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Summary &horbar; Antibodies against rabbit adipocyte plasma membranes were injected in 6-week-old
rabbits. Controls received normal IgG. Animals were killed 1, 2, 5 or 9 weeks after treatment. Body
weight and food intake were reduced significantly until the 7th week for the live weight and the 5th
week for the intake. Whatever the anatomical location considered, adipose tissue was markedly re-
duced : - 75% for week 1 and - 20% for week 9 respectively for the total adipose mass. Cell volume
and enzymatic activities of G3PDH, LPL and LDH were highly decreased during the first 2 weeks af-
ter treatment. Simultaneously the plasma levels of triglycerides and plasma free fatty acids were in-
creased. As shown by others in the rat, it is possible to induce a long-term fatness reduction in the
rabbit by treatment with antibodies to adipocyte plasma membranes. The cytotoxic effects of anti-
bodies have also been discussed.
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Résumé &horbar; Effets in vivo chez le lapin d’un immunosérum de mouton antimembranes d’adi-
pocytes de lapin. Des anticorps dirigés contre des membranes plasmiques d’adipocytes de lapin
ont été injectés à des lapins âgés de 6 semaines. Les témoins ont reçu des IgG normales. Les ani-
maux ont été sacrifiés après 1, 2, 5 ou 9 semaines. La croissance pondérale et la consommation
d’aliments sont diminués significativement par le traitement. Le tissu adipeux est sévèrement affecté
pendant toute la période expérimentale quelle que soit sa localisation anatomique. Les différences
entre animaux traités et les témoins s’atténuent en valeur relative (- 75% à la première semaine,
- 20% à la neuvième semaine). La triglycéridémie et le taux d’acides gras libres plasmatiques s’élè-
vent significativement au cours des premières semaines. Parallèlement, les activités enzymatiques
(G3PDH, LPL, LDH) et la taille des adipocytes sont fortement diminuées. Il est donc possible de mo-
difier l’adiposité sur une longue période par une immunisation passive avec un antisérum dirigé
contre les cellules adipeuses. L’effet cytotoxique des anticorps est discuté.
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INTRODUCTION

Antibodies against plasma membranes
have been produced in a variety of cells in-
cluding adipocytes of rat (Pillion and

Czech, 1978; Futter et al, 1985; Lee et al,
1986), mouse (Thompson and Abraham,
1979; Plaas et al, 1981) and bovine origin
(Cryer et al, 1984).

Antibodies against plasma membrane
of rat fat cells have been shown to bind to
the cell surface of isolated adipocytes and
mimic some insulin actions: stimulation of

glucose transport, oxidation of glucose
and inhibition of catecholamine-induced li-

polysis (Pillion and Czech, 1978; Pillion et
al, 1979). Moreover antiadipocyte mem-
brane serum causes cytolysis of intact adi-
pocytes incubated in vitro (Pillion and
Czech, 1978).

More recently, Flint et al (1986) confir-
med these observations but, in addition,
they described related cytotoxic and long-
term effects of high doses of an antiserum
to adipocyte plasma membranes on adi-
pose tissue development in the rat. The

cytotoxicity was complement-dependent to
some extent, as cytolysis did not occur

when isolated adipocytes were incubated
in vitro with heated antiserum. The main
effect of the treatment seemed to be a

long-term reduction of the number of adi-
pocytes in internal fat deposits. The cyto-
toxic effect was complement-dependent.

The importance of fat reduction in meat
production is self-evident. It was therefore

interesting to study this new approach in

meat-producing domestic animals such as
rabbit.

In the present work, antibodies against
rabbit fat cell plasma membranes were rai-
sed in the sheep for further utilization.
Some of these antibodies were used to

study the long-term in vivo effects of a

passive immunization in the rabbit.

MATERIALS AND METHODS

Preparation of rabbit adipocyte plasma
membranes

Fat cells from perirenal adipose tissue of 70-
day-old New Zealand rabbit were isolated accor-
ding to Rodbell (1964). The cells were dissocia-
ted at 37 °C for 1 h in Krebs-Ringer bicarbonate
buffer (pH 7.4) containing 3.5% bovine serum al-
bumin and 1.5 mg/ml of crude collagenase
(Clostridium histolyticum 0.21 U/mg; Boehringer
Mannheim, France).

Prior to their use for plasma membrane pre-
paration, the isolated mature adipocytes were in-
cubated at 37 °C for 24 h with DME medium,
containing 10% serum and penicillin, as descri-
bed previously by Thomson and Abraham
(1979) and Plaas et al (1981). According to
these authors, this stage has been shown to res-
tore the cell-surface antigens impaired by the
collagenase digestion.

Plasma membranes were then prepared from
these &dquo;conditioned&dquo; cells according to the me-
thod of Belsham et al (1980) using a self-

forming Percoll gradient.
To assess plasma membrane recovery, 5’-

nucleotidase was assayed as described by
Avruch and Wallach (1971) and Newby et alay
(1975).

Preparation of antibodies directed

against adipocyte plasma membranes

Sheep anti-rabbit adipocyte plasma membrane
serum was obtained after immunization of a me-
rino ewe by injecting intradermally 700-800 pg
of plasma membrane proteins with complete
Freund’s adjuvant at multiple sites (Vaitukitis et
al, 1971 The animals received 3 doses at 15-
day intervals, and blood was collected from the
jugular vein 14 days after the last injection.
Serum was obtained by centrifugation. A crude
immunoglobulin fraction was extracted by 45%
ammonium sulphate precipitation.

Assessment of antibody reactivity

The reactivity of antiserum was assessed using
an indirect-labelled 2nd-antibody plasma mem-



brane immunoassay as described by Plaas et al
(1981), Cryer etal (1984), Lee (1985).

In the present work, the 2nd antibody was an
immuno-purified 1251-labelled rabbit (anti-sheep
IgG) antibody, prepared in our laboratory as
described by Hales and Woodhead (1980) and
AI Jafari (1985).

Binding of anti-adipocyte membrane serum
to erythrocytes and fibroblasts was also exami-
ned.

In vivo effects of antiserum

Twenty-three 6-week-old New Zealand rabbits
fed ad libitum were daily and intraperitoneally in-
jected for 4 days with the equivalent of 5 ml of
antiserum as the immunoglobulin fraction.

Twenty-three control animals received a nor-
mal sheep immunoglobulin fraction under the
same conditions as described for previous ani-
mals. Weight gain and food intake were moni-
tored on a weekly basis throughout the experi-
mental period. Groups of 5-6 animals were

slaughtered at 1, 2, 5 or 9 weeks after the begin-
ning of the treatment.

At each stage, several major adipose tissue
pads (dorsoscapular, axillary, inguinal, perirenal,
omental) and organs (liver, kidneys, spleen)
were removed and weighed. Some anatomically
well-defined muscles (longissimus dorsi infra

spinatus, biceps femoris, parameralis) were also
removed at the 9th week.

In addition, the effect of the treatment on va-
rious metabolic parameters was studied. Blood
samples were collected by intracardiac punc-
ture. Free fatty acids (FFA) were assayed in

plasma according to Dole and Meinertz (1960).
Plasma triglyceride concentrations were measu-
red enzymatically using a commercial kit (Test-
combination triglyceride, Boehringer Mann-

heim).
Enzymatic activities were determined in the

dorsoscapular and perirenal fat pads. Glycerol-
3-phosphate dehydrogenase (GPDH; EC

1.1.1.8) and lactate dehydrogenase (LDH; EC
1.1.1.27) were assayed spectrophotometrically
as described by Wise and Green (1979) and Gri-
maldi et al (1978). Lipoprotein lipase (LPL; EC

3.1.1.34) was measured according to Murphy et
al (1981 ).

Fat cell size measurements (diameter, mean
volume and number of cells) were made as des-
cribed previously (Reyne et al, 1985). Lipid
content of fat pads was determined after lipid ex-
traction according to Folch et al (1957). The
total adipocyte number of fat deposits was cal-
culated by dividing the total lipid weight of the
deposit by the mean lipid weight of adipocytes
considered as spheres. Fat cell weight was ob-
tained by assuming that the density of adipo-
cytes is that of triolein (0.915 g/ml). Data were
analyzed using the Mann-Whitney U test.

RESULTS

Antibody reactivity and specificity

Sheep anti-rabbit adipocyte plasma mem-
brane serum (SARS) was assessed using
an indirect - labelled - second antibody
immunoassay. The assay was carried out
with fat cell plasma membranes (40-50 ug
protein) incubated with different dilutions of
SARS and 20-40 000 cpm of !251 labelled-
rabbit anti-sheep IgG antibodies. The titre
of the antiserum was 1:10 000, expressed
as end-point titre, ie the dilution of antise-
rum which gives at least 2-fold greater bin-
ding compared with normal serum. Optimal
binding of the antiserum to fat cell plasma
membranes was obtained at 500-1 000-
fold serum dilution.

The antiserum also bound to other cells
such as erythrocytes and lung fibroblasts.
But specific binding activity towards fat cell
membranes remained when antisera were

preincubated with lung cell cultures or

packed erythrocytes (data not shown). Cell
labelling with fluorescent-labelled-second-
antibody indicated that antiserum bound to
the cell surface of isolated mature adipo-
cytes and cultured lung fibroblasts.



Weight gain and food intake

Animal growth was similar for both groups
before the injections with globulins.
Following injection, the body weight of ani-
mals treated with antimembrane immuno-

globulins was reduced markedly, compa-
red to controls, until the 7th week after
treatment (fig 1). Food intake was also
lower in these animals, but for a shorter
period of time: until week 5 (results not
shown).

Food conversion rates (kg dry matter
food/kg weight gain), calculated for the en-
tire experimental period did not differ sig-
nificantly for the 2 groups of animals.

Tissue and organ development

Most of the treated animals demonstrated
inflammatory reactions near inguinal and
axillary areas.

The total weight of the major fat pads
dissected, called here &dquo;adipose mass&dquo; was

significantly reduced by the antibody treat-
ment throughout the experimental period
(fig 2). The weight reduction (treated ani-
mals vs controls) was 75, 52, 28 and 18%
at weeks 1, 2, 5 and 9 respectively. How-
ever, in absolute terms, the difference re-
mained constant between the 2 groups of
animals (20-30 g).

Similar results were obtained in all fat
pads examined, regardless of anatomical
location: ie internal fat pads, perirenal or
subcutaneous fat pads, dorsoscapular
(fig 2), but differences did not remain signi-
ficant in the case of perirenal tissue after
the second week.

An increase in spleen weight and a
transient decrease in liver and kidney
weights was also observed but there were
no significant differences between the two
groups of animals 9 weeks after treatment

(table I).
Muscle development was only exami-

ned for the animals slaughtered at week 9
after treatment. As table I indicates, the
total weight of the dissected muscles,
which are representative of the muscle

mass, was differed significantly between
the 2 groups of animals. If we consider

body composition (% of empty body
weight), the relative importance of muscle
mass and organs was not modified by the
treatment. However, the relative part of

adipose tissue was markedly reduced in
animals receiving antibodies (4.6 vs 5.4%).

Lipid metabolism parameters

The level of plasma free fatty acids at

week 1 and week 2 after treatment was hi-



gher for animals injected with antibodies
than for controls (table II), but at week 1,
the variability was high for animals recei-
ving antibodies. This may be due to diffe-
rent individual patterns of evolution of FFA

in response to the treatment. Differences
were only significant (P < 0.05) at week 2
(0.263 ± 0.014 geq/ml vs 0.196 ± 0.027
peq/ml). At weeks 5 and 9 the values were
the same for both groups of animals.



Figure 3 shows that plasma triglyceride
levels increased sharply in treated animals
during the first 2 weeks after antiserum in-
jections.

The levels subsequently returned to

normal.

In contrast, tissue enzymatic activities
of GPDH, LPL and LDH decreased mar-
kedly at weeks 1 and 2 after treatment for
animals receiving antibodies, as shown in
table 111.

Fat cell size measurements

Cellularity studies showed a significant fall
in the mean cell diameter for the experi-
mental group at weeks 1 and 2 post-
treatment, but there was no longer any dif-
ference with the controls by the end of the
experimental period (fig 4). The transient
decrease of this parameter, which appears
in the 2 groups of animals, is unex-

plainable. The evolution of the weight of
lipid per g of tissue also indicated a lower



ratio for treated animals immediately after
treatment.

The total number of adipocytes was cal-
culated for each fat deposit. This number
increased for the 2 groups of animals and
both tissues throughout the experimental
period. The effects of the treatment on the
mean cell number of fat pads were not
readily apparent, especially for perirenal
tissue. Nevertheless, in the case of dorso-
scapular tissue this number (X ± SEM) was
lower for antiserum-treated animals until

the second week after treatment (5.2 x 106
± 1.5 x 106 for treated animals vs 6.5 x 106
± 1.7 x 106 for controls at week 1 and 8.5 x
106 ± 3.6 x 106 vs 12.8 x 106 ± 4.4 x 106 at
week 2). Differences were not significant
because there was a marked intragroup
variability for the parameters (cell volume,
weight of lipid/g tissue, tissue weight)
which were taken into account to calculate
the cell number of the fat tissues.

DISCUSSION

Previous studies with cells of murine origin
have indicated that antisera with specific



reactivity toward adipocytes could be pro-
duced (Thomson and Abraham, 1979;
Plaas et al, 1981; Flint et al, 1986). Anti-
bodies against adipose cell plasma mem-
branes have been shown to induce long-
term effects in rats, such as the reduction
of fat cell number and thus adiposity (Flint
ef al, 1986).

In the present work, polyclonal antibo-
dies have been raised in the sheep
against rabbit adipocyte plasma mem-
branes.

The in vivo treatment of growing rabbits
with these antibodies resulted in a loss of
live weight and a decrease of fatness
which was significant until the 9th week
after treatment. Leaner animals were thus
obtained at 11-12 weeks of age. The nutri-
tional efficiency did not differ between ex-
perimental and control animals when cal-
culated throughout the experimental
period.

The analysis of the variations of the

weight of different organs and tissues
shows clearly that adipose tissue was the
major tissue affected by the treatment, al-
though antibodies were not completely
specific for the adipocytes and were not
exhausted against other cell types.

The fatness reduction observed in anti-

body-treated animals was related to modi-
fications in the parameters of cellularity
(cell diameter, cell number) and to lipid
metabolism changes.

The reduction of the adipose cell num-
ber of fat deposits reported by Flint et al
(1986) in the rat was not so obvious in the
rabbit. This could be partly due to the me-
thod of calculation of the cell number and
to the variability of the different parameters
taken into account. However, a reduction
of fat cell number is noticeable for dorso-

scapular adipose tissue of treated animals
at the beginning of the experimental per-
iod. This was in agreement with the simul-

taneous decrease of tissue protein content
which is related to cell number or tissue

development. The occurrence of mature

adipocyte cytolysis could explain the cell
number reduction and, to some extent, the
counting of smaller cells.

Cytolysis was observed in vitro when
isolated mature rabbit adipocytes were in-
cubated with anti-membrane serum which
was not heated to inactivate the com-

plement (data not shown). Previous in vitro
studies (Pillion and Czech, 1978; Flint et

al, 1986) have also shown that such un-
heated antisera can cause complement-
mediated cytolysis of rat fat cells.

In vivo, the presence of inflammatory
reactions around the axillary and inguinal
lymphatic nodes suggests that lympho-
cyte-dependent, antibody-mediated or lym-
phocyte-mediated cytotoxicity could also
occur as it appears in some autoimmune
diseases such as Hashimoto’s thyroiditis
(Calder et al, 1973a, b, c).

The higher level of FFA at weeks 1 and
2 in animals receiving antibodies may be
the result in cell lipolysis and could also ex-
plain the drop of cell volume. Moreover,
the decrease in G3PDH activity indicates a
reduction in both cellular lipogenesis and
lipid accumulation. The concomitant in-

crease of plasma triacylglycerol may be re-
lated to a fall in lipoprotein lipase activity
which occurs in adipose tissue, reducing
the hydrolysis of triglycerides from plasma
VLDL or chylomicrons and the uptake of
free fatty acids by adipose tissue. Tissue li-
pogenic activity (G3PDH) was restored
more quickly than LPL activity.

The binding of antibodies to plasma
membranes may provoke cell surface

changes and so reduce the clearance of
both triglycerides and FFA, increasing their
plasmatic levels.

Moreover, in response to invasive sti-
muli and inflammatory reactions, cyto-



kines, such as cachectin/tumor necrosis

factor, are secreted by macrophages. TNF
has been shown to inhibit the activity of
LPL at the level of its synthesis in 3T.-L,
adipocytes (Kawakami et al, 1982; Price et
al, 1986) or guinea-pig fat pad (Semb et al,
1987).

According to Torti et al (1985), TNF has
been also shown to suppress the biosyn-
thesis of G3PDH mRNA in rat adipocytes.
Lastly, Kawakami et al (1987) found that
3T3L1 adipocytes respond to human re-

combinant-TNF, inducing not only a de-
crease in LPL activity, but also an increase
in intracellular lipolysis.

The present work shows the in vivo ef-
fects of anti-fat cell plasma membrane im-
munoglobulins toward adipose tissue and
lipid metabolism, suggesting the role of
both complement- and cell-mediated cyto-
toxicity.

It is possible to induce a long-term re-
duction of fatness in the rabbit by an in
vivo treatment with antibodies against fat
cell plasma membranes. However, the abi-
lity of adipose tissue to regenerate re-

mains. The increase of cell number throu-

ghout the experimental period shows that
precursor cells do not seem to be dama-

ged.
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