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Abstract. Tissue regeneration is widely studied due to its 
importance for understanding the biology of stem cells, aiming 
at their application in medicine for therapeutic and various other 
purposes. The establishment of experimental models is neces-
sary, as certain invertebrates and vertebrates have different 
regeneration abilities depending on their taxon position on the 
evolutionary scale. Planarians are an efficacious in vivo model 
for stem cell biology, but the correlation between planarian 
cellular and molecular neoblast pluripotency mechanisms and 
those of mammalian stem cells is unknown. The present study 
had the following objectives: i) Establish Girardia tigrina 
cell culture, ii) determine the time required for complete cell 
disintegration and iii) obtain neoblasts by cell subdivision. 
Twenty‑four specimens were deprived of food for seven days. 
After this time, disintegration was performed by incubation 
protected at three temperatures for 48  h in an antibiotic, 
antimycotic and trypsin solution, after which the suspension 
was homogenized and centrifuged. Histopaque® 1077 was 
used for cell separation and interphases were collected and 
monitored by optical and fluorescence microscopy. Optical 
microscopy analysis informed the nucleus‑to‑cytoplasm ratio, 
cell morphology and cell size. Under fluorescence microscopy, 
interphase 1 (I1) was subdivided into two groups and neoblasts 
were marked for characterization; one group was stained with 
4',6‑diamidino‑2‑phenylindole and the other was immunola-
beled with octamer‑binding transcription factor 4 (OCT4) and 
isolated and observed after 10 days of cultivation. Neoblasts 
predominated in I1 with a small amount of other cell types. In 
conclusion, sample disintegration with a trypsin and antibiotic 
solution was effective at 18˚C and Iscove's modified Dulbecco's 
medium supplemented with fetal bovine serum was adequate 
for the establishment of primary cell cultures after 48‑h 

incubation and centrifugation. Antibody anti‑OCT4 was used 
for the characterization of stem cells and was successfully 
labeled with concentrated neoblasts on interphase 1.

Introduction

Regeneration is a complex event that occurs in several verte-
brates and invertebrates (1). For regeneration to occur, one of 
the earliest signaling events following a lesion is the produc-
tion of cells that are capable of rebuilding lost structures. The 
way that these events occur and the types of cells involved 
differ between animal groups (2).

The choice of planarians as a regeneration study model is 
based on their plasticity, regeneration ability, rapid response 
and adult stem cell reservoir (3). Cell and molecular character-
ization of planarian stem cells has been achieved with various 
tools, such as inhibition of the function of genes involved in 
regeneration via RNA interference, western blotting, in situ 
hybridization and cell isolation by flow cytometry (4‑8). These 
tools are extremely important alternatives for understanding 
the mechanisms associated with the maintenance and role of 
stem cells in vivo (9).

Stem cells, also known as neoblasts, are located in the 
parenchyma and account for ~20‑30% of the whole cells of an 
individual and may present morphological subtypes (10‑13). 
Neoblasts are characterized by i)  the absence of morpho-
logical cytodifferentiation signs; ii) chromatoid body or large 
cytoplasmic ribonucleoprotein granules; iii) large nuclei with 
dispersed chromatin, or large nucleoli; iv)  reduced cyto-
plasm containing numerous ribosomes; v) little endoplasmic 
reticulum; vi) perinuclear germ granules; and vii) X‑ray sensi-
tivity (8,9,11,14).

The evolutionary conservation and expression of neoblasts 
in mammalian genes is associated with the maintenance and 
expression of pluripotency (15). Pluripotency transcription 
factors in mammalian stem cells are regulated by key genes, 
such as OCT4, SOX2 and NANOG. OCT4 is a member of the 
octamer‑binding subgroup of the Pit‑Oct‑Unc transcription 
factor family (16,17).

Due to a lack of information on the establishment of 
planarian primary neoblast cultures, particularly of Girardia 
tigrina, the present study proposed a methodology for cell 
culture establishment and characterization of neoblasts.
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Materials and methods

Animals. Specimens (n=24) of planarian Girardia tigrina were 
collected from the urban stretch of the Paraiba do Sul River 
in the municipality Jacarei (SP, Brazil). Specimen selection 
accounted for criteria, such as absence of lesions and perfect 
morphology. The selected animals were maintained in vials 
containing non‑chlorinated water and were fasted for seven 
days until disintegration.

Disintegration and cultivation. The specimens were disin-
tegrated as follows: 24 planarians were bathed in antibiotic 
and ultrapure water for 30 min each. The specimens were 
incubated in trypsin (Sigma‑Aldrich, St. Louis, MO, USA) 
and antibiotic‑antimycotic (Gibco®, Life Technologies, New 
York, NY, USA) (1:1; TA) in the dark for 48 h. The partially 
disintegrated material was homogenized with a pipette and 
centrifuged (Excelsa Baby I; Fanem, Sao Paulo, SP, Brazil) 
at 2,360 x g for 5 min. The cell sediment was resuspended 
in 1 ml of Iscove's modified Dulbecco's medium (IMDM) 
supplemented with 10% fetal calf serum (Gibco®) and 1% (v/v) 
antibiotic and antimycotic solution.

Cell viability. Cell viability was assessed with trypan blue 
(Sigma‑Aldrich). Approximately 100 cells were counted in a 
Leica DM IL microscope (Leica Microsystems GmbH, Wetzlar, 
Germany), including stained and non‑stained cells, to determine 
the proportion of membrane damage at different temperatures.

Cell fractionation. Following incubation in TA, the specimens 
were centrifuged and the segment was resuspended in 6 ml 
of IMDM supplemented with 10% fetal calf serum and 1% 
antibiotic and antimycotic solution. For neoblast purifica-
tion, 6 ml of cells was suspended in 6 ml of a solution of 
Histopaque® 1077 (Sigma‑Aldrich). The cell suspension was 
centrifuged (Fanem) at 3,248.93 x g for 45 min. Following 
centrifugation, three interphases were visualized and cells 
were harvested from each one. This isolation procedure was 
performed in triplicate with five replications and cell culture 
was monitored for 10 weeks.

Analysis tools used to evaluate the culture for total and inter‑
phase cells. Disintegration and purification were complete 
after 48 h incubation in TA. The total cell culture samples 
and interphases were analyzed by optical and fluorescence 
microscopy. Optical microscopy showed the following 
cellular aspects: a) Nuclear cytoplasmic ratio; b) morphology; 
and c)  cell size. For fluorescence microscopy, total cells 
and neoblast‑enriched cell interphases were resuspended in 
20 µl sterile phosphate‑buffered saline (PBS) and incubated 
with mouse anti‑OCT4 (1:200) (AB‑3209; Merck Millipore, 
Darmstadt, Germany) primary antibody for 60 min at room 
temperature. Subsequently, the cells were washed with PBS 
and incubated with fluorescein isothiocyanate‑rat anti‑mouse 
(04‑6111; Invitrogen, Life Technologies, New York, NY, USA) 
secondary antibody at room temperature for 45‑60 min. Nuclei 
were detected by 4',6‑diamidino‑2‑phenylindole (DAPI) 
(Sigma‑Aldrich) staining. Images were captured using a Leica 
DM IL microscope fitted with a Leica DFC310 FX camera 
(Leica Microsystems GmbH). After 10 days of cultivation, 

50 µl of cell culture was collected in Eppendorf tubes and 
centrifuged for 5 min at 2,360 x g. Subsequently, the cells were 
resuspended and stained as previously described.

For scanning electron microscopy, 100 µl of the control 
and irradiated groups were collected and centrifuged at 
4,588.8 x g for 10 min. Round coverslips were coated with 
a 0.1% solution of poly‑L‑lysine in water (molecular weight, 
400,000; Sigma‑Aldrich). The pellet was resuspended in 
PBS and the cells were placed on coverslips coated with 
poly‑L‑lysine and incubated for 20 min at room temperature. 
At the end of this period, the coverslips were washed to remove 
non‑adhered cells, fixed with 0.25% glutaraldehyde and 2% 
paraformaldehyde (Sigma‑Aldrich) in 0.1 M phosphate buffer 
and incubated for 10 min. After fixation, the samples were 
washed with 0.1 M phosphate buffer and dehydrated with 
acetone and hexamethyldisilazane for 10 min. The coverslips 
were gold‑palladium coated in a high vacuum evaporator on 
a rotating‑tilting stage and observed in a Zeiss EVO MA 10 
scanning electron microscope (Carl Zeiss Microscopy GmbH, 
Königsallee, Germany).

Results

Disintegration of the specimens. After an incubation period of 
48 h, the TA solution efficiently disintegrated the specimens 
and three regions with different levels of fragmentation were 
identified (Fig. 1). Following this period, the specimens were 
centrifuged to further total disintegration. Optical microscopy 
analysis revealed cell aggregates; some of which were isolated 
for characterization. The presence of mucus during cultivation 
following specimen disintegration had a double effect, as it 
contributed positively to cell adhesion to the bottom of the 
culture plate and hindered the characterization of cell types 
due to the formation of cell aggregates (Fig. 1B). Total cell 
decoupling occurred in four days.

Assessment of membrane integrity. Trypan blue was used due 
to the few mitochondria in the neoblasts. Membrane integrity 
was assessed through cell count. At the temperatures of 4, 18 
and 37˚C, the cell membrane integrity was preserved with 
values of 63.81, 51.92 and 4.35%, respectively.

Interphases following purification. Following complete puri-
fication, three interphases were obtained: Interphase 1 (I1), 
I2 and I3. Neoblasts predominated in I1 (Fig. 1C), with the 
presence of other cell types in smaller amounts. Fig. 1C shows 
that the neoblast nucleus was large and the cytoplasm was 
reduced, which was confirmed by fluorescent staining with 
DAPI (Fig. 2) and OCT‑4 (Fig. 3A and B).

Discussion

The isolation of a pure neoblast cell fraction and its culture 
for a long period of time allowed the inclusion of Girardia 
tigrina among the model systems for the study of the stem 
cell signalization and genetic circuitry. However, there are 
limited studies on the establishment of cultures for the analysis 
of neoblast biology. Planarian Girardia tigrina, a species 
commonly found in Brazil, has been used as a model in our 
stem cells studies.
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Figure 2. Neoblast characterization and culture. Neoblast characterization through 4',6‑diamidino‑2‑phenylindole (DAPI) labeling. (A) Total culture neoblasts 
(arrow) with a high proportion of nucleus cytoplasm after 48 h of incubation. (B) Total culture after 10 days of incubation, several grouped cell types and 
isolated neoblasts (arrow). (C) Interphase 1 neoblast‑like aggregates with large nuclei were effectively labeled with DAPI. (D) Neoblast‑like aggregates with 
large nuclei after 10‑day incubation. (E and F) Details of neoblasts isolated from interphase 1 (arrow).

  A   B   C

  D   E   F

Figure 1. Disintegration and characterization of Girardia tigrina. (A) Cell culture. Specimens incubated in solution for 48 h showed different levels of disintegra-
tion, as indicated by numbers 1, 2 and 3. The disintegration of the external portion associated with mucus (1) and significant aggregation of cells in fragments 2 
and 3 are observed. (B) The culture maintained for 48 h in Iscove’s modified Dulbecco’s medium (IMDM) supplemented with serum after disintegration in a 
trypsin and antibiotic‑antimycotic (TA) solution showed free (arrow head) and aggregated cells (arrow). (C) Characterization of fragment 1 was constituted of 
neoblast‑like cells (arrow) and other cell types. The fragment was cultivated in IMDM supplemented with serum fetal bovine.

Figure 3. Neoblast characterization with octamer‑binding transcription factor 4 (OCT‑4). Neoblast characterization through anti‑OCT‑4 antibody immunola-
beling. (A) Positive immunolabeling (neoblast) and negative immunolabeling cells for anti‑OCT‑4 (arrow). (B) Neoblast aggregate positive immunolabeling 
for anti‑OCT‑4 (arrow).

  A   B

  A   B   C
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The neoblast cultures were established from a planarian 
pool after fasting for 7‑15 days, depending on the species 
used  (4‑6,18). Experiments with Dugesia tahitiensis and 
Dugesia polychroa used 24‑h baths  (7,8). In the present 
study, two 30‑min antibiotic and sterile ultrapure water (1:1) 
baths were performed, in contrast to the aforementioned 
studies. Regarding the disintegration solutions and the 
cultivation medium, another relevant factor is the osmolarity 
relative to the studied specimen. Trypsin and pronase are 
digestive enzymes used to disperse cells and when speci-
mens were incubated with trypsin (0.25%) at 4˚C, testicular 
cell membrane damage and cell viability were reduced, 
demonstrating the effectiveness of this cell dissociation tech-
nique (9). The methodology adopted in the present study for 
the disintegration of Girardia tigrina involved incubation in 
a TA solution for 48 h. Therefore, this is opposed to studies 
that used maceration, mechanical disintegration and enzy-
matic dissociation methods (8) and fragment disintegration 
in a Holtfreter's 5/8 trypsin solution with subsequent gentle 
homogenization (5).

Trypsin may damage the cell membrane and thus affect the 
cell membrane integrity. In the present study, three incubation 
temperatures (4, 18 and 37˚C) were tested for disintegration 
in a TA solution and cell viability was assessed with trypan 
blue staining. At 4 and 18˚C, smaller damage rates occurred, 
respectively (9). Cell viability was only greatly compromised 
by 4.35% at 37˚C, confirming the thermal tolerance results 
obtained for Girardia tigrina. After 96 h at 33˚C, <50% of the 
specimens died (11).

Neoblast characterization through light and fluorescence 
microscopy showed rounded morphology and large nuclei 
when compared to the small cytoplasm, corroborating with 
several previous studies  (12,19). Besides morphological 
characterization, the neoblasts were labeled with antibody 
anti‑OCT4 (Fig.  3), which is specific for mammalian 
stem cells and features homology to pluripotency factors 
and target genes between neoblast trascriptomes and 
proteomes (13). These results are consistent with those of 
others studies (13,17), demonstrating that OCT4 is a good 
neoblast label, independent of the use of a planarian species 
as a model, as this gene evolutionarily conserved pluripo-
tency.

In general, neoblasts comprise from ~20 to 30% of the 
cells that constitute the proliferative compartment known as 
blastema (7). The methods employed for disintegration and 
gradient centrifugation were efficient. Following purification, 
the proportion of neoblasts recovered in I1 was 15%, in accor-
dance with the studies mentioned above.

In conclusion, disintegration with a TA solution was 
efficient and 18˚C is a suitable incubation temperature for 
Girardia tigrina specimens. IMDM supplemented with fetal 
bovine serum (10%) was adequate for the establishment and 
maintenance of a planarian primary cell culture. Ultimately, 
antibody anti‑OCT4 allowed the identification of neoblasts 
following purification in the Histopaque® 1077 gradient and 

may be useful in regeneration and proliferation studies of stem 
cells applied to cell biology and tissue engineering.
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