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Background. Bacterial translocation is one impor-
tant cause of nosocomial infections following major
abdominal surgery. Oral administration of probiotics
has been proposed to diminish bacterial translocation.

Material and methods. In total 68 rats were divided
into seven groups: five of the groups received standard
rat chow and were subjected to either sham-operation,
70% liver resection, colonic anastomosis, or a combi-
nation of 30 or 70% liver resection with synchronous
colonic anastomosis, respectively. In two additional
groups with synchronous operation, a combination of
four different lactic acid bacteria and four fibers was
administered two times daily pre- and postopera-
tively. Bacterial concentrations in cecum, mesenteric
lymph nodes, liver, and spleen were analyzed and
blood cultures were taken 48 h after operation. Fur-
thermore, the following parameters were assessed:
histological changes in the intestine, intestinal para-
cellular permeability (Ussing chamber), bursting pres-
sure of the colonic anastomosis, and mitosis rate of the
remnant liver.

Results. Bacterial translocation was observed in all
rats, except in the sham group. Following liver resec-
tion, the highest bacterial concentrations were seen in
liver and spleen, following colon anastomosis in the
mesenteric lymph nodes. Bacterial translocation was
increased in the animals with combined operation, in
parallel to the extent of liver resection. In rats with
colon anastomosis, bacterial concentration in the ce-
cum was also higher than in the sham group. Applica-
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tion of probiotics significantly decreased bacterial
concentration in the lymph nodes. In addition, ani-
mals with a high cecal concentration of lactobacilli
had less translocation than the others. No histological
changes were observed in the intestine. Paracellular
permeability for ions, but not for the larger molecule
lactulose, was increased in the colon in all groups with
colon anastomosis. The bursting pressure of the colon
anastomosis was not significantly different between
the groups. Seventy percent liver resection led to a
high rate of hepatocyte mitosis, whereas combination
with colon anastomosis impaired the regeneration
process.

Conclusion. Synchronous liver resection and colon
anastomosis led to increased bacterial translocation
compared to the single operations in the rat model. It
is possible to diminish this process by oral administra-
tion of probiotics. Bacterial overgrowth in the cecum
and impaired hepatic regeneration, but not histologi-
cal changes or alterations of paracellular permeabil-
ity, are potential pathogenic mechanisms for translo-
cation in this setting. © 2004 Elsevier Inc. All rights reserved.

Key Words: bacterial translocation; liver resection;
colonic anastomosis; probiotics; liver regeneration; in-
testinal permeability.

INTRODUCTION

Despite advances in intensive care medicine, antibi-
otic therapy, and surgical technique, nosocomial bac-
terial infections still represent an important problem.
They cause an increase of morbidity and mortality
resulting in prolonged hospital stay and additional

costs [1]. Patients undergoing major abdominal sur-
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gery especially often have several risk factors for infec-
tions in addition to the surgical stress [2]. Following
major liver resection, an infection rate of 34% has been
reported [3]. Some authors report an increased morbid-
ity in the case of synchronous liver and colon resection,
caused by pneumonia [4] or sepsis [5]. In a study in-
cluding 165 patients, operative mortality was 1% in the
case of liver resection alone and 17% in the case of
simultaneous resection. Multivariate analysis revealed
that synchronous operation was a significant factor for
higher postoperative mortality [6].

One important pathogenetic mechanism for nosoco-
mial infections is translocation of bacteria, most fre-
quently Escherichia coli and Enterococci, from the gut
into mesenteric lymph nodes, liver, spleen, and blood
or other sterile organs [7, 8, 9]. The main reasons for
bacterial translocation are intestinal bacterial over-
growth, impaired local immune function, and in-
creased intestinal permeability.

Bacterial translocation has been demonstrated in
various experimental models [10, 11], including the
surgical model of liver resection [12]. Efforts to reduce
that process using antibiotics have paradoxically re-
vealed a higher rate of translocation [13]. Also dietary
variations influence the intestinal barrier: for example,
total parenteral nutrition and elemental diets induce
bacterial translocation, presumably by impairing the
endoluminal nutrition of enterocytes [14, 15, 16, 17]. In
contrast, enteral nutrition with normal rat chow pre-
vented this phenomenon. Thus far, most experimental
studies have focused on the effect of dietary manipula-
tion on the permeability of the small bowel and used
enteral formulas which were mainly absorbed in the
ileum [18, 19]. New dietary concepts including prebi-
otics (fibers) and probiotics (lactic acid bacteria) try to
prevent translocation in the large bowel because of its
high bacterial count of 109–1011 bacteria/g feces, repre-
senting the major reservoir for bacterial translocation.

Pre- and probiotics act synergistically in the large
bowel. Prebiotics are broken down by probiotics to
omega-fatty acids which stabilize the intestinal barrier
[3]. They also lead to an increase of stool mass, a
reduction of pressure in the large bowel, and a positive
trophic effect by increasing the DNA synthesis of en-
terocytes and their absorptive function. Probiotics
have antimicrobial activity, stimulate the host’s im-
mune system, activate macrophages in the liver and
peritoneum, and improve the intestinal immune func-
tion [20]. Recent experimental studies could demon-
strate a synergistic effect if several probiotic strains
were combined [21]. A University of Lund based micro-
biology team performed an extensive screening of the
human gut and isolated 355 various strains of lactic
acid bacteria [22]. The ability of these strains to bind to
porcine mucin, to express cell surface hydrophobicity,

and to bind to collagen, fibronectin, and other extracel-
lular matrix proteins were extensively studied. Based
on these studies, four strains (two lactobacilli, one
pediococcus, and one leuconostoc) were able to survive
exposure to the gastrointestinal environment. All of
the strains also produced antimicrobial substances.
They were combined with four fibers (betaglucan, inu-
lin, pectin, and resistant starch), known for their
strong bioactivities, to form a synbiotic composition.

In this experimental study, we analyzed the inci-
dence and severity of bacterial translocation following
single and synchronous liver resection and colon anas-
tomosis in the rat. After that, we studied the impact of
the selected synbiotic composition on bacterial trans-
location. In addition, composition of the cecal flora,
liver regeneration, paracellular permeability, and his-
tological structure of the jejunum and colon were as-
sessed to detect potential pathogenic mechanisms for
bacterial translocation.

MATERIALS AND METHODS

Male Sprague Dawley rats (Winkelmann, Bochum, Germany)
weighing 250–350 g were used for all experiments. The rats were
housed in single cages and had free access to standard rat chow and
water. Animals were kept at a 12-h day and night cycle at a constant
room temperature. All experiments were performed in accordance
with the German legislation on the protection of animals

Experimental design. In total 68 rats were randomized to the
following groups: Sham operation (group 1, SHA, n � 8), 70% liver
resection (group 2, LR70, n � 8), right-sided colonic anastomosis
(group 3, CA, n � 8), 30% liver resection plus right-sided colonic
anastomosis (group 4, LR30/CA, n � 11), 30% liver resection plus
right-sided colonic anastomosis with perioperative application of pro-
biotics (group 5, LR30/CA/P, n � 11), 70% liver resection plus right-
sided colonic anastomosis (group 6, LR70/CA), and 70% liver resec-
tion plus right-sided colonic anastomosis with perioperative
application of probiotics (group 7, LR70/CA/P, n � 11).

A combination of four different probiotic strains and four different
fibers was used for the experiments: Rats in the treatment groups
each received 109 Pediacoccus pentoseceus 5-33:3, Lactococcus raffin-
olactis 32-77:1, Lactobacillus paracasei subspecies paracasei 19, and
Lactobacillus plantarum 2362, as well as 0.2 g betaglukan, inulin,
pectin, and resistant starch in 3 ml drinking water two times daily by
gavage starting 3 days prior operation until harvesting at the second
postoperative day. Animals which were randomized to the other
groups received 3 ml drinking water by gavage following the same
procedure.

Operations. All rats were operated by the same surgeon under
sterile conditions in isoflurane inhalation anesthesia. Preoperatively
all rats received 10 ml of sterile isotonic saline subcutaneously to
prevent dehydration. Afterwards a midline abdominal incision was
done. In the sham-operation group, the liver was only separated from
its ligaments. Resection of 70% of the liver was performed by removal
of the middle and left lateral liver lobe by placing two Vicryl 3/0
ligatures at the respective vascular pedicle as described in detail
previously [23]. A 30% liver resection was performed by resection of
the left lateral lobe only.

For colonic anastomosis the right colon was placed on sterile swabs
to avoid contamination of the abdominal cavity. The right colon was
transected and a seromuscular end-to-end anastomosis was per-
formed by using one layer of interrupted 6/0 polypropylene sutures
(Prolene, Ethicon, UK) using 10 to 12 stitches per animal. After
completion, the anastomosis and the surrounding peritoneum were

swabbed with pv-iodine and afterward the right lower quadrant of
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the abdomen was flushed with 15 ml sterile isotonic saline. After the
procedures, the abdomen was closed in two layers with continuous
4/0 Vicryl suture. Postoperatively all rats received a subcutaneous
injection of metamizol for pain relief. In addition, metamizol was
added to the drinking water.

Microbiological assessment. Forty-eight hours after the first op-
eration the midline incision was reopened under sterile conditions
and a swab from the peritoneal cavity was done. Afterward 1 cc of
blood each was taken from the portal vein and the inferior caval vein.
The three compartments of the mesenteric lymph nodes [24], the
right and caudate liver lobe, the spleen, and the cecum were har-
vested and weighed. Blood cultures were cultivated immediately in
commercially available pediatric blood culture bottles (BactAlert PF,
BioMerieux, Lyon, France) and incubated at 37°C for a maximum of
6 days, when they were classified as negative in the case of an
absence of bacterial growth. The mesenteric lymph nodes were ho-
mogenized in 200 �l of sterile soy bouillon and 100 �l was cultivated
on blood and McConkey agar, respectively. Liver and spleen were
homogenized in 1 ml of soy bouillon and 100 �l was cultivated on
blood and McConkey agar plates. The cecum was homogenized in 10
ml of soy bouillon. Afterwards a serial dilution was performed and 10
�l of the 103-, 104-, and 105-fold dilutant was cultivated on blood,
McConkey, and sodium acid plates, respectively. Blood agar plates
were incubated for 48 h in 95% O2 and 5% CO2; all other plates were
incubated for 48 h in 100% O2. All cultures were analyzed after 24
and 48 h. Differentiation of Gram-negative bacteria was performed
by using routine clinical methods.

Intestinal permeability. For measurement of paracellular perme-
ability, 2-cm segments from jejunum (10 cm behind Treitz) and from
ascending colon were removed during the second operation, opened
along the mesenteric border, and washed. The colon was stripped
from the underlying muscle layer; the jejunum was used unstripped
due to its fragility. Both were mounted in a small Ussing chamber
with an exposed area of 0.28 cm2. The mucosal and serosal surfaces
were bathed independently in a bath solution containing the follow-
ing (mmol/l): Na (140), Cl (123.8), K (5.4), Ca (1.2), Mg (1.2), HPO4

(2.4), H2PO4 (0.6), HCO3 (21), glucose (10), glutamine (2.5), mannose
(10), and OH-butyrate (90.5) [25]. The bath solution was oxygenated
with 95% oxygen and 5% carbogen in a gas-lift recirculation system
and maintained at 37°C by water-jacketed reservoirs. After a 30-min
equilibration period, measurements were started. The potential dif-
ference (PD) was measured with a voltage clamp and calomel elec-
trodes. Electrical continuity between the mucosal and serosal media
was maintained with 4% agar bridges. All experiments were per-
formed under short-circuit conditions in which an external feedback
circuit of the voltage clamp continuously maintained the PD at 0
through the application of a current that directly opposed the tissue
current. The current was applied through Ag/AgCl electrodes that
were in contact with the mucosal and serosal media via agar bridges.
The short-circuit current (Isc) magnitude was obtained directly from
the voltage clamp. The transmural resistance (Rt) was calculated
using Ohm’s law after passing a 4 �A current through the membrane
and measuring the PD. The resistance measurements are expressed
as (Ohms � cm2).

3H-lactulose-flux measurements were performed to analyze para-
cellular permeability for larger molecules [26]. 3H-lactulose (20
mmol/l; Biotrend, Cologne, Germany) was added to the mucosal side.
Samples were taken from the mucosal and serosal side and radioac-
tivity was counted by a Tri-Carb 2100TR Liquid Scintillation Ana-
lyzer (Packard, Meriden, CT, USA). Fluxes (J) were calculated by the
standard formula described by Schultz and Zalusky [27].

Bursting pressure. The colonic anastomosis in the respective
groups was freed from adhesions and a 5-cm segment of the colon
including the anastomosis was removed. The distal end of the seg-
ment was ligated (Vicryl 2/0) and from the proximal end a 16-G
catheter was inserted and secured. The segment was placed inside a
glass jar filled with isotonic saline and air was pumped into the

segment, increasing the intraluminal pressure 10 mmHg every 10 s.
The intraluminal pressure at which air leakage from the anastomo-
sis was noted was recorded as bursting pressure.

Histology. For histomorphological analysis the right liver lobe, a
3-cm segment of the jejunum 10 cm distal to the ligament of Treitz
and the anastomotic segment were fixed in formalin, embedded in
paraffin, and routinely stained with hematoxylin and eosin.

In the small bowel, mucosal integrity and inflammatory infiltra-
tions were evaluated [28]. The proportion of crypt and villus height
as a parameter for mucosal atrophy was quantified using morphom-
etry in at least 50 crypts and villi per slide. The large bowel was
examined for microinsufficiencies of the anastomosis and inflamma-
tory infiltrates. In the liver, degree and location of fat in the hepa-
tocytes were determined. To evaluate liver regeneration, the number
of mitoses in 50 visual fields per slide was assessed.

Statistical analysis. All values are given as mean and standard
error of mean. For comparison of continuous variables between
groups the Mann–Whitney t test was used or the Kruskal–Wallis
test if more than two groups were compared. The �2 test was applied
for comparison of noncontinuous variables. Differences were consid-
ered significant if P was less than 0.05. All statistical analyses were
performed by using SPSS 10.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

All animals of groups 1 to 5 survived until the second
operation; in contrast three rats of group 6 (LR70/CA)
and two rats of group 7 (LR70/CA/probiotics) died be-
fore. Reason of death was intraabdominal bleeding in
one animal of each group, and anastomotic leakage
with peritonitis in one animal of group 6. The remain-
ing two had no signs of technical failure, especially no
intraabdominal or gastrointestinal bleeding, no anas-
tomotic leakage, and no inflow or outflow obstruction of
the hepatic vessels.

Cecal Flora

The concentrations of different bacteria in the cecum
are given in Table 1 for all groups. The total bacterial
concentration was significantly increased after colonic
anastomosis, and it was further increased by the ex-
tent of simultaneous liver resection, although this was
not statistically significant. In parallel the concentra-
tion of Gram-negative bacteria and enterococci in-
creased significantly after colonic anastomosis without
and especially with simultaneous liver resection. In the
sham operation group a high concentration of lactoba-
cilli was found. In contrast, colonic anastomosis espe-
cially but also liver resection resulted in a disturbance
of the cecal flora with significant decrease of lactoba-
cillus concentrations. The concentration of lactobacilli
could be significantly increased by exogenous applica-
tion of probiotics (groups 5 and 7). A sufficient concen-
tration of lactobacilli could not be reached in every
single animal, but significantly more animals of groups
5 and 7 had lactobacillus concentrations of more than 1
� 108 than in the groups without exogenous applica-
tion (groups 4 and 6). Since in the groups without
exogenous application of probiotics some animals still
had high lactobacillus concentrations, the animals

were classified according to their lactobacillus concen-
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tration in the cecum. The threshold was assumed as 1
� 108 CFU lactobacilli per gram stool (Fig. 1).

Organ Cultures

The number of animals with bacterial translocation
for the different organs and groups are listed in Table
2. In the sham-operated group enteric bacteria were
found in the mesenteric lymph nodes of two of eight

TAB

Bacterial Concentr

Total bacteria
(�109 CFU/g)

Gra
(�

Sham 1.7 � 0.5‡ 0
LR70 1.7 � 0.3‡ 0
CA 3.1 � 0.7 2
LR30/CA 5.0 � 0.8 3
LR30/CA/Probiotics 4.5 � 0.9 3
LR70/CA 7.0 � 2.0 5
LR70/CA/Probiotics 6.1 � 1.7 4

* P � 0.05 versus all other groups.
† P � 0.05 versus respective LR/CA group without lactobacilli.
‡ P � 0.05 versus all LR/CA groups by Mann Whitney U test.

FIG. 1. Cecal concentration of lactobacilli in the single animals o

application of probiotics.
animals (25%); in contrast, cultures of MLN were pos-
itive in all animals of the other groups. No animal in
the sham group was found to have bacteria in the liver,
whereas 37.5% of the liver-resected animals and 62.5%
of the animals with colonic anastomosis had positive
bacterial cultures of liver tissue. In animals with si-
multaneous liver resection and colonic anastomosis 63
and 86% had positive liver cultures after 30 and 70%

1

ons in the Cecum
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CFU/g)

Enterococci
(�109 CFU/g)

Lactobacilli
(�109 CFU/g)

� 0.1* 0.2 � 0.1* 1.7 � 0.3*
� 0.2* 0.1 � 0.1* 1.2 � 0.4*
� 0.6 0.6 � 0.2 0.2 � 0.1
� 0.6 1.3 � 0.3 0.2 � 0.1
� 0.9 0.5 � 0.1† 0.4 � 0.1†
� 1.8 1.3 � 0.4 0.1 � 0.1
� 1.5 1.1 � 0.5 0.5 � 0.3†
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resection, respectively. The bacterial concentrations in
different organs of animals in groups 1 to 7 are given in
Table 3. Bacterial translocation was low after 70% liver
resection alone; it was higher (although not signifi-
cantly) after colonic anastomosis and simultaneous mi-
nor (30%) liver resection and colonic anastomosis. In
contrast it increased significantly after simultaneous
major (70%) liver resection in MLN, liver, and spleen.
Exogenous application of probiotics resulted in signif-
icantly lower bacterial concentrations in the MLN in
both major and minor simultaneous liver resection. In
the liver and spleen bacterial concentrations were
lower in the case of application of probiotics, but the
differences were not statistically significant, with the
exception of 30% liver resection and colonic anastomo-
sis.

The differences were more pronounced if animals
with simultaneous minor or major liver resection were
divided according to their cecal lactobacillus concentra-
tions (see above). The concentration of enteric bacteria
in the mesenteric lymph nodes (Fig. 2), liver, and
spleen (Fig. 3) were significantly lower in animals with
high lactobacillus concentrations (�108 CFU/g) com-
pared to animals with low concentrations or complete
disappearance of lactobacilli.

Blood Cultures

None of the sham-operated animals revealed positive
blood cultures. After 70% liver resection one of eight
animals (12.5%) had positive blood cultures and also
one of eight animals had positive blood cultures after
colonic anastomosis (Table 2). Three animals of 11
(27%) with minor liver resection and colonic anastomo-
sis with low lactobacillus concentrations (�108 CFU/g)
had positive systemic blood cultures; this percentage
was similar in animals with high lactobacillus concen-
trations (Fig. 4). In contrast, after major liver resection
and colonic anastomosis 100% of the animals with low

TABLE 2

Number of Animals with Bacterial Translocation to
Different Organs in the Experimental Groups

MLN Liver Spleen Blood cultures

Sham 2/8 0/8 1/8 0/8
LR70 8/8* 3/8 3/8 1/8
CA 8/8* 5/8* 5/8* 1/8
LR30/CA 11/11* 7/11* 6/11 1/11
LR30/CA/Probiotics 11/11* 8/11* 6/11 4/11*
LR70/CA 7/7* 7/7*† 6/7* 6/7*†‡
LR70/CA/Probiotics 8/8* 7/8*† 7/8*† 6/8*†‡

* P � 0.05 versus sham group.
† P � 0.05 versus LR70 group.
‡ P � 0.05 versus CA group, by �2 test, differences between the

synchronous groups 4 to 7 were not statistically significant.
lactobacillus concentrations were found to have posi-
tive blood cultures; this percentage was significantly
lower (50%) in animals with high cecal lactobacillus
concentrations (Fig. 4).

Differentiation of Translocating Bacteria

Most of the bacteria isolated in blood or organ cul-
tures were Gram-negative enteric bacteria, which were
predominantly identified as E. coli strains. The second
most frequently isolated bacteria were enterococci. In
every single animal the respective bacteria isolated in
organ and/or blood cultures could also been demon-
strated in the cecal cultures. The predominant trans-
locating strain was in almost all animals also the dom-
inant cecal (mostly Gram-negative) strain. In the
lymph node/organ cultures of 19 of 61 animals only one
translocating strain could be demonstrated; in 35 of 61
(57%) two different strains were found. In 49 of 54
translocating animals E. coli was found in the lymph
node/organ cultures. Other detected bacteria were en-
terococcus species (in n � 13 animals), proteus species
(n � 9), citrobacter species (n � 4), enterobacter species
(n � 2), other Gram-negative bacteria (n � 5), and
streptococci (n � 3).

In 10 animals only one bacterial strain was found in
the blood cultures; in 9 animals two different bacteria
were isolated. Eleven of 19 animals with positive blood
cultures revealed E. coli. Other isolated bacteria were
enterococcus species (n � 5 animals), proteus species (n
� 3), other Gram-negative bacteria (n � 4), and strep-
tococci (n � 1).

Paracellular Permeability

Transepithelial resistance as a parameter for pas-
sive transport of ions was significantly diminished in
the colon in all groups with colon resection (Table 4). In
contrast, the small bowel only showed impairment of
resistance in the group with 70% liver resection (Table
5). Administration of pre- and probiotics did not re-
verse the decrease in resistance. The lactulose flux was
not increased in any of the groups, not in the colon nor
in the ileum.

Bursting Pressure

The mean bursting pressure in group 3 (CA) was
40.3 � 4.1 mmHg; in group 4 (LR30/CA) mean bursting
pressure was 32.2 � 4.3 mmHg and in group 5 (CA30/
CA/probiotics) mean bursting pressure was 37.3 � 4.1
mmHg. The lowest bursting pressure was observed in
group 6 (LR70/CA) with 24.9 � 3.1, which was mark-
edly lower than in group 7 (LR70/CA/probiotics: 39.6 �
5.3 mmHg), but all differences were not statistically

significant.
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Histomorphology

There were no relevant differences regarding the
morphometrical relation of villous and crypt height in
the small bowel between the groups, and no mucosal
atrophy or villous damage was detected. In parallel,
the mucosa of the large bowel and the anastomosis
were histologically intact in all groups.

In the groups with liver resection, there was a
marked fatty infiltration of the hepatocytes in the rem-
nant liver with a periportal distribution that increased
with the degree of liver resection but no inflammatory
infiltrates. Regarding liver regeneration, no mitoses
were seen in the rats with sham operation or colon
anastomosis (Fig. 5). Following 30% liver resection and
colon anastomosis, there was a median number of mi-
toses which was not altered by addition of probiotics.
Seventy percent of liver resection caused a marked
induction of mitosis, which was reduced in the case of
simultaneous colon anastomosis. In group 7 with pro-
biotics, the number of mitoses was similar to that of

TAB

Bacterial Concentrations in the Mese

Mesenteric lymph nodes [CFU/g]

Sham 121 � 96*
LR70 460 � 223
CA 3612 � 2717
LR30/CA 4520 � 1273
LR30/CA/Probiotics 1489 � 445†
LR70/CA 48,498 � 14,204*
LR70/CA/Probiotics 14,589 � 7680†

* P � 0.05 versus all other groups.
† P � 0.05 versus respective LR � CA group without lactobacilli.
‡ P � 0.05 versus all other groups except LR70 � CA � Lactobac

FIG. 2. Concentration of enterobacteria in the mesenteric lymph

nodes depending on the cecal concentration of lactobacilli.
70% liver resection alone. These differences were not
statistically significant.

DISCUSSION

In the present rat model, a low bacterial transloca-
tion to the mesenteric lymph nodes was observed even
in some animals of the sham-operated group. As all
cultures from the intraabdominal swabs taken before
harvesting the organs were negative, bacterial contam-
ination was not responsible for these results. The sur-
gical stress per se together with the laparotomy can
therefore induce a limited bacterial translocation,
which does not disseminate to other organs. However,
other experimental studies found no translocation in
sham-operated animals [12]. Following 70% liver re-
section, mainly translocation to the liver occurred
without severe disturbance of the cecal flora compared
to the control group. In parallel another study demon-

3

ric Lymph Nodes, Liver, and Spleen

Liver [CFU/g] Spleen [CFU/g]

0 � 0* 10 � 10*
1.83 � 1.77 � 104 2.68 � 2.44 � 104

113 � 80 2.89 � 2.67 � 104

8.69 � 7.51 � 104 8.91 � 8.62 � 104

1591 � 760† 1480 � 1050
8.50 � 5.46 � 106* 4.95 � 4.16 � 106*

11.23 � 9.55 � 106 4.00 � 3.71 � 106

y Mann Whitney U test.

FIG. 3. Concentration of enterobacteria in the liver and spleen
depending on the cecal concentration of lactobacilli (#P � 0.05 versus
LE

nte

., b
groups A, B, D; §P � 0.05 versus group A).
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strated bacterial translocation to mesenteric lymph
nodes, liver, and spleen in all rats 24 and 48 h after
70% liver resection without changes in the cecal flora
[29]. Therefore, not bacterial overgrowth but impaired
function of the hepatic reticulo-endothelial system in
combination with reduced bactericidal bile flow and
impaired synthesis of acute phase proteins by the liver
seem to be responsible for translocation in the rat liver
resection model. Further arguments confirming this
hypothesis are given by the significantly diminished
clearance of intravenously administered E. coli after
70% liver resection [30].

Colonic anastomosis caused high bacterial concen-
trations in mesenteric lymph nodes and spleen as well
as a high coecal concentration of enteropathogenic bac-
teria. In clinical studies, 38 to 59% of patients with
intestinal obstruction had bacteria in the mesenteric
lymph nodes [31]. Following induction of colitis in rats,
a reduction of lactobacilli and an increase of Gram-
negative bacteria with consecutive bacterial transloca-
tion in lymph nodes, liver, and spleen occurred in more
than 50% of the animals [10, 32]. Thus, bacterial an-
tagonism and colonization resistance presumably are
important pathogenetic factors.

A combination of liver resection and colon anastomo-
sis worsened the disturbance of the cecal microflora
and increased the bacterial translocation to all organs
in parallel to the extent of liver resection. These find-
ings might explain the higher infection rates and mor-
tality after synchronous liver and bowel resection in
men compared to single procedures [6]. On the other
hand, a simultaneous colon operation impaired regen-
eration of the remnant liver after liver resection in rats
[33]. Presumably, both mechanisms, bacterial over-
growth and impaired bacterial clearance of the liver,
act synergistically in this model.

FIG. 4. Positive blood cultures depending on the cecal concen-
tration of lactobacilli (#P � 0.05 versus group C by �2 test).
Whereas often only the number of translocating an-
imals is used in translocation studies [12, 29], in the
present model additionally the bacterial concentration
in different organs has been analyzed. This was due to
the facts that even after minor surgical trauma most
animals were found to have bacterial translocation to
the mesenteric lymph nodes and that in the groups
with the synchronous procedures bacterial transloca-
tion to other organs was detected in most animals due
to the immense surgical trauma. Therefore bacterial
concentration was additionally used to evaluate differ-
ences after major trauma and the influence of thera-
peutic interventions. This was done by using standard-
ized methods as described elsewhere [20, 34].

Perioperative administration of a synbiotic combina-
tion caused a reduction of the total cecal bacterial
count especially of Gram-negative bacteria and entero-
cocci and an increase of lactobacilli. At the same time,
bacterial translocation in mesenteric lymph nodes and
partly in other organs was significantly diminished.
Likewise lactobacilli have been shown to reduce bacte-
rial translocation in other experimental studies. In a
model of acute pancreatitis 14/20 rats developed bac-
terial translocation to mesenteric lymph nodes com-
pared to only 5/20 rats receiving probiotics (lactobacil-
lus plantarum) [35]. Moreover administration of
lactobacillus plantarum reduced the cecal concentra-
tion of enterobacteria and prevented bacterial translo-
cation to the liver in a rat model of D-galactosamin-
induced acute liver failure. In addition hepatocellular
necrosis and inflammatory infiltrates in the liver were
prevented by administration of probiotics [20, 29].
Even prebiotics alone (methyl-cellulose) could reduce
bacterial translocation to mesenteric lymph nodes and
blood after 70 and 90% liver resection in rats [36]. Up
to now, no data were available on combined adminis-
tration of pre- and probiotics.

The time point for microbiological analysis of 48 h
after primary surgery was chosen for several reasons:
first, after oral administration the positive effect of the
lactobacillus needs some time, so that 24 to 48 h after
surgery is the interval most frequently used in lacto-
bacillus studies. It has been shown in the literature
that 48 h after surgery the effect of lactobacilli is more
pronounced than after 24 h [20]. Moreover animals
undergoing minor interventions were shown to have
systemic translocation within the first 24 h after sur-
gery, and thereafter, only in the MLN. In contrast
major surgery led to systemic translocation until day 2
[37]. Therefore 48 h was selected as the point of best
discrimination between different surgical interven-
tions and lactobacillus application.

Animals with synchronous operations and low fecal
lactobacillus concentrations tended to have a lower
bursting pressure of the anastomosis, although the
differences were not statistically significant. This

might be due to the relatively early examination of the
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anastomosis, because this time point was selected for
the microbiological analysis. After a longer interval of
3 to 7 days after surgery, Colucci et al. achieved a
significantly higher bursting pressure of a colon anas-
tomosis using lactobacilli and fiber compared to con-
trols [38]. Also Demetriades et al. reported a higher
bursting pressure after 7 days of enteral administra-
tion of fiber and glutamine compared to application of
glucose and electrolyte solution in the rat [39].

Transepithelial resistance reflecting passive trans-
port of ions was decreased in the groups with colon
resection, but only in the colon. The flux of the disac-
charide lactulose was not increased. These results im-
plicate that the paracellular route of bacterial translo-
cation is unlikely because only ions but not larger
molecules pass through the epithelium. In addition,
administration of pre- and probiotics did decrease bac-
terial translocation, but did not alter the resistance.
Previous studies have shown corresponding results.
50% proximal small bowel resection in mice induced
bacterial translocation to mesenteric lymph nodes but
transepithelial resistance in the Ussing chamber was
not altered and no increased flux of small or large
molecules was noted. The colon was not analyzed in
this study [40]. Therefore a transcellular passage via
macrophages or enterocytes is most likely for bacterial
translocation.

Gross histological changes of the intestine and colon

TAB

Results of Measurements in th

R (�cm2) SEM (n-1) Isc (�A/cm2) SEM (n-1)

Sham 151.80 � 6.55 55.44 � 8.51
LR70 144.44 � 9.95 51.84 � 8.12
CA 111.89 � 10.25* 33.32 � 5.46
LR 30/CA 130.54 � 4.74* 44.16 � 5.96
LR 30/CA/P 115.97 � 17.36* 49.75 � 19.34
LR 70/CA 116.03 � 11.13* 55.32 � 5.83
LR 70/CA/P 107.03 � 10.68* 49.41 � 5.55

Note. R � transepithelial resistance; SEM � standard error of mea
* P � 0.05 versus sham operation.

TAB

Results of Measurements in the

R (�cm2) SEM (n-1) Isc (�A/cm2) SEM (n-1)

Sham 37.26 � 3.67 109.51 � 17.53
LR 70 26.78* � 1.63 160.44 � 24.45
CA 40.23 � 4.92 94.48 � 14.57
LR 30/CA 33.18 � 4.35 148.24 � 19.70
LR 30/CA/P 41.23 � 8.49 110.96 � 20.55
LR 70/CA 29.90 � 2.20 125.71 � 15.27
LR 70/Ca/P 37.99 � 3.76 128.88 � 19.91
at the time of the microbiological analyses could be
excluded in all groups. Therefore, bacterial transloca-
tion in the present model is not caused by visible
changes in mucosal structure, which is in accordance
with most other studies: bacterial translocation oc-
curred after administration of endotoxin [41], elemen-
tary diet [16], and D-galactosamin induced liver failure
[29] without histological alterations of the intestinal
mucosa. In contrast, some authors could demonstrate
mucosal atrophy with shortening of the villus height,
i.e., in newborn rats fed with parenteral nutrition [15]
or following 90% liver resection [12]. This was not
found in the present study, maybe due to the relatively
late investigation time (48 h after surgery) and the
high intestinal turn over rate in rats.

A high rate of mitosis was observed in the regener-
ating liver 48 h following liver resection. The rate was
higher after 70% than after 30% liver resection. In
combination with colon anastomosis, fewer mitoses
were observed. Other experimental studies have also
shown an association between liver regeneration and
manipulation of the gut. In a mouse model Nelson et al.
found a significantly lower amount of proliferating cell-
nuclear antigen as parameter for liver regeneration
after simultaneous liver and small bowel resection
compared to liver resection alone [42]. Likewise
Miyazaki et al. showed that hepatic DNA and protein
synthesis was reduced in rats with simultaneous colon

4

Ussing Chamber in the Colon

C [�mol(hcm2)] SEM (n-1) R t test Isc t test JLAC t test

134.78 � 8.63
127.64 � 18.28 0.53 0.77 0.70
180.68 � 41.14 0.00* 0.06 0.22
125.48 � 10.55 0.02* 0.30 0.50
157.58 � 14.74 0.04* 0.76 0.17
177.69 � 33.19 0.01* 0.99 0.21
182.94 � 32.36 0.00* 0.59 0.12

sc � short circuit current; JLAC � Laktulose- Flux; t test � P values.

5

ssing Chamber in the Jejunum

C [�mol(hcm2)] SEM (n-1) R t test Isc t test JLAC t test

158.80 � 21.04
189.62 � 36.77 0.03* 0.10 0.45
311.36 � 78.02 0.63 0.54 0.05
242.77 � 44.57 0.48 0.16 0.10
198.67 � 17.96 0.66 0.96 0.18
226.71 � 41.28 0.10 0.49 0.17
208.34 � 20.48 0.90 0.50 0.15
LE

e

JLA

n; I
LE

U

JLA

Note. R � transepithelial resistance; SEM � standard error of mean; Isc � short circuit current; JLAC � Laktulose- Flux, t test � P values.
* P � 0.05 versus sham operation.
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and liver resection. In this study also more anastomotic
insufficiencies and higher portal and systemic endotox-
inemia were observed after synchronous operations
[33]. Both authors conclude that an increased bacterial
translocation is responsible for the impaired hepatic
regeneration. This is also in accordance with the
present observations, where hepatic regeneration was
impaired by increased bacterial translocation and par-
tially improved by application of pre- and probiotics by
means of preventing bacterial translocation.

In conclusion, synchronous liver resection and colon
anastomosis led to potentiation of bacterial transloca-
tion compared to the single operations. It is possible to
diminish this process by the simple means of oral ad-
ministration of pre- and probiotics in the rat model
used. Bacterial overgrowth in the cecum and impaired
hepatic regeneration, but not histological changes or
alterations of paracellular permeability, are potential
mechanisms for translocation in this setting. The effi-
cacy of the used probiotic combination in the human
setting has to be proven in further studies.
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