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1  | INTRODUC TION

Avulsion is the complete displacement of a tooth from its socket due 
to trauma.1 The prognosis of an avulsed permanent tooth is mainly 
dependent on the procedures after the avulsion and the condition 

of the periodontal ligament cells at replantation.1,2 The emergency 
management is important, and the avulsed tooth should be replanted 
as quickly as possible.2 When immediate replantation of the avulsed 
tooth is not possible, the tooth needs to be stored in a transport me-
dium that can maintain periodontal ligament cell viability.3
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Abstract
Background/Aim: Ectoine is an amino acid that can preserve osmotic balance and has 
more preservative activity than other osmoregulators. There are no published re-
ports on the osmoregulators’ effects on viability or differentiation of dental stem 
cells. The aim of this study was to investigate the effect of Ectoine as a storage media 
on the viability and differentiation potential of human periodontal ligament mesen-
chymal stem cells (hPDLMSCs).
Materials and Methods: hPDLMSCs were obtained from impacted third molar teeth. 
The cells were isolated, submitted to trilineage differentiation, and characterized by 
flow cytometer (FC). hPDLMSCs were incubated with different media containing 
Ectoine, complete DMEM (cDMEM), Ectoine+cDMEM, milk, and tap water for 2, 6, 
12, and 24 h. The cells were analyzed by FC for viability, early-apoptosis, late apopto-
sis, and necrosis rates. Osteogenic and fibroblastic differentiation in hPDLMSCs 
were investigated by Alizarin red stain and vimentin expression.
Results: All treated groups showed significant decreases in cell viability after 2 h. 
Significant increases were detected in the number of dead cells between 2 and 12 h 
in all groups except the Ectoine+cDMEM group. The deposition of mineral matrix 
nodules was significantly higher in cells cultured with Ectoine+cDMEM compared 
with the other media. Higher vimentin expressions were detected in cells cultured 
with cDMEM and Ectoine+cDMEM media, respectively.
Conclusions: Ectoine added to cDMEM media, promoted cell survival plus osteo-
genic and fibroblastic differentiation of hPDLMSCs.
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Periodontal ligament (PDL) cells have an important role in peri-
odontal regeneration following periodontal tissue damage.4,5 The 
stem cells and progenitor cells in a healthy tissue proliferate and 
migrate to the damaged area. These migrated cells differentiate 
into fibroblasts, osteoblasts, or cementoblasts and form bone and 
cementum.4

An ideal storage medium should be easily accessible, ready 
to use, and cheap. Besides these characteristics, it should have 
a long shelf life, neutral pH, osmolality, and antioxidant capacity.6 
Additionally, an ideal storage medium needs to maintain the viability 
and clonogenic capacity of the PDL and pulp cells. The most import-
ant factor for the storage medium is to have physiological osmolality, 
which should be around 290-300 mOsmol/kg.7

Osmotic solutes are nonionic, water-soluble, non-toxic, dipolar, 
uncharged, or anionic organic compounds that preserve cellular 
function and osmotic balance even at high concentrations. They have 
low molecular weight and protect proteins against denaturation.8

Ectoine is a natural osmoregulating amino acid produced by bac-
teria that can survive under unfavorable conditions. Ectoine is used 
for treatment of eye, nose, and skin dryness.9 As a storage medium 
should have the same osmolality as the intracellular environment in 
treating avulsion cases, this study was designed to test Ectoine as a 
storage medium for avulsed teeth.

It was hypothesized that Ectoine might induce viability and dif-
ferentiation potential of human periodontal ligament mesenchymal 
stem cells (PDLMSCs). The aim of this study was to investigate the 
effect of Ectoine as a storage medium on the viability and differenti-
ation potential of human PDLMSCs.

2  | MATERIAL S AND METHODS

The study was approved by the ethics committee of Istanbul 
University, Faculty of Dentistry (56/2015). Human periodontal 
ligament tissue explants were obtained from 10 freshly extracted 
impacted third molar teeth with informed consent (donors aged 
18-25 years).

The PDL tissues were separated from the middle third of the root 
surface, minced using sterilized scalpels under a laminar hood for 
primary cell cultures. The tissue fragments were transferred to a 25-
cm2 flask with Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Grand Island, USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco), 100 U/mL penicillin, and 100 μg/mL streptomycin (Gibco), 
and cultured at 37°C in a humidified atmosphere containing 5% CO2 
with medium exchange. The culture plates and flasks were moni-
tored daily for cell growth with medium changes every 3 days. After 
1-2 weeks of culture, when 70% to 80% confluence was reached, the 
cells were detached using 0.05% trypsin and passaged. The total cell 
number was determined using a hemocytometer. In this study, cells 
from all 10 donors and third-passage cells were used in each assay.

Phenotype of isolated periodontal ligament mesenchymal 
cells was determined by flow cytometry analysis for expression 
of CD146-FITC, CD45-FITC, CD29-APC, CD25-APC, CD105-PE, 

CD90-PE, CD73-PE, CD34-PE, CD28-PE, and CD14-PE markers. 
The cells were washed in cold PBS, and aliquots of 1 × 105 cells 
were labeled (30 min in the dark at 4°C) with monoclonal antibodies 
specific for human markers associated with mesenchymal and he-
matopoietic lineages. Flow cytometry was performed using a Flow 
Cytometer (BD, FACSCalibur, San Jose, CA, USA).

To determine the trilineage differentiation potential of hPDLM-
SCs, cells were seeded in 6-well plates (1 × 105 cells per well) cultured 
in growth medium until reaching 70-80% confluence. Growth me-
dium was replaced with specific differentiation media [Osteogenic 
Stimulatory Kit (Human Stem Cell Technologies, USA), Adipogenesis 
Differentiation Kit (Gibco), and Chondrogenesis Differentiation Kit 
(Gibco)], to induce osteogenic, adipogenic, and chondrogenic differ-
entiation of hPDLSCs. The media were replaced every 3 days. The 
calcium deposition and extracellular matrix mineralization were 
confirmed with Alizarin red staining (Sigma-Aldrich, USA) assay per-
formed after four weeks of osteogenic treatment. The cells were 
incubated with chondrogenic differentiation media for 14 days and, 
chondrogenic differentiation of the cells was assessed via staining 
with Alcian Blue (Sigma-Aldrich). For adipogenic differentiation, 
the cells were incubated with adipogenic differentiation media for 
14 days, and adipogenic differentiation of the cells was assessed with 
oil red O (Sigma-Aldrich) staining. Cells were photographed using a 
binocular microscope (Olympus, BH2-RFCA, Olympus, Tokyo, Japan).

The cells from the third passage were frozen at −196°C and kept 
in liquid nitrogen for subsequent experiments. hPDLMSC cells were 
retrieved from storage, thawed in a 37°C water bath, and cultured 
at 37°C in a humidified atmosphere containing 5% CO2. 1 × 105 cells 
were seeded into 24-well culture plates, and the cells were allowed 
to attach to the plate overnight. The culture medium was removed 
after 24 h, and 2 mL of the five different experimental solutions was 
added for 2, 6, 12, and 24 h.

The experimental storage solutions used in the experiments 
were as follows:

1.	 Ectoine (Oly-Nal Ectoin Nasal Sprey; 2% Ectoine, 1% sea salt, 
water, phosphate buffer, Johnson &Johnson, Germany),

2.	 Milk (Pınar Milk, Low-fat (0,1%), cow milk, UHT processed, Long 
shelf life, Yasar Inc, Turkey),

3.	 Ectoine+cDMEM (1/3 Ectoine+2/3 complete DMEM, 10% FBS 
(fetal bovine serum),%1 Penicillin / streptomycin containing 
DMEM (Dulbecco’s modified Eagles Medium, Gibco),

4.	 cDMEM
5.	 Tap water (negative control group).

All groups were evaluated by cell viability (flow cytometry analy-
sis), osteogenic differentiation (Alizarin red staining), and fibroblastic 
differentiation potential (flow cytometry analysis and morphological 
investigation).

To determine the levels of viability, apoptosis, and necro-
sis, an Annexin V-FITC Apoptosis Detection Kit (eBioscience, BD 
Biosciences, San Jose, CA, USA) was used at 2, 6, 12, and 24 h fol-
lowing exposure of the cells to the test solutions. 1 × 105 cells were 
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seeded in 24-well plates and incubated after adding 1 mL of the cul-
ture medium. After 24 h, the culture medium was removed, and 1 mL 
of the five different experimental solutions was added for 2, 6, 12, 
and 24 h. At the end of each observation period (2, 6, 12, and 24 h), 
cells were harvested by centrifuging at 1500 rpm for 5 min, washed 
once in PBS, and stained with the eBioscience kit. The viable, apop-
totic, and necrotic cell populations were determined by flow cytom-
etry. Markers for apoptosis (annexin V, AV) or necrosis (propidium 
iodide; PI) were assayed. The percentages of viable (AV-/PI-), early 
apoptotic (AV+/PI-), late apoptotic (AV+/PI+), and necrotic (AV-/PI+) 
hPDLMSCs were determined. The results were quantified using 
CellQuest software with FCS (Becton-Dickinson). A total of 40 000 
cells were analyzed. All experiments were performed in triplicate 
wells for each condition and repeated at least twice. 3 × 105 cells 
were seeded in 6-well plates and incubated after adding 2 mL of the 
culture medium to determine the osteogenic differentiation. When 
cells had grown to confluence, the culture medium was removed, 
and 2 mL of the five different experimental solutions was added. 
At the end of each observation period, the culture media were re-
placed with specific differentiation media (StemPro Osteogenesis 
Differentiation Kit, Life Technologies, Toronto, ON, Canada). The 
cells were washed once in PBS, and then 2 mL of differentiation 
media was added to the wells. The media were replaced three times 
a week. The cells were fixed in 2% paraformaldehyde neutral buffer 
solution. Alizarin red S method performed for observation of min-
eralization nodules after four weeks of osteogenic treatment. The 
samples were observed using a binocular microscope (Olympus, 
BH2-RFCA).

hPDLMSCs were seeded at a concentration of 3 × 105 in 6-well 
plates containing 2 mL of the culture medium. When confluent, the 
medium was aspirated from the wells, and then 2 mL of the five dif-
ferent experimental solutions was added to each well. The cells were 
washed once in PBS, then 2 mL of fibroblastic differentiation culture 
medium was added to the wells at the end of each observation pe-
riod (2, 6, 12, and 24 h).

To induce fibroblastic differentiation, the cells were washed 
once in PBS, and then they were treated with the 1 ng/mL basic fi-
broblast growth factor (bFGF, BioSource, Thermo Fisher, Waltham, 
MA, USA)-containing differentiation medium (DMEM supplemented 
10% FBS and 1% penicillin-streptomycin). After 7 days, 5 ng/mL 
transforming growth factor-β (TGF-β) (Gibco Invitrogen, NY, USA) 
was added to the differentiation media. The medium was changed 
three times a week. The cells were cultured for 3 weeks. At the end 
of this period, the culture medium was removed, cells were tryp-
sinized and washed once in PBS. The cells were transferred into 
polystyrene tubes. After centrifuging at 1500 rpm for 5 min, the 
supernatant was removed, and 1 μL of vimentin antibody (Thermo 
Fisher, NB500-512PE) was added to the tubes, and the labeled cells 
were analyzed using flow cytometry (BD, FACSCalibur).

Statistical analysis was performed using SPSS Statistics 22 (IBM 
SPSS Inc., Turkey). The Shapiro-Wilks test was used to check the 
normality of the data. The Kruskal-Wallis test was used to study 
differences among groups in non-normally distributed data (95% CI, 
P < .05). Friedman’s test was used to compare the distributions of 
the two or more non-normally distributed quantitative variables. The 
Kruskal-Wallis test was used as a post hoc test to study differences 

F IGURE  1 A, PDLSCs on third passage 
exhibited long processes and displayed a 
spindle-shaped fibroblast-like morphology, 
(×10). B, Differentiation of PDLMSCs into 
osteoblasts was confirmed by Alizarin 
red stain, (×40). C, Differentiation of 
PDLMSCs into adipocytes was confirmed 
by oil red O, (×40). D, Differentiation 
of PDLMSCs into chondrocytes was 
confirmed by Alcian blue staining, (×40)

(A) (B)

(C) (D)

 16009657, 2018, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/edt.12396 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [26/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



     |  191TUNCER BUDANUR et al.

among groups in non-normally distributed data (95% CI). P < .05 was 
considered as the significance level. Spearman’s correlation test was 
used for intragroup analyses with the significance level r > .4.

3  | RESULTS

Adhesion of cells was detected between two and three days and pri-
mary cell cultures reached a confluence of 70-80% after 1-2 weeks. 
Third-passage cells exhibited long processes and showed a spindle-
shaped fibroblast-like morphology (Figure 1A).

HPDLSCs were cultured in osteogenic, adipogenic, and chondro-
genic conditions to assess the multipotent capability. Differentiation 
into osteoblasts was confirmed by Alizarin red (Figure 1B). 
Osteogenic differentiation was demonstrated by the presence of 
mineralized nodules. The extracellular calcium deposits were stained 
in bright orange-red color. Differentiation into adipocytes was con-
firmed by oil red O (Figure 1C).

Adipogenic differentiation was demonstrated by the presence of 
fat vacuoles and red-stained lipid droplets in PDLSCs after 2 weeks 

of induction. Differentiation into chondrocytes was confirmed by 
Alcian blue staining (Figure 1D). Chondrogenic differentiation was 
demonstrated by the presence of proteoglycans and chondrocyte-
like cells.

The high expression of surface markers related to mesenchy-
mal stem cells (CD 105, CD 146, CD 90, CD 29, and CD 73) was 
detected by flow cytometry. The cells were negative for hemato-
poietic stem cell markers, such as CD45, CD34, CD25, CD28, and 
CD14 (Figure 2).

After exposure to the different experimental solutions at differ-
ent time courses, the percentages of viable hPDLMSCs were repre-
sented in Table 1.

All groups demonstrated decreased cell viability in a time-
dependent manner. A statistically significant difference was found in 
the percentage of viable cells at 2 and 24 h in all experimental groups 
(P < .05). There was a significant decrease in the percentage of vi-
able cells for each observation period in the tap water-containing 
group, when compared with other experimental solutions (P < .05). 
The higher percentage of viable cells was detected in cells cultured 
with Ectoine+cDMEM medium at 2, 6, and 12 h (P < .05).

F IGURE  2 Determination of the immunophenotypic characteristics of PDLMSCs by flow cytometry
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The percentages of early apoptotic, late apoptotic, and ne-
crotic cells are represented in Tables 2, 3, and 4, respectively. Milk, 
Ectoine, Ectoine+cDMEM, and cDMEM all had a low percentage 
of early apoptotic cells, and no significant difference (P > .05) was 
found among these treatment groups after 2 h. A higher percent-
age of early apoptotic cells was detected in the tap water-containing 
group after 2 h (P = .02). On the other hand, a significant increase in 
the percentage of early apoptotic cells was observed after 2 h for 
both the Milk and the Ectoine groups (P < .05).

All groups demonstrated increased late apoptotic cell rates in a 
time-dependent manner (P < .05). The tap water-containing group 

represented the higher percentage of late apoptotic cells for each 
observation period. A significant increase in the percentage of 
late apoptotic cells was observed after 2 h for the Ectoine group 
(P = .01).

Ectoine+cDMEM had the lowest percentage of necrotic cells 
among the treatment groups after 2 h (P < .05). The percent-
ages of necrotic cells in the Ectoine and the tap water-containing 
groups were significantly higher (P < .05) when compared with the 
Ectoine+cDMEM group at 2 h (P < .05). A significant increase in 
the percentage of necrotic cells was observed at 24 h for the Milk, 
cDMEM, and Ectoine+cDMEM groups (P < .05).

TABLE  1 The percentages of viable hPDLMSCs after exposure to the different experimental solutions for different time intervals. The 
data represent means ± SD. All experiments (n:6) were performed in triplicate wells for each condition and repeated at least twice

Cell Viability (%)

2 h 
Mean ± SD (Median)

6 h 
Mean ± SD (Median)

12 h 
Mean ± SD (Median)

24 h 
Mean ± SD (Median) P1

Ectoine (1) 69.64 ± 10.83 (71.54) 32.22 ± 14.57 (31.58) 17.62 ± 11.17 (15.82) 12.25 ± 5.41 (11.07) (2-24 h)*  
P = .01

Milk (2) 73.32 ± 8.33 (73.80) 54.74 ± 4.98 (55.36) 69.02 ± 17.11 (69.10) 31.47 ± 1.06 (31.52) (2-24 h, 
12-24 h)*  
P = .01

Ectoine+cDMEM (3) 80.27 ± 1.33 (80.36) 71.41 ± 1.06 (71.48) 74.09 ± 14.09 (73.68) 34.86 ± 3.80 (35.23) (2-24 h)*  
P = .01

cDMEM (4) 79.77 ± 6.49 (80.39) 63.39 ± 4.84 (63.81) 70.70 ± 20.94 (70.59) 36.70 ± 9.68 (37.01) (2-24 h)*  
P = .04

Tap water (5) 14.67 ± 10.40 (13.99) 10.67 ± 10.95 (9.56) 6.06 ± 3.21 (6.06) 8.48 ± 2.49 (8.50) P = .47

P2 (4-5, 3-5)*  
P = .005

(4-5, 1-3, 3-5)*  
P = .000

(2-5, 4-5, 3-5)*  
P = .001

(4-5, 3-5)*  
P = .001

P1: Friedman test represents a significant difference between groups. P2: Kruskal-Wallis test represents a significant difference among groups.  
*( P < .05).

TABLE  2 The percentages of early apoptotic hPDLMSCs after exposure to the different experimental solutions for different time 
intervals. The data represent means ± SD. All experiments (n:6) were performed in triplicate wells for each condition and repeated at least 
twice

Early Apoptosis (%)

2 h 
Mean ± SD (Median)

6 h 
Mean ± SD (Median)

12 h 
Mean ± SD (Median)

24 h 
Mean ± SD (Median) P1

Ectoine (1) 9.72 ± 3.96 (10.06) 23.29 ± 17.42 (22.30) 24.41 ± 7.42 (24.33) 26.78 ± 5.75 (26.76) (2-24 h, 
2-24 h)*  
P = .05

Milk (2) 9.80 ± 5.85 (9.37) 13.17 ± 4.25 (12.47) 15.41 ± 8.93 (15.43) 18.52 ± 3.24 (18.37) (2-24 h, 
2-24 h)*  
P = .01

Ectoine+cDMEM (3) 9.67 ± 3.36 (10.21) 11.96 ± 2.60 (12.57) 18.04 ± 14.63 (18.32) 27.45 ± 3.97 (26.66) P = .12

cDMEM (4) 8.63 ± 1.44 (8.52) 14.89 ± 1.93 (14.17) 21.91 ± 20.95 (21.03) 27.45 ± 2.48 (28.00) P = .06

Tap water (5) 25.01 ± 5.69 (25.94) 26.72 ± 13.82 (26.77) 43.18 ± 29.36 (43.05) 25.41 ± 3.20 (25.36) P = .67

P2 (4-5)*  
 P = .02

P = .083 P = .456 (2-3)*  
 P = .03

P1: Friedman test represents a significant difference between groups. P2: Kruskal-Wallis test represents a significant difference among groups.  
*( P < .05).
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The results of early apoptotic, late apoptotic and necrotic cells 
were combined and shown as total cell death in Table 5.

All groups demonstrated increased total cell death rates after 
2 h (P < .05). Ectoine+cDMEM containing group showed the lowest 
total cell death rates among the treatment groups after 2, 6, and 
12 h (P < .05). The tap water-containing group represented the high-
est total cell death rates for each observation period.

The results confirmed that the number of viable hPDLMSCs was 
negatively correlated with the number of dead hPDLMSCs (r > .4).

The mineralization of hPDLMSCs was qualitatively assessed 
by Alizarin red staining. hPDLMSCs without extracellular calcium 
deposits (undifferentiated cells) were slightly reddish, whereas 

cells with extracellular calcium deposits (differentiated/mineral-
ized cells) were bright orange-red. The osteogenic differentiation 
of hPDLMSCs into osteoblasts was confirmed by intense staining 
for Alizarin red staining. The nodular aggregates of cells stained 
with Alizarin red demonstrated that the deposits observed were 
calcified. Images of PDLMSCs that were transferred to the os-
teogenic differentiation environment after incubating in differ-
ent storage media for 2, 6, 12, and 24 h are shown in Figures 3-7, 
respectively.

The lowest amount of intracellular calcium deposition and 
many apoptotic cells was observed in the tap water-containing 
group. Osteoblast-like cells and calcified nodule-like structures 

TABLE  3 The percentages of late apoptotic hPDLMSCs after exposure to the different experimental solutions for different time 
intervals. The data represent means ± SD. All experiments (n:6) were performed in triplicate wells for each condition and repeated at least 
twice. Friedman test represents a significant difference between groups (P < .05). Kruskal-Wallis test represents a significant difference 
among groups *(P < .05).

Late Apoptosis (%)

2 h 
Mean ± SD (Median)

6 h 
Mean ± SD (Median)

12 h 
Mean ± SD (Median)

24 h 
Mean ± SD (Median) P1

Ectoine (1) 13.39 ± 5.14 (13.17) 35.96 ± 10.19 (34.59) 46.88 ± 17.24 (47.00) 46.53 ± 4.23 (45.96) (2-24 h, 
2-12)*  
P = .01

Milk (2) 10.61 ± 7.03 (10.10) 22.03 ± 0.36 (22.06) 13.04 ± 7.22 (12.97) 40.61 ± 6.54 (40.52) (2-24 h, 
12-24 h)*  
 P = .01

Ectoine+cDMEM (3) 8.06 ± 4.75 (6.40) 12.72 ± 1.70 (12.66) 5.38 ± 2.39 (5.38) 26.09 ± 2.32 (25.32) (2-24 h, 
12-24 h)*  
 P = .01

cDMEM (4) 8.39 ± 5.69 (5.79) 12.11 ± 4.07 (11.24) 4.63 ± 1.01 (4.85) 19.54 ± 4.09 (20.96) (12-24 h)*  
 P = .02

Tap water (5) 46.62 ± 17.43 (47.10) 56.74 ± 22.70 (56.89) 41.23 ± 23.88 (41.58) 47.97 ± 1.27 (47.33) P = .15

P2 (3-5, 4-5)*  
 P = .007

(1-4, 3-5, 4-5)*  
 P = .000

(1-4, 1-3, 4-5)*  
 P = .002*

(1-4, 4-5)*  
 P = .000*

TABLE  4 The percentages of necrotic hPDLMSCs after exposure to the different experimental solutions for different time intervals. The 
data represent means ± SD. All experiments (n:6) were performed in triplicate wells for each condition and repeated at least twice. Friedman 
test represents a significant difference between groups (P < .05). Kruskal-Wallis test represents a significant difference among groups 
*(P < .05).

Necrotic cells (%) 

2 h 
Mean ± SD (Median)

6 h 
Mean ± SD (Median)

12 h 
Mean ± SD (Median)

24 h 
Mean ± SD (Median) P1

Ectoine (1) 9.91 ± 4.77 (9.76) 8.54 ± 9.43 (8.89) 11.08 ± 4.50 (12.24) 14.42 ± 6.23 (15.82) P = .35

Milk (2) 6.27 ± 0.91 (6.61) 10.06 ± 1.17 (9.76) 2.53 ± 1.30 (2.45) 9.42 ± 7.07 (7.90) (6-12 h)*  
 P = .01

Ectoine+cDMEM (3) 2.01 ± 0.87 (2.16) 3.91 ± 1.81 (3.90) 2.49 ± 1.70 (1.81) 11.61 ± 2.99 (11.75) (2-24 h, 
12-24 h)*  
 P = .01

cDMEM (4) 3.22 ± 1.37 (3.39) 9.60 ± 3.31 (11.26) 2.76 ± 1.11 (3.48) 16.30 ± 10.91 (14.91) (12-24 h)*  
 P = .04

Tap water (5) 13.70 ± 9.03 (12.97) 5.86 ± 3.50 (5.57) 9.54 ± 13.78 (4.91) 18.14 ± 6.73 (18.77) P = .32

P2 (1-3, 3-5)* P = .006 P = .098 P = .065 P = .295
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were observed only in the 2-h samples of the Ectoine group. Some 
apoptotic cells and irregular calcium deposits were observed in the 
Ectoine group over time.

The hPDLMSCs were slightly stained with Alizarin red in 
the milk group, but some deposits were observed in calcified 

nodule-like structures. The cells differentiated into osteoblast-
like cells in the cDMEM and Ectoine+cDMEM groups for all time 
intervals.

The fibroblastic differentiation of hPDLMSCs was confirmed by 
vimentin expression and morphological investigation. The vimentin 

TABLE  5 The percentages of total cell death in hPDLMSCs after exposure to the different experimental solutions for different time 
intervals. The data represent means ± SD. All experiments (n:6) were performed in triplicate wells for each condition and repeated at least 
twice. Friedman test represents a significant difference between groups (P < .05). Kruskal-Wallis test represents a significant difference 
among groups *(P < .05).

Total cell death (%)

2 h 
Mean ± SD (Median)

6 h 
Mean ± SD (Median)

12 h 
Mean ± SD (Median)

24 h 
Mean ± SD (Median)  P1

Ectoine (1) 33.00 ± 9.38 (29.00) 67.40 ± 14.86 (68.00) 82.40 ± 10.74 (84.00) 87.40 ± 5.59 (89.00) (2-12 h, 
2-24 h)*  
P = .011

Milk (2) 26.40 ± 8.47 (27.00) 45.20 ± 5.07 (44.00) 30.80 ± 17.12 (30.00) 68.60 ± 1.67 (69.00) (2-12 h)*  
P = .007

Ectoine+cDMEM (3) 19.80 ± 1.30 (20.00) 28.80 ± 1.30 (29.00) 25.60 ± 13.67 (26.00) 65.20 ± 3.27 (65.00) (2-24 h, 
12-24 h)*  
P = .007

cDMEM (4) 20.40 ± 6.58 (20.00) 36.40 ± 4.83 (36.00) 29.60 ± 20.55 (30.00) 63.20 ± 9.76 (63.00) (2-24 h, 
12-24 h)*  
P = .028 

Tap water (5) 85.00 ± 10.58 (86.00) 89.20 ± 10.85 (90.00) 94.00 ± 3.61 (94.00) 91.60 ± 2.30 (92.00) P = .472

P2 (3-5, 4-5, 2-5)*  
P = .002

(3-5)*  
P = .000

(3-5, 1-3, 4-5, 2-5)*  
P = .001

(4-5, 3-5)*  
P = .001

F IGURE  3 Alizarin red staining images 
of PDLMSCs that were transferred to the 
osteogenic differentiation environment 
after incubation in Ectoine for different 
time intervals. (A) 2 h; (B) 6 h; (C) 12 h; (D) 
24 h

(A) (B)

(C) (D)
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expression of hPDLMSCs for each experimental group is shown in 
Figure 8.

The highest vimentin expression was observed in the cDMEM 
group and later in the Ectoine+ cDMEM group. The lowest lev-
els were determined in the tap water, Ectoine, and milk groups, 
respectively.

4  | DISCUSSION

Mesenchymal stem cells (MSCs) can be obtained from a variety 
of different tissues.10 MSCs show fibroblast-like morphology, can 
differentiate into different lineages, and carry some specific cell 
surface markers.10,11 The presence of MSCs can be demonstrated 
with the negativity (CD14, CD34, and CD45) and positivity (CD105, 
CD73, and CD90) of some hematopoietic stem cell markers.12,13 
Stem cells obtained from tooth pulp and PDL tissue are multipotent 
mesenchymal stem cells having high proliferation, regeneration, and 
differentiation capacity.10

In this study, hPDLMSCs were characterized by detecting spe-
cific surface antigens of cultured cells. The cells isolated from PDL 
tissue showed a fibroblast-like structure morphologically and also 
strongly expressed MSC markers immunophenotypically. It was also 
shown that these cells were able to show trilineage differentiation, 
and their MSC characteristics were proven.

The viability of periodontal ligament cells is essential for the clin-
ical healing of replanted avulsed teeth.14-21 This can be achieved by 

immediate replantation or by placing the tooth in a transport medium 
that is able to preserve the viability, mitogenicity, and clonogenic capac-
ity of the injured periodontal ligament cells and their progenitors.22,23

In studies regarding the storage conditions for avulsed teeth, a 
variety of different experimental setups have been tested to find an 
ideal storage medium.14-21

Considering the ability to preserve cellular functions and osmotic 
balance, this study evaluated the potential of Ectoine as a storage 
medium. The effects of Ectoine on the viability and the differentia-
tion potential of hPDLMSCs were compared with milk and cDMEM.

In storage media having appropriate osmolality and pH, the cells 
can preserve their normal physiology (related to cell homeostasis 
system), and nutrients in the storage media have less effect on cell 
viability in the 1-h time interval.6

Milk contains many amino acids, carbohydrates, vitamins, and 
growth factors, plus it has physiological osmolality.24,25 These nutri-
ents provide an efficient environment for cell growth.24 It has been 
shown that milk is effective in maintaining the viability of PDL cells 
for 1-6 h.24-27 Even though milk is better than water and saline as a 
storage medium, it has been reported that milk had low capacity to 
preserve the morphological integrity of PDL cells.24 Additionally, the 
risk of bacterial growth is also high in milk.28

The results of this study demonstrated decreased viable cell 
rates in all groups in a time-dependent manner. Milk increased the 
number of viable hPDLMSCs for 12 h, but the cell number decreased 
to approximately 50% after 24 h. cDMEM provided an ideal environ-
ment for cell growth and survival.

F IGURE  4 Alizarin red staining images 
of PDLMSCs that were transferred to the 
osteogenic differentiation environment 
after incubation in Milk for different time 
intervals. (A) 2 h; (B) 6 h; (C) 12 h; (D) 24 h

(A) (B)

(C) (D)
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F IGURE  5 Alizarin red staining images 
of PDLMSCs that were transferred to the 
osteogenic differentiation environment 
after incubation in Ectoine+cDMEM for 
different time intervals. (A) 2 h; (B) 6 h; (C) 
12 h; (D) 24 h

(A) (B)

(C) (D)

F IGURE  6 Alizarin red staining images 
of PDLMSCs that were transferred to the 
osteogenic differentiation environment 
after incubation in cDMEM for different 
time intervals. (A) 2 h; (B) 6 h; (C) 12 h; (D) 
24 h

(A) (B)

(C) (D)
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In this study, a preparation containing 2% Ectoine, 1% sea salt, 
water, and phosphate buffer (nasal drop) was used in the Ectoine-
containing group. This preparation was effective on hPDLMSCs for 
2 h. However, it did not provide a suitable microenvironment for cell 
growth and survival. The positive response of cells in the Ectoine me-
dium for 2 h was thought to be related to the cell homeostasis system.

Ectoine when added to cDMEM had the highest cell viability 
and decreased cell death rates at 12 h. The positive response of hP-
DLMSCs for Ectoine added to cDMEM can be explained by the en-
hanced microenvironment for cell growth and survival. The results 
demonstrated that action added to cDMEM promoted the survival 
of hPDLMSCs.

In this study, all groups demonstrated low percentage of early 
apoptotic cells after 2 h. The increase in the percentage of early 
apoptotic cells after 6 h for both the Milk and the Ectoine groups 
may be related to low capacity of these media to preserve the mor-
phological integrity of cells. At all time intervals, the lowest cell 
viability rate and highest dead cell rate were observed in the tap 
water-containing group.

The differentiation potentials of dental pulp and PDL-derived stem 
cells are important for the repair mechanism. It has been stated that 
PDLMSCs had an important role in the PDL repair mechanism with 
their self-renewal and multilineage differentiation capacities.29-31

Culture environment and methods are very important for the 
proliferation of PDLMSCs without losing their characteristics.32 In 
this study, differentiation of hPDLMSCs was stimulated by adding 

β-glycerol phosphate, ascorbic acid, and dexamethasone for 3 weeks, 
and the osteogenic differentiation capacities of the experimental 
groups were qualitatively evaluated with Alizarin red staining.

The cells stored in Ectoine+cDMEM had the highest mineralized 
calcium accumulations. The effect of Ectoine on the cell viability of 
hPDLMSCs was similar to its effect on osteogenic differentiation. 
Ectoine was not effective alone after 2 h. The weak differentiation 
capabilities of cells in the Ectoine-containing group were thought to 
be related to low nutrient intake. Ectoin increased the osteogenic 
differentiation capacity of hPDLMSCs when it was applied with 
cDMEM.

The results of this study showed that milk preserved the viability 
of the periodontal ligament cells, but it had a limited positive effect 
on both mitotic activity and osteogenic differentiation capabilities of 
periodontal ligament cells.

In the experimental groups where osteogenic differentiation was 
detected, a high apoptotic rate was also observed. This result sup-
ports the other studies33,34 that have suggested a positive correla-
tion between apoptosis and osteoblastic differentiation.

Although several studies in the literature are related to dental 
and bone marrow-derived MSCs, only a few studies can be found 
on fibroblastic differentiation of PDLMSCs.35-37 Studies investigat-
ing the roles of different growth factors in the fibroblastic differ-
entiation of PDLMSCs showed that TGF-β1 and CTGF increased 
fibroblastic differentiation by regulating type I collagen, α-actin, 
and pericytes.35,38 Maegawa et al. reported that sequential usage of 

F IGURE  7 Alizarin red staining images 
of PDLMSCs that were transferred to the 
osteogenic differentiation environment 
after incubation in tap water for different 
time intervals.. (A) 2 h; (B) 6 h; (C) 12 h; (D) 
24 h

(A) (B)

(C) (D)
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FGF-2 and BMP-2 caused increased bone formation and the fibro-
blastic differentiation of PDLMSCs.36

In this study, fibroblastic differentiation was induced with low-
dose bFGF (1 ng/mL) and sequential usage of bFGF and TGF-β cul-
ture medium.

It is quite hard to differentiate fibroblasts that show structural 
characteristics and antigenic profile depending on their location 
and functions from fibroblast-like cells.39 As all of these cells have 
a similar fibroblast origin, they were collected under the same title. 
Because of a limited number of fibroblast/ fibroblast-like cell mark-
ers, it is hard to define cells that belong to fibroblast family based on 
the strict criteria.40 Vimentin, type I collagen, and α-SMA markers 
were used for fibroblast characterization.41

In this study, the cells that showed vimentin expression were 
defined as fibroblasts. The highest vimentin expression was de-
tected in cDMEM medium. The fibroblastic differentiation of hP-
DLMSCs was negatively affected by Ectoine exposure over time.

In the current study, the highest ratio of hPDLMSCs that showed 
fibroblastic differentiation was detected as 17%. It can be explained 
by the heterogeneous nature of hPDLMSCs and possible stability in 
the differentiation process of stem cells.

In this study, the higher vimentin expressions were detected in 
cells cultured with cDMEM and Ectoine+cDMEM. As fibroblasts or 
fibroblast-like cells sustain their viability depending on a substrate 

that cells are cultured on, the best results were obtained in the cul-
ture environments that provided the required conditions.

The milk group also gave close results to that of the Ectoine+cDMEM 
and the cDMEM groups regarding cell viability, but insufficient results 
for fibroblastic differentiation after 6 h. It can be concluded that milk, 
which is easily accessible, ready to use, and cheap, is a good storage 
medium prior to early replantation of avulsed teeth.

Further studies taking into account all parameters such as struc-
ture and different doses of the osmotic solutes are necessary to con-
firm the findings of this study and to provide data for comparing the 
effects of Ectoine on PDL cells.

5  | CONCLUSIONS

Ectoine had a positive effect on both cell viability and differential 
potential of hPDLMSCs for 2 h. However, Ectoine alone was not 
ideal after 2 h. Ectoine with cDMEM increased the cell viability and 
differentiation potential of the hPDLMSCs.

ACKNOWLEDG EMENT

This study was supported by the Research Fund of Istanbul 
University, project no: 58028.

F IGURE  8 Vimentin analysis of the PDLMSCs that were transferred to the fibroblastic differentiation environment after incubation in 
different storage media for 2 h, 6 h, 12 h, and 24 h using flow cytometry

 16009657, 2018, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/edt.12396 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [26/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



     |  199TUNCER BUDANUR et al.

DECL AR ATION OF INTERE S T

The authors reported that they had no conflict of interests. The 
authors alone are responsible for the content and writing of the 
manuscript.

R E FE R E N C E S

	 1.	 Diangelis AJ, Andreasen JO, Ebeleseder KA, Kenny DJ, Trope 
M, Sigurdsson A et  al. International Association of Dental 
Traumatology guidelines for the management of traumatic den-
tal injuries: 1. Fractures and luxation of permanent teeth. Dent 
Traumatol. 2012;28:66–71.

	 2.	 Andreasen JO, Andreasen FM, Skeie A, Hjorting-Hansen E, 
Schwartz O. Effect of treatment delay upon pulp and periodon-
tal healing of traumatic dental injuries - a review article. Dent 
Traumatol. 2002;18:116–28.

	 3.	 Bazmi BA, Singh AK, Kar S, Mubtasum H. Storage media for avulsed 
tooth–a Review. IJMD. 2013;3:741–7.

	 4.	 Hasegawa M, Yamato M, Kikuchi A, Okano T, Ishikawa I. Human 
periodontal ligament cell sheets can regenerate periodontal liga-
ment tissue in an athymic rat model. Tissue Eng. 2005;11:469–78.

	 5.	 Chen SC, Marino V, Gronthos S, Bartold PM. Location of puta-
tive stem cells in human periodontal ligament. J Periodontal Res. 
2006;41:547–53.

	 6.	 Moura CC, Soares PB, de Paula Reis MV, Fernandes Neto AJ, 
Zanetta Barbosa D, Soares CJ. Potential of coconut water and soy 
milk for use as storage media to preserve the viability of periodon-
tal ligament cells: an in vitro study. Dent Traumatol. 2014;30:22–6.

	 7.	 Udoye CI, Jafarzadeh H, Abbott PV. Transport media for avulsed 
teeth: a review. Aust Endod J. 2012;38:129–36.

	 8.	 Brown A. Microbial water stress physiology: principles and perspec-
tives. New York, NY: John Wiley and Sons, Chicester, 1990; p. 313–16.

	 9.	 Jörg Kunte H, Lentzen G, Galinski EA. Industrial production of the 
cell protectant ectoine: protection mechanisms, processes, and 
products. Curr Biotechnol. 2014;3:10–25.

	10.	 Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal 
human dental pulp stem cells (DPSCs) in vitro and in vivo. Proc Natl 
Acad Sci USA. 2000;97:13625–30.

	11.	 Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S, Brahim J et al. 
Investigation of multipotent postnatal stem cells from human peri-
odontal ligament. Lancet. 2004;364:149–55.

	12.	 Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca 
JD et al. Multi-lineage potential of adult human mesenchymal stem 
cells. Science. 1999;284:143–7.

	13.	 Huss R. Perspectives on the morphology and biology of CD34-
negative stem cells. J Hematother Stem Cell Res. 2000;9:783–93.

	14.	 Adeli F, Zabihi E, Abedian Z, Gharekhani S, Pouramir M, Khafri S 
et al. Comparative in vitro study of the effectiveness of Green tea 
extract and common storage media on periodontal ligament fibro-
blast viability. Eur J Dent. 2016;10:408–12.

	15.	 Al-Haj Ali SN, Al-Jundi S, Mhaidat N. Comparison of coconut water 
and Jordanian propolis on survival of bench-dried periodontal lig-
ament cells: an in vitro cell culture study. Int J Clin Pediatr Dent. 
2013;6:161–5.

	16.	 Badakhsh S, Eskandarian T, Esmaeilpour T. The use of aloe vera ex-
tract as a novel storage media for the avulsed tooth. Iran J Med Sci. 
2014;39:327–32.

	17.	 Gopikrishna V, Thomas T, Kandaswamy D. A quantitative analysis 
of coconut water: a new storage media for avulsed teeth. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 2008;105:61–5.

	18.	 Caglar E, Sandalli N, Kuscu OO, Durhan MA, Pisiriciler R, Caliskan 
EA et al. Viability of fibroblasts in a novel probiotic storage media. 
Dent Traumatol. 2010;26:383–7.

	19.	 Fulzele P, Baliga S, Thosar N, Pradhan D. Evaluation of aloevera 
gel as a storage medium in maintaining the viability of periodon-
tal ligament cells-an in vitro study. J Clin Pediatr Dent. 2016;40: 
49–52.

	20.	 Ulusoy AT, Kalyoncuoglu E, Kaya S, Cehreli ZC. Evaluation of goat 
milk as storage media to preserve viability of human periodontal 
ligament cells in vitro. Dent Traumatol. 2016;32:264–8.

	21.	 Hegde SK, Bhat SS, Sargod SS, Rao A, Hegde N. GC Tooth Mousse 
Plus: A potential storage media for avulsed teeth. Arch Med Health 
Sci. 2016;4:45–9.

	22.	 Andreasen JO, Borum MK, Jacobsen HL, Andreasen FM. Replantation 
of 400 avulsed permanent incisors. 4. Factors related to periodontal 
ligament healing. Endod Dent Traumatol. 1995;11:76–89.

	23.	 Andersson L, Andreasen JO, Day P, Heithersay G, Trope M, 
Diangelis AJ et  al. International association of dental traumatol-
ogy guidelines for the management of traumatic dental injuries: 2. 
Avulsion of permanent teeth. Dent Traumatol. 2012;28:88–96.

	24.	 Karanveer SS, Rajesh TA. Assessment of viability of human peri-
odontal ligament cells in different fat content of milk at different 
time intervals. IJCMR. 2016;3:1376–9.

	25.	 Sigalas E, Regan JD, Kramer PR, Witherspoon DE, Opperman LA. 
Survival of human periodontal ligament cells in media proposed for 
transport of avulsed teeth. Dent Traumatol. 2004;20:21–8.

	26.	 Huang SC, Remeikis NA, Daniel JC. Effects of long-term exposure 
of human periodontal ligament cells to milk and other solutions. J 
Endod. 1996;22:30–3.

	27.	 Pearson RM, Liewehr FR, West LA, Patton WR, McPherson JC, 
Runner RR. Human periodontal ligament cell viability in milk and 
milk substitutes. J Endod. 2003;29:184–6.

	28.	 Macway-Gomez S, Lallier TE. Pedialyte promotes periodontal liga-
ment cell survival and motility. J Endod. 2013;39:202–7.

	29.	 Kadar K, Kiraly M, Porcsalmy B, Molnar B, Racz GZ, Blazsek J et al. 
Differentiation potential of stem cells from human dental origin 
- promise for tissue engineering. J Physiol Pharmacol. 2009;60: 
167–75.

	30.	 Tang R, Wei F, Wei L, Wang S, Ding G. Osteogenic differentiated 
periodontal ligament stem cells maintain their immunomodulatory 
capacity. J Tissue Eng Regen Med. 2014;8:226–32.

	31.	 Açil Y, Ghoniem AA, Wiltfang J, Gierloff M. Optimizing the os-
teogenic differentiation of human mesenchymal stromal cells by 
the synergistic action of growth factors. J Craniomaxillofac Surg. 
2014;42:2002–9.

	32.	 Zhu W, Liang M. Periodontal ligament stem cells: current status, 
concerns, and future prospects. Stem Cells Int. 2015;1:1–11.

	33.	 Sung-Mi K, Yong-Gun K, Jin-Woo P, Jae-Mok L, Jo-Young S. The 
effects of dexamethasone on the apoptosis and osteogenic differ-
entiation of human periodontal ligament cells. J Periodontal Implant 
Sci. 2013;43:168–76.

	34.	 Jilka RL, Weinstein RS, Bellido T, Parfitt AM, Manolagas SC. 
Osteoblast programmed cell death (apoptosis): modulation by 
growth factors and cytokines. J Bone Miner Res. 1998;13:793–802.

	35.	 Fujii S, Maeda H, Tomokiyo A, Monnouchi S, Hori K, Wada N et al. 
Effects of TGF-β1 on the proliferation and differentiation of human 
periodontal ligament cells and a human periodontal ligament stem/
progenitor cell line. Cell Tissue Res. 2010;342:233–42.

	36.	 Maegawa N, Kawamura K, Hirose M, Yajima H, Takakura Y, Ohgushi 
H. Enhancement of osteoblastic differentiation of mesenchymal 
stromal cells cultured by selective combination of bone morpho-
genetic protein-2 (BMP-2) and fibroblast growth factor-2 (FGF-2). J 
Tissue Eng Regen Med. 2007;1:306–13.

	37.	 Wang L, Shen H, Zheng W, Tang L, Yang Z, Gao Y et  al. 
Characterization of stem cells from alveolar periodontal ligament. 
Tissue Eng Part A. 2011;17:1015–26.

	38.	 Yuda A, Maeda H, Fujii S, Monnouchi S, Yamamoto N, Wada N et al. 
Effect of CTGF/CCN2 on osteo/cementoblastic and fibroblastic 

 16009657, 2018, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/edt.12396 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [26/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



200  |     TUNCER BUDANUR et al.

differentiation of a human periodontal ligament stem/progenitor 
cell line. J Cell Physiol. 2015;230:150–9.

	39.	 Güzel E, Atilla P, Dagdeviren A. Fibroblast and fibroblast like cells: 
medical education. Turkiye Klinikleri J Med Sci. 2006;26:421–42.

	40.	 Herzog EL, Chai L, Krause DS. Plasticity of marrow-derived stem 
cells. Blood. 2003;102:3483–93.

	41.	 Herrmann H, Strelkov SV, Burkhard P, Aebi U. Intermediate fila-
ments: primary determinants of cell architecture and plasticity. J 
Clin Invest. 2009;119:1772–83.

How to cite this article: Tuncer Budanur D, Zibandeh N, Genç 
D, et al. Effect of cDMEM media containing Ectoine on human 
periodontal ligament mesenchymal stem cell survival and 
differentiation. Dent Traumatol. 2018;34:188–200. https://doi.
org/10.1111/edt.12396

 16009657, 2018, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/edt.12396 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [26/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/edt.12396
https://doi.org/10.1111/edt.12396

