
Talebi et al. 
European Journal of Medical Research          (2025) 30:407  
https://doi.org/10.1186/s40001-025-02670-9

RESEARCH

Growth and size of stem cells from human 
exfoliated deciduous teeth cultured in platelet 
lysate vs. fetal bovine serum for regenerative 
applications
Ardeshir Talebi1, Sanaz Razi1, Sahar Talebi2*, Nosrat Nourbakhsh3*, Hossein Talebi4, Sareh Soroushzadeh5, 
Samin Razi2 and Seyed Ali Mosaddad6,7,8 

Abstract 

Background  Stem cells from human exfoliated deciduous teeth (SHED) can differentiate into functioning neurons 
and oligodendrocytes and exhibit immunomodulatory and regenerative properties. This study aimed to compare 
the growth and size of SHED cultured in human platelet lysate (hPL) and fetal bovine serum (FBS), with the goal 
of evaluating their potential use in regenerative medicine.

Methods  Healthy deciduous teeth with uninflamed pulp were used for culture. Growth, proliferation, and mor-
phology of the cultured SHED, as well as the mean surface area, length, and width of the cells, were compared 
between FBS and hPL.

Results  The mean surface area of the cultured SHED was lower on FBS than on hPL on days 4, 6, and 9 of passage 
0, higher on FBS on day 2, and comparable on days 5 and 10. Comparison of growth, proliferation, and morphology 
of the cultured SHED on FBS and hPL on days 3 and 9 of passage 0 showed no significant difference. In addition, 
there was no significant difference regarding growth, proliferation, and morphology of the cells between FBS and hPL 
on the same days of passages 1, 2, 3, and 4. The total mean length of the cells was lower on hPL than on FBS within 10 
days (137.9 vs. 148.1 µm), while the total mean width of the cells was higher on hPL than on FBS within 10 days (28 vs. 
26 µm).

Conclusions  FBS and hPL were comparable regarding growth, proliferation, and morphology of SHED, with higher 
mean width and lower mean length on hPL than on FBS within 10 days and overall comparable mean surface area 
after 10 days of passage 0. Therefore, FBS and hPL appear to be relatively similar for the culture of SHED, and hPL can 
replace FBS for this purpose.  
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Background
Stem cells from human exfoliated deciduous teeth 
(SHED) are highly self-renewing cells from the cranial 
neural crest that reside in the dental pulp’s perivascular 
niche [1]. According to prior research, SHED may differ-
entiate into functioning neurons and oligodendrocytes 
under the right circumstances and exhibit immunomod-
ulatory and regenerative properties [2, 3]. These cell 
types are readily accessible via noninvasive techniques, 
can be efficiently differentiated into osteoblasts, odonto-
blasts, adipocytes, chondrocytes, and neural cells both 
in  vitro and in  vivo, and display minimal immunologi-
cal responses or rejection after SHED transplantation. In 
addition, SHED may continue to be undifferentiated and 
stable even after prolonged cryopreservation [4].  

Fetal bovine serum (FBS) is commonly employed as a 
supplement in the isolation and expansion of stem cells 
due to its widespread use in cell culture protocols and its 
role in supporting cell growth in research and preclinical 
studies, including those that may involve cells intended 
for clinical applications [5, 6]. FBS is a rich source of 
nutrients, hormones, and growth factors; however, it also 
has a high endotoxin concentration and may be contami-
nated with microorganisms, including viruses, bacteria, 
fungi, and prions [7]. Furthermore, it has been shown 
that individuals who have received cell transplants using 
mesenchymal stromal cells (MSCs) grown on FBS have 
antibodies against bovine antigens [8]. In addition, there 
are ethical considerations regarding FBS acquisition [9]. 
Thus, many factors derived from humans have been pro-
posed as substitutes for FBS to provide growth factors 
and nutrients for cell culture [10].

As an alternative to animal serum, human platelet 
lysate (hPL) has been suggested [11, 12]. Growth factors 
such as transforming growth factor (TGF), epidermal 
growth factor (EGF), and platelet-derived growth factor 
(PDGF) are present in hPL [13], as well as lipids, glucose, 
electrolytes, albumin, fibrinogen, and other coagulation 
factors [14]. If hPL is produced from platelet concen-
trates obtained only from approved manufacturers, these 
ingredients may impact the cultivated cells and end up in 
the cell product [15]. The ex  vivo propagation of multi-
ple MSCs has been performed for research and medical 
applications [16, 17].

Moreover, for tissue regeneration to occur, it is crucial 
to choose the appropriate scaffold to supply sites of tissue 
cell adhesion, sustain cell proliferation and differentia-
tion, and ultimately promote tissue regeneration. Mate-
rials used as scaffolds are typically three-dimensional in 
shape and are intended to closely resemble natural extra-
cellular matrices in every aspect [18].

Given the drawbacks of FBS, the development of hPL 
as a replacement for FBS, and the significance of SHED 

culture, this study aimed to compare the growth and 
morphology of SHED cultured in hPL and FBS media to 
assess their potential for future regenerative applications.

Methods
Study design
This was an in  vitro study on children’s samples, per-
formed on Stem Cells from Human Exfoliated Decidu-
ous Teeth (SHED) cultured in fetal bovine serum (FBS) 
(Sigma Aldrich) and human platelet lysin (HPL) (BioSci-
ence, Aachen) cell culture media. The inclusion criteria 
for deciduous teeth were children aged between 6 and 
9 years, teeth with physiologic mobility near exfoliation, 
and incisor deciduous teeth without any carious, pulpal 
treatment or trauma history. The teeth were extracted 
under local anesthesia in all subjects, and a pediatric 
dentist extracted eligible teeth. It is worth noting that 
the parents willingly provided their children’s teeth for 
research purposes and completed the informed con-
sent forms from Isfahan University of Medical Sciences. 
The study received approval from the Ethics Commit-
tee of Isfahan University of Medical Sciences (IR.MUI.
REC.1400.042) and complies with the statements of the 
Declaration of Helsinki.

Stem cell isolation and culture
Forty extracted teeth samples were placed in 50 ml Fal-
con tubes containing 20 ml phosphate buffer saline (PBS) 
(Gibco, UK) and Penicillin/Streptomycin 2% (Gibco, 
USA). Then, the samples were transferred to the central 
laboratory of Isfahan University of Medical Sciences. 
There, the Falcon tubes were thoroughly disinfected 
with alcohol. The dental pulp was isolated using barbed 
broaches size #2 (Rojin, China) from apical root resorp-
tion. The pulp samples were then moved to 3400  ml 
evaporating dishes containing PBS. The dental pulp was 
cut into small pieces using a scalpel and transferred to 
a centrifuge tube containing an enzyme solution com-
posed of 3 mg/mL collagenase (Sigma Aldrich) and 3 mg/
mL dispase (Sigma Aldrich) dissolved in 1  mL of PBS. 
The tissue was subjected to enzymatic digestion, and the 
resulting cell suspension was filtered to remove undi-
gested fragments. Next, the tube containing the enzyme 
solution and dissected pulp tissue was placed in a water 
bath at 37  °C for 1  h. To purify the cells obtained from 
the enzymatic process, a nylon mesh filter with pores of 
40–70 µm was placed over two different centrifuge tubes 
containing 3 mL PBS. The solution containing relatively 
digested samples was gently poured onto the nylon mesh, 
allowing it to pass through slowly. In the next step, the 
filtered solution in the centrifuge tubes was centrifuged 
at 1700 RPM for 5 min. After centrifugation, the superna-
tant was removed from the two tubes, and the remaining 
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pellet at the bottom of each tube was slowly broken with 
finger strokes. Then, by adding the desired media (FBS or 
hPL) to each tube, AlphaMEM (Sigma Aldrich) supple-
mented with FBS serum at a 20% concentration, 1% glu-
tamine (Gibco, UK), 1% non-essential amino acid (Gibco, 
UK), and 1% antibiotic pen/strep solution for the FBS 
media group, and AlphaMEM supplemented with hPL 
serum at a 10% concentration, 1% glutamine, 1% non-
essential amino acid, and 1% antibiotic pen/strep solution 
for the hPL media group. The cell suspension was cul-
tured in the specified cells of a 12-well plate and placed in 
an incubator at 37 °C, 95% humidity, and 5% CO2.

Passage
When the bottom of the dish was covered by cells, and 
the desired 80–90% cell confluency was achieved, cell 
passaging was performed. Cells were washed twice with 
1 mL PBS. Then, 1 mL of 0.05% trypsin–EDTA enzyme 
(Gibco, UK) was added to each dish for 4 min to detach 
cells from the culture substrate. The culture medium 
containing 10% FBS/hPL was added to the dish to neu-
tralize the enzyme’s activity. The cell suspension was 
transferred to a centrifuge tube and centrifuged at 1700 
RPM for 8 min. The supernatant fluid was removed from 
the tubes, and the remaining pellet at the bottom of each 
tube was slowly broken with a finger tab. One of the 
two desired culture media was added to the broken cell 
sediments and transferred to several new dishes accord-
ing to the cell density. The new dishes were placed into 
an incubator at 37 °C with 95% humidity and 5% carbon 
dioxide. If necessary, the remaining cells were frozen with 
media containing 90% FBS/hPL and 10% DMSO (Sigma 
Aldrich) in liquid nitrogen at −196  °C for later use or 
long-term storage.

Measurements

1.	 Cell count: After staining with trypan blue, the 
unstained cells were counted using NeoBar slides.

2.	 Phenotype: To evaluate the phenotype, antibodies 
against surface markers CD90, CD73, and CD105 
were used, and flow cytometry was performed, 
whose results have been previously published [19].

3.	 Growth: Growth was determined by the number of 
days it took for the culture media to fill up.

4.	 Viability: The 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay was used 
to evaluate viability. For this purpose, at a density of 
5000 cells/cm2, SHEDs were placed in a 96-well plate. 
Then, they were cultivated using 200 µl of PL or FBS. 
Viability was assessed on the seventh day using 1 mg/
ml MTT solution. This solution was added to each 
well, and the plate was kept in the incubator for 2 

h. Then, the solution was removed and replaced by 
1 ml of isopropanol in each well. Subsequently, the 
plate was shaken for 30 min at room temperature to 
dissolve formazan crystals. Next, 200 µl isopropanol 
was poured into a 96-well plate as a control. Finally, a 
spectrophotometer was used to evaluate absorption 
at 570 nm. Prior to conducting the present study, a 
pilot experiment was performed to evaluate the via-
bility of SHED cultured in both FBS and hPL media. 
Viability was calculated using the following formula: 
(test optical density (OD)/control OD) × 100. After 
7 days of culture, the mean viability of SHED cul-
tured in FBS was 91.7 ± 3.2%, while those cultured 
in hPL demonstrated a mean viability of 93.1 ± 3.6%. 
No statistically significant differences were observed 
between the groups (P > 0.05), confirming that both 
FBS and hPL maintain high viability rates under iden-
tical culture conditions. Based on these preliminary 
findings, the current study focused on comparing 
SHED proliferation and growth dynamics in these 
two culture environments, using confluence as the 
criterion for growth assessment. All in vitro experi-
ments, including cell counting, growth, viability, and 
morphological assessments, were performed in trip-
licate and repeated independently three times (n = 3) 
to ensure reproducibility and statistical validity of the 
results.

Cell morphology measurements
The length, width, and surface area of cultured SHED 
were measured using ImageJ software (National Insti-
tutes of Health, USA). For each experimental group, 100 
cells were randomly selected from microscopic images 
captured under identical conditions. The major (length) 
and minor (width) diameters of each cell were measured 
in microns. To estimate the surface area, each cell was 
considered as a rhombus, and the area was calculated 
using the formula: (major diameter × minor diameter)/2. 
This calculated area approximates the actual surface area 
of the cell when adherent to the culture dish.

All in  vitro experiments, including cell counting, 
growth, viability, and morphological assessments, were 
performed in triplicate and repeated independently three 
times (n = 3) to ensure reproducibility and statistical 
validity of the results.

Data analysis
The SPSS software (version 25.0) was used for data analy-
sis. The independent t test was used to compare con-
tinuous variables between groups. P values < 0.05 were 
regarded as significant in all statistical tests.
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Results
The mean surface area of the cultured SHED was lower 
on FBS than on hPL on days 4, 6, and 9 of passage 0, 
higher on FBS on day 2, and comparable on days 5 and 
10 (Fig. 1). Figure 2 shows the surface area of the cultured 

SHED on FBS and hPL on day 10 of passage 0. Compari-
son of growth, proliferation, and morphology of the cul-
tured SHED on FBS and hPL on days 3 and 9 of passage 
0 showed no significant difference (Fig.  3). In addition, 
there was no significant difference regarding growth, 

Fig. 1  Mean surface area of the cultured SHED on FBS and hPL on days 2, 4, 5, 6, 9, and 10 of passage 0 (error bar indicates standard error 
of the mean)

Fig. 2  Surface area, length, and width of the cultured SHED on FBS and hPL on day 10 of passage 0



Page 5 of 9Talebi et al. European Journal of Medical Research          (2025) 30:407 	

proliferation, and morphology of the cells between FBS 
and hPL on the same days of passages 1, 2, 3, and 4 
(Fig. 4).

The morphological assessment of SHED cultured 
in hPL and FBS media revealed differences in cell 

dimensions over the 10-day period. The mean length of 
SHED cultured in hPL was lower than that of cells cul-
tured in FBS (137.9 µm vs. 148.1 µm), while the mean 
width was slightly higher in hPL compared to FBS (28 
µm vs. 26 µm) (Table 1; Fig. 2).

Fig. 3  Growth, proliferation, and morphology of the cultured SHED on FBS and hPL on days 3 and 9 of passage 0

Fig. 4  Growth, proliferation, and morphology of the cultured SHED on FBS and hPL on the same days of passages 1, 2, 3, and 4
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Discussion
An essential objective of stem-cell research is to iden-
tify high-quality human postnatal stem cells from read-
ily available resources. Several tissues, including skeletal 
muscle, bone marrow, brain, skin, hair follicles, and den-
tal pulp, have been used for the isolation of postnatal 
stem cells [20–22]. SHED is a source of postnatal stem 
cells that are highly self-renewing and can differentiate 
into a variety of cell types, including osteogenic, odon-
togenic, adipogenic, and neural cells [23]. On the other 
hand, the role of adult stem cells is to replace lost tissue 
by producing new cells. Adult stem cells must be able to 
preserve the tissue stem cell pool and develop into tissue-
specific somatic cells to fulfill this regenerative ability 
throughout life [24]. The asymmetric cell division feature 
of the stem cells enables them to divide and leave their 
daughter cells in an undifferentiated condition to replen-
ish the stem cell pool, which is called “self-renewal” [24]. 
As mentioned above, self-renewal is a property of SHED. 
Recent studies have further highlighted the regenerative 
potential of dental stem cells, including SHED, for clini-
cal applications. Stem cells derived from dental tissues 
have been explored for their ability to differentiate into 
various cell types and support tissue regeneration when 
combined with appropriate biomaterials and scaffolds. 
In this regard, SHED has been recognized as a promising 
candidate for the regeneration of bone, dental, and neu-
ral tissues due to its accessibility and high proliferative 
capacity [25]. Moreover, the role of signaling pathways, 
such as Wnt/β-catenin, in enhancing the regenerative 
functions of dental stem cells has gained increasing atten-
tion. A recent study [26] demonstrated that activation of 
the Wnt pathway via Tideglusib significantly influenced 
the expression of type I and III collagen in dental pulp-
derived stem cells, suggesting a modulatory role in extra-
cellular matrix remodeling, which is essential for tissue 
engineering and regeneration [22]. These findings under-
score the importance of optimizing culture conditions 

and understanding signaling mechanisms to fully harness 
the regenerative capabilities of SHED for future clinical 
applications.

The current study showed relatively similar results for 
FBS and hPL regarding the culture of SHED. FBS and 
hPL were comparable regarding growth, proliferation, 
and morphology of SHED, with higher mean width and 
lower mean length on hPL than on FBS within 10 days 
and overall comparable mean surface area after 10 days 
of passage 0. FBS and hPL have been compared for the 
culture of MSCs in previous studies. In harmony with 
this study, by comparing hPL with FBS for culture and 
endothelial differentiation of human amniotic fluid MSCs 
(hAF–MSCs), Tancharoen et  al. showed that compara-
ble to those grown in 10% FBS-supplemented medium, 
hAF–MSCs exhibited similar growth characteristics, 
MSC marker expression, and specific protein localiza-
tion when grown in 10% hPL-supplemented media [27]. 
Similarly, Favaloro et al. reported that apheresis hPL may 
work as a good substitute for FBS because of the analo-
gous development and phenotype of bone marrow MSC 
grown in ether medium (commercial hPL or apheresis 
hPL) [28]. In another study, Mohammadi et al. used hPL 
as a xeno-free alternative to FBS for the in vitro expan-
sion of human MSCs and demonstrated that hPL could 
serve as a suitable and safe substitute for FBS in the 
development of MSCs without causing any clonal chro-
mosomal abnormalities in the expanded cells [12]. It is 
also important to consider that enzymatic passaging may 
exert stress on stem cells and contribute to alterations in 
morphology or function [29]. Although a low concentra-
tion of trypsin and a short exposure time were used to 
minimize cellular damage, the process of repeated pas-
saging can lead to telomere shortening and reduced 
stemness [30]. This highlights the importance of limiting 
passage number in experimental protocols and consid-
ering alternative, gentler detachment methods in future 
studies.

Table 1  Mean length and width of the cultured SHED on FBS and hPL

FBS fetal bovine serum, hPL human platelet lysate, SHED stem cells from human exfoliated deciduous teeth

Days Mean length (µm) Mean width (µm)

hPL FBS Mean hPL FBS Mean

2 138.7 94.3 116.5 34.4 28.5 31.4

4 158.0 157.5 157.8 39.4 24.8 32.1

5 152.2 140.0 146.1 21.0 27.0 24.0

6 110.0 179.0 144.5 28.8 21.7 25.2

9 134.8 138.8 136.8 27.6 32.4 30.0

10 133.6 179.0 156.3 16.8 21.7 19.2

Mean 137.9 148.1 142.9 28.0 26.0 26.9
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MSCs are often cultured in FBS, although this tech-
nique raises questions regarding the possibility of xeno-
geneic protein transfer from the animal-derived serum 
[11]. Human platelet lysate has been suggested as an 
alternative to FBS [11, 12]. When cutting-edge culture 
systems for human stem cells are used, such as when high 
FBS content in culture media is replaced by non-animal 
derived components like hPL, the stem cell properties of 
self-renewal and multipotency must be maintained under 
those culture conditions [31]. The current study showed 
that these properties were preserved when hPL was used 
for the culture of SHED. Ranuch et  al. also showed a 
comparable growth-promoting effect of hPL with FBS for 
adipose-derived MSCs while maintaining their undiffer-
entiated state [32], which confirmed their findings from 
an earlier study [7].

This study presents several limitations that should be 
considered when interpreting the results. The sample 
size was limited to healthy deciduous teeth from chil-
dren aged 6–9 years, which may not represent other age 
groups or individuals with varying systemic or dental 
health conditions, thus restricting the generalizability of 
the findings. The evaluation period for growth and mor-
phology was limited to 10 days, which may not reflect the 
long-term viability, differentiation capacity, and stabil-
ity of SHED cultured in human platelet lysate and fetal 
bovine serum. It is also important to note that the SHED 
used in this study was derived from children aged 6–9 
years, during the physiological exfoliation phase. At this 
stage, the stem cell population may exhibit enhanced 
biological activity, including increased transdifferentia-
tion potential and responsiveness to environmental cues, 
due to their involvement in the natural process of root 
resorption (rizolysis) [1, 33, 34]. This inherent property 
may influence the generalizability of the results to SHED 
derived from other developmental stages. Although the 
study was conducted under controlled in  vitro condi-
tions, these may not replicate the complexity of in  vivo 
environments, where immune responses, vasculariza-
tion, and mechanical forces influence stem cell behavior. 
Moreover, only two types of culture media were com-
pared, and other possible supplements or combinations 
that might enhance SHED proliferation and differentia-
tion were not explored. Although standardized manual 
counting methods were used in this study, the incorpo-
ration of automated cell counting systems could further 
improve measurement accuracy and reduce operator-
dependent variability. Finally, natural variability in the 
source of deciduous teeth, including differences in donor 
health status and tooth type, could influence the out-
comes and affect reproducibility across different studies.

Future research should address these limitations 
through broader sampling, longer observation periods, 

in  vivo validation, the evaluation of alternative cul-
ture conditions, and the use of automated platforms to 
enhance reproducibility in cell quantification and reduce 
subjective bias. Future studies should also consider the 
inclusion of a serum-free culture condition to serve as a 
negative control. This would provide valuable informa-
tion regarding the intrinsic proliferative capacity of SHED 
and allow for a clearer assessment of the specific contri-
butions of serum-derived growth factors in supporting 
cell expansion and morphology. In addition, incorporat-
ing such a control would establish a baseline for evalu-
ating changes in cell morphology, helping to isolate the 
effects of FBS and hPL on cellular structure and behav-
ior. Furthermore, the inclusion of flow cytometric anal-
ysis to assess the expression of mesenchymal stem cell 
surface markers (e.g., CD73, CD90, and CD105) would 
allow for a more comprehensive characterization of the 
SHED population. Such analysis would provide further 
confirmation of stemness and lineage commitment, and 
is recommended as part of future studies to complement 
morphological and growth-based assessments.

Conclusions
FBS and hPL were comparable regarding growth, pro-
liferation, and morphology of SHED, with higher mean 
width and lower mean length on hPL than on FBS within 
10 days and overall comparable mean surface area after 
10 days of passage 0. Therefore, FBS and hPL appear to 
be relatively similar for the culture of SHED, and hPL can 
replace FBS for this purpose. Since this was the first study 
to compare the two media for culturing SHED, extensive 
research is required to confirm these findings.  
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