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Ulinastatin reduces 
elevation of cytokines 
and soluble adhesion 
molecules during 
cardiac surgery 

Takae Kawamura MD PhO, Katsuya lnada ~'hO, 
Noriko Akasaka MD, Reiji Wakusawa MD PhO 

Purpose: To investigate whether ulinastatin pretreatment 

(6000 U. kg -t be]bre CPB and before declamping of  aorta) 

influenced the production of  c3~tokines and adhesion molecules 

in the peripheral circulation. 

Methods: This prospective randomized study was performed 

in 22 patients undergoing cardiac surgery. They were divided 

into two groups. Patients in Group I were untreated and in 

Group II treated with ulinastatin. The soluble intercellular 

adhesion molecule-I (S-ICAM-I), soluble endothelial leuko- 

cyte adhesion molecule-I (S-ELAM-I ), in terleukin8 and 6 (IL- 

8, 6) were measured using ELISA kits. 

Results: Serum S-ICAM-I concentration in Group I increased 

from the preoperative value of  297 +_ 27 ng. kg -t to 418 +_ 

106 ng. kg -t at 60 rain after declamping of the aorta (P < 

0.01) but did not change in Group II. Serum S-ELAM-I con- 

centration did not change in either group. Serum concentra- 

tion of  lL-8 and IL-6 in Group I (37 +- 44 pg .kg -I, and 59 +_ 

59 pg.  kg -I, preoperatively) increased to 169 +_ 86 pg.  kg -I 

and 436 +_ 143 pg.  kg -t at 60 rain after declamping of  the 

aorta (P < 0.001, P < 0.001). The increases were greater than 

those fron, 25 +_ 6 pg. kg -I and 30 +_- 26 pg.  kg -I to 56 +_ 36 

pg .kg  -t and 132 +_ 78 pg .kg -t in Group II (P < 0.001, P < 

0.001). 7"he levels of  S-ICAM-I correlated with those of  lL-8 (r 

= 0.5,  P < 0.001). 
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Conclusion: These results suggest that ulinastatin may sup- 

press the increase h~ IL-8 production and the expression of  

ICAM- I during cardiac surge~. 

Objectif: Rechercher si le l'administration prdalable d'ulina- 

statin (6000 U.kg -t avant la CEC et au ddclampage de 

I'aorte) ir!fluenfait la production de cytokines et de moldcules 

adhdsives dans la circulation pdriphdrique. 

Mdthodes: Cette ~.tude prospective et aldatoire a dtd rdalisde 

chez 22 patients soumis ~une  chirurgie cardiaque. Ils ont dtd 

rdpartis entre dettr groupes. [.,es patients du groupe I n 'ont 

pas ref.u de l'ulinastatin alors que le groupe en a refu. La 

moldcule-I adhdsive intercellulaire soluble (S-ICAM-I), la 

moldcule-I endothdliale leucocytaire soluble (S-ALAM-I), les 

interleukines 8 et 6 (IL-8, 6) ont dtd mesurdes gt l'aide d'une 

trousse ELISA. 

Rdsuitats: La concentration sdrique de S-ICAM-I du groupe I 

a augmentd 60 rain aprks le ddclampage de l'aorte de la 

valeur prdopdratoire tie 297 +- 27 ng. kg -I gt 418 +_ 106 ng. kg -t 

(P < 0,01) mais est demeurcSe inchangde dans le groupe II. La 

concentration s#rique de IL-8 et IL-6 n 'a pas changd clans les 

deter groupes. Les concentrations sdriques de IL-8 et IL-6 

clans le groupe I (valeurs prdopdratoires 37 +_ 44 pg.  kg -t et 

59 -!-- 59 pg.  kg -I) ont a augmentd d 169 +_ 86 pg.  kg -t et 436 +_ 

43 pg. kg -I 60 rain aprks le ddclampage de l 'aorte (P < 0,001, 

P < 0,001). Les niveaux tie S-ICAM-I dtaient en corrdlation 

avec ceux de IL-8 (r = 0,5, P < 0,001). 

Conclusion: Ces rdsultats suggdrent que l'ulinastatin peut sup- 

primer l'augmentation de la production de IL-8 et se ICAM-I. 

Our previous studies showed L2 that the production of 
IL-8 and IL-6 increased after declarnping the aorta in 
patients who had undergone cardiac surgery with CPB, 
and that the increase in these factors correlated with 
CK-MB concentration, suggesting that IL-8 and IL-6 
contributed to reperfusion injury following ischaemia. 
These intlammatory cytokines are known to potentiate 
the expression of various adhesion molecules on neu- 
trophils and vascular endothelial cells 3.4 and, as a result, 
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to activate neutrophils and produce or release oxygen 
free radicals and elastase, which may cause tissue 
injury. In the present study, we determined soluble 
adhesion molecules, and evaluated the effect of ulinas- 
tatin on the production of S-ICAM-1, S-ELAM-I, IL-8 
and IL-6. 

Methods 
With institutional approval and informed consent, this 
prospective randomized study was performed in 22 
patients undergoing cardiac surgery: Group 1, 10 
patients (CABG five, valve disease five cases) under- 
went standard CPB; Group 11, 12 patients (CABG five, 
valve disease seven cases) received 6000 U. kg -I ulinas- 
tatin (Miracrid| Mochida Ltd., Japan) iv before CPB 
and before declamping of the aorta. 

Preanaesthetic medication included diazepam (0.2 "r 
mg-kg-]), hydroxyzine ( I  mg.kg-=), meperidine (I ~= 

mg. kg -I) and atropine (0.01 rag. kg-=). Anaesthesia was --. 
ca 

induced with fentanyl (30 lag. kg-I), and tracheal intuba- 
tion was facilitated with vecuronium (0.15 mg.kg-~). 
Anaesthesia was maintained using oxygen, and high- 
dose fentanyl (total 100 lag.-kg-~). Ventilation was con- 
trolled to maintain PaCO2 at approximately 40 mmHg. 

The perfusion apparatus included a hollow fibre 
membrane oxygenator (Terumo, Capiox) and nonpul- 
satile roller-pump (Pemco Inc.) A mixture of mannitol 
20%, sodium bicarbonate 7%, electrolyte solution, and 
CPD-added preserved blood was used for priming, and 
then perfused at a flow of 2.4 L. m -2. min -l. Haema- 
tocrit concentrations were maintained at 20% or more 
throughout CPB. Body temperature was cooled down to 
below 30~ by core cooling through CPB. Crystalloid 
and blood cardioplegia were used for cardiac preserva- 
tion. 

The ECG, EEG, and oesophageal and rectal tempera- 
tures were monitored continuously. Arterial blood oxy- 
gen saturation was also monitored continuously with a 
pulse-oximeter (Datex, Satlite), and end-tidal carbon 
dioxide concentrations with capnography (Datex Capno- 
mac). A pulmonary artery catheter was inserted via the 
internal jugular vein and a catheter was placed in the 
radial artery to measure arterial pressure directly. Six 
arterial blood samples were drawn after induction of 
anaesthesia at the following times: before surgery, 
immediately before starting CPB, 60 min after aortic 
occlusion, and 60, 120 and 180 min after declamping of 
the aorta. In each sample, S-ICAM-I, S-ELAM-I, IL-8, 
and IL-6 concentrations were measured by ELISA 
kits (S-ICAM-I, S-ELAM-I' British Biotechnology 
Products Ltd., Abingdon, U.K., IL-8: R&D systems 
Minneapolis, MN, USA, IL-6: Toray Fujibionics Inc., 
Tokyo, Japan). For statistical analyses, repeated mea- 

TABLE I Clinicalcharacteristics 

Group Control Ulinastatin 

Patients n = 10 n = 12 
Age (yr) 54 • 17 63 e I I 
BW(kg) 62 •  5 5 •  
EF (%) 50 • 23 60 • 12 
CPB (min) 159 • 47.4 159 • 27 
Aoclamp (min) 101 • 32.6 97 • 26 

Mean m SD; BW: body weight; EF: ejection fraction; CPB: cardiopul- 
monary bypass; Ao. clamp: aortic clamp time. 
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FIGURE I Changes of serum soluble ICAM-I concentration mean 
SD. �9 Group I (n = 10), O Group It (n = 12). * P  < 0.01 vs (I) (3). 
Sampling times: I. before surgery; 2. before CPB; 3.60 mi,a after aor- 
tic occlusion; 4 .60  min after reperfusion; 5. 120 min after reperfu- 
sion: 6. 180 rain alter reperfusion. 

sures ANOVA was used for multiple within group com- 
parisons and Student's t test for between group compari- 
son. Significant difference was defined as P < 0.05. 
Data are presented as mean _ standard deviation (mean 
_ SD). 

Results 
Patients from the two groups did not differ in terms of 
age, body weight, ejection fraction, duration of CPB, or 
aortic clamping time (Table 1). The serum concentra- 
tions of S-ICAM-I did not change in Group II but 
increased at 60, 120, 180 rain after reperfusion 
(declamping of aorta) compared with the value before 
surgery and 60 min after aortic occlusion in Group I (P 
< 0.01, Figure 1). Serum S-ELAM-I concentration did 
not change in either group (Table I1). Serum IL-8 con- 
centration increased at 60, 120, and 180 min after reper- 
fusion compared with the values before surgery and 60 
min after aortic occlusion in both groups (P < 0.001). 
The IL-8 concentration in Group II was less than that in 
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TABLE II Concentrations of serum IL-8, IL-6 and S-ELAM-I. 

CANADIAN JOURNAL OF ANAESTHESIA 

Sampling points 

Group 1 2 3 4 5 6 

IL-8 (pg. ml -~ ) Group I 37.7• 37.2+27.0 60.3• 169.5• 169.0• 113,6 • 78.6" 
Group II 25.0 • 6.6 25. I • 18.5 26. I _+ 24.7 56.3 • 36.4"i" 49.8 • 30.8"1. 44,9 • 31.2"1.i" 

IL-6 (pg.ml -I) Group I 59.8•  64.0• 252.1• 159.6 436.5• 390.3• 114.2" 332.4• 109.6" 
Groupll 30.7• 25.0• 22.3• 19.4 132.8• 167.9• 146.0"1. 153,0• 

S-ELAM-I (ng.ml -t) Group I 38.0+ 12 .7  40.3• 13 .8  41.9• 14.7 50.6• 17.8 41 .5•  51,1 • 
Group 11 37.3 r 21.3 39.5• 42.3• 40.9• 35.4• 15.:3 40.3• 14 

Sampling Points (I) before surgery (2) before CPB (3) 60 min after Aortic occlusion (4) 60 min after repeffusion (5) 120 min after reperfusion (6) 
180 min after repeffusion. Mean • SD. *P < 0.001 vs (I), (3). I"P < 0.01 vs Group I. 

Group I at each time after reperfusion (P < 0.01, Table 
Ii). Serum concentrations of IL-6 increased at 60 min 
after reperfusion compared with the values before 
surgery and 60 min after aortic occlusion and remained 
increased until 180 min after reperfusion in both groups 
(P < 0.001, Table II). The IL-6 concentrations in Group 
II were less than those in Group I at each time after 
reperfusion (P < 0.02, Table II). The serum S-ICAM-I 
concentration correlated with the IL-8 concentration (r = 
0.5, P < 0.01, n = 60, Figure 2), but not with the IL-6 
concentration in Group I. The cardiac index (CI) was 
higher in Group II (3.4 _+ 0.36 L. min -I. m -2) than in 
Group I (2.9 • 0.69 L. min -I. m -2) (P < 0.05) and pul- 
monary capillary wedge pressure (PCWP) was lower in 
Group II (10.4 • 4.8 mmHg) than in Group I 13.7 _+ 3.0 
mmHg (P < 0.05) on the first day after cardiac surgery. 
Doses of catecholamine used after cardiac surgery were 
not different between groups. 

Discussion 
Neutrophil and endothelial cell adhesion is mainly 
mediated by two pathwaysS: one is the LECAM (leuko- 
cyte-endothelial cell adhesion molecules) family mole- 
cules and sugar residue, and the other is CD-18 and 
I C A M - I .  A d h e s i o n  t akes  p l a c e  in s eve ra l  s t eps :  ( I )  t e th-  

e r ing ,  (2) triggering, (3) adhesion, and (4) migration. 6 
The LECAM family molecules, such as LECAM-1 and 
ELAM-I, play an important role in tethering, while inte- 
grin family molecules, such as LFA-I and Mac-1 on 
leukocytes contribute to the adhesion of leukocytes and 
vascular endothelial cells. 7 The LECAM family mole- 
cules attract unstimulatd leukocytes in the circulation to 
the activated vascular endothelium. They induce rolling 
of leukocytes on the endothelium, 8 and then activate 
them with leukocyte chemotactic factors, such as IL-8 
and platlet activating factor (PAF) which are produced 
and released from the endothelium. Activated leuko- 
cytes express Mac-I on their surfaces, and then adhere 
dependently to LECAM-I or CD-18/ICAM-I which 
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FIGURE 2 Correlation between serum IL-8 and soluble ICAM-I 
concentration in Group I. n = 60 r = 0.5 P < 0.001. 

proceeds to migration. The expression and function of 
these adhesion molecules may be regulated by cyto- 
kines. Cytokines such as TNF-~, IL-I, IL-4, IL-6 and 
IL-8 have been reported to potentiate the expression of 
VCAM-I, ICAM-I and ELAM-I on endothelial cells. 9 
T h e  p r e s e n t  s t u d y  s h o w e d  tha t  IL-8 ,  IL -6  and  S - I C A M -  

1 increased after ischaemic reperfusion and that [L-8 
correlated positively with S-ICAM-I. These results sup- 
port the hypothesis that the production of IL-8 is 
increased after ischaemia and that S-ICAM-I is then up- 
regulated. It has been reported that IL-8 is induced in 
the myocardium after ischaemia and reperfusion in 

v ivo  I~ and up-regulates adhesion molecules. 9 Smith et 

al . ,  ~ reported that the ELAM-I mediated pathway was 
quickly suppressed after adhesion of neutrophils to 
endothelial cells, and disappeared within 30 sec, to be 
replaced by the CD-I 8 and ICAM-1 mediated pathway. 
In our study, S-ELAM-I did not change. This may be 
explained as follows: S-ELAM-1 may have been elevat- 
ed but disappeared quickly and, in addition, ELAM-I 
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was not detected directly on the endothelium, but solu- 
ble ELAM-1 was measured indirectly, and therefore its 
changes could not be followed. Ulinastatin, which is 
isolated from human urine, inhibits trypsin, and pancre- 
atic elastase activity, ~2 polymorphonuclear leukocyte 
elastase activity ~3 and the endotoxin-stimulated produc- 
tion of tumour necrosis factor alpha and interleukin I. ~4 
Moreover, it has an anti-shock effect similar to steroid 
hormones) s Endo et al., 16 reported that ulinastatin 
inhibited production of polymorphonuclear leukocyte 
elastase and IL-8. In a previous study, we investigated 
the inhibitory effects of ulinastin on the increased pro- 
duction of IL-8 and IL-6 during cardiac surgery with 
cardiopulmonary bypass) 7 Also, IL-8 and IL-6 have 
been reported to potentiate the expression of adhesion 
molecules. In the present study, we observed the effects 
of ulinastatin on the soluble adhesion molecules follow- 
ing suppression of IL-8 and IL-6 production. As a result, 
in patients receiving pretreatment with ulinastatin, the 
increases in the production of IL-8 and IL-6 were sup- 
pressed, and S-ICAM-I did not change after reperfu- 
sion. There was a positive correlation observed between 
IL-8 and S-ICAM-I. These results suggest that ulinas- 
tatin prevented up-regulation of S-ICAM- I by inhibiting 
the increased production of IL-8. 

Hennein et al., t8 reported that inflammatory cyto- 
kines, such as IL-8 and IL-6, are elevated during coro- 
nary revascularization and may contribute to postopera- 
tive myocardial ischaemia and segmental wall motion 
abnormalities. We have reported a negative correlation 
between serum IL-8 and postoperative cardiac index and 
suggested that elevation of IL-8 during cardiac surgery 
caused postoperative cardiac dysfunction. 2 Also, the 
expression of ICAM-I on cardiac myocytes was 
induced by IL-6 and adhesion of leukocytes to myocytes 
was potentiated by IL-6. In this respect, it is suggested 
that IL-6 is involved in reperfusion injury. The clinical 
importance of these findings is that suppression of 
increased production of inflammatory cytokines and 
adhesion molecules by pretreatment with ulinastatin 
may produce myocardial protection. We observed, in 
ulinastatin-treated patients, that postsurgical cardiac 
index was higher and PCWP was lower than in untreat- 
ed patients. Nevertheless, the total doses of cathe- 
cholamines used after cardiac surgery were not different 
between groups. As C.I. is negatively correlated with 
maximum concentration of IL-8 during surgery, 2 ulina- 
statin pretreatment may improve post-surgical cardiac 
function by suppressing increased the production of IL- 
8 and S-ICAM-1. 
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