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The healing process of postoperative wounds is a dynamic and complex. Thoracoscopic surgery, as a new minimally
invasive technique in thoracic surgery, is of great significance in exploring the postoperative recovery quality of patients
undergoing this surgery. Therefore, this study uses micro controlled flow spinning technology to prepare a calcium alginate
fiber coating (CaAFC) film using materials such as sodium alginate (SA). Combined with thermal insulation nursing
during the recovery period, the effect of this film was explored in patients undergoing thoracoscopic general anesthesia
surgery (TGAS), and it was applied in animal experiments simulating TGAS. The results showed that the permeability of
the CaAFC was 93 g/m?-24 h, the porosity was 73 %, and the water absorption rate was 21.5 g/g, demonstrating good
breathability and water absorption. The relative growth rate (RGR) of HaCaT cells under CaAFC was 1.52, and the stress
fiber staining intensity (SFSI) was 1.31, both of which were higher than the other two dressings. These findings indicated
that the material was non-toxic to cells and could significantly improve cell activity. The wound healing rate of mice
treated with CaAFC on the 15" day after surgery was 96.3 %, which was significantly higher than that of mice treated
with traditional alginate medical dressings (TAMD) and medical gauze (MG). These results indicated that CaAFC could
promote wound healing. The above results indicate that the CaAFC has good breathability, water absorption, and
antibacterial properties. Moreover, it can significantly promote wound healing, increase cell activity, reduce postoperative
infection risk, and provide support for improving postoperative care for patients undergoing thoracoscopy surgery in
clinical practice.

Keywords: alginate based film application, thoracoscopic surgery, postoperative recovery, calcium alginate fiber coating,
new medical dressings.

1. INTRODUCTION response to these issues, the preparation of wound dressings
. . . using bio-based materials has gradually become a focus.
In recent years, with _the rapid development of.medlcal Among them, alginate is a natural polysaccharide
technology, the preparation of new wound dressings has  carponydrate extracted from seaweed. Due to its good
received increasing attention [1]. Traditional wound  piocompatibility, biodegradability, and excellent physical
dressings have many disadvantages and cannot meet the 514 chemical properties, alginate has become an ideal
increasing clinical demands. Traditional dressings often medical dressing nowadays [5]. The medical membrane
have poor air permeability,_ makin_g it difficu_lt to ensure gas prepared by alginate can form a soft gel when contacted with
exchange at the wound site. This can easily lead to the  \y6,nd exudate, providing an ideal moist environment for
wound being damp and hot, affecting wound healing [2].  \yound healing, promoting wound healing, and relieving
The water absorption of traditional dressings is also  \yound pain [6, 7].

relatively limited. Their absorption capacity for wound At present, a series of advances have been made in the
exudate is insufficient, and dressings need to be changed  (asearch of alginate in wound healing, antibacterial

frequently, increasing the risk of infection for patients [3]. properties, and biocompatibility. Luu et al. synthesized a

Meanwhile,  traditional ~dressings have insufficient hybrid wound dressing using alginate and nanoparticles
antibacterial effects and are difficult to effectively inhibit  oytracted from butanol fractions. which contains a large

the growth and reproduction of bacteria, which can easily  amount of copper nanoparticles. Blood compatibility and
lead to complications such as wound infections [4]. In  piocompatibility tests showed that the dressing had high
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safety and good antibacterial effect [8]. Bhoopathy et al.
demonstrated good blood compatibility  and
biocompatibility through in-vitro experiments using sodium
alginate (SA), aloe vera, and sericin. In-vitro coagulation
tests confirmed its hemostatic and blood absorption
properties, and scratch tests demonstrated its good wound
healing effect [9]. Norouzi et al. have prepared an
antioxidant core/shell alginate/polycaprolactone nanofiber
membrane, which is electrospun by using lotion to generate
nanofiber mesh. By loading the hydrophilic antibiotic
gentamicin in the hydrophilic alginate core, and surrounded
by the hydrophobic polycaprolactone shell, core/shell
nanofibers were generated. The results showed that the
membrane had good biocompatibility, antioxidant
performance, and antibacterial performance [10].
Thoracoscopic surgery is a minimally invasive surgical
method. Although it has advantages such as less trauma and
faster recovery compared to open surgery, it still faces some
challenges in postoperative recovery [11, 12]. In view of
this, this study first prepares a new type of calcium alginate
fiber coating (CaAFC). The experimental design and
analysis are conducted on its morphological
characterization, physicochemical properties, hemostatic
properties, and its impact on the activity of immortalized
human epidermal cells. Then, animal experiments are
conducted to simulate thoracoscopic general anesthesia
surgery (TGAS), and CaAFC is combined with thermal
insulation care to observe the wound healing of the animals.
The study explores the effect of the new CaAFC
combined with thermal insulation nursing on wound healing
in animal models after thoracoscopy surgery. The purpose
of this exploration is to reduce postoperative complications
and improve patient's quality of life. The innovation of the
research lies in the design of a new type of dressing using
microfluidic spinning technology (MFST). Compared with

traditional dressings, this dressing not only has good
breathability, water absorption, and antibacterial properties,
but also significantly promotes wound healing, improves
cell activity, and reduces the risk of postoperative infection.
The combination of CaAFC application and awakening
period insulation nursing significantly improves the wound
healing rate and reduces postoperative complications
compared to traditional nursing methods, thereby improving
the quality of life of patients.

2. MATERIALS AND METHODS
2.1. Materials

Table 1 provides a specific introduction to the materials
used in the experiment.

2.2. Experimental instruments
Table 2 shows the specific instrument parameters used.
2.3. Preparation of CaAFC

CaAFC was prepared using MFST, as illustrated in
Fig. 1. MFST is a technique that combines the laminar flow
effect of microfluidic technology with traditional wet
spinning rapid prototyping to prepare micrometer sized
fibers. It has many advantages that traditional spinning
technology does not possess, such as no high voltage
current, energy saving, safety, and simple operation. It is a
fiber preparation technology. The width of the microfluidic
chip channel is set to 150 —300 pwm. The depth is 40 pm. The
width of the first nozzle is 100 pm. The width of the second
nozzle is 150 pum. The fluid flow rate in the inner-channel is
6 uL/h. The fluid flow rate in the outer channel is 30 pL/h.
The viscosity of the spinning solution is 10—1000 mPa-s.
The concentration of the spinning solution is 1 —10 wt.%.

Table 1. The instruments used in the experiment and their corresponding models

Nicknames or

Material/Reagent d
rug molecules

Purity/Grade Manufacturer

Sodium alginate SA

Analytical purity, 99 %

Aladdin Reagent Co., Ltd

Calcium chloride CaCl2 Analytical purity, 99 % Sigma Aldrich, USA

Microfluidics chip - PDMS Dalian institute of chemical physics
1-[4-(2-hydroxyethoxy) -phenyl]-2- 1-2959 99 %, UV grade Sigma Aldrich, USA

hydroxy-2 methylacetone

. . Jiangsu Xianfeng Nanomaterial
XFJ63 Silver Nanoparticles - Nanometre Technology Co., Ltd
. Diameter of 1 pum, . .
Fluorescent latex microspheres - fluorescence intensity > 90 % Sigma Aldrich, USA
Phosphate buffer saline PBS Aseptic (1%, pH 7.4 £0.1) Sigma Aldrich, USA

Deionized water -

Ultra-pure water (resistivity

Aladdin Reagent Co., Ltd

>182 M Q -cm)
Table 2. Experimental instruments and their corresponding models
Instrument name Model number Manufacturer
Microfluidic pressure pump Mitos P-Pump Dolomite UK
Fluorescent Inverted microscope OLYMPUS-1X73 Olympus Corporation
Scanning electron microscope (SEM) JSM-7800F JEOL
Vacuum filtration pump SHzZ-D 1l Zhengzhou Kehua Instrument Equipment Co., Ltd
Vacuum freeze dryer Lab-1A-80 Shanghai Precision Instrument Co., Ltd
Ultraviolet Lamp LUYOR-2120C Shenzhen Times Peak Technology Co., Ltd
Electronic balance FA2204B Shanghai Youke Instrument and Meter Co., Ltd
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Fig. 1. Preparation of calcium alginate coating

In Fig. 1, 2 wt.% SA solution, 2 wt.% CaCl, solution,
0.5 wt.% 1-2959 photoinitiator, and 2 wt% PEFDA are first
prepared using distilled water solvent. A mixed spinning
solution (MSS) of PEFDA and the equipped SA solution are
prepared in aratioof 1: 1, 1: 2, 2: 1, and 3: 1, and the MSS
and CaCl; solution are loaded separately into a MFPP. Then,
the microfluidic chip in a culture dish is fixed with a
diameter of 15 cm and 80 mL of 2 wt.% CacCl; solution is
injected into it. Then, the microfluidic chip is connected
with two solutions in the microfluidic pressure pump
through a catheter, and CaCl2 solution is injected into the
microfluidic chip at a constant speed of 30 p I/h and 6 p I/h
of mixed spinning solution respectively. lon exchange is
rapidly generated at the channel of the chip to generate gel
like calcium alginate composite fiber. Finally, 20 mL of
0.5 wt.% photoinitiator is placed into a culture dish and
soaked for 15 min. The fibers are cut through blade, and a
vacuum filtration pump is used to filter out excess liquid.
CaAFC is prepared by freeze-drying it using a vacuum
freeze-drying machine.

2.4. Characterization of micro-structure of CaAFC

The microstructure of freeze-dried CaAFC was
observed using field emission SEM (JSM-7800F, JEOL) at
an accelerating voltage of 5 kV. Samples were fixed on the
electron microscope stage and sputter-coated with gold for
30 seconds using a sputter coater. The morphological
characteristics of CaAFC were also observed under a
fluorescence microscope (OLYMPUS-IX73, Olympus
Corporation) after staining.

2.5. Physical and chemical performance analysis
2.5.1. Water absorption performance (WAP)

To test the water absorption of CaAFC, the freeze-dried
film was first weighed using an electronic balance and its
weight was recorded as Go. Then a culture dish was prepared
with a diameter of 5 cm and 20 mL of distilled water was
injected into it. At room temperature, the freeze-dried film
was placed in a culture dish to absorb the liquid for 1 h.
Finally, the film was removed, the liquid on the surface of
the sample was removed through filter paper and weighed.
The weight was recorded as G and the water absorption rate
of the film was calculated. The calculation method is shown
in Eq. 1.

Q= %xm% | )

0

Q is the water absorption rate [13].
2.5.2. Porosity

The porosity of CaAFC was determined using a liquid
displacement method. Take a 2 cm x 2 cm film sample and
weigh it. The sample is placed completely in ethanol for 30
minutes and weighed again. The porosity of the film can be
calculated, as shown in Eq. 2.

_ MZ_Ml
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where P is the porosity; M is the weight of the film placed
before alcohol; M; is the weight of the film after being
placed in alcohol; p is the density of ethanol; vo is the
volume of the dressing.

2.5.3. Permeability

P x100%, ?)

The water vapor permeability of CaAFC was measured
at 37+05°C and 90.0+2.0% relative humidity. A
2.5 cm x 2.5 cm film sample was fixed over the opening of
a glass bottle containing 5 mL of deionized water. The mass
difference of the bottle before and after the experiment was
measured over a period of t hours. The water vapor
transmittance was calculated using Eq. 3.

24Am

WVT =28

St )

where WVT is the water vapor transmittance of CaAFC,
measured in g/m?-h; Am is the difference in mass of the
applied film before and after the experiment, in g; S is the
area of the glass bottle mouth, in m?; t is the experimental
time, in h.

2.6. CaAFC hemostatic performance test
2.6.1. Antibacterial rate

The antibacterial activity of CaAFC with different
ratios was detected by AATCC100 colony counting method.
A circular film sample with a diameter of 5 mm was taken
and disinfected with ultraviolet radiation for 0.5 h. Then,
Staphylococcus aureus (S. aureus) and Escherichia coli (E.
coli) were used as the experimental strain and the control
strain. The E. coli and S. aureus used in the experiment were
purchased from the China Industrial Microbial Culture
Collection and Management Center, with strain numbers
CICC 21529 and CICC 24114, respectively. At 37 °C, it was
placed in a test tube and stirred to prepare a 105 CFU/mL
inoculated strain. The coated sample was incubated in the
inoculated strain for 1 day at the same temperature. Next,
10 mL of disinfected deionized water was injected into the
test tube and the tube was shaken for 5 minutes to separate
the bacteria from the sample. Finally, the separation solution
was diluted with 1 wt.% peptone. 100 uL of the diluted
separation solution was evenly applied onto a nutrient agar
plate culture dish and incubating at 37 °C for 1 day. Nutrient
agar plates were prepared with the following composition:
1.0 % peptone, 0.5 % beef extract, 0.5 % sodium chloride,
and 1.5 % agar, dissolved in distilled water to a final
volume. The pH was adjusted to 7.2—7.4, with 121 °C
autoclaving 20 min for reserve use. The inoculated strains
were diluted with 1 wt.% peptone at the same temperature,



and 100 pL of the diluted solution was taken and applied to
a nutrient agar plate for incubation for 1 day. The number of
bacteria was recorded on two culture dishes separately, and
the antibacterial rate was calculated by comparing the
number of bacteria, as shown in Eq. 4.

Iznc_ns

x100% (4)

C

where 1 is the antibacterial rate; nc is the number of bacteria
in the diluted solution without samples; ns is the number of
bacteria in the diluted solution of the separation solution.

2.6.2. In-vitro coagulation index (IVCI)

The next step is to use the IVCI method to verify the in
vitro coagulation effect of CaAFC. Firstly, traditional
medical gauze (MG) will be used as the control sample, and
CaAFC will be used as the experimental sample. The two
samples were cut into squares with a side length of 1.0 cm.
The two samples were placed in the same beaker and soaked
in water at 37 °C for 5 minutes. Then, 5mL of sodium
citrate anticoagulant was mixed with 150 uL. of CaCl,
solution (0.1 mol). 100 uL of mixed blood was added to
beakers for incubation. After 5 minutes, 20 mL of deionized
water was injected into the beaker and the absorbance of the
superliquid was measured by spectrophotometry at
0.545 um using Shimazu UV-1900i double beam UV-
visible spectrophotometer. Then, 20 mL of deionized water
was injected into 100 mL of mixed blood, the absorbance
was calculated, and this absorbance was used as a reference
to calculate the in I\VVCI of the sample, as shown in Eq. 5.

BCI = > x100%
ﬂ ; ©)

where BCI is the in IVCI value of the sample; As is the
absorbance calculated when there is a sample present; Ay is
the absorbance calculated when there is no sample.

2.6.3. Antioxidant properties

The antioxidant activity of CaAFC was measured using
a free matrix external antioxidant experiment using 1,1-
Diphenyl-2-picrylhydrazyl (DPPH). Firstly, DPPH radicals
were mixed with ethanol solution to prepare 4 ml of 100 uM
DPPH ethanol solution. At a temperature of 20 °C, 20 mg of
CaAFC was taken and placed in for 1 hour of reaction.
Using the DPPH solution without sample placement as a
reference, the absorbance of the two solutions was measured
by spectrophotometry at 517 nm. The antioxidant properties
of the film were calculated by absorbance, and the specific
expression is Eq. 6.

RSA= A*/;A* «100% (6)

where RSA is the DPPH radical scavenging activity; Ac is
the absorbance of DPPH solution without sample
placement; A. is the absorbance of the DPPH ethanol
solution inserted into the sample.

2.7. Effect of CaAFC on cell growth activity

To test whether the equipped CaAFC is toxic to
humans, the CCK-8 method was used to detect the activity

of HaCaT under different conditions. HaCaT cells are
derived from the peripheral normal skin of a 62 year old
male with melanoma and are naturally transformed into
immortalized human keratinocytes after in-vitro culture.
The reagent kit used in the CCK method was purchased
from Tongren Chemical Research Institute in Japan, with
item number C0038. Firstly, the HaCaT cells would be
revived and the revived cells would be seeded onto a 96 well
plate. 3,000 cells were inoculated into each well and
incubated for 0.5 days at a temperature of 37 °C and a CO;
concentration of 5 %. Next, 2 g of CaAFC sample was taken
and disinfected by irradiating it with ultraviolet light for
4 hours. It was soaked in 20 mL of Dulbecco's modified
eagle medium (DMEM) containing various amino acids and
glucose for 2 days 10 % fetal bovine serum was added to
DMEM and cultured in a 37 °C, 5 % CO; incubator. The
next step was to extract the sample in DMEM medium and
add it to the incubated HaCaT cells for 3 days. Finally, F-
actin actin was used for staining and absorbance was
calculated. The absorbance of DMEM culture medium was
calculated without adding samples as a reference. The
relative growth rate (RGR) of cells could be calculated
based on absorbance to determine the effect of membrane
application on cell growth activity. The absorbance at a
wavelength of 450 nm was measured using a Multiskan GO
enzyme-linked immunosorbent assay reader purchased
from Thermo Fisher Scientific, and the relative cell growth
rate was calculated. The experiment was repeated three
times to eliminate accidental errors. The calculation method
for RGR is shown in Eq. 7.
_A
R=n (7)

Where R is the RGR; A: is the absorbance of the applied
film; As is the absorbance of DMEM culture medium
without sample addition [14].

3. RESULTS AND DISCUSSION

3.1. Morphological changes of membrane fibers
under different preparation ratios

To explore the various properties of CaAFC, the
experiment first analyzed its microstructure. Fig. 2 shows
SEM images of each stage of CaAFC. Fig. 2 a shows long
fibers coated with calcium alginate. Among them, calcium
alginate fibers (CAFs) are continuous and have uniform
thickness. Fig.2b shows the CAFs after exposure to
ultraviolet light. The fibers are interlaced and overlapped
with each other, and their arrangement presents a disordered
state. Fig. 2 ¢ and d show the coated fibers after vacuum
filtration. CaAFC exhibits specific directionality, which is
due to the influence of shear force on the fibers during
filtration, resulting in the arrangement of the filtered fibers
along the membrane.

Fig. 3 shows the morphological characteristics of
CaAFC under a fluorescence microscope. Fig. 3 a shows the
CAFs image. In a water absorbing state, the fibers are
smooth and full, and the outer surface is relatively smooth.
Fig. 3 b shows the short fibers cut with a blade. The fibers
overlap with each other and are arranged in disorder.
Fig. 3 c and d are fibers stained with fluorescence.



Fig. 2. SEM images of CaAFC: a— long fibers coated with calcium
alginate; b—CAFs after exposure to ultraviolet light;
¢, d—the coated fibers after vacuum filtration
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Fig. 3. Morphological ~ characteristics of CaAFC  under
fluorescence microscopy: a— CAFs; b —the short fibers cut
with a blade; ¢, d —fibers stained with fluorescence

The results presented under the fluorescence
microscope were similar to those of SEM images,
demonstrating the effectiveness of the designed CaAFC
preparation method.

3.2. Analysis of physical and chemical properties of
CaAFC

The experiment determines the physical and chemical
properties of the designed film by measuring its WAP.
Fig. 4 shows the results of MSSs with different ratios after
absorbing distilled water for 1 hour at room temperature. In
Fig. 4, when the ratio of the MSS is 1:2, its WAP is 21.5 g/g
after absorbing distilled water for 1 hour. When the
configuration ratio is 1:1, 2:1, and 3:1, after absorbing
distilled water for 1 hour, the WAP of the prepared film is
17.1 g/g, 13.6 g/g, and 6.7 g/g.
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Fig. 4. Water absorption performance (WAP) of CaAFC with
different MSS ratios

Therefore, with the increase of SA solution content,
WAP shows an upward trend. When the MSS ratio is 1:2,
the maximum WAP is 21.5 g/g. The above results indicate
that the higher the PEGDA content in MSS, the smaller the
WAP. This means that PEGDA can strengthen the
connection between the coated fibers, reduce the pores
between the fibers, and thereby reducing the water storage
capacity.

The experiment further verifies the physical and
chemical properties of the designed film by comparing the
porosity and breathability of CaAFC, traditional alginate
medical dressings (TAMD), and MG. Fig.5 shows the
comparison results.
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Fig. 5. Comparison of porosity and breathability of CaAFC,
TAMD, and MG: a—porosity; b —breathability

In Fig.5a, the porosity of CaAFC, TAMD, and
traditional MG is around 73 %, 10 %, and 82 %. The
porosity of CaAFC is between TAMD and traditional MG,



which proves its ability to absorb wound exudate well and
further proves its good water absorption ability. In Fig. 5 b,
the permeability of CaAFC, TAMD, and traditional MG is
approximately 93 g/m?-24 h, 28 g/m?-24 h, and
97 g/m2-24 h, respectively. The breathability of CaAFC is
still between the other two dressings, indicating that it can
promote oxygen exchange at the wound site and promote
wound healing.

3.3. Analysis of hemostatic performance of CaAFC

As demonstrated in Fig. 6, the experiment utilizes E.
coli as a control and calculates the antibacterial rate of
CaAFC against E. coli according to the established
antibacterial testing method.
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Fig. 6. Antibacterial rate of CaAFC against different bacteria

This calculation is then compared with the antibacterial
rate of S. aureus. As the cultivation time increases, the
antibacterial rate of CaAFC against E. coli and S. aureus
gradually increases. In Fig.6a, after cultivation is
completed, the designed film has an antibacterial rate of
about 97 % against E. coli. In Fig. 6 b, after cultivation, the
antibacterial rate of CaAFC against S. aureus is around
99 %. The above results demonstrate that CaAFC has good
antibacterial ability.

When verifying the coagulation effect of the designed
film through in IVCI, the higher the absorbance value, the
worse the coagulation effect. Fig. 7 shows the variation of
in-vitro coagulation indices of CaAFC, TAMD, and MG
over time. In Fig. 7, the IVCI of traditional MG, TAMD,
and CaAFC are 90.72 %, 51.82 %, and 35.56 %. The IVCI
of the designed film is significantly smaller than the other
two dressings, indicating that it can promote blood
coagulation and help stop bleeding.
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Fig. 7. IVCI of different dressings

Fig. 8 shows the changes in antioxidant indices of
CaAFC, TAMD, and MG over time. In Fig. 8, as the
reaction progresses, the antioxidant properties of different
excipients all increase.
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Fig. 8. Antioxidant activity of different dressings

After the reaction, the antioxidant activity of MG is
about 7 %, TAMD is about 29 %, and CaAFC is about
66 %. The antioxidant performance of CaAFC is
significantly higher than the other two dressings, indicating
that it can reduce cell damage and improve the speed of
wound recovery.

3.4. Analysis of the effect of CaAFC on cell activity

The experiment detects the effect of CaAFC on cell
activity by calculating the RGR and stress fiber staining
intensity (SFSI) of HaCaT cells, and compares them with



the two indicators of TAMD and MG. Fig. 9 shows the
comparison results.
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In Fig. 9 a, the RGRs of HaCaT cells under CaAFC,
TAMD, and MG are 1.52, 0.96, and 0.75, respectively. In
Fig. 9 b, the SFSI of HaCaT cells under three different
dressings is 1.31, 0.74, and 0.57, respectively. The RGR and
SFSI of HaCaT cells under CaAFC are higher than those of
other dressings, indicating that it can enhance cell activity
and prove its non-toxic effect on the human body.

3.5. Analysis of the recovery effect of CaAFC
combined with awakening period thermal
insulation nursing on TGAS patients

To verify the recovery effect of CaAFC combined with
thermal insulation nursing during the recovery period on
TGAS patients, this study conducted animal experiments on
mice. The experimental protocol has been approved by the
Animal Ethics Committee, with ethics approval number
JQ20240501. 24 male C57BL/6J mice aged 6 —8 weeks and
weighing 18-22 g were selected and anesthetized by
intraperitoneal injection of 10 % chloral hydrate solution
before the experiment. The skin was shaved and prepared in
the center of the mouse's back, disinfected with 75 %
alcohol. A sterile circular biopsy puncture device was used
to remove the entire layer of skin in the center of the shaved
and disinfected back, forming a circular wound with a
diameter of 6 mm. The depth of the wound reached the
dermis layer, but did not harm the muscles. The entire
wound was covered with CaAFC, TAMD, and MG
separately, replacing every 2 days. Before using dressings,
the wound was carefully cleaned. At the same time, a blank
control group was set up, which was the control group
without using any dressings. The mice were placed in a

constant temperature and ventilated insulated box. The
entire experiment followed the principle of sterile operation.
The size of mouse wounds under different dressings was
measured on the 5™, 10", and 15" day of the experiment,
and compared with the initial size. Fig. 10 shows the degree
of wound healing in mice.

100,
90
80)
7
60}

o

0,

@ Preparation of applied film

B Traditional dressings
4

S

A Traditional medical gauze

Wound healing rate .

(%)

L

10

Day 5 Day 10 Day 15
Experimental days

Fig. 10. Healing degree of mouse wounds under different
dressings

According to Fig. 10, at the 15" day of the experiment,
the wound healing rate of mice treated with CaAFC was
96.3 %, the blank control group was 58.1 %, the MG group
was 69.4 %, and the TAMD group was 74.8 %. The wound
healing rate of mice treated with CaAFC was significantly
higher than that of mice treated with other dressings,
proving that CaAFC can shorten the recovery time of
patients and demonstrate its applicability in postoperative
recovery under TGAS.

3.6. Discussion

This study demonstrated the potential of a novel CaAFC
film, fabricated using MFST, combined with thermal
management, to enhance wound healing after TGAS. The
CaAFC film exhibited favorable physical and chemical
properties, including high water vapor permeability,
porosity, and water absorption, which are essential for
creating a moist wound environment conducive to healing.
High water vapor permeability ensures oxygen exchange at
the wound site, while porosity and water absorption enable
the dressing to effectively absorb wound exudate,
preventing the wound from becoming too dry or too wet,
thereby providing a favorable microenvironment for wound
healing. The incorporation of PEGDA into the CaAFC film
at an optimized SA:PEGDA ratio of 1:2 enhanced its water
absorption capacity.

The CaAFC film also demonstrated significant
antibacterial activity against E. coli and S. aureus, two
common pathogens associated with wound infections. This
antibacterial effect may be attributed to the presence of Ca?*
ions, which can disrupt bacterial cell membranes [15]. The
improved in vitro coagulation observed with CaAFC is
likely due to the release of Ca?* ions, which play a crucial
role in the coagulation cascade [16]. Furthermore, the high
antioxidant activity of CaAFC may contribute to wound
healing by reducing oxidative stress and promoting cell
proliferation [17]. These in vitro findings are consistent with
previous studies demonstrating the beneficial effects of
alginate-based materials on wound healing
[8-10, 15, 16, 18].

The in vitro cell culture experiments demonstrated that
CaAFC extracts promoted HaCaT cell proliferation and
stress fiber formation, indicating good biocompatibility and



the potential to stimulate cellular activity at the wound site.
This is consistent with the known biocompatibility of
alginate [8, 9].

The in vivo results further confirmed the efficacy of
CaAFC in promoting wound healing. Mice treated with
CaAFC and receiving thermal insulation exhibited
significantly accelerated wound closure compared to those
treated with TAMD, MG, or no dressing. Thermal
management likely contributed to improved healing by
promoting blood flow, reducing inflammation, and
optimizing cellular activity.

This study has some limitations. The in vivo
experiments were conducted on a relatively small number
of animals, and only one type of wound (full-thickness
excisional wound) was investigated. Further studies are
needed to evaluate the efficacy of CaAFC in different
wound types and larger animal models. Additionally, the
long-term effects of CaAFC on wound healing and scar
formation were not assessed. Only the environmental
temperature control during the awakening period was
studied. In the future, the influence of vital signs such as
heart rate and blood pressure of patients during the
awakening period on postoperative recovery will be further
explored, or the role of respiratory function monitoring
indicators such as respiratory rate and blood oxygen
saturation of patients during the awakening period on
wound healing, in order to optimize the perioperative
management plan more precisely and provide support for
clinical treatment.

4. CONCLUSIONS

At present, thoracoscopic surgery is a common surgical
method, and the recovery effect of patients after surgery is
affected by various factors. To explore the application effect
of alginate-based film application combined with
awakening care in TGAS patients, this study prepared a
CaAFC using MFST. Its various properties were tested and
compared with other commonly used medical dressings.
Meanwhile, the recovery effect of the designed dressing
combined with awakening care in TGAS patients was
simulated through animal experiments. The results showed
that the air permeability of CaAFC was 93 g/m?-24 h, and
the water absorption rate was 21.5 g/g. The result indicated
that the material exhibited favorable air permeability and
water absorption properties, which can facilitate the
establishment of a moist wound environment, thereby
promoting wound healing. The antibacterial rates of CaAFC
against E. coli and S. aureus reached 97 % and 99 %,
respectively, significantly higher than those of TAMDs and
MG, indicating its effectiveness in reducing the risk of
postoperative infection. When utilizing CaAFC, the RGR of
HaCaT cells was 1.52, and the SFSI was 1.31, both of which
were higher than the other two dressings. This finding
indicated that CaAFC was non-toxic to cells and could
significantly improve cell activity, promoting wound
healing. CaAFC has good biocompatibility and can bind
well with tissues without causing adverse immune reactions.
In animal experiments, the wound healing rate of mice using
CaAFC on the 15" day after surgery was 96.3 %,
significantly higher than that of mice using TAMDs and
MG, indicating that CaAFC can significantly promote

wound healing and shorten the recovery time of patients.
Although the research results showed a significant effect of
CaAFC in the recovery of patients undergoing TGAS, its
effectiveness in different types of wounds has not been
experimentally tested. In future research, the experimental
scope will be expanded to evaluate its application
effectiveness in different wound types, aiming to ensure the
universality and clinical effectiveness of CaAFC.

Ethical Compliance

This experiment involves animals, and animal
experiments were conducted in accordance with the
guidelines and approved by the Animal Ethics Committee
of Jishou Qingyuan Biotechnology Co., Ltd. (Approval
Number: JQ20240501).
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