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Introduction Introduction 

Peritoneall  dialysis 
Popovichh and Monchrief [1] first introduced continuous ambulatory peritoneal 
dialysiss as treatment modality for chronic renal failure. The principle of 
peritoneall  dialysis is the transfer of excess water and waste products from the 
circulationn to the peritoneal cavity, using the peritoneum as a dialysis 
membrane.. The continuous presence of a dialysis solution in the peritoneal 
cavityy allows transfer of solutes. To achieve the removal of superfluous fluid in 
thee body an osmotic agent, most commonly glucose, is added to the dialysis 
solutions. . 

Sincee the peritoneum is a biological membrane, it may be affected by 
exogenouss and endogenous factors, e.g. the continuous exposure to non-
physiologicall  dialysis solutions and as a consequence (patho)physiological 
processess may occur within the body. In this introduction peritoneal anatomy 
andd physiology are discussed in relation to the functional characterization of the 
peritoneall  membrane. The changes that may develop due to long-term 
peritoneall  dialysis are addressed. Furthermore, experimental models for 
peritoneall  dialysis are introduced in which either repeated pharmacological 
interventionss on peritoneal physiology can be conducted, or in which the effect 
off  long-term continuous exposure to dialysis solutions on peritoneal morphology 
andd function can be investigated. 

Structuress of the peritoneum 
Thee peritoneum is formed by the parietal peritoneum, which covers the inner 
abdominall  walls, and the visceral peritoneum, which contours the majority of 
thee abdominal organs [2]. The serosal space between the visceral and parietal 
peritoneumm is called the peritoneal cavity. Under normal conditions the 
peritoneall  cavity is lined with mesothelial cells and contains a small volume of 
fluid,, most likely to provide lubrication of the internal organs to allow their 
movementt within the peritoneal cavity. During peritoneal dialysis this cavity is 
filledd with approximately 2 L of dialysis solution. 

Thee total anatomical surface area of the peritoneum has been estimated 
too average 1 m2 in adults [3,4]. About 60% of the peritoneal membrane consists 
off  the visceral peritoneum, the parietal peritoneum constitutes 10% and the 
remainingg part is formed by the omentum and mesentery. It is not well 
elucidatedd which part of the peritoneum is associated with peritoneal transport, 
andd it may vary in different species. Evisceration in rabbits resulted in marked 
reductionn of the transport rates of creatinine, dextran and para-aminohippuric 
acidd [5,6]. In rats however, evisceration induced an increase in small solute 
clearances,, such as creatinine and urea [7]. In humans, effective peritoneal 
dialysiss has been described after virtually complete resection of the small 
intestiness in a neonate [8]. In these investigations the liver was untouched. The 
liverr surface, however, appears not to make an essential contribution to overall 
peritoneall  transfer of small solutes, such as urea and creatinine. Flessner and 
Dedrickk [9] reported a contribution of the liver surface to the transport of 
sucrosee of 43% to the total transfer for the peritoneal cavity, based on a 
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theoreticall  analysis. These findings, however, could not be confirmed in 
experimentall  studies using a diffusion chamber fixed to the liver [10,11], sealing 
thee liver surface or performing hepatectomy [12]. Henderson [13] reported that 
thee part of the peritoneum involved in solute transport is markedly less than 1 
m22 based on observations of urea and inulin clearances obtained during 
peritoneall  and hemodialysis, through membranes of defined surface area. This 
latterr finding implies that the functionally effective peritoneal surface area is 
smallerr than the anatomical one. 

Thee peritoneal membrane is composed of a complex ultrastructure 
consistingg of the peritoneal blood vessels, the interstitial tissue and the 
mesotheliumm [14,15]. The parietal peritoneal blood supply occurs via the 
vasculaturee of the abdominal wall, whereas the visceral peritoneum is supplied 
byy the mesenteric and coeliac arteries [16]. The peritoneal capillaries and post-
capillaryy venules are located in the interstitium. The peritoneal capillaries consist 
off  a one layer of endothelial cells, lying on a basement membrane. Peritoneal 
endotheliumm is mainly of the continuous type, although a limited number of 
fenestratedd capillaries has been found in humans and rabbits [17]. The 
peritoneall  capillary wall is probably the most important barrier in peritoneal 
exchangee of solutes and fluid. The transfer of solutes is generally assumed to be 
size-selectivee through a pore system [18]. Peritoneal capillary permeability has 
beenn described by a three-pore-model, based on computer simulations [19-21]. 
Thee model proposes the presence of many small pores with a radius of 40-55A, 
involvedd in the transport of low molecular weight solutes. The capillary inter-
endotheliall  clefts probably represent the anatomical equivalent of these small 
pores.. A limited number of large pores with radii exceeding 150A are assumed to 
mediatee the transport of macromolecules like serum proteins. Their 
morphologicall  representative has not been clearly identified, but venular inter-
endotheliall  gaps may be the equivalent, as these gaps can be induced by certain 
vaso-activee substances [22,23]. The presence of a third, ultra small transcellular 
poree [21], could clarify the effectiveness of low molecular weight solutes, e.g. 
glucose,, as osmotic agents. Furthermore, the dissociation of water and sodium 
transportt during a hypertonic dwell can only be explained by involvement of 
ultraa small pores in fluid transport [24,25]. Aquaporin-1, a transcellular water 
channel,, has recently been demonstrated in endothelial cells of peritoneal 
capillariess and venules in rats [26] and the human peritoneum [27,28]. 

Thee peritoneal microvessels are embedded in the interstitium. The 
interstitiumm is composed of loose connective tissue, containing bundles of 
collagen,, few fibroblasts and few mast cells, within a mucopolysaccharide 
hydrogel.. The restrictive ability of the interstitium is equivocal. No size-
selectivityy of the interstitium was found in isolated cat mesentery [29], but in 
vivoo microscopy in a rat mesentery suggested the opposite [30]. In peritoneal 
dialysiss patients, the importance of size restriction of the interstitium to 
macromoleculess was unclear [31]. The peritoneal lymphatic vessels are also 
locatedd within the interstitium. The lymphatics in the subdiaphragmatic area 
containn gaps or stomata through which fluid and particles can be cleared from 
thee peritoneal cavity. These vessels drain directly via the subdiaphragmatic 

10 0 



Introduction Introduction 

lymphaticc system into the circulation [32,33]. The lymphatics in the 
submesotheliall  tissue are thought to participate to a lesser extent. 

Thee final major constituent of the peritoneum is the mesothelium. A 
monolayerr of mesothelial cells, resting on a basement membrane, contours the 
viscerall  and the parietal peritoneum. Mesothelial cells, on the luminal surface 
coveredd with microvilli , are active secretory cells which can be concluded from 
thee presence of many microexocytotic vesicles and organelles [34]. They 
producee among many other substances phosphatidylcholine, a lubricant to 
preventt adhesions of serosal surfaces [35], and cancer antigen 125. The latter 
cann be used as a marker of mesothelial mass or cell turn-over [36,37]. The 
mesotheliall  layer is assumed insignificant as restriction barrier to solutes [38]. 

Peritoneall  permeability 
FunctionalFunctional characterization of the peritoneal membrane 
Thee transport across any membrane is determined by its surface area and 
permeability.. In peritoneal dialysis with the peritoneum as dialysis membrane, 
thee effective peritoneal surface area is characterized by the number of perfused 
peritoneall  capillaries [39,40]. The effective peritoneal vascular area is in essence 
thee part of the membrane involved in solute transport. This is considerably 
smallerr than the actual peritoneal vascular surface area [13], as approximately 
25%% of the peritoneal capillaries are perfused in resting conditions [39]. 
However,, the factors determining the effective peritoneal vascular surface area 
aree not static but dynamic. The mere intraperitoneal instillation of dialysis 
solutionn in a cat caused a marked increase in blood flow in its splanchnic organs 

[41]. . 
Thee intrinsic permeability is the size-selectivity of the peritoneal 

membrane.. For macromolecules it is mainly dependent on the large pore size. In 
orderr to study the two properties of the peritoneal membrane (surface area and 
permeability),, functional characterization of these have been developed. The 
functionall  characterization of the intrinsic permeability and the effective 
peritoneall  vascular surface area can be estimated by relating the transport of a 
solutee (mass transfer area coefficient: MTAC, or clearance: C) to its free 
diffusionn coefficient in water (DJ on a double logarithmic scale [42,43]. The 
slopee of this power relationship, MTAC or C=constant-D,̂ represents the 
restrictionn coefficient. A restriction coefficient of 1.0 indicates free diffusion of 
thee solute, a higher restriction coefficient implies the presence of a size selective 
barrier.. The higher the restriction coefficient, the lower the intrinsic 
permeability.. The restriction coefficient to macromolecules was 2.37 [44], based 
onn the serum proteins {^-microglobulin, albumin, IgG and <x2-macroglobulin, 
indicatingg restricted diffusion of macromolecules from the circulation to the 
peritoneall  cavity. This restriction coefficient expresses the size selectivity and 
cann be used to characterize the peritoneal intrinsic permeability. The transfer of 
loww molecular weight solutes, such as urea, creatinine and urate, is expressed as 
masss transfer area coefficients (MTAC). The MTAC of a solute is the maximum 
clearancee by diffusion before transport has actually started. A power relationship 
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alsoo exists when the MTACs are plotted against the molecular weights of these 
smalll  solutes on a double logaritmic scale [45,46]. The slope of this regression 
linee was 1.24 [44,47]. This is only slightly higher than 1,0 which is obtained 
whenn the MTACs were related to their free diffusion coefficients in water. This 
impliess that the transfer of these low molecular weight solutes across the 
peritoneumm mainly occurs by free diffusion, with minimal restriction of the size 
selectivityy of the peritoneal membrane. Therefore, the MTAC of e.g. creatinine 
cann be used as a functional representative of the effective peritoneal vascular 
surfacee area. Changes in MTAC of creatinine in individual patients are likely to 
reflectt changes in their peritoneal vascular surface area. 

InvolvementInvolvement of nitric oxide 
Peritoneall  blood flow is unlikely to play a major role in the regulation of the 
peritoneall  vascular surface area or permeability [48-51]. Endogenous substances 
withh vasoactive properties may be involved. Nitric oxide (NO) is the final 
commonn pathway for various vasodilating processes. Endothelium derived 
relaxingg factor [52, 53], the equivalent of NO, is rapidly converted to nitrate and 
nitrite.. Nitrite is stable in fresh and spent dialysis effluent, in contrast to nitrite 
inn plasma, where it is directly converted to nitrate [54]. The nitrite 
concentrationn in peritoneal effluent is lower than that of nitrate. It appeared that 
thee effluent nitrate concentrations in stable, and uninfected peritoneal dialysis 
(PD)) patients were only dependent on the diffusion of nitrate from the 
circulationn to the peritoneal cavity [55]. Therefore, dialysate concentrations of 
thee NO metabolites nitrite and nitrate in relation to their plasma concentration 
havee been used to investigate the possible involvement of NO in the regulation 
off  peritoneal permeability. Point of interest is the formation of NO. The 
generationn of NO is catalyzed by enzymes, NO synthases [56]. The production of 
NOO through mediation of NO synthases can be inhibited by analogues of L-
arginine,, the source of NO [57,58], e.g. L-NMMA or L-NAME [59]. 
Nitrovasodilators,, such as nitroprusside [60], induce an increase in the second 
messengerr of NO, cyclic guanosine monophosphate (cGMP), leading to 
vasodilationn [60,61]. The effects of several interventions on the involvement of 
NOO in the peritoneal permeability during experimental peritoneal dialysis will be 
addressedd in chapter 1.3. 

SoluteSolute transport across the peritoneal membrane 
Solutee transport across the peritoneal membrane during peritoneal dialysis 
occurss due to diffusion and solvent drag, or convection. Diffusive transport is 
determinedd by the concentration difference between the blood and the dialysis 
solutionn in the peritoneal cavity, the concentration gradient. This is the most 
importantt transport mechanism for low molecular weight solutes. Convection is 
determinedd by the transcapillary ultrafiltration [24], because solvent drag occurs 
withh the transport of water [62]. For low molecular weight solutes the influence 
off  ultrafiltration is limited compared to diffusion during peritoneal dialysis [62], 
whereass convective transport becomes more important with the increase of the 
molecularr weight of a solute [19,44,63]. 
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FluidFluid transport during peritoneal dialysis 
Inn peritoneal dialysis the transport of fluid across the peritoneum is influenced 
byy opposing mechanisms. The osmotic pressure gradient between the blood and 
thee dialysis solution in the peritoneal cavity induces transcapillary ultrafiltration, 
increasingg the intraperitoneal volume. Fluid loss occurs by lymphatic absorption 
andd transcapillary backfiltration. The net ultrafiltration is therefore determined 
byy the transcapillary ultrafiltration and the lymphatic absorption. 

Thee transcapillary ultrafiltration is determined by the hydrostatic pressure 
gradient,, the colloid osmotic pressure gradient, the crystalloid osmotic pressure 
gradient,, the hydraulic permeability and the effective peritoneal vascular surface 
area.. The hydrostatic pressure gradient is determined by the difference between 
thee pressure in the peritoneal capillaries and the intraperitoneal pressure. The 
latterr property probably averages 17 mm Hg [65], which is dependent on the 
posturee because in recumbent position 8 mm Hg has been found [64]. The 
colloidd osmotic pressure gradient of about 26 mm Hg, induced by plasma 
proteinss [65], is directed toward the circulation because the colloid osmotic 
pressuree in the dialysis solutions is negligible due to the low concentration of 
macromolecules.. A dialysis solution containing the glucose polymer icodextrin is 
ann exception because the high concentration macromolecules induces a colloid 
osmoticc pressure gradient in the direction of the peritoneal cavity [66]. The 
crystalloidd osmotic pressure gradient is also determined by the applied osmotic 
agentt in the dialysis solution, most frequently glucose. Despite its small size 
glucosee is an effective osmotic agent. The effectiveness of an osmotic agent 
dependss on the resistance the peritoneal membrane exerts to its transport. This 
propertyy is expressed as the osmotic reflection coefficient. It can range from 0 in 
aa free passage situation, to 1 in case of total hindrance of a solute by an ideal 
semi-permeablee membrane. Due to its small size, 2.94A [67], the reflection 
coefficientt of glucose over the large pores is negligible and low over the small 
pore.. Values ranging from 0.02 to 0.05 have been reported [67-69]. However, 
thee reflection coefficient will be 1.0 across the ultrasmall pores, which explains 
thee effectiveness of glucose as osmotic agent. The effect of glucose is most 
pronouncedd in the initial phase of the dwell, but this decreases due to glucose 
absorptionn during the dwell [25,70]. The peritoneal water transport is mediated 
byy the transcellular water channels i.e. aquaporin-1 [27,71], which are 
permeablee to water but not to solutes. These can be estimated by the sieving of 
sodiumm during hypertonic dwells [24,70,72]. Sodium is used to estimate the 
dissociationn between water and small solute transport through transcellular 
waterr channels because the sodium concentration in the dialysis solution and 
uremicc plasma are similar. Therefore, when ultrafiltration through aquaporin-1 
occurss the dialysate sodium concentration will decrease due dilution in the 
initiall  phase of the dwell. The function of aquaporin-1 can be inhibited by 
mercuriall  compounds [73]. Carlsson et al. [26] described in vivo inhibition of 
transendotheliall  water transport after intra peritoneal administration of mercury 
chloridee during acute peritoneal dialysis in the rat. These authors reported a 
reductionn of the transperitoneal water flow and almost complete blockage of the 
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sievingg of sodium. It supports the hypothesis that aquaporin-1 represents the 
ultrasmalll  pore system and is involved in glucose induced ultrafiltration during 
peritoneall  dialysis. Amphotericin B has been shown to increase the water, but not 
thee electrolyte permeability of thin lipid membranes formed in vitro from sheep red 
bloodd cells dissolved in decane [74]. These observations suggest increased 
expressionn or function of aquaporin-1 in the erythrocyte cell membrane. This could 
explainn the observations of Maher et al. [75,76] describing enhanced ultrafiltration 
afterr intraperitoneal administration of a high dose of amphotericin B during short 
dwelll  exchanges in rabbits. We found similar results in three PD patients treated 
forr fungal infections with amphotericin B intraperitoneally in a therapeutic dose 
[77].. The greater net ultrafiltration was caused by increased transcapillary 
ultrafiltration.. The influence of amphotericin B and mercury chloride on 
aquaporinn mediated water transport during peritoneal dialysis is further analysed 
inn a chronic peritoneal dialysis model. This is described in part 1, chapters 1.1 and 
1.2. . 

Directt measurement of the lymphatic flow from the peritoneal cavity is 
nott possible in patients, therefore indirect methods have been developed. 
Lymphaticc absorption can be determined by the disappearance rate of 
intraperitoneall  administered macromolecular tracers, such as radio-iodated 
serumm albumin [70,78] or dextran 70 [79,80]. The disappearance rates of the 
macromolecularr tracers are constant in time [81] and independent of molecular 
sizee [82]. Normal values range from 0.4 to 1.2 mL/min [83]. However, 
increasingg the intraperitoneal pressure by external compression [64] or by 
increasingg the administered dialysis volume [84], enhanced the disappearance 
ratee of the volume marker substantially. This indirect measure can be applied as 
functionall  characterization of the effective lymphatic absorption rate from the 
peritoneall  cavity. This implies that all pathways of peritoneal lymphatic 
drainage,, both subdiaphragmatic and interstitial. 

Effectss of long-term peritoneal dialysis 
PeritonealPeritoneal transport 
Developmentt of high transport rates of low molecular weight solutes has been 
reportedd in patients undergoing long-term peritoneal dialysis, who were 
investigatedd during longitudinal follow-up [85-89], in combination with reduced 
nett ultrafiltration. The increase in dialysate-over-plasma (D/P) ratios or MTACs 
off  low molecular weight solutes with prolonged peritoneal dialysis suggests the 
developmentt of a large peritoneal vascular surface area [43,90,91]. A large 
effectivee peritoneal vascular surface induces rapid dissipation of the osmotic 
gradientt [89], and consequently the net ultrafiltration will decrease. Net 
ultrafiltrationn failure is the most important transport abnormality in long-term 
peritoneall  dialysis [87,89,90,92]. Net ultrafiltration less than 400 mL after a 4 
hourr dwell using 3.86% glucose based dialysis solution was reported as clinically 
importantt ultrafiltration failure, and proposed as definition of net ultrafiltration 
failuree [93]. Besides a large peritoneal vascular surface area, impaired aquaporin 
mediatedd water transport has been reported to induce ultrafiltration failure 
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[25,93].. Accurate estimation of aquaporin mediated water transport by the 
sievingg of sodium is of great importance, especially in the situation of a markedly 
higherr plasma sodium concentration than the one in the dialysate. Diffusion of 
sodiumm will occur from the circulation to the peritoneal cavity, blunting the 
sievingg and consequently overestimating the impairment of the aquaporin-1 
mediatedd water transport as cause of ultrafiltration failure. The rational of the 
diffusionn correction of sodium is discussed in the appendix of this thesis. 

AA high lymphatic absorption, determined by high disappearance rate of 
intraperitoneallyy administered macromolecules, can also be the cause of 
ultrafiltrationn failure [92-96], but no effect of the duration of peritoneal dialysis 
treatmentt on this parameter has been reported. The presence of an extremely 
smalll  effective peritoneal vascular surface area due to numerous adhesions, e.g. 
inn peritoneal sclerosis, also leads to impaired ultrafiltration. Combinations of the 
causess of ultrafiltration failure have been reported too [93]. 

Ann increase in the restriction coefficient to macromolecules has been 
foundd with the duration of peritoneal dialysis [47,90]. An increase in the 
restrictionn coefficient to low molecular weight solutes however was not present. 
Thiss implies an increase of the peritoneal size selectivity with the duration of 
peritoneall  dialysis. Whether this was induced by alterations in the interstial 
tissue,, e.g. by cross linking of the interstitial matrix with advance glycosylation 
endd products (AGEs), or reduction of the pore size of the large pore has not yet 
beenn elucidated. 

Thee changes in peritoneal transport that have been reported in long-term 
peritoneall  dialysis patients were also present in many patients with peritoneal 
sclerosiss [97,98]. These observations suggest that the peritoneal membrane 
alterationss found in long-term peritoneal dialysis patients may eventually 
progresss to peritoneal sclerosis. 

PeritonealPeritoneal morphology 
Investigationss of alterations in the peritoneal membrane morphology in patients 
treatedd with peritoneal dialysis have mainly focussed on the mesothelial cells 
andd the interstium in relation to peritonitis [34, 99-107]. However, the 
developmentt of peritoneal sclerosis, the most serious complication of peritoneal 
dialysis,, appeared not to be directly related to peritonitis incidence [108,98]. 
Thee mesothelial cell changes are characterized by a reactive and degenerative 
expression,, and they also show signs of metabolic activity [15,103,109]. Loss of 
organizationn of stromal collagen bundles and a patchy appearance of the 
extracellularr matrix can be present [14]. Diabetiform reduplications of the 
basementt membranes of the peritoneal capillaries have been described in 
peritoneall  dialysis patients [34,104,106]. In some cases a tanned discoloration 
andd 'leathery' appearance of the peritoneum is seen [110]. This is caused by 
advancedd glycosylation end products (AGEs) accumulation in the long-lived 
structuree proteins such as collagen and elastin [111], in combination with the 
presencee of an acellular rind of hyalinized collagen, often completely replacing 
thee mesothelium, and fibrotic changes of the peritoneal vessels [101]. Extensive 
interstitiall  fibrosis and hyalinization of the media of the vascular wall has been 
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reportedd especially in patients with ultrafiltration failure [107]. The interstitial 
fibrosisfibrosis most likely consists of type I, III and IV collagen. AGEs in the 
mesothelium,, interstitium and peritoneal capillaries have been described shortly 
afterr the start of peritoneal dialysis with glucose containing dialysis solutions 
[111-114].. Peritoneal sclerosis can develop when these fibrosing processes 
progresss extensively [116]. AGEs formation is addressed in a later paragraph. 

Causess of the membrane alterations 
Peritonitis Peritonitis 
Bothh continuous exposure to dialysis fluids and recurrent peritonitis have been 
suggestedd as mediators in the pathogenetic process of the development of the 
functionall  and morphological alterations of the peritoneal membrane during 
long-termm peritoneal dialysis. In the acute phase of infectious peritonitis 
mesotheliall  cell denudation of the peritoneal membrane can occur 
[102,117,118].. In uncomplicated episodes these cells normally regenerate 
duringg recovery [108]. However, this process of regeneration may be impaired 
orr perhaps sometimes does not occur at all [111], thereby inducing more 
permanentt alterations of the peritoneal morphology, e.g. after severe 
PseudomonasPseudomonas [119] or Staphylococcus aureus infections [116]. 

ContinuousContinuous exposure to dialysis solutions 
Thee continuous exposure to unphysiological dialysis solutions is most likely the 
moree important risk factor for the development of peritoneal tissue 
abnormalities.. The bio-incompatibility in most applied dialysis solutions is 
attributablee to the low pH 5.5, the lactate buffer, hypertonicity (334-486 
mosm/L)) and the glucose concentration (75-220 mmol/L). In vitro studies 
revealedd toxicity to mesothelial cells and neutrophils by glucose and/or the 
combinationn of low pH and lactate, as reviewed by Topley et al. [120]. In vivo, 
loww pH is probably less important because pH normalizes shortly after 
instillationn of the dialysis solution [121]. However, the peritoneal tissues are 
continuouslyy exposed to the extremely high glucose concentrations, as the 
mesotheliall  cell layer presents no barrier [122], and more than 65% is absorbed 
fromm the peritoneal cavity during a dwell [70]. This is likely to mediate the 
developmentt of morphological alterations as described in diabetes mellitus, e.g. 
depositionn of AGEs [113], reduplication of vascular basement membranes 
[34,104,106]]  and deposition of type IV collagen [107]. The vascular and 
interstitiall  changes of the peritoneal membrane that develop with the duration 
off  peritoneal dialysis, and in patients with peritoneal sclerosis are addressed in 
partt III.l . An experimental chronic peritoneal infusion model in the rat was 
designedd to investigate the development of alterations in the peritoneal 
membranee as has been found in the long-term peritoneal dialysis situation in 
patients.. In this model the development of the structural and functional changes 
off  the peritoneum could be investigated simultaneously. This model is 
introducedd and discussed in part II.2. 
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AGEsAGEs formation 
AGEss form after a complex series of reactions [114,115,123,124], starting with 
thee Maillard reaction which results in a Schiff base by the nonenzymatic 
interactionn of the carbonyl group of a sugar with the amine group of a protein. 
Thee Schiff base undergoes rearrangement into Amadori products, a reversible 
reaction,, and finally irreversible crosslinks of proteins form AGEs, such as 
pentosidinee [125] and Ne(carboxymethyl)lysine [126]. This process of non 
enzymaticc glycation and oxidation is accelerated by oxidative [127] and 
carbonyll  stress [128]. Carbonyl stress is the process of protein modification by 
carbonyll  compounds, such as malondialdehyde, methylglyoxal and 3-
deoxyglucosone,, through glycoxidation and lipoxidation [129]. These carbonyl 
compoundss are derived from carbohydrates and lipids. In diabetic patients 
hyperglycemiaa is associated with the progression of AGEs formation, the 
pathogenesiss of diabetic complications and aging [130,131]. In normoglycemic 
uremicc patients the increase in AGE's cannot be attributed to hyperglycemia, or 
justt to a decreased removal by glomerular filtration. Interestingly, the AGEs 
increasee is higher in normoglycemic uremics than in diabetic patients. This 
implicatess that uremic plasma contains either precursors or mediators to the 
Maillardd reaction, or both [129]. In peritoneal dialysis an additional factor is the 
extremelyy high glucose concentration in the dialysis solution, initiating the 
Maillardd reaction. Furthermore, during heat sterilization of the dialysis solution 
glucosee converts to reactive carbonyl compounds, such as glucoaldehydes also 
precursorss of AGEs. Recently, evidence has been obtained that the pentosidine 
concentrationn in peritoneal effluent increased in patients treated with glucose 
basedd dialysis solutions, and decreased when treated with glucose free dialysis 
solutionss whereas the plasma concentrations were not altered [132]. This 
suggestss washout of glycated proteins from the peritoneal tissue. The 
pentosidinee concentration of the effluent may reflect the glycation of peritoneal 
membranee proteins. 

InvolvementInvolvement of the growth f actors VEGF and TGF-fi in peritoneal alterations 
Thee combination of extracellular matrix proliferation and the development of a 
largee peritoneal vascular surface area resembles the abnormalities found in 
diabeticc microangiopathy [133]. Vascular endothelial growth factor, VEGF a.k.a. 
vascularr permeability factor [134], is a potent endothelial cell mitogen which 
promotess formation of new blood capillaries from existing vessels. VEGF also 
mediatess vascular hyperpermeability to serum proteins [135,136]. Its 
importancee in neoangiogenesis has been demonstrated by investigations in 
tumorr models applying antibodies that neutralize VEGF, thereby averting vessel 
neww formation and inhibiting tumor growth and metastasis [137]. 

VEGFF was found to be a mediator in the development of neoangiogenesis 
inn proliferative diabetic retinopathy [133,136,138-140]. Experimental models 
supportt this observation as retinal neovascularisation could be inhibited by 
solublee VEGF-receptor blocking proteins [141]. Although, hypoxia-induced 
expressionn of VEGF is a likely mechanism in a number of neovascularising 
diseases,, it seems plausible that high glucose levels [142,143] and advanced 
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glycationn end-products [144,145] contribute to the up-regulations of VEGF 
expressionn and progression of the diabetic retinal angiogenesis. The expression 
off  VEGF can be upregulated by several growth factors and cytokines, for 
examplee transforming growth factor ft (TGF-fs) [133,146,147]. 

TGF-Iss plays a major role in regulation of repair and regeneration in tissue 
afterr injury [148-150], TGF-fs release initiates a sequence of events that 
promotess the process of healing, such as chemoattraction of monocytes, 
neutrophilss and fibroblasts [151], induction of angiogenesis [133] and cell 
proliferation,, and increases deposition of extracellular matrix [152]. In diabetic 
nephropathyy TGF-fs has been identified as the growth factor involved in the 
accumulationn of extracellular matrix with deposition of type IV collagen [152-
154].. High glucose concentrations and the presence of advanced glycosylation 
endd products enhance TGF-Is expression, inducing expansion of the extracellular 
matrixx and the development of fibrosis [153,154]. The proteoglycan decorin 
bindss TGF-fs and consequently blocks its biological activities. Exogenous 
administrationn of decorin has been reported to suppress TGF-fs expression and 
inhibitt matrix deposition in injured glomeruli [154]. TGF-fs, on the other hand, 
inhibitss the synthesis of decorin. In the peritoneum decorin also appears to be 
involvedd in the regulation of TGF-Is activity and collagen fibril  formation [155]. 
Inn line with these observations, the presence of VEGF and TGF-fs in peritoneal 
effluentt of dialysis patients and their relationship with peritoneal permeability 
characteristicss are of great interest in the scope of the morphological alterations 
thatt develop in long-term peritoneal dialysis. These subjects are addressed in 
partt III . 

Differentt dialysis solutions 
Thee use of more biocompatible dialysis solutions may prevent the development 
off  structural and functional changes of the peritoneal membrane. Vanholder and 
Lameiree [156] and Feriani [157] reviewed a variety of solutions that differ either 
inn buffer (lactate versus bicarbonate), in sterilization procedure, (heat versus 
filterfilter  sterilization), in composition (sodium and calcium concentrations) or in 
osmoticc agents. Macromolecules, e.g. icodextrin, have been suggested as 
alternativee osmotic agent. Icodextrin has proven to be very effective during long 
dwellss [158-160], especially in patients with a large effective peritoneal vascular 
surfacee area [161]. Icodextrin is metabolized by amylase to maltose in the 
circulationn [162]. Blood however, does not contain maltase to convert maltose 
intoo glucose. To prevent tissue accumulation of maltose, icodextrin is only used 
oncee daily [163]. Low molecular weight solutes have also been suggested, e.g. 
glycerol.. Glycerol can be given four times a day [164], but it has less 
ultrafiltrationn capacity than glucose which may limit its application [165]. 
Developmentt of hyperosmolar syndrome resulting from insufficient metaboli-
zationn of glycerol has been reported [166], especially in patients with peritoneal 
absorptionn rates and no residual renal function. So far, there has not been a 
singlee solution identified as effective, safe and affordable as alternative to 
glucosee [156], despite its harmful affects. A regime of combinations with the 
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mostt biocompatible solutions seems too simple to solve the problem: a single 
solutionn without side effects has not been identified yet, and long-term effects of 
solutionn combination treatment are still under investigation. 

Experimentall  models for peritoneal dialysis 
Long-termm peritoneal dialysis has limitations and side effects. Its future therefore 
dependss on the understanding of the pathogenesis of the side effects in order to, 
att least, reduce the complications, and on innovations that wil l make the 
treatmentt more effective. A reproducible experimental model could provide this 
information. . 

Manyy experimental models of peritoneal dialysis have been reported in a 
varietyy of animals, but the majority has been described in rats and rabbits. Rat 
modelss of chronic renal failure have been described in detail, as rats are easy to 
handlee and affordable. However, rats are relatively small, leaving limited 
amountss of peritoneal effluent for analysis. Most rat models [21,30,38,167,168] 
havee focussed on peritoneal physiology in acute experiments without an 
indwellingg catheter in animals with normal renal function. Only recently, 
chronicc rat models have been introduced. Wieczorowka-Tobis et al. [169] 
reportedd a chronic non-uremic model in which twice daily peritoneal dialysis 
wass performed for up to four weeks, e.g. to investigate biocompatibility of 
dialysiss solutions. Peritoneal permeability could be assessed and peritoneal 
morphologyy was evaluated. Hekking et al. [170] described a chronic peritoneal 
infusionn experiment for a period of 12 weeks, developed as joined project with 
ourr group. Once a day 10 mL of normal saline or 3.86% glucose containing 
dialysiss solution was infused via a subcutaneous reservoir in the neck with 
attachedd peritoneal catheter. These experiments were performed to investigate 
thee effect of exposure to dialysis solutions on antibacterial defense mechanisms. 
Millerr et al. [171] and Lameire et al. [172] first reported a uremic model for 
peritoneall  dialysis. The latter study reported preliminary results of dialysis up to 
88 weeks after uremia was induced, however with major drop out due to 
insufficientt dialysis, infections and catheter malfunction. 

Thee majority of the rabbit models were aimed on either short-term 
transportt studies in anesthetized rabbits [76,173,175], or focussed on clinical 
parameterss and/or histopathological changes in a long-term experimental set up 
[176-180].. Recently, Frascasso et al. described the beneficial effects of 
glycosaminoglycanss on functional and morphological dearrangement in a rabbit 
modell  [181]. Gotloib et al. described a uremic rabbit model [182] but mortality 
andd morbidity were marked, similar to that of the uremic rat models [171,172]. 
Concludingg from the above a longitudinal model was required to allow repeated 
investigationss in a longitudinal manner. The rabbit was likely to be the most 
appropriatee model to investigate transport characteristics due to the volume of 
effluentt available for investigation. The development of a non-uremic and non-
omentectomizedd rabbit model was undertaken by us, because uremia and 
omentectomyy [182] were likely to interfere with the longevity of the model. This 
modell  and its applications are discussed in part I. To study simultaneously 
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morphologyy and function in relation to the changes that occur with long-term 
durationn of peritoneal dialysis, a non-uremic and non-omentectomized rat model 
wass developed. The choice of a rat model with normal kidney function was 
madee to be able to maintain continuous peritoneal infusion for a long period of 
time.. In the models described in literature catheter occlusion due to entrapment 
orr wrapping of the omentum was a major complication. Although the omentum 
iss very reactive, we did not perform omentectomy because of possible 
interferencee with the longitudinal set up of the model due to protein loss and 
developmentt of scar tissue and adhesions. This long-term exposure model is 
introducedd in part II. 

Aimm and oudine of the thesis 
Adversee alterations in peritoneal physiology and morphology have been reported 
too develop during long-term peritoneal dialysis treatment with glucose based 
dialysiss solutions. The pathogenesis of these complications is not completely 
elucidatedd yet. Therefore, the aim of the studies presented in this thesis was to 
developp an experimental model in the rabbit, in which the peritoneal physiology 
couldd be studied and interventions could be performed in a longitudinal manner 
too gain a better understanding of the peritoneal physiology. Furthermore, an 
attemptt was made to clarify the development and extent of structural alterations 
off  the peritoneal membrane with the duration of peritoneal dialysis. Growth 
factorss VEGF and TGF-fi were also studied in clinical studies as possible 
mediatorss involved in these peritoneal alterations. The application of a chronic 
peritoneall  infusion model in the rat allowed simultaneous monitoring of the 
changess in peritoneal morphology and function with the prolonged exposure to 
glucosee based dialysis fluid. 

Inn part I a chronic peritoneal dialysis model for repeated studies on peritoneal 
physiologyy in the rabbit will be described. In chapter 1.1 the development of the 
rabbitt model is presented. The methodology to assess the peritoneal 
permeabilityy characteristics in this model, the standard peritoneal permeability 
analysiss in the rabbit (SPAR), is introduced. A comparison was made between 
CAPDD patients and the rabbit model. In chapter 1.2 this model is applied to 
investigatee the effect of pharmacological interventions on peritoneal 
ultrafitrationn through intraperitoneal administration of amphotericin B, a drug 
whichh enhances transcellular water transport, and mercury chloride, an inhibitor 
off  aquaporin mediated water transport. In chapter 1.3 the rabbit model is used 
too investigate the effects of the intraperitoneal administration of L-arginine, a 
substratee for NO synthesis, and L-NMMA, a NO synthase inhibitor, on peritoneal 
transportt and parameters of NO synthesis during 1-hour dwells. 

Inn part II an experimental model in the rat will be described in which the effects 
off  long-term exposure to a glucose based peritoneal dialysis solution on 
peritoneall  morphology and function are investigated {chapter 111). In chapter 
11.211.2 the rational is discussed of fluid supplementation and supplementation 

20 0 



Introduction Introduction 

modalityy in relation to hypovolemia and haemoconcentration, and peritoneal 
permeabilityy characteristics during 4 hour dwells in an acute rat model using a 
standardizedd methodology. 

Inn part III clinical studies effects will be described of long-term peritoneal 
dialysiss on the peritoneal membrane. In chapter III.l  vascular and interstitial 
changess in the peritoneum of CAPD patients are described in relation to the 
durationn of the peritoneal dialysis treatment and compared to CAPD patients 
withh peritoneal sclerosis. In chapter III.2 vascular endothelial growth factor and 
transformingg growth factor-is 1 are analyzed in relation to peritoneal 
permeabilityy characteristics in a cross sectional design. In chapter III.3 local 
peritoneall  production of VEGF is addresses during glucose based peritoneal 
dialysiss and after the switch to glucose free peritoneal dialysis treatment in 
relationn to parameters of the vascular peritoneal surface area during a 
longitudinall  follow-up. 

Inn the appendix the rational to correct sodium sieving for diffusion from the 
circulationn is discussed in order to assess an accurate estimation of aquaporin 
mediatedd water transport. 
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PeritonealPeritoneal transport in experimental PD 

Abstract t 
Ann experimental peritoneal dialysis model in rabbits was developed to 
investigatee peritoneal transport characteristics during a longitudinal follow-up 
andd to assess normal values of these peritoneal transport parameters. 

Peritoneall  transport parameters were determined in conscious, 
unrestrainedd rabbits by standard peritoneal permeability analysis adjusted for 
rabbitss (SPAR). In this test a 1-hour dwell with 3.86% glucose dialysate was 
used.. Dextran 70 (1 g/L) was added to the dialysate, to allow calculation of fluid 
kinetics.. Dialysate samples were taken before, 10 and 40 minutes after 
instillationn and at the end of the dwell. Blood was drawn at the end of the dwell. 
Eighteenn female New Zealand White rabbits (2565 g) were included for catheter 
implantation.. SPARs were performed in fifteen animals, the other three were 
excludedd due to complications. The mass transfer area coefficients (MTAC) of 
thee low molecular weight solutes urea and creatinine (MTACcr) were calculated. 
Thee clearances of albumin (Claib) and IgG (Cl,^), glucose absorption and fluid 
transportt were computed. Coefficients of intra individual variation (Vc) were 
calculatedd for these parameters. 

Thee main complications were catheter obstruction and/or dislocation, 5 
rabbitss underwent uncomplicated PD during a 4 week period. Fifteen SPARs in 
155 stable rabbits were performed and analyzed to obtain normal values. Means 
andd standard deviations of the transport parameters were: NITAC^ 2.24  0.57 
ml/min,, MTACCT 1.61  0.30 miymin, Clalb 52.9  17.2 uL/min, CllgG 44.5
22.99 uiymin. The transcapillary ultrafiltration rate (TCUFR) was 0.66  0.13 
mL/minn and the lymphatic absorption rate 0.47  0.26 mL/min. The parameters 
off  solute transport were upscaled to those in humans using two different 
methods.. MTACs of low molecular weight solutes in rabbits and patients were in 
thee same order of magnitude, but the clearance of albumin was approximately 
fourr times higher in rabbits than in patients, and that of IgG eight times. In all 
rabbitss sieving of sodium was observed. The D/P of sodium decreased to a 
minimumm at 40 minutes (p<0.003 versus the initial value), followed by a rise to 
600 minutes. The minimal value was 0.884  0.002. The coefficients of variation 
calculatedd on 7 rabbits that underwent 2 or more SPARs, were similar to those 
assessedd from the patient data. This indicates stability of the model and 
reproducibilityy of the SPAR. 

Thee conscious rabbit model for peritoneal dialysis can be used for 
repeatedd studies on peritoneal transport. 

Introduction n 
Mostt models of peritoneal dialysis in rabbits have focussed on interventions in 
peritoneall  transport through experiments during short-term peritoneal dialysis in 
anesthetizedd animals [1-4]. In the limited number of longitudinal rabbit models, 
emphasiss was mainly on clinical parameters and histopathological changes [5-9]. 
AA uremic model obtained by partial nephrectomy has been reported [10], but 
mortalityy and morbidity were substantial in these uremic animals.The aim of this 
studyy was to develop a longitudinal, non-omentectomized, non-nephrectomized 
modell  in an conscious and unrestrained rabbit. A model in which fluid and 
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solutee transport across the peritoneal membrane could be investigated by 
applyingg a standardized analysis, as in CAPD patients. 

Thee model was evaluated using conventional glucose-based dialysis 
solutionss and, subsequent to the appropriate scaling, the results were compared 
withh clinical investigations of peritoneal membrane transport parameters in 
CAPDD patients [11]. 

Materialss and methods 
Rabbits Rabbits 
Specifiedd pathogen free female New Zealand White rabbits (n=18), obtained 
fromm Broekman Institute (Zomeren, The Netherlands) were included in this 
study.. The rabbits were housed solitarily in regular cages under controlled 
conditionss (temperature 19°  1°C, relative humidity 50  5%, 12/12 hour 
light/darkk cycle) and fed standard chow (Hope-Farms, Woerden, The Nether-
lands),, radiated hay (BMI, Helmond, The Netherlands) and water ad libitum. 
Thesee controlled conditions were maintained throughout the period of 
investigation.. All rabbits acclimatized for at least one week afore catheter 
implantation.. Body weight and temperature were measured every day during 
thee experimental interval. Mean body weight at the day of the catheter 
implantationn was 2565  107 g (mean  SD) and mean temperature during the 
triall  39.6°  0.2°C. Two out of the three following events were reason to 
suspectt peritonitis and to terminate the experiment: weight loss over 5% in 5 
days,, body temperature exceeding 40.2°C, a turbid effluent with or without a 
positivee Gram's stain. Peritonitis was not treated. Occlusion of the catheter or 
chronicc subcutaneous leakage were also reason to sacrifice the rabbit. 

CatheterCatheter implantation 
Thee rabbits were anesthetized with 5 mg/kg body weight xylazine i.m. and 35 
mg/kgg body weight ketamine i.m. The abdominal and neck fur was clipped and 
subsequentlyy iodined. A coiled silastic catheter with two loose dacron cuffs (Coil-
Cathh , Accurate Surgical Instruments Corporation, Toronto Canada) was 
insertedd via a small medio-lateral incision in the left flank, just below the first 
rib,rib, using a stylet. The coil was positioned in Douglas pouch. The first cuff was 
attachedd to the catheter (Medical adhesive, Fa. Biotronik, Veenendaal, The 
Netherlands)) just outside the peritoneal cavity. The external part of the catheter 
wass tunneled subcutaneously to the neck, exteriorized between the ears and 
sealedd with a titanium adapter and a plastic cap (Baxter Healthcare Co., 
Deerfieldd IL, USA). The second cuff was secured to the catheter approximately 
1.55 cm below the exit-site. Catheter length was adjusted for each rabbit. The 
implantationn procedure was performed under strict aseptic conditions. 

Dialysis Dialysis 
Thee catheter was flushed daily with 2.5 mL 5 IU/mL heparin in 0.9% NaCl for 7 
days,, following the operation, to prevent obstruction during recovery. Thereafter 
peritoneall  dialysis was performed once a day with commercially available 
dialysiss solution (Dianeal , Baxter Healthcare S.A., Ireland), containing 1.36% 
glucose.. The dialysis procedure consisted of a rapid exchange of 40 mL/kg body 
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weightt with 1.36% glucose containing dialysate, preheated to 37°C. The 
drainagee was followed by instillation of 40 mL/kg body weight dialysate minus 
thee residual volume, i.e. the previously instilled volume minus the drained 
volume.. The catheter was then filled with 5 mL 5 IU/mL heparin in 0.9% NaCl 
too avoid overnight fibrin formation in the catheter coil. The instilled dialysate 
wass left to be absorbed overnight. In- and outflow were accomplished by gravity. 
Inn some cases, the onset of outflow had to be initiated by gentle massage of the 
abdomenn of the rabbit. 

StandardStandard peritoneal permeability analysis in the rabbit 
Thee standard peritoneal permeability analysis in the rabbit (SPAR) is a 
modificationn of the human standard peritoneal permeability analysis (SPA) 
describedd by Pannekeet et al. [11]. The SPAR was performed during a 1-hour 
dwelll  with 40 mL per kilogram body weight of 3.86% glucose containing 
dialysate.. Dextran 70, 1 g/L dialysate, (Macrodex, NPBI, Emmer-Compascuum, 
Thee Netherlands or Hyskon®, Medisan Pharmaceuticals AB, Uppsala, Sweden), 
wass added to each test bag as a volume marker, to allow calculation of fluid 
kineticss [12]. The procedure included rinsing of the peritoneal cavity with 50 mL 
off  the test solution prior and subsequent to the test to avoid possible effects of a 
residuall  volume preceding the test, and to calculate the residual volume after 
thee experiment. Dialysate samples were taken before instillation of the test 
solutionn and 10, 40 and 60 minutes after completion of inflow. Blood was drawn 
att the end of the dwell from the ear vein under light sedation with etomidate 
(0.255 mL/kg body weight i.m.). The first SPAR was performed after one week of 
stablee peritoneal dialysis. The protocol was approved by the Committee of 
Animall  Ethics of the University of Amsterdam. 

Assays Assays 
Totall  dextran was determined by high performance liquid chromatography [13]. 
Sodiumm concentrations were measured by an ion selective electrode on a 
automatedd analyzer (Hitachi H747, Boehringer Mannheim, Germany). Urea and 
creatininee were determined with enzymatic methods. Urea was measured on the 
beforee mentioned automated analyzer and creatinine was determined with the 
enzymaticc PAP+ method on a Hitachi H911 automated analyzer (Boehringer, 
Mannheim,, Germany). The glucose concentration was assessed by glucose 
oxidase-peroxidasee assay (SMA II, Technicon, Terrytown, NJ, USA). Enzymatic 
methodss for the measurement of creatinine are influenced by high glucose 
concentrationss [14,15]. For the method used in our laboratory, the following 
correctionn factor (cF) was determined: cF = -3.10^.[gluc]2 +0.11.[gluc] + 105, 
inn which [glue] is the glucose concentration of the dialysate. Albumin was 
measuredd with the bromocresol green (BCG) method. In 13 experiments 
performedd in 3 different rabbits, the results of this method were compared to 
albuminn measurements using bromocresol purple (BCP). IgG was measured with 
aa peroxidase sandwich enzyme-linked immuno assay. ELISA plates (Maxisorp 
immunoplate,, NUNC, Roskilde, Denmark) were coated with IgG goat anti-
rabbit/7SS antibody (Nordic Immunology, Tilburg, The Netherlands). Horseradish 
peroxidasee labeled goat anti-rabbit IgG (H+L) was used as conjugate (Nordic 
Immunology,, Tilburg, The Netherlands) and o-phenylenediamine dihydro-
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chloridee (Sigma, St Louis, MO, USA) as substrate. The reaction was stopped by 
thee addition of 2M H2S04 to each well. Absorbance was read at 490 nm against a 
bufferr blanc and chromatographically purified rabbit IgG (Nordic Immunology, 
Tilburg,, The Netherlands) was applied as standard. 

Calculations Calculations 
Peritoneall  fluid kinetics and solute transport parameters were calculated as 
describedd previously [11,12]. In brief, transcapillary ultrafiltration increases the 
intraperitoneall  volume. Fluid loss from the peritoneal cavity is assumed to occur 
byy backfiltration and uptake in the lymphatic system. The resultant of these is 
thee net ultrafiltration. The transcapillary ultrafiltration was calculated as the 
dilutionn of dextran 70. The transcapillary ultrafiltration rate was determined by 
dividingg the transcapillary ultrafiltration by the dwell time. The convective 
disappearancee of the volume marker from the peritoneal cavity can be used as 
ann indirect method to quantify the contribution of the peritoneal lymphatics in 
thee absorption of fluid from the peritoneal cavity [16]. These calculations 
includee all pathways of uptake into the lymphatic system, both interstitial and 
subdiaphragmatic.. The change in intraperitoneal volume during the dwell can be 
calculatedd from the dilution of the volume marker after correction for 
incompletee recovery. The net ultrafiltration rate is defined as the change in 
intraperitoneall  volume divided by the dwell time. 

Thee mass transfer area coefficient (MTAC) represents the maximal 
theoreticall  diffusive clearance of a solute at t=0, before transport has actually 
started.. It depends on the effective vascular peritoneal surface area. The MTAC 
off  the low molecular weight solutes urea and creatinine were calculated 
accordingg to Waniewski et al. [17,18] with a modification for the 60 minute 
dwelll  used for our rabbit model. The solute concentration in plasma (P) was 
expressedd per volume of plasma water (18). The following equation was used: 

MTAQmUmm)^MTAQmUmm)^ VV.\n.\nKK HPHP~~DD^ ^ 
tt  Vt

05{P-D t) 

inn which V10 is the intraperitoneal volume at time t=10, D10 the dialysate 
concentrationn at time t=10 min, Vt and Dt are these parameters at time t=60 
min.. V represents the mean intraperitoneal volume, calculated as the area under 
thee intraperitoneal volume versus time curve, divided by the dwell time. The 
applicationn of the correction factor 0.5 as the exponent of the intraperitoneal 
volumee at time t=10 min and time t=60 min corrects for convective transport 
[17].. The glucose absorption was estimated as the difference between the 
instilledd and the recovered amount of glucose, relative to the amount of glucose 
instilled.. The clearances of albumin and IgG were calculated according to the 
equation:: Cl(mL/min) = (D.V)/(P.t), in which CI is the clearance, D is the 
dialysatee concentration, V is the dialysate volume at the end of the dwell, P 
representss the plasma concentration and t is the dwell time. The results were 
comparedd with those obtained in CAPD patients. Therefore, the MTACs of urea 
andd creatinine and the clearances of albumin and IgG were also expressed per 
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Tablee 1 . Complications 
Complication Complication 
obstruction/dislocation n 
scc leakage 
peritonitis s 
exit-site/tunnell  infection 
diarrhea a 
paralysiss lower legs 

0-20-2 weeks 
l a a 

l a a 

2a a 

2 2 
0 0 
0 0 

Earlyy complications, 0-2 weeks after catheter implantation, and late complications, 2-4 
weekss after catheter implantation. a: complications considered to be caused by 
inexperience. . 

1.733 m2 body surface area and per 70 kg body weight. Upscaling to 1.73 m2 was 
donee by dividing the calculated values by 0.23, which is the mean body surface 
areaa of rabbits with a mean body weight of 2.6 kg [19,20] and subsequent 
multiplicationn with 1.73, method 1. The other approach is scaling to body 
weightt by dividing 70 kg, mean body weight of a patient, by the rabbit body 
weightt taken to the power 0.667 [20], method 2. 

StatisticalStatistical analysis 
Thee data are expressed as mean values and standard deviations (SD) of the 
measurementss and calculations. Student's t-test for paired data was applied to 
assess the differences in the rabbit D/PNa+. The agreement of the solute and fluid 
transportt parameters between rabbits and CAPD patients were investigated by 
Student'ss t-test for unpaired data. Bland and Altman analysis was used to 
comparee the methods for the determination of creatinine and albumin. 
Correlationss were calculated using the method of least squares [21]. The intra-
individuall  coefficients of variation (Vc) of all rabbits as a group were determined 
ass the over-all standard deviation divided by the mean of the total number of 
experimentss (m) and multiplied by 100. The over-all standard deviation was 
definedd as the square root of the mean of the squares of the standard deviations 
off  each experiment. The following equation was applied, in which n represents 
thee total number of experiments: 

JJ (SD1
2
 + SD2V..SD„2) 

Vc-Vc-  ̂ .100 
m m 

Results s 
Model Model 
Peritoneall  catheters were implanted in 18 rabbits. Three rabbits were excluded 
forr peritoneal permeability analysis and sacrificed within 2 weeks after catheter 
implantation.. Two of them had peritonitis in combination with a tunnel infection 
andd the other had catheter dysfunction. Early complications were defined as the 
complicationss encountered during the first two weeks after catheter 
implantation.. These were exit-site infection (n=2), peritonitis (n=2), 
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Tablee 2. Peritoneal transport parameters in 15 rabbits and 40 stable GAPD patients 
parameter parameter 
dwelll  time (min) 
glucosee concentration (%) 
instilledd volume 
solutesolute transport 
MTACureaa (mL/min) 
MTACCTT (mL/min) 
glucosee absorption (%)e 

clearancee albumin (jJL/min) 
clearancee IgG (uL/min) 
fluidfluid transport 
ELARR (mL/min) 
TCUFRR (mL/min) 
residuall  volume (%)eg 

rabbits s 
60 0 

3.86 6 
400 mL/kg 
methodmethod la 

16.88 (4.3) 
12.22 (2.2)c 

59(8) ) 
3988 (129)f 

3355 (173)f 

3.400 (1.98)' 
4.955 (1.00)f 

6.33 (4.5)d 

methodmethod 2b 

20.33 (5.4)c 

14.77 (3.0)d 

4822 (170)f 

4088 (226)' 

4.600 (2.22)' 
5.988 (1.26)f 

CAPDCAPD pts 
240 0 
1.36 6 
2L L 

17.55 (3.0) 
10.22 (2.2) 

61(9) ) 
899 (27) 
422 (14) 

0.755 (0.18) 
1.055 (0.39) 

100 (4.2) 
Parameters,, mean (SD), were obtained by standardized peritoneal permeability 
analysess in rabbits and stable CAPD patients (pts). aMethod 1: upscaled to 1.73 m2, 
bmethodd 2: upscaled to 70 kg body weight, MTACcr: mass transfer area coefficient of 
creatinine,, ELAR: effective lymphatic absorption rate, TCUFR: transcapillary ultrafiltra-
tionn rate, c:p<0.005, d:p<0.0003 significantly different from the values in patients, eno 
upscalingg applied,f :p<0.0001, ^percentage of the instilled volume. 

subcutaneouss leakage (n=l) and catheter dysfunction caused by dislocation 
(n= l ) .. Late complications are those occurring during the dialysis period. They 
consistedd mainly of catheter obstruction, or dysfunction of the catheter caused 
byy dislocation of the coil (n=8) (Table 1). In a pilot experiment the instilled 
volumee was increased to 45 mL/kg body weight. This however caused distress 
andd subcutaneous leakage at the position of the extraperitoneal cuff. The setup 
off  the model was to perform 3 standard peritoneal permeability analyses per 
weekk in each rabbit with a maximum of 10, subsequent to one week of stable 
peritoneall  dialysis. At least one of the 3 SPARs was an experiment without drug 
intervention,, a control SPAR. The SPARs with drug interventions will be 
reportedd in separate papers. A total of 67 peritoneal permeability analyses were 
performedd in 15 rabbits, 30 of which were control experiments. Five out of 15 
rabbitss underwent 7 or more SPARs during at least four weeks of uncomplicated 
peritoneall  dialysis. 

SoluteSolute transport 
Thee 15 first SPARs without drug intervention, performed in 15 rabbits, were 
analyzedd to obtain baseline values. The mean value of the MTAC of urea was 
2.244  0.57 mL/min, the MTAC of creatinine with correction for overestimation 
byy high glucose concentrations was 1.61  0.30 mL/min and 1.87  0.36 
mL/minn without this correction. The mean glucose absorption was 59  8.1%, 
thee albumin clearance 52.9  17.3 uL/min and the clearance of IgG 44.5  22.9 
uL/min.. Analysis of agreement between the MTAC of creatinine determined with 
andd without correction for overestimation by high glucose concentrations 
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Figuree 1 left panel. Analysis of agreement between the MTAC of creatinine (MTAC„ ) with and 
withoutt correction for overestimation caused by high glucose concentrations in the dialysate 
determinedd by a Bland and Altman analysis. Data from 15 first SPARs in 15 rabbits. A strong 
correlationn was present between the mean and the difference of the uncorrected and corrected 
MTACCJ.. Figure 1 right panel. Comparison of the BCG and BCP method showed no indication of 
aa systemic error relative to the magnitude of the albumin concentration. Data were obtained 
fromm 13 SPARs performed in 3 rabbits. Mean of the differences (-), and mean  2SD (—) are 
shown. . 

showedd a mean overestimation of the MTAC of creatinine of 0.26 mL/min when 
noo glucose correction was made (Figure 1, left panel). Moreover, a correlation 
wass present between the MTAC differences and means (r= 0.83, p<0.0001). 
Thiss implies that systematic errors were present relative to the magnitude of the 
MTACs:: the overestimation was more pronounced the greater the MTAC. A 
similarr comparison of the BCG and BCP method for the measurement of albumin 
showedd no overestimation, and the differences were randomly distributed when 
plottedd against their means (Figure 1, right panel). 

Tablee 2 depicts the transport data after upscaling with the 2 different 
scalingg methods, compared to the data obtained in adult CAPD patients. With 
exceptionn of the macromolecules, the transport values of the low molecular 
weightt solutes were in the same order of magnitude as the human adult data. 
Thee corrected albumin clearance was 398  129 uL/min/1.73 m2, 
approximatelyy four times greater than the albumin clearance in PD patients. The 
clearancee of IgG was approximately eight times greater. 

Thee time course of the transcapillary ultrafiltration, the lymphatic 
absorptionn and the change in intraperitoneal volume are shown in Figure 2. The 
effectivee lymphatic absorption rate was 0.47  0.26 mlVmin and the 
transcapillaryy ultrafiltration rate 0.66  0.13 miymin without correction for 
bodyy surface area. The residual volume, calculated as a percentage of the 
instilledd volume, was significantly lower (p<0.003) in rabbits compared to the 
residuall  volume calculated for CAPD patients. A dissociation between the 
transportt of water and sodium was observed in each rabbit in the initial phase of 
thee dwell. The initial D/PNa of 0.903  0.013 decreased to 0.884  0.011 
(p<0.003)) within 40 minutes after installation, followed by an increase to 0.899 

 0.021 at 60 minutes. 
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Figuree 2. Fluid profile plotted as the time course of the transcapillary ultrafiltration ) 
^ndd lymphatic absorption ) resulting in the change of intraperitoneal volume (A)
Meanss and SEM are given, obtained from 15 first SPARs in 15 rabbits. 

Inn 7 of the 15 rabbits, 2 to 5 SPARs without drug intervention were 
performed.. The total number of control SPARs in these animals was 21. The 
intraa individual coefficients of variation of the transport parameters were 
calculatedd on the basis of these 21 observations. The results were compared to 
thosee obtained from 92 SPAs done in 40 CAPD patients (Table 3), in whom at 
leastt 2 investigations had been performed with 1.36% glucose containing 
dialysatee during a 4-hour dwell. Figure 3 shows small variations in the time 
coursee of the transcapillary ultrafiltration in 3 rabbits, in whom 4 or more 
controll  SPARs were performed. The results of the intra individual coefficients of 
variationn are presented in Table 3. The values for the transport of low molecular 
weightt solutes were similar in rabbits, but those for fluid transport were lower 
thann in CAPD patients. The coefficient of variation of albumin determined with 
thee BCP method was marginally smaller (15%) than that of the BCG method 
(16%).. A comparison with the coefficients of variation in CAPD patients is 
inappropriatee because here albumin was measured with nephelometry. Serum 
concentrationss of total protein, albumin and IgG did not change significantly 
duringg the observation period in these 7 rabbits. The intra individual coefficients 
off  variation of the plasma macromolecules were 3% for total protein, 4% for 
albuminn and 20% for IgG. 

Discussion n 
Ourr study showed that daily dialysis for four weeks was possible in this rabbit 
model.. Furthermore, frequent measurement of peritoneal permeability 
characteristicss during this period, yielded reproducible results and emphasized 
thee stability of the model. Part of the early complications encountered during 
thee development of the model could be explained by inexperience and were 
thereforee potentially avoidable. Catheter occlusion caused by omentum wrap-
pingg during the intervention period of dialysis, two to four weeks after catheter 
implantationn was the main complication. Omentectomy was not performed, 
becausee this procedure has been reported to cause substantial proteinloss [5,10]. 
Thiss would interfere with the longitudinal setup of the model. 
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Tablee 3. Coefficients of intra individual variation of peritoneal solute and fluid 
transportt in rabbits and stable CAPD patients. 

parameterparameter rabbit CAPD pts 
VcVc (%) Vc (%) 

solutesolute transport 
MTACureaa 14 9 
MTACcrr 19 14 
glucosee absorption 9 9 
clearancee albumin 15 24 
clearancee IgG 25 34 
fluidfluid transport 
ELAR R 
TCUFR R 
residuall  volume 

22 2 
6 6 
17 7 

30 0 
21 1 
34 4 

Vc:: intra individual coefficients of variation calculated in 7 rabbits with a total of 21 
SPARss without interventions and compared to the those of 40 CAPD patients with a 
totall  of 92 SPAs. 

Thee peritoneal transport characteristics were assessed by a standard peritoneal 
permeabilityy analysis for rabbits, SPAR, during a 1-hour dwell with 3.86% 
containingg dialysate. This duration was chosen because pilot experiments had 
shownn that near equilibrium between plasma and dialysate concentrations of 
loww molecular weight solutes was present after a 2-hour dwell. The high glucose 
concentrationn was necessary because otherwise net fluid absorption would have 
occurredd in all rabbits, and to assess the time course of the dialysate 
concentrationn of sodium. Similar to the situation in humans, the D/P Na+ ratio 
cann be used to assess aquaporin-mediated water transport [22]. The rabbit data 
weree scaled to body surface area and body weight and compared with those of 
stablee PD patients. The human values were obtained by a standardized analysis 
(SPA)) during a 4-hour dwell using 1.36% glucose dialysate as osmotic agent 
[11]. . 

Thee MTACs of urea and creatinine in rabbits were not essentially different 
fromm the values obtained in CAPD patients after correction for body surface area. 
Sincee these MTACs mainly reflect the vascular peritoneal surface area [23], it is 
likelyy that the relationship between body surface area and peritoneal surface 
areaa in rabbits is similar to that in adult CAPD patients. This is in accordance 
withh anatomic data: it can be calculated from the paper of Esperanca and Collins 
[24]]  that the ratio between peritoneal surface area and body surface area in 
adultss averages 0.60. A similar ratio of 0.58 could be calculated from their data 
forr infants assuming a length of 50 cm. Although the instilled volume in rabbits 
wass 40 mL/kg body weight, and 30 ml/kg body weight in humans, the instilled 
volumee per body surface area in rabbits was only 40 % of that used in adult 
CAPDD patients. This may explain the rapid equilibration found in rabbits, 
necessitatingg the use of 1-hour dwells. 

Thee MTAC values of creatinine calculated on uncorrected measurements 
off  this solute were rather close to those obtained for urea, despite the difference 
inn molecular weight between the substances. This was caused by glucose 
interference.. Although it is generally known that glucose interferes with the 
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Jafféé method for measurement of creatinine [25], interference can also occur 
withh enzymatic methods in the presence of extremely high glucose 
concentrations,, as is the case with 3.86% glucose dialysate [14,15]. Especially in 
modelss with normal renal function the absolute difference between dialysate and 
plasmaa concentrations is so small that even limited glucose interference can 
substantiallyy influence the results of the MTAC of creatinine. 

Thee transcapillary ultrafiltration rate was greater in rabbits investigated 
withh 3.86% glucose dialysate than in humans investigated with 1.36% glucose. 
However,, the values were not essentially different from those obtained with 
3.86%% glucose dialysate in 10 stable CAPD patients [26]. The effective lymphatic 
absorptionn rate was, however, four times higher in rabbits than in CAPD 
patients.. This may explain the negative net ultrafiltration found with 1.36% 
glucosee dialysate in our pilot study. Furthermore, it may explain the finding that 
thee glucose absorption after one hour in the rabbit was similar to that after a 4-
hourr dwell in CAPD patients. The values we found for the effective lymphatic 
absorptionn rates were in accordance with those obtained by Fox et al. in 
consciouss and anesthetized rabbits [27]. It is likely that the greater fil l volumes 
perr kg body weight used in the rabbits compared to adult PD patients, caused a 
riserise in intraperitoneal pressure, leading to an increased dextran absorption rate 
[28-30].. In rats a relationship has also been found between instilled volume and 
thee peritoneal fluid absorption rate [31]. 

Thee clearance of albumin and other macromolecules [28,31,32] is 
unaffectedd by either high fill  volumes or dialysate glucose concentrations. 
However,, a fourfold greater albumin clearance and an approximately eight times 
greaterr IgG clearance were observed after a 1-hour 3.86% glucose dwell in our 
rabbits.. This was not likely to be caused by the methods of measurement. For 
albuminn both the BCG and the BCP method yielded similar results. Although no 
comparisonn could be made with the nephelometric method used for CAPD 
patients,, a method difference is not likely to cause a difference of this magnitude 
[33]]  in the albumin clearance. IgG was measured, both in rabbits and in 
patients,, by immuno-assays, but different ones. Again it is not likely that 
determinationn of IgG by either nephelometry or ELISA would cause a difference 
off  this magnitude. Possible explanations could be local production of IgG by the 
milky-spott like structures in the greater omentum of rabbits [34] in combination 
withh a species specific greater number of large pores relative to the number of 
smalll  pores in rabbits, or the absence of uremia in the model. However, the 
scarcee data on this subject suggest that uremia may be associated with increased 
peritoneall  permeability [35]. An artifact caused by upscaling is not conceivable, 
ass peritoneal albumin clearances in children were not different when compared 
withh transport of low molecular weight solutes [unpublished]. The protein loss 
duringg the SPARs did not lead to a decreased serum concentrations of total 
protein,, albumin and IgG as the concentrations of these macromolecules did not 
changee during the observation period. It can be concluded that the chronic 
consciouss rabbit model for peritoneal dialysis can be used for repeated 
investigationss on peritoneal transport. The results are similar to those in CAPD 
patientss regarding to the transport of low molecular weight solutes, the sieving 
off  Na+ and transcapillary ultrafiltration. However, the clearances of albumin and 
IgG,, and the effective lymphatic absorption rate are higher. 
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Figuree 3. The time course of the transcapillary ultrafiltration of repeated control SPARs 
inn 3 different rabbits. 
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Abstract t 
Thee effect of glucose induced ultrafiltration in peritoneal dialysis is dependent on 
thee presence and function of ultra small transendothelial cell water channels. The 
mercuryy sensitive aquaporin-1 is considered to represent these transcellular pores. 
Amphotericinn B has been reported to increase ultrafiltration in both experimental 
andd patient studies. The objective of this study was to investigate the hypothesis that 
intraperitoneall  amphotericin B increases and mercury chloride inhibits aquaporin-1 
mediatedd water transport in a chronic peritoneal dialysis model in the rabbit. 

Eighteenn female New Zeeland White rabbits were included for peritoneal 
catheterr implantation. Peritoneal transport parameters were determined in all 
rabbitss by standard peritoneal permeability analysis (SPAR) with 3.86% glucose 
basedd dialysis solution during a 1-hour dwell prior the intervention SPARs, as a 
control.. Amphotericin B (0.06 mg/kg body weight) was added to the dialysate for 3 
(n=9)) or 5 consecutive days (n=5) before investigation. Four rabbits were 
investigatedd after 3 days intraperitoneal administration (ip) 0.6 mg/kg body weight 
amphotericinn B. In 3 rabbits 0.06 mg/kg body weight liposomal amphotericin B was 
administeredd ip during 3 days before intervention SPAR. Fourteen rabbits were 
investigatedd during a 1-hour dwell with 0.1 mM HgCl2 containing 3.86% glucose 
basedd dialysis solution, while they were anesthetized. Three of these underwent In 
vivovivo fixation with glutaraldehyde prior to the HgCl2 SPAR to prevent toxic effects of 
mercuryy on peritoneal tissues. 

Intraperitoneall  administration of amphotericin B enhanced the change in 
intraperitoneall  volume during a 1 hour dwell after 3 days ip treatment with the low 
dosee (p<0.02), but it did not affect peritoneal solute permeability. The effect on the 
ultrafiltrationn was likely mediated by transcellular water channels, but not by 
aquaporin-1.. No beneficial effects on the ultrafiltration were found with prolonged 
treatmentt or with the higher dose. Ultrafiltration decreased (8 ml/hour to 1 
ml/hour,, p<0.03) after ip administration of HgCl2 with and without in vivo fixation, 
accompaniedd by a significant decrease in aquaporin mediated water transport, 
estimatedd as the sieving of sodium (p<0.001). Marked increases in the clearances of 
macromoleculess were found after ip HgCl2 administration due to toxic effects: total 
proteinn clearance increased from 97 to 172 ju,l/min, p<0.005, and albumin clearance 
fromm 59 to 158 /ul/min, p<0.005. These changes were less pronounced after in vivo 
fixation. fixation. 

Inn conclusion, amphotericin B has likely no clinical relevance in treatment of 
ultrafiltrationn failure in PD patients. Aquaporin mediated water transport could be 
inhibitedd and consequently ultrafiltration was reduced by ip administration of 
mercuryy chloride in our rabbit model. 

Introductio n n 
Thee effectiveness of glucose as osmotic agent in peritoneal dialysis is dependent on 
thee presence and function of ultra small pores in the vascular wall of the peritoneal 
microvesselss [1,2]. The water channel aquaporin-1, which is the most important 
waterr channel in the cell membrane of red blood cells and in the proximal ruble [3] 
iss also present in endothelial cells of peritoneal venules and capillaries [4,5]. Its 
functionn is dependent on the presence of a crystalloid osmotic pressure gradient. 
Thee function of aquaporin-1 can be inhibited by mercurial compounds [6]. Carlsson 
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ett al. described in vivo inhibition of transendothelial water transport after intra 
peritoneall  administration of mercury chloride during acute peritoneal dialysis in the 
ratt [7]. Reduction of the transperitoneal water flow and almost complete inhibition 
off  the transendothelial water transport, estimated by the sieving of sodium, was 
reported.. This supports the hypothesis that aquaporin-1 represents the ultrasmall 
poree system and is involved in glucose induced ultrafiltration during peritoneal 
dialysis. . 

Amphotericinn B has been shown to increase the water, but not the electrolyte 
permeabilityy of thin lipid membranes formed in vitro from sheep red blood cells 
dissolvedd in decane [8]. These findings suggest enhanced expression or function of 
aquaporin-11 in the erythrocyte cell membrane. This could explain the observations 
off  Maher et al. [9,10] describing increased ultrafiltration after intraperitoneal 
administrationn of a high dose of amphotericin B during short dwell exchanges in 
rabbits.. We found similar results in three PD patients treated for fungal infections 
withh amphotericin B intraperitoneally in a therapeutic dose [11]. The greater net 
ultrafiltrationn was caused by increased transcapillary ultrafiltration. 
Thee objective of the present study was to investigate the hypothesis that 
intraperitoneall  amphotericin B increases and intraperitoneal mercury chloride 
inhibitss aquaporin-1 mediated water transport in a chronic peritoneal dialysis model 
inn the rabbit. Therefore, amphotericin B was added to the dialysate for 3 or 5 
consecutivee days previous to the investigation. The inhibitory effect of ip HgCl2 on 
aquaporinn mediated water transport was studied in anesthetized rabbits. 
Standardisedd peritoneal permeability analyses were performed to investigate the 
effectss of these interventions on the peritoneal solute and fluid transport. 

Materiall  and methods 
Ann adult coil silastic catheter (Coil-Cath™, Accurate Surgical Instruments Corporati-
on,, Toronto Canada) was implanted in eighteen non-uremic, non-omentectomized 
femalee New Zealand White rabbits (Broekman Institute, Zomeren, The 
Netherlands).. Subsequent to implantation the catheter was flushed daily for 7 days 
withh 2.5 mL heparin solution (5 IU/mL in 0.9% NaCl). Thereafter peritoneal dialysis 
wass performed once a day with a commercially available 1.36% glucose containing 
dialysiss solution (Dianeal , Baxter Healthcare S.A., Ireland). A rapid exchange of 40 
mL/kgg body weight, preheated to 37°C, was followed by instillation of die same 
volumee minus the residual volume of the exchange. The instilled dialysate was left 
too be absorbed overnight. After at least one week of peritoneal dialysis, the 
peritoneall  permeability was investigated by means of a standard peritoneal 
permeabilityy analysis in rabbits (SPAR) [12]. The SPAR is a modification of the 
humann standard peritoneal permeability analysis [13]. It uses 1-hour dwells of 40 
mL/kgg body weight 3.86% glucose dialysate. Dextran 70, 1 g/L, (Macrodex®, NPBI, 
Emmer-Compascuum,, The Netherlands or Hyskon* Medisan Pharmaceuticals AB, 
Uppsala,, Sweden) was added to the test solution to allow calculation of the fluid 
kineticss [14]. Median body weight on the control SPAR day was 2670 g (2364-3159 

g). . 
Groupp 1 consisted of 9 unanesthetized rabbits in which a pre-intervention 

SPARR (control) was performed. These 9 animals were also investigated after 3 days 
intraperitoneall  administration of amphotericin B, 0.06 mg/kg body weight 
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(amphotericinn B dissolved in sodium desoxycholate: Fungizone® Bristol-Myers 
Squibbb BV, Woerden, The Netherlands), added to the dialysate. On the third day a 
SPARR was performed with the same dose amphotericin B. Five of these nine rabbits 
weree also investigated after 5 consecutive days of i.p. administration of amphotericin 
B.. Group 2 contained four rabbits in which the control SPARs were compared with 
thee data obtained after 3 days i.p. administration of 0.6 mg/kg amphotericin B. 
Groupp 3 consisted of 3 rabbits in which paired observations of a control SPAR and a 
SPARR after i.p. treatment with 0.06 mg/kg liposomal amphotericin B (AmBisome®, 
Vestarr Benelux BV, Odilienburg, The Netherlands) for 3 days were assessed. 
Fourteenn rabbits of the whole group were anesthetized with a mix of 5 mg/kg 
xylazinee and 35 mg/kg ketamine i.m., for a SPAR with 0.1 mM HgCl2 containing 
3.86%% glucose dialysate. In three of these anesthetized animals an in vivo fixation 
wass performed with 50 mL 1% glutaraldehyde (Sigma Chemicals Co., St. Louis, 
MO)) diluted in a phosphate buffer pH 7.4 during 1.5 min [7], directly preceding the 
HgCl22 SPAR. The rabbits included for the SPAR with the mercurial compound were 
sacrificedd immediately thereafter. All rabbits underwent a control SPAR before the 
interventionn experiments were carried out. The protocol was approved by the 
Committeee of Animal Ethics of the University of Amsterdam. 

LaboratoryLaboratory methods 
Sodiumm concentrations were assessed by an ion selective electrode on a automated 
analyzerr (Hitachi H747, Boehringer Mannheim, Germany). Urea was also deter-
minedd on this analyzer, using an enzymatic method. Creatinine was measured with 
ann enzymatic PAP+ assay on another automated analyzer (Hitachi H911, Boehringer 
Mannheim,, Germany). The glucose concentration was assessed by glucose oxidase-
peroxidasee assay (SMA II, Thechnicon, Terrytown, USA). Enzymatic methods for the 
measurementt creatinine are influenced by the high glucose concentrations in 
dialysatess [15,16]. For the method used in our laboratory, the following correction 
factorr (cF) was calculated: cF=-3.10^.[gluc]2+0.11.[gluc] + 105, in which [glue] is 
thee glucose concentration of the dialysate. Total protein concentration was assessed 
inn plasma and dialysate samples of the mercury chloride SPARas with or without 
prefixationn and the paired controles by spectrophotometry on an automated 
analyzerr (Hitachi H747, Boehringer Mannheim, Germany). Albumin was 
determinedd with the broom cresol green (BCG) method. IgG was measured with a 
peroxidasee sandwich enzyme-linked immuno sorbent assay. ELISA plates (Maxisorp 
immunoplate,, NUNC, Roskilde, Denmark) were coated with IgG goat anti-rabbit/7S 
antibodyy (Nordic Immunology, Tilburg, The Netherlands). Horseradish peroxidase 
labeledd goat anti-rabbit IgG (H+L) was used as conjugate (Nordic Immunology, 
Tilburg,, The Netherlands) and o-phenylenediamine dihydrochloride (Sigma, St 
Louis,, MO, USA) as substrate. The reaction was stopped by the addition of 2M 
H2S044 to each well. Absorbance was read at 490 nm against a buffer blanc and 
chromatographicallyy purified rabbit IgG (Nordic Immunology, Tilburg, The 
Netherlands)) was applied as standard. Total dextran was determined by high 
performancee liquid chromatography [17]. 

Calculations Calculations 
Peritoneall  solute transport parameters and fluid kinetics were calculated as has been 
describedd previously [12-14]. In brief, the transport of the low molecular weight 
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solutess urea and creatinine, was expressed as die mass transfer area coefficients 
(MTAC)) according to Waniewski et al. [18] with a modification for the 60 minute 
dwelll  applied in this rabbit model. The solute concentration was expressed per 
volumee of plasma water [19]. The MTACs were calculated according the following 
equation: : 

MTAC(mLlnun)=MTAC(mLlnun)=VV \nV™5{PDm) 

tt V°5(P-Dt) 

inn which P (mmol/L) is die plasma concentration of the solute. Vw (mL) represents 
diee intraperitoneal volume at time t= 10 min and Dw (mmol/L) die dialysate 
concentrationn at time t= 10 min, whereas V, and D, are these parameters at the end 
off  the dwell. V is the mean intraperitoneal volume (mL). This is the volume 
determinedd as the area under the intraperitoneal volume versus the time curve, 
dividedd by die dwell time. The application of the correction factor 0.5 as the 
exponentt of the intraperitoneal volume at time t=10 and t=60 min, corrects for 
convectivee transport [18]. The glucose absorption was estimated as the difference 
betweenn the instilled and the recovered amount of glucose, relative to the amount of 
glucosee instilled. The clearances of albumin and IgG were calculated according to 
thee equation: Cl(mL/min) = (D-V)/(P-t), in which CI represents the clearance, D 
(mg/L)) is die dialysate concentration and V (mL) the volume at the end of the 
dwell.. P represents the plasma concentration (g/L) and t is the dwell time (min). 

Fluidd transport across the peritoneum during peritoneal dialysis is influenced 
byy opposing mechanisms. The intraperitoneal volume increases by transcapillary 
ultrafiltration.. Fluid loss from die peritoneal cavity is assumed to occur by 
backfiltrationn and uptake into the lymphatic system. The difference between these is 
thee net ultrafiltration. The transcapillary ultrafiltration was determined as the 
dilutionn of dextran 70. The transcapillary ultrafiltration rate was calculated by 
dividingg the transcapillary ultrafiltration by the dwell time. The convective 
disappearancee of die volume marker from the peritoneal cavity, was determined to 
assesss the effective lymphatic absorption [20]. These calculations include all 
padiwayss of uptake into the lymphatic system, both interstitial and 
subdiaphragmatic.. The change in intraperitoneal volume during the dwell could be 
calculatedd as the dilution of die volume marker after correction for incomplete 
recovery.. The intraperitoneal volume is calculated as the instilled volume plus the 
volumee obtained from the transcapillary ultrafiltration. The net ultrafiltration rate is 
definedd as die change in intraperitoneal volume divided by the dwell time. 
Aquaporin-mediatedd water transport was estimated by the sieving of sodium, 
expressedd as the dialysate-over-plasma ratio (D/P) of sodium [21,22]. A 
diffusionn correction was made when the initial dialysate concentration differed 
moree than 5 mmol/L from the plasma concentration [23]. The sodium diffusion 
correctionn was performed because the concentration difference causes Na" 
diffusionn from the circulation to the dialysate, which leads to underestimation of 
thee actual sodium sieving. The MTAC of creatinine, calculated according to 
Waniewskii  [18,19] was used to compute the magnitude of the Na+ diffusion 
fromm the circulation as has been described previously [23]. 
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Resultss are presented as medians and ranges unless stated otherwise, as not all 
dataa were symmetrically distributed. Wilcoxon matched pairs rank sum test were 
usedd for distribution free testing. Repeated measurement analyses of variance 
weree applied to investigate the differences in the time courses of the 
transcapillaryy ultrafiltration, the net-ultrafiltration and the sieving of sodium. 

Results s 
AmphotericinAmphotericin B 
Thee parameters of peritoneal permeability obtained in all rabbits during a 1-hour 
controll  dwell using a 3.86% glucose dialysis solution are presented in Table 1. 
Thee data assessed after i.p. administration of amphotericin B in different 
concentrationss and different treatment durations, are also shown in Table 1. No 
significantt differences in the peritoneal permeability characteristics were found 
betweenn the control and the intervention experiments based on the paired 
observationss obtained in each rabbit, independent from the concentration of 
amphotericinn B or the number of days the treatment was given. However, 
amphotericinn B administration resulted in a significantly greater change in the 
intraperitoneall  volume (p<0.022) during the dwell after 3 days i.p. 
administrationn of 1.5 mg/L when all time points were taken into account (Figure 
1,, left panel). The time course of the transcapillary ultrafiltration was higher 
whenn all time points were taken into account, but not significant. This effect was 
nott seen after 5 subsequent days of i.p. administration of amphotericin B in the 
samee concentration (Figure 1, left panel). Moreover, 3 days i.p. treatment with 
thee high dose amphotericin B resulted in a significantly lower transcapillary 
ultrafiltrationn (p< 0.036) accompanied by a lower change in intraperitoneal 
volumee (p<0.037) during the dwell. In contrast with the expectation, the effect 
off  amphotericin B on the aquaporin mediated water transport resulted in a 
decreasee of the maximum sodium sieving. Because the sieving of sodium is 
expressedd as a percentage of the initial dialysate-to-plasma ratio, a decrease in 
aquaporinn mediated water transport results in an increase in the percentage: 
90.4%% during the control SPAR and 93.0% after 3 days i.p. administration of 
amphotericinn B (1.5 mg/L dialysis solution, p<0.003), and 90.2% during the 
controll  SPAR and 94.2% after 5 days treatment with the same concentration 
amphotericinn B (p<0.035). A similar decrease in the sodium sieving was seen 
afterr 3 days i.p. administration with the high dose amphotericin B: control value 
91.9%% and 93.9% after 3 days treatment (p<0.01). Three days i.p. 
administrationn with liposomal amphotericin B (1.5 mg/L) did not affect the 
peritoneall  permeability characteristics significantly (Table 1, Figure 1, left 
panel). . 

MercuryMercury chloride 
Thee parameters of peritoneal fluid kinetics, the mass transfer area coefficients 
(MTACs)) of small solutes and the clearances of macromolecules obtained during 
thee control SPAR and after i.p. administration of HgCl2 with or without in vivo 
fixation,, are presented in Table 2. The MTACs of urea and creatinine, and the 
glucosee absorption did not change significantly after the addition of mercury 
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Ĉ  ^ 

O O 
CN N 

O O 
CO O 

co o 
o o 
CN N 
T — 1 1 

" ff LO r~> r~^  * 
,—,, co co vO ,—, co * 
CNN CN CO -^ O O ST 

CNN ON t t ^J- LO t j - 4 -
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Figuree 1. The change in intra peritoneal volume. The change in the intraperitoneal 
volumee during the dwell was significantly greater from the control  after 3 days i.p. 
treatmentt with 1.5 mg/L amphotericine B  (p=0.022), after 3 days i.p. administration 
off  the high dose amphotericine B D (15 mg/L) it was significantly lower compared to 
thee controls (p=0.037). * after 5 days i.p administration of amphotericin B (1.5 
mg/L);;  after 3 days i.p. administration of liposomal amfotericin B (1.5 mg/L). Right 
panel.. The change in the intra peritoneal volume after addition of HgCb ^, after in 
vivovivo fixation and i.p. administration of HgCl2 * and the controls . p=0.029: the 
changee in intraperitoneal volume at the end of the dwell was significantly lower after 
thee addition of HgCl2 compared to the paired controls. Means and SEM are presented. 

chloridee to the test solution, independend from the in vivo fixation when tested 
ass paired observations. However, when the data obtained after in vivo fixation 
weree compaired with the controls as a group, a significant decrease was seen in 
thee MTAC of creatinine (p<0.013) and the glucose absorption (p<0.028). 
Withoutt in vivo fixation the peritoneal clearance of total protein (Figure 3 left 
panel)) increased significantly (p<0.005) after the addition of mercury chloride 
too the test solution. The albumin clearance increased almost three-fold (Table 2, 
p<0.005)) in comparison with the paired control data obtained in each rabbit 
(Figuree 2 middle panel). The increased permeability to macromolecules was to a 
lesserr extent reflected in an increase in the clearance of IgG (Figure 2 right 
panel,, p = 0.07). The effects of intraperitoneal administration of HgCl2 on the 
clearancess of the macromolecules did not reach significance after in vivo fixation 
(Tablee 2). 

Intraa peritoneal administration of mercury chloride caused an increase in 
thee effective lymphatic absorption (ELA) (p<0.023) accompanied by a decrease 
inn the net ultrafiltration (p<0.029). Also a marked decrease in the sodium 
sievingg was seen after the i.p. administration of mercury chloride, resulting in a 
significantlyy different time course of the sodium sieving (Figure 3 left panel, 
p<0.001)) in comparison with the paired controls. The in vivo fixation previous 
too the administration of HgCl2 , resulted in a similar finding. However, the 
differencee in the time course was not significant compared to the controls 
(Figuree 3 right panel). The sieving of sodium was significantly more blunted at 
thee end of the dwell after i.p. administration of mercury chloride without (94.3 
%)) than with in vivo fixation (93.2%, p<0.02). 
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Figuree 2. The paired data of the clearances of total protein (left panel), albumin 
(middlee panel) and IgG (right panel) after i.p. administration of HgCl2. The clearances 
off  total protein (p<0.005) and albumin (p=0.005) were significantly higher after i.p. 
administrationn of HgCb. The clearance of IgG increased less pronounced (p = 0.07). 

Discussion n 
Thee present study describes the effects of intraperitoneal administration of 
amphotericinn B and mercury chloride on peritoneal fluid kinetics and solute 
permeability,, investigated in our chronic peritoneal dialysis model in the rabbit. 

Intraperitoneall  administration of amphotericin B did not affect peritoneal 
solutee permeability. A significantly greater change in the intraperitoneal volume 
afterr 3 days ip treatment with the low dose amphotericin B was found, due to 
increasedd transcapillary ultrafiltration. This is in line with the observations of 
Maherr et al [9]. They reported an increase in the ultrafiltration after a single and 
10-timess higher dose administered intraperitonealy during a short dwell in an 
acutee rabbit PD model. In a later study [24]. In a later study these authors found 
thee increase in ultrafiltration only when amphotericin B was administered as a 
powder.. When its solvent sodium-desoxycholate was administered peritoneal 
irritationn was observed, leading to decreased ultrafiltration and increased solute 
clearances.. In the present study a change in the intraperitoneal volume was 
foundd only after 3 days ip treatment with the low dose amphotericin B. This 
suggestss that longer treatment with a higher dose would diminish the higher 
ultrafiltrationn due to sterile inflammation. However, no changes were found in 
solutee transport parameters. Wang et al. [25] investigated the effects of a single 
dosee of amphotericin B in an acute model in the rat. They used a high and a low 
dosee similar to those in our experiments. Only for the high dose some effect on 
ultrafiltrationn was seen. Also an increase in the D/P and MTAC of potassium was 
found.. This did not occur in our experiments (data not shown). The slight 
differencess between the results of Wang et al and those of the present study are 
likelyy to be caused by the use of different animal models and different set-up of 
thee experiments. 

Liposomall  amphotericin B did not influence any of the peritoneal 
permeabilityy parameters during 3 day ip treatment, most likely because 
dissociationn of the liposomes has to occur to release amphotericin B in the 
peritoneall  cavity. 

Amphotericinn B has been described to enhance the water and nonelectrolyte 
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Figuree 3. Aquaporin mediated water transport assessed as the sieving of sodium after 
i.p.. administration of HgCb without in vivo fixation (^ left panel), and with in vivo 
fixationn (  right panel) and their controls . Sieving of sodium during the dwell was 
bluntedd after both interventions (p<0.001) . Medians and ranges are presented. 

permeabilityy of thin lipid membranes formed from sheep red blood cell lipids 
dissolvedd in decane in vitro [8]. It has also been suggested that the toxic effect of 
amphotericinn B on fungi is caused by its binding capacity to membrane bound 
cholesteroll  molecules to form transmembrane channels enhancing the cell-
membranee hydraulic permeability and the efflux of cations, such as potassium 
[26,27].. It is that the reported effects of amphotericin B on transcellular water 
transportt wil l have occurred by formation of channels. These channels have 
howeverr different properties from aquaporin-1. Our finding that they did not 
causee increased sieving of sodium, would imply that they are permeable to 
electrolytes.. This suggest that they are larger than aquaporin-1 which has a 
radiuss of 2 to 3 A. It is also possible that the amphotericin B induced pores in the 
celll  membrane will not have uniform pore radii. This may explain the different 
findingsfindings in the studies of Maher et al. and Wang et al. 

Aquaporin-11 is a mercury sensitive transcellular water channel [3,7] which 
couldd be confirmed in our study. The net ultrafiltration significantly decreased 
afterr ip administration of HgCl2, in combination with an increase in the 
lymphaticc absorption. Furthermore, a significant decrease in aquaporin mediated 
waterr transport was seen, estimated by the sieving of sodium. Time limited 
prefixationn with glutaraldehyde was reported to not adversely affect aquaporin 
mediatedd water transport in the kidney [28] and in the peritoneum of a rat [7]. 
Thiss was confirmed in the present study, estimated by the sieving of sodium 
whichh was similar to the observations found without the prefixation. In vivo 
fixationfixation prior to the ip mercury chloride administartion was performed to reduce 
thee tissue damage and a peritonitis-like reaction caused by HgCl2. 
Glutaraldehydee fixation has been reported to reduce the vascular peritoneal 
surfacee area by about 50% [7]. This is in line with the lower MTACs of urea and 
creatinine,, and the decrease in the glucose found in the present study. The 
clearancess of macromolecules increased markedly after the i.p addition of 
mercuryy chloride without in vivo fixation probably due to the toxic effects. The 
changess in the clearances of macromolecules were less pronounced in the 
animalss with in vivo fixation prior to the i.p. administration of mercury chloride. 
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Thee in vivo glutaraldehyde pre fixation has been described as 'gentle' in 
anesthetizedd animals [28]. We found this not to be the case and therefore 
limitedd the study to 3 investigations. 

Inn summary, our results show that intraperitoneal administration of 
amphotericinn B enhanced the ultrafiltration during a 1-hour dwell after 3 day ip 
treatmentt with the low dose. Prolonged treatment, or treatment with a higher 
dosee was not beneficial. This affect was likely to be mediated by enhanced 
transcellularr watertransport, but not by aquaporin-1. Therefore, amphotericin B 
iss likely to have no clinical relevance with respect to treatment of ultrafiltration 
failuree in PD patients. Furthermore, aquaporin mediated water transport was 
successfullyy inhibited by intraperitoneal administration of mercury chloride. 
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NONO in rabbit peritoneal dialysis 

Abstract t 
Thee objective of this study was to investigate the possible influence of nitric oxide 
(NO)) on peritoneal transport during non infected peritoneal dialysis. 

AA chronic peritoneal dialysis model in New Zealand White rabbits (2624 g, 
rangee 2251-3034 g) was used. In 13 rabbits 250 mg/L L-arginine, a substrate for NO 
synthesis,, was added to 3.86% glucose dialysate. L-NMMA 25 mg/L, an inhibitor of 
NOO synthase, was added to the dialysate in 10 rabbits. Standard peritoneal 
permeabilityy analyses in rabbits (SPAR) were performed to analyze the effects of 
thesee interventions on solute and fluid transport during 1-hour dwells. The addition 
off  4.5 mg/L nitroprusside to the dialysate in 5 separate experiments was used for 
validationn of this model. 

Forr the transport of urea and creatinine mass transfer area coefficients 
(MTAC)) were calculated. Furthermore, the glucose absorption, the peritoneal 
albuminee clearance, peritoneal fluid kinetics and the dialysate/plasma (D/P) ratio of 
nitratee were calculated. 

Nitroprussidee caused an 86% (48%-233%) increase in albumin clearance, 
whichh is similar to the nitroprusside induced increase found in humans. Contrary to 
humann studies, no effect was found on the clearances of urea and creatinine, or on 
peritoneall  fluid kinetics. This suggests a lower sensitivity of the rabbit peritoneal 
membranee for the effect of NO on small solute transport. L-arginine affected neither 
thee MTACs of urea and creatinine, nor the absorption of glucose. Also peritoneal 
fluidd kinetics were similar. Peritoneal albumin clearance increased 18% (-24% to 
609%).. This resembles the NO mediated effects of nitroprusside. Administration of 
L-NMMAA caused no change in the transport rate of small solutes, albumin clearance 
orr fluid profile. This suggests that NO synthase is not induced during non infected 
peritoneall  dialysis, which is in accordance with previous studies. 

Thiss rabbit dialysis model can be used for analyzing the effects of 
interventionss on peritoneal permeability characteristics, although the rabbit 
peritoneall  membrane is probably less sensitive to NO compared to humans. L-
argininee induced effects are similar to those of nitroprusside, which suggests that 
thesee effects are possibly mediated by NO. Because L-NMMA did not affect 
peritoneall  transport, it is unlikely that NO is involved in the regulation of peritoneal 
permeabilityy during stable CAPD. 

Introduction n 
Transportt across the peritoneal membrane during peritoneal dialysis can be 
influencedd by many endogenous and exogenous factors, like cytokines, 
prostaglandinss and pharmacological interventions [1-3]. One of these substances is 
thee vasoactive nitric oxide. Intraperitoneal administration of the nitric oxide donor 
nitroprussidee increases peritoneal solute transport [4-8]. In the acute phase of 
peritonitis,, a situation with increased peritoneal surface area and increased intrinsic 
permeabilityy [9-12], high dialysate/plasma (D/P) ratios of nitrite and nitrate have 
beenn found, sometimes even exceeding 1.0 [13-15]. This suggests local generation 
off  nitric oxide during peritonitis. The role of nitric oxide during uninfected 
peritoneall  dialysis is unclear. Davenport et al. reported D/P ratios of nitrite and 
nitratee above 1.0 during stable CAPD [15]. We previously found that, when no 
infectionn was present, the nitrate concentrations in dialysate were in accordance 
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withh diffusive transport, without evidence for local generation [8,13,16]. 
Inn the present study the possible influence of nitric oxide on peritoneal 

transportt during non infected peritoneal dialysis was investigated in a chronic 
dialysiss model in rabbits [17]. Therefore, L-arginine, a substrate for nitric oxide 
synthesiss [18,19], or L-NMMA, an inhibitor of nitric oxide synthase [20], was added 
too 3.86% glucose dialysate during 1-hour dwells. Standard peritoneal permeability 
analysess in rabbits were used to analyze die effects of these interventions on solute 
andd fluid transport. Furthermore, nitrite and nitrate were measured in plasma and 
dialysate,, because nitrite and nitrate are formed by oxidation of nitric oxide [21]. 
Nitroprussidee was added to the dialysate in separate experiments for validation of 
thiss peritoneal dialysis model. 

Materialss and methods 
StudyStudy protocol 
Peritoneall  dialysis was performed in unanesthetized female New Zealand White 
rabbitss with a median body weight on the study days of 2624 g (2251 to 3034 g). A 
coiledd silastic catheter (Coil-Cath™, Accurate Surgical Instruments Corporation, 
Toronto,, Canada) was implanted. Following this procedure, the catheter was flushed 
everydayy with 2.5 mL heparin (5 IU/mL in 0.9% NaCl). After seven days, peritoneal 
dialysiss was performed once daily with 1.36% glucose dialysate (Dianear, Baxter 
BV,, Utrecht, The Nedierlands). A rapid exchange with 40 ml/kg bodyweight was 
followedd by instillation of the same volume minus the residual volume of die 
exchange.. One week after the start of peritoneal dialysis, standard peritoneal 
permeabilityy analyses in rabbits (SPAR) were performed with 3.86% glucose 
dialysatee [17]. The SPAR is a modification of the standard peritoneal permeability 
analysiss (SPA) in humans [22], adapted for 1-hour dwells in rabbits. Dextran 70 
(Macrodex®,, NPBI, Emmer-Compascuum, The Netherlands or Hyskon0 ,̂ Medisan 
Pharmaceuticalss AB, Uppsala, Sweden) 1 g/L was added for the measurement of 
peritoneall  fluid kinetics. In 13 rabbits a control SPAR without intervention was 
performedd and a SPAR with the addition of 250 mg/L L-arginine to the dialysis fluid 
(L-argininee HC1, 40 mg/mL, hospital pharmacy). A control SPAR and a SPAR after 
thee addition of 25 mg/L L-NMMA was done in 10 rabbits. L-NMMA acetate salt 
(Sigmaa Aldrich Chemie BV, Zwijndrecht, The Netherlands) was dissolved in 3.86% 
glucosee dialysate in the hospital pharmacy under aseptic conditions. Nine rabbits 
participatedd in both intervention studies. On the intervention days, L-arginine or L-
NMMAA was added both to the first rinsing bag and the test bag. The interval 
betweenn two SPARs ranged between one and five days. Two times the intervention 
SPARR was performed first and the other times the control SPAR was done first. In 
fivefive other rabbits SPARs were performed after the addition of 4.5 mg/L 
nitroprussidee and these were compared with control SPARs in the same rabbits. The 
protocoll  was approved by the Committee of Animal Ediics of the University Hospital 
off  Amsterdam. 

LaboratoryLaboratory methods 
Ureaa was determined with an enzymatic method on an automated analyzer (Hitachi 
747,, Boehringer Mannheim, Mannheim, Germany). Creatinine was measured by an 
enzymaticc PAP+ method on another automated analyzer (Hitachi 911, Boehringer 
Mannheim,, Mannheim, Germany). Albumin was determined by the bromocresol 
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Greenn (BCG) method and glucose by the glucose oxidase-peroxidase method (SMA-
II,, Technicon, Terrytown, USA). Determination of creatinine, also using enzymatic 
methods,, is influenced by high glucose concentrations [G] [23,24]. Therefore, the 
measuredd creatinine concentrations were corrected with a correction factor (CF) 
thatt was calculated for the method used in our laboratory: 

CF=-3.10-100 4-[G]2+0.11-[G] + 104.7 

Totall  dextran 70 was measured by means of high-performance liquid 
chromatographyy [25]. Nitrite and nitrate were determined by ion-pair high 
performancee liquid chromatography (HPLC), with a lower detection limit of 2.5 
jamol/L. . 

Calculations Calculations 
Forr the transport of urea and creatinine mass transfer area coefficients (MTAC) were 
calculatedd according to the model of Waniewski et al. [26], adapted for 1-hour 
dwellss in this rabbit model. The MTAC calculation according to Waniewski, corrects 
forr the ratio between diffusion and convection (F=0.5). The solute concentration in 
plasmaa was expressed per volume of plasma water [27]. The MTACs were 
calculatedd according to the equation: 

MT^C{m/ . /m in )= i / m - l n^ o 0 5 ( P _ D l o ) ) 

tt v,F05(PDt) 

inn which P is the plasma concentration of the solute. V10 represents the 
intraperitoneall  volume and Di0 the dialysate concentration at t=10, whereas Vt and 
Dtt are these parameters at the end of the dwell. Vm is the mean intraperitoneal 
volume.. The mean intraperitoneal volume is calculated as the area under the 
intraperitoneall  volume versus time curve, divided by the dwell time. This area under 
thee curve is calculated by the trapezium rule [28]. Using this method, the area under 
thee curve between two dialysate samples is calculated as the mean of the 
intraperitoneall  volume at the two sample times, multiplied by the time interval 
betweenn the samples. 

Thee MTACs of urea and creatinine are expressed per 1.73 m2 body surface 
area.. Therefore, the MTACs were divided by 0.23, the mean body surface area of 
rabbitss [29], and multiplied by 1.73, the mean body surface area of humans. The 
glucosee absorption was estimated as the difference between the instilled and the 
recoveredd amount of glucose, relative to the amount of glucose instilled. Nitrite 
concentrationss in plasma and dialysate were below the lower detection limit. 
Dialysate/plasmaa (D/P) ratios were calculated for nitrate, with a correction for 
plasmaa water. Because in some rabbits the nitrate concentrations in dialysate 
exceededd the plasma concentrations, it was not possible to calculate MTACs. 
Albuminn transport was expressed as its peritoneal clearance. Peritoneal fluid 
transportt was calculated as described previously in humans [30], modified for 1-
hourr dwells [17]. 

Resultss are given as median values and ranges because not all data were 
symmetricallyy distributed. Wilcoxon matched pairs rank sum test was used for 
distributionn free testing. 
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Results s 
Nitroprusside Nitroprusside 
Figuree 1 depicts the MTACs of urea and creatinine, the glucose absorption and the 
peritoneall  albumin clearance in five rabbits during control SPARs and after the 
additionn of nitroprusside. No effect was found on the transport of small solutes. 
However,, the albumin clearance increased 86% (48% to 233%) with nitroprusside. 
Peritoneall  fluid kinetics were not influenced by nitroprusside: the effective 
lymphaticc absorption rate was 0.52 mL/min, range 0.37 to 0.68 mL/min in the 
controll  experiments and 0.42 mL/min, range 0.23 to 0.54 mL/min during 
nitroprusside;; transcapillary ultrafiltration rate was 0.73 mL/min, range 0.41 to 0.91 
mL/minn (control) and 0.71 mL/min, range 0.50 to 0.87 mL/min (nitroprusside). 
Thee net ultrafiltration rate, the difference between these, was similar during the 
controll  dwells (0.21 mL/min, range -0.11 to 0.54 mL/min) and the nitroprusside 
experimentss (0.30 mL/min, range 0.1 to 0.41 mL/min). The D/P ratio of nitrate was 
0.599 (range 0.29 to 0.99) during the control dwells and 0.54 (range 0.32 to 1.04) 
withh nitroprusside. 
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Figuree 1. MTACs of urea and creatinine, glucose absorption and the clearance of albumin 
withh 3.86% glucose dialysate and after the addition of nittoprusside. The transport rate of 
smalll  solutes was not influenced by niuoprusside. The albumin clearance increased in all 
fivefive rabbits. 

L-arginineL-arginine and L-NMMA 
Thee addition of L-arginine affected neither the MTACs of urea and creatinine nor the 
absorptionn of glucose (Table 1). The peritoneal albumin clearance increased 18% 
(rangee -24% to 609%). Figure 2 shows the fluid profiles during the 1-hour dwells. 
Thee time course of the fluid profiles did not change after the addition of L-arginine. 
Noo differences were found in the D/P ratios of nitrate between the control dwells 
(0.84,, range 0.31 to 1.11) and the experiments with L-arginine (0.74, range 0.44 to 
1.12).. L-NMMA did not affect the transport of small solutes (Table 1). Furthermore, 
noo effect on the albumin clearance was found. Peritoneal fluid kinetics were also not 
influencedd by the addition of L-NMMA, as shown in Figure 2. The D/P ratio of 
nitratee was 0.84 (range 0.31 to 1.11) in the control experiments and 0.74 (range 
0.411 to 0.90) during the L-NMMA dwells. 
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Tablee 1. Effect of L-arginine and L-NMMA on solute transport 
controlcontrol dwells L-arginine control dwelt L-NMMA 

MTACureaa 18.8(14.1-31.3) 18.1(9.9-28.9) 18.8(14.1-31.3) 21.5(15.6-24.9) 
MTACC creatinine 14.1(9.1-29.9) 12.9(8.9-20.5) 13.1(9.1-29.9) 16.1(7.4-21.6) 
glucosee absorption 61 (51-73) 60 (37-66) 58 (47-73) 60 (53-67) 
clearancee albumin 52 (17-83) 55 (13-156)" 48 (17-33) 52 (13-130) 

MTACss of urea and creatinine (mL/min/1.73 m ), glucose absorption (%) and peritoneal 
albuminn clearances (ui/min) during 1-hour control dwells with 3.86% glucose dialysate 
andd after the addition of L-arginine or L-NMMA. Values are given as medians with ranges. 
aa p=0.02 versus paired control dwells. 

Discussion n 
AA chronic peritoneal dialysis model was applied in the present study to examine the 
effectss of a substrate for nitric oxide synthesis and an inhibitor of nitric oxide 
synthasee on peritoneal permeability. After the addition of L-arginine no effect was 
foundd on the transport of small solutes and fluid kinetics, but the peritoneal albumin 
clearancee increased 18%. This was not accompanied by changes in the D/P ratio of 
nitrate.. L-NMMA influenced neither the transport of small solutes nor the albumin 
clearancee or the fluid profile. Administration of nitroprusside caused an increase in 
thee transport of albumin. 

Thee effect of intraperitoneal nitroprusside in CAPD patients is most 
pronouncedd on the large pore system [8]. The effect of nitroprusside on the 
peritoneall  membrane of rabbits was similar: the increase in albumin clearance was 
86%% in rabbits and 70% in humans [8]. Although increases in small solute transport 
off  13% to 43% were found with nitroprusside in humans, no change in the MTACs 
off  urea and creatinine was observed in rabbits. Using kinetic modeling, the 
nitroprussidee induced increase in the transport of low molecular weight solutes 
appearedd to be due to both an enlargement of the vascular surface area and to a 
lesserr extent a larger small pore radius [8]. The effect on the surface area also 
causedd higher transcapillary ultrafiltration and net ultrafiltration rates during the 
initiall  phase of the dwell. The absence of an effect of nitroprusside in rabbits on low 
molecularr weight solute transport and fluid kinetics suggests that the small pore 
systemm in rabbits is less sensitive to nitric oxide than in humans. However, the effect 
onn the large pore radius was not different in the two species, as judged from die 
albuminn clearances. Some transport studies with nitroprusside in rabbits have been 
publishedd previously [31-34]. The nitroprusside dosages used in these studies were 
aboutt three times higher than the concentration of 4.5 mg/L, that has been shown to 
bee effective in humans [35]. With these high dosages, an increase in the transport 
ratee of small solutes was reported, but the effects on clearances of high molecular 
weightt solutes were not studied. Using lower nitroprusside dosages, similar to the 
dosagess of 4.5 mg/L used in our study, no significant effects were found on the 
clearancess of creatinine and urea [31]. This has been confirmed by Schneider et al. 
[34],, who administered 3-6 mg/L nitroprusside intraperitoneal in rabbits. They 
foundd no effect on the clearances of creatinine and inulin. Moreover, also the 
clearancee of total protein was not influenced by nitroprusside in that study. This 
lowerr sensitivity of the rabbit peritoneal membrane for the effect of nitric oxide on 
thee transport of low molecular weight solutes should be taken into account, for 
analyzingg the effects of interventions. 
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L-argininee is a substrate for nitric oxide production [18,19]. Various cell types 
inn the peritoneal cavity might be capable to produce nitric oxide, like mesothelial 
cells,, fibroblast and possibly macrophages [36,371. Peritoneal macrophages of mice 
weree able to produce nitric oxide [38-40]. Cultured human peritoneal macrophages 
producedd only low levels of nitric oxide, despite stimulation with several different 
combinationss of cytokines, growth factors and microbial stimulants [41]. To our 
knowledge,, it is unknown whether macrophages obtained from rabbits are capable 
too produce nitric oxide. 

Previously,, we have attempted to stimulate nitric oxide synthesis in CAPD 
patientss [16]. Therefore, amino acid based dialysate (Nutrineal, Baxter), containing 
L-arginine,, was used to increase the substrate for nitric oxide production. Amino acid 
basedd dialysis solution affected the peritoneal permeability characteristics, but these 
effectss were different from the effects found with nitroprusside [42]. This implies 
thatt the amino acid induced differences were probably not mediated by nitric oxide. 
Inn the present study, the used L-arginine concentrations were about six times greater 
comparedd to the L-arginine concentration in the amino acid based dialysate. The 
volumee increase due to the addition of L-arginine to the dialysis fluid was about 0.6 
mLL per 100 mL dialysate. This led to a decrease in osmolality of the dialysis solution 
fromfrom 486 mosmol/L to 485.8 mosmol/L. Therefore, it is unlikely that this addition 
wil ll  have influenced the results. The effect of the addition of L-arginine to the 
dialysatee was most pronounced on the albumin clearance. This suggests that L-
argininee modifies especially the large pores in the peritoneal membrane. This 
resembless the nitric oxide mediated effects of nitroprusside. When L-arginine 
stimulatess nitric oxide production, nitric oxide will be oxidated to nitrite and nitrate 
withinn a few seconds [21]. If this occurs in the peritoneal cavity, increased D/P 
ratioss of nitrite and nitrate should be expected. However, nitrite was not detectable 
inn plasma and dialysate and the D/P ratios of nitrate were not influenced by the 
additionn of L-arginine. This is similar to the situation in humans, where also no effect 
onn nitrite and nitrate was found after the addition of nitroprusside. Possibly, the 
amountt of formed nitrite and nitrate is too small to detect with the methods used. 

Productionn of nitric oxide by nitric oxide synthase can be inhibited by L-
argininee analogues such as NG-monomethyl-L-arginine (L-NMMA) and NG-nitro-L-
argininee methyl-ester (L-NAME) [20]. Three isoforms of nitric oxide synthase have 
beenn described, two constitutive and one inducible isoform [43]. Expression of the 
induciblee nitric oxide synthase can be induced in macrophages and many other cells 
withh bacterial lipopolysaccharide and cytokines. In the present study the effect of L-
NMMAA was studied, because L-NMMA is able to inhibit both constitutive and 
induciblee nitric oxide synthases, while L-NAME is a relatively poor inhibitor of 
induciblee nitric oxide synthase [44]. The use of dialysate with dissolved L-NMMA 
didd not affect the peritoneal permeability in the present study. Two explanations are 
possiblee for the absence of an effect of L-NMMA. First, the used dosage was too low. 
However,, the same dosage of L-NMMA (about 1.0 mg/kg) intravenously 
administeredd in patients with septic shock caused a dosage dependent increase in 
bloodd pressure [45]. It could therefore be expected that this same dosage applicated 
locallyy might inhibit nitric oxide synthesis in the peritoneal cavity, although the 
sensitivityy of the rabbit peritoneal membrane to L-NMMA is unknown. The second 
possibilityy would be that nitric oxide synthase is not induced during non infected 
peritonea]]  dialysis. This possibility is in accordance with our previous results 
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Figuree 2. The time course of the transcapillary ultrafiltration , lymphatic absorption ) 
andd the resulting change in intraperitoneal volume (A) during 1-hour dwells with 3.86% 
glucosee dialysate. Paired control experiments for L-arginine (upper left); after the addition 
off  L-arginine (upper right); paired control experiments for L-NMMA (lower left); after the 
additionn of L-NMMA (lower right). With both interventions no significant differences in 
fluidd kinetics were found. 

[8,13,16].. It can be concluded that die peritoneal dialysis model in rabbits can be 
usedd for analyzing the effects of interventions on peritoneal transport. However, for 
nitricc oxide mediated intervention studies it should be kept in mind that the rabbit 
peritoneall  membrane is probably less sensitive to nitric oxide compared to die 
peritoneall  membrane of humans. Addition of high dosages L-arginine to die 
dialysatee resulted in effects, similar to those of nitroprusside. This suggests that the 
L-argininee induced effects are possibly mediated by nitric oxide. L-NMMA did not 
affectt peritoneal transport. Therefore, it is unlikely that nitric oxide is involved in die 
regulationn of peritoneal permeability during stable CAPD. 
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Abstract t 
Losss of ultrafiltration, high mass transfer area coefficients of low molecular 
weightt solutes and also morphological alterations of the peritoneal membrane 
aree associated with long-term peritoneal dialysis. A chronic peritoneal infusion 
modell  was developed in the rat to investigate the structural changes in the 
peritoneall  membrane in relation to the changes in peritoneal permeability after 
chronicc exposure to a glucose based dialysis solution. 

AA vascular access port (Rat-o-Port) with an attached peritoneal catheter 
wass implanted subcutaneously in the neck of male wistar rats. Three groups 
weree investigated: group 1 (n=8), the experimental group, was daily infused 
withh 60 mL/kg body weight (BW) 3.86% glucose containing dialysis solution via 
thee Rat-o-Port; group 2 (n=6) was a control group to investigate the effect of 
dailyy infusion with an isotonic non-glucose solution (60 mL/kg BW Ringer's 
lactate)) on peritoneal tissues; group 3 (n=4) was the untreated control group to 
studyy the effect of aging on the peritoneum. At time t= 12, 16 and 20 weeks 
afterr the start of the infusion, rats of group 1 and 2 were sacrificed. Control 
groupp 3 was studied at t= 0 and t=20 weeks after inclusion. All rats underwent 
aa 4-hour standardized peritoneal permeability analysis with 3.86% glucose 
dialysiss solution before sacrifice. Parietal peritoneum and omentum were 
investigatedd for the presence and type of fibrous tissue using histochemical 
stainss (pico sirius red: total fibrillary collagen) and immuno histochemical stains 
(anti-typee IV collagen and anti-ct-smooth muscle actin immuno-reactivity). 
Vascularisationn was visualized with von Willebrand factor staining in all rats. 

Inn group 1 the vessel density increased with time of exposure to glucose 
basedd dialysate, 16-20 weeks: 6 vessels/field (v/f) which was 
significantlyy different from the vessel density in both control groups: group 2 
(16-200 weeks: 9.1 , p<0.0006) and group 3 (at the start and after 20 
weeks:: , p<0.0001). Moreover, the number of vessels per field 
increasedd with the severity of fibrosis: normal fibrous tissue: 6 v/f 
comparedd to mild fibrosis: 7 v/f; moderate fibrosis: 32.1+1.6 v/f and 
severee fibrosis: 8 v/f. Electron microscopy revealed profound lamination 
off  the basal membranes of omental capillaries at 20 weeks in group 1, which 
wass not seen at 20 weeks in group 2 and 3. The glucose absorption was 
significantlyy higher in group 1 after 16 and 20 weeks: % versus 51.3
3.1%% in group 2 after the same period (p<0.014). The time course of the net 
ultrafiltrationn at 16-20 weeks was significantly lower in group 1 than in group 2 
(p<0.043).. The sieving of sodium was significantly less in group 1 than in group 
22 (p<0.04). 

Itt can be concluded that the rat model can be used to investigate the 
effectss of chronic exposure to dialysis fluids on structural and functional 
parameterss of the peritoneal membrane. When 3.86% glucose dialysis solution 
wass used the morphological alterations and the changes in the peritoneal 
permeabilityy show striking resemblance with those observed in long-term PD 
patients.. These findings suggest a major pathophysiological role for glucose (or 
itss degradation products) in the development of the peritoneal alterations in 
long-termm PD, with fibrosis and neoangiogenesis as main features. 
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Introduction n 
Ultrafiltrationn failure is the main functional reason for discontinuation of 
treatmentt in long-term peritoneal dialysis [1-5]. Loss of ultrafiltration has often 
beenn reported in association with increased mass transfer area coefficients 
(MTACs)) or high dialysate/plasma (D/P) ratios of low molecular weight solutes, 
suggestingg the presence of a large peritoneal vascular surface area [6-10]. 
Prospectivee longitudinal studies have shown that this combination of 
ultrafiltrationn loss with high MTACs or D/P ratios of low molecular weight 
solutess develops during long-term peritoneal dialysis [2,4]. Morphological 
studiess in peritoneal dialysis patients have mainly focussed on the loss of 
mesotheliall  cells in long-term dialysis treatment [11,12], the development of 
interstitiall  fibrosis and on duplication of capillary basement membranes [13-15]. 
Onlyy recently more attention has been paid to the peritoneal microvasculature. 
Hondaa et al. [16] described severe fibrosis and hyalinization of the media of 
peritoneall  venules and deposition of type IV collagen in peritoneal vascular walls 
inn three patients with ultrafiltration failure. These morphological alterations 
weree not detected in a control PD patient without this complication. Recently, 
wee performed a retrospective analysis of the vascularization and fibrous tissue 
depositionn in the peritoneum of peritoneal dialysis patients with the use of 
morphometricc and immunohistochemical methods [17]. We found increased 
microvascularr density, deposition of collagen IV and myofibroblasts in the 
peritoneall  extracellular matrix with time on peritoneal dialysis. Therefore, we 
hypothesizedd that high D/P ratios or MTACs of low molecular weight solutes 
foundd in long-term peritoneal dialysis could be explained by the increased 
numberr and/or dilation of microvessels in the peritoneum of these patients. 
However,, simultaneous analysis of functional and morphological measurements 
iss not possible in human subjects, nor can the time course of the development of 
thee morphological alterations be studied in patients, as serial peritoneal biopsies 
forr investigational purposes are not feasible. Furthermore, some of the 
morphologicall  alterations in chronic peritoneal dialysis patients may be 
influencedd or caused by episodes of infectious peritonitis [15]. 

Thee aim of the present study was to develop a chronic peritoneal infusion 
modell  in rats, in which the development of structural alterations can be 
investigatedd prospectively, without interference of peritonitis, and in which 
thesee alterations can be related to changes in peritoneal transport characteristics, 
usingg a standardized methodology. 

Methods s 
Animals Animals 
Eighteenn male wistar rats (Harlan CBP, Zeist, The Netherlands) with a mean 
bodyy weight of 297 g (standard deviation, SD 21 g) were randomly divided into 
33 groups: 8 rats in group 1, 6 rats in group 2 and 4 rats in group 3. Eventually 
166 rats were included in the analysis (see results). The rats were housed 
solitarilyy with standard chow and water at libitum. Group 1 and 2 were 
anesthetizedd by intra muscular administration of a mixture of ketamine, xylazine 
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andd atropine (8 mg, 4 mg, 5|ig per 100 g body weight) when implanted with a 
Rat-o-Portt (Access Technologies, Norfolk Medical, Skokie, IL USA), group 3 was 
thee untreated control group. The Rat-o-Port was implanted subcutaneously in 
thee neck and the attached silicone catheter (lumen 1.1 mm, length was adjusted 
perr rat) with 1 dacron cuff, was tunneled subcutaneously over the left flank after 
whichh it was inserted into the peritoneal cavity proximal of the umbilicus. 
Recoveryy occurred during one week following the catheter implantation with 
dailyy infusion of 1 mL heparinized saline (5 UI/mL 0.9% NaCl). The intervention 
periodd started directly after recovery. 

Groupp 1, the experimental group, was infused daily with heparinized (5 
IU/mL)) 3.86% glucose dialysate (Baxter Healthcare S.A., Castlebar, Ireland) 60 
ml/kgg body weight per day, preheated to 37°C. At the time points 16 and 20 
weekss after the start of the daily intraperitoneal infusions with the glucose based 
dialysiss solution, 3 rats were investigated with a standardized peritoneal 
permeabilityy analysis (SPARa) and sacrificied thereafter. Two rats were 
investigatedd 12 weeks after inclusion. Peritoneal specimens of the omentum and 
thee parietal peritoneum were obtained from each rat. Group 2 was infused daily 
withh heparinized (5 IU/mL) Ringer's lactate (hospital pharmacy) 60 mL/kg body 
weightt per day, also preheated to 37°C before peritoneal administration. This 
groupp was included as a control group to investigate the effect on peritoneal 
tissues,, of daily infusion with an isotonic non-glucose, lactate containing 
solution.. At time 12, 16 and 20 weeks after the start of the daily infusions with 
Ringer'ss lactate 2 rats underwent a SPARa and they were subsequently sacrificed 
too obtain the peritoneal tissues for morphological investigation. When the body 
weightt of a rat exceeded 420 g, the rat was assumed to be fully grown and the 
infusedd volume was set at 20 mL/day for both infusion groups. Group 3 was 
includedd to investigate the effect of aging on the peritoneum morphology. Two 
off  these rats were investigated at the start of the experimental period (t=0) and 
22 rats after 20 weeks. Specimens of omental tissue and parietal peritoneum were 
obtainedd in each rat for light and electron microscopy. 

MorphologicalMorphological analysis 
Omentall  and parietal peritoneal tissues were obtained from every rat. Each 
specimenn was prepared for light and electron microscopy. For light microscopy 
thee tissues were fixed in 4% buffered formalin and embedded in paraffin. 
Sectionss of 5 nm were obtained for (immuno)-histochemistry. All specimens 
weree stained with pico-sirius red (Gurr, BDH, England) which provides a brick 
redd staining of all fibrillary collagen. A semi-quantitative assessment of the 
stainingg behavior was performed using a light microscope (Leitz Dialux 20, 
Leica,, Rijswijk, The Netherlands) with a 25x flat field objective (x 10 ocular). 
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Figuree 1. Omental sections stained with pico sirius red (xl32) as representative 
examplee of the semiquantitative score of fibrous tissue deposition: 0= normal fibrous 
skeletonn Figure la, l = mi!d depositions Figure lb, 2= moderate Figure lc, 3= severe 
Figuree Id. 

Thee whole tissue section was screened to estimate the extent and distribution 
patternn of fibrosis in each slide. Staining results were classified from 0 to 3: 0 = 
normall  fibrous skeleton of the peritoneum (Figure la), 1= mild presence of 
fibrosisfibrosis in the submesothelial and perivascular tissue (Figure lb), 2= moderate 
depositionn of a discontinuous type of perivascular, submesothelial and interstitial 
fibrosisfibrosis (Figure lc), 3= severe, extensive confluent fibrosis at intersegmental, 
submesothelial,, perivascular and interstitial localizations (Figure Id). In case of 
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interstitial,, submesothelial and perivascular deposition of fibrous tissue, the 
presencee of type IV collagen and myofibroblasts was also scored with a similar 
semiquantitativee score. Immunohistochemistry was performed using a 
streptavidin-biotin-peroxidasee method [18]. The sections were deparaffinized in 
xylenee and rehydrated in ethanol, followed by incubation with hydrogen 
peroxidee 0.3% in methanol to block endogenous peroxidase activity. Non-
specificc binding sites were blocked by incubation with 10% normal goat serum. 
Thee applied primary antibodies were reactive with von Willebrand factor (vWF), 
too investigate the number of vessels per field (polyclonal, DAKO, Denmark), ex-
smoothh muscle actin (SMA) to determine the presence of activated fibroblasts 
presentt as myofibroblasts (monoclonal, DAKO, Denmark) and type IV collagen 
(polyclonal,, Organon Teknika, The Netherlands), to study the extent of collagen 
IVV deposition in the interstitium and vessel walls. After the incubation with the 
primaryy antibodies, second step biotinylated rabbit anti-mouse F(ab')2 antibodies 
againstt the monoclonal antibody and biotinylated swine anti-rabbit antibodies 
againstt the polyclonal antibodies (both DAKO, Denmark) in PBS-NHS containing 
5%% normal rat serum were applied, followed by horse radish peroxidase-
conjugatedd streptABCcomplex (DAKO, Denmark) as conjugate. The peroxidase 
activityy was detected with 1 mg/mL 3.3-diaminobenzidine tetrahydrochloride 
(Sigma,, St Louis, MO, USA) and 0.015% H202 in 50 mM Tris-HCl buffer, pH 
7.6,, yielding the brown coloration. All sections were counterstained with Mayer's 
hematoxylin,, dehydrated through a graded series of ethanol and mounted with 
Pertexx mounting medium. The sections stained with anti-vWF and collagen type 
IVV required enzymatic pretreatment with 0.25% pepsin (Sigma, St Louis, MO, 
USA)) in 0.1 M HC1 at 37°C. 

Thee number of vessels in a peritoneal tissue section was counted in the 
anti-vWFF stain in 5 non-overlapping fields, using a light microscope (25x flat 
fieldd objective, x 10 ocular, Leitz Dialux 20, Leica, Rijswijk, The Netherlands). 
Thee mean vessel count of the 5 fields was used as the number of vessels in that 
specimen.. Both the semiquantitative analysis of the fibrous tissue depositions, 
andd the quantitation of the vessels were done by two independent observers 
(AvdWandMMZ). . 

Thee ultrastructure of basal laminas of peritoneal capillaries in all groups 
wass investigated. For this purpose the collected tissue was fixed in 4% 
paraformaldehyde,, followed by: postfixation in 1% osmiumtetroxide, block-
stainingg with 1% uranyl acetate, one-step dehydration in dimetoxypropane and 
embeddingg in epoxyresin LX-112. EM sections were stained with tannic acid 
[19],, uranyl acetate and lead citrate and studied with a Philips CM 10 
(Eindhoven,, The Netherlands). 

StandardStandard peritoneal permeability analysis in the rat: SPARa 
Thee SPARa is a modification of the human standard peritoneal permeability 
analysiss (SPA) described by Pannekeet et al. [20], The SPARa is performed 
duringg a 4-hour dwell with 30 mL 3.86% glucose based dialysate solution, 
preheatedd to 37°C. Dextran 70, 5 g/L (Hyskon®, Medisan Pharmaceuticals AB, 
Uppsala,, Sweden), was added to the test solution as a volume marker for the 
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calculationn of solute kinetics [21]. The procedure included a rinsing step of the 
peritoneall  cavity with 30 mL 3.86% glucose dialysis solution prior to the test to 
avoidd possible effects of a residual volume present before the onset of the 
analysis.. Directly after drainage of the dialysate used for the test, another rinsing 
stepp was performed with 20 mL 1.36% glucose based dialysis solution, to 
calculatee the residual volume after the experiment. Both rinsing solutions were 
preheatedd to 37°C. Dialysate samples were taken before instillation of the test 
solutionn and 10, 30, 60, 120, 180 and 240 minutes after completion of inflow. 
Inflow,, sampling and outflow of the dialysate during the SPARa occured via an 
intravenouss infusion needle with pvc-sheet, which was inserted 
intraperitononealy,, lateral in the left lower quadrant of the abdomen. Outflow 
wass accomplished by gravity. Blood was obtained by heart puncture at the end 
off  the experiment; the rats were sacrificed thereafter. The animals were 
anestetizedd during the SPARa procedure by intra muscular administration of a 
mixturee of ketamine, xylazine and atropine (8 mg, 4 mg, 5 ĝ per 100 g body 
weight).. The protocol was approved by the Committee of Animal Experiments 
off  the University of Amsterdam. 

Assays Assays 
Totall  dextran 70 was measured in all dialysate samples by high performance 
liquidd chromatography [22]. Both in plasma and effluent, urea (Hitachi H747, 
Boehringerr Mannheim, Mannheim, Germany) and creatinine (Hitachi H911, 
Boehringerr Mannheim, Mannheim, Germany) were measured with enzymatic 
methods.. The glucose concentration was assessed by glucose oxidase-peroxidase 
assayy (SMA II, Technicon, Terrytown, NJ, USA). Enzymatic methods for the 
determinationn of creatinine are infuenced by high glucose concentrations as are 
presentt in glucose based dialysis solutions [23-25]. A correction factor (CF) was 
determinedd for the measurement of creatinine which is used in our laboratory: 
CF=-3.10^(gluc)2+0.11-(gluc)) + 105, in which (glue) is the glucose concen-
trationn in the effluent. Sodium was measured by an ion selective electrode 
(Hitachii  H747, Boehringer Mannheim, Mannheim, Germany). Albumin 
concentrationss were determined by the bromocresol green method. IgG was 
measuredd with a peroxidase sandwich enzyme-linked immuno assay (ELISA). 
ELISAA plates (Maxisorp immnunoplate, NUNC, Roskilde, Denmark) were coated 
withh goat anti-rat IgG (Nordic Immunology, Tilburg, The Netherlands). 
Horseradishh peroxidase labeled goat anti-rat IgG (H + L) (Nordic Immunology, 
Tilburg,, The Netherlands) was applied as conjugate and o-phenylenediamine 
dihydrochloridee (Sigma, SL Louis, MO, USA) as substrate. Absorbance was read 
att 490 ran against a buffer blanc, and ion exchange and gelfixation 
chromatographyy purified rat IgG (Sigma Albrich Chemie BV, Zwijndrecht, The 
Netherlands)) was used as a standard. 
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Figuree 2a. Omental tissue from a rat after 20 weeks daily infusion with Ringer's lactate 
(PSRR xl32): fibrous tissue deposition was normal in the submesothelial and mild in the 
perivascularr layer. Omental sections from rats in group 1 after 12 and 16 weeks of daily 
infusionn with glucose containing dialysis solution (PSR x 132). Mild to moderate 
depositionn of fibrous tissue was present in the submesothelial, perivascular and 
intersegmentall  areas after 12 weeks Figure 2b. which became moderate to severe after 
166 weeks of daily infusion Figure 2c. 
Figuree 3a. Omentum obtained from an untreated control rat in group 3, 20 weeks after 
inclusionn (a SMA x 132): few small vessels are present. Omental tissue from rats in 
groupp 1 after 12 and 16 weeks of daily infusion with glucose containing dialysis 
solution.. A greater number of vessels per field was observed after 12 weeks infusion 
withh glucose dialysate Figure 3b. in comparison with the untreated control; the 
numberr of vessels increased after 16 weeks of daily infusion Figure 3c. 
Figuree 4a. Omentum from a rat in group 2 after 20 weeks infusion with Ringer's 
lactatee (xl32). Type IV collagen staining was weekly positive in the wall of the small 
vessels.. Figure 4b-c. Omental tissue obtained in rats from group 1 after 16 and 20 
weekss combined infusion with glucose containing dialysis solutions. Moderate to very 
strongg stainings of type IV collagen in the vascular walls and the interstitium were 
presentt in both specimens (x 132). 
Figuree 5a. Parietal peritoneum obtained in a rat from group 2 after 20 weeks infusion 
withh Ringer's lactate. Few small vessels with very week staining of type IV collagen 
weree present and mild deposition of fibrous tissue was found in the submesothelial 
tissuee (x 132). Figure 5 bc Parietal peritoneum obtained in a group 1 rat after 20 
weekss daily infusion with glucose containing dialysis solution. An increase in the 
numberr of vessels per field with deposition of type IV collagen was found after 20 
weekss daily infusion with glucose based dialysis solution and a collagenous rind was 
seenn in the submesothelial layer (xl32). 
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Calculations Calculations 
Peritoneall  fluid and solute kinetics were calculated as described previously 
[20,21].. In brief, the transcapillary ultrafiltration increases the intraperitoneal 
volume,, and fluid loss from the peritoneal cavity is assumed to occur by 
transcapillaryy back filtration and uptake into the lymphatic system. The resultant 
off  these is the net ultrafiltration. The transcapillary ultrafiltration was calculated 
fromfrom the dilution of the volume marker, dextran 70. The convective 
disappearancee of the volume marker from the peritoneal cavity can be used as 
ann indirect method to estimate the contribution of the peritoneal lymphatics in 
thee absorption of fluid from the peritoneal cavity [26]. These calculations of the 
effectivee lymphatic absorption include all pathways of uptake into the lymphatic 
system,, both interstitial and subdiaphragmatic. The change in intraperitoneal 
volumee during the dwell can be calculated from the dilution of the volume 
markerr after correction for incomplete recovery. The net ultrafiltration is the 
differencee between the transcapillary ultrafiltration and the effective lymphatic 
absoprtion. . 

Thee MTACs of urea and creatinine were calcultated according to the 
modell  of Waniewski et al. [27], in which the solute concentration was expressed 
perr volume of plasma water [28]. Glucose absorption was estimated as the 
differencee between the instilled and the recovered amount of glucose, relative to 
thee instilled quantity of glucose. The peritoneal clearances of albumin and IgG 
weree determined according to the equation: Cl(mL/min) = (D*V)/(P*t) , in which 
CII  represents the clearance, D the dialysate concentration at the end of the 
dwell,, V is the dialysate volume at the end of the dwell, P is the plasma 
concentrationn and t is for the duration of the dwell. Aquaporin-mediated water 
transportt was estimated by the sieving of sodium, expressed as the lowest D/P 
ratioo of sodium during the dwell [29,30]. A diffusion correction was made when 
thee initial dialysate concentration differed more than 5 mmol/L from the plasma 
concentration,, because the concentration difference causes Na+ diffusion from 
thee circulation to the dialysate, which leads to an underestimation of the actual 
sodiumm sieving [31]. 

StatisticStatistic analysis 
Meanss and standard deviations are presented unless stated otherwise. One way 
analysiss of variance (ANOVA) was performed to compare the severity of the 
depositionn of fibrous tissue and the number of vessels per field within the groups 
off  investigation. When ANOVA showed a significant difference among the 
groups,, a modified t-test with a Bonferroni correction for multiple comparisons 
wass used to investigate the differences between the groups. The peritoneal 
permeabilityy parameters of the two infusion groups and the untreated control 
weree investigated with Mann-Whitney tests for distribution free testing. The 
differencee in the time courses of the net ultrafiltration, obtained in both infusion 
groups,, was investigated with repeated measurement analysis of variance. 
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Results s 
PeritonealPeritoneal fibrosis 
Histologicall  screening the peritoneal tissue sections, signs of peritoneal 
inflammationn were observed in two rats, one in group 1 at 16 weeks daily 
infusionn with the glucose based dialysis solution and one in group 2 at 16 weeks 
dailyy infusion with Ringer's lactate. These rats were excluded for further 
analysis.. Therefore, 16 rats were included in the histochemical investigation. 

Semiquantitativee assessment of peritoneal fibrosis in pico sirius red 
stainedd sections is shown in Figure 2-5. Fibrous tissue deposition was normal in 
groupp 2 after 12, 16 and 20 weeks of daily infusion with Ringer's lactate (Figure 
2a).. This was also found in group 3 at the onset of the experiment and after 20 
weekss of inclusion. Mild to moderate deposition of fibrous tissue was found in 
groupp 1 after 12 weeks of daily infusion with the glucose based dialysis solution, 
locatedd in the submesothelial, intersegmental and perivascular interstitial tissue 
(Figuree 2b). Moderate (discontinuous type of fibrosis) to severe (extensive 
confluentt fibrosis) depositions were observed, both in the omentum and parietal 
peritoneumm after 16 (Figure 2c) and 20 weeks (Figure 5c). Because no 
substantiall  differences were seen after 16 weeks and 20 weeks infusion with 
glucosee dialysis solution, these two groups were combined for further analysis. 

Infusionn with Ringer's lactate did not alter the peritoneal morphology, 
independentt from the duration of infusion. However, to sustain the parallel in 
thee infusion periods between both infusion groups, the results obtained after 16 
andd 20 weeks infusion with Ringer's lactate were also combined for further 
analysis.. The results from group 3 obtained at the start and after 20 weeks 
inclusionn were also combined as aging did not alter the peritoneal morphology. 
Thee severity of peritoneal fibrosis was significantly greater in group 1 at 16-20 
weekss infusion in comparison with group 2 at 16-20 weeks, p<0.018, and 
greaterr than in group 3, p<0.008. The anti-collagen IV immuno-reactivity was 
veryy weak in the vascular wall of small capillaries in group 2 (Figure 3a and 
Figuree 5a), and was not different from the presentation in group 3. The intensity 
off  the staining was markedly greater in group 1 at 16 (Figure 3b) and 20 weeks 
(Figuree 3c and Figure 5b) of daily infusion with glucose dialysate in comparison 
withh group 2 after the same infusion period (group 1 16-20 weeks versus group 
22 16-20 weeks p<0.018) and in comparison with the untreated controls (group 
33 p<0.008). There was no difference in type IV collagen deposition in the rats 
betweenn the time interval 16 to 20 weeks. The intensity of the 
immunohistochemicall  staining of the myofibroblasts was not different between 
groupp 2 and 3 independent from the duration of inclusion in the experiment, nor 
didd the location of the presentation differ (Fig 4a). The presence of a-SMA was 
detectedd in the vascular walls of peritoneal vessels in all rats. However, 
depositionn of myofibroblasts in the interstitium became evident in group 1 with 
durationn of infusion (Figure 4b and Figure 4c). The mesothelial cell-lining of the 
peritoneall  cavity was found intact in most tissue specimens in a similar form and 
presentation,, independent from the time point, the presence of a catheter or the 
administeredd solution. 
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8 8 

n o r m a ll mild m o d e r a t s e v e r e 

Figuree 6. The scores of the severity of fibrous tissue deposition and the number of 
vesselss per field in the respective groups. Symbols are group 1: (A) 12 weeks, ) 16 
weekss and (A) 20 weeks; group 2: (D) 12 weeks, (4)16 weeks and ) 20 weeks; 
groupp 3: (O) at the start of the experiment and ) 20 weeks after inclusion. 

PeritonealPeritoneal vascularization 
Feww vessels were found in the peritoneal interstitium in group 2 after 12 weeks: 
8.2++ 4.1 vessels per field (v/f), 16 weeks 8 v/f and 20 weeks 8 v/f 
(Figuree 3a and 5a). In group 3 a similar number of vessels was found at the start 

77 v/f and after 20 weeks inclusion 4 v/f (Figure 4a). The number of 
vesselss per field in group 1 increased with the duration of the infusion from 22.7 

00 v/f (12 weeks, Figure 4b) to 8 v/f (16 weeks, Figure 4c), and to 
33 v/f (20 weeks, Figure 3c). This increase in number of vessels with the 

durationn of exposure to the glucose based dialysis solution did not reach 
significance.. However, the number of vessels per field was significantly greater 
inn group 1, combining the 16 and 20 weeks results 6 v/f, Figure 3b and 
3c)) in comparison with control group 2 (9.1+2.9 v/f, p<0.0006, Figure 3a) and 
comparedd to group 3 (7.9  2.6 v/f, p<0.0001, Figure 4a). The scores of the 
fibrousfibrous and collagenous tissue deposition in relation to the number of vessels per 
fieldfield found in the individual animals are shown in Figure 6. 

Investigationn with transmission electron microscopy of the basal 
membraness of omental capillaries of group 1 revealed extensive lamination and 
reduplicationn after 20 weeks daily infusion (Figure 7a). This was in contrast to 
groupss 2 and 3, where clear single basement laminas were observed at the onset 
off  the experiment (Figure 7b) and after 20 weeks daily infusion with Ringer's 
lactatee (Figure 7c). 

PeritonealPeritoneal permeability 
Thee parameters of peritoneal permeability obtained in the two infusion groups 
aree shown in Table 1. The peritoneal permeability characteristics obtained 
withinn the groups at 16 weeks and 20 weeks, were not different. Therefore, 
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Figuree 7. Transmission electron micrographs of omental capillaries. Figure 7a. Electron 
micrographh of an omental capillary (xll600) obtained in a rat from group 1 after 20 
weekss of daily infusion with glucose based dialysate solution. Marked reduplication and 
laminationn of the basement membrane was present (arrow). Figure 7b. Omental 
capillaryy (xl5800) of a rat in group 3 at the start of the experiment. A clear unilamilair 
basementt (arrow) membrane of the peritoneal capillary was present. Figure 7c. 
Electronn micrograph of an omental capillary (xl5800) obtained in a group 2 rat after 
200 weeks daily infusion with Ringer's lactate. A single basel lamina was found (arrow), 
similarr to the one found in the omental capillary of the untreated control rat. 

analogouss to the morphological investigations the results of both infusion groups 
obtainedd after 16 and 20 weeks were combined for the analysis of these 
parameters. . 

Thee transcapillary ultrafiltration after the 4-hour dwell was not different 
betweenn group 1 and 2. However, the time course of the change in 
intraperitoneall  volume during the dwell was signficantly different between the 
twoo infusion groups, p<0.043 (Figure 8). The intraperitoneal volume in group 1 
reachedd its maximum at 120 minutes, which was sooner than in group 2, where 
thee maximum was reached after 180 minutes (p<0.014, Figure 8). The 
aquaporinn mediated water transport estimated as the maximum sieving of 
sodiumm and expressed as a percentage of the initial D/P Na~, was significantly 
lesss in group 1 compared to group (p<0.043, Table 1). The MTACs of urea and 
creatininee were not significantly different between the two infusion groups. 
However,, the glucose absorption was greater in the glucose infusion group 
comparedd to the Ringer's lactate group (group 1: % and % in 
groupp 2, p<0.014). The clearances of the macromolecules albumin and IgG 
weree similar in the two infusion groups. 

Disscusion n 
Thee daily intraperitoneal infusion model in the rat proved to be a good reflection 
off  morphological and functional alterations in the peritoneal membrane and 
havee a close resemblance to those described in patients treated with long-term 
peritoneall  dialysis. The model is similar to chronic peritoneal dialysis in humans 
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becausee it provides continuous exposure to dialysis fluids over a long treatment 
period,, but it also differs from the patient situation in some aspects. These 
includee : (1) no drainage of the instilled volume, (2) the absence of uremia, and 
(3)) the omission of animals with peritonitis from further investigation. These 
similaritiess and dissimilarities will be discussed below. 

Thee life time of a rat is approximately 2.5 years. Twelve to 20 weeks of 
dailyy infusion therefore represents 9-15% of its life time. Extrapolating this to 
thee human situation, assuming an average maximum age of 75 years, 9-15% 
representss a period of 7-11 years. Such duration of peritoneal dialysis is long-
termm treatment in a patient. Therefore, the experimental infusion period up to 
200 weeks was not unlikely to be an accurate representation of clinical long-term 
peritoneall  dialysis treatment. Growth or aging of the rats during this period did 
nott influence the membrane morphology. Pinto et al. [32] found no effect of 
agingg on peritoneal transport kinetics in Sprague Dawley rats investigated 
severall  times during a follow-up of 39 weeks. These animals were not on chronic 
PD. . 

Unlikee in peritoneal dialysis, the dialysis effluent was not drained in our 
model,, but left in the peritoneal cavity to be absorbed overnight. This was done 
too avoid blockage of the catheter. Although obstruction can often be prevented 
byy omentectomy, this operation was not performed because its effect on long-
termm peritoneal dialysis is unclear [33,34]. Also very high protein losses have 
beenn described after omentectomy [35,36]. Uremia may influence peritoneal 
permeabilityy [37]. This was also found in uremic rats [38]. In that study uremic 
ratss had higher peritoneal glucose absorption than non-uremic animals. 
However,, in both groups of animals very high values were found, much higher 
thann in the present study. The poor survival of dialysed uremic rats in the study 
off  Lameire et al. [38] together with our interest in effects of dialysis solutions on 
thee peritoneal membrane and the necessary capacity of the animals to absorb an 
intra-peritoneall  fluid load without getting overhydrated, were the reasons that a 
non-uremicc model was used in the present study. A modifying effect of uremia 
onn our results cannot be excluded. However the similarity of our results with the 
abnormalitiess described in chronic peritoneal dialysis patients, makes it unlikely 
thatt the presence or absence of uremia is a major factor in the reactions of the 
peritoneall  membrane to dialysis solutions. 

Peritonitiss influences peritoneal permeability [39-41] and may induce 
somee of the morphological alterations in long-term CAPD patients [11]. We have 
thereforee excluded animals with peritonitis, either during the study or after 
sacrifice,, from further analysis. 

Wee used Ringer's lactate as the control fluid. This isotonic solution 
containss the same constituents as the glucose based dialysis solution in similar 
concentrations,, but without the high glucose concentration. Continuous 
exposuree of the peritoneal membrane to this solution up to 20 weeks did not 
affectt the peritoneal morphology or permeability. Therefore, the daily infusion 
intoo the peritoneal cavity was not the trigger to induce alterations in the 
peritoneum.. In contrast, the 3.86% glucose based dialysis solution caused 
markedd morphological and functional abnormalities in the peritoneal membrane. 
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Figuree 8. The change in intraperitoneal volume during the dwell. Data are presented as 
meanss  SEM. Symbols are: (A) group 1, 16 and 20 weeks combined; ) group 2, 16 
andd 20 weeks combined. The time course of the change in intraperitoneal volume in 
groupp 1 was significantly lower than that in group 2 (p<0.043). The maximum of the 
intraperitoneall  volume was at 120 minutes in group 1 and after 180 minutes in group 2 
(p<0.014). . 

Thee time dependent morphological alterations were similar in the visceral 
andd parietal peritoneum, and in the omentum; independent of the location. They 
alsoo changed to a same extent in all tissue specimens with the duration of 
treatment. . 

Thee interstitial changes induced by the 3.86% glucose based dialysis 
solutionn were similar to those described in PD patients [13-15,17,42]. These 
includee the presence of a submesothelial collagenous 'rind' [12] and the 
presencee of type IV collagen [17]. Vascular abnormalities in long-term PD have 
receivedd relatively littl e attention so far. We found an increase in the number of 
peritoneall  vessels that was already present after 12 weeks, but reached its 
maximumm at 20 weeks. This is in accordance with the high number of peritoneal 
vesselss that we found recently in long-term PD patients and in patients with 
peritoneall  sclerosis [17]. At the ultrastructural level marked reduplications of 
thee capillary basement membranes were found, as has also been described in 
CAPDD patients [13,14]. 

Changess in mass transfer area coefficients of low molecular weight solutes 
orr their D/P ratios are likely to be caused by alterations in the number of 
perfusedd peritoneal capillaries [7,46]. These parameters are therefore likely to 
representt the peritoneal vascular surface area. In the present model we found a 
higherr peritoneal absorption of glucose in the glucose dialysate exposed animals 
thann in those exposed to Ringer's lactate. This functional representation of the 
peritoneall  vascular surface area fits with the higher number of vessels found on 
morphologicall  examination. Also the mean values of the MTACs of urea and 
creatininee were higher in the glucose dialysate group, although not significant. 
Thee most likely explanation for the lack of statistical significance is the absence 
off  uremia with concomitant low plasma concentrations of these solutes. In the 
situationn of near equilibration of these low molecular weight solutes between 
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plasmaa and dialysate, the absolute difference between plasma and dialysate 
concentrationn is so low that an accurate determination of small changes is not 
alwayss possible. 

Noo differences between the groups were found for the peritoneal 
clearancess of albumin and IgG. This is in accordance with results of a 
longitudinall  prospective study in new PD patients with a follow-up of 2 years 
[10]]  and with those in a case-control study comparing CAPD patients treated for 
moree than 4 years with matched controls treated for less than 1 year [9]. The 
clearancess of macromolecules are not only dependent on the vascular surface 
areaa but also on the intrinsic permeability (size selectivity) of the peritoneal 
membranee [7,44]. It is speculative whether the effects of an enlargement of the 
peritoneall  vascular surface area on peritoneal protein clearances, is counteracted 
byy a decreased intrinsic permeability, for instance caused by the interstitial 
alterations. . 

Thee development of a large peritoneal vascular surface area causes a 
moree rapid dissipation of the glucose gradient leading to a decreased 
ultrafiltration.. Therefore the presence of a large peritoneal vascular surface area 
hass been suggested as one of the major causes of impaired ultrafiltration in long-
termm peritoneal dialysis [6-10,29]. This morphological/functional relationship 
wass confirmed in our model because the glucose group had the lowest number 
off  vessels, the highest glucose absorption and the least change in intraperitoneal 
volumee during the SPARa. The profile of the intraperitoneal volume in the 
glucosee treated animals was very similar to that observed in CAPD patients 
duringg peritonitis: a maximum value that was lower than after recovery, and 
wass reached earlier during the dwell [40]. This is in accordance with the 
presencee of an enlarged vascular surface area as this allows rapid transport of 
water,, but this effect is counteracted by the accompanying high absorption rate 
off  glucose. Not just the ultrafiltration decreased but also a significant decrease in 
thee sieving of sodium was found. In some long-term peritoneal dialysis patients 
impairedd aquaporin-mediated water transport has been reported as additional 
causee of ultrafiltration failure [29,30]. Furthermore, we previously found 
evidencee that aquaporin-mediated water transport decreased with time on 
peritoneall  dialysis [29,30,45]. This suggests that besides the induction of 
neoangiogenesiss by continuous exposure to the glucose containing dialysis 
solution,, aquaporin mediated water transport was also affected. 

Recurrentt peritonitis has often been claimed to be responsible for the 
morphologicall  and functional alterations in the peritoneal membrane of long-
termm PD patients. The present model shows that these changes can be induced 
byy continuous exposure to glucose based dialysis solutions, in the absence of 
peritonitis.. Our study was not designed to elucidate which components of the 
commerciallyy available dialysis solutions are most important in the induction of 
thee described abnormalities. However, the results suggest a pathogenetic role of 
glucosee and/or its degradation products. 

Thee present study shows that simultaneous analysis of functional and 
morphologicall  measurements of the peritoneal membrane is possible in our 
chronicc peritoneal infusion model. We could induce similar abnormalities as are 
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foundd in long-term peritoneal dialysis patients. Furthermore, the time course of 
thee development of morphological alterations could be studied. Therefore this 
modell  may be used to investigate biocompatibility of other PD solutions in vivo 
duringg a long-term follow-up. 
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Abstract t 
Haemoconcentrationn may influence peritoneal permeability parameters in 
anesthetizedd animals without fluid supplementation. Therefore the aim of this 
studyy was to investigate the effects of fluid supplementation on peritoneal 
permeabilityy in an acute peritoneal dialysis model in anesthetized rats. 

Too study the effect of fluid supplementation on peritoneal permeability 
characteristicss 24 anesthetized male wistar rats were investigated in 3 groups 
duringg a 4 hours standardized peritoneal permeability analysis with a 3.86% 
glucosee dialysis solution (SPARa). The groups included a control group with no 
fluidd supplementation (none) (n=8, 372+ 20.1 g), a group with continuous 
subcutaneouss infusion (sc) of 0.9% NaCl 3 miyhour (n=9, 364  35.5 g) and a 
groupp with continuous intravenous infusion (iv) of 0.9% NaCl 3 miyhour (n=7, 
386  25.7 g). Inflow, sampling and outflow of the dialysate during the SPARa 
occurredd via a canula inserted ip in the lower left quadrant of the abdomen. 
Bloodd was drawn at the end of the dwell. 

Urinee production during the dwell was not different among the groups: 
nonee 10.6+5.3mL, sc: L and iv: . The transcapillary 
ultrafiltrationn after 4 hours was significantly higher in the iv group (p<0.05) 
comparedd to the other two groups. The net ultrafiltration and the effective 
lymphaticc absorption were similar in all groups. Mass transfer area coefficient of 
ureaa in the iv group was significantly greater 2 ^IVmin, p<0.003), but 
nott different between the none 2 uVmin) and sc 9 uL/min) 
groups.. The glucose absorption, albumin and IgG clearances and the sieving of 
sodiumm were alike in all groups. 

Itt can be concluded that only iv fluid supplementation is effective to 
preventt dehydration and enhances some peritoneal permeability characteristics 
inn anaesthetized rats during a 4 hour investigation. It is therefore important to 
standardizee the fluid supplementation. 

Introduction n 
Clinicallyy relevant and standardized experimental models for in vivo studies of 
specificc aspects of peritoneal dialysis are required for further understanding of 
peritoneall  physiology, pathology and their implications for peritoneal dialysis in 
patients.. Several experimental models for the investigation of peritoneal 
transportt characteristics have been reported both in conscious [1-3] and 
anesthetizedd [4-6] animals. In some studies the conscious animals had free 
accesss to water [2], anesthetized animals were supplemented with fluid during 
thee experiment either intravenously [5] or subcutaneously [6]. The magnitude 
off  the fluid supplementation and the modality of administration have been 
described,, but were not discussed. So far, the effect of haemoconcentration on 
peritoneall  permeability characteristics in anesthetized animals with normal renal 
functionn without fluid supplementation during peritoneal dialysis, has not been 
evaluated. . 

Therefore,, the aim of this study was to investigate the effects of fluid 
supplementationn on peritoneal permeability in an acute peritoneal dialysis 
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modell  in anesthetized rats. The peritoneal transport parameters were studied 
withoutt normal saline supplementation during a 4-hour dwell and with 
supplementationn either subcutaneously or intravenously. 

Methods s 
Animals Animals 
Twentyy four male wistar rats (Harlan CBP, Zeist, The Netherlands) were 
randomlyy divided into 3 groups. The group without fluid supplementation (none 
group)) during the standardized peritoneal permeability analysis adapted for rats 
(SPARa),, contained 8 rats. Eight were placed in the group with continuous 
subcutaneouss infusion of 3 mL 0.9% NaCl /hour during the SPARa (sc group). 
Everyy 30 minutes the sc infusion needle was shifted to an another location on 
thee flanks or back of the rat. Eight rats were investigated during continuous 
intravenouss infusion of 3 mL 0.9 % NaCl/hour in a tail blood vessel (iv group). 
Onee rat was shifted from the iv to the sc supplemented group 30 minutes after 
thee start of the SPARa because of a malfunctioning iv needle. Consequently, the 
finall  sc group contained 9 rats and the iv group 7. The normal saline solution 
wass preheated to 37°C for both supplemented groups. All rats were anesthetized 
byy intra muscular administration in a hind leg with a mixture of ketamine, 
xylazinee and atropine (8 mg, 4 mg, 5fig per 100 g body weight). The animals 
weree placed on a 37°C heating pad during the SPARa. 

StandardStandard peritoneal permeability analysis in the rat: SPARa 
Thee SPARa is a modification of the human standard peritoneal permeability 
analysiss (SPA) described by Pannekeet et al [7]. The SPARa is performed during 
aa 4-hour dwell with 30 mL 3.86% glucose based dialysis solution, preheated to 
37°C.. Dextran 70, 5 g/L (Hyskon®, Medisan Pharmaceuticals AB, Uppsala, 
Sweden),, is added to the test solution as a volume marker for the calculation of 
fluidd kinetics [8]. The procedure includes a rinsing step of the peritoneal cavity 
withh 30 mL 3.86% glucose dialysis solution prior to the test to avoid possible 
effectss of a residual volume present before the onset of the analysis. Directly 
afterr drainage of the 4-hour effluent, another rinsing step is performed with 20 
mLL 1.36% glucose based dialysis solution, to calculate the residual volume in the 
peritoneall  cavity. Both rinsing solutions are preheated to 37°C. Dialysate 
sampless are taken before instillation of the test solution and 10, 30, 60, 120, 
1800 and 240 minutes after completion of inflow. Inflow, sampling and outflow 
off  the dialysate during the SPARa occurs via an intravenous infusion needle with 
aa pvc-sheet, which is inserted intra-peritonealy, lateral in the left lower quadrant 
off  the abdomen. One mL is obtained for each intermediate sample using a 1 mL 
syringee which is flushed 3 times to avoid dead space effect. Outflow at the end 
off  the dwell and after both rinsing steps is accomplished through this canula by 
gravity.. Blood is obtained by heart puncture at the end of the experiment; the 
ratss are sacrificed thereafter. Preweighed gauzes are used to absorb the urine 
duringg the dwell and weighed thereafter to estimate the urine production. The 
animalss are anesthetized during the whole SPARa procedure. The protocol was 
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approvedd by the Committee of Animal Experiments of the University of 
Amsterdam. . 

Assays Assays 
Totall  dextran 70 was measured in all dialysate samples by high performance 
liquidd chromatography [9]. Both in plasma and effluent, urea (Hitachi H747, 
Boehringerr Mannheim, Mannheim, Germany) was measured with an enzymatic 
method.. The glucose concentration was assessed by a glucose oxidase-
peroxidasee assay (SMA II, Technicon, Terrytown, NJ, USA). Sodium was 
measuredd by an ion selective electrode (Hitachi H747, Boehringer Mannheim, 
Mannheim,, Germany). Total protein in plasma was determined by biureet 
methodologyy (Roche, Almere, The Netherlands) using an automated analyzer 
(Hitachii  747, Boehringer Mannheim, Mannheim, Germany). Plasma osmolality 
wass assessed by a freeze point reduction method using an automated analyzer 
(EBMC,, Kerkdriel, The Netherlands). Albumin concentrations were determined 
byy the bromocresol green method. IgG was measured with a peroxidase 
sandwichh enzyme-linked immuno assay (ELISA). ELISA plates (Maxisorp 
immnunoplate,, NUNC, Roskilde, Denmark) were coated with goat anti-rat IgG 
(Nordicc Immunology, Tilburg, The Netherlands). Horseradish peroxidase labeled 
goatt anti-rat IgG (H + L) (Nordic Immunology, Tilburg, The Netherlands) was 
appliedd as conjugate and o-phenylenediamine dihydrochloride (Sigma, St Louis, 
MO,, USA) as substrate. Absorbance was read at 490 nm against a buffer blanc, 
andd ion exchange and gelfiltration chromatography purified rat IgG (Sigma 
Aldrichh Chemie BV, Zwijndrecht, The Netherlands) was used as a standard. 

Calculations Calculations 
Peritoneall  fluid and solute kinetics were calculated as described previously [7,8]. 
Inn brief, the transcapillary ultrafiltration increases the intraperitoneal volume, 
andd fluid loss from the peritoneal cavity is assumed to occur by transcapillary 
backk filtration and uptake into the lymphatic system. The resultant of these is 
thee net ultrafiltration. The transcapillary ultrafiltration was calculated from the 
dilutionn of the volume marker, dextran 70. The convective disappearance of the 
volumee marker from the peritoneal cavity can be used as an indirect method to 
estimatee the contribution of the peritoneal lymphatics in the absorption of fluid 
fromm the peritoneal cavity [10]. These calculations of the effective lymphatic 
absorptionn include all pathways of uptake into the lymphatic system, both 
interstitiall  and subdiaphragmatic. The change in intraperitoneal volume during 
thee dwell can be calculated from the dilution of the volume marker after 
correctionn for incomplete recovery. The net ultrafiltration is the difference 
betweenn the transcapillary ultrafiltration and the effective lymphatic absoprtion. 

Thee MTAC of urea was calculated according to the model of Waniewski et 
al.. [11] which corrects for convective transport with the application of a 
correctionn factor F=0.5, and the solute concentration was expressed per volume 
off  plasma water [12]. The following equation was applied: 
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Inn which Vi0 (mL) represents the intraperitoneal volume, and Di0 (mmol/L) the 
dialysatee concentration of the solute at t=10 minutes, V, and Dt represent these 
parameterss at t=240 minutes. P is the plasma concentration at the end of the 
dwell.. V is the mean intraperitoneal volume calculated as the area under the 
intraperitoneall  volume versus time curve, divided by the dwell time. The area 
underr the curve is determined with the application of the trapezium rule [13]. 

Glucosee absorption was estimated as the difference between the instilled 
andd the recovered amount of glucose, relative to the instilled quantity of glucose. 
Thee peritoneal clearances of albumin and IgG were determined according to the 
equation:: ClOLtiymin) = (D-V)/(P-t), in which CI represents the clearance, D the 
dialysatee concentration at the end of the dwell, V is the dialysate volume at the 
endd of the dwell, P is the plasma concentration and t is the duration of the dwell. 
Thee size selectivity or intrinsic permeability of the peritoneum was expressed as 
thee IgG/albumin clearance ratio. Aquaporin-mediated water transport was 
estimatedd by the sieving of sodium, expressed as the lowest D/P ratio of sodium 
duringg the dwell [14,15]. 

StatisticalStatistical analysis 
Meanss and standard deviations are presented unless stated otherwise. One way 
analysiss of variance (ANOVA) was performed to compare the results of the three 
investigatedd groups. When ANOVA showed a significant difference among the 
groups,, a modified t-test with a Bonferroni correction for multiple comparisons 
wass used to investigate the differences between the groups. 

Results s 
Thee clinical data and the laboratory investigations are presented in Table 1. 
Urinee production was not affected by the presence or absence of fluid 
supplementationn and/or its route of administration during the SPARa. The 
concentrationss of urea, glucose and total protein in plasma were significantly 
lowerr in the group with iv saline administration compared to the other two 
groups,, but that of Na+ was higher (Table 1). Nevertheless, the plasma 
osmolalityy was lowest in the iv group. The time courses of the transcapillary 
ultrafiltration,, effective lymphatic absorption and the resulting change in 
intraperitoneall  volume were determined in each animal. The fluid profiles of 
eachh group are shown in Figure 1. The transcapillary ultrafiltration after 4 hours 
wass significantly greater in the iv group (p<0.05), but was not different 
betweenn the other two groups. The net ultrafiltration and the effective lymphatic 
absorptionn were similar in all three groups. The sieving of sodium, used as an 
estimatee of aquaporin mediated water transpon showed no difference among 
thee three groups (Table 2). Parameters of peritoneal solute permeability are 
summarizedd in Table 2. Figure 2 shows box and whisker plots of the MTAC of 

101 1 



FluidFluid supplementation in experimental PD 

ureaa and the glucose absorption obtained in all three groups. A significantly 
greaterr MTAC of urea was found in the iv group (p< 0.003) compared with the 
otherr groups. The glucose absorption was similar in all groups. Also the 
clearancess of the macromolecules albumin and IgG were alike. The size 
selectivityy to macromolecules, assessed as the albumin/IgG ratio, was not 
different. . 

Discussion n 
Ann acute peritoneal dialysis model in the rat with normal kidney function was 
usedd to investigate the effect of fluid supplementation and its modality on 
peritoneall  permeability characteristics during a 4-hour standardized peritoneal 
permeabilityy analysis. The magnitude of the continuous supplementation of 
normall  saline used in this study, administered either intravenously or 
subcutaneously,, was based on the volume of net ultrafiltration (9.3 0 mL/4-
hour)) determined during SPARas performed under similar conditions without 
fluidd supplementation (unpublished). We only found significant differences in 
thee peritoneal permeability characteristics after iv fluid supplementation in 
comparisonn with the not supplemented rats and the animals with sc fluid 
administration.. Therefore, the reported 1-2 mL normal saline/hour 
administratedd subcutaneously [6,16] or intravenously [5] might be insufficient 
forr prevention of haemoconcentration or hypovolemia during a 4-hour dwell in 
anesthetizedd rats. 

Wee found a significantly higher TCUF after 4 hours in the iv group, which 
wass not different between the other two groups. The greater TCUF at the end of 
thee dwell in the iv group can be explained by the effect of haemoconcentration 
inn the other two groups, possibly due to a change in the transcapillary pressure 
gradient.. This is composed of the crystalloid pressure gradient and the 
hydrostaticc pressure gradient minus the colloid osmotic pressure gradient [17]. 
Thee hydrostatic pressure gradient is assumed to be stable during a 4-hour dwell 
inn conscious patients [18]. It is likely that in anesthetized rats independent from 
fluidd supplementation, this gradient also remains stable during the dwell 
becausee regulation of the blood flow by precapillary sphincters in the splanchnic 
circulation.. Comparing the iv group with animals without supplementation 
showedd that the mean difference in plasma osmolality between the two groups 
wass 14 mosmol/ kg H20. The difference was 7 mosmol/L when the osmolality 
wass calculated from the Na+, glucose and urea concentrations. One milli-osmol 
exertss an osmotic pressure of 19.3 mm Hg in case the reflection coefficient of a 
solutee to a membrane equals 1.0. assuming an overall reflection coefficient for 
loww molecular weight solutes of 0.03 [19] the difference in the plasma 
crystalloidd osmotic pressure between the two groups would be either be 8 or 4 
mmm Hg. This implies that the crystalloid osmotic pressure gradient across the 
peritoneumm is 4 to 8 mm Hg higher in the iv group. The colloid osmotic pressure 
gradientt can be estimated from the plasma albumin concentration applying the 
equation:: 0.38 (Palbumin ) + 7.72 [17]. 
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00 10 30 60 120 180 240 
timee (minutes) 

00 10 30 60 120 180 240 
timee (minutes) 

00 10 30 60 120 180 240 
timee (minutes) 

Figuree 1. The time courses of the transcapillary ultrafiltration , effective lymphatic 
absorption(A)) and the resulting change in intraperitoneal volume (B) in the none 
(upper),, sc (middle) and iv group (lower panel). 'p<0.05. Means and standard 
deviationss are presented. 
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Figuree 2. Box and whisker plots of the MTAC urea (left panel) and the glucose 
absorptionn (right panel) calculated for all three groups. "p<0.003. The boxes show the 
mediann values and the 25th and 75th percentile, the extremes are presented by the 
whiskers. . 

Thiss results in a 1.5 mm Hg higher colloid osmotic pressure gradient in the 
unsupplementedd rats, promoting more back filtration in these animals compared 
too the iv group. The total osmotic pressure gradient across the peritoneum is the 
summ of the crystalloid and the osmotic pressure gradients. The total osmotic 
pressuree gradient, inducing the transcapillary filtration of fluid from the 
circulationn to the peritoneal cavity will therefore have been 5 to 10 mm Hg 
higherr in the iv group than in the rats without supplementation. This is the most 
likelyy explanation for the greater transcapillary ultrafiltration found in the iv 
group.. It was not reflected by a difference in the net ultrafiltration, because this 
parameterr is also dependent on the effective lymphatic absorption [10,20]. 

Thee higher plasma concentrations of solutes and the higher osmolality in 
thee group without fluid supplementation in comparison with the other groups 
suggestt that these parameters, obtained at the end of the dwell of the SPARa, 
wil ll  have been lower in the beginning of the investigation. The end value 
thereforee most likely overestimates the average plasma concentration. This could 
explainn the lower MTACurea found in the not supplemented animals compared 
too the iv rats, in which the end plasma concentration is more likely to represent 
aa steady state. The basis of the MTAC calculation is the (P-D10)/(P-Dt) ratio. The 
effectt of an overestimation of P is especially important in the denominator, 
becausee of the small differences between P and Dt. An overestimation of P-Dt 
wil ll  result in a smaller ratio and therefore in a lower MTAC. This is the most 
probablee explanation for the higher MTAC urea in the iv supplemented rats. The 
findingfinding that the glucose absorption was not different among the three groups 
suggestss that dehydration or fluid supplementation had no effect on the 
peritoneall  vascular surface area. The similar values for peritoneal size-selectivity 
alsoo argue against an effect of dehydration on peritoneal permeability. 
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Itt can be concluded that the effects of fluid supplementation during 
peritoneall  permeability studies in anesthetized rats are generally minimal. When 
itit  is used 3 ml/hour normal saline should be administered intravenously. 
Subcutaneouss supplementation of the same quantity is easier to apply, but 
insufficient.. It is however most important that the conditions of the experiments 
aree standardized, also in regard to the use and route of the fluid 
supplementation. . 
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PeritonealPeritoneal sclerosis: vascular and interstitial changes 

Abstract t 
Too analyze morphological changes in the peritoneum of peritoneal sclerosis (PS) 
patientss was the objective of this study. Emphasis was put on vascular 
abnormalities,, because the continuous exposure to glucose-based dialysis 
solutionss could cause diabetiform changes and because longitudinal transport 
studiess suggested the development of a large peritoneal vascular surface area. 

Peritoneall  biopsies from CAPD patients were investigated in two studies. 
Diabeticc patients were excluded. In study I, 11 PS biopsies were compared to 3 
controll  groups, varying in duration of CAPD treatment 0 months (n=15), 2-25 
monthss (n=7) and ^ 25 months CAPD (n=7). The second study was a case-
controll  study, comparing 6 biopsies from the long-term control group to 6 PS 
biopsies,, matched for age and duration of CAPD. All biopsies were scored for 
presencee and type of fibrosis (Pico Sirius Red, type rv collagen, aSMA) and for 
neoangiogenesiss (factor VIII) . Thickening of vascular walls by type rv collagen 
andd vasodilation of capillaries was measured by computer aided planimetry. 

Inn study I the presence of sclerosing fibrosis, deposition of interstitial type 
IVV collagen and the number of myofibroblasts (aSMA positive cells) were greater 
inn the PS biopsies vs biopsies from all control groups (p<0.002). Moreover the 
numberr of vessels per field was higher in PS biopsies (p<0.01). Vascular wall 
thickeningg of small arteries (p<0.008) and a vasodilation of capillaries was 
foundd in PS biopsies compared to all control groups (p<0.007). The second 
studyy revealed differences in the presence of sclerosis but not in the extent of 
fibrosisfibrosis between PS biopsies and their controls. The number of vessels per field 
inn PS biopsies was higher compared to controls (p=0.04). Also thickening of the 
vascularr wall was more marked in PS biopsies (p = 0.03). Vasodilation of 
capillariess was greater in PS biopsies than in controls (p = 0.07). 

Fibrosiss of the peritoneum may precede peritoneal sclerosis. The deposition 
off  type IV collagen and the presence of myofibroblasts in the interstitial layer 
couldd be part of a pathological process, similar to the scarring in diabetic 
nephropathy.. The neoangiogenesis and the thickening of the vascular wall by 
typee IV collagen are consistent with glucose-induced microangiopathy. These 
abnormalitiess and the vasodilation of capillaries can explain the high D/P ratios 
orr mass transfer area coefficients (MTACs) of low molecular weight solutes that 
cann be found in long-term CAPD patients. 

Introduction n 
Peritoneall  sclerosis is a severe complication of long-term CAPD. It can occur 
duringg peritoneal dialysis, but also after discontinuation of treatment and is not 
directlyy related to the incidence of microbial peritonitis [1-3]. Sclerosing 
encapsulatingg peritonitis is the most severe manifestation. A characteristic 
findingfinding at laparotomy in these patients is a thickened leathery, fibro-connective 
sheathh of marbled appearance that envelops the small intestine. Besides the 
clinicall  symptoms of bowel obstruction and ascites, ultrafiltration failure during 
peritoneall  dialysis is the most important functional abnormality [1]. It is often 
accompaniedd by high dialysate/plasma ratios (D/P ratios) or high mass transfer 
areaa coefficients (MTACs) of low molecular weight solutes, suggesting the 
presencee of a large vascular peritoneal surface area [1,4]. 
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Alterationss in the morphology of the peritoneum in CAPD patients have 
beenn described by the groups of Dobbie, Di Paolo and Gotloib [5-14]. These 
studiess focussed especially on the mesothelium and also on mesothelial and 
interstitiall  changes related to peritonitis. Characteristic alterations of the pe-
ritoneumritoneum in CAPD patients with peritoneal sclerosis have mainly been described 
ass a loss of mesothelial cells and a collagenous change, originating from the 
superficiall  layer of the peritoneum as an acellular rind of hyalinized collagen [5-
7].. So far, littl e attention has been given to the vascular changes in long-term 
peritoneall  dialysis patients and in patients with peritoneal sclerosis. Gotloib et 
al.. described an irregular thickening and reduplication of the basement 
membranee of peritoneal capillaries using transmission electronmicroscopy [14]. 
Hondaa et al. described thickening of the media of venules with deposition of 
typee IV collagen in three long-term CAPD patients [15]. 

Thee aim of the present study was to investigate vascular and interstitial 
changess in CAPD patients with peritoneal sclerosis and in patients treated with 
long-termm CAPD. The analysis was especially focussed on abnormalities that 
couldd be attributed to exposure to constituents of dialysis solutions, e.g. glucose. 
Peritoneall  biopsies from non-diabetic CAPD patients with peritoneal sclerosis 
weree compared with biopsies from various control-groups. Different 
(immuno)histochemicall  staining methods were used to identify the presence and 
typee of interstitial fibrosis (Pico-Sirius Red, type W collagen, a-smooth muscle 
actinn (a SMA)), thickening of the vascular wall (Pico-Sirius Red, type IV 
collagen),, vasodilation of capillaries and neoangiogenesis (Von Willebrand 
factor).. The severity of vascular wall thickening, vasodilation and of 
neoangeogenesiss was quantitated by histomorphometry. 

Patientss and methods 
Patients Patients 
Peritoneall  biopsies were obtained from 11 patients with peritoneal sclerosis. The 
criteriaa for the diagnosis and the clinical presentation of the patients has been 
describedd by us previously [1]. In brief the definition of peritoneal sclerosis was 
basedd on a combination of clinical features (bowel obstruction, ascites and blood 
stainedd effluent often in combination with ultrafiltrationfailure) confirmed by 
eitherr a laparotomy or autopsy. Median age of the peritoneal sclerosis patients 
wass 45 years (range 27-69). Median duration of treatment with CAPD in this 
groupp was 63 months (40-131 months). Three different control groups of 
biopsiess from CAPD patients were selected, that were different in the duration of 
CAPD.. Patients with diabetes mellitus and patients suffering from a microbial 
peritonitiss at the moment the biopsies were taken, were excluded. Control-group 
II  consisted of 14 peritoneal biopsies from patients at the start of CAPD treatment 
(00 months CAPD). Median age of these patients was 46 years (range 21-58). 
Control-groupp II consisted of 7 biopsies from patients treated with CAPD from 2 
too 25 months (median 13, range 2-20). Median age in this group was 42 years 
(rangee 32-59). The third control-group consisted of 7 biopsies from patients 
treatedd with CAPD for ^25 months (median 45, range 25-83). Median age in 
groupp III was 61 years (range 30-72). Biopsies were obtained during 
laparotomy,, (re)implantation or removal of the peritoneal catheter, during 
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autopsyy and once during surgical correction of an umbilical hernia. Biopsies 
measuringg 1-2.5 cm were taken partly of parietal peritoneum and partly of 
omentum.. The results were analyzed in two ways. In study I the biopsies from 
thee peritoneal sclerosis patients were compared to those of the three control 
groups.. Study II was a case-control analysis comparing six biopsies from the 
peritoneall  sclerosis group [median age 48 years (range 38-69), median duration 
CAPDD 61 months (range 40-78)] to six biopsies from control group III [median 
622 years (range 43-72), median duration of CAPD 51 months (range 25-83)], 
matchedd for age and duration of CAPD . 

Histopathology Histopathology 
Thee biopsies were fixed in 4% formalin immediately after sampling. Paraffin 
embeddedd tissue was serially sectioned at 5 um thickness. For histomorphometry 
sectionss were stained with haematoxylin & eosin and Pico Sirius Red F3B, 
providingg a brick red staining of all fibrillary collagen. Adjacent sections were 
usedd for immunohistochemistry. For the immunohistochemical detection of 
endotheliall  cells, myofibroblasts and type IV collagen streptavidin-biotin 
complexx (SABC) was used as previously described [16]. Briefly, sections were 
deparaffinizedd in xylene and alcohol (100%), followed by blockage of endoge-
nouss peroxidase by incubation with hydrogen peroxide 0.3% in methanol for 20 
minutes.. Sections stained with anti-collagen IV and anti-Von Willebrand factor 
requiredd enzymatic pretreatment with pepsin 0.25% (Sigma, St. Louis, U.S.A.) 
inn 0.01M HC1, at 37° C for 15 minutes. The staining sequence was: 10% normal 
goatt serum in PBS for 15 minutes; primary antibodies a-smooth muscle actin 
(DAKO,, Denmark; dilution 1:400 in PBS), anti-Von Willebrand factor (DAKO, 
Denmark;; dilution 1:50 in PBS) and anti-collagen type P/ (Organon Teknika, 
Netherlands;; dilution 1:400 in PBS) for one hour; biotinylated rabbit anti-mouse 
F(ab')22 fragments against polyclonal antibodies (both from DAKO, Denmark) in 
PBSS containing 10% normal human serum (PBS-NHS) for 30 minutes; 
horseradishh peroxidase (HRP)-conjugated streptABComplex (DAKO, Denmark) 
inn PBS-NHS for 30 minutes. HRP activity was detected by incubation in 1 mg/mL 
3,3-diaminobenzidinee tetrahydrochloride (Sigma, St. Louis, U.S.A.) and H202 

0.015%% in 50 mM Tris-HCL, pH 7.6, yielding a brown colour. Finally slides were 
counterstainedd with Mayer's haematoxylin and mounted with Pertex mounting 
medium.. Negative controls consisted of experimental tissues treated in a similar 
wayy but with substitution of the primary antibody with an irrelevant antibody of 
thee same isotype. 

Evaluationn of results 
II  Extent of fibrosis (haematoxylin & eosin, Pico Sirius Red) 
Alll  peritoneal biopsies were scored for the same items. To describe the severity 
off  interstitial fibrosis a semiquantitative score was used (0-3), where 0= no 
fibrosis,, 1= mild fibrosis (mild perivascular and interstitial fibrosis), 2= 
moderatee fibrosis (large areas but still of a discontinuous 'patchy' type of 
perivascularr and interstitial fibrosis), 3= severe, non sclerosing fibrosis 
(extensivee confluent diffusive type of interstitial fibrosis). Apart from the 
severityy of fibrosis the presence of a sclerosing type of fibrosis (homogenous, 
hyalinee like type of fibrosis) was scored. 
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Figuree 1 (left panel): The presence of interstitial type IV collagen in biopsies, with 
variouss degrees of interstitial fibrosis. Open bars: type IV collagen negative, hatched 
bars:: type IV collagen +, checked bars: type IV collagen + + . Figure 2 (right panel): 
Thee number of vessels per field (lOOx) in the various patient groups. Each dot is the 
meann value of the number of vessels per patient counted in 5 fields throughout the 
lengthh of each section. 

IIII  Collagen IV and aSMA immunoreactivity 
Inn case of interstitial fibrosis, the presence or absence of type IV collagen within 
thee fibrosis was assessed, using a similar semiquantitative score: 0 = absent, 1 = 
sligthlyy detectable type IV collagen (collagen IV desposition distributed in the 
interstitiall  layer), 2 = clearly distinguishable type IV collagen (bandlike collagen 
IVV deposition within the fibrous layer in the interstitium). Finally the presence or 
absencee of aSMA in the interstitial layer was scored. 

77// Vascularization (anti-Von Willebrandfactor, anti-collagen IV) morphometric 
analysis analysis 

Too count the number of vessels per field peritoneal sections were viewed down a 
lightt microscope (Leitz, Dialux 20) with a lOx flat field objective (xlO). Per 
sectionn five non-overlapping fields of 3.1 mm2 from the upperleft to the lower 
rightright of the biopsy, stained with von Willebrandfactor, were analysed throughout 
thee length of the biopsy specimen in which all cross sectioned cuts of 
bloodvesselss were counted. Finally the average number of vessels per field was 
calculated.. The thickening of vascular walls was measured using the sections 
stainedd for type IV collagen and aSMA. Surface areas of peritoneal capillaries 
andd small arteries were quantified by planimetry using TIM image analysis 
softwaree on a PC provided with VS-100-AT frame grabber (Data Measuring 
Systems,, Breda, The Netherlands). Sections were projected on a videoscreen and 
thee inner and the outer border of the vessel were outlined manually. Subse-
quentlyy values of total surface area and luminal area were generated by the 
abovee mentioned measuring system in urn2. Utilizing these values the total 
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surfacee area, the crossectional area of the vascular wall, the wall/total area ratio 
andd the wall/lumen ratio could be calculated. Ten capillaries (diameter 7-8 fim) 
andd 10 arterioles/small arteries (diameter 20-50 urn) were measured per 
section. . 

Statistics Statistics 
Analysiss of variance was performed. When differences were significant, a 
Student-t-testt was used to compare the PS biopsies with those of other groups, 
ass a normal distribution of the data was present. A correction using the Bonfer-
roni-methodd was made if necessary. To analyse possible associations between 
categoricall  data, the chi square test was used. The paired-t-test was employed to 
comparee six peritoneal sclerosis biopsies with their matched controls. 

Results s 
StudyStudy I 
Inn control-group I (at start CAPD) 7 out of 15 biopsies contained fibrosis. Five 
outt of these 7 contained mild fibrosis, 2 contained moderate fibrosis. In all 
biopsiess from the second control-group (2-25 months CAPD) fibrosis was 
present.. Four out of 7 biopsies in this group showed mild fibrosis, 3 of them 
showedd moderate fibrosis. Fibrosis was more extensive in the third control-group 
(^255 months CAPD). Three out of 7 biopsies in this group contained mild, 1 
moderatee and 2 biopsies contained severe fibrosis. In the peritoneal sclerosis 
groupp all biopsies contained a sclerosing type of fibrosis. The presence of 
interstitiall  type IV collagen was greater in biopsies with moderate fibrosis and 
wass most marked in biopsies showing severe fibrosis (Figure 1). The number of 
interstitiall  myfibroblasts was significantly greater in the long-term CAPD group 
andd was greatest in the peritoneal sclerosis group compared to the different 
controll  groups (p<0.04). 

Figuree 2 shows the number of vessels per microscopic field (xlOO) in each 
patientt group. The number of vessels increased with the duration of peritoneal 
dialysis.. An example is shown in Figure 3. A significantly higher number of 
vesselss per field was found in the peritoneal sclerosis group compared to all 
differentt control-groups (p<0.01). The wall/total area ratio of the small arteries 
inn the peritoneal sclerosis group was higher compared to all different control 
groupss (p<0.001), which is consistent with a thickening of the vascular wall 
(Figuree 4). In all cases the thickening could be seen in the media and was 
positivelyy stained for type IV collagen (Figure 5). The lumen/wall ratio of 
peritoneall  capillaries was also higher in the peritoneal sclerosis group, compared 
too the other groups (p<0.007), pointing to vasodilation. 

Biopsiess positively stained for aSMA (Figure 5C) had more severe 
interstitiall  fibrosis (p<0.01), more interstitial type IV collagen (p<0.02) and 
containedd more vessels (p=0.001) than biopsies negatively stained for aSMA 
(Figuree 6). The largest number of vessels was present in biopsies with severe 
interstitiall  fibrosis (Figure 7). 
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Figuree 3A (left panel): omental tissue at the start of CAPD, anti-type IV collagen stain, 
x25.. Figure 3B (right panel): omental tissue after 25 months of CAPD, anti-type IV 
collagenn stain, x25. 

1.00 0 
«TT 0.95 8 8 
«« 0.90 " 
CO O 

== 0.85 
CD D 

ff 0.80 
££ 0.75 
n n 
33 0.70 
O O 

II  0.65 
**  0.60 

0.555 -
0.50 0 

if f 

2-255 >25 
monthss CAPD 

peritoneal l 
sclerosis s 

Figuree 4: Wall/total area ratio of small peritoneal arteries in the various patient groups. 
Thee values were higher the longer the duration of CAPD. Highest ratios were found in 
thee group with peritoneal sclerosis compared to the various groups (p<0.001). 

StudyStudy II 
Noo marked differences in the presence or extent of fibrosis were found in 
peritoneall  sclerosis biopsies compared to their controls. However a difference 
wass found in the histological type of fibrosis, i.e. sclerosing fibrosis was more 
evidentt in the peritoneal sclerosis group. No interstitial type IV collagen was 
foundd in the control biopsies, while 5 out of 6 peritoneal sclerosis biopsies were 
positivee for interstitial type IV collagen. The presence of interstitial 
myofibroblastss in the peritoneal sclerosis biopsies was not significantly different 
fromm their controls. Figure 8 shows the comparison between the number of 
vesselss per field, the wall/total area ratio of the small peritoneal arteries and the 
lumen/walll  ratio of peritoneal capillaries in the two patient groups. (Only five 
liness can be counted because in one of the tissue specimen of a matched control 
noo small arteries were found. For all parameters peritoneal sclerosis patients had 
significantlyy greater values than their matched controls. 
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Discussion n 
Vascularr and interstitial changes were investigated and quantified in the 
peritoneall  tissues of CAPD patients with peritoneal sclerosis. It appeared that the 
numberr of microvessels was increased, as well as their wall thickness. Also ca-
pillaryy dilation was found. Deposition of type IV collagen and the presence of 
activee fibroblasts, myofibroblasts, were the most striking changes in the 
peritoneall  interstitium. All morphological abnormalities occurred in the absence 
off  diabetes mellitus and in none of the cases peritonitis was present. 

Losss of ultrafiltration is the major peritoneal transport abnormality in long-
termm CAPD patients and in those with peritoneal sclerosis [4,17-21]. In long-
termm PD, it is most commonly associated with high D/P ratios of low molecular 
weightt solutes, leading to a rapid disappearance of the osmotic gradient. In 
peritoneall  sclerosis patients the ultrafiltration loss can either be associated with 
loww or high mass transfer area coefficients of low molecular weight solutes 
[1,4,22].. High MTACs or D/P ratios of e.g. creatinine sugggest the presence of a 
largee peritoneal vascular surface area with many pores available for solute 
transport.. In the present study we focussed especially on morphological 
abnormalitiess that could explain these functional changes of the peritoneal 
membrane. . 

Thee vascular alterations found in the present study included an increase in 
thee number of vessels with the duration of PD, which was most marked in the 
peritoneall  sclerosis group. The high number of microvessels and the dilation of 
capillariess can therefore fully explain the observed functional changes in 
peritoneall  solute transport characteristics. The cause of the capillary dilation 
describedd above is unclear. One could speculate whether the interstitial changes 
mightt cause some mechanical hindrance to bloodflow, leading to vasodilation. 

Thee neovascularisation in peritoneal sclerosis patients bears similarity to 
thee situation in diabetic retinopathy. Vascular endothelial growth factor (VEGF) 
hass been demonstrated to play a key role in its pathogenesis [23-25]. Recently 
wee found evidence for local peritoneal production of VEGF in CAPD patients 
[26].. The locally produced effluent VEGF showed a good correlation with the 
MTACC of creatinine. This suggests that VEGF is also involved in the peritoneal 
neoangiogenesiss found in the present study. The pathological thickening of the 
vascularr wall of small peritoneal arteries, consisting of type IV collagen, is in 
accordancee with findings in a limited number of CAPD patients [15] and with 
alterationss found in diabetic nephropathy [26-30]. In the latter extracellular 
matrixx proliferation mainly consists of type IV collagen [31]. In vitro studies of 
Dannee et al. and Woodrow et al. [32,33] showed an increased expression of type 
IVV collagen in the glomerular basement membrane in diabetic nephropathy. 
Furthermoree exposure of cultured calf glomerular mesangial cells to 25 mM D-
glucosee led to a stimulation of type IV collagen synthesis [32]. In a study from 
Phillipss et al. the exposure of human renal tubular cells to glucose caused accu-
mulationn of type IV collagen [34]. All these findings support a pathogenetic role 
off  glucose as a mediatior in the pathological deposition of type IV collagen. 
Agingg has been described to contribute to the deposition of type IV collagen in 
thee basement membrane [28]. However the results of the present study are not 
likelyy to be caused by the effect of aging as the patients did not differ signifi-
cantlyy in age in study I and in study II the controls were matched for age. A 
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significantt difference in the vascular parameters still existed when peritoneal 
sclerosiss patients were compared to controls, matched for age and duration of 
CAPD.. The neovascularisation, the thickening of the media in small peritoneal 
arteriess and the capillary dilation were most extensive in the peritoneal sclerosis 
group.. This suggests an increased susceptibility to these alterations in the 
patientss with peritoneal sclerosis. The interstitial abnormalities in long-term 
CAPDD patients and in the peritoneal sclerosis group consisted of an increase in 
thee severity of fibrosis in the interstitial layer. The peritoneal sclerosis group 
showedd a diffuse type of sclerosing fibrosis as well. These findings are consistent 
withh those of others [4-7, 9-11]. The presence of type IV collagen in the 
interstitiall  layer was also investigated. The collagen deposition in idiopathic 
peritoneall  sclerosis mainly consists of type I and type III collagen. In the present 
studyy also an increase of interstitial type IV collagen was found in long-term 
CAPDD biopsies and in peritoneal sclerosis. The presence of myofibroblasts in the 
peritoneall  interstitium was another finding consistent with the development of 
peritoneall  fibrosis. Myofibroblasts are activated fibroblasts that can express 
cytoskeletall  proteins like ctSMA [35] and are likely to be involved in the 
pathogenesiss of intertitial fibrosis. The presence of myofibroblasts in the renal 
interstitiumm has been described to correlate with the deposition of interstitial 
collagen,, arteriolar density and progression of renal failure in patients with 
diabeticc nephropathy [36]. In a study from Essawy et al. interstitial aSMA in the 
kidneyy proved to be a predictor of progressive diabetic nephropathy [37]. The 
presencee of myofibroblasts in the interstitium (positive staining for a SMA) in 
thee present study was associated with an increase in the severity of fibrosis, an 
increasee in the presence of interstitial type IV collagen as well as with an 
increasee in the number of vessels per field. It could be speculated that all 
featuress are part of one pathogenetic process similar to the scarring in diabetic 
nephropathy,, although myofibroblasts are not absolutely specific for diabetic 
nephropathy.. Furthermore a relationship was present between the number of 
vesselss and the degree of interstitial fibrosis. This makes the existence of a 
commonn pathogenetic factor in the development of these abnormalities in the 
peritoneumm and the kidney not unlikely. 

Thee diabetiform vascular and interstitial alterations in peritoneal tissues of 
long-termm PD patients and PD patients with peritoneal sclerosis all point to a 
pathogeneticc role of glucose or its degradation products in the pathogenesis of 
thiss process. This is further supported by the accumulation of advanced 
glycosylationn end products (AGE) in the vascular wall of PD patients as 
describedd by Nakayama et al. [38]. These authors found a positive relationship 
betweenn the amount of peritoneal AGEs and D/P ratios of various solutes. 
Anotherr finding pointing to a pathogenetic role of glucose is the greater 
cumulativee glucose exposure we found in peritoneal sclerosis patients compared 
too controls who were matched for the duration of CAPD [1]. In vitro studies 
[39,40]]  and studies in an animal model [41] also found that glucose was toxic to 
mesotheliall  cells, although the effect of low pH and lactate was more 
pronounced.. However, in vivo the effect of low pH may be less important 
becausee the pH of the instilled solution increases rapidly and exceeds 7.0 already 
77 minutes after instillation [42]. In contrast to the in vitro studies, the exposure 
too high glucose concentrations in CAPD is continuous. 
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Figuree 5: Figure 5A (left panel): Thickened vascular wall of a small artery in a parietal 
peritoneumm section of a patient with peritoneal sclerosis stained with Pico Sirius Red. In 
thiss staining method all fibrillar types of collagen are positively stained. The inner 
vascularr wall is not stained. A diffuse type of sclerosing fibrosis can be seen at the side 
off  the peritoneal cavity, the upper part of the picture (x25). Figure 5B (middle panel): 
samee section, stained for type rv collagen. The inner vascular wall is stained positively 
forr interstitial type IV collagen at the upper part of the picture (x25). Figure 5C (right 
panel):: same section, stained for aSMA. Especially the layer of sclerosing fibrosis is 
stainedd positively for «SMA, representing the presence of myofibroblast. 
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Figuree 6 (left panel): Fibrosis in biopsies stained positively for interstitial aSMA 
(myofibroblasts)) was more severe compared to fibrosis in biopsies stained negatively 
forr interstitial aSMA (0.01<p<0.001) (open: no fibrosis, dashed: mild fibrosis, 
hatched:: moderate fibrosis, solid: severe fibrosis). Figure 6B (middle panel): Presence 
off  interstitial type IV collagen in biopsies stained positively for interstitial aSMA was 
greaterr compared to biopsies negatively stained for interstitial aSMA (0.02<p<0.05) 
(open:: type rv collagen absent, dashed: type IV collagen slightly detectable, hatched: 
typee IV collagen obviously present). Fig 6C (right panel): The number of vessels per 
fieldfield in biopsies positively stained for interstitial aSMA was greater compared to 
biopsiess negatively stained for interstitial aSMA (p=0.001). 
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Figuree 7. The number of vessels per field in biopsies, according to the severity of 
fibrosis.. The number of vessels per field was highest in the group with severe fibrosis, 
comparedd to the other groups (p<0.007). 

Previouss studies mainly reported on parietal peritoneum. In the present 
studyy parietal peritoneum as well as omentum was investigated. This was done 
becausee material from the same specified site was not always available for this 
retrospectivee analysis. However similar changes were found in both parietal 
peritoneumm and omentum. This is not a surprising finding as the whole 
peritoneall  membrane is likely to be exposed to the same extent. The mesothelial 
layerr was not investigated as this has already been done extensively by others 
[7-11].. Furthermore the tissue specimens, especially those of the parietal 
peritoneum,, had often lost a major part of their mesothelial layer, probably due 
too the extraction itself. 

Thee morphological alterations found in peritoneal sclerosis patients were 
nott principally different from those in long-term CAPD patients, but much more 
extensive.. This fits in the hypothesis that peritoneal sclerosis may be the end 
stagee of a more general pathological process in the peritoneal membrane. The 
morphologicall  abnormalities explain the functional changes in peritoneal 
transport.. Glucose and/or its degradation products are likely to be important in 
thee pathogenesis of these alterations. However, a contributing role of previous 
peritonitiss episodes cannot be excluded [43]. An animal model is needed to 
providee more insight into the pathogenesis of morphological as well as 
functionall  changes in long-term CAPD and peritoneal sclerosis. 
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Figuree 8A (upper panel) the number of vessels per field in peritoneal sclerosis biopsies 
wass higher compared to their matched controls (p=0.04). Figure 8B (middle panel) the 
wall/totall  area ratio of small arteries in peritoneal sclerosis was higher compared to 
theirr matched controls (p=0.03). Only five lines can be counted because in one of the 
tissuee specimen of the matched controls no small arteries were found. Figure 8C (lower 
panel)) the lumen/wall ratio of capillaries was higher compared to their matched 
controlss (p=0.07). 
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VEGFandVEGFand TGF-föl in peritoneal dialysis 

Abstract t 
Thee morphological alterations in the kidney and die retina that can be present in 
patientss with diabetic microangiopathy are mediated by growth factors. Vascular 
endotheliall  growth factor (VEGF) is a mediator of neoangiogenesis in diabetic 
retinopathy.. Transforming growth factor fs (TGFfs") is involved in tiie extracellular 
matrixx proliferation in diabetic nephropathy. The aim of the present study was to 
investigatee the presence of VEGF and TGF-lsl in peritoneal effluents of continuous 
ambulatoryy peritoneal dialysis (CAPD) patients treated with glucose containing 
dialysiss solutions, in relation to parameters of peritoneal transport. 

Standardd peritoneal permeability analyses using 3.86% glucose dialysate, were 
performedd in 16 stable PD patients (median duration of PD 39 months, range 1-
104).. The power relation that is present between dialysate/serum (D/S) ratios of 
serumm proteins that are only transported across the peritoneal membrane and their 
molecularr weights (mol wt) was used to predict die D/S ratio's when diffusion 
wouldd be die only explanation of the measured dialysate concentration. It was 
appreciatedd that all TGF-61 in the circulation was bound to a2-macroglobulin. D/S 
ratio'ss of VEGF (p<0.0005) and TGF-fsl (p<0.015) were significantly higher than 
expectedd when VEGF and TGF-fsl would only have been transported from the 
circulationn by diffusion. No relationship was present between the effluent 
concentrationn attributed to local production of VEGF (LVEGF) and that of TGF-fsl 
(LTGF-fsl).. LVEGF correlated witi i the mass transfer area coefficient (MTAC) 
creatininee (r=0.69, p<0.007), MTAC urate (r=0.60, p<0.02) and the glucose 
absorptionn (r=0.75, p<0.004), all reflections of the peritoneal vascular surface area. 
AA negative correlation was observed between the transcapillary ultrafiltration (926 
mL/44 hour, 394-1262 mL/4 hour) and LVEGF (r=-0.52, p<0.045). This negative 
tendencyy was also observed between the net ultrafiltration (622 mL/4 hour, -43-938 
mL/44 hr) and LVEGF (r=-0.48), but did not reach significance. LVEGF and duration 
off  treatment did not correlate, possibly because the relative small number of pa-
tients.tients. LTGF-fsl showed no relation with transport parameters or duration of 
treatment. . 

Inn conclusion we found evidence for local production of both VEGF and TGF-
fsll  in die peritoneal membrane of patients using chronic peritoneal dialysis with 
glucosee based dialysate solutions. The analogy with VEGF in diabetic retinopathy 
suggestss a pathogenetic role of high dialysate glucose concentrations in the 
developmentt of these alterations in the peritoneal membrane. 

Introduction n 
Variouss diabetiform alterations have been described in the peritoneum of chronic 
peritoneall  dialysis patients treated with glucose containing dialysis fluids. These 
includee basement membrane reduplications of peritoneal capillaries [1,2], expansion 
off  extracellular matrix [3] with extensive deposition of collagen IV [4] especially in 
thee vascular wall, and the deposition of advanced glycosylation end products [5,6]. 
Thee high solute transport rates that have been described in long-term peritoneal 
dialysiss patients [7,8], suggest the development of a large vascular peritoneal 
surfacee area in relation to the duration of peritoneal dialysis treatment. Recently we 
couldd confirm this neoangiogenesis in a histomorphometric study [9]. 
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Thee development of diabetic microangiopathy is mediated by growth factors. 
TGFfss is likely to be the main growth factor for the extracellular matrix 
proliferationn with deposition of collagen IV in the kidney in the presence of 
diabetess mellitus [10]. TGFfi may therefore also be involved in the alterations in 
thee peritoneal membrane as it is upregulated in mesothelial cells after exposure 
too glucose [11]. Furthermore, TGF-Isl induces proliferation of extracellular 
matrixx in vitro [12]. Diabetic retinopathy is another important manifestation of 
diabeticc microangiopathy. Vascular endothelial growth factor (VEGF) has been 
demonstratedd to play a key role in the neoangiogenesis of proliferative diabetic 
retinopathyy [13-16]. The expression of VEGF can be upregulated by ischemia, 
highh glucose concentrations, and other growth factors and cytokines, e.g. TGFtè 
[17].. In analogy, involvement of both TGFft and VEGF can be hypothesized in 
thee pathogenesis of glucose induced diabetiform alterations of peritoneal tissue. 

Thee aim of this cross sectional study was to investigate the presence of TGF-tèl 
andd VEGF in peritoneal dialysis effluents of CAPD patients treated with glucose 
containingg dialysis fluids in relation to peritoneal transport parameters. 

Patientss and methods 
Patients Patients 
Sixteenn non-diabetic CAPD patients (6 males and 10 females) were examined with a 
standardd peritoneal permeability analysis. The median duration of peritoneal dialysis 
treatmentt was 39 months, range 1-104. All patients used commercially available, 
glucosee based dialysis solutions (Dianeal, Baxter BV, Utrecht, The Netherlands). 
Nonee of the patients had peritonitis at the time of the study or in the four preceding 
weeks.. Informed consent was obtained from all patients after an explanation of die 
aimm and the methods of the study. 

StudyStudy design 
Thee standard peritoneal permeability analyses were performed during 4 hour dwell 
periodss with 3.86% glucose containing dialysate (Dianeal) as described previously 
[18].. In brief, the peritoneal cavity was rinsed with 1.36% glucose dialysate prior to 
thee instillation of the test solution. Dextran 70 (Hyskon, Medisan Pharmaceuticals 
AB,, Uppsala, Sweden) was added to each test bag as a volume marker, for die 
calculationn of fluid kinetics [19]. Dialysate samples were taken from the test 
dialysatee before inflow and 10, 20, 30, 60, 120, 180 and 240 minutes after 
instillationn of the test solution. These samples were collected after a temporal 
drainagee of 100 to 200 mL to avoid a dead-space effect. Subsequent to the drainage 
att 240 minutes the peritoneal cavity was rinsed again, this time with 1.36% Dianeal. 
Sampless taken from this bag were used to calculate the residual volume. Blood 
sampless were drawn at the start and at the end of the test. Dextran 1 (20 mL, 
Promiten,, NBPI, Emmer-Compascuum, The Netherlands) was given intravenously 
afterr the first blood sample was drawn, to prevent a possible anaphylaxis to dextran 
700 [20]. 

Assays Assays 
Urea,, creatinine and urate were measured by means of enzymatic methods on an 
automatedd analyzer (Hitachi H747, Boehringer Mannheim, Mannheim, Germany). 
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Glucosee concentrations were determined by die glucose oxidase-peroxidase metiiod 
usingg an auto analyzer (SMA-II, Technicon, Terrytown, USA). (^-Microglobulin was 
determinedd with an IMx system using a microparticle enzyme immunoassay (Abbot 
Laboratories,, North Chicago, USA). Albumin, transferrin, IgG and a2-macroglobulin 
weree measured with nephelometry (BN 100, Behring, Marburg, Germany). 

VEGFF and TGF-fël were measured in serum and dialysate with commercially 
availablee enzyme-linked immunosorbent assays (human VEGF and human TGF-fsl 
Quantikinee ™, R&D Systems, Minneapolis, USA). The lower detection limit of the 
VEGFF assay was 15.0 ng/L and of the TGF-ftl assay 30.0 ng/L. Prior to the 
determinationn of VEGF and TGF-ftl, dialysate samples were concentrated 9.6 times 
(median,, range 1.82-28.52) by means of positive pressure ultrafiltration using a 250 
mLL cell and a YM-10 membrane with a molecular cutoff point of 10,000 Da (Amicon 
Corp.,, Danvers, USA). The concentration factor was defined as die albumin 
concentrationn in die concentrate divided by the albumin concentration in the 
originall  dialysate sample. Total dextran was determined by high performance liquid 
chromatographyy [21]. 

Calculations Calculations 
Too express the transport of low molecular weight solutes, the mass transfer area 
coefficientss of urea, creatinine and urate were calculated according to the model of 
Waniewskii  [22], The solute concentrations in serum were corrected for plasma 
waterr [23]. The mass transfer area coefficient of a solute is the maximum theoretical 
clearancee of the solute at time point zero, before the transport has actually started. 
Glucosee absorption was calculated as the difference between the amount of glucose 
instilledd and recovered, relative to the amount instilled. Peritoneal handling of the 
macromoleculess (^-microglobulin, VEGF, albumin, transferrin, IgG, a2-macro-
globulinn and TGF-Isl was expressed as dialysate/serum (D/S) ratios. In tissues 
TGFIss is mainly present in a biological inactive form, bound to a latency associated 
protein.. a2-Macroglobulin is the TGFIs binding protein in serum [24,25]. A 
peritoneall  transport line was computed for each patient based on the least squares 
regressionn analysis of the D/S ratio of [^-microglobulin (MW= 11,800 Da), albumin 
(MW== 69,000 Da), transferrin (MW= 85,000 Da), IgG (MW= 150,000 Da), a2-
macroglobulinn (MW= 820,000) and their molecular weights when plotted on a 
doublee logarithmic scale [26]. These proteins are transported from the circulation to 
thee peritoneal cavity. The slope of the regression line represents the size-selectivity 
off  the peritoneal membrane. By interpolation of the molecular weight of VEGF 
(MW== 34,000 Da) and extrapolation of the molecular weight of a2-macroglobulin 
boundd TGF-fsl (MW= 845,000 Da) in the regression equation, the expected D/S 
ratioss were calculated, assuming that their dialysate concentrations would only be 
determinedd by transport from the circulation. The concentration of these growth 
factorss attributed to local production was defined as the difference between the 
measuredd and expected dialysate concentration. 

Thee peritoneal fluid parameters were calculated as previously described by 
Krediett et al [19]. Briefly, fluid transport across the peritoneal membrane during 
peritoneall  dialysis is influenced by opposing mechanisms. The transcapillary 
ultrafiltrationn increases the intraperitoneal volume. Fluid loss from the peritoneal 
cavityy is assumed to occur by backflltration and lymphatic absorption in the 
lymphaticc system. The resultant of these mechanisms is the net ultrafiltration. The 
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transcapillaryy ultrafiltration was calculated as the dilution of the volume marker 
dextrann 70. The transcapillary ultrafiltration rate was assessed by dividing the 
transcapillaryy ultrafiltration by the dwell time. Convective disappearance of the 
volumee marker was used as an indirect method to quantify the contribution of the 
peritoneall  lymphatics in the absorption of fluid from the peritoneal cavity. These 
calculationss include all pathways of uptake into the lymphatics, both interstitial and 
subdiaphragmatic.. The change in intraperitoneal volume during the dwell can be 
calculatedd from the dilution of the volume marker after correction for incomplete 
recovery.. The net ultrafiltration rate was expressed as the change in intraperitoneal 
volumee divided by the dwell time. 

Thee results are presented as median values and ranges as most of the data 
weree distributed asymmetrically. The differences between the measured and 
expectedd dialysate concentrations of VEGF and TGF-fsl were tested by a modified t-
testt to determine whether the deviation from the regression line was significant. 
Thiss test takes the variability of the regression lines into account [27]. To investigate 
thee absolute differences between the measured and expected dialysate 
concentrationss of these growth factors Wilcoxon matched pairs rank sum test was 
applied.. Spearman rank correlation analysis was used for calculation of correlations. 

Results s 
SoluteSolute transport 
Patientt characteristics are presented in Table I. VEGF and TGF-tèl could be detected 
inn concentrated effluents of all patients. However, the effluent TGF-fsl concentration 
inn 2 patients was less than could be expected on the basis of transport from the 
circulation.. The mass transfer area coefficients of the low molecular weight solutes 
urea,, creatinine and urate, and the glucose absorption are summarized in Table II. 
Thee D/S ratios of the macromolecules fs2-microglobulin, transferrin, albumin, IgG 
andd a2-macroglobulin are also presented in Table II. Regression lines were 
calculatedd for each individual patient based upon the power relation between the 
D/SS ratio of the serum proteins and their molecular weights (see methods). The r-
valuesvalues of the individual regression lines exceeded 0.93 (p<0.02) in all patients. 
Basedd on these regression lines, D/S ratios of VEGF and TGF-fsl could be predicted 
whenn their presence in the effluent would be determined by transport from the 
circulationn only. Figure 1 shows the regression line between the D/S ratios of serum 
proteinss and their molecular weights and also the measured D/S ratios of VEGF and 
TGF-fsl.. The measured D/S of VEGF was significantly (p<0.001) higher than could 
bee expected based upon the transport line, taking the variability of this line into 
account.. The D/S of TGF-lsl, however, did not differ significantly from the 
regressionn line (p>0.2). Investigating the expected and measured D/S ratio of TGF-
lsll  as paired data for each patient, showed that the measured D/S ratio's were 
significantlyy greater (p<0.01) than the expected. The expected and measured D/S 
ratio'ss of VEGF and TGF-fsl computed for each patient are given in Figure 2. The 
dialysatee and serum concentrations of VEGF and TGF-fsl, and their values in serum 
off  healthy individuals are presented in box and whisker plots in Fig 3. The median 
valuee in the effluent attributed to local production was 15.8 ng/L (6.5-28.4 ng/L) 
forr VEGF and 31.1 ng/L (0-293.8 ng/L) for TGF-fsl. Effluent VEGF attributed to 
locall  production was not correlated with that of TGF-lsl (r=-0.01, p>0.9), nor was 
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Tablee I. Patients demographics. 
ptss sex months on PD prim, kidney glucose exposure urine production 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 

M M 
F F 
F F 
M M 
M M 
F F 
F F 
F F 
F F 
F F 
F F 
M M 
M M 
M M 
F F 
F F 

56 6 
40 0 
56 6 
24 4 
37 7 
52 2 
104 4 
12 2 
6 6 
8 8 
103 3 
27 7 
1 1 
1 1 
57 7 
84 4 

disease* * 
CIN N 
HN N 
GCN N 
A A 
CGN N 
W W 
CIN N 
SLE E 
CIN N 
PCKD D 
PCKD D 
SLE E 
PCKD D 
HN N 
CIN N 
CGN N 

(mmol/244 hour)a 

804 4 
756 6 
702 2 
2361b b 

1108 8 
878 8 
1156 6 
1156 6 
752 2 
804 4 
1156 6 
1260 0 
804 4 
804 4 
804 4 
1284 4 

(ml/: : 
800 0 
1000 0 
0 0 
0 0 
550 0 
500 0 
0 0 
0 0 
750 0 
820 0 
1000 0 
0 0 
2200 0 
1150 0 
0 0 
0 0 

HN:hypertensivee nephropathy, A: amyloidosis, CGNxhronic glomerulonephritis, 
W:Wegener'ss glomerulomatosis, CINrchronic interstitial nephritis, PCKD:polycystic kidney 
disease;; SLE:systemic lupus erythematosis. aat the time of the investigation, patient treated 
withh CCPD. 

Tablee II. Parameters of peritoneal solute transport of 16 CAPD patients 
lowlow molecular weight solutes 

MTACC urea (ml/min) 
MTACC creatinine (mL/min) 
MTACC urate (mL/min) 
glucosee absorption (%) 

medianmedian (range) 
18.00 (12.8-21.3) 
9.99 (6.6-15.2) 
7.66 (4.8-12.4) 
644 (49-77) 

D/SD/S ratios serum proteins 
ft2-microglobulin ft2-microglobulin 
albumin n 
transferrin n 
IgG G 
a2-macroglobulin n 

0.0900 (0.077-0.523) 
0.0099 (0.003-0.138) 
0.0066 (0.003-0.015) 
0.0055 (0.003-0.028) 
0.0011 (<0.001-0.004) 

thee total effluent concentration of VEGF related to that of TGF-ftl (r=0.24, p>0.3). 
Thee duration of peritoneal dialysis treatment showed no relation with, die total 
effluentt concentrations of VEGF or TGF-ftl or those attributed to local production. 
Theree was also no relationship present between the duration of peritoneal dialysis 
andd the parameters of solute transport with exception of the MTAC of urate 
(r=0.66,, p=0.01). However, the MTAC of creatinine, a reflection of the vascular 
peritoneall  surface area, showed a marked relationship with the VEGF dialysate 
concentrationn attributed to local production, r=0.69 and p<0.007 (Figure 4). A 
similarr correlation was present between the MTAC of urate and the effluent 
concentrationn of VEGF attributed to local production, r=0.59 (p<0.02), and 
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Figuree 1. The regression line based on the power relationship between the D/S ratio of ft2-
microglobulin,, albumin, transferrin, IgG and cc2-macroglobulin ) and their molecular 
weights.. The measured D/S ratios of VEGF and TGF-fil (°) are given in relation to their 
molecularr weights. Means and SEM are presented. 

Tablee III . Correlation coefficients and levels of significance 
relationn to parameters of small solute transport 

totall  dialysate VEGF 

effluentt VEGF attributed 
too local production 
totall  dialysate TGF-ftl 

effluentt TGF-fsl attributed to 
locall  production 

MTACurea MTACurea 
r=0.12 2 
p>0.6 6 
r=0.05 5 
p>0.8 8 
r=-0.08 8 
p>0.7 7 
r=-0.14 4 
p>0.5 5 

MTACcreat MTACcreat 
r=0.62 2 
p<0.016 6 
r=0.69 9 
p<0.007 7 
r=0.01 1 
p>0.9 9 
r=-0.08 8 
p>0.7 7 

11 of effluent 

MTACurate MTACurate 
r=0.59 9 
p<0.02 2 
r=0.60 0 
p<0.02 2 
r=-0.07 7 
p>0.78 8 
r=-0.17 7 
p>0.5 5 

VEGFF and TGF-1 in 

glucoseglucose absorption 
r=0.58 8 
p<0.025 5 
r=0.75 5 
p<0.004 4 
r=-0.24 4 
p>0.3 3 
r=-0.36 6 
p>0.1 1 

betweenn the glucose absorption and the locally produced VEGF, r=0.75 (p<0.004) 
(Figuree 4). The daily glucose exposure at the time of the investigation (702-1284 
mmol/244 hr) showed no relationship with the effluent concentration of VEGF 
attributedd to local production of VEGF nor with that of TGF-fsl. The correlation 
coefficientss and the levels of significance determined for total effluent concentrations 
off  VEGF and TGF-ftl, and those attributed to local production of VEGF and TGF-fil 
inn relation to transport parameters of small solutes are summarized in Table III . 

PeritonealPeritoneal fluid transport 
Thee transcapillary ultrafiltration rate was 3.86 mVmin (1.64-5.26 mL/min), the 
effectivee lymphatic absorption rate 1.18 mL/min (0.76-3.09 mL/min) and the net 
ultrafiltrationn rate 2.66 mL/min (-0.18-3.91 mL/min). No relationship was present 
betweenn these parameters and the duration of peritoneal dialysis. A negative 
correlationn was observed between the transcapillary ultrafiltration and the dialysate 
concentrationn of VEGF attributed to local production (r=-0.52, p<0.045), but with a 
widee scatter (Figure 5). 
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Figuree 2. The individual data in 16 patients of the expected and the measured D/S ratios of 
VEGFF (left panel) and TGF-fsl (right panel). 

Thiss negative tendency was also seen between the net ultrafiltration and the local 
productionn of VEGF (r=-0.48, p<0.06), but did not reach significance (Figure 5). 
Whenn the total dialysate concentration of VEGF was related to the transcapillary 
ultrafiltrationn and the net ultrafiltration, these trends were less obvious, r=-0.30 and 
r=-0.14.. No relationships were present between the total effluent concentration of 
TGF-fJll  or that attributed to local production and the fluid transport parameters. 

Discussion n 
Inn this study the presence of the growth factors VEGF and TGF-Isl was 
investigatedd in peritoneal effluent in relation to peritoneal transport parameters. 
Itt was demonstrated that the total VEGF concentration in the effluent and that of 
TGF-fill  were significantly higher than could be expected, based on transport 
fromm the circulation. This implies that besides the transport from the circulation, 
alsoo local production of these growth factors in peritoneal tissues, followed by 
releasee in the dialysate, is likely to contribute to their effluent concentrations. 
Thee magnitude of locally produced VEGF and TGF-fsl could be estimated by 
comparingg their D/S ratios to those of macromolecules known to be transported 
acrosss the peritoneal membrane without local production. However, it is 
possiblee that the magnitude of VEGF attributed to local production is an 
underestimationn of the actual amount locally produced VEGF in the peritoneum. 
VEGFF is known for its high affinity for two endothelial receptors [15]. 
Furthermore,, VEGF has been reported to bind to tumor neovasculature resulting 
inn a concentration effect on the locally produced VEGF [36]. It is not unlikely 
thatt the neovasculature of the peritoneal membrane is able to exert a similar 
concentratingg effect and thus remove VEGF from the peritoneal effluent. 

Diabeticc microangiopathy is characterized by the deposition of extracellular 
matrixx [10] and by neoangiogenesis [15]. Extracellular matrix expansion is also 
presentt in the peritoneum after long-term peritoneal dialysis [3]. Functional studies 
onn peritoneal transport of various solutes have made it likely that high peritoneal 
transportt rates of low molecular weight solutes indicate the presence of a large 
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Figuree 3. Box and whisker plots of the serum and dialysate concentrations of VEGF (right 
panel)) and those of TGF-fsl (left panel), nsera: serum of healthy individuals, PDsera: serum 
off  the 16 PD patients. The data on normal serum values were provided by the manufacturer 
off  the used ELISA kits. 

effectivee (or functional) vascular peritoneal surface area, i.e. a large number of 
perfusedd peritoneal microvessels [28,29]. An increase in the vascular surface area is 
oftenn temporary, for instance during peritonitis 30] or after intraperitoneal admini-
strationn of nitroprusside [31]. However, the enhancement in the transport rates of 
loww molecular weight solutes described during follow-up of long-term CAPD patients 
[7,8]]  points to the development of structural alterations in the number of peritoneal 
microvessels.. Recently, we were able to show that neoangiogenesis was indeed 
presentt in long-term CAPD patients [9]. High concentrations of VEGF in ocular fluid 
off  patients with diabetic retinopathy are associated with proliferative retinopathy 
[13,14].. These concentrations decreased after successful laser coagulation [13]. This 
suggestss that VEGF plays a key role in neoangiogenesis in proliferative diabetic 
retinopathy.. The strong correlations that we observed between the MTACs of 
creatininee and urate, and the glucose absorption on one hand, and total dialysate 
VEGFF or locally produced VEGF on the other hand, make it very likely that VEGF is 
alsoo involved in peritoneal neoangiogenesis. This results in an increased vascular 
surfacee area, leading to high diffusional solute transport rates. The above mentioned 
correlationss were absent for the MTAC of urea and the D/S ratios of serum proteins. 
Thee former can be explained by the near equilibrium between plasma and dialysate 
ureaa concentrations after 4 hours, making the MTAC of urea a less sensitive measure 
forr differences in peritoneal surface area than the MTACs of creatinine and urate. 
Thee absence of a correlation between dialysate VEGF and D/S ratios of serum 
proteinss is probably caused by the size-selectivity of the peritoneal membrane: the 
transportt of macromolecules is not only dependent on the number of pores in the 
vascularr wall but also on their size [31]. However, VEGF has been shown to 
permeabilizee a number of vascular beds, including those of the peritoneal wall, 
mesenteryy and diaphragm [32], probably by increasing the large pore radius [15]. A 
correlationn between effluent VEGF would therefore not have been unlikely. 
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Figuree 4. The effluent concentration of VEGF attributed to local production, was positively 
correlatedd with the mass transfer area coefficient of creatinine, r=0.69, p<0.007 (left 
panel)) and the glucose absorption, r=0.75, p<0.004 (right panel). 

Thee fact that we did not find it may have been caused by the presence of interstitial 
alterations,, increasing the size-selectivity of the peritoneal membrane, and 
counteractingg the increased vascular permeability. This is of course speculative and 
needss confirmation by experimental studies. 

AA negative correlation with a wide scatter was seen between the transcapillary 
ultrafiltrationn and the effluent VEGF concentration attributed to local 
production.. The transcapillary ultrafiltration is dependent on the product of the 
peritoneall  ultrafiltration coefficient and the transperitoneal pressure gradient. 
Thee latter is composed of the hydrostatic, the colloid osmotic and the crystalloid 
osmoticc pressure gradient [33]. Of these, only the decrease of the crystalloid 
osmoticc pressure gradient during a dwell is dependent on the vascular surface 
area.. Therefore, inter individual differences in the other pressure gradients could 
explainn the scatter. A similar negative, but not significant tendency was observed 
betweenn the effluent VEGF concentration and the net ultrafiltration per 4 hours. 
Thee net ultrafiltration is determined by the effective lymphatic absorption and 
thee transcapillary ultrafiltration. Inter individual differences in the effective 
lymphaticc absorption rate can explain why a statistically significant correlation 
betweenn VEGF and the net ultrafiltration was not found. 

Forr all correlations studied between peritoneal transport and VEGF, 
Spearman'ss correlation coefficient was greater for effluent VEGF corrected for 
diffusionn from the circulation, than for total effluent VEGF. This also supports our 
hypothesiss that locally produced and released VEGF is involved in peritoneal 
neoangiogenesis.. VEGF is expressed by various cells, both at mRNA and protein level 
andd it is to a large extent secreted in soluble form [15,16]. This may explain that, 
althoughh at present it is unknown which cells in the peritoneum produce VEGF, its 
effluentt concentration may reflect the peritoneal vascular surface area. 

Thee total effluent concentration of TGF-fil or that attributed to local 
productionn did not show any relation with peritoneal transport parameters nor with 
thee effluent concentrations of VEGF. However, this does not imply that TGF-fil is 
nott involved in the pathogenesis of various diabetiform alterations of the peritoneal 
membranee in patients treated with glucose based dialysis fluids. TGFfi has been 
reportedd as main mediator involved in the expansion of the extracellular matrix with 
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Figuree 5. The transcapillary ultrafiltration correlated inversely with the effluent 
concentrationn of VEGF attributed to local production, r=-0.52, p<0.045 (left panel). A 
similarr but not significant negative tendency was observed between the net ultrafiltration 
andd the locally produced VEGF in the effluent, r=-0.48 and p<0.06 (right panel). The 
dottedd line at 400 mL/4 hr is the lower limit of normal net ultrafiltration when peritoneal 
fluidd transport is evaluated using 3.86% glucose dialysate. Values below this level are 
consideredd as ultrafiltration failure. 

depositionn of collagen IV in diabetic nephropathy [10]. Similar diabetiform 
alterationss as extensive extracellular matrix proliferation [3] with the deposition of 
collagenn IV [4] have been described in CAPD patients. Unlike VEGF, TGFfi is 
secretedd in a soluble form to a very limited extent, and circulates in plasma mainly 
ass an inactive complex with a2-macroglobulin [24,25,34.] Also, in tissues it resides 
ass an inactive latency-protein bound form. Activation, e.g. by acidification or 
enzymaticc cleavage is necessary for its biological effects. Although we observed that 
TGF-Sll  was locally released in die peritoneal cavity of most patients during 
peritoneall  dialysis, the lack of a relationship with peritoneal transport parameters 
suggestss that this was biologically inactive TGF-fsl. This is supported by the 
observationn that not only plasma had to be acidified to be able to measure TGF-fsl 
(accordingg to the instructions of die manufacturer), but also the concentrated 
dialysatee (unpublished). Whatever the mechanism, our results make it unlikely that 
dialysatee TGF-fsl concentrations can be used as a reflection of extracellular matrix 
expansionn in peritoneal tissues. Lin et al. reported a study on the expression of TGF-
fsll  during peritonitis in peritoneal dialysis patients, with a possible relation to 
peritoneall  fibrosis [35]. TGF-fsl and its mRNA were detectable during peritonitis in 
effluentss and in the cells in it. However, the TGF-fsl concentration was below 
detectionn limit in dialysate after recovery. A possible explanation for the difference 
betweenn the two studies could be drat these authors did not concentrate die 
effluentss before ELISA analysis. 

Thee lack of relationship between the duration of peritoneal dialysis and the 
concentrationss of growth factors, or die majority of the peritoneal transport 
parameterss is most likely due to the limited number of patients and the cross-
sectionall  design of the study. Based on the increases of solute transport rates with 
thee duration of CAPD reported in two prospective longitudinal studies [7,8] it can be 
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expectedd that this may also be the case for VEGF. However, because of great inter 
individuall  variations, a large group of patients followed longitudinal wil l probably be 
requiredd to support this hypothesis. 

Itt can be concluded that evidence was found for local peritoneal production of 
bothh VEGF and TGF-lsl in die peritoneum of patients treated wkh peritoneal dialysis 
withh glucose based dialysis solutions. Our results showed that the TGF-fsl 
concentrationn in die effluent was not related to transport parameters, probably 
becausee of secretion in an inactive form. In contrast, we obtained reasonable 
evidencee diat VEGF could be a mediator in the peritoneal neoangiogenesis in 
chronicc peritoneal dialysis patients. Dialysate VEGF may therefore reflect the 
vascularizationn of the peritoneal membrane. 
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Abstract t 
Inn a previous study VEGF was found to be locally produced (LVEGF) in 
peritoneall  tissue of peritoneal dialysis (PD) patients treated with glucose 
containingg PD solutions. LVEGF was positively related to mass transfer area 
coefficientt (MTAC) of creatinine and the glucose absorption, representatives of 
thee peritoneal vascular surface area. It was therefore hypothesized that VEGF is 
involvedd in the peritoneal neoangiogenesis found in long-term PD. The aim of 
thee present study was to investigate the time course of peritoneal VEGF levels in 
PDD patients treated with glucose based PD solutions during longitudinal follow-
up.. We also studied the effect of the switch to non-glucose PD treatment on 
VEGFF production. Forty standard peritoneal permeability analyses (SPAs) with 
3.86%% glucose containing dialysis solution were investigated. The SPAs were 
performedd in 10 PD patients with a median number of 3 SPAs/ patient , during a 
follow-upp of 23 months. Duration of PD treatment at the last SPA was 74 
months.. All patients were initially treated with glucose containing dialysis 
solutions.. Four patients switched after 114 months glucose based PD to glucose 
freee PD and were followed for 7 months. A PD regimen of icodextrin, glycerol 
andd amino acid based dialysis solutions was applied in these patients. Four SPAs 
weree performed per patients in this period. To predict the VEGF dialysate-to-
serumm ratio (D/S), when diffusion would be the only explanation of the VEGF 
dialysatee concentration, we calculated the power relation between D/S ratios of 
serumm proteins, that are only transported across the peritoneum and their 
molecularr weights. The measured VEGF D/S ratio was higher than expected 
(p<0.001)) in each observation, pointing to local production of VEGF. LVEGF 
increasedd with duration of glucose PD, 11.7 ng/L to 23.45 ng/L (P<0.03). 
LVEGFF decreased in all 4 patients on glucose free PD from 57.35 ng/L to 23.10 
ng/L.. A correlation (r=0.83, P<0.001) was found between the differences in 
MTACcreatininee between the first and last SPA during glucose based PD, and the 
differencee in LVEGF between these observations. A similar correlation was 
presentt between the difference in glucose absorption and the difference in 
LVEGFF (r=0.85,P<0.001). This supports a pathogenetic role of high glucose 
dialysatee concentrations in the development of changes in the peritoneum found 
inn long-term PD. Treatment with non-glucose based PD solutions may inhibit 
furtherr development of these alterations. 

Introduction n 
Vascularr endothelial growth factor (VEGF) is a mediator in the development of 
neoangiogenesiss in proliferative diabetic retinopathy [1-5]. Local production in 
thee peritoneal cavity has recently been reported by us [6] in patients undergoing 
chronicc peritoneal dialysis (PD) with glucose containing dialysis solutions. The 
resultss of this study suggested a role for VEGF in the development of peritoneal 
neoangiogenesis,, as found in long term PD patients [7]. Other investigators [8-
10]]  described an increase in D/P ratios or mass transfer area coefficients 
(MTACs)) of low molecular weight solutes with the duration of peritoneal 
dialysis.. These functional parameters are likely to reflect the peritoneal vascular 
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surfacee area [11,12]. We found relationships between the effluent concentration 
attributedd to the local peritoneal production of VEGF (LVEGF) and the MTAC of 
creatinine,, and also with the glucose absorption from the peritoneal cavity. 
Furthermore,, inverse correlations were seen between the LVEGF and the 
transcapillaryy ultrafiltration, and the net ultrafiltration. These observations all 
suggestt a causal relationship between prolonged peritoneal dialysis with glucose 
basedd dialysis solutions and the development of a large peritoneal vascular 
surfacee area, in association with, or mediated by peritoneal production of VEGF. 
Therefore,, the aim of the present study was to investigate the presence of VEGF 
inn peritoneal effluent of patients treated with glucose containing peritoneal 
dialysiss solutions in a longitudinal follow-up in relation to their peritoneal 
transportt parameters. And secondly, to study the effect of a switch to glucose 
freee dialysis treatment on LVEGF and peritoneal permeability characteristics in 
long-termm patients with ultrafiltration failure. 

Methods s 
Patients Patients 
Tenn non-diabetic patients undergoing peritoneal dialysis (5 men and 5 women) 
weree investigated with standard peritoneal permeability analyses (SPA). Forty 
SPAss were performed with a median number of 3 per patient (range 2-6) during 
aa median follow-up of 23 months (range 7-37). Median duration of peritoneal 
dialysiss at the time of the last investigation was 74 months (range 16-152). All 
patientss were initially treated with commercially available glucose based dialysis 
solutionss (Dianeal; Baxter, Utrecht, The Netherlands). Four patients switched 
afterr 114 months (range 80-149) glucose PD to glucose free dialysis treatment, 
becausee of ultrafiltration failure. This was defined as net ultrafiltration less than 
4000 mL during a 3.86% glucose 4-hour dwell [13]. The glucose free dialysis 
regimenn was composed of a combination of a not commercially available 2.5% 
glyceroll  based dialysis solution, and commercially available Nutrineal, a 1.1% 
aminoo acid containing dialysis solution, and Extraneal, containing 7.5% 
icodextrinn as osmotic agent (Baxter, Utrecht, The Netherlands). During a follow-
upp of 7 months (range 2-13) these patients underwent a median of 4 SPAs per 
patientt (range 2-5). None of the patients had peritonitis at the time of the study 
orr in four weeks preceding the investigation. Informed consent was obtained 
fromm all patients after an explanation of the purpose and the methodology of the 
study. . 

Studyy design 
Previouslyy described standard peritoneal permeability analyses [14] were 
performedd using 3.86% glucose containing dialysate (Dianeal). In brief, prior to 
thee instillation of the test solution the peritoneal cavity was rinsed with 1.36% 
glucosee dialysate. The volume marker dextran 70, 1 g/L (Hyskon; Medisan 
Pharmaceuticals,, Uppsala, Sweden) was added to the test solution for the 
calculationn of fluid kinetics [15]. Samples were taken from the test solution 
beforee inflow and at 10, 20, 30, 60, 120, 180 and 240 minutes after instillation 
off  the test solution. These samples were obtained after temporal drainage of 
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approximatelyy 200 mL to avoid a dead-space effect. Subsequent to the total 
drainagee at 240 minutes, the peritoneal cavity was rinsed again with 1.36% 
Dianeal.. A sample from this rinse was used to calculated the residual volume. 
Bloodd was drawn at the start and at the end of the test. After the first blood 
samplee was obtained, dextran 1 (20 mL, Promiten, NBPI, Emmer-Compascuum, 
Thee Netherlands) was given intravenously to prevent a possible anaphylaxis to 
dextrann 70 [16]. 

Assays Assays 
Glucosee concentrations in plasma and dialysate samples were assessed by the 
glucosee oxidase-peroxidase method with an autoanalyzer (SMA-II; Technicon, 
Terrytown,, NY, USA). Urea and creatinine were measured with enzymatic 
methodss by an automated analyzer (Hitachi H747; Boehringer Mannheim, 
Mannheim,, Germany). Total protein in plasma was determined by biureet 
methodologyy (Roche, Almere, The Netherlands) also with the use of an 
automatedd analyzer (Hitachi 747, Boehringer Mannheim, Mannheim, Germany). 
fs2-Microglobulin,, was determined with an Imx system applying a microparticle 
enzymee immunoassay (Abbot Laboratories, North Chicago, IL, USA). Albumin, 
IgGG and a2-macroglobulin were measured by nephelometry (BN 100; Behring, 
Marburg,, Germany). VEGF was measured in dialysate and serum as previously 
describedd [6]. In brief, a commercially available enzyme-linked immonosorbent 
assayy (human VEGF, Quantikine; R&D Systems, Minneapolis, MN, USA) was 
applied,, with a lower detection limit of 15.0 ng/L. Serum was allowed to clot 
forr 4,5 hours. Before determination of the growth factor in dialysate, the effluent 
sampless were concentrated 9.5 times (range 7.6-12.4) by positive pressure 
ultrafiltrationn using a 250 mL cell and a YM-10 membrane with a molecular 
cutofff  point 10 kDa (Amicon Corp, Danvers, MA, USA). The concentration factor 
wass defined as the quotient of the albumin concentration in the concentrate 
dividedd by the albumin concentration in the original effluent sample. Total 
dextrann 70 was determined by high-performance liquid chromatography [17]. 

Calculations Calculations 
Peritoneall  fluid and solute kinetics were calculated as reported previously 
[14,15].. Briefly, fluid transport across the peritoneal membrane is influenced by 
opposingg mechanisms. The transcapillary ultrafiltration increases the 
intraperitoneall  volume, and fluid loss from the peritoneal cavity is assumed to 
occurr through transcapillary back filtration and uptake into the lymphatic 
system.. The resultant of these is the net ultrafiltration. The transcapillary 
ultrafiltrationn was calculated from the dilution of the volume marker. The 
convectivee disappearance of the volume marker from the peritoneal cavity can 
bee used as an indirect measure to quantify the contribution of the peritoneal 
lymphaticss in the absorption of fluid from the peritoneal cavity [18]. These 
calculationss of the effective lymphatic absorption include all pathways of uptake 
intoo the lymphatic system, both interstitial and subdiaphragmatic. The change in 
intraperitoneall  volume during the dwell can be assessed from the dilution of 
dextrann 70 after correction for incomplete recovery. The net ultrafiltration is the 
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Figuree 1. Regression line based on the power relationship between the D/S ratio of &2-
microglobulin,, albumin, IgG and 2-macroglobulin ) and their molecular weights. The 
measuredd D/S ratio of VEGF (o) is given in relation to its molecular weight. Values are 
presentedd as means and standard deviation. *p<0.001. 

differencee between the transcapillary ultrafiltration and the effective lymphatic 
absorption. . 

Too express the transport of low-molecular-weight solutes urea and 
creatinine,, mass transfer area coefficients (MTACs) were calculated according to 
thee model of Waniewski [19]. The solute concentrations in plasma were 
correctedd for plasma water [20]. Glucose absorption was estimated as the 
differencee between the instilled and the recovered amount of glucose, relative to 
thee instilled quantity of glucose in the dialysate. The peritoneal handling of the 
macromoleculess 62-microglobulin, VEGF, albumin, IgG and <x2-macroglobulin 
wass expressed as dialysate-to-serum ratios (D/S). A peritoneal transport line was 
computedd for all investigations performed in each patient, based on the least 
squaress regression analysis of the D/S ratio of ^-microglobulin (mol wt =11,8 
kDa),, albumin (mol wt= 69 kDa), IgG (mol wt= 150 kDa), and ct2-
macroglobulinn (mol wt = 820 kDa) and their molecular weights when plotted 
onn a double logarithmic scale [21]. The slope of this line represents the size 
selectivityy of the peritoneal membrane as these proteins are transported from the 
circulationn to the peritoneal cavity. By interpolation of the molecular weight of 
VEGFF (mol wt = 34 kDa) in the regression equation, the expected D/S ratio was 
calculated,, assuming the dialysate concentration of VEGF would be determined 
onlyy by transport from the circulation. The concentration of the growth factor 
attributedd to local production was defined as the difference between the 
measuredd and expected dialysate concentration. 
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Statistics Statistics 
Thee results are presented as median values and ranges. The differences between 
thee measured and expected dialysate concentrations of VEGF were tested by a 
modifiedd t-test to determine whether the deviation from the regression line was 
significant.. This test takes the variability of the regression lines into account 
[22].. To investigate the absolute difference between the measured and expected 
dialysatee concentrations of VEGF, Wilcoxen matched pairs rank sum test was 
applied.. The differences in the effluent concentrations attributed to local 
productionn in the longitudinal follow-up of glucose based PD, were investigated 
withh repeated measurement analysis of variance. Spearman rank correlation 
analysiss was used for the calculation of correlation coefficients. 

Results s 
Parameterss of peritoneal permeability obtained from the last SPA during glucose 
peritoneall  dialysis treatment are presented Table 1. Regression lines were 
calculatedd for each individual patient for each investigation, based on the power 
relationshipp between the D/S ratio of the various serum proteins and their 
molecularr weights (see Methods). The r-values of the regression lines all 
exceededd 0.91 (p<0.05). Based on these regression lines, the D/S ratio of VEGF 
couldd be predicted when the concentration in the effluent would only be 
determinedd by transport from the circulation to the peritoneal cavity (Figure 1). 
Thee measured D/S ratio of VEGF was significantly greater (p<0.001) than could 
bee expected based on the peritoneal transport line, indicating local production of 
VEGFF (LVEGF). The follow-up of glucose peritoneal dialysis in 9 patients, in 
relationn with LVEGF is plotted in Figure 2 (left panel). Nine patients are 
presentedd because 1 patient underwent only 1 SPA during glucose dialysis 
treatmentt before switching to the none glucose treatment. LVEGF increased 
withh prolonged treatment of glucose peritoneal dialysis from 11.7 ng/L (2.0-
19.0)) to 23.5 ng/L (5.4-75.9) , p=0.06. A comparison between the first and last 
LVEGFF showed a significant rise (p<0.03, Figure 3, left panel). The magnitude 
off  the increase in LVEGF was independent from the initial LVEGF, and 
independentt from the duration of peritoneal dialysis at the time of the first 
investigation.. The effect of the switch to glucose free PD on LVEGF production is 
presentedd in Figure 2, right panel. Comparing the LVEGF obtained from the last 
SPAA during glucose based PD and LVEGF from the last one during glucose free 
PDD showed a decrease from 57.4 ng/L (8.2-225.3) to 23.1 ng/L (4.4-61.7). 
AA correlation (r=0.83, p<0.001) was found between the difference of the MTAC 
off  creatinine in the initial and last SPA during glucose PD, and the difference in 
LVEGFF in the same investigations (Figure 4). A similar correlation (r=0.85, 
p<0.001)) was present between the difference in peritoneal glucose absorption 
andd the difference in LVEGF (Figure 4). The change in these parameters 
obtainedd in the patients after the switch to glucose free PD are shown in the 
samee figure. 
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Figuree 2. The individual data of the longitudinal follow-up of VEGF attributed to local 
productionn in the peritoneum obtained in 9 patients during glucose based PD is 
presentedd in the left panel. These data obtained in 4 long-term PD patients before and 
afterr the switch to glucose free PD treatment are presented in the right panel. Time 
pointt t=0 is the last observation during glucose based PD, thereafter the patients were 
treatedd with glucose free dialysis solutions. 

Tablee 1. Parameters of peritoneal permeability. 
fluidfluid transport 

TCUFF (mL/4 hour) 
ELAA (mL/4 hour) 
NUFF (mL/4 hour) 

glucosee PD 
n=10 0 
6677 (185-1059) 
2500 (89-523) 
5799 (81-1126) 

nonn glucose PD 
nn = 4 
2255 (126-796) 
1322 (108-194) 
411 (-16-602) 

solutesolute transport 
MTACC urea (mL/min) 17.7 (13.4-20.9) 15.5 (8.5-19.1) 
MTACC creatinine (mL/min) 9.0 (7.0-18.0) 10.6 (6.6-16.6) 
glucosee absorption (%) 60 (44-75) 64 (44-76) 
effluentt VEGF attributed to local production (ng/L) 17.3 (6.5-225.3) 23.1 (4.4-61.6) 
Mediann and ranges are presented of data obtained from the last SPA during glucose PD, 
andd the last glucose free investigation. TCUF: transcapillary ultrafiltration, ELA: 
effectivee lymphatic absorption, NUF: net ultrafiltration, MTAC: mass transfer area 
coefficient. . 

Discussion n 
Inn this study the presence of VEGF in peritoneal effluent of patients treated with 
glucosee peritoneal dialysis was investigated during longitudinal follow-up, in 
relationn with peritoneal permeability parameters. Furthermore, the effect of the 
switchh to glucose free dialysis treatment on VEGF production and the 
characteristicss of peritoneal permeability was studied in patients with 
ultrfiltrationn failure. 

Thee concentration of VEGF in peritoneal effluent found in each patient in 
eachh observation, was higher than could be explained by diffusion from the 
circulation.. This points to local peritoneal production of VEGF as was suggested 
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Figuree 3. The left panel presents the first and last LVEGF determination during glucose 
basedd PD (left panel, p<0.03). The right panel shows the last LVEGF determination 
duringg glucose based PD compared to the last LVEGF observation during glucose free 
dialysiss treatment. 

byy us previously [6]. In the present study VEGF was measured in serum. 
Recentlyy platelet-mediated secretion of VEGF during clotting processes have 
beenn described by Webb et al. [23]. As a consequence serum levels are on 
averagee twice the concentration measured in EGFA plasma. We used a 
standardizedd clotting time of 4.5 hours before centrifugation. If VEGF would 
havee been measured in EDTA plasma, the dialysate-to-plasma ratio would have 
beenn higher. Therefore, the calculated local production of VEGF in the present 
studyy may have been an underestimation of the actual LVEGF. 

Thee production of VEGF attributed to local production increased with 
prolongedd duration of glucose peritoneal dialysis. LVEGF decreased in all four 
patientss with ultrafiltration failure after the switch to glucose free dialysis 
treatment.. This points to a role for the high glucose concentrations in dialysis 
solutionss to trigger VEGF production and the development of peritoneal 
neoangiogenesiss [7], in analogy with VEGF production induced by 
hyperglycemiaa in diabetic retinopathy [1,2,5]. 

Loww molecular weight solutes as creatinine and glucose have been shown 
nott to be size selectively hindered by the peritoneal membrane [11,12], 
thereforee their transport to the peritoneal cavity mainly depends on the 
peritoneall  vascular surface area. Consequently, changes in MTACs or glucose 
absorptionn reflect changes in the peritoneal vascular surface area. In our 
crossectionall  study [6] MTAC creatinine and the glucose absorption correlated 
withh LVEGF suggesting involvement of VEGF in peritoneal neoangiogenesis. The 
relationshipp that was present between the difference in MTAC creatinine 
betweenn the first and the last observation on glucose PD, and the difference in 
LVEGFF between these investigations, emphasizes a possible role for VEGF 
mediatingg the peritoneal vascular surface area during glucose PD. Especially 
becausee the difference in these parameters obtained in the last SPA during 

148 8 



ChapterChapter 111.3 

1 1 

10 0 

• • 

• • 
-5 5 

1000 -

500 - » 

, / J J 
• • 
-500 -

-1000 -

-150 0 

-2000 -

-2500 -

5 5 

-o -o 
U. . 
O O 
LU U > > 
< < 

• • 

55 10 15 
AMTACcreatininee (mL/min) 

-40 0 

• • 

-20 0 

• • 

1000 -

500 -

-500 -

-1000 -

-1500 -

-2000 -

-2500 -

• • 
• • 

** • 

IT T 

c c 

Ü Ü 
D D 

Li--
O O 
LU U > > 
< < 

• • 

% % 
200 40 

AA % glucose absorption 

Figuree 4. The difference between the first and last MTAC creatinine, and the difference 
betweenn the first and last observation of LVEGF during glucose based PD , and the 
lastt LVEGF determination during glucose based PD and the last one during none glucose 
basedd PD (M) are shown (upper panel r=0.83, p<0.001). A similar relationship was 
presentt between the difference in glucose absorption and the difference in LVEGF 
(lowerr panel, r=0.85, p<0.001). 

glucosee PD and those obtained in the last glucose free investigation showed the 
samee relationship. LVEGF decreased after the switch to glucose free dialysis 
treatment,, and the parameters of the peritoneal vascular surface area also 
decreasedd in 3 out of 4 patients. These finding support a causal relationship 
betweenn the peritoneal exposure to extremely high glucose concentrations and 
thee development of peritoneal angiogenesis, through a pathogenetic mechanism 
withh involvement of VEGF. 

Thee magnitude of the increase in LVEGF during glucose PD was however, 
independentt from the initial LVEGF and the duration of peritoneal dialysis at the 
startt of the follow-up during glucose based PD. Some patients showed a steep 
riserise in LVEG during less than 3 years follow-up of glucose based PD, where in 
otherss LVEGF increased only marginaly during the same period of follow-up. 
Thiss explains why no relationship between LVEGF and the duration of peritoneal 
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dialysiss was found in our cross sectional study [6] . The great inter-individual 
variabilityy suggests a role for individually determinined factors that may 
influencee the effect of the prolonged duration of glucose peritoneal dialysis on 
thee slope of and the extent of the local production of VEGF in each PD patient. 
Thesee factors may involve VEGF and other polymorphisms. However, these 
speculationss require further study. 
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CorrectionCorrection ofNa+ sieving for diffusion 

Abstract t 
Transcellularr water transport (TCWT) can be estimated by Na+ sieving. However, 
thee assumption that the initial Na+ dialysate concentration (DO) is equal to the 
initiall  plasma concentration (PO) is not true for each patient. The difference leads 
too Na+ diffusion from the circulation to the dialysate, which diminishes the Na+ 

sieving. . 
AA model was developed to distinguish transcellular water transport from Na+ 

diffusion.. We previously found evidence that the mass transfer area coefficient of 
uratee (MTAC^J was similar to the MTACNa+. The MTAC is the product of the 
eliminationn constant (kj and the volume of distribution (VD), the mean intra 
peritoneall  volume. Because VD is known, the keNa+ in each patient can be equated 
withh the karate. The Na+ mass transfer from the circulation to the dialysate by 
diffusionn can then be calculated for any time point during a dwell (Dt). Dt was 
subtractedd from the measured Na+ dialysate concentration at 60 minutes. The 
correctedd D/P Na+ then represents the actual Na+ sieving. 

Usingg 3.86% glucose dialysate, this approach was investigated in 15 stable 
peritoneall  dialysis (PD) patients (normUF) and 9 PD patients with low 
ultrafiltrationn (lowUF, <400 mL/4-hour). The MTAC ^ was calculated according 
too Waniewski (W) and according to the Garred model (G). Similar calculations 
weree also performed for the MTAC for creatinine (MTACcreat). Initial D/P Na+ was 
nott different between the groups. When no diffusion correction was made, D/P^ 
Na++ in the lowUF group (median 0.898, range 0.870-0.949) was significantly 
higherr (p<0.025) than D/P60 Na+ in the normUF group ( median 0.881, 0.816-
0.899).. The difference disappeared after diffusion correction regardless of the 
correctionn model applied. However, at 240 minutes, D/P Na+ in the normUF group 
wass significantly lower than in the lowUF group (median 0.880, range 0.839- 0.952 
vss median 0.942, range 0.866- 0.987; p<0.004). Even after correction, D/P Na+ 

inn the normUF group was significantly lower: 0.847 normUF vs 0.893 lowUF 
(W^e,, p<0.005); and 0.842 normUF vs 0.890 lowUF(Gcreat, p<0.003). 

Thee correlation between the W ^ (the best theoretical diffusion correction) 
andd GCTeat (the least) was: y=0.99x+0.0037. Furthermore, Bland and Altman 
analysee of W^^ and G ^ at both 60 and 240 minutes resulted in random 
distributionn around the means, with a slight overestimation in relation to the 
magnitudee of Gcreat, as was expected. Gcreat can be used to make an accurate 
estimationn of the contribution of Na+ diffusion in the time course of D/P Na+. It 
providess a simple way to more precisely determination of Na+ sieving, and therefore 
off  TCWT. 

Inn conclusion, to avoid overestimation of impaired channel-mediated water 
transport,, a Na+ diffusion correction should be made when D0 is not equal to P0 or 
inn the case of a large vascular surface area. 

Introduction n 
Loww ultrafiltration is a major reason for therapy drop-out from peritoneal dialysis 
therapy,, especially in long-term peritoneal dialysis [1-4]. Impaired ultrafiltration-
definedd as net ultrafiltration <400 mL/4-hour with a 3.86% glucose dialysis 
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solution-- is regarded as clinically important ultrafiltration failure [3]. The causes 
cann be either mechanical- for example, subcutaneous leaks or a large residual 
volume-- or related to the peritoneal membrane itself. The latter group includes the 
presencee of a large peritoneal vascular surface area, a high effective lymphatic 
absorptionn rate, impaired transcellular (aquaporin-mediated) water transport 
(TCWT),, or combinations of these. 

TCWTT can be estimated by the sieving of sodium. Sieving of sodium is defined 
ass the dip in the dialysate-over-plasma ratio (D/P) of sodium that occurs during a 
dialysiss exchange with a 3.86% glucose solution [2,3,5,6]. Sodium sieving is 
especiallyy pronounced during the initial phase of the dwell, when water transport 
hass its maximum value [7]. The magnitude of this dissociation of Na+ and water 
transportt provides information on aquaporin-mediated water transport, for it is 
likelyy that the decrease in the dialysate concentration of Na+ in first 60 minutes is 
causedd by channel-mediated water transport, which is provoked by a large osmotic 
gradient.. However, this dip in D/P Na+ can be influenced by diffusion of sodium 
fromm the circulation to the dialysate. Correction for this diffusion should be 
consideredd in case of a large vascular peritoneal surface area, especially in the 
situationn where the plasma Na+ concentration is substantially higher than the 
dialysatee concentration. In the presence of a large vascular surface area, diffusion 
off  Na+ from the circulation to the dialysate will increase, thereby blunting the D/P 
Na++ dip and overestimating the impairment of TCWT. 

Thee actual contribution of TCWT can be calculated by substracting the 
peritoneall  sodium gradient obtained with 1.36% glucose from the peritoneal 
sodiumm gradient obtained with 3.86% glucose [8]. This correction is based on the 
assumptionn that convective transport of Na+ during a 1.36% dwell is approximately 
similarr [7] to the fluid-accompanied sodium absorption from the peritoneal cavity 
too the interstitium and the circulation, neutralizing the convective transport of Na+. 
Thee simplicity of this method is countered by the fact that two tests have to be 
performedd in each patient. The aim of die present study was, therefore, to develop 
aa simple model to correct the TCWT-induced dip in the dialysate sodium 
concentrationss from sodium diffusion, using only one 3.86% glucose exchange. 

Methods s 
Rationale Rationale 
Thee mass transport of solutes across the peritoneal membrane is a combination of 
convectionn and diffusion. Diffusional transport is determined by the product of the 
masss transfer area coefficient (MTAC) and the concentration gradient of the solute 
betweenn plasma and dialysate. The MTAC is the maximal theoretical clearance by 
diffusionn at time 0, before diffusion has actually started. 

Wee previously found that the average MTACNa+ was similar to the MTAC^e, 
namelyy 8.3 miymin [9]. Also, a good correlation was present between the MTAC^^ 
andd the MTACNa+ (n=10, r=0.84, p<0.0026). Consequently, the MTAC^ can be 
usedd to predict the concentration gradient of Na+ by diffusion, because the initial 
concentrationn gradient of sodium is known. However, urate is not typically 
measuredd on a routine basis, as creatinine is. 
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Thee correlation between MTACcrcat and MTACNa+ was also strong in the study 
off  Imholz et al. (n =10, r =0.91, p<0.00028). The mean MTACcreat is 11 ml/min 
[9,10].. Some overestimation of diffusive sodium transport can therfore be expected 
whenn the MTACcreat is used instead of MTAC^. The dialysate Na+ concentration 
cann be calculated at any time point during the dwell by subtracting, from the 
measuredd gradient, the estimated concentration gradient of Na+ by diffusion. The 
sievingg of Na+ is then obtained by converting the corrected Na+ gradient into a D/P 
ratio. . 

DescriptionDescription of the model 
Thee MTAC can be determined by complicated numerical models and by more 
simplee analytical models [11]. Most of the analytical models use integrative 
proceduress for solving the differential equations. One of these is the Garred model 
[12].. However, the same equation as derived by Garred et al. was obtained using 
thee pharmacokinetic principle of first-order kinetics [13]. In this approach, the 
MTACC is defined as the product of the elimination constant (kj and the volume of 
distributionn (VD): 

MTAC-^VMTAC-^VDD (j) 

kee is the elimination constant of the product of the concentration gradient and the 
intraperitoneall  volume. The mean intraperitoneal volume during the dwell is used 
forr VD, which is determined by the area under the intraperitoneal volume-versus-
timee curve divided by the dwell time [14]. The basis equation of first-order kinetics 
fromm which k,, can be calculated is: 

ln^(Pm-QW+'"W)-A) )) (ii) 

inn which Pm is the mean plasma concentration, P0-D0 is the concentration gradient 
att time 0, Pm-Dt is the concentration gradient at time t, V0 is the intraperitoneal 
volumee at time 0, and V, is the intraperitoneal volume at time t. Equation (ii) can 
bee rearranged to: 

-kJ-\nV-kJ-\nV00(P(PQQ~D~D00)\nVlP)\nVlPmmDeDe (ijl) 

Multiplicationn of both terms in (iii ) with V^t yields: 

-k-keefVfVDD-- V°QnV0(P0-D0)-\nVt(Pm-DM W 

Thee left term in equation (iv) represents the MTAC according to the principle given 
inn equation (i). This left term of equation (iv) can now be replaced by the 
MTAC^^,, which could have been obtained by various methods (see below), and is 
assumedd to be equal to the MTACNai. 
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Thiss substitution is summarized in the equation: 

MTAC^MTAC^.-MTAC^MTAC^.- ^[InV^P^^D^.^-lnV^P^.^D^.)} (v) ) 

inn which PNa+0 and DNa+0 represent the plasma and dialysate concentrations of 
sodiumm at time 0; Dra+1, the Na+ dialysate concentration at time t; and Pra+m, the 
meann plasma concentration of sodium. Because VD, V, and V0 are not different for 
uratee and Na+, and because Pm and D0 are known for Na+, D, of Na+ caused by 
diffusionn can be calculated at any time point during the dwell. Subtracting the 
measuredd D0 from the calculated Dt results in the estimated increase by diffusion. 
Thiss value is subtracted from the measured Na+ dialysate concentration, yielding 
thee Na+ dialysate concentration at time t when no diffusional transport would have 
occurred.. The corrected D/P Na+ then represents the actual sieving of sodium at 
timee t. This approach was also investigated by applying the MTAC according to 
Waniewskii  (see appendix of this chapter) [15-17]. 

Tablee 1. Peritoneal solute and fluid kinetics in the two patient groups (median and ranges), 
normall  ultrafiltration low ultrafiltration p- value 
n=155 n=9 

MTACunKK (mL/min) 
MTACcreaII (ml/min) 
DP0-D00 (mmol) 
ELARR (mVmin) 
TCUFRR (ml/min) 
NUFF (ml/4 hour) 
RV(mL) ) 

6.677 (4.12-10.01) 
8.500 (5.95-11.55) 
88 (4-13) 
1.144 (-0.31-2.03) 
4.088 (2.18-6.37) 
5533 (435-1199) 
2533 (111-604) 

8.999 (5.84-16.18) 
12.077 (7.19-19.06) 
88 (6-14) 
1.577 (-0.28-5.21) 
2.955 (0.09-3.98) 
466 (-290-389) 
2155 (28-392) 

p<0.0035 5 
p<0.0035 5 
ns s 
ns s 
p<0.02 2 
p<0.00007 7 
ns s 

ELAR== effective lymphatic absorption rate, TCUFR= transcapillary ultrafiltration rate, 
NUF== net ultrafiltration, RV= residual volume. MTACs were calculated according to 
Waniewski.. DPo-D0 is the difference between the initial Na+ concentration in plasma (P0) and 
dialysatee (D0). 
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Figuree 1. Median values of the measured D/P Na* (solid line), the measured D/P Na+ 

correctedd with the Waniewski urate model (dashed line), and the measured D/P Na+ 

correctedd with the simplified Garred creatinine model (dotted line) are plotted against the 
dwelll  time.The left panel shows normUF patients, and the right panel, lowUF patients. 
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ApplicationApplication of the model 
Thee above approach was investigated in 15 stable PD patients with normal 
ultrafiltrationn and in 9 patients with low ultrafiltration. Low ultrafiltration was 
definedd as net ultrafiltration <400 mL/4-hour after a hypertonic exchange using 
3.86%% glucose dialysis solution [3]. Peritoneal permeability characteristics were 
studiedd with a standard peritoneal permeability analysis using 3.86% glucose-
containingg dialysis solution during a 4-hour dwell. The procedure and the 
calculationss of fluid and solute transport have been described previously [10,18]. 
Thee MTACs of urate and creatinine were both investigated. These MTACs were 
calculatedd according to both the simplified Garred model [13] and the more precise 
Waniewskii  model [15,16]. In the latter model, solute concentrations in plasma are 
expressedd per volume of plasma water using the total protein concentration in 
plasma,, and a correction factor for convection is also applied [16]. The assumption 
wass made that the elimination constants and the MTACs would not change 
throughoutt the dwell. 

Mann-Whitneyy tests and Spearman rank correlation tests were used for 
distributionn free testing. The four different correction models were compared using 
aa Bland and Altman analysis [14] to investigate possible systematic errors. 

Results s 
Thee characteristics of peritoneal solute and fluid kinetics obtained in the normal 
ultrafiltrationn patients (normUF) and the low ultrafiltration patients (lowUF) are 
summarizedd in Table 1. The possible reasons for the low ultrafiltration in the latter 
groupp were: a high effective lymphatic absorption, defined as >2 mL/min (n=3); 
aa large vascular peritoneal surface area, defined as MTACcteat > 13.0 mL/min (n=4); 
aa large residual volume, defined as >350 mL (n=2); or no reason was found 
(n=2).. Combinations of two possible causes were found in 2 patients. The 
definitionss for abnormal effective lymphatic absorption rates, large vascular 
peritoneall  surface area, and large residual volume are derived from Pannekeet et 
al.. [3,10]. 

Thee initial D/P Na+,0 was not different between the groups: normUF median 
0.9366 (range: 0.908-0.966), and lowUF median 0.945 (range: 0.897-0.956). Also, 
thee plasma and dialysate concentrations at time 0 were not significantly different 
betweenn the groups (Table 1). The lowUF patients had lower uncorrected D/P Na+ 

thann the normUF patients, at both 60 minutes (p<0.025) and 240 minutes 
(p<0.004). . 

Thee effect of correcting the sieving of sodium with each of the four models is 
presentedd in Table 2. No significant differences were present between the corrected 
D/PP Na+ values obtained with any of the models within either ultrafiltration group 
att both 60 and 240 minutes. After correction with all four models, the D/P Na+ 

valuess in the normUF group were significantly lower than those in the lowUF group 
att 240 minutes. However, after correction, the D/P Na+ values at 60 minutes were 
similarr for each of the four models in both the normUF and the lowUF group. 
Figuree 1 shows the effects of correcting D/P Na+ for diffusion during the 4-hour 
dwelll  period using the MTAC^^ Waniewski model (theoretically the best model) 
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andd using the MTAC^, simplified Garred model (the least accurate, but more 
easilyy applicable model) applied over both ultrafiltration groups. The relationships 
andd analyses of agreement between the four correction models were investigated 
att time 60 and 240 minutes. The relationships between the best and the least model 
att these timepoints are shown in Figure 2. The correlations were excellent at both 
timee points 0^.= 0.999, p ^ l . 19 -1030, r240- 0.996, p<1.99 -1024). This result 
suggestss that the correction model using Waniewski MTAC^ may be substituted 

byy the model using the Garred MTATCcreat. 
Blandd and Altman analyses of these two models at both time points are 

presentedd in Figure 3. The corrected D/P Na\60' ratios of both ultrafiltration 
groupss together show a random distribution between the mean and differences of 
D/PP Na+60' according to the Waniewski MTAC^ model and the model calculated 
accordingg to simplified Garred MTACCTeat. The overestimation of Na+ diffusion from 
thee circulation when the simplified Garred MTACcreat is applied is reflected in the 
shiftt of the difference between the means of the two methods of correction to 
0.00177 for D/P Na+ 60' and 0.0019 for D/P Na+ 240'. These shifts are marginal, 
whichh implies that negligible systematic errors are present relative to the magnitude 
off  the parameters. The 95% confidence interval was wider at time 240 minutes. 
Thesee results imply a close agreement between both extremes of the correction 
methods. . 

Discussion n 
Thee decrease in dialysate sodium concentration owing to the substantial sieving of 
sodiumm during the initial phase of a hypertonic dwell with 3.86% glucose dialysis 
solutionn has been suggested as an estimation of transcellular water transport [3,5]. 
Impairmentt of this aquaporin-mediated water transport can be a possible cause of 
loww peritoneal ultrafiltration. Therefore, accurate estimation of sodium sieving is 
valuablee for the analysis of loss of peritoneal ultrafiltration capacity. The sodium 
balancee during peritoneal dialysis depends on diffusive transport, convection across 
thee peritoneal membrane, and fluid absorption from the peritoneal cavity to the 
interstitiumm and the circulation. Diffusional transport is determined by the product 
off  the MTAC and the concentration gradient of the solute between plasma and 
dialysate.. Because the concentration gradient in individuals can range between 0 
mmol/LL and 15 mmol/L, the contribution of diffusion can have a considerable 

variability.. In situations with relatively high diffusion rates, the sieving of sodium 
wil ll  be blunted. 

Inn this study, the assumption was made that the average MTACNa+ was in the 
samee order of magnitude as the MTAC^^ and MTACcreat [7,9,19,20]. Creatinine is 
typicallyy measured on a routine basis, but urate is not. However, because the 
MTACcreatiss higher than that of sodium, an overcorrection of the sodium diffusion 
fromm the circulation could be expected, leading to an overestimation of the sieving 
off  sodium. Investigating this with a Bland and Altman analysis, the difference 
betweenn means of D/P Na+ corrected with the Waniewski urate model or with the 
simplifiedd Garred creatinine model appeared negligible. Furthermore, the data were 
randomlyy distributed around the mean, suggesting that no systematic errors were 
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Appendix Appendix 

presentt between the two models. However, others stated that the mass transfer of 
sodiumm does not occur in a manner similar to that of urate and creatinine 
[7,17,19,20].. These authors found that the diffusion of sodium was considerably 
slowerr than that of urea, creatinine, and glucose, taking molecular weight into 
account.. The underlying mechanism was not explained. 

Thee four different models investigated in this study are based on two 
calculationn methods for mass transfer area coefficients for both urate and 
creatinine.. The Waniewski model corrects the plasma concentration to aqueous 
plasmaa concentration, taking the presence of lipids and proteins in plasma into 
account,, and corrects for Donnan equilibrium of small cations between dialysate 
andd plasma (see appendix of this chapter) [16]. The simplified Garred model 
assumess that the interdependence between convective and diffusive transport of a 
solute,, represented by F, is zero [12], while the Waniewski model corrects for 
convectionn by applying an F of 0.5 (see appendix of this chapter). Another 
importantt difference between the models is that the Garred model assumes the 
sievingg coefficient to be 1, while Wang et al. [7] calculated a sieving coefficient for 
sodiumm of 0.61 [17]. Although the simplified Garred model may be less correct n 
thee Waniewski model, it is more easily applicable. Values obtained with a standard 
peritoneall  equilibration test are sufficient to calculate the MTACcreat using the 
simplifiedd Garred model [13]. Furthermore, the error associated with the 
assumptionss made in the Garred model approaches zero for small solutes [12]. 
Evenn if principle differences exists between the two correction methods, the 
differencess appea negligible, as the data were randomly distributed around the 
mean. . 

Wee compared the 95% confidence intervals at 60 and 240 minutes. The 
intervall  at 240 minutes was wider than that at 60 minutes. A possible explanation 
iss that the ultrafiltration rate levels off during the last phase of the dwell when 
osmoticc gradient has decreased. This possibility is not taken into account in any of 
thee models, because the MTACs and the k̂  were assumed to stay identical 
throughoutt the dwell. This is of interest especially in patients with a large 
peritoneall  vascular surface area, because, in their case, overestimation of the 
correctionn would be more pronounced at the end of the dwell, eventually leading 
too a wider scatter of the differences between the means of the MTAC ^ (W) and 
thee MTAC^t (G). This is not the case at 60 minutes, as ultrafiltration is still 
increasingg at that time point. Furthermore, the minimum value of the D/P Na+ is 
oftenn reached after approximately 60 minutes, suggesting that the corrected D/P 
Na++ at 60 minutes might be the preferable one to use in estimating transcellular 
waterr transport. 

Wangg et al. [7] suggested determining D/P Na+ at the end of the dwell. At 
thiss time point, a distinction could be made between the various transport groups 
(low,, low average, high average, high), which was not possible at 60 minutes when 
thee D/P Na+ was used. However, the objective of that study was to classify patients 
intoo transport categories, while the aim of the present study was to improve the 
accuracyy of sodium sieving as a measurement of channel-mediated water transport. 

Thee present study describes a simple and a more sophisticated model to 
distinguishh the transcellular water transport-induced decrease in the dialysate 
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sodiumm concentration from sodium diffusion during die initial phase of a hypertonic 
dwell.. No essential differences were found between the correction methods, 
althoughh they were derived differently and used either urate or creatinine as 
referencee solutes. Further studies comparing these models with other correction 
methodss are necessary to establish their place in the assessment of aquaporin-
mediatedd water transport. 

Appendix x 
Thee following equations are applied for calculating the MTAC ^ and MTACcreat 

accordingg to Waniewski et al. [15-17] to determine 1̂  urate and k̂  creatinine: 

ww ( M O „ I u^o 
MTAC„MTAC„anan== V In * m 

{VY{VYKK ° ° ")-D, 

inn which a correction factor for convective transport (F) of 0.5 is applied. 
Furthermore,, the concentration of a solute per plasma water is related to its 
concentrationn per whole plasma (Xo and xt). 

Thee factional volume of plasma lipids (1-0.016=0.984) and the plasma 
concentrationn of total protein (TP) are taken into account. 

00 (0.984-0.000718.7P0)
 (2) 

1 1 

(0.984-0.000718.7P,) ) (3) ) 

TPTP00 is the plasma concentration of total protein at time 0, and TPr is the plasma 
concentrationn of total protein at time t. 
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Generall  discussion 
Inn the chapters of this thesis various different approaches have been described to 
investigatee the peritoneum as a dialysis membrane. These investigations have 
beenn done in peritoneal dialysis patients, in a long-term peritoneal dialysis 
modell  in the rabbit and in a chronic peritoneal exposure model in the rat. The 
generall  issues that are discussed include (1) changes in the peritoneum, (2) 
vascularr endothelial growth factor, (3) the rabbit model and (4) the effect of 
dehydrationn on peritoneal permeability. Finally, possible future investigations 
havee been indicated. 

ChangesChanges in the peritoneum 
Alterationss in peritoneal physiology and morphology have been reported to 
developp during long-term peritoneal dialysis treatment. Increased transport rates 
off  low molecular weight solutes have been associated [1*5] with the 
developmentt of a large effective peritoneal vascular surface [6-8] in combination 
withh ultrafiltration failure [6]. We found evidence of neoangiogenesis and 
increasedd deposition of fibrous tissue in the extracellular matrix with the 
durationn of peritoneal dialysis using conventional dialysis solutions [chapter 
III.l ,, 9]. Peritoneal dialysis patients with peritoneal sclerosis compared to 
controls,, matched for age and duration of peritoneal dialysis, had significantly 
lowerr ultrafiltration and higher transport rates [10], suggesting a larger 
peritoneall  vascular surface area in the presence of peritoneal sclerosis. This was 
confirmedd in chapter III.l : a significantly greater number of vessels per field of 
peritoneall  tissue was found in peritoneal sclerosis patients compared to their 
matchedd controls. Peritonitis incidence was not different between the peritoneal 
sclerosiss patients and the matched controls, but the accumulative glucose 
exposuree was greater in the peritoneal sclerosis group in the Hendriks study 
[10].. This implies that the continuous exposure to the extremely high glucose 
concentrationss present in the glucose based dialysis solutions is a major 
pathogeneticc factor in the development of alterations in peritoneal morphology 
andd function. This was further studied in our rat model, chapter II. 1, in which 
long-termm peritoneal exposure to 3.86% glucose based dialysis solution was 
comparedd to Ringers lactate, a solution of a similar composition as the dialysis 
solution,, however without the extremely high glucose concentration. 
Neoangiogenesis,, deposition of fibrous tissue in the extracellular matrix and 
reduplicationn of basement membranes of peritoneal capillaries were found in 
combinationn with increased transport rates and decreased ultrafiltration in the 
glucosee group, whereas the Ringers lactate infused rats were not different in 
peritoneall  morphology or function from the untreated control rats. The fact that 
thee peritoneal morphological alterations and the changes in transport 
characteristicss developed in our rat model in absence of uremia, suggests that 
thiss may not play a major role in the initiation or progression of the peritoneal 
neoangiogenesiss and fibrotic processes during peritoneal dialysis. However, 
recentlyy Miyata et al. [11] discussed the possibility of precursors or mediators of 
thee Maillard reaction in uremic plasma [12]. The Maillard reaction initiates the 
advancedd glycosylation end product (AGE) formation leading to irreversible 
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cross-linkingg of matrix proteins [13], causing the brownish discolloration of the 
peritoneall  membrane found in long-term peritoneal dialysis and in patients with 
peritoneall  sclerosis. The influence of AGEs on peritoneal permeability has not 
beenn elucidated yet. It has been hypothesized that the small, but significant 
increasee in the restriction coefficient for macromolecules [6,14] with the 
durationn of peritoneal dialysis was caused by a more rigid structure of the large 
poress [14]. It could be hypothesized that the restrictive changes of the large pore 
diameterr could be influenced by AGE formation, possibly in combination, with 
thee increase of AGEs in the interstitium, leading to more restrictive transport of 
macromoleculess with the duration of peritoneal dialysis. This remains to be 
elucidatedd by further investigations. 

VascularVascular endothelial growth factor 
Thee changes in peritoneal morphology show great similarities with the 
abnormalitiess found in diabetic microangiopathy [15]. Therefore, it was 
hypothesizedd that growth factors mediated by hyperglycemia and involved in the 
developmentt of diabetic retinopathy and nephropathy, might be involved in the 
developmentt of the peritoneal alterations too. Evidence was found for local 
productionn of both VEGF and TGFfs in peritoneal tissue [16]. TGFft showed no 
relationshipss with the peritoneal transport parameters. This could be explained 
byy the fact that numerous cells produce TGFfs after a variety of stimuli inducing 
ann array of reactions [8,15,17]. VEGF concentration attributed to local 
productionn showed positive correlations with the MTAC of creatinine and 
glucosee absorption, and a negative trend was observed with the ultrafiltration. 
Thesee observations suggested a role for VEGF in the development of a large 
peritoneall  vascular surface area. Investigating VEGF in effluent of 10 peritoneal 
dialysiss patients treated with glucose based dialysis solutions during longitudinal 
follow-up,, showed an increase in the local production with the duration of 
peritoneall  dialysis treatment (chapter III.3). The increase in local VEGF 
productionn correlated with the difference in the MTAC of creatinine. This finding 
suggestss a causal relationship between the changes in the transport parameters 
andd VEGF production in the peritoneal cavity. Four of the patients in this study 
switchedd to glucose free dialysis treatment due to ultrafiltration failure defined 
ass <400 ml /4 hour during a 3.86% glucose based dwell [19]. In these 4 
patientss the local peritoneal production of VEGF decreased after the switch to 
non-glucosee dialysis treatment accompanied by improvement of some transport 
parameterss [chapter III.2] . No relationship was however, found between the 
magnitudee of the increase in the local production of VEGF and the duration of 
peritoneall  dialysis or the initial value at the start of the investigation. 
Furthermore,, some patients showed a steep rise in the increase in local VEGF 
productionss while treated with glucose based dialysis solution, where in others 
thee increase was only marginal. These observations suggest mediation of 
individuall  succeptibility, e.g. genetic factors such as polymorphisms in different 
growthh factors. For example, PAI-1 polymorphisms have been described as risk 
factorr in the development of progressive diabetic retinopathy [20]. In analogy, 
VEGFF polymorphisms may be involved in the rate and magnitude of the 

169 9 



GeneralGeneral discussion 

developmentt of diabetiform neoangiogenesis found in long-term peritoneal 
dialysis. . 

RabbitRabbit model 
Thee longitudinal rabbit model, investigated in part I, appeared applicable for 
variouss pharmacological investigations on peritoneal solute transport and 
ultrafiltration.. The data obtained from the standard peritoneal permeability 
analysiss in the rabbit were in the same order of magnitude as those obtained in 
patientss [17], after correction for body surface area. The inter and intra 
individuall  coefficients of variation of the peritoneal permeability characteristics 
determinedd in a clinical study [22], were of a similar magnitude in rabbits. 
However,, the mediation of NO in peritoneal permeability is most likely different 
fromm that in humans, because the peritoneal vascular surface area was found less 
sensitivee to NO in rabbits. Therefore, when models are applied to investigate 
effectss of pharmacological interventions or to elucidate physiological and 
pathologicall  mechanisms with the aim to extrapolate to the clinical situation, 
speciess inter variability involved in these aspects, have to be taken into account. 

TheThe effect of dehydration on peritoneal permeability 
Thee functional or effective peritoneal vascular surface area is mainly determined 
byy the number of perfused capillaries, or the number of pores available, in 
combinationn with interstitial resistances. So far, no evidence was available that 
thee hydration status of the interstitium would influence the transfer of low 
molecularr weight solutes or macromolecules. It has been hypothesized that the 
interstitiumm would dehydrate during a hypertonic dwell and, although the total 
distancee from the peritoneal capillary to the peritoneal cavity may be shortened, 
thee restriction to solute movement would increase due to contortion of the 
interstitiall  matrix [23,24]. In chapter II. 1 no evidence was found to confirm this 
hypothesis.. In fact dehydration and haemoconcentration did not influence 
peritoneall  permeability parameters. The lower MTAC urea suggested increased 
restrictionn but glucose absorption was not affected, nor were the clearances of 
thee macromolecules different among the three groups investigated. The higher 
plasmaa concentrations of solutes and the higher osmolality in the group without 
fluidd supplementation in comparison with the other groups suggested that these 
parameters,, obtained at the end of the dwell of the SPARa, were likely to be 
lowerr in the beginning of the experiment. The plasma value at the end of the 
dwelll  therefore most likely overestimates the average plasma concentration. 
Keepingg the principle of the MTAC calculation in mind: (P-D10)/(P-D,), 
overestimationn of the plasma concentration P will artificially result in a lower 
ratio. . 

Itt is conceivable that the proposed studies in peritoneal dialysis patients, and in 
thee two models in rodents will not only deepen our insight in pathophysiologal 
mechanisms,, but will also lead to marked improvements in the application of 
peritoneall  dialysis as a long-term renal replacement therapy. 
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FutureFuture investigations 
Focuss for further studies may involve two directions. 

1.. The mechanisms mediating the development of the alterations in peritoneal 
morphologyy and function during long-term peritoneal dialysis should be 
furtherr elucidated. The mediation of growth factors should be targeted, such 
ass VEGF polymorphisms, involvement of TGFfi, and connective tissue growth 
factorr CTGF in extracellular matrix proliferation on mRNA level. Furthermore, 
effectss of AGE formation in the presence or absence of uremia, and the 
expressionn of aquaporin-1 and nitric oxide synthase are of interest. These 
aspectss can be investigated in a clinical set up in effluent, plasma and in 
biopsies. . 

Preventionn of the progress to the development of the abnormalities 
shouldd be aimed for as well. For instance the application of additives to the 
dialysiss solutions which may inhibit the advance to adverse alterations, for 
examplee inhibition of the Maillard reaction and consequently AGE formation 
couldd be reduced by the intraperitoneal administration of aminoguanidine; 
thee effect of growth factors could be constrained by intraperitoneal 
administrationn of inhibitors (anti-VEGF receptor proteins, octreotide: growth 
factorr inhibitor) and the application of more biocompatible dialysis solutions. 
Assessmentt and understanding of the effects caused by long-term treatment 
withh dialysis solutions with different osmotic agents (such as icodextrin, 
aminoo acids and glycerol) and/or with other buffers than lactate (such as 
bicarbonatee or pyruvate buffered solutions) should be extended. The 
influencee of combinations of the treatment with these solutions on physiology 
andd morphology, should also be studied in a long-term follow-up. 
Furthermore,, as soon as ultrafiltration problems and morphological 
abnormalitiess develop, the effect of peritoneal rest should be examined with 
respectt to recuperation of peritoneal function and morphology. Evidently, a 
partt of the above cannot be studied in peritoneal dialysis patients. The chronic 
peritoneall  infusion model in rat provides simultaneous information on 
peritoneall  morphology and function, and is therefore instrumental for these 
investigations. . 

2.. The rabbit model could be used to obtain better understanding of the 
mechanismss that influence peritoneal ultrafiltration, such as hydrostatic 
pressuree gradient (portal versus caval hypertension), colloid osmotic pressure 
gradientss (low versus high, using plasmapheresis) and lymphatic absorption 
(intraperitoneall  administration of phosphatidyl choline). 
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Summary y 
Alterationss in peritoneal physiology and morphology have been described to 
developp with the duration of long-term peritoneal dialysis treatment using 
glucosee based dialysis solutions. In this thesis a longitudinal rabbit model has 
beenn introduced, developed to broaden our insight in certain aspects of 
peritoneall  physiology, and to investigate various interventions on these 
parameters.. A chronic rat model was designed to simultaneously assess 
informationn on the changes in morphology and function of the peritoneum, in 
relationn with the chronic exposure to glucose containing dialysis fluid. This is 
evidentlyy not feasible in patients on a routine basis. The vascular and interstitial 
changess induced by long-term peritoneal dialysis were compared to the 
morphologicall  presentation in peritoneal sclerosis dialysis were studied in a 
clinicall  setting. Two more methodological subjects were also adressed: the 
influencee of dehydration during a hypertonic dwell on peritoneal permeability 
andd the correction of sodium diffusion for an accurate assessment of the sodium 
sieving. . 

Inn the introduction an overview has been given of the peritoneal anatomy and 
thee functional characterization of the peritoneal membrane, with respect to 
solutee transport and fluid kinetics. The effects of long-term peritoneal dialysis on 
thesee transport parameters and peritoneal morphology were discussed, and 
possiblee causes and mediators involved in the observed alterations are indicated. 
Experimentall  models for peritoneal dialysis described in literature are 
introducedd and discussed with respect to the rationale of the development of our 
rabbitt and rat model. 

Inn chapter LI a chronic non-uremic rabbit model has been described. It 
hass been developed to investigate peritoneal transport characteristics in a 
standardizedd manner during longitudinal follow-up. Therefore, the standard 
peritoneall  permeability analysis, used to investigate peritoneal permeability 
characteristicss in patients, was adapted for our rabbit model (SPAR). After 
correctionn for body surface area similar results to those in CAPD patients were 
obtainedd in our rabbit model, except for the clearances of albumin and IgG and 
thee lymphatic absorption. Inter and intra individual coefficients of variation were 
similarr in patients and rabbits. Therefore, the rabbit model can be used for 
repeatedd investigations on peritoneal transport. 

Inn chapter L2 the rabbit model was used to investigate the hypothesis that 
intraperitoneall  administration of amphotericin B increases and mercury chloride 
inhibitss aquaporin-1 mediated water transport during peritoneal dialysis. 
Intraperitoneall  administration of amphotericin B for 3 days in a low dose, 
enhancedd the ultrafiltration. Prolonged treatment or a higher dose were not 
beneficial.. This result was likely mediated by enhanced transcellular water 
transport,, however not by aquaporin-1. Therefore, amphotericin B is likely to 
havee no clinical relevance in the improvement of ultrafiltration failure in 
peritoneall  dialysis patients. Aquaporin-1 was successfully inhibited by 
intraperitoneall  administration of mercury chloride. 
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Inn chapter 1.3 the longitudinal rabbit model was used to investigate the 
possiblee influence of nitric oxide on peritoneal peritoneal permeability during 
stable,, uninfected peritoneal dialysis. A substrate for nitric oxide synthesis, L-
arginine,, and an inhibitor of nitric oxide synthase, L-NMMA, were added to the 
3.86%% glucose based dialysis solution used during the SPAR. Intraperitoneal 
administrationn of nitroprusside, a vasodilator, was also studied. Albumin 
clearancee increased with nitroprusside. Fluid kinetic or transfer of the low 
molecularr weight solutes were not affected. However, in patients a significant 
increasee in small solute transport was observed, suggesting a lower sensitivity to 
nitroprussidee in the rabbit. The effect on the albumin clearance was most 
pronouncedd after the addition of L-arginine, resembling the findings in the 
nitroprussidee experiment. This points to involvement of nitric oxide in the L-
argininee induced increase in albumin clearance. High doses of L-NMMA did not 
affectt peritoneal permeability. These results suggest that nitric oxide is unlikely 
too be involved in the regulation of peritoneal permeability during stable 
peritoneall  dialysis. 

Inn chapter II. 1 a chronic non-uremic peritoneal infusion model in the rat 
hass been addressed. The peritonitis free model was designed to investigate the 
effectss of chronic exposure to dialysis solutions on structural and functional 
parameterss of the peritoneal membrane. The standardized peritoneal 
permeabilityy analysis was adapted for our rat model (SPARa). It uses a 4-hour 
dwelll  with a 3.86% glucose based dialysis solution with frequent intermediated 
samplingg of the effluent. Blood was obtained at the end of the dwell. We could 
inducee morphological abnormalities and functional changes in the peritoneal 
membranee of the model after 16-20 weeks daily infusion with a 3.86% glucose 
basedd dialysis solution. These changes showed striking resemblance to those 
foundd in long-term peritoneal dialysis patients. Daily peritoneal infusion with 
Ringerss lactate did not alter peritoneal morphology or function, implying that 
thee presence of fluid in the peritoneal cavity does not induce adverse affects. Our 
findingss suggest a pathological role of glucose (and its degradation products) in 
thee development of peritoneal alterations in long-term peritoneal dialysis, with 
fibrosiss and neoangiogenesis as main features. 

Inn chapter 11.2 the influence of dehydration and haemoconcentration on 
peritoneall  permeability characteristics have been discussed. To assess this 
information,, the effect of fluid supplementation, intravenously or 
subcutaneously,, was investigated in an acute anesthetized rat model investigated 
duringg a SPARa and compared to the results obtained in rats without 
supplementation.. The effects of fluid supplementation (and therefore 
dehydration)) on peritoneal permeability were minimal in anesthetized rats. 
Whenn fluid supplementation is applied, 3 mL/hour normal saline should be 
administeredd intravenously. 

Thee morphological alterations found in patients with peritoneal sclerosis 
describedd in chapter III.  1. These were in principle not different but much more 
extensivee than those found in long-term peritoneal dialysis patients. This fits the 

177 7 



Summary Summary 

hypothesiss that peritoneal sclerosis may be the end stage of a more general 
pathologicall  process in the peritoneal membrane. The observed neoangiogenesis 
mayy explain the development of high transport rates of low molecular weight 
solutess and ultrafiltration failure found in long-term peritoneal dialysis patients. 

Thee development of the morphological, diabetiform alterations described 
inn the chapter III . 1 are likely to be mediated by growth factors. Therefore, in 
chapterchapter III.2 the presence of vascular endothelial growth factor (VEGF) and 
transformingg growth factor fs (TGF-ft), both mediators in diabetic micro-
angiopathy,, were investigated in peritoneal effluent of peritoneal dialysis 
patientss in a cross sectional study. Evidence was found for local production of 
bothh growth factors in the peritoneum. TGF-fs showed no relationships with 
peritoneall  transport parameters, possibly because it is secreted in an inactive 
form.. The magnitude of local production of VEGF correlated with parameters of 
vascularr peritoneal surface area, suggesting involvement of VEGF in peritoneal 
neoangiogenesiss found in long-term peritoneal dialysis patients. 

Thee observations in chapter III.2 suggested a causal relationship between 
long-termm peritoneal dialysis with glucose based dialysis solutions and the 
developmentt of a large peritoneal vascular surface area, in association with or 
mediatedd by the peritoneal production of VEGF. Therefore in chapter 111.3 VEGF 
wass investigated in the effluent of patients treated with glucose containing 
dialysiss solutions during longitudinal follow-up. The changes in VEGF were 
relatedd to the changes in their peritoneal permeability characteristics. The effect 
off  the switch to glucose free dialysis treatment was studied in 4 patients with 
ultrafiltrationn failure. Local production of VEGF increased with the duration of 
glucosee based peritoneal dialysis, in parallel with an increase in the parameters 
off  the peritoneal surface area. However, the magnitude of the increase was 
independentt from the initial value of the local VEGF production and the duration 
off  peritoneal dialysis treatment at the start of the follow-up. Local production of 
VEGFF decreased in all 4 patients after the switch to glucose free dialysis 
treatment,, supporting a causal relationship between the peritoneal exposure to 
extremelyy high glucose concentrations in peritoneal dialysis solutions and the 
developmentt of peritoneal angiogenesis. 

Inn the appendix the rational of correcting the sodium sieving for diffusion from 
thee circulation to avoid overestimation of impaired aquaporin-1 mediated water 
transportt is discussed. A simple and a more sophisticated model were introduced 
too distinguish the transcellular water transport-induced decrease in the dialysate 
sodiumm concentration from the effects of sodium diffusion from the circulation 
onn the dialysate sodium concentration. No essential differences were observed 
betweenn the correction models, although they were derived differently and used 
eitherr urate or creatinine as reference solutes. A sodium diffusion correction 
shouldd be made when the initial dialysate concentrations is not equal to the 
plasmaa concentration at the beginning of a dwell, especially in the presence of a 
largee vascular surface area. 
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Conclusions s 
1.. The chronic peritoneal dialysis model in the rabbit can be used for repeated 

studiess on peritoneal physiology. 
2.. Amphotericin B is likely to have no clinical relevance with respect to 

treatmentt of peritoneal dialysis patients with ultrafiltration failure, because 
off  its infavorable balance between effect and toxicity. Furthermore, the 
increasee in ultrafiltration is likely be mediated by a transcel lular water 
channell  but not aquaporin-1. 

3.. Mercury chloride inhibits aquaporin-1 mediated water transport. 
4.. The peritoneal membrane of a rabbit is presumably less sensitive to nitric 

oxidee than the peritoneal vascular surface area in humans. 
5.. The L-arginine induced alterations in the peritoneal transport characteristics 

inn the rabbit resemble the effects of nitroprusside found in clinical 
investigations.. These findings suggest that NO synthesis can be induced by 
intraperitoneall  administration of high dose of substrate for NO synthase. 

6.. Inhibition of NO synthase through administration of L-NMMA was not 
effective,, suggesting that it is unlikely that NO is involved in the regulation of 
peritoneall  permeability during stable peritoneal dialysis. 

7.. The chronic peritoneal infusion model in the rat is the first long-term model 
inn which changes in peritoneal morphology and function can be investigated 
simultaneously. . 

8.. Structural and functional peritoneal abnormalities can be induced by chronic 
exposuree to glucose based dialysis solutions in the absence of uremia. 

9.. Daily peritoneal infusion with Ringers lactate does not alter peritoneal 
morphologyy or function, implying that the presence of fluid in the peritoneal 
cavityy does not induce adverse affects. 

10.. Fluid supplementation during a hypertonic 4-hour dwell in anesthetized rats 
hadd minimal effects on peritoneal permeability, implying that dehydration or 
heamoconcentrationn only has a marginal effect on peritoneal permeability. 

11.. Progressive neoangiogenesis is induced by long-term peritoneal dialysis. 
12.Thee increase in the transport of low molecular weight solutes and the 

developmentt of ultrafiltration failure can be explained by the observed 
peritoneall  vessel new formation. 

13.. The morphological alterations found in peritoneal sclerosis patients are not 
essentiallyy different but less extensive than those in long-term peritoneal 
dialysiss patients. 

14.VEGFF and TGF-fi are locally produced in the peritoneum 
15.VEGFF is likely to be involved in peritoneal angiogenesis. 
16.. Discontinuation of treatment with glucose based dialysis solutions in patients 

withh ultrafiltration failure reduces the local production of VEGF and has a 
positivee effect on peritoneal transport parameters. 

17.. Individual susceptibility is likely to be involved in the magnitude and rate of 
thee development of peritoneal neoangiogenesis . 

18.Glucosee (and its degradation products) play a major role in the development 
off  morphological and functional alterations in long-term peritoneal dialysis. 
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19.. A correction for diffusion of sodium from the circulation is essential for an 
accuratee estimation of transcellular mediated water transport when a large 
concentrationn difference is present between the initial dialysate and plasma 
sodiumm concentration. 
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Samenvatting g 
Veranderingenn in de peritoneale fysiologie en morfologie ontstaan tijdens lange 
termijnn peritoneale dialyse behandeling met glucose bevattende dialyse 
vloeistoffen.. In deze dissertatie is een longitudinaal konijnenmodel 
geïntroduceerd,, dat werd ontwikkeld om ons inzicht te verdiepen in een aantal 
aspectenn van de peritoneale fysiologie en tevens om verschillende interventies in 
dee transport parameters te kunnen bestuderen. Een chronisch rattenmodel is 
ontwikkeldd om tegelijkertijd informatie te verkrijgen over de veranderingen in 
dee peritoneale structuur en functie, in relatie tot de continue blootstelling aan 
glucosee bevattende dialyse vloeistoffen. Het is evident dat dit op routine basis in 
patiëntenn niet mogelijk is. De vasculaire en interstitiêle veranderingen die 
geïnduceerdd worden door lange termijn peritoneale dialyse behandeling zijn 
vergelekenn met de morfologische presentatie in patiënten met peritoneale 
sclerose.. Twee meer methodologische onderwerpen worden ook besproken: ten 
eerstee de invloed van dehydratie tijdens een hypertone dweil op de peritoneale 
permeabiliteit,, en ten tweede een beredeneerde uiteenzetting van de correctie 
voorr diffusie van natrium uit de circulatie voor een accurate schatting van 
natriumm sieving. 

Inn de introductie is een overzicht gegeven van de peritoneale anatomie en de 
functionelee karakterisering van de peritoneale membraan, uitgesplitst in deeltjes 
transportt en vloeistof kinetiek. De effecten van langdurige peritoneale dialyse op 
dee transport parameters en peritoneale morfologie zijn geanalyseerd. Mogelijke 
oorzakenn en mediatoren die een rol kunnen spelen bij de gevonden 
veranderingenn zijn aangegeven. Experimentele modellen voor peritoneale 
dialysee die beschreven zijn in de literatuur worden besproken en bediscussieerd 
inn relatie tot de argumentatie voor de ontwikkeling van het konijnen- en ratten-
model. . 

Inn hoofdstuk 1.1 wordt een chronisch niet-uremisch konijnenmodel beschreven 
datt ontwikkeld werd om peritoneale transport karakteristieken te onderzoeken 
opp een gestandaardiseerde wijze tijdens een longitudinaal vervolg. Daartoe is de 
standaardd peritoneale permeabiliteit analyse, die gebruikt wordt om de 
peritonealee permeabiliteit in patiënten in bestuderen, aangepast aan het 
konijnenmodell  (SPAR). Na correctie voor lichaamsoppervlak bleken de waarden 
inn het stabiele infectie vrije konijnenmodel vergelijkbaar met die van stabiele 
peritonealee dialyse patiënten, met uitzondering van albumine en IgG klaringen, 
enn de effectieve lymfatische absorptie. Inter- en intraindividuele 
variatiecoëfficiëntenn waren vergelijkbaar in patiënten en konijnen. Er is daarom 
redenn om aan te nemen dat het konijnenmodel gebruikt kan worden voor 
herhaaldee peritoneale transport studies. 

Inn hoofdstuk 1.2 is het konijnenmodel toegepast voor het toetsen van de 
hypothesee dat intra-peritoneale toediening van amfotericine B een toename, en 
kwikchloridee een blokkerende werking heeft op the aquaporine-1 gemediëerde 
waterr transport tijdens peritoneale dialyse. Door intra-peritoneale toediening 
vann amfotericine B gedurende 3 dagen in een lage dosis verhoogde de 
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ultrafiltratie.. Voortgezette behandeling of toediening van een hogere dosis 
haddenn geen gunstig effect. Het is aannemelijk dat het resultaat gemedieerd 
wordtt door toegenomen transcellulair water transport, echter niet door 
aquaporine-1.. Daarom heeft amfotericine B waarschijnlijk geen klinisch 
relevantee toepassing in het verbeteren van ultrafiltratiefalen in peritoneaal 
dialysee patiënten. Aquaporine-1 kon succesvol geremd worden door middel van 
intraperitoneall  e toediening van kwikchloride. 

Inn hoofdstuk 1.3 is het longitudinale konijnenmodel toegepast om de 
mogelijkee invloed van stikstof oxide op de peritoneale permeabiliteit te 
bestuderenn tijdens stabiele, infectie vrije peritoneale dialyse. Een substraat voor 
stikstofoxidee synthese, L-arginine, en een remmer van stikstofoxide synthase, L-
NMMA,, zijn toegevoegd aan de 3.86% glucose bevattende dialyse vloeistof die 
wordtt gebruikt tijdens een SPAR. Intraperitoneale toediening van nitroprusside, 
eenn vasodilatator, is ook bestudeerd. De albumine klaring steeg met de 
nitroprussidee behandeling. De vloeistof kinetiek en de diffusie van deeltjes met 
eenn laag molecuul gewicht werden niet beïnvloed. In patiënten werd echter een 
significantee toename gezien in het transport van de kleine deeltjes, suggererend 
datt het konijn minder gevoelig is voor nitroprusside. Het effect op de albumine 
klaringg was het meest uitgesproken na de toevoeging van L-arginine, 
vergelijkbaarr met de bevindingen in het nitroprusside onderzoek. Dit wijst op 
betrokkenheidd van stikstofoxide in de L-arginine geïnduceerde toename van de 
albuminee klaring. Hoge doses van L-NMMA hadden geen invloed op de 
peritonealee permeabiliteit. Deze resultaten suggereren dat het niet aannemelijk 
iss dat stikstofoxide betrokken is bij de regulatie van peritoneale permeabiliteit 
tijdenss stabiele peritoneale dialyse. 

Inn hoofdstuk II.l  wordt een chronisch niet-uremisch peritoneaal infusie 
modell  in de rat beschreven. Dit peritonitis vrije model is ontwikkeld om de 
effectenn van chronische blootstelling aan dialyse vloeistoffen op de structurele en 
functionelee parameters van de peritoneale membraan te kunnen bestuderen. De 
gestandaardiseerdee peritoneale permeabiliteit analyse werd aangepast voor het 
rattenmodell  (SPARa). De SPARa wordt uitgevoerd tijdens een 4 uurs dwell met 
3.86%% glucose bevattende dialyse vloeistof met frequente tussentijdse 
bemonsteringen.. Bloed wordt afgenomen aan het einde van de dweil. Het was 
mogelijkk om morfologische afwijkingen te induceren in de peritoneale 
membraann van het model, evenals functionele veranderingen, na 16-20 weken 
dagelijksee infusie met een 3.86% glucose bevattende dialyse vloeistof. Deze 
veranderingenn vertoonden sterke overeenkomsten met de afwijkingen die 
gevondenn worden in patiënten die langdurig worden behandeld met peritoneale 
dialyse.. Dagelijkse infusie met Ringers lactaat gedurende 20 weken resulteerde 
inn dezelfde bevindingen als in de onbehandelde controle. Onze resultaten 
suggererenn een pathologische rol voor glucose (en de glucose afbraakproducten) 
inn de ontwikkeling van peritoneale afwijkingen in lange termijn peritoneale 
dialyse,, met fibrose en neoangiogenese als belangrijkste manifestaties. 

Inn hoofdstuk 11.2 wordt de invloed van dehydratie and haemoconcentratie 
bediscussieerdd op de peritoneale permeabiliteit karakteristieken. Om deze 
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informatiee te verkrijgen is het effect van vloeistof suppletie onderzocht, 
intraveneuss en subcutaan, in een acuut geanesthetiseeerd rattenmodel tijdens 
eenn SPARa. De resultaten zijn vergeleken met de bevindingen verkregen in 
rattenn zonder suppletie. De effecten van vloeistof toediening (en daarom 
dehydratie)) op de peritoneale permeabiliteit waren niet uitgesproken in 
geanesthetiseerdee ratten. Echter, wordt er vloeistof gesuppleerd dan zou er 3 
mL/uurr iv moeten worden toegediend. 

Inn hoofdstuk III.  I worden de morfologische veranderingen beschreven die 
gevondenn zijn in patiënten met peritoneale sclerose. Deze zijn in principe niet 
anderss maar uitgebreider dan in patiënten die langdurig behandeld zijn met 
peritonealee dialyse. Dit sluit aan bij de hypothese dat peritoneale sclerose 
mogelijkk het eindstadium is van een meer algemeen pathologisch proces in de 
peritonealee membraan. De waargenomen neoangiogenese zou de ontwikkeling 
vann de hoge transportsnelheden van de kleine deeltjes en het ontstaan van 
ultrafiltratiee falen in langdurige peritoneale dialyse kunnen verklaren. 

Dee ontwikkeling van morfologische, diabetiforme veranderingen die 
beschrevenn zijn in het vorige hoofdstuk wordt waarschijnlijk gemediëerd door 
groeifactoren.. Daartoe, is in hoofdstuk III.2 de aanwezigheid van vascular 
endotheliall  growth factor (VEGF) en transforming growth factor Is (TGF-fs) 
onderzochtt in peritoneaal effluent van peritoneale dialyse patiënten in een 
transversalee studie. Beiden groeifactoren zijn betrokken bij de ontwikkeling van 
diabetischee microangiopathic Bewijs is gevonden voor lokale productie van deze 
groeifactorenn in het peritoneum. TGF-ls vertoonde geen relaties met de 
peritonealee transport parameters, mogelijk omdat het uitgescheiden wordt in 
eenn inactieve vorm. De hoeveelheid lokale productie van VEGF correleerde met 
dee parameters van het peritoneale vasculaire oppervlak, duidend op 
betrokkenheidd van VEGF in de peritoneale neoangiogenese die gevonden wordt 
inn patiënten die langdurig behandeld zijn met peritoneale dialyse. 

Dee bevindingen in het vorige hoofdstuk suggereren een causaal verband 
tussenn de langdurige peritoneale dialyse behandeling met glucose bevattende 
dialysee vloeistoffen en de ontwikkeling van een groot peritoneaal vasculair 
oppervlak,, in associatie met, of gemediëerd door de peritoneale VEGF. In 
hoofdstukhoofdstuk III.3 is daarom in een longitudinaal vervolg de aanwezigheid van 
VEGFF onderzocht in effluenten van patiënten die behandeld worden met glucose 
bevattendee dialyse vloeistoffen. De veranderingen in de VEGF productie toonden 
eenn verband de veranderingen in de peritoneale permeabiliteitskarakteristieken. 
Dee lokale productie van VEGF nam toe met de duur van peritoneale dialyse met 
glucosee bevattende dialyse vloeistoffen parallel aan de toename in de parameters 
vann het peritoneale vasculaire oppervlak. Echter, de mate van toename was 
onafhankelijkk van de initiële waarde van de lokale productie van VEGF en van 
dee duur van de peritoneale dialyse behandeling bij het begin van de vervolg 
periode.. Het effect van de overgang op glucose vrije dialyse behandeling werd 
bestudeerdd in vier patiënten met ultrafiltratie falen. Lokale productie van VEGF 
namm af in alle vier patiënten na de overgang naar glucose vrije dialyse 
behandeling.. Deze bevinding onderschrijft een causaal verband tussen de 
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peritonealee blootstelling aan extreem hoge glucose concentraties in de 
peritonealee dialyse vloeistoffen en de ontwikkeling van peritoneale 
neoangiogenese. . 

Inn de appendix wordt het belang beschreven van het corrigeren van de natrium 
sievingg voor natrium diffusie vanuit de circulatie, om overschatting van 
verminderdd aquaporine-1 gemedieerd water transpon te voorkomen. Een 
eenvoudigg en een meer complex mathematisch model zijn geanalyseerd om 
onderscheidd te kunnen maken tussen de door transcellular water transport 
geïnduceerdee afname in de dialysaat natrium concentratie en de effecten van 
natriumm diffusie vanuit de circulatie op de dialysaat natrium concentratie. Er 
werdenn geen essentiële verschillen gevonden tussen de correctie modellen, 
ondankss het verschil in afleiding en de gebruikte referentie deeltjes, urate en 
creatinine.. Een diffusie correctie moet worden uitgevoerd als de initiële dialysaat 
concentratiee niet gelijk is aan de plasma concentratie bij het begin van de dweil, 
mett name in de aanwezigheid van een groot peritoneaal vasculair oppervlak. 

Conclusies s 
1.. Het chronisch peritoneale dialysemodel in het konijn kan gebruikt worden 

voorr herhaalde interventies in de peritoneale fysiologie. 
2.. Het is aannemelijk dat amfotericine B geen klinisch relevante toepassing 

heeftt ten aanzien van de behandeling van ultrafiltratie falen in peritoneale 
dialysee patiënten omdat het effect erg afhankelijk is van de wankele balans 
tussenn effect en toxiciteit. Tevens wordt de stijging in de ultrafiltratie na 
behandelingg met amfotericine B waarschijnlijk gemedieerd door een 
transcellulairr water kanaal maar niet door aquaporine-1. 

3.. Kwikchloride inhibeert aquaporine-1 gemedieerd water transport. 
4.. De peritoneale membraan in konijnen is waarschijnlijk minder gevoelig voor 

stikstofoxidee dan het peritoneale vasculaire oppervlak in de mens. 
5.. De door L-arginine geïnduceerde veranderingen in de peritoneale transport 

karakteristiekenn zijn vergelijkbaar met de effecten van nitroprusside die 
gevondenn zijn in klinische studies. Deze bevindingen suggereren dat NO-
synthesee aangezet kan worden door intraperitoneale toediening van hoge 
dosess substraat voor NO-synthase. 

6.. Remming van NO-synthase door middel van L-NMMA toediening is niet 
effectief.. Dit suggereert dat het niet aannemelijk is dat NO betrokken is in de 
regulatiee van peritoneale permeabiliteit in stabiele peritoneale dialyse. 

7.. Het chronisch peritoneaal infusie model in de rat is het eerste lange termijn 
modell  waarin zowel veranderingen in de peritoneale morfologie als functie 
bestudeertt kunnen worden. 

8.. Structurele en functionele afwijkingen in het peritoneum kunnen worden 
geïnduceerd,, in afwezigheid van uremie, door chronische blootstelling aan 
glucosee bevattende dialyse vloeistoffen. 

9.. Dagelijkse infusie met Ringers lactaat veroorzaakt geen veranderingen in 
peritonealee morfologie of functie. Dit betekent dat de aanwezigheid van 
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vloeistoff  in de peritoneale holte op zich geen oorzaak is voor de ontstaan 
vann pathologie. 

10.Vloeistoftoedieningg tijdens een hypertone 4-uurs dweil bij ratten in narcose 
heeftt minimale effecten op de peritoneale permeabiliteit. Dit suggereert dat 
dehydratiee of haemoconcentratie slechts marginaal invloed heeft op de 
peritonealee permeabiliteit. 

11.. Progressieve neoangiogenese in het peritoneum wordt geïnduceerd door 
langee termijn behandeling met peritoneale dialyse. 

12.. De toename in het transport van deeltjes met een laag molecuul gewicht en 
dee ontwikkeling van ultrafiltratiefalen kan verklaard worden door de 
waargenomenn peritoneale vaat nieuw vorming. 

13.Dee morfologische veranderingen die gevonden worden in patiënten met 
peritoneaall  sclerose zijn niet anders maar uitgebreider dan die in lange 
termijnn behandelde peritoneale dialyse patiënten. 

14.VEGFF en TGFÏs worden lokaal geproduceerd in het peritoneum. 
15.Hett is aannemelijk dat VEGF betrokken is bij de peritoneale neoangiogenese. 
16.. Discontinuering van de behandeling met glucose bevattende dialyse 

vloeistoffenn in patiënten met ultrafiltratie falen verminderd de lokale 
productiee van VEGF en heeft een gunstig effect op peritoneale transport 
parameters. . 

17.. Individuele gevoeligheid speelt waarschijnlijk een rol in de mate en snelheid 
vann de ontwikkeling van peritoneale neoangiogenese. 

18.Glucosee (en de glucose afbraakproducten) spelen een belangrijke rol in de 
ontwikkelingg van structurele en functionele veranderingen in lange termijn 
peritonealee dialyse. 

19.. Correctie voor diffusie van natrium uit de circulatie is essentieel voor een 
accuratee schatting van het transcellulaire water transport wanneer een groot 
concentratiee verschil bestaat tussen de initiële natrium concentratie in het 
dialysaatt en die in het plasma. 
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Samenvattingg voor de nog niet ingewijden 
Buikspoelingg of peritoneale dialyse is een nierfunctie vervangende behandeling 
waarbijj  de afvalstoffen in het bloed verwijderd worden door middel van diffusie 
vanuitt de bloedvaatjes in het buikvlies naar de dialyse vloeistof in de buikholte. 
Hiertoee hebben de peritoneale dialyse patiënten een verblijfskatheter in hun 
buikholte,, waardoor de dialyse vloeistof op gezette tijden kan worden vervangen 
doorr schone. Onder invloed van de zwaarte kracht loopt de dialyse vloeistof via 
dee katheter de buikholte in en kan diffusie en ultrafiltratie plaats vinden. Na 4 
tott 10 uur wordt de met afvalstoffen verzadigde dialyse vloeistof ververst en 
kunnenn opnieuw afvalstoffen en overtollig water aan het lichaam worden 
onttrokken.. Peritoneale dialyse is een continue behandeling, dat wil zeggen dat 
elkk uur van de dag en elke dag van de week dit proces kan worden herhaald 
(doorr de patiënt zelf); vandaar de afkorting CAPD: continue ambulante 
peritonealee dialyse. 

Diffusiee is de geleidelijke vermenging van aan elkaar grenzende 
vloeistoffen.. Als deze vloeistoffen nu gescheiden zijn door een membraan met 
gatenn die verschillen in grootte en aantal dan kunnen sommige deeltjes 
gemakkelijkerr diffunderen dan anderen. Dit is het geval in het buikvlies, ofwel 
dee peritoneale membraan. De aanname is dat deze grote gaten bevat die 
doorgankelijkk zijn voor macromoleculen zoals eiwitten, kleine gaten die 
doorgankelijkk zijn voor kleine deeltjes als glucose en ureum, en ultra kleine 
gatenn die alleen doorgankelijk zijn voor water. Het oppervlak en de 
doorgankelijkheid,, ofwel permeabiliteit, van het buikvlies bepalen de effectiviteit 
vann de dialyse. 

Dee dialysevloeistof bevat zeer grote hoeveelheden suiker waardoor de 
osmolaliteit,, dat is de concentratie van de dialyse vloeistof per kilogram, veel 
hogerr is dan die van het bloed in de bloedvaten van het buikvlies. De osmotische 
drukgradiëntt die hierdoor is ontstaan zorgt voor de ultrafiltratie, dat is het 
onttrekkenn van het overschot aan vocht in het bloed. Immers, 'de hogere 
concentratiee trekt water aan'. De diffusierichting is echter niet alleen vanuit het 
bloedd naar de buikholte maar ook andersom. Met name grote hoeveelheden 
suikerr uit de dialysevloeistof worden opgenomen in het lichaam. 

Hett is gebleken dat de effectiviteit van de buikspoeling, dus het vermogen 
omm water en afvalstoffen te ontrekken, bij langdurige peritoneale dialyse 
behandelingg verminderd. Het lijk t waarschijnlijk dat de onafgebroken 
blootstellingg van de peritoneale weefsels aan de dialyse vloeistoffen met de hoge 
suikerr concentratie hiervan de veroorzaker is. Het doel van de onderzoekingen 
inn dit proefschrift was om meer inzicht te verkrijgen in de veranderingen in 
peritonealee doorgankelijk-heid en structuur bij langdurige peritoneale dialyse 
behandeling.. Voorts zijn de mogelijk betrokken mechanismen bestudeerd. 
Daartoee zijn een tweetal diermodellen ontwikkeld en een aantal studies bij 
peritonealee dialyse patiënten uitgevoerd. 

Inn deel I wordt een konijnenmodel voor peritoneale dialyse beschreven dat 
ontwikkeldd is om de permeabiliteit van het buikvlies te bestuderen. Met behulp 
vann een gestandaardiseerde analyse (SPAR) zijn de effecten van de toediening 
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vann verschillende stoffen in de buikholte op het peritoneale transport van 
vloeistoff  en deeltjes onderzocht. 

Inn deel II wordt een peritoneaal infusie model in de rat beschreven. Dit model 
werdd ontwikkeld om het verloop te kunnen bestuderen van het ontstaan van 
afwijkingenn in de peritoneale weefsels en de veranderingen in de 
doorgankelijkheidd van het buikvlies te kunnen onderzoeken na langdurige 
blootstellingg aan een glucose bevattende dialyse vloeistof. Tevens is het effect 
vann het gestandaardiseerde peritoneale doorgankelijkheids onderzoek in een rat 
inn narcose op de peritoneale permeabiliteit bestudeerd. 

Inn deel III  worden patiënten studies besproken. Structurele veranderingen in het 
buikvliess van peritoneale dialyse patiënten zijn onderzocht in relatie tot de duur 
vann de behandeling met glucose bevattende dialyse vloeistoffen. De 
aanwezigheidd van twee groeifactoren in gebruikte dialyse vloeistof is nader 
geanalyseerdd in relatie tot de peritoneale transport parameters, omdat deze 
betrokkenn lijken te zijn bij de niet gewenste ontwikkeling van de veranderingen 
inn het buikvlies bij chronische peritoneale dialyse behandeling. 

Inn de appendix worden twee rekenmodellen geanalyseerd voor de correctie van 
natriumdiffusiee vanuit bloed naar de dialyse vloeistof. Dit is van belang 
misinterpretatiee van de gegevens te voorkomen, omdat de effectiviteit van het 
ultraa kleine waterkanaal geschat kan worden met behulp van de verandering in 
dee natriumconcentratie in de dialysevloeistof en in het bloed. 

Inn de algemene discussie zijn een aantal punten besproken: (1) veranderingen in 
hett buikvlies, (2) de groeifactor VEGF, (3)het konijnenmodel, (4) het effect van 
uitdrogingg op de doorgankelijkheid van het buikvlies tijdens het 
gestandaardiseerdee permeabiliteits onderzoek in een rat in narcose. Tenslotte 
wordenn voorstellen gedaan voor mogelijke nieuwe studies. 
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Slotwoord d 
Hett is evident dat de voltooiing van dit proefschrift alleen tot stand heeft kunnen komen 
doorr de inzet en het werk van velen. Een aantal van hen wil ik in het bijzonder noemen. 

Mij nn dank gaat uit naar de patiënten die hun medewerking hebben verleend aan de 
beschrevenn studies in deel III . 

Rayy Krediet, hooggeleerde heer, ik bewonder je kennis en waardeer het 
gedrevenn enthousiasme waarmee je ideeën en grote hoeveelheden werk in korte tijd 
weett om te zetten in nieuwe onderzoeksvoorstellen en publicaties. Ik ben er trots op 
jouww eerste promovendus te zijn. 

Dickk Struijk, co-promotor, het meedenken in en het aanhoren van het wel en 
weee van de beschreven studies heb ik zeer gewaardeerd. 

Dee leden van de promotiecommissie professor Arisz, Rob Beelen, professor 
Lameire,, Jan Ravesloot en professor Weening dank ik voor het kritisch lezen van het 
manuscript.. Ik hoop dat we op een boeiende wijze met elkaar van gedachten te kunnen 
wisselen n 

Antonn van der Wardt, (biotechnische) steun en toeverlaat van mijn beesten 
onderzoek,, Bert van Urk, Kor Brandsma, Michel Verlaan en de andere medewerkers van 
hett GDIA: dank voor de belangstelling en medewerking. 

Lauraa Splint je niet aflatende inzet voor de ratten en je nauwgezette werk op het 
SLICC zijn peilers in mijn onderzoek. Rudi de Waart dank voor de discussies en het 
meedenken!!  Johan Hiralall, fijn datje altijd snel nog even iets wilde bepalen. 

Wilfriedd Meun ik waardeer het enorm dat je aldoor weer een gaatje voor me 
hebtt kunnen vinden in je schema om op het allerlaatste moment nog even foto's of dia's 
tee maken voor een artikel, een praatje of dit boekje. Jos Mulder, dank voor het kleuren 
vann m'n coupes en het gepaste enthousiasme waarmee je me telkens weer begroet als ik 
mett een geweldige stapel coupes het lab opstorm. 

Functieassistentess Monique, Natalie en Nicole, lieve meiden, ik dank julli e voor 
dee gezelligheid, het wegwijs maken op F5, het eindeloos bij elkaar rapen van mijn 
boodschappenn (winkelen heeft een extra dimensie gekregen), stickers plakken en ... als 
alless weer eens tegelijk klaar moest zijn. Zonder julli e was ik ongetwijfeld verpieterd op 
F44 en was het beesten onderzoek volkomen spaak gelopen. 

Carolinee Douma en Maartje Mateijsen ik voel me zeer vereerd dat julli e stukken 
(hoofdstukk 1.3 en III . 1) een onderdeel vormen van mijn proefschrift. Andere 
kamergenotenn en medeonderzoekers: Maarten Jansen, Roos van Westrhenen, Watske 
Smit,, Marja Ho-dac en Willem Jan Bos: julli e belangstelling en betrokkenheid waardeer 
ikk zeer. 

Dee industrie wil ik bedanken voor hun genereuze bijdrage in de drukkosten van 
ditt proefschrift. Hierdoor was het mogelijk om in hoofdstuk II. 1 en III.1 figuren in kleur 
weerr te geven. 

Bartt Alberink, markante vriend, daarom vroeg ik je mijn paranimf te zijn. 
Tonnyy Bouts, mooi mens en duizendpoot, fijn datje mijn paranimf wil zijn. 

Lievee pap en mam, het is een Gesammtkunstwerk geworden! Hoewel mijn programma 
somss wat overladen leek hebben julli e het vertrouwen gehouden in de goede afloop. 
Mam,, dank voor het engelengeduld waarmee je de puntjes op de i zette. Oma 
Apeldoornn had gelijk: it is all in the genes! 

Ignaz,, Lief, je fembrasse! 
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Stellingenn behorende bij het proefschrift 

Experimentall  and clinical studies on 
peritoneall  physiology and morphology 

duringg chronic peritoneal dialysis 



1.. Het chronisch peritoneale dialyse model in het konijn is geschikt 
voorr herhaalde onderzoekingen van de peritoneale functie. 

2.. Amphotericine B heeft geen klinisch relevante toepassing t.a.v. de 
behandelingg van ultrafiltratie falen in peritoneale dialyse patiënten. 

3.. Kwik remt peritoneaal aquaporine-1 gemediëerd watertransport. 
4.. Het lijk t niet waarschijnlijk dat stikstofoxide betrokken is bij de 

regulatiee van de peritoneale doorgankelijkheid tijdens stabiele 
peritonealee dialyse. 

5.. Het chronisch peritoneaal infusie model in de rat is het eerste lange 
termijnn PD model waarin zowel veranderingen in de peritoneale 
functiee als structuur bestudeerd worden. 

6.. Een reuze rat is meer dan een kermisattractie. 
7.. De aanwezigheid van een kunstmatig aangebrachte vloeistof in de 

buikholtee is op zich geen oorzaak voor het ontstaan van pathologie. 
8.. Fysiologische en morfologische veranderingen van het peritoneum 

ontwikkelenn zich, ook in afwezigheid van uremie, na chronische 
blootstellingg aan glucose bevattende dialyse vloeistoffen. 

9.. Progressieve neoangiogenese in het peritoneum van long-term 
peritonealee dialyse patiënten kan de toename in het transport van 
deeltjess met een laag molecuul gewicht en de ontwikkeling van 
ultrafiltratiee falen verklaren. 

10.. Vascular endothelial growth factor (VEGF), geïnduceerd door 
chronischee blootstelling aan glucose bevattende dialyse vloeistoffen, 
speeltt een rol in de peritoneale neoangiogenese die waargenomen 
wordtt bij lange termijn behandelde peritoneale dialyse patiënten. 

11.. Dehydratie of haemoconcentratie beïnvloedt de peritoneale 
permeabiliteitt slechts in zeer beperkte mate. 

12.. Diffusiecorrectie van natrium is noodzakelijk wanneer een groot 
concentratiee verschil bestaat tussen de initiële dialysaat natrium 
concentratiee en de plasma natrium concentratie, om overschatting 
vann ultrafiltratie falen door verminderd transcellulair water transport 
tee voorkomen. 

13.. De vocativus 'spoelt u maar' hoort niet alleen thuis op de afdeling 
Kaakchirurgie. . 

14.. Binnen een jaar verhuizen, dis schrijven en huwen zou in een 
doctorsromann niet misstaan. 

15.. Peperdure tijden zijn er al sinds de V.O.C. 
16.. Ignorance never settles a question. 

Machteldd Zweers, mei 2000 
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