
High Dietary Fat Promotes Visceral Obesity and Impaired
Endothelial Function in Female Mice with Systemic Lupus
Erythematosus

Emily L. Gilbert and Michael J. Ryan
Department of Physiology & Biophysics, University of Mississippi Medical Center, Jackson, MS

Abstract
Inflammation contributes to metabolic and cardiovascular disease. Systemic lupus erythematosus
(SLE) is a chronic autoimmune inflammatory disorder that predominantly affects young women.
Cardiovascular disease is a major cause of mortality in patients with SLE. We recently reported
that a model of SLE (female NZBWF1 mice) develops characteristics of the metabolic syndrome.
In the present study, we tested the hypothesis that high dietary fat during SLE accelerates the
development of cardiovascular risk factors such as central obesity and vascular dysfunction.
Twenty four week old female SLE mice (NZBWF1) were fed either control diet (SLE, 10% kcal)
or high fat diet (SLE+HF, 45% kcal) for a total of 14 weeks. Body weight was similar between
SLE (42±1g, n=5) and SLE+HF (45±2g, n=6) and weight gain was not different in the SLE+HF
mice (+18.0±3.0%) compared with controls (+15.8±3.6%) and food intake was not different (SLE,
2.2±0.3 vs. SLE+HF, 2.1±0.2 g/24 hours). Fifty seven percent of the SLE+HF mice exhibited
signs of albuminuria (>100 mg/dL) compared with only 20% of the control SLE mice at the end of
the experiment. Endothelial dependent relaxation in isolated carotid arteries was impaired in the
SLE+HF group compared to SLE. Ovarian fat was increased in SLE+HF mice (6.6±0.5g) when
compared to control SLE (5.4±0.1g, p<0.05) and liver weight was decreased in SLE+HF
(1.6±0.1g) mice compared to control mice (1.9±0.1g, p<0.03). These data suggest that dietary fat
accelerates renal injury and peripheral vascular dysfunction and promotes visceral obesity in a
disease model with chronic inflammation.
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Introduction
Increasing evidence suggests that inflammation plays an important role in the progression of
cardiovascular and metabolic disorders. Systemic lupus erythematosus (SLE) is a chronic
autoimmune inflammatory disorder that predominantly occurs in young women. Affected
individuals exhibit a bimodal pattern of mortality with deaths late in the course of SLE
resulting from cardiovascular disease 1. This is somewhat unusual given that the prevalence
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of cardiovascular disease in young women is typically very low. In addition, women with
SLE are at an increased risk for developing metabolic disturbances such as insulin resistance
and changes in body composition 2,3 that may contribute to the greater cardiovascular risk.

It is widely accepted that caloric restriction can delay mortality in organisms ranging from
single cell to complex mammalian systems. Not surprisingly, diet can also profoundly affect
the progression of metabolic, renal and cardiovascular disease. SLE is not different in this
regard as it is long established that caloric restriction delays the onset of renal disease and
mortality in the NZBWF1 mouse model of the disease 4,5. Although caloric restriction in
mouse models of SLE appears to have the greatest impact on mortality, there is also
evidence that composition of the diet can affect disease progression. For example, studies
report that increasing dietary fat and cholesterol accelerates renal disease in the NZBWF1
model 6,7. Given the increased cardiovascular risk observed in patients with SLE and the
established effect of high fat diet on disease progression in mouse models of SLE, we tested
the hypothesis that feeding female NZBWF1 SLE mice a high fat diet would accelerate
weight gain and exacerbate the progression of peripheral vascular dysfunction, both risk
factors for cardiovascular and metabolic disease.

Methods
Animals

Female NZBWF1 mice (Jackson Laboratories, Bar Harbor, ME), an established model of
SLE, were placed on either high fat diet (SLE+HF, 45% kcal fat, n=7) or a control diet
(SLE, 10% kcal fat, n=5) for a period of 14 weeks (Research Diets, New Brunswick NJ)
with access to food and water ad libitum. The control diet consisted of 20% kcal from
protein (casein, L-Cystine), 70% kcal from carbohydrate (cornstarch, maltodexrtin 10,
sucrose), and 10% from fat (soybean oil, lard). The high fat diet consisted of 20% kcal from
protein, 35% carbohydrate, and 45% from fat (from increased lard content). The control and
high fat diets were isocaloric. All of the studies were performed with the approval of the
University of Mississippi Medical Center Institutional Animal Care and Use Committee and
in accordance with National Institutes of Health guidelines.

Body Weight, Food Intake and Albuminuria
Body weight was measured weekly and mice were placed in metabolic cages once per week
for overnight collection of urine. Food intake was measured by weighing the food on three
consecutive days in mice individually housed in shoebox cages. The bedding was sifted to
include any particulate that may have fallen into the cage. We have previously published
using this method 8. Urine was assessed using Albustix (Bayer Inc) and animals were
considered to have albuminuria at ≥100 mg/dL (++).

Vascular Function
At the conclusion of the experiment, mice were euthanized and the carotid arteries were
quickly removed in order to assess vascular relaxation in organ chamber baths as previously
described 9. Concentration responses (10−8 to 10−4 M) to acetylcholine and sodium
nitroprusside were performed in vessels pre-contracted with the thromboxane mimetic
U46619 (0.4 μg/ml) in order to test endothelial dependent and endothelial independent
relaxation, respectively. This concentration of U46619 produced similar levels of
contraction (in grams of tension) between SLE (SLE 0.24±0.02 g) and SLE+HF (0.28±0.02
g, p=0.18). The spleen, heart, liver, and ovarian fat pads were dissected and weighed at the
time of death.
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Statistical Analysis
A student’s T test was used to assess statistical differences between SLE and SLE+HF fed
mice. The means were considered statistically different at p<0.05. A two-factor ANOVA
was used in order to determine whether the diet or concentration significantly altered
vascular responses or body weight.

Results
Body weight was measured weekly during the experiment. The mean body weight of each
group did not differ at the start or completion of the experiment (Table), and high fat diet did
not alter weight gain over this period (Figure 1). Importantly, the equivalent body mass
between experimental groups was not likely due to a lower caloric intake in high fat fed
mice given that food consumption (Table) and the total kcal for each diet was the same. One
mouse from the SLE+HF group was sacrificed at week 12 due to precipitous weight loss that
accompanies advanced disease in this model.

Mice were housed overnight in metabolic cages each week in order to assess the
development of albuminuria. Consistent with the work of others 6,7,10,11, a greater
percentage of SLE mice fed a high fat diet exhibited albuminuria as assessed by a dipstick
assay (Figure 1). Four out of 7 mice in the SLE+HF group developed albuminuria compared
with only 1 out of 5 in the SLE control diet group.

Although body weight and caloric intake were not different between experimental groups,
the SLE+HF mice had significantly more visceral fat as assessed by ovarian fat pad weight
(Table). Liver weight was significantly reduced in the SLE+HF group compared to controls
while spleen and heart weights were not affected by high fat feeding (Table).

Vascular endothelial function was examined using isolated carotid arteries in organ chamber
baths. Figure 2 shows the concentration response to the endothelial dependent agonist
acetylcholine and endothelial independent agonist, sodium nitroprusside. Feeding SLE mice
with a high fat diet led to a modest, but statistically significant, shift in the response to
acetylcholine indicative of impaired endothelial function. The – Log EC50 tended to be
lower in SLE+HF (7.22±0.08 M) when compared to the SLE group (7.05±0.09 M, p=0.09),
consistent with a reduced responsiveness to ACh in carotid arteries from the SLE+HF group.
The high fat diet did not alter the concentration response to sodium nitroprusside, suggesting
that the vascular effects were restricted to the endothelium.

Discussion
In the present study we tested whether feeding a high fat diet to mice with SLE accelerates
or promotes risk factors related to metabolic and cardiovascular disease, the major cause of
mortality in women with SLE. The major findings of the study are that an established mouse
model of SLE has increased visceral adiposity without increasing body weight after
consuming a high fat diet and that vascular endothelial dysfunction is increased. Other
noteworthy findings include a reduction in liver mass and an increased proportion of mice
with albuminuria after the high fat feeding.

Animal Model of SLE
The female NZBWF1 mouse is a widely used and accepted experimental model of
SLE 12,13. The female mice are disproportionately affected compared with males, they
produce the anti double stranded DNA antibodies characteristic of SLE in humans, and they
develop immune complex glomerulonephritis. We recently demonstrated that this model
exhibits characteristics of the metabolic syndrome including visceral obesity and insulin
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resistance 8 as well as hypertension and impaired endothelial function 9. Therefore, this is an
excellent disease model with which to further explore the link between chronic
inflammatory disease, metabolic disease and cardiovascular risk factors in response to
dietary changes.

Adiposity and Organ Weights
The predicted effect of high fat diet in animal models is to increase body weight and obesity.
In the present study, SLE mice fed a high fat diet did not exhibit accelerated weight gain;
however, the amount of ovarian fat as an indicator of visceral obesity was increased. The
fact that the experimental groups exhibit similar changes in body weight coupled with
increased ovarian fat in the SLE+HF mice suggests that a change in body composition
occurred in the SLE+HF fed mice. The site of the change is not clear, although it is
reasonable to speculate about a possible decrease in lean mass in SLE+HF mice.

Although it has been suggested that high fat diet in the NZBWF1 model causes an initial
surge in weight gain 7, this was not evident in our study. In addition, the current work is in
agreement with studies showing that the overall pattern of weight gain is not altered during
high fat feeding in SLE mice 6,10. To our knowledge, increased central adiposity in response
to a high fat diet has not been previously reported in this model. We and others reported the
presence of fatty vacuolization of the liver from NZBWF1 mice 12,8. The reason for reduced
liver weight in SLE mice fed with high fat is not clear, although it may be related to an
increased liver apoptosis. Previous studies in the NZBWF1 model of SLE show that diets
enriched with cholesterol induce apoptosis and reduce liver weight 14,15. The diet utilized in
this study has 169 mg cholesterol compared with only 19 mg in the control diet.
Interestingly, normal liver function is important for peripheral immune tolerance 16.
Therefore, one could speculate that impaired liver function resulting from a high fat diet
could promote or accelerate the development of SLE.

Renal Disease
The development of albuminuria in the NZBWF1 model of SLE and in women with SLE is
widely established. Over the time course of this study, a greater percentage of SLE mice
receiving high fat diet developed albuminuria when compared to SLE mice fed the control
diet. This is not a new finding. For example, NZBWF1 mice fed a comparable diet (51.7%
fat) from four months of age had accelerated development of albuminuria and nephritis 7.
Even when the diet consisted of only 20% fat (from lard) the development of nephritis was
accelerated in this model 6. This represents an important confirmation that our data and
model is consistent with previous work in the field.

Vascular Function
Several studies show that patients with SLE have impaired flow dependent dilation in large
vessels (brachial artery, forearm blood flow) 17,18,19. Endothelial dysfunction is a precursor
to the development of vascular disease such as atherosclerosis which is prevalent in patients
with SLE. While the NZBWF1 mice do not develop atherosclerotic lesions, we have
previously shown that they have impaired endothelial dependent relaxation 9. The absence
of atherosclerosis in this model is likely the result of species specific differences since mice
in general are resistant to the development of atherosclerosis. Nevertheless, the NZBWF1
model has an atherosclerotic plasma lipid profile 20 and we previously reported that the
NZBWF1 model has impaired carotid artery responses to acetylcholine, the classic
endothelial dependent agonist. The latter was recently confirmed by Kaplan’s group 21. The
carotid artery response to acetylcholine in SLE mice fed a control diet was the same as our
previous study reaching a maximal relaxation of 61% 9. That the vascular response to
sodium nitroprusside is not deteriorated after high fat feeding, further supports a prominent
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role for the endothelium. The possibility of a further increase in pressure in SLE+HF cannot
be ruled out as a contributing factor to the exaggerated endothelial dysfunction. However,
the data showing that heart weight is not different between the groups is consistent with no
change in arterial pressure. Regardless of the mechanism, these data show that a high fat diet
further impairs vessel function in a model of SLE and can contribute to increased risk for
peripheral vascular disease.

Conclusions
SLE is a chronic inflammatory disorder that predominantly affects young women and carries
an increased risk for cardiovascular, renal, and metabolic disease. Previous studies have
reported that a diet high in fat can accelerate the progression of SLE; however, whether
increased dietary fat accelerates the development of cardiovascular risk factors such as
central obesity and vascular dysfunction is not clear. This study demonstrates an important
role for dietary fat in the progression of vascular endothelial dysfunction and obesity and
indicates that dietary fat is as an important risk factor for promoting cardiovascular disease
during SLE.
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Figure 1.
Left. The increase in body weight over time was not altered in SLE mice fed a high fat diet
(SLE+HF) when compared to SLE mice fed a control diet (SLE). Right. The prevalence of
albuminuria was increased in SLE mice fed high fat (SLE+HF) compared to SLE mice on a
control diet (SLE). Over the course of the experiment 4 out of 7 animals from the SLE+HF
group developed albuminuria compared with only 1 out of 5 SLE animals on the control
diet.
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Figure 2.
Endothelial dependent relaxation was impaired in the carotid arteries from SLE+HF mice
compared to SLE mice (* p<0.002 vs SLE). Carotid artery responses to sodium
nitroprusside were not different between SLE+HF and SLE mice.
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