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Summary. Kidneys were perfused either with Euro-Collins- 
solution or with HTK-solution of Bretschneider. The per- 
fusion pressure as well as the perfusion flow were measured 
during a six-minute perfusion. The perfusion resistance was 
higher in Euro-Collins-kidneys than during HTK-perfusion. 

The venous outflow of the kidney as well as the ureteral 
outflow was measured during each minute of the perfusion 
and has analysed for osmolality, and for sodium and potas- 
sium concentrations. In Euro-CoUins-kidneys a complete 
"equilibration" of the extracellular space was not achieved, 
while during HTK-perfusion concentrations in the venous as 
in the tubular outflow, similar to those in the HTK-solu- 
tion itself, could be reached. At the end of the different per- 
fusions, tissue was analysed for biochemical parameters 
such as ATP, ADP, AMP and lactate as well as for morpho- 
logical features. Lactate had increased and ATP had decrea- 
sed during perfusion with Euro-Collins-solution, while ATP 
had not changed and lactate had decreased during perfu- 
sion with HTK-solution. Normal glomerular, tubular and 
dilated vascular structures can be seen after HTK-perfu- 
sion, while a glomerular and vascular contraction takes 
place during Euro-Collins-perfusion. 

Key words: Kidney perfusion, Equilibration, HTK-solution, 
Euro-Collins-solution. 

Introduction 

Apart from the controversy whether to perfuse kidneys 
continuously [2, 11] or to "flush" kidneys prior to hypo- 
thermic storage with a protective solution such as the Euro- 
Collins- [9] or the Sacks-solution [39], it is not clear how 
much solution should be used for flushing, or for an initial 

* Supported by the Deutsche Forschungsgemeinschaft, SFB 89 - 
Kardiologie G6ttingen 

short-term perfusion of kidneys to "equilibrate" the extra- 
cellular space of the kidney with the perfusate. Therefore, 
we perfused dog kidneys either with Euro-CoUins- [9] or 
with HTK-solution of Bretschneider [5-7 ,  23, 25, 40] to 
study both the venous outflow and also the ureteral out- 
flow, which we term "Kunstharn"-diuresis. 

Only a complete "equilibration" of the extracellular 
space of the kidney, including the vascular and the tubular 
system, is able to fill the advantageously large extracellular 
space. Only by a complete equilibration of the whole ex- 
tracellular space of the kidney, will the desired protective 
principles of buffering [5, 22], and "intracellular like"-com- 
position [1, 8, 9, 13, 32, 39, 45], be realised. Therefore 
only by specification of how much solution should be used, 
can the protective ability of different solutions be compared. 

The aim of this study was to perfuse kidneys for 6 rain 
with the Euro-Collins-solution or with the HTK-solution 
and to measure the effects of perfusion, both during and 
after the 6 minute period with special regard to biochemical 
analyses (ATP, ADP, AMP, lactate) and also with regard to 
morphological features. 

Materials and Methods 

Experiments were performed on 49 kidneys of mongrel dogs of ei- 
ther sexes with a median body weight of 32 kg. After premedication 
with 90 mg piritramide 1 and 0.5 mg atrophine 2 by intramuscular 
injection, anaesthesia was induced after 30 min with 10-15 mg/kg 
body weight sodium thiopental 3 and continued with a combination 
of halothane 4 (0.4-1.5 Vol%) and N20/O 2 (80:20). Respiration 
was maintained via an endotracheal tube with a Dr~ger respirator 
AV15, with an end-expiratory CO 2 value of about 5.5% measured 

1 Dipidolor; Janssen GmbH, Diisseldorf, FRG 
2 Atropinsulfat Drobena; Drobena Arzneimittel GmbH, Berlin, 
FRG 
3 Trapanal; Byk Gulden, Konstanz, FRG 
4 Halothan Hoechst, Hoechst AG, Frankfurt am Main, FRG 
s Dr/iger Respirator AV1, Dr~iger Werke, Lfibeck, FRG 
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Table 1. Composition of kidney protective solutions used 

Euro-Collins- HTK-s01ution 
solution of Bretschneider 

Na + 10 15 
K + 115 10 
Ca ++ _ _ 
Mg++ - 4 

C1- 15 50 
HCO~ 10 - 
HPO~-- 43 - 
H 2 PO~-- 15 

Glucose 198 
Mannitol 
Buffer Bikarbonate, 

Phosphate 
Osmolarity: calculated 406 mosmol/1 
pH 7.3 (8 °C) 
pO 2 ~100 mmHg (37 °C) 

m 

30 
Histidine, 
Histidine-HC1 
310 mosmol/1 
7.3 (8 °C) 

~200 mmHg (37 °C) 

(all concentrations are expressed as mmol/1) 

continuously with a Datex CO26 analyser. Fluid balance was main- 
tained by 500-1,000 ml Tutofusin 7 and 500 ml glucose 5% 8 until 
kidney perfusion with the Euro-Collins -9 or with the HTK-solution 
of Bretschneider 10 was started. The dogs received 1.250 I.U. hepa- 
tin 11 about 20 rain before perfusion. The arterial blood pressure 
was continuously monitored with a statham element (P 23 ID) 12 
and an amplifier 13 via a catheter lying in the brachialis artery and 
was maintained around RR 120/80 mmHg at a heart rate of about 
80/rain. Arterial blood samples were taken through this catheter 
for controlling the acid-base -14 and the Na+/K+-status 15 of the ani- 
mal. During operation standard leads were used to record ECG 16. 

After median laparotomy the kidneys were freed from the peri- 
toneum and the v. cava inferiotis and the aorta abdominaiis were 
dissected proximal and distal to the origin of the left and right vv. 
renales and aa. renales. A kidney perfusion catheter (described in 
detail in ref. [271) was inserted into the aorta abdominalis distal to 
the origins of the aa. iliaca communes and was threaded into the re- 
nal artery with a perfusion flow of 100 ml/min of the HTK-solu- 
tion, cooled to about 8 °C, already being delivered by a peristaltic 
pump 17, and fixed in this position by a tourniquet. Immediately 
afterwards perfusion flow was raised to about 400-500 ml/min x 
100 gww (for details see: Results, Fig. 1) and the renal vein was 
incised and clamped close to the v. cava within about 40 s to allow 
the perfusate to escape. If the kidneys were perfused with the Euro- 
Collins-solution, the perfusion flow was only raised after the venous 
incision because of its high potassium content (115 mmol/1) (Table 
1) and the consequent danger of cardiac arrest. After 6 min of 
perfusion with the HTK- or with the Euro-Collins-solution the 
kidneys were excised within a minute and weighed after decapsula- 
tion. Tissue samples consisting of about 2/3 cortex and 1/3 medulla 
were taken immediately after perfusion, homogenized 18 in cold per- 
chloric acid for determination of ATP 19, ADP 2° and AMP 20 as 
well as lactate [18]. For morphological features we used our perfu- 
sion fixation method described recently [24]. 

During perfusion of the kidneys perfusion pressure was measured 
at the tip of the catheter by a statham element (P 23 ID) connect- 
ed to an amplifier. The flow was measured by calibrating the pump 
prior to and after perfusion and the perfusion resistance was calcu- 
lated from the perfusion pressure and the perfusion volume. Samples 
of the perfusion fluid were taken from the tube 21 leading to the 
kidney, so-called "arterial" samples, and samples of the venous 

outflow were taken every minute of perfusion via a catheter in the 
renal vein and a glass syringe. Via the ureteric catheter, urine and so- 
called "Kunstharn" was collected during every minute of perfusion. 
The "arterial" and venous samples were analysed for Na +, K + and 
for PO2 (at 37 o C), from which by Fick's principal oxygen consump- 
tion could be calculated. Osmolality 22, Na + and K + were measured 
in the urine as well as urine volume. 

Results 

The arterial b lood  pressure was 100 m m H g  + / -  10 before  

kidney perfusion with  the Euro-Collins-solution.  The renal 

b lood  f low was 450 ml /min  x 100 gww- Therefore  the or- 

gan resistance was 0.21 m m H g / m l / m i n  x 100 gww. Af ter  

one minute  o f  perfusion the perfusion pressure rose to 130 

mmHg,  al though the perfusion f low was reduced to 300 ml /  

m i n x  100 gww. The calculated perfusion resistance there-  

by c l imbed to 0.55 m m H g / m l / m i n  x 100 gww. F r o m  the 

second minute  o f  perfusion,  the perfusion pressure fell 

to 110 m m H g  with  a constant  f low o f  300 ml /min  x 100 

gww. The perfusion resistance therefore was 0.4 m m H g /  

ml /min  x 100 gww (Fig. 1, at left) .  Before HTK-perfusion,  

the arterial b lood  pressure was 94 + / -  2 mmHg,  the renal 

b lood f low was 440 ml /min  x 100 gww and the resistance 

was 0.21 m m H g / m l / m i n  x 100 gww. The perfusion pressure 

was in the first minute  o f  HTK-peffus ion 80 m m H g  and the 

f low was 480 m m H g / m l / m i n  x 100 gww. The perfusion 

resistance therefore was in the first minute  0.19 m m H g /  

ml /min  x 100 gww. F r o m  the second minute  on the perfu- 

sion pressure was about  115 mmHg.  The f low was reduced 

to 400 ml /min  x 100 gww in the second and to 360 ml /min  

x 100 gww in the third minute .  Thereaf ter  a cons tant  f low 

was reached. The perfusion resistance was therefore 0.3 

m m H g / m l / m i n  x 100 gww during the last 3 rain o f  peffu-  
sion (Fig. 1, at right). 

6 Datex Instrumentation OY;Espoo, Finland 
7 Tutofusion; Pfrimmer & Co. GmbH, Erlangen, FRG 
8 Glucose 5% Braun; B. Braun Melsungen AG, Melsungen, FRG 
9 Euro-Collins-L6sung; Dr. E. Fresenius, Bad Homburg v.d.H., 
FRG 
10 Kardioplegische L6sung HTK nach Bretschneider; Dr. Franz 
K6hler Chemie GmbH, Alsbach, FRG 
11 Heparin-Natrium Braun 2.500 I.E,/5 ml; B. Braun Melsungen 
AG, Melsungen, FRG 
12 p 23 ID; Gould Statham Instr., Oxnard, USA 
13 Vorverstiirker Druek, Hellige GmbH, Freiburg im Breisgau, F RG 
14 Corning S~iure-Basen Analysator 352, Coming GmbH, Giei~en, 
FRG 
15 Na/K-Ionenanaiyser 914, Coming GmbH, Giei~en, FRG 
16 Vorverst~irker EKG, Hellige GmbH, Freiburg im Breisgau, FRG 
17 Doppelpumpe 10 20 00: St6ckert Inst., Miinchen, FRG 
18 Ultra-Turax, Janke & Kunkel GmbH & Co. KG, LKA-Werk, 
Staufen, FRG 
19 Testkombination ATP, Boehringer Mannheim GmbH, Mannheim, 
FRG 
20 Testkombination ADP/AMP, Boehringer Mannheim GmbH, 
Mannheim, FRG 
21 Tygon R3603, Labomatic GmbH, Sinsheim, FRG 
22 Osmometer OM 801 Vogel, Gief~en, FRG 
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Fig. 1. Perfusion pressure, flow and resistance before and during 
kidney perfusion for 6 min either with Euro-Collins-solution (left 
side) or with HTK-solution (right side) 
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Fig. 2. "Arterial" and renal venous oxygen partial pressure (pO 2, 
measured at 37 °C), renal oxygen consumption and venous out- 
flow temperature before and during kidney perfusion for 6 min 
either with Euro-Collins-solution (left side) or with HTK-solution 
(right side) 

The oxygen partial pressure (pO2, measured at 37 °C) 
was 110 mmHg in the Euro-Collins-solution. The venous pO2 
before perfusion with the Euro-Collins-solution was about 
70 mmHg. After one minute of perfusion the venous pO 2 
fell to 45 mmHg, and to 27 mmHg at about 10 °C, and 
then went up to 85 mmHg during the six minutes of per- 
fusion (Fig. 2, left, upper panel). The renal oxygen consump- 
tion was calculated by the a-v O2-content-difference and 
the perfusion flow (ml/min x 100 gww) (Fig. 1). Before 
kidney perfusion the oxygen consumption was between 5 
and 6 ml/min x 100 gww. In the second minute of perfu- 
sion it was 0.5 ml O2/min x 100 gww and fell to 0.2 ml/min 
x 100 gww (Fig. 1, left, lower panel). In the HTK-solution 
the pO2 was between 210-220 mmHg (measured at 37 °C). 
Before perfusion of the kidney, the venous pO2 was 75 
mmHg and rose to 185 mmHg in the first minute of HTK- 
perfusion. During the second and the six th minute of per- 
fusion the venous pO 2 was between 190-200 mmHg. The 
renal oxygen-consumption was in the second minute of 
perfusion about 0.3 ml/min x 100 gww and from the four th 

minute between 0.20 and 0.25 ml/min x 100 gww (Fig. 2, 
at right). 

The osmolality of the Euro-Collins-solution was 3 5 0 -  
360 mosmol/kg H20. Before perfusion the osmolality in 
urine was 450 mosmol/kg H20 , which fell to 380 mosmol/ 
kg H20 within two minutes of perfusion and reached the 
same osmolality as the Euro-Collins-solution. The diuresis 
was between 2 and 3 ml/min x 100 gww before perfusion 
with Euro-Collins-solution. After 2 min of perfusion the 
diuresis was about 5.5 ml/min x 100 gww and reached 
values of 8 -9  ml/min x 100 gww (Fig. 3, at left)• The os- 
molality of the HTK-solution was between 290 and 300 
mosmol/kg H20. Before perfusion the osmolality of urine 
was 310 mosmol/kg H20 , which fell to 280 mosmol/kg 
H20 within two minutes of perfusion and than rose to 
about 295 mosmol/kg H20 similar to the value in the 
HTK-solution. 

The diuresis was 5 ml/min x 100 gww before HTK-per- 
fusion and the diuresis, one minute after perfusion was 



OSMOLALITY OF URINE 

[m .... I/ k g.,o] 

500- 

T 
450- -  x 

l ~  ( n = 1 4 )  

,oo- \T 

I\t._ T 
350 -- ~ ' ~  " ~ ' ~ ' ~ .  ~ ~ ~'~3 E ~  F 

"ar lerial'Osmola~t y ~ ~ -- 

300- -  

250- -  I I 

DIURESIS 
~ 1 / m i n  x 100 gww~ 

15--  

i+_s~ 

1 0 -  

5 -  

O-- 

( n = 2 2 )  

i i i i 

I T. 7 / ;  ' 

I ' I ' I I I ' " '  I ' I ' I 
before 2 4 6 before 2 4 6 ~min]  

E U R O  - C O L L I N S  - H T K  - 
P E R F U S I O N  P E R F U S I O N  

Fig. 3. "Arterial" and perfusion-urine osmolality and volume of 
the urine ("Kunstharn"-diuresis) before and during kidney perfu- 
sion for 6 min either with Euro-Collins-solution (left side) or with 
HTK-solution (right side) 
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Fig. 4, "Arterial", renal venous and urine sodium concentration 
before and during kidney perfusion for 6 min either with Euro- 
Collins-solution (left side) or with HTK-solution (right side) 

7 ml/min x 100 gww and thereafter increased to 12 and 14 
ml/min x 100 gww (Fig. 3, right half). 

The Na+-concentration in the Euro-Collins-solution was 
10 retool/1. The venous Na+-concentration before Euro- 
Collins-perfusion was 145 mmol/1 and was 23 mmol/1 
after one minute of kidney perfusion with the solution. 
After two minutes the sodium-concentration goes down to 
about 16 mmol/1 and reached values of  12 mmol/1 within 
6 rain of perfusion. 

The sodium concentration in the urine before perfusion 
was 70 mmol/1. After 2 rain of perfusion with the Euro- 
Collins-solution the sodium concentration was 60 retool/ 
1 and after 6 rain of perfusion 20 mmol/1, thus two times 
higher than in the Euro-Collins-solution (Fig. 4, at left). 

In the HTK-solution the sodium concentration was 15 
mmol/1. After one minute of perfusion it was about 17 
mmol/1 rising to 15.2 retool/1 after perfusion for 6 min. 
The initial urinary sodium concentration was 110 mmol/1 
and was reduced to the "arterial" value of 15 mmol/1 within 
6 min. 

The potassium concentration of the Euro-CoUins-solu- 
tion was 110 mmol/1, while in the HTK-solution it was 10 
mmol/1. The renal venous K+-concentration prior to perfu- 
sion was 3 mmol/1 and increased to nearly 100 mmol/1 
within one minute of kidney perfusion with the Euro- 
Collins-solution. After 6 rain the venous potassium concen- 
tration was similar to the potassium concentration in the 
Euro-Colhns-solution (Fig. 5, upper left). The potassium 
concentration in the urine prior to perfusion was 40mmol/1. 
It increased to 90 mmol/1 within 6 minutes of perfusion 
(Fig. 5, at left). 

The venous potassium concentration was 3 mmol/1 
before kidney perfusion with HTK-solution and was "equi- 
librated" within one minute of perfusion. The potassium 
concentration in the urine prior to perfusion was 24 mmol/1. 
After one minute of perfusion it reached an average of 26 
mmol/1. After 3 rain the perfusion "urine" was "equili- 
brated" with the potassium concentration of the HTK- 
solution (Fig. 5, right half). 

The renal ATP-content was 10 pmol/gdw, the ADP- 
content was 4 !pmo1/gdw and the AMP-content was 1.5 
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Fig. 5. "Arterial", renal venous and urine potassium concentration 
before and during kidney perfusion for 6 rain either with Euro- 
Collins-solution (left side) or with HTK-solution (right sMe) 
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Fig. 7. Experiment 351, left kidney, silver impregnation (Movat) 
after perfusion fixation [24] immediately after perfusion for 6 rain 
with Euro-Collins-solution; renal cortex: glomerules with retracted 
tuft of capillaries and enlarged glomerular capsule; focal vacuolation 
of the proximal tubulus ephithelia with partial loss of brush border. 
x 210 

Fig. 8. Experiment 320, left kidney, silver impregnation (Movat) 
after perfusion fixation [24] immediately after protective perfusion 
for 6 rain with HTK-solution; renal cortex: glomerulum with well 
unfolded tuft of capillaries. Proximal tubuli with homogenous epi- 
thelia and intact brush border, x 210 

/~mol/gdw with anaesthesia at normothermia. The Total- 

Adenine-Nucleotides (TAN) were therefore about 15 #mol/ 

gdw. The 'renal lactate content was 11-12  /~mol/gdw. 
After perfusion with the Euro-Collins-solution the ATP- 

content averaged 8 /-tmol/gdw, the ADP-content was 4 

#mol/gdw and the AMP-content was 7.5 gmol/gdw. The 
TAN therefore was 19.5 #mol/gdw. The renal lactate 

content was 14/amol/gdw after Euro-Collins-perfusion. The 
ATP-content in HTK-perfused kidneys was 11 #mol/gdw , 
the ADP-content was 4.5 grnol/gdw and the AMP-content 

4 Fig. 6. Renal content of ATP, ADP, AMP and lactate in control 
kidneys and in kidneys perfused for 6 rain with Euro-Collins-solu- 
tion or with HTK-solution 
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was 7 #mol/gaw. The TAN was therefore 22/lmol/gaw. 
The lactate content was 3.5 ~tmol/gdw in HTK-perfused 
kidneys (Fig. 6). 

Kidneys, which were perfusion-fixed immediately after 
the Euro-Collins-perfusion showed by light microscopy 
arterial contraction and a retraction of glomerular capillaries 
with an enlarged volume between the capsule and the capil- 
laries. The proximal tubule demonstrated flat cells with an 
intact brush border beside enlarged cells with vacuoles 
and a loss of the brush border (Fig. 7). 

The HTK-perfused kidneys showed dilated afferent and 
efferent arterioles, free capillaries within the glomerulum 
and intact and widely dilated proximal and distal tubules 
(Fig. 8). 

Discussion 

Short-term perfusion of kidneys with subsequent hypother- 
mic storage is a simple technique for kidney preservation. 
Nevertheless, initial protective perfusion of kidneys is not 
standardized. The duration and volume of perfusion vary. 
Different protective solutions rely on different principles 
for optimum effect [9]. This is the reason for different and 
not totally comparable results of experimental or clinical 
kidney preservation. Therefore, we examined the perfusion 
of canine kidneys on the one hand with the Euro-Collins- 
solution and on the other hand with the HTK-solution of 
Bretschneider. The composition of the solutions differs 
with respect to potassium concentration by a factor of 11. 
There are differences in principle with respect to the buffer 
used, its concentration and with respect to the osmotic 
source, i.e. glucose or histidine. The composition of both 
solutions used is similar with respect to sodium-concentra- 
tion and both solutions are calcium-free. 

The myocardium possesses, in contrast to the kidney, 
myoglobin as an oxygen store and possesses as a further 
energy store phosphocreatine [3-5 ,  14, 16, 43]. While 
myoglobin covers oxygen demand at normothermia for 
5-10  s, phosphocreatine is able to maintain energy supply 
for 1-3 min. Thus the myorcadium, can resist a short-term 
lack of oxygen, while the kidney, which possesses no oxy- 
gen store beside physically dissolved oxygen and no phos- 
phocreatine, is vulnerable to short-term hypoxia which 
leads to a decrease of ATP [3, 14, 43]. Therefore an effec- 
tive kidney protective method has to allow high perfusion 
rates, ab initio without generating cardiac problems. A 
potassium concentration of more than 110 mmol/1 as in 
the Euro-Collins- or the Sacks-solution is in our opinion 
not usuable for in situ protection of kidneys. Further, it is 
also probably not optimal for transplantation of kidneys, 
as the high potassium concentration leads to a higher per- 
fusion resistance (Fig. 1) possibly by a contraction of 
glomerular capillaries (Fig. 7). Only after the second and 
third minute of perfusion is a venous pO2 outflow from the 
kidney of more than 50 mmHg reached. Therefore a criti- 

cal low oxygen partial pressure in the tissue of the kidney 
may have existed during the first two to three minutes of 
perfusion leading to a reduction of ATP and an inrease 
of lactate (Fig. 2 and 6). Using HTK-solution as perfusate, 
perfusion resistance is not changed during introduction of 
the perfusate. 

Prevention of smooth muscle contraction is in principle 
possible by Na +- and Ca*+-withdrawal. But an increase 
of potassium to 115 mmol/1 as in the Euro-Collins-solution 
leads to a long duration of depolarisation [ 12]. During further 
perfusion, the Na+-reduction to 10 mmol/1 and the Ca ++- 
withdrawal by the Euro-Collins-solution became effective, 
by cancelling excitation contraction coupling. Probably 
the perfusion resistance was thereby reduced to 0.4 mmHg/ 
ml/min x 100 gww (Fig. 1). 

The renal oxygen consumption, which depends mainly 
on Na+-resorption [10], was also reduced to 0.2 ml/min x 
100 gww. This value is very similar to values published by 
Levy [34], although in his experiments kidneys were per- 
fused by blood, with a higher sodium concentration. Pro- 
bably all oxygen-consuming transport processes [15-17, 
21, 35, 36, 41], mainly Na+-reabsorption [10] cease below 
10 °C [34, 37], thus only oxygen consumption necessary 
for maintaining structure can be measured. 

By reducing or nearly preventing Na+-reabsorption, by 
Euro-Collins as well as by HTK-solution the concentration 
gradients [19, 20, 29, 30, 31, 44, 46] existing normally 
from kidney cortex to medulla, were washed out. The os- 
molality in the perfusion urine became similar to the osmo- 
lality of the respective protective solution during perfusion 
so that by a complete "equilibration" of the extracellular 
space of the kidney an abolition of the countercurrent sys- 
tem of the kidney took place, by reduced Na+-reabsorption 
and by washing out osmotic gradients. During HTK-perfu- 
sion the sodium-concentration was "equilibrated" in the 
venous outflow within 3 4  min and in the tubular-collect- 
ing-duct system within 6 min under optimal conditions be- 
fore and during perfusion, i.e. high preperfusion diureses 
[26] and a sufficiently high perfusion pressure was [27] 
followed by a high perfusion diuresis. Urea, necessary 
for the concentration effect of the countercurrent multipli- 
cation system [33], was washed out within 4 min of HTK- 
perfusion (not shown). 

Using the advantageously large extracellular space of the 
kidney the vascular system must be equilibrated with the 
protective solution, and in addition the perfusate must also 
equilibrate with the ramified tubular and collecting duct 
system of the kidney. For example, a buffered solution 
can protect tubulus cells against damaging acidosis [22] 
from the luminal side as well as from the vascular side. 
Therefore, sufficient perfusion diuresis has to be attained, 
which is possible at a perfusion pressure of 80-100 mmHg. 
During HTK-perfusion, a perfusion diuresis of about 13 ml/ 
min x 100 gww was reached, corresponding to about 56 1 
for 300 g human kidneys over 24 h. These are values which 
can be reached in the absence of colloids in the HTK-solu- 
tion, as the net utrafiltration pressure is doubled. 



According to results of Kehrer et al. [26], the amount 
of perfusion diuresis depends on preperfusion diuresis and 
the higher the preperfusion diuresis and the lower the pre- 
perfusion osmolality in the urine, the lower is the perfu- 
sion resistance on kidney perfusion with the HTK-solution 
[28]. Whether this is also correct for perfusion of kidneys 
with the Euro-Collins-solution with an osmolality of about 
340-360 mosmol/kg H20 is uncertain [38,42,45].  A furo- 
semide dose of 0.1 mg/kg body weight is adequate to indu- 
ce preperfusion diuresis of about 5 ml/min x 100 gww 
under these reported circumstances of anesthesia and hy- 
dration. Therefore, prior to a protective perfusion with the 
HTK-solution, concentration gradients were almost washed 
out by a preperfusion diuresis. Nevertheless, sodium reab- 
sorption is supposed to be not completely inhibited prior 
to protective perfusion and therefore the decrease of osmo- 
lality in the perfusion urine during the second and third 
minute of perfusion with the HTK-solution (Fig. 3, at 
fight) might have been a sign of a washout of the fluid 
from the ascending part of Henle's loop, and not of histi- 
dine reabsorption [ 17]. During further perfusion nearly all 
transport processes [15] cease due to cooling the kidney be- 
low 10 °C and also due to the electrolyte composition of 
the solution, thus resulting in an equilibrium of osmolahty, 
sodium and potassium concentration of the venous and 
ureteral outflow with the HTK-solution. 

During kidney perfusion with Euro-Collins-solution, an 
equilibrium with the osmolality of the Euro-Collins-solu- 
tion occurred, but the sodium as well as the potassium 
concentration in the ureteral outflow was not equilibrated 
to the concentration of the respective electrolyte in the 
solution. If total osmolality was in equilibrium with the 
Euro-Collins-solution, but Na + and K + were not, another 
ingredient of the solution would have to be reabsorbed or 
rediffused. The highest concentration of such another sub- 
stance was glucose with nearly 200 retool/1. As we have 
shown [22], the glucose content of dog kidneys, perfused 
with Euro-Collins-solution, was about 800 /~mol/gdw , i.e. 
16 times higher than in unperfused kidneys. 

Kidneys contain according to Gedach [14], Bergstr6m 
[3] and Thorn [43], 8 -12  ~tmo1/gdw ATP and about 5 -10  
gmol/gdw lactate. These values are comparable to our 
results given in Fig. 6 as control values. At the end of per- 
fusion of kidneys with the Euro-Collins-solution, ATP 
changed little to about 8 /lmol/gdw , ADP was similar to 
control, values AMP increased to about 7.5 /lmol/gdw and 
lactate rose to about 11.5 /lmol/gdw. This increase of lac- 
tate and the smaU decrease in ATP may have been related 
to the low oxygen pressure of about 100 mmHg at 37 °C 
in the Euro-Collins-solution, which was 60 mmHg PO2 
at 10 °C because of the changed solubility of oxygen in the 
solution. The venous oxygen pressure, reached in the first 
and second minute of protective perfusion, was only 25 
to 30 mmHg at 10 °C. The other possible explanation was, 
that energy turnover was stimulated during the first to 
third minute of perfusion by the potassium and the glucose 
content of the solution. 

I1 

The ATP-content of HTK-protected kidneys was 11 gmol 
gdw, ADP was not changed relative to control, AMP was 
7 /lrnol/gdw , thus TAN was about 22 ~mol/gdw. Lactate 
content decreased to 3.5 ~mol/gdw. The oxygen consump- 
tion at the end of protective perfusion was about 0.2 ml/ 
m i n x  100 gww (Fig. 2). Thus the energy turnover at the 
end of "nephroplegia" was decreased similar to the effect 
of Euro-Collins-solution. As the HTK-solution allowed 
higher perfusion rates at the beginning of protective perfu- 
sion and contained an oxygen pressure of about 200 mmHg, 
there was a complete transfer from an aerobic-blood per- 
fusion to an aerobic-protective perfusion with HTK-solut- 
tion, which led to an optimal preparation at the beginning 
of ischemic stress. 
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