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Abstract. Taurine was used in the present study to evaluate its beneficial effects 
against proteinuria and hyperlipidemia associated with nephrotic syndrome. Rats 
made nephrotic with adriamycin had a high excretion of protein, albumin, and N-ace- 
tyl-P-D-glucosaminidase compared with nonnephrotic rats. Nephrotic rats manifested 
hyperlipidemia with significant elevation in all major lipoprotein fractions. Treatment 
with taurine significantly suppressed adriamycin-induced proteinuria, albuminuria, 
and urinary excretion of N-acetyl-p-D-glucosaminidase. Treatment of rats with taurine 
for 7 days before adriamycin, and daily thereafter, significantly lowered plasma cho- 
lesterol, triglycerides, phospholipids, lipid peroxides, and malondialdehyde associ- 
ated with lipoprotein fractions. Similarly, total lipids, cholesterol, triglycerides, lipid 
peroxides, hydroperoxides, and hydroxyl radicals in the liver and kidneys of taurine- 
treated adriamycin rats were decreased significantly compared with adriamycin alone. 
Lecithin cholesterol acyl transferase activity and free fatty acid levels in plasma, 
lipoprotein lipase activity, glutathione, total thiol, and ascorbic acid in the liver 
and kidneys of taurine-treated adriamycin groups were significantly elevated com- 
pared with adriamycin alone. These results suggest that taurine might be applicable 
as a protective agent for proteinuria and hyperlipidemia associated with nephrotic 
syndrome. [P.S.E.B.M. 1997, Vol 2151 

he anthracycline antibiotic adriamycin (ADR) is one 
of the most important antitumor agents, having a T broad spectrum of therapeutic potency against a va- 

riety of human tumors, including soft-tissue sarcoma, breast 
cancer, small-cell carcinoma of the lung, and acute leuke- 
mias (1). However, the clinical efficacy of this antitumor 
drug is greatly limited because of severe cytotoxic side ef- 
fects, the most serious being cardiotoxicity (2, 3). In addi- 
tion to its well-known cardiotoxicity, renal injury has been 
reported to occur as part of the toxic syndrome induced by 
adriamycin (4-6). Intravenous administration of adriamycin 
in rats induces nephrotic syndrome, which is characterized 
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by heavy proteinuria, hypoalbuminemia, albuminuria, and 
hyperlipidemia (7-1 0). 

Hyperlipidemia associated with the nephrotic syn- 
drome is a complex disorder involving abnormalities of 
both synthesis and degradation of lipoproteins most likely 
induced by the glomerular barrier defect and the secondary 
reduction in serum oncotic pressure which occurs as hypo- 
albuminemia ensues (1 1). It has been reported that hyper- 
lipidemia secondary to nephrosis can aggravate the primary 
renal disease ( 12, 13). Previous reports have documented 
that hyperlipidemia has an adverse effect on glomerular 
function in normal and experimental animals (14-16). Al- 
though various in vivo models of nephrotoxicity induced by 
adriamycin have been described, there have been few ani- 
mal studies carried out assessing compounds that may pre- 
vent ADR-induced nephrosis, particularly proteinuria and 
hyperlipidemia. Interestingly, the pathogenesis of ADR- 
induced nephrosis resembles, in many ways, the older 
model of nephrotic syndrome induced by administration of 
puromycin aminonucleoside (PAN) (17). 

We have recently demonstrated that administration of 
taurine ameliorated PAN-induced proteinuria (1 8) and hy- 
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perlipidemia (19). In view of the attenuating effect produced 
by taurine, the present study led us to hypothesize that treat- 
ment of proteinuria in ADR rats with taurine may amelio- 
rate hyperlipidemia associated with nephrotic syndrome. 
The results of these experiments form the basis of this re- 
port. We confirm here that taurine plays a protective role 
against ADR-induced nephrosis. 

Materials and Methods 
Chemicals. Adriamycin, taurine, bovine serum albu- 

min, p-nitrophenyl N-acetyl-P-D-glucosaminide (NAG) 
and thiobarbituric acid were obtained from Sigma Chemical 
Co. (St. Louis, MO). All other chemicals used were of ana- 
lytical grade. 

Experimental Design. Healthy male Wistar rats 
weighing 100 g were kept in groups of three in polyvinyl 
cages. A 12:12-hr 1ight:dark cycle was maintained. Food 
and water were available ad libitum. Rats were divided into 
four experimental groups: (i) saline (SA); (ii) taurine + sa- 
line (T + SA); (iii) adriamycin (ADR); and (iv) taurine + 
adriamycin (T + ADR). Rats were treated with taurine (1%) 
in drinking water to appropriate groups, 7 days prior to 
intravenous administration of saline or adriamycin (6 mg/kg 
body wt) and thereafter throughout this study. Thirty days 
after the administration of ADR, all control and experimen- 
tal rats were housed for 24-hr urine collection in individual 
metabolic cages with access to water only. 

Biochemical Analyses. Rats were sacrificed under 
pentobarbital anaesthesia (75 mg/kg), blood was collected, 
and plasma was separated by low-speed centrifugation 
(5000g). High-density lipoprotein (HDL), low-density lipo- 
protein (LDL), and very low density lipoprotein (VLDL) 
were separated by the dual precipitation method as de- 
scribed by Wilson and Spiger (20), and they were analyzed 
for cholesterol (21), phospholipids (22), triglycerides (23), 
and lipid peroxides (24). Plasma was also analyzed for free 
fatty acids (25) and lecithin cholesterol acyl transferase 
(LCAT) activity (26). A portion of the collected blood was 

used for the separation of serum. Serum was analyzed for 
protein (27) and albumin (28). Excised kidneys and liver 
rinsed in ice-cold physiological saline to remove blood and 
adherent tissues were used for lipid extraction (29), lipid 
peroxide measurement (30), lipoprotein lipase activity (3 l), 
hydroperoxides (32), hydroxyl radicals (33, 34), reduced 
glutathione (35), total thiol (36), and ascorbic acid (37). 
Urine was analyzed for protein (27), creatinine (38), albu- 
min (28), cholesterol (21), and N-acetyl-P-D-glucos- 
aminidase activity (39). 

Statistical Analysis. All values are reported as the 
mean k SD of six observations, and the data were analyzed 
by one-way analysis of variance (ANOVA). 

Results 
Body Weight. Nephrotic rats lost weight ( P  < 0.01), 

whereas control rats gained weight during 30 days of ex- 
periment. Treatment with taurine over the same period of 
time significantly diminished ADR-induced decreases in 
body weight, although the values were lower than those of 
SA- or T + SA-treated groups (Table I). 

Urinary Excretion of Protein, Albumin and 
N-acetyl-p-D-glucosaminidase. Treatment of rats with 
ADR produced the characteristic symptoms of nephrotic 
syndrome including edema of kidneys and liver, and fluid 
accumulation in the peritoneal cavity. Saline- and saline 
plus taurine-treated rats showed no statistical difference be- 
tween them in kidney weight (0.49 f 0.05 versus 0.51 f 
0.09 g wet tissue, respectively). Kidney weight in nephrotic 
rats was significantly higher (0.88 k 0.04 g wet tissue; P < 
0.05), however, taurine treatment in nephrotic rats produced 
no change in kidney wet weight (0.86 f 0.09 g). Compared 
with that of saline and saline plus taurine rats, the liver 
weight of nephrotic rats showed a significant difference 
(1.81 f 0.26 and 1.78 f 0.30 versus 2.61 k 0.12 g wet tis- 
sue for saline and saline plus taurine versus nephrotic rats, 
respectively; P < 0.05). Taurine administration to nephro- 
tic rats, however, produced no change in liver wet weight 

Table 1. Effect of Taurine on Body Weight, Serum Protein and Albumin, Urinary Protein and Albumin, 
N-acetyl-glucosaminidase, and Cholesterol Excretion in Control and Nephrotic Rats 

Variable Saline (SA) Taurine + saline Adriamycin Taurine + adriamycin 
(T + SA) (ADR) (T + ADR) 

Body weight (9) 145 * 10 150 * 7 71 *5d 104 * 6' 
Serum protein (g/dl) 6.3 f 1 .O 5.8 f 0.8 3.1 f 0.4d 4.9 f 0.7' 
Serum albumin (g/dl) 3.0 f 0.9 3.2 1 .O 1.4 k 0.3d 2.4 f 0.8' 
Urine protein (mg/mg creatinine) 1 .I f 0.1 0.9 f 0.1 50.3 k 4.5a 20.5 * 40" 
Urine albumin (mg/mg creatinine) 0.4 f 0.05 0.36 * 0.04 15.8 * 3.6" 6.5 * 1 .9" 
N-acetyl-glucosaminidase (nmol/mg creatinine) 265 f 25.6 270 f 20.7 515 f 36.5a 360 f 25.7" 
Urinary cholesterol (mg/24 hr) 0.30 * 0.05 0.35 f 0.04 2.25 * 0.08a 0.95 * 0.05" 

Note. Rats were treated with 1% taurine (in drinking water) 7 days prior to adriamycin (6 mg/kg body wt, iv) administration, and 30days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean f 
SD of six observations. 
a Significantly higher (P  c 0.01) than all other groups. 

Significantly higher (P  c 0.05) than the ADR group. 
Significantly lower ( P  c 0.05) than the ADR group. 
Significantly lower (P  c 0.01) than all other groups. 
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Table II. Effect of Taurine on Plasma Lipoprotein Profile and Malondialdehyde (MDA) Content Associated with 
the Lipoprotein of Control and Nephrotic Rats 

Lipoproteins Saline (SA) 

~~ ~ 

Taurine + saline 
(T + SA) Adriamycin (ADR) Taurine + adriamycin 

(T + ADR) 

VLDL 
Cholesterol (mg/dl) 
Triglycerides (mg/dl) 
P h 0s p h ol i p ids (m g/d I) 
MDA (nmol/ml) 

Cholesterol (mg/dl) 
Triglycerides (mg/dl) 
Phospholipids (mg/dl) 
MDA (nmol/ml) 

Cholesterol (mg/dl) 
Triglycerides (mg/dl) 
Phospholipids (mg/dl) 
MDA (nmol/ml) 

LDL 

HDL 

12.65 i 2.49 
33.51 i4.65 
19.14 i 3.06 
0.61 i 0.1 1 

30.34 * 6.59 
17.56 * 4.03 
41.05 * 7.89 

1.12 * 0.61 

26.13 * 4.58 
7.10 * 1.25 

24.78 i 5.07 
3.06 i 0.86 

13.01 * 1.85 
34.07 i 4.01 
18.49 i 2.89 
0.59 i 0.14 

29.65 i 6.04 
18.35 i 3.87 
40.04 i 6.59 

1.25 i 0.70 

27.08 i 4.69 
8.01 * 2.06 

25.54 * 4.49 
3.00 * 0.93 

28.1 3 i 3.58" 
47.87 i 6.07" 
31.07 i 3.86" 
2.87 i 0.86" 

60.10 i 8.98" 
31.78 i 6.16" 
54.32 * 8.16" 
4.67 i 1 .30" 

10.50 i 3.06c 
16.13 * 3.18a 
40.45 * 6.70a 
7.51 k 1.85" 

15.36 2.06' 
38.54 i 5.12' 
22.06 i 2.93' 

1.35 * 0.54' 

38.35 * 6.56' 
20.49 +. 3.85' 
43.54 * 6.85' 
2.55 * 0.91 ' 

22.30 * 4.56d 
10.36 * 2.25' 
30.30 * 5.15' 
4.15 * 1.01' 

Note. Rats were treated with 1 % taurine (in drinking water) 7 days prior to adriamycin (6 mg/kg body wt, iv) administration, and 30 days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean * 
SD of six experiments. 
a Significantly higher ( P  c 0.01) than all groups. 

Significantly lower ( P  c 0.01) than the ADR group. 
Significantly lower ( P  c 0.01) than all groups. 
Significantly higher ( P  c 0.05) than the ADR group. 

(2.49 k 0.26 g wet tissue). No attempt was made to find 
the dry weight of these tissues. Rats with nephrosis had a 
high excretion of protein, albumin, and N-acetyl-P- 
D-glucosaminidase compared with non-nephrotic rats. 
However, 30 days after taurine treatment urinary protein, al- 
bumin, and NAG excretion were significantly reduced 
(Table I). 

Serum Protein and Albumin. As shown in Table I, 
rats with nephrosis manifested a decline in serum total pro- 
tein and albumin. Treatment with taurine significantly re- 
duced the ADR-induced decreases in serum total protein 
and albumin. 

Plasma Lipoprotein, Lipids, Lipid Peroxide 
Content, and Lecithin Cholesterol Acyl Transfer- 
ase. The effect of the administered dose of taurine on the 

elevation of plasma lipoprotein, lipids, and lipid peroxides 
at the 30th day after ADR treatment was examined (Tables 
I1 and 111). Nephrotic rats were severely hyperlipidemic, 
characterized by increased levels of cholesterol, triglycer- 
ides, and phospholipids. Significant elevation in plasma 
LDL and VLDL cholesterol was observed in nephrotic rats. 
Interestingly, HDL cholesterol was reduced in parallel with 
the increased urinary cholesterol (Table I) excretion in ne- 
phrotic rats. Treatment with taurine significantly attenuated 
the ADR-induced decreases in HDL cholesterol levels. 
Phospholipid and triglyceride content in the plasma after 
ADR treatment was significantly elevated in all lipoprotein 
fraction. In a similar fashion, ADR increased malondialde- 
hyde content in all the three lipoprotein fraction. As shown 
in Tables I1 and 111, taurine treatment prevented the ADR- 

Table 111. Effect of Taurine on Plasma Lipids, Lipid Peroxide, and Lecithin Cholesterol Acyl Transferase 
(LCAT) Activity in Control and Nephrotic Rats 

Parameters assayed Saline (SA) Taurine + saline Ad r i am yci n Taurine + adriamycin 
(T + SA) (ADR) (T + ADR) 

Total cholesterol (mg/dl) 71.85 i 9.68 70.15 i 8.56 103.0 * 1 6.56" 78.05 * 9.98' 
Total triglycerides (mg/dl) 59.95 f 5.85 61.25 i 6.03 98.30 * 9.16" 68.65 * 7.00' 
Total phospholipids (mg/dl) 85.60 * 3.08 86.95 i 3.14 129.35 i 5.85" 93.89 * 4.44' 
Free fatty acids (mg/dl) 18.35 * 3.64 19.30 i 3.85 9.45 * 1 .86c 16.35 i 2.56d 
Lipid peroxide (nmol MDA/ml) 2.56 i 0.58 2.30 * 0.55 7.65 * 1.85" 3.16 i 0.89' 
LCAT (nmol cholesterol esterified/hr/ml) 71.26 * 8.56 73.65 * 8.06 32.56 * 5.6F 66.45 * 7.67d 
Note. Rats were treated with 1% taurine (in drinking water) 7 days prior to adriamycin (6 mg/kg body wt, iv) administration, and 30 days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean f 
SD of six observations. 
a Significantly higher ( P  < 0.01) than all groups. 

,=Significantly lower (P  < 0.01) than all groups. 
Significantly lower (P  c 0.01) than the ADR group. 

Significantly higher (P  c 0.01) than the ADR group. 
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induced increases of the above biochemical parameters, al- 
though these values remained higher than their respective 
control values. Nephrotic rats had decreased levels of 
plasma lecithin cholesterol acyl transferase, an effect attenu- 
ated by taurine treatment (Table 111). 

Lipoprotein Li pase. Kidney and liver lipoprotein li- 
pase activity was lower in nephrotic rats than in saline- or 
taurine plus saline-treated rats. The lowered lipoprotein li- 
pase activity in the kidney and liver of nephrotic rats 
showed significant elevation with taurine treatment (Table 
IV) . 

Oxidant and Antioxidant Status. ADR adminis- 
tration produced a significant increase in lipid peroxide, 
hydroperoxides, and hydroxyl radical content in kidney and 
liver (Tables V and VI). However, nephrotic rats treated 
with taurine did achieve significantly lower levels of these 
biochemical parameters than those of nephrotic rats treated 
without taurine in their drinking water. On the contrary, a 
significant reduction in kidney and liver glutathione, total 
thiol, and ascorbic acid content occurred after 30 days in 
rats given ADR. Taurine administration to ADR rats sig- 
nificantly elevated the antioxidant levels (Tables V and VI). 

Discussion 
Intravenous administration of ADR has been used to 

evaluate the pathological features of nephrotic syndrome 
caused by this anticancer drug in animal models (7-10). We 
recently reported that taurine was effective in blocking 
PAN-induced proteinuria and hyperlipidemia associated 
with nephrotic syndrome (18, 19). On the basis of our pre- 
vious studies, we hypothesized that taurine might play an 
important role as an antiproteinuric agent in ADR model of 
nephrosis. Treatment with taurine produced a significant 
reduction in ADR-induced proteinuria and hyperlipidemia. 

In the present study, renal toxicity was a prominent 
feature of adriamycin administration. The administration of 
ADR to rats produces heavy proteinuria accompanied by 
widespread fusion of the glomerular foot processes and de- 
tachment from the capillary basement membrane (5, 7, 9). 
However, the specific cellular targets and molecular mecha- 
nisms responsible for the pathogenesis of ADR-induced re- 
nal injury are not clearly defined. The potential biochemical 
mechanism of this nephrotoxicity has not yet been estab- 
lished, although many hypotheses have been put forward. 
One of the most possible mechanisms for the toxicity of 
ADR may be the consequence of oxidative stress (40)-that 
is, oxidation and cross-linking of cellular thiols and mem- 
brane lipid peroxidation. Earlier reports have shown that 
ADR enhances the generation of superoxide and hydrogen 
peroxide by renal cortical microsomes (41) and that oxygen 
radicals generated by ADR are important mediators in renal 
injury (42). Considerable evidence suggests that the in- 
volvement of ADR semiquinone radicals gives rise to reac- 
tive oxygen species (ROS) (40). The prime target of the 
oxygen radicals is the unsaturated bonds in membrane lip- 
ids, which can form lipid peroxides followed by the initia- 
tion of a chain reaction of lipid peroxidation. Malondialde- 
hyde is one of the end products of lipid peroxidation, and a 
variety of cross-linking reactions including linking of lipids 
and proteins and linking between lipids and proteins can be 
mediated by malondialdehyde (43). This mechanism is sup- 
ported by the report that ADR-enhanced kidney microsomal 
lipid peroxidation was diminished by the inclusion of oxy- 
radical scavenger, superoxide dismutase, and 1,3-dimethyl- 
urea, and by the chelating agents ethylenediaminetetraace- 
tic acid (EDTA) and diethylenetriamine-pentaacetic acid 
(DETPAC). 

Bertolatus et al. (44) have found no evidence that oxi- 

Table IV. Effect of Taurine on Liver and Kidney Total Lipids, Cholesterol, Triglycerides, and Lipoprotein Lipase 
Levels in Control and Nephrotic Rats 

Parameters assayed Saline (SA) Taurine + saline 
(T + SA) Adriamycin (ADR) Taurine + adriamycin 

(T + ADR) 
~~ 

Liver 
Total lipids" 
Cholesterola 
Triglycerides" 
Lipoprotein lipased 

Total lipids" 
Cholesterola 
Trig1 ycerides" 
Lipoprotein Iipased 

Kidney 

60.23 f 8.75 
7.13 f 1.56 
8.21 f 1.69 
5.18 f 1.01 

31.34 f 4.36 
4.85 f 0.76 
5.12 f 1.01 
3.25 f 0.96 

62.1 1 * 7.86 
6.96 * 2.1 3 
7.95 * 1.80 
5.50 * 1.51 

33.56 f 4.65 
4.40 f 0.65 
5.36 f 1.81 
3.15 f 0.78 

101 f 10.34' 
13.5 f 3.89' 
15.1 f 2.45' 
1.25 f 0.68e 

55.16 f 6.65' 
8.31 f 1.61' 
9.75 f 2.95' 
0.95 f 0.06e 

71.5 f 8.13" 
8.53 +: 2.30" 

10.35 f: 1.56" 
4.06 f 0.96f 

39.85 f 3.65" 
5.75 f: 0.81 " 
6.25 f: 1 .75" 
2.46 f 0.35f 

Note. Rats were treated with 1 % taurine (in drinking water) 7 days prior to adriamycin (6 mg/kgbody wt, i.v.) administration, and 30 days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean f 
SD of six observations. 
a mg/g wet tissue. ' Significantly higher (P c 0.01) than all groups. 

Significantly lower (P c 0.05) than the ADR group. 
pmol of glycerol liberated/hr/mg protein. 
Significantly lower (P c 0.01) than all groups. 

'Significantly higher (P c 0.01) than the ADR group. 
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Table V. Effect of Taurine on Lipid Peroxide, Hydroperoxides, Hydroxyl radicals, and Antioxidant in the Liver 
of Control and Nephrotic Rats 

~ 

Parameters assayed 

~~ 

Taurine + saline Adriamycin (ADR) Taurine + adriamycin 
Saline (SA) (T + SA) (T + ADR) 

Lipid peroxides (nmol/mg protein) 1.97 * 0.53 1.70 * 0.49 7.51 * 2.05a 3.06 & 0.79' 
H ydroperoxides" 2.57 * 0.78 2.31 kO.50 4.95 * 0.94a 3.21 * 1.01' 
H yd roxyl radicalsd 3.05 * 0.91 2.90 * 0.75 6.34 * 1.8P 3.69 * 0.96' 
Glutathione (nmol/g wet tissue) 3.45 * 0.87 3.63 * 0.78 1.01 * 0.13" 2.89 * 0.65' 
Total thiol (pg SH/mg protein) 22.87 * 3.16 24.15 * 2.89 8.35 * 1.06" 19.85 * 2.90' 
Ascorbic acid (pg/mg protein) 1.89 * 0.81 1.70 * 0.70 0.30 * 0.1 2" 1.25 * 0.69' 

Note. Rats were treated with 1% taurine (in drinking water) 7 days prior to adriamycin (6 mg/kg body wt, iv) administration, and 30 days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean f 
SD of six observations. 
a Significantly higher ( P  c 0.01) than all groups. 

Significantly lower ( P  c 0.05) than the ADR group. 
pg of t-butyl hydroperoxide/mg protein. 
nmol of formaldehyde formed/min/mg protein. 
Significantly lower ( P  c 0.01) than all groups. 
Significantly higher (P  c 0.01) than the ADR group. 

dative injury plays a major role in ADR nephrosis. Signifi- 
cantly, the findings of Ghiggeri et al. (45) appear to conflict 
with that of Bertolatus and co-workers. The results pre- 
sented by these authors reiterate and strengthen previous 
findings that ADR in the presence of glomeruli and glomer- 
ular epithelial cells in culture induces 0, generation, which 
is partially responsible for its cytotoxicity. Our data support 
the hypothesis that ROS are involved in ADR-induced renal 
toxicity based upon the elevation of lipid peroxides, hy- 
droperoxides, and hydroxyl radicals in the liver and kidneys 
of ADR rats with concomitant reduction in nonenzymic 
antioxidant levels. The protective role of taurine is consis- 
tent with this proposal. Involvement of ROS in nephrotox- 
icity is indirectly suggested by the decrease in antioxidant 
enzymes (data not shown) that we observed after ADR ad- 
ministration. A recent study also suggests a role of ROS in 
the induction and progression of ADR nephrosis (46). Nev- 
ertheless, conclusive evidence of whether oxygen free radi- 
cals are formed and play a pathogenetic role in ADR- 
induced renal toxicity remains to be clarified. 

It has been demonstrated that 30 days after ADR treat- 
ment there is an increase in urinary protein and NAG ex- 
cretion. Nephrotic rats had hypoalbuminemia, hyperlipid- 
emia, and significant elevation in lipid and lipoprotein pro- 
files. The abnormal lipid and lipoprotein profiles in ADR 
nephrotic rats could be the result of complex abnormalities 
of both synthesis and catabolism as observed in PAN ne- 
phrosis (47-49). Hyperlipidemia is an intrinsic component 
of the nephrotic syndrome (1 l), and the role of hyperlipid- 
emia in the evolution of renal disease has been reviewed 
(1  1). The causative factor for hyperlipidemia in nephrotic 
syndrome has not been established; however, abnormal glo- 
merular permeability to plasma proteins and reduced serum 
oncotic pressure may contribute (1  1). Pharmacological or 
dietary treatment of hyperlipidemia in animals with protein- 
uric disease has been efficacious in reducing proteinuria and 
glomerulosclerosis (50). The results of this study indicate 
that the ability of taurine to inhibit proteinuria could have 
additional beneficial effects in ameliorating hyperlipidemia. 
Our results are in agreement with those of Kasiske and 

Table VI. Effect of Taurine on Lipid Peroxide, Hydroperoxides, Hydroxyl Radicals, and Antioxidants in the 
Kidney of Control and Nephrotic Rats 

Parameters assayed Taurine + saline Adriamycin (ADR) Taurine + adriamycin 
(T + SA). (T + ADR) Saline (SA) 

Lipid peroxides (nmol/mg protein) 2.35 * 0.79 2.01 * 0.54 8.45 * 1.49" 3.15 * 0.48' 
H ydroperoxides" 1.62 * 0.45 1.48 * 0.40 4.24 0.85" 1.67 * 0.51 ' 
Hydroxyl radicalsd 3.1 9 * 0.76 3.01 & 0.58 6.55 * 1.47a 4.10 * 0.67' 
Glutathione (nmol/g wet tissue) 2.76 * 0.39 2.95 * 0.43 0.89 * 0.34" 2.05 0.38' 
Total thiol (pg SH/mg protein) 15.1 6 f 2.95 15.60 f 3.04 5.89 * 1.01 " 12.81 * 2.85' 
Ascorbic acid (pg/mg protein) 1.01 * 0.43 0.95 * 0.36 0.34 * 0.08" 0.89 0.18' 

Note. Rats were treated with 1 % taurine (in drinking water) 7 days prior to adriamycin (6 mg/kg body wt, iv) administration, and 30 days after 
the iv adriamycin injection biochemical analyses were carried out as described in Materials and Methods. Values are expressed as mean f 
SD of six observations. 
a Significantly higher (P  c 0.01) than all groups. 

Significantly lower (P  c 0.05) than the ADR group. 
pg of t-butyl hydroperoxide/mg protein. 
nmol of formaldehyde formed/min/mg protein. 
Significantly lower ( P  c 0.01) than all groups. 
Significantly higher ( P  c 0.01) than the ADR group. 
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co-workers ( 5  l), who demonstrated that the hyperlipidemic 
agents mevinolin and clofibric acid reduced proteinuria in 
obese Zucker rats. Kasiske et al. (16) have demonstrated 
that hyperlipidemia induced by cholesterol-rich diet in- 
creased glomerular capillary pressure and therefore dam- 
aged the kidney through hemodynamic mechanisms in the 
rat. A similar mechanism could be operative in ADR rats. 
Glomerular filtration is considered to be the early renal 
hemodynamic alteration in ADR-administered rats, and dis- 
order of the lipid metabolism and renal barrier function are 
related to the abnormal leakiness of glomeruli in ADR rats 
(52). The reduction in proteinuria in taurine-treated nephrot- 
ic rats could be associated with a direct effect on glomerular 
filtration, or, alternatively, could be secondary to its hypo- 
lipidemic property. 

It is believed that the initial injury caused by ADR 
involves ROS, which presumably cause glomerular and tu- 
bular injury (8). It has also been demonstrated that tubular 
and interstitial changes are commonly found in ADR and 
are even thought to predispose to subsequent glomerulo- 
sclerosis (53),  although influx of interstitial inflammatory 
cells is a relatively late occurrence in this model (8). The 
inflammatory cells secrete a variety of potent degradative 
lysosomal enzymes, which may cause the destruction of 
structural components of the kidney (54). The increase in 
urinary protein and NAG excretion in ADR group may re- 
flect cellular injury with increased vascular permeability, 
and this could account for increased level of renal injury. 
These changes were attenuated by taurine treatment. The 
beneficial effects of taurine in counteracting renal damage 
may be attributed to its antioxidative and anti-inflammatory 
properties. 

On the basis of these findings, we suggest that admin- 
istration of taurine attenuates ADR-induced nephrosis in the 
rat. In conjunction with the evidence that taurine is also 
effective against puromycin aminonucleoside nephrotic 
syndrome, our results further suggest that taurine could be 
applicable as a therapeutic agent in treating chemically in- 
duced nephrosis in which proteinuria and hyperlipidemia 
are customary hall marks of the nephrotic process. How- 
ever, more detailed studies are required to determine wheth- 
er oxygen free radicals do indeed play a pathogenetic role in 
adriamycin-induced renal injury. Additionally, ultrastruc- 
tural studies are called for to understand the sequence of 
physiologic and histologic changes in taurine-treated ADR- 
model nephrosis and whether taurine is protecting directly 
against ADR-induced renal toxicity or simply blunting sec- 
ondary biochemical derangements. 
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