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Abstract: What the effects of rosiglitazone treatment on the fatty liver remained controversial. The aim of this
study was to investigate the effects of rosiglitazone on fatty liver of rabbits. Thirty nine male Japanese white
rabbits were divided into three groups, the rosiglitazone treatment Group 1 (3 mg/kg/day), rosiglitazone
treatment Group 2 (6 mg/kg/day) and the control group and were fed a High Fat and Cholesterol Diet (HFCD)
for 8 weeks. The Rabbit Fatty Liver Model was successfully established. HFCD resulted in a notable increase
in plasma Total Cholesterol (TC) and plasma Triglycerides (TG). However, there was no sigmficant difference
among three groups in the plasma and liver parameters of TG and TC. The total body fat weight and the ratio
of fat weight to body weight were higher in the rosiglitazone treatment groups vs. the control group while the
ratio of the mam organs and body weight were lower in the rosiglitazone treatment groups as compared to the
control group. Hematoxylin and Eosin (HE) staining of liver suggested that rosiglitazone treatment led to a
slight improvement of fatty liver in HFCD rabbits but the difference was not significant. The findings
demonstrate that rosiglitazone treatment did not lead to significant improvement of fatty liver i rabbats.
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INTRODUCTION

Clinical data indicate that primary Nonalcoholic Fatty
Liver Disease (NAFLD) represents not only the most
common form of all liver disorders but also the most
frequent cause of chronic liver disease in obese patients
(Chan et al., 2004). Primary NAFLD 1s caused by
conditions associated with metabolic syndrome such as
type 2 diabetes, obesity and hyperlipidemia (Chan et al.,
2004; Amarapurka et al., 2006, Chtturi et al., 2002,
Marchesim et al.,, 2003). Non-Alcoholic Steatohepatitis
(NASH) is the most extreme form of NAFLD and is
regarded as a major cause of cirrhosis of the liver of
unknown cause (Clark and Diehl, 2003). There is also no
standard therapy recommended for NAFLD. Obesity and
msuli resistance are nextricably linked to NAFLD and
therefore therapies directed at weight reduction and
improved insulin sensitivity have bheen investigated.
Peroxisome Proliferator-Activated Receptors (PPARs)
have been found to regulate diverse aspects of lipid
metabolism including fatty acid oxidation, fat cell

development, lipoprotein metabolism and glucose
homeostasis. The PPARY agomst, rosiglitazone was also
reported to attenuate liver inflammation in arat model
of nonalcoholic steatohepatitis (Tahan et «l., 2007
Wang et al., 2008). In contrast, rosiglitazone reduced the
activity of Complex T and increased oxidative stress and
liver steatosis in ob/ob mice (Garcia-Ruiz et al., 2007).
Although, rodent models have achieved more progress in
the study of effects of liver disease, rabbits may play
special role i the study of fatty liver because their
lipoprotein metabolism 13 similar to humans (Fan and
Watanabe, 2003; Kawai et al, 2006). In the previous
study, researchers also found rosiglitazone treatment led
to a lower ncidence rate of fatty liver in 0.3% cholesterol
diet-fed rabbits (Zhao et al, 2008a). The effects of
rosightazone treatment on the high fat and cholesterol diet
induced-fatty liver in the rabbit model remain unknown. In
this study, researchers attempted to investigate the
hypothesis of whether activation of PPARy by the
admimstration of rosiglitazone could affect the
development of fatty liver in rabbits.
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MATERIALS AND METHODS

Animals: Japanese white rabbits were provided by the
Laboratory Animal Center of Xi’an Jiaotong Umiversity.
Thirty nine male rabbits were randomly divided into three
groups and fed a High Fat and Cholesterol Diet (HFCD
containing 1.25% cholesterol and 10% com o1l) (control
group, n = 10) or HFCD plus orally admimstration of
rosiglitazone (3 or 6 mg kg~ ' body weight/day)
(rosiglitazone treatment group, n = 13 for each group) for
8 weeks. The cholesterol dose was chosen based on the
previous studies (Otogawa et al., 2007). At the end of the
experiment, all rabbits were sacrificed by mtravenous
injection of an overdose of sodium pentobarbital solution.
The experimental protocols were approved by the Xi’an
Jiaotong University Laboratory Ammal Admimstration
Committee and performed according to the Xi’an Tiactong
University Guidelines for Animal Experimentation.

Plasma lipids and glucose tolerance test: After overmight
fasting, blood samples were collected via the auricular
artery in tubes containing EDTA every week. Blood
samples were stored on ice and centrifuged (3000 rpm,
5 min, 4°C) to obtam plasma. Plasma Triglycerides (TG),
Total Cholesterol (TC) and glucose levels were measured
using commercial assay kits (Beijing Biosino
Biotechnology Co., Ltd. China). For the evaluation of
glucose metabolism, rabbits were fasted overnight and an
Intravenous Glucose Tolerance Test (IVGTT) was
performed as beforey described (Liu et «l, 2005,
Zhao et al., 2008b). A bolus of glucose (0.6 g kg™ body
weight) was injected to the ear vein and a blood sample
was collected through the ear artery at 5, 10, 15, 20, 30, 45,
60, 75 and 120 min. Plasma glucose was assayed as
described. The incremental Area Under the Curve (ATUC)
was calculated according to the trapezium rule (Liu ef af.,
2005).

Isolation and measurement of liver lipids: About1 g of
liver tissue was homogenized with 19 mL chloroform-
methanol (2:1) mixture (v/v) to a final dilution volume of
the liver sample, i.e., the liver homogenate from g of tissue
was diluted to a volume of 20 mL. The homogenate was
extracted overmight (4°C) and centrifuged (3000 rpm,
20 min). Pipetted 100 ul. liquids from the lower phase
contained essentially all the tissue lipids and were
transferred mto a glass tube. These liquids were dried
with nitrogen to make chloroform diffusion and all of the
lipids almost remained in the bottom of the tube
(Folch et al., 1957). The lipids were dissolved with 50 ul.
ethanol and these were used to measure liver TC andTG
using commercial assay kits.

Adipose tissue contents: Adipose tissues from the whole
body were carefully removed, weighed and the data were
expressed as total body fat weight (g) or a percentage of
body weight. Researchers divided the adipose tissues
nto:

+  Subcutaneous adipose tissue including fat from the
ingumal, axilla and scapular regions

»  Visceral adipose tissue from the abdominal
cavity, mesenterium and retroperitoneal fat
(Marchesini et al., 2003). Researchers compared the
adipose weight of each part among the three groups

Histology analysis: After rabbits were sacrificed, the
adipose tissue, liver, kidney, spleen, heart and lung were
removed, weighed and divided into small pieces then
fixed in a 10% neutral buffered formalin for subsequently
histological analysis. These tissues were embedded into
paraffin, cut m 4 pm sections and stained with
Haematoxylin and Eosin (HE) for histological examination.
Researchers compared the proportions of main organs
weight to body weight and observed the sections of HE
staimng. Frozen sections of liver (5 um thick) were stained
with 0.5% Oil Red O for visualization of hepatic fat and
then counterstained with hematoxylin (Bai et af.,, 2011).
The severity of fatty liver development was evaluated as
diehl described (Diehl et al., 1988). Four grades of liver
fatty degeneration were identified based on the
percentage of fatty vacuolated liver cell in the total liver
cells after histological examination without fatty
vacuolated liver cell (-); fatty vacuolated liver cells <1/3
(+); fatty vacuolated liver cells ranged from 1/3-2/3; fatty
vacuolated liver cells »2/3 (+++); all liver cells are fatty
vacuolated (++++).

Statistical analysis: Results are expressed as the
means+SEM. Statistical analysis was performed using
either the Student’s t-test for data with an equal F-value
or Welch’s t-test when the F-value was not equal. Rank
test was also used for measurement data. A p<0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

Plasma parameters, liver parameters and IVGTT: As
shown in Fig. 1, the plasma levels of TC and TG were not
statistically different between two rosiglitazone-treated
groups and control group after feeding HFCD for 8 weeks.
Plasma TC and TG levels were measured weekly during
the whole period of the experiment however, there was no
significant difference among three groups at all time
points (Fig. 1a and b). There was also no significant
difference m the liver parameters of TG and TC among
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Fig. 2:a) Body weight b) food consumption. Data are
expressed as the meant+SEM, n =13 for each group

three rabbit groups (Fig. lc and d). An IVGTT was
performed in rabbits after feeding HFCD for 8 weeks.
Plasma glucose levels in rosiglitazone-treated rabbits were
similar to those in control rabbits. There was no
significant difference in the AUC of plasma glucose
among three rabbit groups.

Evaluation of adipose tissue and organs: As shown in
Fig. 2a, the body weight of rosiglitazone-treated rabbits
was slightly higher than that of control rabbits but the
difference was not statistically sigmificant. The food
consumption was also similar among three groups
(Fig. 2b). Though the total, visceral and subcutaneous fat
weight were higher in the rosiglitazone treatment groups
vs the control group, the ratio of fat weight to body
weight was also higher m the rosiglitazone treatment
groups however, difference was not significant (Fig. 3).
Furthermore, there was no significant difference in net
weights of the main organs among groups at the end of
experiment (Table 1). The ratios of net weight of the main
organs to body weight were slightly lower in the
rosiglitazone treatment rabbits than that of control rabbits
but the difference was not statistically sigmificant
(Table 1).
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Pathology and histopathology: The liver color of all
rabbits turned yellow and had a greasy consistency.
Histological examination revealed that the hepatocyte
cytoplasm showed a marked accumulation of fat droplets,
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Fig. 3:a) Absolute total, SC and VC fat weight and b)
their ratios with body weight. Data are
expressed as the meantSEM. SC: Subcutaneous
fat; VC: Visceral fat
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ballooning degeneration and different degrees of liver cell
swelling (Fig. 4 d-f). These data and o1l red stain results
showed that the rabbits NAFLD Model was successfully
established in this study. The incidence of serious fatty
liver was slightly lower in rosiglitazone treatment rabbits,
20% (2/10, Group 1), 10% (1/0, Group 2) versus 33% (3/9,
control group), the degree of liver fatty degeneration of
treatment rabbits was not significantly improved by orally
administration of rosiglitazone compared with the control
rabbits (Table 2).

NAFLD 1s an acquired metabolic stress-related liver
disorder that was originally assumed to be largely
confined to residents of affluent mdustrialized Western

Table 1: Main organ weights and their percentages in body weight

Parameters CON ROS1 ROS 2
Organs weight (g)

Liver 144.2447.36 146.36+7.90 144.9448.17
Heart 10.66+1.08 10.13£0.90 11.5440.57
Kidney 5.62+1.21 4.05+0.63 3.49+0.64
Spleen 18.90+1.08 17.96+1.59 19.41+1.26
Percentage in hody weight (%)

Liver 5.04+0.24 4.78+£0.17 4.46+0.17
Heart 0.67+0.06 0.59+0.05 0.60=+0.05
Kidney 0.38+0.05 0.33+0.03 0.360.02
Spleen 0.16+0.03 0.132£0.02 0.11+0.12

Data are expressed as meantSEM

Table 2: The degree of liver fatty degeneration in three groups
The degree of liver fatty degeneration

Groups Numbers - + ++ 4+ -
Control 9 0 1 3 2 3
ROS1 10 0 0 3 5 2
ROS2 10 0 1 5 3 1

Fig. 4: a) Representative picture of normal liver; b) fatty liver, ¢) micrographs of accumulation of lipid in oil red
stamed-liver section, HE stained liver sections from three rabbit groups (d-f)

2567



J. Anim. Vet. Adv., 11 (14): 2564-2569, 2012

countries (Angulo, 2007; Williams, 2006). In the United
States, NAFLD affects one in three adults and one in
ten children/adolescents (Angulo, 2007). Fatty liver
(steatosis) 1s also highly prevalent in China and 1s more
often linked to obesity than to alcoholism. Among more
affluent regions of China, the community prevalence of
NAFLD 1s approximately 15% (Fan and Farrell, 2009).
There 1s also no standard therapy recommended for
NAFLD. Lifestyle modification is currently the initial
recommendation but short of recommending diets devoid
of processed sugars and saturated fat the ideal diet
18 not known (Yki-Jarvinen, 2010; Neuschwander-Tetr1,
2009). The main limitation of lifestyle modification is that
patients often cannot maintain either dietary changes or
exercise habits, so pharmacotherapy 1s necessary. Obesity
and msulin resistance are mextricably linked to NAFLD
and therefore therapies directed at weight reduction and
improved insulin sensitivity have been investigated.

In this study, a rabbit fatty liver model was
successfully induced by HFCD. Rosiglitazone treatment
did not significantly change the food consumption,
plasma TC, plasma TG, plasma glucose, liver TC and liver
TG levels. The histological examination also did not
revealed significant differences among the three groups.
Though the total body fat weights include visceral fat and
subcutaneous fat weights were higher in the rosiglitazone
treatment groups vs. the control group, the differences
were not statistically sigmficant. Consistent with the
findings, weight gain is observed as a side effect of
rosiglitazone treatment in human trials. These clinical data
showed that rosiglitazone treatment was reasonably well
tolerated n patients with madequately controlled Type 2
diabetes and NAFLD and led to a reduction in
aminotransferase levels and improvement n liver
histology in patients with nonalcoholic steatohepatitis
(Neuschwander-Tetr1 et al., 2003, Wang ef al., 2006). In
contrast a study showed that rosiglitazone might not be
sufficient in NASH (Ratziu et al., 2010). The same
paradoxical results were found m rodent studies
(Tahan et al., 2007, Garcia-Ruiz et af., 2007). In this study
researchers did not find the beneficial effects in the both
of rosiglitazone treatment. The effects of
rosiglitazone are still disputed regarding cardiovascular
effects, especially 1n recent meta-analysis and
epidemiological studies (Home et «l, 2007, 2009
Lago et al, 2007). Because of its serious undesired
effects, rosiglitazone has been taken off the market in
Europe and has restricted use 1 the US due to a black box
warning issued by the Food and Drug Administration
(FDA) (Rosen, 2010; Drucker and Goldfine, 2011). In
China, rosiglitazone was also restricted by the Chinese
state FDA (Chatturi et al., 2002).

doses

CONCLUSION

The results conclude that rosiglitazone admimstration
might not be sufficient to improve fatty liver in rabbit. The
benefits of whether rosiglitazone as a drug for fatty liver
disease remain to be considered and additional targets of
therapy for liver injury should be explored.
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