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Abstract
Naturally derived ingredients are becoming more prevalent in therapeutic drug formulations due to consumers’ concerns 
about chemical side effects. In the context of wound care, despite the impressive progress in therapeutic product develop-
ment, drugs dispensed to treat impaired healing challenged by biofilms; excessive inflammation and oxidation are not yet 
really effective. Thus, the hunts for improved drug formulations preferably using natural ingredients that are cost-effective in 
accelerating the wound-healing process are of constant demand. The grape seed extract is extensively studied and is reported 
to be rich in phenolic compounds, unsaturated fatty acids and vitamins which exhibit numerous therapeutic benefits owing 
to their anti-inflammatory, anti-microbial, and anti-oxidative properties that support its potential use in the development of 
wound-healing products. We conducted a literature study using Scopus, PubMed, and Google Scholar including the keywords 
“grape seed extract” and “wound healing”. We also scanned all the references cited by the retrieved articles. Accordingly, 
this review is aimed to (i) explore the various phytochemical constituents found in grape seed extracts along with their 
mechanism of action that instigate wound healing, (ii) to highlight the latest pre-clinical and clinical assessments of grape 
seed extract in wound models, and (iii) to encourage innovation scientists in the field to address current limitations and to 
effectively develop grape seed extract-based wound care product formulations for commercialization.

Keywords  Grape seed extract · Anti-microbial · Anti-inflammation · Wound healing · Wound product development · Tissue 
regeneration

Introduction

The grape (Vitis vinifera) is a fruit crop widely grown all 
over the world. Grape seed is obtained as a waste by-prod-
uct of the grape juice and wine processing industry. Global 
grape production is estimated to be about 75 million metric 
tons per year (Rajabi Hamedani et al. 2019). Considering 

the low cost to collect and process the grape seeds in addi-
tion to its reported therapeutic phyto-composition that aids 
cardio protective (Zhang et al. 2016), anti-inflammatory 
(Lin et al. 2017), anticancer (Kumar et al. 2018; Di Meo 
et al. 2019), anti-microbial (Fiallos et al. 2020; Memar 
et al. 2019; Al-Mousawi et al. 2020), anti-oxidant (Kwatra 
2020), antiviral (Kwatra 2020), neuroprotective (Zhao et al. 
2020), hepatoprotective (Nassiri-Asl and Hosseinzadeh, 
2016), and wound-healing properties (Moalla Rekik et al. 
2016), it is currently gaining attention for therapeutic use 
in pharmaceutical industries (Rodríguez-Pérez et al. 2019). 
Extracts obtained from grape seed contains large quantities 
of monomeric phenolic compounds such as (−)-epicatechin, 
(+)-catechins, and (−)-epicatechin-3-o-gallate and dimeric, 
trimeric, and tetrameric proanthocyanidins (condensed tan-
nins) (Mohammed et al. 2016). These phenolic compounds 
are recognized to have potential anti-microbial effects that 
inhibit the growth of pathogenic bacteria (Kandasamy et al. 
2016). Previous reports demonstrate and validate the anti-
bacterial and anti-microbial effects of grape seed extracts 
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using gram-positive bacteria such as Bacillus subtilis, Mic-
rococcus luteus, Streptococcus mutans, Staphylococcus 
aureus,  Gram-negative bacteria such as Escherichia coli 
and Pseudomonas aeruginosa, as well as against fungi such 
as Aspergillus niger and Fusarium oxysporum (Ghouila 
et al. 2017). Additionally, recent studies also demonstrate 
the anti-oxidant and anti-inflammatory properties of grape 
seed extracts (GSE) that favour its use in tissue regeneration 
(Locilento et al. 2019; Manca et al. 2019). In the context of 
wound healing, bacterial biofilm (BBF), a membranous tis-
sue composed by bacteria, is known to be an important factor 
that impairs the healing. The presence of antibiotic-resist-
ant isolates in these biofilms, such as methicillin-resistant 
S. aureus, vancomycin-resistant Enterococcus, and multi-
drug-resistant Acinetobacter baumannii, further compli-
cates the effectiveness of available clinical therapy (Percival 
et al. 2012). This has compelled the current research focus 
to develop effective combinations of traditional antibiotics 
or specific anti-BBF agents that either penetrate existing 
biofilms while maintaining both potential cytotoxicity and 
anti-bacterial efficacy or prevent the formation of BBF (Wei 
et al. 2019). Another major hindrance in chronic wounds has 
been the prolonged inflammatory response, due to excessive 
infiltration of neutrophils (Irving 2019) which still remains 
an unmet clinical need for new targeted therapies (Zhao et al. 
2016) It is also reported that regulation of oxidation plays 
an essential role in wound healing. Extreme release of free 
radicals in response to cutaneous injury devastates proteins, 
lipids, and extracellular matrix (ECM) elements which leads 
to impaired healing (Ustuner et al. 2019). As per the retro-
spective analysis of Medicare beneficiaries in 2018, almost 
8.2 million people were established to have infectious or 
non-infectious wounds with a treatment cost ranging from $ 
28.1 to $ 96.8 billion highlighting its impact towards clini-
cal, social, and economic burden (Sen 2019). With these 
rising numbers, the National Institutes of Health’s (NIH) 
Research Portfolio Online Reporting Tool (RePORT) now 
lists wounds as a category (Sen 2019). Today, despite 
ongoing attempts in development of advanced therapeutic 
approaches, traditional/plant-based compounds are accepted 
as easily reached treatment alternatives that do away with 
the side effects associated with modern therapeutic drug 
formulations (Pereira and Bártolo 2016). The World Health 
Organization (WHO) also advocates and promotes the use of 
plant-based treatments, whose safety and effectiveness have 
been well established (Zhang et al. 2019). We conducted a 
literature study using Scopus, PubMed, and Google Scholar 
including the keywords “grape seed extract” and “wound 
healing”. We also scanned all the references cited by the 
retrieved articles.

Based on the promisingly compelling therapeutic findings 
on the anti-microbial, anti-inflammatory, and anti-oxidant ben-
efits of grape seed extracts over the years, their implications 

in addressing current challenges in wound healing are com-
bined in this review with the intention to encourage effective 
incorporation of GSE in wound product development upon 
addressing the future considerations.

Bioactive compounds in grape seed extract

Grapes contain abundant pharmacologically important bio-
active compounds. Among these components, phenolic com-
pounds form about 70% of the bioactive molecules (Mattos 
et al. 2017). Phenolic compounds consist of an aromatic ring 
with one or more hydroxyl substituents and have a range of 
simple to highly polymerized molecules. They are divided into 
two main classes: flavonoids, which include anthocyanins like 
flavan-3-ols, flavonols, flavones and chalcones, and non-flavo-
noids which include phenolic acids (hydroxycinnamic acids 
and hydroxybenzoic acids), tannins, stilbenes, neolignans, 
and coumarins (Niculescu et al. 2018; Mattos et al. 2017). 
The main phenolic compounds found in grape pomace are 
flavonols, anthocyanins, hydroxycinnamic acids, hydroxyben-
zoic acids, and stilbenes. Their composition greatly depends 
on grape seed variety, vineyard, production techniques, and 
climatic conditions (Averilla et al. 2019). The anthocyanins 
are responsible for the pink, violet, red, and blue colour for 
flowers and fruits. Anthocyanins have essential functions in 
the plant tissues, such as sun protection, ultraviolet radiation, 
oxidative damage, and pathogens action. The important antho-
cyanins present in grape skin are forms of cyanidin, malvi-
din, and delphinidin, which possess anti-oxidative and anti-
microbial properties (Khoo et al. 2017) The Phenolic acids are 
molecules formed by a single phenolic ring and divided into 
hydroxycinnamic acids and hydroxybenzoic acids. Hydroxy-
cinnamic acids are abundant in foods than hydroxybenzoic 
acids and are rarely seen in free form. The major hydroxycin-
namic acids are ferulic, p-coumaric, and caffeic acids; look-
ing to hydroxybenzoic acids, the important acids are gallic, 
vanillic, and p-hydroxybenzoic (Al-Gubory et al. 2017). Fla-
vonols are phenolic compounds that have a carbonyl group 
in their structure. They are mainly present in grape seeds, in 
which the most abundant ones are kaempferol-3-O-glucoside, 
quercetin-3-O-glucoside, quercetin, and myricetin (Averilla 
et al. 2019). Stilbenes are commonly seen in the grape seed 
with anti-fungal action, having two isomeric forms, such as 
trans-resveratrol, cis-resveratrol, trans-piceid, cis-piceid, cis-
astringin, and trans-astringin (Ananga et al. 2017).

Extraction techniques of bioactive 
compounds from grapes seeds

The targeted isolation, identification, and attainment of 
maximum yield of bioactive compounds from grape seed 
largely depends on well standardized extraction procedures 
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which deal with sample pre-treatment, solvent/sample 
ratio, solvent type, particle sizes, and time and temperature 
parameters (Lucarini et al. 2018). A comparative economic 
cum yield assessment study performed on several grape 
seed varieties showed that it is viable to initiate super-
critical fluid extraction (SFE) at 313 K/35 MPa, with an 
extraction time of 240 min and S/F of 6.6 which delivers 
the best relationship between cost and yield on process 
scale up (Prado et al. 2012). Moreover, it is also reported 
that in SFE process with supercritical CO2, the yields were 
between 0.56 and 7.9%; with propane, the yield increased 
to 10.8% and with SFE modifiers such as n-hexane, etha-
nol, ethane, ethyl acetate, and methanol the yield further 
increased to 7.8–11.4%. However, the use of these co-
solvents, some being toxic, puts concerns in to maintain-
ing the SFE green label (Prado et al. 2012). Another non-
conventional method is the ultrasound assisted extraction 
(UAE) process. Here, the sample is mixed with ethyl ace-
tate and then sonicated in an ultrasound bath. The obtained 
supernatant is then homogenized and evaporated, and the 
extracted remnant is dissolved in methanol (Burin et al. 
2014). This method has been preferred owing to its large-
scale industrial feasibility based on competitive effective-
ness, simplicity, easy handling, low cost, high efficiency, 
lower organic solvent consumption, and reduced extrac-
tion time of 10–60 min (Vilkhu et al. 2008). The optimi-
zation of this technology could allow retainment of the 
natural-like quality and prevention of degradation of labile 
compounds due to high frequencies (Vilkhu et al. 2008). 
Another available method is the liquid–liquid extraction 
(LLE) like the ethanolic and Soxhlet extraction process. In 
the ethanolic extraction process, the seeds are lyophilized 
and grinded to obtain a powder with small particles, which 
increases the surface contact between the material and the 
extraction solvent. The powder is dispersed in ethanol, 
left under constant stirring for 48 h, at room temperature, 
followed by centrifuging the extractive dispersions. The 
extracts are then diluted with water, lyophilized and stored 
under vacuum until use (Manca et al. 2019). In the Soxhlet 
process, the grape seeds are shade dried and powdered; 
thereafter extracted successively with ethanol as a solvent 
for 18–20 h in a Soxhlet extractor and concentrated under 
reduced pressure and controlled temperature (40–50 °C) 
in a rotavapor (Garcia-Salas et al. 2010). Though the LLE 
method is simple, it is limited by its high solvent consump-
tion, long extraction times and yields, exposure risk to 
organic vapours, and degradation of the target compounds 
(Jahromi 2019). A detailed review on the latest extrac-
tion methods for plant bioactive compounds explaining 
the pros and cons are reported by Jahromi et al., recom-
mending the apt process to be dependent on the chemistry 
of the bioactive compound, its attained yield, cost, and 
safety (Jahromi 2019).

Characterizing the grape seed extract 
for therapeutic use

It is important to keep in mind that natural products are 
a complex mixture of many chemical compounds that 
can also be responsible for the development of adverse 
reactions on clinical administration. To overcome this 
potential problem, researchers are advocated to chemi-
cally characterize their extracts with respect to their 
composition. Reports on use of various protocols and 
spectroscopic techniques such as UV–visible spectros-
copy, near-infrared reflectance spectroscopy, nuclear 
magnetic resonance (NMR), and high performance liquid 
chromatography (HPLC) and gas chromatography mass 
spectrometry (GC–MS) for purifications and identifica-
tions highlighting their advantages and disadvantages 
are well established (Jahromi 2019). Recent reports also 
highlight the effectiveness of FTIR spectroscopy coupled 
with chemometrics as a valuable tool for monitoring the 
composition towards optimization of the most suitable 
extraction process (Lucarini et al. 2018). In vitro cytotoxic 
potential of extracts could also be performed in several 
human cell lines to screen irritant potential of formula-
tions and to validate its safety, acceptability, and use in 
humans (Ustuner et al. 2019). In the context of industrial 
standard (quality assurance) for botanical analyses, the use 
of HPLC–UV is much regarded. However, inherent biases 
of this detector can result in misrepresentation of the com-
pounds that lack a chromophore (e.g., sugars, fatty acids, 
etc.) leading to biased quantitative information which can 
be overcome by the use of universal detectors, such as 
charged aerosol detector (CAD) and the incorporation of 
gas chromatography–flame ionization detector (GC-FID) 
and gas chromatography–high resolution mass spectrome-
try (GC–HRMS) to the ultrahigh-performance liquid chro-
matography—mass spectrometry (UHPLC-MS) analysis 
for toxicological safety assessment that would obviate the 
need for in vitro and in vivo safety analysis (Sica et al. 
2018).

Potential of grape seed extracts for wound 
application

The anti‑microbial activity

The abundance overview of predominant chronic wound 
colonizer species include the Staphylococcus (S. aureus 
and Staphylococcus epidermidis) at 30.7%, Corynebacte-
rium at 14.14%, Pseudomonas at 9.71%, and Streptococ-
cus at 5.38% (Choi et al. 2019). The potential of grape 
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seed extract as an anti-bacterial agent is well explored 
in these common clinical and drug-resistant pathogenic 
isolates. Studies have reported that grape seed alcoholic-
based extracts have anti-bacterial activity against E. coli, 
Proteus, and S. aureus (Mohammed et al. 2016). Ghouila 
et al. (2017) reported that ethanolic extract of grape seeds 
show anti-bacterial activity against gram-positive bacteria 
such as M. luteus (ATCC 9341), S. aureus (ATCC 29213), 
Gram-negative bacteria such as E. coli (ATCC 25992), 
P. aeruginosa (ATCC 27853) and Fungi such as A. niger 
and F. oxysporum (Ghouila et.al., 2017). Another study 
reports that grape seed extract may be more active than 
some antibiotics such as Penicillin G at 6 μg, Oxacillin at 
5 μg which are not active against E. coli (ATCC 25922), 
and P. aeruginosa (ATCC 27853), as well as methicil-
lin at 5 μg against S. aureus (ATCC 25922) (Weinstein 
2019). Also, a higher concentration of grape seed extract 
was reported to show potent anti-bacterial effect against 
Streptococcus mutans (Swadas et al. 2016). Another study 
suggests that grape seed extract is effective against 3 out of 
10 strains of Methicillin-resistant S. aureus (MRSA) and 
2 out of the 10 ESBL at 20 mg/mL concentration (Kan-
dasamy et al., 2020). Similarly another study shows effec-
tiveness of grape seed extract against MRSA (Al-Habib 
et al. 2010). Su Xiaowei et al. also observed that grape 
seed extracts at 1 and 5 mg/mL were most effective against 
two MRSA strains compared to other anti-microbial agents 
tested (Su et al. 2012). Al-Saleh E et al. reported that the 
anti-bacterial effect of grape seed extract against MRSA 
is due to the disruption of bacterial cell wall membrane 
which was examined using scanning electron microscope 
(SEM) and scanning electron microscope (TEM) (Al-
Habib et al. 2010). Accordingly, GSE is promising for use 
in the treatment of infected wounds.

The anti‑inflammatory activity

During prolonged inflammation in wounds, pro-inflamma-
tory cytokines are activated via downstream cascades. These 
cytokines include tumor necrosis factor (TNF), interleukin 
(IL)-1, IL-6, and IL-17 (Xiao et al. 2020). Previous studies 
have demonstrated the anti-inflammatory potential of GSE 
on murine macrophage RAW264.7 cells. These studies report 
that GSE has significant potential to reduce the production of 
inflammatory markers such as tumor necrosis factor-α (TNFα), 
inducible isoform of nitric oxide synthase (iNOS), interleukin 
(IL-6), and nitric oxide (NO). This is achieved by impeding 
the phosphorylation p38, ERK1/2, JNK, and NF-κB signalling 
pathways through a synergistic action between the phenolic 
compounds and flavonoids present in the GSE (Harbeoui et al. 
2019). Carullo et al. also reported that GSE containing a good 
number of carotenoids could display a good anti-inflammatory 
effects in RAW264.7 cell lines (Carullo et al. 2020). In another 

study, the effect of GSE on the production of MCP-1, a pro-
inflammatory cytokine, was looked into using human umbili-
cal vein endothelial cells. The results demonstrated significant 
reduction in the mRNA expression of MCP-1 which confirmed 
the anti-inflammatory property of GSE (Cádiz-Gurrea et al. 
2017). Another study on the action of grape seed proanthocya-
nidin reported the reduction of inflammatory factors such as 
myeloperoxidase, interleukin (IL)-1β, IL-6, and tumor necrosis 
factor alpha (TNF-α) in the lung tissue, which further confirms 
the anti-inflammation activity pf GSE (Chen et al. 2019; Wang 
et al. 2020). A recent study similarly highlights the underlying 
mechanisms of GSE against amyloid beta-induced pro-inflam-
matory events in mouse retinas (Chu et al. 2020). It is also 
reported that grape seed proanthocyanidin extracts reduced 
the respiratory syncytial virus infection-induced transcription 
of pro-inflammatory cytokines in the epithelial airway (Kim 
et al. 2019). Thus, these reports on GSE seem beneficial for 
the treatment of inflammation associated with chronic wounds.

The anti‑oxidant and anti‑scarring activity

It is well established that the wound-healing process can be 
accelerated by the existence of antioxidants. Various reports 
describe rich anti-oxidant composition in grape seed extracts 
with clinically relevant redox-active properties via facilitation 
of oxidant-induced VEGF expression in keratinocytes (Süntar 
et al. 2012). Grape seed extract’s anti-oxidant property is also 
reported in prevention of Alzheimer’s and cancer (Faki et al. 
2019). Another study demonstrated reduction of the bacte-
rial lipopolysaccharide-induced intracellular reactive oxygen 
species production and mitochondrial superoxide production 
using GSE via up-regulation of anti-oxidant enzyme genes in 
human Caco-2 colon cells (Nallathambi et al. 2020). Reports 
also state that GSE have elevated anti-oxidant potential due to 
its Carotenoids, leading to anti-atherosclerotic effects, preven-
tion of cellular oxidative damage, and control of anti-oxidant 
enzyme expression in both human and animal models via inhi-
bition of the NF-κB pathway (Carullo et al. 2020). It is also 
reported that the grape seed extracts have anti-oxidant and cell 
regeneration property due to its phenolic content (Manca et al. 
2019). Based on these reports, the rich presence of antioxi-
dants in grape seed extract can potentially prevent scarring in 
wounds. However, additional research is required to establish 
the anti-scarring effectiveness of GSE in wounds which would 
facilitate in achieving less scarring and faster healing.

Assessment of grape seed extract in wound 
healing

For validation of the mentioned potential anti-microbial, 
anti-inflammatory, and anti-oxidant properties of grape seed 
extracts in accelerating wound healing, numerous in vitro 
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and in vivo strategies have been demonstrated. A recent 
study reports that GSE when incorporated with chitosan 
capped sulfur nanoparticles, as a hydrogel film, it displayed 
significant anti-bacterial activity against S. epidermis and 
E.coli in 3 h of contact. It also showed good biocompat-
ibility when tested on mouse fibroblasts (L929 cell lines). 
This finding was also further validated in vivo on artificially 
wounded male Sprague–Dawley rats (Jaiswal et al. 2019). 
Another study also demonstrated that hydro-alcoholic grape 
extract when applied on excision wounds in rabbits was 
effective in wound healing (Derakhshanfar et al. 2019). In 
another study, electro-spun grape seed extract-loaded silk 
fibroin mats demonstrated a high potential cytocompatibil-
ity, significant proliferation of skin cells, and also prevented 
damage from tert-butyl hydroperoxide-induced oxidative 
stress, proving its potential for skin care, tissue regenera-
tion, and wound healing (Lin et al. 2016). Similarly, in an 
in vitro study using human foreskin fibroblast, addition of 
grape seed extract in electro-spun polylactic acid, and poly-
ethylene oxide matrix showed significant anti-oxidant prop-
erty favourable for application in wound healing (Locilento 
et al. 2019). Studies also show that grape extracts effectively 
removed the oxidative damage that occur in rat liver tissue 
during in intraoral wound healing (Erdemli et al. 2018). On 
assessing the effect of grape seed extract ointment in rand-
omized, controlled clinical trials, incorporating 129 women 
with complications of the delayed recovery of caesarean sec-
tion wounds, the results suggest that grape seed extract may 
have beneficial therapeutic effects in promoting caesarean 
section wound healing. Based on the results of this study, 
5% grape seed extract seemed to be more effective than 2.5% 
grape seed extract emphasising future research to focus on 
different concentrations of grape seed extract ointment and 
a larger cohort of caesarean section and other wounds (Izad-
panah et al. 2019). It is also reported that application of 
2% hydro-alcoholic grape seed extract aids rabbit wound 
contraction and closure on topical application in addition 
to anti-oxidant and anti-inflammatory properties (Hemmati 
et al. 2011). A previous study evaluated the effect of grape 
seed extract 2% herbal cream on human skin lesions. Proan-
thocyanidins present in the grape seed extract triggered the 
release of vascular endothelial growth factor, resulting in 
wound closure and contraction through accelerated prolifera-
tion areas with shield edges in the epithelium, escalated cell 
density, and increased accumulation of connective tissue at 
the wound area (Hemmati et al. 2015). A previous in vitro 
assay on grape seed extract using human skin fibroblast cells 
and bacterial isolates determined that graduated dilutions 
of GSE from 1:1 through the 1:128 concentrations, stayed 
toxic as well as bactericidal, while at 1:512 dilution, GSE 
stayed bactericidal, but fully nontoxic. Moreover, the dis-
played method of anti-bacterial activity dealt with disrup-
tion of the bacterial membrane in 15 min of contact even 

on further dilute concentrations as determined by scanning 
transmission electron microscopy (Heggers et al. 2002). In 
another study, to obtain a material with potential for use in 
tissue engineering, a scaffold of anionic collagen from por-
cine serosa and bovine tendon and grape seed extract was 
synthesised. Using differential scanning calorimetry, scan-
ning electron microscopy, and phosphate-buffered saline 
absorption assay, it was reported that GSE extract increases 
absorption capacity and decreases the collagen degradation 
percentage by collagenase (Garcia et al. 2019). This would 
be a boon for collagen-based skin tissue substitutes or for 
synthesis of hemostatic scaffolds. Table 1 lists the major 
bioactive compounds of grape seed extract and their proven 
bio-application in the context of wound healing.

Considerations for development 
and manufacture of GSE wound products

Promising data have been obtained upon pre-clinical and 
clinical assessment of grape seed extracts encouraging its 
potential use in wound healing as shown in Fig. 1. It is also 
noteworthy that utilization of grape seeds, an enological by-
product, symbolizes the foundation for an ‘intelligent’ recon-
version of waste attained through eco-compatible ‘green 
technologies’, guarantees environmental sustainability in the 
supply chain (Lucarini et al. 2018). Moreover, plant-based 
therapeutic compounds are known to be easily accessible 
and removes the commotion associated with modern treat-
ment methods (Savoia 2012). Within this context, World 
Health Organization (WHO) recommends and encourages 
the use of plant-based treatments, which have been known 
as safe and effective (Zhang et al. 2019). For the ease in 
plant product development and commercialization, based 
on country to country, a set of regulations are also available 
for validation of its safety and quality, e.g., the European 
Parliament under a special category of “traditional herbal 
medicinal products” has its laid regulations (Ramadoss and 
Koumaravelou 2019). However, global differences in the 
standards and regulations of herbal medicinal products cre-
ate limitations to the manufacturing companies to bring out 
a standardized herbal product in the market which calls for 
collaborative efforts by regulatory bodies and the WHO to 
launch uniform regulations (Ramadoss and Koumaravelou 
2019). Moreover, implementation of Good Manufacturing 
Practices is advocated to ensure product batch consistency 
with compliance to the laid quality standards. In the context 
of grape seed extract, being a heterogeneous constituent, 
it should be crucial to screen individual polyphenols using 
appropriate characterization and standardization approaches 
as described earlier to attain reproducible cause–effect rela-
tionships on administration. Despite progress in the develop-
ment of novel extraction methods, purification procedures, 
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quality control assessment, and treatment protocols, the 
exact mechanisms of action, side effects, and dose-depend-
ent safety of these compounds also demand further research 
(Pereira and Bártolo 2016). Commercially, patented formu-
lations of resveratrol, a stilbenoid polyphenol of the grape, is 
sold as a nutritional supplement for the treatment of stomach 
ache, hepatitis, arthritis, urinary tract infections, fungal dis-
eases or skin inflammation, and cardio-protection, owing to 
its high anti-oxidant and free radical scavenging activities 
(Salehi et al. 2018). However, Martins et al. reported that 
resveratrol irrespective of its wide therapeutic benefits can 
simultaneously modulate multiple pathways, resulting in 
diverse and even opposite biological effects, depending on 
its concentration or period of treatment time (Martins et al. 
2014). This projects the pivotal role of dose-dependency and 
the requirement for further research to address this concern. 
Additionally, it is reported that resveratrol has limited clini-
cal efficacy due to its poor water solubility and rapid metab-
olism leading to poor bioavailability. A detailed review by 

Intagliata et al. on latest technological delivery approaches 
to address effective clinical bioavailability of resveratrol 
using liposomes, polymeric and lipid nanoparticles, micro-
emulsions, and cyclodextrins can be referred for needful 
consideration (Intagliata et al. 2019). Another commercially 
available brand of grape seed extract is CITRICIDAL™, 
a broad spectrum anti-microbial compound used in the 
treatment of burns (Holzner 2002). NutriBiotic® is also a 
commercially available brand which contains Citricidal in 
a spray format for treatment of Skin & Wounds (Feng et al. 
2020). Today, Citrosept™ branded GSE is a modified formu-
lation of CITRICIDAL™ which eliminates several contami-
nants thus holding an “organic” designation. However, the 
loss in anti-bacterial effectiveness in its latest formulation 
is also reported (Feng et al. 2020). In a similar context on 
grape seed formulations, a study reports that large variation 
exists in the constituents of 21 tested commercial GSEs on 
chemical profiling which urges the need for development of 
quality control standards specific for GSE for therapeutic use 

Table 1   List of major bioactive compounds of grape seed extract and their mechanism of action in wound repair

SL. no Bioactive compounds in 
Grape seed extract

Mechanism of action in wound repair References

1. Cyanidin Anti-oxidative and anti-microbial properties  (Khoo et al. 2017)
2. Malvidin
3. Delphidin
4. Carotenoids Anti-inflammatory and anti-fungal properties (Carullo et al. 2020)
5. Proanthocyanidin Anti-inflammatory (Chen et al. 2019; Wang et al. 2020; Kim et al. 2019)
6. Stilbenes Anti-fungal (Ananga et al. 2017)
7. (+)-catechins
8. (−)-epicatechin Anti-microbial (Averilla et al. 2019; Mohammed et al. 2016)
9. Vanillic acid Anti-oxidant (Rasheeda et al. 2018)
10. Dimeric,trimeric and

tetrameric proanthocyanidin
Anti-microbial  (Averilla et al. 2019; Mohammed et al. 2016)

11. (−)-epicatechin-3-o-gallate
12. Anthocyanin Anti-bacterial (Averilla et al. 2019)
13. Tanin
14. p-coumaric acid
15. Gallic acid
16. Ferulic acid Anti-oxidant (Al-Gubory et al. 2017)
17. Caffeic acid Anti-inflammatory
18. Hydroxybenzoic acid Anti-microbial and (Al-Gubory et al. 2017)
19. Hydroxycinnamic  acid Anti-oxidant properties
20. Flavan-3-ol Anti-oxidant  (Aslam et al. 2018)
21. Flavones
22. Flavonols
23. Chalcones
24. Neolignans Proangiogenic activity (Buckler et al. 2017)
25. Caffeic acid Anti-inflammatory and

anti-oxidant property
(Song et al. 2008)

26. Coumarin Anti-inflammatory and
anti-oxidant  property

 (Afshar et al. 2020)
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(Villani et al. 2015). Based on the considerable anti-oxidant, 
anti-inflammatory, anti-microbial, and wound-healing prop-
erties laid by extensive pre-clinical and clinical assessments, 
the effective incorporation of grape seed extract in wound 
products warrants further well-planned studies to uncover 
dose-dependent responses, ideal grape seed extract refer-
ence standards, and identification of suitable GSE delivery 
approaches for bioavailability on wound application.

Conclusion

Grape seed extract contains pharmacologically important 
and abundant bioactive compounds whose therapeutic effi-
ciencies are mainly detected by in vitro and in vivo studies, 
validating anti-inflammatory, anti-microbial, and anti-oxi-
dant properties that favour wound healing. The only reported 
clinical data on use of grape seed extracts in recovery of 
complicated caesarean section wounds does give a spark 
of confidence that the product could be of value. We hope 
this review sheds light to exploring its potential use as a 
plant-based therapeutic alternative in the development of 
wound care products. This review also hopes to encourage 
innovation scientists to work on addressing the projected gap 
areas for effective deliverables in the development of GSE 
products in accelerating wound healing.
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