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ABSTRACT

Objectives: This study aims to compare the cytotoxicity of teething gels with different compositions and their
impact on in vitro wound healing.

Materials and Methods: The viability of human gingival fibroblast cells treated with teething gels was evaluated,
and the gels' cytotoxicity and effects on wound healing were investigated using a scratch test.

Results: The cytotoxicity of five different teething gels on human gingival fibroblast cells, as well as their effects
on in vitro wound healing after 24 and 48 hours, were compared. Among the teething gels, the lidocaine
hydrochloride + cetylpyridinium chloride-based gel group had the most cytotoxic effect on human gingival
fibroblast cells.

Conclusions: In light of the results of this study, the necessity of using teething gels during the eruption period is
questionable.
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Sitotoksisitesinin ve In Vitro Yara iyilesmesi Uzerindeki Etkilerinin Degerlendirilmesi

Arastirma Makalesi
Stire¢

Gelis: 08/07/2025
Kabul: 24/11/2025

Copyright

This work is licensed under
Creative Commons Attribution 4.0

International License

3@ b.falay07@gmail.com
‘@ sefa.celik@afsu.edu.tr

oz

Amag: Bu calismanin amaci, farkli igeriklere sahip dis ¢cikarma jellerinin sitotoksisitesini ve in vitro yara iyilesmesi
tzerindeki etkilerini karsilagtirmaktir.

Gereg ve Yontemler: insan gingival fibroblast hiicreleri {izerine uygulanan dis ¢ikarma jellerinin canlilik degerleri
degerlendirildi ve sitotoksisiteleri ve yara iyilesmesi Gzerine etkileri gizik testi ile arastirildi.

Bulgular: Bes farkl dis gikarma jelinin insan diseti fibroblast hiicreleri Gizerindeki sitotoksisitesi ile 24 ve 48.
saatlerde in-vitro yara iyilesmesi tzerindeki etkileri karsilastirildi. Lidokain hidroklorir + setilpridinyum klorir
bazli jel grubu, dis ¢cikarma jelleri arasinda insan gingival fibroblast hiicreleri Gizerinde en fazla sitotoksik etkiye
sahipti.

Sonuglar: Calismamizin sonuglari géz oOnitne alindiginda, dis c¢ikarma jellerinin erlipsiyon doéneminde
kullanilmasinin gerekliligi tartismalidir.

Anahtar Kelimeler: Dis stirmesi, fibroblastlar, yara iyilesmesi
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Introduction

Several

non-pharmacological

atarate of 23.7 %. Teething gels can be also used in to treat

and pharmacological . .
P & of oral aphthae and scratched areas in the oral region to

treatment methods are used to manage symptoms during
the eruption period. Teething gels, one of the
pharmacological methods, are frequently used by parents
and healthcare professionals.’? In the literature, it was
found that 4.4%- 73.4% of the parents in various countries
use teething gels or topical drugs.*® Wake et al. showed
that teething gels were frequently advised by dentists,
pharmacists, nurses, and paediatricians during the eruption
period of primary teeth.” According to the study by Reeve
et al.,® teething gels were prescribed by paediatric dentists
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promote wound healing during the postoperative period.°

Teething gels are also available without a prescription in
the light of current advertising campaigns, as well as the
advice of healthcare professionals. When the prospectuses
of teething gels are examined, it is seen that there is no
clear statement about the usage dose and possible side
effects. Therefore, it cannot be foreseen what problems
may be caused by unconscious repetitive use of these gels.
Although teething gels with different contents have been
used frequently from the past to present, their
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effectiveness and possible side effects are still
controversial. There are limited studies on the fact that
teething gels provide anti-inflammatory effects in
periodontal diseases and accelerate wound healing in oral
aphthae and postoperative period.>!! There are more
published reports about the side effects of using teething
gels, especially in young children. Tooth decay,
developmental problems, paresthesia, hypotension,
bradycardia, Stevens-Johnson syndrome, metabolic
acidosis, seizure, and cardiac arrest were among the
reported side effects of teething gels.'>'” Best of authors’
knowledge, there are no studies in the accessible literature
comparing the cytotoxic effect of teething gels or their
effects on wound healing.

Due to the ethical and methodological problems of
clinical studies, especially in children, various effects of
dental materials are evaluated on different cell cultures.
Cell culture tests are frequently used to evaluate the
biocompatibility of dental materials. These tests have many
advantages, such as they can be repeated under standard
conditions, standard measurements can be made by direct
observation on cells, experimental stages can be kept under
control, easily repeated and not affected by individual
factors.!’®® The MTT method, recommended by
international standards such as the ISO 10993 series, has
been frequently used to assess cytotoxicity of dental
materials on cell culture.?°

The median lethal dose (LDso) is one way to measure the
short-term poisoning potential (acute toxicity) of a
material. LDso values have been used to compare relative
acute hazards of materials, especially when no other
toxicology data is available for the chemicals. When
comparing the two materials, the material with a low LD50
value is considered a more toxic material than the material
with a high LD50 value.?*?

The proper function of fibroblasts plays a pivotal role in
the maintenance of periodontal tissue homeostasis and the
facilitation of effective wound healing. It has been well
established that cellular activities such as proliferation,
growth, and extracellular matrix synthesis are key
contributors to periodontal tissue regeneration and repair
processes.?*?> However, the presence of adverse effects
associated with certain dental materials may compromise
these cellular mechanisms, potentially leading to impaired
wound healing outcomes.

This study aims to evaluate the LDso value of five
different teething gels on human gingival fibroblast cells
and their effects on in vitro wound healing.

Materials and Methods

Ethical Consideration

The ethics committee’s approval of the study was
obtained from Afyonkarahisar University Clinical Research
Ethics Committee (Decision No. 2020/473).

Cell Culture and Sample Preparation

Human gingival fibroblast cells (HGF-1), obtained from
the American Type Culture Collection (ATCC®, Virginia,
USA), were utilized in this study. Upon delivery in dry ice
within a styrofoam container, the cells were stored at

-150 °C until further use. For cultivation, cells were
maintained in Dulbecco’s Modified Eagle Medium (DMEM;
Capricorn, Ebsdorfergrund, Germany) containing stable
glutamine, supplemented with 10% fetal bovine serum
(FBS; Capricorn), 1% penicillin—streptomycin (Capricorn),
and 1% sodium pyruvate (Bl Biological Industries, Beit-
Haemek, Israel). Cultures were incubated at 37°C in a
humidified atmosphere with 5% CO,. Subculturing was
performed until an adequate number of cells was reached,
and cells at passage six were employed in the experimental
procedures.

Cytotoxicity Test

Cell viability was tested using MTT (3-{4,5- dimethyl
thiazol-2-yl}-2,5-diphenyl tetrazolium bromide) assay. The
HGF-1 cells were placed in 96-well micro plates and allowed
to adhere to the bottom of the wells.

In the study, five different teething gels were evaluated
(Figure 1). Group 1: Hyaluronic acid-based gel (HAG), Group
2: Lidocaine hydrochloride and cetylpyridinium chloride-
based gel (LCG), Group 3: Choline salicylate-based gel (CG),
Group 4: Lidocaine hydrochloride-based gel (LG), Group 5:
Herbal-based gel (HG). The cells with DMEM were selected
as a control group. The content information of the teething
gels was shown in Table 1.

For determination of the median lethal dose (LDso) of
teething gels, 1 gram (gr) of each teething gel was taken
into falcon tubes with a precision scale to standardize the
amounts of gels used. 1 milliliter (ml) of medium solution
was added to the gels and the main stock was prepared.
The stock gel was mixed homogeneously with the vortex
device. The teething gels were diluted at various dilutions
(1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256, 1:512, 1:1024)
and applied to the wells. The micro plates were incubated
for 24 hours. Then a MTT reagent (Sigma Aldrich®,
Darmstadt, Germany) was applied, and the micro plates
were incubated for 4 hours. The MTT solution was then
removed from the wells, and dimethyl sulfoxide solution
(DMSO, Sigma Aldrich®, Darmstadt, Germany) was added to
the wells to dissolve the formed formazan crystals (100
ul/well). The absorbance value was measured using a
spectrophotometer (570-nm wavelength, ELx800; Epoch,
Bio-Tek Instruments, Winooski, VT, USA) after the formazan
crystals were dissolved. Triple repeated measurements of
each groups were performed by a single experienced,
blinded, calibrated researcher. The following formula was
used to calculate the percentage of vitality value;

Vitality value (%)
Optical density value of the well

- Optical density value of the control group

Since the consistency and densities of the materials
selected for the study were variable the dilutions that killed
50% (+ 2) of the cells for each preparation (LDso value) were
determined in terms of standardization. The median lethal
dose (LDso) was defined as the extract concentration that
reduced cell viability by 50%, calculated using a four-
parameter logistic regression model.
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LD =

(50 — V1)X(C2 — C1)

+C1

V2 -v1)

*C1: The lower concentration where cell viability is still

above 50%

*C2: The next higher concentration where cell viability has

dropped below 50%

*V1: The cell viability (%) measured at C1
*V2: The cell viability (%) measured at C2

; —
" 1 \ Fa
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Lidlucni.ne hydm;llmloride and Lidocaine hydrochloride-based gel : -
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el (LCG) =

Table 1. Teething gels that were used in the study

Figure 1. Forms of the teething gels.

Group

Teething gel

Content

Company

LOT Number

1- Hyaluronic-acid based gel
(HAG)

Aftamed®

Main ingredient: Hyaluronic acid (240
mg/100 mg).
Sub-ingredients: Water, PEG 400, xylitol,
polyvinyl alcohol, cellulose gum, PEG 40,
hydrogenated castor oil, PVP, PVM/MA
copolymer, VP eicocene copolymer,
glyceryl, laurate, polycarbophil, sodium
saccharinate, sodium phosphate, flavor,
choline alfosterate, trisodium phosphate,
dodecahydrate, edta, lactic acid, sodium
hydroxide.

Bioplax Pharma
(Wallington,
United Kingdom)

1902253019

2-Lidocaine
hydrochloride+cetylpridinium chloride
based gel

(LCG)

Calgel®

Main ingredient: Lidocaine
hydrochloride, cetylpyridinium chloride.
Side ingredients: Sorbitol, xylitol, alcohol,
sodium saccharin, menthol, sweetener,
caramel.

GlaxoSmithKline
(Brenthford,
United Kingdom)

21G018

3-Choline salicylate-based gel
(Cq)

Dencol”

Main ingredient: Choline salicylate
Side ingredients: Chlorhexidine
gluconate, glycerin, sorbitol, povidone
K90, PEG 40 hydrogenated castor oil,
citric acid monohydrate and deionized
water.

Berko Pharma
(Istanbul, Turkey)

2001209

4-Lidocaine hydrochloride-based gel
(Le)

Dentinox®

Main ingredient: Lidocaine
hydrochloride, hydroxypolyethoxy
dodecane, camomil tincture.

Side ingredients: Xylitol, sorbitol,
propylene glycol, carbomer 934 P, 10%
sodium hydroxide solution, polysorbate
20, sodium saccharin, menthol, distilled
water.

Abdi ibrahim
(Istanbul, Turkey)

191017

5-Herbal-based gel
(HG)

Jack N Jill®

Main ingredient: Calendula extract,
chamomile extract
Side ingredients: Water, glycerin,
hydroxyethyl cellulose, xylitol, potassium
sorbate, vanilla flavor, citric acid.

Jack N'Jill
(Melbourne,
Australia)

B70649A

In Vitro Scratch Assay

Visualization of the scratch regions was carried out

An in vitro scratch assay, a conventional and cost-
effective method frequently employed to assess wound
healing and cell migration, was performed in accordance
with previously established protocols.?® Cells were seeded
into six-well plates, and following adequate adherence,
uniform linear scratches were created using sterile 20 pL
pipette tips. Subsequently, wells were rinsed with
phosphate-buffered saline (PBS) to eliminate cell debris,
and fresh culture medium was immediately added.
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using an inverted microscope (Leica®, Wetzlar, Germany)
prior to the application of test preparations. Gel dilutions
corresponding to the determined LDso values were
introduced into the wells, followed by incubation for 24
hours. Assessments were conducted at 24 and 48 hours
post-application.

Quantification of the scratch area was performed
using Imagel software (National Institutes of Health, New
York, USA), based on the average of three independent
replicates (15 measurement points per group). Images of
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the scratch sites were captured at baseline (0 hours), and
at 24 and 48 hours. The percentage of wound closure was
calculated using the following formula.?®

Scratch — healing percentage (%)

First scratch area — last scratch area
= x100

First scratch area

Statistical Analysis

Statistical analyses were conducted using IBM SPSS
Statistics software (version 26; IBM Corp., Chicago, IL,
USA). Descriptive statistics, including mean, median,
standard deviation, as well as minimum and maximum
values, were calculated. The normality of data distribution
was assessed using the Shapiro—Wilk test, which indicated

that the variables were not normally distributed.
Consequently, the Kruskal-Wallis test was employed for
comparisons of scratch healing across groups. For
pairwise comparisons, the Dunn post hoc test was
applied. A p-value less than 0.05 was considered indicative
of statistical significance.

Results

The Figure 2 demonstrates the cell viability of tested
teething gels at different dilutions. The dilutions that
provided LD50 value of the teething gels were found as
1:2 for HG, 1:16 for CG, 1:64 for HAG and LG, and 1:128
for LCG. The LCG group had the most cytotoxic effect on
HGF-1 cells among teething gels.

CELL VIABILITY ACCORDING TO GEL DILUTIONS

1201

100

80

CELL VIABILITY (%)
=)
=]

40 -

201

1:32

1:512

1:256

1:64 1:128 1:1024

DILUTIONS OF THE GELS

mm HAG . | CG

mm CG

LG mmm HG s Control

Figure 2. The cell viability and LDso value of the teething gels (HAG: Hyaluronic acid-based gel, LCG: Lidocaine
hydrochloride and cetylpyridinium chloride-based gel, CG: Choline salicylate-based gel, LG: Lidocaine hydrochloride-
based gel, HG: Herbal-based gel).

Figure 3 demonstrates the images of the scratch assays
at initial hour, 24-hour and 48-hour intervals. The LCG
group had the lowest scratch-healing percentage among all
groups at 24 hours (3.49%). Differences between LCG with
CG (25.4%), LG (22.1%) and HG (30.46%) were found
statistically significant at 24 hours (p = 0.004; p = 0.005; p =
0.007).

In the control group, the median of scratch-healing was
51.44% and the percentage of healing was statistically
higher than LCG (24.84%) and CG (26.67%) at 48 hours (p =
0.003, p = 0.025). The results of scratch-healing
percentages of the groups at 24 and 48 hours are shown in
Table 2.

In this present study, it was found that the scratch-
healing percentage of any teething gel was not statistically
better than the control group at 24 and 48-hours (p > 0.05).

Discussion

Teething gels are frequently preferred by both parents
and health professionals for especially teething symptoms

despite insufficient scientific evidence to support their
efficacy.??’ The American Academy of Paediatric Dentistry
and the American Food and Drug Administration have
warned parents and healthcare professionals about the
unconscious use of teething gels and the potential side
effects of them.?®?° But, when the prospectuses of most of
the teething gels were reviewed, it was seen that there was
no clear explanation about the dosage and possible side
effects. Although it is widely used, especially in young
children, no study has been found to evaluate the
cytotoxicity of these products or their effects on scratch-
healing. Since this study will be a first, it may also be a
steppingstone for future studies.

Since the consistency and densities of the materials
selected for the study were variable the dilutions that killed
50% of the cells for each preparation (LDso value) were
determined in terms of standardization and LCG was found
to have the highest cytotoxicity on HGF-1 cells. Also, it was
found that none of the teething gels were not statistically
better than the control group in regarding of scratch

35



Falay Civelek et al. / Cumhuriyet Dental Journal, 29(1): 32-39, 2026

healing. Two different teething gels containing lidocaine
hydrochloride were used in the current study. LCG, which
contains alcohol with the main active ingredients of
lidocaine hydrochloride and cetylpyridinium chloride,
provided the LD50 value at a dilution of 1:128 and was the
teething gel with the highest cytotoxicity on HGF-1 cells. In
the previous studies, cell viability was found to be
statistically significantly lower in the groups that were
treated with lidocaine solution, which is consistent with the
present findings.3%3! The cytotoxicity difference between

the lidocaine hydrochloride preparations in the study may
be due to the cetylpyridinium chloride and alcohol in the
LCG. According to the literature, cetylpyridinium chloride is
cytotoxic to mouse fibroblast and human keratinocyte cells.
Furthermore, when the cytotoxic effect of the alcohol was
examined on various cell lines, it was found that it had a
cytotoxic effect at varying rates depending on the
concentration and application time.323* However, there is
no clear conclusion regarding the alcohol derivative in the
LCG’ content.

Figure 3. The images at initial hour, after 24 hours, and 48 hours in the in vitro scratch assay of the teething gels.

Table 2. The scratch-healing percentages of the teething gels at 24 and 48 hours

Scratch-healing percentage at 24 hours (%)

Scratch-healing percentage at 48 hours (%)

Group 1: HAG Mean £ SD 17.8+6.25 40+4.839
Median (Min—Max) 19.05 (9.26-24.27) @ 39.32 (34.92-50.73)
Group 2: LCG Mean £ SD 4.68 £3.98 28.53£13.14
Median (Min—Max) 3.49 (1.02-13.4) 24.84 (17.33-48.72) @
Group 3: CG Mean + SD 245+221 27.44 £3.25
Median (Min—Max) 25.41 (20.92-26.25) @ 26.67 (23.55-31.43) 2
Group 4: LG Mean £ SD 264+11.44 45.43 +10.61
Median (Min—Max) 22.12 (6.6-39.82) 2 46.65 (34.32-63.92)
Group 5: HG Mean + SD 249+15.1 43.4+16.29
Median (Min—Max) 30.46 (3.79-43.23) @ 50.36 (14.69-66.45) 2
Control Group Mean = SD 17.7£8.11 51.53+8.46
Median (Min—Max) 18.45 (8.08-32.35) 2 51.44 (39.67-64.77)

SD:Standard deviation, Min: Minimum, Max: Maximum,®™®: There is no difference between median of percentages with the same letter, HAG:
Hyaluronic acid-based gel, LCG: Lidocaine hydrochloride and cetylpyridinium chloride-based gel, CG: Choline salicylate-based gel, LG: Lidocaine

hydrochloride-based gel, HG: Herbal-based gel.
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Besides its cytotoxic properties, the LCG group showed
the lowest scratch-healing percentage at 24 (3.5%) and 48
hours (24.8%). No study regarding the effect of this
teething gel on scratch healing was found in the available
literature, so the results were associated with the studies
on the main active ingredients. Several studies on the
effect of lidocaine hydrochloride on scratch healing found
that groups that were treated with lidocaine had lower
collagen production and scratch rupture strength and
impaired scratch healing.3>3¢ In another study, it was
emphasized that cetylpyridinium chloride has negative
properties, such as variable pH level and strong cytotoxic
effects which may limit scratch healing.3” Additionally,
studies on the effect of alcohol on scratch healing have
found that it has a negative impact on the inflammatory
and proliferation phases of scratch healing and inhibits
endothelial function.3®3° The results of previous studies
evaluating the active ingredients of LCG agree with the
present results in terms of cytotoxicity and scratch
healing. However, comprehensive studies involving all
components are needed to obtain more precise results.

Choline salicylate, which is an active ingredient in the
carboxylic acid derivatives group of NSAIDs, is preferred in
teething gels because of its analgesic and anti-
inflammatory properties.® Cytotoxicity studies of choline
salicylate in the literature focused on the use of choline
salicylate in eye drops. Eye drops containing choline
salicylate applied to the rabbit corneal cell line in the
studies, and no statistically significant cytotoxic effect was
found during five or ten minutes.*>*! In the present study,
cytotoxicity of CG was found lower compared to most of
the other gels but, especially scratch-healing was
statistically lowest than control group after 48 hours. To
date, no studies have been reported examining the impact
of choline salicylate on scratch assay—based wound
healing. In a case report, multiple peptic ulcer areas were
detected in the stomach and duodenum of a patient who
used a gel containing choline salicylate regularly, and
healing was observed in the ulceration areas when the
patient was called for control three months after the use
of the gel was discontinued.* Considering the previous
studies also reporting its adverse effects, it is hoped that
the present study will raise awareness about unconscious
use of choline salicylate, especially in children.

Hyaluronic acid, which is a glycosaminoglycan, is found
naturally in several body tissues. It has anti-inflammatory
and anti-edema properties so, hyaluronic acid based
teething gels have been frequently preferred in the field
of dentistry in recent years. In clinical studies on
hyaluronic acid, it has been reported that it reduces
gingival bleeding, decreases periodontal pocket depth,
causes more bone formation when applied to tooth
extraction sockets, and contributes to healing in recurrent
aphthous ulcers.>4% In the study, a high-molecular-
weight hyaluronic acid-based gel was evaluated and the
LD50 values was found similar with LG, the results of
scratch assay healing were similar with control group at 24
and 48 hours. The difference of this in vitro study between
previous clinical studies can be attributed to polycarbophil

in HAG, a protein that attaches to wet mucosa and
provides direct mechanical protection on the wound.**

Among the gels in the present study, the least
cytotoxic group was HG group, which provided the LD50
value at 1:2 dilution. The scratch-healing percentage of
the gel was similar to control group at 24 and 48 hours. As
no studies evaluating the hydrogel (HG) were identified in
the available literature, the results were interpreted in the
context of the reported positive healing effects of German
chamomile and pot marigold extracts, which constitute
the main components of the gel.***” However, further
studies evaluating the effects of the by-products in the gel
are required to provide more precise results.

The present study has several limitations. One of them
is that the chemical formulations and doses of the
products used in the study are not known exactly.
Therefore, results are often associated only with known
contents. The other limitation was the tests have been
done on healthy cells, but future studies also need to
evaluate their effects on inflamed cells. Also, the effects
of the gels in the oral environment cannot be examined,
so the tissue response cannot be observed. Since there is
no information in the literature about the absorption
times or swallowing amounts of these gels in the mouth,
it is recommended to diversify the application times in
future studies.

Conclusions

In the present study, the cytotoxicity of teething gels
varies according to ingredients and dilutions, and it was
found that none of the teething gels were not statistically
better than the control group in regarding of wound
healing. Considering the results, the necessity of clinical
application of teething gel is controversial. The teething
process is a physiological process. It is recommended to
manage this process using more conservative non-
pharmacological methods, such as cold application or hug
therapy before treatment with various pharmacological
products. Despite the limitations, the current study will
make suggestions regarding the possible cytotoxic effects
that may occur because of the unintentional use of these
products. The results of the study can be a starting point
for future studies on this topic.

Acknowledgements

This study was supported by Afyonkarahisar Health
Sciences  University  Scientific Research  Projects
Coordination Unit Project number 20.DUS.005.

Conflicts of Interest Statement
The authors declare no conflict of interest.
References

1. Honig PJ. Are today’s pediatricians using yesterday’s
notions?. J Pediatr 1975;87(3):415-417.

2. Wake M, Hesketh K, Allen MA. Parent beliefs about infant
teething: a survey of Australian parents. J Paediatr Child
Health 1999;35(5):446-449.

3. Glgyetmez Topal B, Tiras M, Tanrikulu. Assessment of
YoutubeTM Videos as a Parent Information Source for

37



Falay Civelek et al. / Cumhuriyet Dental Journal, 29(1): 32-39, 2026

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

38

Teething Symptoms, Cumhuriyet Dent J 2022;25(Suppl):114-
118.

Elbur Al, Yousif MA, Albarrag AA, Abdallah MA. Parental
knowledge and practices on infant teething Taif, Saudi
Arabia. BMC Res Notes 2015;8(1):4-9.

Owais Al, Zawaideh F, Bataineh O. Challenging parents’
myths regarding their children’s teething. Int J Dent Hyg
2010;8(1):28-34.

Olczak-Kowalczyk D, Turska-Szybka A, Gozdowski D,
Boguszewska H, Krasuska-Stawinska E, Sobiech P.
Longitudinal study of symptoms associated with teething:
prevalence and mothers’ practices. Pediatr Pol
2016;91(6):533-540.

Wake M, Hesketh K. Teething symptoms: cross sectional
survey of five groups of child health professionals. BMJ
2002;325(7368):814.

Reeve L, Bhatia S, Al-Yaseen W, Innes N, Monaghan N. A
questionnaire based study of Paediatric Dentists' knowledge
of teething signs, symptoms and management. BDJ Open
2022;12(1):7.

Calcagno E, Barattini R. A therapeutic approach to paediatric
oral disorders. Minerva Pediatr 2018;70(2):175-181.

Ni J, Shu R, Li C. Efficacy evaluation of hyaluronic acid gel for
the restoration of gingival interdental papilla defects. J Oral
Maxillofac Surg 2019;77(12):2467-2474.

Alcéntara C, Castro M, Noronha M, Martins-Junior P,
Mendes R, Caliari M. Hyaluronic acid accelerates bone repair
in human dental sockets: a randomized triple-blind clinical
trial. Braz Oral Res 2018;32:1-10.

Wilson C. The trouble with teething misdiagnosis and misuse
of topical medicament. J Paediatr Dent 2002;12:215-218.
Monaghan N. Teething products may be harmful to health.
Br Dent J 2019;227(6):485-487.

Rosu S, Montanaro F, Rosu A, Oancea R. Multicentre study
on the efficacy and tolerability of a non-medicated patented
gel for the relief of teething symptoms in infants. Ital J Dent
Med 2017;(10):45-54.

Balicer RD, Kitai E. Methemoglobinemia caused by topical
teething preparation: a case report. Sci World J
2004;4(6):517-520.

Teoh L, Moses GM. Are teething gels safe or even necessary
for our children? A review of the safety, efficacy and use of
topical lidocaine teething gels. J Paediatr Child Health
2020;56(4):502-505.

Williams GD, Kirk EP, Wilson CJ, Meadows CA, Chan BS.
Salicylate intoxication from teething gel in infancy. Med J
Aust 2011;194(3):146-148.

. Schmalz G. Use of cell cultures for toxicity testing of dental

materials advantages and limitations. J Dent 1994;22(2):6-
11.

Dahl JE. Toxicity of endodontic filling materials. Endod Top
2005;12(1):39-45.

International Organization for Standardization. Biological
evaluation of medical devices part 5: tests for in vitro
cytotoxicity, 2009.

Halle W, Halder M, Worth A, Genschow E. The registry of
cytotoxicity: toxicity testing in cell cultures to predict acute
toxicity (LD50) and to reduce testing in animals. ATLA
2003;31(2):89-89.

Boik JC, Newman RA. Structure-activity models of oral
clearance, cytotoxicity, and LD50: a screen for promising
anticancer compounds. BMC Pharmacol 2008;8(1):1-13.
Boyko GA, Melcher AH, Brunette DM. Formation of a new
periodontal ligament by periodontal ligament cells
implanted in vivo after culture in vitro. J Periodontal Res
1981;16:73-88.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

MacNeil RL, Somerman MJ. Molecular factors regulating
development and regeneration of cementum. J Periodontal
Res 1993;28:550-559.

Liang Park, Guan JL. In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro.
Nat Protoc 2007;2(2):329-333.

Pinto BI, Cruz ND, Lujan OR, Propper CR, Kellar RS. In Vitro
scratch assay to demonstrate effects of arsenic on skin cell
migration. J Vis Exp 2019;144:10.3791/58838.

Tsang L. Teething, teething pain and teething remedies. Int
Dent SA 2010;12(5):48-61.

Alshukairi H, Otaibi F, Garni R, Rushidan K, Ameri N, Arajah
M, et al. Knowledge of the teething process and assessment
of the relieving practices amongst mothers in Riyadh, Saudi
Arabia. J Adv Med Dent Sci Res 2020;8(6):62-65.

Patel B, Chi J, Shah-Manek B, Lau B. What are pharmacists
recommending for infant teething treatment? J Am Pharm
Assoc 2018;58(1):79-83.

Breu A, Eckl S, Zink W. Cytotoxicity of local anesthetics on
human mesenchymal stem cells in vitro. Arthrosc
2013;29(10):1676-1684.

Keck M, Zeyda M, Gollinger K, Burjak S, Kamolz P, Frey M, et
al. Local anesthetics have a major impact on viability of
preadipocytes and their differentiation into adipocytes. Plast
Reconstr Surg 2010;126(5):1500-1505.

Calderon M, Jimenez J, Guillen E, Burgos E, Lopez M. A 30-s
exposure to ethanol 20% is cytotoxic to human
keratinocytes: possible mechanistic link between alcohol-
containing mouthwashes and oral cancer. Clin Oral Investig
2018;22(8):2943-2946.

Miller H, Eick S, Moritz A, Lussi A, Gruber R. Cytotoxicity and
antimicrobial activity of oral rinses in vitro. Biomed Res Int
2017;2017(3):1-7.

Ulker M, Celik T, Yavuz E, Kahvecioglu F. Real-time analysis
of antiproliferative effects of mouthwashes containing
alcohol, sodium fluoride, cetylpyridinium chloride, and
chlorhexidine in vitro. Biomed Res Int 2021;12(10):1-8.
Hanci V, Hakimoglu S, Ozagmak H, Bektas S, Ozdamar §.
Comparison of the effects of bupivacaine, lidocaine, and
tramadol infiltration on wound healing in rats. Rev Bras
Anestesiol 2012;62(6):799-810.

Morris T, Tracey J. Lignocaine: Its effects on wound healing.
BrJ Surg 1977;64(12):902-903.

Fromm-Dornieden C, Rembe D, Schafer N, B6hm J, Stuermer
EK. Cetylpyridinium chloride and miramistin as antiseptic
substances in chronic wound management—prospects and
limitations. ) Med Microbiol 2015;64(4):407-414.

Luz J, Griggio M, Plapler H, Bancher M, Carvalho V. Effects of
ethanol on energy balance of rats and the inappropriateness
of intraperitoneal injection. Alcohol 1996;13(6):575-580.
Heinrich A, Messingham A, Gregory S, Colantoni A, Ferreira
M, Dipietro A, Kovacs J. Elevated monocyte chemoattractant
protein-1 levels following thermal injury precede monocyte
recruitment to the wound site and are controlled in part by
tumor necrosis factor-a. Wound Repair and Regen. NIH
2003;11(2):110-119.

Wroblewska K, Kucinska M, Murias M, Lulek J.
Characterization of new eye drops with choline salicylate
and assessment of their irritancy by in vitro short time
exposure tests. Saudi Pharm J 2015;23(4):407-412.
Wréblewska KB, Milanowski B, Kucinska M, Plewa S,
Dtugaszewska J, Muszalska-Kolos I. Novel formulation of eye
drops containing choline salicylate and hyaluronic acid:
stability, permeability, and cytotoxicity studies using
alternative ex vivo and in vitro models. Pharmaceuticals
2021;14(9):849.



Falay Civelek et al. / Cumhuriyet Dental Journal, 29(1): 32-39, 2026

42.

43,

44,

Lim YC, Laxaman H, Mead R, Cameron EAB. Oral gel choline
salicylate induced refractory gastric ulceration. JRSM
2014;5(5):2054270414527931.

Eick S, Renatus A, Heinicke M, Pfister W, Stratul S. Hyaluronic
Acid as an adjunct after scaling and root planing: a
prospective randomized clinical trial. J Periodontol
2013;84(7):941-949.

Fouad Al-Bayaty, Mahmood Ameen Abdulla. A comparison
of wound healing rate following treatment with aftamed and
chlorine dioxide gels in streptozotocin-induced diabetic rats.
eCAM 2012;2012:8.

45.

46.

47.

Salamon I. Chamomile a medicinal plant. Herb Spice Med
Plant Dig 1992;10:1-4.

Fonseca Y, Catini C, Vicentini F, Nomizo A, Gerlach R.
Protective effect of Calendula officinalis extract against UVB-
induced oxidative stress in skin: evaluation of reduced
glutathione levels and matrix metalloproteinase secretion. J
Ethnopharmacol 2010;127(3):596-601.

Chandran P. Effect of Calendula officinalis flower extract on
acute phase proteins, antioxidant defense mechanism and
granuloma formation during thermal burns. J Clin Biochem
Nutr 2008;43(2):58-64.

39



