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ABSTRACT: Three-dimensional (3D) cell culture systems are
becoming increasingly popular due to their ability to mimic the
complex process of angiogenesis in cancer, providing more
accurate and physiologically relevant data than traditional two-
dimensional (2D) cell culture systems. Microwell systems are
particularly useful in this context as they provide a microenviron-
ment that more closely resembles the in vivo environment than
traditional microwells. Poly(ethylene glycol) (PEG) microwells are
particularly advantageous due to their bio-inertness and the ability
to tailor their material characteristics depending on the PEG
molecular weight. Although there are several methods available for
microwell fabrication, most of them are time-consuming and
expensive. The current study utilizes a low-cost laser etching
technique on poly(methyl methacrylate) materials followed by molding with PDMS to produce microwells. The optimal conditions
for making concave microwells are an engraving parameter speed of 600 mm/s, power of 20%, and a design diameter of the
microwell of 0.4 mm. The artificial tumor achieved its full size after 7 days of cell growth in a microwell system, and the cells
developed drugs through a live/dead assay test. The results of the drug testing revealed that the IC50 value of zerumbone-loaded
liposomes in HepG2 was 4.53 pM, which is greater than the IC50 value of zerumbone. The HepG2 cancer sphere’s 3D platform for
medication testing revealed that zerumbone-loaded liposomes were very effective at high doses. These findings generally imply that
zerumbone-loaded liposomes have the capacity to target the liver and maintain medication delivery.

1. INTRODUCTION
Cancer is a major public health concern with an alarming
prevalence and a leading mortality rate worldwide.1 According
to the International Agency for Research on Cancer, there
were 19.3 million new cases of cancer and 10 million cancer-
related deaths in 2020.2 In addition, global demographic
characteristics predict an increased cancer incidence in the next
decades, with 420 million new cancer cases by 2025.3

Therefore, effective treatment strategies are of paramount
importance in reducing the burden of cancer on individuals
and societies.
Contemporary cancer management modalities comprise an

assortment of interventions, including chemotherapy, surgery,
hormone therapy, radiation therapy, adjuvant therapy, and
immunotherapy.4 Of these, chemotherapy stands out as a
prominent and efficacious treatment strategy for neoplastic
ailments. However, the development of chemotherapy drugs
entails an intricate and costly process that requires a substantial
investment of time, resources, and expertise. Moreover,
differences between in vitro and in vivo research undermine

the accuracy and dependability of results from predicting drug
toxicity and efficacy models in people, causing the high
rejection rate of candidates with one out of 10,000 laboratory-
created compounds being commercialized.5−10 Therefore, a
novel in vitro testing method to reduce and eliminate
unsuitable chemicals and select more precise molecules for
further tests is necessary for drug development.
Some methods for screening anticancer drugs in the field

today include DNA synthesis cell proliferation assay,
clonogenic cell survival assay, methods based on metabolic
activity, etc. However, the above methods all have the same
drawback: time; some methods require indirect measurement.
In addition, DNA synthesis cell proliferation assay also requires
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the use of radioactive labels and is required to be performed
only in vitro or ex vivo and cannot perform any further
research with cells.11 Liposome-assisted drug delivery is known
to be an effective delivery system due to their physicochemical
and physiological properties, which enable them to stabilize
therapeutic compounds, overcome obstacles to cellular and
tissue uptake, and improve the biodistribution of compounds
to target sites in vivo.12

3D cell culture has been widely applied in various fields,
including medicine, molecular biology, cell biology, and
pharmacology. Cells on 3D culture platforms have attracted
a lot of interest in drug testing models, and a variety of culture
technologies has been developed.13,14 Zhang et al. used a
scaffold-based 3D culture system to test the effectiveness of a
drug for treating breast cancer.15 They found that the 3D
culture system provided a more physiologically relevant
environment than traditional 2D cell culture and that the
drug was more effective in inhibiting cancer cell growth in the
3D system. However, scaffold-based 3D culture systems have
certain limitations, including difficulty in controlling scaffold
degradation, a lack of physiological complexity, and variability
in cell behavior. Scaffold-based systems can also have
limitations in terms of scalability and reproducibility, as well
as potential interference with imaging and analysis techni-
ques.16 The hanging drop method used by Helena Topouzi
and colleagues is a 3D cell culture technique that involves
suspending cells in a droplet of medium that is inverted on a
Petri dish lid.17 However, this method has limitations in
controlling the size of the cell aggregates and the accuracy of
the measurement results.18 Similarly, the method of using
nonadherent surfaces to culture cancer cells and form 3D
spheroids was performed by a research group led by Yip.19

This method allows for the formation of spheroids with a more

uniform size and shape compared to those of the hanging drop
method. However, similar to the hanging drop method, this
method also has limitations in controlling the size of spheroids
and the accuracy of measurement results.18

On the other hand, microwell technology is another
commonly used method to create 3D structures that mimic
the in vivo tissue architecture.18 It offers a controlled and
defined environment for cells to grow and interact with each
other. One of the advantages of using microwells for 3D cell
culture is the precise control over the size and shape of the
resulting structures.20,21 This can enhance the reproducibility
and reliability of experiments. Additionally, microwells can be
utilized to develop high-throughput screening platforms for
drug discovery and toxicity testing.22,23 The small and compact
wells allow for processing large numbers of samples in parallel,
thus increasing the efficiency and throughput of experiments.
Microwells can be generated through various fabrication

techniques, which include but are not limited to lithography,
soft lithography, microcontact printing, and direct micro-
machining.24−26 The lithography method has been used by
many research groups to create microwells.27,28 The advantage
of this method is its high precision and reproducibility as well
as the ability to create large arrays of microwells. However, the
main limitation is that it requires expensive equipment and
expertise in photolithography.14 Besides, direct microwell
fabrication is simple and low-cost and can create microwells
of various shapes and sizes.29,30 However, the main limitation
is that it can be time-consuming and difficult to control the
exact size and shape of the microwells. Soft lithography, which
employs elastomeric stamps or molds, is another utilized
manufacturing technology for microwell production.21 How-
ever, the procurement of certain mold materials can pose a
challenge due to their high cost and limited availability. Given

Figure 1. Schematic of microwell fabrication. The process involved (1) designing a PMMA mold using graphical software and (2) laser-cutting and
etching PMMA sheets to create the desired shape; (3−5) resulting PMMA mold was then used to cast a polydimethylsiloxane (PDMS) mold, (6,
7) which was subsequently inserted into a hydrogel mixture to create microwells; (8) cancer cells were then seeded into the microwells and (9)
cultured in an incubator to form spheroids; (10) these spheroids were utilized for drug testing.
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the advantages and limitations of the various microwell
fabrication methods, there is a need for faster and more
convenient solutions that can create microwells with high
precision and reproducibility while also being low-cost and
easy to use.
Laser engraving is the most recent method and has served as

an enabling and reliable tool for rapid and cost-effective
microwells over the past few decades.31 The laser engraver
setup is lead due to its low operational power, lightweight,
handiness, and very easy-to-learn features. When using a laser
for the process of engraving, there is no wear on the tool along
with more accuracy obtained.32 Laser CO2 is one of the laser
sources used for rapid prototyping and cost-effective micro-
fabrication. Microchip etching is a rapid fabrication method for
microfluidic devices.33 Laser ablation is used to create
microstructures on polymer materials. Adjusting the power,
pulse, and focal plane position of the laser can help control the
depth and shape of the microwells.34 Microwells are
considered qualified when suitable for cell growth and are
cost-effective, have symmetry and volume sufficient to
accommodate the required number of cells, and have low
surface roughness to avoid damaging cells.35 Looking from
above, we see an elliptical concave well system with two
protruding structures along the horizontal axis.36

Therefore, in this study, we present a novel technique for
creating microwell molds. Figure 1 provides an overview of the
manufacturing, testing, and assessment processes employed for
the microwells investigated in this study. The microwells were
designed and machined using laser engraving and subsequently
replicated using polydimethylsiloxane (PDMS) and PEGDA.
Subsequently, the microfluidic wells were seeded with cells,
leading to spheroid formation and 14-day culture. The
resulting spheroids were subjected to a live/death assay,
followed by evaluation with zerumbone-loaded liposomes. This
new approach will offer a useful and effective tool for drug
testing and support the use of chemotherapy for more
significant purposes in cancer treatment.

2. MATERIAL AND METHODS
2.1. Materials. The laser machine system was manufac-

tured in China and was monitored by Phan Long Laser
Company (Vietnam) with the requested laser parameter.
Poly(methyl methacrylate) (PMMA) sheets with thicknesses
of 3 and 5 mm were obtained from Fusheng (Taiwan).
Phosphate buffered saline (PBS), poly(ethylene glycol)
diacrylate (PEGDA), and photoinitiator (PI) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Human liver
cancer cell line (HepG2) was obtained from ATCC
(Manassas, VA, USA). Fetal bovine serum (FBS) and
penicillin-streptomycin (PS) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Dulbecco’s modified Eagle’s
medium (DMEM) microfluidic medium was acquired from
Thermo Fisher Scientific (Waltham, Massachusetts, USA).
Zerumbone was a gift from associate professor Luong Ngo
from Hong Duc University by extraction from Costus Speciosus
Smith. Dimethyl sulfoxide (DMSO), and Tween 20 were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Live/Dead assay including Calcein AM, ethidium homodimer,
was obtained from Introvigen (MA, USA). Red and blue dyes
of food color liquids were obtained from Vinh Nam Anh Co.,
Ltd. (Vietnam)
2.2. Methods. 2.2.1. Synthesis of Microwell PMMA

Molds. The PMMA mold was previously designed in Adobe

Illustrator and AutoCAD software and imported into the laser
machine for the cutting and engraving. The microwells are
created with different parameters using a laser beam to etch the
surface of a 5 mm thick sheet of PMMA to form PMMA
molds. To investigate the effects of laser speed to the structure
of microwells, the laser intensity was fixed at 20% and the
speed was adjusted from 500 to 1400 mm/s (step length was
100 mm/s). Similarly, the effects of laser power on microwell
formation were investigated by keeping the laser speed
constant at 600 mm/s and altering power values from 10 to
100% (step length was 10%). Furthermore, multiple diameters
of etched patterns (ranging from 0.1 to 0.6 mm) at 20% power
and a speed of 600 mm/s were studied at 20% power and a
speed of 600 mm/s in order to determine the ideal diameter of
microwells for spheroid cultivation. After completion, the
PMMA molds were cleaned and examined under an electronic
microscope; the depth and width of microwells were measured
using ImageJ (National Institute of Health, USA).
2.2.2. Synthesis of PEG Microwells. The PDMS mold was

fabricated by copying the PMMA microwell molds. PDMS was
prepared by mixing the base elastomer with a curing agent in a
10:1 (v/v) ratio of the prepolymer. After degassing for half an
hour, 10 mL of the PDMS mixture was poured into the cup
containing the PMMA mold. PDMS stamp was removed from
the mold after curing for 12 h at room temperature and
cleaned with ethanol 70% before creating hydrogel microwells.
Fifteen milliliters of the solution consisting of 89.9% PBS, 10%
PEGDA, and 0.1% PI were used to fabricate microwells, 50 μL
of the solution was dropped into the PDMS stamp, and PEG
microwells were formed after irradiating the solution with UV
light for 2 min to allow thermal polymerization to take place.
The products were stored at room temperature in PBS
solution, and the width and the depth were measured on days
1, 3, 5, and 7.
2.2.3. Formation of 3D Cancer Spheroids. The PEG

microwell was cleaned with PBS twice before cell seeding. A
cell solution with a concentration of 2 × 105 cells/mL was
prepared and instilled into the microwells. The cells were
allowed to settle in the cultured microwells for 5 min. Excess
cells were then removed by washing the device with 3 mL of
DMEM medium. To monitor cancer spheroid growth and
viability, cells were cultivated in a DMEM medium including
10% FBS at 37 °C in a 5% CO2 incubator for 10 days. The
DMEM cultures were replenished after 24 h, and cancer
spheroids were observed development at specific time points:
on day 1, day 3, day 5, day 7, and day 10. The live/death assay
was applied to provide evidence of the spheroids’ viability in
the microfluidic system in incubation.
2.2.4. Drug Testing. In the previous report, the process of

synthesizing zerumbone-loaded liposomes involved the
utilization of the film hydration method, which was followed
by extrusion.7 Liposomes were synthesized through a process
involving thin film hydration followed by extrusion. Initial
solutions of Cholesterol, DOPC, and zerumbone in CHCl3
were prepared. These solutions were combined, vortexed, and
transferred to a round-bottom flask for solvent removal. The
resulting thin film was hydrated, sonicated, and dialyzed to
obtain a liposome suspension. This suspension underwent
extrusion and was stored at room temperature. Blank
liposomes were also prepared without zerumbone. The
liposomes’ size, zeta potential, and polydispersity index were
analyzed using a Zetasizer Nano ZS. Storage stability was
evaluated by measuring liposome size and the amount of
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encapsulated zerumbone 7 days after synthesis.7 Storage
stability was evaluated by measuring liposome size and the
amount of encapsulated zerumbone 7 days after synthesis 7.
Blank liposome, zerumbone, and zerumbone-loaded liposome
were mixed in DMEM medium supplemented with 10% FBS
to obtain the desired concentrations (0.1, 1, 5, 10, 20 μM), and
were introduced into the microwells. After culturing for 24 h
for cultivation, cell viability was examined. The formula for
drug loading content and encapsulation efficiency has been
presented by us in previous research.7

2.2.5. Cell Viability. For cell cultivation, the process has
been reported in our previous study.14 Cell viability was
evaluated using CaAM/EthD-1 staining. Each follicle was
incubated independently for 30 min at 37 °C with 5 μmol/L
ethidium homodimer and μmol/L Calcein AM in the dark.
Living cells are nonfluorescent cells that have been invaded by
Calcein-AM. Living cells emit green fluorescence, which was
detected by the excitation/emission 495/635 nm wavelength.
Dead cells result in a bright red fluorescence with
approximately 495/635 nm of excitation/emission from
bonding with ethidium homodimer-I, which enters the cells
through the broken membranes and attaches to nucleic acids.37

After washing twice with medium, samples were examined with
an Olympus Fluorescence Microscope. The image of cell
viability was taken and using the ImageJ software (Bethesda,
Maryland, USA) to analyze the viability.
2.2.6. Statistical Analysis. Three biological replicates of the

trial were used to determine the mean and standard deviation,
which are shown as error bars. Student t-tests were employed
in all experiments for statistical analysis, and the data were
presented by OriginPro 2022 and GraphPad Prism 9.

3. RESULTS AND DISCUSSION
3.1. Characterization of Laser Engraving Parameters.

Figure 2 shows the influence of the laser-engraving factors on
microwells. In order to investigate the relationship between
laser speed and geometry of microwells, the laser power was
fixed at 20%, while laser speed was 500, 600, 700, 800, 900,
1000, 1100, 1200, 1300, and 1400 mm/s. The increase in laser
speed observed the decline of both the depths and widths of
microwells as shown in Figure 2A. The microwells’ depth
considerably lowered from 0.68 to 0.58 mm, increasing in
tandem with the laser’s speed from 500 to 800 mm/s.
However, the depth of microwells rose to 0.6 mm at 900 mm/s
laser speed but decreased from 0.57 to 0.52 mm when the laser
speed was raised from 1000 to 1400 mm/s. Similarly, the width
of microwells also reduced from 0.52 to 0.48 mm, when the
laser speed increased 500−900 mm/s. The width of microwells
significantly increased to 0.5 mm at the 1000 mm/s laser
speed, then significantly shrunk to approximately 0.44 mm
when the laser speed rose from 1100 to 1400 mm/s.
The exact shapes of the microwells and the relationship

between laser speed and the depth of microwells are illustrated
in Figure 2B. At higher engraving speeds, the engraving depth
reduces as the laser beam spends less time at each point,
resulting in less heat absorption by the material and a shallower
and narrower microchannel.36−38

In order to investigate the relationship between laser power
and the geometry of microwells, the laser speed was fixed at
600 mm/s, and the laser power levels were set to 10, 20, 30,
40, 50, 60, 70, 80, 90, and 100%. Figure 2A depicts the increase
of the laser power, increasing the depth and width of the
microwells. When the laser power increased from 10 to 60%,
the depth of microwells grew dramatically from 0.5 to 1.35

Figure 2. Influence of laser-engraving factors on the microwells was investigated. (A) Change in the width and depth of microwells with increasing
laser speeds. (B) Effect of power on the width and depth of microwells. (C) Width difference between postengraving and input design. (D)
Microwells with changing velocity and power (scale bar = 1 mm). (E) Series of microwells for cell culture (scale bar = 500 μm).
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mm. When the laser power was raised to 80%, the depth of the
microwells grew significantly to 1.5 mm, and at 100% laser
power, the depth of the microwell was 1.73 mm. The width of
microwells also increased when the laser power increased,
although at a slower rate than the depth of the When the laser
power was raised from 10 to 40%, the width of the microwells
rose dramatically from 0.51 to 0.75 mm, and when the laser
power was increased from 50 to 100%, the width grew from
0.74 to 0.88 mm.
Figure 2B illustrates that as the laser power was increased

from 40 to 100%, the tip of the microwells became sharper.
This results can be explained based on the increased power,
which can be associated with a greater amount of energy
transferred to the PMMA surface, leading to the removal of
larger material volumes and the generation of microchannels
that are wider and deeper.37,38,39,40 However, in this study, due
to the increasing speed parameter, the laser speed did not form
the sharp tip of the microwell structure.
Concave microwells that are deep enough to allow for cell

aggregation and spheroid formation are ideal. The laser
parameter at 600 mm/s and 20% produced a microwell
structure that was suitable for spheroid cultivation; thus, this
laser parameter would be applied for the rest of later
experiments.
Figure 2C shows the difference in the width of the microwell

between the postengraving and the input design. All circle
patterns for engraving were designed in the computer with a
diameter of 0.4 mm. However, during the investigation of
speed and power, the width of microwells was observed to get
wider after engraving, compared to the number in the design
(>0.4 mm). Since the size of microwells plays a crucial role in
determining the size of cancer spheroids, different sizes of

circle patterns from 0.1 to 0.6 mm were investigated at 20%
and 600 mm/s to select the suitable size of microwells. The
results showed a slight increase in microwells’ width after
engraving. The widest microwell was 0.8 mm, which was
engraved from the 0.6 mm circle pattern in the design file.
However, the best size for microwells should be 0.4−0.6 mm;
thus, in this study, all circle patterns for engraving the
microwells were designed as 0.4 mm in the input file before
engraving, corresponding to 0.5−0.6 mm after engraving.
Figure 2D shows a 3D image of the microwells produced with
an engraving parameter speed of 600 mm/s, power of 20%,
and design diameter of the microwell of 0.4 mm. The
microwells are concave with 0.58 mm width and 0.61 mm
depth. One of the important factors in the formation and
culture of spheroids was the depth of the concave microwell, as
cells in deeper microwells were less susceptible to disturbance
by vortexed culture media during washing and refreshing steps.
The microwell with a depth of approximately 0.6 mm is
suitable for culture cells. Our research results are generally
consistent with the trends shown by previous studies.36,41

3.2. Synthesis of PEG Microwells. The PMMA mold was
fabricated by laser cutting on PMMA sheets with a laser speed
of 600 mm/s and 20% power to form microwells after
researching the impacts of the laser parameter and validating
laser engraving techniques. The complete PMMA mold was
inserted into a plastic container and was ready for the
fabrication of PDMS molds. The uncured PDMS was viscous;
thus, it was able to infiltrate into the microwell structure in
PMMA to exactly replicate the structures. After being cured for
48 h at room temperature, PDMS peeled off from the PMMA
molds. It was firm and elastic, making it easy to manipulate as a
mold for the fabrication of the PEGDA hydrogel platform. To

Figure 3. Comparison of the microwell size in PMMA, PDMS, and PEGDA. (A) Depth and width uniformity of 10 microwells in PMMA molds
after laser engraving. (B) Comparison in depth and width of PMMA mold, PDMS copying, and PEGDA copying.
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confirm the stability of the laser engraving on the PMMA
mold, the average width and depth of 10 microwells on the
PMMA die were measured. The results showed high similarity
in the width and depth across 10 microwells. The average
width and depth of 10 microwells on the PMMA mold were
0.61 ± 0.01 and 0.5 ± 0.02 mm, respectively (Figure 3A).
The accuracy and stability of the laser engraving method for

microwell generation were carried out by comparing the width
and depth of the microwells on the PMMA, PDMS copying,
and PEGDA copying. The results showed a similarity of width
and depth in all three types of molds, which indicated PDMS
and PEGDA conserved and correctly copied the microwell
structure from PMMA molds. The average width of the three
molds fluctuated between 0.5 and 0.525 mm, and the depth
fluctuated around 0.63 mm (Figure 3B). Additionally, PEG
microwells were produced by using PDMS molds that were
repeatedly reused. PEG microwells were also molded using a
repeatedly reused PDMS template in several other experi-
ments, which demonstrated that the PDMS mold may be used
repeatedly without experiencing a major divergence.
The durability of the microwell was surveyed over a period

of 21 days. The long-term stability of PEGDA in PBS was
followed, and the results show that the microwells do not
change over time. In addition, PEGDA physical properties
were not significantly altered after processing and were stable
to work. These results were also demonstrated in the study of
Luong et al.42

In this study, the production of PEG microwells was
characterized by a short time requirement. The process of
using a laser marking machine to create the PMMA mold was
done within 1 h. This was followed by a PDMS molding time
of 24 h including the mixing, vacuum degassing, and drying
process for the PDMS mold. Finally, in order to create PGE
microwells, UV light was exposed to the hydrogel mixture for 2

min. In addition, the process was also cost-effective with the
cost to create a cell culture plate consisting of 48 microwells
including the price of PMMA mold fabrication (0.3 USD), cost
of chemicals to create a PDMS mold (0.2 USD) and PEG
microwells (0.1 USD). Therefore, the total cost of having a
series of microwells was less than 1 USD.
One major feature of this system was the creation of concave

PEG microwells. The ideal characteristics of concave micro-
wells promoted the formation of cell aggregates. The cancer
cells were seeded onto concave microwells, which impeded cell
adhesion resulting in the formation of cancer spheroids as the
cells adhered to each other.43 In addition, the size of the
spheroid can be regulated by the cell's concentration and the
size of concave microwells.10,34 Cancer spheroids which are
cultured in concave microwells can be used as a more suitable
model than the 2D cell monolayer.43 Therefore, these
spheroids are suitable for investigating cell behavior and drug
screening. As in the study by Martinov et al. hepatospheres and
heterospheres cultured in concave microwells grew in the
center of the well and grew uniformly, in contrast to cells
cultured on the plane surface or in cylindrical microwells.31 In
addition, Luong’s research demonstrated that concave micro-
well plates are a novel platform for the preparation of an
appropriate model for the study of penetration and efficacy of
anticancer agents of poorly aggregating cells.42

3.3. Formation of 3D Cancer Spheroids. After seeding
cancer spheroids into microwells with a concentration of 2 ×
105 cells/mL, they were cultured for 10 days. On day 1, cells
aggregated spontaneously and formed inside the microwell for
further growth into 3D spheroids. After 1, 3, 5, 7, and 10 days
of culture, the structure of cancer spheroids was confirmed,
and Figure 4A depicts the overall size increase of the 3D cells
in the structures discovered at a specific time. From day 1 to
day 3, the spheroid size slowly increased. After day 5, the cells

Figure 4. Development of cancer spheroids in microwells. (A) Cancer spheroids growth in 10 days (scale bar = 100 μm). (B) Live/dead assay of
cancer spheroids after 10 days of culture with a bright image, green fluorescence (CaAM) for live cells, red fluorescence (EthD-1) for dead cells,
and merged images. (C) Homogeneity of the cancer spheres after 10 days (Scale bar = 200 μm) (The experiment was repeated 3 times).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c05873
ACS Omega 2024, 9, 16949−16958

16954

https://pubs.acs.org/doi/10.1021/acsomega.3c05873?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05873?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05873?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05873?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c05873?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


strongly grew in size. The cells formed on day 1 and day 3
microwells had an average diameter of 50.3 and 55.1 μm, while
the spheroid sizes on day 5 and day 7 were 148.4 and 228.6
μm, respectively. The figure for cell size was a significant
increase to 320 μm on day 10. These figures were consistent
with Chen’s study. According to the study by Chen et al. the
size of HepG2 spheroids was approximately 42 and 120 μm
respectively at day 1 and day 7.44 In other words, after 6 days, a
spheroid grew nearly three times. This demonstrated that
HepG2 spheroids formed with a suitable size.
After 10 days of culture, a LIVE/DEAD assay was conducted

to test the HepG2 survival rate. Figure 4B shows fluorescent
images of HepG2 in which the green indicates the live cells and
the red indicates the dead cells. When comparing the ratio
between green and red, the percentage of red was
approximately 90% while the proportion of green was 10%.
This illustrates that the 3D culture method in this study is
effective in culturing cancer cells. Figure 4C shows the
homogeneity between cancer spheroids after 10 days. The
cancer spheroids were observed with a size of 341.4 ± 4.24
μm.
3.4. Drug Testing. Figure 5A illustrates the destruction of

cancer cells during drug treatment. The effects of blank
liposome, zerumbone, and zerumbone-loaded liposome on the
viability of HepG2 cells were evaluated at 24 h after treatment.
Figure 5B depicts the effect of different drug concentrations on
the cell viability of HepG2. The cell viability remained nearly
unchanged as the concentration of blank liposomes dose.
When HepG2 was treated with zerumbone and the
zerumbone-loaded liposome, cell viability reduced dramati-
cally. Cell viability seemed to decline in a manner similar to

that of the low concentration of zerumbone and zerumbone-
loaded liposome. Cell death increased more significantly with
zerumbone-loaded liposomes than with zerumbone at high
concentrations. Cell viability dropped to around 88 and 77% at
the two lowest drug doses of 0.1 and 0.5 mg/mL of
zerumbone, respectively, while the percentages for liposomes
containing zerumbone were 90 and 80%, respectively. Cell
viability was significantly reduced after 24 h with zerumbone-
loaded liposomes at drug doses of 1 mg/mL. Cell viability at
this concentration was 57%. The cell viability of cancer
spheroids decreased by 43.2% when the medication concen-
tration was 5 mg/mL. When the medication concentration was
10 mg/mL, the cell viability decreased significantly to 42.3%.
The IC50 of zerumbone-loaded liposomes is 4.53 pM for 24 h
compared with the study of Rahman et al. using zerumbone-
loaded nanostructured lipid carrier, the IC50 in this study was
5.64 ± 0.38 μg/mL for 72 h.45 While HepG2 was treated with
zerumbone, cell viability decreased to 69, 60, and 51% at drug
concentrations of 1, 5, and 10 mg/mL, respectively, after 24 h.
This outcome can be elucidated by the continued proliferation
of HepG2 cells with great viability, while zerumbone- and
zerumbone-loaded liposomes displayed immediate cytotoxic
effects on the cells. Furthermore, the results demonstrate that
zerumbone-loaded liposomes had the best targeting. The use
of zerumbone-loaded liposomes enabled the administration of
higher zerumbone concentrations, enhancing the penetration
of the compound into HepG2 cells.
HepG2 cells were then tested for viability in 48 h with a 5

mg/mL concentration of blank liposome, zerumbone, and
zerumbone-loaded liposome. Figure 5C illustrates the
cytotoxic effects of drugs on HepG2 cells over time. The

Figure 5. Drug testing on cancer spheroids. (A) Illustration of the effect on cell viability in cancer spheroids during drug treatment. (B)
Investigation of the effect of drug concentration on cell viability in cancer spheroids (drug testing period is 24 h). (C) Evaluation of the effect of
blank liposomes, zerumbone, and zerumbone-loaded liposomes, DSMO on cancer spheroids over time (concentration of the compounds tested is 5
μM). (*p > 0.05) (D) Live/dead essay for spheroids was observed after 48 h treated with blank liposomes, zerumbone, and zerumbone-loaded
liposomes, DSMO in bright image, and RGB images. Because zerumbone was solubilized in DMSO, which was toxic to cells, a column on the
effects of DMSO on carcinogenic cells was included. The DMSO concentration indicated the quantity of DMSO required to dissolve the
zerumbone (scale bar = 150 μm). (The experiment was repeated 3 times).
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effect of blank liposomes, zerumbone, and zerumbone-loaded
liposomes on HepG2 cells was witnessed at five time points: 3,
6, 18, 24, and 48 h. The HepG2 cell line was not affected by
the blank liposomes and it can remain as a positive control,
which indicates that blank liposomes allowed cell growth.
During the first 6 h, zerumbone was more cytotoxic than
zerumbone-loaded liposomes. Regarding to zerumbone, the
cell viability rate reduced to 74% during the first 3 h to 67% as
the treatment time reached 6 h. While cell viability fell beneath
the 85% threshold around 3 h after treatment, a considerable
decrease to 78.2% in cell viability of cancer spheroids after 6 h
of treatment by zerumbone-loaded liposome. From the 18th
hour, zerumbone was less cytotoxic than zerumbone-loaded
liposomes. The cytotoxicity activity of zerumbone on HepG2
cells gradually decreased over time, in which the cell viability
rate increased to 66%, and 54% after 18 and 24 h, respectively.
There was a slow decrease to 48% in HepG2 viability after 48 h
by zerumbone. For the zerumbone-loaded liposomes, cell
death increased over time more strongly than zerumebone.
After 18 and 24 h, the fraction of live cells was almost 63 and
47%, respectively. The cell viability substantially fell by 57.5%
when HepG2 was treated with zerumbone-loaded liposome
after 48 h. These findings can be explained by the fact that
zerumbone had an instantaneous lethal effect on the cells.
Liposomes gently release medications, balancing cell growth
and death. Furthermore, zerumbone-loaded liposomes can
target and release zerumbone in a gradual and regulated
manner, damaging more cells. This undoubtedly renders
zerumbone-loaded liposomes more successful than free
zerumbone in the therapy of illness, particularly cancer.
The in vitro cytotoxicity of zerumbone and zerumbone-

loaded nanostructured lipid carriers was examined in the T-cell
line in the study by Rahman. The drug released from
nanoparticles has numerous benefits over free zerumbone in
cancer therapy.45,46 This is because the only possible difference
in the mode of action between zerumbone-loaded nano-
structured lipid carriers and zerumbone is that in order to rapid
access to zerumbone from zerumbone-loaded nanostructured
lipid carriers. For the nanoparticle to target cells, it must
initially undergo endocytosis or phagocytosis and then be
discharged into the extracellular area. In contrast, unbound
zerumbone can directly target cells through passive diffusion.47

This demonstrates the necessity for a delivery method for
zerumbone, such as a zerumbone-loaded liposome, which can
address the drug’s solubility issue while also acting as a vehicle
with improved drug-loading capability.
Abdelwahad et al. studied the role of zerumbone in Caov-3

(ovarian cell lines) and HeLa (cervical cancer cell lines) to
Interleukin-6. At 48 h post-treatment, the IL-6 levels for 10, 20,
and 30 μM zerumbone-treated HeLa cells reduced by 13.5, 35,
and 46% respectively lower compared with the control. While
the figures for Caov-3 are 2, 9, 8 and 39%, respectively.48

These results show that the ability of zerumbone-loaded
liposomes to treat cancer in this study is outstanding.

4. CONCLUSIONS
In this study, we successfully generated microwells for cancer
spheroid formation by using laser engraving techniques.
Results also showed the effects of the laser parameter on the
structure of microwells that provided scientific evidence for
further studies using laser techniques in fabricating biomedical
devices. In addition, the fidelity and stability of the method
were verified to form a consistent series of microwells. Besides,

PMMA and PDMS molds can be reused to fabricate hydrogel
platforms at a lower cost and in less time. PEG microwells also
showed stabilization after being stored in PBS for a long time.
The suitable cell seeding concentration inside the microwells

was 2 × 105 cells/well was selected for seeding and spheroid
formation. The cultivated spheroids grew quickly and with a
high percentage of survival in these wells. These spheroids
were then treated with zerumbone-loaded liposomes with
many concentrations. The results indicated that zerumbone-
loaded liposomes had significant liver targeting activity, as
compared to zerumbone and it is a suitable ligand for
sustainable targeted drug delivery for liver cancer treatments.
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