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The effect of bezafibrate on hyperlipidaemia in experimental 
nephrotic syndrome in rats 

A. J. WILLIAMS*, F. E. BAKER, J .  WALLS, Area Renal Unit, Leicester General Hospital, Leicester LE5 4PW, U K  

The effects of bezafibrate on hyperlipidaemia in 
experimental nephrotic syndrome in rats has been investi- 
gated. The treated group received bezafibrate 10 mg kg- 
p.0. daily. No significant differences in total serum chol- 
esterol occurred, but a significant reduction in serum 
triglyceride (P < 0405) and elevation in HDL cholesterol 
P < 0405) occurred. These findings may have im lications 

tor therapeutic intervention in severe hyperlipicfaemia of 
the nephrotic syndrome in man. 

The genesis and significance of the hyperlipidaemia 
which occurs in the nephrotic syndrome remains 
obscure. The changes in lipoprotein metabolism that 
occur are probably secondary to the hypoalbumin- 
aemia, as an inverse relation exists between the hypo- 
albuminaemia and hyperlipidaemia (Baxter 1962), and 
infusing albumin will reduce the hyperlipidaemia (Bog- 
donoff et al 1961). Although a sustained elevation of 
serum lipids is a risk factor in arterial disease, there are 
Conflicting opinions regarding the prevalence of arterial 
disease in the nephrotic syndrome (Curry & Roberts 
1977; Wass et all979) and the role of hyperlipidaemia in 
its progression. 

Clofibrate, a lipid lowering agent, has been used to 
treat essential hyperlipidaemia. However an acute 
muscular syndrome (myalgia) and elevations of serum 
creatine phosphokinase have complicated its use in 
treating the hyperlipidaemia of the nephrotic syndrome 
(Bridgman et all972). The myalgia seen in such patients 
1s related to high serum drug levels consequent upon 
reduced plasma protein binding and renal excretion 
(Bfidgman et a1 1972). 

Bezafibrate, another lipid lowering agent with dif- 
ferent pharmacological properties to clofibrate, has 
been assessed with regard to its lipid lowering effect in 

nephrotic syndrome in rats, induced by 
P’romYCin aminonucleoside. 

Methodr 
Fifteen female Wistar rats (6 control, 9 treated), 
2rn275 g received a single intraperitoneal injection of 

* Correspondence. 

puromycin aminonucleoside 70 mg kg-1 (Sigma Chem- 
ical Co., St Louis, USA, Lot No 109C-4009) in 1.0 ml of 
sterile water to induce the nephrotic syndrome (Fiegel- 
son et al 1957; Derr et al 1968). The rats were housed in 
metabolic cages with free access to standard rat feed and 
water for 24 h before sample collection. Nine rats 
received a daily oral dose of bezafibrate 10 mg kg-l 
(Boehringer Mannheim Ltd) as a suspension in 0.5% 
w/v methylcellulose, commencing 24 h after the admi- 
nistration of puromycin aminonucleoside, for the dura- 
tion of the study. 

Blood samples and 24 h urine samples were obtained 
on days 0, 7, 14 and 21. Total serum cholesterol was 
determined enzymatically (Cholesterol C System, 
Boehringer Mannheim Ltd) (Stahler et al 1977). HDL 
cholesterol was determined in the supernatant of serum, 
using a similar method, after precipitation of other lipid 
fractions with phosphotungstic acid and magnesium ions 
(Burstein et al 1970). Serum triglycerides were deter- 
mined by an enzymatic colorimetric assay (Peridoch- 
rom, Boehringer Mannheim Ltd). Serum LDL were 
calculated by application of the Friedewald formula 
(Friedewald et al 1972). Serum protein was determined 
by the biuret method (Weichselbaum 1946), and urinary 
proteins were measured colorimetrically using bromoc- 
resol green (Kachmar & Grant 1976). 

All values are expressed as mean +s.e.m. Student’s 
t-test was used for unpaired data. 

Res u Its 
The serum proteins decreased in both groups by day 7 
(control 66.5 ? 2.4 to 45.3 k 2.6 g litre-I, P < 0401, 
treated group 67.0 f 3.3 to 49.0 f 3.5 g litre-l, P < 
0,005) but by week 3 had returned to near norma.1 values 
(control 60.9 ? 3.5 g litre-1, treated group 58.2 k 2.9 g 
litre-1). Urinary protein excretion rose significantly by 
day 7 in both groups (control 8.8 k 1.26 to 177.6 ? 25.8 
mg 24 h-1, P < 0401,  treated group 17.2 k 5.4 to 160.0 
k 37.2 mg 24 h-1, P < 0401).  A similar degree of 
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severity of hypoproteinaemia and proteinuria was 
achieved in both groups of animals. A rise in total serum 
cholesterol occurred but there was no significant differ- 
ence between the two groups. (Fig. 1.) The serum 
triglyceride concentration rose in both groups, although 
the increase in the treated group was significantly less 
than that of the control group ( P  < 0.01 at week 1, P < 
0.005 at week 2). At week 3 there was no significant 
difference in the triglyceride levels of the two groups. 
The fall in triglyceride of the control group at week 3 
occurred simultaneously with the fall in proteinuria and 
rise in serum proteins, reflecting the limited time course 
of the induced nephrotic syndrome. A significant rise in 
HDL cholesterol occurred in both groups, however, the 
rise in the treated groups was significantly greater than 
that of the controls ( P  < 0.01 at week 2, P < 040.5 at 
week 3). No significant difference in LDL cholesterol 
was found during the first 2 weeks, however, by week 3, 
the LDL cholesterol of the treated group was signifi- 
cantly lower than the control group ( P  < 0.01). 

Discussion 
The changes in urinary protein excretion, serum 
proteins and serum lipids induced by the puromycin 
aminonucleoside in this study are similar to those 
previously described (Gherardi & Calandra 1981). 
These changes resemble human nephrotic syndrome, 
but in rats an elevation in HDL cholesterol also occurs 
(Gherardi & Calandra 1981). This is accompanied by 
increased hepatic synthesis of apolipoprotein A1 
(Sparks et al 1981), the major structural lipoprotein of 
HDL. Elevation of the triglyceride fraction of the serum 
lipids is also seen, which may be related to defective 
conversion of VLDL lipoproteins and chylomicron 
remnants to LDL (Gherardi et al 1977). Lipolysis of 
VLDL and chylomicrons is mediated by lipoprotein 
lipase and hepatic triglyceride lipase, and during this 
process the cholesterol contained in these lipid fractions 
may be transferred to HDL3 (Eisenberg 1982). 

Bezafibrate has been shown to lower serum tri- 
glyceride and cholesterol levels significantly in normal 
rats (Stegmeier et al 1980) and, in hyperlipidaemic 
states, both in rats (Catapano et al 1982) and man 
(Vessby et al 1980). Administration of bezafibrate to 
rats with puromycin aminonucleoside-induced nephro- 
sis resulted in a significant reduction in serum trigly- 
ceride levels, and an elevation in the HDL cholesterol. 
One effect of the drug is an increase in lipoprotein lipase 
activity in skeletal muscle (Vessby et al 1982). An 
increased lipolysis of the triglyceri’de-rich fractions and 
cholesterol enrichment of HDL, might account for the 
triglyceride-lowering capacity of bezafibrate in this 
animal model. 

This finding has implications for treatment of the 
hyperlipidaemia seen in the nephrotic syndrome. Clo- 
tibrate is unsuitable for use in the nephrotic syndrome, 
but bezafibrate has the advantages that serum levels are 
approximately 30 times lower than those of clofibrate 
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FIG. 1. Effects of bezafibrate on (a) total serum cholesterol, 
(b) HDL cholesterol, (c) serum triglycerides and (d) LDL 
cholesterol in experimental nephrotic syndrome (values: 
mean f s .e .m.) .  Key: (O), control; (A), treated; (**), P C  
0.01; (***), P < 0.005. 
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using standard dosages (0.2 and 0.5 g three times daily, 
respectively) (Abshagen e t  a1 1980). Also, the shorter 
half life of bezafibrate (2 h), compared with that of 
clofibrinic acid, the active moiety of clofibrate 
(10-30h), and a higher renal clearance, make the 
likelihood of drug accumulation less likely (Abshagen 
1982). However, caution is required when directly 
extrapolating to human nephrotic syndrome, as bezafib- 
rate exhibits the same high degree of protein binding as 
clofibrate (Abshagen et  al 1980). 
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