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ABSTRACT

Aim: An optimum storage medium is required to preserve the viability of the periodontal ligament cells of the avulsed tooth.
Although it has been suggested by some researchers that it would be suitable to store the avulsed tooth in water or saliva, milk
has been considered the most appropriate storage medium. Although milk has been shown to be more effective for long
durations, short-term results are contradictory. Thus, the purpose of this study was to assess /n vitro capacity of four storage
media at room temperature with mitochondrial function analysis to maintain the viability of periodontal ligament fibroblasts over
different time periods.

Material and Methods: Periodontal ligament samples were isolated from second premolars for extracted orthodontic reasons.
Pasteurized long-life milk, saliva, tap water, and distilled water were used to examine periodontal ligament cell viability. The
exposure periods were for 60, 120, and 240 min and cell viability were evaluated using the XTT assay.

Results: The count of living cells in milk was found to be significantly higher than in other storage media after 60, 120, and
240 minutes. The mean number of viable cells after 240 min in all storage media except distilled water was significantly lower
than the average number of viable cells after 60 min (p<0.05, t-test).

Conclusion: Although milk is considered to be a suitable storage medium for preserving avulsed teeth, the count of vital cells
is adversely affected in long-term storage.
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Amag: Avulse olan disin periodontal ligament hiicrelerinin canliiginin korunmasi igin uygun bir saklama ortami gerekmektedir.
Bazi arastiricilar tarafindan avulse disin suda ya da tilikiiriikte saklanmasinin uygun olacadi 6nerilse de siit en uygun saklama
ortami olarak kabul edilmistir. Saklama ortamlari arasinda siitiin diger saklama ortamlarina gére uzun sirede daha etkili oldugu
gosterilmis olsa da kisa vadeli sonuglar geliskilidir. Bu calismanin amaci, farkli zaman dilimlerinde periodontal ligament
fibroblastlarinin canliidini korumak igin dért depolama ortaminin /n vitro kapasitesini oda sicakliginda mitokondriyal fonksiyon
analizi ile degerlendirmektir.

Gereg ve yontem: Periodontal ligament fibroblastlari; ortodontik nedenlerle gekilen ikinci premolar diglerden elde edilmistir.
Periodontal ligament hiicrelerinin canliidini incelemek igin pastorize uzun émarli sit, tiikirik, musluk suyu ve damitiimis su
kullanilmistir. Disin depolama ortaminda bekleme stireleri 60, 120 ve 240 dakikadir ve hiicre canliigi XTT testi kullanilarak
dederlendirilmistir.

Bulgular: Siitteki canli hiicre sayisi 60, 120 ve 240 dakika sonra diger depolama ortamlarina gére anlaml derecede yiiksek
bulunmustur. Canli hiicre sayisi damitilmig su digindaki tiim depolama ortamlarinda 240 dakika sonra, 60 dakika sonraki tiim
depolama ortamlarindan anlamli derecede diisiik bulunmustur (p<0.05, t-testi).

Sonug: Siit avulse disin saklanmasi igin uygun bir ortam olmasina ragmen, disin uzun streli saklanmasinda canl hiicrelerin
sayisi negatif etkilenmektedir.

Anahtar kelimeler: hiicre canlilid, fibroblast, avulse dis, siit.
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INTRODUCTION

Although immediate replantation is the most
favorable condition for survival of an avulsed tooth, it
is not possible in most cases.! The presence of living
PDL fibroblast cells is very important for the long-term
success of replantation, which plays an essential role
in minimizing future complications such as ankylosis
and root resorption.23 Dry storage and longer extra-
alveolar time are less favorable in maintaining PDL cell
viability.4

In previous studies, the optimum storage
medium for preserving the viability of PDL fibroblast
cells was investigated for an avulsed tooth.3 It is
necessary to have a storage medium that can
maintain cell viability, has the necessary nutrients,
neutral pH, physiological osmolarity, and is also easily
accessible.> Although some researchers recommend
keeping the avulsed tooth in water or in saliva, milk
has been widely accepted as a storage medium due to
its low bacterial content and its ability to provide
certain nutrients and growth factors to the cells.®

Studies have shown that an avulsed tooth can
be repositioned within 60-180 minutes without
complications after placement in proper storage
conditions.” Although milk has been shown to be more
effective than other storage media for long periods of
time, short-term results are contradictory.*8 For this
reason, the goal of this study was to assess the /n
vitro efficiency of four different storage media for
maintaining the viability of PDL fibroblasts at different
time periods by analysis of mitochondrial functioning
at room temperature.

MATERIALS AND METHODS

Patients were fully informed about the aim of
the study, and signed consent forms were obtained in
line with the Ethics Committee Report of Yuzuncu Yil
University (05.12.2013-05).

Sample collection

PDL samples were isolated from second
premolars for extracted orthodontic reasons. The
teeth were atraumatically and aseptically extracted
under local anesthesia following oral prophylaxis
procedure.

Preparation of PDL cell cultures

Extracted teeth were washed with 1 mL of
phosphate buffered solution (PBS) (pH 7.4) followed
by rinsing with 0.5 mL of antibiotic solution (a mixture
of 100 mg/mL of penicillin, 100 mg/mL of
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amphotericin B, and 100 mg/mL of streptomycin). To
obtain Fibroblast tissue samples, the middle third of
the root was scraped using Bard Parker blade #15
(GPC Medical Limited, New Delhi, India).

The tissue samples were located in a sterile
petri dish containing Dulbecco's Modified Eagle
Medium (DMEM) solution with 10% fetal bovine
serum. Disaggregation of PDL tissue was done by
using 0.2% collagenase and 0.125% trypsin for 30
min, and the cells were accumulated by centrifugation
for 5 min. Supernatant was discarded, and cell pellet
which settled at the bottom was collected. The cells
were resuspended and incubated with 5% CO2 for
attachment. The cells were trypsinized and passed
into T25 culture flasks. The cells of passages 3-5 were
trypsinized and pooled for experimentation. The count
of vital cells in each batch was calculated by Neubauer
hemocytometer and batches showing more viability
were used for the experiment.

Exposure of PDL cells to various storage
media

The trypsinized cells were plated in 96-well
culture plates (TPP, Trasadingen, Switzerland) and
incubated at 37 C with 5% CO2 for 24 h. The medium
in the wells was replaced with pasteurized long-life
milk, saliva, tap water, and distilled water. Six
replicates were used to examine each test solution.
The exposure periods were 60, 120, and 240 min. The
cell viability was calculated using the XTT assay. The
absorbance was assessed at 480 nm by a UV-Vis
microplate reader (Biochrom, Cambridge, UK).

Filtered saliva

Each individual's own saliva, collected at least
1.5 hours after eating, drinking and brushing teeth,
was used. Unstimulated saliva samples were
centrifuged and sterilized with a 0.22 pm filtration
system (Stericup.1, Millipore, Bedford, MA, USA).

Statistical analysis

Version 17.0 of SPSS was used for data
analysis. At the end of 60, 120, and 240 min, the
difference between the count of vital cells in the
media was examined by ANOVA test. The change
between the count of vital cells in the media at the
end of 60 and 240 min was examined by dependent t-
test.

RESULTS

The number of viable cells in milk was
significantly higher than that of other storage medium
at the end of the 60 min., 120 min. and 240 min. time
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period (p<0.05, Anova test) (Table 1-2-3). There was
no significant difference between tap water and
distilled water at the end of the 60 min time period
(p>0.05, Anova test) (Table 1).

The average number of viable cells after 240
min in all storage media except distilled water was
significantly lower than the average number of viable
cells after 60 min (p<0.05, t-test) (Table 4).

Table 1. The number of viable cells at the end of the 60 min

Storage media ( 60 min) n Meantsd F p
Distilized water 6 0.17+0.06

Tap water 6 0.14+0.02

Milk 6 2.96+0.02 1222.089 0.001*
Saliva 6 | 0.69+0.09

*: p<0.05, ANOVA test

Table 2. The number of viable cells at the end of the 120

min
Storage media (120 min) n M +sd F p
Distilized water 6 0.14+0.01
Tap water 6 | 0.12+0.01 «
Milk 6 | 2.53+0.31 249.38 | 0.001
Saliva 6 .45+0.08

"1 p<0.05, ANOVA test

Table 3. The number of viable cells at the end of the 240

min
Storage media (240 min) n | Meanztsd F p
Distilized water 6 0.12+0.01
Tap water 6 0.10£0.01 %
Milk 6 2.05+0.12 484.12 0.001
Saliva 6 | 0.34+0.05

"1 p<0.05, ANOVA test

Table 4. The difference between viable cells at the end of
the 60 min and 240 min

Storag;::)e;iian)(w min- n  |Meantsd t p Dez:‘:'/eo;xse
Distzed woter (240 min] |6 [o.175001| 207 | 0057
Top water Gabmin) | ¢ [o10s001| 6% |0.014%| 253
ik (a0 min) | ¢ [2opa0ty | 17322 [0001%| 308
s lcon Lo 10605 | 155 Joorr| o1
"1 p<0.05, t test
DISCUSSION

At the end of all time periods, the number of
viable cells in milk was statistically higher than that of
other media. Saliva was determined to be the second
best medium for maintaining PDL cell viability. Tap
water and distilled water were determined to be the
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least effective for maintaining cell viability.

In accordance with previous studies, our
results showed that milk is superior in maintaining PDL
cell viability when compared with other transport
media after 60-240 min. In the study by Oikarinen
and Seppa, no difference was found between milk and
saliva after a 60 minute incubation.®! The reason can
be explained by the proliferation capacity of PDL cells,
which does not decrease more significantly in saliva
than in milk during shorter incubation periods. In this
study, milk can be suggested as a transport medium
for short-term preservation because of its low
bacterial content, physiological osmolarity, neutral pH,
and nutrients and factors that will ensure PDL cell
viability.12

According to this /n vitro study, saliva was less
suitable than milk but more effective than tap water.
Non-physiological pH, high bacterial contamination,
and hypotonicity are unfavorable characteristics of
saliva that makes it less suitable than milk.1314
Although saliva is not effective enough in maintaining
cell viability, it still is more preferable than keeping the
tooth in a dry environment or in tap water.

The charactersitcs of tap water are inadequate
for being used as storage medium. In line with the
outcome of this study, many studies identify that cells
cannot maintain their morphological continuity in tap
water, which has bacterial contamination and non-
physiological pH.!>:16

Although distilled water is boiled, sterilized and
purified by the thermal phase change process, its
behavior in maintaining cell viability is not statistically
different from that of tap water. This can be explained
by the idea that PDL cell viability is related to
osmolarity rather than to chemical structure or
bacterial load of the storage media, as stated by
Bomlof et al.l” Although distilled water is more pure
and sterile than tap water, its osmolarity is similar.>

When the count of vital cells at last 60 min and
240 min incubation periods are compared, a decrease
in the count of vital PDL cells was found to be the
greatest in saliva (50.1%), followed by milk (30.8%),
and tap water (25.3%). The decreasing effectiveness
of saliva in maintaining PDL viability can be associated
with the failure of saliva to meet the energy and
nutrient requirements of the cells, as well as with the
presence of microorganisms in saliva.!®!° The reason
of the decrease in cell number over time in milk may
be due to the gradual decrease in pH of milk, which
creates an unsuitable environment for cells to
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survive.2021  Although a significant decrease was
observed in the number of living cells in tap water
over time, no significant change was observed in cell
viability in distilled water. This may be because tap
water is exposed to greater bacterial contamination
than is distilled water, and the mineral and ion
exchange required for cell viability is minimal in
distilled water.2?

The viability of PDL cells in this study was
evaluated at room temperature. Although there are
some studies indicating that more successful results
are obtained when avulsed teeth are stored in low-
temperature media, it is stated that avulsed teeth are
mostly stored at room temperature.l623 Therefore,
room temperature was preferred as ambient
temperature, in accordance with the typical clinical
environment.?*

Many methods are used to identify viable PDL
cells in the dental literature. The choice of one test
over another depends on a variety of factors, including
the limitations of each test, ease of use, speed, and
available resources. In this study, the XTT method
was used to determine viable cell numbers. It is also
reported that the sensitivity of the XTT reduction
assay is better than MTT assay, and it reduces assay
time in many viability assay protocols.

This study has some limitations. First, although
tooth extractions were performed under atraumatic
and aseptic conditions, any trauma that may occur
during tooth extraction may affect PDL cell viability.
Second, the XTT method was used to determine PDL
viability. Apart from this method, other cell culture
models can be used to determine cell viability.25:26

CONCLUSION

Although milk and saliva are the better storage
media in all time periods, the highest decrease in the
count of viably cells with time was seen in these
media. Milk and saliva are seen as suitable storage
media for preserving avulsed teeth, whereas the count
of viable cells is adversely affected in long-term
storage.
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