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ABSTRACT: Common carp is the most important freshwater fish in aquaculture in Republic of Serbia. 
Excess fat deposition in the meat and abdominal cavity of farmed carp can affect carp flesh quality, 
dressing percentage and consequently restrict the further development of aquaculture production. The 
reasons for lipid deposition in carp flesh and around visceral organs are not well known, and it is 
important to develop method which would enable us to understand process which occurs in common 
carp lipid cells. The aim of this study was to establish a new model of common carp preadipocytes and 
evaluate proliferation and differentiation capacity of carp preadipocytes in vitro. The establishment of 
the cell culture of preadipocytes of common carp could serve as a valuable tool for studying fat 
metabolism in this fish species. 
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INTRODUCTION 

Common carp is the most important and 
the most common freshwater fish in aqua-
culture in Republic of Serbia. It represents 
a valuable source of proteins, monounsa-
turated (Ljubojević et al., 2013 a) and 
polyunsaturated fatty acids (Ćirković et al., 
2012; Ljubojević et al., 2013 b) in human 
nutrition. Excess fat deposition in the meat 
and abdominal cavity of farmed carp has 
increased in the last two decades as a 
result of the intensification of pond aqua-
culture and also as a result of improper 
rearing management and excessive 
amount of corn in carp nutrition (Ljubojević 
et al., 2013 c; Trbović et al, 2013). In-
creased percentage of lipids stored in the 
edible muscle can affect carp flesh quality 

(Ur-banek et al., 2010; Zajic et al., 2013). 
Moreover, accumulation of fat in carp flesh 
leads to decreasing dressing percentage 
(Ljubojević et al., 2012), and creating pre-
judice that carp is fatty fish and conse-
quently restrict the further development of 
aquaculture production. However, it is not 
yet clear how to overcome the surplus fat 
content in carp meat.  

The reasons for lipid deposition in carp 
flesh and around visceral organs are not 
well known, and it is important to develop 
method which would enable us to under-
stand process which occurs in common 
carp lipid cells. Furthermore, it is of major 
importance to develop methods to prevent 
excessive fat deposition in reared common 
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carp in order to strengthen the sustaina-
bility of the aquaculture industry. Green 
and Meuth (1974) and Green and Kehinde 
(1975) were introduced the first immortal 
line of preadipocytes. Such cell lines have 
provided valuable information in the field 
of adipocyte biology and many biological 
experiments have been performed with 
immortalized cell lines, since these are 
commercially available and can be expan-
ded without limitation. These cell lines 
present a homogenous cell population and 
can be carried in culture indefinitely. How-
ever, such cell lines may differ from cells 
in vivo in many important viewpoints. Cells 
that are cultured directly from animal tis-
sue are known as primary cells. Fully 
differentiated primary cells can be kept in 
culture for a short time, while unspecia-
lized primary stem cells can be kept in 
culture for longer periods. However, the 
function and development of primary cells 
in culture offers a more relevant model for 
the in vivo situation than immortalized cell 
lines, but working with primary cells in cul-
ture presents numerous challenges, inclu-
ding the requirement for unique cell sup-
plements and growth conditions. 

According to our knowledge, there are no 
data related to the culture of cells isolated 
from adipose tissue of common carp. The 
aim of this study was to establish a new 
model of common carp preadipocite and 
evaluate proliferation and differentiation 
capacity of carp preadipocytes in vitro. 
The establishment of the cell culture of 
preadipocytes of common carp could 
serve as a valuable tool for studying fat 
metabolism in common carp.  

MATERIAL AND METHODS 

Five specimens of two-year-old marke-
table common carp, average weight 2500 
g were obtained from the largest Serbian 
fishpond „Eĉka“, with semi-intensive pro-
duction system. The carp were reared on 
natural food and supplementary diet of ex-
truded feed.  

Leibovitz-15 (L-15) with L-glutamine, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES), Penicillin –Streptomycin 
Solution (Penstrep), Amphotericin B So-
lution, Gelatin from porcine skin cell, tryp-
sin and Fetal bovine serum (FBS) were all 

supplied from Sigma Aldrich (St. Louis, 
MO, USA). 

Insulin (recombinant human Z), triiodo-
thyronine (T3), dexamethasone, isobutyl-
methylxanthine (IBMX), troglitazone, trans-
ferrine, linoleic (LA) and oleic acid (OA), 
and nylon filters 250/100 were a generous 
gift from Dr. Marijana Todorĉević.  

The growth medium was prepared and it 
contained 87% L-15; 1% HEPES; 1% am-
photericin B; 1% Penstrep and 10% FBS.  

Differentiation-inducing medium (DM) was 
prepared and contained growth medium 
supplemented with 20 μg/ml insulin; 10 nM 
T3; transferrine; 1 μM dexametasone; 25 
μM IBMX; troglitazone; LA and OA. 

Common carp preadipocytes were isolated 
as described by Vegusdal et al. (2003) 
and Todorĉević et al. (2008) for Atlantic 
salmon with small changes. Five live carp 
marketable size were carried from fish 
pond Eĉka to laboratory of Scientific 
Veterinary Institute „Novi Sad“. The arch 
bows of the gill were cut. After that, the 
carp were bled for a couple minutes, and 
then killed by a blow to the head. The 
abdomen was carefully cleaned with a 
cotton swab and alcohol to remove mucus 
and other impurities, and then the fish 
were carefully eviscerated. Visceral adi-
pose tissue was carefully cut out, avoiding 
cross-contamination with the intestinal 
contents, and then weighted. From one of 
the carp was not possible to get adipose 
tissue, most likely due to the time of year 
(spring). The fat depots were probably 
depleted during the winter. A total amount 
of obtained adipose tissue was 22 g. All 
further operations were performed inside a 
vertical laminar air flow cabinet. The dis-
sected adipose tissue was washed with L-
15, to carefully remove visible blood and 
transferred into tubes (50 mL) with L-15 
and centrifuged at 1250 rpm for 5 minutes 
and after that transferred into clean tubes 
with L-15, then minced, and digested in 
0.2% trypsin solution at room temperature 
for 1 h under manually shaking. In order to 
remove large particle of tissue, blood cells 
and to obtain a homogenous culture of 
preadipocytes, the digested tissue suspen-
sion was subsequently filtered through 250 
and 100 µm nylon filters and washed with 
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L-15. The obtained cell suspension was 
centrifuged at 2000 rpm for 10 minutes. 
Preadipocytes were pelleted at the bottom 
of tube and the buoyant fat layer with 
mature adipocytes and the digestion me-
dium were removed carefully by aspira-
tion. After washing twice, the obtained 
pelleted cells were resuspended in growth 
medium and seeded onto four cell culture 
flasks. The cells were kept at 23 °C, a 
temperature close to the average water 
temperature which is the optimum for 
growth of common carp. The growth me-
dium was changed every other day. 

Cells in culture were observed with a Zeiss 
light microscope and digital images were 
captured daily. Morphology of the cells 
was observed in primary culture over a 
period of 12 days. After ten days in cul-
ture, preadipocytes reach confluence. 

One part of confluent preadipocytes was 
differentiated in an initial differentiation-
inducing medium. The other part was split. 
The culture of preadipocytes was split by 
dispersing the cells with 2 mL trypsin for 
10 minutes at 23 °C. After addition of GM, 
subcultures were divided into two flasks.  

RESULTS AND DISCUSSION 

After seeding, the isolated preadipocytes 
of common carp were small with a cyto-
plasm devoid of lipid droplets and morpho-
logically very similar to fibroblasts, they 
started to attach and growth the first day 
(Figure 1). 

Mass attaching and growth of the cells 
were observed on the third day (Figure 2). 
Then, the cells proliferated exponentially 
and resembled fibroblasts.  

A large increase in the number of cells 
was observed between days 6 (Figure 3) 
and 10, and the cells arrived at a con-
fluence by the tenth day (Figure 4).  

At confluence, the growth medium was 
replaced by a differentiation-inducing me-
dium in two culture flasks. The cells res-
ponded rapidly, becoming more rounded 
in shape, and many lipid droplets of dif-
ferent sizes appeared in the cytoplasm 
already after two days which is probably a 
consequence of the regulation of contrac-
tile proteins as described by Todorĉević et 
al. (2008). The other part of confluent 

preadipocytes was split and it was obser-
ved that cells started to attach and growth 
in monolayer.  

The adipose tissue of fish is composed of 
adipocytes with a large variation of diame-
ters as established for common carp 
(Fauconneau et al., 1995); Atlantic salmon 
(Zhou et al., 1996) and rainbow trout 
(Albalat et al., 2005). The presence of adi-
pocytes of different sizes shows that 
growth in adipose tissue is the result of 
both hypertrophy (increase in cell size) 
and hyperplasia (increase in cell number) 
(Weil et al., 2013). The degree of fat de-
position is characterized by the volume 
and the number of adipocytes, which is re-
gulated by the adipocyte life cycle (Ra-
yalam et al., 2008) which involves both the 
growth of the fat cells and the formation of 
mature adipocyte from precursor cells.  

In the present research, it was shown that 
cells started to attach and growth the first 
day after isolation and this finding is in 
agreement with the observations of Ve-
gusdal et al. (2003) and Todorĉević et al. 
(2008) for preadipocytes of Atlantic sal-
mon (Salmo salar). On the other hand, Li 
(2012) observed that cells of grass carp 
(Ctenopharyngodon idella) started to at-
tach and growth on the day third. Based 
on these data, it can be said that the time 
of attachment of preadipocytes varies bet-
ween the different fish species.  

In this study, carp cells were maintained at 
23 °C, while grass carp preadipocytes 
were incubated at 28 °C (Li, 2012) and 
Atlantic salmon preadipocytes were main-
tained at 13 °C (Vegusdal et al., 2003; To-
dorĉević et al., 2008). The differences of 
culture temperature between the preadi-
pocytes of different fish species are rela-
ted to the environment that the fish live in. 
It is known that common cap and grass 
carp live in warm water, while Atlantic 
salmon lives in cold water.  

In this trial, preadipocytes of common carp 
reach confluence after ten days in culture, 
which is in agreement with observation of 
Li (2012). On the other hand, Todorĉević 
et al. (2008) reported that the preadipo-
cytes of Atlantic salmon reach confluence 
after seven days in culture, which  leads to 
the conclusion that there are differences 
between  different  species  of fish in mole- 
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Figure 1. Preadipocytes isolated after seeding of 
common carp  

Figure 2. Mass attach and growth of the 
common carp labelled preadipocytes 

  

Figure 3. A large increase in the number of 
labelled preadipocytes on day 6  

Figure 4. Common carp labelled preadipocytes 
at confluent stage 

cular mechanisms governing adipocyte dif-
ferentiation and physiology. Based on the 
above mentioned facts, it can be observed 
that there are differences in morphology 
and growth of preadipocytes between dif-
ferent species of fish, and the data ob-
tained for one species may not always be 
appropriate and cannot be applied to other 
fish species. This indicates the impor-
tance of establishing primary cultures of 
common carp preadipocytes, especially 
when we take into account that this spe-
cies is economically the most important in 
our country and also is one of the most 
common species worldwide. 

This is the first described establishing a 
primary cell culture of common carp prea-
dipocytes, which represents a major con-
tribution to modern aquaculture.  

Todorĉević et al. (2010) showed that high 
dietary levels of n-3 highly unsaturated 
fatty acids (HUFAs) reduce the fat levels in 
the visceral adipose tissue of Atlantic sal-
mon in comparison to fish fed vegetable oil 
diets and this findings were in agreement 
with the in vitro observations (Todorĉević 
et al., 2008) which showed that oleic acid 
leads to higher lipid accumulation in At-
lantic salmon adipocytes in culture than 
eicosapentaenoic  (EPA) and docosahexa- 
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enoic (DHA) fatty acids. Also, mitochon-
drial fatty acid β-oxidation activity was 
higher in the fish oil group than it was in 
the rapeseed oil group. The above men-
tioned results indicate the importance of in 
vitro cell cultures of preadipocytes in in-
vesttigations of the effects of different 
nutrients on biochemical processes in the 
body of fish. It has been shown that the 
use of an in vitro system has a great po-
tential as the method for testing feed pro-
ducts and understanding cellular and mo-
lecular events in fish body. 

CONCLUSIONS 

The present results indicate that the con-
venient and efficient in vitro system is 
established and it will be important for fu-
ture studies of biochemical and mole-cular 
processes that occur during adipogenesis 
in common carp. An improved under-
standing of cellular and molecular events 
occurring during development of fat tissue 
in carps will enable us to better charac-
terize and define particular requirements, 
customize feed components, and thus 
enable development of sustainable feeds, 
minimize the occurrence of nutritional dis-
orders. Cell cultures provide means to 
study single-factor effects and the combi-
nations thereof in detail, and further, to 
investigate the role of particular nutrients 
and their specific gene interactions, which 
are not possible when working at the orga-
nism level. In addition, whole organisms 
are complex and vary individually, depen-
ding on age, sex, health status, type of 
meal, genetics etc., which makes it difficult 
to accurately simulate nutritional process-
ses. In vitro experiments will offer the op-
portunity to develop standardized methods 
to study quality of novel and already used 
feed products by studying the cellular and 
molecular effect of different types of food 
products, ranging from proteins to fatty 
acids and from fat-soluble vitamins to 
minerals and trace elements as well as of 
functional feeds such as probiotics, pre-
biotics and antioxidants. An improved 
knowledge of the underlying molecular 
events that regulate the differentiation pro-
cess of preadipocytes to adipocytes in 
common carp (Cyprinus carpio) may open 
new avenues for the prevention of exces-

sive storage of lipids in this important 
aquaculture species. 
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Норвешка 

Сажетак: Шаран је најважнија слатководна риба у аквакултури Републике Србије. 
Прекомерно депоновање масти у месу и абдоминалној дупљи гајеног шарана може да утиче 
на квалитет меса шарана, рандман и последично да представља ограничавајући фактор у 
развоју рибарске производње. Разлози за прекомерно депоновање масти у месу шарана и 
око висцералних органа нису довољно проучени и важно је развити методу која ће омогућити 
разумевање процеса који се одвијају на нивоу масних ћелија шарана. Циљ овог рада је био 
да се успостави нови модел преадипоцита шарана и да се изучи могућност пролиферације и 
диференцијације преадипоцита шарана in vitro. Успостављање ћелијске културе 
преадипоцита шарана има потенцијал у будућим истраживањима метаболизма масти код 
ове врсте рибе. 

Кључне речи: шаран, преадипоцити, изолација, ћелијска култура, масно ткиво 
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