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Abstract It has long been known that plasma interleukin (IL)-6 levels elevate during
non-inflammatory, physico/psychological stresses such as immobilization (IMB) and
electric foot shock (FS). We previously demonstrated that an IMB-induced rise in
plasma IL-6 in the rat was caused, at least partly, by an increased production of IL-6 in
hepatic reticulo-endothelial cells which were induced by enteric flora-derived lipopolysc-
charide (LPS). This study investigated whether such enteric flora-derived LPS may
produce IL-6 also in the mesentery and the mesenteric lymphoid nodes (MLN) before it
reaches the liver. We found a rise in the IL-6 levels in the hepatoportal vein (PV) within
30 min during FS, while the IL-6 levels in the jugular vein showed a smaller and delayed
rise with slower recovery. Plasma IL-6 levels near the exit of the hepatic vein in the
inferior vena cava was highest at both control and stressed conditions, compared with
those in the PV and any other extra-hepatic circulation. The stress-induced IL-6 eleva-
tion in the PV was abolished by an in vivo neutralization of LPS with continuous infusion
of polymyxin B. Furthermore, the amount of LPS as assessed by its bioactivity increased
rapidly in the mesentery, the MLN and the liver within 15min after the initiation of FS.
Finally, fluorescent dye-labeled LPS infused into the lumen of the ileum was found in the
extra-intestinal tissues and systemic vein, and FS increased the optical density in them.
The findings suggest that lymphoid tissues in the gut associated lymphoid organs are
continuously exposed to LPS at the basal condition, and that FS facilitates the LPS/
bacterial translocation across the intestinal wall and thereby increases the production of
IL-6 before LPS reaches the liver.

Key words : interleukin-6, lipopolysaccharide, enteric bacterial flora, non-inflammatory
stress, bacterial translocation

Introduction

Interleukin-6 (IL-6) is a pro-inflamma-
tory cytokine, which plays a critical role in
host defense by its pleiotropic activities
such as antibody production®, synthesis of
acute phase proteins'”, stimulation of the
hypothalamic-pituitary-adrenocortical
axis?'®2) modulation of pain and fever??%.
IL-6 is released not only during infection

and inflammation but also during non-
inflammatory stress such as immobilization
(IMB) and exposure to an open field!*239),
We have demonstrated that the IMB-in-
duced rise in plasma IL-6 in the rat is inhib-
ited by partial hepatectomy, but not by
splenectomy, hypophysectomy or adrenalectomy.
This suggests that the liver is the primary
source organs for the increase in blood IL-6
during IMB?*. In support of this, IL-6
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mRNA, as measured by competitive RT-
PCR, increased in the liver of mice in
response to IMB for one hour'®?¥. Both an
i situ hybridization and an immunohisto-
chemistry revealed an increase in IL-6
mRNA and IL-6 respectively in the hepatic
Kupffer cells and sinusoidal endothelial
cells of rats after one hour IMB stress®®.
Furthermore, the IMB-induced elevation of
plasma IL-6 levels was completely aboli-
shed by an i vivo neutralization of circulat-
ing lipopolysaccharide (LPS) with polymyx-
in B or endotoxin neutralizing protein®.
This indicates that endogenous LPS is
responsible for the IMB-induced IL-6 pro-
duction. In fact, FS and IMB stress in-
creased the concentration of LPS in the PV
in rats, which was higher than that observed
in the jugular vein®®®%4, The non-inflam-
matory stress-induced LPS is most likely to
be derived from the enteric bacterial flora,
because we found that fluorescein isoth-
iocyanate (FITC)-labeled LPS injected into
the intestinal lumen was detected in greater
numbers of Kupffer cells and sinusoidal
endothelial cells in the liver of IMB-stressed
rats. Furthermore, about 809% of FITC-
positive cells were stained with an anti-IL-
6 antibody?®. These findings, taken
together, suggest that the IMB stress
enhances the translocation of LPS from the
intestinal lumen and such LPS stimulates
the reticuloendothelial system in the liver to
produce IL-6, thereby increasing the plasma
IL-6 levels in the general circulation.
However, a possibility remains that the
enteric flora-derived LPS may also act on
the gut associated lymphoid tissues (GALT)
to synthesize IL-6 before it reaches the
liver. In the present study, we investigated
whether IL-6 was produced in the mesenter-
y and the mesenteric lymphoid nodes (MLN)
using electric foot shock (FS) stress model

in rats and, if so, whether the response was
mediated by LPS derived from the enteric
flora.

Materials and Methods

Subjects

Adult male wistar rats weighing 300
~400g were housed two per cage in a room
maintained at 23 °C with artificial illumina-
tion from 07: 00 to 19: 00. Food and
water were provided ad lzbitum.

Intravascular cannulation.

Under anesthesia with pentobarbital
sodium (50~75mg/kg, i.p.) or Ketamine
(100mg/kg, i.p.), rats received either one of
the following combinations of intravascular
cannulation, i.e. (1) the hepatoportal vein
(PV) and the jugular vein (JV) at the root of
the inferior vena cava, (2) the JV and the
inferior vena cava near the branch of he-
patic vein IVC-HV), where the tip of tubing
reached by being advanced by about 10cm
from the right femoral vein, and (3) the JV
and the inferior vena cava peripheral to the
hepatic vein (Below IVC-HV), where the tip
of tubing reached by being advanced by
about 7cm from the right femoral vein.

For the PV cannulation, a polyethylene
tube (i.d. 0.ommXo.d. 0.8mm) filled with
physiological saline was inserted into the
main trunk of the PV wvia the gas-
troduodenal vein and fixed with ligatures
and a tissue-adhesive glue. The tube was
mounted on the back of animals, and con-
nected to a disposable sheavel kit (DS-10,
BRC, Nagoya, Japan) with a protective wire
spring (HS-10, BRC, Nagoya, Japan). To
avoid the coagulation in the tubing, steril-
ized physiological saline was continuously
infused (12ml/day) using an infusion pump.

For the cannulation of the JV and the
IVC, a silicone tube (i.d. 0.5mm and o.d.
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1.0mm) filled with sterilized physiological
saline containing heparin (50U/ml, Sigma)
were inserted into the JV, IVC-HV and
Below IVC-HV, as described above. The
blood taken from the JV and the IVC-HV
were considered to represent the mixed
venous blood and the hepatic venous blood,
respectively. These tubings were mounted
on the back of animals, and reached the
outside of the home cage so that the blood
sample could be taken without restraint.
After surgery, the rats received a prophylac-
tic injection of penicillin G (5,000U, i.p.).
They were then returned to the home cages
and housed individually. During a post-
surgical recovery period of at least 6 days,
all the rats were placed in a foot shock cage
(MTB-001, TOYO SANGYO CO., Tokyo,
Japan, 25cm long X 25cm wide X 30cm deep)
without giving shock for 3 hours daily to
habituate them to the experimental environ-
ment.

The positions of all tubings were
examined after the experiments. If the tips
of them were incorrectly positioned, the
data from such animals were discarded.

Electrical foot shock (FS)

As a non-inflammatory stress, electric
foot shock (FS, 1ImA in current, lsec in
duration, and 11 times/min) was delivered
for 10min. On the experimental day, the
animals were placed in the experimental
cage at least one hour without FS. The
blood samples (200.1) for the measurement
of plasma levels of IL-6 were taken from
the indwelling tubes at scheduled time inter-
val. After each blood sampling, the same
amount of physiological saline solution was
injected to compensate the blood loss. The
blood volume taken from one animal did not
exceed 109% of the whole blood.

Measurement of plasma IL-6 concentra-

tion

Plasma IL-6 levels were measured by a
bioassay using B9 cell, which is the IL-6
dependent murine hybridoma subclone cell.
B9 cells were maintained in RPMI 1640 with
25mM HEPES containing 109% heat-
inactivated (56 °C, 30min) fetal bovine serum
and a 194 antibiotic-antimycotic solution in
the presence of 20 hybridoma growth units/
ml recombinant murine IL-6 (Boehringer
Mannheim Biochemica, Germany). A2ul
plasma sample was placed in a single well of
a 96 well plate contained 198l culture
medium without IL-6, and was serially dilut-
ed to 8-fold the original concentration of
the first well. In addition, each plate had a
standard diluted line containing the recom-
binant murine IL-6, in which the concentra-
tion in the first well was 5pg/ml. 2-4X10*/
ml washed B9 cells in culture medium were
added to each well (100x1), and the cells
were incubated in 5% CO, at 37°C for 72
hour. Bioactivity of IL-6 in samples was
measured fluorometrically using Alamar
Blue, a fluorometric growth indicator
obtained from Alamar Bio-Sciences Inc
(Sacrament, CA, USA). We added 20x 1 of
Alamar Blue to all tested wells, and again
incubated all plates for 8 hours in 5% CO, at
37°C. Fluorescence was measured with
Fluoroskan Ascent FL (LABOSYSTEM
OY, Helsinki, Finland) with an excitation of
IL-6 in original samples was lpg/ml.
Specificity of B9 cell bioassay for
bioactivity of IL-6 was well-established %
vitro and in vivo experiments'®?®,

In vivo neutralization of circulating

LPS

In order to block the action of endogenous
LPS, polymyxin B (PMB, SIGMA, 2xg in
1ml of physiological saline) was continuous-



Gut LPS increases hapatoportal 1L-6 41

ly infused for 15min starting from b5min
before the FS was given through the JV
using an infusion pump. IL-6 levels of the
PV and the JV in PMB-infused rats were
compared with those of saline-infused rats
at each scheduled time points.

Measurement of gut-derived fluorescent

isothiocyanate (FITC)-labeled LPS in

the general circulation and in the liver

In order to determine whether LPS in the
intestine actually cross the intestinal wall
during FS, we injected LPS originated from
Escherichia coli, which was labeled with
fluorescent isocyanate (FITC-LPS, SIGMA,
St. Louis) into the lumen of the ileum and
measured its concentration in the jugular
vein after FS. The injection was perfor-
med through a thin vinyl tube (i.d. 0.25mm X
o.d. 0.8mm), which was chronically implant-
ed at 7cm oral side from the end of ileum.
It is known that the rate of bacterial trans-
location from this portion to the extra-
intestinal tissues is significantly higher than
that in the cecum and ascending colon®?.
The tube was wrapped with serous mem-
brane, and fixed with 5-0 silk thread. The
other end of the tubing was mounted on the
back skin until experiment. Defecation
and change of body weight in cannulated
animals were observed for a week after the
surgery whether the motility of the gut was
maintained.

After a week, FITC-labeled LPS at 1mg/
5ml was injected for bmin. Blood samples
were taken serially (0, 15, 30min) from the
jugular vein. The plasma samples prepar-
ed by centrifugation (500G, at 4°C for
10min) were diluted by an equivalent vol-
ume of 209 glycerin solution containing 1
mM EDTA and 0.019§ aprotinin (SIGMA)
and stored in the refrigerator (—20 °C) over-
night. The optical density (OD) in samples

were measured by Fluoroskan Ascent FL
(LABOSYSTEMS OY, Helsinki, Finland)
with an excitation at 485nm and an emission
at 538nm. The OD value means the FITC
specific fluorescent counts.

In addition, we took the liver from the
same animals 30min after the initiation of
FS. The tissue contents of FITC-LPS in
the liver with or without FS were also
measured.

Measurement of bioactive LPS levels in

tissues

In a separate series of study using an
endospecy method, we measured tissue
levels of bioactive LPS in the liver, spleen,
the mesentery and the mesenteric lymph
nodes (MLN) before (0min) and after
(30min) the initiation of the FS. Under
anesthesia with ketamine (10mg in 0.5ml
physiological saline, i.v.), the thoracic cavity
was opened and the inferior vena cava was
exposed in rats. A physiological saline
containing 5mM EDTA and 0.19 aprotinin
(5ml) followed by LPS free physiological
saline (50ml) (Otsuka, Osaka, Japan) was
perfused through the left ventricle of the
heart. This perfusion could block the
motility of the gut by chelate of the Ca?*
ions (EDTA) and degeneration of the
bioactive LPS by protease inhibitor
(aprotinin), and finally exclude the contami-
nation of the circulating LPS derived from
open wound. After washing out the whole
blood, we aseptically opened the abdominal
cavity using sterilized operation materials.
The tissue samples (50~100mg wet volume)
of the liver, the spleen, the mesentery and
the mesenteric lymph nodes (MLN) were put
into the tubes with silica/ceramic matrix
(fast RNA tubes with green caps, BIO 101,
Inc., CA, USA) containing 4001 of LPS free
physiological saline solution at 4°C. Espe-
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cially, the mesentery and the mesenteric
lymph nodes were taken from the ileo-cecal
region and a region along by the superior
mesenteric vein, respectively. In addition,
we removed section of the ileum in the rest
conditions and measured LPS tissue con-
tents to compare gut barrier systems. Tis-
sue sample were aseptically homogenized
using Cell Disruptor (FP120 FastPrep, BIO
101, CA, USA) to get the tissue suspension.
After centrifugation at 15000rpm/min for
10min at 4 °C the supernatant were taken for
LPS assay or FITC-LPS assay as described
previously. The LPS activity was mea-
sured by a highly sensitive chromogenic
LPS determination system (Endospecy, Sei-
kagaku-kogyo Co., Tokyo, Japan)?®2®,
The sensitivity of this system was less than
1pg/ml in standard LPS solution. The tis-
sue samples (bul) were duplicately put into
wells in a 96 well LPS-free plate (Toxipet
Plate 96F, Seikagaku-kogyo Co.). After
adding 20ul of distilled water, plate was
incubated at 37 °C for 10min. One hundred
u1 of main reagent of Endospecy, a mixture
of lymlius lysate and chromogenic substrate,
was added and further incubated at 37 °C for
45min in a incubator installed in a micro-
plate reader (Microplate Reader MR5000,
Dynatech Labs, VA, USA). Subsequently,
50ul of 0.049% NaNO,, 50ul of 0.39% ammo-
nium sulfate, and 501 of 0.07% N-(1-Nap-
phthylo)-ethylenediamine (DIA-MP set, Sei-
kagaku-kogyo Co.) were added into all
wells. The absorbance was measured at
550nm against a reference of 630nm. The
absorbance curve was obtained serial dilu-
tion of the standard LPS solution (Et-2, E.
Coli O111: B4, 0.424 EU (176pg)/ml, Sei-
kagaku-kogyo Co.).

Statistical analysis
The data were presented as the mean=*

SE. We first analyzed all groups by two-
way (group and time factor) analysis of
variance (ANNOVA). When the p value
was <5% in both factors, we checked the
significance of the difference between each
value at each sampling using Turky test
(one-way ANOVA) or Student t test.

Results

Foot shock (FS)-induced plasma IL-6

increase in the hepatic portal vein (PV)

and in extra-hepatic sites of systemic
vein

Plasma IL-6 levels of the PV and differ-

ent sites in the systemic veins at the basal

condition.

The effects of FS stress (10min) on the
plasma levels in the following four sites, i.e.,
the PV, the JV, the inferior vena cava near
the exit of hepatic vein IVC-HV) and the
IVC 3cm peripheral to IVC-HV (Below
IVC-HV), were studied in “double” can-
nulated rats (rats cannulated with (1) the JV
and the PV, (2) the JV and IVC-HV and (3)
the JV and below IVC-HV). The changes
in plasma IL-6 levels of the JV before and
after application of FS were quite similar,
in terms of the magnitude and time course,
among the three groups of animals (two-
way ANOVA, F=0580) (Fig. 1 and 2).
This ensures the validity of the data on
plasma IL-6 levels from different prepara-
tions of rats. The mean values of plasma
IL-6 in the JV at the basal condition (—30
and Omin) ranged from 36.7+6.1pg/ml to
40.946.7pg/kg among the three groups and
they did not differ from each other signifi-
cantly. The comparison of plasma IL-6
levels in the JV, the PV, the IVC-HV and
the below IVC-HV at the basal condition
revealed that the IL-6 concentration of the
IVC-HV (—30min: 77.7+9.6pg/ml, Omin:
76.71+6.2) was always higher than those of
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Fig. 1 FS-induced plasma IL-6 increase in the hepatoportal vein
(PV) and in the jugular vein (JV).
Horizontal bar indicated the period of FS (0~10min). Each
point represents the mean+=SE (n=9). **» <0.01 compared
to the value at —30min. + +» <0.01 compared between PV

43

and JV.

the remaining three sites (»<0.01) (Fig. 1
and 2).

The FS-induced changes in [L-6 levels in

the PV and the JV

In the rats (n=9) having cannulation in
both the PV and the JV, FS stress for 10min
raised the plasma IL-6 levels in both sites
(group factor: d.f.=1, F=11.82, p<0.01;
time factor: d.f.=4, F=10.58, p<0.01 ; Fig.
1). Plasma IL-6 levels in the PV before
application of FS (—30min: 38.2+5.8pg/ml
and Omin: 42.6+10.1pg/ml) did not differ
significantly from those in the JV (—30min:
37.8+3.4pg/ml and Omin: 36.7+6.1pg/ml).
F'S produced a rapid rise in IL-6 levels in the
PV which reached a peak (80.0+8.6pg/ml,
p<0.01 in comparison with both basal level
and the value of JV at the same time) 30min

after the beginning of FS and then quickly
returned to the basal level. On the other
hand, IL-6 levels in the JV after application
of FS showed a slower and longer-lasting
increase, which attained a statistical signifi-
cance level at 60min (69.4+4.9pg/ml, p<
0.01) and remained high even at 120min
(60.645.7pg/ml, p<0.01).

The FS-induced changes in IL-6 levels in

the IVC-HV and the JV

In the rats (n=5) having cannulation in
the IVC-HV and the JV, FS induced an
elevation of plasma IL-6 levels in both sites,
but with different magnitudes and time
courses (group factor: d.f.=1, F=129.91,
»<0.01 and time factor: d.f,=4, F=13.35,
»<0.01, Fig. 2 upper). The IL-6 concentra-
tion in the IVC-HV at the basal levels start-
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Fig. 2 FS-induced plasma IL-6 increase in

the inferior vena cava near the
branch of hepatic vein IVC-HV) (A)
or below IVC-HV (B) against juglar
vein (JV).
Horizontal bar indicated the period
of FS (0~10min). Each point repre-
sents the mean+=SE (A, n=5; B, n=
5). *»<0.05, **»<0.01, vs. the value
at —30min. +p<0.05, ++p<0.01
compared between IVC-HV or Below
IVC-HV and JV.

ed to increase within 30min (113.6+8.8pg/
ml, »<0.01 vs. the basal levels), reached a
peak (137.9+10.1pg/ml, » <0.01 vs. the basal
levels) and returned rapidly to the basal
level within 120min. In contrast, the IL-6
levels of the JV increased slowly, reached a
peak (60.1+5.6pg/ml, p<0.05 vs. the basal
levels) and remained high (58.7+6.2pg/ml,
p<0.05 vs. the basal levels) even at 120min.
The response pattern of IL-6 in the JV to FS
is quite similar, in terms of magnitude and

time course, to those of the JV in the other
types of double cannulated rats.

The FS-induced changes in [L-6 levels in

the Below IVC-HV and the JV

The basal levels of the below IVC-HV did
not differ significantly from those of the
other sites except for the IVC-HV. FS did
not increase the IL-6 levels in the below
IVC-HYV, while those in the JV significantly
increased (Fig. 2 lower). FS-induced plasma
IL-6 response was significantly different
between the below IVC-HV and the JV
(group factor: d.f.=1, F=6.14, p<0.05 and
time factor: d.f.=4, F=6.81, »<0.01). The
plasma IL-6 levels at 60min (78.5+6.9pg/ml)
and 120min (70.2 +£15.2pg/ml) in the JV were
significantly increased than basal levels (—
30min : 38.3+4.9pg/ml and Omin: 36.3+4.
3pg/ml). Those values at 60min and
120min in the JV were significantly higher
than the values in the below IVC-HV
(60min : 50.2+1.7pg/ml, 120min: 48.2+
3.8pg/ml), respectively.

Inhibition of FS-induced elevation of
plasma IL-6 levels by polymyxin B
(PMB)

In order to determine whether the FS-
induced rise in plasma IL-6 in the PV and
the JV are dependent on the circulating
LPS, the effects of in vivo neutralization of
LPS by continuous infusion of PMB before
and during FS stress were examined in the
rat. In accordance with Fig. 1, the plasma
IL-6 levels in the PV and the JV of the
saline-treated rats increased with charac-
teristic patterns (Fig. 3). These IL-6 responses
were abolished by continuous infusion of
PMB at 2ug/ml for 15min starting from
5min before application of FS. The plasma
IL-6 levels in the PV and JV treated with
saline (PV-saline and JV-saline) were
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compared with those in FS groups (group
factor: d.f.=3, F=8.32, p<0.01 and time
factor: d.f.=4, F=9.92, p<0.01, Fig. 3).
The peak levels of IL-6 in the PV at 30min
(94.4+8.6pg/ml) and in the JV at 60min
(73.6+12.6pg/ml) were significantly
attenuated when treated with PMB (PV-
PMB group (30min), 48.9+8.1pg/ml; p<
0.05 and JV-PMB (60min) : 37.7+6.4pg/ml,
p<0.01). The inhibition of FS-induced
increase in plasma IL-6 in the JV were still
observed at 120min (JV-saline: 63.1+
9.7pg/ml vs. JV- PMB : 27.7+6.4pg/ml, p<
0.05), but those levels of plasma IL-6 in the
PV were not significantly diminished expect
at 30min from the initiation of the FS.

FS-induced translocation of enteric
FITC-labeled LPS into the systemic cir-

culation and the liver

FS-induced translocation of enteric LPS
into the general circulation was confirmed
in rats. Animals were infused FITC-LPS
(Img in 5ml saline) into the lumen of the
ileum 5min before the initiation of FS.  The
both values in 0min were not different from
those in vehicle-injected animals, which in-
dicated the level of auto-fluorescent for
538nm. Furthermore, the levels of auto-
fluorescence in plasma were not significant-
ly changed by FS stress (data not shown).
FS increased OD wvalue at 1bmin (OD:
0.136£0.005 vs. Omin: 0.120+0.004, p<0.01).
Those levels of OD were also significantly
elevated than same time course of non-FS
group (15min: 0.118£0.004, p<0.01.) (Fig.
4A).

In addition, to confirm the LPS transloca-

—@— PV,PMB
- -@ - - PV, saline
—O— Jv,PMB
- -0O- - JV, saline

120 . Foot shock
- 80-
£
(o))
o
©
_1 40+
0- I T

60 90 120

Time (min)

Fig. 3 Effect of continuous infusion of PMB on FS-induced
plasma IL-6 increase in the hepatoportal vein (PV) and

jugular vein (JV).

Horizontal bar indicated the period of FS (0~10min).
Circulating bioactive LPS were neutralized by PMB (2ug
in 1 ml saline) before 5min to 10min after initiation of FS.
Each point represents the mean+SE (n=6). + 5 <0.05, + +
»<0.01 vs. each control group.
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tion into the extra-intestinal organ, we
detected the FITC-LPS in the liver taken
from the same rats with or without FS. OD
values in the liver taken from FS-exposed
animals were higher than those in non-FS
animals (FS (+): 0.43240.054, FS (-) : 0.294+
0.043, »<0.05 between two groups).

Tissue contents of bioactive LPS in gut-

associated organs during FS

To determine the translocation of enteric
LPS to the gut-associated organs induced
by FS stress, LPS tissue contents in the
liver, the spleen, the mesentery and the
MLN were measured before and after FS
(group factor: d.f.=3, F=30.91, p<0.01 and
time factor: d.f.=2, F=39.25, p<0.01, Fig.
5). LPS tissue contents both in the
mesentery (344.3+60.1 pg/ml) and the MLN
(281.1+16.3 pg/ml) were significantly higher
than those in the liver (202.8 =26.1 pg/ml vs.
the mesentery, p<0.05 and MLN ; p<0.05)
and spleen (212.8+26.1pg/ml, vs. the
mesentery, p<0.05, MLN, p<0.05). LPS
tissue contents in the liver, the mesentery,
and the MLN were significantly elevated
15min after the beginning of FS (the liver:
502.1+54.4pg/ml, p<0.01, the mesentery ;
722.6+55.9pg/ml, p<0.01 and the MLN,
636.6+49.2pg/ml, p<0.01), but not in the
spleen. LPS tissue contents in the liver at
30min (199.21+54.4pg/ml) was lower than
15min levels (502.1+54.4pg/ml, p<0.01), but
those levels of mesentery (518.8+69.8pg/ml)
and MLN (520.8+454.4pg/ml) were still sig-
nificantly higher than rest levels of LPS
tissue contents, respectively. In additional
study, we also measured LPS concentra-
tions of the contents in the terminal ileum
(1783+559ng/ml, n=7) in non-stressed con-
dition.

Discussion

The present findings showed that peak
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Fig. 4 Translocation of gut-derived FITC-

LPS into the general circulation (A)
and the liver (B) induced by FS.
A : FITC-LPS (1 mg in 5ml saline for
5min) continuosly infused into the
lumen of the ileum 5min before the
initiation of FS. FITC specific fluo-
rescent counts (OD, optical density) in
plasma taken from the general circu-
lation were measured before and
after initiation of FS. Each point rep-
resents the mean+=SE (n=7). **p<
0.01, vs. Omin. ++p<0.01, compared
between FS (+) and FS (—). B: The
liver was taken from the same ani-
mals 30min after FS. OD values in
supernatant of the homogenized tis-
sue were measured by fluorescent
plate reader (see Materials and
Methods). *p<0.05, compared
between FS (+) and FS (—).
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Fig. 5 The tissue content of bioactive LPS

in gut-associated organs before and
after FS.
The tissue content of bioactive LPS
in the liver, the spleen, the mesentery,
and the MLN were measured before
and after FS. Each point represents
the mean®*SE (n=7). **»<0.01
compared between groups.

levels of plasma IL-6 in the hepatoportal
vein (PV) reached a maximum more rapidly,
30-min after the initiation of the FS, than
that in the jugular vein (JV), which was
observed 60min after the initiation of the
FS. Furthermore, a peak level of plasma
IL-6 in the PV was higher than that in the
JV after the initiation of FS. These results
indicated that source organs of plasma IL-6
elevations were different between in the PV
and in the systemic circulation. In case of
the systemic circulation, several reports

were demonstrated that the liver might be a
probable source of peripheral plasma IL-6
elevations after psycho-emotional
stress'®?®.  Highest levels of IL-6 tissue
contents were existed in the liver than those
in other site of the tissues such as brain, lung
and heart etc, from the rest conditions in
mice?®®, supported peripheral plasma IL-6
levels were released throughout the hepatic
veins to the systemic circulation after FS.
Indeed our present data showed that plasma
IL-6 levels in the inferior vena cava near the
hepatic vein (IVC-HV) were significantly
higher than those levels in the JV before and
after FS except for 120min. But plasma
IL-6 levels Below IVC-HV did not show
significant change of plasma IL-6 levels
before, during and after FS. These results
indicated that majority of systemic plasma
IL-6 elevations was appeared throughout
the liver during and after the FS stress.
However, source organs of plasma IL-6
increased in the PV were not well elucidat-
ed, yet.

Our previous report showed IL-6 contents
in the gut-associated organs as well as the
liver were higher than those in the other
possible source of plasma IL-6 such as the
spleen and the brain in mice*”. Further-
more, bioactive LPS in the PV during im-
mobilization (IMB) were increased about 3
times higher than that in the pre-IMB level
within 30min in rat*®. IMB induce IL-6
mRNA expression in the mesentry and the
MLN were increased as in the liver after
IMB in mice'®?®. Although plasma IL-6
elevation in the JV was abolished by n vivo
neutralization of circulating LPS using
PMB and endotoxin neutralizing protein®®,
in the present study, plasma IL-6 elevation
not only in the JV but also in the PV was
abolished by continuous injection of PMB
(2pg in 1ml for 15min) before and during FS
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stress. All data together suggest that rapid
translocation of enteric LPS were occurred
by mild non-inflammatory stress, and there-
by triggered the release and/or production
of IL-6 in the gut-associated organs such as
the mesentry and the MLN.

In the present study, We intended to con-
firm whether LPS increase in circulation
induced by non-inflammatory stresses was
derived from enteric flora, or not. We have
traced FITC-labeled LPS, which was inject-
ed into the inside of the lumen of the termi-
nal ileum just before FS stress. As expect-
ed, optical density specified for the FITC
fluorescent color in plasma was increased
15min after the initiation of F'S, while it was
decreased at 30min. The tissue content in
the liver with FS was significantly higher
than that without FS at 30min after the
initiation of FS. Since it is well known
that the liver is the primary organ to exert
the circulating LPS into the bile'®, circulat-
ing FITC-LPS translocated from the gut
lumen might be trapped in the liver 30min
after FS. Actually, more than 859% of the
dose of %'Cr-labeled LPS intravenously in-
jected was found to be trapped in the liver
within 5min after intravenous injection in
mice3*39,

We also assessed the degree of the LPS
translocation in the different way using
highly sensitive chromogenic LPS determi-
nation system?®. The sensitivity of this
assay method is >1pg/ml, and the value
means the potent to activate immune com-
petent cells depending on the lipid A portion
of LPS*?29  Qur data showed that a differ-
ence of the LPS levels between inside of the
gut lumen and the tissues in the gut-as-
sociated organs was more than 5,000 times.
Since the mean LPS levels in the JV and PV
are about 2 and 3pg/ml*®»34 g difference
between gut-associated tissues and plasma

in circulations was about one hundreds
times. These differences indicated the
function of barrier system against the LPS
in the host body. As shown in Fig. 5, basal
levels of the bioactive LPS both in the
mesentery and MLN were higher than those
in the liver and the spleen. The data sug-
gest that some amount of enteric LPS was
always transferred from the gut lumen into
the inside of the gut membrane barrier sys-
tem.

Tissue contents of a bioactive LPS were
significantly elevated at 15min after the
initiation of FS, except for the spleen. It is
generally known that a bacterial transloca-
tion into the spleen from the gut lumen will
not occur in the ordinal condition, while
bacterial colony are sometimes detective in
the homogenized-samples of the MLN and
the liver®?V. Our data also suggest the
spleen exist in the outside of the major LPS
scavenger system in the gut, mesentery, and
the liver. Since stress-related substances
such as complements®?, LPS binding pro-
teins (LBP)®?, amyloid A%?®, apoprotein A-
129 etc, which can inactivate the LPS activ-
ity, are induced by stresses in the he-
patocytes, tissue contents of the bioactive
LPS in the liver might be decreased to the
basal levels within 30min after FS.

Recently, LPS receptor and its signal
transduction to initiate the cytokine cas-
cade are going to be clarified. Toll-like
receptor (TLR)-4 is believed to be the spe-
cific LPS receptor associated with CD14 on
the surface of the cell membrane, which
recognized the complex of LPS and LBPY®,
However, Bellezzo et al. demonstrated that
LPS-mediated NF-xB activation in Kupf-
fer cells, but not in splenocytes, could be
induced independently of CDI14%. The
CD14 independent pathway in the Kupffer
cells was activated by very low concentra-
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tion of LPS (Ing/ml) within 15min®*®. They
speculated that this CD14 independent path-
way might be essential for scavenging. the
gut-derived LPS in normal condition*®?273Y,
Although IL-6 producing cells in this models
is still unclear, we have to think about the
contribution of immune-competent -cells
such as abdominal macrophages, monocytes
in the GALT and/or MLN, which might be
activated via both CDl4-depended and
CD14-indipended pathway!®?93" Further,
since LPS-induced IL-6 production in kupf-
fer cells was enhanced by co-incubation
LPS-induced IL-6
production could be modified with other
stress-related humoral factors or peritoneal
macrophage®. The physiological signifi-
cance of the minimal change of plasma IL-6
levels in the PV will be clarified in the
future investigation.

with noradrernalin?®.
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