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Appearance of Endotoxin in the Rat
Portal Vein during Obstructive Jaundice

Shinichi MIYAGAWA
Department of Surgery, Shinshu University School of Medicine
(Director : Prof. Masatoshi MARUUCHI)

In order to study endotoxin transference during obstructive jaundice, portal endotoxin level,
serum albumin concentration, vascular permeability of the intestine, intestinal bacterial flora
and mucosal secretory immunoglobulin A (s-IgA) were examined in male Wistar rats, which
were divided into 6 groups: obstructive jaundice, external biliary drainage, hypoprotein and
respective control groups. The following results were obtained:

1. Portal endotoxin level of the jaundice group elevated significantly, although hypoalbuminemia
alone increased portal endotoxin level.

2. A negative correlation was observed between serum albumin concentration and endotoxin
level.

3. Vascular permeability increased significantly in both the small and large intestines of the
obstructive jaundice, while it increased only in the small intestine of rats with external
hiliary drainage.

4, Intestinal bacterial flora did not change in the extermal biliary drainage group, while B.
fragilis appeared frequently in the small intestine of the jaundice group.

5. Colonic mucosal s-IgA of the jaundice group stained more densely than that of the control,
but no difference was observed in the staining of the small intestine between the two groups.

These results suggest that immutability of s-IgA in the small intestine causes translocation of
the small intestinal bacterial flora and the increased vascular permeability facilitates the immigra-
tion of endotoxin from the small intestine as well as the colon during obstructive jaundice.
Hypoalbuminemia is considered to be a factor which promotes the immigration of endotoxin.
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Table 1 Concentration of total protein, albumin, total bilirubin and endotoxin in portal
blood and vascular permeability of the small intestine and the colon in the jaundice

group and the simple laparotomy group
T.P Alb T, bil Enbdotoxin level Permeability
in portal blood s.intest.  colon
(g/dl) (g/d1) (mg/dl) (pg/ml) (ng/0.5g wet tissue)
Jaundice 6.620. 5" 2.80.3° 13,91, 9¢ 23.8--8, 67 272411 0% 33.9410. 2P
group (n=11) (n=11) (n=11) (n=8) (n=10) (n=13)
Simp. lap. 6. 120, 47 3.7x0.2¢ 0.5+0. 2°¢ 6.4+5, 4P 18. 62, 5% 20. 9410, 8°
group (n=11) (n=11) (n=11) (n=38) (n=10) (n=13)

Simp. lap. group :simple laparotomy group, T.P : total protein, Alb :albumin, T. bil:

total bilirubin, s.intest. : vascular permeabili
permeability of the colon, a <C0.05, b<0.01,

Total protein

(g/d) P<0.05 p<0.05 pP<0.05
6 - [——
44
.

0

a c

0

27
1

g/al p<0.00L p<0.001 P<0.01
Albumin
(a : U simple laparotomy group)

(a : H obstructive jaundice group)

(b : T normal protein group)

(b : B hypoprotein group)

(c : 2 tube group)

(c : Eexternal biliary drainage group)

Fig. 1 Total protein and albumin levels of
serum in each group. There is stati-
stical significance between the obstru-
ctive jaundice and hypoprotein groups
(p<€0. 01), but not between the hypopro-
tein and external biliary drainage gro-
ups in total protein level of serum.
No statistical significance is found am-
ong obstructive jaundice, hypoprotein
and external drainage groups in serum
albumin level.
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Endotoxin level
in portal blood

(pg/mh  p<0,01
40

p<0.001 p<0.01

20

a b c

(a : Isimple laparotomy group )
(a : m obstructive jaundice group )
(b :ZInormal protein group)
(b ; B hypoprotein group)

{c : Cltube group )

(c : mexternal biliary drainage group)

Fig, 2 Endotoxin levels in the portal vein
in each group. There is statistical signi-
ficance between the obstructive jaundice
and hypoprotein groups (p<0.05), as
well as between the obstructive jaundice
and the external biliary drainage groups
(p<0.01). No significant difference is
found between the hypoprotein and the
external biliary drainage groups.

Vascular permeability
(1g/0.5g wet tissue)

p<0.05 NS N.S
40 _‘ <small intestine>>
R l 1
0 Bl

a b c

| !
" {
40 <“colon’>»

p<0.01 p<0.01 p<0.01

(a : D simple laparotomy group)

(a : B0 obstructive jaundice group )

(b : [TInormal protein group)

(b : E hypoprotein group)

(c : [ tube group)

(c : m@external biliary drainage group)

Fig. 3 Vascular permeability of the small
intestine and the colon in each group.
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Endotoxin in portal blood
pg/ml

40 4

20 -

Albumin
@
0~ T l g/dl
4.0

2.0 3.0

TFig. 4 Significant linear correlation (r=-—
0.8, Y=67.6—15,9X) is observed betw-
een serum albumin and endotoxin level
in portal blood in the obstructive jaun-
dice and simple laparotomy groups.

Endotoxin in portal blood
pg/ml

20 4

Albumin

0 T T T g/dl
3.0 3.5 4.0

Fig. 5 Significant linear correlation (r=—
0.8, Y=40.7—9.3X) is observed between
serum albumin and endotoxin level in
portal blood in the hypoporotein and
normal protein groups.
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Table 2 Concentration of total protein, albumin, total bilirubin and endotoxin in portal
blood and vascular permeability of the small intestine and the colon in the hypo-
protein group and the normal protein group

T.P Alb T, bil Endotoxin level Permeability
in portal blood s. intest. colon
{g/dy) (g/an) (mg/dl) (pg/ml) (#g/0.5g wet tissue)
Hypoprot- 5,240, 4° 3.240.1°¢ 0.60. 2P 11,92, 6¢ 16.8:+4.8 17.9+3.8"
ein group (n=11) {(n=11) (n=11) (n=8) (n=10) (n=14)
N.protein  5.620, 3° 3.60.1°¢ 0.3:0, 1P 6.6==1,4° 13.9%2.3 12,62, 8"
group (n=11) (n=11) (n=11) (n=8) (n=10) (n=14)

T.P : total protein, Alb:albumin, T, bil: total bilirubin, s.intest, : vascular permea-
bility of the small intestine, colen : vascular permeability of the colon, N. protein group:
normal protein group, a <0.05, b<{0.01, ¢<0.001

Table 3 Concentration of total protein, albumin, total bilirubin and endotoxin in portal
blood and vascular permeability of the small intestine and the colon in the external
biliary drainage group and the tube group

T.P Alb T. bil Endotoxin level Permeability
in portal blood s. intest. colon
(g/d1) (g/dl) (mg/al) (pg/ml) (rg/0.5g wet tissue)
Exter.D 5,740, 4% 3,040.3b 0.6£0,4 11,75, 2b 29.6+8.0 43,1412, 17
group (n=10) (n=10) (n=10} (n=8) (n=9) (n=9)
Tube 6. 4720, 42 3.8%0.1b 0.4£0,1 3.5:2,2P 24.78.2 26, 36,15
group (n=10) {n=10) (n=10) (n=8) (n=9) (n=9)

T.P : total protein, Alb : albumin, T. bil : total bilirubin, s.intest. : vascular permeability of
the small intestine, colon : vascular permeability of the colon, Exter. D : external biliary
drainage group, a<(0,05, b<{0.01, ¢<0.001

Table 3Rt X ok, SETERORE B
i 5.7£0.4 g/dl, 707 3 VIRERIZS. 00,3 g/dl
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Bdbhighote (Fig. 3¢), ¥z, MHP747 3
VREZZFIRMAF = F 3o viRE O M ik r=
—0.7, y=53.8—15, 0x DHFHEDO KOG
bhiz, LaL, REBBELMRmA=v ¥y
VBB DRI EBIBIRED bhind o ke, SHEY
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Table 4 Intestinal bacterial flora in the simple laparotomy group and the jaundice group

Small intestine Colon
Sim. lap. Jaundice Sim. lap. Jaundice
(n=5) (n=5) (n=5) {n=5)
Escherichia coli 4/5(80%) 3/5(60%) 4/5(80%) 4/5(80%)
Enterococcus faecalis 5/5(100%) 5/5(100%) 5/5(100%) 5/5(100%)
Cagulase (—) staphylococcus  2/5(40%) 3/5(60%) 2/540%) 1/5(20%)
Lactobacillus 5/5(100%) 5/5(100%) 5/5(100%) 5/5(100%)
Pscudomonas aeruginosa 1/5(20%) 0/5(0%) 1/5(20%) 0/5(0%)
Morganella morganii 2/5(40%) 0/500%) 3/5(60%)* 0/5(0%)*
Bacteroides fragilis 0/5(0%)* 3/5(60%)* 5/5(100%) 5/5(100%)
Staphylococcus aureus 0/5(0%) 2/5(40%) 1/5(20%) 4/5(80%)
Klebsiella pneumoniae 1/5(20%) 0/5(0%)
Providencia rettgeri 0/5(0%) 1/5(0%)
Proteus vulgalis 0/5(0%) 1/5(20%)

Sim.lap. : simple laparotomy group, Jaundice : jaundice group, *p<C0.05

Table 5 Intestinal bacterial flora in the tube group and the external biliary drainage

group
Small intestine Colon

Tube Ext. D. Tube Ext. D.

{(n=5) (n=5) (n=5) (n=5)
Escherichia coli 1/5(20%) 3/5(60%) 2/5(40%) 3/5(60%)
Enterococcus faecalis 3/5(60%) 0/5(0%) 5/5(10()/) 5/5(100%)
Caglase (—) staphylococcus 2/5(40% 4/5(80%)
Lactobacillus 5/5(100%) 5/5(10023) 5/5(100/) 5/5(100%)
Morganelle morganii 1/5(20%) 0/5(0%)
Bacteroides fragilis 5/5(100%) 5/5(100%)
Staphylococcus aureus 0/5(0%) 1/5(20%) 3/5(60%) 2/5(40%)
Klebsiella pneumoniae 0/5(0%) 1/5(20%)
Providencia rettgeri 0/5(0%7) 2/5(40%) 1/5(20%) 0/5(0%)
Proteus vulgalis 0/5(0%) 1/5(20%) 0/5(0%) 1/5(20%)

Tube : tube group, Ext. D, :external biliary drainage group
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Fig. 6 Immunoperoxidase light micrographs of the intestine. Reaction products to rat

s-IgA are seen on the luminal surface of the intestinal epithelium. X100

a The colon of obstructive jaundice rat.(12 weeks) S-IgA are stained more dense
than those of simple laparotomy rats.

b The colon of simple laparotomy rat.(12 weeks)

¢ The colon of external biliary drainage rat.(9 weeks) S-IgA are stained as same
as those of tube rats.

d The colon of tube rat.(9 weeks)
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