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Abstract. Biohybrid actuators and robots require the integration of

biological materials with synthetic materials. Synthetic materials pro-
vide structural support and attachment points for biological materials.
One technique for fabricating these synthetic support structures is 3D

printing. Although some 3D-printable resins have been designed to be
biocompatible, the process for assessing biocompatibility is not reported

consistently. Furthermore, the ISO 10993-1 standard emphasizes that
biocompatibility must be evaluated based on specific use cases. There-
fore, for biohybrid actuator applications, two commercial Asiga dental
resins, DentaGUIDE and DentaGUM, were printed using a low-cost,
LCD resin printer (Phrozen Sonic Mini 8K) and analyzed for their bio-
compatibility with C2C12, a muscle cell line commonly used in biohybrid
actuators. C2C12 cells were cultured in direct contact with resin samples
for 72 h, and their viability was examined using ethidium homodimer-1
and calcein acetoxymethyl ester (calcein AM), fluorescent dyes that mark
dead and live cells, respectively. The ratio of calcein AM to ethidium
homodimer 1 (CalAM:EthD-1) fluorescence was significantly larger for
cultures exposed to the autoclaved (4,941 £ 1,122) or ethanol-sterilized
(3,783 £ 683) DentaGUIDE samples as compared to the ratio for cul-
tures exposed to polydimethylsiloxane (PDMS) (autoclaved: 1,940+989,
ethanol-sterilized: 345+446). The CalAM:EthD-1 ratio measured in cul-
tures exposed to DentaGUM (autoclaved: 43.6749.38, ethanol-sterilized:
101.7 £ 86.0) was significantly lower than the ratio found for autoclaved

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
N. S. Szczecinski et al. (Eds.): Living Machines 2024, LNAT 14930, pp. 399-412, 2025.
https://doi.org/10.1007/978-3-031-72597-5_27


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-72597-5_27&domain=pdf
http://orcid.org/0000-0002-1828-8773
http://orcid.org/0000-0002-5895-0450
http://orcid.org/0009-0001-6503-6296
http://orcid.org/0000-0003-3160-2541
http://orcid.org/0000-0001-7268-7225
http://orcid.org/0009-0004-8182-1990
http://orcid.org/0000-0001-7316-7694
http://orcid.org/0000-0001-7436-9757
http://orcid.org/0000-0001-6638-2687
https://doi.org/10.1007/978-3-031-72597-5_27

400 A. S. Liao et al.

PDMS. This analysis suggested that DentaGUIDE has little to no impact
on the health of C2C12, but DentaGUM negatively impacted the culture.
Therefore, DentaGUIDE could be a suitable rigid material choice for bio-
hybrid actuators.

Keywords: Resin 3D Printing - Biocompatibility - Biohybrid

1 Introduction

Naturally occurring biological actuators, such as muscle tissue, demonstrate sev-
eral qualities that are difficult to achieve in artificial robotic actuation [34]. Bio-
logical tissues are naturally compliant, biodegradable, capable of self-healing,
and are found in nature at a wide range of size scales [30]. To integrate these
inherent biological qualities with robotic systems, biohybrid actuators combine
living and synthetic materials. Synthetic materials, such as polydimethylsiloxane
(PDMS), can be used to support muscle cells and tissues [11]. However, current
biohybrid actuators do not have comparable performance with that of natural
muscle [30].

One potential method to improve the performance of biohybrid muscle actua-
tors is to incorporate synthetic substrates for supporting muscle maturation [30].
For example, scaffolds with micropatterns can help promote myoblast differenti-
ation and myotube assembly in 2D cultures [14,29]. In addition, larger cantilever
beams have been used to form 3D muscle constructs to mimic densely packed tis-
sues [6,27,32]. Scaffolds can also be fabricated using soft lithography [14,29,32],
which utilizes planar silicon wafers etched with patterns. However, using these
planar silicon wafers makes fabricating more complex 3D structures beyond pil-
lars or planar patterns challenging. Furthermore, etching patterns into the silicon
wafer requires photolithographic techniques that need specialized equipment and
clean rooms, which can reduce the accessibility of such methods.

For more complex 3D scaffold designs, resin-based 3D printing could be a
viable, easily accessible method while maintaining high resolution (e.g., Formlabs
Form 3+ series [8], Asiga MAX X27 [3], Phrozen Sonic Mini 8K [26]). Within
the resin-printing industry, several resins, such as select Asiga [2] and Form-
labs [9] dental resins, have been developed to be biocompatible. For engineered
muscle strips, both custom [27] and commercial [6] resins have been explored.
However, these specialized resins are commonly optimized for specific printers,
such as the Asiga MAX series [3] or Formlabs Form 3B+ [7]. The starting cost
of these commercial printers starts at several thousand USD (Table 1), which
may limit the accessibility to such equipment. In contrast, the cost of consumer
resin printers, such as the Phrozen Sonic Mini series, is commonly a few hundred
USD (Table 1). However, printers from different manufacturers may use differ-
ent technologies (Table 1, “Printer Type”). Thus, for fabricating using low-cost
printers, the printing conditions must be optimized for each resin and printer.
Additionally, due to differences in fabrication procedures, the biocompatibility
of samples printed on an alternate printer must be reevaluated.
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Table 1. Printing resolutions and costs of current resin printers on the market. For
the printer types, the following acronyms are used: LCD - Liquid-Crystal Display; SLA
- Stereolithography; DLP - Digital Light Processing. Note: for the Formlabs Form 3+,
the resolution was determined as the laser spot size (the reported XY resolution).

Manufacturer|Printer Printer |Resolution Cost (USD, |Ref.
Type (pm) April 2024)
Phrozen Sonic Mini 8K|LCD 22 $485 [26]
Formlabs Form 3B+ SLA 85(25) $4,429 [7,8]
Asiga MAX X27 DLP 27 $9,990 (3,5]

Not only would changing the printer necessitate a reevaluation of biocompat-
ibility, the characterization of biocompatible resins has differed among different
laboratories [12] and is often not clearly reported by manufacturers, even with
the use of various certifications, such as CE marking or the International Organi-
zation for Standardization’s (ISO) 10993 series of standards [13]. Furthermore,
the ISO 10993-1:2018 standard specifies that biocompatibility tests should be
designed and used for specific material usages [16]. As such, commercial resins
that have been reported for biocompatibility to be used in medical devices should
be reassessed for their applicability to biohybrid systems.

This work investigated two commercially available resins for their applica-
bility to biohybrid actuators: Asiga [2] DentaGUIDE and DentaGUM. Asiga
DentaGuide, which is used for fabricating surgical guides, is advertised to be
biocompatible (CE Class I) and autoclavable [2], which are necessary qualities
for usage with biological materials in biohybrid devices. DentaGUM is a flexible
resin designed to mimic the gingiva, which might provide a suitable environmen-
tal stiffness for myocyte differentiation. There were no sterilization recommen-
dations by the manufacturer for DentaGUM. Both materials’ biocompatibility
was evaluated in direct contact with C2C12, a common immortalized mouse
myoblast cell line used for biohybrid actuators. A direct contact assessment was
selected to mimic culture conditions in a biohybrid actuator since biological and
synthetic materials must be well integrated.

2 Methods

DentaGUIDE and DentaGUM (Asiga, Ann Arbor, MI, USA) were evaluated for
their biocompatibility for use in biohybrid devices. Samples of each resin were
printed on a Phrozen Sonic Mini 8K resin printer (Phrozen Tech Co., LTD.,
Hsinchu, Taiwan), which is a low-cost (<$1,000) LCD resin 3D printer (Table 1).
These samples were designed to be cylinders with a 2 mm diameter, which pro-
duces a flat face that would occupy at least 10% of the surface area of a well in
a 96-well plate, as recommended by ISO 10993:5:2009 [15]. These samples were
sterilized by a 70% ethanol soak or by autoclaving, two common techniques used
for sterilization before being introduced into an ongoing C2C12 culture to assess
biocompatibility. Six samples were used for each resin per sterilization technique.
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Fig. 1. Cells were seeded and cultured for 2 days before the introduction of a resin
sample. After 72 h of incubation with the resin sample, a live/dead assay was used to
evaluate biocompatibility.

2.1 Fabrication of Samples

The resins were printed on a Phrozen Sonic Mini 8K resin printer (Phrozen Tech
Co., LTD., Hsinchu, Taiwan). Immediately after printing, they were washed in
isopropanol for 5 min in an ultrasonic bath. This wash was repeated once in a
second container of isopropanol. Following these washes, the samples were placed
in a Phrozen Curing Station (Phrozen Tech Co., LTD., Hsinchu, Taiwan) with
a 30-minute fan period and subsequent 15-minute cure period. Afterward, the
samples were flipped over for a second 15-minute cure period.

For the negative controls, PDMS (SYLGARD 184; Dow Corning, Midland,
MI, USA) samples were used. The samples were fabricated using a 10:1 base-
to-curing-agent (w/w) ratio. A 2 mm biopsy punch was used to cut the PDMS
samples.

2.2 Sample Sterilization

After the sample preparation, the samples were sterilized using one of two meth-
ods: soaking in 70% ethanol or autoclaving. For the ethanol soak, the samples
were submerged in 70% ethanol for 1 h, after which they were washed three times
in sterile, phosphate-buffered saline (PBS) (10-010-049; Gibco ThermoFisher,
Waltham, MA, USA ). They were then dried in ambient conditions in a biosafety
cabinet (1300 Series A2, Model 1377; ThermoFisher, Waltham, MA, USA) with a
single 1-hour ultraviolet light cycle. For the autoclave (ADV-PRO; Consolidated
Sterilizer Systems, Billerica, MA, USA) procedure, the samples were subjected
to a gravity cycle for 45 min at 121 °C, followed by a drying period of 15 min.
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2.3 Cell Culture

Cryopreserved C2C12 cells were thawed and plated into a black-walled 96-
well plate (655087; Greiner Bio-One, Kremsmiinster, Austria) at their 9th pas-
sage at a density of 2,100 cells/well (~6,200 cells/cm?). For the entire period,
the cells were cultured in a growth medium composed of 1% L-glutamine
(200 mM, 25030081; Gibco ThermoFisher, Waltham, MA, USA), 1% penicillin-
streptomycin (10,000 U/mL, 15140122; Gibco ThermoFisher, Waltham, MA,
USA)), and 10% fetal bovine serum (A5256801; Gibco ThermoFisher, Waltham,
MA, USA) in high glucose Dulbecco’s Minimum Essential Medium (11965126;
Gibco ThermoFisher, Waltham, MA, USA). For the duration of the culture, the
cells were in an incubator that maintained 37 °C and 5% COs conditions. The
cells were cultured for two days and exhibited an average of 20-30% confluency
before a complete medium change and the addition of resin samples (Fig. 1).
After 72 h of incubation with the resin samples, a viability /cytotoxicity assay
was conducted (Sect. 2.4, Fig. 1).

Six replicates were performed per resin and sterilization method. In addition,
six replicates were performed for the PDMS negative control samples per steril-
ization method. Lastly, 12 wells were not exposed to any resin samples. Of these
wells, 6 were blanks in which they were expected to contain a healthy, living pop-
ulation of cells. The remaining six wells were the positive, dead-cell controls and
exposed to cold 70% ethanol for 15 min just prior to the viability/cytotoxicity
assay.

2.4 Cytotoxicity Analysis

To test for biocompatibility, a viability /cytotoxicity assay (1.3224; Invitrogen
ThermoFisher, Waltham, MA, USA) was conducted using ethidium homodimer-
1 to stain dead cells and calcein acetoxymethyl ester (calcein AM) to stain live
cells as per the manufacturer’s protocol [25]. Before staining, the resin and PDMS
samples were carefully removed from the wells using sterile forceps. Afterward,
the medium was removed from all wells. Then, the wells were washed three times
with PBS. After removing PBS from the final wash, 100 nL of PBS was added
to each well.

For staining the cells, 100 pwL of 2 wM calcein AM and 4 pwM ethidium
homodimer-1 were added to each well that originally contained either a resin or
PDMS sample, resulting in a final concentration of 1 uM calcein AM and 2 pM
ethidium homodimer-1. As controls, for the wells that did not have any sample
exposure (the live-cell blanks and dead-cell positive controls), only 100 pL of
2 wM calcein AM was added to half of the wells, resulting in a final concentration
of 1 pM, as per manufacturer’s protocol [25]. For the remaining half, 100 nL
of 4 puM ethidium homodimer-1 was added, resulting in a final concentration of
2 uM. These wells were separately stained to ensure the expected fluorescence
from each dye. All wells were incubated at room temperature for 30-60 min
before their fluorescence intensities were measured using a plate reader (Synergy
H1; Agilent BioTek, Santa Clara, CA, USA). Since the fluorescence intensities
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are linearly proportional to the number of cells [25], the relative fluorescence
units measured by the plate reader were used instead of cell count.

The cultures were imaged using brightfield and epifluorescence in an inverted
microscope (Revolution; Echo Bico, San Diego, CA, USA) with a 10X objective
lens. The brightfield camera used a 5 MP CMOS color camera, whereas the
fluorescence camera used a 5 MP CMOS mono camera. FITC and Texas Red
LED light cubes were used to visualize the calcein-AM and ethidium homodimer-
1, respectively.

2.5 Statistics

The fluorescence intensity data collected from the plate reader was statistically
analyzed using Minitab 2023 (v 21.4.2; Minitab, LLC, State College, PA, USA).
The data was first assessed for normality using the Anderson-Darling test [21]
and for equal variances using the Bartlett test [22]. Based on the results from this
initial analysis, a balanced analysis of variance (ANOVA) [20] with a significance
level of 0.05 and a post-hoc pairwise Bonferroni multiple comparison test between
groups [23] was used for analyzing the data.

3 Results and Discussion

Based on the brightfield microscopy images, cultures exposed to DentaGUIDE
and PDMS exhibited similar morphology as the live cell (blank) controls with
>90% confluency (Fig. 2A-H). The C2C12 cell layer also grew close to the Den-
taGUIDE samples, but qualitatively, there appeared to be less growth near the
autoclaved DentaGUIDE samples (Fig. 2E, G). Additionally, cultures exposed to
DentaGUM exhibited a much lower density (<10% confluency) with a rounded
cell morphology, with very few cells found near the DentaGUM samples (Fig. 21—
L).
After the PBS washing and application of the calcein AM and ethidium
homodimer-1 stains to quantify the viability, fewer cells were found remaining in
the wells exposed to DentaGUM (Fig. 3G,J) than before these steps (Fig. 2I-L).
Before the wash and dye application, several cells exhibited a rounded morphol-
ogy, which indicates that these cells were likely dying and beginning to detach
from the culture surface. As such, a number of these dead or dying cells could
be aspirated during the PBS wash steps prior to the dye loading. Although this
reduction is most clearly observed for cultures exhibiting mostly rounded cell
morphology, such as the DentaGUM exposed cultures, this could reduce the
ethidium homodimer-1 fluorescence intensities reported by the plate reader for
all of the cultures.

Unlike the rounded cells, the live, healthy cells were expected to remain
attached to the culture surface during the PBS wash steps. However, the empty
regions and highly dense regions observed in the culture for the blank (live
cells with no resin or PDMS exposure) control indicated that the cells began
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Fig. 2. Brightfield images of C2C12 cultures prior to loading calcein AM and ethidium
homodimer-1. The top row illustrates the controls: (A) blank (live cell), (B) positive
control (live cell at the time of imaging, just prior to exposure to ethanol for a dead cell
control), (C) negative control (ethanol-sterilized PDMS), (D) negative control (auto-
claved PDMS). The middle row illustrates cultures exposed to DentaGUIDE, that was
(E-F) ethanol-sterilized and (G-H) autoclaved. The bottom row illustrates cultures
exposed to DentaGUM, that was (I-J) ethanol-sterilized and (K-L) autoclaved. For
(E), (G), (I), and (K), a portion of the resin sample was included in the image. Sam-
ples of PDMS could not be imaged with the cells since the PDMS tended to float in
the culture medium. The scale bar in each subfigure represents 100 pwm.

to detach from the surface after the PBS washes and dye application (Fig. 3A-
B). This was also observed in the cultures exposed to PDMS and DentaGUIDE
(Fig. 3E-F, H-I). This phenomenon was not as clearly observed in the cultures
exposed to DentaGUM (Fig. 3G,J) since there was initially very little healthy cell
attachment prior to the PBS wash steps and dye loading (Fig. 2I-K). However,
the several DentaGUM cells tagged with the fluorescent dyes still exhibited a
more rounded morphology, similar to the blank cultures.

Since PBS is non-toxic and isotonic, the wash steps were not expected to
affect the cellular morphology or surface attachment. Therefore, the detachment
of the cell layer could be attributed to the use of calcein AM, since calcein AM
may be toxic to some cell lines [28]. Furthermore, since this was conducted as
an endpoint assay and the fluorescence readings were done shortly after the
dye application, the dye’s impacts on long-term cell health would not affect
the results in this study. Since the dyes are applied after the PBS washes, any
affected live cells should remain in the wells and not affect the calcein AM fluo-
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Fig. 3. Calcein AM (green) and ethidium homodimer-1 (red) fluorescent images over-
laid images taken with transmitted light. Top row: blank (live cell) control (A-B) and
the positive (dead cell) control (C-D). Cultures in (A) and (C) were loaded only with
calcein AM. Middle row: cultures with ethanol-sterilized samples: (E) PDMS (negative
control), (F) DentaGUIDE, (G) DentaGUM. Bottom row: cultures with autoclaved
samples: (H) PDMS (negative control), (I) DentaGUIDE, (J) DentaGUM. Cultures
in (B) and (D) were loaded only with ethidium homodimer-1. The remaining cultures
were loaded with a combination of calcein AM and ethidium homodimer-1. The scale
bar in each subfigure represents 100 pm. (Color figure online)

rescence intensities captured by the plate reader. Therefore, instead of comparing
the individual fluorescence intensities of each dye, the ratio of the fluorescence
intensities of calcein AM and ethidium homodimer-1 (CalAM:EthD-1) was used
for the quantitative assessment of biocompatibility (Fig. 4).

The CalAM:EthD-1 responses for all groups exhibited normal distributions
(p > 0.05), except ethanol-sterilized DentaGUM and PDMS (p < 0.05). Since
a majority of the groups were normal, the Bartlett method was selected for
the test for equal variances, in which the groups were determined to not have
equal variances (p = 0.000). Based on these results, a balanced ANOVA was
determined to be the appropriate statistical analysis since it is not sensitive to
unequal variances if there are only fixed factors and equal sample sizes [22].
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Fig. 4. Box plots of the CalAM:EthD-1 responses for each sterilization and resin con-
dition. The first and third quartiles are represented by the bottom and top lines of each
box, respectively. The minimum and maximum, excluding outliers, are represented by
the whiskers extending from the interquartile range boxes. The median is represented
by the middle line of each box. The black diamonds (#) are the individual data points.
Outliers are marked by a red asterisk (x). The grouping results from the Bonferroni
pairwise comparisons (Table 3 are also denoted in the boxplots in which conditions
that do not share a letter are significantly different. (Color figure online)

The balanced ANOVA indicated significant associations between CalAM:
EthD-1 and the resin type, sterilization mode, and the interaction effect between
the resin type and sterilization mode (p < 0.05, Table 2). This is indicative that
the means are not equal and that the effects of the resin and sterilization mode
should be considered together.

Since the ANOVA indicated significant differences based on the sterilization
method and the resin type, a post-hoc Bonferroni pairwise comparison was con-
ducted to identify which groups were significantly different (Table 3, Fig. 4).
The autoclaved and ethanol-sterilized DentaGUIDE samples demonstrated sig-

Table 2. Balanced ANOVA of CalAM:EthD-1 results. The Source lists the factors
(Sterilization and Resin) and interactions between the factors (Sterilization*Resin) con-
sidered. DF: degrees of freedom per source; SS: adjusted sum of squares. MS: adjusted
mean squares; F: ANOVA test statistic; p is the probability value.

Source DF|SS MS F D
Sterilization 1 17,266,940 7,266,940 14.99 |0.001
Resin 2 [119,621,48859,810,744/123.39/0.000
Sterilization*Resin|2 4,403,350 (2,201,675 |[4.54 |0.019
Error 30 [14,542,365 (484,745

Total 35 (145,834,143
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nificantly larger CalAM:EthD-1 means than the means of the PDMS samples,
which suggests that DentaGUIDE has little impact on cell viability. In addition,
the DentaGUM CalAM:EthD-1 means were significantly lower than the means
from the autoclaved PDMS samples, which suggests that DentaGUM negatively
impacts the health of the culture. Both the DentaGUIDE and DentaGUM con-
clusions are in alignment with the morphology observed prior to the introduction
of the dyes (Fig. 2).

In addition to considering different resin types for biohybrid devices, steriliza-
tion techniques are also important in tissue engineering [4]. For example, PDMS
slightly swells after ethanol immersion [18], but the mechanical properties are
altered after steam autoclaving [19,24]. Therefore, an appropriate sterilization
technique must be selected based on desired bioactuator functions. In this study,
when investigating the impacts on sterilization techniques in conjunction with
the resin type, there was not a significant difference between the responses to
ethanol-sterilized DentaGUIDE and autoclaved DentaGUIDE (Table 3, Fig. 4).
This indicates either technique is acceptable for sterilizing DentaGUIDE, but
additional studies should be conducted to investigate any impacts of steril-
ization on the mechanical properties of DentaGUIDE. Although the cellular
responses to sterilization techniques on DentaGUIDE were not significantly dif-
ferent, there was an unexpected, significant difference between the responses to
ethanol-sterilized PDMS and autoclaved PDMS (Table 3, Fig. 4) since both tech-
niques are commonly used for sterilizing PDMS [19,24]. This might suggest that
the impacts of ethanol exposure on PDMS, such as swelling [18], could impact
the C2C12 culture, but additional study is needed to explore this.

Furthermore, since PDMS is known to be a biocompatible, inert elastomer
[24], the lower CalAM:EthD-1 means, as compared to those of DentaGUIDE,
were also unexpected (Table 3, Fig. 4). The lower PDMS means could potentially
be attributed to the resin removal process prior to the washing and dye loading
procedures. PDMS samples tended to float in the culture medium, which caused
their removal via forceps to be more challenging than the DentaGUIDE samples
that rested at the bottom of the wells. In turn, this could have caused the PDMS
samples to move more during the removal process and act as a cell scraper. Any
cells detached from the culture surface during the resin removal process will
likely be aspirated during the wash steps before the loading of the dye. Therefore,
the removal of these cells could reduce the CalAM:EthD-1 response of PDMS.
In future work, elution studies, an indirect biocompatibility test using sample
extracts, can be performed to verify this theory (ISO 10993-5 [15] and ISO
10993-12 [17]). However, using only sample extracts will not adequately mimic
biohybrid use cases since it would only test for the impacts of potential leachants.
Since the biological materials will be physically integrated with the synthetic
materials, direct contact testing more closely represents the environment living
cells will experience in a biohybrid system.

In addition to exploring elution studies to complement direct testing, the
use of additional cell viability assessments could further the understanding of
the impacts of the resin on C2C12. Calcein AM specifically tags for intracel-
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Table 3. Post-hoc Bonferroni pairwise comparison between factors for each type of
source: sterilization, resin, and combination of the sterilization and resin. For each
source, means with a different letter are significantly different (i.e., factors that are
assigned to “A” are significantly different from factors assigned to “B” within the
same source).

Factor N | Mean £ Standard Grouping
Deviation
Sterilization ‘ ‘
Autoclave 18 | 2,308 + 2,228 A
Ethanol 181,410 + 1,786 B
Resin
DentaGUIDE 12| 4,362 £+ 1,072 A
PDMS 121,143 £ 1,108 B
DentaGUM 12| 72.7 £ 65.8 C
Sterilization | Resin
Autoclave DentaGUIDE | 6 | 4,941 + 1,122 A
Ethanol DentaGUIDE | 6 | 3,783 + 683 A
Autoclave PDMS 6 | 1,940 + 989 B
Ethanol PDMS 6 | 345 + 446 C
Ethanol DentaGUM |6 |101.7 &+ 86.0 C
Autoclave DentaGUM |6 |43.67 £+ 9.38 C

lular esterase activity, which is typically present in living cells, while ethid-
ium homodimer-1 binds to nucleic acids, but can only pass through dam-
aged plasma membranes that are typical of dead cells [25]. In addition, there
was a noticeable impact on the cellular morphology with the use of calcein
AM and ethidium homodimer. Another cell viability assay, such as measur-
ing the extracellular concentration of lactate dehydrogenase (LDH) which is
only released when with the loss of plasma membrane integrity [1], could be
explored. Furthermore, calcein AM/homodimer-1 assays and LDH assays can
be suitable for assessing cell viability in 3D tissues [10]. However, the use of
LDH, calcein AM, and ethidium homodimer will not inform if the resins have
impacts on other aspects of cellular activity. To investigate this, other cell via-
bility assays, such as tetrazolium-based assays (e.g. 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide (MTT) tetrazolium reduction assays) for
metabolism [31] or 5-ethynyl-2’-deoxyuridine (EAU) for proliferation [33], could
complement the calcein AM and ethidium homodimer-1 results in this study.
In addition to studying the effects on metabolism and proliferation, this study
can be extended to investigate the impacts on C2C12 differentiation, which is
crucial for the maturation of contractile myotubes necessary for functional bio-
hybrid actuators [30]. The use of these additional assays as well as the same
calcein AM/ethidium homodimer-1 viability assay in a 3D culture can further
validate DentaGUIDE’s applicability to future biohybrid actuators.
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4 Conclusion

In biohybrid actuators, synthetic material components are used to support living
materials, such as muscle. For fabricating these supportive, synthetic structures,
3D printing is one avenue that can be used for producing complex structures.
However, the biocompatibility assessment of resins is not clearly reported by
manufacturers. Furthermore, the assessment cannot be generalized and must
be designed for specific use cases. Therefore, for the use in biohybrid actuator
fabrication, the biocompatibility of two commercial resins, Asiga DentaGUIDE
and DentaGUM, was evaluated. Cultures of C2C12, a common muscle cell line
used in biohybrid actuators, were exposed to DentaGUIDE and DentaGUM
samples for 72 h. Based on the observed morphology and a viability /cytotoxicity
assay, DentaGUIDE was found to have minimal impact on the culture health,
whereas DentaGUM negatively impacted the culture. Therefore, DentaGUIDE
is likely suitable as a rigid supporting structure for biohybrid actuators, but
more soft, elastomeric materials need to be explored.
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