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Background: Lipopolysaccharides (LPS), cleared from the blood by Kupffer cells, induce hypertriglyceridemia.
Aims: To test the hypothesis that GdCl3, through inhibition of large Kupffer cell activity, modulates LPS-induced

hyperlipidemia in rats.
Methods: Male Wistar rats received a single intravenous injection of GdCl3 (10 mg/kg) or saline, 24 h before

intraperitoneal LPS (1.5 mg/kg) administration. Serum and hepatic lipids as well as activity of key enzymes controlling
fatty acid synthesis and esterification in liver tissue were measured. The incorporation of labeled precursors into lipids
was assessed in cultured precision-cut liver slices.

Results: GdCl3 does not prevent hypertriglyceridemia occurring in LPS-treated rats. Surprisingly, GdCl3 per se is
able to promote triglycerides accumulation in the liver tissue, an effect related to an increase in hepatic fatty acid
esterification. Such an effect also occurs in rats receiving a dietary supplementation with glycine (5%) known to inhibit
Kupffer cell secretory capacity.

Conclusions: Large Kupffer cell inhibition does not prevent LPS-induced hypertriglyceridemia and even leads to a
metabolic shift of fatty acids towards their esterification and accumulation in the liver tissue, suggesting that Kupffer cells
play a role in the regulation of lipid metabolism of the adjacent hepatocytes, independent of any inflammatory stimulus.
q 2002 European Association for the Study of the Liver. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Kupffer cells are resident macrophages distributed along

the hepatic sinusoids, which play a major role in clearing

circulating LPS from the blood [1]. Several lines of

evidence suggest that Kupffer cells may be the predominant

cells responsible for initiating the inflammatory cascade

resulting in septic shock [2]. Bioactive molecules, including

cytokines (tumor necrosis factor-alpha (TNF-a), interleukin

(IL-1, IL-6), interferon-alpha (IFN-a)), reactive intermedi-

ates (NO·), lysosomal enzymes or prostaglandins, generated

by Kupffer cells in response to LPS stimulation could act as

paracrine factors to modulate hepatocyte metabolism.

Gadolinium chloride (GdCl3), when injected intrave-

nously, is a specific inhibitor that completely eliminates

large Kupffer cells in the liver tissue; it blocks Kupffer

cell phagocytosis without exerting any toxic effect on hepa-

tocytes, endothelial cells, circulating monocytes or other

macrophages pools [3–5]. Moreover GdCl3 is able, at least

in vitro, to suppress mediator release (IL-6, TNF-a and NO .)

by Kupffer cells upon LPS activation [6].

The host response to infection and inflammation

mimicked by LPS injection in animals, often leads to hyper-

triglyceridemia due to an increase in very low density lipo-

protein (VLDL) secretion by the liver [7–9]. Much evidence

suggests that liver is the key organ in total body lipid meta-

bolism regulation when challenged either with LPS or cyto-
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kines. In vivo administration of LPS or IL-6 produces a

rapid increase in hepatic de novo fatty acid synthesis

[9,10]; IL-6 directly induces hepatocyte lipogenic capacity

in primary-culture rat hepatocytes [11]. Similarly, TNF-a,

TNF-b, IL-1 and IFN-a induce a rapid increase, but

sustained for 17 h, in hepatic de novo fatty acid synthesis

[11–14]. Those data suggest that the activity of Kupffer

cells, through the release of mediators, could play a role

in the modulation of hepatic lipid metabolism after LPS

challenge. In the present study, we examined the hypothesis

that the inhibition of Kupffer cell activity, namely by GdCl3,

could modulate LPS-induced hyperlipidemia in rats.

2. Materials and methods

2.1. Chemicals

Most chemicals of purest grade available were purchased from Sigma

(Filter Service, Belgium) or Boehringer (Mannheim, Germany).

[1-14C]acetic acid (specific activity 60 mCi/mmol) and [1-14C]palmitic

acid (specific activity 8.4 mCi/mmol) were obtained from Amersham Phar-

macia Biotech Europe (Buckinghamshire, UK) and NEN Products (Boston,

MA), respectively. Thin-layer chromatography silica gel 60 F254 plates were

purchased from Merck (Darmstadt, Germany), Williams’ medium E, l-

glutamine, penicillin and streptomycin from Gibco BRL (Middlesex, UK).

2.2. In vivo studies

2.2.1. Experiment 1: effect of GdCl3 and/or LPS treatments

(Fig. 1)
Male Wistar rats (240–260 g, Iffa Credo, les Oncins, France) received

AO4 standard diet (UAR, Villemoisson-sur-Orge, France) and tap-water ad

libitum. GdCl3 (10 mg/kg body weight) or NaCl 9‰ were injected intra-

venously to rats 24 h before intraperitoneal LPS administration (1.5 mg/kg

body weight) or NaCl 9‰. Food was withdrawn after the injection of LPS.

Two hours after LPS or saline injection, serum was collected from the tail

vein. Animals were killed under pentobarbital (60 mg/kg) anesthesia 18 h

after LPS or saline injection; blood was collected from the descending vena

cava and liver pieces were either clamped in liquid nitrogen and stored at

280 8C before analysis or kept in formalin. All the animals received care in

compliance with institution’s guidelines from the National Academy of

Sciences (NIH publication 86-23).

2.2.2. Experiment 2: effect of a diet enriched with glycine
Rats were fed a powdered AO4 standard diet containing 5% glycine

(glycine diet) or 5% casein (control diet) ad libitum for a period of 3

days. Rats were then fasted for 18 h before blood and liver removal.

2.2.3. Colloidal carbon uptake by the liver and spleen

macrophages
Phagocytic activity of Kupffer cells and of spleen macrophages towards

colloidal carbon has been assessed on tissue slices as previously described

[15].

2.2.4. TNF-a assay
TNF-a level was determined in frozen aliquots of serum (Quantikine M

Rat TNF-a immunoassay, R&D Systems). Limit of detection was 5 pg/ml.

2.2.5. Biochemical parameters
Triglycerides (TG), phospholipids (PL), non-esterified fatty acids

(NEFA), total cholesterol (CHO) and high-density lipoprotein-cholesterol

(HDL-CHO) were measured in the plasma or serum by using kits coupling

enzymatic reaction and spectrophotometric detection of reaction end-

products (EliTech Diagnostics, Brussels, Belgium); liver lipid analysis

was performed after Folch chloroform–methanol extraction [16]. Fatty

acid synthase (FAS), ATP citrate lyase (ATPCL) and malic enzyme

(ME) activities were measured in the cytosolic fractions [17–19]. Phospha-

tidate phosphohydrolase (PAP) activity was measured in microsomal frac-

tions [20]. Protein was assayed by the method of Lowry et al.[21].

2.2.6. Fat histochemical detection
Liver pieces were frozen in liquid nitrogen for cryostat sections and fat

detection by staining with Sudan Red 7b (Janssen Chimica, Belgium).

2.3. In vitro studies

2.3.1. Study on precision-cut liver slices (PCLS) in culture
PCLS were prepared from rats pretreated with GdCl3 (10 mg/kg body

weight) (Gd1) or NaCl 9‰ (Gd2) 48 h after injection as previously

described [22,23]. PCLS were incubated in Williams’ E medium (supple-

mented with penicillin (100 IU/ml), streptomycin (100 mg/ml), glutamine

(2 mM) and insulin (100 nM), 0.3% bovine serum albumin) containing 0.2

mM [14C]palmitate (0.2 mCi/mmol) or 2 mM [14C]acetate (0.2 mCi/mmol)

and incubated for 1 h 30 min and 3 h, respectively. PCLS were sonicated in

0.5 ml NaCl (0.05 M) before lipid extraction and separation by thin-layer

chromatography with hexane/ether/acetic acid (80:20:1) [16,24]. Spots

corresponding to TG, PL and CHO were scrapped from the plate and

counted in 10 ml scintillation fluid (Ultima Gold) in a beta Wallac-1410

counter.

ATP content of PCLS was greater than 8 nmol/mg protein in all experi-

ments.

2.3.2. Study on hepatocytes in primary culture
Four experiments were performed, using distinct hepatocyte preparations

from fed rats [25]. Cell viability assessed by Erythrosine B exclusion test

was greater than 80%. Hepatocytes were incubated in a medium supple-

mented with penicillin (100 IU/ml), streptomycin (100 mg/ml), bovine

serum albumin (0.1%), insulin (100 nM) and glutamine (2 mM) in the

presence of 10 mg GdCl3/ml or the same volume of NaCl 9‰. After 24

and 48 h of incubation, the medium was replaced by fresh medium contain-

ing 0.2 mM [14C]palmitate (0.2 mCi/mmol) or 2 mM [14C]acetate (0.2 mCi/
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Fig. 1. Schematic representation of the experimental design of the

study. Gd, gadolinium (GdCl3); LPS, lipopolysaccharide; i.v., intrave-

nous; i.p., intraperitoneal.



mmol). After 3 h of incubation, the medium was removed and hepatocytes

were sonicated in 0.5 ml NaCl (0.05 M) before lipid extraction and separa-

tion as described above.

2.4. Statistical analysis

In experiment 1, statistical significance of observed variations (effect of

GdCl3-treatment or LPS-treatment alone and the GdCl3 £ LPS interaction)

was assessed by applying the two-factor analysis of variance (ANOVA)

test, using SPSS statistical software.

For in vitro studies, all the parameters were measured at least in tripli-

cate (three slices or three hepatocyte culture plates obtained from the same

rat). A mean value was calculated for each experiment. Results were

analyzed by Student’s t-test, P , 0:05 being considered as the significant

level.

3. Results

3.1. Analysis of colloidal carbon uptake by liver and spleen

macrophages

Kupffer cells having taken up colloidal carbon (colored in

black) appeared in the Gd2 rats as large and irregular cells

mainly localized in the periportal zone (Fig. 2). Twenty-four

hours after GdCl3 treatment, colloidal carbon uptake by

Kupffer cells was strongly depressed whereas it increased

in the spleen. This phenomenon persisted 48 h after GdCl3

injection (Fig. 3). Colloidal carbon uptake was not modified

18 h after LPS administration.

3.2. Analysis of TNF-a concentration in the serum

TNF-a was only detectable in the serum after LPS admin-

istration. 2 h after the LPS injection, serum TNF-a level

reached 3.9 ^ 1.2 and 4.6 ^ 1.9 ng/ml in Gd2/LPS and

Gd1/LPS rats, respectively (Student t-test: P . 0:05).

Serum TNF-a level measured 18 h after LPS administration

remained detectable in two Gd2/LPS animals out of seven;

the residual concentration of TNF-a (17 ^ 1 pg/ml) was

detectable in all Gd1/LPS rats.

3.3. Effect of GdCl3 and/or LPS treatment on lipid

metabolism

TG concentration was significantly increased by 66% 2 h

after LPS administration (0.78 ^ 0.02 and 1.30 ^ 0.10 mM

for Gd2 and Gd2/LPS rats, respectively; P , 0:05,
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Fig. 2. Distribution of colloidal carbon in the liver (L) and spleen (S) 20 min after injection in the portal vein, 24 h after GdCl3 injection (B) or saline

injection (A) (original magnification£300Þ. In the liver, colloidal carbon is mainly taken up in Kupffer cells (dark spots). In the spleen, colloidal carbon

is taken up by macrophages of the red pulp.



ANOVA) and by 44% in GdCl3-pretreated rats (0.80 ^ 0.07

mM and 1.15 ^ 0.09 mM for Gd1 and Gd1/LPS rats,

respectively; P , 0:05, ANOVA). Eighteen hours after

LPS injection, TG concentration was 33% higher in Gd2/

LPS group than in Gd2 group and 85% in Gd1/LPS group

than in Gd1 group (Fig. 4). LPS injection changed neither

PL, nor CHO levels 18 h after the treatment. Surprisingly,

plasma PL and CHO concentration significantly increased 2

days after GdCl3 injection as compared to controls, indepen-

dent of LPS challenge. This increase in total CHO observed

in the plasma of Gd1 rats was only due to an increase in

HDL-CHO (0.75 ^ 0.12 and 1.46 ^ 0.16 mM for Gd2 and

Gd1 rats, respectively; P , 0:05, ANOVA); low density

lipoprotein-cholesterol (LDL-CHO) concentration, esti-

mated following the Friedewald equation [26], was not

modified by the GdCl3-pretreatment (0.68 ^ 0.15 and

0.65 ^ 0.11 mM for Gd2 and Gd1 rats, respectively).

Moreover, NEFA level increased 24 h after GdCl3 treatment

(0.74 ^ 0.03 and 0.98 ^ 0.05 mM for Gd2 and Gd1 rats,

respectively; P , 0:05, ANOVA).

LPS treatment lead to an increase in liver weight without

hepatic TG content modification as compared to controls

(Table 1). A twofold increase of TG content in the liver

tissue occurred in Gd1 and Gd1/LPS rats: numerous fat

positive hepatocytes were localized mainly in periportal

area (Fig. 5). Hepatic PL content was not modified after

LPS injection or by GdCl3 pretreatment. However, hepatic

CHO concentration slightly decreased 18 h after LPS injec-

tion whereas it increased 2 days after GdCl3 administration

(P ¼ 0:058, ANOVA); those opposite effects allowed a

‘normalization’ of hepatic CHO content in rats treated

with both GdCl3 and LPS.

Among enzymes controlling fatty acid synthesis (FAS,

ATPCL and ME) and esterification (PAP), only ATPCL

activity slightly raised after LPS administration (Table 1).

Pretreatment of rats with GdCl3 promoted significantly the

effect of LPS on ATPCL. Surprisingly, PAP activity was

increased by 35% in Gd1 rats compared to Gd2 rats.

Since GdCl3 is able to promote per se the accumulation

of TG in the liver tissue, the ‘intrinsic’ capacity of the liver

tissue to synthesize lipids after GdCl3 treatment was

assessed in PCLS: PCLS obtained from Gd1 rats allowed

a higher incorporation of [14C]acetate or [14C]palmitate

into lipids (CHO, TG, PL) as compared to the Gd2 rats

(Fig. 6).

3.4. Does GdCl3 act on lipid metabolism through inhibition

of Kupffer cell activity?

Pretreatment of hepatocytes in culture with GdCl3 failed

to increase acetate or palmitate incorporation into the

different lipid fractions after 24 or 48 h of incubation

(Table 2). Moreover, the metabolic effects of GdCl3 were

compared to dietary supplementation with glycine, another

treatment known to decrease Kupffer cell activity. Hepatic

TG level and PAP activity in the liver tissue were signifi-

cantly increased in rats receiving 5% glycine diet as

compared to control rats (Fig. 7). Serum NEFA level was

increased (1.5 fold) in glycine-fed rats as compared to

controls (vena cava: P ¼ 0:07; portal vein: P , 0:05).
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Fig. 3. Semi-quantification of colloidal carbon uptake by Kupffer cells,

20 min after intravenous injection of colloidal carbon in the portal vein,

by in situ densitometry on liver section. Relative yield of black cells per

cm2 corresponding to Kupffer cells containing colloidal carbon was

calculated after scanning and computerizing the image of liver slices

(three fields per rat; all taken in the medium lobe of the liver). Values

are mean ^ SEM for four rats in each group. #Significant effect of

GdCl3 treatment (P , 0:05, ANOVA).

Fig. 4. Plasma lipids after GdCl3 and/or LPS treatment. GdCl3 (10 mg/

kg, intravenously) or NaCl 9‰ was given 1 day before LPS (1.5 mg/kg,

intraperitoneally) and the 18 h-fasted rats were killed 18 h after LPS

treatment. Values are mean ^ SEM of at least four rats. *Significant

effect of LPS-treatment; #significant effect of GdCl3-treatment

(P , 0:05, ANOVA). TG, triglycerides; PL, phospholipids; CHO,

cholesterol.



4. Discussion

4.1. Effect of GdCl3 and/or LPS treatment on Kupffer cells

activity: which relationship with serum TNF-a?

GdCl3 i.v. injection had previously been shown to inhibit

large Kupffer cells activity 6 h after the treatment [3]. We

show here that colloidal carbon uptake by liver macro-

phages is also reduced 24 h (before LPS challenge) or 48

h after GdCl3 administration, whereas splenic phagocytic

activity is increased, thus suggesting a ‘compensatory’

role of this organ [27]. Even if a liver TNF-a mRNA induc-

tion may occur a few hours after GdCl3 injection [28,29], no

TNF-a was detectable in the serum of rats 1, 2, 4, 6, 30 or 48

h after GdCl3 injection (data not shown) as previously

shown in endotoxin-sensitive mice 2 days after GdCl3

administration [30]. Moreover, we have previously shown,

in a similar protocol to the one used in the present study, that

rat PCLS prepared 24 h after GdCl3 administration exhibited

a lower release of TNF-a in the medium [31]. A higher

serum TNF-a level occurred after LPS challenge in

GdCl3-treated animals, despite a depression of Kupffer

cell phagocytic activity. Putative explanations could be

that (1) the inhibitory effect of GdCl3 primarily occurs on

ED2-positive mature Kupffer cells whereas other hepatic

macrophage/monocyte populations may remain present in

the tissue which are even more sensitive to LPS in term of

TNF-a production [32]; (2) peritoneal and splenic cells

rather than Kupffer cells become the primary source of

circulating TNF-a after sepsis [5,33,34]. Would the promo-

tion of spleen macrophage activity by GdCl3 lead to a

release of TNF-a, after LPS treatment? This hypothesis is

denied by Kohno et al., showing that splenectomy does not

affect plasma TNF (TNF-a and TNF-b) in GdCl3-endotoxe-

mic rats [30].

4.2. Effect of LPS on lipid metabolism

A single intraperitoneal injection of LPS induces hyper-

triglyceridemia [7–9]. The rapid increase in serum triglycer-

ides, shown here 2 h after LPS administration, could be due to

an inhibition of lipoprotein lipase activity in the adipose

tissue and/or a stimulation of hepatic lipogenesis [7,9,10].

When LPS is given in a high dose (50 mg/100 g body weight
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Table 1

Modification of lipid metabolism in the liver tissue after GdCl3 and/or LPS treatmenta

Gd2 Gd1 Gd2/LPS Gd1/LPS

Liver weight (g)* 8.22 ^ 0.33 7.65 ^ 0.11 9.26 ^ 0.26 9.54 ^ 0.08

Hepatic content (nmol/mg protein)

Triglycerides# 42.7 ^ 5.3 77.9 ^ 13.9 38.9 ^ 5.7 70.2 ^ 9.8

Phospholipids 109.4 ^ 2.8 116.2 ^ 7.0 115.3 ^ 1.5 106.2 ^ 4.2

Cholesterol* 37.3 ^ 1.0 43.2 ^ 2.9 35.1 ^ 0.8 36.2 ^ 1.0

Enzyme activities (mIU/mg protein)

Fatty acid synthase 2.9 ^ 0.2 3.5 ^ 0.3 3.8 ^ 0.5 3.5 ^ 0.4

ATP citrate lyase*S 9.9 ^ 0.5 9.3 ^ 1.6 10.8 ^ 0.8 15.1 ^ 1.4

Malic enzyme 15.6 ^ 0.9 13.9 ^ 2.5 18.1 ^ 1.5 16.3 ^ 1.4

Phosphatidate phosphohydrolase# 10.9 ^ 0.9 14.7 ^ 0.5 10.6 ^ 0.4 14.5 ^ 0.7

a GdCl3 (10 mg/kg, intravenously) or NaCl 9‰ was given 1 day before LPS (1.5 mg/kg, intraperitoneally) and the 18 h-fasted rats were killed 18 h after LPS

treatment. Values are mean ^ SEM of at least four rats. *Significant effect of LPS-treatment; #significant effect of GdCl3-treatment; Ssignificant interaction

between LPS and GdCl3 treatments (P , 0:05, ANOVA).

Fig. 5. Histological analysis of liver cryostat sections from Gd2 rats (A)

and Gd1 rats (B) stained with Sudan Red 7b for lipid detection and

counterstained with Mayer’s Haemalum (original magnification £750Þ.

Rare hepatocytes with cytoplasmic Sudan 7b slightly positive micro-

vacuoles are dispersed in the periportal area of liver lobule from Gd2

rats (A). Almost all hepatocytes in the periportal area demonstrate

cytoplasmic Sudan 7b positive micro- and macrovacuoles in the liver

of Gd1 rats (B). P, portal space.



like in our study), the major metabolic effect results from a

decrease in TG-rich lipoprotein clearance, through inhibition

of lipoprotein lipase activity [9]. The hypertriglyceridemia

persists 18 h after LPS injection in fasted rats. At that time,

despite a higher liver weight probably due to hepatotrophic

effect of endotoxin, no modification of liver TG content was

observed after LPS treatment. Only a slight increase in hepa-

tic ATP-citrate lyase activity (ATPCL), a lipogenic enzyme

controlling fatty acid and cholesterol synthesis by providing

acetyl-CoA in the cytoplasm, is observed in LPS-treated rats,

this increase being potentiated by GdCl3 pretreatment.

ATPCL is mainly induced in the fed state through the activa-

tion of gene transcription by glucose and insulin, a regulation

involving sterol regulatory element-binding protein

(SREBP-1) [35,36]. Surprisingly, in our study, the increase

in ATPCL activity due to LPS treatment occurs in fasted rats

and is independent of any induction of other lipogenic

enzymes. TNF-a, released after LPS treatment, might be

involved in the regulation of hepatic ATPCL activity since

it induces SREBP-1 maturation in human hepatocytes in a

dose-dependant manner [37].

4.3. Effect of GdCl3 on lipid metabolism

In contrast to LPS, GdCl3 treatment alone does not
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Fig. 6. Incorporation of [14C]acetate or [14C]palmitate into liver lipids

(TG, triglycerides; PL, phospholipids; CHO, cholesterol) by PCLS.

PCLS from rats pretreated with GdCl3 (Gd1) or NaCl (Gd2) were

incubated in medium containing 2 mM [14C]acetate for 3 h (A) or 0.2

mM [14C]palmitate for 1 h 30 min (B). Values are mean ^ SEM of four

independent experiments. *P , 0:05, Student’s unpaired t-test.

Table 2

Effect of GdCl3 on [14C]acetate and [14C]palmitate incorporation into

liver lipids in hepatocytes in primary culturea

24 h 48 h

Rate of [14C]acetate incorporation (% of control)

Triglycerides 97 ^ 7 102 ^ 18

Phospholipids 100 ^ 6 90 ^ 13

Cholesterol 87 ^ 5 96 ^ 9

Rate of [14C]palmitate incorporation (% of control)

Triglycerides 104 ^ 6 109 ^ 4

Phospholipids 105 ^ 8 102 ^ 4

a Rat hepatocytes were treated with GdCl3 10 mg/ml for 24 or 48 h and

further incubated with [14C]acetate or [14C]palmitate for 3 h. Cells were

harvested for quantification of incorporation rates into different lipid frac-

tions as described in Section 2. Rates normalized to control ¼ 100 permit

assessment of GdCl3 effects despite variability between preparations in the

absolute control rates of incorporation into lipids. Values are mean ^ SEM

of four independent experiments.

Fig. 7. Effect of dietary glycine (glycine 5% during 3 days, then 18 h

fasting) on serum non-esterified fatty acids (NEFA), hepatic triglycer-

ides (TG) and phosphatidate phosphohydrolase (PAP) activity in the

liver, as compared to the effect of GdCl3 treatment. Values represent

the relative concentration of parameters in glycine diet-fed rats or

GdCl3-treated rats as compared to respective control rats (*P , 0:05,

rats receiving glycine diet versus control diet or Gd1 rats versus Gd2

rats; Student’s unpaired t-test).



provoke an increase in serum TG, but leads to a strong and

unexpected accumulation of liver TG 48 h after the treat-

ment. This may result from the higher PAP activity, a key

enzyme controlling the synthesis of TG and PL from diacyl-

glyceride phosphate [38]. In accordance with the in vivo

results, palmitate and acetate incorporation into PL and

TG was higher in precision-cut liver slices obtained from

GdCl3-treated than control rats. In addition, GdCl3 promotes

the availability of fatty acids by increasing NEFA concen-

tration in the serum one day after injection, a phenomenon

which could also contribute to the liver steatosis observed

later on. Cascales et al. proposed that an increased avail-

ability of fatty acids promotes the activation and transloca-

tion of PAP from the cytosol to the membranes, thus

increasing synthesis of TG in the liver [38]. As PAP activity

is also affected by glucocorticoids [39], insulin [40], nora-

drenaline [40], cAMP [41] or TGF-b [42], the influence of

GdCl3 on those parameters merits further study.

Phospholipids, the main lipid component of HDL, as well

as cholesterol-HDL levels, were increased in the plasma of

rats two days after GdCl3 treatment. These results, together

with the higher cholesterol content in the liver tissue,

suggest a higher cholesterogenesis and cholesterol-HDL

secretion in GdCl3 treated animals. In fact, PCLS obtained

from GdCl3-treated rats exhibited a higher cholesterogen-

esis, as shown by the extent of incorporation of acetate into

cholesterol. PAP and HMG-CoA reductase, a key enzyme

of cholesterogenesis, have previously been shown to change

in parallel under various conditions [43].

In order to investigate the possibility that GdCl3 directly

acts on hepatocytes to increase lipid synthesis, hepatocytes

in primary culture have been incubated with GdCl3 (at 10

mg/ml, a concentration known to inhibit the LPS-induced

release of IL-6 or TNF-a by Kupffer cells in culture, with-

out affecting LDH release by hepatocytes in primary

culture [6]) for 24 and 48 h before assessing lipid synthesis.

No increase of [14C]acetate or [14C]palmitate incorporation

into TG, PL or CHO occurred in hepatocytes incubated

with GdCl3 versus control. We thus propose that the

increase in cholesterogenesis and fatty acid esterification

occurring in GdCl3-treated animals is rather a consequence

of inhibition of Kupffer cell activity than a direct effect on

hepatocytes, suggesting a role of Kupffer cells in the regu-

lation of liver lipid metabolism. Moreover, the major

GdCl3 effects (hepatic steatosis, increased serum NEFA

and hepatic PAP activity) were reproduced in rats

previously treated with a dietary supplementation with

glycine. Although phagocytic activity by Kupffer cells

(colloidal carbon uptake) was not modified by glycine

supplementation in the diet (data not shown), such a treat-

ment inhibits the production of eicosanoids and cytokines

by Kupffer cells [44]. Taken together, these results support

the hypothesis that the inhibition of Kupffer cell phagocy-

tic and/or secretory capacity leads to a metabolic shift of

fatty acids towards their esterification and accumulation in

the liver tissue even in fasting state.

5. Conclusions

In this study, we have shown that GdCl3 treatment,

although it reduces Kupffer cell activity in the liver, does

not prevent either TNF-a release in the serum, or hypertri-

glyceridemia in LPS-treated rats, and even promotes certain

metabolic alterations due to LPS treatment. GdCl3 is largely

used to study the role of Kupffer cells in several models of

liver injury such as CCl4- or Pb-induced toxicity [45,46],

partial hepatectomy [28], reperfusion injury after liver trans-

plantation [47] or ethanol-induced steatosis in the enteral

ethanol feeding model [48]. Surprisingly, GdCl3 per se is

able, in 18 h-fasted rats, and without any further stimulus,

not only to promote fatty acid release by the adipose tissue

but also to favor their esterification in the liver tissue, lead-

ing to steatosis. This observation could be physiologically

relevant since an inhibition of Kupffer cell activity in the

liver correlates with the development of steatosis as shown

recently in obese Zucker fa/fa rat [49]. The contribution of

bioactive compounds released by Kupffer cells in the regu-

lation of lipid metabolism in adjacent hepatocytes should be

clarified.
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