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ABSTRACT

PURPOSE: To investigate the effects of ileal exclusion on hepatic and renal morphology in extra-hepatic cholestasis.

METHODS: Twenty four rats were distributed into three groups. Group 1 (control) underwent laparotomy and laparorrhaphy. The
animals in groups 2 and 3 underwent hepatic duct ligature and kept in cholestasis for four weeks. After this period, the rats in groups 2
and 3 underwent internal biliary derivation. In Group 3, the last ten centimeters of the terminal ileum were by passed and excluded. Four
weeks later, histological and biochemical analysis were performed in all animals of the three groups.

RESULTS: In Group 1, no abnormalities regarding hepatic morphology were observed. All animals from groups 2 and 3 presented
hepatic fibrosis. No difference was observed between the two groups. No morphological differences in renal histology could be identified
among the three groups. There were differences in AST (p<0.05), ALT (p<0.05), direct bilirubin (p<0.05), YGT (p<0.05), urea (p<0.05)
and creatinine (p<0.05) in Group 3 compared to control.

CONCLUSION: The distal ileum exclusion had no influence upon the hepatic and renal morphological alterations, and biochemical
liver and kidney tests have worsened.
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Introduction

Cholestatic diseases affect all age groups, have a limited
number of treatment options and can develop into hepatic fibrosis
and cirrhosis, as well as extra-hepatic manifestations, such as
hepatic encephalopathy, intractable pruritus and metabolic bone
disease, among others.

Hollands et al.! proposed bypassing the terminal ileum,
as a way of improving pruritus in children with progressive
intra-hepatic familial cholestasis (PIFC). Besides improving the
pruritus, there was an improvement in biochemical liver function
tests and in liver histology in most subjects; however, follow-up
time was short, and patients were few.

In cholestasis, ileocolic bypass would diminish the bile
acid reabsorbed in the terminal ileum, increase its fecal excretion
and reduce their building up in the liver. Besides the effects on the
liver, diminishing circulating bile acids would reduce burdening
the kidney on eliminating these compounds. The aim of this paper
is to assess the effects of excluding the terminal ileum (ileocolic
bypass) on the morphology of the liver and kidneys of rats with
extra-hepatic cholestasis.

Methods

This study was authorized by the Animal Experimentation
Ethics Committee (CETEA — UFMGQG), protocol number 041/2008.

Twenty four adult Wistar rats were used weighing between
240g and 320g, distributed into three groups of eight animals.

Group 1: Control (n=8)

Group 2: Ligature of the hepatic duct combined with
internal biliar drainage (n=8)

Group 3: Ligature of the hepatic duct combined with
internal biliar drainage and exclusion of the terminal ileum
(ileocolic bypass) (n=8).

All the animals were allocated to the same place and had
free access to food and water.

The animals were submitted to surgical procedures under
aseptic conditions and anesthetized by intramuscular injection
with a xylazine 2% and ketamine 10% solution in 0.15 mg/kg and
0.25 mg/kg doses respectively. During proceedings, breathing and
heart rates, respiratory movements and voluntary movements were
noted. After the operations were over, the animals were each put in
a ventilated place and watched until they had fully recovered from
the anesthetic.

The animals in Group 1 underwent laparatomy and

laparorrhaphy. The animals in groups 2 and 3 first underwent
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laparotomy and section of the common bile duct, between ligatures
of 4-0 silk sutures. Four weeks later, all the animals in groups 2
and 3 were reoperated on.

Internal bile duct drainage was carried out on the animals
in Group 2. This consisted of hepaticduodenostomy with the aid
of a 4 Fr nelaton catheter measuring 4 cm. One end of this catheter
was connected to the bile duct and the other was introduced into
the duodenum.

In addition to bile duct drainage, similar to that
performed on the animals in Group 2, the animals in Group 3
had the ten terminal centimeters of the ileum excluded, starting
from the ileocecal papillae. The proximal segment of the ileum

was connected to the ascending ileum colon (bypass). The distal

segment was closed off and excluded (Figure 1).
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FIGURE 1 - Tleocolic anastomoéis (white arrow). Segment of the ligated

distal ileum (black arrow).

At the end of eight weeks after the procedures started,
all the animals from the three groups were put to death by a
lethal injection of ketamine and xylazine. About 5 ml of blood
were collected by intra-cardiac puncture and the liver and kidneys
removed for histological analysis.

The blood from each animal was put into Eppendorf tubes,
kept protected from the light and sent for biochemical testing (AST,
ALT, YGT, alkaline phosphatase, bilirubins, creatinine and urea).
All the laboratory tests were done using the same apparatus (Cobas
Mira Plus® - Roche Diagnostic Systems - Nutley — New Jersey).

Livers and kidneys removed for histological testing were
washed with running water and fixed with 10% formaldehyde
solution. They were then embedded in paraffin and hematoxylin
and ecosin coloring, Gomori trichrome and PAS (periodic acid
Schiff). Histological analysis was carried out by a pathologist who

did not know which group the organs belonged to (blind study).
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Hepatic fibrosis intensity was analyzed, using
the Ishak score?, ranging from 0 to 6, whereby 0 stands for
absence of fibrosis and 6 for presence of hepatic cirrhosis,
while 1 to 5 show hepatic fibrosis intensities in ascending
order. Histological aspects in the kidneys were also seen, when
looking for inflammatory processes, glomerular alterations, or
other structural changes.

The results obtained were analyzed using version 15.0 of
the SPSS (Statistical Package for the Social Sciences) program.
The Fisher and Pearson tests were used. The significance level was

p<0.05.

Results

No hepatic cirrhosis or fibrosis was found in the

animals in Group 1 (Figure 2). The kidneys were normal with no

macroscopic and microscopic alterations.
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FIGURE 2 - Normal histology of rat from the control Group (Gomori
trichrome — x400).

The livers of all the rats in groups 2 and 3 had increased in
size, had hardened and had a greenish tinge. All the biliodigestive
anastomoses were obvious. As to the animals in group 3, no
fistulae in the ileocolic anastomoses or dehiscence in the closure of
the excluded ileum segments were observed. No ascites was seen
in the animals from groups 2 and 3. The macroscopic appearance
of the kidneys was preserved.

Microscopic  evaluation found hepatic fibrosis
established in all the rats from groups 2 and 3, but in different
stages (Figure 3). No hepatic cirrhosis was detected. Stage 3
predominated in both groups 2 and 3. There was a difference

in hepatic fibrosis intensity on comparing Group 2 and control

(p = 0.003) and Group 3 and control (p = 0.001). There was
no comparative difference between groups 2 and 3 (p>0.05)
(Table 1).

FIGURE 3 - Histological apparence of liver fibroses score 3 (Ishak et
al.*) Gomori trichrome — x100).

TABLE 1 - Intensity of hepatic fibrosis in groups 1, 2, and 3 of
the study, according to a scoring system by Ishak et al.>.

Animals Group 1 Group 2 Group 3

1 0 5 3

2 0 1 3

3 0 1 3

4 0 3 2

5 0 2 1

6 0 3 3

7 0 3 3

8 0 3 3

Pearson Test Groups 1:2 Groups 1:3 Groups 2:3

P value 0.003* 0.001* 0.613

Ishak et al.? scoring system

0 — No fibrosis

1 — Fibrous expansion of some portal areas, with or without short septae

2 — Fibrous expansion of most of the portal areas, with or without short septae

3 — Fibrous expansion of most portal areas with occasional portal to portal (PP)
brigdes

4 — Fibrous expansion of portal areas, with pronounced PP bridges as well as
portal-center (PC) bridges

5 — Pronounced PP and/or bridges with occasional nodules

6 - Cirrhosis.

Group 1: Control; Group 2: Ligature of the hepatic duct combined with internal
biliary drainage; Group 3: Ligature of the hepatic duct combined with internal bili-
ary drainage and terminal ileum exclusion.

The kidney structure of all the animals in Group 1 was
normal under an optic microscope. No macroscopic or microscopic
alterations were identified in the animals in groups 2 and 3, except
for a deposit of bile pigments (Figure 4).
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FIGURE 4 - Kidney rat from Group 3 (PAS staining — x400). Bile
Pigment: white arrow.

In biochemical liver and kidney tests, no differences
between groups 1 and 2 were seen. Comparing Group 3 and
control, there was an increase in ALT (p = 0.0480), AST (p =
0.037), direct bilirubin (p = 0.032), yGT (p = 0.010), creatinine (p
=0.003) and urea (p = 0.002) (Table 2).

TABLE 2 - Mean and standard error values of the average of
biochemical liver and kidney groups 1, 2 and 3.

Group 1 Group 2 Group 3
Albumin 2.26+0.13 2.20+0.29 2.12+0.24
ALT 87.70+ 63  91.14£242 123.6 +35.2**
AST 213.2+£68.1  210.1£55.5 360.2 £222.1%*
Direct 0.06 £ 0.04 0.05 +£0.06 0.26 + 0.28%*
bilirubin
Indirect 0.05+0.04  0.19+0.11* 0.29+£0.28
bilirubin
Alkaline 434.7+£119.1 397.8£165.8 392.8+196.1
Phosphatase
yGT 1.05 +£0.62 2.55+1.66 3.95 +2.80%*
Creatinine 0.4£0.10 04+0.12 0.65 £ 0.11*%*
Urea 41.75£585  49.13£9.7 92,90 + 51.2%**

ALT: alanine aminotransferase; AST: aspartate aminotransferase;

y GT: gamma glutamyl transferase; p: p value; *: p <0.05

Group 1: Control;

Group 2: Ligature of the hepatic duct associated with internal biliary drainage
Group 3: Ligature of the liver duct associated with internal biliary drainage and
exclusion of the terminal ileum

*:p <0.05, between group 2 and control

**: p <0.05, between group 3 and control

*#%: p <0.05, between group 3 and control and between groups 2 and 3.

Comparing groups 2 and 3, there was no difference in
the hepatic function tests, but the serum creatinine (p = 0.007) and

urea (p = 0.014), concentrations rose (Table 2).
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Discussion

This paper assessed the effects on hepatic and renal
morphology in rats with extra-hepatic cholestasis, after internal
biliary drainage and terminal ileum exclusion (bypass).
According to Hollands et al.!, the terminal ileum bypass used to
treat pruritus also improved liver architecture and biochemical
liver tests in children with progressive familial intrahepatic
cholestasis (PFIC). But other studies indicated different results
from those of Hollands et al.*”.

In this work, ileal bypass was applied to the murine
hepatic fibrosis model created by Kountouras et al.®, in order to
assess its effect on the morphology of the liver and kidneys, which
are organs that in extra-hepatic cholestasis suffer damage mainly
because of accumulated acids and other metabolites not properly
excreted in the bile.

Records of alterations in the enterohepatic cycle, in
patients with ileitis and extensive ileum resections, point to the
possibility of using or associating ileum exclusion or terminal
ileum bypass in cholestatic disease treatment’.

Bile salts are largely reabsorbed in the terminal ileum
(enterohepatic cycle); thus excluding the last ten centimeters of the
ileum would lessen reabsorption of bile acids by increasing their
fecal excretion and lowering the quantity in circulation, as well
their buildup in the liver and kidneys. Costa et al.® assessed the
morphological effects of resectioning the distal portion of terminal
ileum in rats subjected to ligature of the common hepatic duct.
They noted that hepatic fibrosis was less intense in animals with
a resectioned terminal ileum. Their biggest query was that there
was no bilioenteric flow. Some form of regulation and counter-
regulation involving the terminal ileum and liver in cholestasis
may be questioned.

Studies show that there is an improvement in hepatic
fibrosis after biliary drainage in rats, even when the hepatic
architecture is not normalized. Most of such studies used a two
or three week period of hepatic duct ligature prior to biliary
drainage®!. There was an improvement in biochemical hepatic
function tests in most of them following biliary drainage, except
in the studies by Younes et a/.!' Marinelli Ibarreta et al.'?, which
showed hepatic lesion progression, and biochemical decline,
mostly hypoalbuminemia.

It was expected that in the group of animals subjected
to the ileocolic bypass, with exclusion of the terminal ileum,
morphology and the hepatic biochemical tests would improve;
however, the results obtained disclosed persistent hepatic fibrosis
and biochemical decline.
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These results, which clash with those of Hollands et al.!,
may be attributed to the difference between species used in the
studies, that is, rats and humans have different responses to distal
ileum exclusion. Furthermore, the four week cholestasis period
in rats may be linked to important cell damage in the liver cells,
culminating in hepatic fibrosis and functional alterations in the
liver, not forgetting that four weeks in the life cycle of rats is a
long time for them to be exposed to adverse conditions.

In cholestasis, hepatic capacity for metabolizing and
excreting toxic substances is lost, causing renal overload'*'*.
The kidneys become the major route for the body to excrete
toxic substances, leading to increased exposure to nephrotoxic
substances, resulting in disorders such as kidney failure and
hepatorenal syndrome'**. Hemodynamic alterations such
as peripheral renal vasodilatation, bile acid and bilirubin
nephrotoxidity and increased oxidative stress are involved in the
physiopathology of this type of kidney failure!®'8,

No morphological alterations characteristic of this type
of kidney failure were described'**. Apparently only functional
alterations occur'®®. The results of this study corroborate
literature, since it shows the worsening of biochemical renal tests
in the rats submitted to ileocolic bypass, but did not, however,
observe histological lesions in such animals’ kidneys.

The results of this work may raise queries regarding
the use of ileocolic bypass in other forms of cholestasis, other
than as originally prescribed, that is, for pruritus in patients with
progressive familial intra-hepatic cholestasis (PFIC), although
not yet cirrhotic, despite some studies on humans also querying

this indication®>.

Conclusion

Terminal ileum exclusion associated with biliary drainage
did not improve hepatic and renal morphologies in extra-hepatic

murine cholestasis, but did worsen biochemical liver and kidney tests.
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