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Abstract

Obsevation: Endotoxic shock is a life-threatening condition and its sequelae represent 
an array of clinical symptoms that encompass systemic inflammation, coagulopathy, 
and abnormalities of the renal, hepatic, pulmonary and hematologic systems, followed 
by multi-organ failure. Furthermore, systemic failure leads to an unfavorable environ-
ment in the gut that causes an imbalance in the homeostasis of intestinal microbiota. In 
the present study, the effect of symbiotics as adjuvant therapy in endotoxic shock was 
investigated. Adult male Wistar rats were randomized into three groups: Control group 
received a single intraperitoneal injection of physiological saline solution, and the other 
two groups received either a symbiotic formulation or a placebo daily, for one week, 
followed by the administration of a single lethal dose of lipopolysaccharide (LPS) from 
E. coli (20 mg/Kg, IP). 
Results: The symbiotic formulation used improved the survival rate of LPS-treated 
rats, ameliorated the clinical symptomatology, reduced the production of serum proin-
flammatory cytokines (TNF-α, IL-6, IL-1β), and preserved the mitochondrial mem-
brane fluidity and ATPase activity.
Conclusion: The symbiotic formulation used as a pre-treatment in this experimental 
model, reduced mortality and showed beneficial effects at the systemic and sub-cellular 
levels.
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Introduction

	 Endotoxic shock is the result of severe infection caused by gram-negative bacteria (GNB), is consider a common cause of 
death in intensive care units (ICU)[1], and arises as a host’s response to bacterial infection (Endotoxins such as lipopolysaccharide 
(LPS))[2]. Sepsis and endotoxic shock affects about 700,000 people per year in the US alone, of which about 200,000 die[3]. There-
fore, the use of animal models is relevant in testing new drugs (Or dietary supplements) and techniques that cannot be tested in 
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humans, for future development of novel therapies and/or treat-
ments for endotoxic shock.
	 When it is released in the body, LPS triggers a system-
ic infection that induces an acute state of metabolic-circulatory 
dysfunction leading to serious complications. Lipopolysaccha-
ride is a complex amphipathic macromolecule found in the outer 
membrane of GNB, like Escherichia coli[4], and it triggers the 
first line of defense in the organism. Liver Kupffer cells are ma-
jor sources of production of tumor necrosis factor alpha (TNF-α) 
and other pro-inflammatory mediators (Nitric oxide, superoxide, 
eicosanoids, interleukin-1 (IL-1), and interleukin-6 (IL-6)) that 
are excessively released into circulation; with possible alter-
ations to the liver functions resulting in changes to the integrity 
of liver vasculature[5] or on the regulation of liver cytochrome 
P450 contents and metabolic capacity[6]. Oxidative stress is a re-
sponse to a microbial invasion. Molecules released during this 
process, such as reactive oxygen species (ROS) and nitric oxide 
(NO), play an important role in septic shock injury, mediating 
the inflammatory reaction. Although the link between oxida-
tive stress and the inflammatory pathway has not been fully de-
scribed, the release of cytokines and ROS constitute the markers 
of inflammation in septic shock[7]. Furthermore, this host-bac-
teria interaction may lead to an intestinal gut imbalance of the 
microbiota in favor of pathogens that results in a deregulated 
mucosal immune response and an inflammatory state in the host; 
as well as neutrophil recruitment and barrier dysfunction, induc-
ing multiple organ dysfunction that underlies the pathogenesis 
of endotoxic shock[8-11]. It is well known that intestinal micro-
biota exert a positive influence on systemic homeostasis in the 
host, so a hostile environment in the gut can lead to further com-
plications like an increase in the proinflammatory response and 
barrier dysfunction, leading to multiple organ dysfunction[5,10]. 
	 The classical concept of nutrition, understood as the ad-
ministration of calories, proteins and trace elements to maintain 
the function of the body, has become history[12]. Food is made up 
of nutrients not only understood as assailable substances that al-
low the body to get energy, build and repair tissues and regulate 
metabolic processes, but also understood as those substances 
that are able to affect physiological functions of the individual 
like the immune system, and play a pivotal role in the field of 
disease prevention[13,14]. Because of the advancement of science 
and the development of knowledge on the biochemistry found in 
foods, other ingredients can be associated to bring about proper 
functioning of the body. Research and the discovery of the dif-
ferent components of food and its specific function have opened-
up the possibility of a new concept of nutrition.
	 The use of probiotics and prebiotics in the treatment of 
bacterial infection has been called a promising intervention[9,11] 
with favorable impact on mucosal immunity; so, nutritional sup-
plementation with symbiotics may prevent damage and confer 
beneficial effects in the host through maintaining barrier func-
tion and immune defense by preventing the colonization of 
pathogens. The term symbiotic refers to the mixture that com-
bines live beneficial microorganisms (probiotics) that restore the 
intestinal microbiota, and selective components that stimulate 
bacteria growth like oligosaccharide (prebiotics), modulating 
the immune response against infectious agents[10,15-17]. Moreover, 
symbiotics are capable of altering the composition of the colonic 
microbiota, reducing inflammatory processes in the gut mucosa. 
It has also been demonstrated that in patients undergoing surgery 

symbiotics are capable of prevent bacterial infections[18,19].
	 Although the use of symbiotics exerts beneficial prop-
erties and they are used in various clinical conditions, the mech-
anisms by which they act are still not entirely understood. And 
while the results are promising we must take into account that 
not all strains are equally beneficial, and mechanisms of action 
may differ in probiotics species. For this reason, the use and test-
ing of different strains as potential for the treatment of different 
conditions is necessary. 
	 Multi-organ failure/dysfunction syndrome correlates 
with poor outcome in endotoxic shock. Hence, in the present 
study we examined the protective effect of the administration of 
symbiotics on survival, serum pro-inflammatory cytokine levels, 
and biochemical parameters (Mitochondrial membrane fluidity 
and ATPase activity of liver, kidney and lung) in an experimental 
model of endotoxic shock induced by lipopolysaccharide from 
E. coli.

Materials and Methods

	 The symbiotic used was a commercial formulation 
containing: 1x1011 colony-forming unit (CFU) of Lactobacillus 
rhamnosus (NH001) strain, 1x1011 CFU of Bifidus bacterium 
(Bi-07) strain (As a probiotic), and 3 g of omega-3 fatty acids, 
fructooligosaccharides, and vitamin supplements (Vitamin E, 
folic acid, vitamin B12, ascorbic acid and pyridoxine hydro-
chloride) (As a prebiotic) (Table 1). The symbiotics and placebo 
were donated by KURAGO-BIOTEK® Corporation (Zapopan, 
Jalisco. Mexico). The LPS from E. coli, serotype 0111:B4 was 
purchased from Sigma Chemical Co. (St. Louis, MO. USA). 

Animals
	 Adult male Wistar rats (n = 50) with a weight range 
of 200 - 250 g, were kept in standard laboratory conditions, 
in a 12h/12h light-dark cycle, at 22 ± 2°C; fed a standard diet 
(Chow Purina), and water ad libitum. They were obtained from 
the Occidental Biomedical Centre- Mexican Social Security In-
stitute (Centro de Investigación Biomédica de Occidente – Inti-
tuto Mexicano del Seguro Social (CIBO-IMSS)) in Guadalajara, 
Jalisco, Mexico. All animals received humane care in accor-
dance with international guidelines on the ethical use of animals 
and the Official Mexican Guidelines known as the Norma Ofi-
cial Mexicana NOM-062-ZOO-1999. Animals were randomly 
assigned to three experimental groups as follows:
	 Group 1 (Control, n = 10): treated with a single dose 
(10 µL) of physiologic isotonic saline solution administered by 
intraperitoneal (IP) injection.
	 Group 2 (Symbiotics plus LPS, n = 20): were admin-
istered a symbiotic formulation daily for one week (Volume ad-
ministered: 1 mL) and subsequently received a single LD100 
dose (20 mg/Kg of body weight, IP)[20] of LPS from E. coli, 
strain 0111: B4. The symbiotic suspension was administered 
through an intragastric cannula.
	 Group 3 (Placebo plus LPS, n = 20): were administered 
a placebo (1 mL of 10% sucrose) daily for one week, and sub-
sequently received a single LD100 dose of (20 mg/Kg of body 
weight, IP) of LPS. The placebo solution was administered 
through an intragastric cannula.
Experimental groups 2 and 3 were divided into experimental 
sub-groups for:
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    1) The determination of clinical symptomatology and survival 
rate, (n = 10).
  2) The determination of biochemical parameters (Quantifica-
tion of pro-inflammatory cytokines, mitochondrial membrane 
fluidity, and ATPase activity), (n = 10). 

Determination of survival
	 Animals were kept under observation to assess for 
clinical symptomatology (n = 10 per group). Clinical symptom-
atology (Hirsutism, adynamia, palpebral edema, and acute di-
arrhea) was evaluated every 15 minutes for 75 minutes. Then a 
Kaplan-Meier cumulative survival plot was constructed (Using 
SPSS version 19 for Windows).
Biochemical assays
	 After treatment rats were sacrificed by cervical disloca-
tion. Blood was collected immediately and was centrifuged for 
10 minutes at 3000 rpm to collect the serum. Dissection of the 
tissues was performed immediately (Liver, kidney and lung) to 
isolate the mitochondria.
Quantification of cytokines 
	 The TNF-α, IL-1β and IL-6 levels in serum were quan-
tified using commercially available ELISA kits specific for rat 
TNF-α (Genzyme, Cambridge, MA, USA), IL-1β and IL-6 
(Both from Endogen, Woburn, MA, USA). The sensitivity of the 
assays for TNF-α, IL-1β and IL-6 was 5 pg/mL, 12 pg/mL and 
15 pg/mL, respectively. Absorbance was measured at 405 - 414 
nm a maximum of 15 min after the addition of the substrate, 
using a UV-Vis spectrophotometer (BIO-RAD 550).

Isolation of the mitochondria
	 Tissues were washed in saline solution (0.9% NaCl) 
to remove excess blood, and the mitochondria were isolated by 
differential gradient centrifugation. Briefly, the tissue was ho-
mogenized with a Teflon® pestle PYREX® Potter-Elvehjem tis-
sue grinder in 20 mL of cold SHE buffer (250 mM sucrose, 25 
mM Hepes (pH 7.5) and 1mM EGTA) maintained in ice. Once 
obtained, the homogenate was centrifuged at 600 xg for 10 min 
at 4°C. The pellet was discarded, and the supernatant was cen-
trifuged at 10000 xg for 10 min at 4°C. The foamy layer at the 
top of the supernatant was removed and the mitochondrial pellet 
was washed with SHE buffer (Containing 0.1% fatty acid free 
serum albumin). Then, the pellet was re-suspended in 2 mL of 
SHE buffer[21]. 
	 Quantification of the mitochondrial protein was deter-
mined by a quantitative colorimetric process for proteins through 
the Folin reaction based on the Lowry method, in the presence 
of 0.066% sodium deoxycholate using bovine serum albumin as 
a standard: first the proteins are pre-treated with copper ion in 
alkali solution, and then, in the presence of the Folin-phenol re-
agent, a reduction reaction occurs turning the end-product of this 
reaction into a blue color. The amount of proteins in the sample 
can be read at an absorbance of 750 nm[22].

Membrane fluidity
	 Mitochondrial membrane fluidity was estimated from 
the excimer to monomer fluorescence intensity ratio (Ie/Im) of 
the fluorescent probe 1,3 dipyrenylpropane (DPyP) incorporated 
in submitochondrial particles. Briefly, 0.25 mg of mitochondrial 
protein and 0.1 nmol DPyP were mixed with 10 mM Tris-HCl 
buffer (pH 7.8). The mixtures were incubated in darkness at 4°C 
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for 5 h, in order to achieve maximum incorporation of the DPyP 
to the membranes. The fluorophore was excited at 329 nm and 
the monomer and excimer fluorescence intensities were read at 
379 and 480 nm, respectively. From these readings the excimer 
to monomer fluorescence intensity ratio (Ie/Im) was calculated. 
Membrane fluidity was expressed as a fluorescence intensity ra-
tio of excimer and monomer DPyP (Ie/Im ratio), and a high Ie/
Im ratio indicates higher membrane fluidity. Fluorescence was 
measured at 24°C on a Perkin Elmer fluorescence spectrometer 
LS50B, and for sample analysis the FL WinLab 3.0 software 
was used, as recommended by the manufacturer. Fluorescence 
corrections obtained from readings of membranes without DPyP 
were applied to all fluorescence values[23].

Mitochondrial ATPase activity
	 ATPase activity was determined by quantification of 
the inorganic phosphate (PO4) released, using the colorimetric 
method described by Sumner[24]. The standard reaction medium 
(1 mL) contained: 125 mM KCl, 40 mM Hepes/KOH (pH 8.0), 
0.1 mM EGTA, 3 mM ATP, and 5 mM MgCl2. The reaction was 
initiated by the addition of a mitochondrial fraction (1 mg of 
protein) and quenched by the addition of 100 μL of cold trichlo-
roacetic acid 30% (w/v). Afterwards, the sample was centrifuged 
for 10 min at 3,500 rpm; and 800 μL of the supernatant was 
separated, and 1 mL of 3.3% ammonium molybdate was add-
ed, followed by 100 μL of 10% ferrous sulphate. The reading 
of the absorbance of the samples was recorded at 660 nm us-
ing a Benchmark Plus Microplate Spectrophotometer System, 
110/230 V by Bio-Rad. 

Statistical analysis
	 The assessments of clinical symptomatology and dif-
ferences in survival rate between groups were evaluated using 
an individualized tracking program in response to endotoxic 
shock, and somatic parameters and behavioral responses were 
analyzed. Survival curves (Kaplan-Meier) were made and eval-
uated in accordance with the software SPSS ver. 19 for Win-
dows. Proinflammatory cytokine levels in serum were analyzed 
using a non-parametric test (Kruskal-Wallis), followed by the 
Mann-Whitney U test. Mitochondrial membrane fluidity and 
ATPase activity were evaluated using parametric tests: the one-
way analysis of variance (ANOVA), followed by multiple com-
parison between groups (Newman-Keul´s student T). The level 
of significance was p < 0.05. Values are expressed as means ± 
SEM. 

Results

Effects of symbiotic supplementation on pathophysiological 
responses 
	 In the first part of the experimental study we assessed 
the animals with an individualized tracking program in response 
to endotoxic shock. Figure 1 shows pathophysiological response 
in the rats under the treatment of Placebo plus LPS (P + LPS). 
Hirsutism was evident in this group of rats at shorter times (45 
minutes) after the induction of shock. Acute diarrhea and ady-
namia were presented in 100% of rats at minute 75. Further-
more, palpebral edema was registered at 45 minutes and at 75 
minutes after the induction of shock in 90 % of the animals. In 
contrast, rats under the treatment of Symbiotic plus LPS (S + 
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LPS) showed a significant decrease in symptoms compared to 
placebo treated rats, and the clinical findings were seen at later 
times (Figure 1). Namely, hirsutism was registered in four rats 
at 60 minutes, and in eight rats at 75 minutes; while, palpebral 
edema and acute diarrhea presented at 45 minutes (n = 1) and 60 
minutes (n = 2), respectively, and 60% of the animals presented 
with these conditions at 75 minutes. Adynamia was present in 
this group of rats 45 minutes after the induction of shock (n = 7).

Figure 1: Clinical symptomatology of the rats subjected to the indi-
cated treatments. Clinical symptomatology was registered at 75 min-
utes after the induction of endotoxic shock for the group of animals un-
der the specified treatments, expressed in percentage (n = 10 per group).

Effects of symbiotic supplementation on mortality
	 Figure 2 shows mortality among the Placebo plus LPS 
group and the Symbiotic plus LPS group. In the P + LPS group 
the first rat death occurred at 9 hours and the last at 20 hours 
after the induction of endotoxic shock, resulting in 100% mor-
tality. Death of rats in the S + LPS group was registered at later 
times with the first death occurring 18 hours after the induction 
of endotoxic shock, and mortality present in 90% at 23 hours. 
However, one animal survived the endotoxic shock beyond the 
time equivalent to 30 hours (Period of time the trial lasted); 
therefore, survival rate for this group was 10% (Figure 2).

Figure 2: Kaplan-Meier survival plot for male Wistar rats subject-
ed to the indicated treatments. Cumulative survival curves versus 
time (hours) are shown. This study was conducted over a period of 30 
hours.
	 Evaluating Relative Risk (RR) and statistical analysis 
for the aforementioned treatments, the P + LPS group had a val-
ue of 0.874. In contrast, RR in the S + LPS group was 0.143. 
The difference in these values was statistically significant (p 

= 0.001). This suggests that pre-treatment with symbiotics de-
creases the risk of mortality, while in the group receiving only 
placebo the risk of mortality presented in about 87% of the indi-
viduals.
Effects of symbiotic supplementation on quantification of serum 
proinflammatory cytokines
	 Figure 3 shows serum levels of proinflammatory cyto-
kines and courses of time between the Placebo and Symbiotics 
groups in response to a lethal dose of LPS. Baseline levels of 
proinflammatory cytokines (TNF-α IL-1β and IL-6) were detect-
ed in the serum of rats treated with physiologic isotonic saline 
solution and these levels did not change during the course of ex-
periment. Concentration of TNF-α was significantly increased in 
the P + LPS group compared to Control group, reaching a peak 
4 hours after the treatment (p < 0.001) Pre-treatment with sym-
biotics prevented excessive expression of TNF-α in response to 
LPS (p < 0.05) (Figure 3A).

Figure 3: Time course levels of TNF-α (A) IL-1β (B) and IL-6 (C) in 
rat serum. Each point represents the Mean ± SEM. P value ≤ 0.001 for 
Placebo plus LPS vs. Control group.
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	 Placebo plus LPS treatment caused a marked rise in the 
level of IL-1β compared to Control group (Figure 3B). Concen-
tration of this cytokine for the P + LPS experimental group in-
creased over time and reached a maximum peak at hour 6, which 
was significantly different compared to Control group. In con-
trast, pre-treatment with symbiotics significantly diminished the 
serum IL-1β values elicited by LPS administration (p < 0.05).
	 As shown in Figure 3C, release of IL-6 increased sig-
nificantly in response to the LPS challenge reaching a peak at 6 
hours. Symbiotics plus LPS treatment elicited a significant de-
crease in the serum IL-6 concentration (p < 0.05).

Effects of symbiotic supplementation of on membrane flu-
idity
	 Figure 4A shows that Placebo plus LPS treatment 
caused a significant decrease of the excimer/monomer ratio of 
1,3 dipyrenylpropane (DPyP) in liver samples compared to Con-
trol group and the Symbiotic plus LPS group, indicating a de-
crease of mitochondrial membrane fluidity in the P + LPS group 
(p < 0.05). In contrast, membrane fluidity values were similar 
between Symbiotic plus LPS group and the Control group. 
There were no significant differences in the membrane fluidity 
of kidney mitochondria between the experimental and control 
groups (Figure 4B). Mitochondrial membrane fluidity in lungs 
from the LPS treated groups was lower than Control group (p < 
0.001) (Figure 4C). 
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Figure 4: Membrane Fluidity in mitochondria from rat liver (A), 
kidney (B) and lung (C). Fluorescence ratio of DPyP in mitochondria 
from rat liver subjected to the indicated treatments. The bar represents 
the Mean ± SEM. P value = 0.026 for Placebo plus LPS vs. Control and 
Symbiotics plus LPS groups.

Effects of symbiotic supplementation of on enzymatic activi-
ty of mitochondrial ATPase 
	 Figures 5A and 5B show that Placebo plus LPS treat-
ment induced significantly higher mitochondrial ATPase activity 
in liver and kidney samples compared to Control group (p < 0.05 
and p < 0.001, respectively). Symbiotic pre-treatment in rats re-
duced the ATPase activity to values similar to Control group. 
No statistical differences were detected in mitochondrial ATPase 
activity in lung samples in the control and experimental groups 
treated with LPS (Figure 5C).

Figure 5: Enzymatic Activity of mitochondrial ATPase from rat liv-
er (A), kidney (B) and lung (C). ATPase activity in mitochondria from 
rat liver subjected to the indicated treatments. The bar represents the 
Mean ± SEM. P value < 0.001 for Placebo plus LPS vs. Control and 
Symbiotics plus LPS groups.

Discussion 

	 Numerous studies have shown that consumption of 
symbiotics seems like a promising tool for modulating the im-
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mune system[25]. Health effects have been documented in epi-
demiological and interventional studies, especially beneficial 
effects on the gut microbiota, with important clinical implica-
tions in the prevention and/or treatment of infectious and in-
flammatory diseases[26]. Mechanisms include modulation of the 
functional properties of the microbiota, epithelial, dendritic, and 
immune cells. But how symbiotics affect the composition of 
the gut microbiota and its immunological-biochemical relation-
ships, or how they beneficially stimulate other bacteria besides 
lactic acid, have not yet been studied in depth[27,28], providing 
opportunity for an important line of research into new strains 
of pro-biotic and pre-biotic combinations. The beneficial effect 
of bifidobacteria and lactobacilli is exercised through various 
mechanisms. These probiotics produce substances that act di-
rectly against other harmful bacteria by competing to conquer 
the intestinal walls to implant there and multiply (Adhesion and 
colonization)[29]. Recent studies suggest that probiotics may in-
hibit activation of nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kB) in lymphocytes isolated from the lam-
ina propria in samples of intestinal biopsy, and down regulate 
the secretion of inflammatory cytokines[30-33]. 
	 This study shows that intraperitoneal administration of 
a single lethal dose of LPS from E. coli. causes, in the acute 
phase, the following: hirsutism, acute diarrhea, adynamia, and 
palpebral edema. It was found that these clinical symptoms were 
considerably reduced in the Symbiotic plus LPS group; that is, 
reducing symptomatology up to 32.5% compared to the Placebo 
plus LPS group. As well, it improved life condition by dimin-
ishing hirsutism in 20%, with this condition presenting at later 
times; and adynamia and palpebral edema were also reduced in 
30% and 40%, respectively. Comparing these results to a Ka-
plan-Meier survival chart, treatment with symbiotics resulted in 
longer lifespan, significantly increasing the survival rate up to 
30% at 22 hours after the induction of endotoxic shock, and con-
sidering that one animal survived endotoxic shock. 
	 We observed the effect of symbiotics at a systemic and 
sub-cellular level by measuring proinflammatory cytokine pro-
duction, mitochondrial ATPase activity, and membrane fluidity. 
TNF-α levels in the group under the treatment of symbiotics de-
creased up to 42.2% compared to the Placebo plus LPS group. 
IL-1β concentrations were diminished 29.2% in the group treated 
with symbiotics versus Placebo plus LPS group. Levels of IL-6 
in the group treated with symbiotics were also reduced 20.4% 
compared to Placebo plus LPS group. During endotoxic shock 
oxidative stress generates damage at the cellular level and the 
activation of macrophages releases proinflammatory cytokines 
at the systemic and local levels. Production of these cytokines 
(TNF-α, IL-1β, IL-6) generates impairment in the epithelial bar-
rier, which can permit bacterial translocation[34]; however, it has 
been described that Lactobacillus rhamnosus exerts a protective 
effect in the epithelial monolayer, competing for adhesion in the 
presence of Enterohaemorrhagic E. coli (EHEC). This mecha-
nism of action probably reverses epithelial damage induced by 
the overproduction of proinflammatory species by inducing tight 
junction protein redistribution (Claudin-1 and zonula occludens 
(ZO-1)), preventing damage to the function of the epithelial 
barrier[35]. On the other hand, the decrease in proinflammatory 
cytokine production can also be attributed to the Lactobacillus 
inducing the production of IL-12 and IL-10 in macrophages and/ 
or T-cells, which exerts immunomodulatory properties[36].

	 The LPS dose used in this experimental model was 
sufficiently high enough to cause damage at the mitochondrial 
level. To determine the beneficial effect of symbiotics, analysis 
of ATPase activity and mitochondrial membrane fluidity were 
performed. It can be observed that LPS diminished membrane 
fluidity in the mitochondria of liver, kidney, and lung. Interest-
ingly, pre-treatment with symbiotics restored the membrane flu-
idity, particularly in liver mitochondria.
	 Beneficial effects of symbiotics were not observed in 
lung. It can be hypothesized that the detrimental effect of LPS on 
lung tissue was not ameliorated by pre-treatment with symbiot-
ics. On the other hand, this study demonstrates that the symbiot-
ic formulation used exerts beneficial effects in the rats subjected 
to endotoxic shock. These favorable results may be associated 
to the lower levels of pro-inflammatory cytokines, and restored 
mitochondrial membrane fluidity and ATPase activity, in the tis-
sues analyzed. It is well known that sepsis causes a disturbed 
environment, as well as altered microbiota, in the host due to the 
presence of pathogenic species, and therefore leads to a system-
ic failure. Inhibition of the pathogens may be due to the mech-
anism of action of the probiotics, production of antimicrobial 
agents such as lactic acid and short chain fatty acids such as 
butyrate, propionate and acetate, and increased competition be-
tween pathogens and probiotics for adhesion to epithelial cells, 
mainly the gut barrier[37,38]. It’s also well-known that probiotics 
and prebiotics can prevent apoptosis by enhancing tight junction 
proteins expression[39]; and thus, prevent bacterial translocation, 
and possibly maintain homeostasis, resulting in protection from 
damage[10] and potential prevention of the clinical symptomatol-
ogy, as seen in the results. 
	 Symbiotics have the potential to activate immune cells, 
such as B-cells and T-cells, releasing them into the bloodstream 
and modulating the immune system[40].
	 The challenge for experts working in the medical use 
of functional foods such as probiotics, prebiotics, symbiotics, 
and novel foods, consists in the application of new knowledge 
generated by basic scientists in the field of gut microbiota, and 
the development of novel therapies using symbiotics to improve 
treatments of allergy, atopy and inflammatory bowel condition, 
and possibly prevention in chronic or acute diseases. The probi-
otic research where gastroenterology, immunology and microbi-
ology intersect is very dynamic in both basic and clinical fields. 
Pursuit in knowing the complex molecular mechanisms that lead 
to the efficacy of probiotics could also stimulate the develop-
ment of greater success in the formation of probiotics[41-43]. 

Conclusion 

	 Pre-treatment with the symbiotic formulation improved 
survival rate, diminished levels of proinflammatory cytokines, 
and exerted beneficial changes in mitochondrial markers such as 
membrane fluidity and ATPase activity. Therefore, clinical data 
showed a beneficial effect from the symbiotic formulation used.
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