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ABSTRACT 
The process of wound healing is a complex biological process which encompasses hemostasis, inflammation, 
proliferation and remodelling. The diabetic ulcers and burn wounds are a significant burden of health care in the 
whole world since they take a longer period to heal and moreover they are prone to infection. The traditional 
medicinal plant, Turmeric (Curcuma longa) has been actively applied in the traditional medicine system and 
received a considerable amount of scientific attention in its wound healing qualities due to its active constituent, 
curcumin. This is a systematic review where experimental and clinical evidence has been reviewed on the efficacy 
of Curcuma longa in wound management. The databases utilized in the search of the literature, which included 
Publisher, Scopus, and Web of Science was suggested by PRISMA. The inclusion and exclusion criteria were pre-
determined when selecting the studies. It has been shown, both in vitro and in vivo, that curcumin not only enhances 
fibroblast proliferation, collagen deposition, angiogenesis, and re-epithelialization, but also has a potent anti-
inflammatory, antioxidant, and anti-microbial effect. It has also been shown to enhance the rate of healing of chronic 
wounds such as diabetic ulcers and postoperative wounds. Though the findings are encouraging, its clinical 
application is restricted due to such factors as low aqueous solubility, low bioavailability and fast metabolism. 
Nanoparticles, hydrogel and nanoemulgels are the latest types of drug delivery systems and have significantly 
enhanced the stability and therapeutic properties of curcumin. To sum up, Curcuma longa is a promising natural 
agent in wound healing but its clinical use needs to be determined by conducting large-scale randomized clinical 
trials and standardized formulations. 
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Introduction 
The process of wound healing is a multifaceted, 
dynamic and highly coordinated biological event that re-
establishes the structural and functional integrity of 
injured tissues after an injury. It entails a series of 
interacting events, comprising hemostasis, 
inflammation, proliferation, and remodeling, which are 
controlled by a network of cellular and molecular events 
[1]. These processes are timely and ordered under 
normal physiological conditions; in case of disruptions 
in this cascade, they may cause delayed or impaired 
healing, which leads to chronic wounds [2]. Chronic 
wounds, including diabetic foot ulcers, pressure ulcers, 
and venous leg ulcers, are a major worldwide healthcare 
issue because they have long-lasting healing phases, are 

highly susceptible to infections, and cause high 
morbidity and mortality rates [3]. The chronic wound 
burden has grown exponentially over the past few 
decades and is largely attributed to the escalating levels 
of diabetes, aging and lifestyle-related illnesses [4].  
Diabetic wounds are especially troublesome since they 
are predisposed to underlying pathophysiological 
processes, including lack of proper vascularization, 
neuropathy, unresolved inflammation, and defective 
immune system [5].  These will cause delayed wound 
healing, predisposition to microbial infections, and, in 
severe situations, amputation of the limbs [6]. 
Traditional wound management techniques such as 
debridement, antibiotic treatment, and high tech 
dressings tend to be less successful particularly in 
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chronic and infected wounds [4].  Moreover, the use of 
antibiotics has been so extensive, thus leading to the 
development of antimicrobial resistance, which has 
made the treatment of wounds more difficult [7]. 
The past years have seen an increasing interest in 
investigation of natural products and plant-based 
therapeutics in wound healing use [8]. Over the ages, 
medicinal plants have been utilized in traditional 
medicine systems like Ayurveda, Traditional Chinese 
Medicine and Unani because they are safe, accessible 
and multi-targeted, due to their therapeutic effects [9]. 
Phytochemicals have pleiotropic effects unlike synthetic 
drugs, which typically have a single action, acting on 
one pathway in wound repair [10]. One of these 
medicinal plants of particular interest is Curcuma longa 
(or turmeric) that has powerful pharmacological effects 
and potential to be used in the treatment of wounds [11]. 
A perennial herb of the Zingiberaceae family, Curcuma 
longa is commonly grown in India and other tropical 
areas [12]. It has been widely employed as a food 
seasoning, dye and in medicine [13].  Most of the 
therapeutic effects of turmeric have been ascribed to its 
bioactive components, which are collectively referred to 
as curcuminoids, with the most notable and widely 
studied one being curcumin [12]. Curcumin 
(diferuloylmethane) is a water insoluble polyphenol 
with a variety of biological properties, such as anti-
inflammatory, antioxidant, antimicrobial, anticancer, 
and immunomodulatory properties [13]. These 
characteristics render it a prospective agent to improve 
wound healing [14]. 
Curcumin has the potential of healing wounds via 
several different mechanisms. It regulates the pathways 
of inflammation through the inhibition of these key 
mediators: nuclear factor-kappa B (NF-κB), tumor 
necrosis factor-alpha (TNF-), interleukins, and inhibits 
the excessive inflammation which postpones healing 
[15]. Also, curcumin shows great antioxidant properties 
in scavenging reactive oxygen species (ROS) and 
increasing the activity of endogenous antioxidant 
enzymes like superoxide dismutases and catalases. This 
helps in protecting tissues from oxidative damage, 
which is a major contributing factor in chronic wounds 
[16]. 
Further, curcumin has been demonstrated to stimulate 
fibroblast growth, collagen production and extracellular 
matrix deposition, which are essential in the 
regeneration of tissues and wound healing [17].  It also 
promotes angiogenesis through increasing vascular 

endothelial growth factor (VEGF), which promotes the 
development of new blood vessels that are needed to 
supply nutrients and oxygen to the healing tissue [18].  
Moreover, its antimicrobial action against a wide range 
of pathogens such as bacteria and fungi is very 
important in wound infection prevention and in 
maintaining healing process [19]. 
Although these were encouraging therapeutic findings, 
clinical usage of curcumin is greatly hampered by its 
unpleasant physicochemical characteristics such as low 
solubility in water, high rate of metabolism and low 
bioavailability. These are the constraints that limit its 
therapeutic effect in conventional dosage forms [20]. In 
a bid to deal with these hurdles, a lot of research has 
been focused in developing superior drug delivery 
systems. New formulations including nanoparticles, 
liposomes, hydrogels and nanoemulgels have shown 
superior stability, better permeation of skin and long 
release of drugs, thus positively influencing the overall 
wound healing potential of curcumin [21]. 
Specifically, delivery systems based on nanoemulsions 
have become one of the promising delivery methods of 
topical drugs in wound treatment. These systems 
integrate the benefits of nanoemulsions like enhanced 
solubilization and bioavailability with those of gel based 
systems, including convenience when applying, 
prolonged presence, and compliance in patients [22]. 
Nanoemulgels loaded with curcumin have exhibited a 
better performance in preclinical studies where they 
have proven to have a better wound contraction, 
increased epithelialization and better collagen 
deposition than the traditional formulations [23]. This 
development is in line with the increased attention of 
nanotechnology-based therapeutics in treating chronic 
wounds [24]. 
With the growing body of evidence on the potential of 
Curcuma longa to heal wounds, a detailed and 
systematic review of experimental and clinical evidence 
is necessary [25]. Although a number of studies on its 
pharmacological properties have been conducted, there 
is need to consolidate its efficacy, mechanisms and 
formulation strategies to be in a position to know its 
translational potential [26]. Thus, the current systematic 
review would critically review the current literature on 
Curcuma longa in wound healing, its mechanism of 
action, experimental results, clinical results and 
improvement of drug delivery systems, especially 
nanoemulgel systems [27]. 
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This review also aims at identifying the existing 
research gaps, limitations and directions to assist in 
development of effective, safe and standard curcumin-
based therapies in wound management. Combining the 
traditional knowledge and current developments in the 
field of science, Curcuma longa has a great potential as 
a new and versatile therapeutic agent in wound healing. 
2. Methodology 
2.1 Search Strategy 
A thorough and methodical literature review was 
performed to find the pertinent studies that assess the 
effect of Curcuma longa and its active ingredient 
curcumin in wound healing. The database search has 
been conducted in three large electronic databases, 
PubMed, Scopus, and Web of Science, which are well 
known to index high quality biomedical and 
pharmaceutical research. These databases were chosen 
such that they provide wide coverage of peer-reviewed 
experimental and clinical studies. A combination of 
keywords and Boolean operators was used to develop 
the search strategy to help maximize the retrieval of 
relevant literature and minimize irrelevant ones. 
Keywords that were mainly used were: Curcuma longa 
and wound healing, Curcumin and diabetic wounds, and 
Turmeric and skin regeneration. Such terms were 
selected to identify those studies that dealt with various 
facets of wound healing such as general tissue repair, 
chronic wounds like diabetic ulcers, and the skin 
regeneration mechanisms. Besides, search of databases 
was conducted with variations and synonyms of the 
keywords to increase sensitivity. The filters were used 
where appropriate to narrow down the results to articles 
published in English and within the stipulated time 
(2000-2025). Manual screening of reference lists of 
selected articles was also done in order to find out more 
relevant studies that were not found when using 
databases. This was a multi-step strategy that 
guaranteed comprehensive and impartial identification 
of eligible studies [28]. 
2.2 Inclusion Criteria 
The relevance, quality and consistency in the review 
process were achieved by including studies based on 
pre-determined criteria [28]. Experimental researches 
which were both in vitro and in vivo were considered in 
order to assess the mechanistic and pharmacological 
impacts of curcumin on wound healing [25]. In vitro 
experiments gave an understanding of cellular response 
including fibroblast proliferation, collagen synthesis and 
antioxidant activity, whereas in vivo experiments mostly 

involving animal models, provided evidence regarding 
wound contraction, tissue regeneration and healing 
kinetics [26]. Clinical trials were also involved to 
determine the translational capability and therapeutic 
effects of Curcuma longa in humans [11]. The only 
studies that were taken into consideration were those 
that were published in English language to ensure that 
there was a consistency in interpretation and there were 
no translation inaccuracies [29]. Moreover, the 
publication time was limited to 2000-2025 to make sure 
that the review contains the background research as well 
as the latest developments especially in formulation 
technologies like the nano-based delivery systems [30]. 
2.3 Exclusion Criteria 
The exclusion criteria were applied to studies that failed 
to satisfy the inclusion criteria in an attempt to uphold 
the scientific rigor and focus of the review [28]. The 
studies that did not contain original experimental or 
clinical data were filtered out Review articles, meta-
analyses, and opinion papers Review articles, meta-
analyses, and opinion papers did not contain original 
experimental or clinical data and were excluded, since 
the aim of this study was to analyze primary research 
evidence [31]. Nevertheless, these articles were at times 
referred to gain background knowledge. Any non-
English publications were not included as it would be 
difficult to interpret the data and filled with translation 
bias. Also, research studies that did not explicitly 
measure wound healing outcomes (like studies that 
investigated only the anti-inflammatory or antioxidant 
effects and not the wound reparation process) were 
eliminated. Articles that had inadequate methodological 
information, ambiguous results or were not reproducible 
were also filtered out to guarantee reliability of the data 
included [28]. 
2.4 PRISMA Flow  
The selection of studies was performed in compliance 
with the Preferred Reporting Items of Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines to 
provide the transparency and reproducibility of the 
study. First, 512 records were found by searching the 
database. Having eliminated duplicates, 420 distinct 
records could be further screened. As part of the title 
and abstract shortlisting stage, 300 studies were 
shortlisted on the basis of their relevance to the topic. 
The full-text review of these articles was then done in 
order to determine their eligibility based on the 
established inclusion and exclusion criteria. Following 
the thorough analysis, 65 studies ended up being 
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incorporated into the systematic review. PRISMA 
approach provided a systematic and impartial selection 
process that reduced the chances of selection bias and 
increased the credibility of the review results [28]. 
2.5 Risk of Bias 
The quality and reliability of the incorporated studies 
were critically evaluated to mention the possible sources 
of bias [32]. Small sample sizes, absence of 
randomization and blinding were all sources of 
moderate bias in a number of animal studies [25]. These 
might affect the internal validity of the results and 
restrain their generalizability [33]. The second 
significant shortcoming of clinical studies was the lack 
of randomized controlled trials. The number of studies 
was small, the follow up period was short, and the 
treatment procedures were not consistent, which could 
impact the strength of the conclusions [34]. Also, 
various curcumin preparations like crude extracts, gels, 
nanoparticles, and nanoemulgels brought heterogeneity 
to studies and hence direct comparisons were difficult 
[25]. In general, despite the existing evidence on 
therapeutic value of Curcuma longa in the wound 
healing process, methodological constraints prove the 
necessity of more stringent, large-scale, and 
standardized clinical trials to confirm its effectiveness. 
Table 1 indicates some risk of bias [28]. 
Table 1: Risk of Bias Assessment of Included Studies 
Bias Domain Animal 

Studies 
Clinical 
Studies 

Overall 
Assessment 

Random 
sequence 
generation 

Low–
Moderate 

Moderate Moderate 

Allocation 
concealment 

Moderate Moderate–
High 

Moderate 

Blinding High 
(often 
absent) 

Moderate High 

Sample size 
adequacy 

Low–
Moderate 

Low Moderate–
High 

Outcome 
reporting 

Moderate Moderate Moderate 

Selective 
reporting 

Low Moderate Low–
Moderate 

 
3. Phytochemistry of Curcuma longa 
Curcuma longa (turmeric) is a good source of various 
bioactive compounds that have led to its diverse 
pharmacological effects and especially in wound 

treatment [35]. Tumeric is a complex chemical 
compound mainly made up of two broad categories 
(curcuminoids, non-volatile polyphenolic compounds 
and volatile oils, essential oils). These ingredients have 
a synergistic effect to generate anti-inflammatory, 
antioxidant, antimicrobial, and tissue-generative effects 
[36]. 
3.1 Curcuminoids 
The major bioactive compounds found in the rhizome of 
Curcuma longa are curcuminoids that make up about 2-
5 percent of the rhizome. These are primarily curcumin, 
demethoxycurcumin and bisdemethoxycurcumin which 
are structurally related polyphenolic compounds. The 
most common and most widely investigated of these is 
the curcumin (diferuloylmethane), which gives turmeric 
its yellow colour [13]. Curcumin has strong anti-
inflammatory property by regulating major 
inflammatory signaling pathways, including nuclear 
factor-kappa B (NF), cyclooxygenase-2 (COX-2), and 
pro-inflammatory cytokines, like tumor necrosis factor-
alpha (TNF-), and interleukins [37]. This suppression of 
inflammatory mediators is crucial in preventing 
prolonged inflammation, which is a major cause of 
delayed wound healing [15]. Besides being an anti-
inflammatory agent, curcumin has a potent antioxidant 
effect, which allows it to counter the effect of reactive 
oxygen species (ROS) and lower the level of oxidative 
stress in the wound area [16]. It also enhances the 
growth of fibroblasts, collagen production and the 
formation of the extracellular matrix that is vital in 
repairing the tissue and sealing a wound. 
Demethoxycurcumin and bisdemethoxycurcumin are 
lesser amounts but they play a significant role in the 
total biological activity. These substances improve 
antioxidant defense systems and promote the 
stabilization of free radicals, thus complementing 
curcumin [38]. 
3.2 Volatile Oils  
Curcuma longa has a volatile oil fraction of 3-7% of the 
rhizome which comprises compounds like ar-turmerone, 
alpha-turmerone, beta-turmerone, zingiberene, and 
atlantone. These hydrophobic compounds are very 
important in antimicrobial and anti-inflammatory effects 
of turmeric [39]. One of the main constituents of 
essential oil, Turmerone, has great antimicrobial effect 
on a broad spectrum of pathogenic microorganisms, 
such as bacteria and fungi that are usually related to 
wound infection. This helps to reduce the amount of 
microbes on the location of wound and it prevents the 
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complications such as infection and delayed healing. 
Moreover, volatile oils increase skin permeability and 
drug absorption that could be used in topical 
formulations to improve the delivery and efficacy of 
curcuminoids [40]. It is also postulated in some studies 
that turmerones can have anti-inflammatory and 
neuroprotective effects, which can further aid in the 
healing process [39]. 
3.3 Synergistic Effects of Phytoconstituents 
Minimal evidence supports the therapeutic efficacy of 
Curcuma longa as a result of any single compound but 
as a result of an interactive relationship between 
curcuminoids and volatile oils [41]. Although 
curcuminoids are mainly aimed at inflammation, 
oxidative stress, and tissue regeneration, volatile oils 
also provide antimicrobial properties and increase 
bioavailability. The synergism is especially crucial in 
wound healing where several biological processes have 
to be coordinated [42]. Table 2 represents turmeric 
phytoconstituents biological functions and their 
synergistic effect of these phytoconstituents is: 

• Reduced inflammation 
• Defense against oxidative injury. 
• Prevention of microbial infection 
• Enhanced tissue regeneration [43]. 

Table 2: Phytoconstituents of Curcuma longa and 
Their Biological Functions [44] 
Compound Class Function 
Curcumin Polyphenol Anti-

inflammatory, 
antioxidant, 
promotes 
collagen 
synthesis 

Demethoxycurcumin Curcuminoid Antioxidant, 
stabilizes free 
radicals 

Turmerone Essential oil Antimicrobial, 
enhances skin 
penetration 

3.4 Relevance in Wound Healing 
The phytochemical composition of Curcuma longa 
directly supports its role in wound healing. 
Curcuminoids also control inflammatory and oxidative 
processes, whereas volatile oils prevent the proliferation 
of microbes and enhance drug delivery [45]. This is a 
multi-targeted mechanism that renders turmeric a very 
effective natural agent in the treatment of acute and 

chronic wounds [46]. Furthermore, lipophilic essential 
oils increase the skin penetration of curcumin and this is 
of great advantage when used topically as gels, 
ointments and nanoemulgels [47]. This is particularly 
applicable to contemporary pharmaceutical strategies 
whereby bioavailability enhancement is very vital to 
therapeutic effectiveness [48]. 
4. Wound healing mechanisms. 
Hepatitis A is a multi-stage process in the body that 
involves four overlapping processes: hemostasis, 
inflammation, proliferation, and remodeling. Curcumin, 
the major bioactive of Curcuma longa, has a major role 
in regulating all these phases via various molecular and 
cellular processes [13]. Identical response to the 
previous step, except that it occurs during the 
inflammatory stage [49]. Inflammatory phase is 
necessary to remove pathogens and debris but too much 
or too long inflammation may impair healing, 
particularly in chronic injuries like diabetic ulcers [2]. 
Curcumin has a potent anti-inflammatory effect via 
inhibition of prominent pro-inflammatory cytokines, 
such as: 
• Adhesion molecules (AMs) 
• Interleukin-6 (IL-6) 
• Interleukin-1 beta (IL-1β) [50]. 
This is mainly done by inhibiting the NF-KB signaling 
pathway that is the major mediator of inflammation. 
Inhibiting these mediators, curcumin suppresses too 
much inflammatory reaction, limits the tissue 
destruction, and forms a conducive milieu to the 
transition to the proliferative stage [13]. 
2. Improvement of Antioxidant Defense. 
One of the key factors influencing the wound healing 
process, which especially applies to chronic wounds, is 
oxidative stress. Reactive oxygen species (ROS) can 
damage the cell structures, proteins and DNA, leading 
to delayed tissue repair. 
Curcumin stimulates: 
• Fibroblast proliferation 
• Mobility of fibroblasts into the wound [36]. 
Synthesis of collagen  
It also enhances the expression of growth factors such 
as: 
• Changes growth factor-beta (TGF-B). 
This increases the development of the granulation tissue 
and contraction of the wound [13]. 
3.  Angiogenesis (Proliferation Phase) Promotion of 
VEGF. 
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Angiogenesis (growth of new blood vessels) is essential 
to the healing tissue to provide it with oxygen and 
nourishment. Lack of enough blood supply greatly 
retards wound healing. 
Curcumin also leads to angiogenesis by: 
• Activating vascular endothelial growth factor 

(VEGF). 
• Enhancing the increase and migration of endothelial 

cells. 
• Betterment of the microcirculation of the wound 

[36]. 
The outcome is the growth of the new capillaries formed 
that help in mending of the tissues and repair. Curcumin 
is a pleiotropic agent, which means that it has numerous 
molecular targets simultaneously as compared to the 
traditional drugs, which have a single direction of 
action. It is especially useful in treating complex and 
chronic wounds, in which there are several pathological 
factors involved [14]. 
5. Experimental Evidence 
There is exhaustive scientific evidence on the wound 
healing capabilities of Curcuma longa or curcumin, its 
active constituent, based on experimental studies. Such 
works are in vitro (cell-based) and in vivo (animal-
based) studies, and, in combination, will aid in proving 
its pharmacological and therapeutic effects at different 
stages of wound healing [51]. 
5.1 In Vitro Studies 
In vitro research is essential in the understanding 
process of cellular and molecular pathways of wound 
healing. Such studies normally deal with cultured cells 
like fibroblasts, keratinocytes, and endothelial cells. 
Increased Fibroblast Proliferation [52]. Fibroblasts have 
a critical role in repairing tissue because they are the 
ones that synthesize the extracellular matrix and 
collagen. It has been demonstrated that curcumin can 
considerably increase the fibroblast proliferation and 
migration in cell culture models [53]. It activates 
cellular signaling pathways that control cell growth and 
division and thus it promotes the proliferation of 
fibroblasts at the wound site. This augmented fibroblast 
activity is involved in: 

• Quickly formed granulation tissue. 
• Improved wound contraction 
• Increased tissue-regeneration support [54]. 

Enhanced Collagen Synthesis 
Collagen is the main structural protein and which is 
needed to achieve wound strength and integrity. The in 

vitro research has shown that curcumin enhances the 
production of collagen and specifically Type I collagen 
through the up-regulation of the fibroblast activity and 
growth factors like transforming growth factor-beta 
[55]. Besides, curcumin can be used to regulate the 
deposition of collagen by balancing the synthesis and 
degradation of collagen. This gets rid of the 
development of abnormal scars and facilitates the 
processes of remodelling of tissues [56]. 
Reduced Oxidative Stress 
The outcome of reactive oxygen species (ROS) 
overproduction is oxidative stress, which can cause cell 
components damage and delay wound healing. In vitro 
curcumin possesses a good antioxidant activity, which 
removes the free radicals and enhances intracellular 
antioxidant response. Curcumin lowers oxidative stress 
and spares the cell damage. It increases the activities of 
antioxidant enzymes such as: 

• Superoxide dismutase (SOD) 
• Catalase 
• Glutathione [57] 

5.2 In Vivo Studies 
Direct evidence of the wound healing efficacy of 
curcumin under physiological conditions is contained in 
in vivo studies, which are mostly carried out in rat and 
mouse models [58]. 
 Faster Wound Contraction 
Wound contraction is one of the crucial indicators of the 
progression of healing and the wound contraction 
consists of the decrease of the wound size with time. 
Curcumin has been reported to strongly hasten the 
wound contraction process in animal models especially 
in excision and incision wounds [36]. Wounds treated 
with curcumin have better tensile strength because: 

• Increased collagen content 
• Improved collagen fiber orientation  
• Reduced Healing Time [59]  

A decrease in overall healing time is one of the greatest 
in vivo discoveries. These experimental findings are 
very solid in confirming the possibility of curcumin in 
the form of a therapeutic agent especially when it is 
integrated in some of the advanced delivery systems 
such as nanoemulgels, another factor that increases its 
bioavailability and efficacy [15]. 
6. Clinical Evidence  
In the wound healing process, clinical investigation on 
Curcuma longa and its active ingredient curcumin has 
offered promising, yet rather sparse evidence, on its 
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therapeutic usefulness. A number of clinical trials have 
examined its application in the treatment of various 
kinds of wounds especially chronic wounds like diabetic 
foot ulcer, post operative wounds and burn wounds [60]. 
One of the greatest clinical trials finds is the wound 
healing of diabetics. Topical application of curcumin-
containing preparations, including gels, ointments, or 
sophisticated delivery systems, has shown to result in 
quicker wound contraction and enhanced healing in 
patients compared with traditional methods [61]. This 
effect is mainly explained by the fact that the curcumin 
can regulate inflammation, increase collagen production 
and angiogenesis. Curcumin provides benefits in the 
healing of diabetic wounds by restoring the balance 
between pro-inflammatory and anti-inflammatory 
mediators that cause delays in the healing process of 
diabetic wounds through impaired blood flow and 
ongoing inflammation [62]. 
Another important clinical benefit observed is the 
reduction in wound infection. Curcumin has a broad-
spectrum antimicrobial effect on common pathogenic 
agents of wounds such as Staphylococcus aureus and 
Escherichia coli [63]. Clinical evidence has shown that 
curcumin-treated wounds contain less microbial load, 
assisting to produce a cleaner wound environment and 
reduce the likelihood of complications, such as sepsis or 
slow wound healing [64]. This antimicrobial activity is 
particularly helpful in the background of increasing 
antibiotic resistance because curcumin is a natural 
alternative/complement to conventional antimicrobial 
therapies [65]. 
In addition, curcumin has been discovered to do more 
rapid epithelialization, which is a vital process in wound 
healing. Epitehelialization is a process which involves 
migration and proliferation of keratinocytes to cover the 
wound surface. Clinically, curcumin based treatments 
have been shown to enhance re-epithelialization leading 
to accelerated new skin growth and reduction in healing 
time. This has been facilitated by its ability to trigger 
growth factors such as vascular endothelial growth 
factor (VEGF) and transforming growth factor - beta 
(TGF-b) that are key agents in tissue regeneration [55]. 
Although these are promising outcomes, there are a 
number of limitations that are linked to the clinical 
evidence that should be taken into serious consideration. 
One of the issues is a small sample size in most of the 
clinical studies. A majority of the trials have small 
sample sizes, thereby decreasing the sensitivity and 
applicability of the results [66].  

The other important limitation is the absence of 
standardization between studies. The nature of 
formulations of curcumin is highly varied with crude 
extraction, topical creams, hydrogel, nanoparticles, and 
nanoemulgels [67]. The variability in dosage, 
application frequency, length of treatment, and the 
nature of wound further complicates the comparisons 
across the studies. In addition, clinical benchmarks are 
hard to set since there are no standardized outcome 
measures and evaluation criteria [68]. 
In short, although there is clinical evidence that 
Curcuma longa has significant potential in healing 
wounds by improving diabetic wound healing, infection 
prevention, and epithelialization, the existing evidence 
is still not in place to give definite clinical 
recommendations [69]. Subsequent studies ought to be 
done in large scale, randomized controlled trials using 
standardized formulations and protocols to confirm 
these results and enable these to be translated into 
standard clinical practice [70]. 
7. Advanced Formulation Strategies 
Curcumin, the major bioactive of Curcuma longa has 
shown great potential in wound healing, because of its 
anti-inflammatory, antioxidant, antimicrobial and tissue- 
regenerative activities. Nonetheless, it has a number of 
physicochemical and pharmacokinetic limitations that 
limit its clinical use to a considerable extent. The use of 
these challenges has led to the formulation of better 
formulation strategies to increase its therapeutic 
effectiveness [71]. 
Limitations of Curcumin 
7.1 Poor Solubility 
Curcumin is a hydrophobic polyphenol having very 
poor solubility in water. This low solubility prevents its 
dissolution in biological fluids, and as such, decreases 
its availability in the target site. Poor solubility in 
topical application results in low drug release rates and 
poor penetration of the drug through the skin layers 
resulting in ineffective therapy of the wound [72]. 
7.2 Low Bioavailability 
Besides lack of solubility, curcumin has low 
bioavailability as it is metabolized and excreted in the 
body within a short period. It is greatly metabolized in 
the liver and the intestinal wall leading to its 
inactivation into inactive products. Moreover, it is 
unstable at physiological pH, and it is easily degraded, 
which minimizes its concentration at the wound site. 
The combination of these factors restricts its clinical 
translation although with good pharmacological activity. 
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High Level Formulation Strategies to beat limitations. 
As a solution to these difficulties, different innovative 
systems of drug delivery have been invented to enhance 
solubility, stability, permeability, and sustained release 
of curcumin [73]. 
7.3 Nanoparticles 
Drug delivery systems based on nanoparticles have 
become a very promising method in improving the 
bioavailability of curcumin. In this system, curcumin is 
entraped in nanosized carriers like polymeric 
nanoparticles, solid lipid nanoparticles or 
nanostructured lipid carriers. Nanoparticle formulations 
are used in wound healing to enhance the wound site by 
providing deeper penetration into the skin and retention 
in wound healing, thus improving therapeutic effects of 
wound healing, including the rapid wound contraction 
and the minimization of inflammation [74]. These 
systems have a number of benefits: 

• Higher solubility through an increment of 
surface area. 

• Preservation of curcumin. 
• Increased uptake and penetration by cells. 
• Controlled and sustained release of drugs [75]. 

 
7.4 Hydrogels 
Hydrogels are polymeric networks that are three-
dimensional and that are hydrophilic and can absorb a 
lot of water. They create a humid ambiance which is 
very favorable to wound healing as it enhances cell 
migration, angiogenesis and tissue regeneration. 
Moreover, hydrogels may be designed to react to 
environmental conditions like pH or temperature, and 
thereby deliver drugs to the wound site in a controlled 
manner. Nonetheless, hydrogels in their own right might 
not be efficient in the delivery of poorly soluble drugs 
such as curcumin [55]. 
7.5 Nanoemulgels  
Nanoemulgels are a cross between nanoemulsions and 
hydrogels in terms of drug delivery. Under this system, 
curcumin is initially added to a nanoemulsion (oil in 
water system with droplet size of nanometers) and 
finally added to a gel basis. 
This two-tiered system provides a lot of benefits: 
• Improved solubility of curcumin that is 
hydrophobic. 
• Enhanced penetration of the skin because of 
nanosized droplets. 
• Increased drug stability 

• Extended period of wound retention. 
• Regulated and slow release of drug. 
The nanoemulgels are also characterized by high 
spreadability and patient acceptability which make it 
suitable in the topical wound treatment. Notably, 
research has shown that the nanoemulgels of curcumin 
yield significantly increased wound contraction, 
collagen production and re-epithelialization in 
comparison to the traditional formulations. 
Nanoemulgels are especially promising in the context of 
research since they have solved the problem of 
solubility and bioavailability at the same time. This 
renders them very appropriate in chronic wound cases 
where there is a need to have a longer acting drug and 
penetrate the tissue more deeply [76]. 
8 Conclusions 
Curcuma longa has been developed as a massively 
promising natural therapeutic agent in the area of wound 
healing with a strong body of experimental and slowly 
accumulating clinical evidence. In vitro and in vivo 
preclinical studies have consistently shown that 
curcumin, the primary bioactive component of Curcuma 
longa, has a considerable impact on wound healing by 
enhancing the core biological responses, such as 
fibroblast growth, collagen synthesis, angiogenesis, and 
re-epithelialization. These effects are further augmented 
by its strong anti-inflammatory, antioxidant and 
antimicrobial effects, which together combine to form 
an ideal microenvironment to facilitate efficient tissue 
regeneration. 
A multi-targeted mechanism of action is one of the most 
evident benefits of curcumin. In contrast to other 
conventional therapeutic agents, which usually have a 
biologic impact on only one or few of the many 
molecular pathways, curcumin influences wound 
healing by impacting many pathways, such as inhibition 
of pro-inflammatory mediators, such as NF-KB, TNF-a 
and interleukins, and stimulation of growth factors, such 
as vascular endothelial growth factor (VEGF). This 
pleiotropic property renders Curcuma longa very useful 
in the treatment of complex and chronic wounds like 
diabetic ulcers where there are several pathological 
factors at play. 
Regardless of these potential features, clinical 
translation of curcumin is not extensively developed 
because of a number of intrinsic issues. Its 
bioavailability, poor aqueous solubility, high rate of 
metabolism and physicochemical instability are critical 
obstacles to its therapeutic effect in conventional dosage 
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forms. Furthermore, its wide-scale clinical application is 
also limited by the unavailability of standardized 
preparations, differences in dose schedules, and a 
deficiency of large-scale randomized clinical trials. The 
existing clinical evidence is promising but remains 
limited, with most being small studies and some having 
methodological flaws. 
The development of novel drug delivery systems in that 
respect has played a critical role in eliminating these 
shortcomings. Among the numerous ways explored that 
have revolutionized the curcumin formulation 
technology is nanomulgel delivery systems. The 
nanoemulgels that are a combination of the 
nanoemulsions and hydrogels enhance the solubility of 
the drugs, drug absorption into the skin, prolongation of 
drug release, and maintenance of the drugs in the wound 
area. All these characteristics result in better therapeutic 
outcomes such as contraction of wounds faster, 
increases collagen deposition, and decreases the healing 
time. 
Moreover, nanoemulgels are highly compatible with the 
topical wound management because of their non-greasy 
consistency, topical application and stability. The 
combination of nanotechnology and herbal therapeutics 
does not only enhance the pharmacokinetic properties of 
curcumin but also provides new opportunities to create 
the multifunctional and targeted wound healing systems. 
To sum up, Curcuma longa has a great potential as an 
effective, safe, and multifunctional agent in wound 
healing. Nevertheless, to fully achieve its clinical utility, 
future studies are needed on the development of 
standardized, reproducible formulations and well-
designed, large-scale randomized controlled trials. The 
focus should also be on the investigation of new 
delivery systems, including polyherbal nanoemulgels, 
that could further improve the therapeutic effect and 
cope with the complexity of managing chronic wound. 
Curcuma longa can become a part of modern wound 
care therapy with further development of the science of 
formulations and clinical trials. 
9 References 
1. Gurtner, G. C., Werner, S., Barrandon, Y., & 

Longaker, M. T. (2008). Wound repair and 
regeneration. Nature, 453(7193), 314–321. 
https://doi.org/10.1038/nature07039 

2. Guo, S., & DiPietro, L. (2010). Factors affecting 
wound healing. Journal of Dental Research, 89(3), 
219–229. 
https://doi.org/10.1177/0022034509359125 

3. Sen, C. K., Gordillo, G. M., Roy, S., Kirsner, R., 
Lambert, L., Hunt, T. K., Gottrup, F., Gurtner, G. 
C., & Longaker, M. T. (2009). Human skin 
wounds: A major and snowballing threat to public 
health and the economy. Wound Repair and 
Regeneration, 17(6), 763–771. 
https://doi.org/10.1111/j.1524-475x.2009.00543.x 

4. Frykberg, R. G., & Banks, J. (2015). Challenges in 
the treatment of chronic wounds. Advances in 
Wound Care, 4(9), 560–582. 
https://doi.org/10.1089/wound.2015.0635 

5. Armstrong, D. G., Boulton, A. J., & Bus, S. A. 
(2017). Diabetic foot ulcers and their recurrence. 
New England Journal of Medicine, 376(24), 2367–
2375. https://doi.org/10.1056/nejmra1615439 

6. Boulton, A. J., Vileikyte, L., Ragnarson-Tennvall, 
G., & Apelqvist, J. (2005). The global burden of 
diabetic foot disease. The Lancet, 366(9498), 1719–
1724. https://doi.org/10.1016/s0140-
6736(05)67698-2 

7. Ventola, C. L. (2015a). The antibiotic resistance 
crisis: part 1: causes and threats. PubMed, 40(4), 
277–283. 
https://pubmed.ncbi.nlm.nih.gov/25859123 

8. Agyare, C., Boakye, Y. D., Bekoe, E. O., Hensel, 
A., Dapaah, S. O., & Appiah, T. (2015). Review: 
African medicinal plants with wound healing 
properties. Journal of Ethnopharmacology, 177, 
85–100. https://doi.org/10.1016/j.jep.2015.11.008 

9. Ekor, M. (2014). The growing use of herbal 
medicines: issues relating to adverse reactions and 
challenges in monitoring safety. Frontiers in 
Pharmacology, 4, 177. 
https://doi.org/10.3389/fphar.2013.00177 

10. Gurib-Fakim, A. (2005). Medicinal plants: 
Traditions of yesterday and drugs of tomorrow. 
Molecular Aspects of Medicine, 27(1), 1–93. 
https://doi.org/10.1016/j.mam.2005.07.008 

11. Hewlings, S., & Kalman, D. (2017). Curcumin: A 
review of its Effects on Human health. Foods, 
6(10), 92. https://doi.org/10.3390/foods6100092 

12. Gupta, S. C., Patchva, S., & Aggarwal, B. B. 
(2012). Therapeutic Roles of Curcumin: Lessons 
Learned from Clinical Trials. The AAPS Journal, 
15(1), 195–218. https://doi.org/10.1208/s12248-
012-9432-8 

13. Hewlings, S., & Kalman, D. (2017b). Curcumin: A 
review of its Effects on Human health. Foods, 
6(10), 92. https://doi.org/10.3390/foods6100092 



Topical Curcumin in wound healing: From molecular insights to clinical applications 

IJDDT, Volume 16 Issue 36s, 2026 Page 245 

 

14. Akbik, D., Ghadiri, M., Chrzanowski, W., & 
Rohanizadeh, R. (2014). Curcumin as a wound 
healing agent. Life Sciences, 116(1), 1–7. 
https://doi.org/10.1016/j.lfs.2014.08.016 

15. Sidhu, G. S., Mani, H., Gaddipati, J. P., Singh, A. 
K., Seth, P., Banaudha, K. K., Patnaik, G. K., & 
Maheshwari, R. K. (1999). Curcumin enhances 
wound healing in streptozotocin induced diabetic 
rats and genetically diabetic mice. Wound Repair 
and Regeneration, 7(5), 362–374. 
https://doi.org/10.1046/j.1524-475x.1999.00362.x 

16. Menon, V. P., & Sudheer, A. R. (2007). 
ANTIOXIDANT AND ANTI-INFLAMMATORY 
PROPERTIES OF CURCUMIN. Advances in 
Experimental Medicine and Biology, 595, 105–125. 
https://doi.org/10.1007/978-0-387-46401-5_3 

17. Panchatcharam, M., Miriyala, S., Gayathri, V. S., & 
Suguna, L. (2006). Curcumin improves wound 
healing by modulating collagen and decreasing 
reactive oxygen species. Molecular and Cellular 
Biochemistry, 290(1–2), 87–96. 
https://doi.org/10.1007/s11010-006-9170-2 

18. Thangapazham, R. L., Sharma, A., & Maheshwari, 
R. K. (2006). Multiple molecular targets in cancer 
chemoprevention by curcumin. The AAPS Journal, 
8(3), E443-9. https://doi.org/10.1208/aapsj080352 

19. Teow, S., Liew, K., Ali, S. A., Khoo, A. S., & Peh, 
S. (2016). Antibacterial Action of Curcumin against 
Staphylococcus aureus: A Brief Review. Journal of 
Tropical Medicine, 2016, 1–10. 
https://doi.org/10.1155/2016/2853045 

20. Anand, P., Kunnumakkara, A. B., Newman, R. A., 
& Aggarwal, B. B. (2007). Bioavailability of 
curcumin: problems and promises. Molecular 
Pharmaceutics, 4(6), 807–818. 
https://doi.org/10.1021/mp700113r 

21. Yallapu, M. M., Jaggi, M., & Chauhan, S. C. 
(2011). Curcumin nanoformulations: a future 
nanomedicine for cancer. Drug Discovery Today, 
17(1–2), 71–80. 
https://doi.org/10.1016/j.drudis.2011.09.009 

22. Ranjbar, R., Zarenezhad, E., Abdollahi, A., 
Nasrizadeh, M., Firooziyan, S., Namdar, N., & 
Osanloo, M. (2023). Nanoemulsion and Nanogel 
Containing Cuminum cyminum L Essential Oil: 
Antioxidant, Anticancer, Antibacterial, and 
Antilarval Properties. Journal of Tropical 
Medicine, 2023, 1–11. 
https://doi.org/10.1155/2023/5075581 

23. Soliman, W. E., Shehata, T. M., Mohamed, M. E., 
Younis, N. S., & Elsewedy, H. S. (2021). 
Enhancement of Curcumin Anti-Inflammatory 
Effect via Formulation into Myrrh Oil-Based 
Nanoemulgel. Polymers, 13(4), 577. 
https://doi.org/10.3390/polym13040577 

24. Patra, J. K., Das, G., Fraceto, L. F., Campos, E. V. 
R., Del Pilar Rodriguez-Torres, M., Acosta-Torres, 
L. S., Diaz-Torres, L. A., Grillo, R., Swamy, M. K., 
Sharma, S., Habtemariam, S., & Shin, H. (2018). 
Nano based drug delivery systems: recent 
developments and future prospects. Journal of 
Nanobiotechnology, 16(1), 71. 
https://doi.org/10.1186/s12951-018-0392-8 

25. Kumari, A., Raina, N., Wahi, A., Goh, K. W., 
Sharma, P., Nagpal, R., Jain, A., Ming, L. C., & 
Gupta, M. (2022). Wound-Healing effects of 
curcumin and its nanoformulations: A 
Comprehensive review. Pharmaceutics, 14(11), 
2288. 
https://doi.org/10.3390/pharmaceutics14112288 

26. Islam, M. Z., Akter, J., Hossain, M. A., Islam, M. 
S., Islam, P., Goswami, C., Nguyen, H. T. T., & 
Miyamoto, A. (2024). Anti-Inflammatory, Wound 
Healing, and Anti-Diabetic Effects of Pure Active 
Compounds Present in the Ryudai Gold Variety of 
Curcuma longa. Molecules, 29(12), 2795. 
https://doi.org/10.3390/molecules29122795 

27. Giri, S., Chakraborty, A., Mandal, C., Rajwar, T. 
K., Halder, J., Irfan, Z., & Gouda, M. M. (2024). 
Formulation and Evaluation of Turmeric- and 
Neem-Based Topical Nanoemulgel against 
Microbial Infection. Gels, 10(9), 578. 
https://doi.org/10.3390/gels10090578 

28. Page, M. J., McKenzie, J. E., Bossuyt, P. M., 
Boutron, I., Hoffmann, T. C., Mulrow, C. D., 
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, 
S. E., Chou, R., Glanville, J., Grimshaw, J. M., 
Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., 
Mayo-Wilson, E., McDonald, S., . . . Moher, D. 
(2021). The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ, 
372, n71. https://doi.org/10.1136/bmj.n71 

29. Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., 
& Group, P. (2009). Preferred reporting items for 
Systematic Reviews and Meta-Analyses: the 
PRISMA statement. PLoS Medicine, 6(7), 
e1000097. 
https://doi.org/10.1371/journal.pmed.1000097 



Topical Curcumin in wound healing: From molecular insights to clinical applications 

IJDDT, Volume 16 Issue 36s, 2026 Page 246 

 

30. Giri, S., Chakraborty, A., Mandal, C., Rajwar, T. 
K., Halder, J., Irfan, Z., & Gouda, M. M. (2024b). 
Formulation and Evaluation of Turmeric- and 
Neem-Based Topical Nanoemulgel against 
Microbial Infection. Gels, 10(9), 578. 
https://doi.org/10.3390/gels10090578 

31. Morrison, A., Polisena, J., Husereau, D., Moulton, 
K., Clark, M., Fiander, M., Mierzwinski-Urban, M., 
Clifford, T., Hutton, B., & Rabb, D. (2012). The 
Effect Of English-Language Restriction On 
Systematic Review-Based Meta-Analyses: A 
Systematic Review Of Empirical Studies. 
International Journal of Technology Assessment in 
Health Care, 28(2), 138–144. 
https://doi.org/10.1017/s0266462312000086 

32. Higgins, J. P. T., Altman, D. G., Gotzsche, P. C., 
Juni, P., Moher, D., Oxman, A. D., Savovic, J., 
Schulz, K. F., Weeks, L., Sterne, J. a. C., Group, C. 
B. M., & Group, C. S. M. (2011). The Cochrane 
Collaboration’s tool for assessing risk of bias in 
randomised trials. BMJ, 343(oct18 2), d5928. 
https://doi.org/10.1136/bmj.d5928 

33. Hooijmans, C. R., Rovers, M. M., De Vries, R. B., 
Leenaars, M., Ritskes-Hoitinga, M., & Langendam, 
M. W. (2014). SYRCLE’s risk of bias tool for 
animal studies. BMC Medical Research 
Methodology, 14(1), 43. 
https://doi.org/10.1186/1471-2288-14-43 

34. Panda, V., Vaswani, L., S, S., Hingorani, L., & 
Deshmukh, A. (2024). Evaluation of the wound 
healing effect of Nishamalaki, an Ayurvedic 
formulation comprising Curcuma longa and 
Phyllanthus emblica in aging rats. Clinical 
Phytoscience, 10(1). 
https://doi.org/10.1186/s40816-024-00367-w 

35. Elkhateeb, O., Badawy, M. E. I., Tohamy, H. G., 
Abou-Ahmed, H., El-Kammar, M., & Elkhenany, 
H. (2023). Curcumin-infused nanostructured lipid 
carriers: a promising strategy for enhancing skin 
regeneration and combating microbial infection. 
BMC Veterinary Research, 19(1), 206. 
https://doi.org/10.1186/s12917-023-03774-2 

36. Prasad, S., Gupta, S. C., Tyagi, A. K., & Aggarwal, 
B. B. (2014). Curcumin, a component of golden 
spice: From bedside to bench and back. 
Biotechnology Advances, 32(6), 1053–1064. 
https://doi.org/10.1016/j.biotechadv.2014.04.004 

37. Aggarwal, B. B., & Harikumar, K. B. (2008). 
Potential therapeutic effects of curcumin, the anti-

inflammatory agent, against neurodegenerative, 
cardiovascular, pulmonary, metabolic, autoimmune 
and neoplastic diseases. The International Journal 
of Biochemistry & Cell Biology, 41(1), 40–59. 
https://doi.org/10.1016/j.biocel.2008.06.010 

38. Teiten, M., Eifes, S., Dicato, M., & Diederich, M. 
(2010). Curcumin―The Paradigm of a Multi-
Target Natural Compound with Applications in 
Cancer Prevention and Treatment. Toxins, 2(1), 
128–162. https://doi.org/10.3390/toxins2010128 

39. Saavedra, D. I., Carter, D. T., Dawson, J. T., Shah, 
S. A., Stevens, N., Poudel, A., Satyal, P., & 
Bascoul, C. (2026). Turmeric ( curcuma longa ) 
rhizome essential oil: analytical profile of 
authenticated and commercial samples, safety and 
pharmacology review. Pharmaceutical Biology, 
64(1), 379–397. 
https://doi.org/10.1080/13880209.2026.2629622 

40. Shahidi, F., & Hossain, A. (2018). Bioactives in 
spices, and spice oleoresins: Phytochemicals and 
their beneficial effects in food preservation and 
health promotion. Journal of Food Bioactives, 3, 8–
75. https://doi.org/10.31665/jfb.2018.3149 

41. Fuloria, S., Mehta, J., Chandel, A., Sekar, M., Rani, 
N. N. I. M., Begum, M. Y., Subramaniyan, V., 
Chidambaram, K., Thangavelu, L., Nordin, R., Wu, 
Y. S., Sathasivam, K. V., Lum, P. T., Meenakshi, 
D. U., Kumarasamy, V., Azad, A. K., & Fuloria, N. 
K. (2022). A Comprehensive Review on the 
Therapeutic Potential of Curcuma longa Linn. in 
Relation to its Major Active Constituent Curcumin. 
Frontiers in Pharmacology, 13, 820806. 
https://doi.org/10.3389/fphar.2022.820806 

42. Al-Harthi, H. F., Pet, I., El‐Dawy, E., & Gherbawy, 
Y. A. (2025). Mycotoxicological and Antimicrobial 
Efficiency of Curcuma longa. Foodborne 
Pathogens and Disease, fpd20240166. 
https://doi.org/10.1089/fpd.2024.0166 

43. Moulick, S. P., Bashera, M. A., Jahan, F., Uddin, 
M. N., Rana, G. M., Islam, M. B., Islam, F., Hasan, 
M. S., Ahmed, S., & Boby, F. (2025). Turmeric 
(Curcuma longa L.) extract in different solvents: A 
comparative study of curcuminoid content, volatile 
compounds, and antimicrobial activity with 
molecular docking insights. Food Chemistry 
Advances, 8, 101074. 
https://doi.org/10.1016/j.focha.2025.101074 

44. Akram, M., Pérez-Jorge, D., Sohail, A., Iftikhar, 
M., L, S., Garcia-Sierra, F., Al-Malki, R. S., 



Topical Curcumin in wound healing: From molecular insights to clinical applications 

IJDDT, Volume 16 Issue 36s, 2026 Page 247 

 

Ozdemir, F. A., Sołowski, G., Fitria, N., Altable, 
M., Sfera, A., & Brogi, S. (2024). Chemical 
Constituents and Experimental Pharmacology of 
Curcuma longa: A Comprehensive Review. 
Pharmaceutics and Pharmacology Research, 
07(11), 01–04. https://doi.org/10.31579/2693-
7247/211 

45. Deng, X., Ratnayake, J., & Ali, A. (2025). 
Curcumin-Loaded Drug Delivery Systems for 
Acute and Chronic Wound Management: A 
Review. Bioengineering, 12(8), 860. 
https://doi.org/10.3390/bioengineering12080860 

46. Farhat, F., Sohail, S. S., Siddiqui, F., Irshad, R. R., 
& Madsen, D. Ø. (2023). Curcumin in Wound 
Healing—A Bibliometric Analysis. Life, 13(1), 
143. https://doi.org/10.3390/life13010143 

47. Tian, W., Liu, L., Chen, P., Yu, D., Li, Q., Hua, H., 
& Zhao, J. (2025). Curcuma Longa (turmeric): from 
traditional applications to modern plant medicine 
research hotspots. Chinese Medicine, 20(1), 76. 
https://doi.org/10.1186/s13020-025-01115-z 

48. Bose, D., Thakur, G., & Chidananda, C. (2026). 
From phytochemistry to biomaterials: curcumin-
based scaffolds in wound management. 
Phytochemistry Reviews. 
https://doi.org/10.1007/s11101-026-10235-9 

49. Modaresi, M., HarfBol, & Ahmadi, F. (2017). A 
review on pharmacological effects and therapeutic 
properties of curcumin. SHILAP Revista De 
Lepidopterología. 
https://doaj.org/article/7b6129ca6e124266aee223bf
e79928fc 

50. Kissiwaa, S. A., Patel, S. D., Winters, B. L., & 
Bagley, E. E. (2019b). Opioids differentially 
modulate two synapses important for pain 
processing in the amygdala. British Journal of 
Pharmacology, 177(2), 420–431. 
https://doi.org/10.1111/bph.14877 

51. Gbureck, U., Barralet, J. E., Spatz, K., Grover, L. 
M., & Thull, R. (2003). Ionic modification of 
calcium phosphate cement viscosity. Part I: 
hypodermic injection and strength improvement of 
apatite cement. Biomaterials, 25(11), 2187–2195. 
https://doi.org/10.1016/j.biomaterials.2003.08.066 

52. Wang, K., Zhang, C., Bao, J., Jia, X., Liang, Y., 
Wang, X., Chen, M., Su, H., Li, P., Wan, J., & He, 
C. (2016). Synergistic chemopreventive effects of 
curcumin and berberine on human breast cancer 
cells through induction of apoptosis and autophagic 

cell death. Scientific Reports, 6(1), 26064. 
https://doi.org/10.1038/srep26064 

53. Basnet, P., & Skalko-Basnet, N. (2012). Curcumin: 
a challenge in cancer treatment. Journal of Nepal 
Pharmaceutical Association, 26(1), 19–47. 
https://doi.org/10.3126/jnpa.v26i1.6631 

54. Song, W., Yang, Z., Zhang, S., Fei, B., & Zhao, R. 
(2023). Properties enhancement of poly(β-
hydroxybutyrate) biocomposites by incorporating 
surface-modified wheat straw flour: Effect of 
pretreatment methods. International Journal of 
Biological Macromolecules, 232, 123456. 
https://doi.org/10.1016/j.ijbiomac.2023.123456 

55. Rujirachotiwat, A., & Suttamanatwong, S. (2020). 
Curcumin promotes collagen type I, keratinocyte 
growth factor-1, and epidermal growth factor 
receptor expressions in the in vitro wound healing 
model of human gingival fibroblasts. European 
Journal of Dentistry, 15(01), 063–070. 
https://doi.org/10.1055/s-0040-1715781 

56. Rujirachotiwat, A., & Suttamanatwong, S. (2021). 
Curcumin upregulates transforming growth factor-
β1, its receptors, and vascular endothelial growth 
factor expressions in an in vitro human gingival 
fibroblast wound healing model. BMC Oral Health, 
21(1), 535. https://doi.org/10.1186/s12903-021-
01890-9 

57. Comino-Sanz, I. M., López-Franco, M. D., Castro, 
B., & Pancorbo-Hidalgo, P. L. (2021). The role of 
antioxidants on wound Healing: A review of the 
current evidence. Journal of Clinical Medicine, 
10(16), 3558. https://doi.org/10.3390/jcm10163558 

58. Ng, Q. X., Loke, W., Foo, N. X., Tan, W. J., Chan, 
H. W., Lim, D. Y., & Yeo, W. S. (2019). A 
systematic review of the clinical use of Withania 
somnifera (Ashwagandha) to ameliorate cognitive 
dysfunction. Phytotherapy Research, 34(3), 583–
590. https://doi.org/10.1002/ptr.6552 

59. R, N., M, K., J, P., KS, V., Arpana, C., 
Balashanmugam, P., & Venkatasubbu, G. D. 
(2019). Enhanced wound healing by 
PVA/Chitosan/Curcumin patches: In vitro and in 
vivo study. Colloids and Surfaces B Biointerfaces, 
182, 110339. 
https://doi.org/10.1016/j.colsurfb.2019.06.068 

60. Cho, C. H., Jung, Y. S., Kim, J. M., Nam, T. G., 
Lee, S., Cho, H. S., Song, M. C., Heo, H. J., & 
Kim, D. (2021). Neuroprotective effects of 
Actinidia eriantha cv. Bidan kiwifruit on amyloid 



Topical Curcumin in wound healing: From molecular insights to clinical applications 

IJDDT, Volume 16 Issue 36s, 2026 Page 248 

 

beta-induced neuronal damages in PC-12 cells and 
ICR mice. Journal of Functional Foods, 79, 
104398. https://doi.org/10.1016/j.jff.2021.104398 

61. Agharazi, M., Gazerani, S., & Huntington, M. K. 
(2022). Topical turmeric ointment in the treatment 
of diabetic foot ulcers: a Randomized, Placebo-
Controlled study. The International Journal of 
Lower Extremity Wounds, 24(4), 1063–1067. 
https://doi.org/10.1177/15347346221143222 

62. Gomes, T. F. S., Guimarães, N. C., Abreu, L. P. G. 
C., De Oliveira Silva, G., Da Silva, V. R. P., De 
Matos Da Silva, F., Veiga-Souza, F. H., De Souza, 
P. E. N., Rosa, M. F. F., Joanitti, G. A., De Siqueira 
Rodrigues Fleury Rosa, S., & Carneiro, M. L. B. 
(2025). A Natural Latex-Based Smart Dressing for 
Curcumin Delivery Combined with LED 
Phototherapy in Diabetic Foot Ulcers: A Pilot 
Clinical Study. Pharmaceutics, 17(6), 772. 
https://doi.org/10.3390/pharmaceutics17060772 

63. Othman, A. S., Shamekh, I. M., Abdalla, M., 
Eltayb, W. A., & Ahmed, N. A. (2023). Molecular 
modeling study of micro and nanocurcumin with in 
vitro and in vivo antibacterial validation. Scientific 
Reports, 13(1), 12224. 
https://doi.org/10.1038/s41598-023-38652 

64. Guleria, A., Fatima, N., Shukla, A., Raj, R., Sahu, 
C., Prasad, N., Pathak, A., & Kumar, D. (2025). 
Synergistic Potential of Curcumin–Vancomycin 
Therapy in Combating Methicillin-Resistant 
Staphylococcus aureus Infections: Exploring a 
Novel Approach to Address Antibiotic Resistance 
and Toxicity. Microbial Drug Resistance, 31(3), 
65–74. https://doi.org/10.1089/mdr.2024.0231 

65. Lakhanapuram, H. K., Bunluepuech, K., 
Somsiripan, T., Khongkhai, H., Sangkanu, S., 
Saengsawang, P., Nissapatorn, V., De Lourdes 
Pereira, M., & Mitsuwan, W. (2025). Assessment 
of antibacterial, antibiofilm, and physicochemical 
characteristics of Curcuma longa L. extract and 
soap containing C. longa extract against 
Staphylococcus aureus. Journal of the Saudi 
Society of Agricultural Sciences, 24(8). 
https://doi.org/10.1007/s44447-025-00066-z 

66. Mehrabani, D., Farjam, M., Geramizadeh, B., 
Tanideh, N., Amini, M., & Panjehshahin, M. R. 
(2015). The healing effect of curcumin on burn 
wounds in rat. PubMed, 4(1), 29–35. 
https://pubmed.ncbi.nlm.nih.gov/25606474 

67. Parvizi, M. M., Arefkia, A., Dehghan, Y., Salimi, 
M. A., & Haghighi, N. F. (2025). A scoping review 
of clinical trials on the efficacy of curcumin and its 
formulations for wound healing. Journal of 
Cosmetic Dermatology, 24(12), e70615. 
https://doi.org/10.1111/jocd.70615 

68. Singh, H., Dhanka, M., Yadav, I., Gautam, S., 
Bashir, S. M., Mishra, N. C., Arora, T., & Hassan, 
S. (2023). Technological interventions enhancing 
curcumin bioavailability in Wound-Healing 
therapeutics. Tissue Engineering Part B Reviews, 
30(2), 230–253. 
https://doi.org/10.1089/ten.teb.2023.0085 

69. Sharifi-Rad, J., Rayess, Y. E., Rizk, A. A., Sadaka, 
C., Zgheib, R., Zam, W., Sestito, S., Rapposelli, S., 
Neffe-Skocińska, K., Zielińska, D., Salehi, B., 
Setzer, W. N., Dosoky, N. S., Taheri, Y., 
Beyrouthy, M. E., Martorell, M., Ostrander, E. A., 
Suleria, H. a. R., Cho, W. C., . . . Martins, N. 
(2020b). Turmeric and its major compound 
curcumin on Health: Bioactive effects and safety 
profiles for food, pharmaceutical, biotechnological 
and medicinal applications. Frontiers in 
Pharmacology, 11, 01021. 
https://doi.org/10.3389/fphar.2020.01021 

70. Huang, C., Lu, H., Chen, Y., Chen, J., Chou, W., & 
Huang, H. (2020). Curcumin, demethoxycurcumin, 
and bisdemethoxycurcumin induced caspase-
dependent and –independent apoptosis via Smad or 
Akt signaling pathways in HOS cells. BMC 
Complementary Medicine and Therapies, 20(1). 
https://doi.org/10.1186/s12906-020-2857-1 

71. Pelikh, O., Pinnapireddy, S. R., & Keck, C. M. 
(2021). Dermal Penetration Analysis of Curcumin 
in an ex vivo Porcine Ear Model Using 
Epifluorescence Microscopy and Digital Image 
Processing. Skin Pharmacology and Physiology, 
34(5), 281–299. https://doi.org/10.1159/000514498 

72. Tabanelli, R., Brogi, S., & Calderone, V. (2021). 
Improving curcumin bioavailability: Current 
strategies and future perspectives. Pharmaceutics, 
13(10), 1715. 
https://doi.org/10.3390/pharmaceutics13101715 

73. Gunathilake, T. U., Ching, Y., & Chuah, C. (2017). 
Enhancement of curcumin bioavailability using 
nanocellulose reinforced chitosan hydrogel. 
Polymers, 9(2), 64. 
https://doi.org/10.3390/polym9020064 



Topical Curcumin in wound healing: From molecular insights to clinical applications 

IJDDT, Volume 16 Issue 36s, 2026 Page 249 

 

74. Carvalho, G. C., Domingues, M. N. V., Marena, G. 
D., Mäkilä, E., Li, J., Geertsema‐Doornbusch, G., 
De Andrade, C. R., Stuart, M. C. A., Shahbazi, M., 
Corrêa, I., Peterson, B. W., Salonen, J., Florindo, H. 
F., Bauab, T. M., Chorilli, M., & Santos, H. A. 
(2025). Hybrid nanoparticles Dual‐Loaded with 
curcumin and benzydamine hydrochloride for the 
treatment of vulvovaginal candidiasis: From 
development to biological application in vitro and 
in vivo (Adv. Therap. 1/2025). Advanced 
Therapeutics, 8(1). 
https://doi.org/10.1002/adtp.202570003 

75. Alqahtani, M. S., Alqahtani, A., Kazi, M., Ahmad, 
M. Z., Alahmari, A., Alsenaidy, M. A., & Syed, R. 

(2020). Wound-healing potential of curcumin 
loaded lignin nanoparticles. Journal of Drug 
Delivery Science and Technology, 60, 102020. 
https://doi.org/10.1016/j.jddst.2020.102020 

76. Firmansyah, F., Muhtadi, W. K., Indriani, S., 
Ulhaq, M. D., Auliya, S. R., Iskandar, B., Agistia, 
N., & Chabib, L. (2022). Development of novel 
curcumin nanoemulgel: Optimisation, 
characterisation, and ex vivo permeation. Pharmacy 
Education, 22(2), 98–103. 
https://doi.org/10.46542/pe.2022.222.98103 

 

 


