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Peritoneal Transport: From the « Black-boxé Mo del é

Peritoneum
(Kgp, O )

Transport Kinetics, In: Peritoneal Dialysis, 3rd Edition, Kluwer Academic Publ,
Eds.Popovich, Moncrief anByle,Chap. 6 pp. 96116,1989



e To t-Roee MBdel: Endothelium as a Functional Barrier
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Transport of Macromolecules Across Microvascular Walls:
The Two-Pore Theory

BENGT RIPPE AND BORJE HARALDSSON

In terms of unrestricted large- and small-pore area
[A,1, and A g, respectively (£q. 7)], the ratio between the

fractional large- and small-pore hydraulic conductivity
(o, and ag, respectively) equals (cf. Poiseuille’s law)
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(27)

s

(Egs. 3-5). With the use of linear approximations (Fq. 2),
the protein clearance through small pores (Clg) becomes

Clg = PS¢ + J,5(1 — ag) (28)
and that through large pores (Cl,)

Cl, = PS, + J,.(1 — oy) (29)
or inserting Equation 26 in Equation 28

Clg = PSg — ey (1 — ap )L, S(og, — 01,,)Am(1 — o)
+ agd (1 — ag) (30)



CONTROLLED SODIUM REMOVAL WITH PERITONEAL DIALYSIS

Daniel J. Ahearn and Earl D. Nolph

€ Disproportionate water removal when usi
Hypothesis : Transcellular movement of water across the peritoneal membrane, resulting in a
sodium sieving process.

(UFNa/PNa<1.0)
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Vol, XVIIT Trans, Amer. Soc. Artif. Int, Organs, 1972



A
observed in CAPD
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Y  &diumsieving uncouplingof water and sodium transpogcrossthe peritoneal

membrane- transcellularwater transport?

Nolph K. J Lab Clin Med 1979



The Peritoneal Membrane as Model for Transport
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o
@
'}
=
£ &
5 2

p -
£
T &
me
W,nla
S 5
= =
o O
< C
O 2
£
@©
=

fluid transport




A phenomenological interpretation of the variation in dialysate
volume with dwell time in CAPD

GUNNAR STELIN and BENGT RiPPE Kidney International, Vol. 38 (1990), pp. 465472

Computer simulations of peritoneal fluid transport in CAPD

BENGT RiPPE, GUNNAR STELIN, and BORIE HARALDSSON

Kidney International, Vol. 40 (1991), pp. 315-325

According tahe model,the peritoneum behaves asrmembrane having
a large number of "small pore¢tadius40 - 60 A) anda very low numbeof "large pores"
(radius200- 300A).

In addition a thirdtransperitonealexchange route is predicted exist namelya
transcellular ("ultrasmall" pord pathway havingan approximatepore radius of 4 to %,



Drained volume, m/

The Peritoneal Membrane as Model for Transport
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Rippe et al. Kidney Int 40:315-325, 1991



Ultrasmall Poresacrossthe Endothelium

Trans-endothelial Transcellular
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Ultrasmall pores : predict to account for 50% of water removal (UF)



Experimental validation of the three -pore model:

The ultrasmall water pore



The Overton Rule (1899)

Non-lipophilic substances (incl. water) must use specific pathways
to cross lipidic membranes
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Overton : Water Pores in Cell Membranes
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The Journal oBiological Chemistry263 : 1563442, 1988
|dentification, Purification, and Parti@lharacterizationf a Novel Mr 28,00Integral

MembraneProteinfrom Erythrocytes andenalTubules
DenkerBM, Smith BLKuhajdaFP, AgreP.

A Novel M, 28,000 Erythrocyte Integral Membrane Protein
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CHIP28s not the Rhesusantigenc Whyisit soabundant?




CHIP 28 : Channellike Integral Membrane Protein

wcDNA membraneprotein
wAnalogywith channelgMIPcorneg
wMw 28 kDa

150,000 copies/RBC
wHighlyexpressedn the kidney!

Y Xenopusswellingassay W.B.Guggino




Appearance of Water Channels in Xenopus
Oocytes Expressing Red Cell CHIP28 Protein

Gregory M. Preston, Tiziana Piazza Carroll,
William B. Guggino, Peter Agre*

CellswellingY facilitated water transport

SCIENCE <+ VOL. 256 * 17 APRIL 1992




Structure of Aquaporins

Water channel

Cell membrane Cell membrane

X

AOpening : 4.0 A
ANarrow pore : 2.8 A

AQP1ltetramers : 3 billions of water molecules per second

WalzT et al.Nature 387, 199¥Wang et al. Structure 13, 2005



Proc. Natl. Acad. Sci. USA

Vol. 90, pp. 7275-7279, August 1993
Cell Biology

Distribution of the aquaporin CHIP in secretory and resorptive
epithelia and capillary endothelia

(water channel/choroid plexus/ciliary epithelium/bile ducts/intestinal lacteals)

S@REN NIELSEN*, BARBARA L. SMITHT, ERIK ILsg CHRISTENSEN*, AND PETER AGRET#




Distribution of Aquaporin -1 in the
Endothelium Lining Peritoneal Capillaries
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Am J Physiol 275, 1998 ; Kidney Int 67, 2005



Bengt Rippe (1996): State of the Problem

A The threepore model predictshat nearly onehalf of thetotal transperitoneal
water flowoccurring during thearly phasef hypertonic (glucose) dwells in
CAPD takeglace(i K NP ditehdalfr LJ2 N&ithnedl gapillary walls

A The transport of fluid across watenly endothelial pores igpparentlythe main
reason forthed & A SO A y 3 ¢ BEDWwiththypertoric dagidbsg 3

- We needto test thehypothesis thatAQR1, known to banhibitablewith mercurials
playsa major role intransendothelialwater transport duringPD.



In vivo inhibition of transcellular water channels
(aquaporin-1) during acute peritoneal dialysis in rats

OLA CARLSSON, SOREN NIELSEN, EL RASHEID ZAKARIA, AND BENGT RIPPE
Departments of Nephrology and Physiology, University of Lund, S-221 85 Lund, Sweden
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Model of Peritoneal Dialysisin Mouse

2-hour PET
2.5 mldialysate
Samplingr0, T30, T60;120

BP TRANSDUCER
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Ni et al. Kidney Int 67; 2005



original article

http://www.kidney-international.org

© 2006 International Society of Nephrology

Aquaporin-1 plays an essential role in water
permeability and ultrafiltration during peritoneal
dialysis

JNi", -M Verbavatz?, A Rippe?, | Boisdé?, P Moulin', B Rippe®, AS Verkman® and O Devuyst1
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Peritoneal Dialysis in Agpl Knockout Mice

Ultrafiltration (ul per g BW)
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A AQP1 pores mediate 50% of UF
A AQP1 pores mediate sodium sieving

Ni J et al. Kidney Int 2006; 69: 1518-25



Peritoneal Dialysis in Agpl Knockout Mice
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Ni J et al. Kidney Int 2006; 69: 1518-25



Regulation of AQP1 expression ?



Aquaporin-1 Water Channel Protein in Lung
Ontogeny, Steroid-Induced Expression, and Distribution in Rat

Landon S. King,** Seren Nielsen,S and Peter Agre* J Clin Invest 97, 1996
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Glucocorticoids upregulate AQP1
In peritoneal capillaries

E - B Water transport
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Nephrol Dial Transplant (2011) 26: 4142-4145

High-dose steroid treatment increases free water transport in peritoneal

dialysis patients

Javier de Arteagal’2 Fabian Ledesmal’z, Gabriela Gara¥12’2, Carlos Chiurchiu'??,

Jorge de la F uentel’i

, Walter Douthat'?, Pablo Massari %, Sara Terryn3 and Olivier De\/uyst3’4
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AgF026, a novel agonist of AQP1lincreases
osmotic water transport
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J Am Soc Nephrol 24: 1045-1052, 2013



Changes in water transport during the course of PD



Modifications of Peritoneal Membrane Exposed to PD

Inflammatory Episodes (cumulative effect of severity?)

Time on PD
(years)

Devuyst O et al. JASN 21, 2010



Encapsulating Peritoneal <lerosis (EPS)

Devastating syndrome @fxcessive fibrotic peritoneal thickening
that can eventuallyncapsulate the bowel, leading to partial or total bowel obstruction

Courtesy Prof. C. Verger, Augustine and E5offin



UF capacity (ml)

Changes inPeritoneal Transport Before EPSOnset
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'&) ey Changes inPeritoneal Transport: EPS
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Uremia

Vascular and Fibrotic Changesin the EPSPeritoneum

Normal peritoneum
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Collagen Density and Structure (Polarized Microscopy)
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Effect of Fibrosis on Water Transport acrossthe Peritoneum
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FromaThree-por e é
To a Serial Three-pore Membrane/ Fiber Matrix Model

Three-pore model Serial three-pore membrane/fiber matrix model
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FromaThree-por e é
To a Serial Three-pore Membrane/ Fiber Matrix Model
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Kidney International, Vol. 57 (2000), 2546-2556

DIALYSIS—-TRANSPLANTATION

Computer simulations of ultrafiltration profiles for an
icodextrin-based peritoneal fluid in CAPD

BENGT RIPPE and LARS LEVIN

CH,OH

Crystalloid Glucose

Colloid Large fractions of icodextrin
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Rippe and Levin, Kidney Int 2000;57:2546-56




Crystalloid vs. colloid osmosis

Experimental validation in Aqpl mice

Collaboration UCL Brussels whRippe C. Oberg



IP volume (pl) >

D/D, Na

m

D/P urea

40007

3000

2000

1.1°

1.0

0.9

0.8

1.0

0.5

0.0

TPM

---
-
-
-
-

0 30 60 90 120

Dwell time (min)

Glucose

B4000

3000

0.5

Mouse model

1.0

0.00
0

Dwell time (min)

—— U.=0.04
---- 0,=0.00

0.9

Icodextrin

4000

Mouse model

3000

2000 7 T T T

1.1
1.007

0.9

0.8

1.0

0.5

0.0

0

_o_ qu1+/+
--®- Agpl”

Dwell time (min)

1 0.00 T T T 1

90 120 0 30 60 90 120

Dwell time (min)

Morelle et al.J Am Soblephrolin press



