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Chapterr 11 

Abstract t 

Background.. We compared the efficacy of histidine-tryptophan-ketoglutarate (HTK) 

andd University of Wisconsin (UW) solution with Celsior solution using hypothermically 

preservedd porcine carotid arteries and studied the importance of different components of 

thesee solutions by preserving carotid arteries in modified HTK solutions. 

Methods.. Excised carotid arteries were stored at 4°C in 0.9% (w/v) NaCl, UW, HTK, 

Celsior,, or a modified HTK solution for up to 14 days. Preservation-induced changes in 

smoothh muscle cell and endothelial cell function were determined using an organ bath for 

isometricc tension recording. 

Results.. Short-term preservation (1-3 days) in UW, HTK and Celsior did not significantly 

alterr contractile and relaxation responses of arterial segments when compared to freshly 

excisedd segments, but significantly impaired these responses in arterial segments stored in 

0.9%% (w/v) NaCl solution. Long-term hypothermic preservation of arterial segments (7 and 

144 days) in 0.9% (w/v) NaCl and HTK solution almost completely abolished all responses, 

butt only slightly reduced the responses of arterial segments stored in UW solution. 

Intermediatee results were obtained for Celsior. Modifying HTK by replacement of chloride 

forr sulfate and phosphate resulted in improved contractile and relaxation responses after 

long-termm preservation. 

Conclusion.. With respect to smooth muscle and endothelial function, UW is superior to 

HTKK and Celsior and the absence of chloride or presence of sulfate and phosphate plays a 

relevantt role in this in vitro model of hypothermic preservation of porcine carotid arteries. 
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InIn vitro funct ion of porc ine carot id arter ies 

Introductio n n 

Thee clinical use of donor vascular grafts for reconstructive procedures has revived interest 

inn the short-term and long-term preservation of aortic segments and arteries. Present day 

goldd standard in whole-organ preservation is hypothermic wash-out using the University 

off  Wisconsin (UW) solution and subsequent storage of the organ immersed in the same 

solutionn ' -. The key-components of the UW' solution are the impermeants lactobionate and 

raffinosee to suppress hypothermia-induced cell swelling and hydroxyethyl starch to support 

colloidd osmotic pressure. Furthermore, UW solution contains di-hydrogen phosphate 

too prevent tissue acidosis, magnesium sulphate as membrane stabiliser and adenosine to 

stimulatee ATP synthesis. Allopurinol and reduced glutathione are added to the solution as 

freee radical scavengers (Table 1). Although effective, the high viscosity of the UW solution 

iss considered a disadvantage because it hampers complete wash-out of the organ and its 

highh potassium concentration is also a concern because potassium wil l be released into the 

systemicc circulation of the recipient when blood flow through the graft is reestablished. These 

propertiess are less important when preserving vascular tissue, since vascular grafts need not 

bee perfused and are simply immersed in the preservation solution and rinsed before use. 

Anotherr preservation solution was devised by Bretschneider (histidine-tryptophan-

ketoglutarate,, HTK) and forms an alternative to the UW solution 2- \ The formula of the 

HTKK solution is based on a high histidine concentration, which results in a potent buffer. 

Tablee 1. Composi t ion of preservat ion solut ions (mM ) 

C.'elsiorr HTK UW 

Adenosinn - - 5 

Allopurinoll  - - 1 

Calciumm 0.245 0.015 

Chloridee 28 50 

Dexamethasonee (mg/L) - 8 

Glutamatee 20 

Gluthationee 3 - 3 

Histidinee 30 198 

Hydroxy-ethyl-starchh (g L) - 50 

Insulinn (LJ/L) - - 100 

Lactobionatee 80 - 100 

Magnesiumm 13 4 5 

Mannitoll  60 30 

Ketoglutaratee - 1 

Penicillinn (U/L) - - 200 

Phosphatee - - 25 

Potassiumm 15 9 120 

Raffinosee - - 30 

Sodiumm 100 15 30 

Sulphatee - - 5 

Tryptophanee - 2 

pHH 7.3 7.2 7.4 

Osmolalityy (mOsm L) 320 310 320 
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Thee solution contains a potassium concentration in the physiological range, and the viscosity 

off  the solution is low. Therefore, the use of HTK lacks the disadvantages of the UW solution. 

Despitee the differences in composition and mode of action of the two organ preservation 

solutions,, HTK and UW appear to be equally effective in clinical organ preservation as 

demonstratedd in several trails 2' \ 

Recently,, a new solution for hypothermic graft preservation has been introduced, called 

Celsior,, that combines the key compounds of both UW and HTK solutions. It is hypothesized 

thatt the combination of these key components in the solution should result in a multi-organ 

preservationn solution, that is more effective in preventing hypothermic preservation damage 

andd that has a low viscosity and low potassium concentration. The formulation of Celsior 

iss directed to prevention of cell swelling (by mannitol and lactobionate), prevention of free 

radical-mediatedd injury (reduced glutathione, combined with mannitol and histidine), 

energyy supply (glutamate), a histidine buffer to prevent tissue acidosis and magnesium 

sulphatee as membrane stabiliser (Table 1). With respect to electrolyte composition, Celsior 

iss unique in combining high sodium with low potassium content. Celsior has shown to 

bee effective in hypothermic organ preservation in both experimental and clinical settings 
2ii  4_16. However, littl e information is available on the comparison of Celsior, HTK and UW 

solutions.. Furthermore, the importance of the different components of these solutions has 

nott been unequivocally clarified. 

Thee aim of this study was to compare the efficacy of HTK, UW and Celsior solutions in 

preventingg hypothermic damage in arterial grafts. For this, we used an in vitro model based 

onn hypothermically stored porcine arteries. In this model, preservation damage in the 

arteryy is assessed by determining function of smooth muscle and endothelial cells through 

measurementt of isometric contractions and relaxations in an organ bath. This method has 

previouslyy been used to assess the role of preservation solutions on endothelial dysfunction 

andd the pathogenesis of allograft vasculopathy after transplantation 5'10, 17 29. It has also 

beenn used to identify optimal storage solutions for venous autografts or arterial allografts 3r 

29"35.. In this study, arterial smooth muscle and endothelial cells functions were determined 

afterr short (1-3 days) and long (7-14 days) periods of hypothermic preservation in 0.9% (w/ 

v)) NaCl, HTK, UW and Celsior solutions. As Celsior combines different components of 

HTKK and UW solutions, we prepared HTK-based solutions in which components of HTK 

weree exchanged for components of UW solution (Table 2). Smooth muscle and endothelial 

celll  function of arterial segments stored in these solutions was determined after long-term 

preservationn (7 days). 

Materialss and methods 

Chemicalss and Solutions 

Unlesss otherwise stated, all chemicals were purchased from Merck (Darmstadt, Germany). 

Acetylcholinee and glutathione (reduced form) were obtained from Sigma Chemical Co. (St. 

Louis,, MO). Atropine was from Centrafarm (Etten-Leur, The Netherlands). Fluothane'̂ was 

fromm Zeneca (Ridderkerk, The Netherlands). Gentamycine was from Biowittaker (Liege, 
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Belgium).. Nimatek was from Eurovet (Bladel, The Netherlands). Penicilline G (disodium 

salt)) was obtained from Yamanouchi (Leiderdorp, The Netherlands), and vancomycine 

wass from Eli Lill y (Nieuwegein, The Netherlands). Sodium nitroprusside (10 mg/ml stock), 

andd phenylephrine (10 mg/ml slock) were from the Pharmacy of the Amsterdam Medical 

Centerr (AZUA Apotheek, Amsterdam, The Netherlands). Stresnil was obtained from 

Janssenn Pharmaceutica (Tilburg, The Netherlands). 

Animal s s 

Carotidd arteries were obtained form pigs of either sex weighing 20-50 kg. Animals were 

obtainedd from Fa. Vendrig (Amsterdam, The Netherlands) and housed at the Central Animal 

Institutee Amsterdam at the Academic Medical Center (Amsterdam, The Netherlands) for 

att least 7 days. Animal care was conducted in accordance to The Dutch Law on Animal 

Experimentss (1977) with the modifications of 1995 involving the European Guidelines 

(86\609\EEG).. The Animal Ethic Committee of the University of Amsterdam, had approved 

thee use of these animals for experimental protocols. The animals were fed a standard chow 

forr pigs, and had free access to tap water. Carotid arteries were carefully dissected under 

generall  anaesthesia with a mixture of 0. , /N20 (2:3) and isoflurane (Fluothane\ 0.4-1%) after 

premedicationn with 10mg/kg body weight ketamine (Nimatek™), 2 mg/kg body weight 

azaperonn (StresnilIM ) and 0.02 mg/kg body weight atropine. 

Preservationn of carotid arteries 

Bothh carotid arteries were stored in UW solution (ViaSpan™, Du Pont Pharmaceuticals, 

Wilmington,, DE) at 4°C immediately after resection. The segments were transported to our 

laboratoryy and within 10 minutes, randomly transferred to sterile tubes containing 50 ml 

off  cold 0.9% (w/v) NaCl (NPBI, Emmer-Compascuum, The Netherlands), Celsior (IMTIX , 

Amstelveen,, The Netherlands), HTK (Custodiol™, Kohier Chemie GmbH, Alsbach, Germany), 

UWW solution, or one of the HTK-based solutions shown in Table 2. Penicilline G (100,000 

UI/1),, gentamycine (40 mg/1) and vancomycine (100 mg/I) were added to all preservation 

solutions.. Additionally, 3 mM glutathione was freshly added to the UW solution. A ring of 

33 mm was cut from one segment for direct testing (day 0). Segments were then stored in the 

differentt preservation solutions at 4°C for a maximum of 14 days. At 1, 2, 3, 7, and 14 days 

afterr isolation, a ring of 3 mm was cut from each segment for testing of smooth muscle and 

endotheliall  cell function. 

Assessmentt of smooth muscle and endothelium cell function 

Viabilit yy of smooth muscle and endothelium cells in the arterial segments was assessed by 

measuringg contractile forces and relaxation after stimulation of both cell types. For this, the 

arteriall  rings were mounted between a rigid glass rod and a stainless steel hook in an organ 

bath.. The organ bath contained 20 ml test medium of the following composition (in mM): 

1244 NaCl, 4 KC1, 0.42 NaH2P04, 25 NaHCC»3, 1.1 MgCl2, 0.9 CaCl2, and 5.5 D-glucose. The 

solutionn in the organ bath was maintained at 37°C and continuously gassed with carbogen 

(95%% 02and 5% C02). Isometric tensions were measured using an isometric force transducer 

(Kyowa™,, Tokyo, Japan). The signal of the transducer was amplified (Kyowa'", Tokyo, Japan) 
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andd recorded using MacLab/8 and Macintosh Performa 450 hardware (Apple Computer 

Inc.,, Cupertino, CA) and MacLab Chart version 3.5.2 software (AD Instruments, Castle 

Hill ,, Australia). An initial resting tension of the arterial rings was set at 20 mN and was re-

adjustedd throughout the experiment. 

Thee following experimental protocol was applied to assess smooth muscle and endothelium 

celll  viability. Arterial rings were allowed to equilibrate for 30-60 min in test medium. After 

equilibrationn the arterial rings were exposed to the high potassium solution of the following 

compositionn (in nuVI): 88 NaCl, 40 KC1, 0.42 NaH,P04, 25 NaHCO.} , 1.1 MgCl,, 0.9 CaC'1,, 

5.55 D-glucose. After a maximum contraction was reached, the high potassium solution was 

replacedd by test medium. This procedure was repeated after 30 min equilibration in test 

medium.. Subsequently, 100 uM phenylephrine (PHE) was added to the bath solution to 

inducee contraction. As soon as steady state had been reached, 10 uM acetylcholine (ACH) 

wass added to the bath solution to induce endothelium dependent relaxation. Hereafter, the 

bathh solution was replaced three times with test medium. After equilibration for 30 min, 

arteriall  rings were again exposed to the high potassium solution, followed by replacement 

andd equilibration for 30 min in test medium after the maximum contraction had been 

reached.. Finally, PHE (100 uM) was added to the bath to induce contraction and, after steady 

statee was reached, endotheliunvindependent relaxation was induced by 10 uM sodium 

nitroprussidee (SNP) 

Statistics s 
Resultss are reported as means  standard error of the mean (SEM). Data were analyzed 

usingg GraphPad Prism software (San Diego, CA). When two experimental groups were 

comparedd an unpaired Student's t test was used. Analysis of variance was used in case 

off  more than two experimental groups, followed by contrast analysis according to Tukey 

whenn overall effects were significantly different (p<0.05). 

Results s 

Thee force of contraction of arterial rings in response to 40 mM KCl did not change during 

thee first three days of hypothermic storage in HTK, U\X', and Celsior, as shown in Fig. 1A. 

Overr the same time, a significant reduction in the force of contraction was seen for arterial 

segmentss that had been preserved in 0.9% (w/v) NaCl solution. After 7 days of hypothermic 

storage,, the contractile responses were almost completely abolished in arterial segments that 

hadd been stored in 0.9% (w/v) NaCl, HTK as well as Celsior solution. Only 17% (1 out of 6) of 

arteriall  rings stored in 0.9 % (w/v) NaCl or HTK solution and 50% (3 out of 6) of the arterial 

ringss stored in Celsior solution showed a small contractile response to 40 mM KCl. 'Ihe 

reductionn in the force of contraction was significant when compared to arterial rings at day 

zeroo and when compared to arterial rings that had been stored in UW solution for 7 days. 

Afterr 14 days hypothermic storage, none of the arterial rings that had been stored in 0.9% 

(w/v)) NaCl, HTK or Celsior solution were capable to contract in response to 40 mM KCl. 

Ringss of arterial segments that had been stored in UW solution for 14 days, however, still 
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Figur ee 1. Contractil e forces of arteria l 

ring ss in response to incubation wit h 40 

mMM  KC1 (A) and 100 uM PHE (B) after 

hypothermi cc (4°C) storage at different t im e 

periodss in 0.9% (w/v) NaCl (PS), HTK , UW 

andd Celsior  solutions, as indicated 

InIn vitro funct ion of porc ine carot id arter ies 

CC r, 

22 3 7 14 
Preservationn time (days) 

I'SS I I I 'VC 

LLTTJJ HTK M i Celsior 

22 3 7 14 
Preservationn time (days) 

Thee force of contraction of arterial rings at zero time as 

indicatedd by the dashed lines were 79  8 and 23  6 mN' 

forr 40 mM KG and 100 uM PHE, respectively (means

semm of 12 experiments). Bars represent means  sem of 

4-66 experiments. * Significantly different from the force of 

contractionn at day zero (P < 0.05). # Significantly different 

fromm the force of contraction after storage in UW solution 

withinn the same time period (P < 0.05). 

Figur ee 2. Relaxation of pre-contracted 

(1000 uM PHE) arteria l ring s in response to 

100 uM ACH (A) or  10 uM SNP (B) 

33 125 -, A 

== 250 

11 2 3 7 14 
Preservationn time (days) 

I7J77JPS S 

55 H727JHTK 
IU W W 
II  Celsior 

ll  ii y y 
22 3 7 14 

Preservationn time (days) 

Arteriall  rings were cut from segments that had been stored 

att (4"C) for different time periods in 0.9% (w/v) NaCl (PS), 

HTK,, UW and Celsior solution, as indicated. The relaxation 

off  arterial rings at zero time as indicated by the dashed 

liness were 80  8 % and 151  23 % (means  sem of 12 

experiments)) of the contractile response to PHE after addition 

off  ACH or SNP, respectively. Bars represent means  sem of 

4-66 experiments. 'Significantly different from the relaxation 

att day zero (P < 0.05). # Significantly different from the force 

off  contraction after storage in UW solution within the same 

timee period (P < 0.05). 
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contractedd upon increasing the KC1 concentration to 40 mM, but the contractile force was 

significantlyy reduced when compared to freshly isolated arterial segments. 

Similarr results were observed for the contractile forces of preserved arterial rings in response 

too the addition of 100 uM PHE (Fig. IB). However, the reductions in contractile forces upon 

hypothermicc preservation appeared to be less prominent than the reduction in contractile 

forcess to 40 mM KC1. For instance, the contractile response to PHE was not changed in 

arteriall  segments that had been stored in 0.9% (w/v) NaCl solution for up to three days. A 

smalll  contractile response to 100 uM PHE could still be observed in 80% (4 out of 5) and of the 

arteriall  segments stored in Celsior for 7 days. After 14 days hypothermic storage, none of the 

arteriall  rings that had been stored in 0.9% (w/v) NaCl, HTK and Celsior solution contracted in 

responsess to 100 uM PHE, whereas segments stored in UW still showed a full response. 

Endothelium-dependentt relaxations did not change during the first three days of hypothermic 

storagee in HTK, UW, and Celsior, but were significantly reduced after preservation in 0.9% 

(w/v)) NaCl solution (Fig. 2A). Endothelium-dependent relaxations were significantly reduced 

afterr 7 days of hypothermic storage, and almost completely absent in arterial segments 

thatt had been stored in 0.9% (w/v) NaCl, HTK as well as Celsior solution. After 14 days 

hypothermicc storage, endothelium-dependent relaxations could only be demonstrated in 

arteriall  segments that had been stored in UW solution. 

Figur ee 3. Contractil e forces of arteria l ring s in 

responsee to incubation wit h 40 mM KC1 (A) and 

1000 uM PHE (B) after  hypothermic (4°C) storage 

forr  7 days in HT K based solutions (Table 2) 

20 0 

''  T 

> > n n 
 Solution 1 CTJ Solution 3 

II  I Solution 2 ^ B Solution 4 
„„  50 
2 2 
Ü 4 0 0 
c c 

§§ 30

%% 20 

0 0 

Thee force of contraction of arterial rings at day zero were 

522  6 and 21  3 mN (means  sem of 6-7 experiments) 

forr 40 mM KC1 and 100 uM PHE, respectively as 

indicatedd by the dashed lines. Bars represent means

semm of 6-7 experiments. 'Significantly different from 

thee force of contraction at day zero (P < 0.05). 

--

T T 

Figur ee 4. Relaxations of contracted (100 uM PHE) 

arteria ll  ring s in response to 10 uM ACH (A) and 

100 uM SNP (B) of segments that had been stored 

att  hypothermic (4°C) storage for  7 days in HTK 

basedd solut ions (Table 2) 

A A 

oo 50 

II 25 H 

KK  0 -TV * * 
II  I Solution 1 CTJ Solution 3 

Solutionn 4 
"22 200 -

ii  150 -

"?? 100 -

|| 50 -

l i i 11 Solution I

^é ^é 
Thee relaxations of arterial rings at day zero were 85

100 % and 154  15 % (means  sem of 7 experiments) 

off  the contraction induced by 100 uM PHE for 10 uM 

ACHH and 10 uM SNP, respectively as indicated by 

thee dashed lines. Bars represent means  sem of 6-7 

experiments.. 'Significantly different from relaxations 

att day zero (P < 0.05). 
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InIn vitro function of porcine carotid arteries 

Tabell  2. Composition (in mJVl) of HTK-based preservation solutions 

Solution n 

1 22 3 4 

CaCl22 0.015 0.015 0.015 0.015 

MgC122 4 - 4 4 

MgS044 4 

NaCll  15 - 15 15 

NaH2PG44 15 

KC1 1 

KH2PÜ4 4 

Histidine e 

HC'1 1 

Na-lactobionate e 

Tryptophane e 

Mannitol l 

PH H 

Solutionn 1 is based on standard HTK solution and serves as control solution. In solution 2, chloride is reduced 
byy substitution with sulfate, phosphate and mannitol (solution 2). In solution 3, histidine is replaced by 
lactobionatee and in solution 4 the potassium concentration is increased by replacement of HC1 by KH2PÜ4. 

Endothelium-independentt relaxations did not change during the first two days of preservation 

whenn compared to freshly isolated arteries, as shown in Fig. 2B. After 3 days storage, 

endothelium-independentt relaxation tends to increase for arterial segments stored in 0.9% 

(w/v)) NaCl, HTK and Celsior solutions. This can also be observed for arterial segments that 

havee been stored in Celsior and UW solutions for 7 days. After 14 days storage, a full response 

too SNP could only be demonstrated in arterial segments stored in UW solution. 

Fig.. 3 shows the results of the contractile responses of arterial segments to 40 mM KCl 

andd 100 uM PHE after storage for 7 days in the modified HTK solutions (Table 2). Only 

thee HTK-based solution in which chloride is replaced by sulfate and phosphate (solution 

2),, preserved the contractile responses of the arterial segments, when compared to the 

contractilee responses at day zero. Endothelium-independent relaxations are preserved in both 

solutionn 1 and 2 (Fig. 4B). However, these modifications do not improve the preservation of 

endotheliumm cell function of these arteries as demonstrated by the ACH-induced relaxation 

off  the hypothermically preserved arterial segments (Fig. 4A). 

Discussion n 

Ourr results demonstrate the protective effect of HTK, UW and Celsior against smooth 

musclee and endothelium cell damage during hypothermic preservation of porcine arterial 

segments.. Smooth muscle and endothelium cell functions are equally well preserved in 

HTK,, UW and Celsior solutions during the first three days of hypothermic storage. During 

long-termm preservation (7-14 days), UW solution is found to be superior to HTK and Celsior 

solutionss in preventing hypothermia and hypoxia induced porcine carotid smooth muscle 
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andd endothelium cell degradation. These findings suggest that differences in the composition 

off  HTK, UW and Celsior account for significant differences in efficacy of protection against 

hypothermicc preservation damage. 

Thiss study is based on an in vitro model, which has been developed to assess the viability 

off  smooth muscle cells and endothelium cells in arterial and venous tissue. Cell function is 

measuredd through recording of changes in isometric tension of arterial and venous rings after 

thee induction of contractions on one hand and endothelium-independent and endothelium-

dependentt relaxation on the other hand. In fact, this method has been previously used to 

developp protocols for the preservation of venous and arterial grafts and to study the effects of 

preservationn solutions on endothelial dysfunction in relation to vascular complications after 

graftt transplantation 5 ' i a 1 7'2 9 i S . In this study we exposed the arterial rings to 40 mM KG 

orr 100 uM PHE to assess smooth muscle cell function through measuring the induction of a 

contraction.. Endothelium cells function was determined by measuring the relaxation of the 

arteriall  rings upon addition of 10 [xM acetylcholine. In the two sets of experiments, involving 

thee comparison of 0.9% (w/v) NaCl, HTK, UW and Celsior solutions on one hand and the 

HTK-basedd solutions on the other hand, the PHE-induced contractile forces and ACH and 

SNPP induced relaxations of freshly isolated arterial rings were identical. The contractile 

responsee to 40 mM KCl was, however, significantly lower in the second set of experiments 

involvingg the HTK-based solutions when compared to the first set of experiments, which 

mightt be related to the weight of the animals. In order to be able to measure relaxation, a 

contractionn was induced by adding 100 uM PHE. During these experiments we observed an 

initiall  increase in contractile forces upon addition of ACH in the presence of PHE instead 

off  a reduction. This increase in contractile force was then followed by relaxation depending 

onn the storage time, preservation solution and the capability of the arterial rings to contract 

uponn addition of PHE. Therefore, we calculated the percentage of relaxation referring 

too the maximum contraction in the presence of both PHE and ACH. As a control for the 

endothelium-dependentt relaxation, we measured the endothelium-independent relaxation 

off  the arterial segments using the NO-donor SNP. The endothelium-independent relaxation 

initiall yy tends to increase during hypothermic preservation of the arterial segments. These 

resultss are explained by the reduction in the PHE induced contraction, which precedes the 

SNPP induced relaxation. SNP is a potent inducer of smooth muscle relaxation. It not only 

reversess the contraction induced by PHE, but also reduces the baseline tension of 20 mN that 

wass set throughout the experiment. As a result, the SNP-induced relaxation is more than 

100%% of the contraction induced by PHE, and the percentage of relaxation increases when 

thee contraction in response to PHE decreases. 

Inn this model the process of tissue degradation is much slower than in whole organs. 

Arteriall  segments can be hypothermically stored in preservation solutions for more than 

threee days without loss of contractility and both endothelium-dependent and endothelium-

independentt relaxation 29. In contrast, when arterial rings are stored in saline solutions that 

aree not designed for hypothermic preservation, the tissue rapidly degrades within the first 

dayss of storage as previously reported and confirmed in this study 29. These observations 

bearr relevance for the preservation of arterial grafts for reconstructive purposes. In addition, 

fromm the view point of organ preservation studies, arterial segments due to the slow process 
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off  degradation, constitute excellent tissue to detect small differences in protective efficacy of 

preservationn solutions when used after extended preservation periods 21, 19, 3b. 

Inn the first set of experiments we compared three commercially available hypothermic 

preservationn solutions. UW is the most widely used preservation solution and can be 

consideredd as the current golden standard '. The Bretschneider's solution HTK is an alternative 

too UW solution. The solute composition of HTK and principle of action differ substantially 

fromm UW solution, but both HTK and UW are equally suitable in clinical graft preservation 
ss 3'. Celsior is a relatively new preservation solution. Celsior combines the key components of 

UWW and HTK solutions with respect to lactobionate and glutathion of UW solution and the 

histidinee buffer, chloride, low potassium concentration and mannitol of HTK solution (Table 

1).. Celsior has been tested in clinical settings, and has shown to be effective in protecting 

organss against hypothermic and ischemic tissue degradation 2<4>8'9<12' 1:\ 

Ourr results demonstrate a superiority of UW solution over HTK solution in preventing 

arteriall  tissue damage during hypothermic preservation. Celsior appears to be intermediately 

effectivee in this study. The simplest explanation for this is that one component of the 

preservationn solutions, which is either highest in UW, lower in Celsior and lowest in HTK 

or,, conversely, highest in HTK, lower in Celsior and lowest in UW accounts for improved 

hypothermicc preservation conditions in UW solution. However, the differences between UW, 

Celsiorr and HTK solutions are most likely due to a combination of different components. 

Wee focussed our attention on individual components of UW, Celsior and HTK solutions. 

Inn the present study, we replaced a selection of the components of HTK and compared the 

newlyy synthesised solutions with standard HTK solution. The only solution that preserved 

bothh the potassium and PHE-induced contractile responses as well as the endothelium-

independentt relaxation in comparison to freshly isolated arteries, is solution 2 (Table 2). 

Inn this HTK-based solution chloride has been replaced by sulfate and phosphate. In a 

previouss study, the reduction of chloride in St. Thomas' Hospital solution was shown to be 

beneficiall  in the preservation of human endothelial cell cultures38. It was suggested that the 

replacementt of chloride by impermeable anions inhibits cell swelling during hypothermic 

preservation.. In our study the replacement of chloride by sulfate and phosphate did not 

influencee endothelium-dependent relaxations of the tissue. These results indicate that 

smoothh muscle cells but not endothelium cells benefit from a reduction of chloride or an 

increasee in sulfate and phosphate in HTK. Replacement of histidine for lactobionate did 

nott improve smooth muscle and endothelium cell function preservation. This result is in 

linee with the study reported by R. Sumimoto et al. in which no differences were observed 

betweenn an experimental histidine-lactobionate solution and UW solution in a dog liver 

transplantt model  39. Finally, increasing the potassium concentration in HTK solution 

fromm 10 mM to 37 mM also did not improve the preservation of contractile responses and 

endothelium-dependentt and endothelium-independent relaxations of the tissue. From 

thesee results, it can be concluded that the preservation efficacy of HTK solution can be 

improvedd by changing the chloride, sulfate or phosphate concentration. In fact, this has 

inn part taken place in Celsior. Further research is needed to elucidate the contributions 

off  these and other solutes to the preservation of cells during hypothermic storage and to 

clarifyy the mechanisms through which these solutes protect organs against degradation 

duringg hypothermic preservation. 
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Inn conclusion, with respect to preservation of arterial smooth muscle and endothelium cell 

function,, UW is superior to 0.9% (w/v) NaCl, HTK and Celsior solutions for prolonged 

preservationn (7 days) of carotid arteries. The differences in reducing the rate of tissue 

degradationn are, amongst others, related to the chloride, sulfate or phosphate concentration 

inn the preservation solution. 
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