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In order to produce an experimental animal model of disseminated intravascular coagulation (DIC)
related to traumas, rats were subjected to hemorrhage and the onset of DIC was investigated in
terms of platelet count, coagulofibrinolytic activity, cytokine levels, and histopathological findings fol-
lowing hemorrhage. Biological invasion, including trauma and hemorrhage, induces systemic inflam-
matory response syndrome (SIRS) through inflammatory cytokines produced and released in the
body. When these cytokines affect the vascular endothelium, tissue factor is released and exogenous
coagulation is instituted. We investigated the effects of hemorrhage in rats, based on an animal
experiment report of marked cytokine production occurring after hemorrhage. Changes in platelet
count and the coagulofibrinolytic system showed values corresponding to DIC on the basis of Mat-
suda's DIC diagnostic standards. Histopathological findings characteristic of DIC together with these
changes enabled the onset of DIC to be identified. Cytokine levels also increased significantly. Similar
results were obtained in rats administered endotoxin, and as a consequence, the onset of DIC was
confirmed. This simple and easy hemorrhage method has the advantage of allowing invasion to be
determined quantitatively as well. We anticipate that this method will be useful as a trauma-related
DIC animal model.

Introduction
Patients suffering from a serious trauma fre-
quently exhibit coagulofibrinolytic abnormality
and occasionally develop disseminated intravas-
cular coagulation (DIC) . The onset of DIC varies
according to the primary disease and DIC has

complicated underlying pathophysiological prop-
erties”. Although early diagnosis and early treat-
ment are desirable, especially for DIC following a
trauma, many aspects of the pathogenic mecha-
nism of DIC, including the time when the patho-
logical state of trauma changes to DIC, have yet
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to be elucidated.

A disease called systemic inflammatory re-
sponse syndrome (SIRS) has been suggested to
explain a state of biological systemic reaction to
invasion recently”. This has been understood to
be a syndrome occurring as a result of inappro-
priate or excessive biological response. Reactions
of mediators, mainly inflammatory cytokines, in-
duced by stimuli including infection, tissue dam-
age and anoxia, have been reported to play the
leading role in the pathogenic process®. In DIC,
cytokines act on vascular endothelial cells to pro-
duce and release tissue factor and this institutes
an increase in coagulation”. It has been proposed
that DIC is part of the SIRS process”. We con-
firmed that the DIC resulting from a multiple
trauma in the present patient corresponded to
SIRS in all aspects®.

To conduct a pathological study of traumatic
DIC, an experiment was carried out to establish
a trauma-related DIC animal model. Many re-
ports have demonstrated increased blood inflam-
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matory cytokine levels due to occurrences, such
as trauma, hemorrhage, burn and infection, in hu-
mans and experimental animals” ™. Hence, we in-
vestigated the pathogenesis of DIC by determin-
ing changes in the coagulofibrinolytic system and
examining histopathological findings following
experimentally induced hemorrhage in rats, in
accordance with a report of markedly increased
cytokine production following hemorrhage”. A
comparison was made with an endotoxin-
administered rat DIC model™.
Materials and Methods

The control and treatment of experimental ani-
mals used for this study was approved by the In-
stitutional Committee.

Male Sprague-Dawley rats weighing 350 to 450
g (Jcl: SD retire, Clea Japan Inc., Otsu, Japan)
were used for the experiment. After the rats
were anesthetized with sodium pentobarbital (50
mg/kg i.p.), a polyethylene tube was inserted to
indwell in the unilateral carotid artery for exsan-
guination and blood sampling.

Table 1 Changes in hemoglobin, platelet count, fibrin degradation product and antithrombin Il after

hemorrhage and endotoxin administration

Coagulofibrinolytic Control Hemorrhage Endotoxin
system 4~6h 24h n 4~6h n
Hb (g/dD) 16.33+0.247 11.49+045 7.92+043 21 12.86 042 14
Plt (103/1) 90.30%1.55 70.22+2.34%* | 7121 447 21 21.16 599+ | 14
FDP  (ug/mb <5 > 40+ 1 > 40+ t 21 > 40+t 11
Fibr (mg/dD) 134.89+4.09 182.00+ 19.44* 215.33 +29.88* 16 3881 +£12.89%* 11
AT (mg/dD) 103.68=3.04 111.87+859 13444+11.51 16 62.09 £4.56** 11

Plt: platelet, FDP: fibrin degradation products, Fibr: fibrinogen, AT II: antithrombin I, Values are expressed as the
mean = SEM, n: numbers of experimental animals., * p<0.05, **p<<0.01, significantly different from the control.

Table 2 Changes in blood levels of interleukin-8 and tissue necrosis factor after

hemorrhage and endotoxin administration

Control Hemorrhage Endotoxin
Cytokine )
4~6h 24h n 4~6h n
1L-8(ng/ml) 0.22+£0.88 0.78+0.84* 0.09+0.01** 8 152 +£069* 8
TNF (pg/ml) <160 21.14+3.38* 20.14+3.03* 8 536.56+564** 11

Values are expressed as the mean =SEM, n: numbers of experimental animals,, *p<0.05, **p<

0.01, significantly different from the control.
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The hemorrhage was made by bleeding of 30% 6 and 24 hours after the hemorrhage the blood
of a predetermined total volume (calculated to was sampled and the coagulofibrinolytic system
present 8% of body weight) over a 15 minutes pe- and cytokine levels were measured. Interleukin-8
riod through the carotid artery catheter”. At 4~ (IL-8) and tumor necrosis factor (TNF) levels




were determined as inflammatory cytokines by
measurement kit, EIA method PRF 081 (Pana-
pharm Laboratories Co., Kumamoto, Japan) and
rat TNF-oELISA kit (Biosource International
Inc., Camarillo, California), respectively, and the
coagulofibrinolytic systems were measured by
serum fibrin/fibrinogen degradation products
(FDP: FDP-E, MBL Co., Nagoya, Japan), platelet
count (electric resistance method) and plasma fi-
brinogen (cyanmethohemoglobin method) and
antithrombin III (AT III; spectrophotometry with
coupler, SAT III, Daiichi-kagakuyakuhin, Tokyo,
Japan). After the end of the experiment, the lung,
kidneys and liver were isolated and fixed in 10%
formalin and stored. Thin tissue sections were
stained by hematoxylin-eosin (HE) and by phos-
photungstic acid hematoxylin (PTAH) for fibrin
and investigated histopathologically. Rats intra-
venously administered endotoxin have been es-
tablished previously as a DIC animal model®. Ef-
fects of intravenous administration (10 mg/kg) of
endotoxin (LPS, E.coli, DIFCO Laboratories, De-
troit, Michigan) on the coagulofibrinolytic system,
blood cytokine levels, and histopathological im-
ages were assessed for this endotoxin administra-
tion group as the comparative control of the hem-
orrhage group in the same way as in the hemor-
rhage.

All measurement values were expressed as
mean * standard error. For testing the significant
difference between the groups, variance was
tested using an F test and its uniformity was
identified. A difference in the mean value be-
tween the groups was tested using the Student's
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t test with no correspondence. p<0.05 was deter-
mined to be the level of significant difference.
Results

Changes in platelet count and the coagulofi-
brinolytic system (Table 1)

Platelet count declined significantly (p<0.05)
and FDP increased very significantly (p<0.01) fol-
lowing hemorrhage. No decrease in fibrinogen or
AT III was observed. Following endotoxin ad-
ministration, a significantly decreased platelet
count (p<0.01), significantly increased serum
FDP (p<0.01), and significantly decreased fibrino-
gen and AT III levels (p<0.01 and p<0.05, respec-
tively) were observed.

Changes in cytokine levels (Table 2)

Both IL-8 and TNF levels increased signifi-
cantly following hemorrhage (p<0.05) . Following
endotoxin administration as well, significantly in-
creased IL-8 and TNF levels were observed (p<
0.05).

Histopathological changes

Fibrin thrombus, tubular necrosis and tissue
hemorrhage were observed in the kidney follow-
ing hemorrhage (Fig. 1). Hemorrhages from tis-
sue were noted in the lung and liver (Fig. 2).
Histopathological findings obtained following en-
dotoxin administration were similar to those fol-
lowing hemorrhage (Figs. 3, 4), but tended to be
affected to a greater degree.

Discussion

In order to establish a trauma-related DIC ani-
mal model, the pathogenesis of DIC in rats sub-
jected to hemorrhage was investigated. In DIC, fi-

brin is formed in the systemic microcirculatory

Fig.1 The histopathological findings of renal tissue, 6 hours after hemorrhage

(left: HE %80, right: PTAH x80)

Fig.2 The findings of the liver and lung 6 hours after hemorrhage

(left: liver HE x 80, right: lung HE % 80)

Fig.3 The findings of renal tissue, 6 hours after endotoxin

administration (left: HE x 80, right: PTAH X 80)

Fig.4 The findings of the liver and lung 6 hours after endotoxin administration

(left; liver HE x 80, right: lung HE % 80)
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system in the presence of a basic disease by
which the coagulofibrinolytic system is likely to
be activated. Tissue factor is mainly involved in
this disease. The tissue factor is produced when
cytokines released at the time of biological inva-
sion act on vascular endothelial cells, and exoge-
nous coagulation reaction is initiated. This coagu-
lation reaction is increased by dysfunction of the
protein C-protein S inhibitory system and fibri-
nolysis inhibition via plasminogen activator in-
hibitor type I''™*¥. The coagulofibrinolytic system
is further activated by the plasminogen activator
produced by injured tissue, leading to the occur-

' Furthermore, cytokines

rence of hemorrhage
activate neutrophils, and act on tissue impair-
ment by releasing elastase, free radicals and ni-

15)~17)

tric oxide , and as a consequence, this, cou-
pled with intravascular coagulation, causes multi-
ple organ failure.

Since increased production of tissue factor via
inflammatory cytokines is involved in the central
mechanism of increased DIC coagulation factor
under invasion, as mentioned above, we noted re-
ports on animal experiments which described in-
creased cytokine production following inva-

sion”™?

’. We conducted an experiment in accor-
dance with a reported rat experiment in which
IL-1 production by peripheral blood monocytes
increased to five times the normal value following
hemorrhage of 30% of the total blood volume”.
TNF"¥and IL-1"released mainly by the mono-
cyte and macrophage system following biological
invasion, such as trauma, hemorrhage and shock,
are involved in inflammation and immune reac-
tion. IL-1 and TNF act on vascular endothelial
cells in adjacent tissue causing them to release
IL-8, liberate leukocytes, and induce adhesive fac-
tor expression®. IL-6, induced by IL-1, plays an
important role in the immune response?’. Via
more than one network set up intercellularly,
these cytokine signals regulate and control their

mutual production and biological activity®. In the
present experiment, IL-8 and TNTF were assessed
with regard to these cytokine activities.

No international DIC diagnostic standards
have been established, and various problems re-
lating to the evaluation of DIC have not yet to be
resolved although early diagnosis of the disease is
desirable. It is internationally well-known that the
“Ministry of Health and Welfare DIC Diagnostic
Standards” has been established. Matsuda et al®
investigated the reciprocity of the main factors
among these and proposed DIC diagnostic stan-
dards based on a combination of platelet count
and FDP values”. The results were consistent
for all of 131 patients in the leukemia group on
the basis of the Standard; and consistent for 91.5
% of 59 patients in the non-leukemia group. In-
creased FDP and decreased platelet count values
following hemorrhage corresponded to DIC,
strongly suggesting the onset of DIC. Cytokines
IL-8 and TNF levels also increased significantly,
which suggested the onset of DIC. Histopathol-
ogical findings corresponding to DIC were ob-
tained as shown below.

Histopathological findings of DIC include multi-
ple thrombi, hemorrhage, ischemic lesion, and tis-
sue injury™®.

Multiple thrombosis formation

The most characteristic pathological finding of
DIC is micro thrombi. Micro thrombi include
platelet thrombi, fibrin thrombi, hyaline thrombi
and globular thrombi, which are distinguished ac-
cording to their constitution and time of forma-
tion. Platelet thrombi consisting of abundant
platelets are formed at an early stage, after which
fibrin thrombus rich in fibrin are formed, and
gradually transform to hyaline thrombi uniform
with no structure. The incidence of micro
thrombi in DIC classified by the organ was high-
est for the kidneys (83%), and following this, the
lung (76%) and spleen (51%), and in systemic
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organs including the heart and liver®. After hem-
orrhage in the rats of the present experiment, fi-
brin thrombi were observed in the kidneys and
lung. Similar histopathological findings were ob-
tained for the endotoxin administration group as
well, despite some differences in severity.

Hemorrhage

DIC is characterized by a tendency for various
organs of the whole body to hemorrhage along
with thrombi formation” . Dotted or macular
hemorrhage is observed in many cases and fre-
quently occurs in the skin, serous membrane, en-
docardium, and mucous membrane. The present
experimental results showed tissue hemorrhage
in the lung and liver.

Ischemic lesions

Frequent manifestations in DIC include paren-
chymal degeneration and focal necrosis due to
circulatory injury with thrombi formation of mi-
crocirculation. Tubular necrosis in the kidney
was observed in the present experiment. No es-
sential difference was observed between the
hemorrhage and endotoxin administration
groups.

Tissue injury

The coagulofibrinolytic activity increases
through the production and release of tissue fac-
tor by cytokines in DIC. Simultaneously, the cy-
tokines activate neutrophils to make them re-
lease elastase, free radicals and NO and to induce
adhesive factor expression and cause neutrophils
to adhere to the vascular endothelium. The re-
leased elastase, free radicals and NO cause vascu-
lar endothelial or tissue injury'”.

The histopathological findings found in the pre-
sent study were tissue images characteristic of
DIC. The onset of DIC was identified in the hem-
orrhage rats from these findings and the changes
in the coagulofibrinolytic system and blood cy-
tokine levels.

In the rats administered endotoxin, the onset of
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DIC was identified based on changes in the plate-
let count and the coagulofibrinolytic system and
those in blood cytokine levels. Moreover, these
changes tended to be greater than in the hemor-
rhagically invaded rats under the present experi-
mental conditions.

Conclusions

1. The onset of DIC was identified by examin-
ing the findings concerning the platelet count, the
coagulofibrinolytic system, the blood cytokine
levels and histopathological findings following
trauma-related hemorrhage of rats.

2. The relationship between the pathogenic
mechanism of DIC and SIRS was assessed.

3. Results for the rats following endotoxin ad-
ministration similar to those for the rats after
hemorrhage were obtained and the onset of DIC
was identified in the endotoxin-administered ani-
mals as well.

This Study was supported by a Grant-in-Aid
for Scientific Research (C) from the Ministry of
Education, Science, Sports and Culture.
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544514 DIC ORIEICE Y 2XKBRHOME—Z v MIH T 3 HMERERD
BRERER, BT A MHA 2 LANLVOZEL & BBREFZHME—

VREHERRY: HEE (BE D ARBEEEHRER)
IEIFERRE FwHE (EEEE SR
YRR FEMKRE EEE HEEZ (EE: SR BE8K)

FAH AT yH b3l /7\ 77;l | 4= '\’Zl) _\‘ ER /0 F 2 1% L7 ER ;’;’;2)
MOl FEEETY - JHE AR - = B - AN HE
77 AN A 3y A3 AX F vy

I SIREE T U 5 Qe

AMEICEE L 72 DIC OERBWE TNV AT AHNT, 7y MCHMEREZMZ, M/MR - &
BMER, A4 MO A VLAV EB X HBREFIETRIZOWT, DIC OFIEZ MK L7z, /M5, W
MEOAMRIE, ERICESE, SN RIEET A 24 Y%A LTSIRS DWWEL RIS E 5
B, ZOWA ML PMENKIVER S A8, (K208 LT, MIREEERSSIEE S LS
CEWZRABDT, BIMIZXVBHELYA N H A4 VOEAEDH SN B EBOREIZERL T, T v
MZHIMMERE LI Z 72RO ZEIZOWTRET L7z, /MR - BEREIEROZ2E, ME DIC 2k
FEEIZL D DICICHST A HUIETDH 1, DIC IZHREM 2 AR B 22 AT ] & PR C, DIC DS % T
BLE. A AL VAEERBNAZDONT:. TV FFFY 055y MZBWTH R
EREONTDIC ORIEX A L2, COHMERBROFEEIHEFETHY, REZENIIHETE S
ZEBRETHY, IMBICEEL-DICEWET VE LTOHHALGEALEZA.
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