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The present thesis is focused on the development of a novel therapeutic system by 
which anti-fibrotic drugs can be delivered selectively to the kidneys. Renal fibrosis is a 
final common process of many chronic renal diseases. It is characterized by 
over−deposition of the extracellular matrix, which eventually leads to the end-stage renal 
disease (ESRD)(1). Several renal disorders such as diabetic nephropathy, chronic 
glomerulonephritis, tubulointerstitial fibrosis and hypertensive nephrosclerosis can result 
into ESRD (2). The ultimate therapy for ESRD is dialysis or renal transplantation but these 
treatments have many medical and social disadvantages and are not always successful (2,3). 
The escalating prevalence of ESRD demands therefore for novel therapeutical strategies. 

Renal−selective delivery aims to increase the therapeutic efficacy of drugs by increasing 
the amount of drugs locally within kidneys. In addition, renal targeting can avoid the 
interaction of drugs with other organs which can prevent the extra-renal side-effects.  

 In 1991, Franssen et al. demonstrated that low molecular weight proteins (LMWPs) 
such as lysozyme (LZM) could be used as a carrier to deliver drugs specifically to kidneys 
(4). LMWPs are small in size approximately below 20 KDa so that they can freely filter 
through glomerulus. Filtered proteins are taken up by proximal tubular cells through 
megalin receptors via receptor−mediated endocytosis. In lysosomes, the protein is degraded 
enzymatically into small peptides and amino acids. By conjugating drugs to such proteins, 
drugs will follow the same route of disposition of LMWPs and get released within tubular 
cells of the kidney after lysosomal degradation of the constructs (Fig. 1). This 
renal−specific drug delivery approach was further explored to enhance the therapeutic 
efficacy of drugs and to reduce the systemic side-effects (5,6). Later on, Kok et al. showed 
that renal targeting of the angiotensin converting enzyme (ACE) inhibitor captopril was 
successfully achieved using LZM (7). It was shown that intravenous injection of captopril-
LZM increased the renal captopril levels and inhibited renal ACE activity specifically in 
comparison to non-targeted captopril.  

The treatment of chronic renal diseases implies the use of our protein-based constructs 
for a prolonged period of time. Intravenous administration would not be a favorable option 

then and therefore we investigated the possibility of delivering the drug−targeting 
conjugates such as captopril-LZM using subcutaneous route of administration (Chapter 2). 

We compared the time−course of renal uptake of captopril-LZM conjugate after 
administering it intravenously and subcutaneously in healthy and nephrotic rats. In addition, 
plasma and renal ACE activity were measured to delineate the effect of the conjugate after 
administration via both routes. Furthermore, we evaluated the efficacy of subcutaneously 
administered captopril-LZM conjugate in proteinuric rats which has been described in 

Chapter 3. In adriamycin−induced nephrotic rats, the effect of the captopril-LZM 
conjugate was studied after the treatment with subcutaneous doses for 10 days. Blood 
pressure, proteinuria and renal and plasma ACE activities were measured to determine the 
pharmacological effects. Results of the studies presented in chapter 2 and 3 show that the 



Introduction 

 3 

subcutaneous route is available for our constructs. Selective delivery of captopril to the 
kidneys is achieved and significant effects were found in this organ. 

Chapter 4 of this thesis reviews the pathophysiology of renal fibrosis and focuses on 
novel therapeutic targets to treat this disease. It describes the role of different factors such 
as cytokines and growth factors as well as signaling pathways involved in the pathogenesis 
of renal fibrosis. Moreover, it includes the description of several kinase inhibitors that 
interfere in these signaling pathways and that have been examined for the treatment of renal 
diseases in recent years. Several of these compounds have been investigated in the 
subsequent chapters.  

 

Figure 1. General scheme showing renal drug targeting using LZM. After injecting the drug-LZM 
conjugates, they accumulate rapidly in the kidneys. In this organ, drug-LZM conjugates are freely 
filtered through glomerulus and are reabsorbed by proximal tubular cells via a megalin 

receptor−mediated endocytosis process. After endocytosis, the drug is released from the conjugate 
either by the low pH or by enzymes within lysosomes. Thereafter, free drug exhibit its 
pharmacological action inside the target cells. 

To find the most effective antifibrotic drug that can be combined with a renal drug 
targeting approach, we screened several signaling inhibitors in cultured renal tubular cells. 
We activated profibrotic pathways in the cell culture by incubating with albumin or 
transforming growth factor-beta (TGF-β). We identified the p38 mitogen-activated protein 

kinase (MAPK) inhibitor SB202190 and the TGF-β receptor type I kinase inhibitor (TKI) 
as highly potent anti-inflammatory and antifibrotic compounds in vitro. To study the 
pharmacokinetics of SB202190, we established a drug measurement method using high- 

   C
hapter 1 



Chapter 1 

 4 

performance liquid chromatography (HPLC) analysis as described in Chapter 5. We used a 
liquid-liquid extraction method to isolate the drug from tissues, serum and urine. The 
method was developed and validated according to FDA guidelines. Thereafter, we studied 
the pharmacokinetics of SB202190 using this analytical method. We found that free 
SB202190 was eliminated rapidly from systemic circulation and poorly distributed to the 
kidneys.  

To achieve renal−selective delivery of SB202190, we coupled this drug to LZM and 
studied the pharmacokinetics and therapeutic effects of the conjugate as described in 
Chapter 6. We used two different linkage methods to couple SB202190 to LZM and 
examined the drug release profiles of these conjugates (Fig. 2). On the basis of drug release 
properties, we selected the most suitable conjugate for renal targeting which was coupled 

with a new platinum−based linker called Universal Linkage System (ULS™). This system 
provided efficient drug delivery to the kidneys and effective release of drug in target cells. 
We examined the platinum-related cytotoxicity of the conjugate both in vitro and in vivo 
and found no adverse effects. In addition, we studied the pharmacokinetics of the conjugate 
until 72 h and evaluated its efficacy in vitro in tubular cells and in vivo in a renal 
ischemia−reperfusion injury model in rats. A single dose of the conjugate provided 
antifibrotic effects at day 3 after the induction of fibrosis, as identified by 
immunohistochemical evaluation of fibrosis markers. 

Since TGF-β is considered to be directly involved in the pathogenesis of renal fibrosis 
(8), blockade of its action locally within kidneys could be an interesting approach to treat 
fibrosis. In our in vitro studies, we already identified that TGF-β receptor kinase inhibitor 
TKI is a potent compound and application of the ULS linker made it possible to couple this 
TKI to LZM (Chapter 7). We investigated whether TKI-LZM conjugate accumulated in a 
pharmacokinetic profile similar to SB202190-LZM in the kidneys. In addition, we 
evaluated the efficacy of the conjugate in vitro in tubular cells and in vivo in the unilateral 
ureteral obstruction model in rats. Similar to the SB202190-LZM conjugate, rapid homing 
and significant antifibrotic effects were observed after a single dose of the TKI-LZM 
conjugate.  

Another relevant target in renal fibrosis is the Rho kinase (ROCK) pathway which 
plays a pivotal role in the regulation of cytoskeletal organization and transdifferentiation of 
tubular cells (9-11). Moreover, it also participates in the infiltration of immune cells during 
inflammation (12). ROCK signaling can be counteracted by the inhibitor Y-27632. We 
investigated whether it is possible to deliver Y-27632 to the kidneys (Chapter 8). Y-27632 
was coupled to LZM using the ULS linker and drug release properties and 
pharmacokinetics of the Y-27632-LZM conjugate were studied. Furthermore, we evaluated 

the efficacy of the conjugate on ischemia-reperfusion−induced renal injury by 
administering 4 daily doses. We observed a potent anti-inflammatory and antifibrotic effect 
of the conjugate, and no effects were observed after the equivalent dose of free drug. This 
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result clearly illustrates the potential of renal drug delivery for the treatment of renal 
disease. 
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Figure 2. Different type of linkages used to couple drugs 

To summarize, the objective of the studies described in the present thesis is to deliver 
different anti-fibrotic compounds to kidneys and evaluate their efficacy. In this frame-work, 
we investigated the selective treatment of renal tubular cells with various signaling 
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inhibitors in renal fibrosis. The thesis also attempts to provide a general overview of drug 
targeting approach as it includes different linking techniques to couple drug to LZM, 
different characterization techniques of drug-carrier conjugates, studies on in vitro drug-
release and in vivo pharmacokinetic profiles of the conjugates. In addition, the 
pharmacological evaluation of the conjugates as described in the present study provides 
further insight in the role of the targeted kinases and profibrotic mediator systems, and thus 
may contribute to the development of novel therapies for renal fibrosis.  
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