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ABSTRACT 

The association between hvdrocarbon exposure and chronic glomeru- 
lonephritis is still a controwrsial scienti$c issue. Recent epidemiological 
evidence suggests a role of exposure to hyhearbons in the progmsion 
of glomerulonephritis towardr chronic renal fdlum. The present aperi- 
mental stucj, on rats has been designed to assess the possible role of sty- 
rene in the progression of adriamycin (ADR) nephrosis, a well known 
model of renal fibrosis following nephrotic syndrome induced by ADR. 
Female Sprague-Daw1e.v rats were exposed to styrene, 300 ppm. 6 hldv, 
5 dayshveek for 12 weeks (group I); treated with ADR, 2 mgKg, i.v.. 
M'ce on day I and day 15 of the study (group 2); .4d&tional groups of 
animals received both the styrene and ADR treatments (group 3) or serv- 
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370 Mutti et al. 

ed as controls (group 4). The urinary excretion of total and single pro- 
teins (albumin, Retinol-Binding Protein (RBP), Clara Cell 16 Kd protein 
(CC16), jbronectin) was measured monthly, whereas histopatology and 
determinations requiring blood sampling were carried out at the end of 
the experiment. 

A progressive increase in total proteinuria, falling in the nephrotic 
range already by the 6' week was observed in ADR-treated groups. Sty- 
rene exposure caused up to a 3- to 5-fold increase as compared to con- 
trols. Co-exposure to ADR and styrene also resulted in a proteinuria 
much greater than that caused by ADR alone. The interactive efect of 
styrene and ADR was statistically signiJcant for albuminuria and uri- 
nary jbronectin. A similar response was observed for glomerular filtra- 
tion rate at the end of the experiment, styrene-exposed animals showing 
hyperjiltration as compared to their respective control group. At the end 
of the experiment, histopathologrcal scoring for interstitial injltration 
and fibrosis was also signijcantly higher in styrene-treated animals as 
compared to their respective control groups. In ADR-treated rats, low 
molecular weight proteinuria (I. m. w.p.) was only slightly afected, sug- 
gesting minimal tubular dysfunction associated with extensive tubular at- 
rophy. However, styrene-exposed animals showed 1. m. w.p. higher than 
their respective controls. In summary, in this animal model we were able 
to confrm both styrene-induced m'croproteinuria, mainly albuminuria 
and minor increases in 1.m. w.P., observed among occupationally exposed 
workers and the role of hydrocarbon exposure as a factor accelerating 
the progression of renal disease suggested by epidemiological investiga- 
tions in patients suffering p o m  chronic renal disease. mereas in rats 
exposed to styrene only, microproteinuria was stable over time and mi- 
nor histopathological changes were noted at the end of the experiment, 
evidence of a role of solvent exposure in the progression of ADR ne- 
phropathy was obtained in terms of both renal dysfunction and intersti- 
tial fibrosis. The mechanistic basis of styrene-ADR interaction is unclear. 
However, experimental evidence is consistent with epidemiological j nd -  
ings suggesting the need to avoid solvent exposure in patients mfering 
j?om renal diseases. 

Key Words: Biomarkers; Hydrocarbons; Kidney; Glomerulonephntis; 
Adriamycin; Styrene 

INTRODUCTION 

The possible pathogenetic role of solvent exposure in the development of chronic glo- 
menrlonephntis is still a controversial scientific issue nearly 90 years after the first case 
report (1) and more than 20 years after the first case-referent study (2) suggesting such an 
association. Almost all published case-referent studies (1 1 out of 13) consistently show 
an increased rate ratio or odds ratio (5.0 on average, range 2.8-8.9) (2-12), whereas the 
two ((negative)) studies (13,14) are affected by major methodological shortcomings and 
by a high prevalence of solventexpased controls rather than a low prevalence of solvent 
exposure among cases. 
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Hydrocarbon and Renal Disease 371 

A number of cross-sectional studies have been carried out in groups of workers ex- 
posed to relatively low concentrations of single solvents or mixtures (15-25). In shoe- 
makers exposed to C5C7 alkanes, Mutti et al. (15) found an increased excretion of pro- 
teins, lysozyme and p-glucuronidase suggesting mil4 reversible tubular damage. Asker- 
gren and colleagues (16,17) found increased albuminuria and erhythrocyhma in workers 
exposed to aromatic solvents, mady styrene. In oil refinery workers exposed to low 
concentrations of complex mixtures, urinary albumin and the brush-border antigen BB-50 
were increased (20). 

Neither incfividual solvents nor mixtures were identlfied as potential toxic agents in 
most studies. However, in a recent English study (25), the relative risk for petroleum 
products, greasing/degreasing agents and pamts and gluing agents was estimated to be 
15.5, 5.3 and 2.0, respectively. 

A more recent example is the European collaborative study on laundry workers ex- 
posed to organic solvents, mostly perchloroethylene (PCE) (26). N large battery of mark- 
ers was used, including single high and low molecular weight proteins, ladneyderived 
antigens and enzymes, and prostanoids were measured in urine. Creatinine, Pz- 
microglobulin, laminin fragments, and anti-glomerular basement membrane were also 
measured in serum. PCEexposed workers excreted more high molecular weight proteins 
(alburmn, transferrin), more brush-border antigens, urinary fibronectin and tissue non- 
specific alkaline phosphatase. The higher excretion level of glycosaminoglycans and 
Tamm-Horsfall giycoprotein also approached statistical significance. Serum anti- 
glomerular basement membrane antibodies, expressed as a percenlage of a positive serum 
from a patient with Goodpasture's syndrome, as well as laminin fragments, were sigtuf- 
cantly htgher in PCEexposed workers. Serum creatinine and P2-microglobulin over- 
lapped in the examined groups, thus excluding any major impairment of renal function. 
Ths, as other cross-sectional investigations and case referent studies also failed to show 
any doseeffect or dose-response relationship. One exception is the study of Ng and co- 
workers on toluene-exposed workers (24). 

In laboratory animals, exposures to hydrocarbons have sporadcally produced glo- 
merular lesions, but h s  has generally occurred in the presence of concomitant tubuloin- 
terstitial damage (27,28). Although the role of tubulointerstitial injury is now acknowl- 
edged as a key factor in the progression of renal diseases, the relevance of the male rat 
mode1 to the human situation is questionable, due to differences in the delivery of hydro- 
carbon metabolites to the target. Some such metabolites bind Pz-microglobulin and ac- 
cumulate in the segment S2 of proximal tubules. At variance with spontaneous ne- 
phropathy in the old-rat, the protein-chemical complex precipitates in S2 epithelial tubu- 
lar cells as angular crystals rather than as spherical lysosomes (29). Such a selective ac- 
cumulation of insoluble and indigestible chemical-protein complex eventually leads to 
cell necrosis. However, the male rat P2-microglobulin is a species- and sex-specific pro- 
tein, found in much lower concentrations in female rats, and apparently laclung a cow- 
terpart in other species, incluhg humans. In a rat model of PCE-induced nephropathy, 
tubular accumulation of P2-microglobulin precipitating in the form of insoluble crystals 
gave rise to a selective damage of the segment S2 of proximal tubules and was correlated 
with albuminuria, a widely accepted marker of glomerular dysfunction. Smaller but sig- 
nificant increases in albuminuria associated with low molecular weight proteinuria were 
found in female rats. Thus, in h s  rat model, exposure to PCE caused glomerular protein- 
uria of tubular o r i p  (30). 

Despite a large base of data, only in part summarized here, whether organic solvents 
induce or are associated with chronic renal dlsease or cancer still remains a question 
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372 Mutti et al. 

without satisfactory answers. Two recent nested prospective studies (based on a follow- 
up of cases and controls) suggest a role of solvent exposure in the progression of glo- 
merulonephntis towards chronic renal failure (31,32). The cases still exposed after the 
diagnosis of either chronic renal failure or chronic glomerulonephritis showed a poorer 
prognosis in terms of deterioration rate and stability of proteinuria, respectively. 

The present study was designed in the rat to test the hypothesis that hydrocarbon expo- 
sure may interact with factors underlying progressive renal d~sease. Adnamycin (ADR)- 
induced nephrosis was chosen as a suitable animal model, characterized by heavy pro- 
tein&, followed by progressive glomerular sclerosis and tubulo-interstitial fibrosis. 

MATERIALS AND METHODS 

Styrene (99% pure) was purchased from Aldnch Chemicals @Wan, Italy). Adnamycin 
(ADR) was from Farmitalia Car10 Erba ( M d q  Italy). Adult female Sprague-Dawley rats 
weighmg 150-180 g were obtained from Charles River (Calco. Italy). The animals were 
randomised to four treatment groups each composed of 10 rats: (i) sham; (ii) styrene 
inhalation; (iii) ADR treatment; (iv) ADR treatment followed by styrene exposure. 

The animals were housed two per cage under conditions of constant temperature and 
humidity and automatic photocycle. All animals were maintained on a 21% casein &et 
(Atromin-Rieper, Vandoies, Italy) according to a standardised recipe and were allowed 
free access to water. Dunng mhalation exposure, animals were individually housed and 
deprived of food, but dnnkmg water was available at libitum. All rats were sadiced 
under C q  narcosis by decapitation 15 weeks after the first ADR dose or 13 weeks of 
styrene inhalation. One hour before sacrifice, all animals received i.p. 200 m a g  BrdU 
(5-Bromo-2’&xyuridine, Sigma, St. Louis, Mo.) for the immunoqtochemical demon- 
stration of s-phase cells. All experiments were performed in compliance with the Euro- 
pean Community Guide for the Care and Use of Laboratory Animals. 

TREATMENTS 

ADR 

Rats belonging to groups (iii) and (iv) were given 2 subsequent doses of ADR (2 
m a g  b.w.): on days 1 and 15, respectively. ADR was dissolved in 0.5 mL sterile physi- 
ologic solution and infused slowly into the tail vein (33). Control rats were injected i.v. 
with 0.5 mL saline. 

Styrene Exposure 

Groups (ii) and (iv) were exposed to 300 ppm of styrene for 13 weeks, 6 h/day, 5 
daydweek, using a dynamic exposure chamber of 1 m3, as previously described (33-34). 

LABORATORY INVESTIGATIONS 

Kidney Function Tests 

Urine samples were collected in cooling vials over 18 h over NaN3 as preservative. 
Urine volume was measured. Aliquots were frozen (-80OC) until analysis. Albumin was 
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Hydrocarbon and Renal Disease 3'73 

measured by competitive ELISA (35) using monospecific antisera and rat proteins. Rat 
albumin was purchased from Calbiochem (La Jolla, Callf., USA) and rabbit antirat allnu- 
min - IgG fraction - was from Bio Science Products (Emmenhcke, Switzerland). Rat 
retinol-bindmg protein (RBP) was measured by a sensitive 'sandwich' ELISA (36) using 
speclfic antiserum produced in our laboratory. Briefly, RBP was isolated from the urine 
of rats poisoned with chromium (VI) salts to induce tubular proteinuria; Rl3P was pwi- 
fied from urine by affinity chromatography on human transtiretin linked to Sepharose. 
Antirat RI3P antibodies, obtained from the serum of rabbits repeatedly injected and puri- 
fied with RBP, were used to set up an immunoassay using microtitration plates, ti- 
otinylated antibodies being used to reveal RBP in biological samples (working range 
from 0.8 to 50 ng/mL). Total proteinuria was evaluated by the Coomassie G250 dye 
bindmg assay (37) using bovine serum albumin as a standard. 'Urinary and serum CC116 
as well as cystatin C were determined by latex immunoassay (LIA) (38). Fibronectin was 
measured by solid phase EIA based on its binding to collagen (39). 

Histological examination 

One pm sections were stained with PAS-hemalun-luxol fast blue or with hematoxyliin- 
fuchsin-Heidenhain blue(Orange G + a d i n  blue). The dye anilin blue seemed well suited 
for the study of fibrosis since it stains deep blue the collagen (I) fibres and pale blue other 
connective tissues (except elastin). The slides were examined independently by two olb 
servers (G .T. and D.N.) who were kept unaware of the treatment until final pooling of 
the results. To standarcfise the evaluation procedure, an adcfitional lens engraved with a 5 
x 5 gnd was inserted into a 1OX eyepiece. For each histological structure, tissue altera- 
tions in the ludnq were graded along arbitrary scales accorcfing to the following criteria : 

Glomerular Sclerosis 
0 (no departure from natural morphology); 1 (1 to 25% of the glomerular tuft show- 
ing thickening of basement membrane andor hyalinisation); 2 (26 to 50% of the 
glomerular tuft); 3 (>50 % of the glomerular tuft). At least 20 glomeruli per section 
at 400X magmfication have been evaluated 

0 Interstitial Fibrosis 
The scoring of interstitial fibrosis was obtained by the observations of ten micro- 
scopic fields per section at a magnification of lOOX (total scanned surface of 
13.5mm2 for each section): 0 (no departure from normal morphology); 1 (1 to 25'% 
of the field occupied by hyaline connective tissue andor by structures (glomeruli or 
tubules sections) surrounded by thickened basement membranes; 2 (26 to 50% of the 
field); 3 (>50 % of the field). 

The following scoring was performed by the observation of the entire tissue sec- 
tionpxrespondmg to approximately 5-10 microscopic fields per section at IOOX magru- 
fication: 

Interstitial Cellular Infiltrates 
0 (no clusters of interstitial cells); 1 (1 to 5 clusters of interstitial cells); 2 (6 to 10); 
3 (morethan 10). 

0 Cystic Tubules 
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3 74 Mutti et al. 

(dilated tubules lined by a flattened epithelium): 0 (no cystic tubules); 1 (1 to 5 cystic 
tubules); 2 (6 to 10); 3 (more than 10) 

Hyalinosis 
0 (no departwe from normal morphology); 1 (1 to 5 tubule sections filled with hya- 
line material); 2 (6 to 10); 3 (more than 10). 

Distribution and Densq of Proliferating Cells 
For each animal, one pmfEn section was processed for the immunocytwhemical 
detection of BrdU in the nuclei of S phase cells as described previously (40). 

A total of 20 microscopic fields (10 in the cortex and 10 in the medulla) were scanned 
in each section at a magdication of 400X (corresponding to a scanned area of 1.68 mm2 
and approx. 300Eld nuclei). The number of proliferating cells was observed for the 
different structures of the cortex (glomeruli, proximal and distal tubules, collecting ducts 
and interstitium) or of the medulla (proximal and distal tubules, collecting ducts and 
interstitium). For each section, the global labeling index was the total number of prolifer- 
ating cells per mm2 of kidney tissue. 

STATISTICAL ANALYSIS 

Parametric statistical analysis was carried out on biochemical and functional variables. 
Log-transformed values were used when necessary to OW a normal distribution, which 
was verified using the Kolmogorov-Smirnov. Differences among groups were primarily 
assessed using a two-way ANOVA and Student’s t test for pair4 data. Linear regression 
analysis was carried out using the least-square method (Pearson’s correlation). Non 
parametric tests were applied to morphometric evaluations (Mann-Whithney U test). 

RESULTS 

ADR caused severe toxicity and lugh mortality rates (50%) in both treated groups. 
Surviving rats showed poor general conditions and a decrease in body weight by about 
25% as compared to both controls and styrene exposed animals. 

Renal markers are summarized in Table 1. In ADR-treated rats, total proteinuia was in 
the nephmtic range. Very high albumin excretion rates were associated with a dramatic 
increase in the urinary excretion of fibronectin. Coexposure to styrene resulted in even 
higher excretion rates of all such proteins, whereas animals only exposed to styrene 
showed a two or three-fold increase in total proteins, albumin and fibronectin as com- 
pared to controls. In ADR-treated rats, geometric mean of albuminuria was 35 times 
lllgher than in controls, and a 3.5-fold increase was apparent in styrene-treated as com- 
pared with control animals. Coexposure to ADR and styrene resulted in a further in- 
crease (by 30”/) in the albumin values recorded in rats gven ADR only. Statistid analy- 
sis indicated significant effects of ADR and styrene, and a sigmficant ADR*styrene in- 
teraction @ = 0.036). The effects of ADR on urinary fibronectin were even greater, the 
geometric mean of ADR-treated rats being two orders of magnitude higher than control 
values. A fiuther increase (by 50%) in urinary fibronectin has been observed in rats co- 
exposed to styrene. Two-way ANOVA indicated a sigmfkant effect of ADR, borderline 
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3 76 Mutti et al. 

NO YES 

STYRENE (300 p p m )  

Figure 1. At the end of the experiment, the excreted fraction of filtered CC16 in ARD-treated 
animals is increased by several orders of magnitude as compared to controls. Although styrene 
exposure causes only minor changes, its interaction with ADR is quite apparent, resulting in much 
higher values as compared to values recorded in animals treated with ADR alone. 

50 - 
40 
30 
20 9 

10 9 

GROUP 

ADR+styrene 

0 ADR 4 rnq/Kg twice . styrene 300 pprn 

control 

Total 

Rsq = 0,7149 

Kidney weight, % b.w. 
Figure 2. Relationship between urinary CC16 and kidney weight at the end of the experiment 
(1 3th week). 
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Figure 3. At the end of the experiment, GFR is kcreased by 50% both in styrene- and in ADR- 
exposed rats, and it is increased by about 100% in rats co-exposed to both ADR and styrene. 

si@imce for styrene-induced changes @ = 0.07), and a sigmficant ADR*styrene inter- 
action (p = 0.039). Geometric means of serumderived proteins with low Mr also exhdp 
ited 10- to 20- fold increases as compared to control values. Although styrene exposure 
alone chd not modLfy proteiii excretion rates, its combination with ADR further enhanced 
(by 50-100%) ADR-induced low molecular weight proteinuria, but the ADR*styrerie 
interaction was not statistically sigmficant. 

The excreted fraction of filtered low M, proteins (EF) was calculated at the end of the 
experiment. Whde the EFmp was very low in all experimental groups (4 x - 4 x 10- 
3, apparently due to its combination with transtiretin in serum, EFCCI6 showed marked 
Merences among groups. Styrene exposure caused a 3-fold increase in EFCC16 as com- 
pared to controls. In animals treated with both ADR and styrene, EFCCI6 was also three 
times hgher than in ADR-treated rats, the latter being two orders of maptuck greater 
than control values (Figure 1). At the end of the experiment, EFCC16 was closely related 
to the kidney weight relative to body weight (Figure 2). Such an increase in EFm6 was at 
least in part attributable to an increased filtered load. Accordingly, whle glomerular 
filtration rate was increased by 50% both in rats exposed to styrene and in ADR-tmited 
rats, co-exposure to styrene and ADR resulted in a further 50% increase as compand 
with animals treated with each factor separately (Figure 3). 

The time course of the urinary excretion of plasma proteins with high Mr is summa- 
rized in Figure 4. Styrene exposure was associated with an immediate increase in urinary 
alburmn excretion rate, then stable over time (Figure 4a). Co-exposure to styrene and 
ADR chd not increase albumin excretion rate as compared with ADR alone, whlch was 
associated with a sharp increase in albuminuria from the first month from ADR admini- 
stration onwards. A similar trend was apparent for urinary fibronectin (Figure 4b), also 
showing a 3-fold increase in styrene-exposed animals as compared to the relevant conbd 
group (controls or ADR, respectively). Whereas the group treated with ADR showed. a 
progressive increase in urinary fibronectin parallel to that of albuminuria, rats co-exposed 
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Figure 4. Time course of the urinary excretion of albumin (a) and fibronectin (b) in rats treated 
with ADR (open squares), with both ADR and styrene (closed squares), with styrene (closed cir- 
cles), and fresh air (open circles). 
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to ADR and styrene showed a peak after one-month coexposure to styrene. At the sixth 
week, the geometric mean in rats coexposed to styrene was 4-fold lugher than that in 
animals treated with ADR alone, whereas the geometric means in the two groups were 
overlapping by the end of the experiment. Plasma proteins with low Mr were one-two 
orders of magnm.de higher in ADR-treated rats, whereas styrene exposure did not induce 
sigruficant changes (Figure 5a and b). 

The hstopathologic score values are Summarized in Table 2. The most stnking result 
was the score for interstitial fibrosis, which was sigdicaaly higher in rats coexposed to 
ADR and styrene as compared to ADR-treated rats. Similar changes were observed for 
cellular infiltrates, also being three-fold greater after combined exposure to ADR and 
styrene than in ADR-treated rats. 

A close relationship was found between the urinary excretion of fibronectin at the sixth 
week (when the above mentioned pick was observed) and the histopathological score for 
interstitial fibrosis occurring two months later, the Spearman's rho 'being 0.8 (Figure 6). It 
is worth mentioning that urinary fibronectin in samples collected at the 13th week just 
prior to the sacnfice was less closely correlated with the histopathologcal score for inter- 
stitial fibrosis. Similar results were obtained correlating the hstopathological score for 
fibrosis with albummuria and although less closely, with urinary RBP and CC16 (not 
shown) . 

DISCUSSION 

The present study demonstrates that subchronic exposure to 300 ppm of styrene, an 
aromatic hydrocarbon widely used in the plastics industry, is associated with a small 
increase in the urinary excretion of plasma proteins, especially of those with high M,., 
thus providing experimental support to epidemiological fmdlngs obtained in epidemiol- 
ogcal studes (16-21). An interaction between ADR and styrene exposure was also a p  
parent, as indxated by higher urinary protein excretion rates and higher hstopathological 
scores for interstitial fibrosis and cellular infiltrates as compared to those obtained in rats 
treated with either ADR or styrene alone, thus supporting epidemiological evidence sug- 
gesting a role of solvent exposure in the progression of renal Qsease towards chronic 
renal failure (3 1,32). 

Despite their preliminary nature, due to the limited observation p e n 4  these findmgs 
also support the starting hypothesis of an interaction between hydrocarbon exposure and 
renal disease from other causes, resulting in an accelerated evolution towards chronic 
renal failure. Hyperfiltration is often found in tubulo-interstitial nephropahes and is 
thought to precede an impairment in renal function, as shown in experimental models of 
lead-induced nephropathy (41). Also, hyperfiltration is known to characterize the early 
stages of dlabetic nephropathy and to be forerunner of chronic renal failure (42). In &a- 
betes, llke in styrene exposure, there is an accumulation of ketoacids, which might play a 
role in renal dysfunction. Indeed, an increased kidney weight has been found in rats ex- 
posed to styrene (43) and phenylglyoxylic acid (44), the end-product of styrene biotrans- 
formation. 

Other mechanisms might account for styrene nephrotoxicity, whch has recently been 
attributed to mercapturates resulting from gluta~one conjugates of styrene oxide 
(45,46). However, both experimental and epidemiologcal investigations suggest that 
styrene is only weakly nephrotoxic (47,48). In agreement with these findmgs, styrene- 
exposed rats showed minimal pathological damage associated with proteinuria, with no 
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Figure 5. Time course of the urinary excretion of albumin (a) and fibronectin (b) in rats treated 
with ADR (open squares), with both ADR and styrene (closed squares), with styene (closed cir- 
cles), and fresh air (open circles). 
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Figure 6. Relationship between the urinary excretion of fibronectin at the 6th week and the histo- 
pathological scoring for interstitial fibrosis at the end of the experiment. 

clear tendency towards worsening during the 3-month observation period. Nevertheless, 
co-exposure to styrene in ADR-treated rats resulted in much higher proteinuria and more 
severe renal damage. 

The choice of ADR among the available alternatives of model diseases, e.g., puromy- 
cin-induced nephropathy, is justified by the progressive nature of the ADR-induced renal 
changes and of the associated dysfunction. This response is often transient in other ex- 
perimental models, making the demonstration of interactions with other risk factors 
highly susceptible to chance. Moreover, in ADR-nephropathy glomerular lesions appear 
at an advanced stage, despite the early occurrence of proteinuia in the nephrotic range 
(49). Such a marked proteinuia has been attributed to minimal glomerular changes, 
mainly the fusion of podocytes' @cellar processes (50), whde the progression of renal 
disease has mainly been attributed to CD4+ lymphocyte infiltration, with subsequent 
production of IL-2 and TGF-P, a key factor in the promotion of intersitd fibrosis (49). In 
styreneexposed workers, changes in the proportion of lymphocyte subsets in peripheral 
blood have been reported (51), supporting the hypothesis of styrene-induced immuno- 
logical dishntmnces, whch could play a role in the progression of renal disease. How- 
ever, peripheral lymphocytes represent less than 0.5% of total lymphocytes and therefore 
may not parallel their level andor activity in the target organ. 

Oxidative stress has been suggested as a mecharustic basis of ADR-induced nephropa- 
thy and the protective effects of glutathione-dependent processes its progression has been 
postulated (52,53), though results inconsistent with this hypothesis have also been re- 
ported (54). Decreased renal GSH levels associated with oxidative stress has been docu- 
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mented following styrene administration (55). This p.ocess may lower cellular defense 
mechammu * againd ADR-generated reactive oxyradicals as a factor aggravaM ' g *  
ADR ncphrotoxcity or pmote  the generation of free radicals due to activity of d p- 
Lyascs, in analogy with mexqmam gelmtedby the biotransfolmatim ofnephmtoxic 
organohalogeaated ~mpounds (56). 

Changes in membrane fluidity and permeability to plasma proteins might represent a 
generic mechanism of &on of organic solvents (57,58), which could explain the en- 
hanced - and perhaps the associ8ted acceleration in the progression of reaal 
disease. Recent evidence suggests that a factor responsible for enhanced glomaular per- 
meability is responsible for heavy proteinuia in focal segmental glomerulosclerosis (59). 
and tbat its removal from plasma p e n t  the Irogression towards chronic renal failure 
(60). Whether ADR-induced segmental glomerulosclerosis is also caused by a senun 
permeability factor is still unclear, but in any case both in the human and in the animal 
glomexulardisordexs, sustainedheavy proteinuria seems to be essential in the progression 
of renal disease. Styrene and probably other hydtm#rbons would act enhancing ADR- 
induced proteinuria and for this reason play a role in the progression of rpaal damas. 
An additional objective of this study was the validation of markers of early renal dam- 

age assessed in terms of relationships with renal pathology. The values tecorded for all 
such markers were closely related to the severity of interstitial fibrosis and cellular infil- 
tration obsewed sewed weeks later. However, despite these relationships, a cut-off over 
which measured pmteinuia could assume any diagnostic or prognostic value was not 
identified. In the present study, proteimnia was shown to occur as a dynarmc process 
chauging over time, whereas only a single evaluation of renal pathology was carried out 
at the endofthe experiment (13th week). Thus, even small increases in urinary pioteins 
at the second week would have been predictive of interstitial fibrosis. whereas the same 
values at a later stage would have been associated with n o d  renal histology. 

It ought to be noted that a decrease in GFR is usually found in ADR nephropaury 
(4930). However, GFR has been measured at the end of the experiment, which is usually 
longer by one month (49) or even one year (50) than the F n t  study. Also, the doses 
we used were greater and were assoCiated with 50% mortality rate in ADR-treated 
groups, but this did not result in more severe renal damage as compared to both the lit- 
erature and to our previous findings in a pilot study, in which ADR had been adminis- 
tered in lower doses (2 mgKg b.w.). Thedore, a new experiment is going on with lower 
doses and prolonged observation period. which should conceivably enable us to draw 
more definite conclusions and to demonstrate the full range of ADR*styrene interactions. 
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