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Abstract The present study was de- 
signed to determine whether 8-2 in- 
tegrin-mediated leukocyte adher- 
ence to the endothelium is involved 
in renal ischemia-reperfusion dam- 
age and to evaluate the therapeutic 
intervention potency of monoclonal 
antibody (mAb) 6.5 E, directed 
against the leukocyte CD18 adhe- 
sion molecule. To answer these 
questions, we used a clinically rele- 
vant canine model for the auto- 
transplantation of kidneys that had 
been subjected to 30 min of normo- 
thermic ischemia, followed by 24 h 
of cold storage preservation. Intra- 
vital fluorescence microscopy of 
capsular microvessels showed that 
substantial leukocyte adherence oc- 
curred after renal ischemia and re- 
perfusion. Leukocyte adherence was 
observed in both arterioles and ve- 
nules, but predominantly in the lat- 
ter. Reperfusion of the graft resulted 
in a statistically significant reduction 
of the venular red blood cell velocity 
(RBCV). Moreover, the venular 

diameter increased. No significant 
changes in the arteriolar RBCVor in 
the arteriolar diameter were ob- 
served. Administration of mAb 
6.5 E, 1 h before reperfusion, inhib- 
ited leukocyte adherence to the re- 
nal microvascular endothelium, re- 
sulting in an improved venular flow 
2 h after reperfusion. However, we 
observed no beneficial effect of 
mAb 6.5 E pretreatment on post- 
transplant graft function and survi- 
val. We conclude that leukocyte ad- 
herence does not play a critical role 
in the development of renal injury 
following reperfusion of kidneys 
that have been subjected to pro- 
longed warm and cold ischemia. 
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Introduction 

Leukocytes are considered important mediators in the 
development of organ injury after ischemia and reperfu- 
sion [16, 21, 261. Activated leukocytes become less de- 
formable, which may cause capillary obstruction and 
prevent full restoration of blood flow at reperfusion. 
This results in prolonged tissue ischemia [4, 251. In lar- 
ger microvessels a prerequisite for leukocyte-mediated 
injury is adhesion of the cells to the endothelium [lo, 

321. Leukocyte adhesion is thought to be a signal re- 
quired for the leukocytes to release proteolytic en- 
zymes and oxygen metabolites into the extracellular en- 
vironment [3 ,  191. This leads to increased permeability 
in post-capillary venules due to interendothelial gap for- 
mation and to migration of the leukocytes into the tissue 

Firm and prolonged adhesion of leukocytes to the en- 
dothelium is mediated by an interaction between the in- 
tercellular adhesion molecule-1 (ICAM-1) on endothe- 

[341. 
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lium and (3-2 integrins on leukocytes [l ,  351. Therapeutic 
intervention using antibodies to CD18, the common (3-2 
leukocyte membrane molecule, has been shown to re- 
duce ischemia-reperfusion injury in the heart [27], lung 
[ S ] ,  liver [18], and small bowel [11] significantly. 

As for the kidney, there is a debate over whether or 
not ischemia-reperfusion injury is leukocyte-depen- 
dent. Infusion of human neutrophils into postischemi- 
cally isolated and perfused rat kidneys was shown to 
augment reperfkion injury when compared to kidneys 
perfused with albumin alone [15]. Further evidence of 
a leukocyte involvement in renal ischemia-reperfusion 
injury was provided by studies of neutrophil-depleted 
rats that developed less azotemia 24 h after ischemia 
than non-neutropenic controls [14]. In contrast, Thorn- 
ton et al. failed to show any functional or morphologi- 
cal protective effect of anti-CD18 mAb 60.3 after renal 
artery occlusion in the rabbit [32]. A potential problem 
in interpreting the latter results was that they could not 
confirm whether the antibody in fact prevented leuko- 
cyte adherence within the kidney. 

The major objectives of this study were (1) to deter- 
mine whether leukocyte adherence is involved in renal 
ischemia-reperfusion injury and (2) to evaluate mAb 
6.5 E, directed against leukocyte CD18 membrane pro- 
tein, as a therapeutic intervention. To answer these 
questions, we employed a clinically relevant canine 
model for transplanting kidneys that had been subject- 
ed to warm ischemia and then placed in cold storage 
for 24 h. Besides a survival protocol, we also incorporat- 
ed intravital fluorescence microscopy in the study to as- 
sess leukocyte adherence in microvessels at the surface 
of the kidney. 

Materials and methods 

Animals and anesthesia 

Experiments were performed on 16 female beagle dogs, aged 2- 
4 years, and weighing 10-12 kg. The animals were fasted for 12 h 
prior to surgery but had free access to water. Anesthesia was in- 
duced with thiopental (20 mg/kg body weight) and maintained 
with a nitrous oxide-oxygen gas mixture delivered continuously 
by a positive pressure respirator via an endotracheal tube. An anti- 
biotic prophylaxis of 500 mg ampicillin was given before each op- 
eration. During surgery the dogs were hydrated by an intravenous 
infusion of 500 ml Ringer’s lactate solution, and body temperature 
was kept constant (37 “C) with a thermostatic water mattress. All 
experiments were done only after approval by the responsible eth- 
ics committee, and the “Principles of laboratory animal care”, ac- 
cording to the NIH standards, were followed. 

Surgical protocol 

The kidneys were exposed by a midline abdominal incision. The 
left kidney was carefully dissected from the surrounding tissue. 
Heparin (1000 IU) was given 10 min before inducing warm ische- 

mia to prevent thrombosis. Ischemia was induced by crossclamp- 
ing the left renal vessel pedicle. During the ischemic interval the 
abdomen was kept closed to maintain the kidney at body tempera- 
ture. After 30 min the kidney was removed and flushed with 200 ml 
4 “C histidine tryptophan ketoglutarate (HTK) solution [13]. The 
flushing pressure was 60 mmHg. Subsequently the kidney was 
wrapped in a sterile plastic bag containing 500 ml HTK solution 
and stored for 24 h on melting ice. The next day, the operation 
started with the intravenous administration of morphine (0.5 mg/ 
kg) to prevent intestinal invagination. After a right nephrectomy, 
the preserved kidney was reimplanted autologously and attached 
to the iliac vessels in the right lower abdomen. During vascular 
anastomosis rewarming was prevented by maintaining the kidney 
at 4°C in a shallow basin of sterile saline. We administered 150 ml 
20 YO sorbitol intravenously after completing the anastomoses to 
induce osmotic diuresis after implantation. The ureter was implan- 
ted into the bladder with a technique described by Politano and 
Leadbetter [20]. A catheter for blood sampling was placed in the 
right jugular vein. 

Monoclonal antibody 

Dr. M. Robinson of Celltech (Berkshire, UK) kindly provided the 
mAb 6.5 E, which is a murine IgGl antibody that is specific for hu- 
man CD18 and strongly inhibits CDl8-mediated adhesion of hu- 
man leukocytes to a plastic substratum. The antibody crossreacts 
with canine CD18 and also inhibits adhesion of canine leukocytes 
to a plastic substratum (data not shown). Based on findings from 
earlier experiments with mAb 6.5 E in the rabbit [23] and in the 
guinea pig [31] and based on our own in vitro experiments, the 
dogs were treated with a single intravenous injection of 1.5 mg/kg, 
administered 1 h before reperfusion of the graft. 

Intravital fluorescence microscopy study 

We studied intravital microscopy in four dogs (two mAb 6.5-treat- 
ed animals and two untreated controls). 

Equipment 

The experimental setup consisted of a modified Leitz Orthoplan 
microscope in combination with a television circuit, including a 
highly sensitive television camera (Bosch TYC 9A, 1 inch SIT 
tube RCA 4804), a monitor screen (Philips LDH 2122; 12 inch) 
and a video cassette recorder (JVC VHS HR-D910E). A Leitz 4x  
objective lens (Numerical Aperture 0.14) or a Leitz l o x  objective 
lens (Numerical Aperture 0.30) was used. The surface of the kid- 
ney was incidentally illuminated through the objective lens with 
light from a 100-W mercury arc. For bright field microscopy we 
used in the incident illuminator (Leitz Ploemopak) a POL (polar- 
izedanalyzer) cube and for fluorescence microscopy the I, filter 
set (excitation filter: BP 450-490; dichroic minor: RKP 510; bar- 
rier filter: LP 515). 

Observations 

Observations were made in the renal capsula. During the whole ex- 
periment the renal capsula was kept moist with warm (37 “C) sal- 
ine. A solution of acridine orange in saline (5 mg/ml; Sigma, Dei- 
senhofen, Germany) was injected intravenously (5 ml) to label 
the leukocytes fluorescently [29]. This was repeated for each re- 



128 

Table 1 Percentage of vessels in which leukocyte adherence was 
observed before nephrectomy and subsequently 15, 60, and 
120 min after reperfusion in two mAb 6.5 E treated dogs (mAb) 
and two control dogs. Reperfusion of the graft induces leukocyte 
adherence in venules as well as in arterioles. This phenomenon is 
inhibited by pretreatment with mAb 6.5 E (n  = 10 vessels in each 

Observation time Control mAb 
group) 

Venules Arterioles Venules Arterioles 
(Yo) (Yo)  (Yo) (%) 

Prenephrectomy 0 0 0 0 
15-min reperfusion 90 0 0 0 
60-min reperfusion 100 100 20 0 
120-min reperfusion 100 100 40 0 

cording session, i. e., prior to nephrectomy and subsequently at 
15 min, 60 min, and 120 min after reperfusion. At each time of 
data collection we studied five arterioles and five venules, each ap- 
proximately 150 pm long. 

Measured parameters 

We analyzed video recordings offline to assess leukocyte-endothe- 
lial adherence, microvascular diameters (in pm) and RBCV (in 
pmls) as a measurement of microvascular flow. The incidence of 
leukocyte adherence was expressed as the percentage of the ves- 
sels in which one or more leukocytes remained stationary for at 
least 20 s [17]. RBCV was determined by means of the flying spot 
technique [6]. In brief, this technique is based on the principle of 
synchronizing the velocity of the dots moving on the monitor with 
the velocity of blood cells and plasma gaps in the vessel. The ves- 
sel diameter was computed by measuring the distance between 
two dots placed outside the vessel on either side and touching the 
inner wall. 

Survival study 

Six dogs treated with mAb 6.5 E and six untreated control dogs 
were observed for 14 days post-transplantation. Daily serum crea- 
tinine values were determined with a Dimension Creatinine Kit 
(DuPont de Nemours, Wilmington, Tex, USA). On day 15 post- 
transplantation all animals were sacrificed. Histology data were 
obtained after premature death or after sacrifice. At autopsy we bi- 
sected the kidney, liver, pancreas, heart and lungs for gross macro- 
scopic examination. Wedge-shaped biopsies were fixed in 4 % neu- 
tral buffered formalin, dehydrated and paraffin-embedded. Sec- 
tions (4 pm thick) were cut and stained with hematoxylinieosin 
for light microscopic evaluation. 

Statistics 

Intravital fluorescence microscopy study 

At each time of data collection five arterioles and five venules 
were studied. Data arc presented per individual animal as med- 
ians, together with their interquartile ranges (25th and 75th per- 
centiles). Per animal, differences in time-related samples were test- 
ed with the Friedman two-way ANOVA test. The level of signifi- 
cance was set at 5 %. 

Fig. 1 A, B Characteristic photographs from a recording: A before 
and B immediately after injection of acridine orange showing mas- 
sive leukocyte adherence in arterioles 120 min after reperfusion in 
an untreated control graft. The fluorescence dye has not yet ar- 
rived on the venous side 

Survival study 

Data are presented per experimental group. To characterize group 
values, medians are given together with their interquartile ranges 
(25th and 75th percentiles). The survival rate was defined as the 
percentage of dogs alive 14 days after transplantation. The non- 
parametric Kruskal-Wallis one-way ANOVA test was used to test 
for differences between the treated and untreated groups in daily 
serum creatinine values. The level of significance was set at 5 YO. 

Results 

Intravital microscopy study 

Leukocyte adherence 

Leukocyte adherence to the microvascular endothelium 
was not observed in the prenephrectomy recordings 
(Table 1). Shortly after reperfusion, leukocyte adher- 
ence was seen in almost all venules. After 1 h, leuko- 
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Time (min) 

Fig.2 Median venular red blood cell velocity (RBCV) in pmis 
(with interquartile ranges) per individual animal measured before 
nephrectomy and subsequently 15, 60, and 120 rnin after reperfu- 
sion in two control dogs. Reperfusion of the graft results in a signif- 
icant decrease in venular flow.* P < 0.05 
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(with interquartile ranges) per individual animal measured before 
nephrectomy and subsequently 15, 60, and 120 rnin after reperfu- 
sion in two mAb 6.5 E treated dogs. The venular RBCV did not 
change significantly during reperfusion 

cyte adherence was observed in all venules and arte- 
rioles. Figure 1 gives characteristic photographs taken 
before and immediately after injection of acridine or- 
ange, showing massive leukocyte adherence in arte- 
rioles. The mAb 6.5 E completely prevented leukocyte 
adherence in arterioles, and reduced it in venules dur- 
ing the observation time (Table 1). 

Microvascular flow 

Reperfusion of the graft resulted in a statistically signif- 
icant reduction in venular RBCV as compared to the 
pretransplant value in the control animals (Fig. 2), but 
not in the mAb treated animals (Fig.3). In both the 
mAb treated animals and the control animals, no signif- 
icant changes over time were observed in arteriolar 
RBCV. 

pre-nephrectorny J+ '  1'5 60 120 

Time (rnin) 

Fig.4 Median venular diameter in pm (with interquartile ranges) 
per individual animal measured before nephrectomy and subse- 
quently 15, 60, and 120 rnin after reperfusion in two control dogs. 
In both dogs an increase in venular diameter can be observed after 
60 min of reperfusion." P < 0.05 
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Fig.5 Median venular diameter in pm (with interquartile ranges) 
per individual animal, measured before nephrectomy and subse- 
quently 15, 60, and 120 rnin after reperfusion in two mAb 6.5 E 
treated dogs. The venular diameter did not change significantly 
during reperfusion 

Vessel diameter 

In the control animals, venular diameter remained con- 
stant until 60 rnin after reperfusion (Fig.4) and subse- 
quently increased. This phenomenon was not observed 
in the mAb treated animals (Fig.5). In both the mAb 
treated animals and the control animals, the arteriolar 
diameter did not change significantly during reperfu- 
sion. 

Survival rate and renal function after transplantation 

In the mAb 6.5 E treated group, one dog survived the 
whole study period of 2 weeks (Fig.6). Two dogs died 
approximately 8 h after transplantation. Autopsy re- 
vealed severe lung edema accompanied by leukocyte se- 
questration in the pulmonary circulation. The other 
three mAb treated dogs died on day 5 postoperatively. 
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Fig. 6 Daily median serum 
creatinine values (pmolll) with 
interquartile ranges measured 
before nephrectomy and subse- 
quently for the first 14 days 
after implantation of the graft. 
There is no significant differ- 
ence in renal function between 
the group treated with mAb 
6.5 E (mAb) and the control 
group (7 refers to death of an 
animal) 
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Histologic sections of the graft showed massive tubular 
necrosis in all three cases, especially in the corticome- 
dullary area. Of the six untreated controls, one dog sur- 
vived. The other five dogs died on day 5 due to renal in- 
sufficiency. Histology showed severe tubular damage, si- 
milar to that described for the mAb treated dogs that 
died on day 5 postoperatively. No significant differen- 
ces were found in daily median serum creatinine values 
between the two groups during the first 5 days post- 
operatively (Fig. 6). 

Discussion 

Our intravital microscopic study shows that leukocyte 
adherence in fact occurs after renal ischemia and reper- 
fusion. Although similar observations have been made 
in several other organs [9, 161, we have found no re- 
ports in the literature showing this phenomenon in the 
kidney. All observations were made in the renal capsu- 
la. The thick capsula of a canine kidney prevents a di- 
rect visualization of subcapsular cortical vessels as in 
other experimental animals like the mouse [22] or the 
rat [28]. Decapsulation would influence the measure- 
ments. Since the capsular vessels originate from perfor- 
ating arteries coming from the kidney itself, capsular 
microcirculation was considered representative for the 
perfusion of the parenchyma of the kidney. 

Monoclonal antibody 6.5 E inhibited leukocyte ad- 
herence to the renal microvascular endothelium in our 
model. However, no beneficial effect of mAb 6.5 E pre- 
treatment on post-transplant renal function and survival 
was observed. Moreover, autopsy of the dogs that died 
5 days after transplantation showed similar morphologi- 
cal damage of the graft in the mAb group and in the con- 
trol group. These findings confirm Thornton et al.'s [32] 

4 5 6 7 8 9 10 11 1% 13 14  15 
Days post-transplantation 

suggestion that leukocyte adherence does not play a cri- 
tical role in the development of renal ischemia-reperfu- 
sion injury. The use of mAbs that inhibit leukocyte ad- 
herence to prevent ischemia-reperfusion damage in 
grafted kidneys is, therefore, questionable. 

Two dogs treated with mAb 6.5 E died 8 h after re- 
perfusion. The exact reason for this remains obscure. 
Such early death was not observed in the untreated con- 
trol group, suggesting mAb 6.5 E as a likely cause. His- 
tology of both animals showed severe pulmonary ede- 
ma and leukocyte accumulation in the lungs. Pulmo- 
nary sequestration of leukocytes after reperfusion of a 
large mass of previously ischemic tissue has been report- 
ed in the literature. Anner et al. observed severe pul- 
monary hypertension and leukosequestration after 4 h 
of lower torso ischemia in dogs [2]. Similar observa- 
tions have been made following ischemia-reperfusion 
of the liver [7] and small intestine [24]. In addition, 
there is substantial evidence that in the lung, unlike in 
other organs, leukocyte adherence is mediated not only 
by CD18-dependent mechanisms, but by CD18 inde- 
pendent mechanisms as well. Bishop et al. showed that 
mAb 60.3, directed against CD18, improved reperfu- 
sion and limited alveolar infiltrate following unilateral 
pulmonary artery occlusion in the rabbit [5]. In con- 
trast, Vedder et al. found that pulmonary injury was 
not prevented by mAb 60.3 in rabbits resuscitated after 
hemorrhagic shock, although mAb 60.3 did protect 
them from hepatic and gastrointestinal injury [33]. 
Doerschuk et al. compared the effect of mAb 60.3 on 
neutrophil accumulation in the systemic and pulmo- 
nary circulation of rabbits by using inflammatory stimu- 
li [8]. The mAb 60.3 inhibited neutrophil accumulation 
in the systemic microvasculature in all cases. In the pul- 
monary circulatory bed, however, the effect of mAb 
60.3 depended on the inciting stimulus responsible for 
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the inflammatory reaction. It is therefore possible that 
the premature deaths already mentioned in our study 
result from a massive release of activated leukocytes 
into the circulation, caused by the inhibition of CD18- 
dependent leukocyte adherence in the graft by mAb 
6.5 E. Subsequently, these released leukocytes lodged 
in the lungs by a CD18-independent mechanism. Pul- 
monary sequestration of these cells might have caused 
lung tissue edema, respiratory insufficiency and cere- 
bral anoxia. 

Leukocyte adherence was more apparent in venules 
than in arterioles. In the control dogs, leukocyte adher- 
ence to the arteriolar endothelium was not observed in 
recordings made 15 min after reperfusion, whereas the 
incidence in venules at that time was 90 YO. Similarly, in 
the mAb treated dogs, leukocyte adherence in arte- 
rioles was not observed until 120 min after reperfusion, 
although on the venular side adherence was present to 
some extent in the 60-min (20%) and the 120-min 
(40 %) recordings. This difference in leukocyte adher- 
ence between arterioles and venules is probably related 
to a difference in hydrodynamic dispersal forces (e. g., 
wall shear rates) in both types of vessels. The high shear 
rates in arterioles tend to sweep leukocytes away from 
the vascular wall, making adherence more difficult [12]. 
Another important factor involved might be the induc- 

References 
1. Andrian U H  Von, Chambers JD, Mc- 

Evoy LM, Bagrgatze RF, Arfors KE, 
Butcher E C  (19Y1) Two step model of 
leukocyte-endothelial cell interaction in 
inflammation: distinct roles for LE- 
CAM-1 and the leukocyte beta-2-integ- 
rins in vivo. Proc Natl Acad Sci USA 88: 
7538-7542 

2. Anner H, Kaufman RP, Kobzik L, Va- 
leri CR, Sherpo D, Hechtman HB 
(1987) Pulmonary hypertension and 
leukosequestration after lower torso 
ischemia. Ann Surg 206: 642-648 

3. Asmuth EJU von, Linden CJ van der, 
Leeuwenberg JFM, Buurman WA 
(1991) Involvement of the CDI 1 b/ 
CD18 integrin, but not of the endothe- 
lial adhesion molecules ELAM-1 and 
ICAM-1 in tumor necrosis factor-alpha- 
induced neutrophil toxicity. J Immunol 
147: 3869-3875 

(1987) White blood cell deformability 
and plugging of skeletal muscle in he- 
morrhagic shock. Acta Physiol Scand 
108: 19-163 

4. Bagge U, Amundson B, Lauritzen C 

tion of adhesion molecules on the surface of the endo- 
thelium. Differences in leukocyte adherence between 
arterioles and venules as seen in the exposed mesentery 
in this tissue are attributed to such differences [30]. 

Reperfusion of the graft in the two control animals 
resulted in an inferior venular flow as compared to the 
prenephrectomy situation. In both animals, even full 
cessation of venular flow was seen in more than 50% 
of all vessels under observation 2 h after reperfusion. 
Moreover, the venular diameter had increased signifi- 
cantly at the same time. The changes in the venular 
flow and venular diameter cannot be explained by the 
facts presented. The fact that pretreatment with mAb 
6.5 E prevented these changes suggests, however, that 
the pathophysiological mechanism responsible involves 
leukocyte adherence. 

The present data show that leukocyte adherence is 
induced after renal ischemia and reperfusion. Pretreat- 
ment with mAb 6.5 E inhibits this process. Inhibition of 
leukocyte adherence was, however, not sufficient to se- 
cure organ viability in our model. Therefore, we con- 
clude that leukocyte adherence is not a critical factor in 
the development of renal injury following reperfusion 
of kidneys that have been subjected to prolonged warm 
and cold ischemia. 

5. Bishop MJ, Kowalski TF, Guidotti SM, 
Harlan JM (1992) Antibody against 
neutrophil adhesion improves reperfu- 
sion and limits alveolar infiltrate fol- 
lowing unilateral pulmonary artery oc- 
clusion. J Surg Res 52: 199-204 

6. Brinemark PI, Johnson I (1963) Deter- 
mination of the velocity of corpuscles in 
blood capillaries: a flying spot device. 
Biorheology 1: 143-146 

7. Colletti LM, Burtch GD, Remick DG, 
Kunkel SL, Strieter RM, Guice KS, 
Oldham KT, Campbell DA (1990) The 
production of tumor necrosis factor al- 
pha and the development of a pulmo- 
nary capillary injury following hepatic 
ischemia/reperfusion. Transplantation 

8. Doerschuk CM, Winn RK, Coxson HO, 
Harlan JM (1990) CDl8-dependent and 
independent mechanisms of neutrophil 
emigration in the pulmonary and sys- 
temic microcirculation of rabbits. J Im- 
munol144: 2327-2333 

Grisham MB (1989) Leukocyte adher- 
ence to the vascular endothelium dur- 
ing ischemia-reperfusion. Am J Physiol 
257: G683-G688 

49: 268-272 

9. Granger DN, Benoit JN, Suzuki M, 

10. Harlan JM (1985) Leukocyte-endothe- 
lial interaction. Blood 65: 513-521 

11. Hernandez LA, Grisham MB, Twohig 
B, Arfors KE, Harlan JM, Granger DN 
(1987) Role of neurophils in ischemia- 
reperfusion-induced microvascular in- 
jury. Am J Physiol253- H699-H703 

12. House SD, Lipowsky S (1988) In vivo 
determination of the force of leukocyte- 
endothelium adhesion in the mesenteric 
microvasculature of the cat. Circ Res 

13. Kallerhoff M, Blech M, Kehrer G, Klei- 
nert H, Siekmann W, Bretschneider HJ 
(1986) Post-ischemic renal function 
after kidney protection with the HTK 
solution of Bretschneider. Urol Res 14: 

14. Klausner JM, Paterson IS, Goldman G, 
Kobzik L, Rodzen C, Lawrence R, Va- 
leri CR, Shepro D, Hechtman HB 
(1989) Post-ischemic renal injury is 
mediated by neutrophils and leuko- 
trienes. Am J Physiol256: F794-F802 

15. Linas SL, Shanley PF, Whittenburg D, 
Berger S, Repine JE (1988) Neutrophils 
accentuate ischemia-reperfusion injury 
in isolated perfused rat kidneys. Am J 
Physiol255: F728-F735 

63: 658-668 

271-277 



132 

16. Marzi I, Takei Y, Knee J, Menger M, 
Gores GJ, Trentz 0 ,  Lemasters JJ, 
Thurman RG (1990) Assessment of re- 
perfusion injury by intravital fluores- 
cence microscopy following liver trans- 
plantation in the rat. Transplant Proc 

17. Marzi I, Walcher F, Menger M, Biihren 
V, Harbauer G, Trentz 0 (1991) Micro- 
circulatory disturbances and leukocyte 
adherence in transplanted livers after 
cold storage in Euro-Collins, UW and 
HTK solutions. Transpl Int 4: 45-50 

18. Mileski WJ, Winn RK, Vedder NB, 
Pohlman TH, Harlan JM, Rice CL 
(1990) Inhibition of CD18-dependent 
neutrophil adhcrcnce reduces organ in- 
jury after hemorrhagic shock in pri- 
mates. Surgery 108: 206-212 

19. Nathan C, Srimal C, Faber C, Sanchez 
C, Kabbash L, Asch A, Gailit J, Wright 
SD (1989) Cytokine-induced respira- 
tory burst of human neutrophils: de- 
pendence on extracellular matrix pro- 
teins and CD11ICd18 integrins. J Cell 
Biol 109: 1341-1349 

20. Politano VA, Leadbetter WF (1958) An 
operative technique for correction of 
vesicoureteral reflux. J Urol79: 932- 
941 

Abrams GD, Schork A, Lucchesi BR 
(1 983) Reduction of the extent of is- 
chemic myocardial injury by neutrophil 
depletion in the dog. Circulation 67: 

22: 2004-2005 

21. Romson JL, Hook BG, Kunkel SL, 

1016-1023 

22. Rooth P, Dawidson I, Clothier N, Diller 
K (1988) In vivo fluorescence micro- 
scopy of kidney subcapsular blood flow 
in mice. Transplantation 46: 566-569 

23. Rutter JA, Minion T, Howat D, Robin- 
son M, Higgs G, Andrew D, Clements 
G, Hughes B (1992) In vivo administra- 
tion of an antLCD18 monoclonal inhi- 
bits leukocyte-dependent plasma exu- 
dation in rabbit skin. Br J Pharmacol 
106: 70P 

24. Schmeling DJ, Caty MG, Oldham KT, 
Guice KS, Hinshaw DB (1989) Evi- 
dence for neutrophil-related acute lung 
injury after intestinal ischemia-reperfu- 
sion. Surgery 106: 195-202 

25. Schmid-Schonbein GW (1987) Capil- 
lary plugging by granulocytes and the 
no-reflow phenomenon in the microcir- 
culation. Federation Proc 46: 2397-2401 

26. Schoenberg MH, Poch B, Younes M, 
Schwarz A, Baczako K, Lundberg C, 
Haglund U, Beger H G  (1991) Involve- 
ment of neutrophils in post-ischemic 
damage to the small intestine. Gut 32: 
905-912 

Mickelson JK, Griffin JD, Lucchesi BR 
(1988) Reduction of experimental ca- 
nine myocardial injury by a monoclonal 
antibody that inhibits leukocyte adhe- 
sion. J Clin Invest 81: 624-629 

28. Steinhausen M, Eisenbach T, Bottcher 
W (1973) High-frequency microcine- 
matographic measurements on peritu- 
bular blood flow under control condi- 
tions and after temporary ischemia of 
rat kidneys. Pfliigers Arch 339: 273-288 

27. Simpson PJ, Todd RF, Fantone JC, 

29. Tangelder GJ, Slaaf DW, Reneman RS 
(1982) Fluorescent labelling of blood 
platelets in vivo. Thromb Res 28: 803- 
820 

30. Tangelder GJ, Oude Egbrink MGA, 
Arfors K-E. Slaaf DW, Reneman RS 
(1993) Interactions between marginat- 
ed granulocytes, platelets and venular 
endothelium in vivo. In: Boccalon H 
(ed) Vascular medicine. Excerpta Med- 
ica, Elsevier, Amsterdam, pp 353-357 

31. Teixeira MM, Reynia S, Robinson M, 
Shock A, Williams TJ, Williams FM, 
Rossi AG, Hellewell PG (1994) Role of 
CD18 in the accumulation of eosino- 
phils and neutrophils and local oedema 
formation in inflammatory reactions in 
guinea-pig skin. Br J Pharmacol 111: 
811-818 

Zager R A  (1989) An evaluation of the 
neutrophil as a mediator of in vivo renal 
ischemic-reperfusion injury. Am J Pa- 

32. Thornton MA, Winn R, Alpers CE, 

tho1 135: 509-515 
33. Vedder NB, Fouty BW, Winn RK, Har- 

lan JM, Rice CL (1989) Role of neutro- 
phils in generalized reperfusion injury 
associated with resuscitation from 
shock. Surgery 106: 509-516 

34. Weiss SJ (1989) Tissue destruction by 
neutrophils. N Engl J Med 320: 365-376 

35. Zimmerman GA, Prescott SM, McIn- 
tyre TM (1992) Endothelial cell inter- 
actions with granulocytes: tethering and 
signaling molecules. Immunol Today 13: 
93-100 




