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ABSTRACT

Aims: The local and systemic effects of an elderberry-enriched carboxymethyl chitosan (CMCht-E) gel formulation were
evaluated in an experimental rat gingival defect model.

Methods: Twenty-one male Wistar rats were randomly assigned to three experimental groups, including a sham group, a
CMCht gel group, and a CMCht-E gel group, with seven animals in each group. Standardized gingival defects measuring 3
mm in diameter were surgically created in the mandibular incisor region. Sham defects were irrigated with normal saline only,
whereas experimental defects were treated with CMCht or CMCht-E gel. Local tissue responses were evaluated by macroscopic
and histological analyses, and systemic effects were assessed using hematological and serum biochemical parameters.

Results: Histological analysis revealed a significant intergroup difference in epithelial thickness (p<0.001) and inflammatory cell
infiltration (p=0.024). Neutrophil-rich inflammatory infiltrates were predominantly observed in the CMCht group, whereas no
inflammatory cells were detected in the CMCht-E group. No significant intergroup differences were found in fibroblast density,
vascularization, or collagen fiber distribution (p>0.05). Hematological and biochemical parameters showed no significant
intergroup differences (p>0.05).

Conclusion: The elderberry-enriched CMCht gel showed favorable histological healing without inflammatory infiltration or
systemic adverse effects, supporting its potential as a locally well-tolerated topical biomaterial with anti-inflammatory properties
for gingival wound applications.
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INTRODUCTION

Oral soft tissue wound healing is a complex and dynamic
biological process that is continuously challenged by
mechanical forces, high microbial load, and enzymatic activity
in saliva, particularly following periodontal and mucogingival
surgical procedures.' These factors may delay epithelialization
and adversely affect connective tissue remodeling, potentially
compromising clinical outcomes after interventions such as
gingivectomy, free gingival grafting, and connective tissue
grafting.” Although currently available topical formulations
support surgical site protection and postoperative comfort,
their ability to actively modulate the biological regulation
of oral soft tissue healing remains relatively limited.” In
this context, earlier in vivo investigations in oral wound
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management have predominantly focused on biocompatibility
and the design of therapeutic approaches with minimal
inflammatory or allergic potential, underscoring the relevance
of locally well-tolerated biomaterial-based strategies.”

Biomaterial-based strategies have gained increasing attention
for oral wound management due to their ability to maintain a
moist wound environment, modulate inflammatory responses,
and support cellular activities involved in tissue repair.’
Among these biomaterials, chitosan and its derivatives have
been extensively investigated owing to their biocompatibility,
biodegradability, antimicrobial properties, and potential
to promote fibroblast migration and collagen synthesis.
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However, the clinical application of native chitosan is
limited by its poor solubility and pH-dependent behavior,
prompting the development of modified derivatives, such as
carboxymethyl chitosan (CMCht), which exhibit improved
water solubility, hydrogel-forming capacity, and enhanced
biological performance.”®

The incorporation of plant-derived bioactive compounds into
chitosan-based biomaterials has gained increasing attention
as a strategy to enhance their biological and functional
properties.” By reducing oxidative stress through reactive
oxygen species (ROS) scavenging and modulating pro-
inflammatorysignaling pathways, including NF-kB-mediated
cytokine expression, elderberry-derived bioactive compounds
may support the transition from the inflammatory to the
proliferative phase of wound healing."” These compounds
have also been associated with enhanced fibroblast activity,
extracellular matrix deposition, and mild antimicrobial
effects, which may be advantageous in the microbially complex
oral environment."" Taken together, these reported properties
provide a biological basis for exploring the incorporation of
elderberry-derived bioactive compounds into biomaterial-
based wound dressings to potentially enhance gingival tissue
repair.

Previous in vitro and in vivo studies have demonstrated
the favorable biocompatibility and biological performance
of elderberry-enriched CMCht-based biomaterials.'>"
However, despite these promising findings, in vivo evidence
specifically addressing the local tolerance and systemic
safety of elderberry-enriched CMCht gel formulations in
gingival wound environments remains limited. The present
study provides additional in vivo data by evaluating the
postoperative local tissue response through macroscopic
irritation scoring, histological assessment, and hematological
and serum biochemical analyses in an experimental gingival
defect model. To our knowledge, this represents the firstin vivo
evaluation of an elderberry-enriched CMCht gel formulation
in gingival tissue, assessing both local and systemic tolerance.

METHODS

Ethics

This experimental study was conducted at the Dokuz Eyliil
University Experimental Animal Researches Laboratory,
where all surgical procedures, postoperative follow-up,
and daily animal monitoring were performed. The study
protocol was approved by the Dokuz Eyliil University Animal
Experiments Local Ethics Committee (Date: 05.11.2025,
Decision No: 34/2025). All procedures were conducted in
accordance with the ARRIVE guidelines and the national/
international guidelines for the care and use of laboratory
animals.

Preparation of Elderberry-Enriched Carboxymethyl
Chitosan Gel

A 2.5% (w/v) solution of CMCht (O-carboxymethylated
chitosan, 90% deacetylation, Santa Cruz Biotechnology,
USA, 358091) and 0.04 g of Poly(ethylene glycol) diglycidyl
ether (PEGDE) (Sigma-Aldrich, USA, 475696, Mn=500) were
dissolved in 5 ml of distilled water containing elderberry
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extract at a concentration of 0.05 mg/ml. Elderberry extract
powder (100 g; 100% natural) was purchased from NatureHerb
Store, China. The mixture was magnetically stirred for 1 h
at room temperature to ensure homogeneity and then left
at 21 °C to initiate gelation. After approximately 24 h, the
hydrogel reached the desired consistency. The formed gel
was subsequently washed three times with 5 ml of the same
elderberry extract solution (0.05 mg/ml) over a total period of
90 min to remove unreacted PEGDE while maintaining the
elderberry concentration within the gel at 0.05 mg/ml. After
washing, the excess solution was decanted, and the purified
hydrogels were stored under refrigerated conditions until
use. A control gel without elderberry extract (CMCht) was
prepared using the same protocol.

Gel Characterization

Water content: For the determination of water content,
three samples from each hydrogel group (with and without
elderberry extract) were weighed to a known initial mass and
freeze-dried at -25 °C under 0.1 mbar for 48 hours. After
freeze-drying, the samples' dry weights were measured, and
the water content (%) was calculated as the difference between
the initial and final weights.

ATR-FTIR analysis: Chemical characterization of the
lyophilized hydrogels was performed using Attenuated
Total Reflectance-Fourier Transform Infrared (ATR-FTIR)
spectroscopy in the wavenumber range of 4000-550 cm-1
with a resolution of 4 cm-1 and 25 scans per sample.

Microenvironmental pH evaluation: The
microenvironmental pH of the hydrogel formulations was
evaluated to determine the pH conditions generated by the
gels after immersion, as dressing gel pH is an important
parameter in wound healing. Briefly, 5 g of each hydrogel
(CMCht and CMCht-E) was immersed in 20 ml of phosphate-
buffered saline (PBS). The samples were incubated at room
temperature, and the pH of the soaking solution was measured
using a digital pH meter at 1 hour, 72 hours, and 7 days.** The
measurements were performed under identical conditions for
both formulations, and the obtained values were used to assess
the microenvironmental pH created by the hydrogels over
time. The pH meter was calibrated before each measurement.

Gel Sterilization

The gels for the experimental and control groups were
prepared in the Pathology Laboratory of the Department of
Basic Oncology, Faculty of Medicine, Dokuz Eyliil University,
under a class II biosafety cabinet, and sterilized using UV-C
irradiation for 1 hour.

In Vitro Cytotoxicity Assessment (MTT Assay)

In vitro cytotoxicity of the CMCht and elderberry-enriched
CMCht (CMCht-E) gels was evaluated using the MTT assay
in accordance with ISO 10993-5: Biological Evaluation of
Medical Devices-Tests for In Vitro Cytotoxicity guidelines.
The analysis was performed at the Ege University Central
Researches and Test Laboratory (EGE MATAL, [zmir,
Turkiye).
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Fibroblast cells were seeded in 96-well plates and allowed
to attach for 24 h. Material extracts were prepared under
standardized conditions and applied to the cells for an
additional 24 h. Subsequently, MTT solution was added and
the plates were incubated for a further 4 h. The resulting
formazan crystals were dissolved, and absorbance was
measured at 570 nm using a microplate reader. Cell viability
was calculated as a percentage relative to untreated control
cells. A viability value above 70% was considered indicative
of non-cytotoxic behavior. The results confirmed that both
CMCht and CMCht-E gel formulations were non-cytotoxic
(Test No: EGE-MAT-BIO-24-05).

Animals and Experimental Conditions

A total of 21 eight-week-old male Wistar albino rats, weighing
280-300 g, were included in the study. A group size of 7
animals was selected based on feasibility considerations and
to be consistent with previous in vivo biomaterial studies
using comparable designs."

Animals were housed under standard laboratory conditions
(2242 °C, 12-h light/dark cycle) and were fed a standard
pellet diet with ad libitum access to water throughout the
experimental period. Animals were observed daily to assess
their general health status, feeding behavior, and wound
condition.

Experimental Gingival Defect Model

After acclimatization, standardized gingival defects were
created under general anesthesia induced by ketamine (50
mg/kg) and xylazine (10 mg/kg). A full-thickness gingival
defect was produced in the mandibular anterior region using
a sterile, single-use biopsy punch (3 mm in diameter) under
aseptic conditions. Care was taken to avoid injury to the
underlying alveolar bone.

Sample size was calculated using G*Power 3.1.9 (a = 0.05,
power = 80%, Cohen’s d = 2), which indicated a minimum of 6
animals per group. Considering potential attrition, the study
was conducted with seven rats per group. Immediately after
defect creation, the assigned treatment was applied topically
according to group allocation. Animals were randomly
divided into three groups:

Sham group (n=7): gingival defect+normal saline (0.9%
sodium chloride solution)

Control group (n=7): gingival defect+CMCht gel

CMCht-E group (n=7): gingival defect+elderberry-enriched
CMCht gel

The sterile gel was loaded into a 1-mL insulin syringe and
applied to the wound surface in approximately 0.02 ml,
sufficient to completely cover the defect (Figure 1). To ensure
standardized exposure of the gingival defect to the applied
material and to minimize premature removal or ingestion
of the gel, topical applications were performed twice daily,
with a 6-hour interval between applications. Following each
gel application, food and water were withheld for 30 minutes,
after which ad libitum feeding was resumed.
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Figure 1. Topical gel application in the rat model

For postoperative pain management, xylazine (5 mg/kg) was
administered by a veterinarian (O.Y.) as an analgesic during
the first three days following surgery. Thereafter, paracetamol
was added to the drinking water until completion of the one-
week postoperative period. No systemic antibiotics or local
antiseptic agents were administered following the surgical
procedure.

Food and water consumption were recorded daily at
baseline (preoperatively), on postoperative days 1-5, and on
postoperative day 14 (sacrifice day).

Macroscopic Evaluation and Local Irritation Index

All surgical procedures were performed by a periodontist
(B.C.U.S.) under standardized conditions. Macroscopic
evaluation of the surgical sites was performed on postoperative
days 1, 3, 6, 9, and 12. Clinical macroscopic scoring was
conducted by a veterinary specialist (O.Y.) under blinded
group allocation. Subsequently, the same examiner performed
a second assessment using anonymized digital images. Final
macroscopic indices were calculated as the mean of the
clinical and photographic scores to enhance intra-observer
consistency. Local tissue reactions were assessed based on
erythema and gingival edema, each scored on a 0-4 scale."”

Thelocalirritation index was calculated asthe sum of erythema
and edema scores, yielding a total score ranging from 0 to 8,
where higher scores indicate greater local irritation. Irritation
severity was interpreted as follows: 0=no irritation; 1-2=very
slight; 3—-4=slight; 5-6=moderate; and 7-8=severe irritation.

Oral Cavity pH Measurement in Rats

To assess oral cavity pH in rats, pH was measured in two
randomly selected animals per group using pH indicator
strips (Macherey-Nagel pH-Fix 0-14 strips; Macherey-Nagel,
Diiren, Germany). The pH indicator strips were gently placed
in the diastema region behind the incisors for approximately
10 seconds, with the strips in contact with the buccal gingival
and mucosal surfaces. The color change was then evaluated
according to the manufacturer’s reference scale. Measurements
were performed on postoperative days 6 and 12.
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During the local irritation index assessment, macroscopic
evaluation, and pH measurement procedures, the rats
were gently restrained as shown in Figure 2, with their lips
retracted using a cotton pellet.

Figure 2. Experimental setup for macroscopic evaluation, and oral pH
measurement

Blood Collection and Systemic Evaluation

Fourteen days after surgery, the animals were anesthetized
with an intraperitoneal injection of ketamine (45 mg/kg) and
xylazine (10 mg/kg). Following induction of light anesthesia,
the abdominal cavity was opened, and the caudal vena cava
was carefully exposed under sterile conditions. Approximately
8 ml of blood was obtained from each animal (O.Y.) Of this
volume, 2 ml was transferred into EDTA-containing tubes
for hematological analysis, and 6 ml was collected into serum
separator tubes for biochemical analysis. Blood samples were
not centrifuged at the experimental site and were immediately
transferred to the Central Researches Laboratory at Dokuz
Eyliil University Hospital for standardized processing and
analysis following sacrifice.

Hematological parameters included white blood cell count,
red blood cell count, hemoglobin, hematocrit, platelet
count, and differential leukocyte counts. Serum biochemical
parameters included blood urea nitrogen (BUN), creatinine,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and C-reactive protein (CRP).

Histological Evaluation

Tissue specimens were fixed in 10% neutral buffered formalin,
routinely processed, and embedded in paraffin. Serial sections
(10 sections per specimen) (4-5 um) were cut from paraffin
blocks using a rotary microtome and mounted on poly-L-
lysine-coated slides. The sections were dried overnight at 60
°C before staining.

Hematoxylin and eosin (H&E) staining was performed to
evaluate epithelial thickness, fibroblast density, inflammatory
cell infiltration, and vascularization using hematoxylin
(Facepath, Izmir, Turkiye; Lot no. 270324) and eosin
(Merck, Darmstadt, Germany; Lot no. HX927248). Masson’s
trichrome (MT) staining was carried out to assess collagen
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fiber distribution using a commercial staining solution
(PatoLab, Istanbul, Turkiye; Lot no. MK230125).

All stained sections were examined under a light microscope
(Olympus BX50, Olympus, Tokyo, Japan) by two blinded
observers and reevaluated together for discordant results.
Magnification of x200 was used for epithelial thickness
and fibroblast density evaluation, and x400 magnification
was used for scoring inflammatory cell infiltration and
vascularization. Histological parameters evaluated on H&E-
stained sections and MT-stained sections were assessed
using a semi-quantitative scoring system (0=none, 1=weak,
2=moderate, 3=strong). Scores were recorded for each section,
and the median was calculated.

Statistical Analysis

The data analyses were performed using SPSS 26.0 software.
Data were expressed as meantstandard deviation. Intergroup
comparisons were conducted using one-way ANOVA or
Kruskal-Wallis tests, as appropriate, while within-group
comparisons over time were analyzed using the Friedman
test. A p value <0.05 was considered statistically significant.

RESULTS

Water Content

The mean water content of the CMCht gel was 96.38+0.33%,
while the elderberry-enriched CMCht gel exhibited an
average water content of 95.74+0.40%. These results indicate
that incorporating elderberry extract results in a slightly
lower, yet still comparable, water content compared with the
neat CMCht gel.

ATR-FTIR Analysis

The ATR-FTIR spectra of the lyophilized CMCht and
elderberry-enriched CMCht gels are presented in Figure 3.
The characteristic absorption bands of the CMCht gels were
observed at ~3400-3200 cm™, corresponding to O-H and
N-H stretching vibrations, ~2900 cm™ attributed to C-H
stretching, and at ~1590 cm™ and ~1411 cm™ associated
with the asymmetric and symmetric stretching vibrations of
carboxylate groups, respectively. The N-H bending vibration
of the amine groups, expected at ~1558 cm™’, overlapped with
the asymmetric stretching band of the carboxylate groups. In
addition, the C-O stretching vibration was detected at ~1061
cm. According to the literature, the characteristic peaks of
elderberry extract appear at ~3332 cm™ (O-H stretching),
~2929 cm™ (C-H stretching), ~1715 cm™ (C=O stretching),
and ~1645 cm™ corresponding to C=C stretching of aromatic
groups.'?

Upon comparison of the spectra of the elderberry-enriched
CMCht gels with those of neat CMCht gels, no distinct peaks
related to elderberry extract were clearly identified due to
its low concentration in the gel. However, the appearance
of a shoulder at ~1662 cm™, attributed to the C=C aromatic
groups of the elderberry extract, may be considered indicative
of possible interactions between elderberry-derived aromatic
groups and the CMCht network.
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Figure 3. ATR-FTIR spectra of CMCht and CMCht-E gels
* indicates the shoulder appeared at around ~1662 cm™, ATR-FTIR: Attenuated Total Reflectance-

Fourier Transform Infrared, CMCht-E: Elderberry-enriched carboxymethyl chitosan, CMCht:
Carboxymethyl chitosan

Microenvironmental pH Findings of the Gels

The initial pH of PBS was measured as 7.47. In the control
CMCht gel group, the pH values were 7.70 at 1 hour, 7.815
at 72 hours, and 7.85 at 7 days. In the elderberry-enriched
CMCht-E gel group, the pH values were 7.739 at 1 hour, 7.890
at 72 hours, and 7.93 at 7 days.

Both gel formulations induced a mild shift of the
microenvironmental pH toward the alkaline range over time,
with the CMCht-E gel consistently exhibiting slightly higher
pH values than the control gel at all evaluated time points.

General Observations

All surgical procedures were completed uneventfully, with
no intraoperative complications. Throughout the study
period, all animals remained in good general health, and no
abnormal weight loss, macroscopic gingival pathology, signs
of local infection, delayed wound healing, or clinical signs of
local irritation or systemic toxicity were observed. None of the
animals exhibited abnormal posture, reduced spontaneous
activity, piloerection, ocular changes, or skin lesions.

During macroscopic necropsy, the thoracic and abdominal
cavities, visceral organs, and the peritoneal and pleural
surfaces were systematically examined in all groups. No
macroscopic findings indicative of systemic toxicity were
observed in any of the rats.

Postoperative Food and Water Consumption

As shown in Table 1 and 2, significant time-dependent
changes in food and water consumption were observed
in all groups following surgery (p<0.001). In all groups,
statistically significant fluctuations and transient decreases
in consumption were detected, particularly during the first
five postoperative days. However, as the follow-up progressed,
intake values gradually increased, and by post-op day 14, both
food and water consumption had returned to pre-operative
baseline levels in all groups.

Table 1. Daily food consumption within groups from pre-op to post-op day

14 (g/day, mean+SD)

Time point S(ham (n=7) Control (n=7) CMCht-E (n=7)
meantSD) (mean*SD) (mean%SD)
Pre-op 20374026°  21.00+0.34 20.00+0.23¢
Post-op day 1 20.10£0.15¢  20.20+0.89% 21.00:£0.05¢
Post-op day 2 20.404020°  23.30+0.11¢ 22.70+0.43¢
Post-op day 3 19.60£0.26®  18.30+0.25° 17.60£0.33°
Post-op day 4 207040.14°  20.10+0.45% 19.400.75%
Post-op day 5 18.70£0.41°  20.70+0.40¢ 17.20£0.20°
Post-opday 14 540040330 19.90+0.81° 18.90+0.04¢

(sacrifice day)

Different superscript letters (a, b, ¢) within the same column indicate statistically significant
differences between time points within the same group (Friedman test followed by Bonferroni post

hoc ¢
deviation

rection, p<0.05). CMCht-E: Elderberry-enriched carboxymethyl chitosan, SD: Standard

Table 2. Daily water consumption within groups from pre-op to post-op day
14 (ml/day, mean+SD)

Time point ?ham (n=7) Control (n=7) CMCht-E (n=7)
mean+SD) (mean*SD) (mean*SD)
Pre-op 30.0+0.312 31.0+0.402 31.5+0.63*
Post-op day 1 29.6+0.222 31.3£0.35* 32.0+0.30°
Post-op day 2 28.6+0.172 31.42+0.712 34.3+0.22°
Post-op day 3 31.4+0.76* 25.7+0.26° 28.6+0.54%
Post-op day 4 34.3+0.53P 37.1+£0.51° 31.4+0.80?
Post-op day 5 28.5+0.112 28.5+0.902 27.1+0.23%
iy Ll 35.8+0.44b 31.4+0.520 30.0+0.16°

(Sacrifice day)

Data are presented as mean+SD. Different superscript letters (a, b, ¢) within the same column
indicate statistically significant differences between time points within the same group (Friedman test

followed by Bonferroni post hoc correction, p<0.05). CMCht-E: Elderberry-enriched carboxymethyl
chitosan, SD: Standard deviation

Body Weight Changes

Changes in body weight during the experimental period are
presented in Table 3. Baseline body weights were comparable
among the sham, control, and CMCht-E groups (p=0.868).
No statistically significant differences in body weight were
observed among the groups at any postoperative time point,
including the day of sacrifice (p>0.05 for all comparisons).
Body weights remained stable throughout the experimental
period in all groups.

Table 3. Changes in body weight during the experimental period

Sham Control CMCht-E
(n=7) (n=7) (n=7)
(mean+SD) (mean+SD) (mean+SD) p

Pre-op 287.67423.29 287.43+28.98  296.67+2335 0.868
Post-opday 1  287.50+23.43 286.00+29.72  295.50+25.18  0.850
Post-opday2 2855042439 288.00+27.24 297.00+21.20  0.824
Post-opday3  292.33+27.06 289.29+27.66 298.33%+23.64  0.851
Post-opday4  291.50+26.26 287.71+27.23  295.17+20.62  0.943
Post-op day5  290.17+24.28 288.14+27.35 293.17+19.53  0.974
Post-opdayld  yg09512625 295.36+27.07  299.00+1839  0.967

(sacrifice day)

Intergroup comparisons at each time point were performed using the Kruskal-Wallis test. No
Fe s during the postoperative period

: Standard deviation

statistically significan
(p>0.05). CMCht-E: Elderberry-enriched carboxymethyl chitosan, S
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Hematological and Serum Biochemical Findings

Hematological parameters evaluated at the time of sacrifice
are summarized in Table 4. White blood cell count, red
blood cell count, hemoglobin, hematocrit, platelet count, and
differential leukocyte distributions were comparable among
the sham, control, and CMCht-E groups. No statistically
significant intergroup differences were detected for any
hematological parameter (p>0.05).

Table 4. Hematological parameters at sacrifice

Parameter (0T CmeansSD) (meansSD) . p

WBC 14.20+1.97 14.63+3.13 15.00+3.82 0.904
RBC 8.35+0.19 8.42+0.44 8.52+0.18 0.633
HGB 13.82+0.34 14.16+0.49 14.00+0.48 0.409
HCT 40.80+0.75 42.37+1.92 41.92+1.58 0.201
MCV 48.87+1.18 50.36+2.23 49.17+1.85 0.320
MCH 16.50+0.34 16.83+0.79 16.43+0.58 0.468
MCHC 33.88+0.29 33.43£0.50 33.4240.45 0.050
RDW 13.43+0.52 13.64+0.30 13.60+0.26 0.584
PLT 807.67+75.74  844.00+69.09 802.00+34.98 0.439
NE (%) 14.72+2.09 16.87+2.60 16.53+3.39 0.351
LY (%) 83.85+2.53 82.23£2.55 82.18+3.67 0.540
MO (%) 0.22+0.08 0.21+0.07 0.2740.08 0.404
EO (%) 1.05+0.56 0.69+0.32 1.02+0.59 0.359
BA (%) 0.00£0.00 0.00+0.00 0.00£0.00 =

Intergroup comparisons were performed using the Kruske
differences were observed among the gi
CMCht- E: Elderberry-enriched carboxymethyl chitosan,

Wallis test. No statistically significant

: Standard deviation, WBC: White blood

, HGB: Hemoglobm HCT: Hematocrit, MCV: Mean corpuscular volume,
n corpuscular hemoglobm MCHC: Mean corpuscular hemoglobin concentration, RDW:
Red cell distribution width, PLT: Platelet, NE: Neutrophil, LY: Lymphocyte, MO: Monocyte, EO:
Eosinophil, BA: Basophil

MCH

Serum biochemical parameters are presented in Table 5.
BUN, creatinine, AST, ALT, and CRP levels did not differ
significantly among the groups (p>0.05). All measured
parameters were within physiological reference ranges.

Table 5. Serum biochemical parameters at sacrifice

Parameter Sham (n=7) Control (n=7) CMCAht-E (n=7)
(mean%SD) (mean%SD) (mean*SD) P
BUN 20.90+1.91 20.43+0.74 19.88+2.09 0.575
Creatinine 0.30+0.05 0.34+0.04 0.29+0.05 0.138
AST 180.33+£17.77 167.14£18.11 169.83£8.73 0.315
ALT 62.00£5.73 66.29+8.85 63.00£5.76 0.528
CRP 0.02+0.04 0.04+0.05 0.02+0.04 0.477

Intergroup comparisons were performed using the Kruskal-Wallis test. No statistically 2
differences were observed among the groups during the postoperative period (p>0.05). CMCht-E:

Elderberry-enriched carboxymethyl chitosan, SD: Standard deviation, BUN: Blood urea nitrogen,
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, CRP: C-reactive protein

Oral cavity pH Findings in Rats

Salivary pH measurements performed on postoperative days
6 and 12 showed that pH values were consistently around 9
in all experimental groups, as indicated by the indicator strip
readings. No apparent differences were observed among the
sham, CMCht, and CMCht-E groups at either time point.
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Oral pH values were evaluated using pH indicator strips
by visual comparison with the manufacturer’s color scale
(Figure 4). Representative images demonstrated oral pH
values of approximately 9, indicating a mildly alkaline oral
environment in all groups.
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Figure 4. Representative images of oral pH assessment using pH indicator
strips in rats. (a) Non-operated healthy rats, (b) sham group, (c) control group
(CMCht), and (d) biomaterial group treated with elderberry-enriched CMCht
gel. (e) Manufacturer-provided pH indicator color scale is used as a reference
for visual comparison of oral pH values

Furthermore, salivary pH measurements obtained from
healthy, non-operated rats of the same sex and comparable
body weight were approximately 9, similar to those of the
other experimental groups.

During daily clinical monitoring, animals were regularly
evaluated for changes in salivation following gel application.
No excessive or abnormal salivary secretion was observed in
any group after gel administration.

Macroscopic Evaluation and Local Irritation Index

Macroscopic evaluation of the surgical sites was performed
on postoperative days 1, 3, 6, 9, and 12. Local irritation index
scores, calculated based on erythema and gingival edema, are
presented in Table 6 and Figure 5. The local irritation index
decreased over time across all groups, without statistically
significant differences between groups (p>0.05).

Table 6. Local irritation index during the postoperative period

mepons LD I RIS b
Post-op day 1 5.50+0.84 5.43+0.79 5.00+0.63 0.448
Post-op day 3 5.00+1.27 5.14+1.07 5.17+0.98 0.877
Post-op day 6 4.00+0.89 4.57+1.13 3.17£1.17 0.121
Post-op day 9 3.67+1.37 4.43+1.27 3.17£1.94 0.422
Post-op day 12 3.17+0.75 3.43£1.27 3.00+0.63 0.481

me point were performed using the Kruskal-
re observed ng the groups during the posto,

di
MCht-E: Elderberry-enriched carboxvmeth\l chitosan, SD: Standard deumon

Histological Analysis

In histological sections, H&E staining was used to evaluate
epithelial thickness, fibroblast density, inflammatory cell
infiltration, and vascularization, while MT staining was
performed to assess collagen fiber distribution (Figure 6).
Intergroup comparisons revealed a statistically significant
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Sham

Control

CMCht-E

Figure 5. Representative macroscopic images of gingival defect sites showing
postoperative evaluation of erythema and edema

difference in epithelial thickness (p<0.001). The epithelium
was significantly thinner in the sham group compared with
the control and CMCht-E groups (Figure 6A, 6C, 6E), whereas
no significant difference in epithelial thickness was observed
between the control and CMCht-E groups. No statistically
significant difference was found among the groups in terms of
fibroblast density (p>0.05). A significant intergroup difference
was detected in inflammatory cell infiltration (p=0.024);
neutrophil infiltration/abscess formation was observed
predominantly in the control group (Figure 7), while no
inflammatory cells were detected in the sham and CMCht-E
groups. Vascularization was present in all groups, and no
statistically significant differences were observed among
them (p>0.05). According to MT staining, no statistically
significant difference was found among the groups with
respect to collagen fiber distribution (p>0.05).

Control

Figure 6. Representative histological images of gingival tissues from the
experimental groups. (A, B) Sham group (C, D), Control group and (E, F)
CMCht-E group. H&E staining (A, C, E) at x40 magnification was used to
evaluate epithelial thickness, general tissue morphology, and inflammatory
cell infiltration. MT staining (B, D, F) at x40 magnification was performed
to assess collagen fiber distribution and organization. The epithelial layer is
indicated by a black line.
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Figure 7. Control group demonstrating neutrophil-rich abscess formation,
indicated by arrows (H&E, x40).

DISCUSSION

Considering the favorable biocompatibility, material
characteristics, and regenerative outcomes reported in
previous in vitro'>'®" and in vivo studies’” on PEGDE-
crosslinked elderberry-enriched CMCht solid formulations,
the present study aimed to convert this formulation into a gel
form and to investigate the local and systemic effects of its
topical application in experimentally created gingival defect
models through macroscopic and histological evaluations.

Oral and maxillofacial surgical procedures are known to
temporarily disrupt normal feeding behavior, resulting in
reduced food and water intake during the early postoperative
period."” In the present study, a temporary decrease in food
and water intake was observed in all groups during the first
five postoperative days following the creation of mandibular
incisor gingival defects; however, this change was not
associated with any significant alteration in body weight.
These findings suggest that although the model induced
short-term feeding disturbances, it did not adversely affect
the animals' general health status or systemic physiological
condition.

Systemic safety represents a fundamental evaluation criterion
for biomaterials" intended for repeated topical application,
particularly in highly vascularized tissues such as the gingiva.
Hematological parameters, including leukocyte distributions,
erythrocyte indices, and platelet counts, were comparable
among all groups and remained within physiological reference
ranges. Similarly, serum biochemical markers of renal
function (BUN, creatinine), hepatic function (AST, ALT),
and systemic inflammation (CRP) showed no significant
intergroup differences. In the absence of macroscopic
pathological alterations in visceral organs, these findings
suggest that repeated topical administration of CMCht-E gel
was not associated with systemic toxicity, organ impairment,
or an increased inflammatory burden.

An important aspect of this study was the concurrent
evaluation of the intrinsic pH of the gel formulations and the
in vivo oral pH environment. Both CMCht and CMCht-E
gels exhibited mildly alkaline intrinsic pH values, and
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salivary pH measurements revealed a consistently alkaline
oral environment in both experimental and healthy rats,
with values close to 9. These findings are consistent with
previous reports describing the inherent alkalinity of rat
saliva and the predominance of an alkaline oral environment
in Wistar rats.”>* The similar salivary pH values observed
between untreated and gel-treated animals indicate that
topical application of both formulations did not induce
marked alterations in oral pH under the conditions of this
study. Accordingly, the observation that the CMCht-E gel
did not alter salivary pH indicates that there was no evident
disturbance of the local oral environment.

Given the dynamic microbial environment of the oral cavity,
the mildly alkaline behavior of the tested gels suggests that
they were locally well tolerated under the conditions of this
study. In this context, previous studies have demonstrated
that 5% sodium bicarbonate mouthrinses, with pH values
around 8.5, reduce dental plaque formation and decrease oral
bacterial colony counts, supporting the clinical compatibility
of mildly alkaline formulations with the oral environment.*>**
However, based on the current data, conclusions regarding
oral ecological interactions cannot be drawn. Therefore,
the present findings primarily reflect local tolerance rather
than microbiological effects. Future studies incorporating
quantitative pH monitoring and microbiological analyses
are warranted to better evaluate the long-term effects of
elderberry-enriched CMCht gels on oral biofilm and microbial
balance.

Since increased salivation following oral applications is often
associated with local irritation or discomfort,?* the absence of
hypersalivation is reported here as an observational finding
and may suggest the lack of evident local irritation under the
conditions of this study. However, this observation should not
be overinterpreted in terms of clinical relevance, and further
investigations are required to better characterize long-term
local tolerance.

Oral soft tissues are continuously exposed to mechanical
stress, saliva, and a complex microbial environment following
periodontal and mucogingival surgical procedures.”
Macroscopic evaluation of the surgical sites demonstrated a
progressive decrease in erythema and gingival edema scores
throughout the postoperative period in all groups. The overall
reduction in the local irritation index reflects a physiological
healing process and the absence of persistent inflammatory
reactions. No statistically significant differences were observed
among the sham, CMCht, and CMCht-E groups, indicating
that neither the base polymer nor the elderberry-enriched
formulation elicited irritative effects on gingival tissues.

Histological evaluation demonstrated vascularization in all
groups, with no evidence of ischemic changes in the wound
area. This finding indicates that secondary angiogenesis was
preserved and that fundamental wound-healing processes
were maintained within physiological limits in the sham,
control, and CMCht-E groups. These histological observations
are consistent with the progressive reduction in erythema and
gingival edema scores recorded macroscopically throughout
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the postoperative period, reflecting a physiological healing
process and adequate tissue perfusion. The increased
epithelial thickness observed in both experimental groups
compared with sham controls may be attributed to the
bioactive properties of CMCht, which has been shown to
promote epithelial cell proliferation and regeneration.*

Notably, the most prominent histological finding was the
absence of inflammatory cell infiltration in the CMCht-E
group, whereas neutrophil-rich abscesses were predominantly
observed in the control group. This histological pattern
parallels the consistently lower local irritation index values
observed macroscopically in the CMCht-E group and indicates
a more favorable local tissue response. Taken together, these
findings suggest that the elderberry-enriched gel formulation
may support epithelial repair and local tissue responses. The
absence of inflammatory cell infiltration may be attributed,
at least in part, to the reported anti-inflammatory activity
of bioactive compounds present in elderberry extract.””** As
the present study was conducted at the cellular level, future
studies incorporating cytokine profiling and molecular-level
analyses are warranted to more clearly elucidate inflammatory
mechanisms. Furthermore, although the elderberry
extract had previously been functionally characterized,"
comprehensive phytochemical standardization was not
performed in the present study. Quantitative profiling of
specific anthocyanins and phenolic compounds would enable
a more precise mechanistic interpretation of the biological
responses observed in the context of the current study’s
findings.

Limitations

This study was conducted using a single sex to minimize
hormonal and behavioral variability; however, further studies
including both sexes with larger sample sizes are needed
to improve the generalizability of the findings. Although
no significant change in overall oral pH was detected, the
potential effects of the gel formulations on oral microbiota and
microbial ecology remain unclear. Future studies specifically
designed to comprehensively evaluate salivary pH, gel-induced
pH changes within the oral cavity, and associated shifts in
oral microbial profiles under standardized experimental
conditions are warranted. Future studies with larger sample
sizes will be needed to confirm these observations and
explore potential subtle effects. In addition, future studies
comparing elderberry-enriched CMCht gels with clinically
used periodontal dressing materials and existing gel/topical
formulations, as well as evaluating long-term tissue outcomes
and antimicrobial effects, will help to more clearly define the
translational potential of this formulation.

CONCLUSION

In this experimental gingival defect model, the elderberry-
enriched CMCht gel exhibited a favorable histological healing
profile, without increased inflammatory cell infiltration. The
findings suggest that the formulation may provide a potential
contribution to oral soft-tissue repair.
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