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Abstract Liver failure following major hepatectomy is[22]. While the underlying mechanisms are not fully un-
characterized pathologically by massive hepatic necrosisrstood, the clinico-pathological state resembles that of
which is thought to begin with injury of sinusoidal endasepsis [19]. Recent clinical and experimental studies
thelial cells (SECs). To examine the early events of SE@s/e demonstrated that bacterial translocation into the
leading to hepatic damage, we performed time-coursesenteric lymph nodes and liver or endotoxaemia often
analyses of the morphological and functional perturbaecurs immediately after major hepatectomy [36, 37]
tion of SECs after endotoxin administration to hepateznad that the hepatic inflammatory response associated
tomized rats. At 1.5 h after endotoxin injection, whewith this event promotes liver failure [4]. These findings
hepatocellular damage was not yet evident, SE&sygest the involvement of endotoxin in the pathogenesis
showed augmented expression of intercellular adhesafrpostoperative liver failure.
molecule-1, with frequent adherence of infiltrating leu- Low-dose endotoxin administration after two-thirds
cocytes and ultrastructural features of defenestration dmgatectomy causes massive hepatic necrosis in rats, re-
hypertrophied cytoplasm enriched with cell organellesembling human postoperative liver failure [20]. The se-
The serum level of hyaluronate, as an indicator of there hepatic damage induced in this model is initiated by
functional state of SECs, was significantly elevated. Aestruction of sinusoidal endothelial cells (SECs), which
3 h, SECs underwent necrosis and disruption, accomizaprovoked by endotoxin-activated hepatic macrophages
nied by fibrin deposits with concomitant hepatocellul§t0]. Previous ultrastructural analyses have demonstrated
necrosis. The morphological and functional alterationstbfit SEC destruction appears 5 h after endotoxin injection
SECs precede necrotic changes in hepatocytes and Skis concomitant injury of hepatocytes [20]. However,
in endotoxin-induced liver failure after partial hepatectthere have been no detailed studies on the relationship be-
my. tween morphological changes and functional perturbation
of SECs before the manifestation of liver injury.
Key words Sinusoidal endothelial cells - Hyaluronate -  The serum level of hyaluronate, a major extracellular
Defenestration - Liver failure - Endoto:in matrix component, has been used as an indicator of SEC
function, because SECs specifically incorporate hyaluro-
nate via binding to receptors and rapidly remove it from
Introduction the circulation [14]. Since normal SECs have the capaci-
ty to eliminate approximately 10 times the normal en-
The hepatic failure often encountered after extensive sdogenous amount of hyaluronate, serum hyaluronate lev-
gical resection of the liver has a high morbidity and magls are not markedly influenced by increased input from
tality, despite recent improvements in the care of patietite tissue but depend predominantly on the scavenging
function of SECs [6, 14]. It has been shown that serum
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Materials and methods ] .

Male Sprague-Dawley rats weighing 160-220 g were purchased
from CLEA Japan (Tokyo, Japan). They were housed under spe-
cific pathogen-free conditions with a 12-h light/dark cycle and at a
constant temperature of 24°C, and fed standard chow pellets and
water ad libitum. Animals were allowed to acclimatize to our labo-
ratory conditions for 4—-6 days before being used for experiments. 200{ PH
Experiments were performed in accordance with the standard
guidelines for animal experiments at Kagawa Medical University.

In all, 120 rats were used. Under anaesthesia with isoflurane
(Abbott Laboratories, North Chicago, lll.), they were subjected to
two-thirds resection of the liver according to the method of Hig-
gins and Anderson [13]. Forty-eight hours later, 200kg body
weight of endotoxin Escherichia coli0127:B8; Difco Laborato-
ries, Detroit, Mich.) dissolved in saline at a concentration of
250pug/ml or saline alone (controls) was administered i.v. Then 80 PH
rats were used for the studies reported below and the remaining 40
rats, for the survival study. )

For the measurement of intrahepatic blood flow, at 0, 1.5, 3
and 5 h after endotoxin or saline administration the abdomen was 0 #
opened under isoflurane anaesthesia. The intrahepatic blood flow ) 4 0 15 8 5
per unit square of the liver surface was quantitated with a laser- Time after endotoxin or saline injection (hours)

Doppler flowmeter (ALF21 N, Advance, Tokyo, Japan) [2, 24%_ . ) .
Averages of the blood flow in the three unresected lobes (the chi@ 1 @Serum alanine aminotransferase (ALT) antbtal biliru-
date process, papillary process and right lobe) were generated Rd(TBIl) levels before partial hepatectomiyH) and at various
expressed as percentages of the values obtained before hepai@®®-points after i.v. injection of salinec(-) or 200ug/kg body
my. weight of endotoxin (e -). Hepatectomy was performed 48 h be-

Immediately after the measurement of intrahepatic blood flofere saline or endotoxin administration. Eight rats were examined
peripheral blood was collected from the inferior vena cava and 8k-€ach time point. Data are meansistandard erréts0.05,
rum hya'uronate |eve|s were measured W|th a Sandwich bind| 0.005 versus the Value fOI’ Sa“ne-treated rats at eaCh time: pOInt
protein assay system (Chugai Pharmaceutical Co., Tokyo, Japan)

[5]. Serum levels of aspartate aminotransferase, alanine amino-

transferase and total bilirubin were determined using a Hitaddedded in polybed (Polyscience, Warrington, Penn.). Sections
7050 automatic analyser (Hitachi, Tokyo, Japan). The determi@ab pm thick were cut and stained with toluidine blue and ob-
tion of tumour necrosis factar- (TNF-a) in plasma was per- served by light microscopy (LM). For TEM, thin sections were
formed in a 96-well microtiter plate using a TNRest kit (Gen- stained with saturated uranyl acetate and lead citrate and observed
zyme, Cambridge, Mass.) based on an enzyme-linked immunosera JEM-1200EX-II electron microscope (JEOL, Tokyo, Japan).
bent assay. All samples were tested in duplicate. The plate was-or SEM, postfixed materials were freeze-fractured in liquid
read on a microplate reader MTP-120 (Corona Electric Co., Ibaitrogen, stained with 2% tannic acid for 1 h and then with 1%
agi, Japan) at 450 nm. The concentration of ThNWas calculated OsQ, for 2 h, dehydrated in ethanol series, and subjected to criti-
from a standard curve. cal-point drying (HCP-2 critical point dryer, Hitachi) with dimeth-

After perfusion with saline via the portal vein for 1 min, thegl sulfoxide. After being mounted on brass studs with colloidal
liver was taken out, immersed in OCT compound (Miles, Elkhagraphite with iso-propanol (Ted Pella, Redding, Calif.), the sam-
Ind.) and frozen in liquid nitrogen. Cryosectionsgu thick were ples were ion-sputter-coated with Pt/Pd (E-1030, Hitachi) and ob-
cut on a cryostat (Bright Instrument Co., Huntingdon, UK) argkrved under a Hitachi S-900 scanning electron microscope.
air-dried immediately. Sections were fixed in absolute acetone atWe examined toluidine-blue-stained sections at x400 magnifi-
4°C for 10 min, and stained using the labelled streptavidin-biotiation for morphometric study and counted the numbers of hepa-
method (Dako LSAB Kit, HRP, Dako, Carpinteria, Calif.). Endogocytes and nonparenchymal cells that showed mitotic figures in
enous peroxidase activity was blocked by incubating the sectioes microscopic fields (=0.84 n#n During mitosis, Kupffer cells
in methanol containing 0.03% hydrogen peroxide for 5 min ahd SECs were difficult to differentiate from one another by LM,
room temperature. Nonspecific staining was blocked by the tresa-they were counted together as nonparenchymal cells. Four or
ment with 1% bovine serum albumin for 5 min at room temperfive sections obtained from two or three livers were analysed at
ture. Sections were then incubated with mouse anti-rat intercelach time period after endotoxin administration, and the average
lar adhesion molecule-1 (ICAM-1) monoclonal antibody (1:100@gnsity of cells (average number per 0.84%winliver parenchy-
Seikagaku, Tokyo, Japan) for 30 min [32], followed by sequentiaa) was calculated.
10-min incubations with biotinylated anti-mouse IgG1l antibody A quantitative analysis of endothelial fenestration in untreated
and peroxidase-labelled streptavidin. Reaction products were ggs and hepatectomized rats 1.5 h after administration of saline
veloped by 3,3diaminobenzidine tetrahydrochloride solutioror endotoxin was performed. Eight to twelve rats were used for
containing 0.01% hydrogen peroxide (Dako, Carpinteria, Califgach group. Under SEM, the liver lobes possessing both portal
Nuclei were counterstained with haematoxylin. tracts and central veins on the fractured surface were chosen; the

For light and electron microscopy the liver was perfused firgortal tract was identified by the presence of abundant connective
with saline via the portal vein with a perfusion pressure tfsue, and the central vein was identified by the presence of a
20 cmH,0O and then with fixative containing 1.5% glutaraldehydiémited amount of connective tissue and numerous sinusoidal con-
in 0.062 M cacodylate buffer, pH 7.4, plus 1% sucrose or fixativeections giving the appearance of perforated vein walls [38].
containing 2.5% glutaraldehyde in 0.1 M cacodylate buffegight different SECs situated in the intermediate position relative
pH 7.4, for transmission electron microscopy (TEM) or scanning the portal and central veins were chosen from each rat: 64-96
electron microscopy (SEM), respectively. Materials were obtainedlls in total for each group. Between 107 and 717 (average
from several different portions of the caudate process and rigiB9.6+28.2) fenestrae were analysed for each rat, or a total of
lobe, and cut into small pieces of approximately 13mirhey 1,882-4,276 fenestrae for each group. Pictures were taken at a
were postfixed in 1% Os@n 0.1 M cacodylate buffer, pH 7.4, atmagnification of x10,000. The diameter and area of each fenestra
4°C for 2 h. They were then dehydrated in ethanol series and evere measured and recorded using a Kontron IBAS-1 Image
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Fig. 2a—f Light micrographs of the livers from hepatectomized
rats. Hepatectomy was performed 48 h before saline or endotoxin
administrationa Immediately after endotoxin administration (Oh).

b, e In the liver 1.5 h after endotoxin injection, neutrophily, (
monocytes¥l) and plateletssfnall arrowheadgsare apparent in the
sinusoids, the neutrophils often being aggregated and phagocytosed
by Kupffer cells K), as indicated bilarge arrowheadsSome sinu-
soids in the midseptal region of intermediate or periportal zones are
occluded by infiltrating leucocytes and swollen Kupffer cedls.

At 3 h, some hepatocytes in the midseptal region exhibit vacuola-
tion (large arrow). The sinusoids around vacuolated hepatocytes
are occluded by neutrophildl and demonstrate neutrophil aggre-
gation @rrowhead, macrophagesM) and fibrin depositssfnall
arrow). d At 5 h, hepatocytes demonstrate many blebs, which fill
the space of Disse and sinusoidstérisks P portal veinsy vacu-
oles). Toluidine blue staim—d x290,e, f x72C
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Fig. 3 Time course of mitosis of hepatocytes {} and nonparen-
chymal cells (a-) as represented by the density of mitotic cells
Analysis System (Kontron Bildanalyse, Munich, Germany). ThHao. per 0.84 m#hof liver parenchyma) after endotoxin adminis-
average diameter and density of fenestrae and porosity of thetrakion. Partial hepatectomyd) was performed 48 h before en-
nusoidal walls (percentage of the total sinusoidal wall fenestrdttoxin administration. Toluidine-blue-stained sections were ob-
ed) were then calculated. served at x400. Ten microscopic fields were analysed for each sec-
All results were expressed as mean valueststandard erroem. Four to five sections from two or three animals were exam-

The Mann-WhitneyU-test and Wilcoxon’s signed-rank test weréned. Data are means+standard errors Ps0t01 versus the value
used for the analysis of unpaired and paired samples, respectively0 r

Results vived, 12 out of 20 (60%) hepatectomized rats given en-

dotoxin died within 12 h, mostly 8-10 h, after the injec-
In this study, we used a rat model of liver failure irtion. To examine the pathogenesis of this experimental
duced by i.v. injection of low-dose endotoxin into hdiver failure, the time-course of the morphological and
patectomized rats 48 h after operation. While all 20 fifnctional alterations in SECs and hepatocytes were
the hepatectomized rats subjected to saline injection sstuirdied.
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Fig. 4a, b Immunohistochemistry of the livers from hepatectomi-

e PH
zed rats for ICAM-1 expressiom Immediately after endotoxin = 120 v
administration (0 h).K) At 1.5 h after endotoxin administration. L 100 9 * . °
Sinusoidal endothelial cells, vascular endothelial cells of portal °
veins @) and central veinsQ) are intensely stained for ICAM-1. 8 ¥
LSAB-method, x34" '8 60-
& 404
= 2
E N g 20+
20,0001 £ » f
£ -48 0 15 3 5
tli PH Time after endotoxin or saline injection (hours)
LL
|~Z— 10,0004 * Fig. 6 Intrahepatic blood flow per unit square measured on the
« liver surface with a laser-Doppler flowmeter immediately before
£ and after partial hepatectomiHl) and at various time points after
a2 endotoxin (e -) or saline (o -) administration. Data are expressed
o 0l—e— as percentages of the values obtained before hepatectomy. Eight
48 0 1.5 3 5 rats were examined at each time point. Data are meanszstandard
Time after endotoxin injection (hours) errors. PP<0.05 versus saline-treated rats at each time :oint

Fig. 5 Plasma TNFa levels before partial hepatectonH) and

at various time points after endotoxin injection in hepatectomiz :
rats. Hepatectomy was performed 48 h before endotoxin admirﬁ%—tocytes (Fig. 2a). Both hepatocytes and nonparenchy-

tration. Four rats were used for each time point. Data dfeal cells, including Kupffer cells and endothelial cells,
meanszstandard errorsP40.01 versus the value at "+ h frequently underwent mitosis (Fig. 3). There were no ap-
preciable inflammatory changes such as leucocyte infil-
tration in the sinusoids (Fig. 2a). In agreement with this
In the regenerating liver immediately after endotoxiimding, ICAM-1 expression by SECs was only slight
administration there was no hepatocellular injury, &Big. 4a), and the plasma TNF{evel was not elevated
shown by normal serum levels of aminotransferases ¢Rdy. 5). The hepatic blood flow per unit square mea-
total bilirubin (Fig. 1a, b) and normal LM features of hesured on the liver surface increased slightly (Fig. 6). The
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Fig. 7a—d Scanning electron micrographs of hepatic sinusoids inHepatectomized rat liver 1.5 h after endotoxin administration.
the intermediate zone of the liver lobuke.Nonhepatectomized The characteristic sieve-plate pattern is lost, and the number of
liver. Sinusoidal endothelial cells show typical features of fendenestrae is significantly reduced.Hepatectomized rat liver 3 h
tration. b Hepatectomized rat liver immediately after endotoxiafter endotoxin administration. Endothelial cells are disrupted and
administration. The architecture of the sieve plates resembles tletached in places, and hepatocellular microvilli are directly ex-
observed ina, although the frequency of fenestrae is decreasguhsed to the sinusoidal lumem.b x14,000,c, d x13,00(:
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Table 1 Diameter and density of endothelial fenestrae and porosis were analysed by scanning electron microscopy. We examined
ty of sinusoidal walls in nonhepatectomized and hepatectomizi&2i76, 1882 and 2168 fenestrae from the indicated numbers of non-
rats 1.5 h after saline or endotoxin administration. Rats were shbpatectomized and of saline-treated and endotoxin-treated he-
jected to an i.v. injection of saline or endotoxin 48 h after twpatectomized rats, respectively. The values are meanststandard er-
thirds partial hepatectomy, and 90 min after the injection their livers

Treatments No. of rats Fenestrae

Diameter (nm) Density (Nqum?) Porosity (%)
Nonhepatectomized
+ Saline 11 108.7+0.6 8.97+0.75 5.72+0.50
Hepatectomized
+ Saline 8 105.4+1.0* 6.11+0.75* 3.66+0.44*
+ Endotoxin 12 100.2+1.0% 4.18+0.47+%t 2.14+0.21*f

*P<0.01 versus nonhepatectomized ré®s;0.01 versus saline-treated, hepatectomized rats

t ¥ hering to the sinusoidal wall (Fig. 2e). Transmigration of
600 neutrophils and platelets into the space of Disse was also
| seen. The expression of ICAM-1 by SECs was profound-
ly augmented throughout the liver lobule (Fig. 4b), and

Serum hyaluronate (ng/ml)

4007 : the plasma TNF concentration increased considerably
1 PH and reached a peak at an average value of 14&dlonl
2001 ¢ (Fig. 5). The hepatic blood flow dropped by approxi-
1 mately 10% (Fig. 6). In SECs, the sieve-plate arrange-
"48 — " . : ment of fenestrations disappeared, and the frequency of

fenestrae and porosity of the sinusoidal walls were sig-
nificantly decreased at 1.5 h (Fig. 7c, Table 1). In TEM
Fig. 8 Serum hyaluronate levels before partial hepatectddhi) ( Observations, SECs often exhibited acute swelling; the
and at various time points after i.v. injection of salina-f-or cell volume was increased and the cytoplasm became
e e oo, Sibsigle (Fig: 92, ¢, Celluar hypertrophy was ofien accom-
of serum hyaluronate levels is apparent at 1.5 h after eﬁdotoxin@é—me"d by a moderate .tO high degree of increase in C(.:"”
ministration, preceding increase of alanine aminotransferase &ganelles such as vesicles, polysomes and dense bodies,
total bilirubin. Eight rats were examined at each time point. Datadicative of SEC activation (Fig. 9b). While mitochon-
are meanststandard' errors§_?<D.005 versus the value for Sa|ine-dria sometimes exhibited degenerative Signs (|oss of ma-
treated rats at each time peint trix or vacuolation; Fig. 9c), most of the cell organelles
had intact profiles. Neither Weibel-Palade bodies nor
SEM analysis demonstrated that, compared with norncaimplete basement membranes characteristic of capillar-
features in nonhepatectomized rats (Fig. 7a), SECs in i were found. There were no fibrin deposits along the
hepatectomized rats had morphological modificatiorsinusoidal lining cells. The serum hyaluronate level was
Although the architecture of the sieve plates was welgnificantly elevated to approximately 2.5-fold that at
preserved, the number and diameter of fenestrae and(b-(Fig. 8).
rosity of the sinusoidal walls were significantly de- At 3 h, serum transaminases and total bilirubin levels
creased (Fig. 7b, Table 1). The serum level of hyalumere significantly increased (Fig. 1a, b). On LM, the ini-
nate as a measure of the functional state of SECs shoti®dmorphological evidence of hepatocellular degenera-
a mild increase (Fig. 8). tion (vacuolation) was found (Fig. 2c, f). Mitosis of he-
At 1.5 h after endotoxin administration hepatocellulgatocytes and nonparenchymal cells remained entirely
injury was not evident, as demonstrated by the abseruppressed (Fig. 3). Leucocyte infiltration became more
of any significant elevation of serum aminotransferasestensive in the midseptal region of intermediate and
and total bilirubin levels (Fig. 1a, b) and of degeneratigeriportal zones (Fig. 2c). Fibrin deposits appeared along
features in hepatocytes on LM (Fig. 2b). Mitotic figurethe sinusoidal walls (Fig. 2f). Plasma TNiFlevels re-
in hepatocytes decreased strikingly in frequency, anusined to normal at this time point (Fig. 5). The hepatic
none at all were found in nonparenchymal cells (Fig. ®)ood flow dropped further to about 80% of the value
There was marked infiltration of neutrophils and monoeasured at 0 h (Fig. 6). On SEM, the sieve plates of
cytes, particularly in the sinusoids of the midseptal r8ECs were often seen to be disrupted, resulting in the di-
gions of intermediate and periportal zones (Fig. 2lct exposure of hepatocellular microvilli to the sinusoi-
Neutrophils, which were often aggregated in the sindal lumen (Fig. 7d). Analysis by TEM demonstrated that
soids, were phagocytosed and digested by enlargdeCs became necrotic in appearance, with their cyto-
Kupffer cells (Fig. 2e). Platelets were also observed gdasm dissolved (Fig. 10a). Furthermore, SECs were dis-

Time after endotoxin or saline injection (hours)



Fig. 9a—c Transmission electron micrographs of the livers fror
hepatectomized rats 1.5 h after endotoxin administration. Hepatt
tomy was performed 48 h before endotoxin inject@indotheli-
al cells @rrows) are pale and swollerH(hepatocytessS stellate
cells, asterisksparts of Kupffer cells)b An endothelial cell en-
riched with cell organelles. It has several dense bodigs50lgi
apparatusesgf and vesicles at the luminal aspect of the nucle
and exhibits an undulating cell surfaceSwelling of endothelial &%
cells €) with rough endoplasmic reticulung)(and dense bodies §

not seen on the surface of endothelial cells. A Kupffer ¢€l (
nearby has a large phagosonagrgqw; H hepatocytessS stellate
cells).a x3,400,insetx5,100,b x9,200,c x8,60(

rupted, being accompanied by prominent fibrin depoﬂ%}

: . 10a, b Transmission electron micrographs of the livers from
(Fig. 10b). The serum hyaluronate level showed a furth@l) iectomized rats 3 h after endotoxin administration. Hepatecto-

increase (Fig. 8). my was performed 48 h before endotoxin injectiarfEndothelial
At 5 h, serum levels of transaminases and total bilircells €) are necrotic, with the cytoplasm dissolved out and mito-

bin were considerably elevated (Fig. 1a, b). Hepatocyg®gndria vacuolatedv). Fibrin deposits drrows) are evident on

: : ' surfaces of endothelial celld bepatocytesS stellate cells)b
underwent extensive degeneration (pale and swollen C%&ome portions, endothelial cellg)(are disrupted with promi-

plasm and generation of abundant blebs were seen, faut fibrin depositsafrows H hepatocytesM extrasinusoidally
there were no typical apoptotic bodies; Fig. 2d). The sinuigrating macrophagesd.x6,500,b x6,40(:
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soidal lumen was occupied by abundant infiltrating 1e{28]. These cytokines and leukotrienes have been also
cocytes and the blebs released from hepatocytes (Fig. 8dpwn to suppress hyaluronate scavenging [7, 8]. It is re-
and the hepatic blood flow was kept low (Fig. 6). ported that, in capillarized sinusoids, SECs show reduced
binding and degradation of hyaluronate by decrease of
hyaluronate receptors, resulting in an elevation of serum
Discussion hyaluronate [31, 34]. The present study has demonstrated
that sinusoidal defenestration induced by acute inflamma-
In the rat model of liver failure, the serum hyaluronate letery reactions is similarly associated with the elevation of
el had risen significantly by 1.5 h after endotoxin adminiserum hyaluronate.
tration, preceding the elevation of serum aminotransferas-The necrosis and disruption of SECs, together with fi-
es and bilirubin, suggesting that monitoring of this ifrin deposits, observed following SEC activation have
dicator may be useful in prediction of postoperative livaiso been reported in rats treated viAtbpionibacterium
failure prior to clinical manifestation of liver injury, al-acnegendotoxin and considered to be attributable to the
though hepatectomy itself elevates serum hyaluronatedwic effects of superoxide and TNFreleased from en-
some extent owing to decreased total hepatic flow datoxin-activated Kupffer cells [1, 39]. Neutrophils
shunting of blood past the sinusoid [11, 15]. We have gcimed by TNFe may be also responsible for produc-
tually observed a significant increase in serum hyalurontis of superoxide anions [30]. Furthermore, TiEen-
levels in all of 36 patients who underwent major hepatd@nces the susceptibility of vascular endothelial cells to
tomy (S. Yachida et al., unpublished data). In particulagutrophil-mediated attack [35]. In the present study,
those patients who developed postoperative hepatic failpreminent infiltration of neutrophils was observed in the
showed a steep elevation in the early period after surgesinusoids of hepatectomized rats 1.5 h after endotoxin
The elevation of serum hyaluronate seen at 1.5aiministration, which is consistent with a previous report
strongly suggests functional perturbation of SECs [6, [80]. Taking these data into account, the features of SEC
27, 31], although there might be some contribution of emetivation at 1.5 h and SEC injury at 3 h may reflect two
dotoxin-induced reduction of hepatic blood flow to thidifferent stages of sequential changes induced by cyto-
elevation. Morphological analyses demonstrated thdmes and superoxide anions released from endotoxin-ac-
SECs examined at this time point exhibited the featutesited Kupffer cells. Pober [25] has noted that distinc-
representative of SEC activation (they were swollen atioh of endothelial cell activation from injury or dysfunc-
enriched with cell organelles, and expressed ICAMtibn is complex, because activation can produce dysfunc-
strongly). It is not probable that these features are relatied with or without injury.
to SEC proliferation because mitosis of nonparenchymalln the present study, hepatic necrosis preferentially
cells was not found at this time point. Endothelial cell acecurred in the “midseptal region” [9] of the intermedi-
tivation is generally seen in various tissues during acate and periportal zones, in which sinusoidal blood flow
inflammation: for example, in the skin TNF induces eis considered to be lower than in other regions [40], sug-
dothelial hypertrophy and augments the expression of gdsting that in addition to toxic effects of TNfFand su-
hesion molecules in vascular endothelial cells, resultipgroxide, the impairment of hepatic blood flow induced
in intravascular accumulation of leucocytes [21]. In th®y both local and systemic effects of endotoxin may be
liver, TNF-0 elicits hepatic microvascular responses suahportant for the development of hepatic necrosis. He-
as leucocyte adhesion to SECs and swelling of SE@atic stellate cells, or pericytes of sinusoids, will subse-
leading to narrowing of the sinusoidal lumen and impaguently be activated in the post-necrotic region and in-
ment of sinusoidal blood flow [17, 18]. We observed hevelved in the pathogenesis of acute liver failure [12].
a prominent elevation of plasma TNHevels at 1.5 h, as In conclusion, SECs undergo morphological and
previously reported [30]. TNB-is a primary mediator of functional alterations representative of cellular activation
endotoxic events [33], and endothelial cells activated ag their earliest inflammatory response. This is followed
TNF-a release interleukin (IL)-8, which promotes neutrdsy degenerative changes of SECs and hepatocytes in en-
phil transmigration [3]; it seems, then, that the inflammeetoxin-induced liver failure after partial hepatectomy.
tory reactions of sinusoids seen here (endothelial swell-
ing, intrasinusoidal infiltration and transluminal migraAcknowledgements We thank Miss Makimi Ishii, First Depart-
tion of leucocytes) are most probably mediated by TNggnt of Surgery, and Mr. Hiroshi Miyanaka, Research Equipment
3 . enter, Kagawa Medical University, for the valuable technical as-
o. Apart from TNFe, various cytokines, such as IL-Iistance with the scanning electron microscopy.
and IL-6, or vasoactive substances, such as nitric oxide
and endothelin, are induced by endotoxin administration;
they may also be involved in the modulation of inflamm@eferences
tory reactions [16, 23, 29]. Defenestration of SECs, as
observed by SEM at 1.5 h, may be also a feature relevantArai M, Mochida S, Ohno A, Ogata I, Fujiwara K (1993) Si-
to cytokine-induced activation of SECs, because cyto- p:tsl%ig?hgggoostge|g;gtergednatgﬁ%e b>1 gzﬁilvfégdlrz?irophages in
k'neS.SUCh.aS TNB-and Ieukotrlenes_ released fro_m €N Arnvidsson D, Svensson H, Hagﬁ%d U (1988) Laser-Doppler
dotoxin-activated Kupffer cells mediate endothelial de-" fiowmetry for estimating liver blood flow. Am J Physiol
fenestration [26] by rearrangement of the cytoskeleton 254:G471-G476
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