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Abstract: 

Diabetes wounds heal slowly and poorly, putting patients in a high-infection environment. This 

article provided a summary of recent developments in nanoparticles/gels and nanotechnology 

used to speed up the healing of diabetic wounds. The primary active and beneficial ingredient 

of Curcuma longa L., curcumin, has a long and illustrious history of medicinal benefits for 

human health care. It has been suggested that curcumin can heal wounds. However, issues like 

limited water solubility, poor tissue absorption, and a short plasma half-life due to its quick 

metabolism must be resolved for curcumin formulations to be an effective treatment for wound 

healing. Curcumin nanoformulations, including nano emulgel, have addressed the problem of 

curcumin's low bioavailability. Thus, the formulation, characterization, and applications of 

curcumin nanoemulgel for diabetic wound healing are discussed in the current review. 
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Introduction 

Nano-formulations are tailored to the intended delivery site and improve the characteristics of 

conventional medications. The pharmaceutical industry is using Nano formulations such as 

liposomes, nanoemulsions, dendrimers, polymeric nanoparticles, and micelles to improve drug 

formulation1,2. Approximately 500 million people worldwide are thought to have diabetes 

mellitus (DM), and alarming growth is anticipated in the upcoming years. According to 

estimates, one in three to one in five diabetic individuals have chronic, non- healing wounds. 

throughout their lifetime is a diabetic foot ulcer (DFU)2. With its wide range of 

physicochemical features, nanotechnology is a dependable study field for wound- healing 

treatments. Their biochemical features, including hydrophobicity, interaction with organic 

molecules, and deeper degrees of tissue penetration, can be easily modified for practically any 

type of wound by modifying the material, size, and electrical charge of the nanoparticles4. 

            The main curcuminoid present in turmeric, curcumin, is commonly recognized as its 

most active component. It has a history of using topical infection-like wounds to treat it, and it 

has shown better wound healing activity. The three most significant cur curcuminoids are 

curcumin, demethoxycurcumin, and bisdemethoxycurcumin. The difference between turmeric 

and curcumin solutions or extracts must be understood. One of the bioactive curcuminoid 

molecules that can be found in turmeric is curcumin. Curcumin makes up 75% of the active 

curcuminoids, even if turmeric only contains 29% of them. It is crucial to understand the 

difference between turmeric and curcumin supplements or an additional 6,7. The ability of the 

curcumin molecule to target multiple pathological disorders makes it suitable for development 

as a therapeutic or nutraceutical agent. The Biopharmaceutics Classification System (BCS) 

classifies curcumin as a class II medication since it is both highly permeable and poorly water-

soluble8. Anxiety, arthritis, metabolic syndrome, oxidative and inflammatory diseases, and 

hyperlipidemia have all been demonstrated to be stabilized by curcumin. Antioxidant, anti-

amyloid, anti-microbial, anti-cancer, immune modulating, and neuroprotective characteristics 

are all possessed by curcumin. Low solubility, low stability, poor bioavailability, low 

penetration, quick metabolization, and a focus on efficacy are some of the known therapeutic 

curcumin barriers10. 

 

1. Hyperglycemia 

Hyperglycemia can make a contribution to impaired wound closure, impaired functioning of 

more than a few skin cells, and peripheral neuropathy in diabetic patients. Hyperglycemia 

promotes atherosclerosis by blocking circulating nutritional vitamins from interacting with 

wounds, thereby impairing healing. Endothelial dysfunction, which is essential for wound 

healing via pressure-induced vasodilation, a reaction that is typically protective for the skin, 

can occur in diabetic patients due to hyperglycemia. 
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2. Pathophysiology 

Figure 1: Diabetes wound healing process 

 

3. How diabetes interferes with wound healing 

The capabilities of the body to produce or respond to the hormone insulin, which works to help 

cells absorb and use blood glucose for energy, are influenced by diabetes. This insulin 

disturbance creates it difficult for the body to monitor and control blood glucose levels. Blood 

glucose levels that are persistently high impair white blood cell functionality. The immune 

system requires white blood cells to function properly. The body's ability to fight infections and 

repair wounds is compromised when white blood cells are widely distributed. Uncontrolled 

diabetes makes it harder for the body to heal wounds because it can affect circulation and reduce 

blood flow. As a result, the wounds might not heal or heal slowly7. 

 

4. Factors affecting wound healing 

Typically, the stages of wound healing proceed in a sequential and time-dependent manner. 

Any interference with the healing process for wounds could result in pathological scarring or 

persistent wounds. Understanding the diverse variables that influence wound healing and their 

potential effects on it may be helpful in the development of therapeutic drugs for wound healing 

in diabetes and non- diabetic patients. Factors affecting wound healing are wound site, Immune 

state, Age, Disease state, Reactive oxygen species (ROS), Diet. 

 

5. Nano formulation 

Nano-formulations typically range in size from 10 to 100 nm. Organic and inorganic 

nanoparticles are two different types. This group also includes compact and hybrid polymeric 

nanoparticles as well as micelles, dendrimers, and liposomes. Fullerenes, quantum dots, silica, 
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and metal nanoparticles are included in the second group. 

 

5.1 Why Nano formulations are used 

Traditional medicines have disadvantages like poor solubility, and low bioavailability that 

limits their clinical application." Nanoformulations" (NFs) are novel and advanced drug-

delivery systems. They appear to have the potential for enhancing the solubility and 

bioavailability of medications. They can release loaded pharmaceuticals in response to specific 

internal and external stimuli in selected regions, allowing for controlled drug release within 

target tissues. Recent research has shown that NFs can target the release of active substances 

at illness sites, increasing their concentration in diseased tissues and minimizing side effects1,2. 

Advantages 

• The opportunity for combining both hydrophilic and hydrophobic materials. 

• Variable administration routes are feasible. 

• Biodegradable, non-toxic, and able to be kept for longer durations in preservation. 

• Can be used to deliver medicines under controlled conditions. 

• Reduces the need for multiple doses. 

• Greater stability and carrier capacity. 

 

Disadvantages 

• Its limited capacity for drug loading is a major downside. 

• The biotransformation of polymeric carriers may lead to the formation of toxic 

metabolites after repeated administration. 

• The polymeric nanoparticles deteriorate relatively slowly, resulting in toxic effects 

throughout the body 

Different strategies of curcumin Nano formulation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Different strategies of curcumin nanoformulation 
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6. Formulation of nanoemulsion by solvent evaporation technique 

The single emulsion solvent evaporation technique has been used to develop curcumin-loaded 

nanoparticles.10 or 20 mg of curcumin powder was dissolved in the solvent mixture and mixed 

with such a vortex for 30 min in a glass tube after 100-200 mg of PLGA polymer had been 

dissolved in 5 ml of dichloromethane. In a glass tube containing 10 ml of aqueous PVA 

solution, the drug/polymer mixture was added. After adding the drug/polymer mixture to the 

PVA solution, vortex for a further 1 minute at high speed. Using a probe sonicator, this polymer 

mixture was emulsified inside an ice water bath for 10 mins at 40% amplitude. Under magnetic 

stirring, this emulsified mixture was poured into 30 ml of 0.5% aqueous solution. At 800 ° C 

dichloromethane was evaporated utilizing high magnetic stirring for about 3 hours. 

Centrifugation was employed to separate the nanoparticles for 15 min at 20,000 rpm, and then 

three washes with distilled water. After accumulating the supernatants, pellets of the 

nanoparticles were reconstituted in 5 ml of distilled water8. 

 

Expediency solvent evaporation technique 

The basis of the solvent evaporation process is the agitation-based evaporation of an emulsion's 

internal phase. Solvent evaporation is one of the most popular, well-researched, simple, and 

available procedures among all the others. Thus, it is crucial to consider the fundamentals of 

how formulation factors affect the method to design and solvent evaporation. The key 

advantages of the method are its simplicity of use, swift handling for synthesizing 

nanoparticles, and lack of unreacted monomers or residual initiators in the created polymer 

dispersions based on prior purification of the pre-synthesized polymer. The drawbacks include 

the frequently wide (20–50%) size distribution of the generated particles and capsules, the 

frequently poor solid content of the dispersions, and the continual presence of surfactants. By 

concentrating the dispersions in vacuo and using dialysis, respectively, the last two issues can 

be resolved8. 

 

7. Characterization of nanoemulgel 

7.1 Physical properties 

The color, homogeneity, consistency, grittiness, and phase separation of the nanoemulsion gel 

compositions were visually assessed. 

 

7.2 pH Calculation 

A digital pH meter was used to determine the formulations' pH levels. A 250 ml beaker 

containing nanoemulsion Gel was filled, the solution was tested using a pH meter, and the 

results were recorded. Two additional times, the same process and formulation were used. 

Three times, the pH of each produced combination was measured using a similar method. 

 

7.3 Viscosity Testing 

On a viscometer with a spindle count of 64 installed, a container with up to 100 mL of gel was 

set down. After that, the spindle was lowered to the gel's predetermined limit. Using the 

viscosity value indicated on the tool, we then adjusted the speed to 0.6 rpm. 
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7.4 Spreadability 

A glass plate assessing 20× 20 cm was placed over 0.5 g of gel to test the formulation's 

spreadability. A second glass plate was then placed on top of the first plate. 500 g of weight 

was placed on the top glass plate and left there for five minutes. The gel spreading-related 

increase in diameter was noted 

Spreadability = m ×l /t 

m = weight tied to the upper 

 

7.5 Extrudability 

A hardness tester has been used to perform the extrudability test. The aluminum collapsible 

tubes were filled with 5 g of Nanoemulsion Gel. To properly hold the tube, the plunger is put 

to the test. Applying 1 gm per cm2 for 30 seconds. Then, you repeated the procedure three times 

while observing the amount of Nanoemulsion gel that came from tube 6. 
 

8. Formulation of curcumin nanoemulgel 

To make curcumin nano gel, using a water carbomer gel matrix, the first hydrogel matrix was 

made by soaking the carbomer. And after that, the gel matrix was slowly and continuously 

stirred to incorporate the nanoemulsion. With the addition of a citric acid aqueous solution, the 

pH was adjusted to 6 to produce the desired nano emulgel15. 

 

Conclusion 

Based on the evidence available here, curcumin nanoformulations appear to have therapeutic 

potential in diabetic wound healing. Delivery of curcumin to diabetic wound sites is made 

possible by topical nanoemulsion gel, which also enhances therapeutic outcomes. Curcumin 

nano emulgel for wound healing has a significant potential for new pharmaceutical 

development, however, there haven't been any clinical studies yet. To create unique, efficient, 

and secure nano drugs, more study is required to apply the knowledge learned from human 

research17. 

 

Abbreviations 

DW diabetes Mellitus 

DFU Diabetic Foot Ulcer 

BCS Biopharmaceutics Classification System 

ROS Reactive Oxygen Species 

NFs Nanoformulations 

 

Conflicts of interest: 

The authors confirm that this article has no conflict of interest. 

 

Credit author statement: 

Dhanush R- conceptualization, validation, and writing the original draft. Deepan B- Review 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 04 (April) - 2023

http://ymerdigital.com

Page No:1384



 

 

and editing, formal   analysis. Madeshwar M- drafting and editing. Murugappan M- supervision, 

draft review, analysis, and editing. Divakar-Draft writing and conceptual analysis. 

 

Acknowledgment: 

The author extends their indebtedness to the Department of science and technology – Fund for 

the improvement of science and technology infrastructure in universities and Higher 

Educational Institutions (DST-FIST), New Delhi for their infrastructure support to our 

department. 

 

Reference 

1. Zarenezhad E, Agholi M, Ghanbariasad A, Ranjbar A, Osanloo M. A nanoemulsion-

based nanogel of Citrus limon essential oil with leishmanicidal activity against 

Leishmania tropica and Leishmania major. Journal of Parasitic Diseases. 2021 Jun; 

45:441-8. https://doi.org/10.1007/s12639-020-01318-1 

2. Jeevanandam J, San Chan Y, Danquah MK. Nano-formulations of drugs: recent 

developments, impact and challenges. Biochimie. 2016 Sep 1; 128:99-112. 

https://doi.org/10.1016/j.biochi.2016.07.008  

3. Moradi SZ, Momtaz S, Bayrami Z, Farzaei MH, Abdollahi M. Nanoformulations of 

herbal extracts in treatment of neurodegenerative disorders. Frontiers in bioengineering 

and biotechnology. 2020 Apr 7; 8:238. https://doi.org/10.3389/fbioe.2020.00238  

4. Bakhrushina EO, Anurova MN, Zavalniy MS, Demina NB, Bardakov AI, Krasnyuk II. 

Dermatologic gels spreadability measuring methods comparative study. International 

Journal of Applied Pharmaceutics. 2022;14(1):164-8. 

https://doi.org/10.22159/ijap.2022v14i1.41267  

5. Jamadar MJ, Shaikh RH. Preparation and evaluation of herbal gel formulation. Journal 

of Pharmaceutical Research and Education. 2017;1(2):201-4.  

6. Patwekar SL, Khavane KB, Chainpure PR, Shivpuje SA. A review on different 

preparation methods used for development of curcumin nanoparticles. International 

Journal of Creative Research Thoughts. 2021;9(1):4088-101. 

7. Burgess JL, Wyant WA, Abdo Abujamra B, Kirsner RS, Jozic I. Diabetic wound-

healing science. Medicina. 2021 Oct 8;57(10):1072. 

https://doi.org/10.3390/medicina57101072  

8. Hwisa NT, Katakam P, Chandu BR, Adiki SK. Solvent evaporation techniques as 

promising advancement in microencapsulation. VRI Biol. Med. Chem. 2013; 1:8-22.  

9. Quispe C, Herrera-Bravo J, Javed Z, Khan K, Raza S, Gulsunoglu-Konuskan Z, Daştan 

SD, Sytar O, Martorell M, Sharifi-Rad J, Calina D. Therapeutic applications of 

curcumin in diabetes: a review and perspective. BioMed Research International. 2022 

Feb 2;2022. https://doi.org/10.1155/2022/1375892  

10. Yallapu MM, Nagesh PK, Jaggi M, Chauhan SC. Therapeutic applications of curcumin 

nanoformulations. The AAPS journal. 2015 Nov; 17:1341-56. 

https://doi.org/10.1208/s12248-015-9811-z  

11. Lee WH, Loo CY, Leong CR, Young PM, Traini D, Rohanizadeh R. The achievement 

of ligand-functionalized organic/polymeric nanoparticles for treating multidrug 

resistant cancer. Expert opinion on drug delivery. 2017 Aug 3;14(8):937-57. 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 04 (April) - 2023

http://ymerdigital.com

Page No:1385

https://doi.org/10.1007/s12639-020-01318-1
https://doi.org/10.1016/j.biochi.2016.07.008
https://doi.org/10.3389/fbioe.2020.00238
https://doi.org/10.22159/ijap.2022v14i1.41267
https://doi.org/10.3390/medicina57101072
https://doi.org/10.1155/2022/1375892
https://doi.org/10.1208/s12248-015-9811-z


 

 

https://doi.org/10.1080/17425247.2017.1247804  

12. Trigo-Gutierrez JK, Vega-Chacón Y, Soares AB, Mima EG. Antimicrobial activity of 

curcumin in nanoformulations: a comprehensive review. International journal of 

molecular sciences. 2021 Jul 1;22(13):7130. https://doi.org/10.3390/ijms22137130  

13. Zorofchian Moghadamtousi S, Abdul Kadir H, Hassandarvish P, Tajik H, Abubakar S, 

Zandi K. A review on antibacterial, antiviral, and antifungal activity of curcumin. 

BioMed research international. 2014 Oct;2014. https://doi.org/10.1155/2014/186864  

14. Kesharwani P, Jain A, Srivastava AK, Keshari MK. Systematic development and 

characterization of curcumin-loaded nanogel for topical application. Drug development 

and industrial pharmacy. 2020 Sep 1;46(9):1443-57. 

https://doi.org/10.1080/03639045.2020.1793998  

15. Krausz AE, Adler BL, Cabral V, Navati M, Doerner J, Charafeddine RA, Chandra D, 

Liang H, Gunther L, Clendaniel A, Harper S. Curcumin-encapsulated nanoparticles as 

innovative antimicrobial and wound healing agent. Nanomedicine: Nanotechnology, 

Biology and Medicine. 2015 Jan 1;11(1):195-206. 

https://doi.org/10.1016/j.nano.2014.09.004  

16. Akbik D, Ghadiri M, Chrzanowski W, Rohanizadeh R. Curcumin as a wound healing 

agent. Life sciences. 2014 Oct 22;116(1):1-7. https://doi.org/10.1016/j.lfs.2014.08.016  

17. Gopinath D, Ahmed MR, Gomathi K, Chitra K, Sehgal PK, Jayakumar R. Dermal 

wound healing processes with curcumin incorporated collagen films. Biomaterials. 

2004 May 1;25(10):1911-7. https://doi.org/10.1016/S0142-9612(03)00625-2  

18. Patel NA, Patel NJ, Patel RP. Formulation and evaluation of curcumin gel for topical 

application. Pharmaceutical Development and Technology. 2009 Jan 1;14(1):83-92. 

https://doi.org/10.1080/10837450802409438  

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 04 (April) - 2023

http://ymerdigital.com

Page No:1386

https://doi.org/10.1080/17425247.2017.1247804
https://doi.org/10.3390/ijms22137130
https://doi.org/10.1155/2014/186864
https://doi.org/10.1080/03639045.2020.1793998
https://doi.org/10.1016/j.nano.2014.09.004
https://doi.org/10.1016/j.lfs.2014.08.016
https://doi.org/10.1016/S0142-9612(03)00625-2
https://doi.org/10.1080/10837450802409438

