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Abstract — The in vitro effects of insulin and/or dexamethasone (DEX) on leptin production were
studied on adipose tissue (AT) from adult non-lactating, non-pregnant ewes. Perirenal AT explants
were incubated for 2 or 4 days and leptin production was determined using a specific ovine RIA. The
effects of these hormones were simultaneously measured on glucose and acetate utilisation and on
lipogenic enzyme activities. A preliminary dose-response study showed a maximal leptin production by the addition in the incubation medium of 2 mIU·mL–1 of insulin and 100 nM of DEX. By using these concentrations, insulin or DEX increased leptin production by ovine AT explants whatever
the incubation duration and the effects of these two hormones were additive. Insulin also increased
substrate utilisation as well as lipogenic enzyme activities while DEX decreased substrate utilisation
and did not change the lipogenic enzyme activities. To conclude, leptin response to DEX is specific
and largely independent of the overall metabolic or lipogenic activity.
ewe / adipose tissue / leptin / insulin / dexamethasone

1. INTRODUCTION
Leptin, the product of the ob gene, is a
hormone secreted mainly by white adipocytes
which is thought to communicate the status
of adipose stores to central systems regulating food intake and energy expenditures.
The expression of leptin by adipose tissue
(AT) is highly correlated with body fatness

in monogastric and ruminant species [1, 2].
However, the factors potentially involved in
this regulation have not been well identified. In rat or human AT, reports conflict on
the respective effects of insulin and dexamethasone (DEX, a synthetic glucocorticoid)
on leptin expression, and their interaction. Indeed, there are reports of either an inhibitory
[3, 4] or a stimulatory [5, 6] effect of insulin
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on glucocorticoid-stimulated leptin mRNA
and leptin production by rat or human AT.
Furthermore, it was shown that insulin and
glucocorticoid have depot-specific effects
on leptin expression in human AT [7].
To our knowledge, there is only one
study on the in vitro regulation of ruminant
AT leptin expression by bovine subcutaneous AT explants in which insulin or DEX
stimulated the leptin mRNA level [8]. In the
ovine and bovine species, differences exist
in the responses to insulin and/or DEX of
AT explant lipogenic enzymes and substrate
utilisation [9, 10]. Indeed, the effect of
insulin on glucose and acetate utilisation is
greater in bovine than in ovine AT whereas
the contrary is true when DEX is added
to the insulin-supplemented medium [9].
For the lipogenic enzyme activities, the
effect of DEX in the presence of insulin is
greater in ovine than in bovine AT [10].
Finally, the responses of leptin mRNA do
not necessarily inform on the responses of
leptin production or secretion by AT owing
to the probable existence of post-translational
regulation. Thus, the objectives of this study
were to extend the knowledge to leptin production, to perirenal AT and to ovine species in order to better know and better
understand the regulation of leptin expression in ruminants. We also assessed other
AT responses by measuring the activity of
three lipogenic enzymes, glucose-6-phosphate dehydrogenase (G6PDH, EC 1.1.1.49),
malic enzyme (ME, EC 1.1.1.40) and lipoprotein lipase (LPL, EC 3.1.1.34), and the
utilisation of two lipogenic substrates, glucose and acetate, in order to assess the specificity of the leptin response.
2. MATERIALS AND METHODS
2.1. Animals and diets
Adult (2–3-years-old) non-lactating nonpregnant ewes of the Lacaune breed (n = 8),
weighing 64 ± 6 kg, were used. They were

fed a restricted diet composed of straw
(400 to 500 g·day–1) for 7 days (that provided
20% of the maintenance energy requirements, MER) [11], and then they were
overfed (200% of the MER) for 13 days before slaughter, with ad libitum access to hay
and water plus defined amounts of concentrate in order to maximise lipogenic enzyme
activities prior to in vitro incubation. The
composition and distribution of concentrate
mix have been described previously [9].
Body condition was scored on a scale of 0
(very thin) to 5 (very fat). Before slaughter,
the body condition averaged 3.5 ± 0.2
which showed that all the animals used in
this study were in similar and good condition. The ewes were exsanguinated and after
death, samples of perirenal AT were excised
aseptically and immediately placed into an
incubator vessel containing sterile Hanks
buffer (Gibco / BRL, France), pH 7.4 at 37 oC.
All experimental procedures involving
the use of animals were conducted according to the French recommendations for the
use of experimental animals including animal welfare and appropriate conditions
(Guidelines of 18 April 1998). In addition,
all work involving the animals was carried
out under the guidance of the Animal Care
and Use Committee of INRA.
2.2. Adipose tissue incubation
The samples of perirenal AT were finely
cut (10–15 mg pieces), transferred to plastic
flasks and placed in an incubator at 37 oC
with an atmosphere of 95% O2: 5% CO2
(vol/vol). The AT explants (1–1.5 gram)
were incubated in sterile Medium 199
(30 mL) containing Earles salts, L-glutamine
and 25 mM HEPES (pH 7.5; Gibco/BRL,
France) supplemented with 7 mM acetate
(final concentration 7.6 mM), antibiotics
and hormones as described previously [9,
12] and without serum [12]. The AT
explants were incubated in duplicate for 2 or
4 days, and for each kind of medium: control without added hormones, insulin (2, 20,
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100 mIU·mL–1), DEX (10, 100, 1000 nM),
and insulin plus DEX combinations. The
reasons for using these hormone concentrations, and for then choosing 2 mIU·mL–1 of
insulin and 100 nM of DEX are presented in
Annexe 1 (Fig. 3). The incubation medium
was replaced with fresh medium once every
48-h. Samples of each medium were retained after each 48-h incubation and stored
at –20 oC until glucose, acetate and leptin
measurements. The enzyme activities were
measured on AT explants after each incubation time (2 or 4 days).
2.3. Adipose tissue measurements
The preparation of the homogenates and
the assay of tissue LPL activity were
performed as described previously [12].
Briefly, tissue LPL activity was measured
using an artificial emulsion containing
3
H-triolein after a detergent (DeoxycholateNonidet P40, Sigma Chemical, SaintQuentin-Fallavier, France) extraction procedure. Enzyme activity was expressed in
nmoles of released fatty acid·min–1 per gram
of tissue.
The G6PDH and ME activities were assayed spectrophotometrically as described
previously [13]. Enzyme activities were
expressed in nmoles of NADPH produced·min–1 per gram of tissue.
2.4. Incubation medium
measurements
The amounts of glucose and acetate removed from the incubation medium by AT
explants was determined by measuring glucose and acetate concentrations at the beginning and the end of each 48-h incubation
period for 4 days. The glucose and acetate
concentrations were determined enzymatically using an ELAN auto-analyser (MerckClévenot S.A., Nogent-sur-Marne, France)
[14]. Glucose concentration was analysed
with the glucose dehydrogenase method using the Merck diagnostic kit (Nogent-sur-
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Marne, France). Acetate concentration was
analysed [15] using the Boehringer
Mannheim kit (Meylan, France). Glucose
and acetate utilisation were expressed in
µmoles of glucose and acetate that was removed from the incubation medium·48 h–1
per gram of tissue. The intraassay CV for
acetate and glucose concentration and the
CV of the incubation procedure were reported previously [12].
Leptin production in the incubation
medium was determined in duplicate on
100 µL aliquots using a disequilibrium,
double-antibody, ovine-specific RIA [16].
Briefly, this assay utilised anti-ovine
leptin rabbit antibody, recombinant ovine
[125I]leptin, and recombinant ovine leptin as
standard. The limit of sensitivity was
0.8 ng·mL–1, and the within and between assay coefficients of variation were 6 and 9%,
respectively, with a lower limit of detection
of 0.25 ng·mL–1.
Before this homologous assay became
available, leptin production in the incubation medium was also measured using a
“multispecies” RIA supplied by Linco research (XL-85K, St Charles, MO). This
analysis was performed according to a
double-antibody method using guinea pig
multispecies leptin antibody, human
[125I]leptin, and human leptin as standard.
As recommended by the manufacturer, the
quantification was realised in 100 µL of the
incubation medium and all samples were
tested in duplicate. The within- and between-assay variations were 9.0 and 15.1%,
respectively. Leptin production was expressed as ng·48 h–1 per gram of tissue.
2.5. Statistical analysis
The data presented in Table I for the two
incubation times were analysed using the
GLM procedure of SAS (SAS Inst. Inc.,
Cary, NC). The statistical model included
the effects of ewe, day of incubation (D),
insulin (INS), dexamethasone (DEX) and
the interactions between insulin and
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0.002
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0.04
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0.04

NS
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INS X
DEX6

Effects (P <)

0.001
NS
NS
NS
0.001

0.001

0.001
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Values are means of measurements on adipose tissue from six ewes. Mean values within a row and within a day with unlike superscripts letters are significantly different
(P < 0.05).
1,2
Glucose and acetate utilisation and leptin production [measured using the ovine RIA or the MS (“multispecies”) RIA] between 0 and 48 h (day 2) or 48 and 96 h (day 4),
lipoprotein lipase (LPL), glucose-6-phosphate dehydrogenase (G6PDH) and malic enzyme (ME) activities after 48 (day 2) or 96 (day 4) h of incubation.
3
PSE = pooled standard error.
4,5,6,7
Indicates probability for the effects of insulin (INS), dexamethasone (DEX), the interaction of insulin and dexamethasone (INS × DEX) and day (D).
8
Leptin production measured with the specific ovine RIA.
9
Leptin production measured with the “multispecies” kit.

Leptin8 (ovine RIA,
ng·48 h–1·g–1)
Leptin9 (MS RIA,
ng·48 h–1·g–1)
LPL (nmol·min–1·g–1)
G6PDH (nmol·min–1·g–1)
ME (nmol·min–1·g–1)
Glucose (µmol·48 h–1·g–1)
Acetate (µmol·48 h–1·g–1)

Control

Control

Day 21

Table I. Effects of insulin (2 mIU·mL–1) and/or dexamethasone (100 nM) on leptin production, metabolic activities and substrate utilisation by ovine
adipose tissue explants.
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dexamethasone (INS × DEX), day and insulin (D × INS), day and dexamethasone (D ×
DEX) and day and insulin and dexamethasone (D × INS × DEX). The residual error
of the model was used as the error term for
the various factors. The INS × D, the DEX ×
D and the INS × DEX × D interactions were
not significant (P > 0.10) and are not presented in the results.
The data presented in Table I were analysed for each incubation time with the
GLM procedures of SAS (SAS Inst. Inc.,
Cary, NC) according to a statistical model
accounting for the animal effect and comparing the four treatments (control, insulin,
DEX, insulin and DEX). The differences
between two treatments were tested using
the Student-Newman-Keul-test with a probability of 0.05.
3. RESULTS
3.1. Leptin production
in the incubation medium
Whatever the hormone supplementation,
leptin production measured with the specific ovine RIA was 2 to 3 fold higher
(P < 0.001) during the first period of 48-h
incubation (day 1 and 2) than during the second period (day 3 and 4) (Tab. I). The addition of insulin alone or DEX alone in the
medium significantly (P < 0.05) increased
leptin production during day 1 and 2 (+60 or
+58% for insulin or DEX, respectively,
Fig. 1) and during day 3 and 4 (+67 or +30%
for insulin or DEX, respectively, Tab. I).
These effects were additive with a larger increase of leptin production in the presence
of the two hormones [+118% during day 1
and 2 and +146% during day 3 and 4 (P <
0.05) when compared with control values]
(Tab. I and Fig. 1).
The mean value of leptin production
measured by the “multispecies” RIA
(15 ± 11 ng·48 h–1·g–1, n = 56) was 4.5 times
lower than that measured by the ovine RIA
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(69 ± 42 ng·48 h–1·g–1). Despite this difference in absolute values, leptin productions
measured using these two methods were
strongly and linearly related (r = 0.84;
n = 56; P < 0.001; Fig. 2), due to similar
relative responses to hormone additions. Indeed, insulin alone or DEX alone increased
(+45 or +79%, respectively) leptin production measured by the “multispecies” kit after 48-h of incubation (Tab. I). Moreover,
leptin production on day 2 was greater
(+207% compared with control values,
P < 0.05) in the presence of these two hormones (Tab. I).
3.2. Substrate utilisation
from the incubation medium
Whatever the hormone supplementation,
glucose utilisation was similar during day 1
and 2 and day 3 and 4 of incubation,
whereas acetate utilisation was 2 to 6 fold
higher (P < 0.001) during the first period
than during the second period of 48-h incubation (Tab. I). The addition of insulin alone
in the medium significantly (P < 0.05) increased glucose utilisation whatever the incubation period and acetate utilisation
during day 3 and 4. The addition of DEX
alone in the medium significantly (P < 0.05)
decreased glucose utilisation (day 1 to
day 4) and acetate utilisation during day 3
and 4. The inclusion of insulin prevented the
inhibitory effect of DEX on glucose utilisation, and the addition of these two hormones
in the incubation medium increased it (+49%,
P < 0.05 when compared with the control
medium) with a positive interaction
(P < 0.007) between these two hormones
(Tab. I and Fig. 1). The addition of insulin
and DEX in the medium had no significant
effect on acetate utilisation during day 1 and
2 but increased it (+271%, P < 0.05 when
compared with the control values) during
day 3 and 4, with a global positive interaction (P < 0.04) between these two hormones
(Tab. I and Fig. 1).
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Figure 1. Response to insulin (INS, 2 mIU·mL–1) and/or dexamethasone (DEX, 100 nM) addition
(% of control medium without added hormone) of leptin production (measured using ovine RIA),
substrate utilisation and lipogenic enzyme activities of adipose tissue incubated for two days (mean ±
SEM, n = 6 for each treatment). G6PDH = glucose-6-phosphate deshydrogenase, LPL = lipoprotein
lipase.

3.3. Lipogenic enzyme activities
of adipose tissue explants
Whatever the hormone supplementation,
LPL activity was 1.5 fold higher (P < 0.001)
after 2 days than after 4 days of incubation
whereas G6PDH and ME activities remained

stable (Tab. I). The addition of insulin in the
medium significantly (P < 0.02) increased
G6PDH and ME activities and more markedly on day 4 (Tab. I and Fig. 1). The addition of insulin or DEX in the medium
significantly (P < 0.002) increased LPL activity with a significant (P < 0.04) positive
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Figure 2. Relationship between leptin production determined by using either the ovine RIA or the
“multispecies” RIA kit. The incubation medium (n = 56) was sampled after either 2 days (8 ewes) or
4 days (6 ewes) of incubation.

insulin × DEX interaction (Tab. I and
Fig. 1). The addition of DEX in the medium
did not affect G6PDH and ME activities
(Tab. I) neither in the presence nor in the absence of insulin.
3.4. Relationships between leptin
production, lipogenic enzyme
activities and substrate utilisation
Within each hormonal treatment, leptin
production was closely related to variations
(between animals and day of incubation) of
acetate utilisation or LPL activity (Tab. II),
but not to those of glucose utilisation,
G6PDH or ME activities (data not shown).
The addition of insulin alone in the medium
increased the slope and decreased the intercept of the acetate regression because this
hormone more strongly increased the leptin
production by tissues with high acetate utilisation. The addition of DEX alone in the
medium increased the slope of the two regression equations (Tab. II) because DEX
more strongly increased the leptin production by tissues with high acetate utilisation

and/or LPL activity. However, the effect of
DEX alone on the slope was more marked
for acetate utilisation because DEX decreased it simultaneously to the increase in
leptin production. The addition of insulin
and DEX together increased the intercept of
the regression between leptin production
and LPL activity because it increased leptin
production more than LPL activity whatever the LPL activity. The addition of insulin and DEX together increased the slope of
the regression between leptin production
and acetate utilisation because these hormones more strongly increased the leptin
production by tissues with high acetate
utilisation.
4. DISCUSSION
4.1. Comparison between ovine RIA
and the “multispecies” commercial kit
The correlation observed for ovine AT
leptin production in the medium between
values determined by using either the ovine

Leptin = 3.04a LPL + 14df
r = 0.64; P < 0.05

d

Leptin = 3.93b LPL + 1e
r = 0.80; P < 0.01

Leptin = 1.30 acetate + 29
r = 0.79; P < 0.01

c

Dexamethasone

Leptin = 3.58ab LPL + 28f
r = 0.59; P < 0.05

ef

Leptin = 0.92 acetate + 14
r = 0.74; P < 0.01

b

Insulin + Dexamethasone

Leptin = 3.60 LPL + 9
r = 0.69; P < 0.01

Leptin = 0.67 acetate + 29
r = 0.68; P < 0.01

All incubation media

Leptin production (measured using the ovine RIA, ng·48 h–1·g–1), lipoprotein lipase (LPL) activity (nmol·min–1·g–1), and acetate utilisation (µmol·48–1·g–1) were determined
during day 1 and 2 or day 3 and 4 (for leptin production and acetate utilisation) or after 2 or 4 days (for lipoprotein lipase activity) of incubation (n = 12, 6 ewes for day 2 and
6 ewes for day 4).
a,b,c
Slope values within a row with unlike superscripts letters are significantly different (Student t-test: P < 0.05).
d,e,f
Intercept values within a row with unlike superscripts letters are significantly different (Student t-test: P < 0.05).

Leptin = 3.24a LPL + 1de
r = 0.80; P < 0.01

e

Leptin = 0.82 acetate + 11
r = 0.78; P < 0.01

b

Leptin = 0.42 acetate + 23
r = 0.68; P < 0.05

Insulin

a

df

Control

Table II. Relationships between leptin production, lipoprotein lipase activity and acetate utilisation by ovine adipose tissue.
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on rat epididymal AT explants [19] and
isolated adipocytes [5, 20, 21]. However in
vitro data from human AT are much more
controversial than those from rat AT
(Tab. III). Indeed, insulin increased [6, 7,
22] or did not change [3, 7, 23] leptin production according to the experimental conditions (tissue vs. adipocytes, incubation
duration, hormonal concentrations used) but
also to adipose depot site and gender.
The increase in leptin production from
ovine AT after the addition of insulin could
be partly explained by stimulation of leptin
gene expression. Indeed, insulin significantly increases leptin mRNA levels in subcutaneous bovine AT explants incubated for
24 h [8]. In human subcutaneous AT, the responses of leptin mRNA level and leptin
production are dependent on incubation duration: after 24 or 48 h of incubation, insulin
has no effect [3, 22, 23] while this hormone
stimulates leptin mRNA level after 72 h of
incubation and then increases leptin production in the medium after 96 h of incubation
[22]. In isolated rat adipocytes, however,

RIA or the “multispecies” commercial kit
(r = 0.84) was high and similar to the correlation observed for ovine plasma samples
(r = 0.87) [16]. Furthermore, the mean ratio
between ovine RIA and the “multispecies”
commercial kit was 4.5 in the present study
and 3 to 4 in ovine or bovine plasma samples [16, 18], which could be due to insufficient sensitivity of the “multispecies”
antibody. These similarities show that the
relationship between the two methods is not
changed by the presence or the absence of
plasma proteins, including putative leptin
binding proteins. Despite this limitation,
quite similar relative effects of hormone addition were observed on leptin production
when it was determined either by the ovine
RIA or by the “multispecies” kit.
4.2. Effect of insulin
The addition of insulin alone in the medium increased leptin production from
ovine AT explants (Tab. I and Fig. 1) in
agreement with most of the in vitro studies

Table III. Summary of the effects of insulin and/or dexamethasone on adipose tissue leptin expression
in different species.
INS vs. controla

Hormones
Leptin

mRNA
i

Production
d

f

or = g
f

↑

or =]h

or =
=g
=g

Production

g

↑

or =]

f

↑

[

mRNA

e

↑

↑

[

INS + DEX vs. controlc

Production

↑

or =]

↑ ↑

[

↑

or =]
=
or =]h

mRNA

d

↑

[

↑

f

↑

↑

↑

a

[

↑

Human
Ratj
Bovinek
Ovinel

DEX vs. controlb

Effect of insulin (INS) vs. control media.
Effect of dexamethasone (DEX) vs. control media.
c
Effect of insulin + dexamethasone (INS + DEX) vs. control media.
d
Dependent on incubation duration.
e
Dependent on the hormonal concentration used and on the incubation duration.
f
Additive effects between insulin and dexamethasone on leptin mRNA and/or production.
g
Negative interaction between insulin and dexamethasone effects on leptin mRNA and/or production.
h
Dependent on the hormone concentration used.
i
Considine et al. [3], Fain et al. [24], Halleux et al. [23], Kolaczynski et al. [22], Russel et al. [7], Wabitsch et al. [6].
j
Barr et al. [19], Bradley et Cheatham [20], Fain et Bahouth [26], Hardie et al. [5], Mueller et al. [21], Slieker et al.
[27].
k
Houseknecht et al. [8].
l
Present study.
b
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insulin increases leptin production without
affecting leptin mRNA level after 24 h of incubation [20].
The way insulin regulates leptin production by AT is not clear. In rat adipocytes, insulin increases leptin production by
mobilising pre-existing intracellular pools
of leptin, but de novo protein synthesis is required to obtain the full insulin effect [20].
In addition, it has been reported that insulin
could act indirectly in rodents, by stimulating glucose transport and metabolism in
adipocytes [21]. In human AT, the metabolism of glucose does not seem to be required
to increase leptin production in abdominal
adipose tissue explants [24] while in subcutaneous adipocytes, glucose metabolism to
hexosamines is related to leptin production
[17]. In our study on ovine AT, no relationship was observed between leptin production and glucose utilisation or G6PDH and
ME activities, which are involved in glucose metabolism. This result agreed with
the fact that, in vivo, glucose does not seem
to be an important short-term (2 h) regulator
of plasma leptin levels in sheep [25], although a positive correlation between plasma
glucose and leptin responses to meal intake
(4 h after meal distribution) is observed in
adult cattle [18]. Since we observed a strong
correlation within each hormonal treatment
between leptin production and acetate utilisation or LPL activity (Tab. II) and since insulin tended to increase acetate utilisation
and LPL activity in ovine AT (Tab. I and
Fig. 1), it is possible that insulin could act indirectly on leptin production in ruminants, by
stimulating acetate or long-chain fatty acid
utilisation by AT. Indeed, acetate and longchain fatty acids are major energy-yielding
metabolites in ruminants.
4.3. Effect of dexamethasone
The increase in leptin production after
the addition of DEX (Tab. I and Fig. 1) is in
agreement with the fact that DEX increases
the level of mRNA leptin in subcutaneous

bovine AT explants incubated for 24 h [8].
All of the in vitro studies on rat and human
AT also showed that DEX (1 to 1000 nM)
addition increases (from 40 to 250%) leptin
production from isolated adipocytes [3, 5,
26] or AT explants [23, 24, 26] incubated
for 24 or 48 h. Simultaneous changes in
leptin production and leptin mRNA levels
were shown after DEX addition in the medium with rat [26, 27] and human [3, 23]
AT. This suggests a pretranslational regulation of the AT-leptin gene. Indeed, in rat
adipocytes, the induction of the expression
of the leptin gene by DEX is due at least in
part, to an induction of the transcription of
the leptin gene promoter [28].
Contrary to the positive effect observed
on leptin production, the addition of DEX
alone in the medium decreased glucose and
acetate utilisation (Tab. I and Fig. 1) in
agreement with the results observed previously in bovine and ovine AT explants [9].
However, this hormone did not significantly
change G6PDH and ME activities. These
different results show that the leptin response to DEX (contrary to insulin) is specific and partly independent of other effects
of DEX on overall metabolic or lipogenic
activity of AT.
4.4. Additivity or interaction
of insulin and dexamethasone effects
The additivity between insulin and DEX
effects on leptin production has not been reported previously in ruminant AT and suggests independent signalling routes for these
effects. These results are consistent with
those obtained from rat [5] and human [6]
adipocytes incubated for 48 h, with additive
effects of insulin and glucocorticoid on
leptin production. In contrast, other studies
in human [3, 23], rat [20] and bovine [8] AT
explants incubated for 24 or 48 h showed
that the addition of insulin into the medium
inhibited the stimulatory effect of DEX on
leptin production or the mRNA level. The
differences between our study and the
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bovine study could be related to differences
between ruminant species and/or between
AT sites. Indeed, in human AT [7], it was
shown that insulin and glucocorticoid have
depot-specific effects on leptin expression.
Moreover, previous reports documented
differences between ovine and bovine AT
explants in lipogenic enzyme and substrate
utilisation responses to insulin and/or DEX
[9, 10]. In contrast to the additivity between
insulin and DEX effects on leptin production, a positive interaction between these
two hormones was noted on substrate utilisation and LPL activity, in agreement with
previous results on ovine AT, whereas only
additive effects of these 2 hormones were
observed on substrate utilisation and lipogenic
AT activities in bovine AT [9, 10].
Further work is needed to unravel the
mechanisms through which insulin and DEX
modulate AT leptin mRNA and leptin production in different ruminant species, mechanisms which are likely to differ in part from
those acting on overall metabolic or lipogenic
activity. However, we observed (Tab. II) that
the insulin and/or DEX effects were maximum in tissues which had the highest LPL activity and/or acetate utilisation.
The in vitro responses of AT leptin expression to insulin and/or DEX are quite
similar between human, rat, bovine and
ovine species (Tab. III). Furthermore, it appears that the responses of leptin mRNA to
these hormones were less significant than
the responses of leptin production, at least in
the rat and ruminant species.
These in vitro results, combined with the
in vivo effects of short to medium term
changes in the nutritional state in ruminants,
suggest that glucocorticoid-insulin-leptin
interactions could play an important role in
the dynamics of adaptation to underfeeding
and refeeding in ruminants. Indeed, data in
vivo showed that underfeeding decreased
plasma leptin in cattle and sheep [1, 29]
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which in turn could contribute to increase
cortisol [30, 31] since leptin inhibits cortisol
production [32] in bovine adrenocortical
cells. This cortisol increase contributes to
metabolic adaptations to undernutrition
(protein mobilisation, gluconeogenesis, etc.)
and stimulates refeeding behaviour [1, 33].
Refeeding then stimulates insulin secretion,
which in the presence of high cortisolemia
stimulates leptin secretion, as shown in the
present in vitro study. High leptinemia which
inhibits both cortisol and insulin production
[2], could then normalise cortisolemia and
insulinemia, towards a new homeostatic
equilibrium [1].
5. CONCLUSION
In conclusion, this study provides new
data on the regulation of leptin production
by ovine AT. Insulin or DEX increased
leptin production to the same extent,
whereas insulin increased, while DEX decreased or did not change the substrate utilisation, and the activity of lipogenic
enzymes (Fig. 1). Thus the stimulatory effect of insulin on leptin release could be related to its metabolic effects, while the
effect of DEX appears to be largely independent of its effect on adipose cell metabolism. Additional in vitro and in vivo studies
on leptin expression are needed to better understand the mechanisms and the physiological significance of the effects of these
hormones on leptin production.
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ANNEXE
The effects of varying concentrations
and combinations of insulin and/or
dexamethasone on leptin production
The addition of 10, 100 or 1000 nM DEX
alone in the incubation medium increased
(P < 0.07, i.e. when all 4 tissues responded
positively) in a similar proportion (from
25 to 50%) leptin production by ovine
perirenal AT compared to control values
(Fig. 3). In bovine subcutaneous AT incubated for 24 h, Houseknecht et al. [8] observed no effect of 10 nM DEX on the
mRNA leptin level, whereas 100 nM DEX
stimulated it. Thus, it is possible that bovine
subcutaneous AT had a lower sensitivity to
DEX than ovine AT and/or that the response
of leptin mRNA to DEX was less sensitive

than leptin production. Moreover, a maximal stimulatory effect of DEX on leptin
production was obtained at 50–100 nM
DEX in human AT explants [23], with a
more marked effect in visceral than in subcutaneous AT [34], and at 100–1000 nM
DEX in isolated rat adipocytes [27] incubated for 24 or 48 h.
The addition of 2 or 20 mIU·mL–1 insulin
alone in the incubation medium increased
(P < 0.07) leptin production by ovine perirenal
AT (+100 and +70%, respectively) compared to control values, whereas the addition of the highest insulin concentration
(100 mIU·mL–1) had no effect (Fig. 3). In
bovine subcutaneous AT incubated for 24 h,
Houseknecht et al. [8] reported a significant
effect of 1.5 or 15 mIU·mL–1 insulin on
mRNA leptin level. With rat epididymal
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Figure 3. The effects of varying concentrations and combinations of insulin (I, expressed in
mIU·mL –1; I2, I20, I100 = 2, 20 and 100 mIU·mL–1 of insulin) and dexamethasone (D, expressed in
nM; D10, D100, D1000 = 10, 100, 1000 nM of dexamethasone) on leptin production (measured using
the ovine RIA) by ovine adipose tissue explants incubated for 2 days (mean ± SEM, n = 4). * Differences of leptin production between the control and media with added hormone: P < 0.07 when all the
four animals responded in the same direction (non parametric test for paired data, Wilcoxon t-test).

Leptin yield by ovine adipose tissue

adipocytes incubated for 48 h, Hardie et al.
[5] observed a dose-response of leptin
production up to a plateau with 1.25 to
10 mIU·mL–1 of insulin.
Whatever the insulin or DEX concentrations, the simultaneous addition of these
two hormones into the medium increased
(P < 0.07) leptin production (+80–120%)
above the control values. The highest increases (100–120%) were observed in the
presence of 2 mIU·mL–1 and either 10 or
100 nM of DEX.
In view of these results, we chose to
work with 2 mIU·mL–1 of insulin and
100 nM of DEX, since these hormonal concentrations enabled maximal leptin yield responses to be achieved together with
maximal stimulation of substrate utilisation
and lipogenic activities during in vitro incubations of ruminant AT [12].
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