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ABSTRACT 
Perfluorotributylamine/Pluronic F68 Stem-Emulsion (FC43se), which is a blood substitute, 

was assessed for its effectiveness on disseminated intravascular coagulation (DIC) in the rat 
model. Rats were infused intravenously with 2.5 mg/kg of Escherichia coli lipopolysaccharide 
(Escherichia coli 055:B5 lipopolysaccharide B) for four hours. At the same time, FC43se or nor
mal physiological saline was infused at 2.5 ml/kg/hr. The white blood cell and platelet counts, 
prothrombin time (PT), activated partial thromboplastin time (APTT), and the plasma levels of 
interleukin-1 beta (IL-1/3), interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-10 (IL-10), and 
tumor necrosis factor alpha (TNFa) were determined at 4hr. The infusion of FC43se markedly 
prevented a decrease in platelet counts (p=0.0004) and a prolongation of both PT and APTT 
(p<0.05 and p<0.03 each). The serum level of IL-1/3 and IL-4 showed no significant change. The 
serum level of IL-6, IL-10 and TNFa increased significantly (p=0.0007, p=0.0004 and p<0.05 
each) with infusion of FC43se in rats treated with bacterial endotoxin. FC43se has beneficial 
effects on endotoxin-induced DIC as an anticoagulant and anti-inflammatory cytokine induced 
agent. 
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Disseminated intravascular coagulation (DIC) is 
a syndrome characterized by a tendency toward 
diffuse hemorrhage. This tendency to hemorrhage 
results from exhaustion of the platelets and coagu
lation factors due to multiple thrombi which occur 
in various organs as a result of intravascular acti
vation of the coagulation cascade in various patho
logic conditions13

l. The mortality rate of patients 
with septic shock who develop DIC is significantly 
higher than that of patients without DIC8l. The 
principal aims of treatment for DIC are to treat 
the causative disease and to prevent the formation 
and development of fine thrombi caused by stimu-

Table 1. Composition of FC43se, structural formulas of 
FC43 and Pluronic F68 

Composition of FC43se 

FC43 (perfluorotributylamine) 20 w/v% 
Pluronic F-68 2.56 w/v% 

(polyxypropylene-polyxyethylene-copolymer) 

Structual formula ofFC43 (perfluorotributylamine) 

CF3-CF2-CF2-CF2-N-CF2-CF2-CF2-CF3 
CF3-CF2-CF2-CF2/ 

Structual formula of Pluronic F-68 · 

HO( CH2CH20 )a( CHCHH20)b( CH2CH20)CH 
\CH3 

lation of coagulation. 
Perfluorochemicals (PFCs) have been widely 

investigated as blood cell substitutes (RCS) in the 
medical literature25

J. Perfluorotributylamine/Pluronic 
F-68 Stem-Emulsion is one such perfluorocarbon 
which was developed as an artificial blood substi
tute in 1970 (Table 1). Due to side effects such as a 
long-term accumulation in the reticuloendothelial 
system and the necessity of maintaining a high 
partial oxygen pressure over 550 mmHg to trans
port sufficient oxygen, its clinical applications 
have been abandoned. However, we previously 
reported the effectiveness of FC43se for the pre
vention ofhyperacute rejection in a heart and lung 
model, using guinea pig to rat xenodiscordant 
transplantation, and in reperfusion injury in rab
bit lung17

•
20

•
23

l. FC43se is thought to inhibit throm
bus formation and a decrease in the number of 
platelets. For these reasons, the anticoagulation 
properties of FC43se were studied in endotoxin
induced DIC in rats. The influence of FC43se in 
the release of cytokines, which are important 
mediators in the septic state and DIC, was studied 
simultaneously. 

MATERIALS AND METHODS 
Animals 

Male Wistar rats (Charles River Japan) weighing 
286±4.9 g (mean±SE) were housed for at least 7 
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days in our animal facility and allowed a standard 
laboratory diet and water prior to the experi
ments. All of the animals were maintained in 
accordance with the guidelines of the National 
Institute of Health (NIH publication No. 86-23, 
revised 1985). 
Drugs 

FC43se (Perfluorotributylamine/Pluronic F-68 
Stem-Emulsion) was obtained from Green Cross, 
Tokyo. Endotoxin (Escherichia coli 055:B5 
lipopolysaccharide B) was obtained from Difeo 
Lab. Detroit, Mich. and dissolved in pyrogen-free 
physiological saline at 2.5 mg/ml. 
Animal Experimental Design 

Experimental DIC was induced by a 4hr sus
tained infusion of endotoxin according to the 
methods of Yoshikawa et al26

l. The rats were anes
thetized by giving an intraperitoneal injection of 
sodium pentobarbital (50 mg/kg). Both the left and 
right femoral veins were exposed and cannulated 
with a venous needle. Endotoxin was infused into 
the right femoral vein for 4hr (2.5 ml/kg/hr). At 
the same time, FC43se (2.5 ml/kg) and physiologi
cal saline, or physiological saline only, were 
infused into the left femoral vein for 4hr (2.5 
ml/kg/hr), using a syringe pump (Terufusion STC-
531, TERUMO Co. Ltd. Japan). To examine the 
effectiveness of FC43se on DIC, after 4hr of infus
ing, the blood of the rats used in the experiment 
was withdrawn from the abdominal aorta into 
plastic syringes and carefully mixed with 1 part 
sodium citrate solution (0.1 mol/liter) to 9 parts 
blood, avoiding blood coagulation. Plasma was 
obtained by centrifuging at 3,000 r.p.m. for 10 
min. The severity of the DIC and septic condition 
were determined by measuring various parame
ters, including platelet count and white blood cell 
count (WBC), prothrombin time (PT), activated 
partial thromboplastin time (APTT) (Hoechst 
Behring, Japan), and the concentrations of the 
following cytokines, Interleukin-lbeta (IL-1/3), 
Interleukin-4 (IL-4), Interleukin-6 (IL-6), Inter
leukin-10 (IL-10), and Tumor necrosis factor alpha 
(TNFa) (TFB Co. Ltd. Tokyo, Japan). 
Platelet and WBC Counts 

Platelet and WBC counts were determined auto
matically by a Celltac a Counter (Nihon Kohden, 
Japan). 
PT (Prothrombin Time) 

The coagulation process was triggered by incuba
tion of rat plasma with an optical amount of 
thromboplastin and calcium and the time to form 
a fibrin clot was measured, using a Behring Fibrin 
timer (Hoechst Behring, Japan). 
APTT (Activated Partial Thromboplastin 
Time) 

The incubation of rat plasma with an optical 
amount of phospholipids and an activator leads to 
the activation of factors in the intrinsic coagula
tion pathway. The addition of calcium ions trig-

gers coagulation and the time taken for a fibrin 
clot to form was measured, using the fibrin timer. 
Cytokines (IL-1/3, IL-4, IL-6, IL-10, TNFa) 

The rat cytokine ELISA kit is a solid phase sand
wich Enzyme Linked-Immunosorbent Assay 
(ELISA). An antibody specific for rat cytokine has 
been coated onto the wells of the microtiter strips 
provided. Samples, including standards of known 
rat cytokine concentration, control specimens, and 
unknowns, are pipetted into these wells, followed 
by the addition of a biotinylated second antibody. 
During the first incubation, the rat cytokine anti
gen binds simultaneously to the immobilized (cap
ture) antibody at one site, and to the solution 
phase biotinylated antibody at a second site. After 
removal of excess second antibody, Streptavidin
Peroxidase (enzyme) is added. This binds to the 
biotinylated antibody to complete the four layered 
sandwich. After a second incubation and washing 
to remove the unbound enzyme, a substrate solu
tion is added, which is acted upon by the bound 
enzyme to produce color. The intensity of this col
ored product is directly proportional to the concen
tration of rat cytokines present in the original 
specimen. 
Experimental Group 

The rats were divided into the following four 
groups. Each group contained ten rats. 

Group 1 (Normal group): Physiological saline was 
infused into both femoral veins. 

Group 2 (FC43se control group): Physiological 
saline was infused into the right femoral vein, and 
FC43se mixed with physiological saline (2.5 ml/kg) 
was infused into the left femoral vein. 

Group 3 (Control group): Endotoxin was infused 
into the right femoral vein, and physiological 
saline was infused into the left femoral vein. 

Group 4 (FC43se group): Endotoxin was infused 
into the right femoral vein, and FC43se mixed 
with physiological saline (2.5 ml/kg) was infused 
into the left femoral vein. 
Statistical Analysis 

Differences in all groups were compared using 
the Mann-Whitney U test, and were considered to 
be statistically significant if p values were less 
than 0.05. Each data point was expressed as the 
mean±SE. 

RESULTS 
Laboratory analysis was performed in all groups. 

Changes in WBC Counts 
The WBC counts were 4,450±517 /µl in Group 1 

(Normal group), and 3,080±433 /µl in Group 2 
(FC43se control group). The counts were reduced 
to 1,270±165 /µl in Group 3 (Control group) which 
was significantly different (p<0.001) from Group 1 
and from 1,010±221 /µl in Group 4 (FC43se group). 
No significant difference was noted between 
Group 1 and Group 2, or between Group 3 and 
Group 4 (Fig. 1). 



Effect of FC43se on Endotoxin-induced DIC in Rats 73 

norn1al FC control control FC norm:3l FC control control FC 
group 1~roup group group group group group group 

Fig. I. Changes in WBC and Platelet Counts 
Effect of FC43se on leukopemia and thrombocytopenia induced by lipopolysaccharide infusion in rats. 
Lipopolysaccharide at 25 mg/kg or saline was infused continuously for 4hr and simultaneously with FC43se or not. 
Blood samples were collected at the end of the infusion. Platelet and WBC counts were determined automatically 
by a Celltaca Counter. The results are expressed as means±S.E.M. often experiments per group. No significant dif
ference was noted between Group 1 and Group 2, or between Group 3 and Group 4 in the WBC counts. A decrease 
in platelet count was significantly inhibited by infusion of FC43se. (* p<0.001 ** p<0.0001) 
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Fig. 2. Changes in PT and APTT 
Effect of FC43se on coagulation function prothrombin time and activated partial thrombin time in rats treated with 
lipopolysaccharide. Blood samples were carefully mixed 1 part sodium citrate solution (0.1 mol/liter) with 9 parts 
blood, avoiding the formation form. After the plasma was obtained by centrifuging at 3,000 r.p.m. for 10 min, PT 
and APTT were measured with a fibrin timer. The results are expressed as means±S.E.M. of ten experiments per 
group. Administration ofFC43se inhibited the prolongation of PT and APTT. (* p<0.001,** p<0.01, ***p<0.05) 

Changes in Platelet Counts 
The platelet counts were 54.9±3.5x104 !µl in 

Group 1 (Normal group) and 51.9±3.3xl04 lµl in 
Group 2 (FC43se control group). The counts were 
reduced to 18.4±1.3x104 lµl in Group 3 (Control 
group) and 28.6±0.8xl04 lµl in Group 4 (FC43se 
group), and these values were significantly differ
ent (p<0.0001). A decrease in the platelet count 
was significantly inhibited by the infusion of 
FC43se (p=0.0004) (Fig. 1). 
Changes in Prothrombin Time 
Prothrombin time (PT) was 9.1±0.5 sec in Group 

1 (Normal group) and 9.1±0.2 sec in Group 2 
(FC43se control group) with no significant differ
ence. PT was prolonged to 16.0±1.8 sec in Group 3 
(Control group) with a significant difference from 

Group 1 (p<0.001). The prolongation of PT, which 
was 12.5±0.6 sec i~ Group 4 (FC43se group), was 
significantly inhibited by infusing FC43se (p<0.05) 
(Fig. 2). 
Changes in Activated Partial Thromboplastin 
Time 

Activated partial thromboplastin time (APTT) 
was 14.7±1.0 sec in Group 1 (Normal group), and 
19.9±4.2 sec in Group 2 (FC43se control group) 
with no significant change. APPT was prolonged 
to 37.2±1.9 sec in Group 3 (Control group), which 
was significantly different from Group 1 (p<0.001), 
and to 29.5±1.6 in Group 4 (FC43se group). The 
prolongation of activated partial thromboplastin 
time was significantly inhibited by the infusion of 
FC43se (p<0.03) (Fig. 2). 
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Fig. 3. Changes in IL-1/3, TNFa and IL-6 
Effect of FC43se on the concentrations of plasma pro-imflammatory cytokines IL-1/3, IL-6 and TNFa concentration 
in rats treated with lipopolysaccharide. IL-1/3, IL-6 and TNFa were measured by ELISA. The results are expressed 
as means±S.E.M. often experiments per group. In the non septic state FC43se stimulated macrophages and evoked 
increased levels of TNFa. In the septic state the levels of TNFa and IL-6 were increased significantly by adminis
tration of FC43se. (* p<0.001, **p<0.01, ***p<0.05) 
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Fig. 4. Changes in IL-4 and IL-10 
Effect of FC43se on the concentraions of plasma pro-inflammatory cytokines IL-4 and IL-10 in rats treated with 
lipopolysaccharide. IL-4 and IL-10 were measured by ELISA. The results are expressed as means±S.E.M. of ten 
experiments per group. In the non septic state the levels of IL-4 and IL-10 were increased significantly by infusion 
with FC43se, and in the septic state IL-10 levels were higher than in the control group.(* p<0.001) 

Changes in IL-1[3 
IL-1[3 was 0 pg/ml in Group 1 (Normal group), 

and 2.9±2.3 pg/ml in Group 2 (FC43se control 
group), with no significant difference between 
them. IL-1[3 was increased to 390.8±62.6 pg/ml in 
Group 3 (Control group), which was significantly 
different (p=0.0002) from Group 1, and to 
420.9±89.9 pg/ml in Group 4 (FC43se group). No 
significant difference was noted between Group 3 
and Group 4 (Fig. 3). 
Changes in IL-4 

IL-4 was 3.4±1.7 pg/ml in Group 1 (Normal 
group), and 54.8±34.4 pg/ml in Group 2 (FC43se 
control group), with a significant difference 
between Group 1 and Group 2 (p=0.0003). IL-4 
was increased to 198.9±62.8 pg/ml in Group 3 
(Control group), which was significantly different 
(p=0.0003) from Group 1, and to 167.7±29.7 pg/ml 
in Group 4 (FC43se group). No significant differ
ence was noted between Group 3 and Group 4 
(Fig. 4). 

Changes in IL-6 
IL-6 was 9.0±4.6 pg/ml in Group 1 (Normal 

group), and 14.6±7.7 pg/ml in Group 2 (FC43se 
control group), with no significant difference 
between them. IL-6 was increased to 251.4±49.5 
pg/ml in Group 3 (Control group), which was sig
nificantly different (p=0.0007) from Group 1, and 
to 619.7±125.9 pg/ml in Group 4 (FC43se group). A 
significant difference was noted between Group 3 
and Group 4 (p=0;0029) (Fig. 3). 
Changes in IL-10 

IL-10 was 21.9±6. 7 pg/ml in Group 1 (Normal 
group), and 428.6±76. 7 pg/ml in Group 2 (FC43se 
control group), with a significant difference 
between them (p=0.0004). IL-10 was increased to 
674.3±131.1 pg/ml in Group 3 (Control group), 
which was significantly different (p=0.0004) from 
Group 1, and to 1,077.8±213.4 pg/ml in Group 4 
(FC43se group). A significant difference was noted 
between Group 3 and Group 4 (p=0.0004) (Fig. 4). 
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Changes in TNFa 
TNFa was 0 pg/ml in Group 1 (Normal group) 

and 51.2±21.0 pg/ml in Group 2 (FC43se control 
group), with a significant difference between them 
(p=0.0006). TNFa was increased to 110.1±30.9 
pg/ml in Group 3 (Control group), which was sig
nificantly different (p=0.0003) from Group 1, and 
to 186.6±48.6 pg/ml in Group 4 (FC43se group). A 
significant difference was noted between Group 3 
and Group 4 (p<0.05) (Fig. 3). 

DISCUSSION 
Bacterial endotoxin frequently induces coagula

tion disorders and abnormalities in fibrinolysis8l. 

Widespread microvascular thrombosis in various 
organs is a common feature of lethal septic shock 
and may considerably contribute to organ dysfunc
tion. The most pronounced feature is DIC, which 
is characterized by microvascular thrombosis, con
sumption of platelets and stimulation of fibrinoly
sis. The symptoms of septic coagulation disorders 
are mediated by the release of cytokines such as 
IL-1/J and TNFa, pro-inflammatory agents which 
activate the coagulation cascade22). Pro-inflamma
tory cytokine levels in patients with DIC have 
been shown to be higher than those of patients 
without DIC. To overcome the high mortality rate, 
a large quantity of anti DIC and anti septic agents 
have been developed and reported5·7·24). 

One perfluorochemical, Perfluorotributylamine/ 
Pluronic F-68 Stem-Emulsion, is a biochemical 
inert fluoride in liquid form which has been stud
ied as a potential red cell substitute (RCS)3·14i. It is 
necessary to emulsify FC43se to use hydrophobic 
fluid that is Perfluorochemical as a blood substi
tute. FC43se was emulsified with non-ionic surfac
tant pluronic F-68 by the high pressure method 
using a Manton Goring type homogenizer. 
Drawbacks such as its immunosuppressive effects 
and its long retention time in the reticuloendothe
rial system have caused PFC-based agents to 
become less popular as RCS10i. In preliminary 
reports we described the effectiveness of these 
agents in the prevention of hyperacute rejection in 
the heart and lung model of xenodiscordant trans
plantation from guinea pig to rat and in reperfu
sion injury in rabbit lung17·20·23). FC43se is thought 
to prevent thrombus formation and platelet adhe
sion to endothelial cells. 
In the present study, we examined the effect of 

FC43se in rats on the onset of a DIC like syn
drome induced by continuous lipopolysaccaride 
infusion and on the normal state, by measuring 
hemostatic function, coagulation systems and 
cytokine concentrations. 

The FC43se control group, with FC43se adminis
tration alone, tended to have a reduced WBC count 
and platelet count, but differences were not signifi
cant compared with the Normal group, infused with 
saline. Similar results were obtained in measure-

ments of PT and APTT. The FC43se group 
increased the level of pro-inflammatory cytokines 
such as TNF a, but other pro-inflammatory 
cytokines such as IL-/) and IL-6 were not increased. 
The increases in IL-4 and IL-10 were statistically 
significant. TNFa is produced from activated 
macrophages stimulated by various invasions, and 
pivotally activates neutrophils with other pro
inflammatory cytokines5l. Immunosuppression of 
FC43se was recognized by cytokine hyposecretion 
and macrophage hypofunction 10

•
15). In our study 

increased TNF a levels were the evidence of 
macrophage stimulation by FC43se, ·. evoking 
increased levels of IL-4 and IL-10. Continuous 
hyper anti-inflammatory cytokines has been con
sidered part of a compensatory anti-inflammatory 
response syndrome, which has a profound effect on 
monocyte function and inhibits T- and B-lympho
cyte activity1·3). 

The control group showed significant changes in 
all experiments compared with the normal group. 
The control group demonstrated the septic state 
and DIC. In this state, neutrophils and 
macrophages are stimulated by LPS, and adhere 
to the endotherial cells with subsequent release of 
cytokines and activation of the coagulation cas
cade in response to an increase in tissue factor lev
els12i. In the FC43se group, infusion of FC43se 
inhibited the decrease in platelet counts and the 
prolongation of PT and APTT, with significant dif
ferences from the control group. The levels of pro
inflammatory cytokines such as IL-1/J, IL-6, and 
TNFa were increased compared with the control 
group. On the other hand, the levels of IL-4 and 
IL-10, which are anti-inflammatory cytokines, 
were increased in both groups, although IL-4 
increased more in the control group, but there was 
no significant difference between levels in the con
trol group and the FC43se group. Infusion with 
FC43se, however, prompted IL-10 release, and lev
els were higher than in the control group. IL-10 is 
produced in various situations involving immune 
inactivation by the TH2 subsets of helper T cells, 
as well as by monocytes, macrophages and B 
cells9l. It exerts a wide variety of immunostimula
tory effects on B cells together with a number of 
immunosuppressive effects on monocytes and 
macrophages. IL-10 protects against the detrimen
tal effects of pro-inflammatory cytokines by deacti
vation of macrophages6

). IL-10 has also been 
shown to prevent the secretion of a number of 
cytokines by inhibiting the cytokine-specific 
mRNA synthesis induced by LPS and Tissue 
Factor (TF) production at the mRNA level2·16i. In 
the septic state FC43se may suppress acceleration 
of the coagulation cascade by increasing IL-10. IL-
6 was also increased in our experiments. IL-6 
plays an important role as an alarm signal in 
response to various stresses, and in the production 
of hepatic acute phase proteins (APP)22l. The pref-
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erential induction of IL-1 receptor antagonist 
(IL-lRa) by APP may contribute to these anti
inflammatory effects and provide an important 
regulatory signal in the acute phase response19

l. 

Thomassen reported that Perflubron, a perfluoro
chemical which is the same as FC43se and which 
can be used for liquid ventilation, decreased 
cytokine secretion (TNF, IL-1, and IL-6) from 
lipopolysaccaride-stimulated human alveolar 
macrophages18

l. Human umbilical vein endothelial 
cells (HUVEC) were activated by IL-1, TNF or E. 
coli endotoxins (LPS) in the presence or absence of 
Perflubron. HUVEC activation was monitored by 
the extent of up-regulation of intercellular adhe
sion molecule-1 (ICAM) and endothelial-leukocyte 
adhesion molecule-1 (ELAM). Perflubron neither 
activates HUVEC nor interferes with HUVEC 
activation by IL-1 or TNF, and prevented HUVEC 
activation by LPS in a dose and time-dependent 
manner11l. These results differed from our observa
tion but similarly suggest that perfluorochemicals 
act as agents of anti-inflammation and preserva
tion on endothelial cells. 

In conclusion, our study demonstrated that in the 
DIC and septic state induced by LPS 4 hours after 
endotoxin administration in rats, FC43se inhibit
ed a decrease in platelet count and the prolonga
tion both PT and APTT, in addition to increasing 
levels of the anti-inflammatory cytokines in the 
DIC state. FC43se is thus potentially an agent 
against DIC. 
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