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Background: Recently, the use of the tumor or its secretions as drug carriers has gradually become popular, with the advantages of 
high biocompatibility and enhanced drug delivery to specific cells. Melanoma is the most malignant tumor of all skin cancers; it is the 
most metastatic and, therefore, the most difficult to treat. The main purpose of this study is to develop nanovesicles with tumor cell 
membrane secretion properties to encapsulate target substances to enhance the therapeutic effect of cancer.
Methods: Astaxanthin was selected as an anticancer drug due to our previous research finding that astaxanthin has extremely high 
antioxidant, anti-ultraviolet damage, and anti-tumor properties. The manufacturing method of the astaxanthin nanovesicle carrier is to 
mix melanoma cells and astaxanthin in an appropriate ratio and then remove the genetic material and inflammatory factors of cancer 
cells by extrusion.
Results: In terms of results, after the co-culture of astaxanthin nanovesicles and melanoma cancer cells, it was confirmed that the 
ability of astaxanthin nanovesicles to inhibit the growth and metastasis of melanoma cancer cells was significantly better than the same 
amount of astaxanthin alone, and it had no effect on normal Human cells are also effective. There was no apparent harm on normal 
cells, indicating the ability of the vesicles to be selectively transported.
Conclusion: Our findings illustrated the potential of astaxanthin nanovesicles as an anticancer drug.
Keywords: melanoma, astaxanthin, nanoparticle

Introduction
It is very difficult to detect melanoma at an early stage because the initial form of melanoma is no different from normal 
spots or moles on the skin. However, melanoma expands very fast over time, and a large number of uneven small round 
bumps will appear quickly on the patient’s body.1 The rapid deterioration, coupled with the poor effect of existing 
treatment drugs, and the high cost of treatment, make it easy for patients to ignore it and give up on treatment, resulting 
in mortality. It has the highest percentage among all skin cancer types. According to statistics from the Ministry of Health 
and Welfare, melanoma accounted for 60% of the overall skin cancer death rate in 2015. The current treatment methods 
for melanoma include surgery, chemotherapy, radiotherapy, and immunotherapy, but these treatments often cause strong 
side effects and cannot completely cure melanoma.2,3 Modern methods use cell-targeting therapies. In nano- 
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transportation technology, researchers will coat target drugs or proteins that promote tumor cell death into nano-drug 
carriers for treatment.3–5 Relevant literature showed that making nanoscale particles from the cancer cell membrane has 
the potential to be used as a drug carrier, because nanoparticles have a structure similar to cell membranes (such as 
proteins, lipids, etc.), and can exhibit better biological properties.6 Unlike naturally occurring extracellular vesicles such 
as exosomes and microvesicles, cell membrane-based nanovesicles are artificially fabricated. Moreover, cancer cells are 
more effectively targeted than other cells because of the properties of homotypic cell targeting.6,7 Therefore, in this study 
we want to make nanoparticles from melanoma cancer cells, hoping that the nanoparticles can be attached and fused 
inside the melanoma cancer cells, to enhance the action of anticancer drugs and make the drugs more effective by directly 
targeting the cancer cells and destroy cancer cells.8 In recent years, astaxanthin has been confirmed by various medical 
and biotechnology researchers to have excellent anti-oxidation, vision improvement, immunity enhancement, and even 
excellent anti-tumor abilities, a large number of related healthcare and nutrition products have gradually come into the 
market.9–14 Hence, we decided to use astaxanthin as a precursor drug to inhibit melanoma and use melanoma cancer cells 
as nano-carriers, hoping to achieve the purpose of effective treatment of melanoma. Meanwhile, we have demonstrated 
through cell viability analysis that the vesicles we make are harmless to normal cells.

Materials and Methods
Materials
Astaxanthin, Phosphate Buffered Saline (PBS, Gibco), Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco), CCK8 
reagent kit (IMT Formosa Co., Ltd.), 1.1-diphenyl-2-picrylhydrazyl radical (DPPH, SIGMA), vitamin C, ethylenedia-
minetetraacetic acid (EDTA), butylated hydroxyl-anisole (BHA), Trichloroacetic acid (TCA), 2.2’-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid)(ABTS, SIGMA), Potassium hexacyanoferrate(III), Bicinchoninic acid (BCA) protein 
assay kit (Pierce, Rockford, IL, USA), SYBR Green Master Mix (EntiLinkTM), Reverse transcription kit (Thermo 
Fisher).

Cell Lines
Melanoma carcinoma cells (B16F10), were purchased from the Bioresource Collection and Research Center (BCRC, 
Hsinchu, Taiwan). Skin fibroblasts (Hs68) were obtained from the American Type Culture Collection (ATCC, Manassas, 
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VA, USA; Hs68 Number: CRL-1635™). Lung Metastatic Melanoma (LMM) cells were based on the injection of 
B16F10 from the tail vein of mice and then extract the cancer cell from the lung after the tumor was built.

DPPH Free Radical Scavenging Assay
Astaxanthin 1.68 mM was prepared by dissolving in dimethyl sulfoxide (DMSO), then diluted as follows 1, 1/2, 1/4, 1/8, 
1/12, and 1/24. The DPPH solvent is prepared by mixing 15 mg of DPPH powder and 15 mL of methanol solvent. 392 
μL of DPPH solution was mixed with 8 μL of sample in a microcentrifuge tube, then 100 μL was taken to a 96-well plate 
and each sample was triplicated, finally, the absorbance was measured at 517 nm by using a spectrophotometer after 30 
minutes in the dark. Compared with the absorbance value of the blank control group, the ability of each sample to 
scavenge free radicals can be judged. Moreover, vitamin C was used as the positive control group.12

ABTS Free Radical Scavenging Ability
Astaxanthin (1.68 mM) with DMSO as a solvent, dilute to 1, 1/2, 1/4, 1/8, 1/12, and 1/24 times the sample. The ABTS 
solution was prepared by mixing 180.11 mg of ABTS powder with 50 mL of deionized distilled water (ddH2O) solvent 
to form a 7 mM ABTS solution. Potassium persulfate solution was prepared by mixing 180.11 mg of potassium 
persulfate powder with 10 mL of ddH2O solvent to prepare a 140 mM potassium persulfate solution. 25 mL of ABTS 
solution was mixed with 440 μL of potassium persulfate solution to prepare ABTS + cationic radical solution. After 
keeping in the dark for 12 hours, the ABTS + cationic radical solution was diluted with ethanol until the absorbance value 
is 0.7 ± 0.002, then 20 μL of the sample was mixed evenly with 380 μL of ABTS + cationic radical solution and 
configured in a microcentrifuge tube, then 100 μL of the mixture was taken to the 96-well plate and the sample was 
triplicated, and the absorbance was measured at 734 nm by using a spectrophotometer after 30 minutes in the dark. 
Compared with the absorbance value of the blank control group, the ability of each sample to scavenge free radicals can 
be judged. Moreover, EDTA was used as the positive control group.12

Reducing Power Assay
Reagent configuration: take astaxanthin 1.68 mM with DMSO as solvent, and dilute to 1, 1/2, 1/4, 1/8, 1/12, 1/24 times. 
Experimental steps: prepare eight microcentrifuge tubes, add phosphate buffer 340 μL and red blood salt 7.5 μL into each 
microcentrifuge tube, take 7.5 μL of the above six samples into a microcentrifuge tube, and the other two microcentrifuge 
tubes were added butylated hydroxyl-anisole (BHA) and ddH2O 10 μL respectively as positive control and control 
group, eight microcentrifuges put the centrifuge tube in a water bath at 50 °C for 20 minutes, then put in ice cubes to cool 
down for 2 minutes, then add Trichloroacetic acid (TCA), put 160 μL into a microcentrifuge tube and centrifuge for 10 
minutes (3,000 g). After centrifugation, take 75 μL of the supernatant to a 96-well plate with 3 repeats, and then add 25 
μL FeCl3 into a 96-well plate, and finally measure its absorbance with a spectrophotometer at 700 nm.12

Cryopreservation
Before freezing cells, a cell cryopreservation solution should be prepared, DMSO should be added to the fresh medium to 
make the final concentration 5–10%, mixed well, and placed at room temperature for use. According to the operation of 
cell subculture, collect the cells, and take a small amount of cell suspension to count the cell concentration and pre- 
freezing viability. Centrifuge the collected cells at 300 g for 5 minutes, remove the supernatant, add an appropriate 
amount of cryopreservation solution, mix well, make the cell concentration 1–5 × 106 cells / mL, and dispense into 
cryopreservation tubes. Dispense 1 mL per tube. Frozen storage in stages, placed at −20 °C for at least 20 minutes and 
put at −80 °C After about 16 hours, transfer to a liquid nitrogen tank for storage.15

Thawing
Prepare an empty petri dish and add 10 mL of culture medium (because the cell cryopreservation solution contains 
DMSO, it must be diluted 1:10), take out the cryovial to be thawed from the liquid nitrogen bucket, place the cell 
cryovial on the water bath (37 °C) for defrosting, then take out the cell solution, add it on the dish, put it in the incubator, 
and observe whether the cells adhere to the plate after a few hours.15
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Subculture
Cell type: Melanoma cell (B16F10) / Lung Metastatic Melanoma (LMM) / fibroblasts (Hs68). Remove the original cell 
culture medium in the culture dish and rinse with PBS to remove the residual culture medium. After adding 1 mL of 
trypsin-EDTA to each culture dish, put it back into the incubator for about 7 minutes, and suspend the cells until it 
attached to the bottom of the dish. Add culture medium containing serum protein to terminate the action of trypsin- 
EDTA, and centrifuge at 360 g for 5 minutes. Remove the supernatant after centrifugation, add 2 mL of culture medium 
(DMEM) to redissolve, and mix well. Take out 1 mL of cell fluid put it in the dish and shake to make it evenly, and then 
put it back into the incubator. After a while, check again whether the cells have attached to the plate. The remaining cells 
can be mixed with cell cryopreservation solution and cell solution at a ratio of 1:1, then collected and stored in stages, 
kept at −20 °C for at least 20 minutes, and placed at −80 °C for about 16 hours, then moved to a liquid state Store in 
nitrogen tanks.15

Cell Viability Analysis (CCK8 Assay)
After reaching the light yellow WST8 (Water Soluble Tetrazolium 8) aqueous solution with the dehydrogenase in living 
cells, WST8 will be reduced to an orange formazan water-soluble product. Therefore, the number of viable cells is 
directly proportional to the shade of orange, and finally, the absorbance value is measured by a spectrophotometer at 
a wavelength of 450 nm to further obtain the survival ratio. Reagent configuration: take astaxanthin 1.68 mM and use 
DMEM as a solvent, dilute 1, 1/2, 1/4, 1/8, 1/12, 1/24 times the sample; and ANPs configured as 100, 125, 150, 175, and 
200 μM. For the CCK8 reagent, take 10 μL of WST8 and dilute it 10 times with DMEM. Experimental procedure: Cells 
were cultured in 96-well plates for 24 hours. After that, they were incubated with astaxanthin solutions of different 
concentrations and DMEM, and then the cells were incubated at 37 °C for 24 hours in a 5% carbon dioxide environment. 
Finally, the WST8 solution was added to each well and incubated at 37 °C for 2 to 4 hours. Measur e the absorbance of 
the cell suspension at 450 nm using a spectrophotometer. The experiment was performed in triplicate and statistical 
analysis was performed to obtain the final values.3

Cell Scraping, Centrifugation, and Cell Count
Use sterile cell scrapers and add 1 mL of PBS to the melanoma cancer cells that have overgrown and attached to the wall 
of the cell culture dish, then scrape off and add to Eppendorf. Put Eppendorf into a centrifuge at 360 g for 10 minutes to 
allow the melanoma cancer cells to settle at the bottom of the centrifuge tube. Part of the melanoma cancer cells was 
mixed with PBS and dripped with trypan blue solution to distinguish live cells from dead cells, and the calculated 
number was estimated to obtain the total number of cells.3

Ultrasonic Vibration
Astaxanthin and cells were vibrated for 30 minutes by using ultrasonic. Due to the characteristics of high frequency, short 
wavelength, and strong penetrating power of ultrasonic waves, the extracted astaxanthin can be fully mixed and 
contacted with cells. After 30 minutes, pipette every 10 minutes for a total of 90 minutes.3

UVB Irradiation
The mixture of astaxanthin and melanoma cancer cells was transferred from the centrifuge tube to the culture medium, 
put into the instrument for irradiating UVB irradiation, and irradiated with UVB light for 2 minutes to destroy the DNA 
of melanoma cancer cells.3

Extrusion
First, the polycarbonate (PC) membrane with a pore size of 10 μm was put into the nano extruder, then squeeze the 
mixture of astaxanthin and melanoma cancer cells back and forth 5 times, and then repeating the above steps with a pore 
size of 5 μm’s PC membrane. After the extrusion, the cell membrane of the cancer cells was extruded into nanoparticles 
to coat astaxanthin to fight against melanoma cancer cells.3
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Ultra-High-Speed Centrifugation
A density gradient separation solution (60%) was added to the centrifuge tube, then nanoparticles were slowly added 
along the tube wall, and finally, the configure 10% density gradient separation solution was added so that the particles are 
located in the centrifuge tube’s middle. Lock the configured centrifuge tube firmly in the ultracentrifuge, and set the 
ultracentrifuge to 100,000 g, 4 °C, for 2 hours. After centrifugation, the particles located in the center were pulled up and 
added to a 15 mL centrifuge tube.3

Cell Migration Assay (Migration Wound Healing Assay)
70 mL of B16F10 were added to the wound healing insert (Culture-Insert 2 Well) at 3 × 105 cells / mL per well and 
cultured for 24 hours. Afterward, the DMEM in the insert was pumped up and rinsed twice with PBS, and then cultured 
with different concentrations of particles and DMEM at 37 °C in an environment of 5% CO2. After 16 hours, an optical 
microscope (Leica Microsystems) was used to photograph the degree of cell migration on the selected area using a 4× 
lens, and the area was calculated to obtain the cell migration rate.3

Dynamic Light Scattering (DLS) Particle Size Analysis
In this experiment, the particle size of the prepared sample was measured by the Litesizer. Litesizer is based on the 
principle of dynamic light scattering and photon spectrum to get the size of a particle according to the speed of the 
Brownian motion of the particle in the liquid. Due to the different movement rates in various sizes of the particle, 
different particles cause scattered light to scatter at different angles after being irradiated by laser. The acquired result 
was compared with the photon spectrum to obtain the size of the particle.16

Fluorescent Staining of Cells
The original cell culture medium in the culture dish was removed and rinsed with PBS to remove the residual culture 
medium. After 1 mL of trypsin-EDTA was added to each culture dish, put back into the incubator for about 7 minutes to 
allow the cell which attach/adhere to the bottom of the dish to suspend. Then, the culture medium containing serum 
protein was added to terminate the action of trypsin-EDTA and centrifuged at 360 g for 5 minutes. After centrifugation, 
the supernatant was removed, and add 2 mL of culture medium to re-dissolve and mixed well. 1 mL of Diluent C was 
added and mixed well with the cell solution; at the same time, 4 mL of PKH26 and 1 mL of Diluent C were taken, mixed 
in another centrifuge tube, the two tubes were mixed, and put in the incubator for 2–5 minutes, shake gently to make it 
even, then the same amount of serum was added, centrifuged for 400 g, 10 minutes. Then the supernatant was drained, 
re-dissolved by adding 1 mL of PBS and centrifuged, and repeated three times.17

Quantitative Real-Time Reverse Transcription Polymerase Chain Reaction (qRT-PCR) 
Analysis
The fluorescent signal was generated by a unique probe formed as qRT-PCR, which is a detection method using the 
StepOnePlusTM system (Thermo Fisher Scientific Inc., USA) fluorescence detection technology to sense each cycle. It 
detects and records the fluorescence intensity of each cycle and calculates real-time quantitative data. For the sample 
preparation, first used TRIzol (Invitrogen, Waltham, MA, USA) to extract RNA from LMM cells and then used a reverse 
transcription kit to generate cDNA. Add the SYBR Green Master Mix, templates, and primers. All steps were repeated 
for 40 amplification cycles, and the resultant was passed through the fluorescence detection system.18 Primers for qRT- 
PCR are listed in Table S1.

Western Blotting
First prepared the SDS-PAGE gel, and test the sample with the BCA protein assay kit to calculate the protein’s 
concentration. Run the SDS page with running buffer for 2 hours and transfer the gel with PVDF membrane in transfer 
buffer for one and a half hours. After the transfer process, use the blocking buffer and PBST wash for 5 minutes three 
times. Add the primary antibody to shake overnight, and then wash it with PBST before adding the second antibody. 
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West Femto Maximum Sensitivity Substrate Kit was used to visually detect the signal through enhanced chemilumines-
cence (ECL) detection.18

Research Results
Determination of Antioxidant Capacity
In this experiment, three different methods were used to test the antioxidant capacity of astaxanthin, including DPPH free 
radical scavenging assay, ABTS free radical scavenging ability, and reducing power assay. As shown in the DPPH free 
radical scavenging experiment (Figure 1a), Astaxanthin has DPPH free radical scavenging ability. In 0.07 mM 
astaxanthin, it only has about 15% DPPH free radical scavenging rate, while in 1.68 mM high-concentration astaxanthin, 
the DPPH scavenging ability is about 50%. At 0.42 and 0.84 mM, the antioxidant capacity is about 20%. Astaxanthin has 
a significant ability to scavenge ABTS free radicals (Figure 1b). At a low concentration of 0.07 mM astaxanthin, it has 
a free radical scavenging ability of 20%. When the concentration of astaxanthin is higher, the scavenging ability of ABTS 
free radicals also increases, with an obvious concentration trend; astaxanthin at higher concentrations of 0.42, 0.84, and 
1.68 mM, the scavenging ability of ABTS free radicals was not significantly different from that of the positive control 
group, and the scavenging abilities of ABTS free radicals were all above 85%, showing strong antioxidant capacity. The 
experiment of reducing power measurement (Figure 1c), showed that astaxanthin had almost no reducing power to 
scavenge free radicals, and the reducing power of astaxanthin at each concentration is not significantly different from the 
control group. The DPPH and ABTS free radical scavenging ability of astaxanthin was measured by using IC50 

(Figure 1d and e), and the IC50 of astaxanthin for scavenging ABTS was 0.28 mM (Figure 1e), It means that the 

Figure 1 The antioxidant tests for astaxanthin. (a) The DPPH scavenging ability of astaxanthin. The blank control group was ddH2O. The positive control group was 100 μM 
vitamin C. (b) The ABTS scavenging ability of astaxanthin. The blank control group was ddH2O. The positive control group was EDTA. (c) The reducing power of 
astaxanthin. The blank control group was ddH2O. The positive control was BHA. (d) The IC50 of DPPH scavenging ability in astaxanthin. (e) The IC50 of ABTS scavenging 
ability in astaxanthin. *P < 0.05; **P < 0.01; ***P < 0.005 vs the control group.

https://doi.org/10.2147/IJN.S439476                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

International Journal of Nanomedicine 2024:19 2400

Chang et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


antioxidant capacity of astaxanthin reaches 50% when the concentration is 0.28 mM; while the IC50 of DPPH free radical 
scavenging rate is about 1.68 mM (Figure 1d). Based on the above results, it can be proved that astaxanthin does have the 
extremely efficient antioxidant capacity, and has better performance in scavenging DPPH and ABTS free radicals. 
Astaxanthin exhibited excellent ABTS antioxidant capacity at concentrations of 0.4, 0.84, and 1.68 mM, which had no 
significant difference from the positive control group. Therefore, we selected 0.42 and 0.84 mM astaxanthin for 
subsequent experiments. It was found that astaxanthin can unbalance intracellular free radicals and antioxidants, so it 
can give cancer cells more oxidative stress to inhibit their growth.19

Nanoparticle Size Analysis and Protein Quantification
DLS Particle Size Analysis
After astaxanthin’s antioxidant capacity determination, the antioxidant capacity of 0.42 and 0.84 mM astaxanthin is 
better. Therefore, two different concentrations of astaxanthin (0.42 and 0.84 mM) were mixed with melanoma cancer 
cells to produce two different ANPs. One was coated with 0.42 mM astaxanthin, and the other was 0.84 mM (Figure 2a). 
ANPs (0.42 mM) are about 470 nm in diameter nm and ANPs (0.84 mM) are about 1,620 nm in diameter.

Bicinchoninic Acid Assay (BCA)
After making a standard curve for the BCA protein, measure it with a spectrophotometer, and then detect the absorbance 
value of the melanoma cancer cells. Then substitute the obtained data into the standard curve to obtain the protein 
concentration of melanoma cancer cells as 1.4 mg / mL. And use the same method to measure ANPs (0.42 and 0.84 
mM), the values measured by the spectrophotometer were brought into the standard curve for calculation, and the protein 
contents of ANPs (0.42 and 0.84 mM) were about 0.48 and 0.77 mg / mL. This experiment shows that the larger the size 
of the ANPs, the higher the protein concentration it contains (Figure 2b).

Cell Viability Analysis
This experiment was divided into three parts, and the purpose was to detect ANPs (0.42 and 0.84 mM) have the ability to 
fight against melanoma cancer cells and whether the nanoparticles have a tendency of selective transport. In the first part 
of the experiment, the astaxanthin was not coated within nanoparticles to analyze the viability of B16F10 cells. As shown 
in Figure 3a, the concentration of uncoated astaxanthin was 50–1,000 μM, and the survival rate of melanoma cancer cells 
dropped from 70% at 150 μM to less than 20% at 175 μM. It was shown that uncoated astaxanthin had a half-lethal effect 
between 150 and 175 μM. It has also been confirmed that astaxanthin has the function of anti-melanoma and has the 
potential as an anticancer drug. Therefore, in the next experiment, to determine the anti-cancer properties of ANPs, we 
selected 100, 125, 150, 175, and 200 μM astaxanthin for follow-up experiments. The second part of the experiment 
compared the effects within and uncoated nanoparticles of astaxanthin on the survival rate of B16F10. The results proved 
that ANPs enhanced the ability of astaxanthin’s resistance to cancer effect (Figure 3b). Since astaxanthin is encapsulated 
in nanoparticles, the effective concentration of astaxanthin will change after the astaxanthin is encapsulated in 

Figure 2 The particle property analysis. (a) The dynamic light scattering (DLS) particle size analyzer managed the size of ANPs. (b) The protein concentration of the ANPs.
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nanoparticles. Therefore, we used the calibration curve of astaxanthin concentration to calculate the assay concentrations 
of ANPs (0.42 and 0.84 mM) to compare astaxanthin concentrations in NPs with uncoated. Calculate the detected 
concentration 100, 125, 150, 175, and 200 μM of ANPs (0.42 and 0.84 mM), and the comparison of cell viability 
experiments with uncoated astaxanthin (Figure 3b). In the uncoated astaxanthin group, the mortality rate of B16F10 was 
consistent with the values, 150 μM astaxanthin had a 70% survival rate, and 175 and 200 μM astaxanthin had a survival 
rate below 20%. At 100–150 μM, the ANPs have strong cytotoxicity of B16F10 cells. For example, at 125 μM, the rate 
of the uncoated group’s B16F10 was higher than 80%, which was not significantly different from that of the control 
group; however, the survival rate of B16F10 with ANPs (0.42 mM) decreased significantly about 40%; the cell survival 
rate of ANPs (0.84 mM) was only 20%. Although the cell viability of uncoated astaxanthin and ANPs (0.42 and 0.84 
mM) at concentrations of 175 and 200 μM did not show a significant difference, but still with a tendency for cell viability 
to be lower than the uncoated group. The results of this experiment show that astaxanthin has a better ability to inhibit 
cancer cells in the case of coating nanoparticles, and the higher the concentration of ANPs, the greater the ability to 
inhibit cell survival. The third part of the experiment will test whether the nanoparticles have the ability to inhibit other 
non-melanoma cells, that is, whether the nanoparticles have the tendency to deliver drugs to specific cells (Figure 3c). 
The experiment used the cell viability of Hs68 under the treatment of ANPs (0.42 and 0.84 mM). In the experiment 
(Figure 3c), there was no significant difference in the survival rate of Hs68 between 100–200 μM ANPs (0.42 and 0.84 
mM), and the survival rate was above 70%, although ANPs(0.84 mM) was slightly better than ANPs (0.42 mM) in 

Figure 3 Cell survival rate. (a) The cell survival rate in B16F10 after conducting different concentrations of uncoated astaxanthin. (b) The cell survival rate in B16F10 after 
conducting different concentrations of astaxanthin and ANPs (0.42 and 0.84 mM). (c) The cell survival rate in Hs68 after conducting different concentrations of ANPs (0.42 
and 0.84 mM). *P < 0.05; **P < 0.01 vs the control group.
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suppressing tumor efficiency, there was still no significant difference. This experiment proves that our nanoparticles 
indeed tend to deliver drugs to specific cells.

Fluorescent Staining of Cells
In this experiment, we first stained the outer membrane of ANPs (0.42 and 0.84 mM) with PKH 26 fluorescent dye, then cultured 
the stained ANPs with cells for one day, and observed them with a microscope to determine whether ANPs were taken into cells. 
ANPs were used as the drug. Used the cell types of B16F10 in normal culture, as a control group. The experimental group was 
prestained ANPs (0.42 and 0.84 mM), adding to B16F10 (Figure 4a and b). In Figure 4a and b, it can be found that ANPs (0.42 
and 0.84 mM) in B16F10 both emit red fluorescence in the cell, and on the second day, a lot of cellular debris was found in the 
photo of the experiment. This proves that ANPs can indeed enter cells and can effectively inhibit the growth of B16F10. Based on 
the above results, it can be confirmed that ANPs can efficiently enter B16F10 to inhibit cell growth and cause cell death.

Mobility Analysis
This experiment observes whether ANPs can effectively inhibit the migration of B16F10. The experimental group was 
ANPs (0.42 and 0.84 mM) (Figure 5), which were diluted to 200, 175, 150, 125, and 100 μM; the control group was normal 
cell after culture 16 hours, compared with the control group, it was found that ANPs (0.84 mM) can effectively inhibit the 
proliferation and growth of cancer cells at concentrations of 200 and 150 μM. While among ANPs (0.42 mM), the 
concentrations of 200, 175, and 125 μM showed excellent inhibition performance, and at the concentration of 125 μM, 
a small part of cell death was observed. However, 20 hours after the drug was administered, a large number of cells died 
suddenly, which may be due to the ANPs targeting cancer cells with a very strong poisoning rate. In summary, it was 
verified that ANPs can effectively inhibit metastasis and migration of cancer cells.

qRT-PCR & Western Blotting
We used the ANPs (0.84 mM) and LMM to co-culture for one day before performing qRT-PCR. We chose the genes 
related to apoptosis, including p21, p27, Bax, and Bcl-2. Some studies prove that p21 can regulate the cell cycle, induce 
apoptosis, and inhibit cell proliferation, and p27 can inhibit cyclin-CDK to arrest the cell cycle.19,20 Bcl-2 is an 
antiapoptotic protein that can suppress apoptosis. Some studies have shown that Bcl-2 could suppress apoptosis by 
interacting with Bax.21 Bax is a member of the Bcl-2 gene family, which is regulated by the tumor suppressor p53 and 
involved in p53-mediated apoptosis. So, we chose this gene to test the effect of the nanoparticles. The results showed that 
our ANPs can induce apoptosis and stop the LMM’s cell cycle. It proves that ANPs can successfully induce melanoma 
cells (Figure 6a). And we also used ANPs with a concentration of 0.84 mM and LMM cells to co-culture for one day, and 
then do the Western blot to detect the expression of the same genes as in qRT-PCR detection. The results were similar to 
the qRT-PCR, confirming that ANPs could induce the apoptosis of LMM and can stop its cell cycle (Figure 6b).

Figure 4 Fluorescent staining of cells under the field of 40× magnification. (a and b) The B16F10 was co-incubated for 24 hours with PKH26-stained ANPs (0.42 and 0.84 mM).
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Discussion
First of all, in the antioxidant ability experiment, we have done three experiments to prove that astaxanthin has excellent 
antioxidant ability, DPPH, ABTS, and Reducing power. The experimental data of DPPH and ABTS showed that the 
higher the concentration of astaxanthin, the better its ability to scavenge free radicals. This proves that astaxanthin has 
a strong antioxidant capacity, consistent with the experimental results in the literature we consulted.9,10 In the cell 
migration experiment, astaxanthin was co-cultured with melanoma cancer cells, which proved that astaxanthin can 
effectively inhibit the migration and spread of melanoma cancer cells. The experiment found that the higher the 
concentration of ANPs, the more effectively the melanoma cancer cells’ growth is inhibited. After searching the 
literature, it was found that astaxanthin can unbalance intracellular free radicals and antioxidants, so it can give cancer 
cells more oxidative stress to inhibit their growth.22

In manufacturing nanoparticles, BCA protein measurement, and DLS particle size analysis were used as the experimental 
basis to confirm the properties of ANPs. In the BCA protein assay experiment, we confirmed that some proteins on the ANPs 
came from the original melanoma cancer cells themselves, and after measurement, they were compared with the original 
protein content (1.4 mg / mL), ANPs 0.42 and 0.84 mM were 35 and 60%. In the DLS particle size analysis experiment, it was 
confirmed that the self-made ANPs are indeed nanoscale carriers, with a size between 400 and 1,600 nm, resulting in a large 
difference in the size of ANPs (0.42 and 0.84 mM). This is because the similar substances of the protein produce clustering and 
adhesion effects, resulting in the size of ANPs (0.84 mM) being about two times that of ANPs (0.42 mM). Generally, the size 
of exosomes is between 50 and 200 nm. Although the volume of the particles produced is about twice as large as that of 
exosomes, they are still at the nanometer level. This feature provides a larger drug surface area in contact with the cells and 
greatly increases the cells’ absorption of drugs in the particles. Moreover, in terms of protein yield, the literature demonstrates 
that cell membrane vesicles have an advantage over exosomes.23

Figure 5 Migration assay of melanoma cancer cells. (a) Cell morphology of melanoma carcinoma cells cultured with ANPs (0.42 mM) for 16 hours and migration rate of 
melanoma cancer cells. (b) Cell morphology of melanoma carcinoma cells cultured with ANPs (0.84 mM) for 16 hours and migration rate of melanoma cancer cells. Samples 
vs control: *P < 0.05; **P < 0.01.
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To test whether ANPs can inhibit the growth of melanoma cancer cells. We tested the cell viability of different 
concentrations of astaxanthin solution and ANPs. The results showed that the death rate of melanoma was higher in the 
case of nanoparticle coating. This experiment demonstrates that the use of nanoparticles as drug carriers may have the 
potential to enhance drug effects. In addition, we wanted to know whether ANPs also had inhibitory properties on non- 
melanoma cancer cells. So we also tested the survival rate of fibroblasts (Hs68). In the data, it was confirmed that Hs68 
had less acceptance of astaxanthin, and the cell viability was almost above 70%. This result represents that ANPs will not 
significantly reduce the survival rate of other cells and kill normal cells, but it has a very high lethal rate for melanoma 
cancer cells. This result represents that ANPs have a certain degree of cell specificity. Furthermore, through cell 
migration experiments, it can be observed that ANPs can inhibit the growth of cancer cells within 16 to 18 hours, and 
cause cell apoptosis after 24 hours, confirming that ANPs can effectively inhibit the metastasis and migration of cancer 
cells; and through fluorescent staining, it can be observed that the fluorescent dye had entered into melanoma cancer 
cells, but not into normal cells (Figure S1), which means that we used the melanoma cells themselves to make 
nanoparticles can be fused with normal melanoma cancer cells, and the astaxanthin drug-coated in the particles can be 
directly sent into melanoma cancer cells, and it can also be observed from the fluorescent picture. The complete coverage 
of the stained ANPs around the melanoma cancer cells further confirmed the better absorption of nanomedicines. This 
was not the case for other cells. Some studies have shown that certain cell markers (CD protein) and integrins (integrin) 
on the cell membrane (nanoparticle membrane) are unique to melanoma cancer cells.24 Therefore, this experiment 
showed the specificity of nanoparticle drug delivery. The qRT-PCR and Western blotting results indicate an upregulation 
trend in the expression of apoptosis-related genes when melanoma cells are co-cultured with ANPs. This suggests that 
ANPs successfully induce melanoma cells, leading to a halt in the cell cycle.

Figure 6 qRT-PCR Analysis and Western blotting (a) q-PCR test of ANPs (0.84 mM). *P < 0.05 (b) Western blot test of ANPs (0.84 mM).
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In recent years, the application of targeted therapy and immunotherapy has significantly enhanced survival rates in 
advanced melanoma patients, particularly those with BRAF gene mutations.25 Notably, checkpoint inhibitors like 
Pembrolizumab, approved by the US Food and Drug Administration (FDA), have demonstrated a five-year overall survival 
rate of 43.3%.26 Despite these advancements, the challenge of drug resistance persists. The intricate components of the tumor 
microenvironment (TME) contribute to drug resistance, influencing cancer progression and impacting survival rates.27

Conclusions
These experiments have proved that astaxanthin has excellent antioxidant capacity, especially in the performance of ABTS and 
DPPH free radical scavenging rate. In the part of the confirmation of the characteristics of nanoparticles. The BCA protein assay 
showed that the composition of nanoparticles is not only the phospholipid composition of the cell membrane but also protein.

Our research proved ANPs have a better effect of inhibiting the growth of melanoma, which can enhance the effect of 
cancer drugs but did not affect the cell viability of Hs68. Furthermore, it was confirmed that ANPs have the tendency to 
deliver drugs to specific cells and they can effectively inhibit the migration ability of cancer cells, induce apoptosis, and 
stop the cell cycle of B16F10. Based on the above results, hope the nanoparticle we made could lead to new therapeutic 
approaches in the treatment of melanoma.
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