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Aim To evaluate the effectiveness of various storage

media at 5 �C for maintaining the viability of human

periodontal ligament fibroblasts (PDLF).

Methodology Plates with PDLF were soaked in

recently prepared Hank’s balanced salt solution (HBSS),

skimmed milk, whole milk, Save-A-Tooth� system’s

HBSS (Save), natural coconut water, industrialized

coconut water or tap water (negative control) at 5 �C

for 3, 6, 24, 48, 72, 96 and 120 h. Minimum essential

medium (MEM) at 37 �C served as the positive control.

PDL cell viability was determined by MTT assay. Data

were statistically analysed by Kruskal–Wallis test

complemented by the Scheffé test (a = 5%).

Results The greatest number of viable cells was

observed for MEM. Skimmed and whole milk, followed

by natural coconut water and HBSS, were the most

effective media in maintaining cell viability (P < 0.05).

From 24 to 120 h, Save, industrialized coconut water

and tap water were the worst storage media.

Conclusions Skimmed and whole milk had the

greatest capacity to maintain PDLF viability when

compared with natural coconut water, HBSS, Save,

industrialized coconut water and tap water.

Keywords: avulsion, coconut water, periodontal

ligament fibroblasts, storage media.

Received 24 September 2009; accepted 2 October 2010

Introduction

Tooth avulsion is characterized by complete displace-

ment of a tooth from its alveolar socket. During the

extra-alveolar period, adherent cells on to the root are

subject to contamination and dehydration and might

become necrotic (Andreasen 1981, Doyle et al. 1998).

Thus, it is recommended to replant the tooth as quickly

as possible (Blomlöf et al. 1983, Trope & Friedman

1992). However, immediate repositioning of teeth is

not always possible, so the choice of a suitable storage

medium for maintenance of PDL cell viability is of

extreme importance for the success of replantation.

Hank’s balanced salt solution (HBSS), commercially

available in the Save-A-Tooth� system (Phoenix-Laze-

rus, Shartlesville, PA, USA), has been recommended as

the storage medium to maintain PDL cell viability

(American Association of Endodontists 1995). Several

experiments have shown that it is an effective medium

for the storage of avulsed teeth (Blomlöf 1981, Hiltz &

Trope 1991, Krasner & Person 1992, Trope & Fried-

man 1992, Huang et al. 1996, Ashkenazi et al. 2000),

for periods varying from 3 to 72 h (Hiltz & Trope 1991,

Huang et al. 1996, Ashkenazi et al. 1999, 2000). A

disadvantage of HBSS is that it may not be readily

available in many locations in which tooth avulsions

are likely to occur.
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Milk has been studied extensively and has gained

wide acceptance as a storage medium (Blomlöf &

Otteskog 1980, Blomlöf 1981, Lindskog et al. 1983,

Huang et al. 1996, Harkacz et al. 1997, Marino et al.

2000, Sigalas et al. 2004, Souza et al. 2010a). It has

been suggested that its effectiveness can last from 3 to

48 h (Blomlöf & Otteskog 1980, Blomlöf et al. 1983,

Huang et al. 1996, Ashkenazi et al. 1999, Souza et al.

2010a) and that milk with a lower fat content might be

more appropriate in maintaining PDL cell viability than

milk with a higher fat content (Harkacz et al. 1997).

As it has almost the same isotonicity as sports drinks,

coconut water has been used for rehydration and salt

replacement. This natural isotonic fluid is available in

its natural form directly from the coconut or in long-

shelf-life packages (industrialized form) mainly in

tropical countries (Gopikrishna et al. 2008a,b). Coco-

nut water has recently been studied as a storage

medium but with controversial results (Gopikrishna

et al. 2008a,b, Moreira-Neto et al. 2009). Whilst Gop-

ikrishna et al. (2008a,b) reported that coconut water

was superior to HBSS and milk in maintaining human

fibroblast cell viability, Moreira-Neto et al. (2009)

found that this product was worse than milk. It must

be emphasized that, besides other methodological

differences, Gopikrishna et al. (2008a,b) used natural

coconut water at room temperature and Moreira-Neto

et al. (2009) used long-shelf-life (industrialized) coco-

nut water at 37 �C.

Several studies have shown that the temperature of

the storage medium affects the viability of PDL cells

(Blomlöf & Otteskog 1980, Blomlöf 1981, Lekic et al.

1998, Schwartz et al. 2002, Sigalas et al. 2004).

Sigalas et al. (2004) showed that a lower temperature

has a positive effect on cellular viability maintenance.

Previous studies indicate that cold milk is more effective

than milk at room temperature (Blomlöf & Otteskog

1980, Blomlöf 1981, Ashkenazi et al. 1999, Sigalas

et al. 2004).

The purpose of this study was to compare, at 5 �C,

the effectiveness of skimmed milk, whole milk, Save-

A-Tooth� system’s HBSS, recently prepared HBSS,

natural coconut water and industrialized coconut

water in maintaining PDLF viability over time, by the

analysis of cell metabolism using MTT assay.

Materials and methods

The project was approved by the Ethics Committee

for Research with Human Beings of the Federal

University of Santa Catarina (UFSC) (Protocol 073/

08). Procedures for the primary culture and establish-

ment of the cell strain were carried out according to a

technique described by Sant’ana et al. (2002) and

modified by Souza et al. (2010a).

Two weeks before the beginning of the experiments,

PDL cells were rapidly thawed in a water bath at

37 �C and placed in culture flasks with Minimum

Essential Medium (MEM) (Cultilab, Campinas, SP,

Brazil) containing 10% foetal bovine serum (Cultilab)

and 1% of penicillin G sodium (10 000 UI), strepto-

mycin (10 mg) and amphotericin B (25 lg) (PSA)

(Cultilab). The flasks were then incubated at 37 �C in

an atmosphere of 5% CO2. Cells from passages 5–10

were used.

PDLF (8 · 103 cells per well) were seeded in seven

96-well culture plates (TPP, Trasadingen, Switzerland)

and incubated at 37 �C with 5% CO2. At confluence,

MEM was removed, and the wells were filled with

100 lL of the following solutions (n = 11): skimmed

pasteurized long-life milk – ultra-high temperature

(UHT) (Parmalat, São Paulo, SP, Brazil) (pH 6.8);

whole pasteurized long-life milk – UHT (Parmalat) (pH

6.8); Save-A-Tooth’s HBSS (Save) (Phoenix-Lazerus)

(pH 6.8); recently prepared HBSS (pH 7.0); natural

coconut water (pH 5.5); industrialized coconut water

(Socôco, Maceió, AL, Brasil) (pH 4.7) and tap water (pH

7.6) (negative control).

For Save, the box of Save-A-Tooth� system (serial

6303, manufacturing date unrevealed, EXP 01/2010)

was stored at room temperature, and its solution was

used approximately 20 months before the expiration

date.

The seven plates were incubated at 5 �C. After 3, 6,

24, 48, 72, 96 and 120 h, the storage media were

replaced by MTT solution (1 mg mL)1) (Sigma Chem-

ical Co., St Louis, MO, USA), and the plates were

incubated at 37 �C. After 4 h, the MTT solution was

removed, and 100 lL of dimethyl sulfoxide (DMSO)

was added to the wells. Cell viability was determined by

measuring the optical density at 540 nm on a spectro-

photometer (Bio-Tek Instruments-Inc., ELx 800,

Winooski, VT, USA). The absorbance values, after cells

had been stored in MEM at 37 �C (MEM-37), were used

as a positive control for cell growth.

Statistical analysis

Statistical analysis of the data was accomplished using

the Kruskal–Wallis test, complemented by the Scheffé

test. Statistical differences were considered significant

at P < 0.05.
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Results

The mean absorbance values, which represent PDL cell

viability for each tested medium and for storage

periods, are shown in Fig. 1. The Kruskal–Wallis test

shows time-dependent results according to the exper-

imental solution analysed (P < 0.05).

Minimum essential medium had the greatest capac-

ity to maintain cell viability, and it was significantly

better than all other groups (P < 0.05). The efficacy of

skimmed and whole milk was significantly better than

HBSS, Save, industrialized coconut water and tap water

at every time period (P < 0.05) and from 24 to 120 h

was significantly better than natural coconut water

(P < 0.05). When both skimmed and whole milk were

compared, a significant difference was noted only at

120 h, at which skimmed milk showed better results

(P < 0.05). At 3 and 6 h, there were no significant

differences between HBSS, Save and natural coconut

water (P < 0.05), whereas from 24 to 120 h, Save,

industrialized coconut water and tap water were the

worst storage media (P < 0.05).

Discussion

Although avulsed teeth are generally stored in a

medium at room temperature, Sigalas et al. (2004)

concluded that a lower temperature had a positive

effect on cellular viability. Low temperature has the

advantage of reducing cellular metabolism (Barile

1994), limiting bacterial growth and preventing milk

from souring, which might have an influence on the

prognosis of tooth replantation (Ashkenazi et al. 1999).

This study tested, at 5 �C, the effectiveness of natural

and industrialized coconut water, recently prepared

HBSS, Save, skimmed and whole milk to maintain the

viability of PDLF.

Milk has a physiological osmolality and pH (230–

270 mOsm kg)1 and 6.5–6.8, respectively) and pro-

vides nutrients (Blomlöf 1981) and growth factors to

the cells (Belford et al. 1995, Gauthier et al. 2006). In

this study, skimmed and whole long-life milk preserved

significantly more viable PDLF than any other exper-

imental solution at every time period. This finding is in

agreement with those of Sigalas et al. (2004) and

Ashkenazi et al. (1999), who affirmed that cold milk is

suitable for the preservation of the proliferation capac-

ity of PDLF. However, some authors have concluded

that milk is effective for only a short period of time

(Huang et al. 1996). It is likely that methodological

differences like the storage temperature and the type of

milk used can explain this variation. Huang et al.

(1996) compared milk at 4 �C and at room tempera-

ture with HBSS at 20 �C. In this study, all the

experimental storage media were maintained at 5 �C,

and long-life pasteurized milk – UHT was used, whilst

Huang et al. (1996) used regular milk. The UHT

pasteurization process is achieved by heating milk at

140 �C for 3 s. This process ensures optimal microbial

inactivation, which might prolong its effectiveness in

the conservation of cells (Marino et al. 2000). Com-

paring the capacity of regular and long shelf-life milk to

preserve the viability of PDLF for up 8 h, Marino et al.

(2000) did not find differences between them. However,

it must be emphasized that the experimental period

used was shorter than the one in this study.

Figure 1 Mean absorbance values, which represent PDL cell viability for each tested media at 5 �C in different periods of time.
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When skimmed and whole milk were compared,

skimmed milk was found to be better than whole milk

only at 120 h. This result is not in agreement with

Harkacz et al. (1997), who reported that from 3 h, milk

with a lower fat content might be more appropriate at

maintaining PDL cell viability than would milk with a

higher fat content. However, those authors performed

their experiments at 37 �C, and this might explain the

discrepancies in the findings.

Natural coconut water is sterile and has a 93% water

and 5% sugar composition, which gives it a high

osmolality. It is rich in proteins, vitamins and minerals

such as potassium, calcium and magnesium (Nadan-

asabapathy & Kumar 1999). According to Gopikrishna

et al. (2008a,b), this product was better than HBSS and

milk in maintaining human fibroblast viability. How-

ever, in the present study, it was less effective than

skimmed or whole milk. The reason for the differing

results is unknown. This discrepancy might be attrib-

uted to the different methodologies employed. In their

studies, Gopikrishna et al. (2008a,b) evaluated, using

the trypan blue test, the viability of PDLF after storing

freshly extracted teeth in these media at room temper-

ature for 45 min. In this study, the viability was

verified by MTT assay after the cells had been stored at

5 �C for 3–120 h.

As natural coconut water is not readily obtained,

industrialized coconut water was used. However, the

results in this study were disappointing when com-

pared with natural coconut water. It could be hypoth-

esized that its low pH value (4.7) and the presence of

other products in its composition, such as acidulants,

antioxidants and preservatives, interfered with its

performance. This finding is in agreement with a

recently published study by Moreira-Neto et al. (2009),

who verified that coconut water, at 37 �C, was less

effective than milk in maintaining human fibroblast

viability.

In the present study, HBSS was less effective than

skimmed milk, whole milk or natural coconut water.

This contradicts the findings of other authors who

showed that HBSS was better than milk after 12 h

(Hiltz & Trope 1991) or during all experimental period

(Huang et al. 1996). The reason for the differing results

might be attributed to the type of milk and to the

temperature of HBSS employed. Whilst Hiltz & Trope

(1991) and Huang et al. (1996) used regular milk and

HBSS at room temperature, UHT long-life milk and

HBSS at 5 �C were employed in the present study. The

results here obtained seem to suggest that in this lower

temperature there are less disposable nutrients from

HBSS disturbing cellular metabolism and the reversion

of tetrazolium salts in formazan crystals.

In this study, the results were even worse with Save,

which was less effective than skimmed milk, whole milk

and coconut water for all time periods. At 3, 24 and 48 h,

Save performed similarly to HBSS. After 72 h, it was

found to be similar to tap water. Other studies carried out

with this product revealed similar results (Olson et al.

1997, Marino et al. 2000, Souza et al. 2010a,b). It could

be that storage of this product might have influenced the

results, because recently prepared HBSS performed

better than Save, even though both products have

the same components. Recently, Souza et al. (2010b)

concluded that the storage time of HBSS has a negative

influence on its ability to maintain PDLF viability.

Conclusions

Effectiveness of the storage media tested in maintaining

PDL cell viability at 5 �C in decreasing order was as

follows: skimmed milk and whole milk > natural

coconut water > HBSS > Save-A-Tooth� system’s

HBSS > industrialized coconut water > tap water.
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Blomlöf L (1981) Milk and saliva as possible storage media for

traumatically exarticuled teeth prior to replantation. Swed-

ish Dental Journal 8, 1–26.
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