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Abstract

Beneficial effects of prebiotics like inulin and fructo-oligosaccharides (FOS) have been proven in health and nutrition. Yacon (Smallanthus
sonchifolius), an Andean crop, contains FOS (50-70% of its dry weight) and, therefore, is considered a prebiotic. Commercial FOS can up-
regulate total secretory IgA (S-IgA) in infant mice, prevent infection with Salmonella in swine or enhance immune response for Salmonella
vaccine in a mouse model. Previously, we found that administration of yacon root flour regulates gut microbiota balance and has immu-
nomodulatory effects without inflammatory responses. The aim of the present paper is to analyse if yacon prevents enteric infection caused
by a strain of Salmonella enteritidis serovar Typhimurium (S. Typhimurium) in a mouse model. BALB/c mice were supplemented with
yacon flour (45d), challenged with S. Typhimurium and killed to study pathogen translocation, total and specific IgA production by
ELISA, presence of IgA and other cytokines and Toll-like receptor 4 (TLR4) and clustor of differentiation 206 (CD206) receptors positive
cells by immunofluorescence and histological changes. Yacon flour administration had a protective effect from 15 to 30 d of treatment. We
found a peak of total S-IgA production without translocation of the pathogen for these periods. At 30d, there was an increase in IL-6 and
macrophage inflammatory proteins-la+ cells and expression of the receptors CD206 and TLR4. Yacon flour did not have incidence in
pathogen-specific S-IgA production. Longer periods (45 d) of administration had no protective eftect. Therefore, yacon can prevent enteric
infection caused by S. Typhimurium when given up to 30d; this effect would be mediated by enhancing non-specific immunity, such as
total S-IgA, that improves the immunological intestinal barrier.
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In recent years, many attempts to improve quality of life have
been focused on changes in feeding habits, because it is well-
known that the diet has influence on health. An example of
these changes is the growing inclusion of beneficial micro-
organisms (probiotics) in the diet or a higher fibre intake. In
this last aspect, the ‘dietary fibre hypothesis’ proposed that a
lack of fibre in the diet has several consequences like consti-
pation and colonic or systemic disorders (diabetes, obesity,
etc.)™™. This concept has been evolved into the concept of
prebiotics: ‘non-digestible food ingredients that beneficially
affect the host by selectively stimulating the growth, and/or

activity of beneficial bacteria in the colon and thus improve
the host defense™?, thereby expanding the range of action
that the intake of these substances might have on human
health. Among the beneficial effects of prebiotics, it was
described that they decrease symptoms of constipation, atte-
nuate diarrhoea symptoms and aid in immune stimulation®®
As a result of the fermentation promoted by the intestinal micro-
biota, SCFA are released into the intestinal lumen, lowering the
pH and restoring bacterial balance by increasing the bifido-
bacterial population™; in this sense, the prebiotics can lower

the risk of colon cancer®”. Other properties attributed to

Abbreviations: B, basal; CFU, colony-forming units; dPC, days post-challenge; FOS, fructo-oligosaccharide; IC, infection control; IFN, interferon; MIP,

macrophage inflammatory protein; NC, normal control; SI, small-intestine; SIF, small-intestinal fluid; S-IgA, secretory IgA; ST, Salmonella Typhimurium;

TG, treated group; TLR4, Toll-like receptor 4.
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prebiotics are reduction of the incidence of osteoporosis by
increasing Ca bioavailability and better mineral absorption®
and also diminishing the level of LDL-cholesterol and lipids
in serum in animals and human subjects .

The most common food ingredients included in this category
are B-1,2-fructans-type oligosaccharides like inulin (fructosyl—
fructose linkages with a terminal glucose and a polymerisation
degree 2—60) and fructo-oligosaccharides (FOS; same type of
linkages with a terminal glucose or fructose and a polymerisation
degree 2-8)"" and, to a lesser extent, xylo-oligosaccharides,
galacto-oligosaccharides, soyabeanoligosaccharides,etc.'? These
non-digestible oligosaccharides naturally occur in plants like
garlic, onions, chicory and others"'*'?; they also are commercially
produced in industry by partial enzymatic hydrolysis or enzy-
matic synthesis using transfructosyl activity of B-fructosidase >,

There are many sources of oligofructans, one of these is the
root from the Andean crop yacon (Smallantbus sonchifolius).
Yacon root is a tuber; in the fresh state, it contains 83—86 % of
water and 10-12% of FOS, which represents 50—70% of its
dry weight(lé)‘ This plant also contains proteins (0-4—2%),
minerals (K, Ca, Fe, P, Zn and Mg), vitamins (B and C) and
it is very rich in secondary metabolites like phenolic com-
pounds and antioxidants"°~'®. However, the most important
point that makes it a plant of interest is the high content
of FOS, because of which it could be considered a prebiotic.

In South America, yacon root is consumed as a fruit and it
grows from Venezuela to the north of Argentina. Originally,
the roots and leaves were used in folkloric medicine by
aboriginal people and recently it was exported to the European
market as a functional food"”. Nowadays, yacon is a plant
with a growing use as a dietary supplement. It has several
proven beneficial properties that coincide with those described
before for commercial prebiotics. In particular, the leaves have
a positive effect in sugar metabolism®”, and the phenolic
compounds extracted from them have antioxidant®" and
also antifungal activity®?. Intake of roots can prevent meta-
bolic disorders, especially those related to the development
of type 2 diabetes, and it can also reduce TAG and cholesterol
levels in serum®®. Yacon roots have laxative properties(24) and
they are used as natural sweeteners; its consumption does
not produce negative effects in human subjects or animals®>.

Studies with commercial FOS have proposed that its admin-
istration may regulate secretion of total secretory IgA (S-IgA)
in infant rats®®,
to prevent Salmonella Typhimurium (ST)
swine”” or to enhance ST vaccine in a mice model®.
Another study showed that administration of inulin may
protect against liver damage when mice are challenged with
pathogens preventing translocation®.

and it could be a more effective treatment
infection in
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In addition to these properties, in our previous work, we
found that yacon root flour, when administered for a long
period of time, increases the number of bifidobacteria and
lactobacilli in the large intestine and has gut-immunomodula-
tory effects in a mouse model. Its administration provoked an
increase of IgA+ cells and other cytokines. It also activated
T cells and induced production of IL-10, interferon (IFN)-y
and IL-4+ cells. Yacon administration showed the capacity
to maintain intestinal homeostasis without inducing inflamma-
tory responses””.

Salmonella Typhi and Paratyphi are human-restricted
pathogens, while ST is restricted to mice. It is well-known that
ST develops infection in BALB/c mice in a comparable way to
that of typhoid fever in human subjects; thus, the mouse
model treated with this bacterial strain has been very useful in
assessing mechanism of infection and possible new treatments
to counteract or prevent the progression of an infection
caused by this pathogen® 1=39)

The aim of the present study was to analyse if the FOS
from yacon root flour can prevent enteric infection caused
by the pathogen Salmonella enterica serovar Typhimurium
(ST) and to elucidate some possible mechanisms involved in
such protection in a mouse model, this being a relevant
approach to design non-invasive treatments in the prevention
of enteric infections in human health.

Materials and methods
Experimental animals

Male BALB/c mice (aged 6 weeks), weighing 25 (sem 1 g,
were obtained from a closed random breeding colony, main-
tained at the Institute of Microbiology Luis C. Verna (Facultad
de Bioquimica, Quimica y Farmacia — Universidad Nacional
de Tucumdn). Mice were kept in separate cages with a con-
trolled atmosphere (18 = 2°C and 12h dark—12h light cycle)
and fed with a solid conventional diet and water ad libitum.
Animals were randomly divided into four groups: normal con-
trol (NC) group (conventional diet + water), basal (B) group
(conventional diet + yacon root flour 4+ water), infection con-
trol (IC) group (conventional diet + water and challenge with
ST) and treated group (TG, conventional diet 4+ yacon root
flour + water + ST) (Fig. 1). In order to obtain reproducible
results, three different trials were performed with a total of
eighty-four animals for each individual trial, which were
divided as follows: six mice for the NC group, six for the B
group, thirty-six mice for the IC group and thirty-six mice
for the TG group. Sample size corresponded to six mice for
each determination.
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Fig. 1. Yacon administration scheme. Yacon was administered for forty-five consecutive days. For in vivo and ex vivo assays, samples were taken at 15, 30 and
45d (basal group). For the infection control group, mice were challenged with Salmonella Typhimurium. The treated group was also challenged at the same
period. Treated and untreated mice were killed at 5 and 7 d post-challenge (dPC). *Kill.
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All animal protocols and trials mentioned in the present paper
complied with the presentlaws of Argentina and were approved
by the Ethical committee from the Instituto de Microbiologia
Luis C. Verna and the board of the Facultad de Bioquimica,
Quimica y Farmacia — Universidad Nacional de Tucuman.

Collection of intestinal fluids

Samples of intestinal fluids were collected at 15, 30 and 45d
of yacon root flour administration for the ex vivo studies and
at 5 and 7d post-challenge (dPC) after ST challenge in 1ml
of 0-01M-PBS. For all procedures, small intestines (SI) were
placed in sterile Petri dishes, 1 ml of PBS was passed through
it and the contents were collected in tubes and centrifuged at
5000 g for 15 min at 4°C, maintaining sterile conditions. Super-
natants were stored at —18°C until further determinations.

Ex vivo assay — determination of antimicrobial substances
in the intestinal lumen

Yacon was given by oral administration to 6-week-old male
BALB/c mice for forty-five consecutive days (340 mg/kg per d
— approximately 8'5mg of yacon root flour resuspended into
200 pl of water per mouse). Mice were then killed at different
time points, i.e. at 15, 30 and 45d of administration. These
periods were previously determined as optimal to stimulate
mucosal immunityGO). The small-intestinal fluids (SIF) were
collected and used to determine the appearance of inhibition
halos when ST is grown in its presence. Each SIF was filtered
and divided in two parts, one part was used in normal conditions
and the other was added along with COs*~/HCOs'~ buffer
(pH 9-5) to neutralise the pH in order to avoid any effect
mediated by the acidic conditions of the SIF. The agar diffusion
method was used in the present study. ST was grown in Mueller
Hinton agar containing the SIF and plated in two different
dilutions (0-1 and 0-2 ml of a suspension of the pathogen, with
a concentration of 1 X 10° colony-forming units (CFU)/ml, in
22ml Mueller Hinton agar at 45—-50°C). Aliquots of 50 ul of
each fluid (neutralised and non-neutralised) were added
into 4 mm diameter wells punched in the solidified medium.
Antimicrobial activity was visualised qualitatively through
the appearance of an inhibition halo on the plates after 24 h
of incubation at 37°C. SIF from normal mice without yacon
root flour administration were used as a negative control.

Yacon root flour administration and challenge with the
pathogen

Mice from B and TG groups, fed with conventional diet,
were supplemented with FOS from the yacon root flour
(340 mg/kg per d) for forty-five consecutive days by oral
administration®”.,

The ST strain was isolated from faeces of children from the
Hospital del Nifo Jesus and provided by the Bacteriology Lab-
oratory of the Microbiology Institute (Facultad de Bioquimica,
Quimica y Farmacia-Universidad Nacional de Tucumdn).
A measure of 200 nl of ST overnight culture was placed in
Sml of fresh BHI broth, incubated for 4h and adjusted to a
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concentration of 1 X 10° CFU/ml. Mice were challenged at 15,
30 and 45d of yacon root flour administration, with 100 pl of
the pathogen suspension (DLs,) by oral administration®.
At 5 and 7dPC, animals were killed. The SI, liver and spleen
tissues were removed and the intestinal fluid was collected.

Colonisation assay

The present study was conducted to determine if yacon root
flour administration prevents ST translocation to the deep tis-
sues. Liver and spleen from TG and IC groups were aseptically
removed, weighed and collected into sterile tubes containing
5ml of peptone water (0-1%). The samples were homogen-
ised using microhomogeniser (MSE) while maintaining sterile
conditions. Serial dilutions were made in peptone water and
the selected dilutions were spread on MacConkey agar.
Plates were incubated aerobically at 37°C for 18h. Results
were expressed as log CFU per g of organ.

Total and specific secretory IgA determination in small-
intestinal fluid

To measure the total S-IgA levels at 15, 30 and 45 d after yacon
root administration and at 5 and 7 dPC, an ELISA test was per-
formed according to the technique described previously(*%)i
Briefly, Costar ninety-six-well microplates (Corning, Inc.)
were coated with goat anti-mouse IgA affinity-purified anti-
body (BETHYL Laboratories, Inc.) diluted in 0-05wm-carbon-
ate—bicarbonate buffer (pH 9-6) and incubated for 1h at
37°C. Then, the plates were washed with 0-05% PBS—Tween
20 and blocked for 1h using 0-5% non-fat dry milk resus-
pended in PBS. Plates were washed with PBS—Tween 20
and incubated for 2h at 37°C with 50l of either diluted
samples or standard kappa IgA (Sigma). Plates were washed
again and coated with horseradish peroxidase-conjugated
anti-IgA-specific antibodies (Sigma) for 1h at 37°C. Finally,
plates were washed and incubated with trimethylbenzidine
reagent containing peroxide (BD Bio-sciences) and the reac-
tion was stopped using 2M-H,SO,4. The optical density was
read at 450 nm using a VERSA Max Microplate reader (Molecu-
lar Devices). Results were expressed as concentration of S-IgA
(pg/ml) in intestinal fluids.

To measure specific anti-ST S-IgA, plates were coated with
50 l of a concentrated heat-inactivated suspension of ST (10*°
CFU/mD and incubated overnight at 4°C. Then, the plates
were blocked and the technique was performed as described
earlier. Results were expressed as optical density at 450 nm.

Histological studies and determination of IgA+ cells —
direct immunofluorescence

The SI were removed, washed with 0-01 M-PBS, cut into small
pieces and used for histological preparations according to the
technique described by Sainte-Marie®®”. Paraffin blocks were
maintained at 4°C until use. Serial paraffin sections (4 pm)
were cut and haematoxylin—eosin staining was performed
for light microscopy examination.
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An immunofluorescence assay was used to determine IgA +
cells in the SI. After deparaffinisation using xylene and rehydra-
tion in a decreasing gradient of ethanol, paraffin sections (4 pm)
were incubated with a dilution of a-chain mono-specific
antibody conjugated with fluorescien isothiocyanate (Sigma)
for 30 min and observed with a fluorescent light microscope.
The number of fluorescent cells was counted in thirty fields
of vision at 1000 X magnification. Results were expressed as
the number of fluorescent cells per ten fields of view.

Cytokines and receptors positive cells expression —
indirect immunofluorescence assay

Tissue sections (4 wm) of SI from each mouse were obtained
as described earlier. Cytokines (IL-6, IFN-y, TNF-a and macro-
phage inflammatory protein (MIP)-1a)- and receptors Toll-like
receptor 4 (TLR4) and clustor of differentiation 206 (CD206)-
expressing cells were detected by indirect immunofluores-
cence assay following the technique described by Galdeano
& Perdigon®. After deparaffinisation and rehydration,
tissue sections were incubated with a blocking solution of
1% bovine serum albumin (BSA) in PBS for 30 min at room
temperature and washed three times in PBS. For the detection
of IL-6-, IFN-y-, TNF-a- and MIP-1la-positive cells, rabbit anti-
mouse polyclonal antibodies (Peprotech, Inc. and ProSci
Incorporated, respectively) were diluted in saponin-PBS and
applied. To detect TLR4- and CD206-expressing cells, rat
anti-mouse monoclonal TLR4 (eBioscience, Inc.) and mouse
anti-human monoclonal antibody (BD Bioscience) were
diluted in PBS and used. All the antibodies were incubated
for 105min at room temperature (25°C). The slides were
washed twice with PBS and incubated for 60 min at room tem-
perature with a dilution of fluorescien isothiocyanate-conju-
gated goat anti-rabbit, goat anti-rat and goat anti-mouse
antibodies, respectively (Jackson Immuno Research Labs,
Inc.). Positive cells were counted in thirty fields of vision
and expressed as the number of fluorescent cells per ten
fields at 1000X magnification.

Statistical analysis

All the results presented in the present article are means of three
independent trials with their standard errors. For the microbio-
logical and immunological studies, statistical analysis was per-
formed using MINITAB 15 software (Minitab, Inc.) by general
linear model ANOVA followed by Tukey’s post hoc test, and
P=0-05 was considered as significant. Student’s ¢ test was used
to assess the statistical significance of the differences between
the treated and the control groups for the histological studies.

Results

Induction of the antimicrobial substances released in the
intestinal lumen — ex vivo assay

The present ex vivo assay was performed to verify whether
the administration of yacon root flour induces the release or
the production of antimicrobial substances (different from
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S-IgA) in the intestinal lumen as a consequence of the yacon
influence on the metabolism of the local microbiota.

When the ex vivo assay was performed, we did not find
inhibition halos in any of the periods of administration studied
(15, 30 and 45d), and in the non-neutralised as well as in the
neutralised SIF, the results were negative; due to this fact these
results are not shown.

Study of Salmonella Typhimurium translocation to liver
and spleen — in vivo assay

To study the effect of yacon root in preventing enteric infec-
tion, we analysed if its administration had the ability to inhibit
or at least reduce pathogen translocation to deep tissues such
as the liver and spleen.

In general, we observed significant differences in the
colonisation extent in some of the time points studied. In
liver, for 15d of yacon root flour administration and 7 dPC,

(A) 8

S.Typhimurium in liver
(log CFU/g organ)

0 L L L
15d- 16d-  30d-
5dPC  7dPC 5dPC

30d-
7dPC

45d-
5dPC

45d-
7dPC

S.Typhimurium in spleen
(log CFU/g organ)

0 L L L L L L
15d- 156d- 30d- 30d- 45d- 45d-
5dPC  7dPC 5dPC 7dPC 5dPC 7dPC

Fig. 2. Translocation of Salmonella Typhimurium to (A) liver and (B) spleen.
Data correspond to treated (-O-, treated group) and non-treated (-@-,
infection control) mice with yacon root flour. Colonisation of S. Typhimurium
in liver and spleen is expressed as log;o number of bacteria/g of each organ.
Values are means (n 6), with their standard errors represented by vertical
bars for 15, 30 and 45d of yacon root administration and for 5 and 7d post-
challenge (dPC), from three different trials. ° Mean values with unlike letters
were significantly different (P<0-05). CFU, colony-forming units.
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Table 1. Levels of total secretory IgA (S-IgA) in small-intestinal fluids
(rng/ml) induced by yacon root flour administration in basal samples
(prior to Salmonella Typhimurium infection)*

(Mean values with their standard errors, n 6 animals from three
independent experiments)

Period... 15d 30d 45d

Group Mean SEM Mean SEM Mean SEM
NC 81.12 1-30 80-12 1-50 81.22 1.20
B 176-0° 8-30 117.0° 7-90 106-0° 8:10

NC, normal control; B, basal.

abC\ean values with unlike letters were significantly different (P=<0.05).

*Total S-IgA from intestinal fluid of NC and B groups was measured by an ELISA
test. Samples were taken at 15, 30 and 45d of yacon root flour intake without
infection with S. Typhimurium®®,

we found a significant decrease of ST translocation in the TG
compared with the IC group. For 30 d of treatment, we had the
highest differences between the TG and the IC groups, where
the TG group showed significantly decreased levels of trans-
location and had a higher protective effect for 5 and 7dPC
when compared with the IC group. At 45d (end of study),
the yacon supplementation did not prevent the dissemination
of ST, neither at 5 nor at 7dPC. These results are expressed in
Fig. 2(A) (P=0-05).

The colonisation assay in the spleen presented similar
results to those found in liver. At 15d, yacon flour adminis-
tration significantly decreased pathogen counts in the TG
group at 7dPC compared to the IC group. For 30d, yacon
root supplementation had the best protective effect against
ST infection, showing a significant decrease of pathogen
counts in the TG group when compared with the IC group
for 5 and 7dPC. In the group administered with yacon flour
for 45d, no protective effect was observed (Fig. 2(B))
(P=0-05).

Influence of the yacon root flour on the production of total
and specific secretory IgA in fluids from the small intestine
in treated and challenged mice

Table 1 shows the values obtained for total S-IgA after 15, 30
and 45 d of yacon root administration. After 5 and 7 dPC with
ST, there was a significant increase in the levels of total S-IgA
only in the group treated with yacon flour for 30d. Values
for 15 and 45d of feeding with the yacon root were similar
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to those for the IC group; the minimum level of total S-IgA
for the TG group was found at 45 d and no protection against
Salmonella was observed (Table 2) (P=0-05).

When studying the production of anti-ST S-IgA after chal-
lenge, we found that yacon flour had no influence on this
variable. Values for the TG group were low and had no signi-
ficant difference compared with the IC group during the
study; only a slight increase of specific S-IgA was observed
in the TG group at 45d of treatment and at 5dPC (Fig. 3).

Influence of yacon root flour administration on the
histological architecture of the intestine

We analysed if the administration of yacon root flour had an
effect on the histological structure of the SI using the haema-
toxylin—eosin staining technique for 30 d of yacon root admin-
istration and for 7dPC. Diet supplementation with yacon in
the basal group (30d of consumption) increased cellularity
in the lamina propria of the SI, but did not alter the normal
architecture compared with the NC group (Fig. 4(A), (B)).
This same effect was observed in the treated and the chal-
lenged group (TG, 7dPC) (Fig. 4(C)). The infection control
showed an altered villous architecture as a result of the inflam-
mation caused by the pathogen (Fig. 4(D)). At 15d, histologi-
cal studies of samples obtained at 7dPC were similar to those
obtained at 30 d. For 45 d of yacon root flour consumption and
7 dPC, histological studies in the TG group were similar to the
IC group (data not shown).

Influence of yacon root flour intake on IgA+ cells in
lamina propria of small intestine

In a previous study, we determined an increase in the IgA+
cells present in lamina propria of the SI for 30 and 45d of
administration (basal: 98 (sem 8) and 160 (sEM 5) positive
cells for 30 and 45d of administration, respectively)®”. Con-
sidering these facts, in the present work, we determined the
IgA-producing cells after ST challenge. We observed that for
7dPC, at 30 and 45d of consumption, the IgA+ cells in the
SI showed a large increase in the treated and infected
groups and in the infected and basal groups compared with
the normal controls. No difference between all the challenged
groups was found (Fig. 5) (P=0-05).

Table 2. Total secretory IgA (S-IgA) concentration in small-intestinal fluids (wg/ml) induced by yacon root flour administration after

being challenged with Salmonella Typhimurium*

(Mean values with their standard errors, n 6 animals from three different experiments)

Period... 15d 30d 45d

5dPC 7dPC 5dPC 7dPC 5dPC 7dPC
Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
IC 39-6% 4.-51 20.9° 1.52 8.79° 1.28 6-24° 2.22 24.7%0 5.35 14.1° 0-62
TG 383 103 234> 140  356° 0-81 13-8%¢ 2.0 16-3° 097  1211° 541

dPC, days post-challenge; IC, infection control; TG, treated group.

abede Mean values with unlike letters were significantly different (P=<0-05).

*Total S-IgA of small intestinal fluids from IC and TG post-infection was measured by ELISA. Time points were 15, 30 and 45d of administration (basal) 5

and 7dPC. Results are expressed as concentration of S-IgA (.g/ml).
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Absorbance (450 nm)
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15d- 15d-  30d- 30d- 45d-  45d-
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Fig. 3. Levels of specific secretory IgA (S-IgA) in small-intestinal fluid from
treated (-O-, treated group) and non-treated (-@-, infection control) chal-
lenged mice. Specific S-IgA of small-intestinal fluids from challenged mice
was measured by ELISA. Time points were 15, 30 and 45d and 5 and 7d
post-challenge (dPC). Results are expressed as level of absorbance (optical
density at 450nm). Values are means of n 6 animals from three different
experiments, with their standard errors represented by vertical bars.

0-0

Influence of yacon root flour administration on cytokine
production and in the receptor expression of positive
immune cells associated with the lamina propria of the
small intestine

In order to establish other parameters of cellular activation
that might be involved in a protective effect exerted by
yacon root flour against ST infection, we determined the
expression of some cytokines such as IL-6, TNF-a IFN-y and
the chemokine MIP-la and receptors such as TLR4 and

E. Velez et al.

CD206 from the
immunofluorescence.

The cytokines analysed showed that IL-6+4 cells, which
induce maturation of B cells, increased in the TG group
over the normal control and the IC group. The number of
IFN-y+ and TNF-a+ cells was higher in the basal and the
TG groups compared with the NC group; however, the TG
group had no difference compared with the infection control
and MIP-la+ cells were augmented after yacon root intake
(basal point B) in the TG group compared with the NC
group, without significant difference with the IC group
(Table 3) (P=0-05).

With regard to TLR4 and CD206 receptors, we found
a similar behaviour to those found for the chemokine
MIP-1a+ cells. The B group and the TG group had a greater
number of TLR4 and CD206+ cells compared with the NC
group. The TG group was also higher than the IC group
(Table 3).

innate immune cells by indirect

Discussion

We demonstrated that yacon root did not exert antimicrobial
activity against ST by ex wvivo assay; even the prolonged
administration of yacon (45d) did not induce the production
of molecules with antimicrobial activity.

In a previous study, total S-IgA was measured after yacon
root administration in basal samples at the end of each
period (15, 30 and 45d of treatment) prior to ST challenge.
We observed a remarkable increase of antibody at 15d of
yacon administration compared with the normal control, and
only a slight increase at 30 and 45d also compared with the
normal control (Table 1)(30). In the present work, the major

Fig. 4. Histological study of small intestine for 30d of yacon root flour administration. Tissue sections of small intestine were stained with haematoxylin—eosin.
Images belong to (A) normal control; (B) basal samples (30d of yacon root flour administration); (C) treated group, treated with 30d of yacon root flour and at 7d
post-challenge (dPC); and (D) infection control (7 dPC). The B and the TG groups maintain unaltered structure of tissue with increased cellularity compared to the
NC group, while the IC group shows damaged architecture because of the infection caused by Salmonella Typhimurium. The histological study for 15d was similar
to that for 30d of yacon root administration; for 45d, the histology of the small intestine was similar to the IC group (data not shown). Images were taken at

1000x magnification.
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IgA+ cells

IgA+ cells

(C) 250
b
200 I
3
2 2 b,c b.c
§ 150f I 'l' .
)
3 b
100}
o
S
b4
50
0 7304 45d  30d-7dPC_ 45d-7dPC

Fig. 5. IgA+ cells counts in lamina propria of small intestine. (A, B) Pictures
of IgA+ cells for infection control (IC) and treated group (TG) groups,
respectively. IgA+ cells were counted by direct immunofluorescence in
tissue sections of small intestine at 30 and 45d of yacon root flour
consumption after 7d post-challenge (dPC). (C) Values are means (n 6),
with their standard errors represented by vertical bars for total cells counted
for every ten fields at 1000 x magnification. Although administration of
yacon root flour increased the number on IgA+ cells in basal samples, no
differences were observed in the TG after Salmonella Typhimurium challenge
(7dPC) in relation to the IC group (P=0-05). *>°Mean values with unlike
letters were significantly different (P=0-05). g, Normal control; gg, basal
30d; m, basal 45d; O, IC; m, TG.

protection against Salmonella was found at 30 d of yacon root
administration. This effect could be due to the high number of
IgA-producing cells and the total S-IgA released in the intesti-
nal lumen, determined before and post-infection for this
period of time. However, only a slight production of specific
S-IgA was determined in this period of administration (Table
2; Fig. 3). These results indicate that protection exerted by
yacon root flour administration against the pathogen assayed
would be mediated by non-specific immunity (total S-IgA)
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more than the specific S-IgA. Total S-IgA would avoid the
internalisation of the pathogen and the immune complexes
would be eliminated through peristalsis, as it was described
by Lamm et al.®?.

For 15d of treatment, even when there is a high level of
total S-IgA at 5dPC, translocation of ST was not controlled.
However, the protection found at 7dPC could be due to the
decrease of this Ig, in which the values were similar to the
infection control (Table 2), the Ig could have neutralised the
pathogen in the intestinal lumen preventing its translocation
to liver and spleen.

Results for 45d of diet supplementation with yacon
root flour showed no protective effect against ST infection.
The slight increase obtained in total S-IgA was not enough
to neutralise pathogen internalisation. The effect was not
remarkable for specific IgA for any period of yacon adminis-
tration assayed, where specific anti-ST S-IgA levels did not
show difference with the IC group.

After 30d of yacon administration, we observed an increase
in B lymphocytes, leading to increase in the number of
IgA-producing cells in the lamina propria of SI and the total
S-IgA. These increases could be a consequence of the stimu-
lation caused by the FOS contained in the yacon root that
would stimulate LB lymphocytes from the lamina propria of
the SI and the IgA present in the surface of B cells. However,
for 45d of administration, although the number of IgA + cells
was high (Fig. 5), no protective effect was observed (Fig. 2).
We believe that the lack of protection for 45d was due to
the diminution in the level of total S-IgA, even when the
IgA+ cells were enhanced, and also to the inflammatory
profile induced after 45d of yacon administration, with an
increase of IFN-y that was not regulated by IL-10, as it was
demonstrated in previous paper®”, and by the infiltration
observed in histological studies in this time point of yacon
root administration after 7dPC. The present findings led us
to conclude that the simple increase of IgA+ cells in the
lamina propria of the SI is not the only predictive variable
to be considered in the protection of prebiotics against an
enteric infection.

We demonstrated that yacon root flour intake for 15 and
30d after 7dPC improve the histological alterations induced
by the pathogen, the effect being more remarkable for 30d
with regards to 7dPC of the IC mice (Fig. 4). For 45d of

Table 3. Cytokine-expressing cells and receptor-expressing cells from lamina propria of small intestine, pre- and post-challenge, in treated

and untreated groups*t
(Mean values with their standard errors, n 6)

IL-6 IFN-y TNF-a MIP-1a TLR-4 CD206
Experimental groups Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
NC 142 2 112 2 142 1 112 2 102 1 122 1
B 25° 4 31° 7 22P 3 18°¢ 3 190° 3 21° 3
IC 19° 2 19° 4 190 3 17° 2 17° 2 19° 4
TG 34° 9 25° 3 23° 3 25° 4 24° 2 19° 3

IFN, interferon; MIP, macrophage inflammatory protein; NC, normal control; B, basal; IC, infection control; TG, treated group.

abMean values with unlike letters were significantly different (P=<0.05).
*Total cells counted at every ten fields at 1000 x of magnification.

1 Cytokine- and receptor-expressing cells were counted by indirect immunofluorescence in tissue sections from small intestine at 30d of yacon root flour
administration for NC and B groups, and for 30 d of administration after 7dPC, for IC and TG.
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yacon root flour administration after 7dPC, the histological
alteration observed in the villi of the SI was similar to the
IC group.

Cytokine production, like 1L-10, TNF-a, IL-12, IL-4 and IL-6,
is required to start the dialogue and maintain the activation
of the different immune cells associated with the gut in
physiological conditions or in the presence of a pathogen.
In particular, IL-6 is involved in the differentiation of B cells
to IgA plasma cells. To produce the secretory component
of the S-IgA, epithelial cells need IFN-y-mediated activation.
This cytokine is mainly released by T helper type lymphocyte 1
cells“”. For 15d, this cytokine was slightly stimulated
by yacon after challenge (Table 3). This fact shows that
yacon root flour is more effective for B-cell activation than
for T cells.

The expression of TLR4 and CD206 cell receptors and the
chemokine MIPla+ cells was increased in yacon groups
(Table 3). The increase in the expression of these receptors
would also be responsible for protection against Salmonella
by yacon administration, as these receptors increase the mech-
anism of macrophage activity that contributes to reinforce the
intestinal barrier. The increase in the expression of these
receptors in the immune cells associated with the gut is
important to favour the mechanism of the innate immune
response, where the phagocytic activity of macrophages
would be mediated through the CD206 receptor. The TLR4
receptor is an excellent signal to produce cytokines. The pre-
sent results of the prebiotic effect of yacon root flour against
ST differ much from other prebiotics, such as inulin®*%”|
the protection against enteric infection. We only observed
great changes in the activation of macrophages and B cells
and not in T-cell population associated with the lamina
propria of the SI.

We demonstrated that yacon root flour as a dietary
supplement could be useful in preventing ST infection. The
protective effect would be mediated mainly by the total
S-IgA increase. Its effect is time dependent. The administration
for 15 and 30d was effective; longer periods of administration
(45d) were unable to produce S-IgA or activate the innate
immune cells to reinforce the epithelial barrier.

in

Conclusion

Yacon administration at 15 and 30d was effective in the
protection against ST, with 30d being more effective than
15d. This effect would be mediated by:

(1 Increase in the total S-IgA concentration.

(2) Increase in the expression of the receptors CD206
and TLR4.

(3) Slight increase in the number of IFN-y+ cells after chal-
lenge at 30d of yacon root administration. This cytokine
induces a T helper 1 balance that is required in ST
protection.

These parameters reinforce the intestinal epithelial barrier.
The beneficial effect of the yacon root flour consumption
found in a mouse model represents the scientific basis for
the potential use of yacon root flour to prevent ST infection
in human subjects.
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