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Multi-strain probiotics combined with fruit-vegetable powders
for regulating intestinal inflammation and intestinal epithelial barrier
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Abstract

The health-promoting effects of probiotics include maintenance of normal intestinal
microbiota, increased nutritional value of foods, and immune system stimulation. Multi-strain
probiotics have recently been proposed as health-enhancing foods and functional food
ingredients. Fruit-vegetable powders (FVP), being a kind of prebiotic, are food supplements
that are non-digestible by the host, but can improve the host's health by selectively stimulating
the growth or activities of gastrointestinal tract bacteria. However, the intestinal efficacy of
multi-strain probiotics combined with FVP remains unclear. Therefore, the purpose of the
present work was to explore the effect of multi-strain probiotics combined with FVP on
intestinal inflammation. Lipopolysaccharide (LPS) was used to treat RAW264.7, which was
then co-cultured with Caco-2 cells to mimic the intestinal inflammatory environment. Caco-
2 cells were incubated with various probiotics and FVP (0.125 and 0.25 mg/mL). The
inflammatory cytokines from the medium were collected for ELISA analysis, and the ZO-1
expression in the Caco-2 cells was examined by fluorescence assay. Probiotics combined with
FVP significantly decreased the inflammatory cytokines, IL-6, and TNF-a, and increased ZO-
1 expression when compared with the LPS only group. Probiotics combined with FVP could
decrease inflammatory cytokines, and protect the intestinal barrier from tight junction

dysregulation.
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Introduction

Probiotics are live microorganisms, most of
which are bacteria, similar to the beneficial bacteria
naturally occurring in the human gut (Wilkins and
Sequoia, 2017). Once probiotics enter the human
body, they produce microbial transformations in the
intestinal flora, thus exerting various health-
promoting properties including maintaining the
intestinal barrier function, regulating the host immune
system, and stimulating intestinal epithelial cell
proliferation (Molska and Regula, 2019). There are
many types of probiotics. Strains belonging to
Lactobacillus and Bifidobacterium are the most
widely used probiotic bacteria (Zhou et al., 2005).

Several studies showed that a combination of
specific bacterial strains could act in optimal synergy
for restoring intestinal balance. Recently, studies
showed that combining two Lactobacillus could
enhance and improve gastrointestinal metabolism
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(Prete et al., 2020). The combination of L. delbrueckii
and B. animalis significantly reduced gastrointestinal
inflammation (Li et al., 2019). L. plantarum with
biologically active compounds could inhibit the
occurrence of colorectal cancer (Sivamaruthi et al.,
2020). In addition, commercial probiotic products
which combined Lactobacillus, Bifidobacterium, and
Enterococcus are widely used to reduce
inflammation, and form a biological protection
barrier (Fan et al., 2006). Therefore, multi-strain
probiotics could improve intestinal inflammation; but
the effects of commercially available probiotic
products are still limited.

Fruit-vegetable powders (FVP) are prebiotics
which may be used as an alternative to probiotics, or
supplementary support for probiotics (Markowiak
and Slizewska, 2017; Shende and Datta, 2019).
Prebiotics can stimulate the growth of intestinal
bacteria, and modify the intestinal flora (Huang et al.,
2019). One study indicated that using Lactobacillus
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combined with FVP increased the vitamins and
carotenoids levels, and exerted no side effects on
metabolic organs such as the liver or kidney (Zhai et
al., 2013). Most probiotics products combined with
prebiotics are presented in the form of dietary
supplements or nutrition and health products
(Davani-Davari et al., 2019), which often lead to
flatulence and digestive tract discomfort. Therefore,
we explored whether multi-strain  probiotics
combined with FVP could improve intestinal
inflammation.

The present work used monocytes,
RAW264.7, co-cultured with intestinal epithelial cell
lines, Caco-2, to mimic the intestinal inflammatory
environment. This was followed by multi-strain
probiotics (L. acidophilus, L. casei, L. lactis, B.
longum, B. bifidum, and B. infantis) combined with
FVP to treat Caco-2 cells, and the intestinal
inflammation and the epithelial barrier were then
examined.

Materials and methods

Cell culture and reagents

Caco-2 intestinal  epithelial cells and
RAW?264.7 monocytes were purchased from the
American Type Culture Collection (ATCC). Both
cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10%
heat-inactivated FBS (FBS; Gibco BRL, Grand
Island, NY, USA), 100 U/mL penicillin (Thermo,
Wilmington, DE, USA), and 100 U/mL streptomycin
(Thermo, Wilmington, DE, USA) under 5% CO, at
37°C. LPS (Cell Signalling, Danvers, MA, US) and
probiotics combined with FVP (3:1) (Lactobacillus
Enzyme Plus Powder, Hangzhou Yosto Cosmetics
Co., Ltd, Hangzhou, China; TCI CO., Ltd., Taipei,
Taiwan) were obtained for cell proliferation and in
vitro studies.

Co-culture of RAW264.7 and Caco-2 cells

Caco-2 cells were seeded onto transwell insert
plates (0.4 um pore size; Corning Costar Corp., NY,
USA) at 5 x 10° cells per well. The cell culture
medium was changed every two to three days.
RAW264.7 cells were seeded on the basolateral side
of the transwell at 2 x 10° cells per well, and
incubated for 24 h to facilitate complete adherence to
the well. After 24 h, all media were replaced with
serum-free DMEM. The “mock group” was the
macrophages co-cultured with Caco-2 to analyse the

inflammatory cytokine on Caco-2 cells. The “LPS
group” was LPS stimulated macrophages first, and
then co-cultured with Caco-2 cells to analyse the
inflammatory cytokine on Caco-2 cells. The
“probiotics combined with FVP group” was LPS
stimulated macrophages first, and then co-cultured
with Caco-2 cells, and then FVVP-treated Caco-2 cells
were used to analyse the inflammatory cytokine on
Caco-2 cells.

Enzyme-linked immunosorbent assay (ELISA) assay

Following treatment for 24 h, the supernatants
were collected, and the levels of human IL-6 and
TNF-o were determined using an USCN ELISA kit
(USCN, Wuhan, China) following the manufacturer's
instructions. Each experiment was performed in
triplicate, and repeated twice to assess the consistency
of the results.

Fluorescence assay

Caco-2 cells were plated at a density of 5 x
10* cells/cm?, and then fixed in 4% formaldehyde at
room temperature for 30 min. Then, filters were
permeabilised in a solution of 0.25% (w/v) Triton X-
100 (Sigma-Aldrich) in PBS for 10 min, and then
blocked with 5% bovine serum albumin for 1 h. After
blocking, the cells were incubated with primary anti-
Z01 antibodies (ab96587) for 1 h, and then labelled
with fluorescence-labelled antibodies (Thermo Fisher
Scientific). The signal intensities of the acquired
images were analysed using LSM software ZEN
2009.

Statistical analysis

All data were presented as means * standard
deviation (SD). Student t-test was used to compare
the experimental results, with p < 0.05 considered as
significant difference.
Results
Multi-strain  probiotics combined with FVP
decreased TNF-a cytokine

To examine whether probiotics combined with
FVP could affect TNF-a cytokine expression in the
intestinal environment, we used LPS (1 pg/mL) to
treat RAW264.7 cells, and then co-cultured with
Caco-2 cells to mimic the intestinal inflammatory
environment. Caco-2 cells were incubated with

various concentrations of probiotics combined with
FVP (0.125 and 0.25 mg/mL) for 6 h, and then the
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medium was collected for ELISA analysis. The
ELISA assay showed that LPS could induce
inflammatory cytokine such as tumour necrosis
factor-alpha (TNF-a) (Figure 1). It was found that
probiotics combined with FVP  treatment
significantly decreased TNF-a cytokine expression in
a dose-dependent manner in the intestinal
environment when compared with LPS only group

(Figure 1).
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Figure 1. Multi-strain probiotics combined with FVP
decreased TNF-a cytokine. LPS (10 pg/mL) was used
to treat RAW264.7, and then co-cultured with Caco-
2 cells to mimic the intestinal inflammatory
environment. Caco-2 cells were incubated with
probiotics and FVP (0.125 and 0.25 mg/mL) for 6 h.
Incubations were terminated by media collection, and
ELISA analysis was then performed. Values are
means with error bars indicating S.D. of three
experiments (n = 3). *significant difference at p <
0.05.
Multi-strain ~ probiotics combined with FVP
decreased IL-6 cytokine

Next, we examined whether probiotics
combined with FVP could affect IL-6 cytokine
expression. We used LPS to treat RAW264.7 cells,
and then co-cultured with Caco-2 cells. Next, the
Caco-2 cells were incubated with probiotics
combined with FVVP, and the medium was collected
for ELISA analysis. The ELISA assay showed that
LPS could induce inflammatory cytokine such as
interleukin-6 (IL-6) (Figure 2). It was found that
probiotics combined with FVP significantly
decreased IL-6 cytokine expression in a dose-
dependent manner when compared with the LPS only
group (Figure 2).
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Figure 2. Multi-strain probiotics combined with FVP
decreased IL-6 cytokine. LPS (10 pg/mL) was used
to treat RAW?264.7, and then co-cultured with Caco-
2 cells to mimic the intestinal inflammatory
environment. Caco-2 cells were incubated with
probiotics and FVP (0.125 and 0.25 mg/mL) for 6 h.
Incubations were terminated by media collection, and
ELISA analysis was then performed. Values are
means with error bars indicating S.D. of three
experiments (n = 3). *significant difference at p <
0.05.

Multi-strain probiotics combined with FVP protected
the intestinal barrier

The above results showed probiotics combined
with FVP reduced intestinal inflammation. Intestinal
barrier homeostasis is disrupted through tight
junction protein dysregulation including microbial
degradation, and exposure to proinflammatory
cytokines. In addition, zonula occludens (ZO-1) are
multi-domain scaffolding proteins required for the
formation of the tight junction. ZO-1 is likely to play
an important role in tight junction assembly. Further,
we explored whether probiotics combined with FVP
could protect the intestinal barrier. We used LPS to
treat RAW264.7 cells, and then co-cultured with
Caco-2 cells. After that, Caco-2 cells were incubated
with various concentrations of probiotics combined
with FVP, and then examined for fluorescence assay.
Hoechst 33342 nucleic acid stain was used as a
nuclear counterstain (blue colour), and ZO-1 was
conjugated with red fluorescent protein (red colour).
The fluorescence assay showed that ZO-1 expression
decreased with LPS treatment alone (Figure 3).
Moreover, we also found that ZO-1 expression
increased when combining probiotics with FVP
treatment (0.125 mg/mL) (Figure 3), thus suggesting
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that probiotics combined with FVVP could protect the
intestinal barrier from tight junction dysregulation.

Discussion

The gastrointestinal tract is the most important
digestive and immune organs of the human body
(Pierre et al., 2016). There are more than 1,000
microbial groups in the gut, and these participate in
the host's nutritional metabolism, excretion,
transformation, and form a close symbiotic

Mock

relationship between intestinal flora of the host
(Pierre et al., 2016). Normal intestinal flora can
maintain the integrity of the intestinal mucosal barrier
while increasing host immunity (Chelakkot et al.,
2018). A study has shown that abnormal intestinal
flora were associated with metabolic diseases (Eid et
al.,, 2017). Until now, the most common way to
regulate intestinal flora was to use probiotics
combined with prebiotics (Wosinska et al., 2019).

LPS + probiotics + FVP

0.125 mg/ml 0.25 mg/ml

Figure 3. Multi-strain probiotics combined with FVP increased ZO-1 cytokine. LPS (10 pg/mL)
was used to treat RAW?264.7, and then co-cultured with Caco-2 cells to mimic the intestinal
inflammatory environment. Caco-2 cells were incubated with probiotics and FVP (0.125 and 0.25
mg/mL) for 6 h. Caco-2 cells were then examined for fluorescence assay. Hoechst 33342 nucleic
acid stain was used as nuclear counterstain (blue colour), and ZO-1 was conjugated with red

fluorescent protein (red colour).

The present work used six strains of probiotics
combined with FVP, namely L. acidophilus, L. casei,
L. lactis, B. longum, B. bifidum, and B. infantis. L.
acidophilus and L. casei could inhibit the severity of
enteric infections, and modulate the immune system
(Yan and Polk, 2011). L. lactis could reduce the pro-
inflammatory cytokines of the intestinal epithelium,
and inflammatory bowel disease (Yan and Polk,
2011). B. longum and B. bifidum could affect the
Th1/Th2 balance by regulating inflammatory
cytokines, possess anti-inflammatory properties, and
increase immunity (Lopez et al., 2011). B. infantis
could regulate the immune system of the intestinal
mucosa of the host, thereby reducing intestinal
irritability (Aragon et al., 2010). FVP are rich in
vitamins, carotenoids, ascorbic acid, minerals, and
dietary fibre. For example, dried blueberry is a rich
source of total phenolics, fats, and dietary fibres
(Skrovankova et al., 2015), and dried carrot and
pumpkin have high p-carotene and crude fibre levels
(Nyam et al., 2013; Nishijima et al., 2017). FVP
contain different antioxidants, often as functional

foods that could reduce the risk of various diseases
such as cancers, diabetes, atherosclerosis, and ulcers
(Lobo et al., 2010). Carrot powder could reduce lipid
oxidation, and increase the defence capacity of
antioxidants (Bub et al., 2000). Tomato powder could
reduce lipid oxidation, and increase the anti-
inflammatory adiponectin (Li et al., 2018). Cranberry
powder could decrease I1L-6 and oxidative stress (Kim
et al., 2011). Therefore, probiotics combined with
prebiotics have anti-inflammatory effects.

In addition to separate probiotic and prebiotic
administrations, another viable option is to administer
prebiotic and probiotic administration
simultaneously, referred to as synbiotics (Pandey et
al., 2015). The function of synbiotics can be
complementary or synergistic (Pandey et al., 2015).
The combined use of FVP and L. casei could enhance
intestinal  integrity, and  reduce intestinal
inflammation  (Bai and  Ouyang, 2006).
Supplementation with prebiotics and probiotics could
adjust the imbalanced gut microbiota to restore a
healthy gut, thus significantly decreasing IL-6 and
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TNF-a in diabetic patients (He and Shi, 2017).
Studies have indicated that synbiotic combination of
L. paracasei and maltodextrin could decrease E. coli
colonisation (Markowiak and Slizewska, 2018).
Studies have also shown that symbiotic treatment
with B. breve, L. casei, and FVP could improve short
bowel syndrome, and increase inflammatory response
(Chapman et al., 2007). Our findings indicated that
the six strains of probiotics combined with FVP could
decrease inflammatory cytokines in an LPS-induced
intestinal  inflammatory ~ environment.  Thus,
prebiotics combined with probiotics could improve
intestinal inflammation.

In healthy individuals, epithelial paracellular
permeability is controlled and regulated by the apical
junctional complex, which consists of the tight
junction and subjacent adherens junction (Lechuga
and Ivanov, 2017). The tight junction complex is
made up of several proteins such as occludin, claudin,
and ZO-1. One study showed that ZO-1 was
decreased in inflammatory bowel diseases (IBD)
(Landy et al., 2016). Prebiotics combined with
probiotics could protect the epithelial barrier in acute
colitis by increasing tight junction protein expression
(Mennigen et al., 2009). Our findings also indicated
that multi-strain probiotics combined with FVP
increased ZO-1 expression. The present work thus
demonstrated the beneficial effects of this synbiotic
formulation, with it having therapeutic and possibly
preventive efficacy in human inflammatory diseases.
A hallmark of human inflammatory intestinal disease
is chronic recurring mucosal inflammation by
infiltrating lymphocytes, leukocytes, and monocytes
(Koch et al., 2010). The present work showed that
multi-strain probiotics combined with FVP could
regulate inflammatory cytokines. However, it was
unclear if it directly affected the Caco-2 cells and then
affected the inflammatory response on RAW264.7.
Therefore, further research is warranted.

Conclusion

Multi-strain probiotics combined with FVP
could decrease inflammatory cytokines, and protect
the intestinal barrier from tight junction
dysregulation. The present work thus provided a basis
for the use of these supplements (multi-strain
probiotics combined with FVP) in altering the gut
microbiota and metabolism, which may support
improved gut barrier function and inflammatory
cytokines.
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