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Abstract Isolated adipocytes were used to evaluate the lipogenic activity in subcutaneous
adipose tissue of Holstein steers during various fattening periods. During the fattening period,
both the mean diameter of adipoeytes and the lipogenesis increased continually. There was a
positive correlation between the mean diameter of adipocytes and the lipogenesis from glucose (r
=0.74, P<0.05) or fram acetate {r=081, P<005). Further, the relationship between the size of
adipocyte and the lipogenic activity was investigated. It can be done through measuring the
incorporation rate of substrates into lipids in each fraction of adipocytes which were separated by
meshes, ]t was shown that both the incorporation rate of glucose or acetate into lipids and the
relative contribution ratio of mcorporatmn rate of acetate to glucose in the adipocytes taken from
finishing steers, were significantly larger (P <0,05) than those from the early fattening steers. In
the adipocytes which were taken from early fattening steers, the incorporation rate of glucose or
acetate into lipids became larger with increment of the mean diameter from fraction 1 (332m) to
fraction 6 {139um) (both : r=0.72, P<0.05). In the adipocytes which were taken from finishing
fattening steers, the incorporation rate of glucose into lipids increased with the increment of the
mean diameter from fraction 1 (36,um) to fraction 6 (1642m) (r=0.79, P<0.05), while the incorpora-
tion rate of acetate into lipids increased only with increment of the mean diameter from fraction
1 (361m) to fraction 4 (1164m), then decreased with the increment of the mean diameter from
fraction 4 (1162m) to those very large adipocytes in fraction 6 (1642m).
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The development of adipose tissue of steers

- during the fattening period is very important
in beef production. There were some studies

about the contributions of acetate and glucose

to the lipogenesis in adipose tissue taken from

cattle?®!0IR 2 Thrggh the incubation of

adipose tissue fragments in vifro, it was found

that lipogenesis increased in several depots of

adipose tissues from cattle during fattening
period®™, The proportion of fatty acids re-
esterified also increased with age in adipose
tissues from growing cattle'. However, the
adipose tissue fragment comprises a variety of
cell types, including not only adipocytes but
also preadipocytes, endothelial  cells,
fibroblasts and macrophages”, it would be
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Adipocyte Size and Lipogenesis

more reasonable to measure the lipogenesis in

isolated adipocytes than in adipose tissue frag-

ment.

Size of adipocyte has been used as a marker
of age, adiposity, or lipid accumulation to indi-
cate possible metabolic alterations that accom-
pany or follow the altered lipid accumnulation
in many studies. The size of adipocyte is
changeable. It can continue to increase from
30pm to 120-1504m or more. Expressing met-
abolic results in relation to the size of adipo-
cyte has been used to define the experimental
conditions in many studies on adipose tissue.
The size of adipocyte has been interpreted as
having its own causative effect on metabolic
activities, therefore, it can dramatically influ-
ence the metabolism of the cell®. Recently, we
found a close relationship between the fasty
zcid composition and the size of adipocyte
from steers during fattening period®,

Little information about the relationship be-
tween the lipogenesis and the size of adipocyte
in growing and [attening cattle was
available®’, In the present study, we mea-
sured the incorporation rates of glucose or ace-
tate into lipids in isplated adipocytes from adi-
pose tissue of Holstein steers during fattening
period, Further, the rtelationships beiween
the lipogenic activity and the size of isolated
adipocytes within the individual adipose tissue
from Holstein steers with different fattening
stages were also investigated.

Experiment 1 was designed mainly for un-
derstanding the relationship between the
lipogenic activity and the increment of mean
diameter in isolated adipocytes from Holstein
steers during fattening period. Experiment 2
was designed mainly for understanding the

. differences in the lipogenic activity of ad-
ipocytes with different diameters within the
individual adipose tissue from Holstein steers
in different fattening stages.
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Materials and Methods

Animals and tissue sumpling

In experiment 1, twelve Holstein steers from
4 to 28 months of age and in experiment £, eight
Holstein steers, in which four with 28 months
of age and having mean bddy weight 761 kg,
while the other four with 16 months of age and
having mean body weight 483 kg, were given a
daily diet of concentrates plus hay and water
ad libitum, respectively. The concentrate con-.
sisted of : ground corn, 56% ; wheat bran,
24% ; soybean oil meal, 12% ; and required vi-
tamins and salts, Subcutaneocus adipose
tissue samples were obtained from the region
of the last thoracic vertebrae 20 to 30cm to the
right or left of the dorsal midline*®, The
tissue was transported to the laboratory in
saline at 37°C within 20min and then rinsed
with fresh saline. To get the sample of adi-
pose tissue, in experiment 1, biopsies were
performed in the steers with 4, 8, 13, 15, 23, 25
and 27 months of age.

Isolation of adipocyte

The adipocyie isolation was based on the
modified method of Rodbell®*'", Samples
weighing approximately 2g were dissected
free from the connective tissue and blood
vessels. The tissue was then placed in 25m{
polypropylene beakers containing 6mi M 199
(Medium 199, pH 7.4 ; GIBCOBRL, Life Tech-
nologies, Inc. Grand Island, NY, USA) with
Earle’s salts, 42mM NaHCO;, 5.5mM glucose
and 0.61mM sodium acetate, supplemented 20
mM HEPES, 4.5mM glucose, 433 mM acetate,
49% BSA {bovine serum albumin, fraction V,
Sigma Chemical Co., St. Louis, USA) and 3mg
per m! collagenase {(Worthing Biochemical Co.,
New Jersey, USA). After minced and gassed
for 30s with a 95% 0,-5% CQO. mix, the tissue
was digested in a water bath at 37°C with shak-
ing 60 cycles per min for 90 min. After diges-
tion, the cell suspensions were filtered through
a polypropylene mesh with 1 mm pore size and
washed with warm KRB (Krebs-Ringer
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bicarbonate buffer, pH 7.4) supplemented with
20mM HEPES, 10mM glucose, 5mM acetate
and 4% BSA. Then, the cells were filtered
through a polypropylene mesh with 250xm
pore size and washed 3 times. .

Lipogenesis in vitro®

Aliquots of isnlated adipocytes suspension
(10048) were added to warm KRB supple-
mented with 20 mM HEPES, 10mM glucose, 5
mM acetate, 4% BSA. Tubes containing 1 mi
medium with.the same volume of cell aliquotis
were used to determine the density of cells in
the medium for incubation. Afier 1gCi D-
[U-MC] glucose (specific activity : 283.Ci per
mmol, Amersham, England) or 1xCi [U-4C]
acetic acid, sodium salt (specific activity : 59
#Ci per mmol, Amersham, England)} was added
into the media, tubes were gassed for 1min
with a 95% O,:5% CO; mix, capped and in-
cubated for 2h in a water bath at 37°C with
shaking 60 cycles per min. At the end of the
incubation, 0.4 m! of 2% osmium tetroxide was
added into the tubes to terminate the incuba-
tion and to fix adipocytes. The toial amount
of lipids were extracted by the method of
Dole®. Samples were evaporated to dryness,
resuspended in 10 mi of a scintillation cocktail
(UL TIMA-FLO™M, PACKARD, USA), then
counted in a liquid scintillation counter (LSC-
5102, Aloka, Japan). The incorporation rate of
HC-labeled glucose or acetate into total
amount of lipid material was calculated as
nmol glucose or acetate incorporated per 2h-
incubation period per 10° cells. Relative con-
tributions of acetate and glucose to the
lipogenesis in isolated adipocytes were ex-
pressed by the ratio of incorporation rate of
acetate to the rate of glucose. .

Adipocyte separation

In experiment 2, the isolated adipocytes
which were incubated with *C-labeled glucose
or acetate were fixed through addition of 0.4m!?
2% osmium tetroxide into tube containing 1 m!
of the medium and adipocytes, and were then
kept at least 3 days at 4°C.  All these cells were
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separated by polypropylene meshes with pore
size of 25, 50, 70, 90, 110, 125 and 150 um into six
fractions, The total amount of lipids which
was from the cells of each fraction were ex-
tracted by the method of Dole®. Samples
were evaporated to dryness, resuspended in 10
mi of ithe scintillation cocktail, and radioactiv-
ity was counted. The total number of the cells
in each separated fraction was determined.
The incorporation rate of “C-labeled glucose
or acetate into total amount of lpid was calcu-
lated as nmol glucoese or acetate incorporated
per 2h-incubation period per 10° cells. The
method that we described here is a, modified
method of Rule et al."®. To estimate the possi- ,
ble changes in the incorporation rate of “C-
labeled glucose or acetate into lipids during the
osmium fixation and separation process, we
compared the rates in fresh adipocytes and-in
osmium-fixed adipocytes. There was no sig-
nificant difference (P >0.05) between the incor- .
poration rates in these adipocytes.

Adipocyte cellularity

The diameters of both fresh adipocytes
before the metabolic incorporation. experi-
ments in experiment 1 and osmium-fixed ad-
ipocytes after separated by polypropylene
meshes in experiment 2 were measured by a
micre photograph method. The adipocytes
were immediately photographed together with
an objective micrometer (0.01mm, Nikon,
Japan) using micro photograph equipment
(OPTIPHOT, Nikon, Japan). For every treat-
ment mare than 300 cells from the photographs
were used for measuring the mean diameter
and the diameter distribution.

Statistical analyses

Linear regression equation was used to de-
scribe the relationship between the lipogenic
activity and the month of age, the body weight
or the mean diameter of the adipocytes.
Student'’s i~test was used to compare the differ-
ences in mean diameters of adipocytes between
each pair of fractions from steers in early
fattening "and finishing stages. Analysis of
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variance (ANOVA) was used as the model to
test the effects of the size of adipocytes (8i, df=
5), the fattening stage (St, df=1) and their inter-
action (SiXS5t, df=5). The Duncan mutiple-
range test was used for mutiple comparisons of
the means when a significant difference (P<
0.05) was found®. A

Results

Experiment 1

The change in cellularity and lipogenesis of
adipocytes during the fattening period

The cell size which is expressed by mean
diameter of adipocytes from the subcutaneous
adipose tissues of the steers increased with the
progress of fattening. The relationship be-
tween the mean diameter of adipocytes (D, gm)
and the age (A, month) or body weight (W, kg}
was. described by the following regression
equation : D=46.54 LnA-17.86 (n=27, r=0.91, P
<0.01) ; D=68.85LnW-316 (n=27, r=0.92, P<
0.01).

The change in the ‘cell size which is ex-
pressed by number frequency distribution of
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Fig.1  The distributions of diameters of

isolated adipocytes from Holstein steers during
fattening periods (experiment 1). Each datum
represented the average of data from adipocytes
isolated from two steers with the same age. The
months of age and the average body weight is
described here :  : 4 months old and 210kg; O
8 months old and 326kg ; @ : 13 months old and
358kg:O:17 months old and 483kg; A :23
months old and 628kg; A : 27 months old and
T23kg.

the diameters of adipocytes from steers in
different fattening periods is shown in Fig. 1.
The curves describe the distribution of the ad-
ipocytes diameter around 60, 70, 100, 110, 130
and 140gm for the steers with 210, 326, 385, 483,
628 and 723 kg of body weight, and 4,9, 13, 17, 23
and 27 months of age, respectively. The distri-
bution rate of large cells became higher while
that of small cells became lower with the incre-
ments of body weight and months of age.

In isolated adipocytes from the sieers during
the fattening period, the incorporation rate of
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Fig. 2, The change in lipogenesis together
with mean diameter of adipocytes [rom Holstein
steers in different fattening periods (experiment
I). {(a):The change in the incorporation rate of
glucose into- lipids. (b}: The change in the
incorporation rate of acetate into lipi;:ls.
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glucose into lipids became higher with the in-
crement of mean diameter (Fig..2a) ; the incor-
poration rate of acetate into lipids also had
become higher since ‘the mean diameter
reached about 8bum, before this, they had kept
a unchangeable low lipogenesis rate (Fig. 2h).
In relation to the size of the isolated adipocytes,
the linear correlation coefficient between the
incorporation rate of glucose or acetate into
lipids and the mean diameter was 0.74 (P < 0.05)
or 0.81 (P<0.05), respectively.

Experiment 2 .

Effect of cell size on the lipogenesis in ad-
ipocytes distributed in adipose tissue from
steers with different fattening stages

Separa"ced by polypropylene meshes, the
mean diameter of adipocytes in fraction 1, 2, 3
and 4 taken from the early fattening steers are
similar to that of their corresponding fractions

Table 1.

of adipocytes taken from finishing steers, but
the mean diameters of adipocytes in fraction 5
of 124m and 6 of 133x¢m separated by meshes
in early fattening steers were smaller (P< 0.05)
than that of their corresponding fractions 5 of
146 um and 6 of 164 ¢m in finishing steers {Table
1} It would be more reasonable to compare
the incorporation rates between fraction 6 in
the early fattening stage and fraction 5 in fin-
ishing stage, but it had no big difference in the

" results because of the close values of fraction 5

and § in finishing stage.

Both the cell size which was expressed as
mean diametet and fattening stage had signifi-
cant effects (P<0.05) on the incorporation rate
of glucose or acetate into lipids in isolated
adipocytes (Table 1). There was a interaction
effect of mean diameter and fattening stage (P

. <0.05) on the incorporation rate of acetate into

The incorporation rates of glucese or acetate into lipid in adipocyies distributed in

same adipose tissue but with different sizes which were separated into 6 fractions by meshes in

experiment 2 {meant:standard deviation)

Fraction Diamete Distribution Glucese* Acetate** Ratio**
(zm) - (%) (nmol/2 h/10° cells) Acetate/Glucose
Early fattening stage '
1 3x2.4 3,0x1.5 104, 2- 19+72.1 1.8%0.5°
2 69+3. 6 4,0+2. 3 1713 95 51274 3.1:k1 8%
3 89:+1. 2 19+10 20--6. 83> 774284 3.9+1. 4™
4 111%4.3 24*]1 B Vg K 109+ 4gede 3.6%1, 2
5 124+4.3 3B+8.9 i bt d 12364 3,441 4=
6 13945, 4 15+8.0 39k32% 14364 3,719
Finishing fattening stage ‘
1 . BE0 9 2.8+0.8 10+2.8° 41 15% 4,311, 42=
2 69+1. 4 5.6X3.0 28+10% 21) 25k 7.6%2. 8%
3 92+).8 5.0%23 3811 371.4+64 9, 7x£3.0*
4 116+2.8 2.7%14 4] £14 38160 9.3k3. 7
5 146£3. 6* 3014 4349, 3 297124 8. 9:%0. 8
6 16437 48%19 45+1]* 261+9. 2% 5.8%1. 1%

uE

: Each pair of values with the same number of fraction differ significantly (P< 0.05)

**: The lipogenic activities or the ratio of incorporation rate of acetate to that of glucose in
adipocytes with different sizes and from steers in different fattening stages differ
significantly (P < 0.05). '

*** : The interaction between size of adipacytes and fatlening stage is significant (P<0.05),

**: Values within a column without the same superscripts differ significantly (P<0.05),
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lipids in isolated adipocytes (Table 1).

In the adipocytes taken from early fattening
steers, the incorporation rate of glucose into
lipids became larger (r=0.72, P<0.05) with a
mean diameter increment from fraction 1 (33
pm) to fraction & (139um) (Fig. 3 a), there was a
significant difference (P<0.05) between frac-
tion 1 of 10nmol/2 h/10% cells to fraction 6 of 39
nmol/2 h/10*cells. The incorporation rate of
acetate into lipids also became larger (r=0.72, P
<0.05} with a mean diameter increment from
fraction 1 to fraction 6 (Fig. 3b), there was a
significant difference (P<0.05) between frac-
tion 1 of 19nmol/2h/10%cells to fraction 6 of
143 nmol/2 h/10%cells.

Likewise, in the adipocytes taken from fin-
ishing fattening steers, the incorporation rate
of glucose into lipids became larger (r=0.79, P
<0.05) with a mean diameter increment from
fraction 1 (36um) to fraction 6 (164um) (Fig. 3
a), there were significant differences between
fraction 1 and fraction 3, 4, 5 or 6 {Table 1).
However the incorporation rate of acetate into
lipids became Iarger only when the mean diam-
eter increment from fraction 1 (36um) to frac-
tion 4 (116 zm) {Fig. 3b), there were significant
differences (P <0.05) between fraction 1, 2 and 3
or 4 (Table 1). Afterwards, the incorporation
rate became lower, there was a significant
differences {P<0.05) between fraction 4 and
fraction 6.

The ratios of incorporation rate of acetate to
that of glucose in isolated adipocytes taken
from finishing steers were significantly highter
(P<0.05) than that from early fattening steers
(Table 1). The ratios of incorporation rate of
acetate to that of glucose in isolated adipocytes
taken from early fattening steers were ranged
from 1.8 to 3.9, while in isolated adipocytes
taken from finishing steers were ranged from
43 t0 9.7.

Discussion

The isolation procedure removes most of
other cell types and leaves the isolated ad-
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Fig. 3. The effect of adipocyte size on the
lipogenesis {experiment 2} (a): The effect of
adipocyte size on the incorporation rate of
glucose into lipids. (b): The effect of adipocyte
size on the incorporation rate of acetate into
lipids. QUIOA :four early fattening steers.
S®H® A : iour finishing steers.

ipocytes, and is therefore one of preparation
methods for studying adipocyte metabolism in
vitro*'"™, Based on the modifications of the
Rodbell method and our previous study®, we
used M 199 supplemented HEPES and 4% BSA
as basal medium for the collagenase digestion
and measured the lipogenesis rate of glucose
and acetate in the isolated adipocytes from
adipose tissue of steers. Through using
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modified method for separating the adipocytes
from adipose tissue by Rule et al'?, we fixed
and separated the adipocytes from mixture of
isolated adipocytes after incubation, and made
it possible to understand the relationship be-
tween lipogenesis rate and the size of ad-
ipocytes distributed in adipose fissue from
steers during different fattening periods.

In experiment 1, we found that there were
positive correlation between the lipogenesis
and the mean diameter of adipocytes taken
from steers during fattefling period. It is con-
sistent with the report using adipose tissue
fragments which showed that the rate of fatty
acid synthesis from lactate and acetate in-
creases between 11 and 19 months of age in
several depots of growing cattle™, In sheep,
parallel to the increase of the adipocyte mean
volume, the rate of lipogenesis in subcutaneous
adipocytes increased steadily after about 200
days of age'®, )

The adipocyte size may influence the metab-
olism of the cell dramatically?. Rule et al
separated the adipocytes from an osmium-
fixed adipose tissue which had been incubated
with ¥C-acetate and *C-lactate, and measured
the incorporation rate of the substances into
lipid molecules according to cell size'™, They
studied the effect of adipocyte size on in vitro
lipogenesis in subcutaneous adipose tissue of
cattle at 6 months of age and showed that the
lipogenesis per cell increased with increased
cell size. In experiment 2, we found the effects
of cell size and the fattening stage on the
lipogenesis in adipocytes. There was a posi-
tive correlation between the lipogenesis from
glucose and the diameter of adipocytes dis-
tributed in the adipeose tissues. In adipocytes
taken from the early fattening steers, there was
also a positive corrg]ation between the incorpo-
ration rate of acetate and the diameter of ad-
ipocytes. However, in adipocytes taken from
the finishing steers, the incorporation rate of
acetate became lower after the adipocytes
reached a very large diameter. Up to now, we

- have no suitable explanation for this. Recent-

ly, some new functions of adipocytes were
found. Adipocyte produces and secretes a va-
riety of hormones and other factors retated to
the lipogenesis, such as IGF-1, adipsin, leptin'®,
The abilities to secrete these hormones or
factors may be changeable with the growth of
adipocyte. It may be one of the reasons that
caused the change of lipogenesis in adipocytes
with different sizes or from steers during
different fattening periods. Further studies
are needed to clarify the mechanism about the
effects of adipocyte size.

In adipose tissue of adult ruminant, as a sub-
strate for lipogenesis, acetate normally had a
larger incorporation rate into lipids than glu-
cose. In experiment 2, we found that the rela-
tive contribution ratio of acetate to glucose
was higher in each fraction of isolated ad-
ipocytes from finishing steers than that from
early fattening steers. As a substrate for
lipogenesis in adipose tissue of adult ruminant,
glucose is comparatively and constantly lower
than acetate. With the fattening stage
changed from early fattening stages to fin-
ishing stages, there were relatively small incre-
ment in the incorporation rate of glucose and
large increment in the incorporation rate of
acetate. It caused that the relative contribu- -
tion ratio of acetate to glucose was higher in
adipocytes from finishing steers than that from
early fattening steers. There were some
studies on the relative contributions of acetate,
lactate and glucose to lipogenesis in bovine
adipose tissue™"'®, These studies showed
that glucose carbon could be incorporated into
glycerol, fatty acids and lactate, and the rela-
tive percentage may be variable with breed,
age or incorporation medium. Although we
did not trace the incorporation carbon from
acetate and glucose which used as the sub-
strates in present study, it is acceptable that
acetate and glucose could incorporate into
both glycerol and fatty acids moiety of the

- adipocytes. It is possible that the change on
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the ratio of acefate to glucose is caused by the
change on utilization of glucose and/or ace-
tate. Glucose may contribute more to lactate,
glyceride-glycerol and/or less to glyceride-
fatty acids directly in adipocytes from finis-
hing steers. Further studies are needed to
compare the utilization of glucose in ad.
ipocyies with different sizes which are from
steers dﬁring different fattening stages.

In conclusion, the present study showed that
the lipogenesis has a close relationship to the
size of isolated adipocytes from Holstein steers
during fattening periods. In isolated ad-
ipocytes from subcutaneous adipose tissue, the
lipogenic acitivities of the adipocytes were
varied with their diameter. There is a de-
crease in incorporation rate of acetate info
lipids in those very large adipocytes taken
from finishing f[attening steers, it can be
suggested that the lipogenesis might be limited
in these adipocytes.
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