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Histologic alterations of rat kidneys perfused with a Euro-Collins diltiazem solution1
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ABSTRACT
Purpose: Analyse the histologic changes of rat kidneys perfused with isotonic saline solution (ISS), Euro-Collins solution (ECS) and
Euro-Collins solution with diltiazem (ECSD). Methods: Thirty-six Wistar rats were used divided equally, as follow: group A (ISS),
group B (ECS) and group C (ECSD). Through a catheter placed into the abdominal aorta, a renal perfusion was performed using a
solution according to the group to which the animal belonged. After the complete perfusion, bilateral nephrectomy was performed and
the organs were preserved under hypothermia for five distinct periods of time. Glomerulus and tubule were evaluated through optical
microscopy. Results: Renal perfusion with ECS and ECSD proved effectiveness in the preservation of the organs up to 36 hours and
an increase in the percentage of injured glomeruli was noticed only in the period of 48 hours. Conclusions: The results showed that
exists an association between the tubular injury and the glomeruli lesion degree; kidneys with a higher degree of tubular damage were
related to severe glomerular lesion. Also, the addition of a calcium channel blocker, diltiazem, to the ECS for the renal perfusion does
not decrease the percentage of glomerular lesion.
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RESUMO
Objetivo: Analisar as alterações histológicas nos rins de ratos perfundidos com solução salina isotônica (ISS), solução Euro-Collins
(ECS) e solução Euro-Collins com diltiazem (ECSD). Métodos: Foram divididos, de forma igual, 36 ratos Wistar, como se segue:
grupo A (ISS), grupo B (ECS), grupo C (ECSD). Através de um cateter localizado na aorta abdominal, foi realizada a perfusão renal
com a solução de acordo com o grupo ao qual o animal pertencia. Após a perfusão total, realizou-se nefrectomia bilateral com a
preservação dos órgãos sob hipotermia por cinco períodos distintos de tempo. Glomérulos e túbulos foram avaliados por microscopia
óptica. Resultados: Tanto a perfusão renal com ECS quanto a com ECSD provaram sua efetividade na preservação dos órgãos em até
36 horas e aumento da porcentagem de glomérulos injuriados foi notada apenas no período de 48 horas. Conclusões: Os resultados
mostraram haver uma correlação entre a injúria tubular e o grau de lesão glomerular; rins com um maior grau de dano tubular foram
relacionados com lesão glomerular severa. Além disso, a adição de um bloqueador de canal de cálcio, diltiazem, à ECS para a perfusão
renal não diminui a porcentagem de lesão glomerular.
Descritores: Diltiazem. Perfusão. Rim. Ratos.
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Introduction
The goal of ideal renal preservation is to promote the
necessary time for cross matching, receiver selection, transportation
of graft and preparing the receiver for surgery as well as leading
to early reestablishment of renal function as the delay would incur
into considerable costs due to longer hospital stay and need for
repeated dialysis1.
Prolonged organ preservation has only become possible
after the development of intracellular electrolyte composition
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solutions 2. Since then many changes in the composition of
solutions have been performed. Aiming at prolonging renal graft
preservation time without, however, altering the organ’s viability
and function, studies have been performed by adding different
substances to the perfusion solution such as oxygen3, steroids4,
free radical scavengers5,4 and calcium channel blockers such as
trifluoperazine6, verapamil7 and diltiazem8,9.
Considerable interest has been shown recently in
the calcium function as possible irreversible cell damage mediator
after ischemia period. Cell membrane ischemic injury is associated
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to the influx of calcium from the extracellular compartment into
the intracellular compartment and as a consequence with the
activation of calcium-dependent catabolic process10.
Based on previously mentioned data this study has been
proposed in order to assess histological changes occurred in rat
kidneys submitted to perfusion with isotonic saline solution (ISS),
Euro-Collins solution (ECS) and Euro-Collins solution associated
to diltiazem (ECSD), calcium channel blocker in different periods
of preservation.

inside the Bowman’s capsule. On the other hand, glomeruli were
considered as damaged (Figure 2) whenever they presented a
contraction of glomerular tuft with approximation of structures,
contents inside the Bowman’s capsule or vacuolization of
endothelial cells. The degree of glomerular lesion has been
characterized as: light (up to 25% of damaged glomeruli),
moderate (26% to 50% of damaged glomeruli), sharp (51% to 75%
of damaged glomeruli) and severe (above 75% of damaged
glomeruli).

Methods
Thirty six Wistar rats have been used (Rattus norvegicus
albinus, Rodentia mammalia) divided into three groups with twelve
animals each. Group A: perfusion with ISS, group B: perfusion
with ECS and group C: perfusion with ECSD (25mg/l). The rats
have been submitted to inhalation anesthesia with commercial ether
followed by xyphopubic median laparotomy with the exposure of
the abdominal cavity. A dissection of the aorta above and below
the renal vessels has been conducted after laparotomy. The aorta
has been isolated above the celiac trunk being repaired at this level
with 5-0 silk yarn. In the distal portion a ligation of the aorta and
the vena cava has been performed right above its bifurcation to
the iliac vessels. Aorta has been catheterized with catheter type
Abocath® 24 introduced right above the iliac bifurcation11. After
checking of blood reflux in the catheter, meaning it was correctly
positioned; renal blood flow has been interrupted by the traction
of superior aortic repair. Immediately after a renal perfusion has
been initiated using the solution according to the group the animal
belonged to. Temperature of used solutions were always at 4ºC12,13
and perfusion pressure was of 100 cm H2O14 for every group (A,
B and C). During perfusion a change in color of the bowel and
renal parenchyma has been observed. Such changes have been
used as criteria for effective perfusion, being interrupted at the
moment kidneys showed a homogeneous color or at least five
minutes after beginning of perfusion. After bilateral nephrectomy
kidneys have been stored in plastic package containing 30ml of
perfusion solution (ISS, ECS, ECSD) at 4ºC and placed inside
another plastic package containing 10ml of ISS and ice15. After
being properly identified, the package has been stored in thermal
container with ice. The kidneys have been preserved and fixed
for histological analysis in five different periods: 0 (right after
perfusion was finished), 12, 24, 36 and 48 hours. The choosing of
period of kidney has been done through draw.

FIGURE 1 - Photomicrography from kidney tissue showing two
glomeruli (G) with usual capillary and mesangial cellularity (HE 400x)

Histological study
From 72 kidneys used in this experiment 12 have been
analyzed from the histological point of view at period 0 and 15
kidneys in each one of the other periods. After draw, kidney was
sectioned longitudinally on its anti-hilar edge for adequate
fixation. The blades have been made with three cutting levels,
with intervals of 5 micrometers between them stained with
hematoxylin and eosin (HE)16. Two renal structures have been
evaluated: glomeruli and tubules. Total number of glomeruli as
well as damaged glomeruli have been accounted for. Glomeruli
were considered normal (Figure 1) whenever capillary loops
were open, with thin walls and whenever there was no content

FIGURE 2 - Photomicrography from kidney tissue showing damaged
glomeruli. Contraction of glomerular tuft (*).Mesangial disorganization
and content amorphous eosinophilic () inside the Bowman’s capsule
(HE 400x)

Evaluation of tubular damage has been carried out
according to kidney’s compromising extension. Renal tubules
have been considered normal whenever coated by a single layer
of cuboid cells of dense eosinophilic cytoplasm and tubular lights
were optically empty. Injured tubules presented cytoplasmic
vacuolization in different degrees. Four different categories were
used, according to Chart 1.
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CHART 1 – Tubular damage degree

+
++
+++
++++

Only a faint cortical band presented tubular vacuolization
Besides cortical compromising, some medullar tubules have also been compromised
Cortical and medullar region compromised but still presenting preserved areas
Diffuse cortical and medullar vacuolization, with no preserved areas

Statistical analysis

for evaluation of this association was estimated. In every test the
adopted significance level was of 5%.

Thirteen rats were considered for the statistical analysis,
randomly placed in 3 groups (10 rats each group), being both
kidneys from each rat used. In total, 60 kidneys have been
considered. Result evaluations have been done in 4 periods: 12
hours, 24 hours, 36 hours and 48 hours. For each one of the
variables (weight of rats, time and volume of perfusion) null
hypothesis of equal averages has been tested for the three groups
considered (A, B and C), versus an alternative hypothesis in which
at least one of the groups presented an average different from the
others. For that matter Cochran test has been applied. In case there
was significant difference between the groups “t as in student”
tests was adopted for independent samples. For variable analysis
(total number of glomeruli, percentual of damaged glomeruli and
tubular damage) the Mann-Whitney non-parametrical test was
adopted. For research of association between damaged glomeruli
and tubular damage the Spearman’s rank correlation coefficient

Results
From 36 rats used in the experiment 6 of them were
used in period 0 (4 kidneys in each group: A, B and C). In every
kidney histological analysis showed normal renal architecture,
presenting normal glomeruli and absence of tubular damage in
period 0. Therefore, such kidneys were not part of statistical
analysis; however, they have been used as pattern for histological
study in the remaining periods (Table 1).
As for rats’ weight (p=0.1786) and perfused solution
volume (p=0.9288) in each rat, results showed that there was no
significant difference between the three groups. As for perfusion
time, kidneys perfused with ECS presented a bigger perfusion time
than kidneys perfused with ISS (p=0.0000001) and ECSD
(p=0.0014).

TABLE 1 – Statistical comparison of total glomeruli counting and damaged glomeruli
among groups a, b and c in the analyzed periods

PERIOD
12

24

36

48

COMPARED
GROUPS
AxB
AxC
BxC
AxB
AxC
BxC
AxB
AxC
BxC
AxB
AxC
BxC

COUNTING
GLOMERULI (p value)
0.1150
0.1666
0.9166
0.0361 *
0.0361 *
0.6015
0.0283 *
0.2506
0.6752
0.5284
0.0749
0.4620

DAMAGED
GLOMERULI (p value)
0.0723
0.0947
0.4101
0.0088 *
0.0439 *
0.2448
0.0088 *
0.0723
0.5296
0.0088 *
0.3321
0.3458

* Comparisons in wich were a rejection of the null hypothesis at significance level of 5%.
A: Kidneys perfused with SSI.
B: Kidneys perfused with SEC.
C: Kidneys perfused with SECD.

There was no significant difference in total number
of glomeruli in the different periods (p<0.05). There was a
significant difference, however, in the percentual of damaged
glomeruli in each group between the periods 12x24 (p=0.0088),
12x36 (p=0.0088) and 12x48 (p=0.0088) hours in group A,
between periods 12x48 (p=0.0465) hours in group B and between
periods 12x48 (p=0.0232) and 24x48 (p=0.0439) hours in group C
(Table 2).
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TABLE 2 – Frequencies observed in comparison of degree of
glomerular injury and tubular damage

Glomeruli
Light lesion
Moderate lesion
Sharp lesion
Severe lesion
Total

+
12
1
0
0
13

Tubular Damage
++
+++
++++
12
12
0
0
0
1
0
4
4
0
3
11
12
19
16

Total
36
2
8
14
60
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Discussion
The choice of rat as an experimental animal in this study
was due to ease in obtaining and handling such animal and the
accordance of literature which states rats’ isolated kidney as a
doable and reliable method for evaluation of organ preservation4,17.
The choice for diltiazem in this work was based on the
action mechanism of this blocker in the calcium channel. Diltiazem
enhances blood renal flow through direct vasodilation of gromeruli
afferent arterioles. It also prevents calcium ions from entering
intracellular space, consequentely interrupting vicious cycle
initiated by ischemia which leads to cellular damage. Besides,
this substance enhances urinary volume and it is also natriuretic,
as it inhibits sodium reabsorption by the distal tubules. That fact
itself enhances glomerular filtering index due to the bigger renal
perfusion produced by the increase of cardiac debit.
Perfused kidneys with ECS presented bigger perfusion
time than kidneys perfused with ISS (p=0.000001) and ECSD
(p=0.0014). On the Iriarte and collaborators study, performed in
1981, there has been a difference in perfusion time between kidneys
perfused with the same solution (Collins and Sacks-Kaufman
solutions). Difference in perfusion time found on this work
may be due to the different compositions of solutions used in
renal perfusion, when a given solution demands a bigger time
to perfuse the same volume.
Normal and damaged glomeruli counting has been
carried out in a comparative way and aiming at evaluating kidney
preservation. This method is little regarded in literature. In the
present study and average of 95.85 glomeruli were counted in each
kidney, varying from 66 to 126 glomeruli. In order to keep an
average of counted glomeruli the same level of histological cut
has been chosen, making sure the same renal area was assessed
in every case. Results showed statistically significant
difference in the total number of counted glomeruli between
groups ISS x ECS and ISS x ECSD in the 24-hour period and
between groups ISS x ECS in the 36-hour period (p<0.05). There
was no significant difference, however, between the different
periods in each group (p<0.05), confirming that glomeruli
counting was similar in the evaluated groups.
Evaluation of glomerular damage is another factor used
for analysis under the histological point of view, changes and
preservation occurred in graft after perfusion18. In the present
study, glomerular damage present in the different groups and
periods have been evaluated. When groups were compared there
was no significant difference in the percentual of damaged
glomeruli between groups A, B and C in the period of 12 hours,
showing that the three solutions obtained similar results in the
renal preservation during this period. Such data is according to
the Fisher and collaborators work, in 1967, which demonstrated
little glomerular lesion in kidneys perfused with Ringer lactate
solution and preserved under simple hypothermia for up to 12
hours. Results, however, showed that there has been significant
difference in the percentual of damaged glomeruli between
ISS X ECS groups in the periods of 24, 36 and 48 hours and
between ISS x ECSD groups in the period of 24 hours (p<0.05).
Data showed that ECS, being in intracellular solution, has been
more effective in the preservation of glomerular damage than
ISS, which is extracellular.

As for comparisons between ECS x ECSD groups there
hasn’t been significant differences between the percentual of
damaged glomeruli in any of the evaluated periods (p<0.05),
showing that the addition of calcium channel blocker to the
Euro-Collins solution has not been effective in the preservation of
glomerular damage. As for the percentual of damaged glomeruli
the present study evaluated different periods for each group.
Perfused kidneys with ECS showed significant difference when
compared to periods of 12x48 and 24x48 hours. Data suggests
that ECS, associated to diltiazem, provides protection against
glomerular damage for a period up to 36 hours.
Tubular damage is another important and observed
factor in histological changes occurred in preserved kidneys19. A
tubular damage evaluation has been carried out during this study
as well as the association to the degree of glomerular damage.
Obtained results showed direct correlation between tubular
damage and the degree of glomerular damage. Eleven out of
fourteen kidneys which presented severe glomerular damage
have also presented tubular damage. However, none of the
kidneys presenting light glomerular damage showed severe
tubular damage. The result was similar to the one obtained by
Hill and collaborators in 1976, which performed renal biopsy
one hour after transplantation and observed that kidneys with a
higher degree of tubular alteration correlated to a more intense
glomerular damage, which proves the direct correlation between
the degree of tubular alteration and glomerular damage.
Literature on the subject is controversial when it comes
to the results obtained by calcium channel blockers in renal
preservation. Blank et al.20 evaluated the effects of hypothermia
and verapamil in rats’ kidneys submitted to sixty minutes of
ischemia, showing that isolated hypothermia provides a better
protection and that verapamil has not obtained protective effects
against hot and cold ischemia. Such results have been confirmed
by findings of electronic microscopy.
Nakamoto et al.17 has evaluated the effects of verapamil
in renal preservation after 24 hours of hypothermic perfusion
compared to simple perfusion using Euro-Collins solution.
Authors showed that verapamil has not only enhanced kidney
preservation but also improved their function after reperfusion.
The fact that difference in the percentual of glomerular
damage has not been found between groups ECS x ECSD in this
study may be explained by the renal damage caused by tissue
reperfusion. Lesions due to ischemia/tissue reperfusion have been
described in the myocardium, brain, intestine, liver and kidney.
Besides, tissue reperfusion may lead to cellular damage when
tissue reoxygenating.
Cellular injury derived from ischemia/renal reperfusion
may lead to a series of events: depletion of ATP reserves, free
radicals formation derived from oxygen, cellular acidosis, increase
in calcium cellular ions influx, lytic actions of some enzymes
(proteases, phospholipases) and cellular apoptosis. The ischemic/
reperfusional phenomena also involves the production of
inflammatory mediators, activation of endothelial cells and
leukocitary activation.
Therefore, protective action of calcium channel blockers
may happen when beginning tissue reperfusion. Anaise et al.6
has used calcium channel blocker (verapamil) during kidney
perfusion in dogs and submitted to reperfusion after preservation
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for 48 and 72 hours. This substance showed favorable effect in
the renal blood flow, decreasing the effects caused by tissue
reperfusion.
Conclusions
Based on the results in this work it was concluded that
the addition of diltiazem to the Euro-Collins solution has not
decreased the percentual of damaged glomeruli when compared
to the Euro-Collins solution itself in the periods of 12, 24, 36
and 48 hours. Is has also been observed that perfusion with
Euro-Collins solution and Euro-Collins solution with addition
of diltiazem are effective in the preservation of renal histology
for a period up to 36 hours.
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