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Abstract

Effective treatment strategies for microtia remain limited due to the side effects and
shortcomings associated with current therapeutic approaches. Tissue engineering,
particularly the development of biological scaffolds, has emerged as a promising
alternative. However, research on auricular scaffold fabrication in murine models using
sodium dodecyl sulfate (SDS) and the immersion—agitation decellularization technique
remains scarce. The aim of this study was to evaluate the effects of varying SDS
concentrations on the decellularization efficiency and extracellular matrix (ECM)
preservation of murine auricular tissue for scaffold development. Auricular tissues from
mice (n=4) were immersed in Erlenmeyer flasks containing 0.1%, 0.5%, or 1% SDS and
subjected to continuous agitation until the tissues became macroscopically translucent.
Qualitative assessments included macroscopic appearance and microscopic evaluation
using hematoxylin—eosin and Masson's trichrome staining. Quantitative analysis involved
counting residual nuclei, while semiquantitative analysis of ECM area fractions was
performed using ImageJ software. Statistical comparisons were conducted using one-way
analysis of variance (ANOVA), with significance defined as p<0.05. The results
demonstrated that the decellularized scaffolds exhibited macroscopic translucency,
significantly reduced nuclear content (p=0.001), and preserved ECM integrity (p=0.012).
Among the tested concentrations, 0.5% SDS provided the optimal balance between
effective decellularization and ECM preservation. These findings support the potential
application of murine auricular scaffolds decellularized with 0.5% SDS via the
immersion—agitation method for future microtia tissue engineering.

Keywords: Auricular scaffold, decellularization, immersion-agitation, microtia, sodium
dodecyl sulfate

Introduction

M icrotia is a rare congenital malformation characterized by partial or complete
underdevelopment of the external ear, with significant implications for affected individuals [1].
The global incidence is estimated at 1—5 cases per 10,000 live births [2,3]. This condition presents
not only anatomical abnormalities but also impacts physiological function and psychosocial well-
being [4]. In many cases, microtia is associated with conductive hearing loss, primarily due to
malformations of the external auditory canal and ossicular chain, and may predispose patients to
recurrent infections [5].
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Current treatment for microtia involves surgical reconstruction employing tissue
engineering techniques, particularly through the use of auricular scaffolds [6,7]. These scaffolds
undergo decellularization to remove cellular components while preserving the extracellular
matrix (ECM), thereby enabling their use as transplantable structures to restore auricular form
and function [8]. Composed primarily of ECM components, scaffolds provide a mechanically
stable framework that supports cell adhesion, proliferation, and the distribution of growth factors
essential for tissue regeneration [8]. Scaffold fabrication strategies include both synthetic and
biological approaches. Among these, biologically derived scaffolds—produced through
decellularization—more closely mimic the native tissue microenvironment, facilitating cellular
interactions and functional integration with host tissue [9].

Decellularization is a process that removes cellular components, including deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA), while preserving the extracellular matrix (ECM) [10]. In
addition to eliminating cells, this process also removes cellular antigens, thereby minimizing the
risk of immune rejection when the scaffold is used for organ transplantation [8,10,11].
Decellularization typically involves the use of chemical, enzymatic, or physical agents, often in
combination with specific application techniques to enhance efficacy [12].

Tissue decellularization can be achieved using chemical and biological agents, often in
combination with physical techniques to enhance efficiency [9]. Commonly used chemical agents
include detergents such as sodium dodecyl sulfate (SDS), sodium deoxycholate (SD), and Triton
X-100, which act by disrupting cell membranes and inducing cell lysis [9]. Biological agents, such
as the enzyme deoxyribonuclease (DNase), perform a similar function by degrading nucleic acids.
Physical techniques—including perfusion, immersion, and agitation—are employed to improve
the penetration and effectiveness of both chemical and biological agents during decellularization
[12]. Each method has its advantages and limitations; for example, chemical agents are readily
accessible but may damage the ECM at higher concentrations, whereas biological agents,
although highly effective, are often more difficult to procure. Physical techniques alone are
insufficient and must be applied in conjunction with chemical or biological agents to achieve
complete decellularization [13].

Several studies have explored the development of auricular scaffolds using different
decellularization agents. For example, Triton X-100 has been applied to generate scaffolds for
human auricular reconstruction [2]. Similarly, porcine auricular cartilage has been decellularized
using DNase in combination with the immersion technique [14]. However, these approaches
present limitations; for instance, Triton X-100 has been shown to be less effective than SDS in
removing cellular components. Other studies have employed SDS with the immersion—agitation
technique to enhance decellularization efficiency [15-17]. While these methods achieved complete
cell removal as confirmed by DNA quantification, they were applied to non-auricular tissues such
as rat liver [15-17].

In this study, auricular scaffolds were developed using a modified decellularization approach
that addressed limitations identified in previous research while accounting for local laboratory
conditions. SDS was selected as the decellularization agent due to its proven efficacy in cellular
removal [16], and was applied in combination with the immersion—agitation technique. The
primary objective was to determine the optimal SDS concentration for effective decellularization
of auricular tissue. Given the limited research on scaffold development in Indonesia, this study
may serve as a foundational step toward the application of tissue-engineered scaffolds for organ
transplantation in the region.

Methods

Study design

This experimental study was conducted between September 2023 and January 2024 at the
Research Laboratory and Animal Breeding Unit, Faculty of Medicine and Health Sciences,
Warmadewa University, and the Histology Laboratory, Faculty of Medicine, Udayana University.

Organ collection
This study utilized four male BALB/c mice, aged 7—8 weeks and weighing 25-30 g. Inclusion
criteria included age and weight range, while mice with anatomical abnormalities of the auricle
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were excluded. Each mouse was anesthetized via intramuscular injection of 0.2 mL of 10%
ketamine into the thigh muscle [18]. Once full anesthesia was achieved, the right auricle was
disinfected with alcohol, the fur was removed using forceps and scissors, and the auricle was
excised using sterile tissue scissors. The harvested auricle was then placed in a sterile container
filled with 25 mL of NaCl and stored at —20°C until further processing [15].

Preparation of SDS solution

A 10% stock solution of SDS was prepared by dissolving 10 g of SDS (Merck KGaA, Germany) in
distilled water to a final volume of 100 mL. The solution was stirred using a magnetic stirrer at
60°C until fully homogenized. The stock solution was then diluted with distilled water (aquadest)
to obtain working concentrations of 0.1%, 0.5%, and 1% SDS, as previously described [13].

Control group treatment

The right auricle of the control group mouse (n=1) was isolated using the same procedure as in
the treatment group, including anesthesia with 0.2 mL of 10% ketamine [18]. Following excision,
the auricle was disinfected using an alcohol swab, and the fur was removed with forceps and tissue
scissors. The auricle was then placed in a container containing 25 mL of NaCl and stored at —
20°C. Prior to histological processing, the auricle was thawed at room temperature (25°C) and
prepared for staining.

Tissue decellularization process

The previously frozen right auricles were thawed at room temperature (25°C) until fully
equilibrated. Each auricle was then immersed in an Erlenmeyer flask containing the designated
concentration of SDS solution. The flasks were placed on an orbital shaker set to 100 rpm at room
temperature (25°C) to facilitate agitation. SDS solutions were replaced daily at 10:00 AM to
maintain optimal decellularization conditions. The process was terminated after 48 hours, upon
visual observation of tissue transparency and the appearance of vascular structures, indicating
successful decellularization [19]. The auricles were subsequently washed with sterile distilled
water to remove residual SDS.

Histological preparation and staining

Auricles from the experimental group were washed with sterile distilled water, fixed in 10%
formalin for 48 hours, dehydrated in 70%, 95%, and absolute ethanol (1 minute each, twice), and
cleared in xylene (3x10 minutes). Tissues were infiltrated with molten paraffin at 58—60°C,
embedded in paraffin blocks, sectioned at 5um, and mounted on glass slides. Slides were
deparaffinized in xylene, rehydrated through graded ethanol, and rinsed with water.
Hematoxylin—eosin (HE) staining was performed by immersing slides in hematoxylin and eosin
(3 minutes each), followed by dehydration, xylene clearing, and coverslipping to visualize
remaining nuclei.

Masson’s trichrome (MT) staining was performed by sequentially immersing the slides in
Weigert’s hematoxylin, 2.5% aqueous phosphomolybdic-phosphotungstic acid, Bouin’s solution,
1% aqueous Biebrich scarlet—acid fuchsin solution, and 2.5% aniline blue solution, following
standard protocols [2]. After staining, the slides were rinsed under running water, then
dehydrated through a graded series of ethanol (70%, 95%, and absolute) for one minute at each
concentration. This was followed by clearing in xylene for three cycles of ten minutes each.
Finally, the slides were mounted with coverslips. MT staining highlights collagen and ECM
components in light blue, allowing visualization of ECM integrity following decellularization [20].

Data analysis
Qualitative analysis was performed to assess the macroscopic appearance of the mice's right
auricles before and after decellularization. Observations were conducted daily at 10:00 AM,
focusing on changes in tissue coloration until the auricle appeared transparent and clear. Daily
photographs were taken, and descriptive comparisons between scaffolds were recorded.
Microscopic evaluation of HE staining was conducted to visualize residual cell nuclei, with
images captured at 10x magnification using a digital microscope camera (Magcam-DCio0,
Magnus Theia-I, India). MT staining was similarly documented at 10x magnification to ECM
integrity following decellularization.
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A semi-quantitative analysis was performed to determine the ECM fractional area using MT-
stained images captured at 40x magnification. Image analysis was conducted using ImageJ
software (National Institutes of Health, USA), based on the percentage of blue-stained areas—
indicative of collagen—converted into binary format and analyzed via brightness intensity. Five
fields of view were analyzed per sample. The resulting percentage area (%area) was statistically
evaluated using one-way analysis of variance (ANOVA).

In addition, quantitative analysis was conducted to assess the number of visible elastic
cartilage cells. HE-stained sections were observed at 40x magnification using an Olympus CX21
microscope, and visible nuclei were manually counted across five fields of view by two
independent observers. The resulting data were analyzed using one-way ANOVA followed by post
hoc least significant difference (LSD) test. Statistical analyses were conducted in SPSS software
version 29 (IBM, New York, USA), with a significance threshold of p<o0.05.

Results

Morphology of mouse auricles
Macroscopically, the harvested auricles appeared white with a slight reddish hue prior to
decellularization, indicative of the presence of blood vessels (Figure 1A—B). Following the
decellularization process, the auricles became increasingly transparent (Figure 1C—D). All
groups initially exhibited similar macroscopic characteristics.

Do D1 D2

SDS 0.1%

SDS 0.5%

SDS 1%

Figure 1. Mice auricula morphology before and after decellularization. (A) Living mice auricula.
(B, C, D) The auricula appeared white with a slight red coloration prior to the decellularization
process. (E) White and red areas were observed throughout most of the auricular surface. (F) The
auricula was approximately 85% transparent, with white-red accents remaining around the base.
(G) The auricula was nearly 100% transparent, with slight white-red accents around the base. (H)
Transparent areas were visible only around the base. (I) The auricula appeared fully transparent.
(J) The auricula was fully transparent with a slight structural disruption observed at the apex.

By the first day post-decellularization, Group 3 (treated with 1% SDS) exhibited a visibly
transparent appearance, suggesting early and effective cellular removal. In contrast, Groups 1 and
2 retained some coloration, indicating the continued presence of viable cells. By the second day,
both Groups 2 and 3 demonstrated complete transparency, with the 1% SDS solution achieving
the most rapid and pronounced decellularization.

Elastic cartilage cell nuclei of the mouse auricle scaffold
Microscopically, several differences were observed between the decellularization and non-
decellularization groups. One of them was the number of remaining nuclei (Figure 2). The non-
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decellularized groups (Figures 2A—B) showed intact tissue with cells in good condition, whereas
the decellularization treatment group (Figure 2C) showed a few remaining purple-stained
nuclei. The decellularized auricle with 0.1% SDS showed cell nuclei in some lacunae, while other
lacunae showed no cells. Additionally, several cell nuclei remained intact in the chondroblast
section (Figure 2C—-D).

10x magnification

Control

SDS 0.1%

SDS 0.5%

SDS 1%

Figure 2. Elastic cartilage tissue staining. (A, B) Intact tissue with elastic cartilage cell nuclei
located centrally within the lacunae. (C, D) Several elastic cartilage cell nuclei observed in the
lacunae and chondroblast plate. (E, F) A small number of nuclei present in both lacunae and
chondroblast plate. (G, H) A single cell nucleus observed, accompanied by disrupted lacunae.
SDS: sodium dodecyl sulfate.
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Group 2, or the treatment using 0.5% SDS, still had several cell nuclei in the lacunae and the
chondroblast section. The number of cell nuclei was lower than that in Group 1 (Figure 2E—F).
The decellularization process using 1% SDS resulted in the presence of only one visible cell
nucleus (Figure 2G—H).

One-way ANOVA test showed that 0.1%, 0.5% and 1% SDS groups had mean numbers of
visible cell nuclei of 9+1.87; 5.00+1.05 and 2.20+0.73 cell nuclei, respectively. The control group
had an average of 13.60 + 2.20 visible cell nuclei in each field of view. The one-way ANOVA test
yielded a p<0.001 (Table 1), suggesting that mice auricles were successfully decellularized using
the SDS immersion—agitation technique. Post hoc LSD analysis revealed significant differences
between Group 2 (0.5% SDS) and the control (p=0.001), and Group 3 (1% SDS) and the control
(p=0.000).

Table 1. Comparisons of visible cell nuclei of auricles among study groups

Study groups Mean number of cell nuclei p-value?
Mean+SE

Sodium dodecyl sulfate (SDS) 0.1% 9.00+1.87 0.001

SDS 0.5% 5.0041.05

SDS 1% 2.20+0.73

Control 13.60+2.20

aAnalyzed using one-way ANOVA test

Extracellular matrix of the mouse auricle scaffold

MT staining results showed several differences between the undecellularized and decellularized
groups. The undecellularized auricle still displayed muscle tissue, cartilage cell nuclei, and
abundant collagen (Figure 3A—B). In the 0.1% SDS group, the ECM was still considered intact
(Figure 3C-D). Additionally, the amount of collagen remained substantial, as indicated by the
intense blue staining. The 0.5% SDS group showed favorable decellularization results, with
collagen structure classified as good. In general (Figure 3E—F), the ECM appeared intact around
the elastic cartilage, except in the spaces between lacunae.

In contrast, the 1% SDS group exhibited a notable reduction in blue staining, with only
minimal collagen detected, primarily around the elastic cartilage (Figure 3G). Damaged lacunae
were also observed following the decellularization process (Figure 3H). Overall, the ECM
condition in the group treated with 1% SDS was not preserved.

Based on the fraction area obtained from ImageJ software, it was found that Group 1, treated
with 0.1% SDS as the decellularization agent, had an average fraction area of 29.03%+2.41. Group
2, treated with 0.5% SDS, had a mean fraction area of 28.49%+2.97. The mean fraction area of
Group 3, treated with 1% SDS, was 26.96%+2.01. The average fraction area in the control group
was 39.99%+1.70.

The results of the one-way ANOVA test showed a significant difference in the percentage of
the remaining matrix fraction area between the treatment and control groups, with p=0.012
(Table 2). Post hoc LSD tests revealed significant differences between Group 1 and control
(p=0.010), Group 2 and control (p=0.007), and Group 3 and control (p=0.003). These results
confirm that all SDS-treated groups experienced ECM loss compared to the control.

Table 2. Comparisons of extracellular matrix fraction area among study groups

Study groups Extracellular matrix fraction area p-value?
Mean (%)+SE

Sodium dodecyl sulfate (SDS) 0.1% 20.03+2.41 0.012%

SDS 0.5% 28.49+2.97

SDS 1% 26.96+2.01

Control 39.99+1.70

aAnalyzed using one-way ANOVA test
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10x magnification 40x magnification

Control

SDS 0.1%

SDS 0.5%

SDS 1%

Figure 3. Elastic cartilage tissue staining. (A, B) Intact tissue with abundant extracellular matrix
(ECM). (C, D) Extensive ECM observed surrounding the cartilage plate. (E, F) Intact ECM visible
around the cartilage. (G, H) Disrupted and minimal ECM. SDS: sodium dodecyl sulfate.

Discussion

The decellularization process in this study was carried out for 48 hours, based on observations in
Group 3, which began to show signs of transparency at that time point [19]. Transparency is
indicative of cell removal, which occurs through contact with SDS. As an anionic detergent, SDS
disrupts cellular membranes by emulsifying the phospholipid bilayer [9]. It also disrupts the
nuclear envelope, ultimately leading to complete cell lysis and degradation of intracellular
components, including genetic material [16].
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Group 3, treated with 1% SDS, exhibited the most rapid and pronounced transparency
among all treatment groups. This finding is consistent with previous studies using rat liver tissue
and mouse heart and lung tissue, in which macroscopic transparency was observed following
SDS-mediated decellularization [21]. However, this result contrasts with studies involving human
auricular tissue, where macroscopic changes were limited to a shift from pink to light yellow, with
minimal transparency [2]. This discrepancy is likely attributable to tissue thickness; human
auricles are approximately 6 mm thick, whereas mice auricles in this study were less than 1 mm.
Thicker tissues tend to retain more ECM even with similar levels of cellular clearance.

The transparency observed macroscopically corresponds with the reduction in remaining
cellular content. Previous research showed that 1% SDS can reduce DNA content to
approximately 0.95%, indicating that ~99.05% of cellular DNA is removed during the process
[22]. This DNA loss serves as a proxy for effective cell removal. Another study reported that SDS
can eliminate up to 90% of cells [23]. In a decellularization study using pancreatic tissue, DNA
quantification revealed DNA remnants of 2.03% with 1% SDS, 2.28% with 0.5% SDS, and 2.31%
with 0.1% SDS, suggesting a concentration-dependent increase in cell clearance [24]. This
supports the interpretation that DNA loss—linked to reduced nuclear visibility—is a key indicator
of successful decellularization [25].

HE staining was employed to assess cellular presence and distribution. Hematoxylin stains
basophilic structures such as nuclei blue-purple, while eosin stains acidophilic components like
cytoplasm and collagen pink [20]. In this study, HE staining revealed fewer elastic cartilage cell
nuclei in the decellularized groups compared to the control. This outcome reflects SDS's ability
to disrupt cell membranes and induce oxidative stress, both of which contribute to nuclear
degradation and cell death [12,26]. SDS-induced oxidative stress can inhibit DNA replication and
purine metabolism, further driving cell death [12,26].

Among the SDS concentrations tested, Group 3 (1% SDS) exhibited the lowest number of
remaining elastic cartilage cell nuclei, whereas Group 1 (0.1% SDS) showed the highest. This is
consistent with prior findings that increasing SDS concentration enhances cell lysis by disrupting
hydrogen bonds and damaging nuclear integrity [27]. In a comparative study of blood vessel
scaffolds, fewer nuclei were observed in tissue treated with 1% SDS than with 0.5% SDS [28].
Similarly, another study using 0.1% and 1% SDS showed that 1% SDS left only 50% of nuclei
compared to 90% with 0.1% SDS, further supporting the concentration-dependent effect [29].
Higher SDS concentrations not only remove more cells but also reduce immunogenic antigens
[30].

The treatment groups included three SDS concentrations, namely 0.1%, 0.5%, and 1%, which
showed different results in the images of remaining cell nuclei after the decellularization process.
Group 3, which used 1% SDS, had the fewest HE images of elastic cartilage cell nuclei. Group 1,
or the group with 0.1% SDS as the decellularization agent, had the most cell nuclei. Previous
research explained that increasing the concentration of SDS would increase cell lysis [31]. Cell
lysis occurs due to the disruption of hydrogen bonds, which induces cell lysis during
decellularization with SDS [27]. As a result, in the microscopic image, fewer cell nuclei were
observed in this study. Increasing the concentration of SDS reduced the number of cell nuclei,
which can be evaluated from the staining image [28]. A previous study compared histological
images of scaffolds resulting from decellularization of blood vessel tissue using 0.5% and 1% SDS
[28], and found that the number of visible cell nuclei was lower in the 1% SDS group compared
to the 0.5% SDS group.

The number of cell nuclei showed that the group treated with 1% SDS as a decellularization
agent had the fewest remaining cell nuclei. Another study used two different SDS concentrations
to complete decellularization [29]. The concentrations used are 0.1% and 1%. The number of cell
nuclei remaining when using 0.1% SDS is 90%, while using 1% SDS leaves 50% cell nuclei. This
shows that increasing the concentration of SDS used for the decellularization process will
eliminate more cell nuclei. Increasing the SDS concentration will increase the effectiveness of the
decellularization process, which not only removes cells properly but also causes specific antigens
to disappear [30].

Statistical analysis confirmed these findings. The one-way ANOVA test revealed a significant
difference in the number of cell nuclei between groups (p=0.001). Post hoc LSD analysis revealed
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significant differences between Group 2 (0.5% SDS) and the control (p=0.001), and Group 3 (1%
SDS) and the control (p=0.000), confirming effective decellularization in these groups.

MT staining was used to evaluate ECM integrity, in which collagen appears light blue, muscle
and keratin appear red, and nuclei appear dark blue [20]. The decellularized groups showed loss
of muscle cells compared to the control, consistent with previous findings using rat heart
scaffolds, where MT staining revealed loss of myocardial tissue post-decellularization [32]. MT
staining also highlights damage to epithelial components, further demonstrating SDS's ability to
disrupt cellular integration and nuclear content [33].

Among the treatment groups, ECM damage was most evident in Group 3 (1% SDS), where
collagen staining was minimal and largely restricted to regions around the cartilage plate. In
contrast, Group 1 (0.1% SDS) showed the most intact ECM, followed by Group 2 (0.5% SDS).
These findings align with studies showing that higher SDS concentrations correlate with greater
ECM disruption. MT-stained histological images confirmed that 1% SDS-treated tissue had more
ECM degradation, especially at lacuna boundaries, compared to tissue treated with lower SDS
concentrations.

Quantitative analysis using ImageJ supported these findings. Group 1 had the highest ECM
fraction area, indicating better ECM preservation, while Group 3 had the lowest. This suggests
that although increasing SDS concentration enhances cell removal, it also compromises ECM
integrity. SDS can degrade ECM proteins such as collagen, elastin, laminin, and
glycosaminoglycans (GAGs), with GAGs being especially susceptible [34]. Studies show that
increasing SDS concentration leads to GAG depletion, collagen loss, and damage to the basal
membrane, impairing ECM function [28].

Although SDS is effective for cell removal, its impact on ECM preservation depends on both
concentration and exposure time. Previous study demonstrated that even with the same SDS
concentration (e.g., 0.5%), varying the decellularization duration affects collagen retention (36).
SDS has also been shown to preserve ECM architecture better than enzymes like trypsin or other
detergents like Triton X-100 in porcine valve tissue [35]. Moreover, 1% SDS preserved more GAGs
than 1% Triton in another comparative study [24].

The ANOVA test showed a significant difference in ECM fraction area among groups and
post hoc LSD tests revealed significant differences between Group 1 and control, Group 2 and
control, and Group 3 and control. These results confirm that all SDS-treated groups experienced
ECM loss compared to the control.

Based on auricular transparency, Group 3 demonstrated the best macroscopic result,
achieving the fastest and most complete decellularization. This supports previous findings that
1% SDS is highly effective for creating scaffolds [24]. However, based on HE staining, both 0.5%
and 1% SDS-treated groups showed the best microscopic outcomes in terms of reduced cell nuclei.
For MT staining, Groups 1 and 2 (0.1% and 0.5% SDS) showed the most intact ECM and fraction
areas closest to the control. In contrast, 1% SDS caused substantial ECM damage. Because ECM
integrity is essential for cell migration, proliferation, and differentiation, ECM preservation is
critical for scaffold viability in tissue engineering [36].

Scaffold quality cannot be assessed solely by visible cell count or ECM fraction area. Further
analyses are needed. DNA quantification would confirm residual DNA content and assess
antigenicity risk [24]. Scanning electron microscopy could evaluate ECM surface architecture [2].
Additional tests for ECM components (collagen, elastin, GAGs) would inform scaffold suitability
for recellularization [2,17].

While SDS effectively removes cells, its potential to damage ECM warrants reconsideration
of protocol parameters. To ensure scaffold suitability for tissue engineering, alternative or
combined decellularization agents should be explored. Future research will include these tests to
determine whether SDS-based auricular scaffolds are viable for clinical use in organ
transplantation and tissue engineering applications.

Conclusion

Variations in SDS concentration influenced the decellularization process of mouse auricular
tissue. The most effective concentration was 0.5% SDS. This conclusion is supported by several
findings: auricles treated with 0.5% SDS exhibited greater transparency, effective cell removal as
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indicated by fewer visible elastic cartilage cell nuclei (p=0.001), and preservation of an abundant
and intact ECM, as observed microscopically and supported by fraction area analysis using
ImageJ software (p=0.012), compared to the other groups.
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