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Abstract

In the last years, alternatives to animal testing were applied, aimed at reduce 
the laboratory use of animals, in agreement with the 3Rs principles (Reduction, 
Refinement and Replacement). In the approach to the study of neurological 
disorders, several in vitro models and alternative animal species like mammals 
with a more complex nervous system have been proposed as translational 
model for human. Lately, canines have been considered an excellent model 
for study on neurodegenerative disorders since they may develop central 
nervous system disease close to those observed in humans. In the present 
report, we describes a method to obtaining primary cultures from dog fetuses 
brain collected accidentally and cryopreserved until the use. The brain tissues 
were dissociated through a mild enzymatic papain system and cultured, and the 
development, morphology and the amount of neuronal cells were assessed. We 
appreciated the capability of cryopreserved brain tissues to provide a vital and 
proliferating neuronal primary culture. Moreover, we noticed which explants from 
early gestation days fetuses (25 days) yielded the higher number of neurons 
in comparison with those obtained from older fetuses (45days). Our data may 
suggest a good alternative experimental approach to obtain a primary neuronal 
culture, without necessarily having to use experimental animals.  

Keywords: Fetal dog brain; 3Rs principles; Papain dissociation system; 
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more comparable to humans for several aspects [9-11]. In the last 
years, canines have been considered an excellent model for studies 
on neurodegenerative disorders. In an excellent review, Starkey [12] 
pointed out the many advantages of using dogs as a translational 
model for human medical research. In particular, the canine nervous 
system is much more similar in size to that of humans than that of 
rodents. Moreover, researches have demonstrated that dogs suffer 
from a number of diseases which may overlap with those observed 
in the human brain such as cortical atrophy, neuronal loss, amyloid 
deposition in the brain vessels and hereditary neurodegenerative 
disorders [13-18]. Setting up experimental in vitro protocols starting 
from the cellular elements closest to the species of which we want to 
study certain diseases, often poses problems related to the obtainment 
of the biological material, especially considering the scarcity of both 
cell types and species on the market. In the last years authors have 
demonstrated that it is possible to take advantage of organic parts 
of particular species intended for destruction, picked up from public 
slaughterhouses for example, from which viable and cultivable 
cellular elements can be obtained [10,19]. The aim of the present work 
is therefore to describe an easy way of obtaining and characterizing 
a primary culture from dog foetal neurons, using an experimental 
approach in agreement with the 3R principles, considering the 
growing interest on the study of neurodegenerative pathologies of the 
dog as a model for human and solving the problem concerning the 
scarcity of dog neuronal cell lines in the commerce. 

Materials and Methods
Sampling 

The material (foetal dog brain) used for the primary cell culture 

Introduction
Neurodegenerative disorders are heterogeneous and very 

complicated processes, characterized by altered morphology, 
impaired functions and loss of neuronal cells [1,2]. In the experimental 
approach to the study of neurological disorders, two issues seem 
to be crucial: 1) the experimental model; 2) the species used in the 
experimental model. As far as the experimental model is concerned, 
through the years, several in vivo, ex vivo, and in vitro models have 
been generated, in order to better understand crucial aspects on 
neurodegeneration [3,4]. Over the past decade, EU directives have 
aimed at limiting the use of experimental animals (3Rs principles) 
strongly encouraging an increase in in vitro experiments [5,6], 
which compared to in vivo models appear to be considerably more 
advantageous in the field of neurological disorders. In fact, by using 
in vitro models, it is possible to study the role of isolated cells of one 
particular type in an environment that simulates the disease and to 
investigate mechanisms of a possible deleterious or protective role of 
specific molecules and compounds. Tissue culture of dissociated cells 
is considered to be a useful method for examining the function and 
development of the cells from both the central and peripheral nervous 
system [7]. As regards the species employed in the experimental 
protocols, unfortunately the study of neurodegenerative diseases 
lacks of a complete translational model, thus resulting in many 
animal models being used, ranging from rodents to non-human 
primates, each with its advantages but also associate challenges [8]. 
In general, although rodents remain the most widely used species for 
human neurodegenerative study, other mammals may also be useful 
as they flaunt a more complex anatomy and physiology, making them 
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was collected thanks to the collaboration between the Normal 
Anatomy Section and the Clinical Obstetrics of the Veterinary 
Teaching Hospital of our department. The hospital, in accordance 
with the Italian law, has an agreement with the municipal dog pound 
and the Public Health Offices, to ensure the sterilization of stray 
bitches thus trying to prevent an increase of stray dogs in the city. 
Whenever pregnant uteri were found during ovariohysterectomy 
surgical procedures, they would be excised, immediately refrigerated 
and provided to our laboratory. Once the uterus is opened, under 
sterile conditions, we proceed to the foetal adnexa dissection and the 
removal of fetuses. The foetal age was assessed by crown-rump length 
measurement and specific tables [20]. By dissecting the head under a 
stereo microscope, it brought out the brain tissue trying to free him 
as much as possible from the meninges. Following the procedures 
illustrated by [11], fragments from each foetal brain were suspended 
in an ice-cold cell freezing medium composed of Dulbecco’s Modified 
Eagle’s Medium (DMEM) with 1% HEPES (pH 7.4), 1% foetal calf 
serum and 10% Dimethylsulfoxide (DMSO). Cryovials were cooled 
to -80°C and then transferred to liquid nitrogen and stored until use. 

Cell culture procedures 
For the preparation of primary neuronal cultures, we used a 

mild enzymatic dissociation procedure with a Papain dissociation 
system (Worthington Biochemical Corp., Lakewood, NJ), following 
methodologies yet reported in literature [21,22]. Basically, frozen 
foetal brain tissues were rapidly thawed in a water bath at 37°C, 
grossly minced in small pieces and dissociated. The brain tissue 
was treated with Earle’s Balanced Salt Solution (EBSS) containing 
papain and DNase I (DNase) for 40 minutes at 37°C, centrifuged 
at 1000 rpm for 5 minutes. Once the cell suspension was layered 
on top of EBSS containing albumin-inhibitor in a centrifuge tube, 
it was then centrifuged at 800 rpm for 6 minutes. The supernatant 
was discarded, and the pelleted cells were resuspended in the culture 
medium Dulbecco’s modified Eagle’s medium/Ham’s F12 (DMEM/
F12; Euroclone, Milan, Italy) supplemented with penicillin (30 mg/L) 
with streptomycin (50 mg/L), sodium bicarbonate (2.4 g/L), insulin 
(10 μg/mL), transferrin (10 μg/mL), sodium selenite (10-8M), 10% 
foetal calf serum. Moreover, as also shown by other authors [23], in 
the same medium we added the following specific growth factors: 100 
ng NGF (Nerve Growth Factor- Sigma, St. Louis, MO, USA), 10 ng/
ml GDNF (Glial Cell Line Derived Neurotrophic factor- Sigma, St. 
Louis, MO, USA) and 2 ng/ml of BDNF (Brain Derived Neurotrophic 
Factor- Sigma, St. Louis, MO, USA), in order to promote and enhance 
growth of neuronal cells. Cells were plated at the rate of 5×105 into 
about 10 Petri dishes with cover-glass slide on the bottom previously 
coated with polylysine (Sigma, St. Louis, MO, USA), and placed in 
incubator (37°C; 5% CO2). Half of the culture medium was changed 
every 2-3 days. 

Immunofluorescence staining
Cells were fixed in cold 100% methanol for 20 min. After washing 

with PBS, fixed cells were incubated overnight with the following 
antibodies diluted with PBS containing 3% bovine serum albumin 
(BSA) and 0,1% tryton X-100: anti-β III tubulin (monoclonal and 
polyclonal, Sigma, St. Louis, MO, USA); anti-vimentin (monoclonal, 
1:1,000, Sigma, St. Louis, MO, USA). After rinsing with PBS, cells 
were incubated for 1 hr at 37oC with secondary anti-rabbit and anti-
mouse fluorescein/tetramethylrhodamine isothiocyanate-conjugated 

antibodies (FITC-AlexaFluor 488, TRITC-AlexaFluor 594, 1:400, 
Invitrogen, Carlsbad, CA, USA). All images were obtained with 
a confocal laser scanning microscope from Leica (TCS SP5 DMI 
6000CS, Leica Microsystems GmbH, Wetzlar, Germany) using a 
40/60X oil objective. FITC was exited at 488 nm and the emission was 
detected between 510 and 550 nm, whereas Rhodamine was excited at 
568 nm and emission was detected between 585 and 640 nm. Nuclear 
counterstaining was performed using Hoescht blue-33342 (1:5,000, 
Sigma, St. Louis, MO, USA). The estimation of β III-tubulin positive 
cells number was performed under the confocal microscope by 
counting at magnification of x40 in 10 randomly chosen fields.

Statistical Analysis 
Differences between groups were analyzed by Student’s t test. 

Differences were considered significant when P<0.05.

Results
Sampling 

The procedures for obtaining dog fetuses, did not allow 
homogeneous sampling. In fact, the finding of pregnant uteri was 
an accidental event, detected only at the time of surgery, since no 
previous instrumental investigation to diagnose pregnancy was 
carried out. This led to the collection of brain tissues belonging to 
fetuses at different stage of foetal development. In particular, at the 
end of our sampling we collected mainly fetuses of 25 (Figure 1) and 
45 of gestation days in average. This also affected the characteristics of 
our cultured cells, in terms of numbers.

Cell cultures and neuronal identification 
Once seeded, cells appeared with a round shape and clustered 

(Figure- 2 A,B,C). The adhesion to the bottom of the petri plate was 
well evident between the first and the second day of culture. At first, 
the medium appeared with a certain turbidity which improved in the 
following days, with partial changes of medium, performed every two 
days on average. The first extension, characteristic of neural cells, 
was evident around the fourth/sixth day of culture (Figure-2D), well 
detectable around the 15 days from seeding (Figure-2E,F). The β 
III-tubulin immunostaining revealed that the highest percentage of 

Figure 1: Canine embryo at approximately 25 gestation days.
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cells was neuronal cells that were obtained in cultures derived from 
25 gestation days fetuses (Figure-3A). On the contrary, the lower 
percentage of neurons was obtained from a brain of 45 gestation 
days fetuses (Figure-3B). Moreover, in the cultures of cells obtained 
from the oldest fetuses, we found a discrete number of cells unstained 
by β III-tubulin antibody, which then resulted positive to vimentin 
antibody (Figure-3C).

Discussion
In the last decades, alternatives to animal testing have been 

proposed in order to enforce the strategy of 3Rs principles for 
reduction, refinement and replacement of laboratory use of animal 
[5,24]. In searching large animal models that share more similarities 
with the human kind, the dog proved to be an excellent translational 
model [8,25], mimicking important aspects of human brain anatomy, 
physiology and pathology. It is true that canine cells have already 
been used, but they had often been obtained either from adult subjects 
(Primary Olfactory Ensheating Cells) or derived from canine embryo-
stem cells, therefore always obtained from housed experimental 
animals [26-29]. In this work a procedure for the isolation and 
primary cultures of canine brain cells is described, in which an original 
approach is used employing dog fetuses accidentally collected from 
stray bitches which underwent surgical sterilization procedures. This 
protocol yielded interesting results, showing several positive aspects 
but also some disadvantages. First off, one of the most important data 
was to appreciate the biological material collected which provided a 
significant amount of cultivable neural cells, confirming what had 
already been shown by other authors in relation to the usefulness of 
biological material usually destined for destruction [10,30,31]. As far 

as sampling and storage procedures are concerned, the results have 
confirmed the usefulness of cryopreservation of explanted material. 
This is a peculiar aspect of this type of experimental protocol since it is 
characterized by a sampling of accidental type, where it is essential to 
be able to store the material as soon as it can be collected so that it can 
be safely used at a later time. Several authors have already described 
this procedure for the brain tissues from other species such as bovine, 
rats, primates and humans [32-35]. In this study, it has been observed 
that the cryopreservation of the neuronal tissues explanted has in no 
way affected the capacity for growth and differentiation of neural 
cells obtained, corresponding to what has previously described. 
Concerning the methods employed for the setting of cell cultures 
the use of a mixed protocol, with mechanical trituration coupled to 
a not too aggressive papain digestion has allowed to obtain a high 
number of proliferating cells, confirming the usefulness of the papain 
for dissociation of the cells of the nervous system [7,36]. Moreover, 
the addition in the medium of growth factors (BDNF, NGF, GDNF) 
specific for neuronal cells has proven to be highly effective, significantly 
favouring the growth and differentiation of neuronal cells as shown in 
previous works [22,23,37]. Unfortunately a protocol like ours, based 
on an “accidental” sampling, presented some limitations. Unlike 
small experimental animals, canine fetuses are much less available 
and more difficult to procure, thus not allowing a homogeneous 
sampling depending on the gestation age. Our sampling in fact, led 
to the collection of brain material from fetuses of two main gestation 
periods i.e. 25 and 45 gestation days. The different ages of the fetuses 
have affected the quality and the growth capacity of our cell culture. 
In fact, the number of β III-tubulin positive cells obtained from the 
fetuses of early gestation days (25days) in comparison with those 

Figure 2: Phase -contrast optics images of dog brain cells in primary culture. 
Appearance at: the same day of the seeding (A, B), four days (C), six days 
with a well detectable changes in neuronal shape with the elongation of 
characteristic cell processes (D, black head arrows ) and fifteen-eighteen 
days from the seeding (E, F) with more evident phenotypic neural features.

Figure 3: Confocal images showing immunocytochemical β III-tubulin 
detection in primary neural cultures from 25 (A) and 45 (B) gestation days 
fetuses, respectively. Vimentin (C) positive cells founded in culture from 45 
gestation days fetuses. The diagram shows the quantification of the amount 
of β III-tubulin positive cells in cultures from brain explants of both 25 and 
45 gestation days fetuses. * indicates P<0.005. Each bar represents mean 
± SEM.
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obtained from the brain tissues belonging to 45 gestation days fetuses, 
where more abundant. Moreover, in culture from 45 gestation days 
fetuses, other cells vimentin positive (fibroblasts) were found. This 
was in line with what was demonstrated in previously published 
works which reported that the foetal age may influence the amount of 
neurons, and the cell proliferation capability, which are greater with 
early gestation age fetuses [11,38]. 

Conclusions
Summing up, although we are neither conscientious objectors nor 

against using experimental animals, with the present investigation 
we have shown the possibility of obtaining a primary culture, viable 
and proliferating, starting from a foetal brain, which was collected 
accidentally. This could represent a useful alternative to experimental 
methods, in line with European directives, which are more and more 
oriented towards the replacement of experimental animals. Moreover, 
the use of biological material from animals with a more complex 
brain may be useful to set up experimental protocols for studying 
pathophysiological aspects useful both for that particular species and 
the human species. In our specific case, we could take advantage of 
a species, like the dog, which is increasingly attracting attention as a 
translational model for human neurodegenerative disorders.
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