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ABSTRACT
The incidence of acute and chronic diseases is increasing
worldwide and especially in what has been called the
third world. This development is strongly associated
with Western lifestyle: lack of physical exercise, mental
stress, use of tobacco and alcohol and consumption of
refined and calorie-condensed foods, a lifestyle, which
seems to “paralyze” the innate immune system and
reduce resistance to disease. Increased level of general
inflammation in the body is common for almost all
diseases, and is likely to be a result of Western lifestyle. A
microbial flora, which covers the surfaces of all living
organisms, plants as well as animals, plays an important
role in protecting the body surfaces and the whole body.
The majority of the immune system is in the gut, and
flora has a profound influence on its function. The flora
exists on all human surfaces but the majority is to be

found in the large intestine, where it also contributes to
the digestion of food ingredients and making them
available for absorption. The flora is significantly reduced
among Westerners, which might contribute to the
reduced resistance to disease. Attempts are made to
supplement beneficial bacteria, most often lactic acid
bacteria (LAB). One can expect, as LAB are depending on
access to plant fibers that more pronounced effects can be
obtained by simultaneous administration of LAB and
plant fibers, a formulation often referred to as synbiotics.
Cutting-edge results have also been obtained when they
are tried both in acute conditions such as perioperative
treatment, in connection with larger abdominal operations,
liver transplantation, acute severe pancreatitis, extensive
trauma and in chronic diseases such as liver cirrhosis and
chronic colitis.

AN EPIDEMIC OF CHRONIC DISEASES
Despite some breath-taking advances in
medico-pharmaceutical and surgical treatment, are
medical and surgical emergencies, as well as
advanced medical and surgical treatments, still
affected by an by unacceptably high morbidity
and mortality? Sepsis is the most common medical
and surgical complication, estimated in the US
alone to annually affect as many as 751,000[1,2], and
cause death of approximately 215, 000 patients
(29%) [2], which makes sepsis the tenth most
common cause of death in the country. It is
especially alarming that both morbidity and
mortality in critical illness (CI), especially when
septic, is fast increasing and has done so for several
decades. With a documented 1.5% rate of increase
per year it might double within the coming 50 to 60
years. Presently available treatment options:
antibiotics and antagonists/inhibitors of individual
pro-inflammatory cytokines have not met early
high expectations. Instead, these treatments have
often instituted new complications and new

morbidities. Selective bowel decontamination e.g.,
parallel parenteral and topical application of a
handful of powerful antibiotics is no longer a
treatment option. We seem, after more than 30
years of dedicated efforts to combat sepsis by the
use of various combinations of antibiotics and more
than 30 randomised clinical trials, ready to conclude
that vigorous use of antibiotics, despite some
observations of a modest decrease in incidence of
chest infections, will not significantly reduce
mortality in critically ill patients [5]. Two re c e n t
multi-center studies document no effects of
antibiotic treatment when used in severe acute
pancreatitis[6,7]. Cytokine inhibitors have most often
failed when used in acute disease and critical
illness[8], but reported effects in chronic illnesses are
somewhat more promising[9]. Still side-effects and
price constitute important obstacles, especially for
long-term treatments.
It is well known that the majority of individuals,
who end up in ICUs, are elderly and have one or
several chronic illnesses and other signs of reduced
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resistance to disease. The epidemic of critical illness
is strongly associated with an epidemic of chronic
diseases (ChDs). World Health organization estimates
that 46% of global disease burden and 59% of global
mortality is due to ChDs; 35 million individuals die
each year from chronic diseases, and the numbers
are steadily increasing[10]. Circumstantial evidence
supports the association of ChDs to modern life
style, stress, lack of exercise, abuse of tobacco and
alcohol, and to the transition from natural
unprocessed foods to processed, calorie-condensed
and heat-treated foods.
OUTCOME ASSOCIATED WITH LIFE STYLE,
ESPECIALLY INTAKE OF FOODS
The association between ChDs, CI and reduced
intake of plant fibers, plant antioxidants together
with increased consumption of industrially
produced and processed dairy products, refined
sugars and starch products is obvious. As
examples; the per capita consumption of refined
sugar has increased from about one pound per
person per year in 1850 to about 100 lbs/person
/year in the year 2000 and the per cow milk
production from 2 - 50 quarts/day. Dairy products,
especially milk (mostly from pregnant cows) are
rich in proinflammatory molecules: hormones such
as estrogens and growth factors such as IGF-1.
Consumption of bovine milk has been shown to
release inflammatory mediators, increase intestinal
permeability and induce leakage of molecules such
as albumin and hyaluronan. Heating up milk
(pasteurization), and especially production of and
storage of milk powder, produces large amounts of
advanced glycation products (AGEs, Fig. 1) and
advanced lipoxidation products (ALEs)[11], known
to induce and potentiate inflammation. This
information is important as many enteral nutrition
solutions are based on milk powder. Bread,
especially from gluten-containing grains, is also
rich in molecules with documented proinflammatory effects (see further: Bengmark) [12-14].
OUTCOME ASSOCIATED WITH PREMORBID
HEALTH
Signs of a failing immune system are often
observed in those patients who later develop acute
critical illness. About half of the patients, who
develop sepsis, are in the age group of 65 years and
above, and 48 % of the patients are neutropenic[15,16].
Stress and hormones play an important role, and
both flora and mucosal cells have important
endocrine functions and produce as well as
respond to hormones. The gastrointestinal (GI)
tract contains 100 million neurons (which is equal
to the number of neurons in the spinal cord)
distributed through all its layers[17] and they exert
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strong effects on both immune cells and flora,
affecting homeostasis of the immune system and
resistance to disease. A series of experiment have
demonstrated an upto 100, 000 times (5 logs of
order) increase in growth of Gram-negative
bacteria exposed to noradrenaline (see further:
Lyte[18]), which explains a relatively old observation
of significantly higher blood levels of noradrenaline
and adrenaline in patients, who develop severe
septic conditions compared to patients with an
uncomplicated postoperative course [19]. Luminal
release of noradrenaline is a strong inducer of
increased virulence of luminal bacteria[20] and much
suggest that PPMs, normally indolent colonizers,
under stress change their phenotype and become
life-threatening pathogens[21].
OUTCOME ASSOCIATED WITH IMMUNE
DYSFUNCTION
Our knowledge and understanding of function
of the innate immune system and resistance to
disease has increased significantly during the last
decade. Increasing evidence suggests that outcome
after larger medical and surgical procedures and
emergencies is intimately associated with premorbid health and the strength of the immune
system, also reflected by the speed and depth of
functional deterioration during the first few hours
after trauma. Arecent study suggests that in severe
acute pancreatitis four variables: high age, chronic
health status, need for mechanical ventilation and
increase in serum creatinine during the first 60-72
hrs are strongly associated with poor outcome[22].
OUTCOME ASSOCIATED WITH EXPOSURE
TO CHEMICALS, INCLUDING
PHARMACEUTICALS
Homeostasis is important for bodily functions
and particularly for the immune system and
resistance to disease. Modern man is also richly
exposed to chemicals. The effects on immune
functions of pharmaceuticals is often not known
and appreciated as federal agencies do not
regularly require testing of immune effects of new
drugs. Evidence from experimental studies allows,
however, the assumption that a large proportion of
the pharmaceuticals used in medicine and
particularly in the ICUs have depressive effects on
the immune function. Chemical substances can,
depending on dose, have both stimulatory and
inhibitory functions, a phenomenon given the
name of chemical hormesis and referred to as
Arndt-Schultz law[23]. A broad range of chemicals
have also been shown to be immunostimulatory
/preventive of morbidity in lower doses and
immunoinhibitory/disease-inducing in larger doses.
Several drugs have been shown to derange
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macrophage functions, bactericidal efficacy and
production and secretion of cytokines. For example,
supply of antibiotics (150 mg/kg body weight of
Mezlocillin, Bayer) has been shown to significantly
s u p p ress essential macrophage functions;
chemiluminescence response, chemotactic motility,
bactericidal and cytostatic ability and lymphocyte
proliferation[24].
OUTCOME ASSOCIATED WITH PROVIDED
NUTRITION
In the past, it was largely ignored that the posttraumatic immuno-depression becomes significantly
more pronounced when the regulatory functions of
the gut and liver are by-passed through parenteral
administration of nutrition. It was believed not
long ago that parenteral infusion of large amounts
of water, electrolytes, nutrients such as fat and
sugar, would benefit the patient and improve
outcome. Today, however, it is well known that
supply, especially parenterally, of larger amounts of
fluid and electrolytes[25-27], fat[28-30], sugar[31,32] and
nutrients[33,34] leads to immune dysfunction, reduces
resistance to disease and increases morbidity.
NEUTROPHIL FUNCTION IN FOCUS
Severe trauma, major surgery and severe sepsis
will, parallel with a significant decrease in
lymphocytes, induce a significant increase in
circulating and tissue neutrophils.
A marked depression of innate cellular
immunity with persistent decline in T-4 helper
lymphocytes and elevation of T-8 suppr essor
lymphocytes is observed in patients after severe
trauma[35]. It is also suggested that a T-4/T-8
lymphocyte cell ratio of < 1 is a reliable sign of
severe immuno-suppression and a prediction of
complications such as multiple organ dysfunction
syndrome, and this has been verified in patients
with myocardial infarction, acute pancreatitis,
multiple severe trauma and in oncology ICU
patients[36]. Parallel to the decrease in lymphocytes a
significant increase in circulating neutrophils and
accumulation in tissues of neutrophils will occur,
often observed and reported in conditions such as
shock, sepsis, major trauma, major burns and
severe acute pancreatitis. Accumulating evidence
suggest that tissue infiltration of neutrophils in
trauma induces common post-trauma/postoperative dysfunctions such as paralytic ileus[37,38],
bone marrow suppression, endothelial cell
dysfunction, and results in tissue destruction and
organ failure, particularly in lungs[39-41], intestines[42],
liver [43] and kidney [44]. Neutrophil infiltration of
distant organs[45], especially of the lungs[46] are also
characteristic findings in patients dying of sepsis,
suggested to be a consequence of ‘generalized auto-
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destructive inflammation’ more than twenty years
ago[45]. The extent of neutrophil infiltration is
significantly aggravated by mechanical therapeutic
efforts such as handling of the bowels during
operation[37], and ventilation of the lungs[46]. It is also
influenced by poor nutritional status, pre-existing
immune deficiency, obesity, diabetes and high
levels of blood sugar[47] and is strongly associated
with increased expressions in the body of
molecules such as NF-κB, COX-2, LOX and
iNOS[48,49]. A recent study emphasizes the role of
suppressed apoptosis of circulating neutrophils
and its association to increased activation of NF-κB
and reduced activity of caspases-9 and -3 in
patients with clinical sepsis [50].
THE LUNGS IN FOCUS
The most frequently observed and most often
severe clinical manifestations of organ failure are
seen in the lungs. In severe acute pancreatitis the
organ systems most often involved in early (within
24 hrs) single organ failure are pulmonary (91%[51],
81%[52]), renal (4.5% [51], 5% [52]) and coagulation
(4.5%[51], 14%[52]). Extensive neutrophil infiltration
not only of the lungs but also other distant organs
is a characteristic finding in patients dying of
sepsis. The degree of oxidative stress and of
neutrophil activation and infiltration, especially in
the lungs, appears to be the main determining
factor of outcome [53]. The acute lung injury is
characterized by alveolar capillary endothelial cell
injury, increased capillary permeability and
subsequent hypoxia, and accumulation of
neutrophil-associated inflammatory products:
reactive oxygen species, proteolytic enzymes,
eucosanoids and various other mediators.
Splanchnic hypoperfusion with endothelial cell
injury, increased expression of intercellular
adhesion molecule-1 (ICAM-1) [54] and serine
proteases released by the hypoxic pancreas[55],
mesenteric lymph, transported via the lymphatics
and thoracic duct rather than portal vein[54-56] are in
addition to various cytokines[57] suggested to initiate
neutrophil-mediated tissue injuries, particularly in
the lungs. Experimental studies have also shown
that post-shock mesenteric lymph will activate the
mechanisms leading to acute lung injury[58], and
that diversion of thoracic duct lymph will prevent
trauma-hemorrhagic shock induced lung injury[59].
It was recently demonstrated in experimental
animals subjected to caecal ligation and puncture
(CLP) that stress-induced neutrophil infiltration of
the lung and subsequent tissue destruction can be
effectively prevented by oral supplementation of a
synbiotic cocktail. Asynbiotic formulation, Synbiotic
2000 Forte (see further below), administered orally
before the trauma[60] or a subcutaneous injection[61]
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of the four LAB in the cocktail prevented effectively
both neutrophil accumulation and tissue destruction
in the lungs (Fig. 2 A-C). The average neutrophil
count in lung (average of five fields) after enteral
administration of: mixture of LAB and bioactive
fibers = 9.00 ± 0.44 (1), only LAB = 8.40 ± 0.42 (2),
only bioactive fibers = 31.20 ± 0.98 (3) and placebo
(non-fermentable fiber) 51.10 ± 0.70 (4). The
corresponding values of myeloperoxidase (MPO)
were 25.62 ± 2.19 (1), 26.75 ± 2.61 (2), 56.59 ± 1.73 (3)
and 145.53 ± 7.53 (4). Similarly the changes in MDA
were 0.22 ± 1.31 (1), 0.28 ± 3.55 (2), 0.48 ± 5.32 (3)
and 0.67 ± 2.94 (4) and in nitric oxide 17.16 ± 2.03
(1), 18.91 ± 2.24 (2), 47.71 ± 3.20 (3) and 66.22 ± 5.92
(4). All differences between treatment groups and
placebo were statistically significant (p > 0.05).
USE OF PRE-, PRO- AND SYNBIOTICS
Both prebiotic fibers and some probiotic bacteria,
alone or in combination have demonstrated
extraordinary efficacy to restore and maintain
immunity and prevent complications. The
following effects are reported after use of some
specific LAB:
l
reduce/eliminate potentially pathogenic
micro- organisms (PPMs)
l reduce/eliminate various toxins, mutagens
and carcinogens
l promote apoptosis
l synthesize/release numerous nutrient: antioxidants,
growth, coagulation and other bioactive compounds
l modulate the innate and adaptive immune
defence mechanisms (for further information - see
Bengmark[62-64])
More recent studies suggest that LAB
l promote/maintain gastrointestinal (GI) motility
and prevent GI paralysis and postoperative ileus[65-67]
And has the ability to:
[68-70]
l inhibit NF-κB activation
l inhibit constitutive synthesis of IL-8 and
synthesis and secretion of IL-8 induced by TNFα[71,72]
l inhibit COX-2 expression and restore the Cox1/Cox-2 ratio[73]
Some of these effects are produced by both live
and dead LAB. However, the inhibition of synthesis
and secretion of IL-8 is only induced by live LAB
and not by bacterial lysate, heat-killed or gammairradiated LAB[71]. Immuno-modulatory effects are
also induced by microbial products, such as
butyrate, propionate, pyruvate and sometimes also
lactate and acetate. Butyrate and proprionate for
example decrease COX-2 expression by 85 and 72%
respectively and increase COX-1 expression by 37
and 23% respectively, effects, which cannot be
obtained with lactate or acetate[72]. Of great interest
in this connection are recent observations by Fink,

Fig 1: Content of AGE (furosine) in various milk- based products and
soya-milk. a. Milk powder kept for two years at room temperature. b.
Milk powder kept for one year at room temperature. c. DIF with whey
plus casein. d. DIF with hydrolyzed whey. e. Milk powder kept for one
year at 4o C. f. Fresh milk powder. g. Raw (whole) bovine milk. DIF=
Dietetic Infant formulas, UHT = ultra heat treatment. (after Baptista et
al)11.

who observed that supplemented pyruvate is an
effective scavenger of ROS and exhibits strong antiinflammatory effects: suppresses NF-κB activation,
reduces secretion of NO and proinflammatory
cytokines, prevents intestinal translocation, reduces
cardiac ischemia and improves kidney function[73].
Cardioprotective effects have also been reported
from intravenous administration of lyophilised
LAB[74].
LAB, which shows significant immunomodulatory
effects in vitro and in animal experiments, will
sometimes fail, when it comes to clinical trials. Only
a small minority of existing LAB have been
demonstrated to show strong clinical immunomodulatory abilities. Experience from clinical
studies deem to indicate that the clinical efficacy
varies from none to significant as one goes from
single-strain probiotic to full flora replacement
(enemas of feces): single-strain probiotic < multistrain probiotic < or ~ single-strain/single fiber
synbiotics < multi-strain/multi-fiber synbiotics
< total fecal flora replacement[75,76].
Prebiotics:
Prebiotics are substrates to be fermented by
flora e.g., non-digestible food ingredients, mainly
plant fibers, which undigested will reach the colon
and food ingredients often referred to as colonic
foods. Prebiotics are nutrients essential for supply
of substrate and energy for both flora and the host,
and essential for mucosal growth, water and
electrolyte balance, and the body’s resistance
against invading pathogens. Thus far, only one
clinical study has tried only prebiotics in critically
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Fig. 2A
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Fig. 2B

Fig. 2: Histological sections of rat lungs 24 hours after cecal ligation and puncture. A. After placebo treatment, B. After treatment with only bioactive
fibers, C. After treatment with both bioactive fibers and live lactic acid bacteria (Synbiotic 2000) (Photo Dr Ozer Ilkgul Izmir, Turkey)

Fig. 2C

ill patients. Forty-one burn patients were randomized
to receive during the first 15 days either 6 g of
oligofructose/d or sucrose as placebo. No
difference was observed between the groups in
effect on lactulose/mannitol ratio or clinical
outcome[77].
Probiotics
Probiotics are live microorganisms supplied
from outside the body, most commonly to the
digestive tract. Most probiotics supplemented to
humans, such as those provided with dairy
products or sold in health stores, are not effective
enough to be used in clinical medicine. Great

differences exist in the ability of LAB to survive the
passage through the GI tract and to influence
cytokine production after passage through the
stomach and small intestine, as demonstrated in a
study on ileostomy patients[78]. Four different LAB
species were compared: Lactobacillus plantarum,
Lactobacillus paracasei, Lactobacillus rhamnosus and
Bifidobacter animalis. Out of the originally orally
administered 108 cells/ml of each LAB, after the
passage through the stomach and small intestine,
only between 107 (Lactobacillus plantarum) and 102
(Lactobacillus rhamnosus) bacterial cells remained.
Most of the strains tested showed, after passage
through the small intestine, a significantly reduced
or weak (especially Lactobacillus rhamnosus) ability to
influence cytokine production, e.g., the state of
inflammation. Also, the ability to ferment fiber is
much dependent on the strain used - this is
especially so for semi-resistant prebiotics such as
oligofructans: inulin and phleins. When the ability
of 712 different LAB to ferment oligofructans was
studied, only 16/712 were able to ferment the
phleins and 8/712 the inulin type fiber[79]. Only four
LAB species were able to ferment these fibers:
Lactobacillus plantarum (several strains), Lactobacillus
paracasei subspecies paracasei, Lactobacillus brevis
and Pediococcus pentosaceus. The ability to control
various pathogens is also strain-specific and limited
to a few strains. When the ability of fifty different
LAB to control 23 different pathogenic Clostridium
difficile (CD) was tested, only five proved effective
against all, eight were antagonistic to some, but 27
were totally ineffective[80]. The five most effective
strains were Lb paracasei subsp paracasei (2 strains)
and Lb plantarum (3 strains).
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BOVINE MILK NOT IDEAL AS CARRIER OF
PROBIOTICS/SYNBIOTICS
It is important to recognize that cow’s milk is
not an ideal carrier of probiotics, especially for
specific clinical use. In addition to its proposed role
as risk factor for increased degree of inflammation
in the body and development of ChDs[81], bovine
milk:
l In contrast to breast milk, does not contain any
fibers or fiber-like molecules (only elephant milk
contains as much as human milk). Complex
fucosylated oligosacharides characteristic of human
milk, with structural similarities to immunomodulating cell surface glycoconjugates, which
enforce GI immunity and stimulate growth of
health-supporting gut microflora, do not exist in
bovine milk[82].
l Cow’s milk releases inflammatory mediators,
induce inflammation, and induce leakage of
molecules such as albumin/hyaluronan, increases
intestinal permeability and causes translocation
/leaky gut[83-88].
l Cow’s milk is rich in advanced glycation
products (AGEs), produced during the heating
up/pasteurization process (Fig. 1)[11,89]. It is particularly
so for milk powder, a common ingredient in clinical
nutrition formulas. There is a direct association
between the dietary intake of AGEs and the level of
markers of systemic inflammation [90].
l Cow’s milk is rich in free poly-unsaturated fats
(PUFAs), seen also, in lower concentrations than
those in fermented dairy products, to reduce the
ability of LAB to adhere to mucous membranes and
to grow[91].
l The colonization rate (ability to adhere to the
mucosa and replicate) of so called yoghurt bacteria
is low (Examples: lb casei 2%, lb Reuteri 2% and lb
acidophilus 0%)[92].
l The LAB which can grow on milk substrates
seem to lack clinical efficacy, as demonstrated in
two recent controlled studies in postoperative and
critically ill patients respectively. A standard
commercial product (TREVIS, Ch Hansen, Denmark)
containing Lactobacillus acidophilus LA5, Bifidobacterium
lactis BP12, Streptococcus thermophilus, Lactobacillus
bulgaricus, mixed with 7.5 g oligofructose was
supplied to 45 critically ill patients and 45 controls[93]
and to 72 elective abdominal surgery patients and
65 controls respectively [94]. The ICU study reported
significant reductions in number of PPMs in the
stomach of the treated patients, but no influence on
intestinal permeability nor any clinical benefits.
The peri-operative study reported no differences in
bacterial translocation, gastric colonization, or
systemic inflammation, or septic complications (See
further my commentary on the ICU study[95]).
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MULTI-STRAIN/MULTI-FIBER SYNBIOTICS
IN CLINICAL TRIALS
Lund University microbiologists Åsa Ljungh
and Torkel Wadström developed a multistrain/multi-fiber synbiotic formula, which in
recent years has been extensively used in clinical
trials. The choice of LAB for the formulation was
done after extensive studies of > 350 human[96] and
>180 plant microbial strains[97] and especially their
ability to produce bioactive proteins, transcribe NFκB, produce pro- and anti-inflammatory cytokines,
produce antioxidants, and most important, to
functionally complement each other. The formulation
consists of a mixture of four bioactive LABs, one
from each of the four main genera of lactobacillus;
1010 of Pediacoccus pentosaceus 5-33:3, 1010 of
Leuconostoc mesenteroides 32-77:1, 1010 of Lactobacillus
paracasei subsp paracasei 19 and 1010 of Lactobacillus
plantarum 2362, e.g. 40 billion LAB per dose, to
which is added a mixture of four well studied
bioactive plant fibers: 2.5 g betaglucan, 2.5 g inulin,
2.5 g pectin and 2.5 g resistant starch, a total of 10 g
plant fibers. It is produced by Medipharm, Kågeröd
Sweden and Des Moines, Iowa, USA under the
name of Synbiotic 2000™. One or two such doses
are supplemented to the patients per day. In recent
studies a Synbiotic 2000 FORTE™ and a Probiotic
11
2000 FORTE™ (no fiber added), containing 10 of
each of the four LABs, e.g., 400 billion LAB per dose
are tried.
THE EFFECTS OF SYNBIOTIC 2000 THUS FAR
INVESTIGATED IN THE FOLLOWING
DISEASES
Acute pancreatitis:
Sixty-two patients with severe acute pancreatitis
(SAP) (Apache II scores: Synbiotic 2000-treated =
11.7 ± 1.9, controls = 10.4 ± 1.5) were given either
two sachets/day of Synbiotic 2000™ (2 x 40 billion
LAB/day and totally 20 g fibers) or the same
amounts of fibers (20 g) as in Synbiotic 2000™
during the first 14 days after arrival to the
hospital[98]. 9/33 patients (27%) in the Synbiotic
2000-treated group and 15/29 patients (52%) in the
fiber only-treated group developed subsequent
infections. 8/33 (24%) Synbiotic 2000-treated and
14/29 (48%) of the fiber only-treated patients
developed SIRS, MOF or both (p < 0.005)[98].
Polytrauma:
In polytrauma patients two prospective
randomized trials with Synbiotic 2000 and
Synbiotic 2000 Forte respectively have been
concluded. The first study compared in patients
with acute extensive trauma: Synbiotic 2000 (40
billion LAB/d) with a soluble fiber, a peptide diet
and supplementation of glutamine. Treatment with
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Synbiotic 2000™ lead to a highly significant
decrease in number of chest infections (4/26
patients - 15%) as compared to peptide diet (11/26
patients - 42%, p < 0.04), glutamine (11/32 patients
- 34%, p < 0.03) and only fibers (12/29 patients41%, p < 0.002) (Spindler-Vesel A, personal
communication). Also the total number of
infections were significantly decreased; Synbiotic
2000ª 5/26 patients (19%), only fibers 17/29
patients (59%), peptide 13/26 patients (50%) and
glutamine16/32 patients (50%). In the second study
sixty-five polytrauma patients were randomized to
receive once daily for 15 days Synbiotic 2000 Forte
(400 billion LAB + 10 gram of fibers, see above) or
maltodextrine as placebo. Significant reductions
were observed in number of deaths (5/35 Vs 9/30,
p < 0.02), severe sepsis (6/35 Vs 13/30, p < 0.02),
chest infections (19/35 Vs 24/30, p < 0.03), central
line infections (13/32 Vs 20/30, p < 0.02) and
ventilation days (average 15 Vs 26 days)[99].
Abdominal surgery:
In a randomized controlled study forty-five
patients undergoing major surgery for abdominal
cancer were divided into three treatment groups: 1)
Enteral nutrition (EN) + Synbiotic 2000 (LEN), 2)
EN + only the fibers in the same amounts (20 g) as
in Synbiotic 2000™ (FEN) and 3) a standard
parenteral nutrition (PN). All treatments lasted for
two preoperative and seven postoperative days.
The incidence of postoperative bacterial infections
was 47% with PN, 20% with FEN and 6.7% with
LEN (p < 0.05)[100]. Significant improvements were
also documented in prealbumin (LEN, FEN), Creactive protein (LEN, FEN), serum cholesterol
(LEN, FEN), white cell blood count (LEN), serum
endotoxin (LEN, FEN) and IgA (LEN). In another
prospective randomized double-blind trial
performed in 80 patients subjected to pyloruspreserving pancreatoduodenectomy (PPPD) received
twice daily either Synbiotic 2000™ (2 x 40 billion
LAB) or only the fibers in composition from the day
before surgery and during the first seven
postoperative days. A highly significant difference
in infection rate (p = 0.005) was observed as only
5/40 patients (12.5%) in the Synbiotic 2000-treated
group suffered infections (four wound and one
urinary tract infection) versus 16/40 (40%) in the
only fiber group (six wound infections, five
peritonitis, four chest infections, two sepsis, and
one of each of urinary tract infection, cholangitis
and empyema) (Rayes N, et al, personal
communication). The infecting microorganism in
the Synbiotic treated group were Klebsiella
pneumoniae (two patients), Enterobacter cloacae (two
patients), Proteus mirabilis (one patient) and
Enterococcus faecalis/faecium (one patient) and in the
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only fiber group Enterobacter cloacae (eight patients),
Enterococcus faecalis/faecium (seven patients),
Escherichia coli (seven patients), Klebsiella pneumoniae
(two patients), Staphylococcus aureus (two patients),
and Proteus mirabilis (one patient). Statistically
significant differences between the groups were
also observed in use of antibiotics (mean: Synbiotic
2000; 2 ± 5 days, only fibers; 10 ± 14 days).
Chronic liver disease and liver transplantation:
Fifty-eight patients with liver cirrhosis suffering
so called minimal encephalopathy were randomized
into three treatment groups: Group 1 (20 patients)
received Synbiotic 2000 (40 billion LAB), Group 2
(20 patients) received the same amount of the fibers
in Synbiotic 2000 and Group 3 (15 patients)
received placebo (non-fermentable, non-absorbable
fiber - crystalline cellulose)[101].A significant increase
in intestinal LAB flora was observed after one
month of supplementation in the Synbiotic-treated
group, but not in the other two groups. Intestinal
pH was significantly reduced in both treatment
groups but not in the placebo-treated group.
Significant decreases in faecal counts of Escherichia
coli, Staphylococcus and Fusobacterium, but not in
Pseudomonas and Enterococcus, and significant
decreases in ammonia/s, endotoxin/s ALT/s and
bilirubin/s (original level 252 ± 182) were observed
in the Synbiotic 2000-treated group (84 ± 65, p <
0.01) and in the only fiber-treated group (110 ± 86, p
< 0.05) while it remained unchanged in the placebo
group. The improvements in liver function were
accompanied by significant improvements in
psychometric tests and in the degree of
encephalopathy. Later, studies by the same group
of investigators did also show significant
improvements in liver blood flow and indocyanine
clearance in patients supplemented for one week
with Synbiotic 2000[102]. These results offers great
hope that synbiotic treatment to patients on a
waiting list for liver transplantation, would help
prevent septic episodes, improve liver function,
and promote an improved outcome.
Sixty-six patients were randomized to either
receive Synbiotic 2000 or only the fibers in
Synbiotic 2000 in connection with human
orthotopic liver transplantation. The treatment was
started on the day before surgery and continued for
14 days after surgery. During the first postoperative
month only one patient in the Synbiotic 2000treated group (3%) showed signs of infection
(urinary infection) compared to 17/33 (51%) in the
patients supplemented with only the four fibers[103].
The infecting organisms in the Synbiotic-treated
group were Enterococcus fecalis in one patient and in
the only fiber-treated group were Enterococcus
fecalis/fecium -11, Escherichia coli -3, Enterobacter
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cloacae -2, Pseudomonas aeruginosa - 2 and Staphylococcus
aureus in one patient. The use of antibiotics was on
an average 0.1 ± 0.1 d in the synbiotic-treated
patients and 3.8 ± 0.9 d in the only fiber-treated
group.
Inflammatory bowel disease:
Daily rectal instillations with Synbiotic 2000
reconstituted in saline were given to ten patients
with distal colitis over two weeks. One patient
withdrew after one week. The remaining patients
showed dramatic improvements in various disease
scores during the three weeks of observation;
episodes of diarrhea (2.4˚ 0.8), visible blood in stool
(2.2˚ 0.8), nightly diarrhea (0.5˚ 0), urgency (1.9˚ 1.0)
and consistency of stool (1.1˚ 0.8)[104]. Two patients
reported significant bloating and wind but no other
adverse or side effects were reported.
TREATMENT-RESISTANT CONDITIONS
Treatment with Synbiotic 2000 has failed in two
types of diseases:
General Intensive Care patients:
Two large studies have been performed in a
general intensive care population; one with
Synbiotic 2000 and one with Synbiotic 2000 FORTE.
Synbiotic 2000 (40 billion LAB) was given to 162
patients and only fiber to 168 patients. No
difference was observed in frequency of MODS or
in hospital mortality [106]. In another study, Synbiotic
2000 FORTE was supplemented to 130 patients
twice a day throughout the whole ICU stay (2 x 400
billion LAB) and compared to 129 patients
supplemented with a cellulose based placebo. No
statistical difference was demonstrated between the
groups in the incidence of VAP (9 and 13%, p =
0.31). The rate of ventilator-associated pneumonia
(VAP) per 1000 ventilator days was 13 and 14.6% (p
= 0.73) and hospital mortality 27 and 33%, (p =
0.32), respectively[106].
Inflammatory bowel disease - Crohn’s Disease:
Two studies with negative outcome have also
been performed in patients with Crohn’s disease.
Sixty-three patients after an initial treatment with
infliximab were randomized to receive daily either
Synbiotic 2000 or crystalline cellulose as placebo[107].
Median time to relapse was 9.8 and 10.1 months
respectively. Twenty patients in another study were
supplied Synbiotic 2000 and nine patients with
crystalline as placebo following surgery for Crohn’s
disease. Seven patients in the Synbiotic-treated
group and two in the placebo group completed the
scheduled 24 month treatment[108]. No difference in
either endoscopic picture or rate of clinical relapse
was found between patients. The so called
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Rutgeerts’ disease scores after three months of
treatment were 0.6 ± 0.8 in the Synbiotic-treated
group and 0.8 ± 1 in the placebo group (NS).
CONCLUSIONS
The novel treatment of Synbiotics is still in its
early infancy. It is clear that, although sometimes
dramatic effects are observed after synbiotic
treatment, there are conditions, which do not seem
to respond to such treatment. A lot of evidence
suggests that one of the main effects of synbiotic
treatment is reduction of both acute and chronic
inflammation. However, some indications suggest
that synbiotic treatment is not an effective tool to
restore suppressed immunity, which might explain
the observation that synbiotic treatment, as well as
probiotic treatment is more effective when
supplemented pre-trauma/operation and/or
immediately or early after trauma/operation.
There is presently no solid explanation why
seemingly synbiotic treatment is very effective in
chronic liver disease, but is unable to reduce local
inflammation and degree of disease in a chronic
bowel disease such as Crohn«s disease.
REFERENCES
1.

Arias E, Smith BL. Deaths: preliminary data for 2001. Natl
Vital Stat Rep 2003; 51:1-44.
2. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G,
Carcillo J, Pinsky MR. Epidemiology of severe sepsis in the
United States: analysis of incidence, outcome and associated
costs of care. Crit Care Med 2001; 29:1303-1310.
3. Vincent JL, Abraham E, Annane D, Bernard G, Rivers E, Van
den Berghe G. Reducing mortality in sepsis: new directions.
Crit Care 2002; 6:S1-S18.
4. Angus DC, Wax RS. Epidemiology of sepsis: an update. Crit
Care Med 2001; 29:109-116.
5. van Nieuwenhoven CA, Buskens E, van Tiel FH, Bonten
MJ. Relationship between methodological trial quality and
the effects of selective digestive decontamination on
pneumonia and mortality in critically ill patients. JAMA
2001; 286:335-340.
6. Isenmann R, Runzi M, Kron M, et al. Prophylactic antibiotic
treatment in patients with predicted severe acute
pancreatitis: a placebo-controlled, double-blind trial.
Gastroenterology 2004; 126:997-1004.
7. Dellinger EP, Tellado JM, Soto N and Study 89 Investigator
Group. Prophylactic antibiotic treatment in patients with
severe acute necrotizing pancreatitis: a double blind
placebo-controlled study. Presentation K-1374, Abstract to
45th ICAAC, American Society for Microbiology 2005.
8. Kox WJ, Volk T, Kox SN, Volk HD. Immunomodulatory
therapies in sepsis. Intensive Care Med 2000; 26:S124-S128.
9. Feldmann M, Brennan FM, Paleolog E, et al. Anti-TNFalpha
therapy of rheumatoid arthritis: what can we learn about
chronic disease? Novartis Found Symp 2004; 256:53-69.
10. World Health Organization. Process for a global strategy on
diet, physical activity and health. WHO, Geneva, February
2003.
11. Baptista JAB, Carvalho RCB. Indirect determination of
Amadori compounds in milk-based products by
HPLC/ELSD/UV as an index of protein detorioration.

224

Bioecological Control of Acute and Chronic Diseases: The Role of Pro-, Pre- and ...

Food Research International 2004; 37:739-747.
12. Bengmark S. Acute and “chronic” phase response - a
mother of disease. Clin Nutr 2004; 23:1256-1266.
13. Bengmark S. Bio-ecological Control of the Gastrointestinal
Tract: The Role of Flora and Supplemented Pro- and
Synbiotics. Gastroenterol Clin North Am 2005; 34:413-436.
14. Bengmark S. Impact of nutrition on ageing and disease.
Curr Opin Nutr Metab Care 2006; 9:2-7.
15. Schwartz, MN. Hospital-acquired infections; diseases with
increasingly limited therapies. Proc Natl Acad Sci USA
1994; 91:2420-2426.
16. Bengmark, S. Nutritional modulation of acute and “chronic”
phase response. Nutrition 2001; 17:489-495.
17. Costa M, Brookes SJ, Hennig GW. Anatomy and physiology
of the enteric nervous system. Gut 2000; 47:15-19.
18. Lyte M. Microbial endocrinology and infectious disease in
the 21st century. Trends in Microbiology 2004; 12:14-20.
19. Groves AC, Griffiths J, Leung F, Meek RN. Plasma
catecholamines in patients with serious postoperative
infection. Ann Surg 1973; 178:102-107.
20. Kinney KS, Austin CE, Morton DS, Sonnenfeld G.
Norepinephrine as a growth stimulating factor in bacteria:
Mechanistic studies. Life Science 2000; 67:3075-3085.
21. Alverdy JC, Laughlin RS, Wu L. Influence of the critically ill
state on host-pathogen interactions within the intestine:
gut-derived sepsis redefined. Crit Care Med 2003; 31:598607.
22. Halonen KI, Leppäniemi AK, Lundin JE, Puolakkainen PA,
Kemppainen EA, Haapiainen RK. Prediction fatal outcome
in the early phase of severe acute pancreatitis by using
novel prognostic models. Pancreatology 2003; 3:309-315.
23. Calabrese EJ, Baldwin LA. Hormesis as a biological
hypothesis. Environ Health Perspect 1998; 106;S357-S362.
24. Roszkowski K, Ko KL, Beuth J, Ohshima Y, Roszkowski W,
Jeljaszewicz J, et al. Intestinal microflora of BALB/c-mice
and function of local immune cells. Zeitschr Bakteriol
Hygien 1988; 270:270-279.
25. Lange H. Multiorgan dysfunction syndrome: how water
might contribute to its progression. J Cell Mol Med 2002;
6:653-660.
26. Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ,
Allison SP. Effect of salt and water balance on recovery of
gastrointestinal function after elective colonic resection: a
randomised controlled trial. The Lancet 2002; 359:18121818.
27. Macafee DAL, Allison SP, Lobo DN. Some interactions
between gastrointestinal function and fluid and electrolyte
homeostasis. Curr Opin Clin Nutr Metab Care 2005; 8:197203.
28. Wan JMF, Teo TC, Babayan VK, Blackburn GL. Lipids and
the development of immune dysfunction. J Parent Ent Nutr
1988; 12:43S-52S.
29. Van der Poll T, Coyle SM, Levi M, Boermeester MA, Braxton
CC, Jansen P, et al. Fat emulsion infusion potentiates
coagulation activation during human endotoxemia.
Thrombosis and Homeostasis 1996; 75:83-86.
30. Lin BF, Huang CC, Chiang BL, Jeng SJ. Dietary fat
influences Ia antigen expression, cytokines annd
prostaglandin E2 production in immune cells in
autoimmune-prone NZBxNZW F1 mice. Brit J Nutr 1996;
75:711-722.
31. Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM,
Kitabchi AE. Hyperglycemia: an independent marker of inhospital mortality in patients with undiagnosed diabetes. J
Clin Endocrinol Metabol 2002; 87:978-982.
32. Mesotten D, Van den Berghe G. Clinical potential of insulin
therapy in critically ill patients. Drugs 2003; 63:625-636.
33. Lind L, Lithell H. Imparied glucose and lipid metabolism

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

September 2007

seen in intensive care patients is related to severity of illness
and survival. Clin Intensive Care 1994; 5:100-105.
Klein CJ, Stanek GS, Wiles CE. Overfeeding macronutrients
to critically ill adults: metabolic complications. J Am Diet
Assoc 1998; 98:795-806.
Menges T, Engel J, Welters I, et al. Changes in blood
lymphocyte populations after multiple trauma. Crit Care
Med 1999; 27:733-740.
Zahorec R. Ratio of neutrophil to lymphocyte counts - rapid
and simple parameter of systemic inflammation and stress
in critically ill. Bratisl Lek Listy 2001; 102:5-14.
Kalff C, Carlos TM, Schraut WH, Billiar TR, Simmons RL,
Bauer AJ. Surgically induced leukocytic infiltrates within
the rat intestinal muscularis mediate postoperative ileus.
Gastroenterology 1999; 117:378-387.
De Jonge WJ, Van den Wungaard RM, The FO, et al.
Postoperative ileus is maintained by intestinal immune
infiltrates that activate inhibitory neural pathways in mice.
Gastroenterology 2003; 125:1137-1147.
Steinberg KP, Milberg JA, Martin TA, et al. Evolution of
bronchoalveolar cell populations in the adult respiratory
distress syndrome. Am J Respir Crit Care Med 1994;
150:113-122.
Sookhai S, Wang JH, McCourt M, et al. A novel mechanism
for attenuating neutrophil-mediated lung injury in vivo.
Surg Forum 1999; 50:205-208.
Wei L, Wei H, Frenkel K. Sensitivity to tumor promotion of
SENCAR and C57BL/6J mice correlates with oxidative
events and DNAdamage. Carcinogenesis 1993; 14:841-847.
Kubes P, Hunter J, Granger DN. Ischemia/reperfusion
induced feline intestinal dysfunction: importance of
granulocyte recruitment. Gastroenterology 1992; 103:807812.
Ho JS, Buchweitz JP, Roth RA, Ganey PE. Identification of
factors from rat neutrophil responsible for cytotoxicity to
isolated hepatocytes. Leuk Biol 1996; 59:716-724.
Lowell CA, Bertin G. Resistance to endotoxic shock and
reduced neutrophil migration in mice deficient for the Srcfamily kinases Hck and Fgr. Proc Natl Acad Sci USA 1998;
95:7580-7584.
Goris BJA, te Boekhorst TPA, Nuytinck JKS, Gimbrere JS.
Multiple-organ failure. Generalized autodestructive
inflammation Arch Surg 1985; 120:1109-1115.
Wilson MR, Choudhury S, Takata M. Pulmonary
inflammation induced by high-stretch ventilation is
mediated by tumor necrosis factor signalling in mice. Am J
Physiol Lung Cell Mol Physiol 2005; 288:L599-L607.
Rassias AJ, Marrin CAS, Arruda J, Whalen PK, Beach M,
Yeager MP. Insulin infusion improves neutrophil function
in diabetic cardiac surgery patients. Anaesth Analg 1999;
88:1011-1016.
O’Brien G, Shields CJ, Winter DC, Dillin JP, Kirwan WO,
Redmont HP. Cyclooxygenase-2 plays a central role in the
genesis of pancreatitis and associated lung injury.
Hepatobiliary Pancreat Dis Int 2005; 4:126-129.
Bengmark S. Curcumin: an atoxic antioxidant and natural
NF-_B, COX-2, LOX and iNOS inhibitor - a shield against
acute and chronic diseases. J Parent Ent Nutr 2006; 30:45-51.
Taneja R, Parodo J, Jia SH, Kapus A, Rotstein OD, Marshall
JC. Delayed neutrophil apoptosis in sepsis is associated
with maintenance of mitochondrial transmembrane
potential and reduced caspase-9 activity. Crit Care Med
2004; 32:1460-1469.
Johnson CD, Abu-Hilal M, Members of British Acute
Pancreatitis Study Group. Persistent organ failure during
the first week as a marker of fatal outcome in acute
pancreatitis. Gut 2004; 53:1340-1344.
McKay CJ, Buter A. Natural history of organ failure in acute

September 2007

KUWAIT MEDICAL JOURNAL

pancreatitis. Pancreatology 2003; 3:111-114.
53. Gómez-Cambronera LG, Sabater L, Pereda J, Cassinello N,
et al. Role of cytokines and oxidative stress in the
pathophysiology of acute pancreatitis: therapeutic
implications. Current Drug Targets - Inflammation &
Allergy 2002; 1:393-403.
54. Gonzales RJ, Moore EE, Ciesla DJ, Nieto JR, Johnson JL,
Silliman CC. Post-hemorrhagic shock mesenteric lymph
activates human pulmonary microvascular endothelium
for in vitro neutrophil-mediated injury - the role of
intracellular adhesion molecule-1. J Trauma 2003; 54:219223.
55. Deitsch EA, Shni HP, Feketeova E. Xu DZ. Serine proteases
are involved in the pathogenesis of trauma-hemorrhagic
shock-induced gut and lung injury. Shock 2003; 19:452-456.
56. Deitsch EA, Shi HP, Skurnick J, Feketeova E. Xu DZ.
Mesenteric lymph from burned rats induces endothelial cell
injury and activates neutrophils. Crit Care Med 2004;
32:533-538.
57. Goodman RB, Pugin J, Lee JS, Matthay MA. Cytokinemediated inflammation in acute lung injury. Cytokine &
Growth Factors Reviews 2003; 14:523-535.
58. Gonzales RJ, Moore EE, Ciesla DJ, Nieto JR, Johnson JL,
Silliman CC. Post-hemorrhagic shock mesenteric lymph
activates human pulmonary microvascular endothelium
for in vitro neutrophil-mediated injury: the role of
intercellular adhesion molecule-1. J Trauma 2003; 54:219223.
59. Deitch EA, Forsythe R, Anjaria D, et al. The role of lymph
factors in lung injury, bone marrow suppression, and
endothelial cell dysfunction in a primate model of traumahemorrhagic shock. Shock 2004; 22:221-228.
60. Ilkgul O, Bengmark S, Aydede H, Erhan Y, Taneli F, Ulman
C Pretreatment with pro- and synbiotics reduces peritonitis
-induce lung injury in rats. J Trauma, in press.
61. Ilkgul O, Aydede H, Erhan Y, et al. Subcutaneous
administration of live lactobacillus prevents sepsis-induced
lung organ failure in rats. Br J Int Care 2005; 15:52-57.
62. Bengmark S. Use of Pro-, Pre- and Synbiotics in the ICU Future options. In: Shikora SA, Martindale RG,
Schwaitzberg SD, editors. Nutritional Considerations in the
Intensive Care Unit - Science, Rationale and Practice.
Kendall/Hunt Publishing Company, Dubuque, Iowa USA
2002; p 381-399.
63. Bengmark S. Aggressive peri- and intraoperative enteral
nutrition - Strategy for the future. In: Shikora SA,
Martindale RG, Schwaitzberg SD, editors. Nutritional
Considerations in the Intensive Care Unit - Science,
Rationale and Practice. Kendall/Hunt Publishing Company,
Dubuque, Iowa USA2002; p 365-380.
64. Bengmark S. Synbiotics and the mucosal barrier in critically
ill patients. Curr Opin Gastroenterol 2005; 21:712-716.
65. Heyman M. Effect of lactic acid bacteria on diarrheal
diseases. J Am Coll Nutr 2000; 19:137S-146S.
66. Husebye E, Hellstrom PM, Sundler F, Chen J, Midtvedt T.
Influence of microbial species on small intestinal
myoelectric activity and transit in germ-free rats. Am J
Physiol Gastrointest Liver Physiol 2001; 280:G368-G380.
67. Verdu EF, Bercik P, Bergonzelli GE, et al. Lactobacillus
paracasei normalizes muscle hypercontractility in a murine
model of postinfective gut dysfunction. Gastroenterology
2004; 127:826-837.
68. Kelly D, Campbell JI, King TP, et al. Commensal anaerobic
gut bacteria attenuate inflammation by regulating nuclearcytoplasmic shuttling of PPAR-gamma and RelA. Nat
Immunol 2004; 5:104-112.
69. Bai AP, Ouyang Q, Zhang W, Wang CH, Li SF. Probiotic
inhibit TNF-α-induced interleukin-8 secretion of HT29

225

cells. World J Gastroenterol 2004; 10:455-457.
70. Petrof EO, Kojima K, Ropeleski MJ, et al. Probiotics inhibit
nuclear factor-kappaB and induce heat shock proteins in
colonic epithelial cells through proteasome inhibition.
Gastroenterology 2004; 127:1474-1487.
71. Ma D, Forsythe P, Bienenstock J. Live Lactobacillus Reuteri
is essential for inhibitory effect on tumor necrosis factor
alpha-induced interleukin-8 expression. Infect Immun
2004; 72:5308-5314.
72. Nurmi JT, Puolakkainen PA, Rautonon NE. Bifidobacterium
lactis sp 420 up-regulates cyclooxygenase (Cox)-1 and
downregulates Cox-2 gene expression in a Caco-2 cell
culture model. Nutrition and Cancer 2005; 5:83-92.
73. Fink MP. Ethyl pyruvate: a novel treatment for sepsis and
shock. Minerva Anestesiol 2004; 70:365-371.
74. Oxman T, Shapira M, Diver A, Klein R, Avazov N,
Rabinowitz B. A new method of long-term preventive
cardioprotection using Lactobacillus. Am J Physiol Heart
Circ Physiol 2000; 278:H1717-H1724.
75. Borodo TJ, Warren EF, Leis S, Surace R, Ashman O.
Treatment of ulcerative colitis using fecal bacteriotherapy. J
Clin Gastroenterol 2003; 37:42-47.
76. Borody TJ, Warren EF, Leis SM, Surace R, Ashman O,
Siarakas S. Bacteriotherapy using fecal flora. Toying with
human motions. J Clin Gastroenterol 2004; 38:475-483.
77. Olguin F, Araya M, Hirsch S, Brunser O, Ayala V, Rivera R,
Gotteland M. Prebiotic ingestion does not improve
gastrointestinal barrier function in burn patients. Burns
2005; 31:482-488.
78. Miettinen M, Alander M, von Wright A, et al. The survival
of and cytokine induction by lactic acid bacteria after
passage through a gastrointestinal model. Microb Ecol
Health Dis 1998; 10:41-147.
79. MŸller M, Lier D. Fermentation of fructans by epiphytic
lactic acid bacteria. J Appl Bact 1994; 76:406-411.
80. Naaber P, Smidt I, Stsepetova J, Brilene T, Annuk H,
Mikelsaar M. Inhibition of Clostridium difficile strains by
intestinal Lactobacillus species. Med Microbiol 2004;
53:551-554.
81. Solomons NW. Nature’s perfect food revisited: recent
insights on milk consumption and chronic disease risk.
Nutrition Reviews 2002; 60:180-182.
82. Gnoth MJ, Kunz C, Kinne-Saffran E, Rudloff S. Human
milk oligosacharides are minimally digested in vitro. J Nutr
2000; 130:3014-3020.
83. Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen
P, Isolauri E. Probiotics in primary prevention of atopic
disease: a randomized placebo-controlled trial. Lancet 2001;
357:1076-1079.
84. Jalonen T. Identical intestinal permeability changes in
children with different clinical manifestations of cow’s milk
allergy. J Allergy Clin Immunol 1991; 88:737-742.
85. Isolauri E, Majamaa H, Arvola T, Rantala I, Virtanen E,
Arvilommi H. Lactobacillus casei strain GG reverses
increased intestinal permeabilityinduced by cow milk in
suckling rats. Gastroenterology 1993; 105:1643-1650.
86. Bengtsson U, Knutson TW, Knutson L, Dannaeus A,
Hallgren R, Ahlstedt S. Increased levels of hyaluronan and
albumin after intestinal challenge in adult patients with
cow«s milk intolerance. Clin Exp Allergy 1996; 26:96-103.
87. Bengtsson U, Knutson TW, Knutson L, Dannaeus A,
Hallgren R, Ahlstedt S. Eosinophil cationic protein and
histamine after intestinal challenge in patients with cow’s
milk intolerance. Allerg Clin Immunol 1997; 100:216-221.
88. Ehn BM, Ekstrand B, Bengtsson U, Ahlstedt S. Modification
of IgE binding during heat processing of the cow’s milk
allergen. J Agric Food Chem 2004; 52:1398-1403.
89. Ahmed N, Mirshekar-Syahkal B, Kennish L, Karachalias N,

226

90.

91.

92.

93.

94.

95.

96.

97.

98.

Bioecological Control of Acute and Chronic Diseases: The Role of Pro-, Pre- and ...

Babaei-Jadidi R, Thornalley PJ. Assay of advanced
glycation end products in selected beverages and food by
liquid chromatography with tandem mass spectrometric
detection. Mol Nutr Food Res 2005; 49:691-699.
Uribarri J, Cai W, Sandu O, Peppa M, Goldberg T, Vlassara
H. Diet-derived advanced glycation end products are major
contributors to the body’s AGE pool and induce
inflammation in healthy subjects. Ann N Y Acad Sci 2005;
1043:461-466.
Kankanpää PE, Salminen SJ, Isolauri E, Lee YK. The
influence of polyunsaturated fatty acids on probiotic
growth and adhesion. FEMS Microbiology Letters 2001;
194:149-153.
Ahrné S, Nobaek S, Jeppsson B, Adlerberth I, Wold AE,
Molin G. The normal Lactobacillus flora of healthy human
rectal and oral mucosa. J Appl Microbiol 1998; 85:88-94.
Jain PK, McNaught CE, Anderson ADG, MacFie J, Mitchell
CJ. Influence of synbiotic containing Lactobacillus
acidophilus LA5, Bifidobacterium lactis BP12, Streptococcus
thermophilus, Lactobacillus bulgaricus and oligofructose
on gut barrier function and sepsis in critically ill patients: a
randomized controlled trial. Clin Nutr 2004; 23:467-475.
Woodcock NP, McNaught CE, Morgan DR, Gregg KL,
MacFie J. An investigation into the effect of a probiotic on
gut immune function in surgical patients. Clin Nutr 2004;
23:1069-1073.
Bengmark S. Synbiotics to strengthen gut barrier function
and reduce morbidity in critically ill patients. Clin Nutr
2004; 23:441-445.
Ljungh Å, Lan JG, Yamagisawa N. Isolation, selection and
characteristics of Lactobacillus paracasei ssp paracasei
isolate F19. Microb Ecol Health Dis 2002; 3:4-6.
Kruszewska K,Lan J,Lorca G, Yanagisawa N, Marklinder I,
Ljungh Å. Selection of lactic acid bacteria as probiotic
strains by in vitro tests. Microecology and Therapy 2002;
29:37-51.
Oláh A, Belágyi T, Pótó L, Romics Jr L, Bengmark S.
Synbiotic control of inflammation and infection in severe
acute pancreatitis, a randomized double blind study.
Hepatogastroenterology; in press.

September 2007

99. Kotzampassi K, Giamerellos-Bourboulis EJ, Voudouris A,
Kazamias P. Eleftheriadis E. Benefits of Synbiotic 2000 Forte
in critically ill trauma patients - early results of a
randomized controlled trial. World J Surg; in press.
100. Han Chunmao, Martindale R, Huang H, Bengmark S. Preand postoperative enteral supply of a synbiotic composition
reduces the incidence of postoperative septic complications
in abdominal cancer surgery. World J Surg; in press.
101. Qing Liu, Zhong Ping Duan, Da Kang Ha, Bengmark S,
Kurtovic J, Riordan SM. Synbiotic modulation of gut flora:
effect on minimal hepatic encephalopathy in patients with
liver cirrhosis. Hepatology 2004; 39:1441-1449.
102. Kurtovic J, Ruettimann U, Adamson H, Bengmark S,
Williams R, Riordan SM. Improvement in indocyanine
green clearance following synbiotic treatment in cirrhosis.
Abstract. Gut 2003; 52: A3.
103. Rayes N, Seehofer D, Theruvath T, et al. Combined
perioperative enteral supply of bioactive pre- and
probiotics abolishes postoperative bacterial infections in
human liver transplantation - a randomised, double blind
clinical trial. Am J Transplant 2005; 5:125-130.
104. Pathmakanthan S, Walsh M, Bengmark S, et al. Efficacy and
Tolerability treating acute distal ulcerative colitis with
synbiotic enema’s: APilot Trial. Abstract. Gut 2002; 51:A307.
105. Gomersall CD, Joynt GM, Leung P, Tan P, Bengmark S. Does
routine administration of probiotics improve outcome of
critically ill patients? Abstract. ANZCAASM 2006.
106. Knight D, Girling K, Banks A, Snape S, Weston W,
Bengmark S. The effect of enteral synbiotics on the
incidence of ventilator associated pneumonia in mechanically
ventilated critically ill patients, Abstract. ANZCA ASM
2006.
107. Rutgeerts P, D’Haens G, Baert F Van Assche M, Noman I,
Aerden S, et al. Randomized placebo controlled trial of proand prebiotics (Synbiotics cocktail) for maintenance of
infliximab induced remission of luminal Crohn’s disease
(CD). Gastroenterology 2004; 126:467- 1310.
108. Chermesh I, Tamir A, Reshef R, et al. Failure of Synbiotic
2000 to prevent postoperative recurrence of Crohn’s
disease. Digestive Diseases and Sciences; in press.

