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Abstract

Although serum leptin concentrations are reported by several studies to increase in patients with liver cirrhosis, the mechanisms

underpinning this increase remain unclear. Circulating tumor necrosis factor a (TNF-a) concentrations are also recognized to increase in liver

cirrhosis. Furthermore, TNF-a administration to rodents results in increased expression and secretion of leptin from adipose tissue in a manner

dependent on type 1 TNF-a receptor (TNF-RI). The present study was undertaken to examine adipose leptin expression and to explore poten-

tial relationships between leptin expression and TNF-a in subjects with liver cirrhosis. Liver cirrhosis was induced in male Sprague-Dawley rats

by dimethylnitrosamine (DMN) administration or by common bile duct ligation (BDL). Ad libitum and pair-fed animals constituted controls.

Serum leptin and TNF-a concentrations were determined by immunoassay. Gene expression was determined by the reverse transcription–

polymerase chain reaction, and protein levels were measured by Western blotting. Serum leptin values after adjustment of body fat mass in

DMN-treated rats were significantly higher than in pair-fed or ad libitum groups. Leptin mRNA and protein levels in epididymal fat in DMN rats

increased by 1.8-fold and 2.3-fold, respectively, as compared with ad libitum controls, and by 4-fold and 6-fold, respectively, as compared with

the pair-fed group. Epididymal TNF-a and membranous TNF-RI (mTNF-RI) concentrations were both 2.3 times higher in DMN rats than in ad

libitum controls but did not differ between ad libitum and pair-fed groups. Adipose leptin protein levels correlated directly with TNF-a and

mTNF-RI concentrations in combined DMN, ad libitum, and pair-fed rats (r = 0.64 and r = 0.49, respectively; P b .05). In BDL-treated rats,

however, serum and adipose leptin concentrations were identical to those in ad libitum controls despite 2.1-fold and 2.4-fold increase in

epididymal TNF-a and mTNF-RI, respectively. TNF-a administration to fasting control animals increased serum and adipose leptin

concentrations significantly. The observed TNF-a–associated leptin up-regulation in DMN–induced, but not in BDL–induced, cirrhotic rats is

consistent with distinctly different roles for TNF-a in rats with nonbiliary, as opposed to biliary, cirrhosis.

D 2005 Elsevier Inc. All rights reserved.
1. Introduction

Malnutrition is frequently observed in patients with liver

cirrhosis, with the potential for deterioration of clinical

functions and resultant poor prognosis [1]. However, the

mechanisms underlying the energy imbalance in this condi-

tion are not clear [2]. Leptin, a 16-kDa protein product of the

ob gene of adipose tissue, is postulated to regulate energy
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balance by suppressing appetite and increasing energy

expenditure [3,4]. Serum leptin concentrations were found

by several studies to be elevated in cirrhotic patients and to

correlate with energy expenditure rates [5-7]. It was,

therefore, suggested that leptin functions in the development

of anorexia or the physical wasting associated with cirrhosis

[5]. Although the causes(s) of cirrhotic hyperleptinemia are

currently unexplained, decreased clearance or induction of

leptin release by the secretogogues is proposed to contribute

this phenomenon [7].

Tumor necrosis factor a (TNF-a) is a pleiotropic hor-

mone with numerous immunologic and metabolic actions

mediated by 2 distinct cell-surface receptors, termed TNF-RI
xperimental 54 (2005) 445–452
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and TNF-RII [8]. Administration of TNF-a was recently

reported to stimulate leptin production and secretion from

adipose tissue through TNF-RI of adipocytes [9-12]. This

TNF-a–induced hyperleptinemia was therefore proposed to

function in the negative energy balance and weight loss

associated with inflammatory disorders. Serum leptin con-

centrations of patients with congestive heart failure or

chronic obstructive pulmonary disease, both of which are

characterized by cachexia and increased inflammation, are

reported to correlate with circulating soluble TNF-a receptor

levels [13,14]. By contrast, other findings have cast doubt on

a linkage between leptin concentrations and cachexia. For

example, circulating leptin levels in patients with inflamma-

tory bowel disease, human immunodeficiency virus infec-

tion, or cancer were found to be decreased despite increased

TNF-a system activity [15,16].

The TNF-a system activity is increased in liver cirrhosis

and generally thought to be associated with several known

cirrhosis-related complications such as hyperdynamic cir-

culation, susceptibility to infection, and hepatic encepha-

lopathy [17-19]. However, the role of the factor in cirrhotic

hyperleptinemia is currently unexplored. Based on various

findings linking TNF-a with leptin production, we hypoth-

esized that an activated TNF-a system mediates the

increased leptin concentrations of liver cirrhosis. To

examine leptin expression in liver cirrhosis, 2 established

rodent models of this disorder were used. These models

were also used to explore potential relationships between

leptin expression and components of the TNF-a system.
2. Materials and methods

2.1. Animal models

Experimental models of rat liver cirrhosis are usually of

the toxic or biliary type. To ascertain whether hepatic injury

affects adipose leptin expression and whether changes in

expression are injury type–specific, both the common bile

duct ligation (BDL) and the dimethylnitrosamine (DMN)

administration models were used. These 2 experimental

models, which are characterized by classical cirrhotic

alterations, are well established [20,21]. Besides, activations

of the TNF-a system are readily observed in both of these

models [22,23]. For BDL-induced liver cirrhosis, male

Sprague-Dawley rats (purchased from the National Science

Council Animal Center, Taipei, Taiwan) weighing 200 to

250 g at the time of cirrhosis induction were selected. The

animals were anesthetized with phenobarbital (60 mg/kg

body weight intramuscularly), and the common bile duct was

exposed and ligated by 2 ligatures with 3-0 silk. The first

ligature was made below the junction of the hepatic ducts,

and the second ligature was made above the entrance of the

pancreatic ducts. The common bile duct was then resected

between the 2 ligatures. Benzathine benzylpenicillin was

administered postoperatively (50000 units intramuscularly)

for prophylaxis of infection. Vitamin K (8 mg/kg intramus-
cularly) was given at weekly intervals after surgery. To allow

adequate time for recovery, animals were used for experi-

ments 5 to 6 weeks after surgery. To induce liver cirrhosis

with DMN, 10 mg/kg of this reagent was dissolved in saline

to obtain a 1% solution, which was administered intra-

peritoneally on 3 consecutive days per week for 3 to 4 weeks.

During the induction period, rats were housed in plastic

cages and allowed to have free access to food and water. To

decrease interobservational variation, rats were divided into

3 to 4 groups before cirrhosis induction and were then

induced consecutively at intervals of 1 to 2 weeks. In all

experiments, authors adhered to the Guiding Principles for

the Care and Use of Laboratory Animals as recommended by

the Taiwan Government.

2.2. Experimental procedures

Throughout the cirrhosis induction period, changes in

body weight and food intake were recorded weekly. After

intraperitoneal anesthesia with sodium phenobarbital, intra-

arterial catheterization of the left femoral artery was

performed in cirrhotic and control animals. Blood samples

were withdrawn and immediately subjected to centrifuga-

tion, and frozen at �708C until analysis. In addition,

epididymal fat was dissected and weighed, and adipose

samples were frozen at �708C until analysis. To evaluate

the anorectic effects of leptin, control rats (~200 g) were

injected intraperitoneally once with 3 mg/kg of leptin at

4 pm followed by recording of food intake over the next

18 hours. In addition, leptin measurements were performed

on TNF-a treated animals (150 Ag/kg) after a 12-hour fast.

During the experiment, all animals were still food-deprived,

and blood samples and epididymal adipose tissues were

collected at 8 hours after cytokine administration.

2.3. Reagents and substrate assays

Injectible human recombinant TNF-a and rat leptin were

obtained from PeproTech Inc (London, UK). Blood TNF-a
(Biosource, Nivelles, Belgium) and leptin (Crystal Chem Inc,

Grove, Ill, USA) concentrations were determined in duplicate

with enzyme-linked immunosorbent assay kits. For Western

blot analyses, antirat leptin polyclonal antibody was pur-

chased from Santa Cruz Laboratories (Santa Cruz, Calif,

USA), TNF-a polyclonal antibody from PeproTech EC Ltd,

and TNF-a receptor type 1 (TNF-RI) polyclonal antibody

from StressGen Biotechnologies (Victoria, British Columbia,

Canada). Serum alanine aminotransferase, alkaline phospha-

tase, total bilirubin, albumin, glucose, and creatinine con-

centrations were determined by standard laboratory methods.

2.4. Total body fat assessment

Body composition was assessed in anesthetized rats

before sacrifice using an EM-SCAN TOBEC SA-3000

(EM-SCAN Inc, Springfield, Ill, USA). Measurements were

based on energy absorption in the presence of a radio-

frequency electromagnetic field.



ig. 1. Hematoxylin and eosin preparations of representative liver samples

f (A) DMN-induced cirrhosis with portoportal, centroportal fibrosis, and

odular transformation, and (B) biliary cirrhosis with ductular proliferation,

xpansion of portal tracts with portoportal and centroportal linkage leading

separation of small nodules of parenchyma.
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2.5. RNA preparation and analyses of gene expression

Total mRNA was extracted using TriZol agents (Life

Technologies, Inc, Rockville, Md, USA), and mRNA

concentrations were determined by ultraviolet light absor-

bency at 260 nm. Expression of mRNAs was determined by

semiquantitative reverse transcription–polymerase chain

reaction (RT-PCR) analysis. Briefly, 1 to 5 Ag of total RNA

was reverse-transcribed at 428C for 1 hour using standard

reagents which included 50 AL 1� RT buffer, reverse

transcriptase, and poly(dT) [12-18] primer. The RT mixtures

were incubated at 1008C for 10 minutes to inactivate reverse

transcriptase. Each PCR reaction was conducted in a total

volume of 50 AL1�PCRbuffer containing 5 ALRT template,

200 nM each of sense and antisense primers, 1 U of Taq

polymerase, and 200 AM each of deoxynucleotide triphos-

phates (dNTPs). The solution was covered with 30 AL
mineral oil, and PCR was performed in a DNA Thermal

Cycler 480 (Perkin-Elmer Co, Norwalk, Conn, USA). An

initial denaturation at 948C for 5 minutes was followed by

cycles of denaturation at 948C for 30 seconds, annealing at a

specific temperature for each product for 1 minute, and

elongation at 728C for 1 minute. PCR cycles for each product

were determined in a preliminary run to assure an optimal

amount of products. The last cycle was followed by a final

extension of 5 minutes at 728C. The sequences of primers

for leptin were 5V-GTGGCTTTGGTCCTATCTGT-

CCTATG-3V (sense) and 5V-TCAGGGCTAAGGTCCA-
ACTGTTGAAG-3V (antisense). A constitutively expressed

gene, b-actin, constituted an internal control. Primers for

b-actin were 5V-TCCTGTGGCATCCACGAAACT-3V
(sense) and 5V-GGAGCAATGATCTTGATCTTC-3V (anti-

sense). The primers for leptin and b-actin were designed to

allow amplification of 458– and 180–base-pair fragments

after 35 PCR cycles at annealing temperatures of 558C and

588C, respectively. As references for the quantitation of gene
expression, the b-actin housekeeping gene was amplified

under conditions similar to those of leptin. To determine the

relative quantities of mRNA encoding leptin, 10 AL each of

leptin and b-actin PCR products amplified from the same

RT template solution were combined and subjected to

electrophoresis on 2% agarose gels in Tris-acetate-EDTA

buffer for 30 minutes. After staining gel with ethidium

bromide for 15 minutes, bands corresponding to leptin and

b-actin mRNAs were subjected to densitometry and

quantitated using Image Quant Analysis Software. The

relative mRNA concentrations of leptin in the original RNA

extracts from the various adipose tissue preparations

were obtained with normalizing leptin mRNA expression

to b-actin mRNA expression.

2.6. Western blot analyses

Extracts for measurement of TNF-a and leptin protein

were prepared by thorough homogenization of epididymal

fat tissue in ice-cold protein lysis buffer (1% Triton �100,

Tris-HCl, pH 7.6, 150 mM NaCl) supplemented with
protease inhibitors (1 mM phenylmethylsulfonylfluoride

and Complete, Roche, Switzerland). Extracts were sub-

jected to centrifugation at 2500 g for 10 minutes at 48C.
For measurements of plasmalemmal TNF-RI (membranous

TNF-RI [mTNF-RI]), fat tissue was first homogenized in

50 mM Tris-HCl, pH 7.5, containing 10 Ag/mL leupeptin,

20 mM NaF, 0.5 mM EGTA, 0.1 mM benzamidin, and

0.5 mM EDTA at 48C. Total membrane fractions were then

isolated by centrifugation of homogenates at 146000 g for

75 minutes. Protein concentrations were determined by the

BradFord assay (Bio-Rad, Richmond, Calif, USA). Protein

samples were diluted with Laemmli buffer (35 mM Tris,

5% glycerol, 2% sodium dodecyl sulfate, 5% mercaptoe-

thanol) and incubated for 5 minutes at 958C. Samples

(100 Ag protein) were subjected to electrophoresis on 15%,

7.5%, or 20% sodium dodecyl sulfate/polyacrylamide gels

for determinations of TNF-a, TNF-RI, or leptin, respec-

tively, followed by electroblotting onto nitrocellulose

membranes. After blocking with 2.5% nonfat dried milk
F

o

n

e

to



Table 1

Biochemical characterization of DMN-treated rats, bile duct ligation

BDL-induced cirrhotic rats, and ad libitum controls

Ad libitum

(n = 12)

BDL

(n = 12)

DMN

(n = 12)

Creatinine (mg/dL) 0.61 F 0.03 0.43 F 0.04* 0.50 F 0.03*

AST (U/L) 99 F 9 801 F 110* 249 F 32*

ALT (U/L) 44 F 5 189 F 20* 131 F 15*

Alk-P (U/L) 276 F 14 575 F 34* 658 F 13*

Albumin (g/dL) 3.53 F 0.07 2.73 F 0.05* 2.89 F 0.12*

Total bilirubin (mg/dL) 0.03 F 0.01 7.69 F 0.37* 1.23 F 0.84*

Values are expressed as mean F SEM. ALT indicates alanine aminotrans-

ferase; Alk-P, alkaline phosphatase.

* P b .01 versus ad libitum control.

Fig. 2. Adipose tissue leptin mRNA (A) and protein (B) levels in DMN-

treated rats, BDL-induced cirrhotic rats, and ad libitum, pair-fed controls.

(aP b .05 vs ad libitum and pair-fed; bP b .05 vs pair-fed).

S.Y. Lin et al. / Metabolism Clinical and Experimental 54 (2005) 445–452448
in Tris-saline buffer containing 0.05% Tween 20, mem-

branes were immunoblotted with TNF-a, leptin, or TNF-RI
antibodies diluted 1:5000, 1:150, or 1:2000, respectively.

After washing, blotted membranes were stained with

horseradish peroxidase–labeled antirabbit or antigoat IgG

secondary antibodies (Amersham Co, Arlington Heights,

Ill, USA) diluted 1:200. Specific protein bands were

visualized by enhanced chemiluminescence (Amersham

Co, Arlington Heights, Ill, USA).

2.7. Statistical analyses

All data were expressed as mean values F SEM.

Statistical differences were determined by the Mann-

Whitney U nonparametric test (comparisons between

2 groups) or the Kruskal-Willis 1-way analysis (comparison

among more than 2 groups). The relationship between

2 variables was determined by the Spearman rank-order

correlation. Results were considered statistically significant

at P b .05. All data were analyzed by SPSS software

(Statistical Package for the Social Sciences, version 6.0 for

Windows, SPSS Inc, Chicago, Ill, USA).
3. Results

3.1. General effects of BDL and DMN treatments

Macroscopic and histological liver examinations were

performed to confirm the presence of liver cirrhosis in both

BDL- or DMN-treated rats (Fig. 1). In addition, serum

albumin, total bilirubin, alkaline phosphatase, and alanine
Table 2

Anthropometric parameters and serum leptin and TNF-a levels in DMN-treated r

Ad libitum (n = 12) BD

Body weight (g) 468.1 F 9.7 438

Average intake (g/wk) 210 F 8 1

Liver weight (g) 18.1 F 0.9 32

Fat mass (g) 104.2 F 3.2 73

Leptin (pg/mL) 2681 F 386 20

Leptin/fat mass (pg/mLd g) 27.6 F 3.3 28

TNF-a (pg/mL) b0.7 11

Values are expressed as mean F SEM.

* P b .01 versus ad libitum control.
and aspartate transferase concentrations were found to be

altered significantly after induction of cirrhosis by either

method (Table 1). Circulating liver enzyme and bilirubin

concentrations were higher in BDL-treated than in DMN-

treated rats. Food intake was significantly reduced (50%

decrease) at the start of the second week in DMN-induced

cirrhotic rats, but except during the first week, no differ-

ences in food intake between BDL rats and normal ad

libitum controls were observed throughout the induction

period (Table 2). In DMN-treated rats body weight, fat

mass and liver weight were lower than in the ad libitum

controls (Table 2). In BDL-treated rats, body weight and fat

mass were significantly lower as compared with ad libitum
ats, BDL-induced cirrhotic rats, and ad-libitum, pair-fed controls

L (n = 12) DMN (n = 12) Pair-fed (n = 12)

.1 F 15.0* 297.3 F 14.7* 356.0 F 18.2*

93 F 16 102 F 24* 101 F 16*

.9 F 1.6* 10.1 F 1.2* Not determined

.5 F 5.1* 51.0 F 3.0* 64.4 F 3.8*

10 F 223 3663 F 614 1116 F 68*

.0 F 2.5 74.6 F 13.6* 17.7 F 1.9*

.1 F 4.1* 7.5 F 2.0* b0.7



Fig. 3. Adipose TNF-a (A) and mTNF-a receptor I (B) protein levels in

DMN-treated rats, BDL-induced cirrhotic rats, and ad libitum, pair-fed

controls. (aP b .05 vs ad libitum and pair-fed; bP b .05 vs ad libitum and

pair-fed).

Fig. 4. Relationship of adipose TNF-a (A) and mTNF-RI (B) levels with

adipose leptin levels. n Indicates ad libitum controls; o, 5, pair-fed

controls; !, DMN-induced cirrhotic rats.
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controls, whereas liver weight was increased in the treated

animals because of bile stasis (Table 2).

3.2. Serum leptin and TNF-a in BDL- and DMN-treated rats

A significant correlation between body fat mass and

serum leptin values was observed in all combined ad

libitum, pair-fed, and cirrhotic rats (r = 0.69; P b .01).

Serum leptin levels in DMN-treated rats were significantly

higher than those in the pair-fed group but showed no

difference to that in ad libitum groups (Table 2). However,

after adjustments for body fat mass, the leptin/fat mass ratio

in DMN-treated rats was significantly higher as compared

with ad libitum and pair-fed controls (Table 2). In the BDL-

treated animals, either with or without adjustment for fat

mass, serum leptin concentrations and ad libitum groups

were not significantly different.

Serum TNF-a concentrations were significantly elevated

in both BDL- and DMN-treated rats but comparable increases

in cytokine were not observed in the ad libitum or pair-fed

controls (Table 2). A significant negative correlation was

observed between serum TNF-a and albumin (parameter of

hepatic function) concentrations in all cirrhotic rats (r =

�0.67; P b .01) but not between TNF-a and hepatic enzymes

(parameter of hepatic injury).
3.3. Leptin, TNF-a, and membranous TNF-RI expression in

epididymal fat

Leptin mRNA and protein levels in adipose tissue of

pair-fed controls, similarly to serum leptin concentrations in

these animals, decreased by 50% and 42%, respectively, as

compared with the ad libitum group (Fig. 2). In DMN-

treated rats, the leptin gene and protein expression in epi-

didymal fat were increased by 1.8-fold and 2.3-fold,

respectively, as compared with free-fed controls, and by

4-fold and 6-fold, respectively, as compared with the pair-

fed group (Fig. 2). By contrast, the leptin values for BDL-

treated rats were similar to those of ad libitum controls but

higher than those of pair-fed animals (Fig. 2). As com-

pared with ad libitum controls, fat TNF-a and mTNF-RI

concentrations were increased by 2.3-fold in DMN-induced

cirrhotic rats, and by 2.1-fold and 2.4-fold, respectively,

in BDL-treated rats (Fig. 3). However, adipose TNF-a and

mTNF-RI levels concentrations in the ad libitum and pair-

fed groups were not significantly differently. A statistical

correlation of adipose leptin protein concentrations with

TNF-a (r = 0.64; P b .01) and TNF-RI concentrations

(r = 0.49; P b .05) were in combined DMN-treated, free-

fed, and pair-fed animals (Fig. 4).
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3.4. Effects of leptin on food intake and effects of TNF-a
injection on leptin concentrations

Food intake by leptin-treated control rats (n = 6) was

approximately 20% to 25% lower than by vehicle-injection

groups (n = 6) (20.4 F 0.6 vs 25.4 F 0.5 g; P b .05). At

8 hours after TNF-a injection, both serum and adipose

leptin levels were increased significantly as compared with

that in the vehicle control group (1090 F 60 vs 350 F
30 pg/mL; 266 F 20 vs 130 F 16 pg/mg protein;

respectively; P b .05).
4. Discussion

In DMN-induced cirrhotic rats described in this study,

serum leptin concentrations and body fat mass were found

to correlate directly as in other cirrhotic subjects [24,25].

Furthermore, despite lower body fat mass, DMN-treated

animals were found to have higher circulating leptin values

in association with increased adipose leptin expression

relative as compared with ad libitum controls. This finding

implicates that factors other than adiposity itself are

responsible in the leptin up-regulation in DMN-induced

cirrhotic animals. Because administration of TNF-a resulted

a substantial increase in circulating and adipose leptin

values in normal rats and fat leptin concentrations correlated

with adipose TNF-a and TNF-RI concentrations levels in

cirrhotic animals, it appears reasonable to propose that TNF-

a plays a role in this phenomenon in DMN-induced

cirrhosis as reported in other inflammatory diseases

[9,10,26]. This TNF-a–leptin linkage is also supported by

the recent report that activated TNF-a system correlates

with circulating leptin levels in cirrhotic patients [27]. It

should be noted, however, that direct evidence for a cause-

and-effect relationship between TNF-a and leptin expres-

sion was not proved in this study, and the possibilities

remain that factors other than or in addition to TNF-a are

responsible for the observed up-regulation. For example,

interleukin-1, another cytokine elevated in liver cirrhosis or

glucocorticoids subject to activation by TNF-a may be

capable of inducing leptin synthesis [9,28]. Studies with

specific anti–TNF-a antibodies or pharmacological agents

that block TNF-a production may provide better evidence

for a direct role of TNF-a in leptin up-regulation.

Increased endogenous TNF-a in advanced liver disease is

generally proposed to be the consequence of chronic liver

failure, which is associated with endotoxin-dependent

macrophage stimulation and decreased cytokine clearance

[29]. Interestingly, this study also for the first time de-

monstrates that adipose TNF-a concentrations are increased

in liver cirrhosis, as is the case for several rodent models of

obesity [30]. This finding is not surprising, however,

because activated macrophages can circulate to several or-

gans and thereby increase adipose TNF-a in liver cirrhosis.

Endotoxin was recently reported to increase TNF-a release

from isolated adipocytes [31,32]. As endotoxemia is
frequently observed in cirrhosis, adipocytes may represent

another potential sources for increased adipose TNF-a. The
chemical DMN has been shown to stimulate TNF-a
production in macrophages [33]. However, the increase in

fat TNF-a observed in cirrhotic rats in this study seems less

likely owing to chemical induction because the cytokine

was elevated in both DMN- and BDL-treated animals.

The parallel increases in circulating and adipose leptin

concentrations seen in DMN-induced cirrhotic rats were not

observed in BDL-treated animals, although TNF-a system

activity was increased in both groups. This finding is

compatible with the observations that patients with biliary

cirrhosis exhibit decreased serum leptin concentrations,

whereas patients with other types of liver cirrhosis display

increased serum leptin concentrations [5-7,10,34]. Signifi-

cant reductions in circulating and adipose leptin levels have

been observed in rodents after acute obstruction of the

common bile duct [35]. However, intraduodenal infusion of

bile acids restores adipose leptin concentrations to normal

[36]. It has been suggested that bile acids in the intestinal

lumen alter adipose leptin expression through the effects of

neuroendocrine mediators. In addition, biliary cirrhosis is

known to be associated with fat malabsorption, which of

itself may decrease adipose and serum leptin concentrations

[37,38]. A variety of factors may therefore contribute to the

low circulating and tissue leptin levels observed in BDL-

induced cirrhotic rats.

The exact clinical relevance of the increased fat TNF-a
and leptin concentrations in liver cirrhosis is currently

unclear. Based on the physiological effects that TNF-a can

increase circulating leptin concentrations and leptin sup-

presses food intake significantly in normal animals, it seems

conceivable to speculate that the TNF-a–induced leptin

overexpression observed in DMN-treated animals may be

responsible for their decreased food intake. However, leptin

may also not be the sole mediator of reduced feeding in

DMN-induced cirrhotic rats. Grunfeld et al have demon-

strated that lipopolysaccharide and its associated cytokines

produce anorexia in ob/ob and db/db mice, both of which

lack leptin or its receptor [39]. It is therefore possible that

increased TNF-a promotes anorexia even in the absence of

leptin in inflammatory wasting diseases such as liver

cirrhosis. Studies involving induction of cirrhosis in leptin

and leptin receptor–deficient or in TNF-a and TNF-a
receptor–deficient animals should prove helpful in clarify-

ing the respective roles of leptin and TNF-a in the anorexia

and cachexia of liver cirrhosis. TNF-a and leptin have also

been shown to modulate insulin action in adipocytes and

skeletal muscle [40-42]. As decreased insulin sensitivity is

frequently present in liver cirrhosis, TNF-a–dependent
leptin up-regulation may be linked to cirrhotic insulin

resistance [43]. Leptin was recently reported to enhance

the fibrogenic response induced by hepatotoxic chemicals

[44]. In the presence of such inappropriate leptin up-

regulation in cirrhotic status, exacerbation of disease

severity would be anticipated.
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In summary, fat and circulating leptin concentrations

were found to increase in DMN-treated, but not in BDL-

induced, cirrhotic rats despite the presence of enhanced

TNF-a system activity in both groups. The TNF-a–
associated up-regulation of leptin in DMN-treated, but not

in BDL-treated, animals implies distinctly different roles of

the cytokine in biliary, as opposed to nonbiliary, cirrhosis.

The observed association between TNF-a and leptin in

DMN-induced cirrhotic rats is proposed to contribute to the

metabolic abnormalities displayed by these animals.
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