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ABSTRACT  

Background  

Antiproteinuric treatment by ACE-inhibition (ACEi) provides renoprotection. However, 

resistance to antiproteinuric intervention occurs frequently, resulting in progressive renal damage. 

The extent of renal damage prior to treatment with ACEi reversely correlates to the 

antiproteinuric effects of ACEi in established adriamycin nephrosis. Sodium restriction enhances 

the response to ACEi, but whether it can overcome the negative predictive value of preceding 

renal damage on the therapeutic response is unknown. We studied the impact of preceding renal 

damage on the efficacy of ACEi in adriamycin nephrosis on different oral sodium loads.  

Methods  

Male Wistar rats were randomly assigned to a low (LS), normal (NS) or high (HS) sodium diet, 

initiated 1 week before adriamycin induction. At week 6 proteinuria was stabilized (195±172 

mg/24h), a renal biopsy was performed for analysis of preceding damage and rats were instituted 

on lisinopril for 6 weeks until sacrifice at week 12.  

Results 

ACEi reduced proteinuria in LS and NS animals. On univariate analysis the antiproteinuric 

response was significantly predicted by preceding renal damage (focal glomerulosclerosis, 

interstitial macrophages and interstitial α-smooth muscle cell actin expression). On multivariate 

analysis both sodium intake and preceding renal damage independently predicted residual 

proteinuria during ACEi (R2 model: 80% respectively 75 % for data after 3 and 6 weeks of 

therapy).  

Conclusion  

Our data confirm the predictive value of pretreatment renal damage for the antiproteinuric 

response to ACEi, despite the fact that the renal damage prior to the ACEi was very mild. The 

impact of pretreatment damage on the therapeutic response, however, was overcome by low 

sodium. Thus, the impact of pretreatment damage does not warrant therapeutic nihilism, but 

rather optimization of therapy response by dietary sodium restriction. Further studies are needed 

to elucidate whether this also applies to more severe damage, and whether combining ACEi with 

low sodium diet can improve long term renal outcome in human.  
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INTRODUCTION 

Proteinuria is a main predictor of progressive renal damage. Antiproteinuric treatment by 

Angiotensin Converting Enzyme-inhibition (ACEi) provides effective renoprotection in both 

diabetic and non-diabetic nephropathies [1;2]. However, resistance to antiproteinuric intervention 

with ACEi occurs in a considerable proportion of patients [3;4], with residual proteinuria and 

ongoing renal damage as a result [5]. In established adriamycin nephrosis, a rat model for 

proteinuria-induced renal damage, we demonstrated that the extent of renal structural damage 

prior to the treatment with ACEi is a main determinant of resistance to the renoprotective effects 

of ACEi [6]. This is in accord with retrospective human data [7] demonstrating that severity of 

pretreatment interstitial damage predicts resistance to ACEi. These findings suggest that the 

limits of the therapeutic benefit of ACEi in established renal disease are already set before the 

start of treatment. If so, this might be of great clinical relevance, as in human renal disease (with 

the exception of diabetic nephropathy) patients usually do not come under medical attention until 

a certain extent of renal damage is present. Thus, it would be important to explore strategies to 

overcome the negative prognostic impact of pretreatment renal damage.   

Dietary sodium restriction enhances the response to ACEi, with a significant reduction of 

blood pressure and an optimal antiproteinuric response in human as well as in experimental renal 

disease [4;5;8;9]. Whether dietary sodium restriction can overcome the negative prognostic 

impact of pretreatment renal damage is not known. Therefore, we studied the effect of different 

sodium intakes on the prognostic effect of pretreatment renal damage in adriamycin nephrosis, a 

well established model of proteinuric renal damage. To examine pretreatment renal damage a 

biopsy was taken 2 days before start of treatment with ACEi. Treatment started 6 weeks after 

induction of nephrosis, when proteinuria was stabilized, resembling the human situation. We 

hypothesized that the prognostic impact of pretreatment renal structural involvement for the 

antiproteinuric response to ACEi could be overcome by enhancing therapy response by dietary 

sodium restriction. 

 

METHODS 

Animals and renal physiology 

Fifty-six male Wistar rats (HsdCpb:Wu; Harlan Inc., Zeist, The Netherlands) weighing 

circa 295 gram at the start of the study were used. They were housed in a temperature-controlled 

room with a 12 hour light-dark cycle and free access to food and water. Rats were randomly 

assigned to a low (LS, n=24), normal (NS, n=12) or high (HS, n=12) sodium diet. They were fed 

a 20 % protein diet containing 0.05% (LS), 0.3% (NS) or 2.0% (HS) NaCl (Hope Farms Inc., 

Woerden, The Netherlands), starting 1 week prior to induction of nephrosis. The remaining rats 

(n=8) served as healthy controls were fed 0.05% sodium diet, did not undergo a biopsy 

procedure and were not treated with lisinopril.  



 

Chapter 6 
 

 94 

Following acclimatization to the environment and to the assigned sodium intake, 

nephrosis was induced by injecting adriamycin (1.5 mg/kg) into the penis vein. This dose elicits 

nephrotic range proteinuria that stabilizes approximately 6 weeks after disease induction, with 

development of significant interstitial fibrosis and mild focal glomerulosclerosis. At week 6 a 

biopsy was taken to study pretreatment renal damage. A renal biopsy was performed via a 

dorsolateral incision. Immediately after surgical removal of a small part of the renal lower pole, 

gelfoam (Spongostan, Ferrosan, Copenhagen, Denmark) was applied to reach haemostasis. In 

the biopsy both cortical and medullary tissue was present. Careful precaution was taken to obtain 

biopsies of similar size. Previously, we demonstrated that biopsy procedures do not affect the 

level of proteinuria and the amount of renal damage [6].  Hence, no biopsy controls were used in 

this study. All procedures took place under Isoflurane/O2/N2O anesthesia. 

After 2 days of recovery from biopsy, treatment with ACEi lisinopril (75 mg/l drinking 

water) was started and continued for 6 weeks. The dose of lisinopril was based on previous 

studies in our laboratory, indicating this dose to yield the maximum antiproteinuric effect [5]. For 

the duration of the study urine was collected over a 24-hour period in metabolic cages once a 

week to determine proteinuria. The intake of water and food was measured during the stay in 

metabolic cages and in the last week 24-hour sodium excretion was determined. Systolic blood 

pressure (SBP) was measured weekly by the tail cuff method in trained conscious rats as 

previously described [10]. At the end of the study, at week 12, blood was collected by puncture of 

the abdominal aorta for determination of serum creatinine. Subsequently, the kidneys were 

perfused with saline and harvested for histological examination as described previously [11] and 

the animals were sacrificed.  

The protocol was approved by the Committee for Animal Experiments of the University 

of Groningen, The Netherlands. 

 

Tissue processing and (immuno) histochemical staining procedures 

Renal tissues were fixed in 4% paraformaldehyde and processed for paraffin embedding. 

Paraffin sections were stained with periodic acid-Schiff (PAS) to evaluate focal glomerulosclerosis 

(FGS). For immunohistochemistry, paraffin sections (4 µm) were dewaxed and subjected to heat 

induced antigen retrieval by overnight incubation in 0.1 M Tris/HCl (pH 9) buffer on 80°C. 
Endogenous peroxidase was blocked with 0.075% H2O2 in phosphate-buffered saline (PBS) for 

30 min. An automated staining system (DAKO autostainer, Dakopatts, Glostrup, Denmark) was 

used for immunohistochemical staining. Alpha-smooth muscle actin was detected using a murine 

monoclonal antibody (α-SMA, clone 1A4, Sigma Chemical Co., St. Louis, MO, USA) for 60 min. 

Monocytes and macrophages were detected with anti-ED1 (Serotec Ltd, Oxford, UK). Presence 

of antigens were detected using sequential incubations with peroxidase-labeled rabbit anti-mouse 

and peroxidase-labeled goat anti-rabbit antibody (both from Dakopatts, DAKO, Glostrup, 

Denmark) for 30 min. Antibody dilutions were made in PBS supplemented with 1% bovine 
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serum albumin (BSA) and 1% normal rat serum was added to the secondary antibodies. 

Peroxidase activity was developed using 3,3’-diaminobenzidine tetrachloride (DAB) for 10 min. 

Sections in which the first antibody was replaced by PBS served as controls and were consistently 

negative.  

 

Renal morphology 

Focal glomerulosclerosis (FGS) was scored semi-quantitatively on a scale 0 to 4. Fifty 

glomeruli per kidney were scored, moving from cortex to medulla. In this context, FGS lesions 

were defined as glomerular areas with mesangial expansion and adhesion formation 

simultaneously present in one segment. If 25% of the glomerulus was affected, a score of 1 was 

given and for 100% affected a score of 4 was given. The ultimate score was obtained by 

multiplying the degree of change by the number of glomeruli with the same degree of injury and 

addition of these scores, divided by the number of counted glomeruli (in most cases 50) and 

multiplied by 100, with a theoretical maximum score of 400 [12]. Interstitial α-SMA staining was 

measured using computer image analysis (Leica Qwin, Germany). Thirty random cortical 

interstitial images without vessels or glomeruli were selected and the total immunohistochemical 

staining surface for α-SMA was measured and divided by the total surface of the image. 

Macrophages were also measured by computer image analysis. The computer counts the 

immunohistochemical positive dots per field, which is an estimation of the number of 

macrophages.  

 

Data analyses 

Results were expressed as mean and standard deviation, except for Figure 1 where we 

used mean and standard error of the mean. For the analyses we only used the animals that 

survived the whole experiment and from whom all data were available. Statistical analysis of 

group differences was performed by a Kruskal-Wallis test, and when significant differences were 

found, post-tests with the Mann-Whitney U test were performed. Intra-individual differences 

between week 6 and 12 were analyzed by a paired Wilcoxon Signed Rank test. 

For evaluation of the antiproteinuric response, residual proteinuria at week 9 was used, as 

at that time the antiproteinuric response has stabilized [5]. Univariate analysis was performed by 

the Spearman method with residual proteinuria as a dependent variable and the respective 

pretreatment parameters (interstitial α-SMA, interstitial macrophage influx, FGS and proteinuria) 

as independent variables. These independent variables were selected because we had identified 

these as predictors of therapy response in an earlier study [6]. For evaluation of the therapy 

response to extended treatment, data on residual proteinuria, FGS and interstitial α-SMA at week 

12 were used in a similar fashion.  

To evaluate the independent contributions of sodium intake and pretreatment renal 

damage on therapy response multivariate analysis was performed with residual proteinuria at 
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week 9, and residual proteinuria, FGS and α-SMA at week 12 as dependent variables. All 

pretreatment variables that had been found to be significant on univariate analysis were entered 

as independent variables, plus sodium intake group as an ordinal variable. Statistical significance 

was assumed at the 5% level. All statistical analyses were performed by SPSS version 11.0. 

 

RESULTS 

Table 1. Group characteristics 

 Week HS (n=11) NS (n=9) LS (n=16) CON (n=8) 

6 377 ± 34& 384 ± 30 & 387 ± 18 & 426 ± 29 Body Weight 

(gram) 12 402 ± 34# & 390 ± 50 # & 384 ±  22 * & 493 ± 34 

Food intake 

(gram/day) 

6 

12 

11 ± 5 

14 ±3 

11 ± 3 

16 ± 6 

14 ± 7& 

14 ± 4 

8 ± 3 

11 ± 8 

Water intake 

(ml/day) 

6 

12 

35 ± 10 

34 ± 7 

30 ± 10 

32 ± 7 

28 ± 13 

35 ± 8& 

20 ± 8 

25 ± 7 

Sodium excr (µmol/day) 12 5484 ± 1178 799 ± 172 $ 189 ± 120 * 424 ± 273 * 

6 135 ±17 145 ± 14 136 ± 17 123 ± 17 SBP 

(mmHg) 12 91 ± 20 # 89 ± 16 # 77 ± 16 # 118 ± 14 

0 

6 

25 ± 9 

226 ± 171& 

23 ± 5 

234 ± 241& 

19 ±10 

197 ± 182& 

20 ± 8 

51 ± 22 

9 301 ± 293 95 ± 95 $ # 33 ± 59  * #  

Proteinuria (mg/day) 

 

 

12 300 ± 322& 50 ± 47  $ # 20 ± 20 * # & 59 ± 35 

Cr Cl (ml/min) 12 2.3 ± 0.85 1.9 ± 0.42 2.1 ± 0.77 2.4 ± 0.82 

* p<0.05 versus HS, $ p < 0.05 vs HS and LS, # p < 0.05 vs wk 6, & p< 0.05 versus CON  

Abbreviations: HS: high sodium, NS: normal sodium, LS: low sodium, SBP 

Values are given as mean and standard deviation.  

 

Group data: clinical parameters (Table 1) 

At the start of treatment body weight was comparable in all groups. At the end of study 

body weight in the adriamycin animals was highest in HS and lowest in LS. Food intake was 

comparable in all groups. During the active treatment period water intake, and therefore drug 

intake, was comparable in all groups. The expected group differences in sodium intake were 

confirmed by the observed differences in urinary sodium excretion. Pretreatment systolic blood 

pressure was comparable and normal in all groups, and ACEi reduced systolic blood pressure in 

all sodium groups. The development of proteinuria before treatment was not affected by sodium 

intake. ACEi reduced proteinuria in the LS group and NS group, but not in the HS group (Fig. 

1). Proteinuria was significantly (p<0.05) lower in LS group (at all time points from week 8 to 12) 

than in the NS group. Creatinine clearance at week 12 was comparable in all groups, and was not 

different from healthy control rats.  

In the immediate post-operative phase, 2 of 24 animals in the LS group died, and 1 of 12 

in the HS group. During storage the kidney samples from 6 of 22 animals in the LS group and 3 
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of 12 samples in the NS group were lost. Thus, renal morphology data were available for 16 LS 

animals, 9 NS animals and 11 HS animals. Only the data of these rats were included in the tables, 

graphs and analyses. Values for body weight, blood pressure and proteinuria for these animals 

showed no difference from those in their entire group.  

 

Figure 1 Proteinuria time 

course. ACEi treatment 

was combined with high 

sodium (HS), normal 

sodium (NS) or low 

sodium (LS) diet 

Proteinuria in LS and NS 

animals normalized during 

ACEi to values 

comparable to healthy 

controls, in HS proteinuria 

stabilized. Values are given 

as mean and SEM. * 

p<0.05 vs LS and HS 

 

 

Group data: structural changes (Table 2) 

In adriamycin rats, interstitial macrophages were detected around injured tubuli, glomeruli 

and renal arteries. In the glomerulus, macrophages were present in the mesangial areas. 

Compared to healthy controls, glomerular and interstitial macrophages were significantly 

increased in adriamycin rats at week 12. During ACEi treatment glomerular macrophage influx 

increased significantly in HS, stabilized in NS and decreased significantly in LS. Interstitial 

macrophage influx increased in HS, but stabilized in NS and LS (Figure 2).  

In adriamycin rats expression of α-SMA was detected in interstitial myofibroblasts, 

surrounding the atrophied tubuli, and to a lesser extent also in glomerular mesangial cells, but 

also in arterioles. In healthy control rats, expression of α-SMA was only found in the smooth 

muscle cells of arterioles. Interstitial α-SMA staining at week 12 was increased in adriamycin rats 

compared to controls. No differences were detected between the sodium groups at week 6 and 

week 12. Treatment with ACEi in both HS and LS groups could not prevent a further increase in 

interstitial α-SMA staining. Glomerular α-SMA expression was increased in all adriamycin 

groups, without differences between the different sodium groups, and ACEi prevented a further 

increase in glomerular α-SMA between week 6 and 12 in all groups (Figure 3).  
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Table 2. Markers of renal damage 

 Week HS (n=11) NS (n=9) LS (n=16) CON (n=8) 

6 2.4 ± 1.1 2.0 ± 0.8 2.6 ± 0.8  Glomerular macrophages 

(macrophages/glomerulus) 12 4.2 ± 2.2 # & 2.1 ± 1.5  1.7 ± 0.7* # & 1.1 ± 0.2 

6 45 ± 29 41 ± 39 37 ± 28  Interstitial macrophages 

(macrophages/interstitial field) 12 85 ± 85 # & 49 ± 32 & 39 ± 21 & 9 ± 5 

6 2.9 ± 1.5 2.1 ± 1.7 2.8 ± 2.3  Glomerular αααα-SMA  
(% staining/glomerulus) 12 4.2 ± 3.9 & 3.0 ± 2.0 & 2.6 ± 2.4 & 0.7 ± 0.3 

6 4.2 ± 3.4 3.6 ± 3.2 2.7 ± 1.7  Interstitial αααα-SMA  
(% staining/interstitial field) 12 7.6 ± 7.2 # & 5.1 ± 2.5 & 4.7 ± 2.3 # & 1.1 ± 0.5 

6 9 ± 13 5 ± 4 8 ± 5  FGS-score  

(AU) (scale 0 – 400) 12 28 ± 42 # 13 ± 20 7 ± 6 6 ± 6 

* p < 0.05 versus high sodium, # p < 0.05 versus pretreatment, & p< 0.05 versus healthy control 

Abbreviations: HS: high sodium, NS: normal sodium, LS: low sodium, CON: healthy controls, AU: 

arbitrary units, α-SMA: α-smooth muscle cell actin, FGS: focal glomerulosclerosis 

 

Figure 2. Representative 

photographs of macrophage 

staining (ED-1) (black, 

arrowhead) in animals with 

adriamycin nephrosis at week 

6 (A). After treatment with an 

ACE inhibitor for 6 weeks 

macrophage influx did not 

further increase when ACEi 

is combined with LS diet (B) 

or NS diet (C). Interstitial 

macrophage influx increased 

when ACEi was combined 

with HS diet (D). In healthy 

controls macrophages are 

almost absent (E). 
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At week 6, before treatment, focal glomerulosclerosis (FGS) score was negligible. At week 12 

values for FGS-score were still low in all three groups, but significantly increased in the HS 

group. At week 6 all parameters of renal damage significantly correlated with proteinuria at that 

time with the following r-values (for LS, NS and HS) for interstitial α-SMA, 0.51, 0.92 and 0.79 

(LS, NS and HS). For interstitial macrophage influx these r-values were 0.45, 0.42 and 0.68 and 

for FGS 0.61, 0.65 and 0.54 (LS, NS and HS).  

 

Individual data: predictors of antiproteinuric response   

Univariate analysis. All tested parameters at week 6 (FGS, interstitial macrophages and 

interstitial α-SMA) predicted residual proteinuria at week 9 for all animals taken together. In 

animals with more renal damage, residual proteinuria was highest. Spearman correlation 

coefficients for all pretreatment markers are given in table 3. When analyzing for the sodium 

groups separately - which is shown in Figure 4 for macrophages, α-SMA and FGS - the 

relationship between pretreatment renal damage and residual proteinuria during therapy was still 

present in the normal and high sodium groups, but it was no longer apparent in the low sodium 

animals. Similar results were obtained for residual proteinuria during the subsequent course of 

the study at week 12.  

Multivariate analysis. Multivariate analysis was performed to assess the predictive value of 

pretreatment renal damage and sodium diet across the three treatment groups. Pretreatment renal 

damage [interstitial α-SMA, FGS (both p<0.05)] and sodium group (p<0.0001) (but not 

pretreatment proteinuria) were independent predictors of residual proteinuria at week 9, the R2 of 

the model was 80%, p<0.0001. For residual proteinuria at week 12 FGS (p<0.0001) and sodium 

group (p<0.0001) were independent predictors. The R2 of this model was 75%, p<0.0001. 

 

Table 3. Spearman correlates of pretreatment renal damage and therapy response 

All groups  

Parameters wk 6 Prot wk 9 Prot wk 12 α-SMA wk 12 FGS wk 12 

Interstitial macrophages 0.56* 0.43* 0.56* 0.50* 

Interstitial α-SMA 0.70* 0.62* 0.67* 0.63* 

Focal Glomerulosclerosis  0.66* 0.68* 0.71* 0.76* 

Proteinuria  0.59* 0.48* 0.57* 0.61* 

* p<0.01 Prot: proteinuria, α-SMA: α-smooth muscle cell actin, FGS: focal glomerulosclerosis 
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Figure 3. Representative 

photographs of the α-smooth 

muscle actin staining (α-SMA) 

(black) in animals with 

adriamycin nephrosis. Blood 

vessels are positive for SMA 

and some interstitial staining is 

present at week 6 (arrow) (A). 

After treatment with an ACE 

inhibitor for 6 weeks α-SMA 

slightly increased when the 

ACE inhibitor is combined 

with LS diet (B) or NS diet (C). 

Interstitial α-SMA staining 

markedly increased when the 

ACE inhibitor was combined 

with HS diet (D). In healthy 

controls α-SMA staining is 

only present in the blood 

vessels (E). 

 

 

 

 

Individual data: predictors of renal structural outcome at end of study. 

Univariate analysis. All pretreatment renal parameters significantly predicted the structural renal 

involvement at the end of the study, i.e interstitial α-SMA expression as well as FGS score (Table 

3). When analyzing for groups separately the predictive value was still present in the normal and 

high sodium groups, but in the low sodium group it was no longer apparent.  

Multivariate analysis. In multivariate analysis pretreatment renal damage (FGS (p<0.0001) and 

interstitial macrophage influx (p<0.01)) independently predicted interstitial α-SMA expression at 

week 12. The R2 of the model was 60%. Pretreatment FGS (p<0.0001) and sodium group 

(p=0.003) independently predicted FGS at the end of the study; the R2 of the model was 70% 

(p<0.0001).  

 

DISCUSSION 

The present data confirmed our recent finding that individual differences in the extent of 

renal structural damage before treatment limit the antiproteinuric efficacy of ACEi [6]. The 

limitation of the therapeutic benefit of ACEi by pretreatment renal involvement is remarkable, as 

in the present study the extent of pretreatment renal involvement was relatively mild. Our data 
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show for the first time that the limitation of renoprotective benefit of ACEi by renal structural 

involvement can be modified by a strategy known to enhance antiproteinuric response, namely 

dietary sodium restriction. This observation is important from a therapeutic point of view as it 

shows that the limitations of the renoprotective effects of ACEi should not be considered a fixed 

entity, but are accessible to therapeutic intervention.  

In this study we used dietary sodium restriction to enhance the response to ACEi. As 

expected, high sodium abolishes the antiproteinuric effects of lisinopril seen on low sodium and 

normal sodium diet [4;5;8;9]. Proteinuria values are scattered, which is inherent to the model [5]. 

The scatter in proteinuria shows that the severity of the disease is different across the individual 

animals, which allows to study the impact of these differences on therapy-response. There was no 

significant effect of sodium intake on blood pressure response to ACEi. This observation is 

consistent with data from humans, where the renal response to ACEi was more severely affected 

by the sodium intake than the blood pressure [4].  

Both the degree of renal damage and sodium intake were independent predictors of the 

residual proteinuria during ACEi-treatment. This indicates that the sodium intake modifies the 

negative predictive value of renal damage prior to ACEi-treatment. When analysed within the 

different groups, renal damage previous to ACEi treatment predicted residual proteinuria during 

normal and high sodium intake. This underlines the importance of control of sodium status 

during ACEi in proteinuric conditions. In the low sodium group a predictive effect of 

pretreatment renal damage could not be detected - despite a larger power to do so by virtue of 

the larger group size.  

The extent of proteinuria and of renal structural alterations in this study was mild. We 

consider it remarkable that even for these mild pretreatment renal structural alterations a 

limitation of the antiproteinuric efficacy of ACEi can be detected. The treatment period was 

relatively brief, i.e. six weeks. During this time frame the renal structural alterations remained 

mild, even in the high sodium group, where only a response of blood pressure but not 

proteinuria occurred. In healthy control animals protein excretion doubled from the start of the 

study to week 6, from 20 to 51 mg/day. A plausible explanation for this increase in protein 

excretion is the increase in bodyweight in these animals during the first 6 weeks (from 295 to 426 

grams). Also, our controls rats are from a strain that can develop a subtle, age-related proteinuria, 

along with mild age-related focal glomerulosclerosis, as documented in other experiments [13]. 

Apparently, maximizing the treatment effect of ACEi by low sodium diet can reduce proteinuria 

below this control level. The practical meaning of reducing proteinuria below control level 

cannot be derived from the current data with certainty. It might be that the ACEi/low sodium 

regimen not only protects against adriamycin-induced renal damage, but additionally affords 

protection against the age-related “background” renal damage. However, a specific study on the 

effects of the different ACEi regimens on renal ageing would be needed to substantiate this 

assumption.   
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Figure 4.  Correlation between the markers of renal damage prior to treatment with ACEi and residual 

proteinuria at week 9, showing the presence of correlation between pretreatment renal damage and 

residual proteinuria in animals on NS and HS diet. Graph A: Relation between interstitial macrophages at 

week 6 and residual proteinuria at week 9, Graph B: Relation between interstitial α-SMA at week 6 and 

residual proteinuria at week 9 in HS and NS groups, no relation is present in the LS group. Graph C: 

Relation between FGS at week 6 and residual proteinuria at week 9 in HS and NS, no relation is present in 

the LS group. A.U.: arbitrary units, HS: high sodium, NS: normal sodium, LS: low sodium  
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As a result of the brief follow-up period and the mild renal lesions, our data do not allow 

us to draw conclusions on the prognostic impact of renal damage on the outcome in terms of 

permanent renal structural damage. It would be important to investigate whether the impact of 

pretreatment renal damage can still be modified by sodium status in conditions where renal 

damage is more severe than in the present study.  

The sodium intake can modify the severity of renal damage in adriamycin rats in the 

absence of ACEi – as an extremely high sodium intake (8 %) was shown to aggravate glomerular 

injury in this model [14;15]. However, we avoided the extremes of sodium intake, and with our 

maximum intake of 2% sodium, pretreatment proteinuria and renal damage were comparable in 

all groups. The ability of sodium restriction to potentiate ACEi on proteinuria is well known in 

human and experimental animals [4;16;17]. The same potentiation can be observed with diuretics 

[18]. Thus it is presumably the total sodium status of the animal rather than the sodium intake per 

se, which provide the beneficial effect. Whereas it is not possible to reliably quantify the optimal 

“dosage” of sodium restriction, our data – by including three different intakes - show that the 

effect of sodium intake appears to be “dose-related” – with the largest antiproteinuric effect 

during the lowest sodium intake. In this study the intake of sodium was different between the 

groups from the start of the experiment onwards, in order to avoid a shift in sodium intake 

during the experiment, as this can lead to large changes in overall food intake (and accordingly 

nutritional status, body weight and proteinuria) due to conditioning of food preferences of the 

rats, which might affect the outcome of the study. Accordingly our study set-up does not quite 

reflect the clinical situation where sodium restriction is usually instituted as part of the treatment 

regimen when proteinuria is already present. Whereas, theoretically, the differences in sodium 

status before start of treatment could affect the development of the proteinuria and the renal 

damage, the similarity of these parameters at start of treatment suggest that in this study sodium 

status as such did not affect the development of the proteinuric disease. 

Future studies will be required to substantiate whether other factors that potentiate the 

antiproteinuric response in a similar manner are able to overcome the negative prognostic value 

of renal damage prior to ACEi-treatment. The combination of ACE-inhibitors and angiotensin II 

receptor blockers has been shown to have an additive effect in some situations [19;20].  Zoja et al 

observed an additive antiproteinuric, anti-inflammatory and anti-fibrotic effect when they 

combined ACE inhibitors and Angiotensin II receptor blockers with a statin (HMG-CoA 

reductase inhibitors) in passive Heyman nephritis [21;22]. They also demonstrated that 

Mycophenolate Mofetil (MMF) had an additive antiproteinuric and anti-fibrotic effect in 

subtotally nephrectomized rats [23]. These additive anti-fibrotic and anti-inflammatory effects are 

very useful, considering the predictive value of pretreatment renal damage [6], for patients with 

therapy resistance recognized by an absent or minimal antiproteinuric response. 

In conclusion, our data confirm that presence of more pretreatment renal damage at the 

start of therapy predicts more residual proteinuria during therapy in adriamycin nephrosis. 
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Considering the predictive value of proteinuria for renal outcome, this is a poor prognostic sign. 

However, this should not lead to therapeutic nihilism as our data also show that manipulation of 

sodium status can strongly modify the impact of pretreatment renal damage, implicating that the 

therapeutic gain of proper control of sodium status is largest in subjects with more pretreatment 

renal damage. Further studies will have to elucidate whether this also applies in models with more 

severe renal damage, and whether combining ACEi with low sodium diet can improve long term 

renal outcome in human. 
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