
The purpose of this study was to evaluate if the renewal of milk as a storage medium, 
every 12, 24 and 48 h, is able to increase its ability to maintain human periodontal 
ligament fibroblasts (PDLF) viability over time. PDLF were soaked in Minimum Essential 
Medium at 37 °C (MEM-37) (positive control), tap water (Water) (negative control) and 
in skimmed milk (44 wells) at 5 °C and 20 °C. The skimmed milk was renewed every 12 
h (Milk-12), 24 h (Milk-24) and 48 h (Milk-48) in 11 wells of each plate, and the milk in 
the remaining 11 wells of each plate was maintained in situ (not renewed milk) (NRM). 
After 24, 48, 72, 96 and 120 h, cell viability was determined by the tetrazolium salt-based 
colorimetric (MTT) assay. Data were statistically analyzed by Kruskal-Wallis, Scheffé and 
Mann-Whitney tests (α=5%). At 5 °C, only Milk-48 was significantly better than NRM. At 
20 °C, NRM was more effective than Milk-12 and Milk-24 in all time periods. In relation 
to the temperature (5 °C or 20 °C), renewal of milk at 5 °C was better in maintaining 
cell viability than the renewal at 20 °C. In conclusion, the renewal of milk was able to 
increase its ability to maintain cell viability only when performed every 48 h in milk 
maintained at 5 °C. 
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Introduction
When dental avulsion occurs, the replantation of the 

tooth is strongly recommended as quickly as possible to 
avoid adverse occurrences, including root resorption (1,2). 
Storing the avulsed tooth in an adequate medium allows 
maintaining the viability of the periodontal ligament 
cells, which provides a more favorable prognosis when 
the tooth is eventually replanted (3). 

Milk is recommended as a transport medium for 
avulsed teeth (3-11). Besides having low bacterial content 
(3,4), physiologic osmolality (230-270 mOsm/kg) and 
neutral pH (6.5-6.8), it provides the cells with nutrients 
(3) and growth factors (12,13). Although there has been 
some controversy (6,8), it has been suggested that milk 
with a lower fat content might be more appropriate 
to maintain PDLF viability than milk with a higher fat 
content (14). Previous studies indicate that cold milk is 
more effective than milk at room temperature (3,10,15-
17). Low temperatures have the advantage of reducing 
cellular metabolism (18) and limiting bacterial growth 
(3), which may affect the prognosis of tooth replantation. 
Nevertheless, avulsioned teeth are generally stored in a 
medium at room temperature. 

In vitro studies with cell cultures showed controversial 
results about the time for which cell viability is maintained 
(4,6,7,10,15,17,19-21). While some demonstrated 
effectiveness for only up to 3 h (15,19) or 6 h (4), other 

showed effectiveness for 24 h (6,17,20-22) or for up to 
48 h (7,8). When culture plates were maintained at 20 
°C and 37 °C, milk was the best storage medium for up 
to 48 and 24 h, respectively (7). As suggested by Blomlof 
(3), milk probably undergoes a reduction in pH over time, 
generating an inappropriate environment for cell survival. 
In a subsequent study, the same researchers concluded 
that daily renewal of milk promotes a negative effect 
on PDLF viability, probably because it causes damage in 
the organization of the confluent monolayer cells (10). 

Considering that milk renewal at greater intervals 
may compensate its pH drop and cause less damage 
in the organization of the confluent monolayer cells 
and that the storage temperature has an impact on the 
ability of storage solutions to maintain the viability of 
PDLF, the purpose of this study was to verify, at 5 °C and 
20 °C, if the renewal of milk every 12, 24 or 48 h is able 
to increase its ability to maintain the viability of PDLF 
over time, by the analysis of cell metabolism using MTT 
assay. It was hypothesized that: (I) renewed milk would 
exhibit better performance in maintaining cell viability 
than NRM; (II) Milk-48 would exhibit better performance 
in maintaining cell viability than Milk-24, which would 
also exhibit better performance than Milk-12 and (III) 
renewal of milk at 5 °C would exhibit better performance 
over short and long terms in maintaining cell viability 
than the milk renewal at 20 °C.
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Materials and Methods
The project was approved by the Ethics Committee for 

Research with Human Beings (Protocol 074/08). 
PDLF were cultured in culture flasks with MEM (Cultilab, 

Campinas, SP, Brazil) containing 10% fetal bovine serum 
(FBS) (Cultilab) and 1% of penicillin G sodium (10.000 
UI), streptomycin (10 mg) and amphotericin B (25 µg) 
(collectively, PSA) (Cultilab) in a humidified incubator with 
5% CO2 and 95% air at 37 °C (HF 212; Fanem, São Paulo, 
SP, Brazil). Cells from the passages 5 to 10 were used. 

For the experiment, the cells (8×103 cells per well) were 
seeded in ten 96-well culture plates (TPP, Trasadingen, 
Switzerland) and incubated at 37 °C with 5% CO2. At 
confluence, MEM was removed from 55 wells in each plate. 
Forty-four of them were then filled with 100 µL of skimmed 
pasteurized long life milk (Parmalat, São Paulo, SP, Brazil) 
(pH 6.8), from a package maintained at room temperature. 
The remaining 11 wells were filled with 100 µL of tap water 
(Water) (pH 7.6) as a negative control. Five among the 10 
plates were maintained at 5 °C and the other 5 plates at 20 
°C. The milk was renewed every 12 h (Milk-12), 24 h (Milk-
24) and 48 h (Milk-48), or left in situ (not renewed milk) 
(NRM) (n=11). For renewal, the milk was carefully aspirated 
and immediately replaced with 100 mL of milk from newly 
opened packages. Other 5 plates with confluent PDLF were 
soaked in MEM at 37 °C as positive control (MEM-37) for 
cell growth. After 24, 48, 72, 96 and 120 h the storage 

media in 2 plates (one at 5 °C and the other at 20 °C) 
were replaced by MTT solution [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide] (Sigma Chemical 
Co., St. Louis, MO, USA) and the plates were incubated at 
37 °C. After 4 h, the MTT solution was removed and 100 
µL of dimethylsulfoxide (DMSO) was added to the wells. 
Cell viability was determined by measuring the optical 
density at 540 nm in a spectrophotometer (ELx 800; Bio-
Tek Instruments-Inc, Winooski, VT, USA). 

Statistical Analysis
Statistical analysis of the data was made using the 

Kruskal-Wallis test, complemented by the Scheffé test and 
Mann-Whitney tests. Statistical differences were considered 
significant at p<0.05. Tests were performed using SPSS 20.0 
(SPSS Inc., Chicago, IL) software. The level of significance 
was set at 5%.

Results
The initial absorbance value was 0.33. The mean 

absorbance values, which represent PDLF viability for 
each tested medium and storage periods, are shown in 
Figure 1 (5 °C) and Figure 2 (20 °C). The Kruskal-Wallis 
test showed time-dependent results according to the 
analyzed experimental solution for both temperatures 
(p<0.001). At both temperatures the results revealed that 
MEM was significantly more effective in maintaining cell 

Figure 1. Mean absorbance values, which represent PDL cell viability for each tested medium at 5 °C in different periods of time. MEM-37: 
minimum essential medium at 37 °C; NRM: not renewed milk; Milk-12: milk renewed every 12 h; Milk-24: milk renewed every 24 h; Milk-48: 
Milk renewed every 48 h; Water: tap water. 
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viability than the other groups (p<0.001). All groups were 
significantly better than Water, at all analyzed time periods. 
At 5 °C, renewal of the milk produced a positive effect on 
cell viability only when performed each 48 h (p<0.001). 
When performed every 12 or 24 h, the number of viable 
cells decreased. At 20 °C, NRM was more effective in 
maintaining cell viability than Milk-12 or Milk-24 (p<0.05). 
Milk-48 and NRM showed similar performance at 96 and 
120 h (p>0.05). 

As regards the temperature, Mann-Whitney test showed 
that renewal of milk was less damaging in the experiments 
carried out at 5 °C (p<0.05). 

Discussion
In more serious accidents, where other injuries are a 

priority, avulsed teeth may not be able to be replanted for 
a few days. Therefore, it should be stored in a physiological 
environment in order to maintain the viability of the 
periodontal ligament cells on the root surface.

Milk is a proven storage medium for avulsed teeth 
(6,8,11), but cell culture studies have shown that its 
effectiveness decreases over time (6-8), probably because 
the drop in its pH creates an unsuitable environment for cell 
survival (3). Thus, it was hypothesized that the renewal of 
milk for storing the avulsed tooth could prevent the drop in 
its pH. However, an in vitro study showed that milk renewal 
every 24 h produced a negative effect on cell viability (10). 

Therefore, milk renewal at greater intervals may compensate 
its pH drop and cause less damage in the organization of 
the confluent monolayer cells. In this study, the milk was 
renewed every 12, 24 or 48 h to elucidate this issue.   

The first hypothesis was partially accepted, because only 
Milk-48 at 5 °C exhibited better performance in maintaining 
cell viability than NRM. At both temperatures, Milk-12 or 
Milk-24 decreased its ability to maintain cell viability. At 
20 °C, Milk-48 also did not increase its effectiveness. The 
results in the present study agree with the previous study 
that showed that NRM exhibited better performance in 
maintaining cell viability than Milk-24 (10).

The second hypothesis was accepted, because Milk-12 
was more deleterious to cells than Milk-24 which was 
also more deleterious than Milk-48, at both temperatures. 
Probably in Milk-48 there was less damage in the 
organization of the confluent monolayer cells. This fact 
confirms that the aspiration and replacement of milk affect 
adversely the confluent monolayer cells, by releasing the 
cells from wells, as described by a previous study (10). 
According to the authors, the removal of growth factors 
and chemical cell mediators (proteins) caused by replacing 
the milk, may also have disturbed cellular metabolism and 
the reversion of tetrazolium salts in formazan crystals. In 
a clinical tooth avulsion situation, possibly the renewal of 
milk is less harmful since it does not require aspiration of 
the product. 

Figure 2. Mean absorbance values, which represent PDL cell viability for each tested mediu at 20 °C in different periods of time. MEM-37: 
minimum essential medium at 37 °C; NRM: not renewed milk; Milk-12: milk renewed every 12 h; Milk-24: milk renewed every 24 h; Milk-48: 
Milk renewed every 48 h; Water: tap water.
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This study was carried out at 5 °C and 20 °C to allow 
comparisons. The third hypothesis was accepted because 
renewal of milk at 5 °C exhibited better performance in short 
and long terms in maintaining cell viability than the milk 
renewed at 20 °C. From 48 h onwards, milk replacement at 
5 °C was less detrimental to the cells. Probably, the lower 
temperatures provided greater stability to the confluent 
cells, preventing their detachment, which seems to have 
occurred when the replacement was done by milk at 20 
°C. In this study, the results showed that the NRM was 
effective in maintaining human fibroblast viability and was 
not influenced by temperature for up to 48 h, agreeing 
with other studies (7,10). From 72 h onwards, NRM at 5 
°C showed better results than NRM at 20 °C. However, 
it is important to highlight that from 72 h onwards the 
performance of NRM at 5 °C was statistically poorer than 
the one of MEM-37. 

It is worth noting that the design of the present study 
has some limitations. The populations of “seemingly 
identical” cells are heterogeneous with phenotypic 
differences (23). Additionally, the method used for counting 
the number of cells was the MTT assay. Compared with 
the traditional methods, this assay is more efficient, more 
reliable and faster. However, the employed methodology 
has limitations (7,24). It measures metabolic activity 
(mitochondrial function of PDLF), not necessarily the 
viability and cell proliferation (25). Some cells can be viable 
but not necessarily with a great metabolic activity (26). 
Therefore, further studies are required to evaluate other 
parameters of cell viability using other cell culture models, 
like apoptotic cell death using WST-1 cell viability assays 
(14), trypan blue exclusion test (6, 7), nucleocounter (20) 
and microarray analysis (5). Studies in vivo (9) should also 
be performed.

Despite the limitations of the current study, it was 
concluded that only Milk-48 was able to increase the ability 
to maintain PDLF viability in the experiments carried out at 
5 °C. It must be emphasized that this research was based 
on in vitro cell cultures and the conditions of PDLF may 
not be similar with the conditions of the cells adhered to 
the root surface of a real avulsed tooth. On the other hand, 
considering the amount of collagen surrounding the cells, 
it is possible that in a clinical situation, milk renewal would 
not affect the cells as much as in this in vitro situation.

Resumo
O objetivo deste estudo foi avaliar se a renovação do leite, a cada 12, 24 
e 48 h, é capaz de aumentar sua capacidade de manter a viabilidade de 
fibroblastos do ligamento periodontal humano (FLPH) ao longo do tempo. 
FLPH foram conservados em Meio Essencial Mínimo a 37 °C (MEM-37) 
(controle positivo), água da torneira (água) (controle negativo) e em 
leite desnatado (44 poços) a 5 °C e 20 °C. O leite desnatado foi renovado 
a cada 12 h (leite-12), 24 h (leite-24) e 48 h (leite-48) em 11 poços 

de cada placa, e em outros 11 poços de cada placa o leite foi deixado 
in situ (leite não renovado) (LNR). Depois de 24, 48, 72, 96 e 120 h, a 
viabilidade celular foi determinada pelo ensaio colorimétrico à base de sal 
tetrazólio (MTT). Os dados foram analisados estatisticamente pelos testes 
de Kruskal-Wallis, Scheffé e Mann-Whitney (α=5%). A 5 °C, somente o 
leite-48 foi significantemente melhor do que o LNR. A 20 °C, LNR foi 
mais efetivo do que o leite-12 e leite-24 em todos os períodos de tempo. 
Em relação à temperatura (5 °C ou 20 °C), a renovação do leite a 5 °C foi 
melhor na manutenção da viabilidade celular do que a renovação a 20 °C. 
Concluindo, a renovação do leite foi capaz de aumentar sua habilidade 
em manter a viabilidade celular apenas quando realizada a cada 48 h 
no leite mantido a 5 °C. 
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