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Abstract

AIM: To determine the in vivo effects of phagocytic blockade
of Kupffer cell (KC) on the release of proinflammatory
cytokines in small intestinal lesion and on the integrity of
intestinal tract by using gadolinium chloride (GdCl3) during
early endotoxemia.

METHODS: Wistar rats were divided into three groups: Group
A, rats were injected with endotoxin (E. coli 0111:B,, a dose
of 12 mg.kg?) only; Group B, rats were pretreated
intravenously with 25 mg of GdCl; per kg 24 h are given
endotoxin; and Group C, sham operation only. All animals
were sacrificed 4 h after endotoxin injection. In portion of
the rats of three groups, bile duct was cannulated, which the
bile was collected externally. Morphological changes of ileum
were observed under light microscopy and electronic
microscopy. The KC were isolated from rats by collagenase
perfusion and in KC, expression of TNF-a and IL-6 mRNA
were determined by RT-PCR analysis. Plasma and bile TNF-a
and IL-6 Levels were determined by enzyme-linked
immunosorbent assay (ELISA).

RESULTS: In group A, there were neutrophil infiltration
and superficial epithelial necrosis of the ileal villi, sloughing
of mucosal epithelium, and disappearance of some villi. In
group B, the ileal mucosal damage was much reduced. which
in group C, no significant morphological changes were seen.
GdCl; pretreatment decreased significantly the expression
of TNF-a and IL-6 mRNA in group B (4.32+0.47 and 4.05
+0.43) when compared to group A (9.46+1.21 and 9.04+
1.09) (P<0.05). There was no significant expression of TNF-
a and IL-6 mRNA in group C (1.03+0.14 and 10.4+0.13).
In rats of group A, the levels of TNF-a and IL-6 in bile and
plasma were 207+29 ng-L?, 1032+107 ng-L?, 21333
ng-L?, and 11854127 ng - L, respectively. In group B, they
were 113+18 ng - L, 521476 ng-L?, 147422 ng- L1, and
572454 ng - L1, respectively. In group C, they were 67+10
ng-L?% 72+13 ng- L1, 109+18 ng-L?, and 118+22 ng-L*
respectively. There were significant difference between the
three group (P<0.05).

CONCLUSION: KC release cytokines TNF-a and IL-6
causing damage to the integrity of intestinal epithelium and
play a crucial role in the initiation and progression of intestinal
mucosal damage during early endotoxemia.

Gong JP, Wu CX, Liu CA, Li SW, Shi YJ, Yang K, Li Y, Li XH.
Intestinal damage mediated by Kupffer cells in rats with
endotoxemia. World J Gastroenterol 2002; 8(5):923-927

INTRODUCTION

LPS (lipopolysaccharide) is now considered to be a potent
inducer of aseries of inflammatory mediators*9. In the early
asinfection, the main symptoms can be ascribed in part to the
inflammatory cytokines as tumor necrosis factor alpha (TNF-
a), interleukin-1 (I1L-1), IL-6 and platel et-activating factor("9.
Recently, Jackson et al’® reported that intestinal damage is
mediated by factors derived from the bile. KC (Kupffer cell)
constitute 80-90 % of the fixed tissue macrophages of the
reticuloendothelial system (RES) and their activation and
subsequent release of cytokines have great influence on the
systemic response during sepsig**4, KC has been shown to
be a major source of released IL-6 following traumatic or
hemorrhagic shock and after resuscitation!*¥. Since LPS has
been removed from the blood by the liver, we speculated the
cytokinesfrom KC in the bile may likely cause the damage to
the intestinal during endotoxemia. Therefore, the aim of this
study was to determine whether the in vivo phagocytic
blockade of KC by using gadolinium chloride (GdCl;) had
any effects on intestinal integrity during early endotoxemia
and whether the proinflammatory cytokines played crucial
rolein small intestinal lesions.

MATERIALS AND METHODS

Animals model

Wistar rats 10 wk old, weighing 220 g to 250 g were used in
this experiment. The rats were obtained from Laboratory
Animal Center of Chongging University of Medical Science.
These animals were divided into three groups: Group A, rats
injected endotoxin only; Group B, rats pretreated with GdCl,
and given endtoxin; and group C, sham operation only.

In vivo blockade of Kupffer cells by gadolinium chloride

In group B, animals were treated intravenously with 25 mg of
GdCl; per kg 24 h prior to the operation as described by Koo
et all*™, In the preliminary experiment, the optimum dose and
time of administration of GACl; were determined by assessment
of loss of KC labeled with Indiaink. In some of animals, in
order to collect the bile, the animals were fasted overnight with
free access to water. Bile duct was cannulated in rats of the
three groups under ether anesthesia as described by Jackson et
alll?, Briefly, the abdomen was opened through a midline
incision of 1.5-2.0 cm immediately below the sternum. The
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bile duct was located, and approximately 1 to 1.5 cm of a 25
cm polyethylene cannulation tube (external diameter, 0.8 mm;
internal diameter, 0.4 mm) was inserted into bile duct and tied
in place, the other end of the tube was exteriorized through an
opening in the right flank by an 18-gauge needle, allowing
bile to be collected externally. The abdominal incision was
then sutured, and the rats were held in restraining cages. Rats
from group A and B were then injected iv with LPS from E.
coli serotype O111: B4 (Sigma, St. Louis, Mo. USA), using a
dose of 12 mg - kg*. Animals from group C were infused with
some dose of pyrogen-free sterile saline. Plasmawere separated
from tail vein blood, and bile was collected 4 h after LPS
administration when these ratswere killed and the macroscopic
appearance of the whole small instestine was assessed.

Morphological observation of ileum

One-to two-centimeter segments of the ileum from each rats
were fixed in 100 ml - L* buffered formalin or 25 g- L™
glutaraldehyde immediately. For light microscopy, the tissue
blocks were embedded in paraffin, and the 5-um sections were
stained with HE. For electronic microscopy, the tissue blocks
were embedded in Epon 618 resin and ultrathin sections stained
with uranyl acetate and lead citrate. A H-2000 transmission
electronmicroscope was used.

Kupffer cell isolation

K C were isolated as described previously™s7, In brief, the
livers were removed after a portal vein perfusion with Hanks
balanced salt solution (HBSS) and the homogenate was
digested inasolution of 5g- L* collagenase (Type |V, Sigma).
The digest was washed thoroughly and plated on plastic dishes
in RPM| medium containing 50 ml - L fetal calf serum (FCS).
After 3 h incubation at 37 C in O, and CO, (0.95/0.05),
nonadherent cellswere removed with pipet. The adherent cells
were collected with arubber policeman. 70 % to 90 % viable
KC was obtained in this manner. GdCls-treated and control
cells exhibited similar viability, morphology, and in vitro
phagocytosis, athough the livers from GdCl,-treated rats
yielded 10-20 % fewer KC than saline-injected rats.

Expression of TNF-a and IL-1 mRNA in kupffer cell

RNA isolation and C-complementary DNA synthesis Total
RNA wasisolated from KC by using the Trizol Reagent (Life
Technologies, USA). The quality of RNA was controlled by
the intactness of ribosomal RNA bands. A total of 0.5 mg of
each intact total RNA samples was reverse-transcribed to
complementary DNA (cDNA) by using the reverse
transcription polymerase chain reaction(RT-PCR) kit(Roche,
USA). cDNA was stored at -70 C till polymerase chain
reaction (PCR) analysis.

Determination of TNF-a and IL-6 MRNA by RT-PCR The
PCR primers used were TNF-a: sense (5'-
CACCATGAGCACGGA AAGCA-3'), antisense (5'-
GCAATGACTCCAAAGTAGAC-3Y); IL-6: sense (5'-
CTTCCAGCCAGTTGCCTTCT-3'), anti-sense (5'-
AGCCAGAGTCATTCAGAGCA-3); b-actin: sense (5'-
ACCACAGCTGAGAGGGAAATCG-3'), antisense (5'-
AGAGGTCTTTACGGATGTCAACG-3). The sizes of the
amplified PCR products were 692 bp for TNF-a, 309 bp for
IL-6, and 281 bp for b-actin. The conditions for amplification
were as follows. denaturation at 94 ‘C for 1 min, annealing at
57 °C for 2min, and extension at 72 “C for 2 min for 31 cycles.
The PCR products were electrophoresed in 15 g.L* % agarose
gels, and the gels were ethidium bromide stained and video
photographed on an ultraviolet transilluminator.

Bioassay for cytokines in plasma and bile

Plasmaand bile levels of TNF-a and IL-6 were determined by
enzyme-linked immunosorbent assay (ELISA) kits according
to the manufacture's instructions and guidelines (Biosource
International, Camarillo, CA).

Statistical analysis

All data were expressed as x£s and compared by one-way
analysis of variance (ANOVA). Differences in values were
considered significant if P<<0.05.

RESULTS

Effect of phagocytotic blockade of Kupffer cells on the
intestinal integrity

Weinvestigated the effect of phagocytotic blockade of Kupffer
cellsby GdCl; on the histological appearance of theileum. 4 h
after inoculation with L PS, macroscopic examination showed
marked hyperemia, edema, and fluid accumulation within the
lumen of small bowel in ratsof group A. In contrast, inanimals
of group B, there was substantial reduction in hyperemia and
no fluid accumulation. There was neither hyperemia nor fluid
accumulation in group C.

In group A, there was marked tissue damage. Under light
microscope, there were neutrophil infiltration in the villi,
severely damaged epithelia layer with superficial necrosisand
sloughing, some villi completely disappeared (Figure 1A). In
contrast, the rats of group B, intestinal mucosal damage were
much reduced, there was no evidence of hyperemia,
vasodilatation or edemain the laminapropria, and the epithelial
layer was intact, only modest hyperemiain the submucosa,
only occasional edematous apex at the villi (Figure 1B). In
group C, The histological appearance wasnormal (Figure 1C).

Figure 1A Superficial epithelial necrosis of villi and complete
absence of some villi (HEX198).
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Figure 1B In intestinal mucosal damage much reduced (HE X 198)
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Figure 1C Normal appearance of intestinal mucosa (HE X 198).

Effect of GACl; on expression of TNF-a and IL-6 mRNA in
Kupffer cells

GdCl; clearly resulted in sustained loss of phagocytic activity
of KCsdiminishing concentrations of TNF-a and IL-6 in bile
and plasma. We found that GdCl; pretreatment decreased KCs
cytokines transcripts after injection of LPS so that expression
of TNF-a and IL-6 mRNA in group B were significantly less
than thosein group A (P<0.05). There were no expression of
TNF-a and IL-6 genesin rats of group C (Figure 2).
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Figure 2 Expression of TNF-a and IL-6 mRNA. ?P<0.05, vs
other two groups, °P<0.05, vs group C.

Cytokines production in bile and plasma

TNF-a and IL-6 in the bile and plasma of above three groups
were measured by bioassay (Table 1). Inratsof group A, there
weresignificant increase of TNF-a and IL-6 in bile and plasma,
the concentration of the two cytokinesin the bile were over 5-
fold and 4-fold higher than those at in the plasma, respectively.
Inanimals of group B, GdCl; given 24 h prior to LPS markedly
reduced the levels of TNF-a and IL-6 in bile and plasmawhen
compared to thosein group A (P<0.05). Low levelsof TNF-a
and IL-6 were detectable in bile and plasmain rats of group C.

Table 1 Plasma and bile TNF-a and IL-6 levels of in rats

(x+£s,n=7)
Group TNF-a (ng.L?) IL-6 (ng.L?)
Plasma Bile Plasma Bile
A 2074292 103241072 213+33¢2 1185+ 1272
B 113+18° 521+76° 147 £22¢ 572+54¢
C 67110 72+13 109+18 118422

3P<0.05, vs other two groups; °P<0.05, vs Group C

DISCUSSION

The role of cytokines in the bile causing gastrointestinal
damage during sepsis has received little attention to date, and
the bile continues to be viewed upon as having a purely
digestive function. Other investigators reported after the relief
of obstructive jaundice by internal drainage, endotoxemiacould
be reversed. But, the ratio of villous height to crypt depth in
the mucosa of the terminal ileum was deceased in the rats with
external drainage. The absence of bile from the gut may
promote bacterial trandocation to visceral organg*®®, These
findingsimplicate the use of bile to prevent intestinal mucosal
damage and reduce postoperative complications of jaundiced
patient with endotoxemia. In fact, agrowing body of evidence
points to the presence of inflammatory mediators and other
factorsin bile. Thesefactorsinclude cytokines|IL-1, IL-6, TNF-
a, and epidermal growth factor, complement components, and
acute-phase proteins, which are released by KC and other
macrophages*31%-21, Recently, Jackson et al*¥ reported the
involvement of bile in gastrointestinal tract damage in
endotoxemia. External drainage of bile or bile duct occlusion
markedly reduced the effects of LPS to the intestine and
prolonged survival of the animal 2", These studies indicate
that after treatment with LPS, the bile contains substances that
are capable of mediating intestinal damage. Our results showed
there were higher concentrations of TNF-a and IL-6 in rats
with endotoxemiathan those in the control rats, and there were
5-fold and 6-fold higher levels of TNF-a and IL-6 in bile than
in plasma. The intestinal mucosal epithelia of these animals
were severely damaged. These findings suggest the luminal
cytokines derived from the bile, contribute to the intestinal
damage during early endotoxemia.

Where do these cytokinesin bile come from The precise
molecular mechanism of the cytokinesin bile is uncertain.
There are several reasons to believe that cytokinesin the bile
originate from synthesisby KC in the bile rather than extracted
from the circulating blood. First, The KC are the main site for
the clearance of endotoxin, they constitute about 80-90 % of
sessile macrophages of the RES. LPS is taken up by KC and
leads to production of cytokines by these cell g121516.19.21.28.29]
Second, the concentration of TNF-a and IL-6 in the bile was
more markedly increased than those in the plasma. Finally,
the levels of these cytokines were significantly reduced by
treatment with GdCl; which preferentially inhibited the KC
function, again supporting the concept of production of
cytokines by the hepatic KC. A number of studies had been
conducted to examine the role of KC function during
endotoxemiaand other circulatory conditions. Studies dealing
with the blockade of KCs phagocytosisin lethal endotoxic
shock models had shown increased animal survival that
underwent GdCl; pretreatment!*>*2. Moreover, utilizing KC
blockade by GdCl; revealed the mediators released by KC
during sepsis played asignificant rol€. Although studies had
shown that intestinal damage occured during sepsis, it remained
unknown whether blockade of KC prior to the onset of
endotoxemia could prevent the occurrence of intestinal
damage. The present study was designed to determine whether
the in vivo phagocytic blockade of KC by GdCl; prior to the
onset of sepsis had any salutary effects on intestinal integrity
and expression of proinflammatory cytokines such as TNF-a
and IL-6, their genes and proteins. Our results indicated that
expression of TNF-a and IL-6 mRNA significantly increased
4 h after the induction of LPS. However, rats that underwent
GdCl; treatment prior to LPS demonstrated significantly
reduced expression of the genesand proteins of these cytokines
in bile and plasma. Thus, KC can play a crucial role in the
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initiation and progression of intestinal damage following
endotoxemial®38.

Therole of cytokinesin intestinal pathology has not been
welle lucidated. But, cytokines in intestinal tract could
promote bacterial association with the epithelium, or might
act upon luminal microorganism to enhance their invasive
characteristicg®“+l. There are evidences that TNF-a is able
to affect directly the virulent properties of some organisms.
For example, TNF-a enhances the invasion of cultured cells,
promoted by cytokines. IL-1 has been shown to act asagrowth
factor for pathogenic E.coli. Fluid accumulation in theintestine
of LPS-treated ratsindicates presence of altered permeability.
Furthermore, TNF-a can affect directly the permeability of
epithelial barriers, and loosening of the tight junction so asto
facilitate the early entry of bacteriainto the mesenteric lymph
nodes and other target organs. TNF-a can induce expression
of adhesion moleculesICAM-1 and LFA-3 in human intestinal
epithelial cell lines. It can also influence cytokines production
and proliferation in intestinal cell lined*-“. These findings
reveals the presence of specific receptors on such cells, the
TNF-a receptors are predominantly located on the basol ateral
aspect of intestinal epithelial cells, as are receptors for IL-1.
After LPS stimulation, macrophages release cytokines
damaging the intestinal epithelial integrity, alowing luminal
TNF-a nd IL-6 to gain assiss to their receptors on the
basolateral aspect of the epithelial cells and increase epithelial
permeability, finally cause the intestinal damage.
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