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Abstract To identify the effect of leptin on adipocyte,
preadipocyte was isolated from male dairy calves and
cultured in a monolayer; 5pug-L' bovine leptin were
added in culture liquid when the cell differentiated into
adipocytes. The result showed that leptin decreased the
deposition of triglyceride (TG) and increased the levels of
hormone sensitive lipase (HSL) mRNA in cells. At the
same time, leptin suppressed the levels of endogenous
leptin mRNA, and the levels of leptin receptor (Ob-R)
mRNA were raised significantly. It indicated that leptin
may induce more fat metabolism directly.

Keywords leptin, fat metabolism, adipocyte

1 Introduction

Leptin, the product of the ob gene, is secreted from adipose
tissue and regulates food intake, whole-body energy
metabolism, immune reaction, and endocrine by inducing
anorexy and increasing energy consumption to a new
balance of energy. Its concentration in blood is always
correlated with the content of body fat. The discovery of
this hormone improved greatly in the domain of obesity,
energy homeostasis, and reproductive function. Many
researches were done in regulating food intake and whole-
body energy metabolism of the human being and murid
(Glasow et al., 2001; Peters et al., 2007; Philip et al., 2007).
The few reports about livestock leptin were published
especially in ruminants.

In the past few years, more research considered that
leptin plays a great regulating role on the performance of
lactating, body condition, and body fat metabolism in
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cows. We added Ieptin in the cell culture fluid of the
primarily cultured adipocyte to find out its effect on the
cells.

2 Meterials and methods

Oil red O (Sigma) dissolved in isopropanol was kept
overnight at room temperature, filtered, mixed with
distilled water, kept overnight in the cold, and finally
filtered twice before use (Ramirez et al., 1992). The final
staining solution was 0.2% oil red O in 60% isopropanol.

2.1 Bovine adipocyte culture in vitro and grouping

New born male dairy calves anesthetized with sodium
thiamylal (2 g) via intrajugular injection were taken as the
experimental materials. A piece of greater omentum was
taken, and the animals were euthanatized immediately by
intravenous injection of 10 mL of Beuthanasia-D Special.
Adipose cell were dispersed via collagenase digestion
described by Xia Cheng and Wang Zhe (Xia et al., 2004;
Rodbell, 1964).

Then, immediately, the greater omentum was flushed
with 50 mL of D-hanks free Ca>" and Mg®* warmed to
37°C and was sheared to 1 mm?® tablets. The tablets were
rinsed with D-hands free Ca>" and Mg*" and collected in a
tube and then suspended with buffer solution containing
0.1% collagenase and D-hanks free Ca** and Mg”" under
37°C for 90 min. This suspension was filtered through a
nylon mesh (grid size: 100 mm), and the filtrate was added
to the 1% BSA D-hanks free Ca*" and Mg>" buffer. The
cell pellet was collected after centrifugation at 500x g for
5 min and resuspended in 50 mL of DCM. The viability of
cells was estimated by trypan blue (0.2% solution), and
only preparations in which=90% of the adipocyte
excluded dye were used in subsequent experiments. The
gained preadipocytes were diluted into a density of 10°
cells per cm? and cultured with DCM under 37°C and
5% CO, in six-hole plates (Costar); these were aspirated
and refreshed every 24 h. Until the cells differentiated
into adipocytes and accumulated lipid droplets in the
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cytoplasm, the media were changed to BCM, and then,
bovine leptin (final concentration 5 ug-L™") was added into
the media, respectively. After 24 h, subsequent experi-
ments were done.

2.2  Measurement of TG in cells

TG in cells was quantitated by staining the intracytoplas-
mic lipids with Oil red O, as described by Ramirez et al.
(1992) and Fukumoto and Fujimoto (2002). For staining,
the cells were first fixed with 3.7% (v/v) formaldehyde for
10 min and washed twice by PBS buffer. The 1.5 mL
staining solution was added to holes and incubated for 15—
30min at room temperature. After that, the cells were
washed with PBS buffer twice for 1 min each. Quantitate
the extent of adipose conversion by staining the accumu-
lated lipid with Oil red O and determining the amount of
extracted dye at 510 nm.

2.3 RNA isolation

After the cells were cultured for 24 hours, its total RNA
was extracted using commercially available RNA isolation
kit (TRIPURE; Roche) and treated with RNase-free DNase
I (TAKARA) according to manufacturer’s instructions.
The reaction volume consisted of total RNA 45 puL,
10xDNase 1 Buffer 5ul, DNase I 4U, and RNase
Inhibitor 20U. After incubation at 37°C for 30 min, RNA
was recovered, washed with 70% alcohol, resuspended
with DEPC water, and finally stored at —80°C for use.

2.4 Gene expression analysis

Four pairs of specific primers in Table 1 were designed
according to the alignments of the published mRNA
sequences of S-actin, Leptin, HSL, and Ob-R gene in cells.
These four pairs of primers were tested for their specificity
by conventional reverse transcription polymerase chain
reaction (RT-PCR) before being used for the QRT-PCR
studies.

The expression levels of Leptin, HSL, and Ob-R gene
were quantified by real-time amplification and the
house-keeping gene f-actin as control from the mRNA
preparation using the ABI7000 system (ABI, USA) and

Brilliant® SYBR® Green QRT-PCR Master Mix, 1-Step
(Stratagene, USA). The QRT-PCR was performed in 25-pL
reaction mixture.

The RT-PCR protocol included reverse transcription at
50°C for 30 min and an initial denaturation at 95°C for
10 min, followed by 40 PCR cycles consisting of a
denaturation step at 95°C for 30s, an annealing step at
60°C for 60 s, and an extension step at 72°C for 30 s. The
reaction was then subjected to a melting protocol from
55°C to 95°C with a 0.2°C increment and 1 s holding at
each increment to check the specificity of the amplified
products. For relative quantification of differential expres-
sion between samples, cycle threshold (Ct) values were
obtained. The relative expression levels were related to the
reference gene. Data analyses of the relative expression
levels were carried out according to the following equation
(Livak and Schmittgen, 2001):

amount of target = 27AACT

AACT = (CT,Target - CT,Actin)Time X (CT,Target - CT,Actin)Time 0

The representative QRT-PCR products were purified
using DNA wizard cleanup kit (Promega, USA) and
sequenced using an ABI Prism 377 automated DNA
sequencer (Applied Biosystems, USA).

2.5 Statistical analysis

The minimum of three separate cell preparations con-
stituted the experiment, and treatments within each
preparation were replicated separately in three holes.
Results were expressed as the mean+=SEM. Comparisons
between control and treatments were made using the
Student’s ¢ test for paired data. Values (P<0.05) were
considered significant.

3 Results

3.1 Observation of bovine adipocyte

Freshly isolated bovine preadipocytes were small and
round, with a bigger adrationem nuclei and plasm. The

Table 1 Primer pairs for reverse transcriptase-PCR amplification of each target gene and length (bp) of PCR products

target genes

specific oligonucleotide primers

length of PCR products/bp

Forward:5' - ACCAGACATTGGCGATCTACCA-3' 253

Forward: 5'-GCCCCTCCGTACCCTCAACCATCA AC-3' 299

Forward: 5-TTTGGCCCTCTTCTTTGGA-3' 287

Leptin
Reverse:5'- TGCCGCAACATGTCCTGTAGT-3'
HSL
Reverse: 5'-AGACGAGTCGTCCAGCATGGG GTCCA-3’
Ob-R
Reverse: 5'- TGCTCCTCCTCAGTTTCACCT-3'
p-actin

Forward: 5' -GTCATCACCATCGGCAATGAG-3' 403

Reverse: 5" -GCTAACAGTCCGCCTAGAAGCA-3'
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attachment of cells to plastic substratum was apparent
within 30 min of seeding. Monolayer confluence was
achieved within 24 h, and after being proliferated, the cells
were turned from rotundity to triangulum or polygon in
form (Fig. 1). Then, lipid droplets were accumulated in the
cells. The cells that differentiated into adipocytes had
multiplicity lipid droplets in intracytoplasm. When intra-
cytoplasmic lipids were stained with Oil red O, the cells
appeared as typical rings in form and had a smaller ratio of
nuclei and plasm (Fig. 2).

Fig. 2 Adipocytes of bovine (x250)

3.2 Effect of leptin on the triglyceride content of bovine
adipocyte in vitro culture (Figs. 3 and 4)

Effects of leptin assessed with cell triglyceride were tested
using staining intracytoplasmic lipids with Oil red O.
Twelve hours after adding leptin, the cells and lipid
droplets obviously diminished. The content of the
triglyceride in cells was significantly decreased
(P<0.05) by 42% than the control group. Therefore, it is
considered that bovine leptin can promote the decomposi-
tion of triglyceride and enhance fat metabolism in mature
fat cells.

3.3 Effect of leptin on Leptin, HSL, and Ob-R expression
(Fig. 5)

The abundances of Leptin, HSL, and Ob-R mRNA were
detected by quantity RT-PCR. The result showed that the

Fig. 3 Control group (x250)

Fig. 4 Leptin-added group (x250)
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Fig. 5 Effect of leptin on leptin, HSL, and Ob-R expression
Note: * and ** represent P<0.05 and P<0.01, respectively.

expression of HSL and Ob-R was increased by 42% and
0.84%, respectively (P<0.05 or P<0.01), while the
expression of leptin was decreased by 40% (P<0.05).

4 Discussion

It was systemically described by Van et al. (1976) that
Stromal vascular fractions (SVF) were the classic pre-
adipocytes. In brief, adipose tissue was treated by
collagenase, and then, the adipocyte suspensions were
centrifuged. The sediments were SVF, which can differ-
entiate into adipocyte. In our experiments, SVF was
separated from greater omentum and differentiated into
adipocyte in DCM, which was according with the research
on Homo sapiens, mice, and swine (Casanueva and
Dieguez, 1999; Ramsay, 2001; Spiegelman and Flier,
2001; Van et al., 2004).

Adjusting fat metabolism and cutting down fatty
deposition in vivo were considered as the primary function
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of leptin (Fukumoto and Fujimoto, 2002). Leptin can
adjust fat metabolism directly and change the fat degrada-
tion of adipose cells. However, the effects of leptin were
completely different on the adipocyte in different devel-
opmental stages. On one hand, leptin stimulated cell
differentiation and multiplication on proadipocyte that
made the cells differentiated into lipocytes. Leptin
increased the growth rate, cell volume, and fat drop in
mouse subcutaneous proadipocyte in vitro. On the other
hand, glucose uptake, lipogenesis, glycogen synthase
activity, and protein synthesis stimulated by insulin were
inhibited (Casanueva and Dieguez, 1999), and thereafter,
the efficiency of fat-splitting was raised by 10 times
(Spiegelman and Flier, 2001). The analogical results were
received on the leptin of swine (Ramsay, 2001). In our
research, 5 ng-mL™" leptin was added into the adipose cell
differentiated from preadipocyte to test its effect on
adipose cell. The result showed that leptin inhibited the
utilization of glucose in culture fluid and decreased the
deposition of TG in cells; however, it increased the levels
of HSL mRNA that made TG decompose greatly. There-
fore, the content of TG in the cells was decreased.

In addition, leptin has a negative accommodation
expression of leptin, just like the other hormones.
However, whether or not the role of Leptin is direct is
still unclear. The added recombination of human being or
mouse leptin in adipocyte had no significant effects on
endogenous leptin mRNA. Injecting leptin in vivo
decreased endogenous [eptin expression. Leptin had
effects through binding with Ob-R, and it regulated Ob-R
at the same time. CHO cells that stably expressed Ob-R
were treated by leptin. After 30 min binding, the ability of
Ob-R with leptin was degraded (Glasow et al., 2001;
Ramsay, 2001). In our experiment, the leptin suppressed
the levels of endogenous leptin mRNA, which was
different from that of other researches. It indicated that
the leptin expression was negatively accommodated by
itself directly and possibly caused by differentia of species
or by different added times and concentrations. The level
of Ob-R mRNA was raised significantly, and it was
possibly the action to redeem the degression of the binding
ability of Ob-R with leptin.
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