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CHAPTER 4 

A model of rapid deterioration of vascular wall function after storage 

to study the effect of chloride on preservation 

M. Rinia-Feenstra, A.A. de Groot, M. Pfaffendorf, and P.A. van Zwieten 
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Introduction 

University of Wisconsin solution (UW) (ViaSpan, Du Pont, Wilmington, DE, U.S.A.) is 

considered a superior medium for solid organ as well as vessel preservation (Chapter 

3).1'3 The components essential for the deterioration or preservation of vascular wall 

function remains to be elucidated. The presence or absence of certain electrolytes might 

play an important role. Potassium is considered an irritant for the vascular wall, 

nevertheless UW contains a high potassium concentration.47 However, UW is 

characterised by intracellular equivalent concentrations of electrolytes to avoid energy-

consuming transmembranous electrolyte transport (Chapter 3).7 Therefore, low calcium, 

sodium and/or chloride concentrations might be important for preservation. Especially 

low chloride content proved beneficial for preservation of cultured endothelial cells.7 

To study the effect of chloride on the preservation of the functional properties of the 

vascular wall a model of rapid functional deterioration was developed. Isolated rat aorta 

contractile function proved reduced after 24 hours of hypothermic storage in 

phosphate-buffered saline (PBS), whereas UW could preserve function for 48 hours 

(data not shown). In this preparation the effect on contractile function was investigated 

dependent on time, and on the replacement of chloride by gluconate in the PBS. The 

functional properties were evaluated by means of responses to depolarisation, the Oli-

adrenoceptor agonist phenylephrine, the NO-donor sodium-nitroprusside and the 

endothelium-dependent vasodilator methacholine. 

Materials and Methods 

Isolated rat aorta preparations 

Male Wistar rats weighing 200-240 g were sacrificed by means of stunning after a blow 

on the head and decapitation. The aorta was carefully dissected and placed immediately 

in oxygenated Krebs-Henseleit solution (composition (mM): NaCl 118.0; KCl 4.7; 

N a H C 0 3 25.0; MgS0 4 1.2; CaCk 2.5; K H 2 P 0 4 1.1; and glucose 5.6) for removal of 

adhesive fat and connective tissue. The isolated vessel was cut into 6 rings of 

approximately 3-mm length. 

Experimental protocol 

For the recording of tension, the vessel rings were mounted between two L-shaped 

stainless steel hooks, in 5-mL organ baths filled with oxygenated Krebs-Henseleit 
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solution at 37°C (pH 7.4). Each preparation was fixed, via a silk thread, to an isometric 

force transducer (A.D. Instruments, Castle Hill, Australia) and force was recorded via a 

MacLab/8 computer system (A.D. Instruments, Castle Hill, Australia). Each ring was 

subjected to an initial resting tension of 5 mN that was maintained throughout the 

experiment. 

After an equilibration period of 60 minutes the vascular rings were primed and tested 

for viability, by exposing them twice to a depolarising KCl solution (40 mM) (KCl). The 

KCl solution had the same composition as the Krebs-Henseleit solution used, except 

for the sodium chloride, which had been partially replaced by an equimolar amount of 

KCl corresponding to a concentration of 40 mM KCl. After wash out and equilibration 

for 20 minutes the preparations were contracted by a single dose of phenylephrine 

(Phe)(l uM) and subsequently the priming procedure was completed by another 

exposure to KCl. The vessel rings were washed out three times with Krebs-Henseleit 

solution after each stimulation. Twenty minutes after the last KCl-induced contraction, 

cumulative amounts of Phe (10 nM- 10 mM), sodium nitroprusside (SNP) (0.1 nM- 3 

uM), or methacholine (MCh) (1 nM- 0.1 mM) were added to the organ bath to establish 

concentration-response relationships. The vasodilator action of SNP and MCh was 

investigated in Phe (1 uM)-precontracted vessel rings. The responses to SNP and MCh 

were expressed as percentage of the precontraction to phenylephrine. 

After the first series of experiments (t = 0) the preparations were preserved in 

phosphate-buffered saline, with the following composition (mM): NaCl 155, KH2PO4 

1.04, Na2PC>4 2.96, pH 7.4 (PBS) (n = 18), PBS in which sodium chloride has been 

replaced by an equimolar amount of sodium gluconate (PBS-gluconate) (n = 42), or 

UW (n = 6). After 24 hours of preservation at 4°C the experiment following the 

protocol described above was repeated followed by another 24 hours of preservation 

and subsequently the last experiment at 48 hours. 

Drugs used 

L-phenylephrine hydrochloride and acetyl-ß-methylcholine chloride were obtained from 

Sigma (St. Louis, MO, U.S.A.); sodium nitroprusside dihydrate GR from Merck 

(Darmstadt, Germany). All drugs were dissolved in distilled water. 

Statistical analysis 

The data were expressed as mean ± SEM for n observations. The concentration-

response curves for the compounds investigated were analysed by means of a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.). The 

pD2-value [-log effective concentration (molar) that produces 50% of the maximal 
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Tabel 1: Maximal responses (E„x) to different agonists of rat aorta preparations after exposure to preservation solutions 

for different time intervals. 

P B S PBS-gluconate 

Oh 24h 48h 24h 48h 

KCI(mN) 8.5 + 0.6 3.6 + 0.6* 1.5 ±0.7* 5.3 ±1.2* 9.0 ±1 .1 

Phe(mN) 8.7 ±0 .8 5.4 ±0.5* 2.5 ±1.4* 4.7 ± 1 . 1 * 8.0 ±1 .6 

SNP(%) 105.9 ±3 .1 97.9 ±14.2 - 105.8 ±3 .1 105.4 ±0 .2 

MCh(%) 96 .5±3 .5 86.5 + 13.5 - 106.0 ±11 .8 118.431.2 

KCl = high concentratedpotasium solution, MCh = methacholine, PBS = phosphate-buffered saline, PBS-gluconate 

= phosphate-buffered saline in ahich the chloride is substituted by gluconate, P h e = phenylephrine, S N P = sodium 

nitroprusside. Data represent mean ± S.E.M. and are expressed as absolute values (mN) for Phe, and for MCh and 

SNP as % of the precontracts. *P < .05 compared to non-stored vein rings. 

effect (ICso)], as well as the maximal effect (Emax) were thus obtained from the non

linear regression curve fit analysis for each individual experiment. The statistical 

significance of the differences was analysed by means of one-way analysis of variance 

for unpaired data, with Newman-Keuls' post-test for multiple comparisons. P-values of 

less than .05 were considered statistically significant. 

Results 

Isolated rat aorta preparations were demonstrated to produce stable responses 

throughout the experiments. The isolated rat aorta preprations displayed a maximal 

contractile response induced by KCl of 8.5 ± 0.6 mN (» = 13). Both after 24h of 

preservation in PBS and PBS-gluconate the depolarisation-evoked contractions were 

decreased to 3.6 ± 0.6 mN (« =6, P < .05) and 5.3 ± 1.2 m N (» = 7, P < .05), 

respectively. (Figure 1) Phe-induced contractions were diminished as well, although less 

so than depolarisation-induced responses. (Table 1) After another 24h of preservation 

the aorta rings preserved in PBS further deteriorated, whereas those preserved in PBS-

gluconate regained there contractile function in response to KCl-induced depolarisation 

as well as to phenylephrine. After 48h of preservation in PBS Phe-induced responses 

where that much decreased that reliable dilatory responses to SNP and MCh could not 

be obtained. However, after 24h of preservation in PBS both dilatory responses to SNP 
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and MCh demonstrated a reduced maximal response, that just did not reached statistical 

significance for the endothelium-dependent relaxation to MCh. The relaxation evoked 

by both agents was unaffected after preservation in PBS-gluconate. 

Discussion 

In the present study a model for the rapid functional degradation after storage in 

preservation solutions has been introduced. Subsequently, the model was applied to 

investigate the effect of chloride deprivation during storage on the functional properties 

PBS PBS-gluconate 

B 

PBS PBS-gluconate 

Figure 1: Contractions (absolute, values in mN) of rat aorta preparations to a depolarising KCl-solution for the afferent 

time intervals of preservation studied (A). Maximal responses to phenylephrine (Emax as counted from the logistic curve fit 

analysis and expressed as absolute values (mN) ß). The three bars shown per individual solution represent the afferent 

time intervals (from left to right Oh (open bars), 24h (stacked bars), or 48h (black bars), respectively). PBS = phosphate-

buffered saline, PBS-gluconate = phosphate-buffered saline in whicg the chloride has been substituted by gluconate, 

experimental points represent mean ± SEM. *P < .05 compared to non-stored preparations. 
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of the vascular wall. The functional properties were investigated by means of isometric 

contractions and relaxations in a standard organ bath setup. 

After comparison of the different media, phosphate-buffered saline (PBS) proved to 

offer substantial benefits. Both contractile and dilatory responses, that remained intact 

after preservation in UW, were diminished after preservation in PBS. Therefore this 

preparation provided us with a model in which the functional properties of isolated rat 

aorta preparations deteriorate evenly during a time span of approximately 48 hours. 

This makes PBS an excellent basis for measuring the effect of single additions or 

substitutions. 

The experiments where chloride had been replaced by gluconate (PBS-gluconate), 

demonstrated a preservation of dilatory responses of preparations stored in the absence 

of chloride, whereas the decline in these responses in the preparations stored in PBS 

just passed statistical significance. Unexpectedly, the responses to Cti-adrenoceptor 

stimulation and KCl-depolarisation were transiently diminished after 24h of storage, and 

recovered after another 24h, in rat aorta preparations exposed to PBS-gluconate. The 

cause of this potentially delayed beneficiary effect of chloride absence is so far unclear. 

Hypothetically, the replacement of chloride by gluconate might cause time-dependent 

shifts in a i -receptor subtype population, receptor ligand binding properties and/or 

changes in signal transduction. However, since depolarisation-induced contractions 

were reduced as well, the function and/or number of the L-type calcium channels, 

involved in calcium influx during depolarisation, might be compromised after exposure 

to PBS/PBS-gluconate in rat aorta. 

The beneficial effects of low chloride levels of cardioplegic and of preservation 

solutions, have been reported for human endothelial cell cultures and porcine carotid 

arteries, respectively.7-8 The explanation of the advantages of the decrease of chloride 

content of preservation solutions by replacement with high molecular weight 

impermeable anions might be the regulation of cell edema. Furthermore, the chloride 

anions will bind calcium and magnesium and thus alter their free concentrations.7 

In conclusion these preliminary data indicate that low chloride content of preservation 

solutions is an important feature in their composition. The selective and temporary 

aspects of the changes associated with exposure to PBS-gluconate, require further 

investigation. 
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