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Changes in granulocyte elastase (GLE) and iJ-gluculonidase (iJ-gI)
were observed during open heart surgeries which were performed under
deep hypothermia with surface cooling. In addition, the effect of uri­
nary trypsin inhibitor, urinastatin, on the activities of these enzymes
was studied. The patients were divided into three groups, namely group
U-I with intravenous injection of 6000 u-kg"! of urinastatin before
cooling, group U-II administered with an additional 6000 uokg- 1 af­
ter warming to 30°C, and an untreated group (Group C). The plasma
level of GLE increased significantly in the three groups compared with
the level before cooling respectively. In the group U-II, the GLE level
after the warming was lower than that in the control group. The serum
level of iJ-gI increased significantly in the three groups at the end of
rewarming (36°C). The release of GLE from lysosomes in granulocytes
was inhibited in the group U-II. The insufficient inhibition of GLE
release in the group U-I is probably due to relatively short half-life
of urinastatin. Therefore double administration of 6000 uokg- 1

, before
and after the cooling, may be required to achieve the therapeutic effect.
Consequently, urinastatin appears to be useful in open heart surgery
under deep hypothermia with surface cooling. (Key words: hypother­
mia, cardiosurgery, lysosomal enzyme, protease inhibitor, urinastatin)

(Kawamura T, Shimoda Y, Wakusawa R: The effects of urinastatin
on the plasma levels of granulocyte elastase during open heart surgery
under simple deep hypothermia. J. Anesth 6: 269-276, 1992)

Simple deep hypothermia can pro­
tect many vital organs from deleteri­
ous stress during open heart surgery.
However the simple deep hypothermia
per se may induce peripheral hypoxia
due to inadequate peripheral circu­
lation and the increased affinity of
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hemoglobin for oxygen despite of a
suppressed metabolism. Chiba1 has re­
ported that the serum lysosomal en­
zymes increase after 60 min of circula­
tory arrest at the lowest temperature
(20°C) period, though hypothermia it­
self did not effect on the lysosomal
membrane. Therefore, in order to pre­
vent postoperative organic disorders it
may be worthy to observe changes of
humoral mediators which are closely
involved in the tissue hypoxia. We
measured the plasma levels of granulo-
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Table l. Case of patient

patient age sex diagnosis

1 11M M VSD
2 6Y M ASD

·3 3Y 6M M ASD
control 4 2Y 3M M VSD,PH

5 6M M PS
6 2Y M VSD, PH
7 lY 4M M VSD, PH
8 9Y M ASD

1 7Y F ASD
2 3Y 6M F ASD
3 5Y F ASD

U-I 4 3Y 5M M VSD
5 9M M VSD, PH
6 2Y F VSD
7 11M F LV to RA communication
8 3Y M TOF

1 5M F ASD
2 2Y M VSD
3 11M M VSD,PH

U-II 4 5Y F ASD,PAPVR
5 6Y F VSD
6 lY M VSD,PH
7 3Y F VSD
8 5Y 6M M VSD

VSD: ventricular septal defect, ASD: atrial septal defect, PH: pul-
monary hypertension, PS: pulmonary valve stenosis, LV: left ventri-
cle, RA: right atrium, TOF: tetralogy of FALLOT, PAPVR: partial
anomalous pulmonary venous return.

cyte elastase which is suspected most
likely as an indicator for organ failure,
and evaluated the effect of urinastatin,
a protease inhibitor purified from hu­
man urine, administered during the
hypothermia.

Subjects and Methods

The subjects consisted of 24 pa­
tients undergoing open heart surgery
under simple deep hypothermia (ta­
ble 1). Patients undergoing emergency
operations or those who had been in
decompensation due to being severely
ill were excluded from the present
study. After induction of anesthesia
with 5 mg-kg"! thiamylal, their tra­
chea was intubated with the aid of

succinyl choline chloride. According to
the method of our department', fol­
lowing administration of 1.5 mg-kg"!

triflupromazine, they were cooled to
20°C by immersion in iced water under
deep anesthesia with ether. Prior to
the surface cooling, 6000 u-kg"! of uri­
nastatin (Miraclid®) was administered
intravenously in eight cases (Group
V-I). An identical dose was added
while warming at 30°C in eight oth­
ers (Group V-II). Vrinastatin was not
used in eight others (Group C). Blood
samples were drawn from the radial
artery at 6 different periods; before
cooling, after cooling to 30°C, at the
lowest temperature, after resuscitation,
after warming to 30°C, and then after



Fig. 3. Mean levels of serum {3-

glucuronidase in urinastatin administered and

control groups.

Mean ± SD.

• control (n=8), 0 U-I (n=8), 6. U-II

(n=8).
1:1 P < 0.05. Significantly different from the

period before cooling.
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Fig. 2. Mean levels of plasma granulocyte

elastase in urinastatin administered and control

groups.

Mean ± SD.

• control (n=8), 0 U-I (n=8), 6. U-II

(n=8).
1:1 P < 0.05, 1:1 1:1 P < 0.01. Significantly

different from the period before cooling.

* P < 0.05. Comparison between control
and group U-II.

completing warming, for measurement
of blood levels of GLE and ;3-gl.

The lowest esophageal temperature
around 20 ~ 23°C which was consid­
ered as the optimum temperature ac­
cording to the permissible circulatory
arrest time was achieved by cooling.

ECG, EEG, arterial pressure (invasive
method), esophageal and rectal tem­
perature were monitored. Intravenous
drip infusion of lactated Ringer's solu­
tion at 3 ~ 5 ml-kgr l-hr"! and 10% low
molecular weight dextran solution at 3
'"'-' 5 ml·kg-I·hr- I was kept throughout.

Immunologic activities of granulo­
cyte elastase and aI-PI complex were
measured by the Sandwich immunoas­
say met.hod' to determine granulocyte
elastase concentration. The modified
method of Nobunaga'' was used for the
measurement of ;3-gl. Statistical anal­
ysis was performed by using analysis
of variance and paired t-test, and P
< 0.05 was considered significant. All
values were expressed as the mean ±
SD.
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Fig. 4. Base excess during open heart

surgery under hypothermia with surface cool­
ing.

Mean ± SD.

• control (n=lO) , 0 U-I (n=8), 1:::, U-II

(n=8).
~ P < 0.05. Significantly different from the

period before cooling.

Fig. 5. Mean levels of urine volume in uri­

nastatin administered and control groups.
Mean ± SD.

interval I: interval between induction of
anesthesia and maximum cooling.

interval II: interval between maximum cool-
ing and completion of warming.

c:=J control (n=8) 1:·:·:·:·:·:·:·1 U-I (n=8)

~ U-II (n=8)

~ P < 0.01. Significantly different from con­
trol group.

Results

(1) Mean blood pressure and heart
rate decreased significantly in all three
groups of patients following the cooling
and increased following the rewarming.
No significant differences between the
three groups of patients were noted,
respectively (fig. 1).

(2) GLE: At the lowest tempera­
ture, GLE decreased significantly from
224 ± 71 to 117 ± 54 j".lg·l-l in Group
C, from 159 ± 72 to 64 ± 35 j".lg.l-l
in Group V-I and from 159 ± 40 to
98 ± 30 j".lg·l-l in Group V-II (P <
0.01). GLE began increasing after re­
circulation, and reached the maximum
at the completion of warming (36°C),
namely it increased to 861 ± 602 j".lg.l-l
in Group C, 597 ± 303 j".lg·l-l in Group
V-I and 444 ± 152 j".lg.l-l in Group
V-II (P < 0,01). These values were
far greater than the initial values be­
fore cooling, respectively. However, the
value of GLE in Group V-II was signif­
icantly less than that in Group C (P <
0.05) (fig. 2).

(3) ,B-gI: ,B-gi began increasing after
recirculation in all groups and reached
maximum at the completion of warm­
ing (36°C). It increased significantly to
1292 ± 367 u·dl- 1 in Group C, 1599 ±
639 u-dl"! in Group V-I and 1127 ±
291 u-dl"! in Group V-II (P < 0.05)
(fig. 3).

(4) Base excess in the urinastatin­
treated group was compared with that
in the untreated group (Group C).
There was no significant difference be­
tween the level before cooling and after
recirculation in Group V-I and 'Group
V-II respectively. However, the base
excess in Group C after recirculation
was significantly lower than that before
cooling (P < 0.05) (fig. 4).

(5) Volume of Vrine: The volume
of urine in the interval between in­
duction of anesthesia and the low­
est temperature period was 1.68 ±
2.3 ml-kgr lhr"! in Group C, 1.44 ±
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1.14 ml·kg-1.hr-1 in Group U-I, and
1.97 ± 1.4 ml-kgt l-hr"! in Group U­
II. No statistically significant difference
was noted between the groups. How­
ever, between the lowest temperature
period and the end of rewarming, it
increased significantly to 2.29 ± 0.74
ml-kg t l-hr"! in Group U-I and 2.78 ±
1.2 ml·kg-1·hr-1 in Group U-II as com­
pared with that in Group C (P < 0.01)
(fig. 5).

Discussion

. Simple deep hypothermia with sur­
face cooling is also called as "con­
trolled shock," where peripheral and
organic microcirculation is impaired. It
has been also reported that the serum
lysosomal enzymes increase after circu­
latory arrest 1 under hypothermic anes­
thesia. In the present study, we mea­
sured the changes of granulocyte elas­
tase, which is one of the humoral medi­
ators closely involved in tissue hypoxia.
At the same time, we studied the effect
of urinastatin, which would have an
inhibitory effect on protease activities
and would be expected to have anti­
shock effect. Additionally, we studied
its effect on ;3-gl, one of the lysosomal
enzymes. GLE is an enzyme released
from granulocytic lysosome in patients
with such ailments as inflammatory
disease'' or shock", As this enzyme
lyzes elastin and fibronectin, it induces
degeneration and dissociation of tissues
through the progression of such activi­
ties. Therefore, it is worthy to predict
and to inhibit its elevation in the blood
for the prevention of postoperative dis­
orders in many organs. Furthermore
GLE has been known to increase dur­
ing the extracorporeal circulationb" or
hemodialysis'v!''. Its secretory mecha­
nism is considered to be initiated by
the activation of complements.

The results of the present study
indicated that hypothermic anesthesia
itself could stabilize the cellular mem­
brane or inhibit GLE release, since

the GLE concentration in the blood
was significantly reduced at the lowest
temperature as compared with the lev­
els before cooling in the control group
as well as in the urinastatin-treated
groups. In contrast, the increase in
GLE after resuscitation might be at­
tributed to hypoxia during the circula­
tory arrest or to direct surgical tissue
damage. It has been reported that the
levels of GLE increases with the on­
set of myocardial infarction!", and this
increase is associated with an increase
in pulmonary wedge pressure!". Fur­
thermore an observation on high level
of G LE in the bronchoalveolar lavage
fluid in ARDS has been reported".
Another report 13 documented that a
negative correlation was noted between
the changes in G LE and the postoper­
ative cardiac index but positive corre­
lation between the changes in GLE and
A-a D 0 2 ' Therefore, it may be clini­
cally beneficial to prevent the increase
of GLE in the blood.

;3-g1 is another lysosomal enzyme,
and its release into the blood in­
dicates destruction of the lysosomal
membrane due to tissue hypoxia. The
principal role of the lysosomal en­
zymes is to digest metabolites pro­
duced within the cells or foreign bodies
incorporated into the cells. However,
the release of enzymes into the blood
is supposed to induce a variety of
pathophysiological conditions, namely
impairment in circulation, respiration,
vital-defensive function of the reticulo­
endothelial system14, 15 •

Many membrane stabilizers and pro­
tease inhibitors have been used clini­
cally for the treatment of such patho­
physiological conditions. Corticosteroid
is the most widely known as membrane
stablllzer!", while aprotinin prepara­
tions, gavexate mesylate and urinas­
tatin are commonly used as protease
inhibitor. These drugs may inhibit the
induction of various pathological situ­
ations or may block a vicious circle.
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V rinastatin is a glycoprotein of about
67000 in molecular weight extracted
from human urine. Its inhibitory ef­
fect on various proteases such as
trypsin, chymotrypsin and GLEl7 , di­
rect stabilization effect on the lysoso­
mal membrane and antishock effect 18

have been well recognized. In addi­
tion, a number of reports show that
urinastatin inhibits elevation of GLE
in open heart surgery under extra­
corporeal circulat.ion!", In the present
study, the increase in GLE concentra­
tion could be suppressed after the re­
warming by using double doses of uri­
nastatin of 6,000 u-kg"! as compared
with that in the control. The necessity
of repeated administration of urinas­
tatin was due to a relatively short
half-life, about 45 min, of this drug. As
mentioned above, Ohnishi et al. 18 have
reported that urinastatin can stabilize
lysosomal membrane in vivo and in
vitro. However, we could not observe
any inhibitory effect of this drug on
f3-g1 release from lysosomes after the
circulatory arrest. Inhibitory effect of
this drug on the release of lysosomal
enzymes into the blood has not been
consistently accepted among the inves­
tigators, as yet. Further studies will
be needed to confirm the therapeutic
value of this drug in the future. Mat­
sunaga et al. 20 reported that urinas­
tatin of 5,000 u-kg"! was effective for
inhibition of the release of lysosomal
enzymes during extracorporeal circula­
tion. On the other hand, Doi et al.21

reported that no effect was observed
under the similar circumstance.

It is interesting that the urine out­
put increased significantly in Group
V-II patients during the warming pe­
riod after the recirculation. In canine
models of hemorrhagic and endotoxin
shock, urinastatin has been shown to
increase the renal blood flow with
a consequent increase in the urine
volume'P and also, to maintain the
renal blood flow with a resulting in-

crease in urine output during hypoten­
sive anesthesia23 • This suggests that
urinastatin may have an effect in pro­
tecting the functions of urinary tubules
and improving glomerular funct ion/".
It was suggested that peripheral cir­
culation had been well maintained to
keep the steady excretion of urine dur­
ing the warming period.

Various humoral mediators could
produce a vicious circle by affect­
ing each other. Therefore necessity
of combined administration of multi­
ple mediator inhibitors, but not sole
administration has been emphasized
and its clinical significance, has been
also documented25 - 27 • Among such in­
hibitors, urinastatin as a protease in­
hibitor is expected to play an impor­
tant role in this respect.

To conclude, intermittent admin­
istration of urinastatin during open
heart surgery was shown to be effective
to inhibit the increase in the plasma
level of G LE at rewarming period after
deep hypothermia.

(Received Mar. 11, 1991, accepted for
publication Nov. 7, 1991)
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