
Article Not peer-reviewed version

Natural Ginger Extract Versus Curcumin:

Who Has Better Antioxidant and Anti-

Inflammatory Properties for Wound

Healing?

Li Sun * , Long Chen , Jun Huang , Peikun Xin , Qiming Yang , Conglai Zhou , XiaoLi You

Posted Date: 30 September 2024

doi: 10.20944/preprints202409.2344.v1

Keywords: ginger extract; curcumin; antioxidant; anti-inflammatory; wound healing

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3873417
https://sciprofiles.com/profile/3795734


 

Article 

Natural Ginger Extract versus Curcumin: Who Has 
Better Antioxidant and Anti-Inflammatory Properties 
for Wound Healing? 
Conglai Zhou 1,2,3,†, Peikun Xin 4,†, Long Chen 1, Jun Huang 4, Qiming Yang 1, XiaoLi You 5  
and Li Sun 1,* 

1 Department of Orthopedics, Guizhou Provincial People’s Hospital, Guiyang 550002, China 
2 The Lab of Tissue Engineering and Translational Medicine, College of Medicine, Guizhou University, 

Guiyang, Guizhou 550000, China 
3 Department of Orthopedics, Nanming Hospital of Guizhou Provincial People's Hospital, Guiyang 550002, 

China 
4 School of Biomedical Engineering, Sun Yat-sen University, Guangzhou 510006, China 
5 Department of Respiratory and Critical Care Medicine, Affiliated Hospital of Guizhou Medical University, 

Guiyang 550004, China 
* Correspondence: lisun@gzu.edu.cn 
† These authors are co-first authors. 

Abstract: In recent years, foodborne biomaterials have been widely used in wound healing, and they have 
attracted much attention because of their advantages of green, environmental protection and pollution-free. 
Therefore ，in this study, ginger, a commonly used medicine in traditional Chinese medicine, was used to 
prepare ginger extract (Ginger E) as wound healing dressing, and its effect was comprehensively compared 
with curcumin. The results showed that Ginger E and curcumin had excellent biocompatibility and bioactivity. 
Among them, Ginger E showed better ability to promote cell migration, angiogenesis and intracellular reactive 
oxygen species (ROS) clearance than curcumin. And Ginger E behaved better anti-inflammatory and 
antioxidant activity. The results of animal experiments further demonstrate that Ginger E can promote 
angiogenesis and collagen deposition, promote the expression of anti-inflammatory factors, and refrain from 
the expression of pro-inflammatory factors, thus showing great potential in wound healing. 
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1. Introduction 

As an organ distributed on the body surface, the skin plays a vital role in maintaining the 
integrity of the body structure, protecting the body and regulating metabolism [1–3]. Statistically, in 
the United States alone, millions of people reportedly suffer skin damage，the economic losses due 
to skin damage exceed tens of billions of dollars every year, and this figure is expected to increase 
with the increase in the global population[4] . Therefore, it is extremely important to accelerate skin 
wound healing, which is conducive to the proper repair of the local tissue structure and the physical 
and mental health of patients, while reducing the economic burden on individuals and society [5–7]. 

The mechanism of skin wound healing is an extremely complex and dynamic process[8–10], 
which can be divided into four stages: hemostasis, inflammation, proliferation, and remodeling 
[11,12]. At each stage, a cascade of disorders may lead to abnormal wound proliferation, scar 
formation, and compromised appearance or function, which may lead to delayed wound healing or 
even non-healing, resulting in the need for amputation or the development of life-threatening 
conditions. Studies have shown that the dual effects of local injury and oxidative stress give rise to 
excessive generation of ROS and overexpression of inflammatory factors [13], thus affecting cell 
proliferation and collagen formation, especially the regeneration and repair of fibroblasts in the 
wound tissues, preventing the transition from inflammation to proliferation, and then causing slow 
wound healing. On the contrary, biomaterials with good antioxidant and anti-inflammatory activity 
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can remove excessive oxidative free radicals, reduce the continuous stimulation of inflammatory 
factors, and thus accelerate the healing of wound tissue. 

Compared with synthetic materials, food-borne drugs are favored by researchers owing to their 
convenience, low research and development costs, good biocompatibility, safety, and efficacy, and 
no obvious toxic and side effects. In this study, curcumin is a purified compound extracted from the 
herb turmeric, it has attracted much attention in recent years due to its anti-inflammatory and 
antioxidant properties[14,15], and has been widely used in wound tissue regeneration[16–18]. We 
took curcumin as a comparative experimental study to further verify the good antioxidant and anti-
inflammatory effects of ginger extract (Ginger E) and its regenerative ability to promote wound 
healing. Ginger, as a commonly used medicine in traditional Chinese medicine, has also been proved 
to have good anti-inflammatory and antioxidant effects[19]. It is reported that ginger contains 
polyphenols[20], flavonoids[21], ginger polysaccharide[22] and other biological active ingredients. In 
order to make full use of the above components in ginger, we prepared Ginger E as a dressing to 
promote wound healing, and compared its effect with curcumin. To our knowledge, no systematic 
comparative study of the use in wound healing has been reported. 

In this work, we prepared Ginger E and curcumin wound dressings (Figure 1). They had good 
biocompatibility. Both of them could promote cell migration and angiogenesis, and Ginger E's effect 
was more obvious. At the same time, they both had excellent antioxidant effect, but Ginger E showed 
stronger scavenging ability of intracellular ROS. The results of the full-thickness skin defect wound 
model showed that Ginger E could promote the wound healing better than curcumin, it can promote 
the formation of new capillaries and increase the deposition of collagen, regulate the expression of 
proinflammatory and anti-inflammatory factors, and ultimately promote wound healing. 

 

 
Figure 1. Schematic diagram of preparation of Ginger E and its effect on wound healing. 

2. Materials and Methods 

2.1. Materials 

Ginger was sourced from Guangdong province in South China, curcumin was bought from 
McLean Chemical Reagent Co. Ltd (Shanghai, China). DPPH was purchased from Aladdin Chemical 
Reagent Co. Ltd (Shanghai, China). PBS and DMEM (4.5g/L D-Glucose) were acquired from Sevier 
Biotechnology Co. Ltd (Wuhan, China). MTT, fetal bovine serum (FBS), penicillin / streptomycin were 
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provided by Sigma-Aldrich (St. Louis, MO, USA). The Live/Dead Cell staining kit and DCFH-DA 
were obtained from Beyotime Biotechnology (Shanghai, PRC). The NIH3T3 cells used in the 
experiments were purchased from Sun Yat-sen University (Guangdong, China). 

2.2. Preparation of Ginger E  

Ginger was washed, cut into small pieces, and crushed in a juicer. The juice was filtered using a 
screen filter membrane to remove any residue. The filtrate was filtered a further three times, collected, 
and centrifuged on a centrifuge at a speed of 4000 r/min for 10 min. The supernatant was collected 
and frozen and stored overnight in a refrigerator maintained at −20°C. Subsequently, the supernatant 
was freeze-dried and stored for experimental use. 

2.3. Cell Viability Assay 

NIH3T3 cells growing in the logarithmic phase diluted by a culture medium were inoculated on 
a 96-pore plate, with 5000–10000 cells/pore. Each group was provided with five duplicate holes. The 
cells were incubated overnight at 37℃. The following day, a certain volume of DMEM were added to 
the NIH3T3 cell solution to create the control group, whereas the same volume of DMEM extract was 
added to the solution to create the Ginger E and curcumin groups. The Ginger E was diluted to 
different concentrations after filtration and incubated with NIH3T3 cells for 24 h; The NIH3T3 cells 
were incubated with different concentrations of curcumin for 24 h. Then, 1 mL MTT was added to 
each well and incubated for 4 h. And then, the culture medium was taken away and washed with 
PBS thrice. In the end, a certain volume of dimethyl sulfoxide (DMSO) was added and the shaker was 
shaken for 10 min. The absorbance value at 490nm was measured to calculate the cytotoxicity of each 
group of materials. At the same time, the cell viability of each group was calculated; the calculation 
formula is: 

Cell viability (%) = (ODsample/ODcontrol) × 100 
where ODsample indicates the light absorption value of the experimental group, ODcontrol represents the 
light absorption value of the control group.  

2.4. Hemolysis Test 

A hemolysis experiment was performed using Ginger E and curcumin with concentrations of 
12.5 µg/mL. The specific method was as follows. A certain volume of Ginger E and curcumin were 
added to an SD rat erythrocyte suspension, with 0.9% sodium chloride injection was negative group, 
deionized water was positive group. The erythrocyte suspension was centrifuged at 1200 r/min for 2 
min. The absorbance of the supernatant was measured by UV spectrophotometry at 545nm, and the 
hemolysis rate was calculated. The hemolytic ratio was calculated as: 

Hemolytic ratio (%) = ((Asample - Ablank)/ (Acontrol - Ablank)) × 100 
where Asample is the sample absorbance, Ablank is light absorption value of negative group, and Acontrol 
is light absorption value of positive group. 

2.5. Live and Dead Staining 

NIH3T3 cells growing in a logarithmic phase were plated in 12-well plates and incubated 
overnight at 37 °C. The old liquid was removed and Ginger E was added after centrifugal filtration. 
Similarly, curcumin DMEM leaching liquid was added as well. The concentrations of the Ginger E 
and curcumin were 12.5 µg/mL. As a control group, 1 mL of DMEM was added to each well. The 
cells were incubated at a constant temperature for 24 h. Subsequently, Calcein-AM/PI staining 
reagent was added to the solution in a dark environment. The more green fluorescence, the more 
viable cells. Red, on the other hand, represents dead cells. and the fluorescence images were used to 
qualitatively evaluate the biocompatibility of the cells. 

2.6. Cell Migration Assay 
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NIH3T3 cells implanted in 6-well plates were adherent overnight. A 20 µL gun tip was used to 
score the cells perpendicular to the bottom surface of the plate hole, such that the score line 
intersected the marking links. The scored cells were washed thrice with PBS. The scratches were 
visible to the naked eye. The Ginger E and curcumin groups were diluted with medium to 12.5µg/mL. 
A control group with only the serum-free culture medium was created as well. The media were 
cultured at 37℃ in a 5% CO2 incubator. The migration of the cells was observed from microscopic 
images captured in the initial condition and after 12 h and 24 h. The cell migration rate was calculated 
as: 

Cell migration ratio (%) = ((A0 - At)/A0) × 100 
where A0 is the original scratch area and At is the scratch area at the measured time point. 

2.7. Vascularization Experiment 

10µL of matrix Gel was added to each well after thawing at 4℃. A cell suspension of HUVEC 
cells in a logarithmic growth phase in a 5000–10000/50 µL serum-free culture medium was incubated 
at 37℃ for 30 min. Subsequently, 50 µL of the cell suspension was added to each well. The cells were 
precipitated on the Matrix Gel, the old liquid was discarded, and Ginger E and curcumin with 
concentrations of 12.5 µg/mL diluted by a serum-free culture medium were added. The serum-free 
culture medium was also used to create a control group. Pictures were captured over regular intervals 
to observe and measure the formation of blood vessels. 

2.8. DCFH-DA Staining 

To evaluate the antioxidant effect of Ginger E, NIH3T3 cells in logarithmic phase were seeded 
on cell culture plates. Ginger E, curcumin, positive, and negative groups were created, each group 
was co-cultured with NIH3T3 cells and adherent overnight. The following day, the test materials and 
hydrogen peroxide were added. The concentrations of Ginger E and curcumin were 12.5 µg/mL, the 
positive group contained hydrogen peroxide, and the negative group did not contain any hydrogen 
peroxide. NIH3T3 cells incubated for 24 h were stained with the fluorescent probe DCFH-DA. Green 
fluorescence indicates the presence of ROS in cells, and the amount of fluorescence is proportional to 
the degree of oxidative damage in cells. The antioxidant activity was evaluated based on the amount 
of fluorescence. 

2.9. Quantitative Evaluation of Antioxidant Activity 

A negative group cells + DCFH-DA, positive group cells + H2O2 + DCFH-DA, and two 
experimental groups composed of cells + H2O2 + Ginger E and cells + H2O2 + curcumin, respectively, 
were created using NIH3T3 cells spread in a 6-well plate. Each group was set up in two wells, with a 
total of 5–10 million cells, and left to adhere overnight. The test materials were added to the aged 
solution, 2 mL of the Ginger E and curcumin were added per hole and 2 mL of the culture medium 
was added for the positive and negative control groups. The samples were incubated for 24 h. After 
removing the old fluid, 2 mL DMEM was added to the negative group, H2O2 (final concentration of 
100 µM) and the serum culture medium were added to the Ginger E and curcumin groups, 
respectively, H2O2 (final concentration of 100 µM) and serum culture medium were added to the 
positive group. These mixtures were incubated for 24 h. Subsequently, the old solution was removed, 
400 µL trypsin was added to each well, and the culture was added in a ratio of 1:2. Finally, 800 µL 
serum-free medium was used to stop digestion. The samples were aspirated in a flow-type centrifuge, 
spun at 1000 r/min, and the supernatant is sucked away. 1000 µL of DCFH-DA was added and 
incubated for 0.5 h at 4°C. The reaction tubes were shaken every 10 min to ensure that the cells and 
antibodies reacted fully. Subsequently, after the removed supernatant was discarded, PBS was added 
and centrifuged at 1000 r/min for 5 min, after that blot the supernatant and rinse twice. The 
supernatant was discarded, and this process was repeated twice. After shaking, dark flow cytometry 
was performed to quantitatively analyze intracellular ROS levels. 

2.10. DPPH Radical Scavenging Assay 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2024 doi:10.20944/preprints202409.2344.v1

https://doi.org/10.20944/preprints202409.2344.v1


 5 

 

DPPH solution was dissolved in absolute ethanol, and Ginger E and curcumin with 
concentrations of 12.5 µg/mL were mixed with DPPH as the experimental groups. The negative group 
consisted of material and absolute ethanol, and the positive group was composed of pure water and 
DPPH in a ratio of 1:1, then leave it in the dark for 30 min. 200 µL of the incubated solutions was 
added into a 96-hole plate, with three duplicate holes. The absorption value at 517 nm was used to 
calculate the clearance rate. 

DPPH radical scavenging rate (%) = (1 － (Asample - Acontrol)/Ablank) × 100 
where Acontrol is the negative group, Asample is the material group, and Ablank is the positive group. 

2.11. Hydroxyl Radical Scavenging Assay 

A material solution was prepared using deionized water, 8 mmol FeSO4 (dissolved in deionized 
water), 2 mmol H2O2 (diluted using deionized water), and 4 mmol sodium salicylate solution 
(dissolved in absolute alcohol). The experimental group was composed of FeSO4 solution, the 
material solution, H2O2 solution, and sodium salicylate solution; the control group was composed of 
FeSO4 added to the material solution, deionized water, and sodium salicylate solution, the 
background group was composed of FeSO4 solution added to ultrapure water, H2O2 solution, and 
sodium salicylate solution. These solutions were combined in the same mixing ratio, and the mixture 
was vibrated and left to stand for 30 min. 200 µL of the supernatant from each well was put into a 96-
well plate with 3 duplicate wells, and the absorbance value at 510 nm was read and the clearance rate 
was calculated. 

·OH radical scavenging (%) = (1 － (Asample - Acontrol)/Abalnk) × 100 
where Acontrol is the negative group, Asample is the material group, and Ablank is the positive group. 

2.12. Study on the Model of Skin Wound in Rats 

To study the repair ability of Ginger E on skin wound in SD rat model in vivo. The rats were 
randomly assigned to three groups—the Ginger E, curcumin, and control groups—with four rats in 
each group (n = 4). In the control group, PBS was applied to the wounds. Adult SD female rats 
(weighing about 200 g) were anesthetized using sodium pentobarbital (40 mg/kg) and their back fur 
was shaved. After sterilizing the skin with iodophor and alcohol, the rat was laid down on a towel, a 
circular wound of about 10 mm in diameter was cut on the back of rats with sterile surgical scissors. 
Subsequently, ginger extract and curcumin with concentrations of 12.5 µg/mL and PBS were applied 
to the wounds, with a single wound dose of 100 µL twice a day. The rats were euthanized after 16 
days of treatment. Full-thickness skin grafts were removed from the wounds and fixed with 4% 
paraformaldehyde. Immunohistochemical analyses were performed using Masson’s trichrome and 
HE staining. 

2.13. Histological Evaluation 

As discussed in Section 4.12, the skin tissue from the back wounds of the rats were removed and 
fixed with 4% paraformaldehyde. Subsequently, sections of approximately 5 µm were cut using the 
paraffin embedding technique. Masson’s trichrome and HE staining were performed to evaluate the 
healing and regeneration of the skin wound tissue. Col-1, IL-6, IL-10, and CD31 
immunohistochemical analyses were performed on the sections. The sections were scanned using the 
Pannoramic P250 (3DHISTECH) and evaluated. 

2.14. Statistical Analysis 

The sample mean ± standard deviation was used for data statistics, and one-way analysis of 
variance was used for comparison between groups. GraphPad Prism 8.0 software (San Diego, CA, 
USA) was served as quantitative statistical analysis. 

3. Results and Discussions 

3.1. Preparation of Ginger E 
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Fresh ginger was cleaned, juiced, and filtered through a filter mesh. The ginger extract was 
weighed in accordance with the required dosage during the experiment, by applying the method of 
liquid extraction. The preparation process is shown in Fig. 1 [1]. 

3.2. Cell Viability Assay 

The cell viability test was used to evaluate the cytotoxicity and biocompatibility of the crude 
extract of Ginger E. Conventionally, the toxicity of materials to cells and the proliferation of cells are 
detected using the methyl thiazolyl tetrazolium (MTT) method to evaluate the vitality of the cells[23–
25]. This analysis method comprises the following steps: action of MTT on the mitochondria of living 
cells, generation of blue crystals under the action of cytochrome C and succinate dehydrogenase, and 
reduction of MTT into blue crystals by succinate dehydrogenase from the living cells, wherein the 
more blue crystals there are, the more living cells there are. The optical density (OD) values at 490nm 
were used to evaluate the cytotoxicity of each group[26]. Different concentrations of Ginger E were 
extracted using Dulbecco’s Modified Eagle Medium (DMEM); curcumin was dissolved in absolute 
ethyl alcohol, and then diluted with DMEM to different concentrations; a control group was co-
cultured with NIH3T3 cells in DMEM. As shown in Figure 2 (A), after incubating NIH3T3 cells with 
different concentrations of Ginger E for 24 h, the cell viability was basically above 90%, indicating 
that it had good cell viability. The results showed that Ginger E had good biocompatibility. As shown 
in Figure 2 (B), curcumin had obvious cytotoxicity at concentrations exceeding 12.5 µg/mL after 24 h, 
and the cell viability gradually decreased. Curcumin concentration below 12.5µg/mL, the cell 
viability was more than 80%, indicating that it has good biocompatibility at this concentration. 
Therefore, 12.5 µg/mL of curcumin was used as the control concentration in this study. At the same 
concentration (12.5 µg/mL), Ginger E also had good cell viability and biocompatibility. Therefore, a 
concentration of 12.5µg/mL was used as the experimental dose for both Ginger E and curcumin. 

 
Figure 2. (A) The survival rate of NIH3T3 cells cultured with different concentrations of Ginger E for 
24 h. (B) The survival rate of NIH3T3 cells cultured for 24 h with different concentrations of curcumin. 
(C) Hemolysis images of each group. (D) Hemolysis rates of ultrapure water, 0.9% sodium chloride 
injection, 12.5 µg/mL Ginger E and 12.5 µg/mL curcumin treatments. ***p＜0.001，ns: not significant, 
(Mean ± SD, n=3). 
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3.3. Hemolysis Experiment  

Hemolysis experiments were performed to estimate the cytocompatibility of every group by the 
rupture and dissolution of red blood cells. Cytocompatibility is the basis for the use of biomedical 
materials[27,28]. The direct contact method was used to evaluate the biocompatibility of Ginger E[29]. 
Hemolytic tests were performed using Ginger E and curcumin with concentrations of 12.5 µg/mL. 
Deionized water was used in positive group, and 0.9% sodium chloride injection was used as the 
negative group. These solutions were added to a Sprague–Dawley (SD) rat erythrocyte suspension. 
The absorbance value at 545 nm was detected by ultraviolet (UV) spectrophotometry, and the 
hemolytic ratio was determined and analyzed[30]. As shown in Figure 2 (C-D), no obvious hemolysis 
was observed with the Ginger E, curcumin, and negative groups, and there was no significant 
difference between them in their hemolysis rates. In contrast, the hemolysis rate of each group was 
significantly different (p < 0.05) from that of the positive group, which had a hemolysis rate that was 
far lower than the upper limit value of 5%. Therefore, the Ginger E, curcumin, and negative groups 
had better cell compatibility than the positive group. 

3.4. Live and Dead Staining 

To further evaluate biocompatibility, Calcein-AM and propidium iodide (PI) staining was 
performed in the dark[31,32]. Ginger E and curcumin with concentrations of 12.5 µg/mL were 
cultured with NIH3T3 cells for 24 h; Pure DMEM and cell culture were used as control group. Green 
fluorescence indicates cells with good growth and red fluorescence indicates dead cells. As shown in 
Figure 3, several living cells can be seen in the three groups. The cell morphology is normal, and no 
obvious dead cells exist, indicating that Ginger E and curcumin have good biocompatibility. 

 
Figure 3. Live and dead stained images. Green fluorescence indicates living cells, red fluorescence 
indicates dead cells (Scale bars: 100 µm, n =3). 

3.5. Cell Migration Assay 

The scratch test is an important standard for detecting cell migration and wound healing, and it 
can be quantitatively evaluated based on the percentage of the wound healing area[33,34]. Ginger E 
and curcumin with concentrations of 12.5 µg/mL were added to a serum-free medium, and a control 
group containing the serum-free medium was prepared as well. NIH3T3 cells were cultured in a 37 
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°C incubator with 5% CO2 concentration. As shown in Figure 4 (A), microscopic images of the cells 
were captured at the beginning of the incubation process and after 12 h and 24 h. As shown in Figure 
4 (B), after 12 h, the cell migration rates of the control, curcumin, and Ginger E groups were 16.41% ± 
0.65%, 26.38% ± 0.96%, and 29.08% ± 1.5%, respectively. There was no difference in the mobility 
between Ginger E group and curcumin group. After 24 h, the cell migration rates of the control, 
curcumin, and Ginger E groups were 20.95% ± 0.98%, 28.62% ± 2.41%, and 35.12% ± 0.34%, 
respectively. Ginger E showed good cell compatibility and cell migration activity, and was superior 
to curcumin progenitor and control group (p < 0.05). Therefore, Ginger E has good cell migration 
effect. These results are consistent with those of the cell viability tests. The good migration effect may 
be attributed to various nutrients in ginger. 

 
Figure 4. Cell migration experiment. (A) The qualitative results of wound repair in the scratch test 
(Scale bars: 500 µm). (B) Quantitative analysis of the results in Figure (A). **p＜0.01, ***p＜0.001, ns: 
not significant, (Mean ± SD, n=3). 

3.6. Angiogenesis Experiment 

An angiogenesis experiment was used to evaluate the ability of the Ginger E to promote blood 
vessel growth. It also indirectly reflects the mechanism of tissue and cell growth. Ginger E and 
curcumin with concentrations of 12.5 µg/mL and a control group (serum-free culture medium) were 
co-precipitated with a human umbilical vein endothelial cell (HUVEC) suspension and cultured on 
Matrix-Gel using the serum-free DMEM extraction method. As shown in Figure 5, the Ginger E group 
was superior to the curcumin and control groups in terms of the number, length, node, mesh number, 
and density of blood vessels. Therefore, Ginger E can promote angiogenesis. 

 
Figure 5. Pro-angiogenic assay (Scale bars: 500 µm. n =3). 

3.7. 2,7-Dichlorodihydrofluorescein Diacetate (DCFH-DA) Staining 

An excessive amount of ROS can damage the cell structure and components such as the 
mitochondria, cell membrane, deoxyribonucleic acid (DNA), and protein[35]. H2O2 was used to 
stimulate an oxidative stress damage environment in the cells, and Ginger E and curcumin were used 
to neutralize ROS, to verify their antioxidant activity. Accordingly, Ginger E group, curcumin group, 
positive group, and negative group were assembled. As shown in Figure 6 (A), the positive group 
with the strongest fluorescence intensity, the fluorescence intensities of the Ginger E and negative 
groups were approximately equal, with almost no obvious fluorescence. Therefore, the Ginger E 
exhibited good antioxidant activity. The fluorescence intensity of curcumin group was higher than 
that of Ginger E group but lower than that of positive group, which indicates that the antioxidant 
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activity of curcumin was lower than that of the Ginger E. As the fluorescence intensity is inversely 
proportional to the ROS resistance of a material, the results demonstrate that Ginger E has good 
antioxidant activity. The ROS flow absorption peak of each group after treatment is shown in Figure 
6 (B). According to the graph, the antioxidant activity of the Ginger E group was superior to those of 
the positive and curcumin groups. As illustrated in Figure 6 (C), mean fluorescence intensity of the 
negative group was 794.33 ± 25.48，at of the Ginger E group was 980 ± 18.52, that of the curcumin 
group was 1850.33 ± 27.31, and that of the positive group was 4466 ± 108.05. The Ginger E exhibited 
excellent antioxidant activity that exceeded those of the curcumin and positive groups, with a 
significant difference (p < 0.05). The results showed that the quantitative antioxidant activity detected 
by flow cytometry was consistent with the qualitative antioxidant activity detected by fluorescence. 

3.8. DPPH Clearance Test 

DPPH is a stable free radical in organic solvents. When free radical scavengers are present, the 
absorbance level of DPPH decreases, indicating that the sample has enhanced antioxidant capacity. 
Therefore, the DPPH clear rate is commonly measured the free radical scavenging capacity of a 
material[36]. As shown in Figure 6 (D), the DPPH scavenging rate of curcumin was 78.47% ± 0.64% 
and that of Ginger E was 83.24% ± 0.73%. Therefore, Ginger E had a higher DPPH free radical 
scavenging activity than curcumin, with a significant difference between them (p < 0.05). Thus, the 
Ginger E had strong antioxidant activity, which was higher than that of curcumin. These results are 
consistent with those of DCFH-DA and flow cytometry. 

3.9. Hydroxyl Radical Scavenging Assay 

The antioxidant activity of Ginger E was further evaluated by determining the scavenging 
capacity of -OH[37,38]. Hydroxyl free radicals were produced by the Fenton reaction, and sodium 
salicylate reacted with a hydroxyl free radical to form 2, 3-dihydroxybenzoic acid. The content of 2, 
3-dihydroxybenzoic acid was positively correlated with the content of free radicals at 510 nm. The 
hydroxyl radical scavenging rates of Ginger E and curcumin were evaluated quantitatively[39]. As 
shown in Figure 6 (E), the hydroxyl free radical scavenging rates of Ginger E and curcumin were 
36.35% ± 1.67% and 17.8% ± 1.85%, respectively, with a significant difference between them (p < 0.05). 
Therefore, Ginger E has a significantly higher hydroxyl radical scavenging rate and a superior direct 
antioxidant response effect than curcumin. 

  
Figure 6. Scavenging experiment of reactive oxygen species in vitro. (A) Representative images of 
intracellular fluorescence (Scale bars: 100 µm). (B) The magnitude of the fluorescence intensity and 
the number of cells under the corresponding conditions. (C) Quantitative analysis of fluorescence 
intensity of ROS. (D) Quantitative comparative analysis of DPPH clearance rates of Ginger E and 
curcumin with concentrations of 12.5 µg/mL. (E) Quantitative comparative analysis of hydroxyl 
radical scavenging activity of Ginger E and curcumin with concentrations of 12.5 µg/mL. *p＜0.05, **p
＜0.01, ***p＜0.001, (Mean ± SD, n=3). 

3.10. In Vivo Skin Wound Healing 
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Adult female SD rats were randomly assigned to Ginger E, curcumin, and control groups. A 
wound with a diameter of approximately 10 mm was created on the dorsal skin of the rats (Figure 
7A). The rats in the Ginger E and curcumin groups were treated with 12.5 µg/mL concentration 
solutions, whereas those in the control group were treated with phosphate-buffered saline (PBS). 
Each wound was treated with 100 µL of the solutions. The skin wounds were photographed before 
any treatment was provided and on the fourth, tenth, and sixteenth days of the treatment process. 
The photographs were analyzed using the ImageJ software. On the sixteenth day, the rats were killed, 
and the wound tissues were removed for hematoxylin (HE) and Masson staining for histological 
analysis. As shown in Figure 7 (B), there was no significant difference between the wound healing 
rates of the Ginger E and curcumin groups on the fourth day. On the tenth day, the wound area 
percentages for the Ginger E, curcumin, and control groups were 9.38% ± 1.83%, 17.27% ± 1.1%, and 
24.96% ± 4.81%, respectively. Therefore, the wound healing rate of the Ginger E group was 
significantly higher than that of the other two groups (p < 0.05). On the sixteenth day, the wound of 
the Ginger E group was almost entirely healed, whereas the wound area percentages of the curcumin 
and control groups were 1.7% ± 0.14% and 4.22% ± 0.72%, respectively. Thus, the Ginger E accelerated 
wound healing, and was significantly better than the curcumin and control groups (p < 0.05). Overall, 
Ginger E has a significantly better wound repair effect than curcumin.  

 
Figure 7. Experimental results of wound healing promotion in vivo. (A) Representative images of 
wound surface. (B) Quantitative comparison of final wound contraction area. *p＜0.05, ***p＜0.001, 
ns: not significant (Mean ± SD, n=4). 

3.11. Histological Evaluation 

After 16 days of treatment, the skin of the wound sites of the rats was sectioned and sliced, and 
the histological structure and pathological changes at the wound site were observed. The growth of 
granulation tissue is an important indicator of wound healing[40], as it contains several growth 
factors, fibroblasts, and collagen components. Histologically, HE and Masson staining were 
performed, at the same time while immunohistochemical analyses of platelet endothelial cell 
adhesion molecule-1 (CD31), collagen type 1 (Col-1), interleukin-6 (IL-6), and interleukin-10 (IL-10) 
were performed on the wound specimens. As shown in the staining results in Figure 8, wound tissue 
regeneration, collagen formation, and blood vessel and hair follicle formation were higher in the 
Ginger E group than in the blank control and curcumin groups. Therefore, Ginger E enhances wound 
repair. 
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Figure 8. After 16 days of treatment in Ginger E group, curcumin group and control group. 
(A)Qualitative analysis of re-epithelialization and histological score of wound granulation tissue were 
performed (Scale bars: 5000 µm, 100 µm). (B)Collagen deposition and percentage of collagen tissue 
content (Scale bars: 5000 µm, 100 µm). (C)CD31 protein expression and content percentage (Scale bars: 
500 µm). (D)Col-1 qualitative analysis and content percentage (Scale bars: 100 µm). *p＜0.05, **p＜
0.01, ***p＜0.001(Mean ±SD, n=4). 

Considering the wound immunohistochemistry, as shown in Figure 8 (A), skin wound healing 
effect in each group was evaluated by detecting the degree of tissue regeneration in the granulation 
tissue: that of the Ginger E group was 63.31% ± 1.02%, that of the curcumin group was 56.69% ± 2.35%, 
and that of the control group was 44.55% ± 4.31%. As shown in Figure 8 (B), the healing effect was 
evaluated through the quantitative analysis of the collagen content in the granulation tissue: that of 
the Ginger E group was 70.64% ± 1.74%, that of the curcumin group was 65.2% ± 1.29%, and that of 
the control group was 49.27% ± 3.24%. Figure 8 (A-B) indicate that the Ginger E accelerated 
granulation tissue regeneration and collagen formation to accelerate wound healing, significantly 
better than curcumin and control groups (p < 0.05). Therefore, the Ginger E provided better tissue 
remodeling and collagen formation than the curcumin and control groups. As shown in Figure 8 (C), 
the CD31 content in the samples from the Ginger E, curcumin, and control groups was 61.89% ± 
2.89%, 56.79% ± 0.51%, and 48.47% ± 1.76%, respectively. The Ginger E up-regulated the expression 
of vascular adhesion factors, thereby enhancing the adhesion function of the platelets and endothelial 
cells and accelerating wound healing. Consequently, Ginger E was better than the curcumin and 
control groups. As shown in Figure 8 (D), the content of Col-1 in the Ginger E and curcumin groups 
was more orderly and compact than that in the control group, with a relatively complete structure. 
The Col-1 collagen content was 42.24% ± 1.70% in the Ginger E group, 35% ± 0.77% in the curcumin 
group, and 22.1% ± 1.05% in the control group. Therefore, the Col-1 collagen content of the Ginger E 
group was better than that in other groups and there were significant differences (p < 0.05). Col-1 is 
an important component of collagen fibers in skin tissue. As collagen fibers play an important part 
in tissue remodeling and regeneration, these results further indicate that Ginger E promotes wound 
repair and healing. As shown in Figure 9, the Ginger E group not only down-regulated inflammatory 
factors IL-6, but also promote the expression of IL-10. The performance of the Ginger E was superior 
to that of the control and curcumin groups, which indicates that Ginger E has a good anti-
inflammatory effect that accelerates wound healing. 
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Figure 9. Qualitative analysis of IL-6 and IL-10 ELISA of wound tissue (Scale bars: 100 µm, n=4). 

4. Conclusions 

In conclusion, Ginger E prepared by a simple method had a better therapeutic effect on skin 
wound healing than curcumin alone. They both had good biocompatibility and excellent hydroxyl 
radical scavenging ability in vitro. However, Ginger E showed better antioxidant and anti-
inflammatory effects than curcumin. At the same time, Ginger E also had a better effect of promoting 
migration and angiogenesis. This may be because Ginger E had a wider variety of bioactive 
components, which contribute to the scavenging of ROS and wound healing. Overall, Ginger E had 
great potential in wound healing, but more effective applications and treatments need to be further 
explored in the future. 
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