
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Understanding and preventing the peritoneal damage caused by conventional
dialysis solutions

van Westrhenen, R.

Publication date
2005
Document Version
Final published version

Link to publication

Citation for published version (APA):
van Westrhenen, R. (2005). Understanding and preventing the peritoneal damage caused by
conventional dialysis solutions. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/understanding-and-preventing-the-peritoneal-damage-caused-by-conventional-dialysis-solutions(76383821-f564-4c24-ab4b-a751089b6de1).html


V. . I I 
Understandin gg and preventin g «„ 

#trr ee peritonea l damag e caused b $ 

(( conventiona l diafysi s solutions\ s JL, 

3) ) 
**  7*  si i 

60 0 

v« « T.V3 3 X I I 

# # 

« t t 
^^ 50 

* * 
22 40 

30 0 

20 0 

o o 
10 0 

. * & . . a a 
VV A 

»» -
pr—

<[ [ 

^2?«« %f*^a 
. ^ ll  fi  M ^ 

^ ^ 

N== 9 « 
pyruvate e lactate e 

O O 

( ^ ^ 

Rooss van Westrhene n 

v v 
t» » 

' 



STELLINGEN N 

UNDERSTANDINGG AN D PREVENTING THE 

PERITONEALL DAMAG E CAUSED BY CONVENTIONAL 

DIALYSI SS SOLUTIONS 

Rozemarijnn van Westrhenen 

1.. Nieuwe dialyse vloeistoffen zijn belangrijk omdar ze in combinaties gebruikt kunnen 

wordenn en zo de blootstelling van het peritoneum aan glucose, glucose afbraak producten 

enn lactaat kunnen verminderen, (ditproefschrift) 

2.. Alpha-2-macroglobuline en albumine zijn bruikbare parameters voor het vaststellen van 

subklinischee peritonitis tijdens peritoneale expositie in de rat op de lange termijn, (dit 

proefschrift) proefschrift) 

3.. Inhibitie van de polyol pathway remt de schade die optreed tijdens peritoneale blootstelling 

aann lactaat/glucose (3.86%) dialyse vloeistof in de rat. (ditproefschrift) 

4.. ACE inhibitie beschermt tegen de ontwikkeling van fibrose gedurende peritoneale 

blootstellingg aan dialyse vloeistoffen in de rat, en beschermt ook tegen vaatnieuwvorming. 

{dit{dit  proefschrift) 

5.. Glucose afbraak producten zijn het belangrijkste in het voorkomen van peritoneale fibrose, 

maarr een combinatie van osmotische agentia biedt de meest uitgesproken bescherming wat 

betreftt angiogenese. {dit proefschrift) 

6.6. Een vrouw is duizend mannen te erg. Vader facob Cats 

7.. Gouden teugels maken een paard niet beter. Seneca, uit de Epistulae Morales 

8.. Twee carrières in een gezin is een belangrijk maatschappelijk verschijnsel. Werkgevers doen 

err goed aan om daar rekening mee te houden. Aukje Delahay en Marianne van der Pool, uit 

TweeTwee carrières op een kussen 

9.. Een "greenhorn" steekt het bowiemes zo in de gordel, dat de kling hem, als hij zich bukt, 

inn de kuit steekt. Karl May, uit Winnetou, het opperhoofd der Apachen 

10.. Wie goed ontmoet, doet goed. Olivier B. Bommel in Zoals mijn goede vader zei door 

MarienMarien Toonder 
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Chapterr 1 

GENERALL INTRODUCTION 

1.. Renal replacement therapy 

2.. Peritoneal dialysis 

3.. Peritoneal membrane 

4.. Peritoneal permeability 

5.. Long-term peritoneal dialysis 

6.. A peritoneal exposure model in the rat 

7.. Aim and outline of the thesis 



88 Chapter I 

i.i. RENAL REPLACEMENT THERAPY 

Inn 2000, the National Kidney Foundation (NKF) Kidney Disease Outcome Quality Initiative 

( K / D O Q I )) Advisory Board approved the following operational definition of chronic kidney 

disease:: 1. Kidney damage for >3 months, as defined by structural or functional abnormalities 

off  the kidney, with or without decreased GFR, manifest by either: pathological abnormalities 

orr markers of kidney damage, 2. GFR (glomerular filtration rate)<60 mL/min /173 m2 for >3 

months,, with or without kidney damage. Also 5 stages of chronic kidney disease were defined, 

rangingg from kidney damage with normal or increased GFR (stage 1), to either kidney damage 

wit hh mild decreased (stage 2), moderate decreased (stage 3) or severe decreased GFR (stage 

4)) and stage 5 was defined as kidney failure, with a GFR<15 mL/min/1.73 m2. Also clinical 

actionss to be taken were stated in these so called K /DOQI guidelines [1], 

Symptomss of chronic kidney function loss only occur in a relatively late stage, usually 

whenn GFR is below 25 mL/min. Amongst other things, water and waste products like creatinine 

andd urea, that are normally excreted with urine, accumulate in the body and renal replacement 

therapyy is indicated. 

Inn January 2005 6292 patients with a functioning renal graft were living in the 

Netherlandss and 5259 patients were treated with chronic dialysis. Of these dialysis patients 26% 

receivedd peritoneal dialysis, 6 1% of these were treated with continuous ambulatory peritoneal 

dialysiss (CAPD) (data from R E N I NE database, Dutch review 28-07-2005). These numbers 

howeverr only represent the tip of the iceberg: it has been estimated that about 15.000 to 20.000 

peoplee have a GFR ranging from 10 to 30 mL/min and therefore renal replacement therapv is 

veryy likely to become more and more important in the future [2], 

2.. P E R I T O N E AL D I A L Y S I S 

Inn 1976 Popovich and co-workers published an abstract in which they described a method for 

permanentt peritoneal dialysis during which the patient performed normal activities. Except for 

fivefive daily periods of drainage and instillation of fresh dialysis solution, two litres of dialysate 

weree continuously present in the abdominal cavity [3]. The name of the procedure was later 

changedd in continuous ambulatory peritoneal dialysis (CAPD). Nolph et al. published on the 

theoreticall  and practical implications of CAPD [4] and in Canada the techchnique was improved 

byy introducing plastic bags instead of glass bottles. As the empty bags could stay connected to 

thee peritoneal catheter until the next exchange, the number of disconnections could be reduced 

herebyy also reducing the peritonitis incidence [5]. From 1980 on the numbers of patients treated 

wit hh peritoneal dialysis treated with CAPD increased rapidly all over the world. 
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3.. PERITONEAL MEMBRANE 

Thee peritoneum is the largest serous membrane in the body, embryologically derived from 

mesenchyma.. The peritoneal cavity is the space formed by parietal peritoneum, covering the 

innerr abdominal wall and the visceral peritoneum, lining the majority of the internal organs. 

Thee peritoneal cavity is lined with a layer of flattened mesothelium and lubricated by a small 

quantityy of serous fluid. This allows movement of the viscera with a minimum of friction [6]. 

Normally,, the peritoneal cavity contains less than 100 mL of fluid, but in peritoneal dialysis, 

peritoneall  dialysis fluid with volumes of 2 L or more are used. The peritoneal surface area for the 

adultt human being is considered to average about 1 m2 [7,8] or even less. 

Onlyy part of the anatomical peritoneal surface area is thought to be involved in peritoneal 

transport,, but it is not clear which part is most important in peritoneal transport 19,10]. The 

peritoneall  membrane consists of three main anatomical structures: the mesothelium, the 

peritoneall  blood vessels and the interstitium [11]. The peritoneal cavity is lined with a monolayer 

off  mesothelial cells, which are connected to each other via intracellular junctions [12], The 

humann omentum has not yet been studied in great depth. However, some studies performed in 

rodentss indicate that there may be littl e variation between species [13]. 

Thee submesothelial basement membrane is a hyaline, one-layered and continuous structure 

underr the mesothelial layer of parietal and visceral peritoneum [14]. The interstitium consists 

mainlyy of connective tissue with the fibroblast as the main connective tissue cell [15]. Peritoneal 

microvessels,, arterioles, capillaries and postcapillary venules, represent the third structure of the 

peritoneall  dialysis membrane [16]. 

4.. PERITONEAL PERMEABILITY 

Diffusionn and convection are the mechanisms involved in the transport of solutes during 

peritoneall  dialysis. Diffusion through a membrane occurs when a concentration gradient is 

present.. According to Fick's first law of diffusion, transport can be described as 

Js== (D/Ax).AAC , 

inn which J is the rate of solute transfer, D is the free diffusion coefficient, Ax is the diffusion 

distance,, A is the surface area and AC the concentration gradient. D.A/Ax is called the 

permeabilityy surface area product or the mass transfer area coefficient (MTAC). 

Convectivee transport or solute drag occurs in conjunction with the transport of 

water,, and thus during ultrafiltration. It is determined by water flux (Jv), the mean solute 

concentrationn in the membrane (C) and the membrane and the solute reflection coefficient (a). 

Thiss reflection coefficient is the fraction of the maximal osmotic pressure a solute can exert across 

aa semipermeable membrane. It equals 1.0 for an ideal semipermeable membrane and 0 when 

thee membrane offers no resistance to the transport of that solute. With an isoporous membrane 

CJ=1-S,, in which S is the sieving coefficient. S is the ratio between the concentration of a solute in 

thee filtrate divided by its concentration in the plasma when no diffusion occurs. The peritoneum 
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iss not an isoporous membrane which explains why sieving coefficients during peritoneal dialysis 

rangee from 08. (urea) to 0.7 for glucose. This would refect a reflection coefficient of 0.2 to 0.3. 

Howeverr much lower values are found in CAPD patients: 0.05 [17], 0.03 [18] and a value of 

0.022 was calculated using a distributed model of peritoneal transport [19]. It is likely that these 

markedd differences are caused by the heteroporosity of the peritoneum, especially the presence 

off  transccllular water channels and restricting properties of the interstitium. 

Thee time-course of the diaysate/plasma concentration ratio for low molecular weight 

solutess shows a hyperbolic curve, due to saturation of the dialysate during the dwell. This implies 

thatt peritoneal clearances of low molecular weight solutes are highest during the initial phase 

off  the dwell and gradually decrease during the subsequent hours. The peritoneal equilibration 

testt (PE I ) as developed by Twardowski et al. [20] is the most simple approach to estimate the 

transportt properties of the peritoneal membrane. It gives the dialysate/plasma concentration 

(D/P)) ratio of urea and creatinine in a standardized way. Also the ratio between the dialysate 

glucosee concentration at the end of the dwell and that before inflow is calculated. In addition 

thee drained volume after 4 hrs and the residual volume can be assessed. The calculation of the 

masss transfer are coefficient i.e., the theoretical maximal clearance by diffusion at time zero, 

beforee solute transport has started, is the preferred way to characterize peritoneal permeability. 

Solutess passing from the blood in the peritoneal capillaries to the dialysate in the 

peritoneall  cavity have to pass at least three structures than offer resistance: the mesothelial cell 

layer,, the interstitium and the capillary wall. A three pore model has been suggested to describe 

peritoneall  transport across the peritoneal membrane in which a large number of small pores 

(radiii  of 40 A, transport of water and low molecular wreight solutes), a low number of large pores 

(radii>1500 A, transport of macromolccules) and ultrasmall or transccllular pores (radii<5A, only 

permeablee for water) have been suggested [21]. This three-pore model provides a quantitative 

descriptionn of sodium and water removal accross the peritoneal membrane. In particular, this 

approachh is able to account for the phenomenon of sodium sieving that results in an early 

falll  in the dialysate sodium concentration, due to its dilution by osmotically driven free water 

transportt [22], occurring via aquaporins [23,24]. Several indirect methods to assess free water 

transportt have been suggested. The difference in net ultrafiltration (NUF) between a 3.86% 

andd a 1.36% solution is a rough indication, easy to calculate, but time consuming for patients 

[25,26].. Another way to estimate free water transport is to measure the dip in dialysate/plasma 

(D/P)) sodium in the initial phase of a 3.86% exchange. Dilution from the circulation ocurs by 

freee water transport from the circulation to the dialysate [22,28-29]. 

Thee above mentioned tests are tools to assess the function of the peritoneum, but they 

givee no information on peritoneal morphology. Biochemical markers have been described that 

aree thought to be reflective of the peritoneal membrane status, such as for example CA125 

[29],, IL 6 [30-32], hyaluronan [33], metalloproteinases [34,35] tPA [36-38], fibrinogen [39-41], 

urokinasee [42], growth factors as VEGF [43-49], CTGF [50,51] and PAI-1 [52]. Unlike other 

markerss like VEGF, TGF-p is secreted in a soluble form to a very limited extent, and it circulates 

inn plasma mainly as an inactive complex with a2-macroglobulin [53-55]. Also, in tissues it 

residess as an inactive latent protein-bound form. Although it was observed that TGF-J3 was 
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locallyy released in the peritoneal cavity of most patients during peritoneal dialysis, the lack of a 

relationshipp with peritoneal transport parameters and the duration of PD suggests that this was 

biologicallyy inactive TGF-Pl [55]. 

5.. L O N G - T E RM P E R I T O N E AL D I A L Y S I S 

Ultrafiltrationn failure, that is the inability to remove sufficient fluid from the body by peritoneal 

dialysis,, is the most important complication of long-term PD [56-62]. It was the main reason 

forr drop out in a study from Japan [63]. This functional deterioration goes hand in hand with 

histologicall  changes in the peritoneum [64-67], Reasons for this could be peritonitis, especially 

seriouss recurrent peritonitis with micro-organisms like staphyloccus aureus, pseudomonas 

andd yeasts. But even in patients who have never had any peritonitis, this phenomenon occurs. 

Eventuallyy ultrafiltration failure can result in the necessity to prescribe a restriction of fluid and 

too use higher dialysate glucose concentrations, short cycle PD, or incidental ultrafiltration with 

aa hemodialyzer. Based on its clinical definition, its prevalence increased from 3% after 1 year 

onn PD to 31% for patients treated with PD for more than 6 years [68]. A cross sectional study 

inn PD patients reported a prevalence of 2 3% [69], but a significantly higher percentage of 35% 

wass observed in long-term PD patients [63], 

Inn principle four main causes of ultrafiltration failure can be distinguished: 1. The 

presencee of a large vascular surface area (characterized by a high dialysate/plasma ratio and 

MTA CC of creatinine). This leads to a rapid disappearance of the osmotic gradient. 2. A decreased 

osmoticc conductance to glucose (which leads to a decrease in peritoneal free water transport and 

thereforee less sodium sieving), 3. The presence of a high disappearance rate of intraperitoneally 

administeredd macromolecules (lymphatic absorption) and 4. A small peritoneal surface area, 

e.g.e.g. due to multiple adhesions, which is rare. The presence of a large vascular area is the most 

frequentt cause of ultrafiltration failure, especially in long-term patients [70-72]. Also, a recent 

studyy has shown that patients with early UFF had a higher effective peritoneal surface area, 

whilee the occurrence of decreased osmotic conductance to glucose was most evident in the long-

termm patients. In addition, it appeared that increased lymphatic absorption from the peritoneal 

cavityy was associated with shorter duration of PD [71]. However, a longitudinal analysis has 

nott shown a decrease or an increase in effective lymphatic absorption in t ime [73]. Exposure to 

bioincompatiblee dialysis fluids is generally thought to be of great importance in the development 

off  peritoneal damage on a structural level and subsequent functional deterioration. The dialysis 

fluidsfluids commonly contain 1. Glucose in high amounts, which serves as osmotic agent (1.36% to 

3.86%% in 1.5 or two liter bags, which wil l mean an average i.p. exposure to glucose of around 

4000 grams per day), 2. Lactate as a buffer, which causes a 3. Low pH ( dialysis fluid has an 

averagee pH of 5 to 5.3), 4. Glucose degradation products, which are formed when the dialysis 

fluidss are heat sterilized, and have proven to be damaging in in vitro and animal studies. Another 

importantt feature is that the fluids are 5. Hyperosmolar ( 490 vs a physiological osmolality of 

290). . 
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6.. A PERITONEAL EXPOSURE MODEL IN THE RAT 

Inn patients it is not easy to obtain peritoneal biopsies, as this requires an operation. Most studies 

usingg human peritoneal biopsies therefore use the pieces of peritoneum that are taken when 

insertingg the catheter into the peritoneal cavity, during its removal and sometimes during kidney 

transplantat ion.. Many experimental models of peritoneal dialysis have been described, most of 

themm make use of rats, and most models are short-time, in general not longer than 4 weeks 

[74,75].. Most rat models [76-80] have focussed on peritoneal physiology in acute experiments 

withoutt an indwelling catheter in animals writh normal renal function. Some chronic rat models 

havee been introduced. Wieczorowka-Tobis eta/. [81] described a non-uremic model in which 

peritoneall  dialysis was performed twice daily for 4 weeks, to investigate biocompatibÜity of 

dialysiss solutions. Peritoneal permeability was assessed and peritoneal morphology was evaluated. 

Mostt models are peritoneal exposure models: no fluid exchanges are performed. Peritoneal 

dialysiss fluid is instilled and volumes ranging from 10 m l [82] to 25 mL [83] are used. A 

long-termm peritoneal exposure model in Wistar rats has been developed in our unit [84J. A 

peritoneall  catheter is implanted and tunneled subcutaneously to the neck, where it is connected 

too a subcutaneous device (Rat-o-Port) allowing repeated puncture through the skin. This allows 

dailyy administrat ion of 20 mL of dialysis fluids fora period up to 20 weeks, which is a substantial 

partt of a rat's lif e span. Drainage is not possible in this model because it leads to blocking of 

thee catheter. At the end of the experiment the function of the peritoneum is assessed by the 

standardd peritoneal permeability analysis adapted for the rat (SPARa), whereafter peritoneal 

tissuess are obtained that are histologically examined. 'Ihis allows the analysis of functional and 

morphologicall  relationships. The studies that are part of this thesis have all been performed 

usingg this rat model. 

7.. A I M AND O U T L I N E OF THE THESIS 

Alternativee peritoneal dialysis fluids wil l be discussed in chapter  2. Also the polyol or sorbitol 

pathwayy is introduced in this chapter. Our investigations had three main objectives: the first 

partt of the thesis describes studies on some methodological issues in the chronic peritoneal 

exposuree model in the rat. This part starts with chapter  3 in which the assessment of fibrosis in 

thee peritoneal exposure model is described and two methods, that is the conventional method 

too assess peritoneal fibrosis with light microscopy and the hydroxyproline measurement, which 

iss a quantitat ive method and is considered to be the gold standard in assessment of fibrosis, are 

comparedd in different peritoneal tissues. In chapter  4, aipha-2-macroglobuIin and albumin 

weree investigated as scrum markers for peritonitis thus enabling to rule out peritonitis as a 

confounderr in our sttidies. 

Inn the following part of this thesis studies on the adminstration of pharmaceuticals 

duringg chronic peritoneal exposure in the rat either in dr inking water or via administration with 

thee dialysis fluid are discussed. The diabetiform character of particularly the vascular peritoneal 
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changess and the expansion of extracellular matrix make it very likely that the chronic exposure 

off  peritoneal tissue to the extremely high glucose concentrations in dialysis fluid is of major 

importancee in their pathogenesis. The polyol pathway for intracellular metabolism is involved 

inn the pathogenesis of diabetic microangiopathy. In chapter 5, inhibition of the polyo! pathway 

byy an aldose reductase inhibitor, one of the enzymes that katalyzes this pathway, in the rat 

modell  is described. Chapter 6 describes effects of angiotensin converting enzyme inhibition 

whichh has been reported to protect against pathological formation of fibrosis as has been 

extensivelyy reported on in renal disease and cardiovacular research areas. In this study lisinopril 

wass supplied in the drinking water of a group of rats during chronic peritoneal exposure to 

dialysiss fluids to investigate a possible protective effect against the pathological development of 

fibrosis,fibrosis, which is an important development in peritoneal tissues exposed to dialysis fluids. In 

chapterr 7, the opposite question was investigated. In order to try and understand the process of 

fibtosisfibtosis development better, we performed a study to try and make a peritoneal fibrotic model, 

byy exposing rats to cyclosporin A during peritoneal exposure to dialysis fluids. This was based 

onn the reports on the pro-fibrotic properties of cyclosporin-A in animal models and also on the 

clinicall  observation that 6 out of 18 peritoneal sclerosis patients, diagnosed between 1984 and 

19955 at our center had used cyclosporin as immunosuppressant after kidney transplantation. 

Thee last part of the studies in the rat model focuses on different experimental dialysis 

fluidsfluids that wete infused in the chronic peritoneal exposure model in the rat, containing pyruvate 

ass a buffer compared to lactate (chapter 7), and in chapter 8 the results obtained with a new 

solutionn called PYRAGG arc described. This solution contained pyruvate as a buffer, 0.5% 

aminoacids,, 1.4% glycerol and 1% glucose. Chapter 10 consists of a general discussion, A 

revieww is given in chapter 11. 
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ABSTRACT T 

AA review is given of the various mechanisms by which conventional glucose/laccate-based 

peritoneall  dialysis solutions can induce damage to the peritoneal membrane. The potential 

advantagess of newly developed dialysis solutions and the results of recent studies on their use in 

patientss are discussed. 

K E Y W O R DS S 

aminoo acids, bicarbonate, glucose, glucose degradation products, icodextrin, lactate; peritoneal 

dialysiss solutions, pyruvate 

INTRODUCTION N 

AA number of studies have reported similar patient survival rates for peritoneal dialysis and 

haemodialysiss when appropriate adjustments are made for differences in case mix [e.g. ]] . 

However,, all studies reported lower technique survival rates for peritoneal dialysis compared 

withh haemodialysis patients [e.g. 2]. Whilst recurrent peritonitis is still the most important 

reasonn for transfer from peritoneal dialysis to haemodialysis [3], data from Japan have shown 

thatt ultrafiltration failure is the most frequent cause of discontinuation of therapy in long-term 

peritonea]]  dialysis patients [4]. 

Thee development of ultrafiltration failure with time on peritoneal dialysis is most often 

associatedd with increases in the dialysate/plasma (DIP) tatio of low molecular weight solutes 

suchh as creatinine [5], suggesting the development of an enlargement of the vascular peritoneal 

surfacee area, leading to a rapid absorption of glucose, the standard osmotic agent in dialysis 

solutions.. We confirmed this by the demonstration of a higher number of peritoneal vessels 

inn peritoneal tissue of long-term peritoneal dialysis patients than at the start of treatment [6f 

Peritoneall  neoangiogenesis could be induced by daily peritoneal exposure to a 3-86% glucose 

dialysiss solution in a 20-wcek non-peritonitis model in the tat [7]. These observations favour a 

majorr pathogenetic role for the currently used peritoneal dialysis solutions. 

C O N V E N T I O N ALL PERITONEAL DIALYSI S SOLUTIONS 

Thee tradit ional peritoneal dialysis solutions are bio-incompatible because of their low pH, 

extremelyy high glucose and lactate concentrations, hyperosmolality and the presence of glucose 

degradationn products formed during heat sterilization of the solutions. The combination of low 

pHH and lactate appeared to be most toxic in in vitro studies, because it caused a decrease in 

thee intracellular pH [8]. This effect is probably less important in patients, because the instilled 

solutionn is diluted immediately with the intraperitoneal residual dialysate volume, leading to a 

steepp rise in pH [9]. Glucose in high concentrations is toxic for the mesothelium both in in vitro 

andd in animal studies [10,11]. Deposition of advanced glycosylationend-products (AGEs) has 
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beenn described in peritoneal tissues [12]. Glucose is also likely to be involved in the development 

off  peritoneal neoangiogenesis. This is supported by the diabetiform alterations of the micro-

vessels,, that are present in patients [13] and that can be induced in animal models [7]. The 

findingfinding of local peritoneal production of vascular endothelial growth factor (VEGF) [14], rhe 

effiuentt concentration of which increases with the duration of peritoneal dialysis [15], clearly 

underliness the similarity with diabetic retinopathy. The clinical importance of this diabetiform 

peritoneall  neoangiogenesis leading to an enlargementof the peritoneal vascular surface area is 

stressedd bythc results of Davies etal. who found a relationship between glucose exposure and the 

developmentt ofultrafiltration failure in their prospective cohort study of continuous peritoneal 

dialysiss (CAPD) patients [16]. 

Glucosee degradation products are toxic to peritoneal cells and induce the formation of 

AGEss at a faster speed than glucose itself [17]. The relative importanceof glucose degradation 

productss to glucose in clinical peritoneal dialysis has not been clarified. Some of the data are 

summarizedd in Table 1. Toxicity of lactate has been suggested in in vitro studies comparing 

pyruvatee with lactate. Pyruvate induced less cytotoxicity to peritoneal macrophages and 

mesotheliall  cells than lactate [18]. This could be attributed partly to the lower p/Q of pyruvate 

makingg it a weaker buffer, but also to its ability to scavenge oxygen radicals [19]. Pyruvate 

alsoo causes less stimulation of intracellular degradation of glucose in the sorbitol pathway [20]. 

Thesee data suggest that lactate may contribute to the toxicity of glucose. A possible mechanism 

iss by influencing the intracellular NADHfNAD * ratio. N A D H is formed from N A D + both 

inn glycolysis and in the sorbitol pathway. The resulting increase in the N A D H / N A D + ratio is 

reversedd by the conversion of pyruvate to lactate, in which NAD + is regenerated. NAD + is also 

regeneratedd in the citric acid cycle. The presence of high lactate concentrations wil l inhibit the 

NAD ++ regeneration, leading to an increased intracellular N A D H / N A D + ratio. An increased 

N A D H / N A D ++ ratio is also present during hypoxia. The latter is a potent stimulus for VEGF 

[21].. A glucose-inducedhigh N A D H / N A D + ratio is also called pseudohypoxia[22] and is likely 

too stimulate the formation of VEGF [23]. This is shown in Figure 1. 

N E WW P E R I T O N E AL D I A L Y S I S S O L U T I O NS 

Solutionss using amino acids as osmotic agent have been designed to serve as an additional 

phosphate-freee nitrogen source in malnourished patients. They induce only small amounts 

off  ultrafiltration and can only be applied once daily in order to avoid an excessive nitrogen 

load.. I he main advantage of including an amino acid-based, lactate-buffered solution in the 

regularr peritoneal dialysis prescription is the reduction in the exposure to glucose and glucose 

degradationn products. 
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Tablee 1: An estimation of the relative importance of glucose and glucose degradation products 

(GDP). . 

Dialysacee concentration 

Mesothelium m 

AGEE formation 

Neoangiogenesis s 

Glucose e 

mmolxx 100 

GDP P 

Umolxx 10 

++ + 

++ + 

Figuree 1: A schematic representation of the intracellular metabolism of glucose and (he resulting 

effectss on the N A D H / N A D ' ratio. 

Icodextrinn is a high molecular weight osmotic agent that induces ultrafiltrdtion mainly by 

colloidd osmosis. The 7.5% icodextrin-based, lactate-buffered solution can only be used once 

dailyy in order to avoid excessive accumulation of maltose in the circulation [24]. Icodextrin is 

especiallyy efficient in inducing ultra-filtration during long dwells [24] and in patients with a 

largee peritoneal vascular surface area [251. This is explained by its low absorption rate from the 

peritoneall  cavity. The use of icodextrin-based solutions is therefore beneficial in patients with 

ultrafiltrationn failure caused by a large vascular surface area. Its application also reduces the 

exposuree of the peritoneum to glucose. 

Ihee use of dialysis bags with two compartments has made it possible to make solutions 

thatt have a higher pi 1 and a reduced concentration of glucose degrddation products. Some of 

themm use bicarbonate as a buffer. A glucose/lactate-based solution with a pH between 6 and 7 

andd a very low concentration ol glucose degradation products has been prepared bv sterilizing 

aa highly concentrated glucose solution at a very low pH, separately from the other constituents 

off  the dialysis solution. 'Ihe application of this solution has been investigated in a randomized 

clinicall  trial in (SO patients with a maximum follow-up of 2 years. The solution tended to cause 

lesss inflow pain and had no effect on parameters of peritoneal transport, but induced alterations 

inn some effluent markers of peritoneal tissues [26]. Cancer antigen 125 (CA 125) increased 

andd dialysate hyaluronan decreased. CA 125 can be considered as a marker of mesothelial 

celll  mass in stable peritoneal dialysis patients [27,28], while hyaluronan may be involved in 

peritoneall  inflammation. These results suggest a better preservation of the meso- thelium and 

lesss inflammation with the tise of this dialysis solution. 
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Remarkablyy similar results have been obtained with a glucose-based solution buffered with a 

combinationn of bicarbonate and lactate. This solution has a normal pH and contains a reduced 

amountt of glucose degradation products, because the bicarbonate is sterilized separately 

fromm the other components of the solution. A randomized clinical trial in 106 patients with 

aa maximum follow-up of 6 months showed less inflow pain, no clinically relevant effects on 

peritoneall  transport and also an increase in dialysate CA 125 and a decrease in hyaluronan 

[29].. A study in the long-term peritoneal exposure model in the rat revealed less peritoneal 

fibrosisfibrosis and neoangiogenesis (unpublished data). The latter may be due to the lower lactate 

concentrationn of the solution, leading to less VEGF production. This hypothesis is supported 

byy the results of a pilot study using a glucose-based, pyruvate-buffered dialysis sblution in our 

chronicc peritoneal exposure model in the rat (unpublished). The solution resulted in a reduction 

off  the number of peritoneal vessels similar to that of the bicarbonate/lactate-buffcred solution. 

Thiss is shown in Table 2. 

Tablee 2. The mean number of vessels per high power field and the amount of fibrosis, scored 

semiquantitative,̂, after 20 weeks of daily i.p. infusion of three different dialysis solutions in Wistar 

No.. of vessels 40 20 20 

Fibrosiss + + + + 

CONCLUSIONS S 

Long-termm exposure to the conventional glucose/lactate-based dialysis solutions can induce 

damagee to the peritoneum. Ultrafiltration failure due to peritoneal neoangiogenesis is the most 

relevantt clinical manifestation of this process. Glucose and glucose degradation products are 

thee most likely causative agents in dialysis fluids. The contribution of other constituents such as 

lactatee is more speculative. The new dialysis solutions are important because their combined use 

wil ll  reduce the exposure of the peritoneum to glucose, glucose degradation products and lactate. 

Thee clinical effects of treatment with a combination of these new solutions on the characteristics 

off  the peritoneal membrane are not known yet, but currently are under investigation. 
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ABSTRACT T 

B A C K G R O U ND D 

Semiquantitativee methods are generally employed to describe fibrotic changes in peritoneal tissue 

specimens.. In the present study a standardized semiquantitative way of scoring was compared 

withh the hydroxyproline content, which is considered to be the gold standard for quantification 

off  collagen in other tissues than peritoneum. 

M E T H O DS S 

Seventeenn rats were studied. Twelve of these had been exposed daily to 3.86% glucose based 

dialysiss solution for 16 weeks. Five untreated (non-exposed) rats from the same weights were 

usedd as controls. After sacrifice by cardiac puncture, parietal peritoneum (PP), omentum (O) 

andd mesentery (M) were obtained and stained with picro-sirius red (PSR) or frozen directly in 

liquidd nitrogen and kept until determination of the hydroxyproline content. Al l tissue specimens 

weree scored for the severity of fibrosis on a 0-3 scale using the PSR stained slides in perivascular 

(PV),, submesothelial (SM) and intersegmental (IS) areas. This scoring was compared to the 

totall  amount of hydroxyproline per peritoneal tissue specimen. 

R E S U L TS S 

Thee best correlation for both methods in assessing fibrosis was found in all areas of omental 

tissuee (SM: r=0.65, PV: r=0.68, IS: r=0.66, all p<0.05). A correlation was present between 

hydroxyprolinee content of all three tissues (PP vs M, r=0J2, PP vs O, r=0.85, O vs M, r=0.81). 

C O N C L U S I O NS S 

Thee hydroxyproline assay can be used to measure fibrosis in peritoneal tissue. Furthermore, 

ourr results suggest that omental tissue is especially useful both for semiquantitative scoring of 

fibrosiss and for the hydroxyproline determinations. 
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INTRODUCTION N 

Peritoneall  fibrosis may develop during long-term peritoneal dialysis, probably as a result of 

thee chronic exposure to unphysiologic dialysis fluids [1]. In some patients it may predispose 

too encapsulating peritoneal sclerosis [2,3] although this is disputed by others [4]. The fibrotic 

changess are most pronounced in the submesothelial layer of the parietal peritoneum [5,6], but 

thee omentum can also be heavily affected [7]. Peritoneal fibrosis has not only been described 

inn peritoneal dialysis (PD) patients but could also be induced in a chronic peritoneal exposure 

modell  in the rat [8]. Scoring of fibrosis in the above-mentioned studies was assessed with 

semiquantitativee methods, either on parietal peritoneum or omentum. Also measurements of the 

thicknesss of the submesothelial compact zone of the parietal peritoneum have been performed 

[6J.. These methods are not completely objective and very time consuming. Furthermore, there 

iss no international consensus on the scoring of fibrosis. Apart from fibrotic changes in vessels, 

fibrosisfibrosis consists of the deposition of extracellular matrix, especially collagen. Hydroxyproline 

iss a component of collagen. Its quantity in tissue is directly related to the collagen content. 

Thereforee the measurement of hydroxyproline in a tissue specimen has been considered a gold 

standardd for the assessment of the amount of fibrosis [9]. In accordance Margetts et al. found 

aa rough correlation between the thickness of the submesothelial parietal peritoneum and the 

hydroxyprolinee content of mesentery in a 4 weeks peritoneal exposure and inflammatory model 

inn rats [10]. 

Thee aim of the present study was to compare the semiquantitative scoting of fibrosis 

inn peritoneal tissues of rats, chronically exposed to dialysis solutions, to their peritoneal 

hydroxyprolinee content. 

MATERIAL SS AND METHODS 

A N I M A L S S 

Seventeenn male Wistar rats (HSD, Harlan, Zeist, The Netherlands) were included in this study. 

Twelvee rats of 7—8 weeks old, were acclimatized for one week and handled and at day 7 antibiotic 

prophylaxiss (enrofloxacin 0.02 mL/100 mg BW s.c.) was applied. At day 8 a peritoneal catheter 

(77 French Intisil catheter, lumen 1.1 mm, with a Dacronfelt cuff glued at 2 cm) was introduced 

proximall  of the umbilicus and tunneled subcutaneously to the neck via the lett flank under 

anesthesiaa (0.05 mL/100 gram BWofa mixture ofketamine/xylazine/atropine, 4:2:1). The length 

off  the catheter was adjusted for each rat and a titanium/silicone device (Rat-o-Port, MT INC , 

7IS,, Vascular Access technologies) was attached to the catheter and implanted subcutaneously. 

Sufficientt pain sedation was applied (buprenorfine 0.3 mg/ml). From one day postoperatively, 

intraperitoneall  infusion was achieved by daily puncture of the subcutaneous device implanted 

inn the neck of the rat, using a 0.6 mm wing-end infusion set (microperfuseur, Vygon, France). 

Beforee puncture the skin was cleaned with gausses and a small amount of chlorhexidine in 
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alcohol.. The solution was armed to 37°C prior to infusion. Peritoneal healing was allowed for one 

weekk after the catheter insertion by daily infusion of 1 ml of heparin ized saline (5 IU / lm L NaCl 

0.9%),, after which the experimental period started. These twelve rats were infused with standard, 

heat-sterilized,, 3.86% glucose containing, lactate buffered dialysate (Baxter, S.A., Castlebar, 

Ireland).. Four of them were only given daily infusions for 8 weeks and 8 rats received lisinopril 

(1500 mg/ml in dr inking wrater) next to the infusions for 16 weeks. These rats were selected from 

differentt studies that took place at the same time at our laboratory to investigate small amounts 

off  fibrosis as well as more pronounced. Al l rats had completed the experimental period, no rats 

hadd catheter dysfunction or other signs of peritonitis as assessed by peritoneal histology. Control 

ratss (n=5) were included for comparison. These rats had similar weights, but had no catheter 

implantedd and received no peritoneal infusions. After the experimental period the animals were 

sacrificedd and peritoneal tissue was obtained. The study was performed in accordance with the 

regulationss required by the local ethics committee for animal experimentation. 

HlSTOO PATHOLOGY 

Omen tum,, parietal peritoneum and mesentery wrere obtained in each rat. A part of each was 

frozenn directly in liquid nitrogen and kept at -20ÜC until the hydroxyproline content wras 

determined,, and the other part was fixed in 4% buffered formaldehyde and embedded in 

paraffin.. Paraffin-embedded tissue was serially sectioned at 5 micrometer thickness and stained 

withh picro-sirius red, providing a brick red staining of all fibrillary collagen. Fibrosis was assessed 

usingg a light microscope (Leitz Dialux 20, Leica, Rijswijk, The Nethetiands) writh a 25x flat field 

objectivee (xlO ocular) by two blinded observers (SA and RvW). Inter-observer variability was 

lesss than 10%. The semiquantitative scotc was performed in omental, parietal and mesentery 

sections.. The amount of fibrosis was assessed in three areas: submesothelial (SM), petivascular 

(PV)) and intersegmental or interstitial (IS). This latter applies in parietal peritoneum to the 

compartmentss between the muscle fibers. Scoring was as follows: 0=absence of fibrous tissue, 

1-mildd presence, 2=moderate, 3-severe fibrosis. 'Ihesc visual assessments were done before the 

resultss of the hydroxyproline determinations were available. 

H Y D R O X Y P R O L I NEE ASSAY 

Forr the measurement of hydroxyproline an adaptation of the Woessner method was used 

[11,12],, In short: tissues were weighed (about 0.02 g of tissue was used per sample), homogenized 

andd centrifuged (3000 rpm for 10 min, 4°C). Vacuum suction and TCA precipitation were 

performed,, followed by another centrifugation step (3000 rpm 10 min 4°C). Samples were left 

overnightt to hydtolyze (HCI 85°C) and the next day quantified by HPLC, after incubation first 

wit hh o-phtalaldehyde and than with 4-chloro-7-nitrobenzofurazan. For detection a fluorescence 

detectorr was used with the excitation wavelength set at 470 nm and the emission wavelength set 

att 530 nm. A good correlation was present between the original colorimetric quantification and 

thiss H P LC method (r=0.88, p=0.01) although the values found with this latter method were on 
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averagee 19% higher than those obtained with the original colorometric method. Hydroxyproline 

levelss were assessed in parietal peritoneum (n=12), omentum (n=8) and mesentery (n=8) from 

thee infused animals and also in these tissues from 5 untreated rats. Al l tissues were assayed after 

pretreatment.. Omentum and mesentery were hydrolyzed and than assayed in duplicate. For 

parietall  peritoneum it appeared that the hydroxyproline determinarions showed variable results 

whenn redetermined. Therefore we used two pieces of parietal peritoneum and performed the 

hydroxyprolinee assay in triplicate. 

STATISTICALL ANALYSI S 

Thee results are presented as medians and ranges. For semiquantitative measurements between the 

threee different tissues analysis of variance was performed using Kruskall-Wallis. Wilcoxon rank 

summ tests were used to investigate differences between exposed and non-exposed groups, The 

f-testt was used for analysis of the hydroxyproline concentrations, because a normal distribution 

wass present. Correlation coefficients were determined with Spearman's rank correlation. Al l 

testss were performed using SPSS 10.0.7. 

RESULTS S 

Thee results of the semiquantitative scoring are given in Table 1. An example is given in Figure 1. 

Higherr scores were found in the exposed animals than in the non-exposed as repotted by our group 

previouslyy [8]. The highest scores were found in the omental tissues. Also, the hydroxyproline 

contentt of all tissue specimens was higher in the exposed than non-exposed animals (Table 2). 

Inn both groups the highest levels were found in parietal perironeum. A correlation was present 

betweenn the hydroxyproline content of all three tissues (parietal peritoneum vs mesentery, 

r=0.72,, parietal peritoneum vs omentum, r=0.85, omentum vs mesentery, r=0.8l). Table 3 

showss the correlation coefficient between the semiquantitative scoring and the hydroxyproline 

content.. The best correlation was found for omental tissues. This is shown in Figure 2. The 

semiquantitativee scoring in the mesentery was not correlated with its hydroxyproline content. 

Thee intra-assay variability was 9.5%, the intetassay variability 7.2%. 
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Tablee 1: The results of the semiquantitative scoring method are given as median and range per tissue 

(PP:: parietal per i toneum, O: omentum, M : mesemerv) in three different areas (SM: submesothelial, PV: 

perivascular,, IS: intersegmental). 

SMM  score 

PVV score 

ISS score 

SMM  score 

PVV score 

ISS score 

1.5(1-3) ) 

1.00 (0.5-2)a 

L00 (0.5-2) 

Q.5(0.0.5j1> > 

0.55 (0-0.5) b 

0(0)c c 

ff  SI 

2.0(1-3) ) 

1-55 (1-2)* 

1.55 (1-2) 

0.5(0-0.5)b b 

00 <0-0.5)b 

0.55 (0.5-1.5)b 

1.44 (0.5-2) 

1.44 (0.5-2) 

1 1 
6(0)*--
00 (0-Q.5)b 

0(0)c c 

55 between PP and O. '! p = 0.01; L p = 0.08 all herween exposed and non-exposed animals. 

Tablee 2: Hydroxyprol ine content (means and standard deviations) in the various peritoneal tissues in 

mg/g.. See Table 1 for abbreviations. 

Exposedd animals 

Non-exposedd animals (n=5) 

p<0.055 exposed vs non-exposed 

a a 

1.00 1 

1.33 7 («=8)a 

0.22 1 

^ ^ 

0.55 2 

Tablee 3: The correlation coefficients between the hydroxyproline content and the semiquantitative 

scoring. . 

SMM  score 

PVV score 

ISS score 

p<0.()177 (see methods) 

0;56a a 

0.58a a 

0:44 4 

0,65a a 

0.68a a 

o.66* * 

o.n n 
0.11 1 

0.18 8 
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DISCUSSION N 

Thee present study has shown that the hydroxyproline content of omental tissue can be considered 

ass the standard method for assessment of peritoneal fibrosis, induced by chronic exposure to 

peritoneall  dialysis solutions. This is based on the good correlations with the semiquantitative 

scoringss in omental tissues, artificially high concentrations in parietal peritoneum probably 

duee to contamination with anterior abdominal wall muscle, and the good correlations with the 

hydroxyprolinee content in mesentery and parietal peritoneum. The amino acid hydroxyproline 

iss especially present in collagen and therefore the determination of hydroxyproline in various 

tissuess and cells has been used to quantify the amount of collagenous proteins. Hydroxyproline 

representss not only the quantity of collagen in a given tissue, but also the rate with which collagen 

iss synthesized or degraded in such tissues. Hydroxyproline can be present in two isofotms: 

3-hydroxy-L-prolinee and 4-hydroxy-L-proline of which the 3-isoform is less abundant and has 

beenn identified only in collagen. These isoforms can be present in both trans- and cis epimers. 

Fourr techniques have been described to determine hydroxyproline: (1) Gaschromotography 

[12],, (2) Electrophoresis [13], (3) Aa colorimetric reaction [14], (4) HPLC [11,15]. We chose 

too use the latter method because of its ease and its low detection limi t after derivatizing with 

aa fluorescent label [16]. Fibrosis consists of deposition of extracellular matrix material like 

collagen.. Collagen fibers constitute the largest component of the space between the cells and 

itt has been described that the amount of collagen measured as hydroxyproline can range from 

55 nig/g in the lung, to 50-100 mg/g in skeletal muscle and 170 mg/g in the skin [17,18]. The 

submesotheliall  peritoneal interstitial tissues normally contain substantial amounts of quite 

compactt bundles of collagen that are usually interposed between the blood microvessels and 

thee mesothelial layer [19]. Nevertheless we found much lower values in all peritoneal tissue 

specimenss than in the above mentioned tissues. This is most likely explained by the large 

variationn in collagen content among different tissues, as described by Chavpil [20]. Chronic 

peritoneall  dialysis results in fibrotic changes in peritoneal tissues [21-23]. These changes can 

bee induced in a chronic peritoneal exposure model in rats [8], The present study shows that 

thee hydroxyproline content of dialysate-exposed peritoneal tissues tended to be higher than 

thatt of non-exposed animals, although it was still low compared to e.g. the lung. The highest 

valuess were always present in parietal peritoneum, probably due to small amounts of muscle 

tissue,, present in the pecimens. Consequently the same tissue should always be used for the 

assessmentt of the peritoneal collagen content. The omentum is likely to be the most useful 

tissuee because there is no muscle contamination and the correlations with the semiquantitative 

scoringg system were good. Interestingly, we found no correlation between both methods for 

thee mesentery. Also, the mesentery was the only tissue in which we could not find increases in 

hydroxyprolinee content when we compared exposed tissue to non-exposed tissue. The values 

wee found in mesentery were somewhat lower than those mentioned by Margetts et al. (1.8-2.9 

mg/gg vs 0.5-0.7 mg/g in the present study), but these authors investigated adenovirus-treated 

animalss that underwent one peritoneal equilibration test and not daily infusions [24]. Total 

hydroxyprolinee was measured per gram of frozen tissue. The weight or the tissue is dependent on 
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thee fluid content that may be increased in animals exposed to PD fluid due to tissue absorption. 

Therefore,, one could argue that the difference in hydroxyproline content of exposed and non-

exposedd animals could be due to a difference in fluid content. However, the semiquantitative 

scoringg showed normal to mild (0-0.5) fibrosis in untreated vs mild-moderate (1.5-2) fibrosis in 

treatedd animals (p=0.01). The good correlation between both methods for omental tissue makes 

itt likely that there indeed is a difference in fibrosis between exposed and non-exposed animals. 

Semiquantitativee scoring of fibrosis in tissue specimens has the disadvantage of subjectivity. 

Also,, such a score is discontinuous, which makes it impossible to establish an over-all score from 

thee sum of the various regions where the individual scores were made. For instance a score of 2 

doess not necessarily mean that the fibrosis is twice as severe as a score of 1. Another difficulty 

iss that the relationship between score 1 and score 2 may vary in different parts of the peritoneal 

membrane.. The correlations that were nevertheless found between the fibrosis score in the 

perivascularr regions of parietal peritoneum and all regions of omentum on one hand and the 

hydroxyprolinee content of these tissues on the other, suggest that the hydroxyproline content of 

omentumm can be considered the reference merhod for assessment of peritoneal fibrosis, induced 

byy chronic exposure to peritoneal dialysis solutions. 
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ABSTRACT T 

B A C K G R O U ND D 

Inn experimental PD studies the occurrence of peritonitis is a confounder in the interpretation 

off  effects of chronic peritoneal exposure to dialysis solutions. Since in most experimental PD 

modelss in the rat fluid cannot be drained, it is impossible to diagnose peritonitis based on 

dialysatee white blood cell counts. To study rhe value of serum markers for the presence of 

peritonitis,, alpha-2-macroglubulin (a2M) and albumin were measured in rats with and without 

peritonitiss after chronic exposure to dialysis solutions. To further investigate the time course of 

thesee markers in relation to the severity of peritonitis, non-dialyzed rats were challenged with 

increasingg numbers of bacteria and followed for 28 days. 

M E T H O D S S 

Inn the first study a2M and albumin were measured in rats exposed to glucose/lactate based 

dialysiss fluid before sacrifice. A comparison was made between animals with peritonitis, as 

judgedd from the presence of extensive infiltrates after sacrifice (gold standard) and/or clinical 

signss of peritonitis, or absence of peritonitis and infiltrates. In the second study rats were 

intraperitoneal!}'' (i.p.) injected with three different concentrations of Staphylococcus aureus 

andd serum a2M and albumin were measured at various time points. 

R E S U L TS S 

Inn the first study serum a2M was higher and serum albumin was lower in animals with peritonitis 

comparedd to animals without peritonitis (both p<0.05). In the second study induction of a2M 

wass clearly dependent on the inoculum concentration. Peak values of a2M were found at day 1 

andd 3. At all time points after inoculation a2M was higher in all injected groups compared to 

thee control group. Scrum albumin values decreased in the highest inoculum group and remained 

decreasedd until 28 days after i.p. injection. Despite a low sensitivity, serum a2M>40 mg/l, and 

albuminn < 32 g/L had a specificity for peritonitis of 100%. 

C O N C L U S I O NS S 

Measurementt of a2M and albumin once a month is an additional tool in the diagnosis of silent 

peritonitiss in the chronic peritoneal exposure model in the rat. a2M>40 mg/L and albumin 

<322 g/L are strong indicators for peritonitis. However, normal values do not exclude infectious 

peritonitis. . 
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INTRODUCTION N 

Animall  models of peritoneal dialysis (PD) are essential to study the effects of experimental 

interventions,, during exposure to dialysis fluids, on structural and functional changes in the 

peritoneumm [1-4]. Long-term PD in patients, as well as chronic peritoneal exposure to dialysis 

fluidsfluids in animals, are associated with structural changes, including angiogenesis and fibrosis 

[5].. These changes however, can be influenced by peritonitis, although the effect of peritonitis 

onn long-term changes of the peritoneum is controversial [6], Effects of drug interventions 

andd exposure to different dialysis solutions in chronic peritoneal exposure models in the rat 

aree mostly investigated in animals without peritonitis [7]. If a rat develops clinical signs of 

peritonitiss during the experimental period, like an obstructed catheter, weight loss, failure to 

thrive,, porphyrin staining or ocular discharge, the animal is euthanized and removed from the 

experiment.. However, sometimes after completion of the experiment, peritoneal biopsies show 

extensivee infiltrates even though there were no clinical signs of peritonitis during the whole 

experimentall  period. In our chronic peritoneal exposure model PD fluid cannot be drained, 

whichh makes it impossible to perform white blood cell counts as in the human situation to 

diagnosee peritonitis. The aim of the study was therefore to investigate whether serum proteins 

couldd be useful to detect subclinical episodes of peritonitis in rats and thereby prevent useless 

continuationn of chronic peritoneal exposure. Two studies were performed. In the first study 

serumm alpha-2-macroglobulin (a2M) and albumin were measured in animals chronically exposed 

too dialysis fluid, with and without peritonitis. In the second study rats were intraperitoneal̂ 

(i.p.)) injected with various concentrations of Staphylococcus aureus and serum a2M and albumin 

weree measured at various time points. 
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SUBJECTSS AND METHODS 

ANIMAL S S 

STUDYSTUDY I 

Twenty-ninee male Wistar rats (HSD, Harlan, Zeist, The Netherlands) with an average body 

weightt of 300 g were included in this experiment. A peritoneal catheter (Rat-o-Pon, M T I N C , 

7IS,, Access Technologies, Norfolk Medical, Skokie, 1L, USA) was implanted subcutaneously 

ass described previously [7]. Daily intraperitoneal infusion of 20 ml, of Dianeal 3.86% (Baxter, 

Castlebar,, Ireland) was performed by puncture of the subcutaneous device implanted in the 

neckk of the rat, using a 0.6 mm wing-end infusion set (microperfuseur, Vygon, France). No 

drainagee can be applied in this model. The rats were sacrificed after the experimental period 

off  at least 8 weeks had ended. a2M and albumin were determined in serum samples obtained 

directlyy before sacrifice. After sacrifice, the abdomen was opened, cultures from the catheter tips 

weree performed, and peritoneal tissue (the omentum, which is distant from the cathetertip and 

norr in direct contact) obtained. The animals were divided as follows: group 1 (n=10) consisted 

off  rats with clinical (weight loss, obstructed catheter) and histological (extensive infiltrates in 

alll  peritoneal biopsies) signs of peritonitis. Group 2 (n=7) consisted of rats without clinical 

signss but with definite histological signs of inflammation, and group 3 (n=12) consisted of rats 

withoutt clinical and histological signs of inflammation. 

STUDYSTUDY 2 

Thirty-twoo male Wistar rats (HSD, Harian, Zeist, The Netherlands) with an average body 

weightt of 200 g were randomly assigned to 4 groups of 8 animals each. Blood was drawn 

thee day after arrival (day -7). After one week (day 0) three groups of rats received a single 

intraperitoneall  injection with 0.5 ml of a suspension containing either lxlO 4 colony forming 

unitss (CPU, group 1), lx lO 6 CFU (group 2) or 1x10* CFU (group 3) of Staphylococcus aureus 

A T C CC 25923 (ATCC, Manassas, USA), as described previously [8]. An untreated control group 

(groupp 4) was also included. On days - 7, 1, 3, 7, 14 and 28, blood was collected from the 

taill  artery under light ether anaesthesia. Scrum samples were analysed for a2M and albumin. 

Thee animals were sacrificed after the collection of the last blood sample. Omental tissues were 

dissectedd and spread on a glass slide for light microscopical examination. 

Ratss from both studies received standard chow and water ad libitum. Both studies were 

performedd in accordance with the regulations required by the local ethics committee for animal 

experimentation. . 

ASSAYS S 

Albuminn was measured with the bromcresol green method using an autoanalyzer (Modular P, 

Rochee G m bH Mannheim, Germany). a2M concentrations were determined with a peroxidase 

sandwichh enzyme-linked immuno assay (ELISA). ELISA plates (Maxisorp immunoplate, 
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N U N C,, Roskilde, Denmark) were coated with rabbit anti-rat-a2M. Biotin labelled rabbit 

anti-ratt a2M was applied as conjugate. Streptavidin horseradish peroxidase (CLB, Amsterdam, 

Thee Netherlands) was used for peroxidase labelling and o-phenylenediamine dihydrochloride 

(Sigma,, St Louis, MO, USA) as substrate. Absorbance was read at 490 nm. Wistar rat purified 

a2MM was used as a standard [9]. Sensitivity for a2M was 5 pg/L. With regard to cross reactivity 

thee polyclonal antibodies reacted non-specific with a2M in serum and liver homogenates and 

inter-- and intra-assay variation was less than 5%. 

HlSTOPATHOLOG Y Y 

Omentall  tissue and parietal peritoneum were stained with haematoxylin-eosin and toluidine 

bluee in study 1 and assessed for the presence of infiltrates and the number of mast cells by 

conventionall  light microscopy. Omental stretch preparations from study 2 wrere stained with 

toluidinee blue. The number and the size of the omental milky spots, reflecting the activation 

statee of the omentum, were determined by light microscopy, using a scored eyepiece (Figure 3). 

Twenty-fivee random areas of 4 mm2 (total 1 cm2) were scored and the number and mean surface 

areaa of milky spots were determined. 

STATISTICALL ANALYSES 

Medianss and interquartile ranges are given unless stated otherwise. Analysis of variance was 

performedd wrhere after Mann-Whitney U tests were done to investigate differences between 

groups.. Sensitivity and specificity were calculated based on literature cut off points of 40 mg/L 

fora2MM [10] and 32 g/L for albumin [11]. 

RESULTS S 

STUDYSTUDY 1 

Serumm a2M was higher in group 1 and 2 compared to the non-peritonitis group: group 1: 33.8 

(19.2-289)) mg/L, group 2: 27.9 (20.6-200) mg/L, group 3:15.5 (127-18.4) mg/L, p<0.01). No 

differencee was present between groups 1 and 2 (Figure la). It appeared that high serum a2M 

levelss were predictive of peritonitis, even in the absence of clinical signs. However, a normal 

valuee did not exclude peritonitis (Figure la). Animals in group 1 had slightly lower albumin 

valuess than the controls; 35 (29-38) vs 38 (36.5-40.5) g/L, p<0.05. The sensitivity and specificity 

off  a2M and albumin for the prediction of peritonitis is given in Table 1. Both proteins had low 

sensitivityy but the specificity was 100%. Al l animals in group 1 and 2 had positive cultures, all 

ratss in the control group negative cultures except three animals. These animals had cultures 

positivee for E. Coli and Gram negative rods but had no histological signs of peritonitis. The 

animalss with positive cultures, infiltrates and clinical signs of peritonitis had an average number 

off  10.5 (1 —45) mast cells per omental field, compared to 5 (1-11) in the animals with positive 



422 Chapter 4 

culturess but no other signs of peritonitis (p=0.O5) and 7 (0-36) in the animals without peritonitis 

(p=0.2). . 
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Figuree 1: Die upper panel shows serum alpha-2-macroglobulin values, the lower panel shows serum 

albuminn values from rats exposed to peritoneal dialysis fluid (study 1). Group 1: rats with clinical and 

histologicall  signs of peritonitis (n = 10), group 2: rats without clinical signs but with histological signs 

off  inflammation (n=7), group 3: rats without clinical signs and histological signs of inflammation 

(n=12).. Data are expressed as box and whisker plots: the boxes represent the median, and the 251'1 and 

755 percentiles, the whiskers the extremes. Significant differences (p<0.05) with group 3 are indicated 

asterisk. . 
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Tablee 1: Sensitivity and specificity (%) of serum albumin for the presence of peritonitis. 

26g/L L 

28g/L L 

30g/L L 

32g/L L 

34g/L L 

senss 0 

specc 100 

senss 0 
specc 86 

senss 9.5 
specc 71 

senss 33 
specc 71 

senss 71 
specc 43 

Dayy 28 

senss 5 
specc 100 

senss 25 
specc 100 

senss 30 
specc 100 

senss 62 
specc 100 

senss 75 
specc 43 

StudyStudy 2 

Threee rats in group 3 did not survive the high load of bacteria. Two of them died overnight 

andd one was sacrificed the day after the injection. In all groups weights increased during the 

experiment.. The increase was less steep the first days after i.p. injection with S. aureus and a 

temporaryy decrease was present in the highest dosage group. The increase in weight during the 

experimentt was not different between groups 1 and 4, but it was different between group 2 and 

4:135(129-153)) vs 154 (146-158), p=().03, and between group 3 and 4 (group 3: 138 (130-149), 

p=0.03). . 

Tablee 2: Sensitivity and specificity (%) of serum alpha-2-macroglobulin for the presence of 

peritonitis. . 

"layy 14 Uay \ 

senss 90 sens 81 
specc 75 spec 75 

senss 62 
specc 75 

senss 43 sens 14 
specc 100 spec 100 

366 mg/L 

388 mg/L 

400 mg/L 

422 mg/L 

444 mg/L 

senss 71 

specc 75 

senss 71 

specc 88 

senss 62 

specc 88 

senss 52 

specc 88 

senss 48 

specc 88 

Thee serum concentrations of a2M and albumin arc summarised in Table 2. At all times after 

inoculationn a2M was higher in all injected groups compared to the control group (Figure 2a). 

Thee values were clearly dependent on the dose of the inoculum. 'Hie peak concentrations were 

foundd at day 3. In groups 1,2, and 4, serum a2M levels were higher at day - 7 than at day 

28.. This might have been caused by a stress response brought about by transportation ol the 
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animals,, because day -7 was one day after the animals arrived at the laboratory, 'llierefore data 

arcc presented as percentages or the mean values of group 4 at various days in Figure 2. Scrum 

albuminn only showed a decrease at day 3 and 7 in the highest inoculum group (Table 2, Figure 

2b).. The sensitivity and specificity of a2M and albumin arc shown in Table 1. Despite low values 

forr sensitivity, the specificity of the two proteins for the presence of peritonitis was 100%, except 

forr a lbumin in studv 1 at dav 14 (71%). 
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Figur ee 2a: Serum A2M values from the injected groups, expressed as percentage of the mean 

valuee of the animals from group 4 at various days alter i.p. injection. Group 1: diamonds, group 

2:: squares, group 3: triangles. 
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Figur ee 2b: Serum albumin values from the injected groups (n-8 for group 1 and 2 and n=5 for 

groupp 3), expressed as percentage of the mean of the animals from group 4 at various days after 

i.p.. injection. Group 1: diamonds, group 2: squares, group 3: triangles. 
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HlSTOPATHOLOGY Y 

Sincee the number and/or size of omental milky spots (leucocyte aggregates) represents the 

extentt of peritoneal activation, these spots were quantified in toluidine blue stained stretch 

preparations.. Omental tissues of group 3 were highly activated: number and size of the milky-

spotss were enormously increased resulting in unrecognizable individual milky spots. Only in 

tissuess from 2 of the 5 animals individual milky spots could be counted. Therefore quantification 

wass impossible in group 3. The number of milky spots per c m- was not different between groups 

1,, 2 and 4, but the mean size of the milky spots was lower in group 4 compared to the other 

groups.. Group 1: 0.10 (0.09-0.13) cm2, group 2: 0.12 (0.09-0.15) cm2, compared to group 4: 

0.077 (0.07-0.09) cm2, both p<0.05. 

Tablee 3: Serum a2M and albumin levels from rats before (day -7) and after i.p. injection of 

Staphyloccuss aureus. Group 1: injected with 10*4 colony forming units (CFU), group 2: 10*6 

groupp 3: 10*8 CFU and group 4: controls 

)ayy 3 Dav 7 Day 14 

CFU, , 

a2MM  (mg/L) 

Groupp 1 63 (48-71) 

Groupp 2 49 (41-67) 

611 (55-65)b 

2555 (48-512)b 

655 (54-68)b 

2488 (50-563)b 

411 (38-44)fc 

755 (39-163)1' 

399 (35-4l)b 

333 (30-47)b 

Groupp 3 49(40-73) 3910 (185-4994)b 9077 (59-13910)b 4707 (58-11161)b 832 (29-3129)fc 

Groupp 4 53 (40-56)*  35 (30-37) 32 (27-36) 

albuminn (mg/mL) 

Groupp 1 39(38-39)*  34 (33-35)a 36(34-37) 

Groupp 2 32 (29-39) 31 (29-33) 33 (32-34)a 

Groupp 3 34(30-37) 30(23-32)*  26 (21-33)a 

Groupp 4 33(32-34) 32(31-33) 36(34-37) 

300 (27-33) 

344 (33-36) 

333 (33-34) 

266 (25-32)b 

333 (32-34) 

244 (21-27) 

355 (34-36) 

333 (32-34) 

322 (29-33)b 

344 (29-38) 

26.55 (25-27)b 

233 (19-26)b 

4646 (22-121)b 

17(15-18) ) 

311 (28-34)*b 

344 (28-38) 

311 (30-31)*b 35 

(34-37) ) 

p<0.055 compared to group 4, . p< 0.01 compared to group 4, *:p<0.05 day-7 vs day 28 

DISCUSSION N 

Exclusionn of peritonitis is very important in experimental studies on effects of exposure to 

dialysiss solutions on the morphology of the peritoneal membrane. The present study has shown 

thatt the specificity for the presence of peritonitis of an increased serum a2M and a decreased 

serumm albumin concentration is 100%, even in the absence of clinical symptoms. 

Variouss strategies have been used to prevent peritonitis during experimental animal 

studies.. These include the application of prophylactic antibiotics, but this affects the morphology 

off  the peritoneum [12]. Heparin-coated catheters have been applied, but their use did not reduce 

thee incidence of peritonitis in rat models [13]. The use of an aseptic technique as performed by 

ourr group allows extension of the duration of peritoneal exposure in rats for 20 weeks without 

peritonitiss [7]. However, as in humans, it is inevitable that some animals wil l develop peritonitis 
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duringg the experimental period. Unlike in patients, the diagnosis cannot be made on the presence 

oii  an increased dialysate cell count, because no drainage is applied in the model. 'Ihe golden 

standardd used in this model is the presence of extensive infiltrates in peritoneal tissue. 

Thee majority of peritonitis cases in rars is accompanied with clinical symptoms such 

ass weight loss and catheter obstruction. Sometimes however, the diagnosis is only made after 

completionn of the experimental period because of the presence of extensive histological signs of 

peritonitis.. I he presence of positive catheter tip cultures was in accordance with the histological 

signss of peritonitis. However, positive cultures were also found in 3 animals without any clinical 

andd histological signs of peritonitis, as has been described in patients [14]. 

Thee results obtained in study 2 showed that clinical symptoms were especially present in 

groupp 3, the highest inoculum group. However, also animals in group 2 showed a temporary 

lagg in body weight at days 1 and 3. It is evident that this could easily be missed during chronic 

peritoneall  exposure to dialysis solutions, which makes body weight a difficul t to interpret 

parameterr for peritonitis. Also, an increase in the number of milky spots was only found in 

groupp 3. In groups 1 and 2 only their size was somewrhat increased. 

Peritonitiss in CAPD patients is accompanied by elevated serum concentrations of acute 

phasee proteins, like C-reactive protein, secretory phospholipase A2 [15] and interleukin-6 

116,171.. Therefore, in the present study it was investigated whether the determination of an 

acutee phase protein would contribute to the diagnosis of peritonitis in the chronic peritoneal 

exposuree model in the rat. C-reactive protein is not an acute phase protein in rats [18], but a2M 

iss one of the most important acute phase proteins in this species [10]. Albumin is considered to 

bee a negative acute phase protein [19] and can be determined easily with colorimetric methods, 

ass used in autoanalyzcrs. 

Thee results of the first study have shown that both an elevated a2M and a decreased 

serumm albumin were highly specific markers for peritonitis, but not very sensitive. This means 

rhatt abnormal values, even in the absence of clinical signs, indicate peritonitis. The presence, 

however,, of normal serum values does not exclude peritonitis. The quantitative analysis done 

inn the second study, confirmed the initial observation. All three dosages of CFU cause a non-

lethall  peritonitis in rats, from which they recover spontaneously [20]. The changes in serum 

alpba-2-macroglobulinn and albumin were most pronounced in group 3 who received the highest 

inoculum,, but were also present in the other groups. Abnormal values were still observed after 

twoo and four weeks. However, despite a high specificity the sensitivity was low. Different cut-

offf  points for both albumin and a2M were calculated (table 1 and 2). The specificity should 

bee as high as possible to avoid that healthy animals wil l be marked as having peritonitis and 

sacrificed.. Based on these calculations a cut-off point of 32 g/L for albumin and 40 mg/L for 

a2MM have highest specificity. After each experiment, histology is used as the gold standard to 

excludee rats that completed the experiment without clinical signs of infection but appeared to 

havee peritonitis. 

Groupp 3 probably represents a situation that is rather similar to the occurrence of peritonitis 

inn the long-term peritoneal exposure model. When the sensitivity analysis was restricted to this 

groupp of animals the values at two weeks were 60% for a2M and 40% for albumin. After four 
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weekss the sensitivity of a2M for the presence of peritonitis was 60% and of albumin 50%. These 

resultss confirm that animals with clinical signs of perironitis can have normal values of acute 

phasee proteins. 

I tt can be concluded that measurement of serum a2M and albumin every four weeks is an 

additionall  tool in the diagnosis of peritonitis in the chronic peritoneal exposure model in the 

rat.. Even in the absence of clinical signs, an a2M value above 40 mg/L and a serum albumin 

beloww 32 g/L are strong indicators for the presence of peritonitis and should be followed by 

terminationn of the experiment in that particular animal. However, normal values of these 

proteinss do not exclude infectious peritonitis. 
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ABSTRACT T 

I N T R O D U C T I ON N 

Peritoneall  dialysis with glucose and lactate containing dialysis solutions stimulates peritoneal 

angiogenesiss and fibrosis. These serious side-effects can also be induced by chronic peritoneal 

exposuree to dialysis solutions in non-uremic rats, ihe high glucose concentrations of the dialysis 

solutionss may saturate physiological glucose metabolism pathways and instead stimulate the 

polyoll  pathway that has been described to damage nerves and vessels in diabetes mellitus. 

Too investigate the role of the polyol pathway in the development of fibrosis and angiogenesis, 

dur ingg chronic peritoneal exposure, the rate-limiting aldose reductase activity in the polyol 

pathwayy was inhibited in a chronic peritoneal exposure model in the rat, in which different 

administrationn routes were compared. 

E X P E R I M E N T ALL P R O C E D U R ES 

Threee groups of rats received daily i.p. intusion with lactate/glucose 3.86% containing dialysate 

viaa a peritoneal catheter with a subcutaneous puncture device, for 14 weeks: group 1 received 

onlyy the dialysis solution, groups 2 and 3 received in addition zopolrestat, administered either 

orallyy (group 2), or intraperi toneal̂ (group 3). After sacrifice, omental tissue was examined by 

histologyy for the presence of fibrosis (picro-sirius red) and the number of blood vessels (CD31). 

R E S U L TS S 

Histologyy revealed significantly less picro-sirius red-positive tissue in perivascular areas of both 

experimentall  groups and also in submesothelial areas of the oral group in comparison to the 

controll  group. The numbers of CD31-positive vessels per field were significantly less in both 

groupss treated with zopolrestat, compared to the infusion only group: group 2: 9 (7-12), group 

3:: 17 (13-38) compared to group 1: 57 (32-39), p<0.05. 

C O N C L U S I ON N 

Combinat ionn of peritoneal exposure to dialysis fluids and administration of zopolrestat, a newly 

developedd inhibitor of aldose reductase activity, resulted in less fibrosis and less peritoneal vessels 

thann exposure to dialysis fluids only, in a long-term exposure model in the rat. Inhibiton of the 

polyoll  pathway may thus offer an important contribution to allow long-term continuation of 

peritoneall  dialysis. 
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INTRODUCTION N 

Long-termm treatment of end stage renal disease patients with peritoneal dialysis can result in 

severee abnormalities in the peritoneum that can hamper the continuation of treatment [1]. The 

extremelyy high concentrations of glucose and the glucose degradation products in the peritoneal 

dialysiss fluids are thought ro be of major importance in the development of these abnormalities. 

Theyy may saturate physiological glucose metabolism pathways and stimulate the polyol pathway. 

Thee polyol pathway is one of the routes whereby glucose can cause damage [2]. The enzyme 

aldosee reductase is necessary for the first step of this pathway. Inhibition of aldose reductase 

activityy has been shown to delay the onset of diabetic cataract formation in vivo [3] and also 

correctedd motor and sensory nerve conduction velocities in diabetic rats [4,5]. The aim of the 

presentt study was to investigate the effects of zopolrestat, a newly developed aldose reductase 

inhibitorr (ARI), during chronic peritoneal exposure to dialysis fluid in a rat model. 

M A T E R I A L SS A N D M E T H O D S 

Seventeenn male Wistar rats acclimatized for one week before insertion of a peritoneal catheter 

underr anesthesia with a mixture of ketamine: xylazine: atropine (4:2:1). A titanium/silicone 

devicee (Rat-o-Port, M T I N C , 7IS, Access Technologies, Norfolk Medical, Skokie, IL , USA) was 

attachedd to the catheter and implanted subcutaneously in the neck of the animals. Peritoneal 

healingg was allowed for one week after the catheter insertion by daily infusion of 1 mL of 

heparinizedd saline (5 IU/ lm L NaCl 0.9%), after which the experimental period started. Al l rats 

receivedd a daily infusion of 60 mL/kg body weigth (BW) 3.86% glucose containing dialysis 

solutionn (Baxter, S.A., Castlebar, Ireland) via the Rat-o-Port. Group 1 (n=5) received only 

infusion,, group 2 (n=6) was also treated with zopolrestat in the chow (100 mg/kg BW), group 

33 (n=6) received zopolrestat dissolved in the daily infusion (50 nig/kg BW; this dose was tested 

inn a pilot study and was well tolerated for 4 weeks). After the exposure period of 14 weeks, 

omentall  tissue was examined for the presence of fibrosis and the number of vessels. The study 

wass performed in accordance with the regulations required by the local ethics committee for 

animall  experimentation. 

HlSTOPATHOLOG Y Y 

Omentall  and parietal peritoneal tissue were obtained from each rat and were processed for light 

microscopy.. The tissues were fixed in freshly prepared 4% paraformaldehyde. Paraffin-embedded 

tissuee was serially sectioned at 5pm thickness, sections were stained with hematoxylin/eosin and 

picro-siriuss red F3B (PSR), the latter providing a brick red staining of all fibrillary collagen. For 

visualizationn of vessels, adjacent sections of omentum were immunohistochemically stained for 

CD311 (CD31, dilution 1:800, DAKO, Denmark). The number of all CD31-positive vessels per 

microscopicc field of peritoneal tissue section was counted using a 25x flat field objective and ax 10 
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ocularr (Leitz Dialux 20, Leica, Rijswijk, The Netherlands). Five non-overlapping fields from the 

upperr left co the lower right were investigated throughout each specimen. The amount of fibrosis 

wass measured by semi-quantitiative scoring of the extent ofPSR staining of omental sections 

ass previously described [6J. Briefly, submesothelial (SM), perivascular (PV) and intersegmental 

(IS)) areas of omental tissue were judged separately, using as grades 0=normal presence of fibrous 

tissue,, l = mildly increased presence, 2=moderate, and 3=scverc. The semi-quantitative scoring 

wass assessed by two observers, that were blinded for the identity of the individual specimens; 

inter-observerr variability was less than 10%. 

STATISTICALL ANALYSI S 

Medianss and interquartile ranges are given unless stated differentlv. Analysis of variance was 

performedd where alter Mann-Whitney U tests were done to investigate differences between 

groups. . 

RESULTS S 

Thee animals were healthy during the experimental period. The results of the scoring of the 

amountt of vessels and the amount of fibrosis are given in Table 1. Treatment with zopolrestat 

andd infusion resulteei in less peritoneal vessels compared to infusion only. Oral administration 

off  zopolrestat resulted in a lower number ot vessels, than observed after i.p. administration. The 

extentt of fibrosis was less in perivascular areas for both zopolrestat treated groups compared to 

thee fibrosis found in the control group, which received only infusion of dialysis solution; fibrosis 

wass also less abundant in the submesothelial areas in tissues of rats that received dialysis solution 

only. . 

Tablee 1: Quantification of numbers of vessels and amount of fibrosis in omentum ol rats. Medians and 

interquartilee ranges are given. Scoring of fibrosis was performed in submesothelial, perivascular and 

intersegmentall  areas. 

Vessels/fieldd 37 (32-39) 

Fibrosis s 

Submesotheliall  2 (2-3) 

Perivascularr 3 (2-3) 

Intersegmentall  2 (1.5-2.5) 

*p<0.055 compared 10 infusion onlv 

99 (7-12)* 

1(0.75-1.25)" " 

1" " 

11 (0.75-1) 

177 (13-38)* 

22 (0.75-2) 

11 (0.75-2)* 

11 (0.75-1) 

II  he polvol pathway has been described extensively as one of the processes that are involved 

inn diabetic vasculopathy and neuropathy [4,5]. It has been reported that the polvol pathway 

wouldd account for 3 3% of glucose flux in the eve, in circumstances of a high plasma glucose 
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[7].. In this pathway of intracellular glucose metabolism glucose is reduced to sorbitol by aldose 

reductasee coupled with oxidation of N A D PH to NADP+. Sorbitol is then oxidized to fructose by 

sorbitoll  dehydrogenase, coupled with reduction of NAD+ to N A D H . The precise nature of the 

biochemicall  imbalance that mediates the polyol pathway-linked functional abnormalities has not 

yett been fully elucidated [8,9]- Possible mechanisms include osmotic stress due to intracellular 

accumulationn of sorbitol [31, an increased NADH/NAD + ratio leading to pseudohypoxia [10], 

andd enhancement of the formation of AGEs by fructose [11]. 

Zopoirestatt inhibits aldose reductase activity and thus the rate-limiting first step of 

thee polyol pathway, in which sorbitol is formed from glucose. It is therefore not possible to 

distinguishh between the relative importance of the above mentioned mechanisms. This would 

havee acquired an additional study using inhibition of sorbitol dehydrogenase. 

InIn vitro studies with aldose reductase inhibition reported that human renal proximal 

tubularr cells incubated in 25 mM glucose showed accumulation of fibronectin, type IV collagen, 

TIMP-11 (tissue inhibitor metalloproteinase type 1) and TIMP-2. The increase in fibronectin was 

inhibitedd by the aldose reductase inhibitor sorbinil, which was alleviated again when the cultures 

weree replenished with ImM sorbitol [12]. Also, administration of aldose reductase inhibition 

reducedd the erythocyte levels of 3-DG (3-dideoxyglucosone) and AGEs in hemodialysis patients, 

andd also the intracellular sorbitol levels were reduced. These studies confirm that 3-DG and 

AGEss can be produced via the polyol pathway [13]. Also, an increased N A D H concentration, 

ass occurs by stimulation of the polyol pathway, has been reported to result in accumulation of 

glyceraldehyde-3-phosphate,, dihydroxyacetone phosphate and fructose-l,6-biphosphate. These 

aree precursors of methylglyoxal, which is an important intermediate in the formation of AGEs 

[10].. A study with daily administration of zopoirestat for 1 year in diabetic patients showed that 

leftt ventricular abnormalities could be stabilized and partially reversed [14]. 

Inn the present study both oral and i.p, administration of zopoirestat in combination with 

peritoneall  exposure to a dialysis fluid resulted in less peritoneal blood vessels and fibrosis. In 

thiss respect, oral administration was more effective than the intraperitoneal administration of 

zopoirestat.. The cause for this difference in effectiveness is not known at present. In a previous 

pilott study we administered 3 dosages of zopoirestat (0.5, 5 and 50 mg/kg BW) intrapetitoneally 

forr 4 weeks. Since the animals tolerated all tested dosages well, we chose to administer the 

highestt dose in the present study. It is speculative whether the beneficial effects of zopoirestat 

i.p.. were counteracted by local effects of the solvent. The implication is that in future studies in 

PDD patients, oral administration may be applied, which is of course most convenient. 

Inn conclusion, we found that administration of zopoirestat, a newly developed inhibitor 

off  aldose reducatse activity, is effective in preventing the development of peritoneal fibrosis 

andd angiogenesis in a long-term peritoneal exposure model in the rat. Inhibition of the polyol 

pathwayy may thus offer an important contribution to allow long-term continuation of peritoneal 

dialysis s 
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ABSTRACT T 

O B J E C T I VE E 

Angiotensinn II stimulates TGF-P mediated expansion of exiracellualr matrix. TGF-fi is involved 

inn the pathogenesis of peritoneal fibrosis. The aim of the present study was to investigate the 

effectt of angiotensin converting enzyme (ACE) inhibition on peritoneal morphology in a chronic 

peritoneall  exposure model in the rat. 

M A T E R I A L S S 

Twenty-fivee Wistar rats were all chronically i.p. exposed to dialysis Huid containing 3.86% of 

glucose.. Group 1 (n=7) also received lisinopril in drinking water (0.15mg/mL) and was compared 

too the control group, infusion only (n=6), both groups treated for 16 weeks. Group 3 recieved 

infusionss and lisinopril for 20 weeks (n=7) and was compared to group 4 (n=5), that received 

infusionn only for 20 weeks. 

Parietall  peritoneum and omentum were investigated for the deposition of fibrous tissue 

(Siriuss red) and the number of blood vessels (v. Willcbrand, aSMA). 

R E S U L TS S 

Fibrosiss after 16 weeks exposure was less pronounced in the lisinopril-treated groups, compared 

too the control groups in perivascular areas: group 1: 1 (0-2) vs. group 2: 2 (2-3), p<0.05 and 

groupp 3: 3 (2-3) vs group 4: 1 (1-2), p<0.05. After 20 weeks a significant difference was also 

shownn in intersegmental fields: group 3: 2 (2-3) vs group 4: ] (1-1.5), p<0.05. The amount of 

vesselss was significantly less in both lisinopril-treated groups vs. their control groups: group 

1:: 15 ) vessels/field (v/f) vs group 2: 31 , p<0.05 and group 3: 15 ) vs 42 ) v/f, 

p<0.05. . 

C O N C L U S I O NS S 

Itt can be concluded that the fibrotic and angiogenic effects of exposure of the peritoneum to 

bioincompatiblee dialysis solutions can be attenuated by administration of lisinopril in rats. 
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INTRODUCTION N 

Long-termm peritoneal dialysis (PD) can lead to structural and functional changes of the 

peritoneumm [1-4]. The morphologic changes consist of an increased thickness of the submesothelial 

compactt collagenous zone of the parietal peritoneum, sometimes accompanied by loss of surface 

mesotheliumm [1,3]. Interstitial fibrosis can also be found in omental tissue [2]. Extensive vascular 

abnormalitiess have been described. These include not only subendothelial hyalinosis of arterioles, 

butt also of the venules and small veins. [3,5]. Also an increased number of vessels has been found 

[2],, especially in patients with ultrafiltration failure [4]. The thickness of the submesothelial 

compactt zone was related to the duration of PD, the absence of mesothelium and the prevalence 

off  vasculopathy [4]. A correlation has also been decribed between the number of peritoneal 

vesselss and the fibrotic alterations [2], These fibrotic and vascular abnormalities are also present 

inn patients with encapsulating peritoneal sclerosis, but much more severe [2]. The increase in 

thee number of peritoneal blood vessels causes an increase in the vascular peritoneal surface 

area,, leading to ultrafiltration failure due to high glucose absorption rates, resulting in a rapid 

disappearancee of the osmotic gradient [6]. 

AngiotensinTII  is an important growth factor in the development of renal fibrosis [7]. 

Treatmentt with angiotensin converting enzyme (ACE) inhibitors and angiotensin-11 (A-1I) 

receptorr blockers has shown marked renoprotective effects especially in patients with diabetic 

nephropathyy [8-10]. The renal effects of angiotensin-II, namely the stimulation of extracellular 

matrixx protein synthesis, are likely to be mediated by TGF-p. This has been shown for cultured 

ratt mesangial cells [11], and in a model of obstructive nephropathy in mice [12]. Furthermore, 

treatmentt with ACE inhibitors attenuated the renal expression of TGF-J3 in patients with IgA 

nephropathyy [13]. Acute studies with i.p. administered captopril in rats have reported increases 

inn dialysatc/plasma ratios of low molecular weight solutes and increased dialysate protein losses 

[14,15]. . 

Intraperitoneall  enalapril for 4 weeks reduced the thickness of parietal peritoneum in 

ratss daily exposed to hypertonic glucose/lactae based dialysis solutions. This was associated 

withh improved ultrafiltration and a lower D/P urea than in the dialysate only group [16]. Oral 

administrationn of quinapril for up to 56 days markedly reduced peritoneal thickening in a 

murinee model of peritoneal sclerosis [17]. 

Wee hypothesized that ACE inhibition could attenuate the development of peritoneal 

fibrosisfibrosis during chronic peritoneal exposure to dialysis fluid, similar to the effects of ACE inhibition 

inn diabetic nephropathy on mesangial matrix expansion [18]. Therefore we investigated the 

effectss of ACE inhibition on peritoneal fibrosis by oral administration of lisinopril in a chronic 

peritoneall  exposure model in the rat. 
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MATERIAL SS AND M E T H O DS 

A N I M A L S S 

Twenty-eightt male Wistar rats (HSD, Harlan, Zeist, The Netherlands) were investigated in four 

groups,, 7 rats per group. The rats were housed solitarily under controlled conditions (temperature 

19°C,, relative humidity 50+5%, 12/12 hour light/dark cycle) and fed standard chow (Hope 

Farms,, Woerden, The Netherlands) and water ad libitum. Al l rats acclimatized for one week 

beforee insertion of a peritoneal catheter. The length of the catheter was adjusted for each rat and 

aa titanium/sil icone device (Rat-o-Port, MT INC , 7IS, Access Technologies, Norfolk Medical, 

Skokie,, IL , USA) was attached to the catheter and implanted subcutaneously and adequate pain 

sedationn was applied (buprenorfine 0.3 mg/mL). From the next day on, intraperitoneal infusion 

wass achieved by daily puncture of the subcutaneous device implanted in the neck of the rat, 

usingg a 0.6 mm wing-end infusion set (microperfuscur, Vygon, France). Peritoneal healing was 

allowedd for one week after the catheter insertion by daily infusion of 1 mL of heparinized saline 

(55 l U / l m L NaCI 0.9%), after which the experimental period started. Al l rats were infused 

dailyy with 60 ml/kg body weight 3.86% glucose containing dialysis solution via the Rat-o-Port, 

priorr to infusion, the solution was warmed to 37"C. During the experimental period 3 rats 

weree sacrificed before completion of the study because of blocked catheters. Peritoneal histology 

revealedd signs of peritonitis (exensive infiltrates in all peritoneal biopsies) and thus the animals 

weree left out of all analyses. Group 1 was also treated writh iisinopril dissolved in the drinking 

wraterr (pure substance, obtained from Astra Zeneca, 0.15 mg/mL) for 16 weeks (n=7), group 2 

receivedd only infusion for 16 weeks (control group, n -6 ), group 3 was treated with infusions 

andd Iisinopril for 20 weeks (n=7) and group 4 served as the control group (n=5) that received 

onlyy infusions for 20 weeks after which the rats were killed by bleeding provoked by cardiac 

puncture.. 'Ihe study was performed in accordance with the regulations required by the local 

ethicss committee for animal experimentation. 

HlSTOPATHOLOGALL ASSESSMENT 

Omentall  and parietal peritoneal tissue were obtained in each rat after sacrifice and these 

specimenss were prepared for light microscopy. The tissues were fixed in freshly prepared 

4%% paraformaldehyde. Parrafin-embedded tissue was serially sectioned at 5nm thickness, 

sectionss were stained with hematoxylin/eosin and picro-sirius red F3B (PSR), providing a 

brickk red staining of all fibrillary collagen. For visualization of vessels, adjacent sections were 

immunohistochemical lyy stained for anti-Otl smooth muscle actin (SMA-1, dilution 1:800, 

DAKO ,, Denmark), which is expressed in vascular smooth muscle cells and pericytes. A 

streptavidin-biotin-peroxidasee method was used. The sections were deparaffinized in xylene and 

rehydratedd in ethanol, followed by incubation with hydrogen peroxide 0.3% in methanol to 

blockk endogenous peroxidase activity. The onset of the staining sequence was a block with 

10%% normal goat serum followed by primary antibodies against a S MA (monoclonal, DAKO, 
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Glostrup,, Denmark) for 60 min. Before this incubation with PBS-NHS containing 5% normal 

ratt serum and horse radish peroxidase-conjugated streptABC complex (DAKO, Giostrup, 

Denmark)) were applied to enhance the reaction and as conjugate. The peroxidase activity was 

detectedd with 1 mg/mL 3,3-diaminobenzidine tetrahydrochloride (Sigma, St Louis MO, USA) 

andd 0.015% H- ,02 in 50 mM Tris-HCl buffer, pH 7.6, yielding the brown coloration. Al l slides 

weree counterstained with Mayer's hematoxylin, dehydrated through a series of ethanol and 

mountedd with Pertex mounting medium. 

VESSELSS AN D FIBROSIS S C O R I NG 

Thee number of vessels per field of peritoneal tissue section was counted in OtSMA-stained 

omentall  tissue, using a light microscope (Leitz Dialux 20, Leica, Rijswijk, The Netherlands ) 

withh a 25x flat field objective (xlO ocular). Five non-overlapping fields from the upper left to the 

lowerr right were investigated throughout the specimen, in which all vessels were counted and 

measured. . 

Fibrosiss was assessed by a semi-quantitiative score and also quantitatively. The 

semiquantitativee score was performed as previously described [19] using both omental and 

parietall  sections stained with PSR. Scoring was as follows: 0=normal presence of fibrous 

tissue,, l=mil d excess, 2=moderate, 3=severe excess, assessed in three areas of omental tissue: 

submesotheliall  (SM), perivascular (PV) and intersegmental (IS). These scorings were added 

too obtain an overall fibrosis score. The semi-quantitative scoring was assessed by two blinded 

observerss and interobserver variability was less than 10%. 

STATISTICALL ANALYSI S 

Medianss and interquartile ranges are given unless stated differently Mann-Whitney U tests 

weree done to investigate differences between groups 

RESULTS S 

Significantt morphological differences were found between the experimental groups and their 

time-matchedd controls (Table 1). 

Inn PSR stained tissue it was shown that fibrosis was less for intersegmental areas at both 

166 and 20 weeks and in perivascular areas at 20 weeks.The overall fibrotic score was significantly 

lesss in the lisinopril treated animals compared to their controls. 

Immunostainingg with a S MA revealed a significantly smaller number of peritoneal 

vesselss in lisinopril treated animals both at 16 and at 20 weeks compared to infusion only. 

Representativee examples are shown in Figure 1. 
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Tabell  1: Quantification of numbers of vessels and amount of fibrosis in omentum of rats infused 

withh buffered dialysate. Medians and ranges are given. This scoring of fibrosis was performed in 

submesotheliall  (SM), perivascular (PV) and intersegmental (IS) areas. 

Overalll  fibrotic score 1(0-2) 2(1-2)*  1(1-2)*  3(2-3) 

*p<0.055 compared to time-matched controls 

DISCUSSION N 

Thee present study has shown that oral administration of lisinopril attracts fibrosis and the number 

off  peritoneal blood vessels that can be induced by long-term administration of the conventional 

3.86%% glucose-based/lactate-buffered dialysis solution. These results are in accordance with 

thosee obtained after 4 weeks treatment with enalapril on the thickness of the submesothelial 

fibrouss tissue layer [16]. 

Inn this study the protective effect on the development of fibrosis during peritoneal exposure 

too bioincompatible dialysis fluid was especially present in intersegmental areas at both 16 and 20 

weekss and in perivascular areas at 20 weeks. In other studies in our chronic peritoneal exposure 

modell  in the rat we also found more effect of experimental strategies in the intersegmental and 

perivascularr areas as the submesothelial areas did not show significant differences [unpublished 

results].. It is known that tissue renin-angiotensin system (tRAS) is important in the formation 

off  fibrosis [20]. Angiotensin II promotes gene expression and synthesis of growth factors in 

mesangiall  cells and tubular epithelial cells [21]. These growth factors include platelet-derived 

growthh factor [22], fibroblast growth factor, and transforming growth factor-p [23].TGF-

PP stimulates the production of extracellular matrix, by inducing production of fibronectin, 

collagens,, and proteoglycans [24]. Angiotensin II induces the expression of TGF-(3mRNA and 

thuss the inhibition of RAS might prevent tissue fibrosis. 

Otherr publications on ACE inhibition in peritoneal exposure models have mainly 

focussedd on the protective effect on fibrosis, especially the submesothelial thickness. In the 

presentt study also the amount of vessels was significantly less in tissues from rats treated with 

infusionn and lisinopril compared to infusion only. At 16 weeks there was a reduction in the 

amountt of vessels of 50% in the lisinopril treated animals compared to the control group and 

att 20 weeks even 65%. It has been proposed that the physiological actions of the RAS can be 

viewedd as a coordinated effort to preserve tissues against acute ischemia [25]. When blood 

supplyy is restricted in a focal area, local activation of the tissue RAS induces not only the rapid 
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recruitmentt of the collateral circulation to limi t the effect of decreased blood flow, but also 

contributess to cellular mechanisms for adaptation to the ischemic insult, allowing the cells to 

survivee and recover. 

Ultimatey,, if the ischemic injury is severe enough, angiotensin II promotes apoptosis of 

thee most severely affected cells, thereby favoring the use of limited energy supplies to the still 

viablee cells. As time proceeds, a slower process takes place to restore blood flow to ischemic areas 

throughh angiogenesis. The effect of angiotensin II in vivo was first demonstrated by incorporating 

itt in a rabbit cornea where it produced a progressive formation of new vessels [26], later this was 

alsoo demonstrated in mice [27]. These findings might explain the anti-angiogenic effect of the 

ACEE inhibitor lisinopril that was found in the current study. Indeed it was demonstrated that 

ACEE inhibition hampered vessel growth in the diabetic retina of mice, which suggests that RAS 

blockadee prevents diabetes-induced neovascularization [28]. 

Inn PD patients Ripley et at. performed a study investigating the effect of oral and 

intraperitoneal̂^ administered enalapril on, amongst other things, functional characteristics 

[29].. The short-time nature of this study and the limited amount of patients could have accounted 

forr the lack of any statistically significant effect on peritoneal function. Both a bigger group of 

patientss and a longer-follow up would be necessary to investigate this effect. Also, such a study 

wouldd likely have to be a cross-sectional analysis. 

I tt can be concluded that the known profibrotic and angiogenic effects of exposure of the 

peritoneumm to bioincompatible dialysis solutions in rats can be attenuated by administration 

off  lisinopril. This might result in a better preservation of peritoneal function and might have 

implicationss for the clinical situation, hut this wil l first have to be confirmed in PD patients. 
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ABSTRACT T 

I N T R O D U C T I ON N 

Cyclosporin-AA has been described to stimulate the development of fibrosis. The objective of 

thee present study was to investigate whether administration of cyclosporin-A contributes to 

thee development of the peritoneal morphological and functional alterations induced in the 

peritoneumm by long-term exposure to dialysis solutions, in the chronic peritoneal exposure 

modell  in the rat. 

M E T H O D S S 

Tenn rats received peritoneal infusion of dialysis solution and oral administration of cyclosporin-

AA for 8 weeks, Eight rats, that received only peritoneal infusion of dialysate for 8 weeks, served 

ass control animals. After the experimental period function of the peritoneum was assessed 

whereafterr the rats were sacrificed and peritoneal tissue was obtained. The number of vessels per 

fieldfield of peritoneal omental tissue section was counted after OtSMA-staining and the presence 

off  peritoneal fibrosis assessed after PSR-staining and hydroxyproline content determination. 

VEGFF was measured in plasma and dialysate with ELISA. Quantitative realtime PCR analysis 

wass performed for VEGF, C T GF and TGF-p. 

R E S U L TS S 

Histologyy revealed more fibrosis in intersegmental and perivascular areas of cyclosporin exposed 

animalss compared to animals exposed to dialysate only. Also the hydroxyproline content of 

parietall  peritoneum was higher in the cyclosporin treated group than in the infusion only 

animals.. Although peritoneal transport characteristics were not altered, vessels had increased 

inn number and their walls tended to be thicker in the cyclosporin-treated animals compared to 

controls.. The relative mRNA content in peritoneal tissue had 4-, 10-, and 58-fold increased for 

T G F p l,, C T GF and VEGF, respectively, in cyclosporin treated animals compared to controls. 

C O N C L U S I ON N 

Thee fibrotic and angiogenic effect of cyclosporin augment the morphological peritoneal 

abnormalit iess induced by exposure to high glucose dialysis solutions. The increased expression 

off  both T G F p l, CTGF and VEGF suggests that the combination may enhance the development 

off  fibrosis and angiogenesis. 
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INTRODUCTION N 

Encapsulatingg peritoneal sclerosis is the most serious complication of peritoneal dialysis. Its 

prevalencee ranges from 0 to 4.4% in single center studies and from 0.7 to 2 .8% in registries 

[1].. However, in patients treated for more than 8 years, its prevalence exceeded 19% [2]. The 

clinicall  signs and symptoms of peritoneal sclerosis may become apparent after discontinuation 

off  peritoneal dialysis, for instance because of a kidney transplant [3-5], as was observed also in 

ourr department in 6 out of 18 patients with peritoneal sclerosis diagnosed between 1986 and 

19955 [unpublished]. The interval between kidney transplantation and the occurrence of bowel 

obstructionn was usually 6 to 12 months, but sometimes exceeded 2 years [4,5]. This observation 

suggestss that other factors than peritoneal dialysis per se may contribute to the development 

off  peritoneal sclerosis. Cyclosporin-A is almost invariably used for immunosuppression after 

kidneyy transplantation. Cyclosporin-A can induce expression of the pro-fibrotic transforming 

growthh factor-Pi (TGF-fJl) and causes interstitial fibrosis in a rat model for chronic cyclosporin 

nephropathyy [6,7]. We therefore hypothesized that cyclosporin-A might contribute to the 

developmentt of encapsulating peritoneal sclerosis in patients treated with peritoneal dialysis 

previously. . 

Thee pro-fibrotic effects of TGF-pl are partly mediated by connective tissue growth factor 

(CTGF)) [8]. In addition to fibrosis we demonstrated previously that angiogenesis occurs during 

long-termm peritoneal dialysis [9] and it seems very likely that vascular endothelial growth factor 

(VEGF)) is of importance in this process [10]. 

Thee objective of the present study was to investigate whether administration of cyclosporin-

AA contributes to the development of the peritoneal morphological and functional alterations 

inducedd in the peritoneum by long-term exposure to dialysis solutions, in a chronic peritoneal 

exposuree model in the rat. 

MATERIAL SS AND METHODS 

A N I M A L S S 

Twenty-twoo male Wistar rats {HSD, Harlan, Zeist, The Netherlands), aged 7-8 weeks, weighing 

300-3200 grams, were used. Group 1 received peritoneal infusion of dialysis solution and oral 

administrationn of cyclosporin-A for 8 weeks (n=12), group 2 (control group) only received 

peritoneall  infusion of dialysate for 8 weeks (n=10). The rats were housed solitarily under 

controlledd conditions (temperature 19°C, relative humidity , 12/12 hour light/dark 

cycle)) and fed standard chow (Hope Farms, Woerden, The Netherlands) and fluid ad libitum. 

Al ll  rats acclimatized for one week before insertion of a peritoneal catheter under anesthesia 

withh a mixture of ketamine:xylazine:atropine (4:2:1). The length of the catheter was adjusted 

forr each rat and a titanium/silicone device (Rat-o-Port, M T I N C , 7IS, Access Technologies, 

Norfolkk Medical, Skokie, IL , USA) was attached to the catheter and implanted subcutaneously 
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inn the neck of the animals. Peritoneal healing was allowed for one week after the catheter 

insertionn by daily infusion of 1 mL of heparinized saline (5 IU/ l raL NaCl 0.9%), after which 

thee experimental period started. Atl rats received a daily infusion of 60 mL/kg body weight 

(BW)) 3.86% glucose containing dialysis solution (Dianeal, Baxter, S.A., Castlebar, Ireland) via 

thee Rat-o-Port. Cyclosporin was orally administered in chocolate milk (Neoral suspension, 15 

mg/kgg BW): the concentration of cyclosporin in chocolate milk was adjusted per rat according 

too their individual weights and the volume they drunk. In a pilot study through cyclosporin 

serumm levels ranged between 66-101 ng/mL. In each group 2 animals were sacrificed before 

thee end the experimental period because of obstructed catheters: Histology showed signs of 

peritonitiss (extensive infiltrates in all peritoneal biopsies) and these animals were excluded from 

thee study. After the treatment period, a standard peritoneal permeability analysis was performed 

andd rats were sacrificed immediately thereafter. The study was performed in accordance with the 

regulationss required by the local ethics committee for animal experimentation. 

S T A N D A RDD PERMEABIL ITY ANALYSI S IN THE R AT (SPARA) 

Thee SPARa is based on the human standard peritoneal analysis (SPA) described by Pannekeet 

etet al. [11], and adapted for rats as described by Zweers et ai [12]. During this whole procedure 

intramuscularr administration of anesthetics consisting of a mixture of ketamine, xylazine and 

atropinee was applied. Blood was obtained by tail vein puncture before the experiment and by 

cardiacc puncture at the end of the experiment. Body temperature was kept constant throughout 

thee SPARa by placing the animal on a hearing pad (37°C). 

ASSAYS S 

Totall  dext ran 70 was measured in all dialysate samples by high performance liquid chromatography 

[13].. Both in plasma and in dialysate, urea (Hitachi H747, Boehringer Mannheim, Mannheim, 

Germany)) and creatinine (Hitachi H 9 H, Boehringer Mannheim, Mannheim, Germany) 

weree measured with enzymatic assays. The glucose concentration was assessed by the glucose 

oxidase-peroxidasee assay (SMA II , Technicon, Terrytown, NJ, USA). Enzymatic methods for 

thee determination of creatinine are influenced to some extent by high glucose concentrations as 

aree present in glucose based dialysis solutions. A correction factor (CF) was determined for the 

measurementt of creatinine which is used in our laboratory: CF=-3 .10 -4 *(gluc)2+0.1 l*(gluc) 

++ 105, in which (glue) is the glucose concentration in the effluent, expressed in mmol/L. Sodium 

wass measured by an ion selective electrode (Hitachi H747, Boehringer Mannheim, Mannheim, 

Germany). . 

VEGFF was measured in dialysate and blood samples taken at the end of the experiment, 

afterr the SPARa (240 minutes) by ELISA (MMVOO , mouse VEGF Quantikine kit, R & D 

systems).. The ELISA cross reacts with rat VEGF and recognizes both 164 and 120 amino acid 

residuee forms of VEGF. Prior to the ELISA, the dialysate samples were concentrated 10-fold with 

aa centriprep centrifugal filter device of 15 mL with a YM-10 membrane (Amicon Corp., Danvers, 



CyclosporinCyclosporin a and Chronic Peritoneal Exposure 69 

USA).. Also albumin (Nordic, Sigma) IgG (Nordic, Sigma) and fibrinogen (ICN, Sigma) were 

measuredd by ELISA (goat anti-rat albumin, goat-anti-rat IgG, goat-anti-rat fibrinogen, Nordic 

Immunology).. A peritoneal transport equation was computed for each rat based on the least 

squaress regression analysis of the D/P ratio and the free diffusion coefficients in water (D2Q w) 

off  these proteins when plotted on a double logarithmic scale. The following values were used 

forr D20. albumin =6.1, fibrinogen=2.19, IgG -4.0 cmV' lO- 7 . By interpolation of the D20 w 

off  VEGF (D?0w=5.98) in the regression equation, the expected D/P ratios were calculated, 

assumingg that the dialysate concentrations would only be determined by transport from the 

circulation.. The quantity of VEGF determined by the difference between the measured and the 

expectedd dialysate concentration was attributed to local production. 

CALCULATION S S 

Peritoneall  fluid and solute kinetics were calculated as described previously [14]. The transcapillary 

ultrafiltrationn was calculated from the dilution of the volume marker, i.e. dextran 70. The change 

inn intraperitoneal volume during the dwell can be calculated from the dilution of the volume 

markett after correction for incomplete recovery. The net ultrafiltration rate is defined as the 

changee in intraperitoneal volume divided by the dwell time. The mass transfer area coefficients 

(MTACs)) of urea and creatinine were calculated according to the model of Waniewski eta/. [15], 

inn which the solute concentration is expressed per volume of plasma water. Glucose absorption 

wass estimated as the difference between the instilled and the recovered amount of glucose, 

relativee to the instilled quantity of glucose. Free water transport was estimated by the sieving 

off  sodium, expressed as the dialysate-to-plasma (D/P) ratio of sodium. A diffusion correction 

wass made because a concentration difference between initial dialysate and plasma concentration 

causess Na+ diffusion from the circulation to the dialysate, which leads to an underestimation of 

thee actual sodium sieving. This was done using the MTAC of creatinine as described previously 

[16]. . 

HlSTOPATHOLOGY Y 

Omentall  tissue was obtained from each rat and processed for light microscopy. The tissues were 

fixedd in freshly prepared 4% paraformaldehyde. Paraffin-embedded tissue was serially sectioned 

att 5pm thickness, sections were stained with hematoxylin/eosin and picro-sirius red F3B (PSR), 

thee latter providing a brick red staining of all fibrillary collagen. For visualization of vessels, 

adjacentt sections were immunohistochemically stained for a smooth muscle actin-1 (SMA-1, 

dilutionn 1:800, DAKO, Dcnmatk), which is expressed in vascular smooth muscle cells and 

pericytes.. For detection a streptavidin-biotin-peroxidase method was used. Trie sections were 

deparaffinizedd in xylene and ethanol, followed by incubation with hydrogen peroxide 0.3% in 

methanoll  to block endogenous peroxidase activity. The onset of the staining sequence was a block 

withh 10% normal goat serum followed by incubation with primary antibodies against OcSMA 

(monoclonal,, DAKO, Denmark). Subsequently, biotinylated rabbit anti-mouse F(ab')2 against 
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thee monoclonal antibody and biotinylated swine anti-rabbit against the polyclonal antibodies 

(bothh DAKO, Denmark) in PBS-NHS containing 5% normal rat serum and horse radish 

peroxidase-conjugatedd streptABC complex (DAKO, Denmark) were applied. The peroxidase 

activityy was detected with 1 mg/mL 3,3-diaminobenzidine tetrahydrochloride (Sigma, St Louis 

M O ,, USA) and 0.015% H 2 0 2 in 50 mM Tris-HCl buffer, pH 7.6, yielding the brown coloration. 

Al ll  slides were coumerstained with Mayer's hematoxylin, dehydrated through a series of ethanol 

andd xylene and mounted with Pertex mounting medium. 

Thee number of vessels per field of peritoneal tissue section was counted in OcSMA-stained 

omentall  tissue, using a light microscope (Leitz Dialux 20, Leica, Rijswijk, The Netherlands) 

wit hh a 25x flat field objective (xlO ocular). Five non-overlapping fields from the upper left to 

thee lower right were investigated throughout the specimen, in which all vessels were counted 

andd measured. The thickness of the vascular wall was measured using the sections stained for 

OtSMA.. Images generated by light microscopy (Olympus BX 60, U-CMAD-2, Japan) with a 

xlOO Olympus objective were captured using a digital camera (Coolsnap cf, Roper Scientific Inc., 

Duluth,, GA, USA). Surface areas of peritoneal capillaries and small arteries were analyzed using 

imagee analysis software (Image Pro Plus 4.5, Media Cybernetics Inc., Silver Spring, MD , USA). 

Fromm each specimen, 5 randomly selected images were captured (0.172 mm" each). The inner 

andd outer border of all vessels was outlined, and the values for total surface area and luminal area 

off  all vessels together were generated using the above mentioned software. Utilizin g these values 

thee wall/total ratio (WTR) could be calculated to assess wall thickness. Capillaries (diameter 

<88 urn), middle sized vessels (8-20 um) and arterioles/small arteries (>20 urn) were analyzed 

separately,, as described earlier by our group [9]. 

Thee amount of fibrosis was measured by semi-quantitative scoring of the extent of' PSR 

stainingg of omental sections. Briefly, submesothelial (SM), perivascular (PV) and intersegmental 

(IS)) areas of omental tissue were judged separately, using as grades 0=normal presence of fibrous 

tissue,, l=mil d excess, 2=moderate, and 3=severe excess. The semi-quantitative scoring was 

assessedd by two blinded observers and inter-observer variability was less than 10%. 

Also,, the amount of fibrosis was determined quantitatively by measuring the hydroxyproline 

contentt in parietal peritoneum by HPLC [17]. 

Q U A N T I T A T I V EE PCR E X P E R I M E N TS 

Omentall  tissue was excised immediately after sacrifice and stored in RNAlater (Ambion, 

Austin,, USA) a t - 8 0 ° C. The tissue was homogenized using a Polytron device and total RNA was 

isolatedd using Trizol (Lif e technologies). cDNA was synthesized using Superscript II Reverse 

Transcriptasee (Invkrogen, Breda, The Netherlands) and subsequently purified with a Qiaquick 

PCRR kit (Qiagen, Venlo, The Netherlands). Quantitative realtime PCR was performed with 

primerss for C T GF 

(sense:: 5 ' -CACAgAgTggAgCgCCTgTTC-3\ 

anti-sense:: ^ ' - g A T g C A C T T T T T g C C C T T C T T A A T g ^ ), 

TGF-Pll  (sense: 5 ' -ACCAACTACTgCTTCAgCTCCAC-3', 
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andd anti-sense: 5'-ggCAAggACCTTgCTgTACTg-3') 

andd VEGF-A (sense: 5''CATgCCAAgTggTCCCA-3,1 

andd anti-sense: 5'-CTATCTTTCTTTggTCTgCATTCAC-3!) with the Light Cycler using the 

Fastt Start DNAMaster SYBR Green I kit (Roche Diagnostics, Almere, The Netherlands). Message 

RNAA of the house keeping gene encoding for TATA-box binding Protein (TBP) was analyzed 

byy realtime PCR to correct for variable input {sense: 5'-CAggAgCCAAgAgTgAAgAAC-3', 

anti-sense:: 5'-GgAAATAATTCTggCTCATAgCTACT-3'). 

STATISTICALL ANALYSI S 

Medianss and interquartile ranges are given unless stated differently. The Mann-Whitney U test 

wass done to investigate differences between the two groups. 

RESULTS S 

Peritoneall  transport of low molecular weight solutes (Table 1) and of macromoiecules (Table 2) 

wass not different in animals exposed to dialysate and cyclosporin A in comparison to animals 

exposedd to dialysate only, with the exception of fibrinogen that showed a lower D/P ratio in the 

cyclosporinn treated animals. Histology revealed more fibrosis in intersegmental and perivascular 

areass of cyclosporin exposed animals compared to animals exposed to dialysate only (Table 3). 

Correspondingly,, the hydroxyproline content in the cyclosporin treated group was higher than 

inn the infusion with dialysate only animals: 1243 (944-1511) ng/mg tissue compared to 541 

(467-749)) ng/mg <p=0.05). 

Thee number of vessels in the cyclosporin-exposed animals was significantly higher than 

inn infusion with dialysate only animals (Table 3). When the vessels were examined in detail it 

appearedd that both the total vascular surface area and the luminal area tended to be larger in 

thee cyclosporin-treated animals compared to the animals infused with dialysate only, but did 

nott reach statistical significance. The wall/total vascular surface area ratio, especially for larger 

vessels,, was higher in the cyclosporin treated animals compared to those of the infusion only 

groupp (0.67 vs 0.61, p=0.036), suggesting thickening of the vascular wall in the presence of 

cyclosporinn (Table 4). 

Plasmaa levels of the 164 and 120 isoformsofVEGF-A protein were higher in the cyclosporin-

treatedd animals than in the rats that received dialysate only. The protein concentrations of these 

VEGF-AA isoforms in the dialysate effluent were similar, and, correspondingly, the calculated 

locall  peritoneal production of VEGF-A 164 and 120 did not differ between both experimental 

groupss (Table 5). However, realtime PCR indicated a higher peritoneal expression of VEGF-A 

att the mRNA level in the cyclosporin A-treated rats compared to rats that had received dialysate 

only.. Also, the expression of TGF-jM and CTGF mRNAs was markedly higher in the peritoneal 

tissuee from animals treated with cyclosporin compared to those from the infusion only group 

(Tablee 6). 



Tablee 1: Transport parameters measured during die SPARa. Medians and interquarti le ranges arc 

given. . 

Dialysate/CsAA (n=10) I F 

Solutee transport 

MTACcreatt (uL/min) 

Glue.. Abs. (%) 

D/PP sodium (%) 

Fluidd transport (uL/min) 

TCUFR R 

iNUFR R 

1644 (132-195) 

544 (47-61) 

900 (88-90) 

Dialysatee only (n=8) 

149(132-176) ) 

599 (57-61) 

899 (89-91) 

544 (41-64) 61 (53-70) 

28(18-44)) 37(34-43) 

MTACcreat:: mass transfer area coefficient for creatinine, Glue. Abs.: glucose absorption, D/P sodium: dialysate 

overr plasma ratio ol sodium. TCUFR: transcapillary ultrafiltration rate. NUFR: net ultrafiltration rate 

Tablee 2: Dialysate/plasma ratio's for proteins (medians and interquartile ranges) 

D/PP Albumin 0.014(0.011-0.26) 0.012(0.009-0.015) 

D/PIgGG 0.008(0.006-0.016) 0.009(0.006-0.011) 

D/PP Fibrinogen 

'p<0.05 5 

0.0022 (O.OO 1-0.003) 0.0055 (0.003-0.030)" 

Tablee 3: Quanti f icat ion ol numbers of vessels and amount of fibrosis in omentum of rats. Medians and 

interquart i lee ranges are given. Scoring ol fibrosis was performed in submesothelial (SM), perivascular 

(PV)) and intersegmental (IS) areas. 

Vessels/field d 

Fibrosiss (0-3) 

SM M 

IS S 

PV V 

*p<0.05,, "p=0.05 

22 (2-3) 

22 (1.5-2.5) 

22 (1.5-2.5) 

1.5(1.5-2) ) 

11 (1-1.5)" 

1.5(1-2)* * 

Tablee 4: Surface areas ol peritoneal vessels. 

Diameter<88 um Diameter  8-20 pm Diameter>20 pi 

ialysate/CsAA Dialysate only Dialysate/CsA Dialysate only Dialysate/CsA Dialysate only 

TSA(pm2)) 63(45-78) 56(46-67) 169(118-270) 198(112-280) 1525(784-5881)1205(735-3056) 

LA(um2)) 16(11-25) 14(11-20) 46(29-80) 55(32-89) 513(254-1798) 409(183-1437) 

WTRR 0.74(0.67-0.80) 0.71 (0.63-0.78) 0.71 (0.64-0.79) 0.70(0.62-0.76) 0.67(0.54-0.74) 0.61(0.49-0.75)* 

*p<0.055 vs. Group 1 

ISA:: total surface area, LA: luminal area. WTR: wall/total ratio 
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Tablee 5: VEGF levels in dialysate, serum and locally produced VEGF (medians and interquartile 

ranges). . 

Serumm (ng/L) 153(113-186) 82(51-119)" 

Dialysatee (ng/L) 21 (3-45) 28 (5-34) 

Locallyy produced (ng/L) 13 (5-34) 24 (9-33) 

'p=0.05 5 

Tablee 6: Results of quantitative PCR expressed as ratio (each growth factor is divided by the amount of 

Tataa Box binding Protein). 

CTGFF 2.09 0.20** 

TGFp-11 3.41 0.83* 

VEGFF 26.8 0.46** 

"p=0.0l,, **p<0.01 
CTGF:: connective tissue growth factor, TGFJ3-1: transforming growth factor beta-1, VEGF: vascular endothelial 
growthh factor. The number of animals in the two groups is smaller, because it was not possible to extract enough 
DNAA in each animal. 

DISCUSSION N 

Orall  administration of cyclosporin during chronic peritoneal exposure to a standard 3.86% 

glucosee containing lactate-bufifered dialysis solution leads to more extensive peritoneal fibrosis 

andd a larger amount of vessels than peritoneal exposure to dialysate only. In addition the vascular 

walll  seems to be increased after exposure to the combination of dialysate and cyclosporin. The 

largerr number of vessels was not accompanied by faster peritoneal transport characteristics. This 

mayy have been caused by the increased thickness of the vascular walls, although the difference 

betweenn the two experimental groups was only significant for the vessels with a diameter 

exceedingg 20 jam. The luminal area did not decrease after exposure to cyclosporin, so no 

morphologicall  indications for vasoconstriction were found in the cyclosporin exposed animals. 

Thee morphologic alterations in the cyclosporin-treated animals were accompanied by 

aa higher relative mRNA expression of the growth factors T G F p l, C T GF and VEGF-A in the 

peritoneall  tissues compared to those of the animals that were exposed to dialysate only. We 

reportedd previously that TGF[3l in effluent is only present in its inactive form and does not 

reflectt the increase of active TGFJ31 in the tissue [10], which could indicate that structural 

changess in the peritoneal membrane are not necessarily accompanied by changes in peritoneal 

effluent.. Plasma levels of VEGF were higher in the cyclosporin treated animals compared to 

thee infusion only group. To our knowledge effects of cyclosporin on circulating plasma VEGF 

levelss have never been described. In agreement with increasing evidence for a role of CTGF in 

thee development of fibrosis in diabetic conditions [8, reviewed in 18], we here show a strongly 

increasedd CTGF mRNA expression at the peritoneal tissue level in association with peritoneal 
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fibrosisfibrosis induced by high glucose containing dialysate and further enhanced by exposure to 

cyclosporinee A. 

Itt is well known that chronic cyclosporin nephrotoxicity may progress to striped interstitial 

nephrosis,, a process in which TGF-[3 plays an important role [18,19]. In addition, cyclosporin-A 

iss able to increase the TGF-p transcription rate in human T lymphocytes [20]. Cyclosporin-A is 

ablee to modulate expression of TGF-p, as well as that of several other growth factors. In a model 

off  chronic cyclosporin nephropathy, Shihab et al. demonstrated an upregulated expression of 

VEGFF mRNA and protein along with an increased expression of VEGF-receptors [21]. This 

mayy explain why cyclosporin-A can enhance peritoneal angiogenesis. 

Long-termm peritoneal dialysis can lead to functional and morphological alterations 

inn peritoneal tissues. The morphologic abnormalities consist of increased peritoneal fibrosis, 

diabetiformm neoangiogenesis and submesothelial hyalinosis of arterioles and venules [22-24], 

Inn some patients these may progress to encapsulated peritoneal sclerosis. Growth factors 

lik ee TGF[3-], VEGF [24] and C T GF [25] have been reported to be of importance in these 

processes. . 

Itt follows from the above that both cyclosporin and long-term peritoneal dialysis induce 

thee expression of T G F p l, C T GF and VEGF-A. This suggests that the combination may 

enhancee the development of fibrosis and angiogenesis, which was indeed found in the present 

study.. We could not induce encapsulating peritoneal sclerosis in our model. This may be due 

too the relatively short duration of exposure or to the model itself. It is noteworthy that the 

peritoneall  lesions induced after 20 weeks exposure to conventional dialysis fluids caused marked 

neoangiogenesiss and fibrosis, but no encapsulated peritoneal sclerosis [26]. 

Thee peritoneal sclerosis models in rats that have been developed are rather incomparable 

too the clinical situation, because they mostly make use of irritants, as chlorhexidine or fluids 

writhh an extremely low pH. Nevertheless, fibrosis and neoangiogenesis were also observed in a 

ratt model of experimental peritoneal sclerosis [24], which confirms our previous observations in 

PDD patients [9] and is also in accordance with our findings on angiogenesis and fibrosis in the 

presentt study. 

Itt can be concluded that the known profibrotic and angiogenic effects of cyclosporin-

AA augment the morphological peritoneal abnormalities induced by dialysate, when applied in 

aa chronic peritoneal exposure model in the tar. To evaluate the implications for the use of 

cyclosporin-AA for immunosuppression after a renal transplantation in long-term PD patients 

requiress further study. At present, nephrologists should be aware that the conventional 

peritoneall  dialysis solutions and cyclosporin-A induce similar growth factors that may enhance 

developmentt of peritoneal neoangiogenesis and fibrosis, possibly leading to sclerosis. 
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ABSTRACT T 

B A C K G R O U ND D 

Conventionall  lactate-buffered peritoneal dialysis (PD) fluids containing glucose and glucose 

degradationn products are believed to contribute to the development of fibrosis and angiogenesis 

inn the dialysed peritoneum. To reduce the potential negative effects of lactate, pyruvate was 

substitutedd as a buffer and its effects on peritoneal pathological alterations were studied in a 

chronicc peritoneal exposure model in the rat. 

M E T H O D S S 

Eighteenn Wistar rats were infused i.p. with pyruvate-buffered (n=9), or lactate-buffered PD fluid 

(n=9).. After 20 weeks daily infusion, peritoneal function was assessed. In omental peritoneal 

tissuee the number of blood vessels was analyzed following oc-SMA staining. The degree of 

fibrosisfibrosis was quantitated in picro-sirius red stained sections and by assessment of hydroxyproline 

content.. Plasma lactate/pyruvate (L/P) and betahydroxybutyrare acid/acetoacetate ratios (BBA/ 

AA )) were determined. Plasma and dialysate VEGF levels were quantitated by ELISA. 

R E S U L TS S 

Thee mass transfer area coefficient (MTAC) of creatinine was higher and D/P sodium was lower 

inn pyruvate treated animals compared to the lactate treated group (0.11 w0.05 mL/min, p<0.05, 

andd 78% vs 89 %, p<0.05). The number of blood vessels was lower in pyruvate treated animals (16 

vsvs 37 per field, p<0.001). Total surface area, luminal area and wall/total area of the vessels were 

largerr in the pyruvate group. The degree of fibrosis was lower in intersegmental and perivascular 

areass of pyruvate-exposed animals. Effluent VEGF was higher in the pyruvate group. 

C O N C L U S I O NS S 

Replacementt of lactate with pyruvate had significant effects on both angiogenesis and fibrosis 

withi nn the peritoneal cavity. These data suggest that the high lactate concentrations contribute 

too the alterations in the peritoneal membrane, induced by long-term exposure to conventional 

dialysiss solutions. 
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INTRODUCTION N 

Ultrafiltrationn failure (UFF) is an important peritoneal transport abnormality in long-term 

peritoneall  dialysis (PD) [1], The most frequent cause of UFF in these patients is associated 

withh high transport rates of low molecular weight solutes, leading to a rapid dissipation of the 

osmoticc gradient [2], This suggests that the development of an increased vascular peritoneal 

surfacee area is a feature of long-term PD in some individuals [3]. Increased vascularity has been 

observedd in peritoneal biopsies from PD patients. It was related with the duration of treatment 

[4]]  and is most prevalent in those individuals with membrane failure [5,6], 

Inn animal models of dialysis solution exposure, increased peritoneal vessel formation is 

aa major feature following daily infusion of 3.86% glucose containing, lactate buffered dialysis 

solutionn [7]. 

Thee above findings suggest that the long-term exposure to dialysis solution components 

iss a major factor driving the development of peritoneal angiogenesis. The presence of high 

concentrationss of glucose and/or glucose degradation products (GDPs) derived from the heat 

sterilizationn process, are thought to play a pivotal role in this process, partly as a result of their 

abilityy to stimulate the production of proangiogenic factors such as vascular endothelial growth 

factorr (VEGF) from mesothelial and endothelial cells [8,9]. The local production of VEGF 

iss believed to be important in the development of new blood vessels [10] and its production 

iss increased during ischemic conditions [11]. At the cellular level ischemia is characterized by 

ann increased N A D H / N A D + ratio. This ratio is also increased in hyperglycemia as a result of 

generationn of N A D H during glucose metabolism both by glycolysis and by the activation of the 

polyoll  pathway [12-15]. In diabetes mellitus elevation of the N A D H / N A D + ratio has therefore 

alsoo been described as pseudohypoxia [15]. In the context of peritoneal dialysis, Zweers et al. 

showedd that locally produced VEGF in peritoneal effluent was related to the mass transfer area 

coefficientt of creatinine (MTAC) and thus, possibly reflected the peritoneal vascular surface area 

[16].. These authors also showed in a longitudinal analysis that locally produced VEGF increased 

withh the duration of PD and was decreased in patients using a non-glucose dialysis regimen. 

Thiss suggests that glucose and/or GDP exposure is important in driving its local production 

[17]. . 

Thee enzyme lactate dehydrogenase (LDH) stimulates the production of NAD + from 

N A D HH by enhancing the conversion of pyruvate into lactate and is therefore an escape route 

too reduce the potential toxicity associated with high concentrations of glucose. The use of high 

concentrationss of lactate as a buffer in PD solutions is, however, likely to inhibit LD H activity 

andd may therefore directly augment glucose toxicity [18]. In addition the presence of high lactate 

concentrationss increases flux through the polyol pathway that can result in cellular activation 

withh the production of both pro-inflammatory and pro-fibrotic mediators [13,14]. 

Thee aim of the present study was to investigate whether the replacement of lactate by 

pyruvatee as a buffer in a heat-sterilized, glucose-based dialysis solution would result in reduced 

glucose-mediatedd angiogenesis and fibrosis within the chronically exposed peritoneal cavity. 

Ourr results suggest that substitution of lactate with pyruvate results in a reduction in both 
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peritoneall  membrane angiogenesis and fibrosis and suggests potentially novel mechanisms to 

reducee glucose-driven alterations to the peritoneal membrane in PD patients. 

S U B J E C TSS A N D M E T H O D S 

A N I M A L S S 

Al ll  studies were performed in accordance with the regulations required by the local ethics 

committeee for animal experimentation at the AMC , Amsterdam. Male Wistar rats (n=20, HSD, 

Harlan,, Zeist, The Netherlands) weighing 299+17 g were housed in individual cages under 

controlledd conditions (temperature 19°C, relative humidity 50+5%, 12/12 hour light/dark cycle) 

andd fed standard chow (Hope Farms, Woerden, The Netherlands) and water ad libitum. Al l rats 

acclimatizedd for one week before insertion of a peritoneal catheter under anesthesia (0.1 ml,/100 

gramm BW of a mixrure of ketamine:xylazine:atropine 4:2:1, 8 mg, 4 mg, 5 ug per 100 g body 

weight).. One day before operation a bolus of antibiotics was given (Enrofloxacin 0.02 mL/100 

gg BW s.c). A 7 french Intisil catheter, lumen 1.1 mm, with a Dacron felt cuff glued at 2 cm 

wass introduced proximal of the umbilicus and tunneled subcutaneously to the neck via the left 

flank.flank. The length of the catheter was adjusted for each rat and a titanium/silicone device (Rat-

o-Port,, M T I N C , 7IS, Access Technologies, Norfolk Medical, Skokie, IL , USA) was attached 

too the catheter and implanted subcutaneously. Adequate analgesia was given (buprenorfine 0.3 

mg/ml-,, 0.2 mL/rat s.c). From the next day on, daily intraperitoneal infusion was performed 

byy puncture of the subcutaneous device implanted in the neck of the rat, using a 0.6 mm wing-

endd infusion set (microperfuser, Vygon, France). Prior to infusion, the solution was warmed to 

37°C.. Peritoneal healing was allowed for one week after the catheter insertion by daily infusion 

off  1 mL of heparinized saline (5 IU / lm L NaCI 0.9%), after which the experimental period 

startedd and 20mL per day was infused per rat. The rats were randomly allocated into two 

groups.. Group 1 (n=11) was the experimental group, which was daily infused with heat sterilized, 

3.86%% glucose containing, pyruvate buffered dialysis fluid, prepared by the hospital pharmacy. 

Ihee control group (n-9) received standard heat sterilized, 3.86% glucose containing, lactate 

bufferedd dialysate (DianeaT, Baxter, S.A., Castlebar, Ireland). The concentration of both buffers 

wass 35 mmol /L. Also, the concentration of Na+, Ca2 +, Mg2+, CI" and glucose wrere identical. At 

leastt once dur ing the experimental period blood was drawn by tail vein puncture from each rat 

600 minutes after infusion with dialysate for determination of plasma lactate/pyruvate ratios and 

betahydroxybutyrate/acetoacetatee ratios, as reflection of the mitochondrial N A D H / N A D + ratio 

[19].. After the experimental period of 20 weeks a standardized peritoneal permeability analysis 

adaptedd for the rat was performed (SPARa). The animals were sacrificed immediately thereafter. 

Twoo animals in the experimental group were left out of the analysis because of peritonitis. This 

wass based on the presence of extensive infiltrates in all peritoneal tissue specimens studied. 
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STANDARDD PERMEABIL ITY ANALYSI S IN T H E R AT ( S P A R A) 

Thee SPARa is based on the human standard peritoneal permeability analysis (SPA)[20], 

adaptedd for the rat [21]. In short, an intravenous infusion needle with PVC-sheath was inserted 

intraperitoneal ,̂, in the left lower lateral quadrant of the abdomen. Thereafter a rinsing step of 

thee peritoneal cavity was performed with 20 mL 3.86% glucose/lactate dialysate solution prior 

too the test, to avoid possible effects of a residual volume present before the onset of the analysis. 

Duringg a 4 hour dwell with 30 mL 3.86% glucose/lactate based dialysate solution (DianeaP, 

Baxter,, S.A. Castlebat, Ireland), dialysate samples were taken at 0 (before the instillation of the 

testt solution) and at 10, 30, 60, 120, 180 and 240 minutes after start. Outflow was accomplished 

byy gravity. Prior to each sampling, 1 mL of dialysate was flushed back and forth 5 times through 

thee catheter with a syringe. Dextran 70, 5 g/L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, 

Sweden)) was added to the test solution as a volume market for the calculation of fluid kinetics. 

Directlyy after drainage of the dialysate used for the test, another rinsing step was performed 

usingg 20 mL 1,36% glucose/lactate based dialysis solution, to calculate the residual volume after 

thee experiment. Al l solutions were preheated to 37°C prior to instillation. During this whole 

proceduree intramuscular administration of anesthetics (a mixture of ketamine, xylazine and 

atropine,, 4:2:1, 8 mg, 4 mg, 5 ug per 100 g body weight) was applied. Blood was obtained by 

taill  vein puncture before the experiment and by cardiac puncture at the end of the experiment. 

Bodyy temperature was kept constant throughout the experiments by placing the animal on a 

heatingg pad of 37°C. 

ASSAYS S 

Totall  dextran 70 was measured in all the dialysate samples by high performance liquid 

chromatographyy as previously described [22]. Both in plasma and in dialysate, urea (Hitachi 

H747,, Boehringer Mannheim, Mannheim, Germany) and creatinine (Hitachi H911, 

Boehringerr Mannheim, Mannheim, Germany) were measured with enzymatic methods. 

Thee glucose concentration was assessed by the glucose oxidase-peroxidase assay (SMA II , 

Technicon,, Terrytown, NJ, USA). Albumin was measured with ELISA (goat anti-rat albumin, 

Nordicc Immunology, GARa/Alb/7S). In short, 100 pi was pipetted in coating buffer (Na2Co3 

andd N a H C 03 dissolved in aqueduct) whereafter pH was adjusted until 9.6. After overnight 

incubationn washing block buffer was added. Finally conjugate was added and absorbance was 

readd at 490 nm. 

Plasmaa concentrations of lactate, pyruvate, betahydroxybutyrate and acetoacetate were 

determinedd in blood samples after precipitation of protein. Briefly, perchloric acid was added to 

thee blood samples in a 1:1 ratio directly after the tail puncture. The mixture was put on ice for 

100 minutes and then centrifuged (3000 rpm, 10 min.). Quantitative enzymatic determination 

off  these solutes was performed in the plasma (Cobas-Fara, HofFman-La Roche). Lactate and 

pyruvatee standards were run in parallel with the plasma samples [19]. VEGF was measured 

inn lOx concentrated (centripep centrifugal filter device of 15 mL with a YM-10 membrane, 
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Amiconn Corp., Danvers, USA) dialysate and neat in blood samples taken after the SPARa by 

ELISAA ( M M V O O , mouse VEGF Quantikine kit, R& D systems, Minneapolis, MN , USA). The 

ant ibodyy in this kit cross reacts with rat VEGF and recognizes both the 164 and 120 amino acid 

formss of VEGF. The lower detection limi t of the assay is 15.0 ng/L, as determined by recovery 

experiments. . 

P E R I T O N E ALL T R A N S P O RT 

AA peritoneal transport line was computed for each rat based on the least squares regression analysis 

off  the D/P ratio and the free diffusion coefficients in water (D1(), ) when plotted on a double 

logarithmicc scale. The following values were used for D1(), : albumin=6.1, fibrinogen=2.19, 

IgG=4.0cm2s_ 110~' '.. By interpolation of the D 2 0, w of VEGF (=5-98) in the regression equation, 

thee expected D/P ratios were calculated, assuming that the dialysate concentrations would 

onlyy be determined by transport from the circulation. The concentrations of this growth factor 

attributedd to local production were defined as the difference between the measured and the 

expectedd dialysate concentration. 

Peritoneall  fluid and solute kinetics were calculated as previously described [22]. The 

transcapillaryy ultrafiltration was calculated from the dilution of the volume marker, dextran 70 

[23].. The change in intraperitoneal volume during the dwell can be calculated from the dilution 

off  the volume marker after the correction for incomplete recovery, the net ultrafiltration rate 

iss defined as the change in intraperitoneal volume divided by the dwell time. The MTACs 

off  urea and creatinine were calculated according to the model of Waniewski et al. [24], in 

whichh the solute concentration is expressed per volume of plasma water. Glucose absorption was 

estimatedd as the difference between the instilled and the recovered amount of glucose, relative 

too the instilled quantity of glucose. Free water transport was estimated by the sieving of sodium, 

expressedd as the min imum dialysate-to-plasma (D/P) ratio of sodium. A diffusion correction 

wass made because a concentration difference between initial dialysate and plasma concentration 

causess Na+ diffusion from the circulation to the dialysate, which leads to an underestimation of 

thee actual sodium sieving. This was done using the MTA C of creatinine as described previously 

[25]. . 

H I S T O L O G I C ALL ASSESSMENT 

Omentall  and parietal peritoneal tissue were obtained from each rat and fixed in freshly prepared 

4%% paraformaldehyde. Five Jim serial sections were cut from paraffin-embedded tissue and 

stainedd with hematoxylin/eosin and picro-sirius red F3B (PSR), providing a brick red staining 

off  all fibrillary collagen. 

Forr visualization of blood vessels, adjacent sections were stained with monoclonal 

antibodiess reactive with endothelial cells (anti-von Willebrandt factor, dilution 1: 100, DAKO, 

Glostrup,, Denmark) and ant i -al smooth muscle actin (SMA-1, dilution 1: 800, DAKO, 

Glostrup,, Denmark). For both antibodies a streptavidin-biotin-peroxidasc detection method 
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wass used. The sections were dcparaffinized in xylene and rehydrated in ethanol, followed 

byy incubation with hydrogen peroxide 0.3% in methanol to block endogenous peroxidase 

activity.. Sections were initiall y blocked with 10% normal goat serum followed by incubation 

withh primary antibodies against Ot-SMA and von Willebrandt factor for 60 min. Before this, 

incubationn with PBS-NHS containing 5% normal rat serum and horseradish peroxidase-

conjugatedd streptAB complex (DAKO, Glostrup, Denmark) was performed. Peroxidase activity 

wass detected with 1 mg/mL 3,3-diaminobenzidine tetrahydrochloride (Sigma, St Louis MO, 

USA)) and 0.015% H 2 0 , in 50 mM Tris-HCl buffer, pH 7.6 . Al l slides were counterstained 

withh Mayer's hematoxylin, dehydrated through a series of ethanol concentrations and mounted 

withh Pertex mounting medium. 

VESSELL A N D FIBROSIS S C O R I NG 

Twoo blinded observers, interobserver variability was less than 10%, assessed scoring of the 

numberr of vessels per field and the amount of fibrosis. The number of vessels per field of 

peritoneall  tissue section was counted in aSMA-stained omental tissue, using a light microscope 

(Leitzz Dialux 20, Leica, Rijswijk, The Netherlands) with a 25x flat field objective (xlO ocular). 

AlphaSMAA stains all vessels containing smooth muscles including those with a pericyte only. 

Fivee non-overlapping fields from the upper left to the lower right were investigated throughout 

thee specimen, in which all vessels were counted and measured. The thickening of the vascular 

walll  was measured using the section stained for OcSMA. Measurements of surface areas and 

diameterss of blood vessels were performed with image analysis software (Image Pro 4.5, 

Mediaa Cybernetics Inc., Silver Spring, M D , USA). Digital images (0.172 mm" per section, 

55 non overlapping fields for each section) were acquired with a Roper Coolsnap CP digital 

cametaa mounted on an Olympus BX60 microscope. Values of total surface area and luminal 

areaa were generated by the above-mentioned measuring system in (Am". Utilizin g these values, 

thee wall/total ratio (WTR) could be calculated. Vessels were divided into capillaries (diameter 

<88 (Am), medium sized (8-20 pirn) and larger vessels (>20 (Am). Fibrosis was assessed by a 

semi-quantitativee score and also quantitatively. The semiquantitative score was performed as 

previouslyy described [4] using both omental and parietal sections stained with picro-sirius red. 

Scoringg was as follows: 0=normal presence of fibrous tissue (compated to tissues from untreated 

ratss from other studies), l=mil d excess, 2=moderate, 3=severe, assessed in three areas of omental 

tissue:: submesothellal (SM), perivascular (PV) and intersegmental (IS). Also, an overall fibrotic 

scoree was assessed by adding the different scotes in different tissues to a total fibrotic score 

perr animal. Quantitative determination of fibrosis was performed in parietal peritoneum by 

measurementt of the hydroxyproline content. Therefore, a portion of parietal peritoneum was 

frozenn in liquid nitrogen directly after sacrifice and determination of its hydroxyproline content 

wass done with HPLC [26]. 
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STATISTICALL ANALYSI S 

Medianss and interquartile ranges are given, or D when appropiate. Mann-Whitney tests 

weree used to assess p-values. For the semiquantitative scoring or fibrosis, the vessel measurements 

andd the peritoneal transport characteristics, the Wilcoxon signed rank sum test was applied to 

bothh groups. 

RESULTS S 

A N I M A L S S 

Al ll  rats remained healthy during the whole 20 week experimental period as assessed by weight 

gainn and general condition. Alter 20 weeks infusion the average weight was significantly higher 

inn the pyruvate group 1 g) than in the lactate group (504+30 g), p=0.015. Plasma 

creatinine,, glucose, urea, sodium and albumin measured at the end of the experiment were not 

differentt between the lactate and the pvruvate-exposed groups (Table 1). 

Tablee 1: Plasma concentrations of various solutes in the two groups (medians and interquartile ranges 

Creatininee (umol/L) 

Ureaa (mmol/I.) 

Glucosee (mmol/L) 

Sodiumm (mmol/L) 

Albuminn (g/L) 

Lactatee (mmol/L) 

pyruvatee (umol/L) 

betahydroxybutyratee (umol/L) 

acetoacetatee (umol/L) 

VEGFF (ng/L) 

'p<0.05 5 

120(85-138) ) 

16(15-17) ) 

355 (32-38) 

136(134-138) ) 

39(38-41) ) 

1.6(1.4-1.8) ) 

655 (63-75) 

400 (30-50) 

113(109-472) ) 

844 (60-87) 

iTuvatee Buffered 

116(95-150) ) 

188 (17-21) 

344 (32-38) 

1388 (133-139) 

399 (37-41) 

1.6(1.2-2.1) ) 

799 (66-86) 

300 (30-40) 

855 (77-128)a 

70(50-114) ) 

P E R I T O N E ALL T R A N S P O RT 

Phee results are summarized in Table 2. I l i e MI AC creatinine was higher in the pyruvate group 

comparedd to lacune treated animals (p=0.04). The sieving of sodium was significantly less in 

thee lactate group compared to the pyruvate animals (p=0.01). No difference was found in fiuid 

kinetics. . 
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Tablee 2: Transport parameters measured during SPARa (medians and interquartile ranges). 

Lactatee Buffered Solution (n=9) Pyruvate Buffer (n=9) 

777 (70-80) 

566 (44-60) 

566 (52-58) 

0.05(0.04-0.1) ) 

0.144 (0.11-0,14) 

899 (83-90) 

0.0777 (0.043-0.104) 

744 (62-100) 

555 (45-70) 

555 (40-64) 

0.111 (0.06-0.30) a 

0.155 (0.11-0.19) 

TCUFRR (uL/min) 

NUFR(uL/min) ) 

Glue.. Abs.(%) 

MTACcreatininee (mL/min) 

MTACurea(mL/min) ) 

D/PP sodium(%) 

Correctedd for diffusion 89 (83-90) 78 (77-83)b 

D/PVEGFF 0.0" (0.O4.5-O.10-J) 0.26(0.22-0.32)a 

'p<0.05.. bp<0.01 
TCUFR:: iranscapillary ultrafiltration rate, NUFR: net ultrafiltration rate, Glue. Abs.: glucose absorption. 

VEGF F 

Basedd on the individual peritoneal transport line determined for each animal, dialysate VEGF 

concentrationss were all higher than expected it its generation was only related to diffusion, 

suggestingg that local production was occurring. The concentration of VEGF (attributed to local 

production)) was significantly higher in the pyruvate-inrused group 6 ng/L) than in 

thee lactate-infused group (5.3+1.5 ng/L, p=0.015). 

LACTATE/PYRUVAT EE R A T I O AN D BETAHYDROXYBUTYRATE/ACETOACETATE R A T I O 

Thee plasma lactate/pyruvate ratio was in the normal range and not significantly different 

betweenn both groups: 4 (pyruvate infused group) vs. 5 (lactate infused group), 

p=0.2.. There was however a trend towards a lower betahydroxybutyratc/acetoacetate ratio in the 

pyruvatee exposed group ) compared to the lactate exposed animals ) although 

thiss did not reach statistical significance (p=0.07). 

B L O ODD VESSEL ANALYSI S 

Immunostainingg with anti-vWF antibody and a S MA revealed staining of both epitopes in all 

vesselss including capillaries. There were no differences noted in the number of vessels stained with 

bothh antibodies. Quanti tat ion of the number of vessels revealed a significantly lower number of 

vesselss in the pyruvate infused group: 16 (11-22) per high power field compared to the lactate 

group:: 37 (34-47), p<0.001. This is illustrated in Figure 1. When examining other parameters 

off  vessel morphology by computer analysis (Table 3) the pyruvate-exposed animals had a larger 

totall  surface area, luminal area and a lower wall-total ratio than those in the lactate-exposed 

group.. This was especially evident for the vessels with a diameter >20 | im, but the differences 

weree also present in the small (< 8 | im) and medium sized vessels (8-20 flm). 
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Tablee 3: Vessel measurements as assessed with Image Analysis Pro Plus, in OcSMA stained omental 

tissuee of rats infused with lactate (L, n=9) or pyruvate (P, n=9) buffered dialysace. Medians and 

interquartilee ranges of all vessels in five overlapping fields are given. 

>200 urn 8-200 fim 

TSA(um2)) 65(50-88) 63(42-87) 182(118-310) 155(107-26l)a 958(578-1528) 2056 (948-7636)a 

LAA (urn2) 16(11-25) 20(11-29) 44(27-85) 51 (29-95)a 253(113-544) 557 (240-2378)a 

WTRR 0.74(0.66-0.80) 0.69 (0.62-0.76)' 0.73 (0.66-0.81) 0.67 (0.57-0.77)8 0.76 (0.66-0.83) 0.70 (0.54-0.78)3 

•'p<0.055 (L \s P) 
11 SA=total surface area. LA= luminal area, w TR= wall/total ratio. 

FIBROSISS S C O R I N G 

Hiee semiquanticative scoring of fibrosis is shown in Tabic 4. Pyruvate exposed animals had a 

lowerr fibrosis score in intersegmental areas and in perivascular areas although the significance 

off the latter was borderline. No difference was found in the submesothelial areas. The overall 

fibroticfibrotic score tende to be lower in the pyruvate -xposed animals. The parietal peritoneum 

hydroxyprolinee levels also showed a tendency to be lower in the pyruvate-exposed animals. 

Tablee 4: Quantification of numbers of vessels and amount of fibrosis in omentum of rats infused with 

lactatee (L) or pyruvate (P) buffered dialysate. Medians and interquartile ranges are given. The scoring of 

fibrosiss was performed in submesothelial (SM), perivascular (PV) and intersegmental (IS) areas. 

Fibrosiss (0-3) Lactate Buffered Solution (n=9) Pyruvate Buffered Solution (n=9) 

SMM 1 (1-1.5) 1 (0.75-1.5) 

ISS 2(1-2) 1 (l-1.25)b 

PVV 2(1-2) 1 (0.5-1.75)b 

Overalll Fibrotic Index 4(2-6) 4 (l-4.5)c 

OH-prolinee content (mg/g) 1.7(1.2-1.7) 1.3(1.2-1.4) 

•'p<0.001.. bp<0.05,cp=0.06 

DISCUSSION N 

Animall infusion models using heat sterilized, lactate-buffered dialysis solutions containing3.86% 

glucose,, have shown clear changes in both new blood vessel formation and fibrotic alterations to 

thee parietal and visceral peritoneal membrane [7,27-29]. This was confirmed in the present series 

wheree exposure to conventional lactate buffered dialysis fluid resulted in significant changes in 

bothh angiogenesis and fibrosis. In contrast, 20 weeks exposure to a dialysis solution of identical 

formulationn but buffered with 35 mM sodium pyruvate resulted in significantly less blood vessel 

formationn as assessed in visceral peritoneal samples and some reduction in peritoneal fibrotic 

index. . 
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Thee staining of peritoneal vessels in the present study was done with OtSMA, which stains smooth 

muscles,, and also pericytes. Therefore, no distinction could be made between capillaries and 

postt capillary venules. Our finding that a smaller number of vessels was found in the pyruvate-

exposedd animals is in accordance with the contention that pyruvate induces less pseudohypoxia 

att the cellular level than lactate, a situation as might occur during exposure to glucose containing 

dialysiss solutions. This is further supported by the tendency to a lower betahydroxybutyrate/ 

acetoacetatee ratio in the pyruvate group. Failure to reach statistical significance could have been 

causedd by the relatively small number of animals or by the fact that plasma ratios are only a weak 

representationn of processes at the mitochondrial level. Besides a lower number of vessels in the 

pyruvatee group, the animals also had a larger luminal area and a smaller wall/total surface area 

ratio,, compared to lactate exposure. This suggests the presence of a larger endothelial surface 

areaa per vessel and thereby a larger number of interendothelial small pores and transcellular 

waterr channels. 

Thee vascular peritoneal surface area is the determinant of low molecular weight solute 

transport,, as reflected in the mass transfer area coefficient of creatinine 130,31]. Indeed, 

relationshipss have been described between the number of peritoneal vessels and peritoneal 

transportt [32,33]. Therefore, our finding of a higher MTACcreatinine in the pyruvate group 

seemss at odds with the smaller number of peritoneal vessels. However, the vascular surface 

areaa is not only determined by the number of perfused microvessels, but also by their state 

off  vasodilation or vasoconstriction. For example, animal experiments have suggested that the 

MTA CC of low molecular weight solutes is not determined by splanchnic blood flow, but by 

splanchnicc blood volume [34]. The larger luminal surface area of the peritoneal vessels in the 

pyruvatee group suggests some degree of vasodilation, what may serve to explain the higher 

MTA CC creatinine in the pyruvate-exposed animals. The more pronounced sodium sieving 

pointss to an increased number of functioning water channels. MTACurea was not different 

betweenn the two groups. This is likely due to the (near) equilibratium and the low plasma and 

effluentt levels in non-uremic rats, leading to inaccuracies in the calculation of the MTAC, The 

valuess were however in the range we reported previously [21]. 

VEGFF is an important growth factor in diabetic retinopathy [9]. In previous human 

studiess we found that peritoneal effluent concentrations of VEGF were higher than could be 

explainedd by diffusion from the circulation [16], suggesting local production in peritoneal tissues 

orr cells. In vitro studies have shown that human peritoneal mesothelial cells produce VEGF [8]. 

Alsoo in the present study we found evidence for local VEGF production. The highest values 

weree found in the pyruvate-exposed animals, which would argue against a direct role of this 

growthh factor in driving new blood vessel formation in our model. VEGF was, however, only 

measuredd at the end of the experiments without full time course studies. We cannot exclude that 

changess in its concentration may have been different between the groups at some time points 

earlierr in the experiments. Another possibility is that the mesothelium was preserved better in 

thee pyruvate group, but this was not studied. 

Thee impact of replacing lactate by pyruvate on interstitial fibrosis was less pronounced 

thann the impact on blood vessel formation. Significant differences in fibrosis were present in 
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perivascularr and intersegmental areas. The overall fibrotic index only showed a tendency to be 

lowerr in the pyruvate-exposed group, as was also the case for the hydroxyproline content in 

thee parietal peritoneum. It may be that the changes indicated by direct assessment were too 

subtlee for detection in the assay and/or contamination of the specimens with anterior abdominal 

walll  muscle occurred. This also contains high levels of hydroxyproline and may therefore have 

influencedd the results obtained [26]. 

Thee limited effect of the pyruvate solution on the development of interstitial fibrosis was 

somewhatt unexpected given its potential to directly antagonize lactate-induced glucose driven 

polyoll  pathway activation [35]. Previous in vitro studies with mesothelial cells have shown that 

lactatee acts to enhance the glucose-driven polyol pathway activation, as evidenced by specific 

inhibitionn with an aldose reductase inhibitor, and drives intracellular sorbitol accumulation [36]. 

Inn these same studies, pyruvate was shown to have a potential antagonistic effect on glucose/ 

lactate-inducedd TGF-(3l and MCP-1 synthesis. In these studies, however, glucose was used at a 

muchh lower concentration (60 mM, equivalent to 1.36% glucose PD fluids) to activate the polyol 

pathway.. It may well be that at 214 mM/3.86% glucose, maximal activation of this pathway 

iss facilitated and that the potential antagonistic effect of pyruvate is thereby reduced. Further 

studiess using lower glucose concentrations will be needed to address this issue specifically. 

Anotherr potential explanation for the tack of dramatic effects of pyruvate on the fibrotic 

processs is that both of the PD fluids used were heat-sterilized and therefore probably contained 

similarlyy high concentrations of glucose degradation products (GDP)[37j. Both GDP themselves 

andd more directly GDP-driven AGE formation have been strongly implicated in the fibrotic 

alterationss in both animal models [38] and also in humans [39]. In human peritoneal biopsies 

fromm long-term PD patients significant deposition of AGE has been observed [40]. We were not 

ablee to examine the deposition of AGE within our studies. Previous data howrever have shown 

significantt deposition within the vessel walls, the interstitium and in the mcsotheliuin [29, 

41,42]. . 

Intravenouslyy administered pyruvate in high dosages has been used for years in the so-

calledd pyruvate loading test, aimed to detect mitochondrial defects in oxidative metabolism 

inn children, for instance in those suspected to have Leigh syndrome [43]. In this test a high 

dosee of 910 mmol is administered in 10 minutes. This was usually well tolerated although 

tachycardiaa and trembling developed in some patients. Lately, pyruvate has been reported to 

havee cardioprotective effects [44-47], which might be a positive systemic side effect in PD 

patients. . 

Inn conclusion we have demonstrated that replacement of the lactate buffer by pyruvate 

inn a glucose-based heat-sterilized peritoneal dialysis solution resulted in changes in peritoneal 

transportt accompanied by reduced formation of blood vessels, but with a larger luminal area 

andd a more marginal effect on the fibrotic process. Although these data do not provide definitive 

prooff  of the potential of pyruvate as an alternative buffer in PD patients, taken together with 

previouslyy published data they do suggest that further investigations of its use and mechanism of 

actionn are warranted. It would appear to have potentially significant advantages as a physiological 

additivee to PD solutions that might with appropriate formulation, reduce some of the negative 

consequencess associated with both glucose and lactate exposure. 
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ABSTRACT T 

B A C K G R O U ND D 

Pseudohypoxia,, a situation in which the intracellular NADH/NAD + ratio is increased, is 

mediatedd partly via the pol vol pathway. Peritoneal dialysis with glucose and lactate containing 

dialysatess is likely to stimulate the polyol pathway, thus causing pseudohypoxia, which may 

stimulatee the formation of different growth factors. 

M E T H O D S S 

Differentt strategies have been used to reduce pseudohypoxia in peritoneal exposure to dialysis 

fluidss in a chronic peritoneal exposure model in the rat: Firstly, by using pyruvate as buffer of 

PDD fluid instead of lactate, pseudohypoxia might be reduced and this may protect against the 

developmentt of peritoneal fibrosis and angiogenesis. Also, filter-sterilization instead of heat-

sterilizationn can be used to investigate the influence of advanced glycation end products, and by 

usingg a combination of osmotic agents, the glucose exposure can be reduced. A filter-sterilized 

dialysiss fluid with a combination of pyruvate as a buffer and aminoacid/glcyerol/giucose 1% 

(PYRAGG,, n=6) was daily i.p. infused in Wistar rats for a period of 20 weeks. Standard heat-

sterilizedd lactate-buffered/glucose 3.86% fluid was infused in control rats (LH, n=6) and an 

extraa group was included that was infused with this standard dialysate, but that had been 

filter-sterilizedfilter-sterilized (LF, n=9). After 20 weeks, a standardized peritoneal analysis was performed and 

omentall  tissue was examined for presence of fibrosis (surius red) and number of vessels per field 

(aSMA). . 

R E S U L TS S 

Permeabilityy characteristics were similar in both experimental groups. Histology revealed a 

significantt difference in the amount of Sirius Red-positive tissue in submesothelial (PYRAGG: 

0.55 (0.5-1) vs LF: 1.5 (0.5-2.5) vs LH: 2.25 (2-3), p<0.05 between all 3, and also in intersegmental 

areass (PYRAGG: 0.5 (0.5-1) vs LF: 1 (1-2) m LF: 2.25 (1.5-3) p<0.05 between all 3. Also a 

significantt difference was present between the groups in numbers of CD31-posirive vessels per 

fieldfield (PYRAGG: 13+7 v/fw LF: 23+7 v/f, LH: , p<0.01 between all 3). 

C O N C L U S I O NS S 

i nn a previous study it was shown that pyruvate as abuffer in dialysis fluid protected against 

thee formation of fibrosis and angiogenesis in a chronic peritoneal exposure model in the rat. 

Inn this study filter sterilization seemed probably as effective in prevention of these alterations. 

Andd finally a combination of filter-sterilized, pyruvate-buffered, aminoacids/glycerol/glucose 

1%% containing dialysate seemed to be even more effective in preventing the peritoneal damage 

causedd by exposure to dialysis fluids. 
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INTRODUCTION N 

Long-termm peritoneal dialysis can lead to structural and functional changes of the peritoneum 

[1,2].. The chronic exposure to unphysiologic dialysis fluids, especially glucose and/or glucose 

degradationn products, are thought to play a pivotal role in their pathogenesis [3,4]. Glucose 

hass direct toxic effects on the mesothelium [5], induces diabetiform neoangiogenesis [6,7] and 

leadss to the formation of advanced glycosylation end products [8]. High glucose concentrations 

leadd to activation of the polyol pathway for intracellular glucose degradation, which may cause 

ann elevation of the N A D H / N A D + ratio, also called pseudohypoxia [9]. Hypoxia is a stimulus 

forr angiogenesis. Lactate may contribute to the toxicity of glucose by influencing the NADH / 

NAD ++ ratio [10]. Pyruvate can improve cellular function by decreasing the cytoplasmatic redox 

potentiall  [11]. In a previous study [12], the use of pyruvate as a buffer in a 3.86% glucose dialysis 

solutionn showed a reduction in the number of peritoneal blood vessels of 50% compared to 

lactatee buffered fluid. 

Currentlyy no single low molecular weight osmotic agent can replace glucose completely, 

Aminoacidss can only been given once a day in a low concentration to avoid an excessive nitrogen 

load.. The continuous use of glycerol in high concentrations may cause a hyperosmolar coma 

[13].. Therefore we investigated whether a pyruvate buffered dialysis solution, made hypertonic 

byy combining low concentrations of aminoacids, glycerol and glucose (PYRAGG), and without 

glucosee degradation products, would induce less peritoneal abnormalities than glucose/lactate 

basedd solutions, either heat- or filter sterilized. The study was done in the chronic peritoneal 

exposuree model in the rat. 

SUBJECTSS AND METHODS 

A N I M A L S S 

Twenty-onee male Wistar rats (Harlan, HSD, Zeist) with weights between 300-320 grams were 

randomlyy divided in three groups. Al l rats acclimatized one week before implantation of a 

peritoneall  catheter (Intisil 7 french) attached to a titanium/silicone device implanted in the neck 

(Rat-o-Port,, both obtained from U N O Roestvrijstaal BV Zevenaar, The Netherlands) under 

anesthesiaa (mix of ketamine, xylazine, atropine, 4:2:1, lmg/kg BW). The first week the rats were 

infusedd with 1 mL/day of heparinized saline to allow for peritoneal healing and thereafter the 

experimentall  period started. One group (n=6) was infused with PYRAGG, another group (n=9) 

withh lactate/glucose 3.86% containing filter sterilized dialysate (LF) and a control group (LH, 

n=6)) with lactate/glucose 3.86% heat sterilized dialysis fluid (Dianeal, Castlebar, Ireland). The 

firstfirst two fluids fluids were prepared in the laboratory and the specific constituents are given in 

Tablee 1. 

Al ll  animals were daily infused with 60 mL/kg BW for 20 weeks. After this period they 

underwentt a standard peritoneal permeability analysis adapted for the rat [14] before sacrifice 
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byy cardiac puncrure. Peritoneal tissue was obtained immediately thereafter. Trie study was 

performedd in accordance with the regulations required by the local ethics committee for animal 

experimentation. . 

Tablee 1: Constituents of the three different dialysis solutions. 

Na++ (mM) 

Ca2++ (mM) 

Mg2++ (mM) 

Pyruvatee (mM) 

Lactatee (mM) 

Chloridee (mM) 

Glucosee (%) 

Aminoacidss (%) 

Glyceroll  (%) 

PH H 

Osmolarityy (mOsmol/L) 

132 2 

1.25 5 

0.5 5 

40 0 

95 5 

1.10 0 

0.5 5 

1.4 4 

5.2-5.4 4 

517 7 

132 2 

1.25 5 

0.4 4 

40 0 

95 5 

4.20 0 

5.2-5.4 4 

132 2 

1.75 5 

0.75 5 

35 5 

102 2 

3.86 6 

5.5 5 

486 6 

ASSAYS S 

Totall  dextran 70 was measured in all d ialysate samples by high performance liquid chromatography 

[15]. . 

Thee glucose concentration was assessed by the glucose oxidase-peroxidase assay (SMA II , 

Technicon,, Terrytown, NJ, USA). Sodium was measured by an ion selective electrode (Hitachi 

H747,, Boehringer Mannheim, Mannheim, Germany). 

S P A RA A 

Thee SPARa is based on the human standard peritoneal permeability analysis (SPA) [16], adapteel 

forr the rat [14J. In short, an intravenous infusion needle was inserted in the left lower lateral 

quadrantt of the abdomen, whereafter a 4 hours dwell with 30 ml. LH in all rats was performed. 

Dextrann 70, 5 g/L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, Sweden) was added to the 

testt solution as a volume marker lor the calculation of fluid kinetics. 

Peritoneall  solute and fluid kinetics were calculated. From the dilution of the volume marker 

thee transcapillary ultrafiltration was calculated after the correction for incomplete recovery of 

flui dd [17]. The MTACs of creatinine and urea were calculated according to Waniewski et ai 

[18].. Net ultrafiltration was defined as the change in intraperitoneal volume divided by the dwell 

t ime.. Glucose absorption was estimated as the difference between the instilled and the recovered 

amountt of glucose, in relation to the instilled quantity. Free water transport was estimated by 

thee sieving of sodium expressed as dialysate-to-plasma (D/P) ratio of sodium. In all animals the 

lowestt values were taken. 
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H l S T O P A T H O L O GY Y 

Omentall  and parietal peritoneal tissue were obtained from each rat and were processed for light 

microscopy.. The tissues were fixed in freshly prepared 4% paraformaldehyde. Paraffin-embedded 

tissuee was serially sectioned at 5um thickness, sections were stained with hematoxylin/eosin 

andd picro-sirius red F3B (PSR) providing a brick red staining of all fibrillary collagen. For 

visualizationn of vessels, adjacent sections were immunohistochemically stained for Ctl smooth 

musclee actin (SMA-1, dilution 1:800, DAKO, Denmark), which is expressed in vascular smooth 

musclee cells and pericytes. For detection a streptavidin-biotin-peroxidase method was used. The 

sectionss were deparaffinized in xylene and rehydrated in ethanol, followed by incubation with 

hydrogenn peroxide 0.3% in methanol to block endogenous peroxidase activity. The onset of the 

stainingg sequence was a block with 10% normal goat serum followed by primary antibodies 

againstt a S MA (monoclonal, DAKO, Denmark). PBS-NHS containing 5% normal rat serum 

andd horse radish peroxidase-conjugated streptABC complex (DAKO, Denmark) were applied 

too enhance the reaction and as conjugate. The peroxidase activity was detected with 1 mg/mL 

3,3-diaminobenzidinee tetrahydrochloride (Sigma, St Louis MO, USA) and 0.015% H 2 0 7 in 

500 mM Tris-HCl buffer, pH 7.6, yielding the brown coloration. Al l slides were counterstained 

withh Mayer's hematoxylin, dehydrated through a series of ethanol and mounted with Pertex 

mountingg medium. 

Thee number of vessels per field of peritoneal tissue section was counted in (xSMA-stained 

omentall  tissue, using a light microscope (Leitz Dialux 20, Leica, Rijswijk, The Netherlands) 

withh a 25x flat field objective (xlO ocular). Five non- overlapping fields from the upper left to 

thee lower right were investigated throughout the specimen, in which all vessels were counted 

andd measured. 

Thee amount of fibrosis was measured by semiquantitative scoring of the extent of PSR 

stainingg of omental sections. Briefly, submesothelial (SM), perivascular (PV) and intersegmental 

(IS)) areas of omental tissues were judged separatly, using grades as 0=normal presence of fibrous 

tissue,, l=mil d excess, 2=moderate, 3=severe excess of fibrosis, and also an overall fibrotic score 

wass calculated. The semiquantitative scoring was assessed by two blinded observers and inter-

observerr variability was less than 10%. 

STATISTICALL ANALYSI S 

Resultss are expressed as medians and interquartile ranges. Analysis of variance was performed 

whereafterr Mann-Whitney tests were performed to assess differences between groups. 

RESULTS S 

Noo differences between the groups with regard to peritoneal transport were present (Table 2). 

However,, morphological analysis of peritoneal tissues showed significant differences (Table 3). 

Moree pronounced fibrosis was found in the LH group than in the two other groups. In the tissues 
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fromm the rats created with chronic peritoneal exposure to PYRAGG, the fibrosis was significantly 

lesss than in the two other groups. J he number of vessels was highest in the I.H group, less in the 

LFF group (28% reduction when compared to the lactate heat-sterilized group) and lowest in the 

PYRAGGG infused animals (59% reduction when compared to the I.H group). 

Tablee 2: standard peritoneal permeability analysis adapted for the rat. 

TCUFRR 87.5(64-104) 75(51-119) 

NUFRR (|jL/min) 51.5(24-76) 50(5-71) 

Gluee abs (%) 58.5 (35-72) 63 (40-73) 

D/PP sodium (%) 88 (78-92) 88 (76-89) 

LHH (n=6) 

711 (28-132) 

50.55 (25-56) 

522 (49-57) 

877 (85-89) 

rCUF:: cranscapillary ultrafiltration rate, NUFR: net ultrafiltration rate. Glue abs: glucose absorption. 
D/PP sodium: dialysate/plasma ratio ul sodium 

Tablee 3: Histological assessment of omentum: number of vesselsand the amount of fibrosis arc shown 

ass assessed in different areas: PV: perivascular, IS: intersegmental, SM: submesothelial. Medians and 

interquartilee ranges are given. 

Fibrosis s 

PV V 

IS S 

SM M 

Overalll  Fibrotic Index 

.umberr of 

11 (0-1) 

0.55 (0.5-l),c 

0.55 (0.5-l)ac 

0.55 (0.5-1)* 

il l 

1.5(0.5-1.5)b b 

11 (l-2)ac 

1.55 (0.5-2.5):,c 

1.5(l-2)ac c 

2.755 (2-3)b 

2.255 (1.5-3)' 

2.255 (2-3)a 

22 (2-3)3 

p<0.055 PYRAGG compared to LF and LH, ' p<0.01 LF compared to I H. c c p<0.05 PYRAGG compared to LF 

DISCUSSION N 

A nn ideally biocompatible solution for peritoneal dialysis should not contain high concentrations 

off  glucose [19-23], should be free of glucose degradation products [23,241, should not be buffered 

withh high lactate concentrations [24], and must still be an effective solution with regard to fluid 

andd solute removal. PYRAGG is such a solution. Its hypertonicity, created by a combination 

off  low concentrations ol glucose, glycerol and aminoacids allowed ultrafiltration rates similar 

too those observed using a 3.86% glucose solution and was well tolerated by the animals. It 

wass filter-sterilized, so contained no GDPs. The solution was buffered with pyruvate, based 

onn the results of in vitro studies [25,26] and those of a previous study by our group in the 

chronicc peritoneal exposure model in the rat [12]. PYRAGG was compared with two control 

solutions,, that is the 3.86% glucosc/lactate/low G DP solution, made by filter sterilization the 

3.86%% glucose/lactate heat sterilized solution. Marked morphological differences between the 

groupss were found with less vessels (28% reduction in the LF group and 59% reduction in the 

PYRAGGG group when compared to LH) and less fibrosis in LF and PYRAGG than in LH . 
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Thesee marked morphological differences were not accompanied by differences in peritoneal 

transport;; the same was found in our previous study comparing pyruvate as a buffer with lactate 

[12].. Indeed, relationships have been described between the number of peritonea! vessels and 

peritoneall  transport [27,28]. However, the vascular surface area is not only determined by the 

numberr of perfused microvessels, but also by their state of vasodilation or vasoconstriction. For 

example,, animal experiments have suggested that the MTA C of low molecular weight solutes is 

nott determined by splanchnic blood flow, but by splanchnic blood volume [29]. 

Thee present study allows insight in the possible contribution of various factors in 

dialysatee contributing to peritoneal damage: hyperosmolality had no or only a minor effect in 

thee development of fibrosis and angiogenesis. This is in accordance with the results of an old in 

vitroo study on cultured mesothelial cells by Breborowicz et al. [30], GDPs {comparison between 

L H &&  LF) had an effect on fibrosis, which has been reported to been influenced by transforming 

growthh beta (TGFP) and vascular endothelial growth factor (VEGF). Interestingly the effect 

off  GDPs on the number of vessels was only minor. Glucose had a marked effect on the number 

off  vessels per field and also a marked effect on fibrosis. The replacement of the lactate buffer by 

pyruvatee was not specifically investigated in the present study, but in a previous one it led to a 

markedd reduction of the number of blood vessels when 3.86% glucose was as an osmotic agent 

[12].. This study does not answer the question about the role of pyruvate compared to lactate 

inn the absence of high glucose concentrations. In conclusion, (1) The present study has shown 

thatt solutions made hyperosmolar by a combination of osmotic agents is less ahrmfull for the 

peritoneumm than glucose only, (2) GDPs are important especially with regard to peritoneal 

fibrosis,fibrosis, (3) The role of pyruvate vs lactate in the absence of high glucose concentrations needs 

too be investigated. 
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INTRODUCTION N 

Overr the past 30 years, the focus of peritoneal dialysis research has changed from the technical 

issuess related to the establishment of clinical peritoneal dialysis ro complex problems of peritoneal 

membranee biology. Up to the mid 1980s, dialysis fluids and methods of access had to be developed 

alongg with the clinical procedures. Treatment was directed primarily at treatment efficacy and 

infectionn control. After that period, the first research articles on PD fluid biocompatibility 

weree published, most using peripheral blood leucocytes as model system to assess their viability 

andd function following exposure to dialysis solutions [1J. After that, peritoneal cell cultures 

weree developed, which have been a major step in the development of new peritoneal dialysis 

solutions.. Also, an increasing number of research groups now have sophisticated animals models 

too more closely simulate the specific constellation of the dialyzcd peritoneum [2]. The traditional 

peritoneall  dialysis solutions are bioincompatible because of their low pH, extremely high glucose 

andd lactate concentrations, hyperosmolality and the presence of glucose degradation products 

formedd dur ing heat sterilization of the solutions [3], (chapter 2 in this thesis). The combination 

off  low pH and lactate appeared to be most toxic in vitro studies, because it caused a decrease in 

thee intracellular pH [4]. This effect is probably less important in patients, because the instilled 

solutionn is diluted immediately with the intraperitoneal residual dialysate volume, leading to a 

rapidd increase in pH [5]. Glucose in high concentrations is toxic both in in vitro and in animal 

studiess [6,7]. Deposition of advanced glycosylation end-products (AGEs) has been described 

inn peritoneal tissues [8], Glucose is also likely to be involved in the development of peritoneal 

neoangiogenesis.. This is supported by the diabetiform alterations of the microvesseis, that are 

presentt in patients [9] and that can be induced in animal models [10,11]. 

T H EE C H R O N IC P E R I T O N E AL E X P O S U RE M O D EL IN T H E R AT 

Comparedd to the first studies in this model we have investigated some additions. These include 

thee use of hydroxyproline as an over-all measure of peritoneal fibrosis, the use of acute phase 

proteinss to exclude peritonitis, which can be a confounding factor, detailed computerized vessel 

measurementss that were applied to measure the wall and luminal thickness of the peritoneal 

vesselss and quantitative realtime PCR analysis performed for VEGF, CTGF and TGF-p. 

Itt appeared that especially the omental hydroxyproline content correlated well with the 

semiquantitativee fibrosis score. Higher values were found for parietal peritoneum, probably due 

too contaminat ion with muscle fragments form the anterior abdominal wall. We conclude from 

ourr studies that the omental hydroxyproline content should always be part of studies aimed at 

assessmentt of peritoneal fibrosis. 

Mostt animals that develop peritonitis during the exposure period have overt clinical 

manifestations.. However, in some asymptomatic animals extensive infiltrates are found after 

sacrifice.. We investigated whether serum concenttations of a2-macroglobulin and albumin 

couldd identify animals that developed peritonitis without clinical manifestations. It appeared 

thatt the sensitivity for albumin was 62% and for a2-macroglobulin 14%, the specificities were 
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100%.. It could therefore be concluded that peritontis can still be present despite normal serum 

concentrationss of oc2-macroglobulin and albumin. However, when a2-macroglobulin is eievated 

andd serum albumin is low, peritonitis is certain and the experiment in such an animal should 

bee terminated. 

Usingg image analysis software the thickness of the vascular wall was measured and surface 

areass of peritoneal capillaries and small arteries were analyzed. The values for total surface area 

andd luminal area of all vessels together were generated and utilizing these values the wall/total 

ratioo could be calculated to assess wall thickness. 

Quantitativee real time PCR measurements showed that the relative mRNA content in 

peritoneall  tissue had 4 -, 10-, and 58-fold increased for TGFfi l , CTGF and VEGF, respectively, 

inn cyclosporine-treated animals compared to controls. This was a confirmation of the more 

extensivee amount of fibrosis as histologically assessed in these animals compared to controls. 

M O R P H O L O G I C ALL AN D F U N C T I O N AL R E L A T I O N S H I PS 

Suchh relationships are difficul t to study in humans, because of the limited availability of 

peritoneall  tissue. Such studies are possible in our model, but the results has been severely 

disappointing.. Extensive morphological changes were only to a limited extent reflected in 

parameterss of peritoneal transport. This might be due to a number of reasons: (1) The model is not 

uremic.. Therefore low plasma and dialysate concentrations are present for urea and creatinine. 

Furthermore,, these concentrations are often almost equal. This makes the calculation of mass 

transferr area coefficients extremely succeptible to small errors in the laboratory measurement 

off  these solutes. (2) Although the vascular wall is the most important transport barrier in 

peritoneall  dialysis, relationships between the number of vessels and transport characteristics 

weree not always present. Two explanations are possible. First, also the state of constriction of 

vasodilationn of the vessels is probably important, because peritoneal transport is not related 

too splanchnic blood flow, but rather the splanchinc blood volume [12]. Second, we used the 

Ct-SMAA staining, to calculate the number of vessels in all but one study. This staining might to 

somee extent underestimate the number of capillaries because at least one pericyte has to present 

inn a vessel to obtain positivity. 

PHARMACEUTICALSS IN PD 

Long-termm exposure to peritoneal dialysis fluids, commonly used, is a major factor in affecting 

peritoneall  membrane integrity and thereby function. Therefore, PD in its present form may 

jeopardizee the integrity of the organ, on which the whole procedure is based. In the third part of 

thiss thesis administration of pharmaceuticals during chronic peritoneal exposure to dialysis fluids 

havee been described to investigate a possible protective effect on the peritoneum by applying the 

ACEE inhibitor hsinopril or by inhibition of the polyol pathway. Also an aggravation of fibrosis 

byy applying cyclosporin A in the rat model has been studied. Inhibition of the polyol pathway 

withh zopolrestat (chapter 6), an aldose reductase inhibitor, showed that this intervention, 
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whenn administered intraperitoneal!)', was effective in preventing the peritoneal damage caused 

duringg chronic exposure to conventional glucose/lactate based dialysis fluid. However, when 

zopolrestatt was administered orally during peritoneal exposure to conventional dialysis fluid, it 

evenn decreased the amount of vessels with 76% and also resulted in less fibrosis. Our finding that 

orall  administration of zopolrestat was even more effective in preventing peritoneal angiogenesis 

andd fibrosis than intraperitoneal administration, implies that in future studies in peritoneal 

dialysiss patients, oral administration may be applied, which is of course most convenient. At this 

momentt a clinically applicable aldose reductase inhibitor is not yet available. 

lhcc ACE inhibitor lisinopril was adminstered orally during chronic peritoneal exposure 

too conventional dialysis fluid and resulted in a reduction of the amount of peritoneal vessels of 

52%% after 16 weeks and 62% after 20 weeks compared to exposure only. Also, the amount of 

peritoneall  fibrosis was significantly less. So far only one short-term study in PD patients has been 

conductedd [13] in which no effect on peritoneal function was found. The short-term character of 

thiss study and the limited amount of patients could have accounted for this. A bigger group of 

patientss could be investigated and a longer follow-up would be necessary. Given the protective 

effectt on the kidney, ACE inhibitors are amongst the first choice antihypertensives in dialysis 

patients.. They have a protective effect on residual GFR and might therefore be prescribed in 

everyy PD patient. A cross-sectional study comparing PD patients that did use ACE inhibition 

andd the effects on peritoneal function is currently carried out at our center. 

Inn chapter 7 It was showrn that the known profibrotic and angiogenic effects of 

cyclosporin-AA augment the morphological peritoneal abnormalities induced by dialysate in the 

ratt model. To evaluate the implications for use of cyclosporin-A for immunosuppression after 

aa renal transplantation on long-term peritoneal dialysis patients further study is required. At 

present,, nephrologists should be aware that the conventional peritoneal dialysis solutions and 

cyclosporin-AA induce similar growth factors that may enhance the development of peritoneal 

angiogenesiss and fibrosis, possibly leading to sclerosis. This might have consequences for the 

choicee of new immunosuppressants in patients after renal transplantation. 

Inn conclusion, the administration of pharmaceutical agents to prevent peritoneal damage 

seemss a promising step. Inhibition of the polyol pathway during peritoneal dialysis in patients 

wil ll  be investigated when a clinically applicable aldose reductase inhibitor becomes available. 

Also,, a cross-sectional study on ACE inhibition has been started. 

E X P E R I M E N T ALL S O L U T I O NS 

fhee development of dialysis fluids of a more biocompatible nature to prevent this peritoneal 

damagee is very important. The newly developed lactate/bicarbonate buffered fluid proved to be 

superiorr to conventional peritoneal dialysis fluids in in vitro tests, and later also in clinical trials 

[14-16]. . 

However,, these fluids are not the complete answer to the problem as they have to be 

combinedd with high concentrations of osmotic agents, usually glucose. The combination of 

introducingg dialysis fluids with additives is an interesting option, but it is not very likely that all 

thee damaging characteristics wil l completely be blocked. 
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Inn this thesis, in the fourth part, dialysis solutions using pyruvate as a buffer instead of lactate, 

weree described. It was shown that pyruvate reduced peritoneal neoangiogenesis with 50% and 

hadd a less dramatic effect on the prevention of peritoneal fibrosis (chapter 8). However, the use 

off  filter sterilized conventional dialysis fluid (to avoid the formation of advanced glycosylation 

endd products) had a similar effect on angiogenesis and fibrosis in the chronic peritoneal exposure 

modell  in the rat (chapter 9). PYRAGG, an experimental dialysis fluid, that was developed 

especiallyy for our study, contained a combination of three osmotic agents (aminoacids 0.5%, 

glyceroll  1.4% and glucose 1%), was filter sterilized, and buffered with pyruvate. From a 

theoreticall  point of view this is the most biocompatible PD solution. This fluid not only reduced 

thee amount of vessels per field with 59% compared to infusion with conventional dialysis fluid, 

butt also tissues from rats infused with PYRAGG showed significantly less fibrosis. 

Pyruvatee has never been used on a large scale, despite its theoretical advantages. 

However,, intravenously administered pyruvate in high dosages has been used for years in the 

so-calledd pyruvate loading test, aimed to detect mitochondrial defects in oxidative metabolism 

inn children, for instance in those suspected to have Leigh syndrome [17]. In this test a high 

dosee of 910 mmol is administered in 10 minutes. This was usually well toletated although 

tachycardiaa and trembling developed in some patients. Lately, pyruvate has been reported to 

havee cardioprotective effects [18,19]. Pyruvate has been found to improve cardiac function in 

NYH AA class II-II I heart failure patients [20]. Also, it was shown that pyruvate, but not lactate, 

hadd a cardioprotective effect during cardiopulmonary bypass surgery in patients [21]. The above 

studiess indicate that dialysis solutions buffered with pyruvate are not only beneficial for the 

peritoneum,, but that the absorbed pyruvate may also have beneficial systemic effects. Whether 

thiss leads to a reduction in cardiovascular death in PD patients should be subject for further 

investigations. . 
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Peritoneall  dialysis is complicated amongst other things by damage to the peritoneum on 

thee long-term, consisting of peritoneal fibrosis and angiogenesis. The continuous exposition 

too unphysiologic conventional dialysis fluids, containing glucose as osmotic agent, glucose 

degradationn products, and lactate as a buffer are thought to be of major importance in causing 

thiss damage. The structural alterations result in functional changes, thus affecting the dialysing 

capacityy of the peritoneal membrane. 

Inn patients it is not easy to obtain peritoneal material for study, as it is important to 

leavee the peritoneum as intact as possible, to maintain its function. Therefore, animal models of 

peritoneall  exposure to dialysis fluids have been developed which give the opportunity not only 

too study peritoneal tissues in detail but also to study experimental dialysis fluids and additives. 

Al ll  studies in this thesis have been carried out in the chronic peritoneal exposure model in the 

rat. . 

Partt  1 started with a general introduction, discussing peritoneal dialysis in general and the 

ratt model in specific. Besides a review was given on the clinical advantages of new peritoneal 

dialysiss solutions, in which the various mechanisms by which conventional glucose/lactate-

basedd peritoneal dialysis solutions can induce damage to the peritoneal membrane were 

discussed.. Ultrafiltration failure due to peritoneal angiogenesis appeared the most relevant 

clinicall  manifestation of this process. Glucose and glucose degradation products in dialysis 

fluidsfluids are the most likely causative agents. The contribution of other constituents like lactate is 

moree speculative. The potential advantages of newly developed dialysis solutions and the results 

off  recent studies on their use in patients were discussed. The new dialysis solutions are important 

becausee their combined use wil l reduce the exposure of the peritoneum to glucose, glucose 

degradationn products and lactate. The clinical effects of treatment with a combination of these 

neww solutions are not known yet, but are under investigation currently. 

I nn the second part of thi s thesis some technical aspects of the chronic peritoneal exposure 

modell  in the rat are described. In chapter 3 the assessment of peritoneal fibrosis, one of the 

complicationss of chronic peritoneal dialysis and also chronic peritoneal exposure in the rat, is 

describedd because semiquantitative methods of scoring fibrosis generally are employed to describe 

fibroticfibrotic changes in peritoneal tissue specimens, which has the disadvantage of subjectivity. 

Inn this chapter a standardized semiquantitative way of scoring fibrosis, using picro-sirius red 

stainedd peritoneal tissue, was compared with the hydroxyproline content, which is considered 

too be the gold standard for quantification of collagen in other tissues than peritoneum. Also, 

aa comparison wras made between different tissues, that is mesentery, omentum and parietal 

peritoneum.. The best correlation for both methods in assessing fibrosis was found in all areas 

omentall  tissue, which makes it likely the most useful tissue for assessment of fibrosis in. 

Inn the chapter 4, markers for peritonitis in the chronic exposure model in the rat were 

described.. After completion of the experimental period, sometimes peritoneal tissues showr 

extensivee infiltrates, while the rat never showed any clinical signs of peritonitis. Alpha-2-

macroglobulinn and albumin turned out to be useful parameters for to assess subclinical peritonitis 
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duringg long-term peritoneal exposure in rars, thus excluding peritonitis as a confounder in our 

chronicc studies. 

Thee thir d part of thi s thesis describes administration of pharmaceuticals during chronic 

peritoneall  exposure. The high glucose concentrations of the dialysis solutions may saturate 

physiologicall  glucose metabolism pathways and stimulate the polyol pathway that has been 

describedd to damage nerves and vessels in diabetes mellitus. To investigate the role of the polyol 

pathwayy in the development of fibrosis and angiogenesis during chronic peritoneal exposure, 

thee rate-limiting aldose reductase in the polyol pathway was inhibited (chapter 5). Zopolrestat, 

administeredd either intraperitoneally or orally, during chronic peritoneal exposure to lactate/ 

glucosee (3.86%) dialysis fluid for 14 weeks, resulted in significantly less peritoneal and less 

peritoneall  vessels in both experimental groups in comparison to the control group. In this respect, 

orall  administration was more effective than intraperitoneal administration of zopolrestat. 

Peritoneall  fibrosis is associated with growth factors such as transforming growth factor-

beta,, connective tissue growth factor, which expressions have been shown to be stimulated 

byy angiotensin II . ACE inhibition might attenuate the production of these growth factors. In 

Chapterr 6 the influence of the ACE inhibitor lisinopril was investigated and this agent turned out 

too have a protective effect not only upon the development of fibrosis during chronic peritoneal 

exposuree for 16 and 20 weeks but also protected against the formation of peritoneal vessels. 

Thiss could have implications for the clinical situation, but this wil l first have to be confirmed in 

peritoneall  dialysis patients. 

Encapsulatingg peritoneal sclerosis is the most serious complication of peritoneal dialysis, 

withh a prevalence ranging from 0 to 4.4%. In our department 6 out of 18 patients with peritoneal 

sclerosiss had developed symptoms after kidney transplantation. They all had been treated with 

cyclosporin-A.. Ib i s therapeutic agent can induce expression of the pro-fibrotic transforming 

growthh factor-pl and causes interstitial fibrosis. Therefore it was investigated in chapter 7 if 

cyclosporin-AA might contribute to the development of peritoneal morphological and functional 

alterationss induced in the peritoneum by long-term exposure to dialysis solutions. It was shown 

thatt the known profibrotic and angiogenic effects of cyclosporin-A augment the morphological 

peritoneall  abnormalities induced by dialysate in the rat model. To evaluate the implications 

forr use of cyclosporin-A for immunosuppression after a renal transplantation on long-term 

peritoneall  dialysis patients requires further study. 

Thee fourt h part of this thesis describes the use of experimental dialysis fluids in the peritoneal 

exposuree model in the rat. In chapter 8 replacement of lactate by pyruvate as a buffer in a 

heat-sterilized,, glucose-based dialysis solution and its effects on angiogenesis and fibrosis and 

peritoneall  function have been described. Exposure to pyruvate-buffered dialysis fluid for 20 

weekss resulted in changes in peritoneal transport accompanied by reduced formation of blood 

vessels,, that showed a larger luminal area. Besides, a more marginal effect on the fibrotic 

processs was found. Although these data do not provide definitive proof of the potential use of 

pyruvatee as an alternative buffer in peritoneal dialysis patients, taken together with previously 
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publishedd data they do suggest that further investigations of its use and mechanisms of action 

aree warranted. 

Ass a follow up study a pyruvate-buffered dialysis solution, made hypertonic by combining 

loww concentrations of aminoacids, glycerol and glucose (PYRAGG), and without glucose 

degradationn products was applied in the chronic peritoneal exposure model in the rat for 20 

weekss (chapter 9). It appeared that glucose degradation products were most important in the 

preventionn of peritoneal fibrosis, but that the combination of osmotic agents has the strongest 

protectivee effect on angiogenesis. Whethter or not this was influenced by the pyruvate buffer in 

thee absence of high glucose concentrations requires further study. 
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Peritonealee dialyse heeft als complicatie onder andere dat het peritoneum op den duur beschadigd 

raaktt en deze schade bestaat uit peritoneale fibrose en angiogenese. De continue blootstelling 

vann het peritoneum aan niet fysiologische dialyse vloeistoffen wordt gezien als een van de 

belangrijkstee oorzaken voor het ontstaan van deze schade. Deze dialyse vloeistoffen bevatten 

glucosee als osmotisch agens, glucose afbraak producten en lactaat als buffer. De veranderingen 

vann de peritoneale membraan maken dat de htnetie, namelijk het dialyserende vermogen, 

vermindert. . 

Inn patiënten is het niet makkelijk om peritoneum te verkrijgen, daar het belangrijk is 

omm het peritoneum intact te houden om zo de functie niet te verstoren. Om deze reden zijn 

diermodeilenn ontwikkeld om peritoneale expositie aan dialyse vloeistoffen en interventies te 

bestuderen.. All e studies in dit proefschrift zijn uitgevoerd in een chronisch peritoneaal expositie 

modell  in de rat. 

Deell  1 startte met de general introduction, waarin peritoneale dialyse in het algemeen en het 

rattenmodell  in het bijzonder werden beschreven. Daarna volgde een review over de klinische 

voordelenn van nieuwe dialyse vloestoffen, waarin verschillende mechanismes werden belicht 

waaropp de gebruikelijke glucose/lactaat bevattende dialyse vloeistoffen schade kunnen 

veroorzakenn aan de peritoneale membraan. Ultrafiltratie falen door peritoneale angiogenese 

bleekk de meest relevante klinische manifestatie van dit proces. 

Glucosee en glucose afbraak producten in dialyse vloeistoffen zijn waarschijnlijk de 

belangrijkstee oorzakelijke factoren. De bijdrage van andere bestanddelen, zoals lactaat is meer 

speculatief.. De mogelijke voordelen van nieuwe dialyse vloeistoffen en de resultaten van recente 

studiess in patiënten werden besproken. Nieuwe dialyse vloeistoffen zijn belangrijk omdat ze in 

combinatiess gebruikt kunnen worden en zo de blootstelling van het peritoneum aan glucose, 

glucosee afbraak producten en lactaat kunnen verminderen. De klinische effecten van behandeling 

mett een combinatie van deze nieuwe vloeistoffen zijn nog niet bekend, maar worden momenteel 

onderzocht. . 

I nn het tweede deel van dit proefschrift worden enkele technische aspecten van het chronische 

peritonealee expositie model in de rat beschreven. In hoofdstuk 3 wordt het scoren van 

peritonealee fibrose, een van de complicaties van chronische peritoneale dialyse in patiënten en 

ookk van chronische peritoneale expositie in de rat behandeld. Meestal worden semiquantitaticve 

methodenn gebruikt om de fibrotische veranderingen in peritoneaal weefsel vast te leggen 

enn deze methoden zijn niet geheel objectief. In dit hoofdstuk werd een gestandaardiseerde 

semiquantitatievee manier om fibrose te scoren, met behulp van picro-sirius rood gekleurd 

peritoneaall  weefsel, vergeleken met het meten van het hydroxyproline gehalte in deze weefsels. 

Dezee laatste manier om fibrose te meten wordt beschouwrd als de gouden standaard in andere 

weefselss dan peritoneum. Verschillende weefsels werden vergeleken en de beste correlatie tussen 

dee beide methoden werd gevonden in omentum, wat aannemelijk maakt dat omentum het 

meestt bruikbaar is om peritoneale fibrose te scoren. 
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Inn hoofdstuk 4 werden markers voor peritonitis in het chronische expositie model in de rat 

beschreven.. Na het volbrengen van een experimentele periode gebeurd het een enkele keer dat 

peritonealee weefsels uitgebreide infiltraren vertonen, zonder dat de rat ooit klinische tekenen van 

peritonitiss vertoonde. Het bleek dat alpha-2-macroglobuline en albumine bruikbare parameters 

voorr het vaststellen van subklinische peritonitis waren tijdens peritoneale expositie in de rat 

opp de lange termijn. Hierdoor kan peritonitis als een confounder worden uitgesloten in ons 

model. . 

Hett  derde deel van dit proefschrift beschrijft het toedienen van geneesmiddelen tijdens 

chronischee peritoneale expositie. De hoge glucose concentraties van dialyse vloeistoffen kunnen 

eenn verzadiging van het normale, fysiologische glucose metabolisme tot gevolg hebben en zo 

resulterenn in een stimulatie van de polyol pathway, waarvan beschreven is dat deze zenuwen 

enn vaten beschadigd in diabetes mellitus. Om de mogelijke rol van de polyol pathway in het 

ontwikkelenn van fibrose en angiogcnese tijdens chronische peritoneale expositie te onderzoeken, 

werdd een van de katalysatoren, het enzym aldose reductase, geremd (hoofdstuk 5). Zopolrestat, 

eenn remmer van aldose reductase, werd ofwel intraperitoneaal ofwel oraal toegediend gelijktijdig 

mett peritoneale blootstelling aan lactaat/glucose (3.86%) dialyse vloeistof gedurende 14 weken. 

Di tt resulteerde in significant minder peritoneale fibrose en peritoneale vaten in beide met 

zopolrestatt behandelde groepen in vergelijking met de controle groep. Orale toediening van 

zopolrestatt was effectiever dan intraperitoneale toediening. 

Peritonealee fibrose is geassocieerd met groeifactoren als transforming growth factor-beta, 

connectivee tissue growth factor, waarvan aangetoond is dat de expressie gestimuleerd wordt door 

angiotensinn II . ACE inhibitie zou de productie van deze groeifactoren kunnen verminderen. 

Inn hoofdstuk 6 werd de invloed van de ACE remmer lisinopril onderzocht en deze remmer 

bleekk een beschermend effect te hebben niet alleen op de ontwikkeling van fibrose gedurende 

peritonealee blootstelling aan dialyse vloeistoffen gedurende 16 en 20 weken, maar beschermde 

ookk tegen vaatnieuwvorming. Dit zou klinische consequenties kunnen hebben, maar moet eerst 

wordenn bevestigd in peritoneale dialyse patiënten. 

Encapsulcrendee peritoneale sclerosis is de ernstigste complicatie van peritoneale dialyse, 

mett een prevalentie die varieert van 0 to 4.4%. Op onze afdeling 6 van de 18 patiënten met 

peritonealee sclerose had dit ontwikkeld na niertransplantatie. Al deze 18 patiënten waren 

behandeldd met cyclosporine A. Dit medicijn veroorkzaakt interstitiële fibrose via de expressie 

hett pro-fibrotische transforming growth factor-fil. Daarom werd in hoofdstuk 7 onderzocht 

off  cyclosporin A bijdraagt aan het ontstaan van peritoneale morfologische en functionele 

veranderingenn tijdens expositie aan dilayse vloeistoffen. Aangetoond werd dat de peritoneale 

veranderingenn tijdens blootstelling aan dialyse vloeistoffen werden verergerd door cyclosporine 

A.. Een inschatting van de klinische betekenis van het gebruik van cyclosporine A als 

immunosuppressivumm vergt meer onderzoek. 

Hett vierde deel behandelt het toepassen van experimentele dialyse vloeistoffen in het 

peritonealee expositie model in de rat. In hoofdstuk 8 werd vervanging van lactaat door pyruvaat 

alss buffer in dialyse vloeistof beschreven en de effecten hiervan op de functie en de morfologie 
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vann het peritoneum. Blootstelling van het peritoneum aan pyruvaat-gebufferde dialyse 

vloeistoffenn gedurende 20 weken resulteerde in enkele veranderingen in peritoneaal transport, 

diee samengingen met een afgenomen aantal bloedvaten, die een groter lumen hadden. Hiernaast 

werdd een minder uitgesproken beschermend effect gevonden ten aanzien van fibrose. Alhoewel 

dezee data geen definitief bewijs vormen voor het voordeel van pyruvaat als buffer boven lactaat in 

peritonealee dialyse vloeistoffen suggereren ze wel, zeker in combinatie met eerder gepubliceerde 

resultatenn met pyruvaat, dat verder onderzoek noodzakelijk is. In het verlengde hiervan werd 

onderzoekk verricht meteen pyruvaat-gebufferdedilayse vloeistoffen, hypertoon gemaakt door een 

combinatiee van lage concentraties aminozuren, glycerol en glucose (PYRAGG) en zonder glucose 

afbraakk producten. Deze vloeistof werd toegepast in het chronische peritoneale exposite model 

inn de rat gedurende 20 weken (hoofdstuk 9) en aangetoond werd dat glucose afbraak producten 

hethet belangrijkste waren in het voorkomen van peritoneale fibrose, maar dat de combinatie van 

osmotischee agentia de meest uitgesproken bescherming bood wat betreft angiogenese. Of dit 

beïnvloedd werd door pyruvaat in de afwezigheid van hoge glucose concentraties moet verder 

onderzochtt worden. 



DankwoordDankwoord 1 15 

DANKWOORD D 

Allereerstt zou ik graag Ray Krediet bedanken, die een drijvende en stimulerende kracht is 

geweestt in het tot stand komen van dit proefschrift. 

Dee studies hadden nooit kunnen gebeuren zonder heel veel hulp op het lab: Laura Zaal, 

Cindyy Dragr-Meinders, Johan Hiralall, Rudi de Waart, zeer vee! dank voor julli e inzet: met 

namee ook van Anton van de Wardt (die ik zelfs kon storen tijdens zijn huwelijksjubileum, en 

ookk vrije dagen verzette om met me te opereren), Kor Brandsma, Bert van Urk, Udo en Renee. 

Studentenn die mee hielpen aan het onderzoek waren Najat Hajji (met veel inzet) en Gregory 

Deira,, dank. 

Vann mijn eerste contact met de afdeling Pathologie af aan is dat ook erg inspirerend 

geweest,, met name door de discussies met Jan Aten, het samenwerken met Nike Claessen, en 

mett Allard van der Wal, Caroline Douma en Onno de Boer. 

Dee afdeling Nierziekten van het AMC : met name Machteld Zweers, die het rattenmodel 

heeftt ontwikkeld, Dick Struijk , Janto Surachno, professor Ineke ten Berge, Coby de Glas-Vos 

enn Frederike Bemelman, voor nimmer afnemende interesse en bemoedigende woorden. In een 

lateree fase kreeg ik meer te maken met andere mensen, die me voorgingen en met wie ik het 

contactt als zeer prettig heb ervaren: Marja Hodac-Pannekeet, Carolien Douma, Ajda Rowshani 

enn Watske Smit (snel weer Almere?). 

Eenn van de inspirende factoren is vooral ook geweest het contact met buitenlandse 

onderzoekers,, die bij ons verbleven en waarvan sommigen mee hebben geholpen bij de 

rattenexperimenten:: Alena Parikova (Tsjechië), Sema Akman (Turkije), Medhanit Aberra 

(Ethiopië),, Kiril l Komissarov (Wit Rusland), Man Fei Lam (HongKong),. 

Collega'ss van de VU: Jaap van de Born, Liesbeth Hekking, Mammad Zareie, Angelique 

Weiten,, Rob Beelen. 

Herenn commissie leden, dank voor het deel uit willen maken van de commissie. 

Dearr professor Olivier Dcvuyst, thank you for being part of my committee, I am looking 

forwardd to your questions. 

Dearr professor Bengt Lindholm, always a pleasure to meet with you. You introduced me 

too a lot of great people that I enjoyed spending time with, Yao Qiang: I hope we can meet again 

soon. . 

Dearr professor Nick Topley, I hope you wil l be able to join the ceremony, and maybe even 

bee my 'paranimf'. Thanks for your support these years. 

Professorr Jan Weening, dank voor je interesse en het feit dat ik je advies kon vragen, ik 

hebb dat erg op prijs gesteld en hoop dat we in de toekomst nog van gedachten blijven wisselen. 

Bestee Dr. Els Boeschoten, dank voor je opbeurende woorden op het laatst en het lenen 

vann je proefschrift. 

Clubb van het Murmellius (Arlette Homan, Marike de Jong, Nienke de Groot, Sanne Lowenhardt, 

Meritt Tabbers): fijn dat we al 20 jaar zoveel dingen delen en Moskou nog een keertje met mij 

erbij? ? 

Vriendenn vanaf de middelbare school en collega's : Navin Bindraban (cardiologie AMC), 
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Rogierr van Doorn (microbiologie AMC) , Gee van den Berg, snel weer afspreken en heerlijk 

pratenn over werk maar vooral ook over alle andere mooie dingen in het leven? 

Lieff  kwartet, (Martine Samsom, Steven Klusener, Cornelie Wiarda) vee! te weinig 

gespeeldd de afgelopen tijd, maar gelukkig niet alleen door mij, ook door de mooie kinderen, 

diee er geboren zijn en de nieuwe spruit die onderweg is, ik hoop wel snel weer meer met julli e te 

spelen.. Dank voor julli e steun. Dank ook aan mijn vrienden van Het Orkest (ik blij f de naam 

vreselijkk vinden), voor interesse en warmte, maakt me nog steeds zeer gelukkig met julli e te 

spelen.. Han Hulscher, toch snel weer rondje Vondelpark proberen? Jan Christiaan Oortwijn en 

Naomii  Tamura, ik hoop julli e nog veel te zien. 

Jeroenn Boomgaard, goed voorbeeld doet volgen, waarvoor dank. 

Collega'ss van GooiNoord, dank voor julli e hulp bij de overgang van onderzoek naar 

kliniekk en het opvangen van mijn werk als ik er weer eens niet was. Ook dank aan met name Dr. 

H.P.Mullcrr en Dr. W. de Graaffdat julli e me hebben aangenomen in GooiNoord, 

Antonn van der Graaf, dank voor je hulp bij de laatse loodjes. 

Lievee pap en mam, Daaf en Maris, dank voor julli e interesse. 

Lievee Oot Oosterbaan, dank voor je hulp bij de lay-out. 

Voorall  dank aan Nina Bouwman, een betere vriendin en paranimf had ik me nooit 

kunnenn voorstellen. 
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Rooss van Westrhenen, born on the 5th of April 1973 in The Netherlands, started her studies 

att the Murmellius Grammar school in Alkmaar in 1985: (Gymnasium B). During these years 

shee also studied playing the violin on the Alkmaar conservatory which she still enjoys with 

greatt passion. In 1992 she started her general medicine studies at the University of Amsterdam 

wheree she graduated in 1997. In this year she participated in a student research project studying 

"Mentall  disorders during Parkinson's disease" for the department of Neurology at the AMC 

inn Amsterdam. She also took an extra course in medical polemology and wrote a paper on 

physicianss and torture for which she was awarded the yearly paperprize by the "NVMP" (The 

Dutchh Association for Medical Polemology) in 1996. Roos van Westrhenen started her PhD 

researchh for the Nephrology Department at the University of Amsterdam in 2000. During her 

researchh she produced several articles and abstracts for which she received the "Outstanding 

Abstractt Award" in March 2002 for the best Peritoneal Dialysis abstract from the International 

Societyy for Peritoneal Dialysis during the 22nd Annual Conference in Tampa, Florida. Both 

inn July 2002 and June 2003 she received the ERA-EDTA Congress Grant during the World 

Congresss on Nephrology in Berlin and Copenhagen. In October 2002 she organized the 2nd 

scientificc meeting for the Dutch Renal PhD researchers in Amsterdam. Between 2002 and 

20044 she provided six mentorships for national and international students and researchers. 

Additionallyy she was a member of the PLAN Board Platform AIO's Nefrologie, (Dutch Renal 

PhDD researchers) and she chaired a session for the Research Day for Dutch Renal PhD researchers 

inn December 2003. Currently Roos van Westrhenen works as an internist in training at hospital 

GooiNoordd in Blaricum. 
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Figuree 1. Left panel: an example of omental tissue from an unexposed rat. Right panel: omental tissue 

fromm an exposed rat (picro-sirius red staining, magnification 20x). 

SM:: submesothelial, PV: perivascular, IS: intersegmental) 
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Figur ee 3: Stretch preparations of omental tissue (toluidine blue staining) to assess milky spots (xlOO). 

Figuree 3a Group 1: injected with 10*4 colony forming units (CFU), Figure 3b group 2: 10*6 CFU, 

Figuree 3c group 3: 10*8 CFU and figure 3d Group 4: controls 
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Figur ee 1: Representative examples from CD-31 stained omental tissue from the three groups (25x 

magnif ication). . 
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infusionn only infusion+zopolrestatt oral infusion+zopolrestat i.p. 

Figur ee 2: Representative examples trom Picrosirius red stained omental tissue from the three groups 

(25xx magnification). 
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lisinopril l 

:: Representative examples from picro-sirius red stained omental tissue from groups treated with 

andd infusion with conventional dialvsate (A) compared to infusion only for 8 weeks (B), or 

andd infusion (C) compared to infusion only for 16 weeks (D) (original magnification xlO). 



1244 Figures 

i i 

B B 

. . 

? ? 

C C 

'. '. 
\ \ 

--
• • 

"*r"*r , 

 i 

Figuree 2: Representative examples from a smooth muscle actin stained omental tissue from groups 

treatedd with lisinopril and infusion with conventional dialysate (A) compared to infusion only for 

88 weeks (B), or lisinopril and infusion (C) compared to infusion only for 16 weeks (D) (original 

magnificationn xlO). 
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Figuree 1: Representative examples trom picro-sirius red stained omental tissue from the group treated 

withh cyclosporin and infusion with conventional dialysate (A) compared to infusion only (B) (original 

magnificationn xlO). 
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Figuree 2: Representative examples from (X smooth muscle actin stained omental tissue from the group 

treatedd with cyclosporin and infusion with conventional dialysate (A) compared to infusion only (B) 

(originall  magnification xlO). 
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Figur ee 1: Rat omental tissue, aSMA-sta in ings: the upper panel shows an example from the lactate-

infusedd group, the lower panel shows an example from the pyruvate-infused group (both 10 x 

magnif ication).. The graph shows the number of vessels in all animals in the 2 groups as assessed in 

omentall  tissue (9 animals per group). 
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Figuree 1: Representative examples from picro-sirius red stained omental tissue from the group treated 

withh PYRAGG (A) compared to LF (B) and LH (C) (original magnification xlO). 
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Figuree 2: Representative examples from a smooth muscle actin stained omental tissue from the group 

treatedd with PYRAGG (A) compared to LF (B) and LH (C) (original magnification xlO). 
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