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ABSTRACT 

Two groups of NZBiW Fl mice wem fed with diets containing 20% fresh and frying 
oils respectively. Serum levels of lipids, and anti-cardiolipin antibodies were 
followed regularly. The mice were sacrificed five months after feeding the 
experimental diets, the data showed: 1) body weight of mice fed frying oil was lower 
compared to that of flesh oil group; 2) relative tissue weight of mice fed frying oil 
were significantly higher compared to that of fresh oil group (p c 0.05); 3) lower 
serum triglyceride level and higher cholesterol level were noted in mice fed with 
frying oil compared to those of fresh oil group; 4) both hepatic triglyceride and 
phospholipid levels were significantly lower in mice fed with frying oil; 5) IgG anti- 
cardiolipin antibody was found to be higher in mice fed dietary frying oil compared 
to that of mice fed fresh oil; 6) microsomal cytochrome P-450 content was 
significantly higher in mice fed frying oil compared to that of the fresh oil group; 7) 
higher serum estrogen levels were noted in mice fed with frying oil compared to 
those of fresh oil group. The data demonstrated dietary oil did affect lipid and anti- 
cardiolipin antibody levels in autoimmune mice. 
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INTRODUCTION 

A previous study has shown that mice fed with high fat diet developed more severe disease 
and had a shorter life span (1). Antibodies to cardiolipin in systemic lupus erythematosus (SLE) 
patients were found to be closely related to antiphospholipid syndrome which includes venous and 
arterial thrombosis, thrombocytopenia and recurrent fetal loss (2,3). However, the effect of dietary 
frying oil on the production of anti-cardiolipin antibody and the pathogenesis of SLE have still not 
been well defined. Dietary frying oil might affect the degree of lipid oxidation and, subsequently, 
certain enzyme activity (49. Dietary frying oil has been documented to influence the serum level of 
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triglyceride, cholesterol and hepatic cytochrome P-450 activity (6). This study further investigated 
the effect of frying oil on serum levels of cholesterol, triglyceride, phospholipid and immune 
response, including anti-cardiolipin antibody levels. 

Experimental animals. Four-week-old female NZBxNZW Fl mice were purchased from Charles 
River Japan (Tokyo, Japan) and maintained in the Department of Agricultural Chemistry at National 
Taiwan University College of Agriculture. Each group was comprised of 12 mice. 

Preparation of oxidizedjiying oil and diets. The preparation and characterization of oxidized 
frying oil was similar to that described previously (6)Soybean oil (President Co., Tainan, Taiwan) 
purchased from a local supermarket was subjected to the frying process. The fresh oil diet was 
prepared and fatty acid composition was described previously (1,7). The fatty acid contents of 
frying oil diet decreased 60-700/o after frying process (8). The diet was fed ad libitum. The mice 
were fed the experimental diet starting from 2 months of age and sacrificed at 7 months of age. The 
mice were weighed twice a week, and food consumption was measured every two to three days. 

Serum. and liver triglyceride, cholesterol and phospholipid level. Mice were bled retroorbitally 
every month, with serum collected for determination of serum triglyceride, cholesterol, 
phospholipid, and anti-cardiolipin antibodies. Serum triglyceride, cholesterol and phospholipid 
levels were measured by calorimetric procedure (7,8). The assay kits were purchased from Randox 
Laboratories Limited (N. Ireland, UK). 

Determination of anti-cardiolipin antibodies. Serum anti-cardiolipin antibodies levels were 
determined using ELISA as that described previously (8). Serum sample (50-fold dilution for IgG 
and lOO-fold for IgM assay) to be determined were added and incubated for 2 hr at room 
temperature. Serum of SLE patients were used as positive controls; procedures were the same 
except for secondary antibodies. All the values were assayed in triplicate and obtained by subtracting 
the non-specific binding of each sample. 

Cytochrome P-450 activity of liver tissues. Livers from sacrificed mice were homogenized and 
microsomes were isolated. Cytochrome P-450 content was determined according to the method of 
Omura and Sato (10). 

Serum estrogen level. Serum estradiol level of mice fed with fresh or frying oil was determined 
with ELISA kit (Cayman Co., Ann Arbor, MI). 

Statistical analysis. Two-sided non-paired Student’s t test of the SAS program system 
(SASDTAT Version 6. SAS Institute Inc., Caty, NC) was used to analyze the data from this study. 

RESULTS 

Food intake, growth and tissue weights. The food intake after five months of feeding was not 
significantly different between the fresh oil group and the oxidized frying oil group. However, he 
body weight of the frying oil group (36.8 + 5.2 g) was significantly lower than that of the fresh oil 
group (48.2 +_ 2.5 g), which might be due to the lower digestibility of fat (6). The data suggested 
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that the both absolute and relative weights of liver (7.53 f 0.22% vs. 3.53 f 0.13%. P .< (I.05) 
kidney (1.07 f 0.03% vs. 0.88 f 0.04% P c 0.05). brain (1.23 + 0.03% vs. 0.91 + 0.05%. P < 
0.05) and heart (0.41 f 0.02% vs. 0.34.k O.Ol%, P < 0.05) were higher in mice fed with frying oil 
compared to those of the fresh oil group. 

Serum and hepatic triglyceride, cholesterol andphospholipid level. Serum triglyceride level was 
lower in mice fed with dietary frying oil compared to that of mice fed fresh oil (P < 0.05, Table I). 
In contrast, cholesterol and phospholipid levels were higher in mice fed dietary frying oil at early 
ages. The data also suggested the levels of hepatic triglyceride and phospholipid was lower in mice 
fed with dietary frying oil compared to those of mice fed with fresh oil (P c 0.05). 

TABLE 1 

Serum and Hepatic Lipids of NZB/W Fl Mice Fed Fresh Oil or Frying Oil Diet 

Group Triglyceride Cholesterol Phospholipid 

Fresh oil 
Frying oil 

serum level at 4 months of age (mmol/l) 
0.92 4 0.05 4.00 fl.09 5.00 * 0.20 
0.66 f 0.02* 4.7(H 0.1 I * 5.49 * 0.57* 

Fresh oil 
Frying oil 

mg/g liver 
58.60 f 15.08 9.29 f 1.56 11.78 f 2.87 
16.79 f 1.77* 5.12 f 2.48 3.37 f 0.36* 

Each value represents mean f S.E. (*P < 0.05; Student t test), 11=12. 

Anti-cardiolipin level. IgM anti-cardiolipin antibody increased gradually with age, and no 
statistical significance was noted between the two groups (data not shown). Interestingly, at 8 
months of age IgG anti-cardiolipin antibodies (Table 2) in the dietary frying oil group were 
significantly (P < 0.05) higher than in the fresh oil group. 

TABLE 2 

Serum Anti-cardiolipin Immunoglobulin G Levels of NZBiW Female Mice Fed Fmsh Oil or Frying 
Oil Diet 

Absorbance at OD 415 
Group 2 months 4 months 6 months 

Fresh oil 0.002 f 0.002 0.026 f 0.010 0.040 f 0.009 
Frying oil 0.024 f 0.017 0.072 f 0.061 0.142 f 0.070 

Each value represents mean +- S.E. (*P c 0.05; Student t test), n=l2. 

8 months 

0.050 + 0.010 
0.139 * 0.028* 

Cytochrome P-450 content of liver tissues. The results of cytochrome P-450 content showed that 
the cytochrome P-450 content was higher in the livers of mice fed dietary frying oil compared to that 
of mice fed fresh oil (13.04 f 0.54 nmoYg liver for frying oil group vs. 5.87 f 0.54 nmol/g liver 
for fresh oil group, P c 0.05). 
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Serum estrogen level. Serum estradiol levels were higher in mice fed dietary frying oil compared 
to those of mice fed fresh oil (Table 3). 

TABLE 3 

Serum Estradiol Levels of NZB/W Fl Female Mice Fed Fresh Oil or Frying Oil Diet 

Group 2 months 
Serum estradiol (pglml) 

4 months 6 months 8 months 

Fresh oil 22.12 k 3.46 35.22 f 5.79 36.96 k 5.51 54.27 f 9.10 
Frying oil 29.59 + 7.50 62.54 f 11.27 82.21 + 7.70* 122.37 f 26.50* 

Each value represents mean f SE. (*P c 0.05; Student t tea), n=12. 

Both human and murine SLE exhibits a characteristic spectrum of autoantibodies such as 
anti-erythrocyte. anti-DNA, anti-phospholipid antibodies. Antibodies to phospholipid are a 
heterogeneous group of autoantibodies found in the sera of SLE patients or murine lupus (2,3). 
Studies suggest the level of IgG anti-cardiolipin antibodies is more closely related to the 
development of thrombosis and thrombocytopenia. In contrast, anti-cardiolipin antibody of IgM 
isotype has been linked to hemolytic anemia and livedo reticularis. 

Study suggested an increase in vascular diseases only found in SLE patients with increased 
sera triglyceride level. It is noteworthy that serum triglyceride level in mice fed with dietary frying 
oil was lower compared to mice fed with dietary fresh oil. In contrast_, serum cholesterol, 
phospholipid and anti-cardiolipin antibody levels were higher in mice fed dietary frying oil. It is 
speculated that increased free radicals in the environment might contribute to increased prevalence 
of, and an aggravated inflammatory process in, certain immunological diseases. This study showed 
cytochrome P-450 activity was higher in mice fed dietary frying oil compared to that of mice fed 
dietary flesh oil. The cytochrome P-450 activity might be closely related to the component of frying 
oil in the diet which is increasingly in present modern foods (6). Increased cytochrome P-450 
enzyme activity may result in different degrees of lipid peroxidation and alteration of lipid 
metabolism. Subsequently, the changes of lipid metabolism may cause abnormal expression of the 
self-antigen responsible for inducing anti-phospholipid antibody. 

Sex hormones, especially estrogen, have been found to affect the function of autoreactive B 
cells and increase autoantibody production in murine lupus (11). Moreover, recent studies showed 
that injection of estrogen can induce autoantibody and systemic autoimmune disease in normal mice 
(12). In contrast, androgen has been found to prevent the production of autoantibody and alleviate 
the disease severity of murine lupus (13). All this evidence suggested the possible involvement of 
estrogen in the pathogenesis of murine lupus. The data demonstrated higher estrogen level in mice 
fed dietary frying oil compared to that of mice fed dietary fresh oil. Higher estrogen level might 
result in increased autoantibody and subsequent pathogenic changes in autoimmune animd~. 

The data demonstrated dietruy flying oil can influence liver cytochrome P-450 content, 
estrogen level and autoantibody production in autoimmune mice. It is speculated that interaction 
between dietary frying oil and immune regulation will become a major focus of research in future 
study. 
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