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SYNOPSIS 

Hyperlipidemia is a striking feature of nephrotic syndrome (NS) and the 
lipid profile seen in NS is accepted as atherogenic. Both low density lipoprotein 
(LDL) and very low density lipoprotein (VLDL) are apolipoprotein B-containing 
lipoproteins which are accepted as atherogenic. Oxidized-LDL (ox-LDL) has been 
suggested to play a fundamental role in atherogenesis. In this study, male Sprague­
Dawley rats were made nephrotic by a single intraperitoneal injection of puromycin 
aminonucleoside (100 mg/kg body weight). We found significant elevation in serum 
triglycerides, total cholesterol, malondialdehyde, vitamin E levels and total 
cholesterol / vitamin E ratio and decrease in total protein and albumin levels in the 
NS group (n:8) compared with the control group (n:9). High density lipoprotein 
(HDL) - cholesterol and free fatty acid levels were not significantly different 
between these two groups. Apolipoprotein B-containing lipoproteins (non-HDL 
fraction) were separated by precipitation and amount of thiobarbituric acid-reactive 
substances (TBARS) of non-HDL fraction were measured after 60, 90, 120, 180 
minutes of incubation with copper sulphate. TBARS levels of non-HDL fraction 
were significantly higher in the NS group compared with the control group at all of 
the time periods above. In nephrotic animals, the increased lipid peroxidation was 
influenced by serum lipids. 
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INTRODUCTION 

Nephrotic syndrome (NS) may occur during the course of kidney diseases of 
varying causes and is characterised by proteinuria, lipiduria, hypoalbuminemia, 
hyperlipidemia and edema. Hyperlipidemia is frequently seen in nephrotic syndrome, 
and includes increases in serum concentrations of cholesterol, triglycerides (TG), 
low density lipoprotein (LDL), very low density lipoprotein (VLDL), lipoprotein (a) 
[Lp(a)], as well as low, normal or elevated levels of high density lipoprotein 
(HDL).16

•
17

•
25

•
32

•
33

•
36

•
39

> However, cause ofhyperlipidemia and mechanism by which it 
increases the risk of cardiovascular disease (CVD) is still unclear. Causes of 
hyperlipidemia may be related to increases in lipoprotein synthesis in the liver in 
response to low serum oncotic pressure and/or abnormalities in the catabolism of 
lipoproteins. Lipoprotein lipase activity has been found to decrease in NS and a 
major catabolic defect has been attributed to this decrease. Lecithin:cholesterol 
acyltransferase, the key enzyme in the reverse cholesterol transport, has also been 
reported to be less active in the patients with NS.5

•
7
•
30

,
37

> 

The incidence of CVD is higher in NS cases than that of normal population. 
Patients with NS have some risk factors for atherosclerosis other than 
hyperlipidemia, such as hypertension, hypercoagulability, etc .. 3•

26
> Hyperlipidemia 

in NS mainly consists of hypertriglyceridemia and hypercholesterolemia, especially 
with a rise in LDL-cholesterol levels. Elevated LDL-cholesterol level has been 
associated with increased incidence of CVD. In some experimental studies, it was 
proposed that hyperlipidemia might cause renal damage by some mechanisms. 19

•
22

> 

It wasi demonstrated that the lipid deposits which were composed of cholesterol, 
triglycerides, phospholipids, apolipoproteins (apo) A, B, E and oxidized-LDL (ox­
LDL) particles, accumulated in renal tissues of rats with experimental NS. 14

•
21

•
38

) In 
recent years, ox-LDL has been accepted as an important factor in the pathogenesis of 
atherosclerosis.34

•
35

> Ox-LDL and ox-VLDL share some common properties: both are 
chemoattractant for monocytes and T lymphocytes and are cytotoxic and both can be 
taken up by the scavenger receptors of macrophages and smooth muscle cells.43

) 

Some investigators suggested that not only ox-LDL but also ox-VLDL could play a 
role in the development of atherosclerotic lesions. 10

> 

The lipid abnormalities seen in NS formed by puromycin aminonucleoside 
(PAN) injection in rats and those seen in nephrotic patients are similar. The NS 
caused by injection of PAN in rats is an experimental model of minimal change 
disease seen in humans. 13

•
20

> 

In this study, we have formed experimental NS in rats with PAN injection and 
determined the susceptibility of apo B-containing lipoproteins (non-HDL fraction; 
LDL,VLDL) to oxidation, plasma malondialdehyde (MDA) levels and interaction of 
these parameters with serum lipids and vitamin E levels. 
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MATERIALS AND METHODS 

Animals 

Experiments were performed on male Sprague-Dawley rats, weighing 325-
480 g and maintained ad libitum on a regular laboratory chow and tap water. In 
order to form NS, 8 rats were injected intraperitoneally 100 mg/kg body weight 3% 
PAN (Sigma, St. Louis, MO) that was dissolved in 0.15 mol/L NaCl. Control rats 
(n:9) were also injected with the same volume of 0.15 M NaCl without PAN. 15 
days after the injection, blood was taken from both of the groups by cardiac puncture 
under mild diethyl ether anaesthesia. Some of the blood was transferred to tubes 
containing EDTA (1.5 g / L blood) and then centrifuged at 1000 g to obtain plasma 
for measuring the susceptibility of non-HDL fraction to oxidation. The liver and 
kidneys were quickly removed, blotted on a filter paper to remove blood and 
weighted. 

Methods 

Serum total cholesterol (TC), TG and free fatty acid (FF A) levels were 
determined with enzymatic spectrophotometric methods (Randox, UK). HDL­
cholesterol was quantified by the same enzymatic method after precipitation of 
VLDL and LDL with dextran sulphate-magnesium chloride.6

l Biuret and brom 
crezol methods were performed to measure total protein (TP) and albumin levels, 
respectively.8

•
9l Plasma MDA levels were determined spectrophotometrically.15> 

Precipitation of the non-HDL fraction by dextran sulphate-magnesium, which 
is followed by the removal of EDT A, was carried out as described by Zhang et 
al _43l Cholesterol content of EDTA-free non-HDL fraction was adjusted to 200 
µg/ml for measurement of thiobarbituric acid-reactive substances (TBARS). Five 
tubes were prepared for each case. Tubes containing 0.5 ml sample (200 µg 
cholesterol/ml) were added 50 µl 0.5 mM CuSO4 and incubated at 37°C except the 
first tube. Other tubes were removed one by one from the incubator at 60, 90, 120 
and 180th minutes. The concentration of TBARS in the sample was estimated by 
comparison with a standard curve prepared from 1, 1 ',3 ,3' tetraethoxypropane. The 
final results were expressed as nmol MDA equivalents/mg non-HDL cholesterol. 

Statistical analysis 

Data were expressed as mean ± SD. Differences between the groups were 
considered significant at p<0.05 by nonparametric methods (Mann-Whitney U-test). 
Correlation were determined by calculation of Pearson correlation coefficient. 
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RESULTS 

The characteristics of the nephrotic and control rats were summarized in Table I. 

Table I. Body, liver and kidney weights in all rats. 

Rats 
n 
Body weight, g 

initial 
final 

Liver weight, g/100 g 
Kidney weight, g/100 g 

Control 
9 

414 ± 32 
435 ± 78 

2.50 ± 0.39 
0.79 ± 0.10 

Nephrotic Syndrome 
8 

385 ± 45 
324 ± 42a 

4.10 ± 0.276 

Values are expressed as mean± SD. • p<0.01 vs. controls b p<0.001 vs. controls 
(Mann Whitney U-test) 

Table II. Serum triglycerides, total cholesterol, HDL-cholesterol, total protein, 
albumin, free fatty acids and vitamin E levels of the groups . 

Parameters Control Nephrotic Syndrome p 
{n:9} {n:8} 

TG{mg/dQ 30± 8 180 ± 88 <0.001 
TC {mg/dQ 57 ± 11 260 ± 98 <0.001 
HDL-C {mg/dQ 42±6 70 ± 31 >0.05 
TP {g/dQ 7.6 ± 0.2 7.2 ± 0.4 <0.01 
Albumin {g/dQ 4.4 ± 0.2 2.0 ± 0.4 <0.001 
FFA {mEg/L} 0.51 ± 0.09 0.45 ± 0.07 >0.05 
Vitamin E {mg/dQ 0.62 ± 0.04 1.13 ± 0.19 <0.001 
TCNitaminE 10.2 ± 1.8 26.2 ± 11.3 <0.001 
{mmol/~oQ 

Data are expressed as mean± SD 
p: Statistical significance of the differences, compared with Mann-Whitney U-Test 
TG: Triglycerides, TC: Total cholestero~ HDL-C: High density lipoprotein-cholesterol, 
TP: Total protein, FFA: Free fatty acid 

TG, TC, MDA, vitamin E levels and the TC/vitamin E ratio were 
significantly higher (p<0.001 for each) while TP and albumin levels were 
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significantly lower (p<0.01 and 0.001, respectively) in the NS group than those in 
the control group. There were no significant differences between HDL-cholesterol 
and FFA levels between the groups (Table II, IIl).At the beginning (unincubated 
tube) there was no significant difference between the MDA levels of non-HDL 
fraction among the groups. However, the amounts of MDA measured at 60, 90, 120 
and 180th minutes were significantly higher in the NS group than those in the control 
group (p<0.01 for each) (Figure). 

Table ill. Plasma MDA levels in the control and nephrotic syndrome groups . 

Parameter Control 
(n:9) 

MDA (nmol/ml) 9.1 ± 1.6 

Data are expressed as mean :I: SD 
MDA: Malondialdehyde 

250 
Q 
Q 
i.. 200 -+-Control ~ --~ "1 

i> ~ - 150 ~ Q 
~ -= 
< CJ 

bi) 100 ~ 
~ ~ 
Q so El = - 0 

0 60 

Nephrotic Syndrome p 
(n:8) 

13.4 ± 0.7 <0.001 

90 120 180 
Minutes 

Figure. MDA levels of the non-HDL fraction at the prior and after 60 90 
120 and 180 minutes of incubation with copper sulphate. ' ' 
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Correlations between TC, TG levels, TC/vitamin E ratios and the MDA levels 
of non-HDL fractions measured at 0, 60, 90, 120 and 180th minutes were shown in 
Table IV. In the control group there were no correlation between these parameters; 
but in the NS group there were significantly positive correlations between TC, TG 
levels, TC/vitamin E ratio and the MDA levels of non-HDL fraction at 60, 90, 120 
and 180th minutes. 

Table IV. Correlation coefficients between MDA levels of non-HDL fraction 
and serum total cholesterol, triglycerides and total cholesterol/vitamin E ratio 

CONTROL GROUP NEPHROTIC SYNDROME 
GROUP 

MDA levels 
measured at TC TO TC/Vit E TC TO TC/ VitE 
the time 
intervals 

Beginning -0.568 0.017 -0.505 0.407 0.057 0.032 

60th minute 0.093 -0.136 -0.064 0.869a 0.865 a 0.742 a 

90 th minute 0.078 0.152 0.060 0.874 a 0.793 a 0.684 

120 th minute -0.039 0.348 0.020 0.841 a 0.848a 0.715 a 

180 th minute -0.094 0.531 0.114 0.870a 0.835 a 0.716 a 

·p<o.os 
See Table II for abbreviations. 

DISCUSSION 

TC and TG levels were significantly higher, TP and albumin levels were 
significantly lower in the PAN-injected group compared to the NaCl-injected 
( control) group. These data were accepted as the evident of formation of NS with 
PAN injection. 
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NS is characterised with abnormalities of lipoprotein metabolism which lead 
to increase in the risk of CVD. On the other hand, the patients with NS have also 
other risk factors than hiperlipidemia, such as hypertension or hypercoagulability. 
There are some studies reporting that the risk of CVD in NS increases 5.5 to 85 fold 
than the normal population.2

•
24

) However, there has been no consensus on this 
subject. Moreover, there are some other studies indicating no increase in the risk.40

> 

Glomerular and tubulointerstisial damage have also been known as other harmful 
effects of hyperlipidemia in NS. 19

•
22

) 

The plasma concentration ofMDA was significantly higher in the NS group. 
Shishkin et al. also reported MDA levels to be elevated in NS.31> Serum vitamin E 
levels were higher in the NS group than those in the control group, whereas lipid­
standardized vitamin E (TC/vitamin E ratio) was significantly higher in the NS 
group than that in the control group. The latter could be an explanation why the 
MDA levels are higher in the NS group. It has been accepted that low serum vitamin 
E levels or inadequate intake of vitamin Eis associated with increased risk of CVD. 
Mydelik et al. found that vitamin E and A levels were elevated in 33 NS patients and 
proposed that it was related to the increase in lipoprotein synthesis.23

> 

Increased susceptibility of LDL to oxidation in in vitro conditions is accepted 
as an indicator for its atherogenic potential. In this purpose, the most commonly 
performed method is the incubation of LDL with Cu2

+ and then measuring the lipid 
peroxidation products.4

'
11

'
2
7) In our study, we separated LDL and the other apo B­

containing lipoprotein (VLDL) and then incubated this fraction with Cu2
+ for 60, 90, 

120 and 180 minutes. After the incubation, we measured MDA levels. MDA levels 
were significantly higher in the NS group at all of the periods. In the control group, 
there were no significant correlations between the MDA levels of non-HDL fraction 
and serum TG, TC levels or TC/vitamin E ratio; but in the NS group there were 
significantly positive correlations between these parameters. Apanay et al. reported 
that there were no correlations between serum LDL oxidation and serum cholesterol 
or TG levels. J) The conflict between our results and the latter could be the result of 
the difference between the methods that had been performed. We determined not 
only the susceptibility of LDL but VLDL as well. 

In the glomeruli there is a homeostasis in LDL entrance, usage and removal in 
normolipidemic conditions. In these conditions LDL contains enough antioxidants to 
protect itself from oxidation and is not subject to oxidative modification until there 
is an oxidative stress. However, when in the case of excessive LDL in the mesengial 
tissue or in the case of an oxidative stress, LDL loses its antioxidants and is faced to 
oxidative modification. 28

) 

Ox-LDL is cytotoxic and induces the formation and secretion of cytoxins and 
also induces monocytes to migrate into the arterial wall. Ox-LDL is also taken up by 
mesangial cells via scavenger receptors and the mesangial cells are then transformed 
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into foam cells. Mediators released from macrophages and ox-LDL induce formation 
of eicosanoids and modify mesangial cells' functions by affecting matrix 
components.29

•
42

> The endothelial cell damage caused by ox-LDL leads to platelet 
aggregation.12> All these changes result in the disruption of glomerular 
hemodynamic function and vessel permeability.41

> In a study, performed by Kaplan 
et al., healthy rats were fed in cholesterol rich diet and the observed vasoconstriction 
was proposed to be associated with the increase in ox-LDL level. 18

> Elevation of 
ox-LDL in NS may cause both renal damage and acceleration in atherogenesis. 

The increased amount of vitamin E was probably a manifestation of enhanced 
lipoprotein synthesis in the liver in response to protein depletion. However, when 
the results were standardized for cholesterol content, TC/vitamin E ratio was higher 
in the nephrotic rats. Thus, in nephrotic syndrome a higher cholesterol to vitamin E 
ratio could contribute to the enhanced oxidizability of apo-B containing lipoprotein 
particles. In conclusion, high serum cholesterol, triglycerides levels and 
cholesterol/vitamin E ratio seem to represent very important factors in nephrotic 
animals. 
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