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Carbon clearance, concentration of fibronectin (Fn) in the blood and arterial
ketone body ratio (AKBR) have been measured in the rabbit in order to evaluate
the RES phagocytic activity and the effect of ulinastatin on it in endotoxin (ET)
shock. The following results were obtained: 1) carbon deposition by ET injection
was found in organs (lung and kidney) which did not show it in the control group.
The reasons for this might be considered that the RES was blocked because
of phagocytizing ET and tissue debris, so that the carbon which could not be
processed by the RES spilled over and became clogged; 2) the RES phagocytic
activity were found to decline from an early stage after injection of a lethal dose of
ET due to a decline in Fn productivity and an increase in Fn consumption; and, 3)
ulinastatin suppressed the decrease of Fn and the carbon deposition in the kidney

. in ET shock. These results are suggestive of the usefulness of ulinastatin as an
anti-shock agent, preserving the RES phagocytic activity through the inhibition
of Fn consumption. (Key words: fibronectin, arterial ketone body ratio, carbon
clearance, endotoxin shock, ulinastatin)

(Inoue D: The effects of ulinastatin on the reticuloendothelial system (RES)
of rabbits in endotoxin shock. J Anesth 2: 77-86, 1988)

The decline of the RES function is
commonly observed in the patients with
shock, suggesting a weakness of their host
defense capacity. However, the RES function
is not easy to ascertain in clinical patients.

Lancer et al.1,2 have pointed out the
importance of plasma Fn as an indicator
of the RES phagocytic activity. However,
a discrepancy between the RES phagocytic
activity and Fn concentration in the serum
was observedv". It has also become clear
that the activity of Kupffer cells plays an
important role in the RES3,5 .

Clearance of carbon particles from the
blood and 'their deposition into the organs,
the venous blood level of fibronectin (Fn),
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and the arterial ketone body ratio (AKBR)
have been determined as being representative
of the RES phagocytic activity in the present
study'':".

Ulinastatin, a polyvalent protease inbitor,
has been reported to exert an anti-shock
action through stabilizing lysosomes. The
present research was undertaken to clarify
the effect of ulinastatin on the phagocytic
activity of RES in rabbits in the state of ET
shock.

Materials and Methods (table 1)

1. Experimental a.nimals
Fifty five buck rabbits (Japanese white),

weighing between 2.5 to 3.0 kg, were
used for this study. Anesthesia was
induced by 20 mgjkg of Nembutal injected
via an ear vein. A tracheostomy was
performed to facilitate stable spontaneous
respiration. A polyethylene catheter was
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Table 1. Methods

{

0.1 mg/kg
Endotoxin 1 mg/kg

(ET) 3 mg/kg

u linastatin

10,000 IU/kg one shot

J Anesth 1988

o
IRabbit

(t, 2.5-3.0kg)

ISampling I
Measurements !

2 hrs
I

!

6 hrs
I

12 hrs
I

CD Carbon clearance test

® Fibronectin (Fn)

® Arterial ketone body ratio (AKBR)

Table 2. Degree of carbon accumulation in liver and
kidney

- + tt

Liver

~ or
, \

(Kupffer cell) ..
I •

Kidney 0 0 C)(Glomerulus)
;':;:,':

- : Absolutely no carbon particles were recognized

+ : Some carbon particles were recognized

*: Many carbon particles were recognized

placed into femoral artery to withdraw blood
specimens. The endotoxin shock models were
produced by an intravenous administration
of varying amounts of endotoxin (Escherichia
Coli lipopolysaccharide 0127:B8, Difco Lab.
USA). These models were classified into
three ET groups, based on the administered
doses, 0.1, 1 and 3 mg/kg, respectively.

Ulinastatin was injected immediately after
the ET injection into the 3 mg/kg ET
group a one-shot dose of 10,000 unit/kg.
Then, a dose of 40,000 unit/kg of ulinastatin
was drip-infused for a periods of 2 (carbon

clearance test) or 6 (AKBR, Fn) hours.
2. Determination of the RES phagocytic

activity (carbon clearance test, Fn,
AKBR)

(a) Carbon clearance and deposition of
carbon in the RES

Carbon particles of Perikan 17 black
ink were diluted to a concentration of 16
mgjrnl in saline according to Halpern8 and
8 mg/100g body weight was administered
intravenously into the animals. Blood was
withdrawn at 6 different times to determine
the concentration of carbon particles. This
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human Fn antibody by the Ouchterlony
method.

(c) Arterial ketone body ratio (AKBR)
AKBR stands for the ratio of ace

toacetate (rng/rnl) to ,B-hydroxybutyrate

0.01h---,-----.-----.-------..
0'3' 15' 30' 60' 90'

(min)

Fig. 1. Carbon clearance of control rabbit
The quenching curves of carbon particles in

the blood were highly exponential with a regres
sion coefficient of 0.982. The decay curve was
expressed as followed formula:

C = Coe-k t ,

in which the phagocytic index (k) was 0.0181 and
half-life of carbon particle in the blood (t) was
39.5 min in the intact control group (n = 5).
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blood then was hemolyzed in 80-fold diluted
1% Na2C03 and colorimetry analysis was
made, using a spectrum analyzer (UV-2014,
Shimazu Co., Ltd.). The concentrations of
carbon particle were analyzed to obtain
phagocytic indices by the exponential
regression method8,9 .

At 60 min after injection of carbon
particles, the animals were sacrificed to
remove organs involved in RES such as the
liver, the lungs, and the kidneys. The organs
were fixed in 10% neutral formalin and cut
sections were stained with Hemotoxylin-eosin
(H&E) to examine the deposition of carbon
particles microscopically. The accumulation
of carbon particles in the Kupffer cells in the
liver and the gromeruli in the kidney was
quantitatively evaluated using the standards
shown in table 2. The deposition of carbon
particles on the lung capillary beds was
evaluated. for the presence or absense of
particles.

(b) Fibronectin (Fn) concentration in the
blood

Quantitative analysis of the blood Fn
in 15 rabbits was performed by immune
turbidimetry, using human plasma Fn. With
regard to cross immunity, we already have
confirmed in our previous report '" that the
blood Fn of the rabbit can react to the

Control (++-) 2 hrs after ET 3 rug/kg injection (+)

Fig. 2. Carbon deposition in the liver of control and ET injected rabbits.
The uptake of carbon particles by the Kupffer cells in the ET injected groups was less than that

of the control group. This is suggestive of a fall in the RES phagocytic activity in the ET injected
groups. (x400)
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Control (-) 2 hIS after ET 3 rug/kg injection (+)

Fig. 3. Carbon deposition in the lung of control and ET injected rabbits
In the ET injected groups, the carbon deposition was observed on the capillary beds in the

lungs. (x 100)

Control (-) ET 3 mg/kg, 2 hrs (++)

3 mg/kg ET +
Urinastatin, 2 hIS (+)

Fig. 4. Carbon deposition in the kidneys of control, ET injected and ulinastatin treated rabbits
at 2 hrs after ET injection.

The carbon deposition was observed in the glomeruli in the ET only injected group. In the
ulinastatin treated groups, the carbon deposition in the glomeruli was less than that in the ET
only injected group. (x 100)

(mgjml) in the arterial blood. Acetoac
etate and ,B-hydroxybutyrate were measured

enzymaticallyll in fifteen rabbits. The
amount of ketone bodies in the blood of the
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fed rat in contrast to that of the starved
rat differs considerably'? and individual
differences in the AKBR can be expected
to be large. Therefore, the observation
of the AKBR in the same test rabbits
was considered to be the most appropriate
procedure.

3. Data analysis
The values of the Fn and the AKBR were

expressed as percentages of the initial value,
though the differences between the controls
and each treated group were determined
by the actual measured value. Results were
given as the mean ± S.D. The comparison of
the means was performed by the Student's
T-test.

Results

1. Carbon clearance test
(a) Control group (fig. 1)
The quenching curves of carbon particles

in the blood were found to be highly
exponential with a regression coefficient of
0.982, as illustrated in figure 1. The decay
curve was expressed as followed formula:

C = Coe-kt

Where, the phagocytic index (K) was
0.0181, and the half-life of carbon particles
in the blood (t) was 39.5 min in the control

Fig. 5. Blood disappearance of carbon par
ticle in control and endotoxin injected rabbits

The carbon quenching from the blood in all
ET groups (0.1, 1 and 3 mg/kg) became rapid
but the D.D. values were irregular and could not
be expressed as a function of time. Therefore in
all ET groups, both the phagocytic index and the
half time could not be calculated.

group (n = 5).
The deposition of carbon particle was

observed only in the hepatic cells and could
not be seen in either the lungs or the kidneys

Table 3. Carbon accumulation in the liver, lungs and kidneys
In all ET injected group, the carbon deposition was observed not

only in the liver but also in the lungs and kidneys. However, the
amount of ET and the time after ET injection did not affect the de
position of carbon particle in the liver, lungs and kidneys.

classification of rabbits Liver

Control (n=5) *
2hrs +(n=5)

O.1mg/kg ET
6hrs

(n=5) +
2hrs +

1 mg/kg ET
(n=4)

6hrs
(0=4) +

3 mg/kg ET 2hrs +(n=3)

3 mg/kg ET 2hrs ++ u linastalin (n = 3)

Lung Kidney

+ *
+ *
+ *
+ *
+ *
+
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before injection 2 6 12 hrs.
t
Time after Et administration

%
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0---<> 0.1 mg/kg ET (n = 5)

- 3 mg/kg ET (n= 5)

• ... 3 mg/kg ET (n = 5)
+ UI inastatin

• P<O.Ol

•• P<0.005

/ i

3mg/kg
+ ul inastalin

Fig. 6. The percentage change of fi
bronectin of rabbit

The Fn concentration in the blood of
the 0.1 mg/kg ET group was significantly
increased at 12 hours after the injection
(P<D.005). On the other hand, that of the 3
rug/kg ET group was significantly decreased
at 6 hours after the injection (P<O.D1).

Ulinastatin significantly suppressed the
lowering of Fn in the blood at 12 hours after
the 3 mg/kg ET injection (P<O.D5).

under an optical microscope (figs. 2-4).
(b) ET group
Carbon quenching from the blood in all

three ET groups (0.1, 1, and 3 mg/kg)
became rapid but the O.D. values were
irregular and could not be expressed as a
function of time (fig. 5). Therefore, in all
three ET groups, both the phagocytic index
and the half time could not be calculated.

As for the distribution of carbon in
organs, carbon deposition was observed not
only in the liver but also in the lungs and
kidneys under the optical microscope (figs.
2-4). The microscopic observations clarified
that the uptake of carbon particles by the
Kupffer cells in all the ET injected groups
was less than that of the control group (fig.
2).

The amount of ET and the time after
ET injection, however, did not affect the
deposition of carbon particle in the liver, the
lungs and the kidneys (table 3).

(c) ET + ulinastatin group

In the liver and the lungs, there was no
difference in the degree of carbon deposition
between the ET-only group and the group
that also had been given ulinastatin.

As for the kidneys, the carbon deposition
in the group that also had been given
ulinastatin was less than that found in the
ET-only group (fig. 4).

2. Fibronectin concentration in the blood
(fig. 6)

The Fn concentration in the blood of
the 0.1 mg/kg ET group was significantly
increased at 12 hours after the injection
(P<0.005). On the other hand, the Fn
concentration in the 3 rug/kg ET group was
markedly decreased at 6 hours after the
injection (P<O.OI).

Ulinastatin notably suppressed the lower
ing of Fn in the blood at 12 hours after the 3
mg/kg ET injection (P<0.05).

3. AKBR (fig. 7)
In the 0.1 mg/kg ET group, the AKBR

rose significantly after 2 hours (P<0.05), but
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Table 4. Summary of results
In the kidney, the carbon deposition of the group added ulinas

tatin was less than that ofET-only group. Ulinastatin significantly
suppressed the lowering of Fn in the blood at 12 hours after the
3 mg/kg ET injection.

1. Carbon clearance

Control ET Group
3mg/kg ET
+ ulinastatin

Liver (RES) +t + +
Kidney +t +
Lung + +

2. Fn, AKBR

hrs. 0.1 mg/kg ET 3mg/kg ET 3mg/kg ET
+ ulinastatin

2 t .J. .J.
Fn 6 t , t

12 t .J.
2 t , t

AKBR 6 , , ,
12 , , .J.

t Weak increase t Significant increase
l Weak decrease , Significant decrease

decreased at 6 and at 12 hours (P<O.Ol in
both cases). In the 3 mg/kg ET group, the
AKBR began to decline significantly from 2
hours (P<O.Ol) and continued to fall with
time (P<O.Ol at 6 hours, and P<0.05 at 12
hours).

Ulinastatin did not affect the fall of the
AKBR in the 3 mg/kg ET group.

The results of the present study are
summarized in table 4.

Discussion

1. AKBR and Fn (figs. 6, 7)
In a previous study", it was concluded

that the AKBR reflected the hepatic
mitochondorial redox potential and the
energy charge in the liver. It also has been
reported that there is a correlation between
the AKBR and the RES function'P,

In our experiments, the AKBR of the
group given 0.1 mg/kg ET rose at 2 hours
after the injection and then began to fall at
6 hours. The reason for this is thought to
be that at 2 hours after the ET injection,
the metabolic load that had been increased
by the ET was compensated temporarily
by an accelerated ATP productivity of
the mitochondriat"; however, at 6 hours

after ET injection, the acceleration of ATP
productivity could no longer meet the ATP
consumption and the energy charge in the
liver fell.

Following an ET injection of a lethal dose
of 3 rug/kg ET, the fall of the AKBR began
at 2 hours after the injection. This suggests
that when the administered ET amounted to
a lethal dose, a state of irreversible shock
already had begun by 2 hours after the
injection. It can be assumed therefore that
tissue perfusion had fallen and that the ATP
productivity of the hepatic mitochondria was
disturbed by a lack of oxygen.

The fall on Fn concentration in the blood
after an injection of a lethal dose of 3 rug/kg
ET in the present experiments is consistent
with a previous theory2,15, that sepsis tends
to cause Fn deficiency. The reason for the Fn
fall could be that phagocytizing tissue debris
(fibrin aggregates, effete platelates, FDP and
collagen), generated by the ET injection in
the blood, accelerated the consumption of
Fn.

It is said that Fn is produced mainly
by liver cells and the vascular endothelial
cells'". Therefore another reason for this Fn
fall could be that as the fall in the AKBR
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Fig. 7. The percentage change of AKBR of
rabbit (arterial ketone body ratio)

In the 0.1 rug/kg ET group, AKBR rose sig
nificantly after 2 hours, (P<0.05) but was sig
nificantly decreased at 6 and 12 hours (P<O.Ol
in both cases). In the 3 mg/kg ET group,
AKBR began to decline significantly from 2 hours
(P<O.Ol) and continued to fall significantly with
time (P<O.Ol at 6 hours, and P<0.05 at 12 hours).

Ulinastatin did not affect the fall of AKBR of
3 rag/kg ET.

occurred, due to metabolic ataxia of the liver
induced by ET shock, the protein synthesis
ability and the Fn productivity in the liver
fell.

Thus, when a lethal amount of ET
was injected, the Fn concentration in the
blood fell. Yet, when a very small amount
of ET (0.1 mg/kg) was inejcted, the Fn
concentration in the blood rose significantly
at 12 hours after the injection.

Judging from the rise in the AKBR at 2
hours after injection of a very small amount
of ET in our experiments, the liver entered
a hypermetabolic state in compensation.

••

Therefore, in a similar manner, the rise
in Fn also could be considered to have
resulted from a compensatory increase in the
productivity of Fn in the liver.

2. Carbon clearance test (Jig. 1, Jig. 5,
table 3)

Unlike the control group, in all the
ET injected groups, because the carbon
quenching from the blood could not be
expressed as a function of time, the
phagocytic indices could not be calculated.
These findings appear to reflect the
difference in distribution of carbon in the
organs between the two groups.

Carbon deposition in the lungs and
kidneys induced by ET injection may be
due to a fall in the RES phagocytic
activity such as the direct lesional action
of ET on the liver mitochondria'", and the
phagocytizing effect of ET18 and the tissue
debris generated by the injection. It also has
been shown that the uptake of carbon in
the liver of the ET-injected groups was less
than that of the control group, as shown in
figure 2. It appears that the carbon particles,
which could not be processed by the RES,
overflowed and clogged the capillary blood
vessels. The possibility also exists that the
fall in the AKBR and the Fn after ET
injection, as shown in figures 6, 7 may be
referable to that in the RES phagocytic
activity.

Since the AKBR and Fn did not fall
within 2 hours after a very small injection
of ET, shown in table 3, it is difficult
to assume, however, a fall of the RES
phagocytic activity during this period, but
even though carbon deposition was observed
in the lungs and kidneys. The reason for
this is thought to be that the ET activated
blood coagulation cascades containing both
intrinsic19 and exogenous-? factors and
microthrombi were so formed.

In the group that received a lethal dose
of ET (3 mg/kg), AKBR began to fall
at 2 hours after injection, and the rabbits
appeared to enter a state of irreversible
shock. Under such a shock, the possibility
exists that the RDS (reticuloendothelial
depressant substancej-"; which specifically

12 hrs.

• P<0.05

•• P<O.Ol

MEAN±S.D.

- 0.1 mg/kg IT (n= 5)

- 3 rng/kg ET (n = 5)

... .. 3 mg/kg ET (n = 5)
+ UIinsstatin

••

before injection 2 6
t
Time after ET administration

60

60

"10
160

140

120

10
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suppresses the RES functions, may have
been generated from the ischemic viscera,
and that the fall in the RES functions might
have become remarkable.

The carbon deposition in the lungs
and kidneys in the ET-injected group
suggests that under a state of the
lowered RES phagocytic activity, or due
to hypercoagulability induced by the ET
injection, the ET and tissue debris that
cannot be processed tends to clog the
capillary blood vessels of the lungs and other
organs. In the lungs, this clogging raises
the pulmonary vascular resistance, which
can cause ARDS (adult respiratory distress
syndrome). Further, it can also be a cause of
MOF (multiple ogan failure).

3. Effects of ulinastatin (table 4)
In sever case of shock, various proteolytic

enzymes that are released into the blood,
due to destroyed lysosome membranes,
can led' to an irreversible treatment. For
treatment, inhibitors of proteolysis are said
to be effective. It has been reported that
ulinastatin, a kind of glycoprotein with a
molecular weight of about 67.000, separated
from fresh human male urine22

, has an
inhibiting effect against various proteolytic
enzymes23 and, therefore, may be use in
anti-shock therapy.

Ulinastatin was found to suppress the
decrease of Fn at 12 hours after ET
injection. The reason for this could be
that the Fn had been decomposed by a
protease such as plasmin-", and that this
decomposition might have been inhibited by
ulinastatin, a protease inhibitor. There is a
report which says that ulinastatin has an
anti-DIC action which remarkably suppresses
the activity of thromboplastin increased by
ET. Therefore, it is also possible to suppose
that ulinastatin might decrease the fibrin
generation in blood vessels and the combined
Fn consumption.

Ulinastatin also has suppressed the carbon
deposition in the glomeruli of the kidneys
in the ET-injected group. The reason for
this might be due to two considerations that
follow:

CD In view of the effect of ulinastatin

on Fn, as shown in table 4, ulinastatin
may have preserved the RES phagocytic
activity through the inhibition of the Fn
consumption, thus reducing the amount of
carbon particles that spilled over; and,

® ulinastain might have suppressed the
formation of microthrombi in the capillary
blood vessels due to its anti-DIC action.

Therefore ulinastatin can be expected to
suppress the decrease of fibronectin by ET
and to recover the RES phagocytic activity.

Consequently, ulinastatin may be consid
ered as a therapeutic weapon to combat for
ARDS and MOF in cases of ET shock.

Acknowledgments: The author wishes to
express his thanks to Prof. Toru Yamamoto,
Asso, Prof. Masanori Uchiyama, Assist. Prof.
Yuichi Tsukada and Dr. Miyuki Yokota for
reading this manuscript and for offering valuable
comments. The technical assistance provided by
Dr. Akitaka Yoshizawa and the other members
of Tsukada's Group is also acknowledged. The
author is also grateful to Mochida Co., Ltd. for
supplying the necessary drugs.

A summary of this paper was presented to
the Japan Society of Anesthesiology on April 2,
1987, the Japan Society of Shock on April 25,
1987 and the Asean Congress of Anesthesiolgists
on Sept. 5, 1987.

(Received Jan. 12, 1988, accepted for
publication Jan. 18, 1988)

References

1. Lanser ME, Saba TM and Scovill WA:
Opsonic glycoprotein (plasma fibronectin)
levels after burn injury: Relationship to
extent of burn and development of sepsis.
Ann Surg 195:776-782, 1980

2. Lanser ME and Saba TM: Opsonic
fibronectin deficiency and sepsis: Cause or
effect? Ann Surg 195:340-345, 1982

3. Rechard PR and Saba TM: Alter
ation of fibronectin and reticuloendothelial
phagocytic function during adaptation to
experimental shock. Circulatory Shock
10:187-198, 1983

4. Lanser ME and Saba TM: Correction of
serum opsonic defects after burn and sepsis
by opsonic fibronectin administration. Arch
Surg 118:338-342, 1983

5. Hirasawa H, Sugai T, Kobayashi H, Tabata
Y, Saeda K, Orida S, Kobayashi S, Muroya



86 Inoue J Anesth 1988

Vaheri A:
by human
151:602-613,

20.

21.

18.

Surg Res 13:72-73, 1981
15. Alexander JW, McClellan MA, Ogle CK

and Ogle JD: Consumptive opsoniopathy.
Ann Surg 184:672-678, 1976

16. Alitalo K, Hovi T and
Fibronectin is produced
macrophages. J Exp Med
1980

17. Mela L: Defective oxidation metabolism
of rat liver mitochondria in hemorrhagic
and endotoxin shock. Am J Physiol
220:571-577, 1971
Keller GA, West MA and Harty JT:
Modulation of hepatocyte protein synthesis
by endotoxin-activated Kupffer cells: III.
Evidence for the role of a mono kine similar
to but not identical with interleukin-1.
Ann-Surg 201:436-443, 1985

19. Morrison DC and Cochrane CG: Direct
evidence for Hageman factor (factor XII)
activation by bacterial lipopolysaccharides
endotoxins. J Exp Med 140:797-811, 1974
Hiller E, Saal JG and Ostendorf P:
The procoagulant activity of human
granulocytes, lymphocytes and monocytes
stimulated by endotoxin. Klin Wochenschr
55:751-757, 1977
Blattberg B and Levy MN: Detection of
reticuloendothelial depressing substance in
shock. Am J Physiol 209:71-74, 1965
Muramatsu M, Mori S, Matsuzawa Y,
Horiguchi Y, and Tanaka M: Purification
and characterization of urinary trypsin
inhibitor, UTI 68, from normal human
urine, and its cleavage by human uropepsin.
J Biochem 88:1317,1980
Ohnishi H, Kosuzume H, Ashida Y,
Kato K, and Honjo I: Effects of urinary
trypsin inhibitor on pancreatic enzymes and
experimental acute pancreatitis. Digestive
Disease and Sciences 29:26, 1984
Chen AB, Amrani DL and Mosesson MW:
Heterogeneity of the cold-insoluble globulin
of human plasma (CIg), a circulating cell
surface protein. Biochim Biophys Acta
493:310-322, 1977

22.

23.

24.

N, Odaka Y and Sato H: Pathophysiology
and treatment of acute immunodepression.
Jap J Acute Med 7:1429-1438, 1983 (in
Japanese)

6. Ozawa K, Aoyama H and Yasuda K:
Metabolic abnormalities associated with
postoperative organ failure: A redox theory.
Arch Surg 118:1245-1251, 1983

7. Hirasawa H, Kobayashi S, Ito Y: Evaluation
of reticuloendothelial phagocytic activity
and its significance in emergency and
critical medicine. J ap J Acute Med
9:811-820, 1985 (in Japanese)

8. Biozzi G, Benacerraf B and Halpern BN:
Quantitative study of granulopectic activity
of the reticula-endothelial system. II. A
study of the kinetics of the granulopectic
activity of the R.E.S. in relation to the
dose of carbon injected. Brit J Exp Path
34:441-457, 1953

9. Hanazawa S and Kato H: Kinetics and
mechanism of macrophage activation by
Corynebacterium anaerobium, Microbiol.
Immunol. 22:155-166, 1978

10. Inoue D: Influence of endotoxin on
phagocytic activity of the RES. Nihon Univ
J Med 29:283-298, 1987

11. Williamson DH and Mellanby J: D-( -)
B-hydroxybutyrate and acetoacetate. In
Methods of Enzymatic Analysis. Edited by
Bergmeyer HU. Academic Press, New York,
1974, p. 1464

12. Williamson DH, Lund PA and Krebs HA:
The redox state of free nicotinamide
adenine dinucleotide in the cytoplasma
and mitochondria of rat liver. Biochem J
103:514-524, 1967

13. Hirasawa H, Ohtake Y, Odaka M:
ATP-MgCI2 improves hepatic cellular en
ergy metabolism, reticuloendothelial system
function, and survival following massive
hepatectomy among cirrhotic rats. Surg
Forum 35:12-14, 1984

14. Hirai F and Aoyama H: Hepatic energy
metabolism of sepsis in pig and its
relationship to hemodynamic changes. Eur


