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Abstract: In this work, we aimed to study the effect of caffeine-loaded gelatin nanoparticles on
melanoma cells and fibroblast cells. The B16F10 murine melanoma cells and L929 fibroblast cells were
treated with a different dilution ratio of caffeine-loaded gelatin nanoparticles for 24, 48, and 72 h. The
cell assay results showed that treatment with caffeine-loaded gelatin nanoparticles (25 % and 50 %)
effectively inhibited the proliferation, viability, and migration ability of B16F10 melanoma cells at 48
and 72 h. Moreover, we also found that the cell apoptosis of B16F10 melanoma cells was induced by
treatment of 12.5, 25, and 50 % caffeine-loaded gelatin nanoparticles. In the meantime, for L929
fibroblast cells, there was no significant cell cytotoxic effects observed with identical treatment. In
summary, the caffeine-loaded gelatin nanoparticles induced apoptotic process inhibited cell viability
and migration ability of melanoma cells and could be an alternative therapy for melanoma cancer.

Keywords: caffeine; gelatin; nanoparticles; melanoma cell.
© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Cutaneous malignant melanoma is one of the aggressive and deadliest forms of skin
malignancy because of its high mutation rate and metastatic potential [1]. The incidence of
malignant melanoma worldwide was estimated at approximately 324675 diagnosed new cases,
and the mortality was estimated to be 17.6 % in 2020 [2]. Incidence rates of diagnostic new
melanoma cases are increasing by 1.5% per year, and mortality rates are reduced by an average
of 1.2% per year over the past decade [2]. Melanoma is the major cause of death from skin
cancer. For the early stage of melanoma, the effective cure method is surgery to remove the
tumor. But for the advanced stage of melanoma, the surgical method shows poor treatment
results, and the five years survival rate is as low as only 16.6 %. Currently, the most effective
treatment of melanoma is chemotherapy. The elimination of melanoma cancer cells through
apoptotic processes is the main approach of anticancer chemotherapies. However, melanoma
cancer cells show a relatively lower apoptotic rate than other cancer cells under treatment of
chemotherapeutic drugs and result in high drug resistance to chemotherapy [3-5]. Therefore, it
is necessary to find alternative approaches to treat melanoma cancer besides surgery and
chemotherapy.

In addition to surgical treatment and chemotherapy, cold atmospheric pressure plasmas
(CAPs) have been shown to inhibit the development of cancer cells effectively and suggested
as an alternative and innovative treatment approaches for anticancer therapy, including
carcinoma [6, 7], melanoma cancer tumors [8-10] and other cancers [11-18]. Plasma, the fourth
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state of matter, consists of gas ions, free electrons, photons, neutral gas molecules, radicals,
and exciting gas molecules. Plasma can be generated artificially by heating a neutral gas or
applying an electromagnetic energy field to ionize or dissociate neutral gas molecules to cause
the generation of reactive species mixture [19-21]. The cold atmospheric plasma is a
nonthermal, near room temperature plasma operated in an atmospheric environment and
mainly contains reactive oxygen species (ROS) and reactive nitrogen species (RNS) [22]. The
ROS/RNS will damage the antioxidant system and DNA and subsequently induce apoptosis or
necrosis, resulting in the death of cancer cells [23-26]. The ROS/RNS generated in CAP show
less cytotoxic effect on normal cells [17], so that CAP treatment shows its promising anticancer
approach. The CAP plasma jet was directly applied onto tumor tissues in most CAP treatment
therapy. Unfortunately, the direct CAP plasma jet can only have a therapeutic effect on the few
exterior cell layers of tumor tissues. And also, the CAP treatment therapy was limited to apply
on skin tumors or as an anticancer supplement during surgical operation [27, 28].

Recent epidemiological studies have indicated that coffee consumption is associated
with decreased incidence of skin cancers, including melanoma [29]. According to the results,
caffeinated coffee shows a significant association in statistics but not for decaffeinated coffee.
Caffeine, a main component of coffee, is a natural methylxanthine alkaloid and central nervous
system (CNS) stimulant. It has been shown that caffeine can inhibit proliferation and induce
apoptosis of tumor cells [30, 31]. In animal experiments, caffeine has been shown to enhance
antitumor immune response [32] and inhibit the invasiveness and metastasis of cancer cells
[33, 34].

Therefore, the present study is aimed to explore the anticancer effect of caffeine-loaded
gelatin nanoparticles. B16F10 melanoma cells and L929 fibroblast cells are exposed to
caffeine-loaded gelatin nanoparticles. Then the cell viability, cell migration rate, caffeine
release rate, immunofluorescence staining, and calcium deposition staining of apoptotic cells
are determined in vitro to verify the effect and possible mechanisms of caffeine released gelatin
nanoparticles treatment melanoma cancer cells and normal fibroblast cells.

2. Materials and Methods

2.1. Preparation of caffeine-loaded gelatin nanopatrticles.

A two-step desolvation method was used to manufacture caffeine-loaded gelatin
nanoparticles [35]. Gelatin of 0.20 g was dissolved in 10 ml distilled water under the constant

heating temperature of 40 °C. Acetone solution was used as a desolvating agent to precipitate
the gelatin. 10 mL acetone was added to the gelatin solution, and the supernatant solution was
discarded. The remaining sediment gelatin was re-dissolved by adding 10 mL distilled water
and stirred under the temperature of 40 °C, and 0.1 g caffeine was added and stirred to dissolve
completely. The pH of the gelatin solution was adjusted to values of 2.5. Then 25 mL acetone
was added drop wisely to desolvate the gelatin solution again and to form the gelatin
nanoparticles. After that, 1.5 mL of 0.5 % glutaraldehyde solution was added and stirred for 12
hours for cross-linking caffeine-loaded gelatin nanoparticles. The remaining solvent, acetone
solution, was removed using a vacuum evaporator. The final resultant caffeine-loaded gelatin
nanoparticle solution was stored at 4°C for the following experiments.
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2.2. Cell line and cell culture.

The murine melanoma cell line B16F10 and fibroblast cell line L929, obtained from
Culture Collection and Research Center (Hsinchu, Taiwan), were used for the following studies
on the effect of caffeine. Dulbecco's modified Eagle medium (DMEM) containing 10% fetal
bovine serum (FBS), 100 U/ml penicillin, 100 pg/ml streptomycin, and 10 mM HEPES buffer
was used as a culture medium for both B16F10 and L929 cells. The B16F10 and L929 cells
were grown in cell culture flasks and incubated in an atmosphere of 5% CO. and 100% relative
humidity at a temperature of 37 °C and subcultured every three days.

2.3. Cell viability assay.

The caffeine effect on cell viability of B16F10 and L929 cells was determined by using
a colorimetric assay, MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide),
to detect the activity of mitochondria in cells. B16F10 and L929 cells were cultured in 96 well
plates at a density of 10000 cells per well. Caffeine-loaded gelatin nanoparticles diluted with
different dilution ratio (50%, 25%, 12.5%, and 6.25%) was added into each well for 24 h, 48
h, and 72 h incubation. After incubation, 200 ul MTT solution was added to each well and
incubated for another 3 h in the dark. Then, 200 ul dimethyl sulfoxide (DMSO) solution was
added to the well to dissolve insoluble purple formazan crystals into a colored solution. The
absorbance of the colored solution at 570 nm was analyzed by using an automated microplate
spectrometer.

2.4. Cell apoptosis assay.

In order to investigate the apoptotic effect of caffeine-loaded gelatin nanoparticles,
Hoechst 33342 staining was performed. It is a fluorescent stain for labeling DNA in
fluorescence microscopy, also commonly used to visualize nuclei. By Hoechst 33342 stain, the
nuclear morphology such as condensation or cleavage, which is a symptom of apoptosis, can
be observed. After cells were seeding in a 96-well plate for adhesion, we treated B16F10 and
L629 cells with caffeine-loaded gelatin nanoparticles. Then culture medium was removed, and
the cells were washed by PBS buffer solution two times. Cells were fixed for 20 min in 4%
formaldehyde, and then formaldehyde was removed. After washing with PBS two times, cells
were stained with Hoechst for 30 min. Finally, fluorescent images of cell nuclei stained with
Hoechst 33342 were obtained by fluorescence microscope at 461 nm.

2.5. Alizarin red assay.

The Alizarin red assay was performed to determine the degree of cell calcification by
colorimetry qualitatively. The procedure of the Alizarin red assay was stated as follows. The
B16F10 and L929 cells were cultured in 24 well plates with a density of 10000 cells per well.
Caffeine-loaded gelatin nanoparticles diluted with different dilution ratio (50%, 25%, 12.5%,
and 6.25%) was added into each well for 24 h, 48 h, and 72 h incubation. After incubation, the
culture medium with caffeine-loaded gelatin nanoparticles was discarded, and the cells were
washed gently three times using PBS buffer solution. Then, the B16F10 and L929 cells were
fixed using 4 % formaldehyde for 15 min and then removed formaldehyde. After washing with
PBS buffer solution two times, 1 ml of 20 mM ARS was added into each well for 20 min at
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room temperature. Finally, the cells were washed two times with PBS buffer solution to remove
ARS dye and then observed and recorded with a microscope.

2.6. Cell migration assays.

The cell migration assays were performed by utilizing a micropipette to scratch the
plate's cell monolayer, resulting in a defined gap. First, 10000 B16F10 and L929 cells were
seeded into 24 well plates for 24 h at 37 °C and 5% COz. An artificial wound on cell monolayer
per well was made through scratching by a sterile plastic 1000 ul micropipette tip and the
resulting artificial wound gap was about 1000 um. Then, caffeine-loaded gelatin nanoparticles
diluted with different dilution ratio (50%, 25%, 12.5%, and 6.25%) was added into each well
for 24 h, 48 h, and 72 h incubation. The migration of cells and closure of the gap were observed
and recorded by microscope after cell treatment with caffeine-loaded gelatin nanoparticles. The
obtained images were used to analyze the cell gap closure area ratio by free imaging processing
software, ImageJ.

3. Results and Discussion

In this research, the caffeine-loaded gelatin nanoparticles were prepared by a two-step
desolvation method, and the resulting gelatin nanoparticles were affected by different types of
gelatin and solvent [36]. The caffeine-loaded gelatin nanoparticles' size and distribution were

determined by a particle size analyzer. The results of nanoparticles size and distribution from
particle size analyzer are shown in Figure 1. The size distribution of gelatin nanoparticles
formed by two-step desolvation is normal distribution-like and ranges between 480 and 870
nm. More than 76 % of gelatin nanoparticles have diameters ranging from 540 to 680 nm. 9
% of the gelatin nanoparticles are 479.6 nm in diameter, and the other 15 % are in the range of
772.4 and 870.1 nm.
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Figure 1. Size distribution of caffeine-loaded gelatin nanoparticles.

The dispersive diameter distribution of gelatin nanoparticles causes the degradation
time of gelatin nanoparticles to vary with the diameter of nanoparticles and the release rate of

https://nanobioletters.com/ 4246


https://doi.org/10.33263/LIANBS114.42434254
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS114.42434254

caffein loaded in gelatin nanoparticles. The released rate of caffein from caffeine-loaded gelatin
nanoparticles is shown in Figure 2.

The results show that the release curve of caffeine from caffeine-loaded gelatin
nanoparticles can be divided into three stages. In the first stage, 0 to 12 h, the release rate, 0.166
mg/mL-h, is relatively higher than the other two stages.

In the second stage, 12 to 48 h, the release rate is 0.044 mg/mL-h, and in the third stage,
48 to0 168 h, the release rate is 0.004 mg/mL-h. The highest release rate in the first stage can be
attributed to the higher degradation rate of gelatin nanoparticles with a smaller diameter. The
smaller nanoparticles have a higher surface-to-volume ratio and hence the degradation rate.
Such dispersive size distribution of caffeine-loaded gelatin nanoparticles can prolong the
release duration up to more than 72 h.
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Figure 2. Caffein release curve from caffeine-loaded gelatin nanoparticles.

In order to understand the impact of caffeine released from gelatin nanoparticles on the
B16F10 and L929 cells, the MTT assay was performed to determine cell viability under the
same treatment as a function of different dilution ratios caffeine-loaded gelatin nanoparticles.
The MTT assay was used to detect the metabolic activity of mitochondria in cells and used as
an indicator of cell viability or proliferation. The dehydrogenase enzyme in mitochondria of
viable cells reduces tetrazolium salt to insoluble formazan. The insoluble formazan crystals are
dissolved using DMSO solution, and the resulting-colored solution is quantified by measuring
absorbance at 570 nm using a microplate spectrophotometer. The greater the OD value, the
greater the number of viable and highly metabolic active cells. The cell viability result is shown
in Figure 3. The OD value is normalized to be 1 for each control group after 24 h incubation.
Figure 3a shows the viability result of B16F10 cells. It can be found that the cell viability is
decreasing with increasing the concentration of caffeine-loaded gelatin nanoparticles compared
with the control group. The OD value does not significantly change after 24 h incubation for
each dilution ratio of nanoparticles. For incubation of 48 and 72 h, the cell viability with the
treatment of 6.25 and 12.5 % caffeine-loaded gelatin nanoparticles does not have significant
change compared with 24 h incubation but decreases significantly for the treatment with 25
and 50 %. There is a similar response trend can be found in the viability of L929 cells. For
L929 cells, the OD value with the treatment of 6.25 and 12.5 % caffeine-loaded gelatin
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nanoparticles does not significantly change for an incubation time of 24, 48, and 72 h. As the
treatment concentration is increased to 25 and 50 %, it is observed that the viability rate of
L929 cells shows a slight decrease after 48 h incubation. The viability of L929 cells does not
decrease significantly with the treatment of different dilution ratios of caffeine-loaded gelatin
nanoparticles.
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Figure 3. Effects of caffeine-loaded gelatin nanoparticles on cell viability of (a) B16F10 cells and (b) L929
cells. Both cells were treated with different dilution ratios (0, 6.25, 12.5, 25.0, and 50.0 %) of caffeine-loaded
gelatin nanoparticles for 24 h, 48 h, or 72 h.

However, for B16F10 cells, the cell viability decreases rapidly with the treatment of 25
and 50 % caffeine-loaded gelatin nanoparticles after 48 h incubation. The B16F10 cells are
more responsive to treating higher concentrations of caffeine-loaded gelatin nanoparticles than
L929 cells. The cell viability data reveal that the B16F10 cells suffer a more significant
negative effect on cell response than L929 cells. And also, these viability results indicate that
caffeine released from gelatin nanoparticles does have a pernicious effect on B16F10 cancer
cells and suppresses the viability and proliferation of B16F10 cancer cells. But, the caffeine
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released from gelatin nanoparticles does not have an obvious harmful effect and significant
decreasing change on cell viability for normal cells, L929 cells.
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Figure 4. Effects of caffeine-loaded gelatin nanoparticles on cell migration ability of B16F10 cells under
different dilution ratios (0, 6.25, 12.5, 25.0, and 50.0 %) of gelatin nanoparticles.

The metastasis of cancer cells is accompanied by a series of steps, including migration,
invasion, proliferation, and constitution of the blood vessel, etc. In order to verify the effect of
caffeine released from gelatin nanoparticles on the migration behavior of melanoma cells, the
experiment of migration assay was performed, and the results are shown in Figure 4. The results
show that caffeine has a negative effect on the migration and gap closure of melanoma cells.
A higher concentration of caffeine-loaded gelatin nanoparticles shows a significant suppressive
effect on cell migration. It causes a significant delay in artificial wound gap closure compared
with the control group. With treatment of 25 and 50 % caffeine-loaded gelatin nanoparticles,
the beginning of wound area recovery is retard until 12 h later. More than 50 % of the artificial
wound area has still not been healed after incubation of 72 h. The wound gap closure rate is
slower for all caffein treatment groups than the control group, and the wound recovery rate is
significantly slowed down after 48 h. The decreasing wound recovery rate can be attributed to
a large amount of caffeine accumulated due to the prolonged-release duration of up to 72 h.
The migration assay results indicate that caffeine released from gelatin nanoparticles plays a
significant role in regulating the migration of melanoma cells.

It has been reported that cancer therapy exerted its anticancer effect by inducing
apoptotic cell death. Signal stimulation through specific cell surface receptors triggers the
intracellular molecular cascade and initiates the cell death program, promoting cell apoptosis.
During the apoptotic processes of cells, the contact between cells will initially disrupt, and then
cell nuclear will condensate and fragment. As a next step to examine the apoptotic cell death,
we performed cell apoptosis assay using Hoechst 33342 staining, a fluorescent staining dye for
labeling DNA in cell nuclei. Hoechst 33342 is an essay used to distinguish between apoptotic
and normal or necrotic cells. Because apoptotic cells will show condensed DNA and
fragmented nuclear, normal or necrotic cells will not. The Hoechst 33342 dye stains the
condensed chromatin of apoptotic cells more brightly than the chromatin of normal or necrotic
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cells. The staining results of B16F10 and L929 cells treated with caffeine-loaded nanoparticles
are shown in Figure 5. No fluorescence is shown in the images in the control group of both
B16F10 and L929 cells. For B16F10 cells, the spot number and intensity of fluorescence
increase with increasing the incubation time and the concentration of caffeine-loaded gelatin
nanoparticles. Contrarily, there is much less fluorescence spot number and intensity appeared
in L929 cells than in B16F10 cells. Combined with the cell viability data, it is clearly shown
that the B16F10 cells are undergoing the apoptotic processes but not for L929 cells under the
treatment of caffeine-loaded gelatin nanoparticles. Both results show that the cell apoptosis is
increased by caffeine treatment in a dose-dependent manner compared with the control group.
Thus, it's indicated that caffeine released from gelatin nanoparticles could induce the cell
apoptosis of B16F10 melanoma cells.

@ control 6.25 % 125 % 25 % 50 %

Ohr

24 hr

48 hr

72 hr

A AN
dnEn
RRAN
L

(b) control 6.25 % 125 % 25 % 50 %

Ohr

24 hr

48 hr

72 hr

EEEN

Figure 5. Hoechst 33342 dye staining results of (a) B16F10 and (b) L929 cells under treatment with different
dilution ratio (0, 6.25, 12.5, 25.0 and 50.0 %) of caffein loaded gelatin nanoparticles for 24 h, 48 h, or 72 h.

Alizarin red is used to stain and locate calcium deposits in cell culture or tissues. In the
presence of calcium, Alizarin Red binds to the calcium deposits to form a red-colored pigment
in cells or tissues. The calcium deposits appearing intracellularly or extracellularly represent
that the cells are in processes of dying or death caused by apoptosis. The staining images of
Alizarin red for B16F10 and L929 cells with treatment of different dilution ratios of caffeine-
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loaded gelatin nanoparticles are shown in Figure 6. The red-colored stain indicates the
happening of calcium deposits. The results show that the amount of appearing calcium deposits
in B16F10 cells increases as the release of caffeine from gelatin nanoparticles increases. The
amount of red-colored stain in L929 cells is much less than B16F10 cells under the same
treatment condition of caffeine-loaded gelatin nanoparticles. These data demonstrate that
B16F10 cells will undergo more apoptotic processes than L929 cells under identical caffeine
treatment, resulting in more calcium deposits appearing intra or extra cells.
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Figure 6. Alizarin red staining results of (a) B16F10 and (b) L929 cells under treatment with different dilution
ratio (0, 6.25, 12.5, 25.0 and 50.0 %) of caffein loaded gelatin nanoparticles for 24 h, 48 h, or 72 h.

Many pieces of research have shown the anticancer effects of caffeine in various cancer
cells. For example, caffeine can induce apoptosis in human neuroblastoma cells and human
lung tumor cells [37, 38] and decrease human leukemia U937 cells [39]. Based on previous
research, caffeine might have anticancer effects on melanoma cells. Therefore, a caffein release
system based on biodegradable gelatin nanoparticles has been designed, and then the effects
on melanoma cell viability, migration, and apoptosis have been investigated. Similar to
previous researches, the application of caffeine-loaded gelatin nanoparticles on melanoma cells
showed an anti-proliferation effect with a dose and time manner. Moreover, significant
inhibition of migration and induction of apoptosis on melanoma cells were also observed.
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4. Conclusions

This paper investigated the effects of caffeine released from biodegradable gelatin
nanoparticles on melanoma B16F10 cells and fibroblast L929 cells. The data from cell assays
demonstrate that caffein inhibits cell proliferation, viability, and migration and induces
apoptotic death of melanoma B16 cells. But for fibroblast L929 cells, the cell assay results
show much less cytotoxicity of caffeine than melanoma B16 cells. These results prove that
caffeine-loaded gelatin nanoparticles effectively and selectively induce cell apoptosis of cancer
melanoma B16F10ells without causing harmful effects on normal fibroblast L929 cells and
show that caffein might offer the alternative way for safe and effective clinical therapy of
melanoma.
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