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

UvA-DARE (Digital Academic Repository)

Understanding and preventing the peritoneal damage caused by conventional
dialysis solutions

van Westrhenen, R.

Publication date
2005

Link to publication

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

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

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

Download date:24 May 2023

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


Chapterr 8 

PYRUVATE-BUFFEREDD DIALYSAT E FLUIDS INDUCE LESS 

PERITONEALL ANGIOGENESIS AND FIBROSIS THAN CONVENTIONAL 

SOLUTIONS S 

Rooss van Westrhenen,1 Machteld M. Zweers,1 Cindy Kunne,1 Dirk R. de Waart,2 

Allardd C. van der Wal,3 Raymond T. Krediet1 

11 Deptartment of Nephrology, 2 Dept. of Experimental Hepatology and 
33 Department of Cardiovascular Pathology, Academic Medical Center, University of Amsterdam, 

Amsterdam,Amsterdam, The Netherlands 



?88 Chapter^ 

ABSTRACT T 

B A C K G R O U ND D 

Conventionall  lactate-buffered peritoneal dialysis (PD) fluids containing glucose and glucose 

degradationn products are believed to contribute to the development of fibrosis and angiogenesis 

inn the dialysed peritoneum. To reduce the potential negative effects of lactate, pyruvate was 

substitutedd as a buffer and its effects on peritoneal pathological alterations were studied in a 

chronicc peritoneal exposure model in the rat. 

M E T H O D S S 

Eighteenn Wistar rats were infused i.p. with pyruvate-buffered (n=9), or lactate-buffered PD fluid 

(n=9).. After 20 weeks daily infusion, peritoneal function was assessed. In omental peritoneal 

tissuee the number of blood vessels was analyzed following oc-SMA staining. The degree of 

fibrosisfibrosis was quantitated in picro-sirius red stained sections and by assessment of hydroxyproline 

content.. Plasma lactate/pyruvate (L/P) and betahydroxybutyrare acid/acetoacetate ratios (BBA/ 

AA )) were determined. Plasma and dialysate VEGF levels were quantitated by ELISA. 

R E S U L TS S 

Thee mass transfer area coefficient (MTAC) of creatinine was higher and D/P sodium was lower 

inn pyruvate treated animals compared to the lactate treated group (0.11 w0.05 mL/min, p<0.05, 

andd 78% vs 89 %, p<0.05). The number of blood vessels was lower in pyruvate treated animals (16 

vsvs 37 per field, p<0.001). Total surface area, luminal area and wall/total area of the vessels were 

largerr in the pyruvate group. The degree of fibrosis was lower in intersegmental and perivascular 

areass of pyruvate-exposed animals. Effluent VEGF was higher in the pyruvate group. 

C O N C L U S I O NS S 

Replacementt of lactate with pyruvate had significant effects on both angiogenesis and fibrosis 

withi nn the peritoneal cavity. These data suggest that the high lactate concentrations contribute 

too the alterations in the peritoneal membrane, induced by long-term exposure to conventional 

dialysiss solutions. 
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INTRODUCTION N 

Ultrafiltrationn failure (UFF) is an important peritoneal transport abnormality in long-term 

peritoneall  dialysis (PD) [1], The most frequent cause of UFF in these patients is associated 

withh high transport rates of low molecular weight solutes, leading to a rapid dissipation of the 

osmoticc gradient [2], This suggests that the development of an increased vascular peritoneal 

surfacee area is a feature of long-term PD in some individuals [3]. Increased vascularity has been 

observedd in peritoneal biopsies from PD patients. It was related with the duration of treatment 

[4]]  and is most prevalent in those individuals with membrane failure [5,6], 

Inn animal models of dialysis solution exposure, increased peritoneal vessel formation is 

aa major feature following daily infusion of 3.86% glucose containing, lactate buffered dialysis 

solutionn [7]. 

Thee above findings suggest that the long-term exposure to dialysis solution components 

iss a major factor driving the development of peritoneal angiogenesis. The presence of high 

concentrationss of glucose and/or glucose degradation products (GDPs) derived from the heat 

sterilizationn process, are thought to play a pivotal role in this process, partly as a result of their 

abilityy to stimulate the production of proangiogenic factors such as vascular endothelial growth 

factorr (VEGF) from mesothelial and endothelial cells [8,9]. The local production of VEGF 

iss believed to be important in the development of new blood vessels [10] and its production 

iss increased during ischemic conditions [11]. At the cellular level ischemia is characterized by 

ann increased N A D H / N A D + ratio. This ratio is also increased in hyperglycemia as a result of 

generationn of N A D H during glucose metabolism both by glycolysis and by the activation of the 

polyoll  pathway [12-15]. In diabetes mellitus elevation of the N A D H / N A D + ratio has therefore 

alsoo been described as pseudohypoxia [15]. In the context of peritoneal dialysis, Zweers et al. 

showedd that locally produced VEGF in peritoneal effluent was related to the mass transfer area 

coefficientt of creatinine (MTAC) and thus, possibly reflected the peritoneal vascular surface area 

[16].. These authors also showed in a longitudinal analysis that locally produced VEGF increased 

withh the duration of PD and was decreased in patients using a non-glucose dialysis regimen. 

Thiss suggests that glucose and/or GDP exposure is important in driving its local production 

[17]. . 

Thee enzyme lactate dehydrogenase (LDH) stimulates the production of NAD + from 

N A D HH by enhancing the conversion of pyruvate into lactate and is therefore an escape route 

too reduce the potential toxicity associated with high concentrations of glucose. The use of high 

concentrationss of lactate as a buffer in PD solutions is, however, likely to inhibit LD H activity 

andd may therefore directly augment glucose toxicity [18]. In addition the presence of high lactate 

concentrationss increases flux through the polyol pathway that can result in cellular activation 

withh the production of both pro-inflammatory and pro-fibrotic mediators [13,14]. 

Thee aim of the present study was to investigate whether the replacement of lactate by 

pyruvatee as a buffer in a heat-sterilized, glucose-based dialysis solution would result in reduced 

glucose-mediatedd angiogenesis and fibrosis within the chronically exposed peritoneal cavity. 

Ourr results suggest that substitution of lactate with pyruvate results in a reduction in both 
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peritoneall  membrane angiogenesis and fibrosis and suggests potentially novel mechanisms to 

reducee glucose-driven alterations to the peritoneal membrane in PD patients. 

S U B J E C TSS A N D M E T H O D S 

A N I M A L S S 

Al ll  studies were performed in accordance with the regulations required by the local ethics 

committeee for animal experimentation at the AMC , Amsterdam. Male Wistar rats (n=20, HSD, 

Harlan,, Zeist, The Netherlands) weighing 299+17 g were housed in individual cages under 

controlledd conditions (temperature 19°C, relative humidity 50+5%, 12/12 hour light/dark cycle) 

andd fed standard chow (Hope Farms, Woerden, The Netherlands) and water ad libitum. Al l rats 

acclimatizedd for one week before insertion of a peritoneal catheter under anesthesia (0.1 ml,/100 

gramm BW of a mixrure of ketamine:xylazine:atropine 4:2:1, 8 mg, 4 mg, 5 ug per 100 g body 

weight).. One day before operation a bolus of antibiotics was given (Enrofloxacin 0.02 mL/100 

gg BW s.c). A 7 french Intisil catheter, lumen 1.1 mm, with a Dacron felt cuff glued at 2 cm 

wass introduced proximal of the umbilicus and tunneled subcutaneously to the neck via the left 

flank.flank. The length of the catheter was adjusted for each rat and a titanium/silicone device (Rat-

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

too the catheter and implanted subcutaneously. Adequate analgesia was given (buprenorfine 0.3 

mg/ml-,, 0.2 mL/rat s.c). From the next day on, daily intraperitoneal infusion was performed 

byy puncture of the subcutaneous device implanted in the neck of the rat, using a 0.6 mm wing-

endd infusion set (microperfuser, Vygon, France). Prior to infusion, the solution was warmed to 

37°C.. Peritoneal healing was allowed for one week after the catheter insertion by daily infusion 

off  1 mL of heparinized saline (5 IU / lm L NaCI 0.9%), after which the experimental period 

startedd and 20mL per day was infused per rat. The rats were randomly allocated into two 

groups.. Group 1 (n=11) was the experimental group, which was daily infused with heat sterilized, 

3.86%% glucose containing, pyruvate buffered dialysis fluid, prepared by the hospital pharmacy. 

Ihee control group (n-9) received standard heat sterilized, 3.86% glucose containing, lactate 

bufferedd dialysate (DianeaT, Baxter, S.A., Castlebar, Ireland). The concentration of both buffers 

wass 35 mmol /L. Also, the concentration of Na+, Ca2 +, Mg2+, CI" and glucose wrere identical. At 

leastt once dur ing the experimental period blood was drawn by tail vein puncture from each rat 

600 minutes after infusion with dialysate for determination of plasma lactate/pyruvate ratios and 

betahydroxybutyrate/acetoacetatee ratios, as reflection of the mitochondrial N A D H / N A D + ratio 

[19].. After the experimental period of 20 weeks a standardized peritoneal permeability analysis 

adaptedd for the rat was performed (SPARa). The animals were sacrificed immediately thereafter. 

Twoo animals in the experimental group were left out of the analysis because of peritonitis. This 

wass based on the presence of extensive infiltrates in all peritoneal tissue specimens studied. 
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STANDARDD PERMEABIL ITY ANALYSI S IN T H E R AT ( S P A R A) 

Thee SPARa is based on the human standard peritoneal permeability analysis (SPA)[20], 

adaptedd for the rat [21]. In short, an intravenous infusion needle with PVC-sheath was inserted 

intraperitoneal ,̂, in the left lower lateral quadrant of the abdomen. Thereafter a rinsing step of 

thee peritoneal cavity was performed with 20 mL 3.86% glucose/lactate dialysate solution prior 

too the test, to avoid possible effects of a residual volume present before the onset of the analysis. 

Duringg a 4 hour dwell with 30 mL 3.86% glucose/lactate based dialysate solution (DianeaP, 

Baxter,, S.A. Castlebat, Ireland), dialysate samples were taken at 0 (before the instillation of the 

testt solution) and at 10, 30, 60, 120, 180 and 240 minutes after start. Outflow was accomplished 

byy gravity. Prior to each sampling, 1 mL of dialysate was flushed back and forth 5 times through 

thee catheter with a syringe. Dextran 70, 5 g/L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, 

Sweden)) was added to the test solution as a volume market for the calculation of fluid kinetics. 

Directlyy after drainage of the dialysate used for the test, another rinsing step was performed 

usingg 20 mL 1,36% glucose/lactate based dialysis solution, to calculate the residual volume after 

thee experiment. Al l solutions were preheated to 37°C prior to instillation. During this whole 

proceduree intramuscular administration of anesthetics (a mixture of ketamine, xylazine and 

atropine,, 4:2:1, 8 mg, 4 mg, 5 ug per 100 g body weight) was applied. Blood was obtained by 

taill  vein puncture before the experiment and by cardiac puncture at the end of the experiment. 

Bodyy temperature was kept constant throughout the experiments by placing the animal on a 

heatingg pad of 37°C. 

ASSAYS S 

Totall  dextran 70 was measured in all the dialysate samples by high performance liquid 

chromatographyy as previously described [22]. Both in plasma and in dialysate, urea (Hitachi 

H747,, Boehringer Mannheim, Mannheim, Germany) and creatinine (Hitachi H911, 

Boehringerr Mannheim, Mannheim, Germany) were measured with enzymatic methods. 

Thee glucose concentration was assessed by the glucose oxidase-peroxidase assay (SMA II , 

Technicon,, Terrytown, NJ, USA). Albumin was measured with ELISA (goat anti-rat albumin, 

Nordicc Immunology, GARa/Alb/7S). In short, 100 pi was pipetted in coating buffer (Na2Co3 

andd N a H C 03 dissolved in aqueduct) whereafter pH was adjusted until 9.6. After overnight 

incubationn washing block buffer was added. Finally conjugate was added and absorbance was 

readd at 490 nm. 

Plasmaa concentrations of lactate, pyruvate, betahydroxybutyrate and acetoacetate were 

determinedd in blood samples after precipitation of protein. Briefly, perchloric acid was added to 

thee blood samples in a 1:1 ratio directly after the tail puncture. The mixture was put on ice for 

100 minutes and then centrifuged (3000 rpm, 10 min.). Quantitative enzymatic determination 

off  these solutes was performed in the plasma (Cobas-Fara, HofFman-La Roche). Lactate and 

pyruvatee standards were run in parallel with the plasma samples [19]. VEGF was measured 

inn lOx concentrated (centripep centrifugal filter device of 15 mL with a YM-10 membrane, 
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Amiconn Corp., Danvers, USA) dialysate and neat in blood samples taken after the SPARa by 

ELISAA ( M M V O O , mouse VEGF Quantikine kit, R& D systems, Minneapolis, MN , USA). The 

ant ibodyy in this kit cross reacts with rat VEGF and recognizes both the 164 and 120 amino acid 

formss of VEGF. The lower detection limi t of the assay is 15.0 ng/L, as determined by recovery 

experiments. . 

P E R I T O N E ALL T R A N S P O RT 

AA peritoneal transport line was computed for each rat based on the least squares regression analysis 

off  the D/P ratio and the free diffusion coefficients in water (D1(), ) when plotted on a double 

logarithmicc scale. The following values were used for D1(), : albumin=6.1, fibrinogen=2.19, 

IgG=4.0cm2s_ 110~' '.. By interpolation of the D 2 0, w of VEGF (=5-98) in the regression equation, 

thee expected D/P ratios were calculated, assuming that the dialysate concentrations would 

onlyy be determined by transport from the circulation. The concentrations of this growth factor 

attributedd to local production were defined as the difference between the measured and the 

expectedd dialysate concentration. 

Peritoneall  fluid and solute kinetics were calculated as previously described [22]. The 

transcapillaryy ultrafiltration was calculated from the dilution of the volume marker, dextran 70 

[23].. The change in intraperitoneal volume during the dwell can be calculated from the dilution 

off  the volume marker after the correction for incomplete recovery, the net ultrafiltration rate 

iss defined as the change in intraperitoneal volume divided by the dwell time. The MTACs 

off  urea and creatinine were calculated according to the model of Waniewski et al. [24], in 

whichh the solute concentration is expressed per volume of plasma water. Glucose absorption was 

estimatedd as the difference between the instilled and the recovered amount of glucose, relative 

too the instilled quantity of glucose. Free water transport was estimated by the sieving of sodium, 

expressedd as the min imum dialysate-to-plasma (D/P) ratio of sodium. A diffusion correction 

wass made because a concentration difference between initial dialysate and plasma concentration 

causess Na+ diffusion from the circulation to the dialysate, which leads to an underestimation of 

thee actual sodium sieving. This was done using the MTA C of creatinine as described previously 

[25]. . 

H I S T O L O G I C ALL ASSESSMENT 

Omentall  and parietal peritoneal tissue were obtained from each rat and fixed in freshly prepared 

4%% paraformaldehyde. Five Jim serial sections were cut from paraffin-embedded tissue and 

stainedd with hematoxylin/eosin and picro-sirius red F3B (PSR), providing a brick red staining 

off  all fibrillary collagen. 

Forr visualization of blood vessels, adjacent sections were stained with monoclonal 

antibodiess reactive with endothelial cells (anti-von Willebrandt factor, dilution 1: 100, DAKO, 

Glostrup,, Denmark) and ant i -al smooth muscle actin (SMA-1, dilution 1: 800, DAKO, 

Glostrup,, Denmark). For both antibodies a streptavidin-biotin-peroxidasc detection method 
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wass used. The sections were dcparaffinized in xylene and rehydrated in ethanol, followed 

byy incubation with hydrogen peroxide 0.3% in methanol to block endogenous peroxidase 

activity.. Sections were initiall y blocked with 10% normal goat serum followed by incubation 

withh primary antibodies against Ot-SMA and von Willebrandt factor for 60 min. Before this, 

incubationn with PBS-NHS containing 5% normal rat serum and horseradish peroxidase-

conjugatedd streptAB complex (DAKO, Glostrup, Denmark) was performed. Peroxidase activity 

wass detected with 1 mg/mL 3,3-diaminobenzidine tetrahydrochloride (Sigma, St Louis MO, 

USA)) and 0.015% H 2 0 , in 50 mM Tris-HCl buffer, pH 7.6 . Al l slides were counterstained 

withh Mayer's hematoxylin, dehydrated through a series of ethanol concentrations and mounted 

withh Pertex mounting medium. 

VESSELL A N D FIBROSIS S C O R I NG 

Twoo blinded observers, interobserver variability was less than 10%, assessed scoring of the 

numberr of vessels per field and the amount of fibrosis. The number of vessels per field of 

peritoneall  tissue section was counted in aSMA-stained omental tissue, using a light microscope 

(Leitzz Dialux 20, Leica, Rijswijk, The Netherlands) with a 25x flat field objective (xlO ocular). 

AlphaSMAA stains all vessels containing smooth muscles including those with a pericyte only. 

Fivee non-overlapping fields from the upper left to the lower right were investigated throughout 

thee specimen, in which all vessels were counted and measured. The thickening of the vascular 

walll  was measured using the section stained for OcSMA. Measurements of surface areas and 

diameterss of blood vessels were performed with image analysis software (Image Pro 4.5, 

Mediaa Cybernetics Inc., Silver Spring, M D , USA). Digital images (0.172 mm" per section, 

55 non overlapping fields for each section) were acquired with a Roper Coolsnap CP digital 

cametaa mounted on an Olympus BX60 microscope. Values of total surface area and luminal 

areaa were generated by the above-mentioned measuring system in (Am". Utilizin g these values, 

thee wall/total ratio (WTR) could be calculated. Vessels were divided into capillaries (diameter 

<88 (Am), medium sized (8-20 pirn) and larger vessels (>20 (Am). Fibrosis was assessed by a 

semi-quantitativee score and also quantitatively. The semiquantitative score was performed as 

previouslyy described [4] using both omental and parietal sections stained with picro-sirius red. 

Scoringg was as follows: 0=normal presence of fibrous tissue (compated to tissues from untreated 

ratss from other studies), l=mil d excess, 2=moderate, 3=severe, assessed in three areas of omental 

tissue:: submesothellal (SM), perivascular (PV) and intersegmental (IS). Also, an overall fibrotic 

scoree was assessed by adding the different scotes in different tissues to a total fibrotic score 

perr animal. Quantitative determination of fibrosis was performed in parietal peritoneum by 

measurementt of the hydroxyproline content. Therefore, a portion of parietal peritoneum was 

frozenn in liquid nitrogen directly after sacrifice and determination of its hydroxyproline content 

wass done with HPLC [26]. 



844 Chapter S 

STATISTICALL ANALYSI S 

Medianss and interquartile ranges are given, or D when appropiate. Mann-Whitney tests 

weree used to assess p-values. For the semiquantitative scoring or fibrosis, the vessel measurements 

andd the peritoneal transport characteristics, the Wilcoxon signed rank sum test was applied to 

bothh groups. 

RESULTS S 

A N I M A L S S 

Al ll  rats remained healthy during the whole 20 week experimental period as assessed by weight 

gainn and general condition. Alter 20 weeks infusion the average weight was significantly higher 

inn the pyruvate group 1 g) than in the lactate group (504+30 g), p=0.015. Plasma 

creatinine,, glucose, urea, sodium and albumin measured at the end of the experiment were not 

differentt between the lactate and the pvruvate-exposed groups (Table 1). 

Tablee 1: Plasma concentrations of various solutes in the two groups (medians and interquartile ranges 

Creatininee (umol/L) 

Ureaa (mmol/I.) 

Glucosee (mmol/L) 

Sodiumm (mmol/L) 

Albuminn (g/L) 

Lactatee (mmol/L) 

pyruvatee (umol/L) 

betahydroxybutyratee (umol/L) 

acetoacetatee (umol/L) 

VEGFF (ng/L) 

'p<0.05 5 

120(85-138) ) 

16(15-17) ) 

355 (32-38) 

136(134-138) ) 

39(38-41) ) 

1.6(1.4-1.8) ) 

655 (63-75) 

400 (30-50) 

113(109-472) ) 

844 (60-87) 

iTuvatee Buffered 

116(95-150) ) 

188 (17-21) 

344 (32-38) 

1388 (133-139) 

399 (37-41) 

1.6(1.2-2.1) ) 

799 (66-86) 

300 (30-40) 

855 (77-128)a 

70(50-114) ) 

P E R I T O N E ALL T R A N S P O RT 

Phee results are summarized in Table 2. I l i e MI AC creatinine was higher in the pyruvate group 

comparedd to lacune treated animals (p=0.04). The sieving of sodium was significantly less in 

thee lactate group compared to the pyruvate animals (p=0.01). No difference was found in fiuid 

kinetics. . 
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Tablee 2: Transport parameters measured during SPARa (medians and interquartile ranges). 

Lactatee Buffered Solution (n=9) Pyruvate Buffer (n=9) 

777 (70-80) 

566 (44-60) 

566 (52-58) 

0.05(0.04-0.1) ) 

0.144 (0.11-0,14) 

899 (83-90) 

0.0777 (0.043-0.104) 

744 (62-100) 

555 (45-70) 

555 (40-64) 

0.111 (0.06-0.30) a 

0.155 (0.11-0.19) 

TCUFRR (uL/min) 

NUFR(uL/min) ) 

Glue.. Abs.(%) 

MTACcreatininee (mL/min) 

MTACurea(mL/min) ) 

D/PP sodium(%) 

Correctedd for diffusion 89 (83-90) 78 (77-83)b 

D/PVEGFF 0.0" (0.O4.5-O.10-J) 0.26(0.22-0.32)a 

'p<0.05.. bp<0.01 
TCUFR:: iranscapillary ultrafiltration rate, NUFR: net ultrafiltration rate, Glue. Abs.: glucose absorption. 

VEGF F 

Basedd on the individual peritoneal transport line determined for each animal, dialysate VEGF 

concentrationss were all higher than expected it its generation was only related to diffusion, 

suggestingg that local production was occurring. The concentration of VEGF (attributed to local 

production)) was significantly higher in the pyruvate-inrused group 6 ng/L) than in 

thee lactate-infused group (5.3+1.5 ng/L, p=0.015). 

LACTATE/PYRUVAT EE R A T I O AN D BETAHYDROXYBUTYRATE/ACETOACETATE R A T I O 

Thee plasma lactate/pyruvate ratio was in the normal range and not significantly different 

betweenn both groups: 4 (pyruvate infused group) vs. 5 (lactate infused group), 

p=0.2.. There was however a trend towards a lower betahydroxybutyratc/acetoacetate ratio in the 

pyruvatee exposed group ) compared to the lactate exposed animals ) although 

thiss did not reach statistical significance (p=0.07). 

B L O ODD VESSEL ANALYSI S 

Immunostainingg with anti-vWF antibody and a S MA revealed staining of both epitopes in all 

vesselss including capillaries. There were no differences noted in the number of vessels stained with 

bothh antibodies. Quanti tat ion of the number of vessels revealed a significantly lower number of 

vesselss in the pyruvate infused group: 16 (11-22) per high power field compared to the lactate 

group:: 37 (34-47), p<0.001. This is illustrated in Figure 1. When examining other parameters 

off  vessel morphology by computer analysis (Table 3) the pyruvate-exposed animals had a larger 

totall  surface area, luminal area and a lower wall-total ratio than those in the lactate-exposed 

group.. This was especially evident for the vessels with a diameter >20 | im, but the differences 

weree also present in the small (< 8 | im) and medium sized vessels (8-20 flm). 
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Tablee 3: Vessel measurements as assessed with Image Analysis Pro Plus, in OcSMA stained omental 

tissuee of rats infused with lactate (L, n=9) or pyruvate (P, n=9) buffered dialysace. Medians and 

interquartilee ranges of all vessels in five overlapping fields are given. 

>200 urn 8-200 fim 

TSA(um2)) 65(50-88) 63(42-87) 182(118-310) 155(107-26l)a 958(578-1528) 2056 (948-7636)a 

LAA (urn2) 16(11-25) 20(11-29) 44(27-85) 51 (29-95)a 253(113-544) 557 (240-2378)a 

WTRR 0.74(0.66-0.80) 0.69 (0.62-0.76)' 0.73 (0.66-0.81) 0.67 (0.57-0.77)8 0.76 (0.66-0.83) 0.70 (0.54-0.78)3 

55 (L \s P) 
11 SA=total surface area. LA= luminal area, w TR= wall/total ratio. 

FIBROSISS S C O R I NG 

Hiee semiquanticative scoring of fibrosis is shown in Tabic 4. Pyruvate exposed animals had a 

lowerr fibrosis score in intersegmental areas and in perivascular areas although the significance 

off  the latter was borderline. No difference was found in the submesothelial areas. The overall 

fibroticfibrotic score tende to be lower in the pyruvate -xposed animals. The parietal peritoneum 

hydroxyprolinee levels also showed a tendency to be lower in the pyruvate-exposed animals. 

Tablee 4: Quantification of numbers of vessels and amount of fibrosis in omentum of rats infused with 

lactatee (L) or pyruvate (P) buffered dialysate. Medians and interquartile ranges are given. The scoring of 

fibrosiss was performed in submesothelial (SM), perivascular (PV) and intersegmental (IS) areas. 

Fibrosiss (0-3) Lactate Buffered Solution (n=9) Pyruvate Buffered Solution (n=9) 

SMM  1 (1-1.5) 1 (0.75-1.5) 

ISS 2(1-2) 1 (l-1.25)b 

PVV 2(1-2) 1 (0.5-1.75)b 

Overalll  Fibrotic Index 4(2-6) 4 (l-4.5)c 

OH-prolinee content (mg/g) 1.7(1.2-1.7) 1.3(1.2-1.4) 

.. bp<0.05,cp=0.06 

DISCUSSION N 

Animall  infusion models using heat sterilized, lactate-buffered dialysis solutions containing3.86% 

glucose,, have shown clear changes in both new blood vessel formation and fibrotic alterations to 

thee parietal and visceral peritoneal membrane [7,27-29]. This was confirmed in the present series 

wheree exposure to conventional lactate buffered dialysis fluid resulted in significant changes in 

bothh angiogenesis and fibrosis. In contrast, 20 weeks exposure to a dialysis solution of identical 

formulationn but buffered with 35 mM sodium pyruvate resulted in significantly less blood vessel 

formationn as assessed in visceral peritoneal samples and some reduction in peritoneal fibrotic 

index. . 
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Thee staining of peritoneal vessels in the present study was done with OtSMA, which stains smooth 

muscles,, and also pericytes. Therefore, no distinction could be made between capillaries and 

postt capillary venules. Our finding that a smaller number of vessels was found in the pyruvate-

exposedd animals is in accordance with the contention that pyruvate induces less pseudohypoxia 

att the cellular level than lactate, a situation as might occur during exposure to glucose containing 

dialysiss solutions. This is further supported by the tendency to a lower betahydroxybutyrate/ 

acetoacetatee ratio in the pyruvate group. Failure to reach statistical significance could have been 

causedd by the relatively small number of animals or by the fact that plasma ratios are only a weak 

representationn of processes at the mitochondrial level. Besides a lower number of vessels in the 

pyruvatee group, the animals also had a larger luminal area and a smaller wall/total surface area 

ratio,, compared to lactate exposure. This suggests the presence of a larger endothelial surface 

areaa per vessel and thereby a larger number of interendothelial small pores and transcellular 

waterr channels. 

Thee vascular peritoneal surface area is the determinant of low molecular weight solute 

transport,, as reflected in the mass transfer area coefficient of creatinine 130,31]. Indeed, 

relationshipss have been described between the number of peritoneal vessels and peritoneal 

transportt [32,33]. Therefore, our finding of a higher MTACcreatinine in the pyruvate group 

seemss at odds with the smaller number of peritoneal vessels. However, the vascular surface 

areaa is not only determined by the number of perfused microvessels, but also by their state 

off  vasodilation or vasoconstriction. For example, animal experiments have suggested that the 

MTA CC of low molecular weight solutes is not determined by splanchnic blood flow, but by 

splanchnicc blood volume [34]. The larger luminal surface area of the peritoneal vessels in the 

pyruvatee group suggests some degree of vasodilation, what may serve to explain the higher 

MTA CC creatinine in the pyruvate-exposed animals. The more pronounced sodium sieving 

pointss to an increased number of functioning water channels. MTACurea was not different 

betweenn the two groups. This is likely due to the (near) equilibratium and the low plasma and 

effluentt levels in non-uremic rats, leading to inaccuracies in the calculation of the MTAC, The 

valuess were however in the range we reported previously [21]. 

VEGFF is an important growth factor in diabetic retinopathy [9]. In previous human 

studiess we found that peritoneal effluent concentrations of VEGF were higher than could be 

explainedd by diffusion from the circulation [16], suggesting local production in peritoneal tissues 

orr cells. In vitro studies have shown that human peritoneal mesothelial cells produce VEGF [8]. 

Alsoo in the present study we found evidence for local VEGF production. The highest values 

weree found in the pyruvate-exposed animals, which would argue against a direct role of this 

growthh factor in driving new blood vessel formation in our model. VEGF was, however, only 

measuredd at the end of the experiments without full time course studies. We cannot exclude that 

changess in its concentration may have been different between the groups at some time points 

earlierr in the experiments. Another possibility is that the mesothelium was preserved better in 

thee pyruvate group, but this was not studied. 

Thee impact of replacing lactate by pyruvate on interstitial fibrosis was less pronounced 

thann the impact on blood vessel formation. Significant differences in fibrosis were present in 
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perivascularr and intersegmental areas. The overall fibrotic index only showed a tendency to be 

lowerr in the pyruvate-exposed group, as was also the case for the hydroxyproline content in 

thee parietal peritoneum. It may be that the changes indicated by direct assessment were too 

subtlee for detection in the assay and/or contamination of the specimens with anterior abdominal 

walll  muscle occurred. This also contains high levels of hydroxyproline and may therefore have 

influencedd the results obtained [26]. 

Thee limited effect of the pyruvate solution on the development of interstitial fibrosis was 

somewhatt unexpected given its potential to directly antagonize lactate-induced glucose driven 

polyoll  pathway activation [35]. Previous in vitro studies with mesothelial cells have shown that 

lactatee acts to enhance the glucose-driven polyol pathway activation, as evidenced by specific 

inhibitionn with an aldose reductase inhibitor, and drives intracellular sorbitol accumulation [36]. 

Inn these same studies, pyruvate was shown to have a potential antagonistic effect on glucose/ 

lactate-inducedd TGF-(3l and MCP-1 synthesis. In these studies, however, glucose was used at a 

muchh lower concentration (60 mM, equivalent to 1.36% glucose PD fluids) to activate the polyol 

pathway.. It may well be that at 214 mM/3.86% glucose, maximal activation of this pathway 

iss facilitated and that the potential antagonistic effect of pyruvate is thereby reduced. Further 

studiess using lower glucose concentrations will be needed to address this issue specifically. 

Anotherr potential explanation for the tack of dramatic effects of pyruvate on the fibrotic 

processs is that both of the PD fluids used were heat-sterilized and therefore probably contained 

similarlyy high concentrations of glucose degradation products (GDP)[37j. Both GDP themselves 

andd more directly GDP-driven AGE formation have been strongly implicated in the fibrotic 

alterationss in both animal models [38] and also in humans [39]. In human peritoneal biopsies 

fromm long-term PD patients significant deposition of AGE has been observed [40]. We were not 

ablee to examine the deposition of AGE within our studies. Previous data howrever have shown 

significantt deposition within the vessel walls, the interstitium and in the mcsotheliuin [29, 

41,42]. . 

Intravenouslyy administered pyruvate in high dosages has been used for years in the so-

calledd pyruvate loading test, aimed to detect mitochondrial defects in oxidative metabolism 

inn children, for instance in those suspected to have Leigh syndrome [43]. In this test a high 

dosee of 910 mmol is administered in 10 minutes. This was usually well tolerated although 

tachycardiaa and trembling developed in some patients. Lately, pyruvate has been reported to 

havee cardioprotective effects [44-47], which might be a positive systemic side effect in PD 

patients. . 

Inn conclusion we have demonstrated that replacement of the lactate buffer by pyruvate 

inn a glucose-based heat-sterilized peritoneal dialysis solution resulted in changes in peritoneal 

transportt accompanied by reduced formation of blood vessels, but with a larger luminal area 

andd a more marginal effect on the fibrotic process. Although these data do not provide definitive 

prooff  of the potential of pyruvate as an alternative buffer in PD patients, taken together with 

previouslyy published data they do suggest that further investigations of its use and mechanism of 

actionn are warranted. It would appear to have potentially significant advantages as a physiological 

additivee to PD solutions that might with appropriate formulation, reduce some of the negative 

consequencess associated with both glucose and lactate exposure. 
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