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The relationship between insulin resistance and mitochondrial function is of increasing interest. Studies looking for such interactions are
usually made in muscle and only a few studies have been done in liver, which is known to be a crucial partner in whole body insulin action.
Recent studies have revealed a similar mechanism to that of muscle for fat-induced insulin resistance in liver. However, the exact mechanism of
lipid metabolites accumulation in liver leading to insulin resistance is far from being elucidated. One of the hypothetical mechanisms for liver
steatosis development is an impairment of mitochondrial function. We examined mitochondrial function in fatty liver and insulin resistance state
using isolated mitochondria from obese Zucker rats. We determined the relationship between ATP synthesis and oxygen consumption as well as
the relationship between mitochondrial membrane potential and oxygen consumption. In order to evaluate the quantity of mitochondria and the
oxidative capacity we measured citrate synthase and cytochrome c oxidase activities. Results showed that despite significant fatty liver and hy-
perinsulinemia, isolated liver mitochondria from obese Zucker rats display no difference in oxygen consumption, ATP synthesis, and membrane

potential compared with lean Zucker rats. There was no difference in citrate synthase and cytochrome c oxidase activities between obese and
lean Zucker rats in isolated mitochondria as well as in liver homogenate, indicating a similar relative amount of hepatic mitochondria and a sim-

ilar oxidative capacity. Adiponectin, which is involved in bioenergetic homeostasis, was increased two-fold in obese Zucker rats despite insulin
resistance. In conclusion, isolated liver mitochondria from lean and obese insulin-resistant Zucker rats showed strictly the same mitochondrial

function. It remains to be elucidated whether adiponectin increase is involved in these results.
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1. Introduction

Mechanisms leading to insulin resistance, involving fat

accumulation and metabolic abnormalities are not clearly

understood. The relationship between insulin resistance and

mitochondrial function is increasingly of interest [1]. Recent

evidences indicate that insulin resistance in skeletal muscle

could be due to reduced mitochondrial oxidative capacity

[2e7]. In fact, insulin resistance is also closely associated

with alterations of hepatic metabolism, an organ which plays

a central role in whole body insulin sensitivity. The cellular

mechanisms responsible for causing hepatic insulin resistance

remain controversial, with several hypotheses attributing

causality to visceral fat [8], adipokines [9,10], endoplasmic

reticulum stress [11], and inflammation [12]. An alternative

hypothesis is that the development of hepatic steatosis per se

leads to hepatic insulin resistance. Indeed, recent studies

Abbreviations: COX, cytochrome c oxidase; CS, citrate synthase; ANT, ad-

enine nucleotide translocator; TG, triglyceride.
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have revealed a similar mechanism to that of muscle for fat-

induced insulin resistance in liver, where accumulation of in-

tracellular lipid metabolites activates a serine kinase cascade

involving PKC3, leading to a decrease of insulin receptor

kinase activity resulting in impaired insulin action [13,14].

However, the exact mechanism of lipid metabolites accumula-

tion in liver leading to insulin resistance is far from being

elucidated. One of the hypothetical mechanisms for liver

steatosis development is an impairment of mitochondrial

function.

ATP is synthesized in mitochondria through oxidative phos-

phorylation, which couples substrate oxidation by the respira-

tory chain to ADP phosphorylation by F1-F0 ATP synthase

[15]. However, it has long been known that oxidative phos-

phorylation coupling is not a perfect chemical reaction and

a fraction of the proton gradient is dissipated by proton leak

across the inner membrane [16]. Alterations in mitochondrial

oxidative capacities might contribute to a diminished ability to

oxidize fatty acid, and so might promote intracellular fat accu-

mulation. This ectopic fat accumulation could be due to: (i) an

increase of oxidative phosphorylation efficiency, and so in this

case for the same quantity of synthesized ATP there are less

consumed energetic substrates; (ii) a decrease of oxidative

capacities without variations in efficiency; (iii) a decrease in

the quantity of mitochondria.

In this study we decided to look at hepatic mitochondrial

function, in particular oxidative phosphorylation efficiency, in

fatty liver and insulin resistance state with using isolated mito-

chondria from the livers of lean and obese Zucker rats. These

rats, which lack functional leptin receptor exhibit hyperphagia,

hyperinsulinemia, and hyperlipidemia [17] and are commonly

used in studies of insulin resistance [18]. Studies relating to pro-

ton leak in Zucker rats lead to divergent results. Ramsey et al.

[19] showed that liver mitochondria from obese Zucker rats

exhibit less proton leak than their lean littermates. Brookes

et al. [20] carried out a similar study in which there was no dif-

ference in proton leak in isolated liver mitochondria between

obese and lean Zucker rats. However, as previously discussed

by Brookes et al. [20], in the study of Ramsey et al. [19] there

is no bovine serum albumin in the experimental medium and

the proton leak curve of obese Zucker rats appears aberrant in

shape. Recently a decrease has been shown in state 3 (phosphor-

ylating state) respiration in liver mitochondria from obese

Zucker rats which is associated with a decrease in the content

of adenine nucleotide translocator (ANT) [21]. Nevertheless

in these studies we have no information about ATP synthesis

nor, therefore, about oxidative phosphorylation efficiency.

The aim of this study was to examine whether obese Zucker

rats, used as a fatty liver and insulin resistance model, exhibit

differences in liver mitochondria function. We determined the

relationship betweenmembrane potential and oxygen consump-

tion in non-phosphorylating (state 4) and phosphorylating (state

3) isolated mitochondria. In order to actually evaluate oxidative

phosphorylation efficiency we determined the kinetic of the

relationship between ATP synthesis and oxygen consumption

in isolated liver mitochondria which really corresponds to the

physiological variations in oxidative phosphorylation. To

investigate mitochondrial content and oxidative capacity we de-

termined citrate synthase and cytochrome c oxidase activities.

2. Materials and methods

2.1. Animals

The present investigation was performed in accordance

with the guiding principles in the care and use of animals.

Ten male obese ( fa/fa) Zucker rats and ten male lean ( fa/þ)

Zucker rats were purchased from Charles River (L’Arbresle,

France). Animals were caged individually in a temperature-

controlled room (22 �C) with a dark/light cycle of 12:12 h.

They were provided with water ad libitum and a standard

diet (U-A-R A04; SAFE, Epinay-sur-Orge, France) composed

of (% total weight) 16% protein, 3% fat, 60% carbohydrate

and 21% water, fiber, vitamins and minerals. All rats were

fasted during the night before being killed. Eleven-week-old

rats were anesthetized by inhalation of isoflurane and blood

was collected from the heart. Immediately after blood collec-

tion, the liver was rapidly removed and weighed.

2.2. Liver mitochondria preparation

Liver mitochondria were isolated using a modification of the

differential centrifugation procedure of Krahenbuhl et al. [22]

with all steps carried out at 4 �C. Liver was homogenized in

an isolation medium containing 100 mM sucrose, 50 mM

KCl, 5 mM EGTA and 50 mM Trisebase, pH 7.4 (10 ml/g

tissue) followed by centrifugation at 600 � g for 10 min. The

supernatant was filtered through cheesecloth and centrifuged

at 7000 � g for 10 min. The pellet was resuspended in the iso-

lation medium (10 ml/g tissue) and centrifuged at 3500 � g for

10 min. The resulting pellet was resuspended in a minute

volume of isolation medium. Protein concentration was deter-

mined using the bicinchoninic acid assay kit (Interchim,

Montluçon, France) with bovine serum albumin as standard.

2.3. Mitochondrial respiration and membrane potential

Oxygen consumption and membrane potential were mea-

sured simultaneously using electrodes sensitive to oxygen

and to the potential-dependent probe triphenylmethylphospho-

nium (TPMPþ). Mitochondria (0.5 mg protein/ml) were incu-

bated in a respiratory reaction medium containing 120 mM

KCl, 5 mM KH2PO4, 1 mM EGTA, 2 mM MgCl2, 3 mM

HEPES and 0.3% bovine serum albumin (w/v), pH 7.4, and

supplemented with 5 mM rotenone and 80 ng/ml nigericin.

The TPMP electrode was calibrated by sequential 0.5 mM

additions up to 2 mM TPMP, then 5 mM succinate was added

to start the reaction. After each run, 2 mM of carbonyl cyanide-

p-trifluoromethoxyphenylhydrazone (FCCP) was added to

dissipate the membrane potential and release all TPMP back

into the medium for baseline correction. Membrane potentials

were calculated as previously described by Brand [23],

assuming a TPMP binding correction of 0.42 (ml/mg of

protein)�1 [24].
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The relationships between oxygen consumption and mem-

brane potential were established by carrying out titrations in

non-phosphorylating (state 4) and phosphorylating (state 3)

states. In the non-phosphorylating state, respiration and mem-

brane potential were progressively inhibited through succes-

sive steady states induced by additions of malonate (up to

5 mM) in the presence of oligomycin (1 mg/ml). In the phos-

phorylating state, respiration and membrane potential were re-

corded in the respiratory reaction medium supplemented with

20 mM glucose and 125 mM ATP with increasing concentra-

tions of hexokinase ranging from 10 to 175 mU/ml, in the

absence of oligomycin.

2.4. Mitochondrial ATP synthesis

Mitochondria (0.5 mg/ml) were incubated in the respiratory

reaction medium supplemented with 5 mM rotenone, 5 mM

succinate, 20 mM glucose and 125 mM ATP. The rate of oxida-

tive phosphorylation flux was modulated by different concen-

trations of hexokinase (10e175 mU/ml) and ATP production

was monitored by glucose-6-phosphate formation, as previ-

ously described [25]. For each steady state, oxygen consump-

tion was recorded for 2 min, thereafter aliquots were taken

from the respiratory reaction medium and immediately put in

perchloric acid (6%), centrifuged (8000 � g, 3 min) and the

supernatant was removed and neutralized to pH 7 using KOH

(5 M). NADPþ(0.5 mM) and glucose 6-phosphate dehydroge-

nase (0.25 U) were then added and ATP production was mon-

itored from NADPH content by spectrophotometry at 340 nm.

2.5. Mitochondrial enzyme activities

The activities of citrate synthase (CS) and cytochrome c

oxidase (COX) were measured spectrophotometrically at

37 �C in liver homogenate and in isolated mitochondria via

an adaptation of the method described by Malgat et al. [26].

The activity of CS was measured in a reaction medium con-

sisting of 0.1 mM 5,50-dithio-bis(2-nitrobenzoic acid) (regen-

erated with Tris buffer, 1 M, pH 8.1), 1 mM oxaloacetic acid,

0.3 mM acetyl CoA and Triton X-100 (4%). After 3 min of

incubation, the reaction was initiated by adding the homoge-

nate (30 mg protein) or isolated mitochondria (10 mg protein)

and the change in optical density at 412 nm was recorded

for 3 min. The activity of COX was measured by monitoring

the oxidation of reduced cytochrome c at 550 nm. An 80 mM

solution of reduced cytochrome c (92e97% reduced using di-

thionite) in 50 mM KH2PO4, was preincubated for 5 min. The

reaction was initiated by adding the homogenate (30 mg pro-

tein) or isolated mitochondria (5 mg protein) and the change

in optical density at 550 nm was recorded for 1.5 min.

2.6. Liver triglyceride content

Liver triglyceride (TG) content was determined using the

method described by Xu et al. [27]. Briefly, 100 mg of liver

tissue was homogenized in 1 ml of ethanol followed by

centrifugation at 15,000 � g for 10 min. TG were measured

with a Sigma kit.

2.7. Serum parameters

Glucose concentrations were measured with a glucometer.

Serum insulin and leptin concentrations were measured using

enzyme-linked immunosorbent assay kits (Linco Research,

St Charles, MO). Serum adiponectin concentrations were

measured using a radioimmunoassay kit (Linco Research, St

Charles, MO). Serum b-hydroxybutyrate concentrations were

measured by an enzymatic spectrophotometric method

adapted on a Cobas Mira automatic analyzer (Roche) using

3-hydroxybutyrate dehydrogenase to catalyze the conversion

of 3-hydroxybutyrate to acetoacetate, in presence of NADþ

and at pH 9.5. The concentration of b-hydroxybutyrate was

calculated from the NADH produced.

2.8. Statistical analysis

Results are expressed as mean � SEM. The statistical sig-

nificance of observed variations was assessed using unpaired

Student’s t-test. A P value < 0.05 was considered significant

in all cases. All analyses were performed using Statview 5.0

(SAS Institute, Cary, NC, USA).

3. Results

3.1. Obesity, fatty liver and insulin resistance state

Results concerning body weight, liver mass, triglyceride

content and serum parameters are shown in Table 1. Body

weight of obese Zucker rats was significantly higher (þ14%,

P < 0.05) than that of lean Zucker rats. Liver relative weight

of obese Zucker rats was significantly higher (þ17%,

P < 0.05) than that of lean Zucker rats. Liver triglyceride

content was significantly higher (þ43%, P < 0.0001). Fasting

serum glucose, insulin, leptin and adiponectin concentrations

of obese Zucker rats were significantly higher than those of

lean Zucker rats. Serum b-hydroxybutyrate concentration

was not significantly different between lean and obese Zucker

rats.

Table 1

Body weight, liver mass, liver triglyceride content and serum parameters

Lean Obese

Body weight (g) 273 � 8 316 � 13*

Liver mass (% weight) 3.25 � 0.17 3.93 � 0.08*

Liver TG (mg/g liver) 45.3 � 4.2 105.9 � 9.9y

Glucose (g/l) 1.1 � 0.09 2.05 � 0.3*

Insulin (mU/ml) 12.05 � 1.7 186.6 � 24.2y

Leptin (ng/ml) 1.33 � 0.18 42.1 � 2.9y

Adiponectin (mg/ml) 1.76 � 0.07 2.92 � 0.17y

b-Hydroxybutyrate (mmol/l) 905.5 � 124.8 722.56 � 175.8

Results are expressed as mean � SEM. *P < 0.05; yP < 0.0001 compared

with lean Zucker rats.
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3.2. Relationship between membrane potential and

oxygen consumption

To evaluate proton leak, membrane potential and oxygen

consumption in state 4 respiration was determined by additions

of malonate, an inhibitor of complex II, in the presence of

oligomycin (Fig. 1). By inhibiting complex V (ATP synthase),

oligomycin blocks phosphorylation of ADP in ATP (non-

phosphorylating conditions). Under these conditions, the proto-

nmotive force is only consumed by the proton leak. There was

strictly no difference in oxygen consumption and membrane

potential in state 4 between obese and lean Zucker rats.

To evaluate the capacity of the respiratory chain to generate

and maintain a potential, in state 3 respiration, we measured

oxygen consumption and membrane potential with increasing

concentration of hexokinase, in the absence of oligomycin

(Fig. 2). There was no difference in oxygen consumption

and membrane potential in state 3 between obese and lean

Zucker rats.

3.3. Oxidative phosphorylation efficiency

Toquantify the oxidative phosphorylation rate and so directly

evaluate the mitochondrial energy efficiency, we measured

oxygen consumption and ATP synthesis with increasing con-

centration of hexokinase (Fig. 3). There was no difference in

oxygen consumption and ATP synthesis between obese and

lean Zucker rats.

3.4. Mitochondrial enzyme activities

Measurement of the enzymatic activities of citrate synthase

(CS) and cytochrome c oxidase (COX) in isolated mitochondria

and liver homogenate allows us to determine the quantity of

mitochondria in liver and to evaluate the oxidative capacity of

mitochondria. As shown in Table 2, there was no difference

in CS and COX activities between obese and lean Zucker rats

in isolated mitochondria and in liver homogenate.

4. Discussion

Factors underlying the development of insulin resistance

have not been fully elucidated, however the relationship be-

tween insulin resistance and mitochondrial function is increas-

ingly of interest [1]. Most studies are performed on skeletal

muscle and show that insulin resistance in skeletal muscle

could be due to reduced mitochondrial oxidative capacity

[2e7]. Only a few studies have been done on liver, which is

known to be a crucial partner in whole body insulin action.

Recent studies have revealed a similar mechanism to that of

muscle for fat-induced insulin resistance in liver [13,14]. How-

ever, the exact mechanism of lipid metabolites accumulation

Fig. 1. Relationship between membrane potential and oxygen consumption in

state 4 respiration. Oxygen consumption and membrane potential were pro-

gressively inhibited through successive steady states induced by additions of

malonate (up to 5 mM) in the presence of oligomycin (1 mg/ml) in liver mito-

chondria of lean (�) and obese (B) Zucker rats. Results are expressed as

mean � SEM.

Fig. 2. Relationship between membrane potential and oxygen consumption in

state 3 respiration. Oxygen consumption was modulated by subsaturating ADP

concentrations generated by hexokinase (10e175 mU/ml) in liver mitochon-

dria of lean (�) and obese (B) Zucker rats. Results are expressed as

mean � SEM.

Fig. 3. Relationship between ATP synthesis and oxygen consumption. Oxygen

consumption was modulated by subsaturating ADP concentrations generated

by hexokinase (10e175 mU/ml) in liver mitochondria of lean (�) and obese

(B) Zucker rats. Results are expressed as mean � SEM. Linear regression

equations are y ¼ 2.07x � 67.12 (R2 ¼ 0.996) for lean and y ¼ 2.06x �

64.28 (R2 ¼ 0.998) for obese Zucker rats.
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in liver leading to insulin resistance is far from being eluci-

dated. One of the hypothetical mechanisms for liver steatosis

development is an impairment of mitochondrial function. In

the current study we studied oxidative phosphorylation effi-

ciency using isolated mitochondria from the livers of Zucker

rats, a fatty liver and insulin resistance model. We determined

relationships between membrane potential and oxygen con-

sumption in non-phosphorylating (state 4) and phosphorylat-

ing (state 3) isolated mitochondria and the relationship

between ATP synthesis and oxygen consumption in isolated

liver mitochondria. To investigate mitochondrial content and

oxidative capacity we determined citrate synthase and cyto-

chrome c oxidase activities.

In order to evaluate basal proton leakwithinmitochondriawe

determined the relationship between membrane potential and

oxygen consumption in non-phosphorylating (state 4 oligomy-

cin) conditions (Fig. 1). Oligomycin is an inhibitor of complex

Vand so blocks the phosphorylation ofADP inATP.Under these

conditions, the protonmotive force is only consumed by the pro-

ton leak. Oxygen uptake is thus proportional to the intensity of

the proton leak and to the capacity of the respiratory chain to

generate and maintain membrane potential [28]. There was no

difference in oxygen consumption and membrane potential in

state 4 between obese and lean Zucker rats. These results are

in agreement with those of Brookes et al. [20], who observed

a similar proton leak in obese and lean Zucker rats. To evaluate

the capacity of the respiratory chain to generate and maintain

a potential, in state 3 respiration,wemeasured oxygen consump-

tion and membrane potential with increasing concentrations of

hexokinase, in the absence of oligomycin (Fig. 2). There was

no difference in oxygen consumption and membrane potential

in state 3 between obese and lean Zucker rats. To quantify the

oxidative phosphorylation rate and so directly evaluate themito-

chondrial energy efficiency, we measured oxygen consumption

andATP synthesis with increasing concentrations of hexokinase

in order to obtain a kinetic which really corresponds to the phys-

iological variations in oxidative phosphorylation (Fig. 3). There

was no difference in oxygen consumption andATP synthesis be-

tween obese and lean Zucker rats, indicating an identical mito-

chondrial energy efficiency. The slopes of the curves represent

the ATP/O ratio, which in our study are 2.07 for lean rats and

2.06 for obese rats. These values are close to those found in

the literature [29]. This result is also in agreement with our ear-

lier finding that there was no difference in mitochondrial state 3

oxygen consumption between our two rats groups (Fig. 2). Our

results are not in accordancewith the recent studywhich showed

that in liver mitochondria from obese Zucker rats there is

a decrease in state 3 respiration which is associated with a de-

crease in ANT content and an increase in state 4 oligomycin res-

piration with succinate as the respiratory substrate [21]. It

appears difficult to compare their results with ours, because

we did not use the same experimental design. In particular,

they measured oxygen consumption and membrane potential

at 25 �C compared to 37 �C for ourmeasurements. Howevermi-

tochondrial energetics at sub-physiological temperatures are

different than at normal body temperature [30]. For example,

the contribution of slip redox to resting respiration could be de-

pendent on the experimentation temperature [31]. This last

mechanism could participate in the increase in state 4 oligomy-

cin respiration in obese Zucker rats obtained by Teodoro et al.

[21] which is not observed in our study. To explain the discrep-

ancy in results concerning state 3, we can speculate that this is

due to the difference in experimental procedure used to obtain

state 3 respiration. In their study, state 3 respiration rate was

stimulated by saturating ADP concentration. In this case, newly

synthesized ATP accumulated in themedium, with a subsequent

increase in the ATP/ADP ratio, which is well known to slow

down oxidative phosphorylation, in part via ANT inhibition

[32], due to competition between ATP and ADP for ANT bind-

ing and subsequent translocation across themitochondrialmem-

brane [33,34]. Given the fact that in their study, obese Zucker

rats exhibited a decrease in ANT content, ATP accumulation

could be responsible for a stronger inhibition of oxidative phos-

phorylation in obese than in lean Zucker rats. Indeed, it has been

shown that ANTexerts a high flux control on respiration in liver

mitochondria, and that control strength of ANTon respiration is

more pronounced when the extramitochondrial ATP/ADP ratio

increases [35]. In our study we used the ‘‘hexokinase system’’

which allows a regeneration of ADP from ATP and so prevents

ATP accumulation and maintains ADP concentration and the

corresponding respiration at a constant physiological rate.

The measure of the enzymatic activities of citrate synthase

(CS) and cytochrome c oxidase (COX) on isolated mitochon-

dria and homogenate from liver allows us to determine the

quantity of mitochondria in liver and to evaluate the oxidative

capacity of mitochondria. It has been shown that in the muscle

of insulin-resistant offspring of type 2 diabetic parents there is

a decrease in mitochondrial density [2,7] which could explain

the reduced muscle mitochondrial ATP production. In the cur-

rent study there was no difference in CS and COX activities

between obese and lean Zucker rats in isolated mitochondria

as well as in liver homogenate, indicating a similar relative

amount of hepatic mitochondria and a similar oxidative capac-

ity. The absence of variation of CS and COX activities is in

agreement with the result obtained by Wardlaw and Kaplan

[36] carried out on Zucker rats. The absence of mitochondrial

dysfunction especially for the b-oxidation pathway was con-

firmed by the fact that serum b-hydroxybutyrate which is an

indicator of liver b-oxidation capacity, was not altered in

obese compared to lean Zucker rats.

In our study, liver mitochondrial function seemed to be unaf-

fected in obese Zucker rats despite fatty liver and insulin resis-

tance. Effectively, rats in this study displayed liver triglyceride

accumulation and hyperglycemia associated with strong

Table 2

Mitochondrial enzyme activities

Lean Obese

Citrate synthase Homogenate 192.2 � 8.5 177 � 4.4

Mitochondria 331.4 � 25.4 362.7 � 21.3

Cytochrome c oxidase Homogenate 336.1 � 30.2 358.2 � 18.2

Mitochondria 2044.6 � 111.9 2139.2 � 129.6

CS and COX activities in liver homogenate and isolated mitochondria are ex-

pressed in nmol/min per mg protein. Results are expressed as mean � SEM.
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hyperinsulinemia arguing for increased hepatic glucose pro-

duction and liver insulin resistance. Serum leptin concentra-

tions showed a dramatic increase in obese Zucker rats

compared to their lean littermates, which could not be fully

explained by the increased fat mass noted in obese rats. In-

deed, strong hyperleptinemia observed in obese Zucker rats

is, at least in part, a consequence of the homozygote mutation

of their leptin receptor gene. Indeed, the white adipose tissue

of fa/fa rats overexpresses the ob gene, thus inducing massive

synthesis of leptin [37]. Only the increase in serum adiponec-

tin concentration in obese Zucker rats seems to be inconsistent

with the generally accepted association of high adiponectin

with insulin sensitivity. Adiponectin is an adipokine that plays

a central role in glucose and lipid metabolism [38]. Low adi-

ponectin levels are found in obesity and type 2 diabetes [39e41],

and reduced adiponectin levels have also been correlated to in-

creased risk of developing obesity and type 2 diabetes [42,43].

Surprisingly, we showed that in obese Zucker rats adiponectin

levels are increased. This result is in accordance with many stud-

ies on Zucker rats that have observed a higher adiponectin level

in obese than in lean Zucker rats [44e46]. This increased adipo-

nectin level could be an adaptative phenomenon that exists in

obese Zucker rats, which lack leptin signal. It has been reported

that adiponectin regulates mitochondrial bioenergetics in muscle

by increasing mitochondrial biogenesis as well as fatty acid

oxidation [47]. In hepatocytes adiponectin, via AMP-activated

kinase (AMPK), could increase the entry of fatty acid into mito-

chondria and so increase their oxidation [48].We could speculate

that this paradoxical increase of adiponectin in obese Zucker rats

could counteract the mitochondrial abnormalities expected in

these animals, and that fatty liver and insulin resistance appear,

in this particular model, via an independent pathway of mito-

chondrial dysfunction.

5. Conclusion

In conclusion we showed that there was no difference in ox-

ygen consumption, ATP synthesis, and membrane potential

(state 4 and 3 respiration) between lean and obese Zucker

rats, used as a fatty liver and insulin resistance model. Taken

together, these results showed that isolated mitochondria of

both rats were equally efficient for coupling respiration to

phosphorylation. We showed also that there was no difference

in CS and COX activities between our two groups of rats in-

dicating a similar quantity of mitochondria and a similar oxi-

dative capacity. So it appears that in the livers of obese Zucker

rats, isolated mitochondria do not exhibit any mitochondrial

dysfunction despite fatty liver and insulin resistance. The

question of the impact of the adapted increased adiponectin

level on mitochondrial function remains to be elucidated.
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