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ABSTRACT

Background: Tooth avulsion is one of traumatic injuries that cause damage to periodontal ligament (PDL) tissues. Avulsed
tooth should be stored in a suitable storage medium to preserve the vitality of the PDL fibroblasts (PDLFs).

Aim: To assess and compare the effect of various media on albino rabbit’s PDLFs viability and basic fibroblast growth factor
(b-FGF) protein and gene expressions at different time intervals.

Material and Methods: Periodontal ligament stem cells (PDLSCs) were isolated from molars of albino rabbit then
differentiated into PDLFs. The PDLFs were cultured in different media (contact lens solution, skimmed milk, Dentosafe and
alcohol free mouthwash) for 1h, 12h and 24h. Phosphate buffered saline (PBS) was used as control medium. Cell viability was
assessed by MTT assay. b-FGF protein and gene expression levels were detected by immunofluorescence (IF) staining and
Quantitative Real Time-Polymerase Chain Reaction (QRT-PCR) respectively. Data from MTT assay and H-score of IF staining
were statistically analyzed using ANOVA test and multiple two groups comparisons pos hoc test.

Results: Examination of isolated PDLSCs at different passages showed various shapes of cells from rounded to spindle
shaped. The differentiated PDLFs showed positive IF reaction. Statistical analysis of tested media at different time intervals
represented that; PBS had the highest mean of fibroblastic cell viability% and H-score, followed by Dentosafe, skimmed milk,
contact lens solution and mouthwash respectively. Gene expression of b-FGF was up-regulated in Dentosafe and skimmed
milk while it was down-regulated in mouthwash.

Conclusions: Dentosafe is more effective in maintenance of PDLFs viability and function than the other tested media.
Mouthwash is not recommended as a storage media for PDLFs.
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INTRODUCTION Dentosafe is the marketable name of a tooth rescue
box containing special cell culture medium, amino acids,
vitamins and glucose that help in maintaining vitality of
PDL cells!'?.

Tooth avulsion is one of traumatic injuries that result
in total dislocation of a tooth from its alveolar socket
causing damage of periodontal ligament (PDL) tissues and
necrosis of dental pulp due to breakdown of neurovascular
suppliest'?. Immediate replantation and storing of avulsed
tooth in an appropriate transport medium are essential
factors to maintain the vitality of PDL fibroblasts (PDLFs)

and the expression of basic fibroblast growth factor This research was designed to evaluate and compare

(b-FGF) responsible for PDL tissues regeneration, and to the viability as well as b-FGF protein and gene expressions

diminish post-replantation complications such as ankylosis of rabbit PDLFs with various media (contact lens solution,

or external root resorption™*”. skimmed milk, Dentosafe and mouthwash) at different
Contact lens solution is mainly a saline solution storage times.

with additives such as fatty acid monoester, a cationic

Mouthwash is one of the disinfected solutions which
exists at home and is used in improving oral hygiene by
preventing plaque, caries and gingivitis!'*.

MATERIALS AND METHODS

antimicrobial element and preservatives that may maintain

o [10]
the viability of PDL cells!'®. Ethical statement

Milk is a widely used storage medium because of its

low bacterial content and nutritional substances which This study was approved by the Ethics Committee,

contribute in isolation of bone tissue from the tooth and Ain Shams University (approval number: FDASU-REC
thus reduce the probability of ankylosis!'". IR072004).
Personal non-commercial use only. EJH copyright © 2021. All rights served DOI: 10.21608/ejh.2020.45310.1368
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I-Tested media

*  Contact lens solution (ReNu® MultiPlus Solution
Multifunctions, USA).

e Pasteurized fresh skimmed milk (Dina Farm®,
Egypt).

*  Dentosafe (MEDICE Arzneimittel Piitter GmbH &
Co KG, Germany).

e Alcohol free mouthwash (Listerine® Total Care
Zero Alcohol, Italy). The mouthwash was used
with concentration 1%!'.

1I- Sample collection

To obtain PDL tissues, one clinically healthy male
albino rabbit weighing 600gm was used in this study.
The rabbit was anesthetized by using general anesthesia
10mg/kg ketamine hydrochloride (Gutian Pharmaceutical,
Fujian, China), then gingiva was separated, six maxillary
and six mandibular molars were luxated with an elevator
and extracted with hand instrument. The extracted molars
were immersed immediately in transfer solution phosphate
buffered saline (PBS) + 10% penicillin/streptomycin'®.
After molars extraction, the rabbit was sacrificed by over
dose of ketamin. This procedure was performed at Animal
House of “The Medical Research Center” Faculty of
Medicine, Ain Shams University.

III- Cell culture

All steps of cell culture were performed in Central
Lab of Stem Cells and Biomaterials Applied Research
(CLSCBAR), Faculty of Dentistry, Ain Shams University
and in Global Labs, Cairo, Egypt. All cell culture
procedures were completed under laminar flow tissue
cultureHood with proper aseptic techniques.

Primary culture of PDL stem cells (PDLSCs)

Within the first hour after extraction and in laminar
flow cabinet (Thermo MSC 1.2), each extracted molar was
held with tweezer from the crown. The root surfaces were
carefully washed using PBS then scraped using sterile
surgical lancet to ensure removal of all the periodontal
tissues attached to them. The excised PDL tissues were
placed in a small plate and minced into small pieces then
collected in sterile Eppendorf tubes and washed with
PBS. After that, the PBS was replaced and tissues were
digested using collagenase type I 1mg/ml (Sigma-Aldrich,
Germany) at 37°C in a water bath. Tissues were then
homogenized by centrifugation. Supernatant was discarded
and cell suspension was subsequently washed 3 times with
PBS and centrifuged again to obtain a pellet of isolated
cells.

Isolated PDLSCs were primary cultured in 20ml
of Minimum Essential Medium (MEM) (Gibco,
Thermosientific, Germany) containing 10% fetal bovine
serum (FBS) (Gibco, Thermosientific, Germany) and 1%
of penicillin G sodium (10.000UI), streptomycin (10mg)
and amphotericin B (25pg) (Gibco, Thermosientific,

Germany). The cells were seeded in polystyrene tissue
culture flask (75cm?). The culture flask was incubated in
a humidified CO, incubator (Thermo Heracell 150i) at
37°C in 5% CO, and 95% air by volume. The medium was
replaced every 2 days. The cultured cells were examined
using phase contrast inverted microscope (LEICA Dmi80
inverted microscope platform + LASX software) to follow
up the growth of the cells and to detect the appearance of
any bacterial or fungal infection among the cultured cells.
After the cells reached 80% confluence, the cells were
harvested and the third passage was used!'®!7,

Differentiation of PDLSCs to PDLFs

For fibroblast differentiation, PDLSCs were cultured
in  microvascular endothelial cell medium (Gibco,
Thermofisher, Germany) enriched with 2% fetal bovine
serum, 50pg/mL ascorbic acid, and Transforming Growth
Factor beta (TGF-B) with concentration of 15 ng/mL and
seeded in 6-well plates (5x10* cells/well). The medium
was changed twice a week for one week until 70-75%
confluence was achieved!®!,

Recognition of differentiated PDLFs

For examination of b-FGF expression, the differentiated
cells were fixed on positively charged microscope
slides in 4% warm formaldehyde. Then, slides were
immunoflourecent (IF) stained using specific primary
polyclonal antibody (Rabbit Anti-b-FGF (TSC22D1),
cat no:PA5-38690) (Invitrogen; ThermoFisher Scientific,
Hilden; Germany), and incubated overnight at 4°C. The
slide was washed with PBS and incubated with Goat Anti-
Rabbit IgG H&L secondary antibody-Alexa Flour 488
(Invitrogen; ThermoFisher Scientific, Hilden; Germany).
The slide was covered by Prolong Gold Antifade Reagent
with DAPI “4', 6-diamidino-2-phenylindole” (Abcam,
Cambridge, UK) and mounted overnight at room
temperature. The specimens were examined and stored
at 4°C away from light for long term storagel'”. The
microscopic examination was performed by LABOMED
Fluorescence microscope LX400, cat no: 9126000;
USA. The cells were photographed at 100x and 400x
magnifications.

Assessment of cell viability

The PDLFs were seeded in forty five 96-well culture
plates (1x10* cells/well) containing MEM and incubated
in (Binder incubator, Binder GmbH, Germany) at
37°C with 5% CO, for 24h to allow cell attachment. At
confluence, the MEM was removed and replaced by 100uL
of four tested media including, {contact lens solution
(pH 6.9), skimmed milk (pH 6.7), Dentosafe (pH 7.3) and
mouthwash (pH 7.1)}. PBS (pH 7.4) was used as control
medium. Plates were incubated at 37°C and 5% CO,
and assessed for cell viability at three time intervals (1h,
12h and 24h). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium reduction assay
was used in this study to detect cell viability. After the end
of each incubation period, the MTT solution (1mg/mL)
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(Invitrogen, ThermoScientific, Germany) was added to
each well and the plates were incubated at 37°C for 24h,
then media and MTT solution were removed and 100uL
of dimethyl sulfoxide (DMSO) (LC-MS Grade, Thermo
Scientific) was added to each well to dissolve the formazan
crystals. Cell viability was determined by measuring the
optical density at 570nm using a spectrophotometer
(ELx800; Bio-Tek Instruments Inc., Winooski, VT, USA).
The percentage of relative cell viability was calculated
using the following formula: (tested media optical density/
control optical density) x100M1¢,

Assessment of b-FGF protein expression after
incubation of PDLFs using immunofluorescence
staining

After incubation of PDLFs in various media at different
time intervals, the cells were IF stained using polyclonal
rabbit Anti-b-FGF and examined for the protein expression
of b-FGF. The cells were photographed from five fields
randomly at 400x magnification. The IF staining intensity
was scored according to the Four-Tier system: 0, no
staining; 1, weak; 2, moderate; and 3, strong. The average
percentage of PDLFs IF positive cells in each field at each
intensity was calculated.

The H-score of each sample was calculated as follows:
H-score= (% of PDLFs stained at intensity 1x1 + % of
PDLFs stained at intensity 2x2 + % of PDLFs stained at
intensity 3x3). The H-score ranged from 0-300. H-score
was performed using Camera software OptikalSview,
version:3.9.0.605 (Optika microscopes Diagnostics, Italy).

Assessment of b-FGF gene expression using
Quantitative Real Time-Polymerase Chain Reaction
(qRT-PCR)

After incubation of PDLFs in each media at different
incubation periods, total RNA was isolated using RNeasy
extraction kit (Qiagen, Hilden, Germany), the extraction
was conducted according to the manufacturer’s protocol.
Gene specific QuantiTect primer assay for b-FGF and
actin (ACTB) was purchased from (Qiagen, Germany). All
amplifications were conducted in a final reaction mixture
(20uL) containing 500nM gene-specific primers, 2xSYBR,
and 6uL of template under the following conditions:
denaturation at 95°C for 5min, 40 cycles at 95°C for 10s,
58°C for 15s, and 72°C for 15s and a final extension at
72°C for 5min. Reactions were performed using a 5-plex
Rotor-Gene (Qiagen, Germany). Fluorescence data were
converted into cycle threshold (CT) measurements.
Relative gene expression (Fold change) was calculated
using 2-22¢ formula. The gene expression is up-regulated
when the fold change became > 1 and down-regulated
when the fold change became <12,

1IV- Statistical analysis

All data from MTT assay and H-score were analyzed
statistically. Numerical data were explored for normality
by checking the distribution of data and using tests of

normality (Kolmogorov-Smirnov and Shapiro-Wilk
tests). Data were presented as mean values + standard
deviation (£SD). Comparison of numerical variables
between the studied media was done using one way
analysis of variance (ANOVA) test with post hoc
multiple two groups comparisons. The probability value
(P-value) < 0.001 indicates high significance of the
results while, P-value < 0.05 indicates significant results.
Statistical analysis was performed with IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp.

RESULTS
Primary culture of PDLSCs

The cultured PDLSCs were distinguished from
other cells by their tendency to adhere to tissue culture
plastic flask floor. The examination of cultured PDLSCs
with inverted microscope showed that, at day zero of
culture, the cells appeared numerous and small rounded
in shape (Figure la), at passage 1, fibroblast-like cells
with vesicular nucleus were detected (Figure 1b). At the
passage 2, clusters of cells with fibroblast-like morphology
were seen, some cells appeared spindle in shape while
others appeared stellate in shape with extended processes
(Figure 1c). At passage 3, the cultured cells appeared
numerous and spindle in shape (Figure 1d).

Recognition  of differentiated PDLFs by
immunofluorescence stain

Before fibroblastic differentiation, few numbers of
PDLFs showed positive anti-b-FGF IF reactions and
cells appeared rounded in shape (Figures 2a,b). After
differentiation, PDLFs showed positive cell membrane
and cytoplasmic IF reactions with detectable increase in
number, the cells appeared spindle in shape with long
cytoplasmic processes (Figures 2c,d).

Cell viability

Statistical analysis of MTT assay to measure fibroblast
cells viability% of different media at the same incubation
period represented that, at lh incubation, PBS had the
highest mean of fibroblast cells viability%, followed by
Dentosafe which showed non-significant difference with
PBS, followed by skimmed milk which illustrated non-
significant difference with Dentosafe, then contact lens
solution which demonstrated non-significant difference
with skimmed milk. Mouthwash had the least mean of
fibroblast cells viability % and there was non-significant
difference with contact lens solution.

At 12h and 24h incubation, PBS had the highest mean
of fibroblast cells viability%, followed by Dentosafe which
showed non-significant difference with PBS, then skimmed
milk, and subsequently contact lens solution which showed
non-significant difference with skimmed milk. Mouthwash
revealed the least mean of fibroblast cells viability%
(Table 1, Figure 3a).
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Statistical analysis of MTT assay to measure fibroblast
cells viability% at different durations of the same medium
represented that, PBS had non-significant difference at all
durations. Contact lens solution and mouthwash showed the
highest mean of fibroblast cells viability% at 12h, followed
by 1h, then 24h and there was non-significant difference
with 1h. Skimmed milk had the highest mean of fibroblast
cells viability% at 1h, followed by 12h and there was non-
significant difference with 1h. The least mean of fibroblast
cells viability% was at 24h and there was non-significant
difference with 12h. Dentosafe showed the highest mean
of fibroblast cells viability% at 12h, followed by 24h that
showed non-significant difference with 12h, and the least
mean was at 1h (Table 2, Figure 3b).

Immunofluorescence staining and H-score of
cultured PDLFs (b-FGF protein expression)

Immunofluorescence examination of PDLFs in each
media at different incubation periods showed difference in
the intensity of positive anti-b-FGF immune staining. PBS
at 12h and 24h as well as Dentosafe and skimmed milk at
all time intervals showed strong immune staining intensity.
PBS at 1h and contact lens solution at 12h and 24h
represented moderate immune staining intensity. Contact
lens solution at 1h and mouthwash at all incubation periods
showed weak immune staining intensity (Figure 4).

Statistical analysis of H-score of IF stained sections
“based on percentage of PDLFs and staining intensity” of
different media at the same incubation period represented
that, at 1h incubation, PBS had the highest mean of H-score
followed by Dentosafe, skimmed milk and contact lens
solution respectively. Mouthwash revealed the least mean
of H-score and showed non-significant difference with
contact lens solution.

At 12h incubation, PBS had the highest mean of H-score
followed by Dentosafe which showed non-significant
difference with PBS, then skimmed milk which showed
non-significant difference with Dentosafe, followed by
contact lens solution. Mouthwash had the least mean of
H-score.

At 24h incubation, PBS showed the highest mean of
H-score followed by Dentosafe, after that skimmed milk
which showed non-significant difference with Dentosafe,
then contact lens solution. Mouthwash showed the least
mean of H-score and showed non-significant difference
with contact lens solution (Table 3, Figure 5a).

Statistical analysis of H-score at different durations
of the same medium represented that, PBS, contact lens
solution, skimmed milk and Dentosafe had the highest
mean of H-score at 12h, followed by 24h, then 1h and
there was non-significant difference with 24h. Mouthwash
showed the highest mean of H-score at 12h, followed by
24h, and the least mean was at 1h (Table 4, Figure 5b).

qRT-PCR
expression)

of cultured PDLFs (b-FGF gene

At 1h incubation, contact lens solution and mouthwash
showed down-regulation of b-FGF gene expression, while
skimmed milk and Dentosafe showed up-regulation of
gene expression.

At 12h and 24h incubation, contact lens solution,
skimmed milk and Dentosafe showed up-regulation of gene
expression, while mouthwash showed down-regulation of
gene expression (Table 5, Figure 6).

/ N

©

Fig. 1: photomicrographs showing primary culture of rabbit PDLSCs at different passages: (a) Day 0, showing numerous small rounded cells. (b) Passage 1,
showing fibroblast-like cells (black arrows) with vesicular nucleus (green arrows). (c) Passage 2, showing cluster of fibroblast-like cells with spindle shape
(black arrow) and stellate shape (green arrow). (d) Passage 3, showing numerous number of spindle shape cells (Phase contrast inverted microscope, unstained,

original magnification x200).
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(a) (b)

() (d)

Fig. 2: Immunofluorescence photographs: PDLFs before fibroblastic differentiation showing (a) few number of PDLFs (b) with rounded shape (arrows).
PDLFs after fibroblastic differentiation showing (c) detectable increase in number of PDLFs (d) with spindle shape and long processes (arrows) (Anti-b-FGF,
original magnification (a&c) x100, (b&d) x400).
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Fig. 3: Bar chart representing mean and SD values of fibroblast cells viability% (a) Different media at same time interval. (b) Different time intervals of same
medium (* Significant; ** Highly significant; NS: non-significant).
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Fig. 4: Immunofluorescence photographs of cultured PDLFs in each media at three time intervals showing: PBS at 12h and 24h, Dentosafe and skimmed milk
at all time intervals with strong positive immune intensity. PBS at 1h and contact lens solution at 12h and 24h representing moderate positive immune intensity.
Contact lens solution at 1h and mouthwash at all time intervals showing weak positive immune intensity (Anti-b-FGF, original magnification x400).
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Fig. 5: Bar chart representing mean and SD values of b-FGF protein expression (H-score) (a) Different media at same time interval. (b) Different time intervals
of same medium (* Significant; ** Highly significant; NS: non-significant).
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Fig. 6: Bar chart representing b-FGF gene expression (Fold change) of various media at different time intervals.

Table 1: Showing the mean + SD values, results of ANOVA and Least Significant Difference post hoc tests for the comparison between
different media at same time interval regarding fibroblast cells viability%

Fibroblast cells viability% PBS Contact lens solution ~ Skimmed milk  Dentosafe =~ Mouthwash ANOVA  p-value
Mean 99.97 61.30° 73.20° 85.40° 45,432
1 hour incubation 16214  <0.001™
+SD 12.01 5.87 6.33 10.13 9.47
Mean 100 68.90* 69.85° 93.33% 52.37bcd
12 hours incubation 24.749  <0.001"
+SD 5.47 4.12 2.65 9.09 9.68
) ) Mean 99.97 57.17* 66.58* 90.83% 40.5320cd
24 hours incubation 49.017  <0.001™
+SD 8.02 6.67 5.06 3.39 5.95

Using: One Way Analysis of Variance; **p-value <0.001 HS.
post hoc, LSD: Superscript letters indicate; a: significant difference with PBS, b: significant difference with contact lens solution, c: significant difference
with skimmed milk, d: significant difference with Dentosafe.

Table 2: Showing the mean + SD values, results of ANOVA and Least Significant Difference post hoc tests for the comparison between
different time intervals of same medium regarding fibroblast cells viability%

Fibroblast cell Viability% 1 hour incubation 12 hours incubation 24 hours incubation ANOVA p-value
Mean 99.97 100 99.97
PBS 0.021 0.872
+SD 12.01 5.47 8.02
Mean 61.30 68.90° 57.17°
Contact lens solution 3.325 0.032"
+SD 5.87 4.12 6.67
Mean 73.20 69.85 66.58°
Skimmed milk 4.354 0.027
+SD 6.33 2.65 5.06
Mean 85.40 93.33¢ 90.83¢
Dentosafe 3.952 0.031"
+SD 10.13 9.09 3.39
Mean 45.43 52.37% 40.53°
Mouthwash 7.316 0.016
+SD 9.47 9.68 5.95

Using: One Way Repeated Measures Analysis of Variance. p-value >0.05 NS; *p-value <0.05 S; **p-value <0.001 HS.
Post hoc, LSD: Superscript letters indicate; a: significant difference with 1h.; b: significant difference with 12h.
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Table 3: Showing the mean + SD values, results of ANOVA and Least Significant Difference post hoc tests for the comparison between
different media at same time interval regarding b-FGF protein expression (H-score)

Fibroblast cells viability% PBS Contact lens solution ~ Skimmed milk ~ Dentosafe =~ Mouthwash ANOVA  p-value
Mean 240 40° 112 156 30%d
1 hour incubation 262.5 <0.001™
+SD 12.7 2.1 5.9 8.3 1.6
Mean 270 100° 210 255° 402bed
12 hours incubation 255.556  <0.001"
+SD 14.3 53 11.1 13.5 2.1
Mean 246 420 130 160 350
24 hours incubation 257.317 <0.001"
+SD 13 22 6.9 8.5 1.9

Using: One Way Analysis of Variance; **p-value <0.001 HS.

post hoc, LSD: Superscript letters indicate; a: significant difference with PBS, b: significant difference with contact lens solution, c: significant difference

with skimmed milk, d: significant difference with Dentosafe.

Table 4: showing the mean + SD values, results of ANOVA and Least Significant Difference post hoc tests for the comparison between
different time intervals of same medium regarding b-FGF protein expression (H-score)

Fibroblast cell Viability% 1 hour incubation 12 hours incubation 24 hours incubation ANOVA p-value
Mean 240 270° 246°
PBS 30.250 <0.001™
+SD 12.7 14.3 13
Mean 40 100* 420
Contact lens solution 52.680 <0.001™
+SD 2.1 53 2.2
Mean 112 210° 130°
Skimmed milk 30.730 <0.001™
+SD 5.9 11.1 6.9
Mean 156 255¢ 160°
Dentosafe 22.288 <0.001™
+SD 8.3 13.5 8.5
Mean 30 40 35%
Mouthwash 11.707 <0.001™
+SD 1.6 2.1 1.9
Using: One Way Repeated Measures Analysis of Variance. **p-value <0.001 HS.
Post hoc, LSD: Superscript letters indicate; a: significant difference with 1h.; b: significant difference with 12h.
Table 5: Showing b-FGF gene expression (Fold change) of various media at different time intervals.
b-FGF gene expression PBS Contact lens solution Skimmed milk Dentosafe Mouthwash
(Fold change)
1 hour incubation 1 0.84 8.39 82.71 0.21
12 hours incubation 1 1.79 4.99 107.63 0.28
24 hours incubation 1 3.38 3.70 97.68 0.10

DISCUSSION

Tooth avulsion is a severe dental trauma and most
frequently occurred in children between 8-12 years old.
Using of storage media before avulsed tooth replantation to
maintain PDLFs viability (responsible of the extracellular
matrix production and PDL regeneration) is an essential
prognostic factort?!22],

Albino rabbit was the animal of choice in this study
because it is easily available, it is simple to handle and it
has large root surface area that provide more sample size
of PDL tissues!*!.

In the present study, skimmed milk was used instead of
whole milk because of its high cell viability*.

In this study, non-alcoholic mouthwash was used
as recommended by De Paola and Spolarich®®], since
mouthwash containing alcohol causes oral cancer?®!,

The metabolic activity of incubated cells was measured
by colorimetric MTT assay in this study; since it is a widely
used method to test the viability of different cell types such
as fibroblasti"1.

In herein study, b-FGF protein and gene expressions
were assessed because b-FGF is formed mainly by
fibroblast and it has main functions in PDL regeneration
through its angiogenesis and chemotaxis properties, its
proliferative capacity of undifferentiated cells in PDL and
its ability to enhance bone formation as well as prevention
of ankylosis and root resorption®*!,

In the current study, cultured PDLSCs exhibited
adherence to culture plastic flask floor and showed
fibroblasts-like morphology. These findings
accordance with Bag and Yildirim®".

are in
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In the present study, the differentiated DPLFs showed
positive IF staining reaction to anti-b-FGF. Fibroblasts
revealed detectable increase in number and appearance
of their characteristic spindle shape. This result is in
agreement with Grzibovskis et al.,B!.

In this study PBS was used as a control medium and
statistically showed the highest mean value of viable
PDLFs. This could be referred to its ideal osmolarity and
pH as well as its biocompatibility that help in maintaining
physical integrity of cellst*>33.

In the current study, the statistical analysis of MTT
assay result suggested that, Dentosafe is more effective in
the maintenance of cells viability in comparison to contact
lens solution, skimmed milk and mouthwash when PDLFs
stored for longer time intervals. The effectiveness of
Dentosafe could be related to special culture media which
represent one of its ingredients!'?. This result is coinciding
with Lee et al.,? who recorded the superiority of Dentosafe
as preservative medium for human PDLFs in comparison to
other media after12 and 24 hours of incubation. Moreover,
Dentosafe demonstrated 75% healing rate when used as
a storage media before replantation of avulsed teeth®33¢),
Despite of its value in maintaining vitality of PDL cells, the
negative aspect of this medium is the difficulty to be found
in many countries®’3%,

In the present study, statistical analysis of MTT assay
result showed the ability of skimmed milk in maintaining
PDLFs viability at all time intervals in comparison to
contact lens solution and mouthwash. This finding could
be related to neutral pH and physiological osmolarity of
the milk, in addition to its growth factors which are crucial
to cellsB?. Moreover, Adnan et al.,*? reported that, the
lower fat content milk is considered an excellent alternative
storage media for avulsed teeth.

In the current study, skimmed milk showed significant
less mean value of viable cells at 12 and 24h incubation
in comparison to Dentosafe and at all time intervals
in comparison to PBS. Our findings were not in line
with Martins et al.,’® who reported higher PDL cells
viability of milk than PBS when the cells incubated at
room temperature at 10h and 24h. This conflict could be
attributed to higher incubation temperature used in herein
study that may alternate skimmed milk efficiency through
decreasing its freshness and increasing fragmentation of
its contents to some extent*!%?l. However, milk is highly
recommended in other studies because it is inexpensive,
rich of nutrients and easily to be found than other media as
well as it protects PDLF viability and identity!34],

In the present study, the mean of PDLFs cells viability%
in contact lens solution was less than skimmed milk,
although there were no statistical differences at different
time intervals. This finding is in agreement with Sigalas
et al.,®l; Chamorro ef al.,*¥. This could be related to the
harmful effect of preservatives in contact lens solution on
PDL cells especially with long storage time. Moreover, in
the current study, the mean of viable cells that incubated in

contact lens solution was decreased at 24h incubation. This
finding is in parallel with Anegundi and Daruwalla!who
recommended that the contact lens solution is better to be
used for short storage time.

Statistically, mouthwash showed the least mean value
of PDLFs viability% at all time intervals in this study. This
result is in parallel with de Oliveira et al.,[*! who reported
cytotoxic effect of different types of mouthwash on gingival
fibroblasts. This finding could be attributed to antiseptic
properties of mouthwash linked to its biocompound
formulations of plant and vegetal origin; these compounds
penetrate cell membrane causing cell death and ATP
depletion due to inhibition of both mitochondria metabolic
activity and cell proliferation’-",

In the current study, cultured PDLFs showed positive
anti-b-FGF IF stain reaction in different media after each
incubation period. This is related to the ability of b-FGF
in maintaining self renewal and differentiation potency in
vitroBl,

In the present study, statistical analysis of examined
IF stained sections according to percentage of PDLFs and
staining intensity (H-score) of different media at three
time intervals represented that, PBS showed the highest
mean value followed by Dentosafe, skimmed milk, contact
lens solution, and mouthwash respectively. The statistical
results of H-score were coinciding with the fibroblast
cells viability% result in this study. This is in agreement
with Kim ef al.,F2 who reported that, the histological
examination of the PDL cells in vitro study was equivalent
to MTT assay result.

In this study, results of b-FGF relative gene expression
(fold change) demonstrated that, Dentosafe and skimmed
milk showed up-regulation of b-FGF gene expression at
all time intervals and contact lens solution at 12h and 24h
incubation. These results coincide with PDLFs IF staining
intensity in this study and are in accordance with Pohl
et al.,); Sinpreechanon et al.,'**! who reported functional
activity of PDLFs after incubation in Dentosafe and low-fat
milk respectively. Conversely, mouthwash showed down-
regulation of b-FGF gene at all incubation periods, this was
confirmed by the weak IF staining intensity of PDLFs as
reported in this study and its cytotoxic effect that inhibits
protein and DNA synthesis in fibroblast as reported by de
Oliveira et al.,*sl; Coelho et al.,’*.

CONCLUSIONS

This study suggested that, for all storage times (1, 12
and 24h), Dentosafe is more effective in the maintenance
of PDLFs viability and function than other tested media.
Contact lens solution and skimmed milk showed almost the
same cell viability but regarding function, skimmed milk
is more preferred. In addition, it is better to use contact
lens solution and skimmed milk as storage media not more
than 12h. Mouthwash is not recommended to be used as a
storage media for PDLFs.
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