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Abstract: Background: Postoperative wound sealing and localized drug delivery are critical needs in
nasopharyngeal carcinoma (NPC) management. Natural polysaccharide-based films offer a biocompat-
ible platform for addressing these challenges. Methods. A composite film was prepared by Schiff base
crosslinking of chitosan and oxidized pullulan. The film was characterized by FTIR, and its adhesion,
drug release, cytocompatibility, and effects on cell migration were evaluated using in vitro assays.
Results: The composite film exhibited a distinct C=N peak in FTIR spectra and significantly enhanced
wet adhesion (55 kPa) compared to individual components. Cisplatin-loaded films showed sustained
release over 72 h and reduced the viability of CNE-2 cellsto 28%. The drug-free film was non-cytotoxic.
Extracts from the composite film promoted nasopharyngeal epithelial cell migration, as shown by RTCA
assay. Conclusion: This study explored the in vitro characteristics of a chitosan/oxidized pullulan film
and evaluated its basic biological performance at the cellular level capable of localized drug release
and supporting cell-level healing responses. Further validation in more complex models is warranted.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor originating from thesggitiming of the
nasopharynx, with a high incidence in Southeast Asia and southern Chirgica resection, often
combined with radiotherapy and chemotherapy, remains a key component of tredtpemtqwever,
postoperative tissue injury, risk of tumor recurrence, and challenges in localeliugry complicate the
recovery processi[4]. Developing biomaterials that integrate wound sealing and localized drugdeli
functions has attracted growing research interest, particularly at the preclinical expyldests [>—7].

Chitosan is a natural polysaccharide known for its biocompatibilitydégoadability, and moderate
bioadhesive properties. Oxidized polysaccharides, such as oxidized pullulamtrcaiuce aldehyde
groups capable of forming dynamic covalent bonds with amino-functional matdfiall. When
crosslinked via Schiff base chemistry, these components can form stable, bigadiiless with
potential utility in wound management and localized therdpy. [While previous studies have reported
on the material properties of such systems, their specific influence on celluribetr+—such as cancer
cell inhibition and epithelial cell migration—has been less systematicallpesgb[11,17].

In this study, we focused on the early-stage evaluation of a chitosardedigiullulan composite
film from a cellular perspective. Rather than pursuing comprehensive/o assessments, we aimed
to clarify how this material interacts with two key cell types: nasopharyngeal careircsits and
epithelial cells involved in wound repair. By combining basic chemical characteneatith drug
release, cytotoxicity, and migration assays, our goal was to assess whetfign tbers functional
support for localized cisplatin delivery while maintaining cytocompatipand potentially facilitating
epithelial regeneration. Though preliminary, this cell-centered investigationide® foundational
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insight into the dual biological performance of the material and lays the dwank for more complex
future evaluations.

2. Methods

Chitosan (medium molecular weight, deacetylation degre85%) and pullulan were purchased
from commercial suppliers. Sodium periodate, cisplatin, and other analytical-gradgsteagre used
as received. Oxidized pullulan was prepared by reacting pullulan with sodium perigdatar ratio
1:1.5) in the dark atC for 12 h, followed by dialysis and freeze-drying.

2.1. Preparation of composite film

Chitosan was dissolved in 1% acetic acid (2% wi/v), and oxidized pullulan waslded in deionized
water (2% wi/v). Equal volumes of the two solutions were mixed and cast kio dishes, allowing
Schiff base crosslinking to occur at room temperature for 24 h. Films were therutded vacuum and
stored for further testing.

2.2. FTIR spectroscopy

Dried samples of chitosan, oxidized pullulan, and the composite film wenengraith KBr and
pressed into pellets. FTIR spectra were recorded using a spectrometer in the ran@g@-&000cm’ at
aresolution of 4 cmt. All spectra were normalized to their respective maximum absorbance to facilitate
peak comparison.

2.3. Lap-shear adhesion test

Fresh sausage casing was cut into strips (2«tm) and used as a moist biological substrate. Each
film sample was placed between two overlapping casing strips {louerlap area). The assembly was
pressed and left for 10 min under light pressure. Lap-shear tests were conductelwsireysal testing
machine at a speed of 5 mm/min. Maximum shear stress before failure was recorde@phoates
were tested for each group.

2.4. In vitro drug release study

The release samples were subsequently re-analyzed by inductively coupled plasrapautiese-
try (ICP-MS) to quantify platinum content. The ICP-MS data confirmed the sammrmalbvelease trend
with improved accuracy, and these updated results are presenteduire 1. At each predetermined
time point (1, 4, 8, 12, 24, 48, and 72 h), 1 mL of PBS release medium waectaal and diluted as
needed. The Pt concentratio@,(in wg/mL) was determined using an external standard calibration
method. Since each cisplatin molecule contains one Pt atom, the measuredeRt e@st converted to
the equivalent mass of cisplatin using the molecular weight ratio (cispRtir 300.05:195.08). The
cumulative release percentage at each time point was calculated using the follommdpto

C..V 300.05

Release Rate%) — M195-08 x 100%
0

whereV is the volume of the release medium (5 mL), aviglis the total initial amount of cisplatin
loaded in each sample. All measurements were performed in triplicate.

2.5. Cdll viability assay

Nasopharyngeal carcinoma CNE-2 cells were seeded in 96-well plates at a density c& B0L2II.
After 24 h, the medium was replaced with film extract solutions (prepared by soaking of film in
1 mL serum-free medium for 24 h). Groups included control (no treatment), free cisplatigVifi.),
drug-free composite film extract, and cisplatin-loaded film extract. The contralpgronsisted of cells
cultured in complete medium without any exposure to drug, film extractebrcle. This group was
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used to establish baseline cell viability for comparison with treated groupsr. #48 h incubation, cell
viability was measured using the CCK-8 assay, and absorbance at 450 nm was rgadragiroplate
reader. The “drug-free composite film” group was prepared under the same Schiff badieldrass
conditions as the cisplatin-loaded film, using chitosan and oxidizedilpallwithout cisplatin. This
group was included specifically to evaluate the cytocompatibility of thestimked matrix and its
degradation products alone.
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Figure 1. Cumulative release profile of cisplatin from the composite film over 72 hgDelease was
measured in PBS at 3C, with results expressed as mearstandard deviation (& 3)

2.6. Real-time cell migration assay

Human nasopharyngeal epithelial NP69 cells were seeded in CIM-plate 16 insertsL{gEfdte
RTCA system) at 2 10 cells/well in serum-free medium. The lower chamber contained film extract
diluted 1:1 with complete medium as a chemoattractant. Cell index (Cl) was recareigdl® min for
48 h. Groups included control, oxidized pullulan extract, chitosan extradtcamposite film extract.
Final Cl values and curve slopes were used to evaluate migration behavior.

Statistical analysis was performed using one-way analysis of variance (ANOVAWwedldy
Tukey’s post hoc test to assess differences between groups. All data are preseneath#sstandard
deviation (n= 3). A p-value less than 0.05 was considered statistically significant. The folgpwin
notation was used to indicate significance levgls: 0.05 (*), p < 0.01 (**), andp < 0.001 (***).

All statistical analyses were performed using GraphPad Prism 9.0 (GraphPad Softwai2ie§an
CA, USA).

3. Reaults

As shown in , a schematic diagram was constructed to illustrate the formation and
application of the chitosan/oxidized pullulan composite adhesive fillre molecular structure of
chitosan highlights the presence of amino groups, which react with the alelejrpups in oxidized
pullulan to form Schiff base (€N) linkages, resulting in a chemically crosslinked network. This
network is depicted as a film structure capable of adhering to moist tissue suifaeegure further
demonstrates the application of the film to the postoperative site ophasgngeal carcinoma, where
it serves a dual function—sealing the wound and delivering cisplatin loClly.schematic indicates
that the drug-loaded film remains situ and gradually releases cisplatin over time to achieve localized
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chemotherapy. This figure supports the design rationale for a multifuratttamadhesive film with both
mechanical sealing and therapeutic delivery capabilities.
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Figure 2. Schematic illustration of the chitosan/oxidized pullulan composita fibr postoperative
wound sealing and localized cisplatin delivery in nasopharyngeal carcinoma. The gnoups in
chitosan react with aldehyde groups in oxidized pullulan via Schiff base fasm@i=N), generating a
bioadhesive film. The film adheres to the nasopharyngeal surgical site, ses/agepot for sustained
cisplatin release to inhibit tumor recurrence while simultaneously sealegyaolind

As shown in ; the FTIR spectra of chitosan, oxidized pullulan, and the composite féne w
normalized to enable clearer comparison of key functional group peaks. The broadtiabsbgnd
around 3400 cmt, attributed to O—H and N-H stretching, appeared in all three samples with slight
intensity variation. Oxidized pullulan exhibited a prominert@ peak near 1720 crh, while chitosan
showed a characteristic amide | band around 1650 cNotably, the composite film displayed a distinct
new peak centered at approximately 1630 tnwhich is not present in either raw material alone. This
peak is assigned to the£I\ imine bond formed via Schiff base reaction, indicating successful chemical
crosslinking between the amine groups of chitosan and the aldehyde grbupsdized pullulan.

The normalized spectra clearly highlight this structural transformation, valgléttie formation of the
designed bioadhesive network.

As shown in . the lap-shear adhesion strengths of the three film types were quantitatively
compared on wet sausage casing, simulating a mucosal surface. Chitosan anedopadiulan films
exhibited moderate adhesion values of approximately 45 and 30 kPa, respedtivebntrast, the
chitosan/oxidized pullulan composite film demonstrated a markedly higiesazh strength of 55 kPa.
The data are presented as meastandard deviation, with the composite group showing a statistically
significant increase in bonding performance. The inset schematic illustratesticemnfiguration, where
the film was sandwiched between two pieces of sausage casing and subjectededdedsily. These
results indicate that the Schiff base crosslinking structure formed betweesah@nd oxidized pullulan
substantially improves the cohesive and adhesive properties of the mateleahvuet conditions.
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Figure 3. Normalized FTIR spectra of chitosan, oxidized pullulan, and the chitosatizexi pullulan
composite film. Key absorption bands corresponding to O—H/N-H strejcfi8400 cm'), C—H
stretching (~2920 cm), C=0 stretching (~1720 cm), and G=N imine bond (~1630 cmt) are
highlighted. Data were normalized to emphasize spectral differences between materials
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Figure 4. Lap-shear adhesion strength of chitosan, oxidized pullulan, and compbsitadiasured on
wet sausage casing substrate. The composite film exhibited significatidyhead adhesion compared
to the individual components. Inset: schematic of the lap-shear test catigup < 0.01 (**), and

p < 0.001 (***)

As shown inFigure 1, ICP-MS analysis revealed a time-dependent cumulative release of cisplatin
from the composite film. The release rate increased from 8.1% at 1 h to approxima@¥y 6824 h,
and reached 84.3% at 72 h. The release profile exhibited a biphasic pattern, withahiburst phase
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followed by a more gradual sustained release. Error bars represent standard deviaticinglicate
measurements and indicate good reproducibility across all time points. As1$hé , treatment
with free cisplatin and the cisplatin-loaded composite film extract signifigaetduced the viability
of CNE-2 cells compared to the control. The free cisplatin group resulted in appately 42% cell
viability, while the composite film loaded with cisplatin showed es&onger inhibitory effect, reducing
viability to around 28%. In contrast, the drug-free composite film had minaytattoxicity, maintaining
viability above 85%, comparable to the untreated control group. These rdsaitanstrate that the film
matrix itself is biocompatible, while the incorporation of cisplatin resais cytotoxic activity against
cancer cells. The lower viability observed with the cisplatin-loaded film satgsustained and possibly
enhanced local delivery compared to free drug exposure.
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Figure 5. Cell viability of nasopharyngeal carcinoma cells (CNE-2) after treatment with freeatispl
drug-free composite film extract, and cisplatin-loaded composite film extract 8oh.4Data are
expressed as meanstandard deviation (& 3).p < 0.001 (***)

As shown in ; the real-time cell migration profiles revealed significant differences among
treatment groups. The control group displayed a slow and steady increase indeallaver 48 h.
Oxidized pullulan extract modestly enhanced migration compared to controk whitosan extract
showed a greater effect. Notably, the composite film extract led to a pronounced ecreadl index,
with the steepest slope and highest final value, indicating the strongesbpon of cell migration.
These results suggest that the combined material synergistically enhancesadmétl motility, likely
due to its favorable biochemical composition and microenvironmental suppee RTCA curves
provide dynamic and quantitative evidence for the migration-promoting edfébe composite system.

4. Discussion
As shown in , the chitosan/oxidized pullulan film system integrates molecular-level

crosslinking and functional therapeutic delivery into a single platform fatquerative management
of nasopharyngeal carcinoma. The Schiff base formation between chitosan and oxidizeanp
enhances the film’s adhesiveness, especially under moist conditions typratapharyngeal tissue,
which is critical for stable fixation on surgical wounds. This adhesive @ntyp combined with
the biocompatibility of natural polysaccharides, enables the film to serve as aniveffecund
dressing 13]. Furthermore, the figure provides sustained release overid&itro, which may support
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localized drug exposure. Further studies are needed to evaluate long-term release &ntksystemic
distribution [L4]. Overall, the schematic iR highlights the multifunctionality of the designed
film and justifies its use as a dual-action material combining wound protewitbrsustained anti-cancer
therapy [L5].
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Figure 6. Real-time cell migration curves of nasopharyngeal epithelial cells (NP69) over d&he i
presence of different material extracts, measured by impedance-based RTCA assay. Thae@imposi
group showed the highest cell index, indicating enhanced migratory activity

As shownin ; FTIR analysis confirms the formation of a Schiff base linkage in the cortgosi
film through the emergence of a characteristie\C stretching band at ~1630 ctn This spectral
change is not evident in the individual chitosan or oxidized pullufg@tta, supporting the hypothesis
that crosslinking occurs specifically during film formationd]. Normalization of the FTIR data was
applied to better distinguish overlapping peaks and emphasize critical differeratesniical structure.
The reduction in &0 peak intensity in the composite compared to oxidized pullulan furtheresigg
aldehyde consumption during the reaction. These findings provide dirdecular evidence for the
covalent interaction between the two polysaccharides and validate the structwsalftineicomposite’s
adhesive properties [,19].

As shown in | the enhanced lap-shear adhesion of the composite film can be attributed to the
synergistic effect of covalent crosslinking and interfacial compatibility. M/thitosan provides intrinsic
film-forming and bioadhesive properties, its interaction with oxidized patiuthrough Schiff base
chemistry generates a denser and more cohesive network. The wet adhesion tesi@a Gasiag was
used as a simplified model to mimic a moist biological interface under atdimkd conditions. While it
provides initial insight into the material’s adhesive potential in weiremments, we acknowledge that
it does not replicate the structural or biochemical complexity of nasal or ppeaymucosa. Therefore,
further validation using animal mucosal tissue or biomimetic substratasdessary to assess clinical
relevance more accurately. The composite film’s superior adhesion performancetstiggiethe imine
bond formation not only enhances mechanical strength but also promotes betfaciat bonding with
biological substrates. These findings support the potential of thisrmabts a robust wound sealing
platform for postoperative use in hasopharyngeal carcindma().

The ICP-MS-based drug release profile showri-ip confirms that the composite film can
provide prolonged cisplatin release over 72 h. Compared with preliminary $\Hafa, the ICP-MS
quantification offers improved accuracy and reliability, especially at lower concensalibe observed
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biphasic pattern likely results from rapid diffusion of surface-associated drugieaHly phase and
matrix-controlled release thereafter. This sustained release behavior is consigteheviormation of

a hydrated, crosslinked polymer network via Schiff base chemistry, whiclslidnug mobility. The

relatively small standard deviations further support the reproducibility énudtaral stability of the

release system, validating its suitability for localized chemotherapeuticcdglix1].

As shown in ; the composite film exhibits dual functionality, with excellent biogmatibility
and effective antitumor activity upon cisplatin loadirig.[The high cell viability in the drug-free film
group confirms that the chitosan/oxidized pullulan matrix is non-toxiaasopharyngeal carcinoma
cells, making it suitable as a biomedical materia¥][ The significant reduction in viability in the
cisplatin-loaded film group indicates that the released drug retains its bioadivi is efficiently
delivered to cells. Notably, the lower viability observed in the compdite group compared to
the free drug group suggests that sustained release may enhance drug accumulatioiongr p
cytotoxic exposure. These results support the potential of the fistesyfor localized chemotherapeutic
applications following surgical resectiond,24).

As shown in ; the composite film significantly enhanced the migration of nasopharyngeal
epithelial cells in a time-dependent manner, outperforming both individuapooent extracts and
the control. The cisplatin concentration in the extract solution used forasshys was not directly
quantified, which limits the comparability to the free cisplatin group treatediaed concentration. As
a result, cytotoxicity data should be interpreted qualitatively rather tharnlase-controlled comparison.
The impedance-based RTCA platform allowed real-time monitoring of migratory mehaithout
labeling, providing sensitive detection of subtle differences. The obseneegaise in cell index in the
composite group suggests that the chitosan/oxidized pullulan matronhomaintains biocompatibility
but actively promotes cell movement. This may be attributed to the hydratgchpohetwork, Schiff
base crosslinking, and moderate degradation byproducts that support celitilaty [25]. These
findings suggest that the composite film extract may stimulate epitleliahigrationin vitro. However,
whether this effect translates into a beneficial wound healing response requires fovestigiation.

It remains necessary to evaluate the influence of degradation products on inflajnsigtmling and
long-term epithelial behavior in more comprehensive biological modéls [

5. Conclusion

In this study, a chitosan/oxidized pullulan composite film was dewsothrough Schiff base
crosslinking, and its potential for postoperative application in nasophast carcinoma was prelimi-
narily evaluated. The film demonstrated satisfactory wet adhesion strengidfinedscisplatin release
behavior, good cytocompatibility, and moderate inhibitory effects onptemyngeal carcinoma cells.
In addition, extract-based assays indicated a potential for promoting epitb@liahigrationin vitro.
These findings suggest that the composite film shows potential as dwhediion material for localized
drug delivery and wound sealing at the vitro level. However, the current study does not include
in vivo validation. Further work involving mucosal adhesion models, animalietu@nd long-term
biocompatibility assessments is needed before considering any clinical applicktiture studies
may also explore formulation optimization and integration with other thearap agents to broaden
its applicability.
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