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Aim. To study the influence of fetal bovine serum and serum of adult rats on behavior of newborn rat isolated neu-

ral cells during their cultivation in vitro. Methods. The isolation of neural cells from neonatal rat brain. The de-

termination of the dynamics of cellular monolayer formation. Immunocytochemical staining of cells for �-tubulin

III, nestin and vimentin. Results. It has been determined that the addition of serum of adult rats to the cultivation

medium creates more favorable conditions for survival, attachment and spread of differentiated, and prolifera-

tion of the stem/progenitor neural cells of newborn rats during cultivation in vitro compared with the fetal bovine

serum. Conclusions. Using the serum of adult rats is preferable for the cultivation of isolated neural cells of new-

born rats compared with the fetal bovine serum.
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Introduction. For the successful survival and functio-

ning of isolated cells in vitro it is necessary to create the

conditions as close as possible to those in which the cells

were in vivo. For this purpose the culture media common-

ly used should provide the cells with nutrients, as well

as hormonal and regulatory factors, i. e. with every-

thing necessary for cell growth and survival [1]. In ge-

neral, all culture media are saline solutions of certain

composition with an addition of the components of bio-

logical origin with obscure composition (plasma, serum,

tissue extracts, etc.) [1–3] or synthetic additives [4].

However, the vast majority of cells are capable of proli-

feration and differentiation only in the media that con-

tain natural supplements.

As a source of such additives the serum is often

used [5]. It is a highly complex mixture of small and

large molecules that can both stimulate and inhibit the

growth of cells [6]. The serum is a source of hormonal

factors, which stimulate the growth of cells and ensure

their functioning, as well as growth factors that specifi-

cally stimulate cell division, factors of cells attachment

and spreading; minerals, lipids, transport proteins for

hormones, etc.

It is considered that the majority of mammalian

cells preferably grow in the presence of bovine serum,

which is prepared from either embryos, or newborn ani-

mals. However, due to the large variability of the compo-

sition [7], the use of different batches of serum requires

preliminary testing their ability to support the growth of

primary cultures and cell lines. Besides, some sera turn

out to be toxic, causing binding and degeneration of cells.

On the other hand, when using the serum of newborn calf

for the cultivation of animal and human cells it is neces-

sary to take into consideration the existence of interspe-

cies differences in the composition of sera. Such diffe-

rences provide the specificity of development and func-

tioning and they depend on the conditions of environ-

ment [8].
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The aim of the work was to study an effect of the pre-

sence of fetal bovine serum (FBS) and adult rat serum

(ARS) on the behavior of isolated neural cells (NC) of

newborn rats at their cultivation in vitro.

Materials and methods. NC were isolated from the

brain tissue of newborn rat. The brain tissue was incu-

bated in sterile 0.25 % solution of trypsin for 5 min,

transferred to the sterile DMEM/F 12 medium, contai-

ning 10 % of rat serum and mechanically disaggregated

into a single cell suspension [9]. The resulting cell sus-

pension was filtered through a nylon filter and washed

by centrifugation at 1500 r/min. The cells precipitate

was resuspended in DMEM/F-12 culture medium, con-

taining 10 % of rat serum.

Cell viability was evaluated by 0.4 % trypan blue

(«Sigma», USA) exclusion [10]. The cell concentration

was counted by Neubauer hemocytometer.

The cells were cultured at a concentration of 2 �106

cells/ml in 24-well plastic plates («Corning», USA) in

the DMEM/F12 («Sigma») medium, supplemented with

0.6 % glucose, 2 mM glutamine, 3 mM sodium bicarbo-

nate in the presence of either 10 % ARS, or 10 % FBS

produced by three different manufacturers: «Biolot»

(Russia), «Sigma» (USA) and «Gold» (PAA, Austria).

100 units/ml of penicillin and 100 µg/ml of streptomy-

cin were added to the medium. The culturing of cells was

carried out in a CO2 incubator at a constant gas environ-

ment (5 % CO2 and 95 % air) at 37 °C. The culture me-

dium was changed every 3–4 days.

The microscopic analysis was carried out on the

light inverted microscope (AmScope MT3000, USA)

The dynamics of monolayer forming was defined by

the assessment of resizing monolayer area in the process

of cultivation.

The morphometric measurements were performed

using the software AmScope (USA).

The immunocytochemistry was performed after

the preliminary fixation of the cell cultures with 4 % pa-

raformaldehyde in phosphate-buffered saline. In the cul-

tures the presence of specific marker proteins was de-

termined: neurons – �-tubulin III; neural stem cells –

nestin; neural progenitor cells – vimentin. The used pri-

mary antibodies were: mouse monoclonal to �-tubulin

III («Sigma»), mouse monoclonal to nestin («Abcam»,

UK) and rabbit polyclonal to vimentin («Abcam»). The

used secondary antibodies were: chromeo 546 goat an-

ti-mouse («Abcam»), chromeo 488 goat anti-rabbit («Ab-

cam»). The cell nuclei were stained by Hoechst 33342

(«Sigma»).

The photomicrography of the stained cell cultures

was made on microscope Observer Z1 («Carl Zeiss»,

Germany).

To obtain the serum the white adult outbred rats we-

re decapitated under ether anesthesia. The collected blood

was placed in a refrigerator for 15 min to activate coagu-

lation. The clotted blood was centrifuged at 3000 r/min

for 15 min in OPN-3 centrifuge. The resulting serum

was sterilized by filtration through a filter with a pore

diameter 0.22 µm («Millipore», USA), aliquoted and

stored at –18 °C.

The results were statistically processed by Student's

t-test using the program MS Excel.

The experiments were conducted in accordance with

the «General Principles of Animal Experiments», appro-

ved by the III National Congress on Bioethics (Kyiv,

2007) and consistent with the provisions of the «Euro-

pean Convention for the Protection of Vertebrate Ani-

mals used for Experimental and other Scientific Purpo-

ses» (Strasbourg, 1986).

Results and discussion. In 1960 Moscona for the

first time demonstrated the formation of aggregates by

dissociated NC during their cultivation, these aggrega-

tes possessed certain characteristics of intact tissue [11].

The procedure of cell aggregation, developed by Mos-

cona, was based on the rotary cultivation [11]. We stu-

died the spontaneous formation of aggregates by NC in

the presence of ARS and FBS, the size, density of cells

packaging and shape of which correlated with the sur-

vival and behavior of cells in culture in vitro [12, 13].

The viability of freshly isolated NC of newborn

rats, determined by staining with trypan blue vital dye,

was 30–70 %.

The culturing of NC of newborn rats in the enriched

serum free DMEM/F12 medium was characterized by

the attaching and spreading of a small amount of indivi-

dual cells that were characterized by a glial morpholo-

gy. In the process of further cultivation the prolifera-

tion was not observed, the cells did not form the mono-

layer and eventually died.

When NC were cultured in the presence of ARS or

FBS, the forming of free-floating multicellular aggrega-

tes was observed within a few hours after seeding (Fig.
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1). No pronounced dependence of the shape, size and

density of the formed aggregates on the initial cell via-

bility was revealed.

However, as it can be seen in Fig. 1 and 2, the size of

the aggregates and their number depended on the speci-

es affiliation of the used serum and its manufacturer.

Thus, in the presence of ARS and FBS («Sigma») the

projected area of formed aggregates was twice as big as

that of the aggregates, formed in the presence of FBS

manufactured by «Gold» and «Biolot» (Fig. 2). The ag-

gregates, formed in the presence of ARS, appeared to

be more contrast compared with the aggregates, formed

in the presence of FBS («Sigma«) (Fig. 1), suggesting a

denser packing of cells in them.

When cultured in the media, enriched with ARS and

FBS («Sigma» and «Gold»), the NC aggregates increa-

sed in size by merging. During further cultivation a part

of aggregates acquired a spherical shape – about 30 %

in the presence of ARS and about 10 % – in the pre-

sence of FBS («Sigma») (Fig. 3). When NC were cultu-

red with FBS manufactured by Gold and Biolot, the

forming of dense spherical aggregates (spheroids) was

not observed.

During further cultivation the NC aggregates and

spheroids began to attach to the substrate. The effici-

ency of their attachment also varied depending on the

species-specific serum. When NC were cultured in the

presence of ARS, about 95 % of the aggregates at-

tached to the substrate within two days of cultivation

(Table).

In the medium, enriched with FBS («Sigma»), about

80 % of aggregates attached to the substrate on the 3rd

day of cultivation (Table). In the media, enriched with

FBS («Biolot» and «Gold»), about 75 % of aggregates

attached to the substrate on the 5th day of cultivation

(Table). The cells of the attached aggregates migrated

and spread forming the monolayer areas (Fig. 4, A).

The cells were characterized by glial and neuronal mor-

phology (Fig. 4, A). The cells with neuronal morpho-

logy were �-tubulin III-positive. They were located on
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A B

C D

Fig. 1. The aggregates forming wi-

thin 6 h of cultivation of freshly isola-

ted suspension of NC of newborn rats

in DMEM/F12 medium in the presen-

ce of ARS (A) and FBS: «Sigma»

(B), «Gold» (C) and «Biolot» (D).

Scale bar: 50 µm
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Fig. 2. Size dependence of multicellular aggregates, which are formed

during cultivation of NC in the presence of ARS (A) and FBS: «Sigma»

(B), «Gold» (C) and «Biolot» (D)



the surface of glial monolayer and formed the cellular

network by means of the processes shown in Fig. 5.

The rate of monolayer formation also depended on

the type of serum. When cultured in the medium, enri-

ched with ARS, the monolayer areas appeared on the se-

cond day of cultivation (Table). On the 4th day of culti-

vation the monolayer occupied about 80% of the sub-

strate, the cells with morphology of neuroblasts appea-

red on it (Fig. 4, B).

In the medium, enriched with FBS («Sigma»), the

monolayer areas appeared on the 4th day of cultivation.

On the 11th day of cultivation the monolayer occupied

about 80 % of the substrate. The appearance of cells

with neuroblast morphology was observed on the 6th day

of cultivation (Table).

In the medium, enriched with FBS («Biolot» and

«Gold»), the monolayer areas appeared on the 5th day of

cultivation. On the 13th day of cultivation the mono-

layer occupied about 80 % of the substrate. The cells

with the morphology of neuroblasts appeared on the 7th

day of cultivation.

During the further cultivation the number of neuro-

blast-like cells increased in the presence of ARS or FBS

of all manufacturers. However, the most intense increa-

se in their number was observed in the presence of ARS.

On the 8th day of cultivation the neuroblast-like cells

were observed on 80 % of monolayer. When cultured in

the presence of FBS («Sigma») the neuroblast-like

cells were found on 80 % of the monolayer surface on

the 11th day of cultivation. The density of the cells was
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A B

Fig. 3. Formation of spherical aggre-

gates (arrows) in the process of culti-

vation of NC for 24 h in DMEM/F12

medium in the presence of ARS (A)

and FTS («Sigma») (B). Scale bar:

200 µm

A B

Fig. 4. Migration of cells from the at-

tached aggregates and formation of

monolayer on the 3rd day of cultiva-

tion in the presence of ARS (A). The

forming of neuroblast-like cells on

the 8
th

day of cultivation in the pre-

sence of ARS (B). Scale bar: 50 µm

Culture medium

Stages of cultivation of NC, days

Start of aggregate

attachment
Dynamics of aggregate attachment

Start of formation of

monolayer by NC

Appearance

of neuroblasts

NC colony

formation

DMEM/F12 + ARS 1–2 4 (95 % of aggregates) 2 4–6 11

DMEM/F12 + FBS («Sigma», USA) 3 6 (80% of aggregates) 4 6 –

DMEM/F12 + FBS («Gold», PAA, Austria) 5 7 (75 % of aggregates) 5 7 –

DMEM/F12 +FBS («Biolot», Russia) 5 7 (75 % of aggregates) 5 7 –

Effect of different sera on the stages of cultivation of NC aggregates



lower than that in the presence of ARS. In the presence

of FBS («Biolot» and «Gold») the cells with the mor-

phology of neuroblasts were observed on 30 % of the

monolayer surface on the 13th day of cultivation.

On the 11th day of cultivation in the medium enri-

ched with ARS, the colonies of vimentin- and nestin-

positive undifferentiated cells appeared on the mono-

layer of glial cells (Fig. 6) whereas no colonies were

observed in the FBS-enriched media, regardless of the

manufacturer. These data, on the one hand, indicate the

presence of stem/progenitor cells in suspension of new-

born rat brain tissue, and on the other hand they show

that, unlike to FBS, the ARS presence stimulates the

cells proliferation during the cultivation.

Thus, our research shows that the presence of serum

in culture medium is required for successful cultivation

of heterogeneous suspension of NC of newborn rats. Mo-

reover, the results of research demonstrated the depen-

dence of survival efficiency, attachment and spreading of

differentiated cells and proliferation of stem/progenitor

NC on the species-specific characteristics of serum.

The findings show that, regardless of the sera manu-

facturer, the use of ARS for cultivation creates more fa-

vorable conditions, compared with FBS, for the effecti-

ve functioning of terminally differentiated, committed

and stem/progenitor NC under in vitro conditions. Ap-

parently, just the ARS supplements the culture medium

with specific growth factors, proteins, hormones and

other biologically active substances in optimal qualitative

and quantitative interrelation. Furthermore, the FBS pro-

bably does not contain at all or contains insufficient

amount of the factors that cause (or promote) the proli-
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A B

C D

Fig. 6. Immunocytochemical staining

of freshly isolated NC from newborn

rats after 15 days of cultivation in the

presence of ARS (A) for nestin (B)

and vimentin (C); the cell nuclei we-

re stained with Hoechst (D). Scale

bar: 100 µm

A B

Fig. 5. Immunocytochemical staining

of NC from newborn rats with anti-

bodies to �-tubulin III after monolayer

formation: A – before and B – after

staining. Scale bar: 50 µm



feration of neural stem/progenitor cells. It is indicated by

the failure of the formation of colonies of stem/progenitor

cells during the cultivation of newborn rats NC in the

presence of FBS. Actually Artiodactyla, which include

calves, phylogenetically are quite far from rodents, in-

cluding rats, and this affects the qualitative and quanti-

tative composition of their blood serum [8]. Moreover,

the serum composition may also be affected by habitat

conditions of species, which are essentially different for

calves and rats.

Conclusions. The addition of the serum of adult rats

to the culture medium creates more favorable condi-

tions for the survival, attachment and spreading of dif-

ferentiated cells and proliferation of the stem/progeni-

tor NC of newborn rats during in vitro cultivation com-

pared with the fetal bovine serum.

Ïîð³âíÿëüíå äîñë³äæåííÿ âïëèâó ôåòàëüíî¿ ñèðîâàòêè òåëÿò

³ ñèðîâàòêè äîðîñëèõ ùóð³â íà êóëüòèâóâàííÿ íåðâîâèõ êë³òèí

íîâîíàðîäæåíèõ ùóð³â

Î. Ì. Ñóêà÷, Ì. Â. Øåâ÷åíêî, Ò. Ä. Ëÿøåíêî

Ðåçþìå

Ìåòà. Âèâ÷åííÿ âïëèâó ôåòàëüíî¿ ñèðîâàòêè òåëÿò ³ ñèðîâàòêè

äîðîñëèõ ùóð³â íà ïîâåä³íêó ³çîëüîâàíèõ íåðâîâèõ êë³òèí íîâîíà-

ðîäæåíèõ ùóð³â ïðè êóëüòèâóâàíí³. Ìåòîäè. Âèä³ëåííÿ íåðâîâèõ

êë³òèí ç ãîëîâíîãî ìîçêó íîâîíàðîäæåíèõ ùóð³â; êóëüòèâóâàííÿ;

âèçíà÷åííÿ äèíàì³êè óòâîðåííÿ ìîíîøàðó êë³òèí; ³ìóíîöèòîõ³-

ì³÷íå ôàðáóâàííÿ êë³òèí íà ïðèñóòñí³ñòü�-òóáóë³íó III, íåñòèíó

³ â³ìåíòèíó. Ðåçóëüòàòè. Âñòàíîâëåíî, ùî äîäàâàííÿ ñèðîâàò-

êè äîðîñëèõ ùóð³â äî ñåðåäîâèùà êóëüòèâóâàííÿ ñòâîðþº ñïðèÿò-

ëèâ³ø³ óìîâè äëÿ âèæèâàííÿ, ïðèêð³ïëåííÿ ³ ðîçïëàñòóâàííÿ äèôå-

ðåíö³éîâàíèõ êë³òèí, à òàêîæ ïðîë³ôåðàö³¿ ñòîâáóðîâèõ/ïðîãåí³-

òîðíèõ íåðâîâèõ êë³òèí íîâîíàðîäæåíèõ ùóð³â ó ïðîöåñ³ êóëüòè-

âóâàííÿ in vitro ïîð³âíÿíî ç âíåñåííÿì ôåòàëüíî¿ ñèðîâàòêè òå-

ëÿò. Âèñíîâêè. Âèêîðèñòàííÿ ñèðîâàòêè äîðîñëèõ ùóð³â º ïðèé-

íÿòí³øèì ïðè êóëüòèâóâàíí³ ³çîëüîâàíèõ íåðâîâèõ êë³òèí íîâîíà-

ðîäæåíèõ ùóð³â, í³æ ôåòàëüíî¿ ñèðîâàòêè òåëÿò.

Êëþ÷îâ³ ñëîâà: íåðâîâ³ êë³òèíè, íîâîíàðîäæåí³ ùóðè, êóëüòè-

âóâàííÿ, ôåòàëüíà ñèðîâàòêà òåëÿò, ñèðîâàòêà êðîâ³ äîðîñëèõ

ùóð³â.

Ñðàâíèòåëüíîå èññëåäîâàíèå âëèÿíèÿ ôåòàëüíîé ñûâîðîòêè

òåëÿò è ñûâîðîòêè âçðîñëûõ êðûñ íà êóëüòèâèðîâàíèå íåðâíûõ

êëåòîê íîâîðîæäåííûõ êðûñ

À. Í. Ñóêà÷, Ì. Â. Øåâ÷åíêî, Ò. Ä. Ëÿøåíêî

Ðåçþìå

Öåëü. Èçó÷åíèå âëèÿíèÿ ôåòàëüíîé ñûâîðîòêè òåëÿò è ñûâîðîò-

êè âçðîñëûõ êðûñ íà ïîâåäåíèå èçîëèðîâàííûõ íåðâíûõ êëåòîê íî-

âîðîæäåííûõ êðûñ ïðè êóëüòèâèðîâàíèè in vitro. Ìåòîäû. Âû-

äåëåíèå íåðâíûõ êëåòîê èç ãîëîâíîãî ìîçãà íîâîðîæäåííûõ êðûñ;

êóëüòèâèðîâàíèå; îïðåäåëåíèå äèíàìèêè îáðàçîâàíèÿ ìîíîñëîÿ

êëåòîê; èììóíîöèòîõèìè÷åñêîå îêðàøèâàíèå êëåòîê íà ïðèñóò-

ñòâèå �-òóáóëèíà III, íåñòèíà è âèìåíòèíà. Ðåçóëüòàòû. Óñòà-

íîâëåíî, ÷òî äîáàâëåíèå ñûâîðîòêè âçðîñëûõ êðûñ â ñðåäó êóëü-

òèâèðîâàíèÿ ñîçäàåò áîëåå áëàãîïðèÿòíûå óñëîâèÿ äëÿ âûæè-

âàíèÿ, ïðèêðåïëåíèÿ è ðàñïëàñòûâàíèÿ äèôôåðåíöèðîâàííûõ êëå-

òîê, à òàêæå äëÿ ïðîëèôåðàöèè ñòâîëîâûõ/ïðîãåíèòîðíûõ íåðâ-

íûõ êëåòîê íîâîðîæäåííûõ êðûñ â ïðîöåññå êóëüòèâèðîâàíèÿ in

vitro ïî ñðàâíåíèþ ñ âíåñåíèåì ôåòàëüíîé ñûâîðîòêîé òåëÿò.

Âûâîäû. Èñïîëüçîâàíèå ñûâîðîòêè âçðîñëûõ êðûñ áîëåå ïðåäïî÷-

òèòåëüíî ïðè êóëüòèâèðîâàíèè èçîëèðîâàííûõ íåðâíûõ êëåòîê

íîâîðîæäåííûõ êðûñ, ÷åì ôåòàëüíîé ñûâîðîòêè òåëÿò.

Êëþ÷åâûå ñëîâà: íåðâíûå êëåòêè, íîâîðîæäåííûå êðûñû,

êóëüòèâèðîâàíèå, ôåòàëüíàÿ ñûâîðîòêà òåëÿò, ñûâîðîòêà êðî-

âè âçðîñëûõ êðûñ.
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