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Introduction

Summary

Brain death (BD) is associated with profound inflammation in end-organs.
Dopamine (DA) treatment reduces this inflammatory response, but the under-
lying mechanisms remain thus far largely unknown. In this study, we investi-
gated if the anti-inflammatory effect of DA was related to hemodynamic
stabilization and by which receptors it was mediated. BD was induced in F344
donor rats. DA was given either before BD for 24 h or after BD induction dur-
ing a definite time. Adrenergic or D-receptor blockers were administered to
inhibit the receptor stimulation mediated by DA. Hemodynamic changes were
recorded and kidneys were harvested after 6 h of BD. Mean arterial pressure
was completely normalized by DA treatment. DA pretreatment before BD
induction and treatment during BD both significantly inhibited the monocyte
infiltration. The anti-inflammatory as well as its blood pressure stabilizing
effect was abrogated by concomitant application of adrenergic receptor block-
ers. In contrast, concomitant application of D-receptor blockers only abrogated
the anti-inflammatory effect, but did not affect blood pressure stabilization. In
contrast, pergolide and adrenergic receptor blockers completely normalized the
blood pressure, but did not affect renal inflammation. Hence, DA might reduce
BD-induced monocyte infiltration possibly by hemodynamic stabilization,
D-receptor activation, or a combination of both.

resulting in profound vasoconstriction. As BD ensues,
serum catecholamine concentrations drop again. The pro-

The majority of renal allografts are still retrieved from
deceased donors. Brain death (BD) is considered to be an
important cause of pretransplantation injury. It is associ-
ated with hemodynamic instability, hypotension, hypo-
thermia, coagulopathies, and electrolyte abnormalities [1].
In addition, a number of immunologic alterations occur,
e.g. cytokine release and upregulation of adhesion mole-
cules that eventually lead to inflammation in end-organs
[2—4]. Tt is believed that the release of endogenous cate-
cholamines plays a pivotal role in this process. During
BD, serum catecholamine concentrations increase rapidly,

cess of vasoconstriction and subsequent vasodilatation
dramatically influences blood pressure and defines the
so-called ‘autonomic storm’ [5,6].

Catecholamines are frequently used in intensive care
medicine to stabilize blood pressure in critically ill
patients and in patients with irreversible brain injury
[7-9]. There are conflicting data in the literature regard-
ing the mode of action and effects of dopamine (DA) in
clinical kidney transplantation [10-13]. In two retrospec-
tive clinical studies, however, Schnuelle et al. [14,15]
demonstrated that DA treatment of brain-dead donors
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have a beneficial effect on delayed-graft function and
long-term renal allograft survival. Although the precise
mechanisms by which DA may improve the transplanta-
tion outcome after renal transplantation are not known
thus far, several mechanisms have been suggested. Dop-
amine is able to induce the expression of the heme oxyge-
nase 1 (HO-1) in endothelial cells [16], delays the
expression of adhesion molecules after TNFo stimulation,
inhibits the production of chemokines in renal tubular
epithelial and endothelial cells [17], and protects endo-
thelial cells against cold preservation injury [18]. More-
over, treatment of brain-dead rats with DA reduces
monocyte infiltration and major histocompatibility com-
plex (MHC) class II expression in donor kidneys [19].

As DA treatment also improves hemodynamic instabil-
ity in BD donors, it is unclear to what extent the benefi-
cial effect of donor DA treatment on transplantation
outcome is primarily mediated by blood pressure stabil-
ization. In this study, we therefore tested the hypothesis
that the anti-inflammatory effect of DA is independent of
blood pressure stabilization. We investigated the involve-
ment of o- and B-adrenergic- as well as dopaminergic re-
ceptors in this regard.

Methods

Animals

Inbred male Fisher (F344, RT1"") rats weighing 200—
250 g were obtained from Harlan-Winkelmann (Borchen,
Germany). Animals were kept under standard conditions
and fed standard rodent chow and water ad libitum. All
procedures were performed according to the Guide for
the Care and Use of Laboratory Animals published by the

Effects of dopamine treatment in deceased donor rats

National Academy of Sciences and were approved by the
local authorities (RP Karlsruhe, AZ 35-9185.81/27/04).

Experimental protocol

Before induction of BD, donor animals were anesthetized
with ketamine (Ketanest, Pfizer, Karlsruhe, Germany,
100 mg/kg i.p.) and xylazine (Rompun, BayerVital, Lever-
kusen, Germany, 6 mg/kg i.p.) and placed on a heating
table to keep their body temperature constant. A 3F Fog-
arty catheter was inserted epidural in an occipital burr
hole and gradually inflated during 1 min with 200 pl of
saline. The state of BD was verified by the occurrence of
autonomic storm, the absence of corneal reflexes and by
an apnea test. All animals were mechanically ventilated by
a tracheostoma with a rodent ventilator (Ugo Basile,
Comerio, Italy). Systemic blood pressure [mean arterial
pressure (MAP), mm HG] was continuously measured
during the whole experiment (6 h) by a femoral arterial
catheter (Statham pressure transducer P23Db and a Gou-
Id pressure processor, FMI, Ober-Beerbach, Germany).
Anesthetized, non-brain-dead ventilated donor animals
without inserted Fogarty catheter served as controls. The
animals were divided into 10 groups. Donor animals were
treated iv. by microinjection pumps (CMA/100, CMA/
Microdialysis, Sweden) according to the following scheme
(Fig. 1):

Group 1: Vehicle non-BD (VEH-NBD), Fisher rats
non-BD ventilated plus NaCl 0.9%.

Group 2: Vehicle BD (VEH-BD), Fisher rats BD plus
NacCl 0.9%.

Group 3: Dopamine BD (DA), Fisher rats BD plus DA
10 pg/min/kg [19,20] during the first 3 h of BD.

Group Brain Death Treatment Renal Explantation
Induction (t = 0) (t=6)
| VEH-NBD saline ‘
I VEH-BD saline ‘
m DA (saline)
v DA+ADR.Block (saline)
Vv DA+D-Block (saline)
Figure 1 Schematic representation of }D-A onist Salirie
all intervention studies. Brain death was Vi | 9 |
induced in groups (I-VII, IX + X) at tim- Vil D-Agonist+ADR.Block (saline) ‘
gp0|nt t = 0, and routine data monitor- VEH-NBD 24 (saline)
ing was performed for 6 h thereafter vim —————————— - 1
(kidney explantation t = 6). Drugs were IX ;VEH‘BD 24 (saline) |
applied to the brain-dead rats at various X DA 24 (saline)
time frames as indicated by the lines. ‘
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Duration of DA infusion was based on a time-response
analysis, in which 3 h of DA infusion from the onset of
BD on appeared to be the shortest period for effectively
inhibiting monocyte infiltration in renal tissue.

Group 4: Dopamine + adrenergic receptor-antagonists
(DA + ADR.BLOCK), Fisher rats BD plus DA 10 pg/min/
kg and propranolol/doxazosin (Sigma-Aldrich, Deisenho-
fen, Germany/Pfizer GmbH, Karlsruhe, Germany; propra-
nolol 10 mg/kg and doxazosin 5 mg/kg bw/d p.o.) during
the first 3 h of BD [21].

Group 5: Dopamine + dopaminergic receptor-antago-
nists (DA + D-BLOCK), Fisher rats BD plus DA 10 pg/
min/kg and SCH-23390 (10 pg/kg bw/min, Sigma-Ald-
rich) and domperidone (10 mg/kg bw p.o. day —1, 0 pre-
op, Sigma-Aldrich) during the first 3 h of BD [22,23].

Group 6: Dopaminergic receptor-agonist pergolide
(D-Agonist), Fisher rats BD plus pergolide (0.5 mg/kg bw
i.p., Sigma-Aldrich) during the whole duration of the
experiment [24].

Group 7: Pergolide + adrenergic receptor-antagonists
(D-Agonist + ADR.BLOCK), Fisher rats BD plus pergo-
lide (0.5 mg/kg bw i.p., Sigma-Aldrich) and propranolol/
doxazosin during the whole duration of the experiment.

To investigate if DA could already evolve its protective
effects before BD occur, separate groups of animals were
pretreated with DA for 24 h with osmotic minipumps
(Alzet 2ML1) implanted s.c. in the animal’s back. A cath-
eter attached to the pump was placed in the left femoral
vein and the pretreatment solution was administered with
a mean pumping rate of 10 pl/h. After implantation of
the osmotic minipump, animals were kept in single cages
and had free access to water and chow. After 24-h pre-
treatment, DA infusion was discontinued and BD was
induced. Animals were divided into three groups accord-
ing to the following scheme:

Group 8: Vehicle non-BD 24 h pretreatment with sal-
ine (VEH-NBD 24), Fisher rats non-BD ventilated pre-
treated i.v. for 24 h before anesthesia with saline.

Group 9: Vehicle BD 24 h pretreatment with saline
(VEH-BD 24), Fisher rats BD pretreated iv. for 24 h
before BD induction with saline.

Group 10: Dopamine pretreatment for 24 h (DA24),
Fisher rats plus DA 10 pg/min/kg [20] pretreated i.v. for
24 h before BD induction with DA.

In all groups, the kidneys were collected after 6 h for
immunohistochemic stainings and polymerase chain reac-
tion (PCR) analysis. Each group consisted of a minimum
of six animals.

Immunohistochemistry

Serial paraffin sections (4 um) were fixed in 10% neutral-
buffered formalin for immunohistochemic staining. After
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phosphate-buffered saline rinsing and blockade of endo-
genous peroxidase (3% hydrogen peroxide) and endo-
genous biotin (Avidin blocking kit, Vector, Burlingame,
CA), sections were incubated for 1 h with primary anti-
body for monocytes and macrophages ED1 monoclonal
mouse antirat, (Linaris Biologische Produkte GmbH, Ger-
many), MHC II (F-17-23-2, monoclonal mouse antirat,
Linaris), T cells (CD3) (monoclonal mouse antirat, Lin-
aris) followed by incubation with species-specific secon-
dary antibodies for 1 h. Irrelevant murine or rabbit
control antibody or omission of the primary antibody
served as controls. Standard avidin—biotin complex stain-
ing was performed according to the manufacturer’s
instructions (ABC kit, Vector); 3,3" diaminobenzidine
substrate was applied, and the sections were counter-
stained with hematoxylin. After dehydration in graded
ethanol and xylene, slides were mounted in Permount for
evaluation. ED1 and MHC II positive cells were counted
in a blinded fashion under the microscope at 400x
enlargement. At least six animals per group and 20 fields
or more per view per sample were evaluated in a blinded
fashion. Analysis was performed using a magnification of
400x.

Light cycler PCR

Kidneys from naive-, ventilated non-BD-, NaCl-treated
and DA-treated brain-dead rats were investigated. Snap-
frozen tissue samples were homogenized using a Polytron
homogenizer (IKA  Labortechnik/Fischer  Scientific,
Schwerte, Germany). A quantity of 500 ng of total RNA
was reversed transcribed into ¢cDNA according to the
manufacturer’s instructions, using the Ist Strand ¢cDNA
Synthesis Kit. cDNA was diluted in 20 ul DEPC-treated
water and stored at —80 °C until use. Specific DNA
standards were generated by PCR amplification of cDNA,
purification of the amplified products, and quantification
by spectrophotometry. Light cycler PCR of ¢cDNA speci-
men and DNA standards were conducted in a total vol-
ume of 25 pl, containing 2 pl FastStart DNA Master
SYBR Greenl, 10 pMol of HO-1 forward and reverse
primers and 2 mMgCl,. The amplification profile for each
sample was as follows: 2 min at 50 °C, 5 min at 95 °C
followed by 45 cycles of amplification each cycle consist-
ing of denaturation at 95 °C for 15 s, annealing for 20 s
at 55 °C and extension for 30 s at 72 °C. Standard curves
were generated in all experiments. PCR efficiency was
assessed from the slopes of the standard curves and was
found to be between 90% and 100%. Linearity of the
assay could be demonstrated by serial dilution of all
standards and cDNA. Primer sequences were as follows:
HO-1, forward: ATG TCC CAG GAT TTG TCC GA;
reverse: TAA AGC CTT CCC TGG ACA CCT. Sl16,
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forward: CAC CTA ACC ATA CGC CTT GCT T; reverse:
TGG ATC ATA GGA GCC CAA CTG. All samples were
normalized for an equal expression of S16. Each experi-
ment was repeated three times with similar results.

FACS-analysis

Peripheral blood was drawn through a femoral arterial
catheter before and 6 h after BD induction. The animals
were either treated with NaCl or DA (n = 3 in both
groups) as described earlier. Peripheral Blood Mononu-
clear Cells were isolated by Ficoll density gradient and
stained with directly conjugated monoclonal antibodies
(ED1 FITC; MHCII RPE; CD l1la FITC; CD18, FITC;
CD62L FITC, all from BD Biosciences, Heidelberg, Ger-
many). After incubation with monoclonal antibodies
(30 min at 4 °C), the samples were extensively washed
and analyzed on a FACScalibur flow cytometer (BD Bio-
sciences, Heidelberg, Germany).

Statistic analysis

Numeric data are expressed as mean + SD. For immuno-
histologic parameters and PCR-analysis, statistic analysis
was performed by using the Kruskal-Wallis test with
option for multiple comparisons (StatsDirect 2.2.8,
Aswell, UK). For analysis of the blood pressure data, two-
way ANova was applied. A P-value of <0.05 was consid-
ered as significant.

Results

MAP and inflammatory response in brain-dead rats

after DA intervention

In untreated Fisher rats, MAP was approximately
110 = 13 mmHg. Two minutes after inflation of the fog-
arty-catheter, MAP decreased slightly (82 * 5 mmHg),
followed by a sharp increase (161 + 5 mmHg) in the next
2 min. Within 20 min after induction of BD, MAP
decreased to 70 £ 5 mmHg and remained unchanged
thereafter in untreated animals. In ventilated, nonbrain-
dead animals, MAP was stable during the first 3 h but
gradually declined during the last 3 h (Fig. 2a). When DA
was applied during the first 3 h after BD, the hypotensive
period was completely abrogated when compared with
untreated brain-dead controls. Hypotension re-occurred
upon cessation of DA infusion (Fig. 2b). In kidneys of
untreated brain-dead rats, infiltration of ED1+ and MHC
class II+ cells was significantly higher compared with kid-
neys from ventilated non-brain-dead rats (30 £ 6 vs.
22 +3 for EDI+ cells; P < 0.005 and 101 + 15 ws.
68 + 20 for MHC class II+ cells; P < 0.005). Three hours
of DA treatment from the onset of BD on significantly
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Figure 2 Hemodynamic changes in brain-dead (BD) rats. Mean arter-
ial pressure (MAP) was recorded as described in the Methods section
in vehicle BD (VEH-BD) (closed circles) and VEH-NBD (open circles) rats
(Fig. 2a). Significant differences in MAP between both groups were
observed from the onset of BD on until 3 h after BD (P < 0.05 VEH-
BD vs. VEH-NBD). No differences in MAP were found before induction
of BD. Dopamine (DA) treatment during BD (gray squares) significantly
improved the MAP compared with NaCl-treated BD (closed circles)
rats (P < 0.05, DA vs. VEH-BD) (Fig. 2b). After cessation of DA treat-
ment, MAP was not different from the NaCl-treated BD (closed cir-
cles) rats. The results are expressed as MAP (mmHg) of at least four
animals in each group.

diminished the infiltration of these cells (22 £5 vs.
30 £ 6; P < 0.005, for ED1+ cells Fig. 3a,b and 56 + 23
vs. 101 + 15; P < 0.005, for MHC class II+ cells Fig. 3c).
BD also significantly increased the number of CD3 posit-
ive T-cells in renal tissue compared with ventilated non-
brain-dead animals (13 +5 vs. 8+ 2, P <0.05).
Although DA treatment showed a tendency to reduce
CD3 infiltration, this did not reach statistic significance
(13£5 vs. 11 £2; P=NS; 8+2 vs. 11 £2; P=NS;
data not shown).

Association of inflammatory response with MAP

To investigate in more detail if the anti-inflammatory
effect of DA was related to an improved MAP, we per-
formed additional experiments using DA together with
alpha/beta-receptor-antagonists (i.e. doxazosin/propran-
olol). Application of alpha/beta-receptor-antagonists
together with DA resulted in a significantly reduced MAP
comparable with untreated brain-dead controls (Fig. 4a).
Propranolol/doxazosin completely abrogated the beneficial
effect of DA on monocyte infiltration (35 £ 8 vs. 22 + 5
for ED1+ cells and 87 + 10 vs. 56 + 23 for MHC class

Journal compilation © 2007 European Society for Organ Transplantation 20 (2007) 790-799 793
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Figure 3 Analysis of ED-1-positive cells in the kidneys of ventilated nonbrain-dead rats, brain-dead rats and brain-dead rats treated with dopam-
ine (DA) (Fig. 3a,b). Brain-dead rats were treated with DA for 3 h from the onset of BD. NaCl-treated vehicle BD (VEH-BD) and non-BD (VEH-
NBD) rats served as controls (VEH-NBD vs. VEH-BD, VEH-BD vs. DA, #P < 0.01). Analysis of major histocompatibility complex class Il-positive cells
was assessed in Fig. 3c. The animals were treated similar as in A (VEH-NBD vs. VEH-BD, *P < 0.05; VEH-BD vs. DA #P < 0.01). The results are
expressed as mean number of positive cells per 10 fields of view + SD. At least 120 fields of view were analyzed comprising 6-8 animals per
group. Analysis was performed by using a magnification of 400x.

II+ cells; DA + ADR.BLOCK vs. DA, P < 0.001 for both
ED1 and MHC class II, Fig. 4b).

An additional group received DA simultaneously with
D1/D2-receptor-antagonists (SCH23390/domperidone). In
this group (DA + D-BLOCK), MAP was not significantly
different from the group receiving DA only (Fig. 4c).
However, monocyte infiltration was significantly stronger
when D1/D2-receptor-antagonists were applied (42 + 8
vs. 22 £ 5 for EDI+ cells and 97 £ 15 vs. 56 £ 23 for
MHC class II+ cells; DA + D-BLOCK vs. DA; P < 0.0001
for both ED1 and MHC class II, Fig. 4d). In addition, the
D-receptor agonist pergolide reduced the monocyte infil-
tration to a similar extent as DA (23 = 3 vs. 30 + 6 for

EDI positive cells, D-Agonist vs. VEH-BD), but did not
stabilize the MAP (Fig. 4e,f). Pergolide did not reduce
monocyte infiltration when used in combination with
propranolol/doxazosin although hemodynamic destabil-
ization during BD did not occur under this condition
(Fig. 4g,h).

Influence of DA pretreatment on MAP and renal
inflammation

To study if DA was also effective before induction of BD,
we pretreated animals for 24 h with DA. The animals did
not receive DA during the 6 h brain-death period. Hemo-

Figure 4 Influence of adrenergic and dopaminergic receptor antagonists on hemodynamic changes and monocyte infiltration in dopamine (DA)-
treated brain-dead (BD) rats. Adrenergic receptor antagonists (gray triangle) completely abrogated the blood pressure stabilization by DA during
BD (Fig. 4a). Additional mean arterial pressure (MAP) curves represent NaCl-treated vehicle BD (VEH-BD) (closed circles) and DA-treated (closed
squares) rats. Adrenergic receptor antagonists also abrogated the effect of DA on monocyte infiltration (VEH-NBD and DA vs. DA + ADR.BLOCK,
#P < 0.01, Fig. 4b). D1/D2 receptor antagonists (white squares) did not affect blood pressure stabilization by DA (Fig. 4c). Additional MAP curve
represent NaCl-treated BD (closed circles) rats. For reasons of clarity, the MAP curve of DA-treated rats is not depicted, but was similar as in
Fig. 2b. Although D1/2-receptor-antagonists did not influence DA-mediated blood pressure stabilization during BD, they completely abrogated the
anti-inflammatory effect of DA as assessed by immunohistochemistry for ED-1-positive cells (VEH-NBD and DA vs. DA + D-BLOCK, #P < 0.01,
Fig. 4d). The D-receptor agonist pergolide had no blood pressure stabilizing properties (gray circles) (Fig. 4e). Nevertheless, it inhibited monocyte
infiltration (VEH-BD vs. D-Agonist, *P < 0.05 and DA vs. D-Agonist, P = NS, Fig. 4f). The influence of pergolide together with adrenergic receptor
blockers on hemodynamic changes and monocyte infiltration is depicted in Fig. 4g and h, respectively. In Fig. 4h, the group of DA plus adrenergic
blockers (DA + ADR.BLOCK) is also depicted for comparison (D-Agonist vs. D-Agonist + ADR.BLOCK, *P < 0.05 and DA + ADR.BLOCK vs. D-
Agonist + ADR.BLOCK, P = NS). For hemodynamic changes, the results are expressed as MAP (mmHg) of at least four animals in each group. For
immunohistochemic analysis, at least 120 fields of view were analyzed comprising 6-8 animals per group. Analysis was performed by using a
magnification of 400x.

© 2007 The Authors

794 Journal compilation © 2007 European Society for Organ Transplantation 20 (2007) 790-799



Hoeger et al.

(@)
240 —e— VEH-BD —s— DA —a— DA+ADR.Block|
°
=
£
E
o
<
=
0 60 120 180 240 300 360
min (after onset of BD)
(c)
240
—e— VEH-BD —o— DA + D-Block
200
160
20

MAP (mmHg)

0 - T T T T T )

0 60 120 180 240 300 360
min (after onset of BD)

240 [ —e—VEH-BD —o— D-Agonist|

MAP (mmHg

(= T T T T T )
0 60 120 180 240 300 360
min (after onset of BD)

—o— D-Agonist+ADR.Block —— VEH-BD

MAP (mmHg)

0 T T T T T T 1
0 60 120 180 240 300 360

min (after onset of BD)

dynamic changes during BD were not affected by DA pre-
treatment (Fig. 5a). In contrast, DA pretreatment mark-
edly reduced the monocyte infiltration in the kidneys
(44 £ 7 vs. 37 £ 5 for ED1+ cells, untreated versus DA
pretreatment brain-dead rats, P < 0.05; 63 £ 17 vs.
43 £ 16 for MHC class II + cells, untreated vs. DA pre-
treatment brain-dead rats, P < 0.01, Fig. 5b), indicating
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that inhibition of monocyte infiltration PER SE is not
mediated by restoring MAP.

Influence of DA on HO-1 gene expression

In renal tissue of ventilated nonbrain-dead rats, HO-1
gene expression was slightly but significantly increased
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Figure 5 Influence of dopamine (DA) treatment before BD induction on hemodynamics and monocyte infiltration. Rats were treated for 24 h
with DA using an osmotic mini-pump (DA 24). Control groups vehicle non-BD (VEH-NBD 24, VEH-BD 24) were treated with saline for the same
time. Dopamine was not applied during the period of BD. Mean arterial pressure (MAP) was not affected by DA pretreatment (gray triangle,
Fig. 5a). ED-1 (shaded bars) and major histocompatibility complex class Il (black bars) positive cells were assessed as described (VEH-BD 24 vs. DA
24, *P < 0.05, Fig. 5b). For hemodynamic changes, the results are expressed as MAP (mmHg) of at least four animals in each group. For immuno-
histochemic analysis, at least 120 fields of view were analyzed comprising six to eight animals per group. Analysis was performed by using a mag-

nification of 400x.
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Figure 6 Quantitative polymerase chain reaction-analysis for heme
oxygenase 1 (HO-7) gene expression in kidneys of naive (NAIVE),
ventilated non-BD (VEH-NBD), NaCl-treated brain death vehicle BD
(VEH-BD) dopamine-treated brain death (DA), pergolide-treated BD
(D-Agonist) and pergolide + propranolol/doxazosin-treated brain-dead
rats (D-agonist + ADR.Block). The results are expressed as mean HO-
1/516 ratio = SD. In each group, kidneys from four animals were ana-
lyzed (NAIVE vs. VEH-BD, #P < 0.01; VEH-NBD vs. VEH-BD, *P < 0.05;
VEH-BD vs. DA, 8P < 0.05; VEH-BD vs. D-Agonist, $P < 0.05 and
VEH-BD vs. D-Agonist + ADR.Block: P = NS).

compared with naive controls (P < 0.05). Brain death led
to a profound upregulation of HO-1 gene expression
(naive vs. BD: P < 0.0001), which was completely abro-
gated by DA treatment (VEH-BD vs. DA: P < 0.05).
Similarly, HO-1 expression was significantly lower when
pergolide was applied to the BD donors (VEH-BD vs.
D-agonist: P < 0.05). Application of pergolide in the
presence of propranolol/doxazosin restored HO-1 expres-
sion to that observed in untreated BD animals (Fig. 6).

FACS-analysis

To investigate if BD influences

adhesion molecules

the expression of
on circulating peripheral blood

leukocytes, we performed FACS-analysis using anti-
CDlla, CDI18, and CD62L monoclonal antibody. No
significant changes in the expression of these molecules
were observed during BD. The expression of adhesion
molecules on circulating leukocytes was also not affected
in animals receiving DA during the BD period (data not
shown).

Discussion

This study demonstrates that DA in a clinically relevant
dosage reduces monocyte infiltration in renal tissue of BD
donors irrespective if the treatment started before or after
BD induction. This protective effect is partly mediated by
improving MAP during BD. In addition, DA seems to
have a direct anti-inflammatory effect mediated via
D-receptor stimulation.

Brain death is considered to be an important alloanti-
gen-independent risk factor in transplantation [25-27], as
it is associated with a rapid up-regulation of inflamma-
tory mediators and consequently with mononuclear cell
infiltration in end-organs [28-31]. It thus seems that allo-
grafts obtained from brain-dead donors are more immu-
nogenic compared with grafts obtained from living
donors [32].

A major problem during BD is the occurrence of hypo-
tension. This, in turn, leads to hypoperfusion of organs,
tissue ischemia and consequently to generation of reactive
oxygen species [27,33]. Blood pressure stabilization to
physiologic values seems therefore to be auspicious in
preventing the tissue injury in BD donors before organ
procurement. We have recently demonstrated in an ani-
mal model that DA treatment during BD improves the
renal perfusion [19]. A correlation between hemodynamic
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stabilization and reduced renal inflammation has also
been demonstrated by other groups [2,27,30,34]. Our
finding that the beneficial effects of DA on MAP and
monocyte infiltration were abrogated when blood pres-
sure lowering substances were applied to brain-dead rats,
are in line with these studies. It is therefore tempting to
postulate that the anti-inflammatory effect of DA is lar-
gely mediated by improving the hemodynamics. There
are, however, several arguments against this assumption.
Firstly, DA pretreatment reduced monocyte infiltration
although MAP was not influenced during BD. Secondly,
D-receptor antagonists abrogate the anti-inflammatory
effect of DA without changing its blood pressure stabil-
izing properties. Thirdly, application of a D-receptor
agonist reduced monocyte infiltration, but it did not
improve the MAP during BD.

Our results indicate that dopaminergic/adrenergic
receptor-antagonists  inhibit the anti-inflammatory
response mediated by DA in kidneys of brain-dead
donors. While adrenergic receptors most likely exert a
beneficial effect on hemodynamic stabilization, D1/D2
receptors inhibit monocyte infiltration independent of
hemodynamic effects. D1/D2-antagonists do not influence
renal perfusion as demonstrated by Asico et al [22]. It
must be stressed, however, that D1/D2 receptor stimula-
tion itself not necessarily results in an anti-inflammatory
effect, as application of pergolide in the face of adrenergic
receptor blockade did not affect BD-induced monocyte
infiltration. Thus, pergolide and DA do not display com-
pletely similar effects in this regard. Although it is unclear
from our data what the underlying mechanism for this
discrepancy might be, additional anti-inflammatory effects
mediated by DA and not by pergolide must be consid-
ered. Inhibition of IL-8 production by DA [17] is a plaus-
ible explanation and needs to be investigated in future
studies.

It also needs to be discussed if the anti-inflammatory
effect of DA is due to changes in renal tissue or if it is
due to changes in monocyte behavior. Previously, we
already have shown that the expression of adhesion mole-
cules in kidneys of brain-dead rats is inhibited by DA
treatment [19]. In this study, we show that neither BD
nor DA treatment during BD changes the expression of
CD11a/CD18 and CD62L on circulating mononuclear
cells. Nevertheless, we cannot rule out that DA treatment
also influences the inflammatory properties of monocytes.
Several studies indeed indicate that catecholamines have
the propensity to inhibit TNFa and NO production in
monocytes [35-42].

An increasing number of studies have suggested the
involvement of HO-1 in the regulation of inflammation
[43—-46]. This is largely mediated by carbon monoxide
(CO), a by-product of heme catabolism [44]. In BD
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animals, renal HO-1 was significantly upregulated. These
findings were unexpected as in these animals monocyte
infiltration was much higher than in ventilated non-
brain-dead rats. Similar to DA, pergolide also abrogated
the upregulation of HO-1. Heme oxygenase 1 expression
was comparable in pergolide and adrenergic receptor
blocker treated rats as in untreated BD animals.

The findings on HO-1 seem to be in conflict with pre-
vious data reported by our group, showing that HO-1
expression was upregulated by DA [16]. It must be
stressed, however, that in vitro induction of HO-1 was
strictly dependent on the pro-oxidative effects of DA.
Moreover, DA-mediated HO-1 mRNA and protein
expression required a longer period of time than the 3 h
of DA infusion used in the present study. As HO-1
expression is upregulated during cellular stress, e.g. ische-
mia, it is conceivable that upregulation of HO-1 during
BD was related to the hemodynamic instability of the
donor rats. This is in line with the finding that upregula-
tion of HO-1 was abrogated in DA-treated brain-dead
rats. However, also in pergolide-treated rats, hemodynam-
ic instability occurred during BD and this was not reflec-
ted by an increased HO-1 mRNA expression. In addition,
pergolide treatment together with adrenergic receptor
blockers increased HO-1 expression to the extent of that
observed in untreated brain-dead rats. Thus, neither the
involvement of D-receptor stimulation nor the effects of
hemodynamic destabilization on HO-1 expression can
unambiguously be demonstrated in this study. Neverthe-
less, or results imply that the anti-inflammatory effect of
DA is not mediated by HO-1.

In conclusion, we demonstrate that although hemody-
namic stabilization is beneficial to limit BD-induced
inflammation, the anti-inflammatory effect of DA
involves more than just blood pressure stabilization. Acti-
vation of D1/D2 receptors and even nonreceptor-medi-
ated effects of DA might collectively contribute to the
anti-inflammatory effect of DA in BD donors.
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