Effect of jejunal resection in rats subjected to partial hepatectomy
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ABSTRACT

Objective: Extensive resection of the bowel, associated with hepatectomy, has been
increasingly performed, so that to date there is controversy regarding the
participation of proximal intestine on the liver regeneration. The study tested the
hypothesis that the regulation of liver regeneration may be done separately by the
jejunum. Methods: Eighteen Wistar rats were distributed into 3 groups, each with 6
rats: group 1, jejunectomy+hepatectomy; group 2, hepatectomy; group 3, sham. The
rats were weighed before surgery and immediately before euthanasia that occurred
on the 6th postoperative day, when their livers were weighted as well. Alanine-
aminotransferase (ALT), aspartate-aminotransferase (AST and alkaline phosphatase
(ALP were measured. The calculation of liver regeneration was based on the liver
weight / body mass ratio at the time of euthanasia and immediate postoperative
period. Results: In group hepatectomy+jejunectomy ALT, AST and ALP were
182.4+£23.7, 59.3+3.2 and 258.6+44.2 respectively , significantly higher than in the
hepatectomy group, whose values were 124.2+14.3; 43.7+3.5 and 166.3+8.3
respectively (p<0.001). Liver regeneration in the hepatectomy group was 93.18 *
12.87 %, statistically higher (p<0.001) than in jejunectomy+hepatectomy group
(53.84+11.32%). Conclusion: These data support the evidence that the jejunectomy
negatively influenced liver regeneration.
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RESUMO
Objetivo: ResseccOes extensas do intestino, associadas a hepatectomias, quer por lesdes

traumaticas, quer por doencas malignas, tém sido cada vez mais frequentemente realizadas,
de modo que até o presente hd controvérsias a respeito da participacdo de segmentos do
intestino na regeneracdo do figado. Testar a hipétese segundo a qual a regulagdo da
regeneracdo hepatica pode ser exercida pelo jejuno separadamente, podendo esse
segmento intestinal ser efetivo no processo. Metodologia: Foi realizado um estudo
experimental controlado e randomizado, utilizando 18 ratos Wistar. Os animais foram
alocados em 3 grupos, cada um com 6 ratos: grupo 1, resseccao do jejuno + hepatectomia;
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grupo 2, hepatectomia e grupo 3, sham (simulacdo). Os ratos foram pesados antes da
cirurgia e imediatamente antes do sacrificio que ocorreu no 6° dia de observagédo, em que
também foi realizado a pesagem do figado, além de dosagens séricas de enzimas
hepaticas. O calculo da regeneracdo hepéatica foi baseado na razdo massa
hepatica/massacorporal no momento da eutanasia e pds-operatorio imediato. Resultados:
No grupo hepatectomia + resseccéo jejunal a TGP, TGO e FA foram 182,4+23,7; 59,3+3,2 e
258,61+44,2 respectivamente, significativamente mais elevadas do que no grupo
hepatectomia, com valores 124,2+14,3; 43,7+3,5 e 166,318,3, respectivamente (p<0,001). A
regeneracdo hepatica no grupo submetido a hepatectomia (93,18+12,87%) foi
estatisticamente maior (p<0,001) que nos ratos do grupo hepatectomia + ressecc¢ao jejunal
(53,84+11,32%). Conclusao: Ha, portanto, indicios de que alguns mecanismos derivados
do jejuno e provenientes da circulacdo portal contribuem para a regulacdo da relacéo
figado/massa corpérea, favorecendo o processo de regeneracao hepatica.

Descritores: Regeneracao hepatica. Hepatectomia parcial. Jejunum. Resseccao intestinal.

INTRODUCTION

Studies with hepatocellular carcinoma suggest that there may be more
mechanisms which contribute to regulating the growth of hepatocytes during liver
regeneration than currently known'. Current knowledge has been useful for
understanding liver regeneration as a set of homeostatic phenomena. Liver
regeneration after partial (2/3) hepatectomy in rodents has become a useful model
for studying the regenerative growth of the organ. The model is based on two
important aspects. Firstly, the removal of resected tissue is not associated with
severe necrosis. Second, the resected liver tissue are capable of "clean" resection
due to multilobular structure of rat liver. Thus, the regeneration of the residual lobes
is mediated by processes targeted to the liver tissue and usually does not occur
acute necrosis or inflammation?.

After 2/3 hepatic resection in rats, each residual liver lobe retains its blood
supply via the hepatic artery and portal vein branches. Whereas the quantity of
arterial blood irrigating each lobe remains essentially the same, the relative
proportion and amount of blood supplying increases three times to each lobe. Thus,
the flow of blood through the portal unit by hepatocytes or liver mass increases three
times after resection. Theoretically, it would be a positive factor for accelerating
regeneration?.

After extensive resection of the small bowel, the remaining intestine
undergoes a compensatory mitogenic response called adaptation. This well-
characterized reaction results in increased length and caliber of the remaining
intestine®*. Microscopically, the intestinal mucosa becomes thicker with increasing in
both villus height and crypts depth. In addition to these morphological and functional
alterations, an increase in the secretion of digestive enzymes and absorption and
transport activity of fons occur®. Although the mechanisms and/or mediators in
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intestinal adaptation are not well understood, there is strong evidence to suggest that
humoral factors, pancreaticobiliares secretions and luminal nutrients are all
important®’. The epidermal growth factor, and its intestinal receptor may be present
in the genesis of this process®. This appears to be involved in mediating adaptive
liver regeneration after partial hepatectomy parcial®*!. Although the combination of
intestinal resection with hepatectomy is being studied in some models to assess
hepatic regeneration®®*, little is known about the intestinal adaptation when
considering this association. Indeed, several intestinal factors have been implicated
to play a role in liver regeneration, and include transforming growth factor, epidermal
growth factor, interleukin - 6 ( IL - 6) and tumor necrosis factor-a (TNF-a)*°.
Regarding to IL-6, experimental studies have demonstrated that serum levels were
increased but without significant changes after small bowel resection of 70% in rats*’.
In several animal models it has been shown bacterial translocation to mesenteric
lymph nodes, liver, and spleen after major bowel resection'®?°. The mechanism for
this is currently unknown, but appears to be secondary to changes in intestinal
permeability?’. Increased bacterial translocation from the gut has been postulated
associated with major hepatic resection®. Similarly, endotoxin have been implicated
as deleterious effects on liver regeneration after hepatectomy®. Indeed, it was
previously demonstrated that extensive hepatectomy combined with small bowel
resection are associated with increased levels of endotoxin in plasma in both portal
and systemic blood. Thus, it is possible that attenuated liver regeneration seen after
extensive small bowel resection must be due to endotoxins and bacteria derived from
the intestine. Reduced and low liver regeneration after extensive small bowel
resection cell proliferation have been demonstrated, not knowing if there is a
predominance of the jejunum or ileum involvement of the gut in that process®*.

Therefore, there is evidence that some mechanisms derived from the intestine
and the portal circulation contribute to the regulation of liver/body mass ratio?. It is
shown that 50% resection of the proximal intestine is associated with a significant
reduction in hepatic total mass?®. There is controversy about the role of the small
intestine in regulating the recovery of liver mass after injury, with some studies
suggesting that the gut is an essential source of some humoral factor in liver
regeneration after partial hepatectomy®®?2. Other studies indicate that the small
intestine may not be necessary for this regenerative response®**°. Huang et al
demonstrated that there is a factor (known FXR) which affects the absorption of bile
acids, which in turn can regulate the liver mass and its recovery after injuries, giving
support for the role of the small intestine in regulating the hepatic mass®.

Based on these data, the aim of this protocol is to test the hypothesis that the
regulation of liver regeneration may be done by the jejunum. An experimental model
of jejunectomy was used to examine the involvement of proximal intestine in the liver
mass/ body mass ratio, and liver function tests.
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METHODS

Wistar rats were housed in individual polypropylene cages with 12-hour
light/dark cycles, with ad libitum access to water and food. Animals previously
undergone a period of 7 days acclimation on the laboratory. One day before the
operations, the animals were kept on liquid diet. The rats were divided into 3 groups,
each with 6 rats: Group 1, resection of the jejunectomy+hepatectomy, group 2,
hepatectomy; and group 3, sham. Rats were anesthetized with intramuscular
ketamine 50 mg/kg, and xylazine 10 mg/kg, and were operated under aseptic
technique. Postoperative pain was controlled analgesia (i.m. meperidine 10 mg/kg,
for the first 3 days). The protocol was approved by the Institutional Ethics Committee
on Animal Research. We followed all the precepts of ethics studies in animals
provided by Brazilian guidelines.

A 40 cm jejunectomy was performed at 3 cm distal to Treitz angle. Intestinal
continuity was restored by end-to-end anastomosis in single layer with interrupted
sutures, using 6-0 polypropylene by using the surgical microscope DFV ( Sao Paulo,
Brazil ), 10x magnification. The sham operation consisted of laparotomy and
manipulation of the jejunum with atraumatic clamp. The partial hepatectomy
consisted of resection of the left and median lobes, corresponding to 2/3 of the liver
mass. The abdominal wound was sutured with nylon 4-0. After the operations, the
animals received only water by the first 24 hours, followed by rodent solid diet until
the day of euthanasia. The animals were weighed before the operation and on the
5th postoperative day.

SERUM MEASUREMENTS

Serum from whole blood collected by cardiac puncture on the b5th
postoperative day was obtained by centrifugation at 1500 rpm for 10 minutes and
stored at -30°C until dosages. Serum ALT, AST, alkaline phosphatase (ALP) were
measured in all animals through autoanalyzer (Weiner BT Lab Plus 3000).

LIVER REGENERATION MEASUREMENT

Firstly we calculated the liver mass/body mass ratio (LMBMR). After the
observation period the rats were weighed (B), the liver completely removed and
weighed on a precision balance (A). The data obtained were expressed as the
percentage ratio of A to B multiplied by 100. The LMBMR was calculated by the
formula:

Liver mass
LMBMR = ——x100
Body mass
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The preoperative liver total weight was calculated using the average LMBMR
of sham group at the time of euthanasia. Changes in LMBMR on animals of groups 1,
2 and 3 were considered as degree of liver regeneration. The liver regeneration (LR)
was calculated by the formula:

LMBMReuthanasia — LMBMRpostop
x

%LR =
% LMBMRpostop

100

%LR = Percentage of liver regeneration;

LMBMReuthanasia = Liver mass/body mass ration at euthanasia;

LMBMRpostop = Liver mass/body mass ration in the immediate postoperative period (immediately
after hepatectomy).

STATISTICAL ANALYSIS

The data were analyzed using SPSS 18.0 (Chicago, IL, USA). To verify that
the results obtained had statistically significant differences the following parametric
tests were used: 1) Student's t - independent samples to compare between two
groups, 2) analysis of variance (ANOVA) - to compare more than two groups, 3)
Tukey test — used when the ANOVA showed significance, 4) Non-parametric Kruskal
Wallis test - to check for differences between the three groups, when there was no
homogeneity of variances, and 5) Dunnett test - when the Kruskal Wallis test showed
significance; this test was used to determine in which groups the differences were
statistically significant. For all tests the differences were significant when p<0.05.

RESULTS

In the hepatectomy+jejunectomy group, ALT, AST and ALP were 182.4+23.7,
59.3+3.2 and 258.6+44.2 respectively, which were significantly higher than in the
hepatectomy group, whose values were 124, 2+14.3, 43.7+3.5 and 166.3+8.3,
respectively (p<0.001). These data are summarized in Table 1.

Table 1 - Tests of liver function

Hepatectomy+

Enzimas (U/L) iejunectomy Hepatectomy Sham p-valor
ALT® 182.4+23.7* 124.2+14.3* 43.2+4.2% <0.001®
AST?® 59.3+3.2° 43.7+3.5° 48.2+3.38 <0.001®
ALP?* 258.6+44.2°* 166.3+8.3* 142.3+15.8* 0.0012

Mean * Standard deviation

1 — p-value from ANOVA.

2 — p-value from non-parametric Kruskal-Wallis test.

3 — Values in the same line — followed by the same symbol mean significant diferences — Tukey test.
4 — Values in the same line — followed by the same symbol mean significant diferences —Dunnett test.
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Table 2 — Hepatic regeneration

HEPATIC REGENERATION (%)
Organ p-value®
Jejunectomy+hepatectomy Hepatectomy
Liver 53.84+11.32 93.18+12.87 <0.001

MeantStandard deviation
1. P-value using the Student t test for independent samples.

Liver regeneration of the Sham group was calculated, however, showed an
average 0.0. This was due to the fact that liver regeneration calculations have been
made considering the measures of the livers of animals from this group. Using the
weights of the livers of the sham group, were found that RMHMC had the average of
0.0318. Therefore, it was found that on average, each animal, before treatment had a
RMHMC 3.18%, i.e. the weight of the liver of the Wistar rats, at the same conditions
of age and sex, represents 3.18% of their body weight. The data in Table 2 show that
liver regeneration in the hepatectomy group (93.18+12.87) was significantly higher
(p<0.001) than in the hepatectomy+jejunectomy group (53.84+11.32).

DISCUSSION

The findings of our study were consistent with the data of Nelson et al®, who

demonstrated that massive resection of the small intestine associated with partial
hepatectomy impairs the liver's ability to regenerate. The proliferation index showed
up attenuated. The data support the important role of the intestinal mucosa for the
regulation of hepatic regeneration. According to Nelson et al®®, it is likely that the
small intestine is a significant source of hepatotrophic factors that are present in
portal blood perfusing the liver. Thus, massive intestinal removal may have reduced
the ability to sustain a trophic effect on the native liver and in the regeneration
process. Moreover, when rats were subjected only to massive small bowel resection
there was a significant decrease in the wet weight of the liver, confirming the
hypothesis of participation of small intestine in liver trophism?>. However there is still
the possibility that the removal of intestinal signaling pathways give rise to an delay,
but not suppression of the regeneration®. In contrast to the above findings, and the
present work, Sasanuma et al*® reported decreased liver function after synchronous
liver and colon resection in rats . However, this study showed that despite the greater
regenerative process , liver function and weight gain in the animals were restricted .
The researchers' explanation for such restrictions was likely higher degree of
endotoxemia in postoperative course.

According to the results of Cui-Ping Xu, et al*®, the mechanism of endotoxemia
in hepatectomized rats may be the intestinal mucosal barrier injury and decrease of
the absolute number and depression of the functional status of Kupffer cells (KCs). It
was shown that the damage to the intestinal mucosa barrier causes transient
endotoxemia when the function of KCs is depressed, resulting in sustained
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endotoxemia. It is suggested that the main reason for the sustained increase in the
level of endotoxins post-hepatectomy may be the depression of the function and
number of KCs.

To assess the cellular response of liver parenchyma in all three groups we
used serum ALT, AST and alkaline phosphatase. We observe that the values of the
investigated enzymes showed a statistically significant increase in the hepatectomy+
jejunectomy group rats compared to the group undergoing liver resection only, being
more pronounced the elevation of ALT and alkaline phosphatase compared to AST.
These data demonstrate the greatest degree of injury to the remnant liver in group
hepatectomy+jejunectomy over group hepatectomy, since transaminases are
secreted into the interstitium and circulation after the occurrence of injury to
hepatocytes™*.

To analyze the degree of liver regeneration in the present study we used a
calculation based on the ratio of liver mass/body mass. Our results confirmed that the
rats submitted to jejunectomy+hepatectomy showed a regeneration rate of the
remnant liver significantly lower compared to rats which underwent only partial
hepatectomy. These results are consistent with our previous findings. We
demonstrated that the ileum resection negatively influenced the liver regeneration,
liver mass and liver function in the late postoperative period*>.

CONCLUSION

These data support the evidence that the jejunectomy negatively influenced
liver regeneration.
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