDS formulation. 

 

Nanoparticle drug delivery system in burn treatment 

A new method has been developed to produce a hybrid gel membrane 

containing AgNP.  
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Figure 5: Wound management. a: The process of healing in an 

open wound; b: Closing the wound by administering antimicrobial 

agents.
20

 

 

Antibacterial activity of the AgNP-BC membrane was studied against 

gram-negative and positive bacteria. The results indicated that the 

composite membrane filled with AgNP inhibited the growth of all 

bacteria. No inhibitory effect was observed for pure BC membrane 

(control), thus indicating an important role for AgNP in providing 

resulting antimicrobial properties.
29

 Microspheres and nanospheres are 

colloidal systems using natural or synthetic materials, such as alginate, 

chitosan, gelatin, or PLGA. This type of polymer is widely used for 

DDS for wound therapy.
25,30 

Hydrogel is designed to hold moisture on 

the wound surface for healing and maintain skin hydration. It is made 

from different polymers and has been used extensively for wound 

care. This hydrogel is a very attractive DDS because it is easy to 

prepare and allows continuous drug administration. Drug release rate 

depends on the size in the tissue and the release can be modulated by 

increasing or decreasing the degree of polymer cross-linking or 

swelling.
31

 Liposomes are a type of carrier with a hydrogel core that 

improves cell stability and promotes cell proliferation.
32 

Wounds are 

effectively covered by liposome.
33 

 

 

Table 2: Microbial species and antimicrobial drugs for wound healing
6 

 

Category Species 

Antimicrobial agents 

Silver nitrate 

(AgNO3) 

Silver 

sulfadiazine 

Mafenide 

acetate 

Nanocrystalline 

silver dressings 
Bacitracin zinc 

Gram-positive Staphylococcus 

aureus 

- - - Active against 

aerobic 

gram-negative 

bacilli, aerobic 

gram-positive 

bacilli, MRSA, 

and VRE 

 

Some eschar 

penetration and 

Limited toxicity 

Narrow spectrum 

against gram-positive 

cocci, especially 

Staphylococci and 

beta-hemolytic 

Streptococci 

 

No eschar penetration 

and Minor 

dermatological irritant 

 Methicillin-resistant 

S. aureus (MRSA) 

   

 Coagulase-negative 

Staphylococci 

   

 Enterococcus spp. - - Bacteriostati

c 

against 

aerobic 

gram-

negative 

bacilli and 

anaerobes 

 

Eschar 

Penetration, 

Painful and 

Metabolic 

acidosis 

- - 

 Vancomycin- 

resistant enterococci 

(VRE) 

    

Gram-negative Pseudomonas 

aeruginosa 

Bacteriostatic 

against aerobic 

gram-negative 

bacilli 

 

No eschar 

Penetration and 

Electrolyte 

imbalance 

Bactericidal 

against aerobic 

gram-negative 

bacilli 

 

No eschar 

Penetration 

and 

Leukopenia 

- - 

 Escherichia coli   

 Klebsiella 

pneumoniae 

  

 Serratia marcescens   

 Enterobacter spp.   

 Proteus spp.   

 Acinetobacter spp.   

 Bacteroides spp.   
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Table 3: Antimicrobial agents used for wound care
25 

 

Antimicrobial agents Administration Bacteria 

Tetracycline Oral/Topical Gram-positive and negative 

Neomycin Systemic/Topical Aerobic Gram-negative bacilli and Gram-positive 

Mupirocin Topical  Gram-positive bacteria especially MRSA, some Gram-negative flora 

Amphotericin B Systemic/Topical Fungi 

Silver sulfadiazine Topical Gram-positive, most Gram-negative bacteria, and some fungal forms 

Mafenide acetate Topical Gram-negative bacilli, anaerobes 

 

Table 4: Types and characteristics of DDS
26 

 

Drug Delivery System Characteristics Advantages 

Polymeric nanoparticles Very small size  (1-1000 nm)  Increase drug solubility and stability, maintain antimicrobial, 

sustain release. 

Microspheres Small size (1-1000 µm) Biocompatible  High encapsulation, increase occlusive, enhance stability. 

Hydrogels Biocompatible and biodegradable  Prevent wound dehydration, high drug loading. 

Liposomes Vesicular structures resemble lipid cell 

membrane of the body  

High encapsulation, improve permeability and stability. 

Solid Lipid Nanoparticles Biocompatible and degradable lipids Suitable for damaged or inflamed skin, sustain release, high 

encapsulation efficiency. 

Nanofiber mats High surface to volume ratio and highly porous  Promote cell respiration and skin regeneration, sustain release, 

good mechanical properties. 

Wafers and Sponges Lyophillised Extremely porous structures Easy to applyhigh drug loading, sustain release, enhance drug 

stability. 

 

Nanofibers are three-dimensional (3D) networks capable of 

mimicking natural ECM, which is necessary for the interconnection of 

cells and dissolved factors, as well as the complete regeneration of 

injured tissue and biological function. They can also be made by using 

a combination of two or more polymers.
34 

Combination of polymers, 

poly ε-caprolactone, and PEG to entrap GF126 has been studied and 

showed the effectiveness of electrospun rhEGFs in diabetic mouse 

model.
35

 

 

Microparticle polymer and burn healing process  

Polymer remains the most versatile biomaterials which has been used 

in medicine, biotechnology, and cosmetic industries. The use of 

various polymers to encapsulate drugs results in an optimum 

pharmacokinetic profile. Localized drug delivery, continuous drug 

delivery, drug stabilization, lower release rates, and more steady 

release rates are the main benefits.
3
 The types of polymers commonly 

used in burns and their outcomes are summarized in Tables 5 and 6. 

When a gelling component is added to a microemulsion, it forms a 

hydrogel, which creates more stable formulas than liquid formulations. 

Hydrogels based on stable microemulsions have strong permeability 

and a viscosity suitable for topical application, providing longer-term 

skin contact.
36 

 

In Vivo Animal Models 

Burn healing process can be studied by in vitro and in vivo tests using 

animal models. Animal trials are used to investigate wound healing 

problems, as well as to assess burn pathology, the effects of drugs or 

biomaterials on burns, the consequences of burn trauma, and the 

development of new therapeutic agents. Availability, cost, easy to use, 

and anatomical similarities to humans affected selection of animal 

burn models.
40 

Comparison of human skin with animal skin models is 

presented in Table 7. Wound healing studies have included small 

animals such as mice, rats, and rabbits, as well as larger animal 

models such as pigs. Mice are not clinically relevant due to their 

higher resistance to infection. Wound contracture is more important 

than scar tissue formation in wound healing. Rats are aggressive 

animals that are difficult to handle. Human skin has less elasticity, as 

such rabbits are a better choice.
41

 Infection can be induced in animal 

models by P. aeruginosa and S. aureus. The burn application model 

can be seen in Table 8. Researchers have looked into the possibilities 

of natural oils as burn wound agents,
11,42,43

 as shown in Table 9. The 

microencapsulation technique for microparticle formation of natural 

oils is summarized in Table 10.  

 

Characteristics of microparticles 

The characteristics of microparticles are observed from the angle of 

particle size and surface morphology. Particle size is important to 

study the physical characteristics of microparticles. Different 

techniques used for size measurement include microscopy (optical or 

electron), sieving, sedimentation, or automatic such as particle 

counter, light scattering, flow cytometry, and field flow fractionation.
3 

Concerning surface morphology, scanning electron microscopy (SEM) 

can reveal the porosity and microstructure of the drug delivery 

system.
3
 

Studies on microparticles concerning burn  

The behavior of DDS in terms of drug release and its efficacy can be 

observed by in vitro release tests. Drug release from the polymer 

occurs by diffusion in an in vitro environment and is determined by 

polymer degradation.
3
 However, in vivo study is a key component of 

any study because it provides efficacy of microparticles for 

understanding the characteristics of formulations in biological 

systems.
3
 In vivo study includes tissue histology analysis, in vivo 

penetration, and activity testing. The histological analysis of burn 

infection is performed to observe microorganisms invading the living 

tissue below the surface of the eschar. The main advantage of 

histological analysis is to understand burn degree level and depth.
23, 46, 

47 
Another analysis conducted in burn analysis is related to the 

bioadhesivity. This test is performed to determine how long the 

preparation is in contact with the skin. The longer the contact time is, 

the more drug has penetrated the skin.
48
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Table 5: Polymers commonly used in burn treatment
3 

 

Polymers Materials 

Non-Biodegradable Polymers Polyethyl urethane (PEU), Ethyl cellulose, PVA, PVC, polydimethyl siloxam, Cellulose acetate. 

Hydrogels Crosslinked polyvinyl alcohol (PVA), PEMA, PVP, Polyacrylamide, Dextran. 

Dissolved Polymers PEG, APMC, methacrylic acid copolymers, and Eudragit L. 

Biodegradable Polymers PLA, PGA, PCL, PLGA. 

 

Table 6: Polymers commonly used in topical microparticles for burn preparations 
 

Polymers Drugs Route of administrations Outcomes References 

Chitosan Chamomile Topical Chitosan coated shows skin 

hydration  

37 

Sodium alginate (SA) and 

kappacarrageenan (k-Ca) 

Silver nitrate  Topical Increases absorption of exudate 

thereby promoting effective 

proliferation, dense fibrous 

facilitates healing of second-

degree burn. 

38 

phosphatidylcholine  LL37 Topical Increases antibacterial activity 

against S. aureus and E. coli. 

Decrease inflammatory cytokines 

39 

Collagen-chitosan silver sulfadiazine Topical Accelerates skin regeneration, 

resistant to Gram-negative and 

Gram-positive bacteria 

40 

 

Table 7: Comparing human skin with various animal models.
41 

 

Animal models Advantages Disadvantages 

Pig Anatomical and physiological similarities with human. 

Fewer variations. 

Not affordable. Difficult to handle, store, and obtain. Higher 

growth rates and excess body weight 

Rat Small size, easy to obtain and maintain. Quick 

reproduction  

Unlike humans in terms of size, anatomy, and metabolic features  

 

Rabbit  Similar in kinetics and patterns of post-thermal injury 

change. Cost effective. 

High risk of infection and more expensive than rat 

White rat Easy to obtain and maintain, cheap, lower mortality, 

reduced treatment time, superior immune system 

An important difference in the healing stage. Dense hair on the 

skin of rat.  

 

Table 8: Classification of burn induction in experimental animals.
15 

 

Classifications
 

Applications 

Gas flame burn model 

Katakura burn model
 

Using a frame equipped with window placed on the shaved rat’s back, followed by heating to 

produce third degree burn. 

Burning ethanol bath burn model
 

Stieritz-Holder 

burn model
 

Rat is anesthetized and shaved followed by filling asbestos with windows and allowed to 

burn. 

Pre-heated single metal plate/bar burn models
 

Tavares burn model
 

Heating with aluminum rod and pressed against the shaved back. 

Orenstein burn model
 

Heating with preheated plate at 150°C then pressed against the guinea pig. 

Boiling or hot water burn models
 

Suzuki burn models Male Wistar rat skin touched with a glass chamber device over a period of seven days.  
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Bahar burn model Absorbent cloth was soaked in boiling water and rubbed on the back of rat with varying 

times. 

Bjornson burn model Immersed area of female or male guinea pig at 99°C for 13 seconds. 

Mason and Walker  

burn model 

Hole size is determined. Animal is sedated, shaved on the back, and followed by supine 

placement on the template. The exposed area is immersed produce model burns with partial 

thickness (as second degree) and full thickness (as third degree). 

Kaufman burn model Cylindrical aluminum rod was heated to create partial deep skin thickness on the back of 

anesthetized rabbit. 

Stevens burn model Brass blocks are preheated side of the back mouse skin. 

 

 

Table 9: Natural oils for the treatment of second-degree burn wound 
 

Oils Chemical compounds Therapeutic action References 

Argan oil Tocopherol Antioxidant, anticancer, antithrombotic, and 

antihypertensive effects 

11 

Olive oil Mineral, vitamin, and unsaturated oil Antioxidant and antimicrobial 44 

Crocodile oil Saturated and unsaturated fatty acids Antinociceptive and anti-inflammatory 45 

Lavandula angustifolia  Linalool, linalyl acetate, lavandulol, lavandulyl 

acetate, camphora 

Analgesia, antibacterial, antifungal, antidepressant, 

antispasmodic, balancing, and sedation 

46 

Wild orange  Monoterpenes, tetraterpenes, aldehydes, 

alcohols, ketonesa 

Antiseptic, antimicrobial, antiplasmid 45 

Cinnamon  Aldehydes, phenols, alcohols, sesquiterpenes, 

carboxylic acid 

Astringent, germicide, antibacterial, antifungal, 

antimicrobial 

45 

Clove oil  Oxides, monoterpenes, alcohols, aldehydesd Anesthetic, antiseptic 45 

 

 

Table 10: The techniques used in microencapsulation of natural oils.
3 

 

Microencapsulation methods Materials Investigated Shell (core) Applications 

Chemical methods 

Emulsion polymerization Poly(acrylate)s [Insulin] Drug delivery 

Dispersion Poly (2-hydroxyethyl-co-glycidyl methacrylate) [ferrofluid], Poly(N-vinylα-

phenylalanine) [fluorescein isothiocyanate] 

Biosciences 

Interfacial Polyurea [insecticides, catalys], Polyamide [oils], Polyurethane [insecticides], 

Polyester [protein] 

Crop protection, 

Catalysis, Drug 

delivery 

Physical/Mechanical methods 

Suspension crosslinking Protein, Albumin [doxorubicin, magnetite], polysaccharides Drug delivery 

Solvent evaporation/extraction Poly(lactide), {oly(lactide-co-glycolide) [drugs] Drug delivery 

Coacervation/Phase separation PGLA [Triptorelin], PLGA [Octreotide] Drug delivery 

Spray drying PGLA [Bromocriptine] Drug delivery 

Precipitation Phenolic polymers [enzymes] Biocatalysis 

Co-extrusion Polyacrylonitrile [hepatocytes] Biomedical 

Layer by layer deposition Polyelectrolytes [organic compounds] Biosensor 

Supercritical fluid expansion Poly(ethylene glycol) [felodipine] Drug delivery 

Impregnation Amberlite [Benzoic acid] Drug delivery 
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Antibacterial activity testing 

To demonstrate potential as an antibacterial agent, in vitro, and in vivo 

testing can be carried out. In the in vitro activity test, antibacterial  

 

efficacy is assessed by observing the inhibition zone diameter. Also, 

the determination of minimal inhibitory concentration (MIC) is a key 

indicator of the potency of an antibacterial agent.
49

 

 

In vivo activity test with fibroblast core area measurement 

The area of the fibroblast core is measured to estimate wound closing 

activity. Fibroblasts infiltrate and degrade fibrin clots.  

The complex matrix supports and regulates fibroblast migration, 

activity and act as a support and signal for angiogenesis, granulation 

tissue formation, and epithelialization.
50

 

 

Conclusion 

The advantages of topical microparticles for skin diseases such as a 

burn or wound therapy have been widely explored. Topical materials 

commonly used for pharmacological therapy in second-degree burns 

are synthetic antimicrobial agents and natural oils. Microparticles as 

one of the drug delivery systems could be an alternative to 

antimicrobial in second-degree burn wound infection. 

 

Conflict of Interest  

The authors declare no conflict of interest.  

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgements 

The authors would like to thank the Directorate of General Higher 

Education (DRPM DIKTI), Universitas Airlangga and Faculty of 

Pharmacy, Universitas Airlangga for the research support. 

 

 

References 
1. Lengyel M, Szabó NK, Antal V, Laki AJ, Antal I. 

Microparticles, Microspheres, and Microcapsules for 

Advanced Drug Delivery. Sci Pharm. 2019; 87(20):1-31. 

2. Gattani YS. Floating Multiparticulate Drug Delivery 

Systems: An overview Int J Pharm Bio Sci. 2010; 6(2):35-40. 

3. Kumar BP, Chandiran IS, Bhavya B, Sindhuri M. 

Microparticulate Drug Delivery System: A Review. Indian J 

Pharm Sci Res. 2011; 1(1):19-37. 

4. Degim Z. Use of Microparticulate Systems to Accelerate 

Skin Wound Healing. J Drug Target. 2008; 16(6):437-448.  

5. McDougal WS, Slade CL, Pruitt Jr BA. Manual of Burns. 

Springer-Verlag. 1987; 1-250p. 

6. Hall C, Hardin C, Corkins CJ, Alisha Z, Jiwani AZ, Fletcher 

J, Carlsso A, Chan R. Pathophysiologic Mechanisms and 

Current Treatments for Cutaneous Sequelae of Burn 

Wounds. Compr Physiol. 2018; 8(1):371-405. 

7. Caló E and Khutoryanskiy VV. Biomedical Applications of 

Hydrogels: A Review of Patents and Commercial Products. 

Eur Polym J. 2015; 65:252-267. 

8. Degim Z, Celebi N, Alemdaroglu C, Deveci M, Ozturk S, 

Ozogul C. Evaluation of Chitosan Gel Containing Liposome‐

Loaded Epidermal Growth Factor on Burn Wound 

Healing. Int Wound J. 2011; 8(4):343-354. 

9. Aderibigbe BA and Buyana B. Alginate in Wound Dressings. 

Pharmaceut. 2018; 10(42):1-19. 

10. Toussaint J, Chung WT, Clain SM, Raut V, Singer AJ. 

Optimal Timing for Early Excision in A Deep Partial 

Thickness Porcine Burn Model. J Burn Care Res. 2017; 

38(1):e352-e358. 

11. Avsar U, Zekai Halici Z, Akpinar E, Avsar MYU,Harun U, 

Bayraktutan AHTZ. The Effects of Argan Oil in Second-

degree Burn Wound Healing in Rats. Ostomy Wound 

Manag. 2016; 62(3):26-34. 

12. Groeber F, Holeiter M, Hampel M, Hinderer S, Layland KS. 

Skin Tissue Engineering - In vivo and In vitro Applications. 

Adv Drug Deliv Rev. 2011; 63(4-5):352-366. 

13. Dai NT, Williamson MR, Khammo N, Adams EF, Coombes 

AGA. Composite Cell Support Membranes Based on 

Collagen and Polycaprolactone for Tissue Engineering of 

Skin. Biomater. 2003; 25(18):4263-4271. 

14. Wasef LG, Shaheen HM, El-Sayed YS, Shalaby TIA, Samak 

DH, El-Hack MEA, Al-Owaimer A, Saadeldin IM, El-mleeh 

A, Ba-Awadh H, Swelum AA. Effects of Silver 

Nanoparticles on Burn Wound Healing in A Mouse 

Model. Biol Trace Elem Res. 2019; 193(2):456-465. 

15. Jahromi MAM, Zangabad PS, Basri SMM, Zangabad KS, 

Ghamarypour A, Aref AR, Karimi M, Hamblin MR. 

Nanomedicine and Advanced Technologies for Burns: 

Preventing Infection and Facilitating Wound Healing. Adv 

Drug Deliv Rev. 2018; 1(123):33-64.  

16. Yildirimer L, Thanh NTK, Seifalian AM. Skin Regeneration 

Scaffolds: A Multimodal Bottom-Up Approach. Trends 

Biotechnol. 2012; 30(12):638-648. 

17. Pereira RF, Barrias CC, Granja PL, Bartolo PJ. Advanced 

Biofabrication Strategies for Skin Regeneration and Repair. 

Nanomed. 2013; 8(4):603-621. 

18. Gong CY, Wu OJ, Wang YJ, Zhang DD, Luo F, Wei YO, 

Qian ZY. A Biodegradable Hydrogel System Containing 

Curcumin Encapsulated in Micelles for Cutaneous Wound 

Healing. Biomater. 2013; 34(27):6377-6387. 

19. Dai T, Huang YY, Sharma SK, Hashmi JT, Kurup DB, 

Hamblin MR. Topical antimicrobials for burn wound 

infections. Rec Pat Antiinfect Drug Discov. 2010; 5(2):124-

151. 

20. Simões D, Miguel SP, Ribeiro MP, Coutinho P, Mendonça 

AG, Correia IJ. Recent Advances on Antimicrobial Wound 

Dressing: A review. Eur J Pharm Biopharm. 2018; 127:130-

141. 

21. Wolcott RD, Hanson JD, Rees EJ, Koenig LD, Phillips CD, 

Wolcott RA, Cox SB, White JS. Analysis of The Chronic 

Wound Microbiota of 2,963 Patients by 16S rDNA 

Pyrosequencing. Wound Repair Regen. 2016; 24(1):163-174. 

22. Jaloob AAA. Antibacterial activity of an aqueous extracts of 

Alkanna tinctoria roots against drug resistant aerobic 

pathogenic bacteria isolated from patients with burns 

infections. Rom J. 2018; 7:e0104 

23. Church D, Elsayed S, Reid O, Winston B, Lindsay R. Burn 

Wound Infections. Clin Microbiol Rev. 2006; 19(2):403-434. 

24. Saito A, Miyazaki H, Fujie T, Ohtsubo S, Kinoshita M, 

Saitoh D, Takeoka S. Therapeutic Efficacy of An Antibiotic-

Loaded Nanosheet in A Murine Burn-Wound Infection 

Model. Acta Biomater. 2012; 8:2932-2940. 

25. Garg T, Rath G, Goyal AK. Comprehensive Review on 

Additives of Topical Dosage Forms for Drug Delivery. Drug 

Deliv. 2015; 22(8):969-987.  

26. Wang W, Lu KJ, Yu CH, Huang QL, Du YZ. Nano-drug 

Delivery Systems in Wound Treatment and Skin 

Regeneration. J Nanobiotechnol. 2019; 17(82):1-15. 

27. Saporito F, Sandri G, Bonferoni MC, Rossi S, Boselli C, 

Cornaglia AI, Mannucci B, Grisoli P, Vigani B, Ferrari F. 

Essential Oil-Loaded Lipid Nanoparticles for Wound 

Healing. Int J Nanomed. 2018; 13:175-186. 

28. Pachuau L. Recent Developments in Novel Drug Delivery 

Systems for Wound Healing. Expert Opin Drug Deliv. 2015; 

12(12):1744-7593. 

29. Prasad BSG, Gupta VRM, Devanna N, Jayasurya K, 

Microspheres as Drug Delivery System–A review. J. Glob. 

Trends Pharm Sci. 2014; 5(3):1961-1972. 



                                              Trop J Nat Prod Res, October 2021; 5(10):1694-1702                   ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1702 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

30. Wu J, Zheng Y, Song W, Luan J, Wen X, Wu Z, Chen X, 

Wang Q, Guo S. In situ Synthesis of Silver-

Nanoparticles/Bacterial Cellulose Composites for Slow-

Released Antimicrobial Wound Dressing. Carbohydr Polym. 

2014; 102:762-771. 

31. Gainza G, Villullas S, Pedraz JL, Hernandez RM, Igartua M. 

Advances in Drug Delivery Systems (DDSs) to Release 

Growth Factors for Wound Healing and Skin Regeneration. 

Nanomed Nanotechnol Biol Med. 2015; 11(6):1551-1557. 

32. Xu HL, Chen PP,  ZhuGe DL, Zhu QY, Jin BH, Shen 

BX, Xiao J, Zhao YZ. Liposomes with Silk Fibroin Hydrogel 

Core to Stabilize bFGF and Promote the Wound Healing of 

Mice with Deep Second-Degree Scald. Adv Healthc Mater. 

2017; 6(19):1-13. 

33. Manca ML, Matricardi P, Cencetti C, Peris JE, Melis V, 

Carbone C, Escribano E, Zaru M, Fadda AM, Manconi M. 

Combination of Argan Oil and Phospholipids for The 

Development of An Effective Liposome-Like Formulation 

Able to Improve Skin Hydration and Allantoin Dermal 

Delivery. Int J Pharm. 2016; 505(1-2):204-211. 

34. Zhao Y, Qiu Y, Wang H, Chen Y, Jin S, Chen S. Preparation 

of Nanofibers with Renewable Polymers and Their 

Application in Wound Dressing. Int J Polym Sci. 2016; 

4672839:1-17. 

35. Park JW, Hwang SR, Yoon IS. Advanced Growth Factor 

Delivery Systems in Wound Management and Skin 

Regeneration. Molecules. 2017; 22(8):1259.  

36. Ghorbanzadeh M, Farhadian N, Golmohammadzadeh S, 

Karimi M, Ebrahimi M. Formulation, Clinical and 

Histopathological Assessment of Microemulsion Based 

Hydrogel for UV Protection of Skin. Coll Surf B Biointerf. 

2019; 179:393-404. 

37. Garbuio DC, Zamarioli CM, de Melo MO, Campos 

PMBGM, de Carvalho EC, de Freitas LAP. Safety of A 

Formulation Containing Chitosan Microparticles with 

Chamomile: Blind Controlled Clinical Trial. Rev Lat Am 

Enfermagem. 2018; 26:e3075. 

38. Zia T, Usman M, Sabir A, Shafiq M, Khan RU. Development 

of Inter-Polymeric Complex of Anionic Polysaccharides, 

Alginate/k-Carrageenan Bio-platform for Burn Dressing. Int 

J Biol Macromol. 2020; 157: 83–95. 

39. Fumakia MD and Ho EA. Nanoparticles Encapsulated with 

LL37 and Serpin A1 Promotes Wound Healing and 

Synergistically Enhances Antibacterial Activity. Mol Pharm. 

2016; 13(7):2318-2331. 

 

 

40. Mohseni M, Shamloo A, Aghababaie Z, Afjoul H, Abdi S, 

Moravvej H, Vossoughi M. A comparative Study of Wound 

Dressings Loaded with Silver Sulfadiazine and Silver 

Nanoparticles: In vitro and In vivo Evaluation. Int J Pharm. 

2019; 564:350-358. 

41. Oryan A, Alemzadeh E, Moshiri A. Burn Wound Healing: 

Present Concepts, Treatment Strategies and Future 

Directions. J Wound Care. 2017; 26(1):5-19. 

42. El-Assri EM, Eloutassi N, El Barnossi A, Bakkari F, 

Hmamou A, Bouia. Wild Chamomile (Matricaria recutita L) 

from the Taounate Province, Morocco:Extraction and 

Valorisation of the Antibacterial Activity of its Essential 

Oils. Trop J Nat Prod Res. 2021; 5(5):883-888. 

43. Afshar M, Ghaderi R, Zardast M, Delshad P. Effects of 

Topical Emu Oil on Burn Wounds in the Skin of Balb/c 

Mice. Dermatol Res Pract. 2016; 6419216:1-6. 

44. Bayir Y, Un H, Ugan RA, Akpinar E, Cadirci E, Calik I, 

Halici Z. The Effects of Beeswax, Olive Oil and Butter 

Impregnated Bandage on Burn Wound Healing. BURNS. 

2019; 4(5):1410-1417. 

45. Li HL, Deng YT, Zhang ZR, Fu QR, Zheng YH, Cao 

XM, Nie J, Fu LW, Chen LP, Xiong YX, Shen DY, Chen 

QX. Evaluation of Effectiveness in A Novel Wound Healing 

Ointment-Crocodile Oil Burn Ointment. Afr J Trad Compl 

Altern Med. 2017; 14(1):62-72. 

46. Shanmugarajan TS, Selvan NK, Uppuluri VNVA, 

Development and Characterization of Squalene-Loaded 

Topical Agar-Based Emulgel Scaffold: Wound Healing 

Potential in Full-Thickness Burn Model. Int J Low Extrem 

Wounds. 2020; 1534734620921629. 

47. Jopke K, Sanders H, White-Traut R. Use of Essential Oils 

Following Traumatic Burn Injury: A Case Study. [published 

correction appears in J Pediatr Nurs. 2019; 44:139]. J Pediatr 

Nurs. 2017; 34:72-77. 

48. Calixto G, Yoshii AC, Rocha e Silva H, Cury BSF, Chorilli 

M. Polyacrylic Acid Polymers Hydrogels Intended to Topical 

Drug Delivery: Preparation and Characterization. Pharm Dev 

Technol. 2014; 20(4):490-496. 

49. Kim H, Makin I, Skiba J, Ho A, Housler G, Stojadinovic. 

Antibacterial Efficacy Testing of a Bioelectric Wound 

Dressing Against Clinical Wound Pathogens. Open 

Microbiol J. 2014; 8:15-21. 

50. Bainbridge P. Wound Healing and The Role of Fibroblasts. J 

Wound Care. 2013; 22(8):407-412. 
 

 

 

 

 
 

 
 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Xu+HL&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+PP&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=ZhuGe+DL&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+QY&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=Jin+BH&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=Shen+BX&cauthor_id=28661050
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+J&cauthor_id=28661050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20YT%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20ZR%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20QR%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nie%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=28480384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20QX%5BAuthor%5D&cauthor=true&cauthor_uid=28480384

