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Psicologia positiva vs. “negativa’
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Evolucion del DSM?
| Version Ano | Trastornos | Paginas
_ j\-/\ L) DSM-| 1952 128 | 132 i
w% DSM-Il | 1968 193 | 119
/ « - DSM-11I 1980 228 494 \
\ DSM-1II-R | 1987 253 567
DSM-1IV 1994 383 886
DSM-IV-TR | 2000 383 943
DSM-5 2013 541 947
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RAUL ESPERT PROFESOR TITULAR DE UNIVERSIDAD DEPARTAMENTO DE

B T B T e ot e PSICOBIOLOGIA UNIVERSITAT DE VALENCIA (ESPANA) NEUROPSICOLOGO
TH R AR e TR EN HOSPITAL CLINICO UNIVERSITARIO (VALENCIA)
SERVICIO DE NEUROCIRUGIA. H...

45K

Me gusta

RAUL ESPERT
Memoria y sueno: Memoria implicita

» "v\-‘
N
b} RAUL ESPERT

Cerebro: Amnesia y maquina corazon pulmon (CEC) oeEs

RAUL ESPERT
Cerebro: Memoria emocional 01:07

ATENCION DIFERENCIAS DE GENERO
45videos 87 Vi 97 videos

APRENDIZAJE
27 videos.

& B
%
RAUL ESPERT
PERSONALIDAD
26 videos.

PALEOANTROPOLOGIA
149 videos

bl ALIMENTACION
250 videos

SIMEI'RIA AS!IETRIA ESTIMUL.COGNITIVA

56videos




/1 \Dailymotion .com/raulespert

[ RAULESPERT

perfil | Videos publicos (190) | comentarios (0) | amigos (10) | grupos (0) | playlists (36) | favoritos ((

MI PERFIL

Nombre: RAUL ESPERT
Inscrito: 20 agosto 2008
Ciudad: Valencia
d Pais: I= Espafia
Genero: masculino
Edad: 44 afios
Estado: conectado
Ultima modificacion hace 6 di

(0]

6978 vistas | 9°f favoritos | 10 comentaric

Pagina web: http://www.dailymotion.com/user/raulespert

Profesor Titular de Universidad
Departamento de Psicobiologia
Universitat de Valencia
Neuropsicologo Clinico

editar mi cuenta

crear un grupo

crear un jukebox

invitar amigos
crear playlist
crear videowall

COMENTARIOS DE PERFIL (1) »

iDeja un comentario en tu propio perfil!

guarE;rAI

8 hace 1 semana poi

raulespert
=
VIDEOS SOBRE PSICOBIOLOGIA Y OTROS TEMAS AFINES

ONTACTOS (10) »

AL A o
Pedq

Bestofseyc Asallam
18 vid 0 videc

Q SRR §

gusotron Cantimplo: bestofmalt bestofmau
0 vide 0 vide 29 videc 56 video:

Emedril

lagaviota
0 vide: o

mas »

MI VIDEO ESTRELLA

| R ERE T —1 -~ 2 Doilymotion L

viDEOS »

MIS VIDEOS »

Vacuna contra la
nicotina

LSD y cerebro

0 votos 0 votos
3 vist 0

“d

Egas Moniz:
Lobotomia

Conductismo
radical: {Terapia o

0 votos 0 votos
1vistal0 4y (4]

MIS PLAYLISTS »

BIOTECNOLOGIA TERAPIAS

MIS FAVORITOS »

-

a aqui para seguir la

. Pruébalo cc

1 alguno de

Los + populares »

MDMA: Alexander
Shulgin
0 votos

Konrad Lorenz:
Padre de la
0 votos
0

TOURETTE

3 tUs vide

stros VideoEs

Playlist:*Emociones

Vacuna contra la
nicotina

m raulespert
S hace 5 hora

Potencial
eutico

1 vist

Criterios de toxicomania

E Por raulespert
e

Cannabis y psicosis

@ Por raulespert

Nicotina y cerebro 2

r raulespert

LSD y cerebro

av r raulespert

Habitos toxicos: Tabaco
y alcohol

% Por raulespert

El extasis (MDMA)

r raulespert

Cannabis y cerebro

g Por raulespert

Neurobiologia de las
Benzodiacepinas
raulespert

MDMA: Alexander

Shulgin

g Por raulespert

Vacuna contra la cocaina

@ Por raulespert

Meth y cerebro

@ f raulespert

20 t

Neurobiologia de los
opiaceos
raulespert




INDICE "

-¢Qué son las emociones y los sentimientos?
-Inteligencia emocional

-Los marcadores somaticos: Cerebro y sentimientos
-Sistema nervioso entérico (eje intestine-cerebro)

-Los psicobioticos y su influencia en las emociones y salud
mental

")

il /V):at do we want? C—

EVIDENCE-BASED

SCIENCE
PS8

A Lon o wewant 5
AFTER PEER REVIEW




Inteligencia emocional: 0

-

fl

Will Smith ingresa en una
clinica de rehabilitacion

para controlar su estreés Will Smith reaparecén Indf un mes después dé
la agresion de los Oscars

Tras pegar a Chris Rock

La reaccion violenta que el actor tuvo durante la gala
de los Oscar le hallevado a tomar esta decision « Diversos medios local

ocales sefialan que habria viajado para ver al lic
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Inteligencia emocional

Desde 1983, con el Prof. Howard Gardner (Frames of the Mind: The theory of multiple
intelligences), la inteligencia (C.l.) dejaba de ser considerada un campo unico ligado al
conocimiento para albergar diferentes espacios de la vida de una persona, su desarrollo y su
capacidad de desempeiio frente a estimulos y problemas de la realidad.

Dividio el C.I. en diferentes capacidades independientes, pero interrelacionadas entre si, que definen a una persona. De esta
manera, separd la inteligencia en doce tipos distintos para su analisis:

inteligencia linguistico-verbal

légico-matematica

visual-espacial

musical Daniel Goleman

corporal-kinestésica —

intrapersonal

interpersonal i 3}

naturalista (7 7= " construyd el concepto de inteligencia emocional,

en?OCioﬂal f:,‘ AN | profundizando en este tipo de inteligencia planteado por
- existencial ; Gardner. Esta no depende necesariamente de las
creativa . . ., .

emociones, sino también de un correcto pensamiento vy

. colaborativa :
desarrollo emocional.
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Inteligencia emocional

La inteligencia emocional se define como un conjunto de habilidades que una persona
adquiere por nacimiento o aprende durante su vida, donde destaca la empatia, la
motivacion de uno mismo, el autocontrol, el entusiasmo y el manejo de emociones.

El concepto de inteligencia emocional fue utilizado por primera vez en el afio 1990 con Peter Salovey y John Mayer. No
consiste en alterar la capacidad de generacion de emociones con respecto a diferentes estimulos del entorno, sino se relaciona
mas con la reaccién que una persona tiene frente a ellas.

La inteligencia emocional no es una sola. Abarca diferentes tipos y caracteristicas que definen el CI emocional: 5 categorias:

*Empatia: Consiste en entender como se sienten los demas y aprender a comunicarse correctamente para lograr un objetivo
comun.

*Habilidades sociales: las buenas relaciones interpersonales guian a las personas al éxito, ya que pueden lograr mas cosas
con liderazgo, gestion de conflictos, cooperacion y trabajo en equipo.

*Autoconocimiento: Capacidad de reconocer los sentimientos que uno alberga y como estos pueden afectar las acciones que
hacen. La conciencia emocional y la confianza son vitales para su desarrollo.

*Motivacioén: Se relaciona con el compromiso de llegar a los objetivos que uno se plantea, cdmo se mantiene el positivismo
ante las adversidades (resiliencia) y cual es la iniciativa que una persona maneja para plasmar determinadas metas.
*Autorregulacién: las técnicas de autocontrol son esenciales en la inteligencia emocional. Controlar la duracion de nuestras
emocionesy que tanto influyen estas en nuestras decisiones es vital para este tipo de inteligencia emocional.




Inteligencia emocional O

¢Qué caracteristicas tienen las personas con alto grado de Inteligencia Emocional?:

1. Prestan atencion a sus emociones: analizan sus emociones y las escuchan, no solo se limitan a sentirlas.

2. Conocen sus sentimientos y no los reprimen: estas personas son auténticas y sinceras, ya que expresan sus
sentimientos de forma clara.

Analizan sus proyectos y suefios: no viven en un suefio constante, sino que saben razonar sobre lo que sienten y si alguna
meta puede ser alcanzada o no.

3. Tienen un balance constante en sus acciones: saben que todo tiene su lado bueno o malo, por lo que dirigen su
atencion a las cosas que pueden solucionar o que pueden ser de utilidad para ellos mismos.

4. No toman nada personal: cuando una persona los altera o algo en su entorno no sale como lo tenian planeado,
analizan qué pudieron haber hecho mal y qué cosas mejorar a futuro. No se concentran en algo que no pueden controlar.

5. Son autocriticos con sus acciones: las emociones no los controlan, ellos controlan lo que deciden hacer con
ciertas emociones y reconocen cuando algo se les fue de las manos.

6. Se fijan en las emociones de otras personas: intentan ser siempre empaticos con sus semejantes para saber
cdmo expresan sus emociones. Asi, se relacionan mejor con los demas.

7. Conocen siempre gente nueva pero se rodean de aquellos con los que tienen una conexion: A través de
otras personas, conocen diferentes puntos de vista y comparten més con aquellos que son compatibles con la suya. No
pierden tiempo en relaciones téxicas ahorrandose asi una incomodidad innecesaria.

8. Se motivan a si mismos constantemente: estas personas se emocionan cuando sucede algo que les gusta o
realizan una accion determinada. No se enfrascan en por qué ya no les motivan cosas antiguas, sino que buscan siempre
renovar su emocion con nuevas experiencias.

TRISTEZA
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LAS EMOCIONES 4

Corazon vs. cerebro



¢, Qué es una emocion?¢,Qué es un sentimiento?




LAS EMOCIONES: BREVE HISTORIA

Comportamiento (mente) esta controlado por un alma:

-Alcmeon de Crotona (500 anos a. de C.): Cerebro

-Empédocles (490 a de C.): Corazdn v

Aristoteles: El corazon era la sede de las sensaciones de las
pasiones y de la inteligencia. El cerebro compuesto de agua y
tierra no tenia otro papel que refrigerar el organismo. BRIy

Ni en el Antiguo ni en el Nuevo Testamento se cita ni una sola
vez la palabra cerebro, sin embargo si citan cientos de veces el
corazon y hacen referencia al higado, intestino... como lugares
de asiento de la pasion, el coraje y la compasion. “ Te doy un
corazon de sabiduria” dijo el profeta.

Legado actual: Frases como “me has roto el corazon”

PORAZON vs. CEREBRO b




HISTORIA

e Damasio (2003): «las emociones se EN BUSCA DE SPINOZA
representan en el teatro del cuerpo». «Los g
sentimientos se representan en el teatro
de la mente».

e «Las emociones son el fundamento de los
sentimientos».

e William James (1884): «como respuesta a
las experiencias y estimulos, el sistema
nervioso autonomo crea respuestas
fisiologicas (tension muscular, lagrimeo,
aceleracion cardiorrespiratoria...) a partir
de las cuales se crean las emociones»

asio, A. (2003). En busca de Spinoza. Neurobiologia de la emocion y los sentimientos.
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DEFINICION

DEFINICION DE EMOCION (Damasio, 2003):

«conjunto complejo de respuestas quimicas y neuronales -
automdticas que forman un patron distintivo». «Estas
respuestas son producidas por el cerebro sano cuando A
detecta un estimulo emocionalmente competente, ya sea de
origen externo o interno» /
I

«La mayoria de los estimulos nos provoca alguna reaccion
emocional (por pequefia que sea)»

[ I

«El cerebro esta preparado por la evolucion para responder a determinados
estimulos emocionalmente competentes con repertorios especificos de
accion. Sin embargo, existen muchos otros que son aprendidos en toda una
vida de experiencia. El resultado inmediato de todas estas respuestas es un
cambio temporal en el estado del propio cuerpo»

imasio, A. (2003). En busca de Spinoza. Neurobiologia de la emocion y los sentimientos. Barcelona: Booket.




DEFINICION

e Todos los organismos vivos (desde una ameba hasta
un ser humano), nacen con una maquinaria disefiada
para resolver automadticamente, sin que se requiera
el razonamiento adecuado, los problemas bdsicos de
la vida (homeostadsis): (emociones en animales)

1. -Encontrar fuentes de energia; mantener un equilibrio RoerT M. SAPOLSKY
quimico del interior compatible con el proceso vital or que las: .

LA GUIA DEL ESTRES

2. -Conservar la estructura del organismo mediante la
reparacion del desgaste natural.

3. -Detener los agentes externos de enfermedad y dano
fisico.




Niveles de regulacion homeostdtica, desde lo simple a lo complejo:

-Regulacion metabdlica. Mantener el equilibrio de las sefales quimicas internas
(acidez y alcalinidad; sintesis y transporte de proteinas, lipidos y carbohidratos, etc.).

-Reflejos basicos. Reflejo de sobresalto: los organismos responden ante un ruido
fuerte o contacto. Tropismos que hacen los organismos para alejarse del frio y
acercarse al calor, o bien para alejarse de la oscuridad y acercarse a la luz.

-El sistema inmune. Preparado para detectar virus, pardsitos, bacterias y moléculas
de sustancias quimicas toxicas que invaden el organismo.

-Comportamientos de dolor y placer. Cuando hay o una lesion inminente de tejidos
del cuerpo, las células de la region afectada emiten sefiales quimicas nociceptivas.
En respuesta, el organismo reacciona automdticamente con comportamientos de
dolor o comportamientos de enfermedad (cioquinas). Placer: endorfinas.

-Instintos y motivaciones. Hambre, sed, curiosidad, exploracion, juego y sexo.

-Emociones propiamente dichas. Desde la alegria, la pena y el miedo hasta el
orgullo, la vergiienza y la simpatia. En esta misma cuspide también encontrariamos
los sentimientos.

N -
|Sep polsky, R.M. (1995). ¢ Por qué las cebras no tienen ulcera? La guia del estrés. Madrid, Alianza.




DEFINICION

instituto superior
de estudios
psicoldgicos
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emociones

instintos y motivacionas

comportamientos
de dolor y placer

respuestas inmunas
raflajos basicos
regulacién metabdlica
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Niveles de regulacion homeostatica automatizada, desde lo simple a lo complejo. Los sentimientos son una
expresion mental de todos los demas niveles de regulacion homeostatica

gmasio, A. (2003). En busca de Spinoza. Neurobiologia de la emocion y los sentimientos. Barcelona: Booket.




LAS EMOCIONES

Taxonomia de los sentimientos

Protoemociones . Bienestar Malestar
Emociones S : !

o Alegria Miedo Enfado Tristeza
basicas
Emociones cognitivas Buen ; i | ; G sl i

y . . Satisfaccion | Amenaza Angustia Disgusto Frustracion | Decepciéon | Abatimiento
primarias (ejemplos) humor

. . Verglienza .
Emociones cognitivas Amor Colera
A . Celos i Luto
secundarias (ejemplos) Suerte ] Desprecio
Envidia

El rostro de las
emociones

Ekman, P.(2012). El rostro de las emociones. RBA Libros.




LAS EMOCIONES (Sonrisa de Duchenne)

-La sonrisa de Duchenne (Guillaume Duchenne), es un tipo de
sonrisa que involucra la contraccion de los musculos
cigomdtico mayor y menor cerca de la boca, los cuales elevan
la comisura de los labios, y el musculo orbicular cerca de los
ojos, cuya contraccion eleva las mejillas y produce arrugas
alrededor de los ojos (indica una emocion espontdnea y
genuina ya que la mayor parte de las personas no pueden
contraer a voluntad el musculo orbicular).

-La respuesta muscular que genera una sonrisa espontdnea (o
de Duchenne) es producto de un impulso generado en los
ganglios basales como respuesta a procesos del sistema
limbico. En cambio, la sonrisa voluntaria tiene origen en la
corteza motora. Activar voluntariamente, desde la corteza
motora, la cantidad de mdusculos que implica una sonrisa
espontdnea y no predominantemente el risorio tiene un grado
de complejidad que impide que sea realizado exitosamente sin
entrenamiento.

instituto superior \
de estudios J I Se
psicoldgicos i
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CEREBRO EMOCIONAL

Maps of subjective feelings

Lauri Nummenmaa®®’

, Riitta Hari", Jari K. Hietanen®, and Enrico Glerean®

PNAS

*Turku PET Centre and Turku University Hospital, University of Turku, FI-20520, Turku, Finland; "Turku University Hnspltal University of Turku, FI-20520,

Turku, Finland; “Department of Art, School of Arts, Design and Archltecture Aalto Unwermy, FI-00076, Espoo, Finland;

PSYChG|Gg‘j University of Tampere, FI 33014, Tampere, Finland; "Department of Neuroscience and Biomedical Engineering, School of Science, Aalto
University, FI-00076, Espoo, Finland; fDepartment of Computer Science, School of Science, Aalto University, FI-00076, Espoo, Finland; and E‘Helsmkl Instrtute

of Information Technola-gyr Aalto Unwermy, FI-00076, Espoo, Finland

Subjective feelings are a central feature of human life. We defined
the organization and determinants of a feeling space involving 100
core feelings that ranged from cognitive and affective processes to
somatic sensations and common illnesses. The feeling space was
determined by a combination of basic dimension rating, similarity
mapping, bodily sensation mapping, and neuroimaging meta-
analysis. A total of 1,026 participants took part in online surveys
where we assessed (i) for each feeling, the intensity of four hypoth-
esized basic dimensions (mental experience, bodily sensation, emo-
tion, and controllability), (ii) subjectively experienced similarity of the
100 feelings, and (iif) topography of bodily sensations associated
with each feeling. Neural similarity between a subset of the feeling
states was derived from the NeuroSynth meta-analysis database
based on the data from 9,821 brain-imaging studies. All feelings
were emotionally valenced and the saliency of bodily sensations
correlated with the saliency of mental experiences assodated with
each feeling. Nonlinear dimensionality reduction revealed five feel-
ing clusters: positive emotions, negative emotions, cognitive pro-
cesses, somatic states and illnesses, and homeostatic states.
Organization of the feeling space was best explained by basic dimen-
sions of emotional valence, mental experiences, and bodily sensa-
tions. Subjectively felt similarity of feelings was associated with basic
feeling dimensions and the topography of the corresponding bodily

sensations. These findings reveal a map of subjective feelings that

are categorical, emotional, and embodied.
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AFaculty of Social Sciences and
Neganve Positive Craving
g : Sexual arousal
emotion °'"'°'s"5'm. emotion  wanting £ Grgasm
Failing Sobial exclush Feeling touch
Dlsappolntment,‘ . ”La °T o (in social relations)
[ ne
Fear® e 't:nu $S e
Shamo soespa o9
Anger # Depression Mania ¢+ Social longing
pise? \ ¥ Guilt o Acceleration ui X ¥ :
Hostility & * Anxiety ~ Gratefulness® ~ “Sympath}onging for
Disgusl' L4 "Stresf xhaustion o RBalaition
Panic
# Tiredness Heartbest - »Devd
Vousness thi aydreaming
Urinating & Breathing "gieeping
-
Suffocation & Numbness © Defecation Hearln% - Surprise
Shivering » Sweating © Satiation { Reading, 1 Being conscious

Izzlness

Hotness .\L/ sm:"'"%peallng
H,,,‘bumcown.“brlnklng Tasting luﬁ\king % N}:;ognmon

Feeling nauseous.

LP'" Having cold Thirst Eating  imagining emorizing
angover®
Drunkeneth s v’;m %uthng Hunger Reasoning”. || ertinGRecollection
|
na"'" Vil oothascm’umg Being dazzled Estimating ¢ Remembering
Having headache ngt 9 :
hching ching Self-regulation Cognition
Feeling pain {omeostasis 'Fw.migtlng

llinesses




CEREBRO EMOCIONAL .

B Subject-wise colored
activation and

C Subject-wise combined

experience when you feel

15

For this body, please For this body, please
color the regions whose  color the regions whose
activity becomes activity becomes weaker
stronger or faster or slower

www. pnas.org/cgi'doi/10.1073/pnas. 1807390115

A Initial screen with blank bodies deactivation maps activation-deactivation map
Use the pictures below to indicate
the bodily sensations you Activations Deactivations

-

=N |
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Random effects analysis
and statistical inference

e 8 & 8




CEREBRO EMOCIONAL

enfado — miedo asco felicidad ~ tristeza sorpresa NEUTRAL

1191944

ansiedad amor depresion desprecio orgullo verguenza envidia

Prinyee
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Amygdala

Mobbs D, Lau HC, Jones OD, Frith CD (2007)- Law, Responsibility, and the Brain. PLoS Biol 5(4): April 17,

Brain Fteginn Pro-Social Behaviour

Anterior cingulate cortex Empathy [71,72]

Orhital PFC Regret [24]

Ventromedial PFC Ethical decisions [73,74]

Ventrolateral PFC Inhibition of behaviour [75]

Dorsolateral PFC Reasoning [46,76)
/ =N

doi: 10.1 271 /joumal phio. 00501031001

MARCADORES SOMATICOS




LOS SENTIMIENTOS

-Damasio (2003) define los sentimientos como la percepcion de un
determinado estado del cuerpo junto con la percepcion de un
determinado modo de pensar (percepcion o cognitivizacion de la
emocion a un nivel consciente).

-Los sentimientos surgen cuando la acumulacion absoluta de detalles
cartografiados por el cerebro alcanza una fase determinada (el
sustrato de sentimientos es el conjunto de patrones neurales que
cartografian el estado corporal y del que puede surgir una imagen
mental del estado del cuerpo).

-En resumen, el sentimiento implica la percepcion
de un determinado estado corporal y la de un
determinado estado mental acompanante.

-Marcadores somadticos: Cortex somatosensorial primario,
Insulas, corteza cingulada y nn. Troncoencefdlicos

(la elaboracidn de sentimientos requiere de la integridad
de todas estas estructuras cerebrales

gmasio, A. (2003). En busca de Spinoza. Neurobiologia de la emocion y los sentimientos. Barcelona: Booket.
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El marcador somatico

Las cortezas prefrontales serian las encargadas de la FRONTAL
adquisicion de las sefiales de los marcadores somaticos. ventramedian

Sus multiples y variadas conexiones con todas las dorecleters dorsolateret
regiones sensoriales (incluidas las cortezas
somatosensoriales), con los nucleos del troncoencéfalo
y del prosencéfalo basal, con la amigdala, la insula
anterior, con el cortex cingulado anterior y el hipotalamo,
le mantienen actualizada de lo que ocurre al organismo.

IZOLIERDA Y amigdala | | amigdala DERECHA

La region prefrontal ventromedial cumple una funcion
critica en la representacion somatosensorial, o
interpretando las sensaciones de nuestro cuerpo,
asociadas a los eventos emocionales (generan
respuestas inmediatas mediadas por el SNA)

OCCIPITAL

W Te AcRADECERIA ‘
QU No Tt HeTas EN Mis HEGoCief..

Las cortezas prefrontales establecen categorizaciones
de las distintas situaciones que ha debido enfrentar el
organismo, creando asi una especie de “banco de datos”
ordenado sobre nuestras distintas experiencias y a partir
de como ha reaccionado nuestro cuerpo en aquellas
situaciones.




CEREBRO EMOCIONAL

Cerebro basal anterior Hipotdlamo

C. Prefrontal VM

Amigdala \(

«la emocion resulta de la participacion combinada de varios :
lugares de un sistema cerebral» (Damasio, 2003). (eSS -




CEREBRO EMOCIO

Science 8 November 2007: Vol. 298. no. 5596, pp. 1191 — 119
Review NEUROSCIENCE AND PSYCHOLOGY:
Emotion, COGNITION, and Behavior R. J. Dolan

Brain regions implicated in emotional experience include orbitofrontal
cortex (yellow), insular cortex (purple), and anterior (blue) and posterior
(green) cingulate cortices. The amygdala (red) is involved in linking
perception with automatic emotional responses and memory



http://www.sciencemag.org/current.dtl
http://www.sciencemag.org/current.dtl

CEREBRO EMOCIONAL: Marcadores somaticos g

Evaluacion y definicion Corteza cerebral
de un estimulo sensorial asociativa
emocional (miedo) (superior)

Disparo (induccion) 9 Amigdala
i Cerebro basal anterior

Troncoenceéfalo

Cambios transiforios en

Estado emocional 6 el medio interno
(visceras y sistema

musculoesquelético)

Damasio, A. (2003). En busca de Spinoza. Neurobiologia de la emocion y los sentimientos. Barcelona: Booket.
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CEREBRO EMOCIONAL

http://www.dailymotion.com/video/x8upy4 cerebro-emocional-amigdala school

Amigdala

-La hipotesis amigdala-miedo ha sido la mds
popularizada por la neurociencia apoyando que la
amigdala (en particular el nucleo central) provoca
cambios cardiovasculares en ratas en respuesta a
sobresaltos (tonos asociados a pequefias descargas
eléctricas) (LeDoux et al., 1990).

-Pacientes con lesiones en la amigdala (LaBar et al.,
1995) o atrofia (Bechara et al., 1995) mostraron
dificultades para percibir el miedo y deterioro en las
respuestas de la conductancia de la piel.

Feinstein et al. (2011) estudiaron un individuo con
lesion amigdalina bilateral que no informo sentir
miedo cuando se le expuso en contacto directo con
serpientes y aranas.

-

AMYGDALA

LeDoux, |, Ciccetti, P, Xagoraris, A, Romanski, L. (1990). The lateral amygdaloid nucleus:

Sensory interface of the amygdala in fear conditioning. Journal of Neuroscience, 10, 1062-69.



//upload.wikimedia.org/wikipedia/commons/7/7a/Amygdala_small.gif
//upload.wikimedia.org/wikipedia/commons/7/7a/Amygdala_small.gif
http://www.dailymotion.com/video/x8upy4_cerebro-emocional-amigdala_school

CEREBRO EMOCIONAL

http://www.dailymotion.com/video/xpfvzf cerebro-el-circuito-del-miedo-joseph-ledoux school ‘
http://www.dailymotion.com/video/xpovem cerebro-y-emociones-joseph-ledoux_school <&
http://www.dailymotion.com/video/xpql27 cerebro-el-sistema-del-miedo-joseph-ledoux_school ‘ Ty I
-
http://www.dailymotion.com/video/xbbrnj vias-cerebrales-del-miedo-joseph-le school ‘ —
http://www.dailymotion.com/video/x6nf05 amigdala-vs-lobulo-frontal school ‘

Le Doux, J. (1999). El cerebro emocional. Editorial Planeta
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CEREBRO EMOCIONAL: Los marcadores somaticos

Las cortezas prefrontales serian las encargadas de la
adquisicion de las senales de los marcadores somdticos. Sus
multiples y variadas conexiones con todas las regiones
sensoriales (incluidas las cortezas somatosensoriales), con los
nucleos del troncoencéfalo y del prosencéfalo basal, con la
amigdala, la insula anterior, con el cortex cingulado anterior y
el hipotalamo, le mantienen actualizada de lo que ocurre al
organismo a través del nervio vago.

La region prefrontal ventromedial cumple una funcion critica
en la representacion somatosensorial, interpretando las
sensaciones de nuestro cuerpo, asociadas a los eventos
emocionales (generan respuestas inmediatas mediadas por el
SNA)

Las cortezas prefrontales establecen categorizaciones de las
distintas situaciones que ha debido enfrentar el organismo,
creando asi una especie de “banco de datos” ordenado sobre
nuestras distintas experiencias y a partir de cémo ha
reaccionado nuestro cuerpo en aquellas situaciones.

FROMTAL
ventromediana

dorsolateral dorsolateral

Fomato-
gengorial

[ZOLUIERDA Y, amigdala | | amigdala DERECHA

OCCIPITAL

Te AcRADECTRA ‘
Qe NoTe MeTas EN MiS NEgeGjes...

Damasio, A. (2011). El error de Descartes. Editorial Destino




EMOCIONES: Miedo y amigdalas

La amigdala también esta implicada en algunas psicopatologias (ansiedad y la psicopatia).
La RMf ha puesto de manifiesto que en el caso de la ansiedad, la amigdala se encontraria
hiperreactiva, en cambio, en la psicopatia la amigdala estd hipofuncional (junto con la
corteza prefrontal orbitofrontal), por ello, estos individuos son incapaces de empatizar
emocionalmente con el resto de seres humanos.

Otra funcion muy importante de la amigdala es la focalizacion de la atencion a estimulos
aversivos (Anderson y Phelps, 2001) y a estimulos socialmente relevantes (Kennedy y
Adolphs, 2010). Esto nos sugiere la idea de que la amigdala estd implicada en la atencion
hacia estimulos salientes (Lindquist et al., 2012) y su estimulacidn eléctrica produce una
gama de experiencias en los humanos que no unicamente se reducen al miedo (Bancaud
etal., 1994).

Segun el neurocientifico Joseph Ledoux: «la amigdala es util para desencadenar
respuestas rdpidas ante situaciones de peligro». De modo que si estd enfrentada a un
peligro, sabe que lo es y lo racionaliza. PN

MARCADORES SOMATICOS [



EMOCIONES: La insula anterior

-La hipotesis de la insula anterior y asco es la mds reconocida hasta la
actualidad: Tienen dificultades para percibir asco o disgusto en caras
(Adolphs et al., 2003). Estos individuos experimentan menos repugnancia
cuando se les exponen a insectos, excrementos u otros estimulos que
normalmente provocan asco a personas con la insula intacta (Calder et al.,
2000).

-Enfermedades neurodegenerativas que afectan a la insula y ganglios
basales (v.g. Corea de Huntington y Parkinson) muestran un menor asco o
disgusto ante estimulos malolientes (Mitchell et al., 2005).

-Pacientes con estimulacion eléctrica en la insula anterior informaron
sensaciones viscerales consistentes con la experiencia de asco (por
ejemplo, sensaciones en el estomago y garganta, nduseas; Penfield y
Faulk, 1995).

-Esta implicada en la toma de conciencia de las sensaciones corporales
(Craig, 2002) y del estado afectivo principal (Craig, 2009). La insula
anterior muestra una mayor activacion cuando tomamos conciencia del
movimiento de nuestro cuerpo, la distension gadstrica, durante el orgasmo,
movimiento, espasmos, calor y hormigueo en los labios, la lengua, los
dientes, los brazos, las manos y los dedos (no solo asco).




LAS EMOCIONES: Asco e insula anterior

http://www.dailymotion.com/video/x8fowh asco-en-el-cerebro-rmf school ‘

MARCADORES SOMATICOS
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Intuition and autism: a possible role for

Von Economo neurons

John M. Allman, Karli K. Watson, Nicole A. Tetreault and Atiya Y. Hakeemnr

Division of Biology, M. C. 216-76, California Institute of Technology, Pasadena, CA 91125, USA

Von Economo neurons (VENSs) are a recently evolved cell
type which may be involved in the fast intuitive
assessment of complex situations. As such, they could
be part of the circuitry supporting human social net-
works. We propose that the VENs relay an output of
fronto-insular and anterior cingulate cortex to the parts
of frontal and temporal cortex associated with theory-of-
mind, where fast intuitions are melded with slower,
deliberative judgments. The VENs emerge mainly after
birth and increase in number until age 4 yrs. We propose
that in autism spectrum disorders the VENs fail to
develop normally, and that this failure might be partially
responsible for the associated social disabilities that
result from faulty intuition.

mapped in humans by Von Economo and Koskinas [2].
Elsewhere we have referred to them as the ‘spindle’
neurons, but because of potential confusion with other
uses of this term, we now refer to them by the first author
of the best description of these cells. They are found only in
humans and great apes [3] and are far more abundant in
humans than in apes (see Figure 2). They are thus a
phylogenetic specialization that has arisen within the last
15 million years in hominoids and have proliferated
greatly within the human line of descent. Because of this
late emergence in phylogeny, natural selection has had
only a relatively short time to shape VEN functioning and
integration with other cell populations. Consequently the
VENSs mlght be particularly vulnerable to dysfunction in a
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Regions of the brain containing Von Economo neurons (VENS).

(a) A lateral view of the brain, with fronto-insular cortex (FI) shown in red. (b) A medial
view of the brain, with anterior cingulate cortex (ACC) shown in red. Adapted from Von
Economo and Koskinas [2]. (c) FI and the spindle-cell-containing region of ACC indicated
on coronal sections through a human brain (50-year-old female) and (d) a common
chimpanzee brain (sections shown with the right hemisphere of the brain on the right of
the figure). Sections are from the Yakovlev Brain Collection at the National Museum of
Health and Medicine, and were scanned by the authors. Note that Fl is much larger in the
human than in the chimpanzee. (e) A Von Economo neuron and a pyramidal neuron in
layer 5 of FI. Both types of neuron have a single apical dendrite, but note that the VEN
also has only a single basal dendrite, in contrast to the pyramidal neuron’s multiple basal
dendrites. Photomicrograph by the authors of a section fromthe 50-year-old human

brain shown in part (c).
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Intuition and autism: a possiblerole for Von Economo neurons
John M. Allman, Karli K. Watson, Nicole A. Tetreault and Atiya Y. Hakeem
TRENDS in Cognitive Sciences Vol.9 No.8 August 2005
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Immunocytochemistry of Von Economo neurons. VENs in ACC of male humans, labeled with antibodies to:
(a) thevasopressin lareceptor, which has been linked to the formation of social bonds in rodents

(b) thedopamine d3 receptor, a high-affinity receptor potentially linked to the anticipation of reward under conditions of uncertainty;
(c) theserotonin 2b receptor which may be linked to the anticipation of punishment.

Intuition and autism: a possible role for Von Economo neurons
John M. Allman, Karli K. Watson, Nicole A. Tetreault and Atiya Y. Hakeem
TRENDS in Cognitive Sciences Vol.9 No.8 August 2005
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Early Frontotemporal Dementia Targets
Neurons Unique to Apes and Humans

William W. Seeley, MD,' Danielle A. Carlin, BA,' John M. Allman, PhD,?> Marcelo N. Macedo, BS,'
Clarissa Bush, BA,® Bruce L. Miller, MD' and Stephen J. DeArmond, MD, PhD,’

Objective: Frontotemporal dementia (FTD) is a neurodegenerarive disease that erodes uniquely human aspects of social behavior
and emotion. The illness features a characteristic pattern of early injury to anterior cingulate and frontoinsular cortex. These
regions, though often considered ancient in phylogeny, are the exclusive homes to the von Economo neuron (VEN), a large
bipolar projection neuron found only in great apes and humans. Despite progress roward understanding the genetic and mo-
lecular bases of FTD, no class of selectively vulnerable neurons has been identified.

Methods: Using unbiased stereology, we quantified anterior cingulate VENs and neighboring Layer 5 neurons in FID (n = 7),
Alzheimer’s disease (n = 5), and age-matched nonneurological control subjects (n = 7). Neuronal morphology and immuno-
histochemical staining patterns provided further information about VEN suscepribility.

Results: FTD was associated with early, severe, and selective VEN losses, including a 74% reduction in VENs per section
compared with control subjects. VEN dropout was not attributable to general neuronal loss and was seen across FI'D patho-
logical subtypes. Surviving VENs were often dysmorphic, with pathological tau protein accumulation in Pick’s disease. In
contrast, patients with Alzheimer’s disease showed normal VEN counts and morphology despite extensive local neurofibrillary
pathology.

Interpretation: VEN loss links FTD to its signature regional pattern. The findings suggest a new framework for understanding
how evolution may have rendered the human brain vulnerable to specific forms of degenerative illness.

Ann Neurol 2006;60:660 667




Anterior cingulate sampling site and von Economo neuron (VEN) characteristics in control subjects. (A) VENSs are distributed throughout the mid- and anterior cingulate cortex. Dots,
drawn schematically based on previous work,31 highlight the increasing posterior-to-anterior VEN gradient in the normal brain. For this study, tissue blocks were cut from the pregenual
anterior cingulate cortex (ACC) (asterisk). (B) ACC VEN distribution in a representative nonneurological control subject. Overlaid contours of the ACC (outer) and Layer 5 (red, inner)
were manually traced on 5 to 10 sections per subject. Dots represent VENSs, which are concentrated in the crowns of the gyrus. (C—E) VENSs (curved red arrows in C) are located in Layer
5b and are distinguished from neighboring neurons (e.g. straight black arrows in D) by their large size and bipolar dendritic architecture. VENs form vertically oriented clusters, often
adjacent to small arterioles. Box in (C) is magnified in (D). One of six VENs in (D) is highlighted (curved red arrow) and magnified in (E) to show the typical VEN morphology, including a

large VEN axon (red arrowheads). Cresyl violet stain.

(5)
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Von Economo neurons are present in the dorsolateral
(dysgranular) prefrontal cortex of humans

C. Fajardo?, M.I. Escobar?, E. Buritica?, G. Arteaga?, J. Umbarila?,
M.F. Casanova®, H. Pimienta®*
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Abstract

Von Economo neurons (VENSs), also known as spindle cells, have been described in layer V of the anterior cingulate (BA 24) and frontoinsular
cortex (FI) of humans and other great apes. In the present study we used immunohistochemistry against two specific neuronal markers (NeuN and
MAP?2) in order to establish the presence of these cell types in Brodmann area 9 (BA 9) of the human prefrontal cortex. We evaluated tissue samples
of eight human postmortem brains (age range 26-50) from BAs 9, 24, 4, 46, 45, 10 and 17. We identified a group of cells with similar morphology
to that previously described for VENSs in all specimens of BA 9 examined, albeit less frequently than in BA 24. This is the first description of this
cell type in a human brain area with well developed granular layers (BA 9).
© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: Von Economo neurons; Spindle cells; Anterior cingulate gyrus; Frontoinsular cortex; Dorsolateral prefrontal cortex
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Neuronas de Von Economo
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Total Number and Volume of Von Economo Neurons 1n

the Cerebral Cortex of Cetaceans
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AND PATRICK R. HOF'*

'"Department of Neuroscience, Mount Sinai School of Medicine, New York, New York 10029
?Department of Experimental Veterinary Sciences, University of Padova, Padova, Italy 1-35131
‘Department of Anthropology, George Washington University, Washington, DC 20052
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ABSTRACT

Von Economo neurons (VENs) are a type of large, layer V
spindle-shaped neurons that were previously described in
humans, great apes, elephants, and some large-brained
cetaceans. Here we report the presence of Von Economo
neurons in the anterior cingulate (ACC), anterior insular (Al),
and frontopolar (FP) cortices of small odontocetes, includ-
ing the bottlenose dolphin (Tursiops truncatus), the Risso’s
dolphin (Grampus griseus), and the beluga whale (Deiphi-
napterus leucas). The total number and volume of VENs and
the volume of neighboring layer V pyramidal neurons and
layer VI fusiform neurons were obtained by using a design-
based stereologic approach. Two humpback whale
(Megaptera novaeangliae) brains were investigated for
comparative purposes as representatives of the suborder
Mysticeti. Our results show that the distribution of VENs in
these cetacean species is comparable to that reported in

humans, great apes, and elephants. The number of VENs in
these cetaceans is also comparable to data available from
great apes, and stereologic estimates indicate that VEN
volume follows in these cetacean species a pattern similar
to that in hominids, the VENs being larger than neighboring
layer V pyramidal cells and conspicuously larger than fusi-
form neurons of layer VI. The fact that VENs are found in
species representative of both cetacean suborders in addi-
tion to hominids and elephants suggests that these partic-
ular neurons have appeared convergently in phylogeneti-
cally unrelated groups of mammals possibly under the
influence of comparable selective pressures that influenced
specifically the evolution of cortical domains involved in
complex cognitive and social/emotional processes. J.
Comp. Neurol. 515:243-259, 2009.

© 2009 Wiley-Liss, Inc.



G. griseus D. leucas T. truncatus

M. novaeangliae

Macroscopic views of the brains of the cetacean species
analyzed in the present study. Dorsal (A) and ventral (B) views of
the brain of a bottlenose dolphin; lateral (C) and midline (D) views
of the left hemisphere of the brain of a beluga whale; dorsal view
(E) and coronal slab at the level of the genu of the corpus
callosum (F) of the brain of a Risso's dolphin; lateral (G) and
midline view (H) of the right hemisphere of the brain of a
humpback whale. Note the large size of the brains and the
complex gyral pattern. The lateral aspect of the parietal lobe of
the humpback whale brain sustained damage when the specimen
was removed from the skull (G). This, however, did not affect the
present study. The brains are not shown to scale.

The Journal of Comparative Neurology, 2009,

Volume 515, Issue 2, Pages 243-259
Total number and volume of Von Economo neurons in the
cerebral cortex of cetaceans. C. Bultti et al.
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Von Economo Neurons in the
Elephant Brain

ATIYA Y. HAKEEM,* CHET C. SHERWOOD,? CHRISTOPHER J. BONAR,®
CAMILLA BUTTL"*° PATRICK R. HOF,* ax0 JOHN M. ALLMAN'
!Division of Biology, 216-76, California Institute of Technology, Pasadena, California
Department of Anthropology, The George Washington University, Washington,
District of Columbia
3Cleveland Metroparks Zoo, 3900 Wildlife Way, Cleveland, Ohio
“Department of Neuroscience, Mount Sinai School of Medicine, New York, New York
*Department of Experimental Veterinary Sciences, University of Padua, Padua, Italy

ABSTRACT

Von Economo neurons (VENSs), previously found in humans, all of the
great ape species, and four cetacean species, are also present in African
and Indian elephants. The VENs in the elephant are primarily found
in similar locations to those in the other species. They are most abundant
in the frontoinsular cortex (area FI) and are also present at lower density
in the anterior cingulate cortex. Additionally, they are found in a dorso-
lateral prefrontal area and less abundantly in the region of the frontal
pole. The VEN morphology appears to have arisen independently in homi-
nids, cetaceans, and elephants, and may reflect a specialization for the
rapid transmission of crucial social information in very large brains. Anat
Rec, 292:242-248, 2009. © 2008 Wiley-Liss, Inc.

Key words: elephant; Von Economo neuron; frontoinsular cor-
tex; cetacean; large brains
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2. EMOCIONES: corteza orbitofrontal (COF) WV

-La hipotesis localizacionista relaciona la COF con la IRA (vytal & Hamann, 2010)
-Lesion cerebral en COF: Cambios de personalidad y aplanamiento afectivo

(ira mds verbal que fisica) ogm 'i 'i

-La COF es una estructura (entre otras) que integra la informacion
exteroceptiva e interoceptiva para guiar el comportamiento (marcador

somadtico). AT
o .. . | J,f*’f; A,
-La hipotesis del marcador somadtico de Damasio (1994) dice que la COF ~a y/.(: =

es la estructura cerebral que asocia una situacion con su consecuencia y  coeceoswroa

con la emocion primaria que desencadena dicha consecuencia.

De tal manera, una lesion en esta estructura provoca una

. . . . a -~ ..’

incapacidad para asociar una conducta con el estado interno D% P

que producen sus consecuencias. =17 - ) 7> 4
&

ytal, K., Hamann, S. (2010). Neuroimaging support for discrete neural correlates of basic emotions:

Avoxel-based meta-analysis. Journal of Cognitive Neuroscience, 22(12), 2864—85.



http://3.bp.blogspot.com/-eEaCex7Z51I/TecGRy7h2NI/AAAAAAAAAAQ/JmNn3u8raxw/s1600/la+ira.png
http://3.bp.blogspot.com/-eEaCex7Z51I/TecGRy7h2NI/AAAAAAAAAAQ/JmNn3u8raxw/s1600/la+ira.png

el-based meta-analysis. Journal of Cognitive Neuroscience, 22(12), 2864-85.
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2. EMOCIONES: corteza cingulada anterior ™

-La hipotesis localizacionista asocia la corteza cingulada

anterior pregenual (CCAP) y la corteza cingulada anterior

subgenual (CCAS) drea 25 de Brodmann) o ventral con la

tristeza (funcion afectiva: dolor emocional) (Tania Singer).

La depresion clinica se caracteriza por cambios

estructurales y funcionales en la CCAS (25). La estimulacion

Eléctrica TDCS de estas zonas alivia los sintomas de apatia y anhedonia

-Un estudio en humanos encontro que lesiones en la CCAP

(incluyendo dafios en la corteza prefrontal dorsomedial)

provocaban hipersensibilidad y una mayor tendencia al llanto

en eventos tristes (Hornak et al., 2003). Si la CCAP estuviera implicada en crear experiencias de
tristeza, danos en esta estructura deberian abolir la tendencia a llorar ante eventos tristes.

-La CCAP también esta implicada en el dolor y en la vergiienza

-La parte mds dorsal de la corteza cingulada parece que desempefna un papel importante en
la atencion ejecutiva. Desde este punto de vista, esta estructura ofrece fuentes de informacion
sensorial exteroceptiva (desde proyecciones taldmicas) junto con informacidn sensorial interna
(desde la insula) para dirigir la atencion y dar respuestas motoras (marcador somadtico).

ak, )., Bramham, J., Rolls, E., Morris, R., O’Doherty, J., Bullock, P. (2003). Changes in emotion after

ircumscribed surgical lesions of the orbitofrontal and cingulate cortices. Brain: 126, 1691-712.



2. EMOCIONES: corteza cingulada anterior

UNA D
[ por positrone lestra MO ¢ ndi
It curan de la depresion disminuye el metabolismo en el area 25 de Brod-
mann (imagenes a la izquierda, con tonalidades azules en el area 25 que indican un
netabolismo adecuado en ese drea), mientras aumenta en aquellos gue son sometidos

ornak, J., Bramham, J., Rolls, E., Morris, R., O’Doherty, J., Bullock, P. (2003). Changes in emotion after
circumscribed surgical lesions of the orbitofrontal and cingulate cortices. Brain: 126, 1691-712.




2. EMOCIONES: Corteza DM, temporal medial, retrosplenial, cingulo posterior g

-Estas dreas cerebrales utilizan experiencias anteriores para crear un
nuevo significado de nuestro estado afectivo principal, viniendo estas
sefales de nosotros mismos u observando a otros

(evaluacidn de situaciones).

-Experiencias de tristeza y de felicidad fueron asociadas a una activacion
consistente en la CPF DM

-El miedo se ha asociado a un incremento en la activacion del [obulo
temporal medial. Este hallazgo estd mas
relacionado con la codificacidon de estimulos
Salientes, ya que la amigdala se activa durante
experiencias de miedo y tiene una conexion

(paraHippocampus)
transentorhinal region

Temporal pole inferior temporal cortex

funcional muy fuerte con el /': -3
hipocampo durante la codificacion de /| @ ®

estimulos.

ornak, J., Bramham, J., Rolls, E., Morris, R., O’Doherty, J., Bullock, P. (2003). Changes in emotion after

circumscribed surgical lesions of the orbitofrontal and cingulate cortices. Brain: 126, 1691-712.



2. EMOCIONES: Lébulo temporal anterior (LTA) y corteza prefrontal ventrolateral (CPVL) g

-Pacientes con demencia semantica tienen atrofia local en
el LTA, dificultad para utilizar y asociar conceptos
semanticos, y también tienen dificultad para la percepcion
de emociones y empatia.

-El LTA (especialmente el izquierdo) =%
esta implicado en la ira.

CPF

CPF ventromedial

ventrolateral

-La CPFVL esta implicada en tareas
de procesamiento semadntico
categorizacion de objetos,
abstraccion, atencion y la inhibicion
de respuestas.

environment to theory of mind. Neuron, 58, 306-24.


//upload.wikimedia.org/wikipedia/commons/4/4d/Cerebrum_-_temporal_lobe_-_lateral_view.png
//upload.wikimedia.org/wikipedia/commons/4/4d/Cerebrum_-_temporal_lobe_-_lateral_view.png
http://3.bp.blogspot.com/-OPIMCDbXVpw/VRyiVMs3FeI/AAAAAAAAOCA/RZPy7HjOQJE/s1600/ira.jpg
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2. EMOCIONES: Corteza prefrontal dorsolateral (CFDL) b

-La corteza prefrontal dorsolateral (CPFDL)
forma parte de la red frontoparietal dorsal
que esta implicada en el procesamiento
arriba-abajo: atencion y memoria de
trabajo

-Lindquist et al. (2012), refieren que esta
region cerebral se activaba cuando, por
ejemplo, los participantes tenian que
mantener informacion afectiva en la mente
para categorizarla.

Ademds, habia una mayor activacion en la
CPFDL cuando percibian estados
emocionales relacionados con la ira.

gnalytic review. Behavioral and brain sciences, 35, 121-202.



-Esta implicada en la regulacion de los sustratos
autonomicos que nos permiten adaptaciones
conductuales tales como quedarnos paralizados,
huir, vocalizar y comportamiento reproductivo
(Mobbs et al., 2007).

-Un enfoque localizacionista ha vinculado Ila
SGPA a distintos circuitos correspondientes con
varias categorias de emocion: rabia, miedo,
alegria, angustia, amor y lujuria.

S, D.; Petrovic, P., Marchant, J., Hassabis, D., Weiskopf, N., Seymour, B., Dolan, R., Frith, C. (2007). When fear
gar: Threat imminence elicits prefrontal periaqueductal gray shifts in humans. Science, 317(5841), 1079-83



2. EMOCIONES: Cortex Visual

-Lindquist et al. (2012): La emocion surge como
una conceptualizacion de sensaciones internas
del cuerpo y sensaciones externas del mundo
para crear una experiencia unificada de nuestro
yo en un contexto determinado.

El aumento en la activacion de la corteza visual
se produjo cuando los participantes realizaban
tareas con métodos visuales (por ejemplo, ver
imdgenes, rostros, etc.). Por lo tanto, no es de
extranar que la corteza visual y otras regiones
encargadas en el procesamiento sensorial
aumenten su actividad en tareas de este tipo.

gdquist, K., Wager, T., Kober, H., Bliss-Moreau, E. (2012). The brain bases of emotion: A meta-analytic

review. Behavioral and brain sciences, 35, 121-202.


http://www.worth1000.com/entries/738331/today-emotion
http://www.worth1000.com/entries/738331/today-emotion

2. EMOCIONES: Resumen base

eado elicidaa
eZ0 0 eglione

N - AHere Amygdala
peraro - Oord e

p<0.0 0 eglione

aranja peraro z Qccip temp. cortex
pral de p<0.0 0 \

egione 5 0S0

agenta no enta 0
U U U 0, U

- e - U 0, /U

= 20 O he 0
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adqg ot g 0,

., Wager, T., Kober, H., Bliss-Moreau, E. (2012). The brain bases of emotion: A meta-analytic
, Behavioral and brain sciences, 35, 121-202.
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The person-to-person transmission
landscape of the gut and oral microbiomes
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The human microbiomeis anintegral component of the human bodyanda
co-determinant of several health conditions'?. However, the extent to which
interpersonal relations shape the individual genetic makeup of the microbiome and
its transmission within and across populations remains largely unknown’*. Here,
capitalizing on more than 9,700 human metagenomes and computational strain-level
profiling, we detected extensive bacterial strain sharing across individuals (more than
10 million instances) with distinct mother-to-infant, intra-household and intra-
population transmission patterns. Mother-to-infant gut microbiome transmission
was considerable and stable during infancy (around 50% of the same strains among
shared species (strain-sharing rate)) and remained detectable at older ages. By
contrast, the transmission of the oral microbiome occurred largely horizontally and
was enhanced by the duration of cohabitation. There was substantial strain sharing
among cohabiting individuals, with 12% and 32% median strain-sharing rates for the
gutand oral microbiomes, and time since cohabitation affected strain sharing more
thanage or genetics did. Bacterial strain sharing additionally recapitulated host
population structures better than species-level profiles did. Finally, distinct taxa
appeared as efficient spreaders across transmission modes and were associated with
different predicted bacterial phenotypes linked with out-of-host survival capabilities.
The extent of microorganism transmission that we describe underscores itsrelevance
in human microbiome studies’, especially those on non-infectious,
microbiome-associated diseases.

'Tu pareja, tus companeros
de piso o tus amigos
influyen en las bacterias de
tu boca y tu intestino

Ademads de la herencia materna y de factores exégenos como la
dieta, la microbiota también puede estar modulada por las
relaciones personales, a través de la transmision horizontal
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FIGURE 1. The interaction among the immune, neuronal, and endocrine components of the communication between the central nervous
system and the gastrointestinal tract.



PROBIOTICOS Y PREBIOTICOS

https://www.dailymotion.com/video/x6svpa?playlist=x4t2zs

PROBIOTICOS: Los alimentos probi6ticos son
microorganismos vivos afiadidos que permanecen
activos en el intestino en cantidad suficiente (a
pesar del Ph &cido del estbmago) como para
alterar la microbiota intestinal del huésped, tanto
por implantacion como por colonizacion. Pueden
tener efectos beneficiosos cuando son ingeridos
en cantidades suficientes. Pueden atravesar el
aparato digestivo y recuperarse vivos en los
excrementos, pero también se adhieren a la
mucosa intestinal. https://www.dailymotion.com/video/x6yuoac?playlist=x4t2zs

PREBIOTICOS: Los prebiodticos son una clase de
alimentos funcionales, definidos como .
ingredientes de la comida no digeribles (almidon
resistente y fibra) que son utilizados por la
microbiota intestinal, estimulando el crecimiento

de una o0 mas cepas de las bacterias presentes en
el tracto intestinal, modificando su composicion y
actividad, logrando una mejora en la salud y el
bienestar del huésped (fibras dietéticas insolubles)



https://www.dailymotion.com/video/x6yuoac?playlist=x4t2zs
https://www.dailymotion.com/video/x6svpa?playlist=x4t2zs

Simbiéticos

@ww:’ SIMBIOTICOS

SIMBIOTICOS: Un simbidtico es una preparacion farmacéutica o
alimentaria que contiene una 0 mas especies de probiodticos e
ingredientes prebioticos. Asi, un producto simbidtico ejerce un efecto
probidtico y prebidtico.

Recientemente (agosto de 2020), la International Scientific Association
of Probiotics and Prebiotics (ISAPP) publicé un documento de
consenso en el que indica que solo se deberian denominar
simbioticos a aquellos preparados cuya combinacidn queda
confirmada cientificamente que presenta eficacia. Por lo tanto, la
eficacia de una mezcla simbiodtica no podra atribuirse al beneficio
clinico que ha sido demostrado por una cepa probiodtica estudiada
individualmente.

La definicion actualizada de simbiético es “mezcla que comprende
microorganismos Vvivos Y sustratos utilizados selectivamente por los
microorganismos del hospedador que confiere un beneficio para la
salud del hospedador”.




Paraprobioticos

BACTERIA EM ESTADO BACTERIA INATIVADA
DE LATENCIA (LIOFILIZADA) PELO CALOR

PARAPROBIOTICOS

“Material no viable de origen microbiano (microorganismos
inactivos o fracciones celulares)” que habrian demostrado que
pueden tener beneficios para la salud humana y/o animal®.
(procesos de pasteurizacion de probidticos)

Bacterias probiodticas inactivas con efecto biologico sobre la
salud y un buen perfil de seguridad, estabilidad y tolerancia que
induce una respuesta bioldgica “diferente” a la que generaria la
bacteria vivay metabolicamente activa.

Un estudio publicado en Nature Medicine en 2019 prueba que en un
ensayo con pacientes con sobrepeso y resistencia a la insulina, la
suplementacion con Akkermansia mucinisphila en un preparado con
bacteria viva y pasteurizada (inactivada) fue segura y mejoro varios
parametros metabolicos (buena tolerancia y sin efectos secundarios)




: PN Postbiotics
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A postbiotic is a preparation of inanimate
microorganisms and/or their components
that confers a health benefit on the host.

4 N il i 1 N

Postbiotics may contain and/or microbial cell with or without
intact inanimate fragments/structures... metabolites/endproducts
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POSTBIOTICOS

Se denomina '‘posbioticos' a las sustancias producidas por los
probidticos que ejercen efectos metabolicos y/o
iInmunomoduladores en el huésped, es decir, son factores
solubles generados del metabolismo de los probioticos y
liberados al medio extracelular, y que tendrian actividad
beneficiosa sobre la salud.
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MAS QUE UN TUBO

El intestino delgado es la parte mas extensa del tubo digestivo; se compone de varias capas. Transporta la
papilla alimenticia a través de movimientos ondulatorios y se encuentra regulado por el sistema nervioso
entérico, o cerebro abdominal, compuesto a su vez por cientos de millones de neuronas.

E£je microbiota-intestino-cerebro (SNE)



3. LAS EMOCIONES: SISTEMA N. ENTERIco @

SNE estd formado por dos plexos:

e Plexo mientérico o de Auerbach: movimientos gastrointestinales (entre capas
musculares circular y longitudinal). Cadenas lineales de muchas neuronas
interconectadas a lo largo de todo el tubo digestivo (desde el esofago hasta el
esfinter anal externo.

e Ffectos principales de su estimulacion: aumento de la contraccion tonica, aumento
de la intensidad de las contracciones ritmicas, aumento de la frecuencia de las
contracciones...

e Pero no es solo excitador, también tiene neuronas inhibidoras, que relajan algunos
esfinteres musculares intestinales para que pasen los alimentos de un segmento
del tubo digestivo al siguiente.

e Plexo submucoso o de Meissner: secrecion y flujo sanguineo local (de cada
segmento minusculo del intestino). Mds desarrollado en intestino delgado y
grueso. Ej: integra sefales sensitivas del epitelio gastrointestinal para efectuar el
control de la secrecion intestinal local, la absorcion local y la contraccion local del
musculo submucoso.

8 microbiota-intestino-cerebro (SNE) <
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SISTEMA NERVIOSO ENTERICO

Terminaciones nerviosas sensitivas (originadas en epitelio gastrointestinal o
pared intestinal): envian fibras aferentes a ambos plexos del SNE y a:

Da
Ganglios prevertebrales del SN Simpatico Hﬁ%‘

Meédula espinal

Por el nervio vago, en direccion al troncoencéfalo
5-HT

Terminaciones nerviosas de las neuronas entéricas liberan mds de 12
neurotransmisores, péptidos y hormonas:

Acetilcolina (estimula actividad gastrointestinal), Noradrenalina (la inhibe),
Adrenalina, Trifosfato de adenosina, Serotonina (90%), Dopamina,
Colecistocinina, Sustancia P, Polipéptido intestinal vasoactivo, Somatostatina,
Leu-encefalina, Metencefalina, Bombesina...
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The Gut Immune Barrier
and the Blood-Brain Barrier:
Are They So Different?

Richard Daneman':” and Maria Rescigno?”

1University of California, San Francisco, Department of Anatomy, San Francisco, CA 94143-0452, USA
2European Institute of Oncology, Department of experimental Oncology, 20139 Milan, Italy
*Correspondence: richard.daneman@ucsf.edu (R.D.), maria.rescigno@ifom-ieo-campus.it (M.R.)

DOl 10.1016/).immuni.2009.09.012

Immunity

In order to protect itself from a diverse set of environmental pathogens and toxins, the body has developed
a number of barrier mechanisms to limit the entry of potential hazards. Here, we compare two such barriers:
the gut immune barrier, which is the primary barrier against pathogens and toxins ingested in food, and the
blood-brain barrier, which protects the central nervous system from pathogens and toxins in the blood.
Although each barrier provides defense in very different environments, there are many similarities in their
mechanisms of action. In both cases, there is a physical barrier formed by a cellular layer that tightly regulates
the movement of ions, molecules, and cells between two tissue spaces. These barrier cells interact with
different cell types, which dynamically regulate their function, and with a different array of immune cells
that survey the physical barrier and provide innate and adaptive immunity.

Immunity 37, November 20, 2009
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Allobaculum mucilyticum sp. nov. and Allobaculum fili sp. nov..
iIsolated from the human intestinal tract "

Guus H. van Muijlwijk't, Tyler A. Rice?t, Richard A. Flavell?, Noah W. Palm®* and Marcel R. de Zoete'*

Inflamado

FADAM.

Abstract

As part of a culturomics study to identify bacterial species associated with inflammatory bowel disease, a large collection of
bacteria was isolated from patients with ulcerative colitis. Two of these isolates were tentatively identified as members of the
family Erysipelotrichaceae. Following phylogenetic analysis based on 165 rRNA gene sequence and genome sequences, both
strain 128" and 539" were found to be most closely related to Allobaculum stercoricanis, with G+C contents of 48.6 and 50.5
mol%, respectively, and the genome sizes of 2864314 and 2580362 base pairs, respectively. Strains 128" and 539" were strict
anaerobe rods that grew in long chains between 37 and 42 °C. Scanning electron microscopy did not reveal flagella, fimbriae
or visible endospores. Biochemical analysis showed nearly identical results for both strains with enzymatic activity of C4 and
C8 esterases, acid phosphatase, naphthol-AS-Bl-phosphohydrolase, f-glucuronidase, N-acetyl-g-glucosaminidase and argi-
nine arylamidase. In addition, both strains produced indole and reduced nitrate. Major fatty acids were identified as C,_ . @%c

18:1

(aleic acid, 64.06% in 128" and 74.35% in 5397, C,  w7c/C _ @9t/C_ wl12t/UN17.834 (16.18% in 128" and 46.22% in 539") and

18:1 18:1 18:1

C,., (6.23% in 128" and 7.37% in 538'). Based on these analyses two novel species are proposed, Allobaculum mucilyticum

sp. nov. with the type strain 128" (=NCTC 14626™=DSM 1128157) and Allobaculum fili sp. nov. with the type strain 539" (=NCTC
146277=D5M 1128147).
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Gut epithelial barrier damage caused by
dishwasher detergents and rinse aids

Ismail Ogulur, PhD,® Yagiz Pat, MD,*® Tamer Aydin, BSc,® Duygu Yazici, PhD,® Beate Riickert, MSc,”
Yagi Peng, MD, PhD,*° Juno Kim, BSc,? Urszula Radzikowska, MSc¢,>? Patrick Westermann, MSc,?
Milena Sokolowska, MD, PhD ¢ Raja Dhir, BSc,” Mubeccel Akdis, MD, PhD,? Kari Nadeau, MD, PhD,f and

Cezmi A. Akdis, MD*

Background: The increased prevalence of many chronic
inflammatory diseases linked to gut epithelial barrier leakiness
has prompted us to investigate the role of extensive use of
dishwasher detergents, among other factors.

Objective: We sought to investigate the effects of professional
and household dishwashers, and rinse agents, on cytotoxicity,
barrier function, transcriptome, and protein expression in
gastrointestinal epithelial cells.

Methods: Enterocytic liguid-liquid interfaces were established
on permeable supports, and direct cellular cytotoxicity,
transepithelial electrical resistance, paracellular flux,
immunofluorescence staining, RNA-sequencing transcriptome,
and targeted proteomics were performed.

Results: The observed detergent toxicity was attributed to
exposure to rinse aid in a dose-dependent manner up to 1:20,000
v/v dilution. A disrupted epithelial barrier, particularly by rinse
aid, was observed in liquid-liquid interface cultures, organoids,
and gut-on-a-chip, demonstrating decreased transepithelial
electrical resistance, increased paracellular flux, and irregular
and heterogeneous tight junction immunostaining. When
individual components of the rinse aid were investigated
separately, alcohol ethoxylates elicited a strong toxic and
barrier-damaging effect. RNA-sequencing transcriptome and
proteomics data revealed upregulation in cell death, signaling
and communication, development, metabolism, proliferation,
and immune and inflammatory responses of epithelial cells.
Interestingly, detergent residue from professional dishwashers
demonstrated the remnant of a significant amount of cytotoxic

Davos, Switzerland: Avdin, Turkey; Guangzhou, China; and Los Angeles and Stanford, Calif

and epithelial barrier—-damaging rinse aid remaining on washed
and ready-to-use dishware.

Conclusions: The expression of genes involved in cell survival,
epithelial barrier, cytokine signaling, and metabolism was
altered by rinse aid in concentrations used in professional
dishwashers. The alcohol ethoxylates present in the rinse aid
were identified as the culprit component causing the epithelial
inflammation and barrier damage. (] Allergy Clin Immunol
2022 ;umn; uEN-NEN, )

Key words: Alcohol ethoxviates, Caco-2, cytotoxicity, dishwasher
detergents, epithelial barrier, inflammation, rinse aid

The intestinal epithelium barrier holds a strong defense against
foreign substances while at the same time regulating the absorp-
tion of nutrients, water, and eleclmlyles.l': This passage of mol-
ecules 1s controlled by intercellular tight junction (TJ) proteins
located at the apical domain of the epithelial cells. TJs form a
multiprotein complex including transmembrane proteins (eg, oc-
cludin [OCLN], claudins [CLDNs], junctional adhesion mole-
cule, and tricellulin) and intracellular plaque proteins (eg,
zonula occludens [Z0s), ie, ZO-1, ZO-2, and ZO-3).™"

Disruption of the gut epithelial TJ barrier has been proposed as a
central pathogenic factor leading to the systemic inflammation
observed in obesity, inflammatory bowel disease, and a long list of
other chronic noninfectious inflammatory diseases of distant

organs.’ * The recently postulated “Epithelial Barrier Hypothesis™

=
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the impact of the gut microbiota  vowssrecossen
on brain and behaviour

John F. Cryan’-? and Timothy G. Dinan'3

Abstract | Recent years have witnessed the rise of the gut microbiota as a major topic of
research interest in biology. Studies are revealing how variations and changes in the
composition of the gut microbiota influence normal physiology and contribute to diseases
ranging from inflammation to obesity. Accumulating data now indicate that the gut
microbiota also communicates with the CNS — possibly through neural, endocrine and
immune pathways — and thereby influences brain function and behaviour. Studies in
germ-free animals and in animals exposed to pathogenic bacterial infections, probiotic
bacteria or antibiotic drugs suggest a role for the gut microbiota in the regulation of anxiety,
mood, cognition and pain. Thus, the emerging concept of a microbiota—gut—brain axis
suggests that modulation of the gut microbiota may be a tractable strategy for developing

novel therapeutics for complex CNS disorders.

Eje microbiota-intestino-cerebro (SNE)
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_ Human Microbiome _
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~ Bacteria
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Cell Host & Microbe

Caudovirales bacteriophages are associated with
improved executive function and memory in flies,
Cell Host & Microbe 30, 1-17, March 9, 2022

mice, and humans

Graphical abstract

. o
‘i -, Do OH
[ n g @ i Yl ‘_J.k

_ Y ~  DH

€ = thyX Chaline MHz
‘__,-"”'- —l....J.._\ Gut Bacteria oo Glycine
o ]_ l Compaosition dut Ui

g ; . ( o ] _\ Gut Bacteria Functionality:
' F O / One carbon metabolism

Specific Caudovirales -

L ol

Humans T Exeocutive Function
T Memory
JUR 4 LY - & - % Memory
;AR FMT
Mus musculus T Memory promoting IEGs
(arc,egr duspl btgZierZ)
Memory suppressor IEGs
l ?fln‘f FplrdZ2)
) Lﬂctocucc#s Lactis
936
phage ) . 1. Memory

Drosophila melanogaster

Highlights
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In brief

Here, Mayneris-Perxachs et al. reveal an
association of the dominant
bacteriophages with human host
cognition in parallel to a specific bactenal
composition and functionality.
Microbiota transplantation and
bacteriophage supplementation
increased the memory of recipient mice
and flies through the upregulation of
memory-promoting genes. This
highlights the potential of targeting
bacteriophages cognitive improvement.

Siphoviridae
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the Human Gut Microbiome

\ 2 o Things You Didn’t Know About

Erin P. Ferranti, PhD, MPH, RN; Sandra B. Dunbar, PhD, RN, FAHA, FAAN; Anne L. Dunlop, MD, MPH;
Elizabeth J. Corwin, PhD, RN, FAAN

-El microbioma (genoma de la microbiota procariota) se define como el material
genético de todas las bacterias, virus, hongos, arqueas y eucariotas que habitan el
cuerpo humano denominados colectivamente como el "sequndo genoma humano” (ratio
1 celula : 10 microorganismos; 100 trillones de microbios de 10.000 especies, 2-3 kgs).
SIMBIOSIS. Proyecto microbioma humano 2007-2015.

-La microbiota intestinal se considera un organo separado, con actividad metabdlica e
inmunoldgica separada del resto del cuerpo (investigacion: taxonomia de
microorganismos y la gendmica funcional). Otras microbiotas: vagina, piel, boca, nariz,
oidos y cuero cabelludo. Todas tienen en comun 4 familias de bacterias: Firmicutes,
Actinobacteria, Proteobacteria y Bacteroidetes (composicion unica y personal).

Table 1. Predominating Phyla of Specific Human Habitats

Body Habitat Predominating Phyla
Mouth Firmicutes (e.g., Streptococcus) > Proteobacteria (e.q., Haemophilus), Bacteroidetes (e.q., Prevotella)
Gut Bacteroidetes (e.q., Bacteroides), Firmicutes (e.q., Streptococcus)
Skin Actinobacteria (e.q., Propionibacterium) > Firmicutes (e.g., Staphylococcus)

Vagina Firmicutes (e.g., Lactobacillus)
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The Human Microbiome: at the interface of health and disease
liseung Cho'2 and Martin J. Blaser' 234

Nat Rev Genet. ; 13(4): 260-270. doi:10.1038/nrg3182.
Department of Medicine, NYU Langone Medical Center, New York, NY 10016, USA

2012
Nature Reviews | Genetics



FIGURA 1. Esquema de los territorios colonizados por la microbiota autdctona, con indicacion
de los microorganismos mas abundantes y la densidad total en cada localizacion.
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TABLA | Diversidad taxonémica de los microorganismos que conforman la microbiota autéctona

DOMINIO  REINO FILO CLASE EJEMPLO

Archaea  Archaea All Euryarcheota Methanobacteria  Metandgenos intestinales

Bacteria Bacteria B.XIl. Protecbacteria Gammaprotea-  Escherichia (intestino gruesa)
bacteria

Epsilonproten-  Helicobacter (estémagao)

bacteria
B.XIIl. Firmicutes Clostridia Lachnospira, Faecalibacterium,
Roseburia (intestine grueso)
Bacilli Lactobacillus (vaging, intestino
delgada), Staphylococcus (piel),
Streptococeus (boca)

B.XI\. Actinobac- Actinobacteria  Bifidobacterium (intestino

teria gruesa), Propionibacterium (piel,
intestino gruesa), Corynebacte-
riurn (piel), Gardnerella {(vagina)

B. XX Bactercidetes Bacteroidetes Bacteroides, Prevotella (intesti-
no grueso)

B XX Verrucomi-  Verrucomicro-  Akkermansia (intestino gruesa)
crobia biae

Eukaryota Protista  Protozoa Rhizopoda Amebas comensales (boca,
intestino)

Mastigophora Giardia (duodena)

Fungi Ascomycota Saccharomy- Candida (vagina, boca, intesti-
cetes no gruesa)
Basidiomycota Exobasidiomy-  Malassezia (piel)
cetes
Animalia Arthropoda Arachnida Demodex (acaros de la piel)

MICROBIOTA VAGINAL

+ Enfermedades vaginales: vaginosis bacteriana (Gardnerella vaginalis), candidiasis vulvovaginal
(Candida albicans) y Tricomoniasis (Trichomonas vaginalis)
- Disbiosis en estados fisiologicos: ciclo menstrual, menopausia.

MICROBIOTA MAMARIA

- Mastitis: aguda, subaguda, subclinica y granulomatosa.

MICROBIOTA ORAL

» Enfermedades orales: caries dental, gingivitis, periodontitis, halitosis.

MICROBIOTA DE LA PIEL

« Enfermedades de la piel: dermatitis atdpica, psoriasis, acné vulgar, rosdcea, dlceras.

MICROBIOTA RESPIRATORIA

- Enfermedades respiratorias: patologias orolaringeas y otitis, asma, fibrosis quistica, infeccién
por virus respiratorio sincitial, neumonias.

MICROBIOTA TRACTO GENITOURINARIO

» Enfermedades urolégicas: infecciones urinarias, disfuncién neurogénica de la vejiga, inconti-
nencia urinaria.
- Patologia del tracto genital: infertilidad, abortos, endometriosis, prostatitis.




Efficacy of probiotics in the
management of halitosis: a systematic
review and meta-analysis

Nengwen Huang 7, Jinjin Li @, Xianghe Qiao, Yongzhi Wu, Yunkun Liu,
Chenzhou Wu, Longjiang Li

Huang N, et al. BMJ Open 2022;12:¢060753.

To cite: Huang N, Li J, Qiao X, ABSTRACT
etal. Efficacy of probiotics in Background Halitosis is defined as a foul odour emitted STRENGTHS AND LIMITATIONS OF THIS STUDY
the management of halitosis: from the oral cavity. Many interventions have been used = This study included larger randomised controlled
a systematic review and to control halitosis from mouthwashes to chewing gums. trials involved in halitosis and probiotics.
e O e 4 Probiotics have been reported as an alterative method to = The results were rationally analysed from the follow-
bmjopen-2022-060753 alleviate halitosis. up time perspective.

Objective The present study aimed to investigate the = Subgroup analysis was done to identify the sources
» Prepublication historyand  gffect of probiotics on halitosis from a time perspective. of heterogeneity based on the component of volatile
additional supplemental material  pesjgn and methods This is a meta-analysis study sulfur compounds.
or fis peper are aval a6 performed in indexed databases up to February 2021. = The included studies had limited patients.
online. To view these files, Randomised controlled trials that compared the effects of = Some studies reported the outcomes with different
please visit the journal online probiotics and placebo on primary outcomes (organoleptic forms, increasing the heterogeneity of the results.
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Sexual activity alters the
microbiome, with potential
psychiatric implications

Evidence is strong that sexual
partners transmit microbiota (bac-
teria, wviruses, fungi, protozoa,
and archaea) to each other. While
microbial flora are abundant in the
gastrointestinal tract, they are also
present in the vagina, penis, ure-
thra, mouth, and skin.! For better
or worse, sexual contact of all types
means that participants will acquire
each other's microbiota.

The 39 trillon microbiota in the
body (which exceed the 30 trillion
cells in the body) are commensal and
influence both the larger brain in the
skull and the smaller enteric brain
in the gut. The microbiota and their
microbiome genes (1,000 times larger
than the human genome) have been
linked to depression, anxiety, psy-
chosis, and autism.** They produce
90% of the body's serotonin, as well
as catecholamines (norepinephrine,
epinephrine, dopamine), make hor-
mones (eg, cortisol), and modualate
the immune system. Microbiota have
several important functions, includ-
ing food digeshon, synthesis of
vitamins, autoimmunity,hypothalamic-
pituitary-adrenal axis regulation, and

CNS modulation.

Consequences of dysbiosis
Evervone should be concemed about
maintaining a healthy diversity of
microbiota in their body, with a pre-
dominance of beneficial bacteria such
as Lacfobacillus and Bacteroides, and
avoiding acquiring pathogenic bacteria
such as Gardnrerella, Prevotella, and
Atopobium. Sexual activity involving a
partner with unhealthy microbiota may
increase the sk of dyvsbiosis, defined
as a reduction in microbiota diversity,
including a loss of beneficial bacteria
and a rise in harmful bacteria.

Dhysbiosis is associated with multiple
symptoms, including™:

* brain “fog,” irritability, mood
changes, and ancdety

# bloabing, loss of mbestinal perme-
ability, and insuffident reclamation of
nutrients

* congestion of certain ongans, such
as the liver, gallbladder, and pancreas

* production of antigen-antibody
complexes in response to chemicals in
partially digested food

# ageravation of inflammatory dis-
orders such as migraine, arthritis, and
autoimmune disorders.

Apart from intimate sexual contact,
simply sharing a household with some-
one leads to sharng of gut microflora.
Persons who live together, whether
genetically related or not, have simi-

lar microbicta. Compared with people

La actividad sexual que implica una pareja
con microbiota no saludable puede aumentar
el riesgo de disbhiosis, definido como una
reduccion en la diversidad de la microbiota,
incluyendo una pérdida de bacterias
beneficiosas y un aumento de bacterias
dafinas:

-“niebla” cerebral, irritabilidad, estado de &nimo
cambios y ansiedad. T. Bipolar: mas en relaciones
extramatrimoniales y con multiples parejas.

-hinchazén, pérdida de permeabilidad intestinal y
recuperacion insuficiente de nutrientes.

-congestién de ciertos drganos, como el higado, la
vesicula biliar y el pancreas.

-produccion de complejos antigeno-anticuerpo en
respuesta a sustancias quimicas en alimentos
parcialmente digeridos.

-agravamiento de trastornos inflamatorios como
migrafia, artritis y trastornos autoinmunes'y gingivitis

Las personas que viven juntas, ya sea genéticamente
relacionados o no, tienen una microbiota similar.

Una consecuencia de adquirir microbiota patégena en
la vagina es la vaginosis bacteriana (VB), que no es
una infeccién sino un desequilibrio ecoldgico en la
composicion de la microbiota vaginal. La VB es
causada por una disminucion significativa de los
Lactobacillus vaginales beneficiosos y un marcado
aumento en los taxones no Lactobacillus
(especialmente Gardnerella y Atopobium). Puede durar
al menos 1 semana después de la relacion sexual: flujo
con olor a pescado (blanquecino), alcalino, bacterias
anaerbbicas (Prevotella, Gardnerella y Atopobium),
aumento en la tasa de enfermedad pélvica inflamatoria,
embarazo ectdpico, endometriosis, parto prematuro e
infertilidad.

Las bacterias patégenas se pueden cultivar a partir del
glande, el surco coronal y el prepucio, asi como de la
piel del pene, semen, uretray orina.



Variations in Vaginal, Penile, and Oral

Microbiota After Sexual Intercourse:
A Case Report

Miguel Carda-Diéguez ', Nivia Cardenas?, Marina Aparicio?®, David Beltran®,
Juan M. Rodriguez?® and Alex Mira™*
I Department of Health and Genomics, Center for Advancad Research in Public Heaith, AISABID, Valoncia, Spain,

? Department of Nutrition and Food Science, Complutanse Univarsity of Madnid, Madrid, Spain, ¥ Cantro da Diagnostico
Meadico, Ayuntamionto die Madnd, Madrid, Spain, * Notwork of Epideminiogy and Public Health, CIBERESE Madrid, Spain

Background: Eacterial vaginosis is the most common infection in women and it has
been proved that dysbiosis of vaginal microbiota can promote the infectious status.
This case report shows the effect of oral and vaginal sex over the microbiota of a
heterosexual couple who reported repeated problems of vaginal and oral infections after
sexual intercourse.

Case Presentation: Awoman (32) reported to have vaginal infections and gingivitis after
she had started a relationship with a man (34) and associated them with unprotected sex.
Mo treatments successfully removed the problem and it repeated every time they had
sexual encounters. Vaginal, penile and oral swabs were collected before and after sexual
encounters in order to analyze changes in the respective microbiotas. DNA was extracted
from all samples and the bacterial 165 rBMA gene was sequenced using lllumina MiSeq.

Conclusions: lacfobacilius occupied the great majority of the vaginal microbiota in all
scenarios except after unprotected sex, which caused a bacterial dysbiosis that lasted at
least for a week. Similarly, the penile microbiota changed significantly after unprotected
sexual relationships. Interestingly, both oral and vaginal sex increased the abundance
of Lactobacillus in the male oral and penile microbiota, respectively. In conclusion,
unprotected sexual intercourse influenced the genital microbiota in the couple studied
and future studies with larger sample sizes should study if sex may be a factor promoting
vaginal infection through dysbicsis and hampered protection by the resident microbiota.

Keywords: microbiota, vagina, penile, oral, oral sex, bacterial vaginosis, Lactobacillus
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Sexual practices have a significant
Impact on the vaginal microbiota of
women who have sex with women

EricaLl. Plummer:%" LenkaA_Vodstrdl (4249 Christopher K. Fairley?,
SepehrM. Tabrizi®*%, Suzanne M. Garland?**, Matthew G. Law®, Jane 5. Hocking’,
Katherine A. Fethers’, Dieter M_Bulach®? Gerald L. Muray™** &

Catriona 5. Bradshaw™*"*

(2015) 819749

Women-who-have-sex-with-women (W5W) are at increased risk of bacterial vaginosis (BV). We
investigated the impact of practices and past BV on the vaginal microbiota within a two- year
lengitudinal cohort of Avstralian'WsW. Self-collected vaginal swabs were used to characterise the
vaginal micrebiota using 165-rRMA gene sequencing. Hierarchical clustering defined community state
types (C5Ts). Bacterial diversity was caloulated using the Shannon diversity index and instability of

the vaginal microbiota was ass esced by changeof C5T and Bray-Curtis dissimilarity. Sexwith a new
partner increased the bacterial diversity (adjusted-coefficient= 041, 35%Cl: 0.21,0.60, p< 0.001)

and instability of the vaginal microbiota, in terms of both change of £5T (adjusted-odds-ratio = 2.65,
95%C0-1.34,5.22, p= 0.005) and increased Bray-Curtis dissimilarty (adjusted -coefficent= 0.21, 35%Cl:
0.11,0.31, p < 0.001). Women reporting sex with a new partner were more likely than women reporting
no new parbner to have a vaginal micobiota chamcterised by Gordnerella veginalis (ad juste d-relative-
nsk-ratic[aRRR]= 345, 35%Cl: 1.42 B.41 p=0.006) or anaerobic BV-associated bactena (aRRR=3.62,
95%C1-1.43,5.1%, p= 0.007) relative to a L ectobeciliy s crispatus d ominated micmbiota. Sex with a

new partner altered the vaginal microbiota o PWSW by increasing the divers ity and abundance of BV-
associated bacteria. These findings highlight the inflvence of practices on the development of a non-
optimal vaginal microbiota and provide microbiological support for the sexwal exchange of bacteria
between women.

Las mujeres lesbianas que
tienen muchas parejas sexuales
tienen un mayor riesgo de
vaginosis bacteriana (VB).

Se investigo la microbiota
vaginal de 100 mujeres
australianas durante 2 afios y se
relaciond con sus practicas
sexuales (hisopos vaginales): El
Sexo con un nueva pareja
aumento la diversidad
bacteriana e inestabilizo su
microbiota vaginal (Gardnerella
vaginalis y bacterias
anaerobicas asociadas) en
comparacion con las que tenian
una pareja estable, alterando el
equilibrio de lactobacillus.
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Gardnerella vaginalis Clade Distribution Is Associated

With Behavioral Practices and Nugent Score in Women
Who Have Sex With Women B

Erica L. Plummer,'? Lenka A. Vodstreil,'? Gerald L. Murray,*** Christopher K. Fairley,' Jennifer A. Danielewski,** Suzanne M. Garland,***
Eric P. E Chow,' Dieter M. Bulach,"” Katherine A. Fethers,” Jane S. Hocking,® and Catriona S. Bradshaw'?

"Central Clinical Schoal, Monash University, The Alfred Centre, Melbourne, Victoria, Australia, “Melbourne Sexual Health Centre, Alfred Health, Carlton, Victoria, Australia, *Women's Centre for
Infectious Diseases, The Royal Women's Hospital, Parkville, Victoria, Australia, *Murdach Children's Research Institute, Parkville, Victoria, Australia, *Department of Obstetrics and Gynaecology,
The University of Melbourne, Parkville, Victoria, Australia, *Micrabiological Diagnastic Unit Public Health Laboratary, The Peter Doherty Institute for Infection and Immunity, The University of
Malbourne, Melbourne, Victaria, Australia, "Melbourne Bioinformatics, The University of Melbourne, Carlton, Victoria, Australia, *Malbourne School of Population and Global Health, The University
of Melbourne, Carlton, Victoria, Australia

Background. Gardnerella vaginalis is detected in women with and without bacterial vaginosis (BV). Identification of 4 G.
vaginalis clades raised the possibility that pathogenic and commensal clades exist. We investigated the association of behavioral
practices and Nugent Score with G. vaginalis clade distribution in women who have sex with women (WSW).

Methods. Longitudinal self-collected vaginal specimens were analyzed using established G. vaginalis species-specific and clade-
typing polymerase chain reaction assays. Logistic regression assessed factors associated with detection of G. vaginalis clades, and
multinomial regression assessed factors associated with number of clades.

Results. Clades 1, 2, and 3 and multiclade communities (<2 clades) were associated with Nugent-BV. Clade 1 (odds ratio [OR],
3.36; 95% confidence interval [CI], 1.65-6.84) and multiclade communities (relative risk ratio [RRR], 9.51; 95% CI, 4.36-20.73) were
also associated with Lactobacillus-deficient vaginal microbiota. Clade 4 was neither associated with Nugent-BV nor Lactobacillus-
deficient microbiota (OR, 1.49; 95% CI, 0.67-3.33). Specific clades were associated with differing behavioral practices. Clade 1 was
associated with increasing number of recent sexual partners and smoking, whereas clade 2 was associated with penile-vaginal sex
and sharing of sex toys with female partners.

Conclusions. Our results suggest that G. vaginalis clades have varying levels of pathogenicity in WSW, with acquisition occurring
through sexual activity. These findings suggest that partner treatment may be an appropriate strategy to improve BV cure.

Keywords. Dbacterial vaginosis; Gardnerella vaginalis; sexual practices; women who have sex with women.




Good and Bad Bacterial Flora

BIFIDOBACTERIA ESCHERICHIA COLI LACTOBACILLI
The various strains help to regulate  Several types inhabit the human gut. Beneficial varieties produce
levels of other bacteria in the gut,  They are involved in the production vitamins and nutrients, boost

modulate immune responses to of vitamin K2 (essential for blood immunity and protect
invading pathogens, prevent clotfing) and help to keep against carcinogens.
tumour formation and bad bacterio in check.
produce vilamins. But some strains can lead fo illness.
CAMPYLOBACTER ENTEROCOCCUS FAECAI,IS CLOSTRIDIUM DIFFICILE
C Jejuni and C coli are the strains most A common couse of Most harmfull following o course of
commonly associated with humon disease, postsurgical infections. antibiotics when it is able to proliferate.

Infection usually occurs throught the
ingestion of contaminated food.
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free-ranging spider monkeys
(Ateles geoffroyi)
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Research 7 Christina J. Campbell’, Aleksey Maro®, Victoria Weaver
and Robert Dudley”

updates

Cite this article: Campbell U, Maro A, Weaver

V, Dudley R. 2022 Dietary ethanol ingestion by ! Anthropology, California State University, Northridge, CA, USA
free-ranging spider monkeys (Ateles geoffroyi). 2Integra‘ri'.ﬂz Biology, University of California, Berkeley, CA, USA

. . Ethanol within ripe and over-ripe fruit is produced naturally
R. Soc. Open SE.f 9: 211729. _ o AM, 001][:'-0%3-1_133-3 through the metabolic activity of fermentative yeasts. As a

' . Bt _ ¥ consequence, frugivorous animals may chronically consume
t z ethanol as part of their routine diet, although direct

} measurements of such exposure are lacking. Here, we present
data on ethanol concentrations within fruits of Spondias mombin
(Anacardiaceae) that are eaten by black-handed spider
monkeys (Ateles geoffroyi) on Barro Colorado Island, Panama.
Of collected fruits that were partially consumed and then
» dropped by foraging monkeys, pulp-ethanol content was
= typically in the range of 1-2%; the percentage of pulp for
consumed fruits was not significantly correlated with the
ethanol concentration of the pulp remaining within each fruit.
#7 Urine samples from foraging spider monkeys were also
evaluated for the ethanol metabolites ethyl glucuronide and
ethyl sulfate; five of six samples tested positive for both
compounds. In aggregate, these data indicate natural exposure
 to fruit-associated ethanol in a wild primate species.
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S\ 2 o Things You Didn’'t Know About

the Human Gut Microbiome

Erin P. Ferranti, PhD, MPH, RN; Sandra B. Dunbar, PhD, RN, FAHA, FAAN; Anne L. Dunlop, MD, MPH;
Elizabeth J. Corwin, PhD, RN, FAAN

-Hasta 2005 (Metagendmica) no se pudo medir la microbiota intestinal debido a que son
bacterias anaerobicas mayoritariamente (no crecen a través de cultivos). Ciencia en
panales. Proyecto microbioma humano (2007-2015) (American gut project & National
Institutes of Health, USA)

-El microbioma se desarrolla durante la etapa fetal (el meconio no es estéril) y estd influido
por el tipo de parto (vaginal vs. cesdrea) y el tipo de alimentacion infantil (lactancia
materna vs. leche de formula). Hacia los 2-3 afios la microbiota es similar a la adulta.

-Los antibidticos durante la etapa temprana (infancia) alteran los patrones de la
microbiota intestinal (mayor probabilidad de obesidad, anormalidades metabdlicas, y/o
enfermedades autoinmunes (ganado con antibidticos).

- La microbiota intestinal “normal” en personas sanas incluye cepas de patdgenos como la
Escherichia coli y los enterococos.

https://www.dailymotion.com/video/x7gc9v?playlist=x4t2zs
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Feature Article

. Intervention strategies for cesarean section-
induced alterations in the microbiota-gut-brain axis

[z}
m

Angela Moya-Pérez, Pauline Luczynski, Ingrid B. Renes, Shugui Wang, Yuliya Borre, C. Anthony Ryan,
Jan Knol, Catherine Stanton, Timothy G. Dinan, and John F. Cryan

Microbial colonization of the gastrointestinal tract is an essential process that
modulates host physiology and immunity. Recently, researchers have begun to
understand how and when these microorganisms colonize the gut and the early-
life factors that impact their natural ecological establishment. The vertical transmis-
sion of maternal microbes to the offspring is a critical factor for host immune and
metabolic development. Increasing evidence also points to a role in the wiring of
the gut-brain axis. This process may be altered by various factors such as mode of
delivery, gestational age at birth, the use of antibiotics in early life, infant feeding,
and hygiene practices. In fact, these early exposures that impact the intestinal
microbiota have been associated with the development of diseases such as obesity,
type 1 diabetes, asthma, allergies, and even neurodevelopmental disorders. The
present review summarizes the impact of cesarean birth on the gut microbiome
and the health status of the developing infant and discusses possible preventative
and restorative strategies to compensate for early-life microbial perturbations.




Vaginal Delivery

Normal
vaginal
delivery

Introduced to Vaginal Microbes: Lactobacillus

Normal Introduction of Gut Microbes

Normal Development of the Immune System
*Production of specific cytokines for proper
immune system development

Richardson; 2013

VS.

Cesarean Delivery

Introduced to Skin Flora: Staphylococcus

Abnormal Microbial Introduction

Disrupted Intestinal Microbial Colonization
*Increase risk for Atopic Diseases, Asthma,
Allergic Rhinitis, and Celiac Disease
*Association: Delayed Onset of Lactation
*Lack Breast Milk Support for Gut Flora
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Maternal gut

M) Check for updates

Human milk microbiota: what did we learn in the last
20 years?
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Abstract

Human milk (HM) is the gold standard for infant nutrition during the first months of life. Beyond its nutritional g
& vy

components, its complex bioactive composition includes microorganisms, their metabolites, and oligosaccharides, )

which also contribute to gut colonization and immune system maturation. There is growing evidence of the .(::': X
igosaccharides

beneficial effects of bacteria present in HM. However, current research presents limited data on the presence and ¥ rmmmogosies

functions of other organisms. The potential biological impacts on maternal and infant health outcomes, the factors
contributing to milk microbes’ variations, and the potential functions in the infant's gut remain unclear. This review
provides a global overview of milk microbiota, what the actual knowledge is, and what the gaps and challenges are
for the next years.

e Human Nk Microbiota
x>

Keywords: Human milk, microbiota, infant health
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Lactobacillus Bacteria in Breast Milk

Katarzyna Lubiech *'* and Magdalena Twaruzek

Department of Physiology and Toxicology, Faculty of Biological Sciences, Kazimierz Wielki University,
Chodkiewicza 30 5t., 85-064 Bydgoszcz, Poland; twarmag@ukw.edu.pl
* Correspondence: katarzyna.lubiech@ukw.edu.pl; Tel.: +48-668339174

Received: 11 November 2020; Accepted: 8 December 2020; Published: 10 December 2020

Abstract: Breast milk is an optimal food for infants and toddlers. The composition of breast milk
adapts to the needs of the developing organism, satisfying nutritional needs at an early stage of
growth and development. The results of research to date have shown that breast milk is the best
food for a child, containing not only nutrients but also biologically active substances that aid in the
optimal, proper growth and development of infants. Among the many components of breast milk,
an important element is the probiotic microflora, including bacteria of the genus Lactobacillus spp.
These organisms exert a multidirectional, health-promoting effect on the body of children who
consume breast milk. The number of lactic acid bacteria, including Lactobacillus, colonizing the breast
milk environment and their species diversity varies and depends on many factors, both maternal and
environmental. Breast milk, as a recommended food for infants, is an important source of probiotic
microflora. The aim of this study was to present the current understanding of probiotic bacteria of
the genus Lactobacillus present in breast milk.

Keywords: breast milk; probiotic microflora; Lactobacillus spp.; infant nutrition; breastfeeding
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Figure 1 Cesarean section can alter colonization of the newborn intestine, which is a critical event influencing many developmental
and physiological processes and, thereby, the functioning of the immune and neuroendocrine systems, with long-lasting effects
on health. It is thought that an unhealthy microbiota can promote the increased translocation of pathogenic bacterial components from the
intestinal mucosa to the systemic circulation, where they activate innate immunity characterized by production of proinflammatory cytokines,
resulting in metabolic inflammation and abnormal gut function. Abbreviation: BBB, blood-brain barrier.
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Figure 2 Schematic representation of the main strategic points of intervention to reverse the effects of cesarean section delivery.
This can be done by improving the environment through different hygienic habits and health practices. Alternatively, the intervention could
be focused on the mother herself by using probiotics and/or prebiotics and/or polyunsaturated fatty acids during pregnancy. Finally, the inter-
vention could focus on the newborn with “seeding” approaches: breastfeeding instead of formula feeding or the use of infant formulas en-
riched and improved with probiotics/prebiotics. This figure summarizes the current modulating therapies to improve the composition of the
microbiota and neurodevelopmental health of the infant.
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TABLE 2 | Average relative abundance of llumina reads attributed to the main
phyla, to the orders Lactobacillales, and the genera Lactobacillus.

Phylum/order/genus Preast Maternal Infant B Jactobacillus oris
milks (BM) feces (MF) feces (IF) 5
B [actobacillus plantarum
Firmi 40.009 57.669 60.06% .
B';m;f“tes i ;" i ;’ " 57;’ B Lactobacillus rhamosus
Cilll 5 (s} " o f (o] . )
Lactobacillales 29.56% 21.87% 38.61% - [actoéaw//w 0’6/&/:(/6’6’#11
Lactobacillaceae 5.59% 7.09% 14.34% " W Lactobacillus brevis
Lactobacillus 5.56% 7.07% 14.34% B Lactobacillus helveticus
Streptococcaceae 19.27% 11.93% 23.34%
Enterococcaceae 2.48% 1.23% 0.24%
Actinobacteria 2.75% 6.02% 9.17% Infant
Bacteroidetes 4.03% 8.71% 6.53% SR
feces (IF)

Proteobacteria 45.79% 20.25% 20.22%
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The transmission of certain bacteria from the mother's gut to the infant's gut via breast milk (BM) is critical
for the offspring's immune system development. Dysbiosis of the BM microbiota can be caused by a
variety of reasons, which can be influenced by probiotics delivered via the enteromammary route. The
goal of this study was to investigate the bacteria that can be transmitted from the mother to the infant’s
intestine during various lactation periods in 19 mother—child dyads. Bacterial transmission is most

common during the colostrum phase when bacteria with certain amplicon sequence variants (ASVs) enter
the newborn intestine and inhabit it permanently. We have established that anaerobic gut-associated bac-
teria, such as Faecalibacterium, Blautia and Lachnoclostridium, transfer from the mother to the infant's
gut with lactation dependence using the idea of weighted transfer ratios. Streptococcus salivarius,

Received 18th September 2021, Bifidobacterium longum, and Lactobacillus gasseri are transferred from the maternal gut to the BM, as
Accepted 16th Novamber 2021 well as from the BM to the newborn gut, depending on different ASVs. These findings suggest that iso-
DOI: 10.1039/d1fo03131g lation of key microorganisms from breast milk could be utilized to modify the microbiota of BM or new-

rsc.li/food-function borns by giving the mother a probiotic or adding it to artificial milk to promote neonatal health.
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Mother’s Gut to the Mammary Gland ‘ 22\
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Abstract: Human breast milk (HBM) is unique in its composition as it is adapted to fulfil the
newborns’ nutritional requirement and helps in improving the health of newborns. Besides various
nutrients, the human milk also contains diverse group of microbiotas. The human milk microbiota
has a remarkable impact on the growth and development of a newborn. Additionally, the human
milk microbiota enhances the colonization of microbes in the gut of infants. Debates about the origin
of HBM microbial flora remain premature and contradictory in some cases. Recent data suggest that
the maternal gut microbiota has a major impact on microbial composition, areolar skin, and from
the infant’s oral cavity. The current review investigates the possible route of microbial transfer from
the maternal gut to mammary gland and suggests that it might occur through the entero-mammary
pathway. It involves precise selection of probiotic microorganisms from the gut, as the human = Actinobacteria = Bacteriodetes = Firmicutes « Fusobacteria = Others = Proteobacteria
gut hosts trillions of microorganisms involved in gut homeostasis and other metabolic pathways.

Gastrointestinal lymphatic vessels, macrophages, and dendritic cells are shown to play a significant

role in the microbial transmission. Furthermore, the role of microbial factors in the development of

neonatal immunity and translocation of secretory IgA (SIgA) cells from the intestinal lumen to GALT

and finally to mammary glands via entero-mammary link are discussed.

Keywords: breast milk; microbiome; probiotics; lactic acid bacteria; entero-mammary pathway
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ARTICLEINFO ABSTRACT .
Probiotics

Keywords: The intestinal microbiota of infants plays an important role in early life and affects health throughout lifespan.
Mother The mother is closely associated with the infant microbiota, by helping to establish it through her own gut
[“[m“‘ . . microbiota, intrauterine and birth canal environments, and feeding. In this study, the characteristics, influencing
[I’Il&tll’lil] Tmcmbmta factors, and effects of pregnant women on offspring, the establishment and development of intestinal microbiota
Transmission A P B . . . .

in infants, and the significance of mother-to-infant transmission were reviewed, to provide new research impetus

on the establishment of intestinal microbiota in infants.

Maternal Microbiota during Pregnancy 0-6 Months after Birth 6-24 Months after Birth

Intestinal microbiota establishes slowly

« Intestinal microbiota becomes more diverse
- Development tends towards adults
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Fig. 2. Development of infant intestinal microbiota during the first 1000 days of life.
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La exposicion a antibi6ticos en una etapa temprana de la vida podria
alterar el desarrollo del cerebro humano en zonas responsables de las
funciones cognitivas v emocionales. Asi queda de manifiesto en un
estudio llevado a cabo en el Centro de Biotecnologia v Medicina
Avanzadas en Rutgers publicado en la revista iScience.



Brain, Behavior, and Immunity 56 (2016) 140-155

Contents lists available at ScienceDirect
Brain, Behavior, and Immunity

journal homepage: www.elsevier.com/locate/ybrbi

Full-length Article

Cognitive impairment by antibiotic-induced gut dysbiosis: Analysis of
gut microbiota-brain communication
Esther E. Frohlich **, Aitak Farzi®, Raphaela Mayerhofer “, Florian Reichmann®, Angela Jacan®,

Bernhard Wag_nerb, Erwin Zinserb,_Natalie Bordag ©, Christoph Magnes 4 Eleonore Frohlich €,
Karl Kashofer!, Gregor Gorkiewicz "#", Peter Holzer **

Emerging evidence indicates that disruption of the gut microbial community (dysbiosis) impairs mental
health. Germ-free mice and antibiotic-induced gut dysbiosis are two approaches to establish causality in
gut microbiota-brain relationships. However, both models have limitations, as germ-free mice display
alterations in blood-brain barrier and brain ultrastructure and antibiotics may act directly on the brain.
We hypothesized that the concerns related to antibiotic-induced gut dysbiosis can only adequately be
addressed if the effect of intragastric treatment of adult mice with multiple antibiotics on (i) gut micro-
bial community, (ii) metabolite profile in the colon, (iii) circulating metabolites, (iv) expression of neu-
ronal signaling molecules in distinct brain areas and (v) cognitive behavior is systematically
investigated. Of the antibiotics used (ampicillin, bacitracin, meropenem, neomycin, vancomycin), ampi-
cillin had some oral bioavailability but did not enter the brain. 165 rDNA sequencing confirmed
antibiotic-induced microbial community disruption, and metabolomics revealed that gut dysbiosis was
associated with depletion of bacteria-derived metabolites in the colon and alterations of lipid species
and converted microbe-derived molecules in the plasma. Importantly, novel object recognition, but not
spatial, memory was impaired in antibiotic-treated mice. This cognitive deficit was associated with brain
region-specific changes in the expression of cognition-relevant signaling molecules, notably brain-
derived neurotrophic factor, N-methyl-p-aspartate receptor subunit 2B, serotonin transporter and neu-
ropeptide Y system. We conclude that circulating metabolites and the cerebral neuropeptide Y system
play an important role in the cognitive impairment and dysregulation of cerebral signaling molecules
due to antibiotic-induced gut dysbiosis.
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FIGURA 2. Elndmero de especies bacterianas distintas en muestras fecales de voluntarios sanos
cayod drasticamente después de 4 dias de tratamiento antibidtico (D0 a D4), y la recuperacion fue
lenta a lo largo de un periodo de 180 dias. Hubo grandes cambios en la abundancia de bacterias
por sobrecrecimiento de oportunistas y pérdida definitiva de algunas especies fermentadoras®.
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Low-dose antibiotic
exposure perturbs the
infant gut mouse

microbiome to PND10

We have established experimental systems to assess the effects of early-life ex-
posures to antibiotics on the intestinal microbiota and gene expression in the
brain. This model system is highly relevant to human exposure and may be devel-
oped into a preclinical model of neurodevelopmental disorders in which the gut-
brain axis is perturbed, leading to organizational effects that permanently alter
the structure and function of the brain. Exposing newborn mice to low-dose peni-
cillin led to substantial changes in intestinal microbiota population structure and
composition. Transcriptomic alterations implicate pathways perturbed in neuro-
developmental and neuropsychiatric disorders. There also were substantial
effects on frontal cortex and amygdala gene expression by bioinformatic interro-
gation, affecting multiple pathways underlying neurodevelopment. Informatic
analyses established linkages between specific intestinal microbial populations
and the early-life expression of particular affected genes. These studies provide
translational models to explore intestinal microbiome roles in the normal and
abnormal maturation of the vulnerable central nervous system.



La microbiota intestinal potencia el desarrollo cerebral

9 Pablo Javier Piacente hace 3 meses

Una investigacion liderada por la Universidad de Alberta, en Canada, ha verificado que las caracteristicas de la
microbiota intestinal inciden directamente en el desarrollo cerebral de los bebés varones. La diferencia la hacen
los bacteroidetes, un tipo de bacteria que genera metabolitos llamados esfingolipidos: los mismos son
fundamentales para la formacion y estructura de las neuronas en el cerebro.

Los cientificos sostienen que luego de realizar un estudio en el que participaron 400 bebés se pudieron obtener
evidencias significativas: los nifios con una microbiota intestinal que incluia una importante proporcion de
bacteroidetes mostraron, al pasar un afio, habilidades cognitivas v de lenguaje notablemente mejoradas.
La investigacion, publicada en la revista Gut Microbes, concluye que las bacterias intestinales influyen en el
desarrollo de las funciones cerebrales.
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The Central Nervous System and the Gut Microbiome

Gil Sharon,’* Timothy R. Sampson,! Daniel H. Geschwind,2>45 and Sarkis K. Mazmanian'* Leading Edge

Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA 91125, USA

Cell 167, November 3, 2016

Neurodevelopment is a complex process governed by both intrinsic and extrinsic signals. While his-
torically studied by researching the brain, inputs from the periphery impact many neurological con-
ditions. Indeed, emerging data suggest communication between the gut and the brain in anxiety,
depression, cognition, and autism spectrum disorder (ASD). The development of a healthy, functional
brain depends on key pre- and post-natal events that integrate environmental cues, such as molec-
ular signals from the gut. These cues largely originate from the microbiome, the consortium of sym-
biotic bacteria that reside within all animals. Research over the past few years reveals that the gut
microbiome plays arole in basic neurogenerative processes such as the formation of the blood-brain
barrier, myelination, neurogenesis, and microglia maturation and also modulates many aspects of
animal behavior. Herein, we discuss the biological intersection of neurodevelopment and the micro-
biome and explore the hypothesis that gut bacteria are integral contributors to development and
function of the nervous system and to the balance between mental health and disease.
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Figure 1. Intersections of Gut Microorganisms and Basic Developmental Processes

Basic developmental processes driven directly or indirectly by gut microbes and their products.

(4) Gut microorganisms relay messages to the brain via various direct and indirect mechanisms.

(B) Basic neurodevelopmental processes are modulated as a result of colonization of GF animals or depletion of gut bacteria by antibiotics. Specifically, the
following processes are modulates: blood-brain barrier (BBB) formation and integrity (Braniste et al., 2014), neurogenesis (Mihle et al., 2016; Ogbonnaya et al.,
2015), microglia maturation and ramification (Erny et al., 2015; Matcovitch-MNatan et al., 2018), myelination (Gacias et al., 2016; Hoban et al., 2016) and expression
of neurotrophins (Bercik et al.. 20011a, 2011b; Desbonnet et al., 2015), neurofransmitters (Bercik et al., 20011a; O'Mahony et al., 2015), and their respective
receptors.
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Bacteroides-dominant gut microbiome of late infancy is associated with
enhanced neurodevelopment
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ABSTRACT ARTICLE HISTORY
Dysbiosis of gut microbiota has been retrospectively linked to autism spectrum disorders but the Received 4 December 2020
temporal association between gut microbiota and early neurodevelopment in healthy infants is  Revised 14 April 2021
largely unknown. We undertook this study to determine associations between gut microbiota at ~ Accepted 5 May 2021
two critical periods during infancy and neurodevelopment in a general population birth cohort. KEYWORDS

Here, we analyzed data from 405 infants (199 females) from the CHILD (Canadian Heaithy Infant infant; gut microbiota;
Longitudinal Development) Cohort Study. Neurodevelopmental outcomes were objectively neurodevelopment,
assessed using the Bayley Scale of Infant Development (BSID-Ill) at 1 and 2 years of age.  cognition; bacteroidetes;
Microbiota profiling with 16S rRNA gene sequencing was conducted on fecal samples obtained  early colonization; birth
at a mean age of 4 and 12 months. cohort

Using clustering methods, we identified three groups of infants based on relative abundance of
gut microbiota at 12 months: Proteobacteria-dominant cluster (22.4% higher abundance at
12 months), Firmicutes-dominant cluster (46.0% higher abundance at 12 months) and
Bacteroidetes-dominant cluster (31.6% higher abundance at 12 months). Relative to the
Proteobacteria-dominant cluster, the Bacteroidetes-dominant cluster was associated with higher
scores for cognitive (4.8 points; FDRp = .02), language (4.2 points; FDRp=<0.001), and motor (3.1
points; FDRp = .03) development at age 2 in models adjusted for covariates. When stratified by sex,
only male infants with a Bacteroidetes-dominant microbiota had more favorable cognitive (5.9
points, FDRp = .06) and language (7.9 points; FDRp<0.001) development. Genus Bacteroides
abundance in gut microbiota was positively correlated with cognitive and language scores at age
2. Fully adjusted linear mixed model analysis revealed a positive association between Bacteroidetes-
dominant cluster and change in cognitive and language performance from 1 to 2 years, predomi-
nantly among males, No associations were evident between 4-month microbiota clusters and BSID-
Il scores. Noteworthy is that enhanced sphingolipid synthesis and metabolism, and antagonism or
competition between Bacteroides and Streptococcus were characteristic of a Bacteroidetes-dominant
gut microbiota.

This study found strong evidence of positive associations between Bacteroidetes gut microbiota

in late infancy and subsequent neurodevelopment, most prominently among males but not
females.
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Alteraciones del

Eje
intestino Nervio
cerebro vago

FIGURA 1. Eje intestino-cerebro. Existen varios mecanismos a través de los cuales la disbiosis
intestinal puede afectar la funcién cerebral; estos incluyen el aumento de la permeabilidad
intestinal, la produccién de citocinas/quimiocinas proinflamatorias, y la sintesis de compuestos
toxicos, neuropéptidos y sus respectivos precursores. La modificacion de la permeabilidad per-
mite el paso de todas estas moléculas a la circulacién sanguinea y la barrera hematoencefalica.
En consecuencia, se genera una posible afectacion en procesos de neurogénesis, neurotrans-
misién y neuroinflamacion, lo que originaria alteraciones en el neurodesarrollo (extraida de
Richarte et al. 20181%),
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Figure 2. Influences on the gut microbiota/brain axis in the perinatal development
period. Multiple factors affecting the maternal gut microbiota can influ-

ence brain development in utero via microbial metabolites, drug-

derived chemical metabolites, and inflammatory changes. Postnatally,

the newborn’s microbiota is strongly influenced by the maternal vaginal

or skin-derived microbiota (depending on the mode of delivery) during

birth and by various nutritional factors (breast vs. infant formula feeding).
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Newborn gut
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Mientras que los fetos pueden nacer casi desprovistos de bacterias
en el utero, el proceso de parto natural aseqgura que un bebé se
expone a la inoculacion de una gran complejo de microorganismos.

En circunstancias normales, esta exposicion ocurre en el canal de
parto de la madre (lactobacillus). Sin embargo, durante la cesdrea
los fetos no son expuestos a la microbiota vaginal pero si a la
microbiota de la piel (Staphylococcus). Los bebés nacidos por via
vaginal, tienen una mayor abundancia relativa de Bacteroidetes y
una menor abundancia de Firmicutes que los nifios nacidos a través
de cesdrea.

En los primeros 2-3 afos de vida, se da una progresion de la la
microbiota intestinal hacia una microbiota de tipo adulto. Cuando
se inicia la dieta sdlida aumenta la familia de Bacteroidetes.

El género Bifidobacterium es numéricamente dominante a lo largo
el primer afo debido a la lactancia materna (con colonizacion mds
lenta de los nifios alimentados con biberdon). Importante no usar
antibidticos durante la primera infancia (3 primeros meses) y
especialmente en nifios prematuros
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Things You Didn’'t Know About
the Human Gut Microbiome

—————

Erin P. Ferranti, PhD, MPH, RN; Sandra B. Dunbar, PhD, RN, FAHA, FAAN; Anne L. Dunlop, MD, MPH;
Elizabeth J. Corwin, PhD, RN, FAAN

-Las bacterias intestinales estan involucradas en la obtencion de energia de los alimentos,
funciones metabdlicas, inmunoldgicas y la fabricacion de neurotransmisores (5-HT),
enzimas y vitamina$ (K2, antihemorrdgica).

-El microbioma intestinal de los occidentales que viven en ciudades es menos diverso que
el de los que viven en zonas rurales (mayor exposicion a las bacterias del suelo y las de los
animales). Nifios criados con mascotas (perros) tienen menos probabilidad de alergias e
infecciones de vias respiratorias (lametones de perros). (Hipotesis de la higiene)

-La microbiota intestinal difiere en obesos vs. delgados y aquellos con la aterosclerosis,
diabetes y el sindrome metabdlico, pero se sabe poco del sentido de estas diferencias.



Food allergy and gastrointestinal disease

Infant pacifier sanitization and risk of challenge- JALLERGY CLIN IMMUNOL
proven food allergy: A cohort study MAY 2021

Victoria X. Soriano, BSc,™” Jennifer J. Koplin, PhD,*® Mike Forrester, MD,““* Rachel L. Peters, PhD,*”

Martin O'Hely, PhD,*f Shyamali C. Dharmage, PhD,® Rosemary Wright, MPH," Sarath Ranganathan, MD, PhD,>*
David Burgner, PhD,”" Kristie Thompson, BSc,’ Terence Dwyer, MD,"* Peter Vuillerman, PhD,**"

Anne-Louise Ponsonby, MBBS, PhD,"? and the BIS Investigator Group Parkville, Geelong, Canberra, and Brisbane,
Australia; and Oxford, United Kingdom

e Pacifiers sanitized with antiseptic agents at 6 months were
a risk factor for subsequent challenge-proven FA in 1-

GRAPHICAL ABSTRACT year-old infants.

Among pacifier users, antiseptic cleaning at 6 months was

CIean'ng paC|ﬁers W|th Chem|ca| antlseptlc may positively associated with FA, compared with no anti-

septic use. Furthermore, persistent and repeated use of

|ncrease the llkellhOOd Of lnfant fOOd a"ergy at 1 year antiseptic cleaning over the first 6 months was associated

with higher FA risk (P = .029).

Birth cohort Pacifier use and cleaning Food allergy prevalence
Questionnaire at 6 months OFC at 1 year
SOR (95O
R WS, Pacifier—no sanitizaion ——— L74(0.42-7.18)

N ‘-_-' sl .;',." - / x Pacifier—parent’s MOuth ee— Q73(0.12424)
O NS - g |
- =) Pacifier—tap water —To— 136 (0.37-4.98)

A ) ,‘a‘r,.‘_.‘”_ ') % x‘/ . \ Pacifier—boiing water —Q—-‘ LOI (0254.0%)
(9 Qoo 2N o N~ ) |
: Q ;’~_‘ —— | Pacifier—antiseptic [—— 4 K3 (1.10-21.18)
(o I
== | Reference group No pacifier
Persistent and repeated antiseptic , 1 :3
use over the first 6 months was Adpsted odds rabo

associated with higher odds of
challenge-proven food allergy

OFC: oral food challenge; aOR: Odds ratio adjusted for maternal country of birth, sociceconomic status, number of
siblings, mode of birth, pet ownership, duration of breast-feeding, and regular childcare attendance by 12 months. 0




The Prebiotic and Probiotic
Properties of Human Milk:
Implications for Infant Immune
Development and Pediatric Asthma

Shirin Moossavi %%, Kozeta Miliku®2%, Shadi Sepehri®, Ehsan Khafipour %% and
Meghan B. Azad>*5*

10, 32380/Fned. 201 8001

! Departmant of Meadical Microbiology and infactous Diseases, Unkerzity of Manitoba, Winnipeg, MB, Canada, * Children's
Hospital Rezaarch insttute of Mantoba, Winnipeg, MB. Canadla, ? Developmental Ongins of Chromic Diseasses in Children
MNahaork [DEVOTION], Childran’s Hospéital Ressarch instiute of Manitoba, Winnipeg, MB. Canada, ‘D.gesrme Oncology
Rassarch Canter, igestive Disagse Research Instittde, Tehran Uiniversdty af Madical Sciances, Tehran, iran, * Pedisincs and
Child Haafth, Uinversily of Manitoba, Winnipeg, MB, Canada, ® Departmant of Animal Science, Uiniversity of Manioba,
Winnpeg, MB, Carnada

The incidence of pediatric asthma has increased substantially in recent decades,
reaching a worldwide prevalence of 14%. This rapid increase may be attributed to the
loss of “Old Friend" microbes from the human microbiota resulting in a less diverse
and “dysbiotic” gut microbicta, which fails to optimally stimulate immune development
during infancy. This hypothesis is supported by observations that the gut microbicta is
different in infants who develop asthma later in life compared to those who remain healihy.
Thus, early life exposures that influence gut microbiota play a crucial role in asthma
development. Breastfeeding is one such exposure; it is generally considered protective
against pediatric asthma, although conflicting results have been reported, potentially due
to variations in milk composition between individuals and across populations. Human
milk oligosaccharides (HMOs) and milk microbicta are two major milk components that
influence the infant gut microbiota and hence, development of the immune system.
Amaong their many immunomodulatory functions, HMOs exert a selective pressure within
the infant gut microbial niche, preferentially promoting the proliferation of specific bacteria
including Bifidobactena. Milk is also a source of viable bacteria originating from the
maternal gut and infant oral cavity. As such, breastmilk has prebictic and probiotic
properties that can modulate two of the main forces controlling the gut microbial
community assembly, i.e., dispersal and selection. Here, we review the latest evidence,
mechanisms and hypotheses for the synergistic and/or additive effects of milk microbicta
and HMOs in protecting against pediatric asthma.

Keywords: human milk, microbiota, human milk oligosaccharides, immune development, asthma, pediatrics,
probiotic, prebiotic
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Breve Historia de los probioticos
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Fermented beverages of pre- and proto-historic China

Patrick E. McGovern**, Juzhong Zhang?, Jigen Tang®, Zhiging Zhang", Gretchen R. Hall*, Robert A. Moreau/,
Alberto Nunez!, Eric D. Butrym**, Michael P. Richards'*, Chen-shan Wang*, Guangsheng Cheng**, Zhijun Zhao$,

and Changsui Wang*

*Museum Applied Science Center for Archaeology (MASCA), University of Pennsylvania Museum of Archaeology and Anthropology, Philadelphia, PA 19104;
*Department of Scientific History and Archaeometry, University of Science and Technology of China, Hefei, Anhui 230026, China; SInstitute of Archaeology,
Chinese Academy of Social Sciences, Beijing 100710, China; Vinstitute of Cultural Relics and Archaeology of Henan Province, Zhengzhou 450000, China;
|Eastern Regional Research Center, U.S. Department of Agriculture, Wyndmoor, PA 19038; **Firmenich Corporation, Princeton, NJ 08543; "'Department of
Human Evolution, Max Planck Institute for Evolutionary Anthropology, 04103 Leipzig, Germany; and *Institute of Microbiology, Chinese Academy of

Sciences, Beijing 10080, China
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Communicated by Ofer Bar-Yosef, Harvard University, Cambridge, MA, November 16, 2004 (received for review September 30, 2003)

Chemical analyses of ancient organics absorbed into pottery jars
from the early Neolithic village of Jiahu in Henan province in China
have revealed that a mixed fermented beverage of rice, honey, and
fruit (hawthorn fruit and/or grape) was being produced as early as
the seventh millennium before Christ (B.C.). This prehistoric drink
paved the way for unique cereal beverages of the proto-historic
second millennium B.C., remarkably preserved as liquids inside
sealed bronze vessels of the Shang and Western Zhou Dynasties.
These findings provide direct evidence for fermented beverages in
ancient Chinese culture, which were of considerable social, reli-
gious, and medical significance, and help elucidate their earliest
descriptions in the Shang Dynasty oracle inscriptions.

archaeological chemistry | Neolithic period | Shang Dynasty | alcohol |
saccharification

A much earlier history for fermented beverages in China has long
been hypothesized based on the similar shapes and styles of
Neolithic pottery vessels to the magnificent Shang Dynasty bronze
vessels (8), which were used to present, store, serve, drink, and
ritually present fermented beverages during that period. By using a
combined chemical, archaeobotanical, and archaeological ap-
proach, we present evidence here that ancient Chinese fermented
beverage production does indeed extend back nearly nine millen-
nia. Moreover, our analyses of unique liquid samples from tightly
lidded bronze vessels, dated to the Shang/Western Zhou Dynasties
(ca. 1250-1000 B.C.), reveal that refinements in beverage produc-
tion took place over the ensuing 5,000 years, including the devel-
opment of a special saccharification (amylolysis) fermentation
system (5, 9) in which fungi break down the polysaccharides in rice
and millet.
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Hallstatt miners consumed blue cheese and beer
during the Iron Age and retained a non-Westernized
gut microbiome until the Baroque period * 2610 " 2604 A 2612

Tuschwerk Kernverwésserungswerk Josefstollen-Querschlag Edlersbergwerk-oben
1301-1121 cal BC 650-545 cal BC 652-544 cal BC 1720-1783 cal AD

Frank Maixner,':12:13.16.17.* Mohamed S. Sarhan,':'21¢ Kun D. Huang,%%1¢ Adrian Tett,* Alexander Schoenafinger, 512
Stefania Zingale,-'? Aitor Blanco-Miguez,” Paolo Manghi,” Jan Cemper-Kiesslich,® Wilfried Rosendahl,”-®
Ulrike Kusebauch,® Seamus R. Morrone,® Michael R. Hoopmann,® Omar Rota-Stabelli,'® Thomas Rattei,*
Robert L. Moritz,® Klaus Oeggl,® Nicola Segata,”'*'% Albert Zink,":'® Hans Reschreiter,'"'% and Kerstin Kowarik'':1516."

Highlights
o Gut microbiome and diet of European salt miners determined
using paleofeces

e Until the Baroque, the microbiome resembled that of modern
non-Westernized people

e Food-fermenting fungi in Iron Age feces indicates blue

SUMMARY cheese and beer consumption

We subjected human paleofeces dating from the Bronze Age to the Baroque period (18" century AD) to in-
depth microscopic, metagenomic, and proteomic analyses. The paleofeces were preserved in the under-
ground salt mines of the UNESCO World Heritage site of Hallstatt in Austria. This allowed us to reconstruct
the diet of the former population and gain insights into their ancient gut microbiome composition. Our dietary
survey identified bran and glumes of different cereals as some of the most prevalent plant fragments. This
highly fibrous, carbohydrate-rich diet was supplemented with proteins from broad beans and occasionally
with fruits, nuts, or animal food products. Due to these traditional dietary habits, all ancient miners up to
the Baroque period have gut microbiome structures akin to modern non-Westernized individuals whose diets
are also mainly composed of unprocessed foods and fresh fruits and vegetables. This may indicate a shift in
the gut community composition of modern Westernized populations due to quite recent dietary and lifestyle
changes. When we extended our microbial survey to fungi present in the paleofeces, in one of the Iron Age
samples, we observed a high abundance of Penicillium roqueforti and Saccharomyces cerevisiae DNA.
Genome-wide analysis indicates that both fungi were involved in food fermentation and provides the first mo-
lecular evidence for blue cheese and beer consumption in Iron Age Europe.



TARTARIA es el nombre por el que se conocia en Europa, desde la Edad Media
hasta el siglo XIX, a una gran extension de tierra del centro y noreste de Asia que
iba desde el mar Caspio y los montes Urales hasta el océano Pacifico y que estaba
habitada por varios pueblos tirquicos y mongoles, a los que genéricamente llamaba
«tartaros» (Siberia, Extremo Oriente ruso, Turquestan, Mongolia, Manchuria y, parte
del Tibet). Desplazamientos rapidos gracias a su dieta probiética: carne de caballo
curada debajo de la montura (acido lactico del sudor) y yogur de leche de yegua.
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Estimating molecular preservation of the
intestinal microbiome via metagenomic
analyses of latrine sediments from two
medieval cities

Susanna Sabin2, Hui-Yuan Yeh®, Aleks Pluskowski*, Christa Clamer®,
Piers D. Mitchell® and Kirsten 1. Bos’

"Max Planck Ingtitute for the Sdence of Human History, Jena, Germany

enter for Evolution and Medicing Arizona State University, Tempe, AZ, USA

*school of Humanities, Nanyang Technological University, 48 Nanyang Avenue, Singapore 639818,
Singapore

Department of Archaeology, University of Reading, Whiteknights, Reading RGE 6AB, UK

Ecole Biblique de Jérusalem, PO Box 19053, 119119001, Jerusalem

“Department of Archaeology, University of Cambridge, The Henry Wellcome Building, Fizwilliam Strest,
Cambridge CB2 10H, UK
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Ancient latrine sediments, which contain the concentrated collective
binlogical waste of past whole human communities, have the potential to
be excellent proxies for human gastrointestinal health on the population
level. A rich body of literature explores their use to detect the presence of
gut-associated eukaryotic parasites through microscopy, immuncassays
and genetics. Despite this interest, a lack of studies have explored the
whole genetic content of ancient latrine sediments through consideration
not only of gut-associated parasites, but also of core community gut micro-
biome signals that remain from the group that used the latrine. Here, we
present a metagenomic analysis of bulk sediment from medieval latrines
in Riga (Latvia) and Jerusalem. Our analyses reveal survival of microbial
DMNA representative of intestinal flora as well as numerous parasites.
These data are compared against parasite taxon identifications obtained
via microscopy and ELISA techniques. Together, these findings provide a
first glimpse into the rich prokaryotic and eukaryotic intestinal flora of
pre-industrial agricultural populations, which may give a better context
for interpreting the health of modern microbiomes.

This article is part of the theme issue ‘Insights into health and disease
from ancient biomolecules’.
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Recycling Metchnikoff: probiotics, the intestinal
microbiome and the quest for long life

Probiotics: 100 years (1907-2007) after Elie Metchnikoff’s

Philip A. Mackowiak "2 * Observation

" Medical Care Clinical Center, i Maryland Health Care System, Baltimore, MD, USA ]Ki“g“_f)’ C. Anukam '** PhD, MHPM and Gregor Reid '3 PhD, MBA, ARM, CCM
2 Department of Medicme, Unfversfty of Maq-‘fand School of Medﬂ'r:me, Bam'more, MD, USA Canadian Research and Development Centre for Probiotics, Lawson Health Research

Edited by: . Over a century ago, Elie Metchnikoff theorized that health could be enhanced and senil-
Evangelos Giamarellos-Bourboulss, ity delayed by manipulating the intestinal microbiome with host-friendly bacteria found
University of Athens Medical School, ) . . . . . . .
Greece in yogurt. His theory flourished for a time, then drifted to the fringe of medical practice
Reviewed by: before re-emerging |nhthe mid-1 95?05 as a concept Worthy of ma}mstream njgdlcal attent@n.
Mattias Collin, Lund University, Metchnikoff also predicted the existence of bacterial translocation and anticipated theories
Sweden linking chronic inflammation with the pathogenesis of atherosclerosis and other disorders
Katerina Kotzampassi, University of of the a ged

Thessaloniki, Greece
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A Microbial Anthropologist in the
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RESEARCH ARTICLE

MICROBIAL ECOLOGY

exclusive licensee American

The microbiome of uncontacted Amerindians the Advancement of Scence 1§

under a Creative Commons

1.2% po: 3 < a5 5 5t 5 NonCommerdal License 40
Jose C. Clemente, "“* Erica C. Pehrsson,”* Martin J. Blaser, Kuldip Sandhu,”” Zhan Gao,” ,;126/cadv1500183

Bin Wang,®> Magda Magris,® Glida Hidalgo,® Monica Contreras,” Oscar Noya-Alarcén,®
Orlana Lander,® Jeremy McDonald,” Mike Cox,’ Jens Walter,'® Phaik Lyn Oh,'°

Jean F. Ruiz,"’ Selena Rodriguez,’’ Nan Shen,’ Se Jin Song,'? Jessica Metcalf,'?

Rob Knight,'>'*® Gautam Dantas,*'* M. Gloria Dominguez-Bello®”'""

Most studies of the human microbiome have focused on westernized people with life-style practices that decrease
microbial survival and transmission, or on traditional societies that are currently in transition to westernization. We
characterize the fecal, oral, and skin bacterial microbiome and resistome of members of an isolated Yanomami
Amerindian village with no documented previous contact with Western people. These Yanomami harbor a micro-
biome with the highest diversity of bacteria and genetic functions ever reported in a human group. Despite their
isolation, presumably for >11,000 years since their ancestors arrived in South America, and no known exposure to
antibiotics, they harbor bacteria that carry functional antibiotic resistance (AR) genes, including those that confer
resistance to synthetic antibiotics and are syntenic with mobilization elements. These results suggest that western-
ization significantly affects human microbiome diversity and that functional AR genes appear to be a feature of the
human microbiome even in the absence of exposure to commercial antibiotics. AR genes are likely poised for mo-
bilization and enrichment upon exposure to pharmacological levels of antibiotics. Our findings emphasize the need
for extensive characterization of the function of the microbiome and resistome in remote nonwesternized popula-
tions before globalization of modern practices affects potentially beneficial bacteria harbored in the human body.
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Muere el hombre mas sucio del mundo poco
después de bainarse por primera vez desde
hace mas de medio siglo

20MINUTOS / NOTICIA / 26.10.2022 - 10:40H |®| |@|

e Amou Haji, de 94 afios, no queria ducharse por miedo a enfermarse.
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Things You Didn't Know About
the Human Gut Microbiome

—

Erin P. Ferranti, PhD, MPH, RN; Sandra B. Dunbar, PhD, RN, FAHA, FAAN; Anne L. Dunlop, MD, MPH;
Elizabeth J. Corwin, PhD, RN, FAAN

-Trasplante fecal (1000 anos, antigua China) fue publicado por vez primera como terapia
en 1958. Es un proceso por el que una muestra fecal de una persona sana se trasplanta
(mediante enema, colonoscopia o sonda nasogdstrica) a una persona enferma (colonizada
por la Clostridium difficile resistente a los antibidticos). Http.//www.openbiome.orq/

-Trasplantes fecales de personas sanas delgadas mejoran la sensibilidad a la insulina de
personas con el sindrome metabadlico. En diabetes tipo Il la microbiota estd alterada y es
proinflamatoria (mejora con trasplante fecal).

-Dieta: mayor influencia sobre la microbiota intestinal. Alimentos procesados pueden
danar el revestimiento intestinal y producir una inflamacion de bajo grado que
contribuyen a diabetes y enfermedades cardiovasculares.

Prebioticos: Alimentos fermentados y con fibra soluble e insoluble promocionan la
fermentacion de una microbiota sana.
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3. LAS EMOCIONES: SISTEMA N. ENTERICO (SNE) 8

Un banco de heces para combatir una bacteria
resistente
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Fecal Microbiota Transplantation: Just a Fancy Trend?

ABSTRACT

The risks and advantages of the administration of fecal material of healthy
people to patients are heavily debated. In adults, recurrent Clostridium
difficile has become an accepted indication. In addition to all of the possible
indications, many other questions need to be answered before pediatric
indications and recommendations can be established. Optimal donor selec-
tion, fresh versus frozen stools versus capsules containing only microbiota,
volume, and route of administration are just a few examples of the areas with
missing data to allow in formulating recommendations for fecal microbiota
or fecal material administration in children. A careful but not-too-complex
regulation is the first priority in order to minimize the risk of administration
of fecal slurry from unselected donors at home without medical supervision.

Key Words: Clostridium difficile, fecal substance administration, fecal
transplant, inflammatory bowel disease, microbial replacement therapy,
microbiota

(JPGN 2015:61: 4-7)

“Yvan Vandenplas, "Denis Pierard, and “Elisabeth De Greef

Bedouins have been giving camel feces to human with dysentery
for centuries.

The first publication in recent literature dates back from 1958
in a patient with recurrent C difficile in whom the fecal microbiota
transplantation (FMT) was given by enema (3). In 2007, it was
shown that FMT from a human to germ-free piglets produced a
donor-like microbial community with minimal individual variation
(4). Two years later, a case series was reported of 15 patients with
recurrent C difficile—associated diarrhea, of which 11 were cured
(5). The first randomized controlled trial was published in 2013 and
showed that duodenal infusion of donor feces in patients with
recurrent C difficile was more than twice as effective in resolving
symptoms as antibiotics alone (6). One should not forget that a
couple of years earlier a trial with duodenal administration of
probiotics in patients with pancreatitis was stopped prematurely,
however, because the intervention group was doing much worse
than the control group (7).
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FDA Approves First Fecal Microbiota
Product

Rebyota Approved for the Prevention of Recurrence of Clostridioides difficile Infection
in Adults

November 30, 2022

Today, the U.S. Food and Drug Administration approved Rebyota, the first fecal

microbiota product approved by the agency. Rebyota is approved for the prevention of
recurrence of Clostridioides difficile infection (CDI) in individuals 18 years of age and

older. It is for use after an individual has completed antibiotic treatment for recurrent

CDL

“Today’s approval of Rebyota is an advance in caring for patients who have
recurrent C. difficile infection,” said Peter Marks, M.D., Ph.D., director of the
FDA’s Center for Biologics Evaluation and Research. “Recurrent CDI impacts
an individual’s quality of life and can also potentially be life-threatening. As
the first FDA-approved fecal microbiota product, today’s action represents an
important milestone, as it provides an additional approved option to prevent

recurrent CDI.”
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Things You Didn't Know About
the Human Gut Microbiome

—

Erin P. Ferranti, PhD, MPH, RN; Sandra B. Dunbar, PhD, RN, FAHA, FAAN; Anne L. Dunlop, MD, MPH;
Elizabeth J. Corwin, PhD, RN, FAAN

-Probidticos: Bacterias vivas. Controversia (no se conoce la eficacia de la mayoria de los
probidticos de uso comercial, no hay formulas estandar o dosificaciones, y algunas
formulas probidticas incluyen bacterias que pueden ser beneficiosas para algunos
problemas pero no otros). La mayoria de especialistas en probidticos no los toman,
prefieren prebioticos (dieta variada rica en vegetales frutas con abundante fibra insoluble,
alimento para las bacterias y su reproduccion).

-El envejecimiento se asocia a una disminucion en la diversidad de la microbiota intestinal
que correlaciona con el estado nutricional y con las enfermedades inflamatorias.

-La aterosclerosis esta asociada con una microbiota intestinal especifica rica en oxido-N-
trimetilamina (procedente de componentes de la carne roja como la colina, fosfatidilcolina
y la L-carnitina). Nueva drea de investigacion.
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La microbiota intestinal estable es esencial para un buen funcionamiento intestinal, y contribuye al

funcionamiento apropiado a lo largo del eje intestino-cerebro y, por tanto, al estado saludable de la
persona (lado izquierdo).

La disbiosis intestinal puede influir negativamente en el funcionamiento intestinal, dando lugar a una
sefalizacion inapropiada del eje intestino-cerebro, asociado a consecuencias para las funciones del
SNC que dan lugar a estados de enfermedad (lado derecho)

s | ™,
Healthy CNS

function

Abnormal CNS

function
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emotion, nociception
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Brain, Behavior, and Immunity 38 (2014) 1-12
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Brain, Behavior, and Immunity

journal homepage: www.elsevier.com/locate/ybrbi

Invited Review

The role of microbiome in central nervous system disorders @Cmssmk

Yan Wang, Lloyd H. Kasper™

Department of Microbiology and Immunology, Geisel School of Medicine, Dartmouth College, Hanover, NH, USA
Department of Medicine, Geisel School of Medicine, Dartmouth College, Hanover, NH, USA

ARTICLE INFO ABSTRACT

Article history:

Mammals live in a co-evolutionary association with the plethora of microorganisms that reside at a vari-
Received 9 October 2013

tved : - ety of tissue microenvironments, The microbiome represents the collective genomes of these co-existing
ﬁ?fc'”ii'$9r;“'fm 'E'"‘ES%DEEE'“DE’NB microorganisms, which is shaped by host factors such as genetics and nutrients but in tum is able to
ceept Jecember influence host biology in health and disease. Niche-specific microbiome, prominently the gut microbiom-
fwailable online 25 December 2013 . . . s . .
e, has the capacity to effect both local and distal sites within the host. The gut microbiome has played a
crucial role in the bidirectional gut-brain axis that integrates the gut and central nervous system (CNS)

Keywords:

Microbiome activities, and thus the concept of microbiome-gut-brain axis is emerging. Studies are revealing how
Central nervous system diverse forms of neuro-immune and neuro-psychiatric disorders are correlated with or modulated by
Cut-brain axis variations of microbiome, microbiota-derived products and exogenous antibiotics and probiotics. The
Neuro-immune disorders microbiome poises the peripheral immune homeostasis and predisposes host susceptibility to CNS auto-
Neuro-psychiatric disorders immune diseases such as multiple sclerosis. Neural, endocrine and metabolic mechanisms are also crit-

ical mediators of the microbiome-CNS signaling, which are more involved in neuro-psychiatric disorders
such as autism, depression, anxiety, stress. Research on the role of microbiome in CNS disorders deepens
our academic knowledge about host-microbiome commensalism in central regulation and in practicality,
holds conceivable promise for developing novel prognostic and therapeutic avenues for CNS disorders.
@ 2014 Elsevier Inc. All rights reserved.

Eje microbiota-intestino-cerebro (SNE)
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Review

Trends in Neurosclences May 2013, Vol. 36, No. 5

Gut-brain axis: how the microbiome
influences anxiety and depression

Jane A. Foster and Karen-Anne McVey Neufeld

Department of Psychiatry and Behavioural Neurosciences, McMaster University, at St. Joseph's Healthcare, 50 Charlton Ave. E,

T3308, Hamilton, OMN, L8N 4A6, Canada

Within the first few days of life, humans are colonized by
commensal intestinal microbiota. Here, we review re-
cent findings showing that microbiota are important in
normal healthy brain function. We also discuss the rela-
tion between stress and microbiota, and hovv alterations
in microbiota influence stress-related behaviors. New
studies show that bacteria, including commensal, probi-
otic, and pathogenic bacteria, in the gastrointestinal (Gl)
tract can activate neural pathways and central nervous
system (CNS) signaling systems. Ongoing and future
animal and clinical studies aimed at understanding
the microbiota—gut-brain axis may provide novel
approaches for prevention and treatment of mental ill-
ness, including anxiety and depression.

Overview of the microbiome
Early postnatal life in mammals represents a period of
bacterial colonization. Hesident or commensal microbiota
eolonize the mammalian gut shortly after hirth and remain
there throughout life. In humans, the lower intestine con-
tains 10'*-10' bacteria, that is, there are 10-100 times
more bacteria in the gut than eukarvyotic cells in the human
hody (10" [1.7.8]. The presence of commensal microbiota
is eritical to immune function, nutrient processing, and
other aspects othost physiology [9-13]. Aswe discuss here,
microbiota are also important in the function of the CNS.
To understand effectively the role of commensal micro-
biota in health and disease, we must be able to deseribe the
complex ecology of the microbiome. Hecently developed

Eje microbiota-intestino-cerebro (SNE)
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The gut microbiota and depressive
symptoms across ethnic groups WM
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. . The gut microbiome is thought to play a role in depressive disorders, which
nature communications makes it an attractive target for interventions. Both the microbiome and
depressive symptom levels vary substantially across ethnic groups. Thus, any
intervention for depression targeting the microbiome requires understanding
of microbiome-depression associations across ethnicities. Analysing data from
the HELIUS cohort, we characterize the gut microbiota and its associations
with depressive symptoms in 6 ethnic groups (Dutch, South-Asian Surinamese,
African Surinamese, Ghanaian, Turkish, Moroccan; N = 3211), living in the same
urban area. Diversity of the gut microbiota, both within (a-diversity) and
between individuals (B-diversity), predicts depressive symptom levels, taking
into account demographic, behavioural, and medical differences. These
associations do not differ between ethnic groups. Further, 3-diversity explains
29%-18% of the ethnic differences in depressive symptoms. Bacterial genera
associated with depressive symptoms belong to mulitple families, prominently
including the families Christensenellaceae, Lachnospiraceae, and Rumino-
coccaceae. In summary, the results show that the gut microbiota are linked to
depressive symptom levels and thart this association generalizes across ethnic
groups. Moreover, the results suggest that ethnic differences in the gut
microbiota may partly explain parallel disparities in depression.
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Figure 1. Bidiretional communication between gut microbiota and components

/(_ of the gut-brain axis influence normal homeostasis and may contribute to risk of
GUt disease. Alterations in gastrointestinal [Gl), central nervous systermn [CHNS),
.'\mifiﬂhiljtﬂ autonomic nervous system [ANS), and immune systems by microbiota may lead

to alterations in [a) fat storege and energy balance; (b} GI barrier function; (¢l

- general low-grade inflammation |Gl and systemic); (d] increased stress mactivity;
and [el increased anxiety and depmessive-like behaviors. Each of these
mechanisms is impliceted in the pathophysiclogy of mood and anxiety
disorders. Abbreviation: ENS, enteric nervous system.

L

Gl CNS AN Irrirriu ne
function circuitry [ENS, vagus) system
b : c d e
Fat stormge/ Barrier Low-grade Stress ehavior
energy balance function inflammzaton reactiity
Mormal / Risk of disease Gut-brain axis: how the microbiome

influences anxiety and depression
Jane A. Foster and Karen-Anne McVey Neufeld
Department of Psychiatry and Behavioural Neurosciences, McMaster University, at St. Joseph's Healthcare, 50 Charlton Ave. E,
T3308, Hamilton, ON, L8N 4A6, Canada

TREMNDS in Neuroscan ces Trends in Neurcsclences May 2013, Val. 36, No. 5
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Review Journal of Psychiatric Research 63 (2015) 1-9
Collective unconscious: How gut microbes shape human behavior @ CrossMark

Timothy G. Dinan *" ", Roman M. Stilling * ¢, Catherine Stanton * <, John F. Cryan ¢

The human gut harbors a dynamic and complex microbial ecosystem, consisting of approximately 1 kg of ACTH
bacteria in the average adult, approximately the weight of the human brain. The evolutionary formation

of a complex gut microbiota in mammals has played an important role in enabling brain development Neurotransmitters
and perhaps sophisticated social interaction. Genes within the human gut microbiota, termed the
microbiome, significantly outnumber human genes in the body, and are capable of producing a myriad of
neuroactive compounds. Gut microbes are part of the unconscious system regulating behavior. Recent
investigations indicate that these microbes majorly impact on cognitive function and fundamental
behavior patterns, such as social interaction and stress management. In the absence of microbes, Serotonin
underlying neurochemistry is profoundly altered. Studies of gut microbes may play an important role in
advancing understanding of disorders of cognitive functioning and social interaction, such as autism.
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INMUNOLOGIA

Microbiota intestinal y depresion

Los microorganismos fugados del tracto digestivo pueden alterar el estado de dnimo

bundan cada vez mas indicios de que el cerebro y el tracto

digestivo se encuentran crucialmente vinculados, y de que

la dieta y las bacterias intestinales pueden influir en nuestra

conducta, pensamientoy estado animico. En una investigacion

reciente se han hallado pruebas de translocacion bacteriana o
«permeabilidad intestinal» en personas con depresion.

El sistema digestivo se encuentra revestido por una

pared celular impermeable. Ciertas conductas

o dolencias pueden debilitar esta pared,
de manera que posibilitan que sus-
tancias toxicas y bacterias alcan-
cen el torrente circulatorio. Se-
gun un estudio publicado en
Acta Psychiatrica en mayo de
2013, alrededor de un 35 por
ciento de los participantes
que sufrian depresion pre-

®Uso habitual de analgésicos

® Uso habitual de antibidticos
®nfecciones (como el VIH)
®Enfermedades autoinmunitarias
B Abuso del alcohol

mEnfermedad inflamatoria intestinal

sentaban también signos de permeabilidad intestinal, situacién
que se habia detectado previamente a través de un anadlisis de
sangre.

Se ignora todavia la relacion entre permeabilidad y depresion,
aunque trabajos anteriores ofrecen algunas pistas. Las bacte-
rias desplazadas pueden activar respuestas autoinmunitarias
e inflamacion, que se sabe estan asociadas con la aparicién
de depresion, decaimiento y cansancio. Michael Maes, autor
del articulo e investigador en psiquiatria con afiliaciones en
Australia y Tailandia, asegura: «un intestino permeable puede
aumentar la inflamacion en pacientes deprimidos». De no re-
cibir tratamiento, ello podria exacerbar su sintomatologia. En
la actualidad, si los cambios en la dieta y la modificacion de la
conducta no resultan eficaces, la permeabilidad intestinal se
trata con una combinacion de glutamato, N-acetilcisteina y zinc,
sustancias que poseen, se cree, propiedades antiinflamatorias

o antioxidantes. —Tori Rodriguez

Causas de permeabilidad intestinal

mHipersensibilidad al gluten
mAlergias alimentarias graves
®Tratamientos por radiacion
®Trastornos inflamatorios
mEstrés psicologico

mAgotamiento
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Psychoneurcendocrinology (2012) 37, 1369—1378

Available online at www.sciencedirect.com
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REVIEW

Regulation of the stress response by the gut
microbiota: Implications for
psychoneuroendocrinology

Timothy G. Dinan™, John F. Cryan

Alimentary Pharmabiotic Centre, University College Cork, Cork, Ireland

Received 1 February 2012; received in revised form 7 March 2012; accepted 7 March 2012

KEYWORDS Summary There is now an expanding volume of evidence to support the view that commensal
Brain—gut axis; organisms within the gut play a role in early programming and later responsivity of the stress
Microbiota; system. The gut is inhabited by 10" —10"* micro-organisms, whichis ten times the number of cells
HPA: in the human body and contains 150 times as many genes as our genome. It has long been
Probiotics; recognised that gut pathogens such as Escherichia coli, if they enter the gut can activate the HPA.
Germ-free; However, animals raised in a germ-free environment show exaggerated HPA responses to
Stress; psychological stress, which normalises with monocolonisation by certain bacterial species
Movel psychotropics including Bifidobacterium infantis. Moreover, increased evidence suggests that animals treated

with probiotics have a blunted HPA response. Stress induces increased permeability of the gut
allowing bacteria and bacterial antigens to cross the epithelial barrier and activate a mucosal
immune response, which in turn alters the composition of the microbiome and leads to enhanced
HPA drive. Increasing data from patients with irritable bowel syndrome and major depression
indicate that in these syndromes alteration of the HPA may be induced by increased gut
permeability. In the case of irritable bowel syndrome the increased permeability can respond
to probiotic therapy. Detailed prospective studies in patients with mood disorders examining the
gut microbiota, immune parameters and HPA activity are required to throw further light on this
emerging area. It is however clear that the gut microbiota must be taken into account when
considering the factors regulating the HPA.

© 2012 Elsevier Ltd. All rights reserved.
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PRESS

Gut-brain axis: how the microbiome
influences anxiety and depression

Jane A. Foster and Karen-Anne McVey Neufeld

Department of Psychiatry and Behavioural Neurosciences, McMaster University, at St. Joseph's Healthcare, 50 Charlton Ave. E,
T3308, Hamilton, ON, L8N 4A6, Canada

* La dieta afecta al microbioma y a los sistemas de
neurotransmision 'y por lo tanto como se siente,
(capacidad para manejar el estrés y sus niveles de
energia).

Cambios en la dieta durante el siglo pasado (agricultura
industrial, uso de pesticidas y herbicidas degradacion de
los nutrientes en los alimentos) estdn detrds de la
depresion y ansiedad

* La inflamacion intestinal de bajo grado y el estrés
oxidativo afecta a los neurotransmisores dopamina,
norepinefrina y serotonina, que controlan el estado de
dnimo.

* La salud intestinal deficiente contribuye a los problemas
del estado de dnimo, y altas cantidades de estrés
también causa dafos en el intestino y el equilibrio
hormonal.

High i i ) Increased
inflammatory | EXRerimental manipulation | anyiety-like
status behaviors

Gut Inflammation

Pathogenic bacteria, systemic
immune response

Food-borne pathogen, no
systemic inflammation

Probiotic treatment

Antibiotic treatment
Low Low

inflammatory Germ-free mice trElnt
status anxiety

TRENDS in Neurosciences

TN

Gl CNS ANS Immune
function circuitry (ENS, vagus) system

a Fat storage/ b) Barrier ¢ Low-grade d) stress eBEhaviur
energy balance function inflammation reactivity

/ Mormal N\ . / Risk of disease

TRENDS in Neurosciences

Figure 1. Bidirectional communication between gut microbiota and components
of the gut-brain axis influence normal homeostasis and may contribute to risk of
disease. Alterations in gastrointestinal (Gl), central nervous system (CNS),
autonomic nervous system (ANS), and immune systems by microbiota may lead
to alterations in (a) fat storage and energy balance; (b) Gl barrier function; (c)
general low-grade inflammation (Gl and systemic); (d) increased stress reactivity;
and (e) increased anxiety and depressive-like behaviors. Each of these
mechanisms is implicated in the pathophysiclogy of mood and anxiety
disorders. Abbreviation: ENS, enteric nervous system.
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La actividad de las bacterias intestinales repercute en:

_k_

la densidad de los receptores GABA de numerosas regiones cerebrales
la concentracion de BDNF en el hipocampo
.———__L— los niveles de noradrenalina en el tronco encefélico
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Activa tu flora intestinal

EL NERVIO COMO INTERMEDIARIO

La experimentacion con animales ha revelado que las bacterias intestinales transmi-
ten senales al cerebro a través del nervio vago. Los aditivos probidticos alimentarios
modifican la concentracion de los factores de crecimiento, los mensajeros cerebrales
y sus receptores, asi como la concentracién sanguinea de la interleucina 6.
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REVIEW
Regulation of the stress response by the gut
microbiota: Implications for
psychoneuroendocrinology

Timothy G. Dinan™, John F. Cryan

-

Hypothalamus

Anterior A oo
Pituitary

‘. .i_: ’\
o
\rl-(

Adrenal Cortex Gut Pathogens

Figure 1 At a hypothalamic level classic neurotransmitters and cytokines regulate corticotrophin releasing hormone (CRH) and
vasopressin (AVP) release into the portal vasculature. A series of negative feedback loops controls the forward drive. The adrenal
cortex can be directly activated by PGEZ from the immune system stimulated by gut pathogens.
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REVIEW
Regulation of the stress response by the gut

microbiota: Implications for
psychoneuroendocrinology

Timothy G Dinan®*, John F. Cryan Stress A'tered S.HT ‘ tCRFIAVP
‘ tryptophan /
v Adronal Cortex
tIFNyIL-6
/_ "
fComsol
‘; J
 Gut

IR epithelium

Gut .* ‘. ' % Enteric
Pathogens ‘ v ‘ . . j‘ "~ microbiota

Probiotics

Figure 2 Stress can alter barrier function in the gut increasing gut ‘leakiness’ and leading to an increase in pro-inflammatory
cytokines which in turn can alter indoleamine 2,3-dioxygenase (IDO) activity. This leads to altered tryptophan availability. Pro-
inflammatory cytokines such as IL-1 and IL-6 together with 5-HT influence the release of CRF and AVP from the paraventricular nucleus

of the hypothalamus. Certain probiotic bacteria can alter gut barrier function and via the vagus may impact on key central
neurotransmitter systems.

Eje microbiota-intestino-cerebro (SNE)
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Meurobiology of Stress 7 (2017) 124—-136
Stress & the gut-brain axis: Regulation by the microbiome @Cmsmk

Jane A. Foster ?, Linda Rinaman ™", John F. Cryan & ¢

* Department of Psychiatry & Behavioural Neurosciences, McMaster University, Hamilton, Ontario, Canada
P Department of Neuroscience, University of Pittsburgh, Pittshurgh, PA, United States

€ APC Microbiome Institute, University College Cork, Cork, Ireland

4 Department of Anatomy and Neuroscience, University College Cork, Cork. Ireland

The importance of the gut—brain axis in regulating stress-related responses has long been appreciated.
More recently, the microbiota has emerged as a key player in the control of this axis, especially during
conditions of stress provoked by real or perceived homeostatic challenge. Diet is one of the most
important modifying factors of the microbiota-gut-brain axis. The routes of communication between the
microbiota and brain are slowly being unravelled, and include the vagus nerve, gut hormone signaling,
the immune system, tryptophan metabolism, and microbial metabolites such as short chain fatty acids.
The importance of the early life gut microbiota in shaping later health outcomes also is emerging. Results
from preclinical studies indicate that alterations of the early microbial composition by way of antibiotic
expaosure, lack of breastfeeding, birth by Caesarean section, infection, stress exposure, and other envi-
ronmental influences - coupled with the influence of host genetics - can result in long-term modulation
of stress-related physiology and behaviour. The gut microbiota has been implicated in a variety of stress-
related conditions including anxiety, depression and irritable bowel syndrome, although this is largely
based on animal studies or correlative analysis in patient populations. Additional research in humans is
sorely needed to reveal the relative impact and causal contribution of the microbiome to stress-related
disorders. In this regard, the concept of psychobiotics is being developed and refined to encompass
methods of targeting the microbiota in order to positively impact mental health outcomes. At the 2016
MNeurobiology of Stress Workshop in Newport Beach, CA, a group of experts presented the symposium
“The Microbiome: Development, Stress, and Disease”. This report summarizes and builds upon some of
the key concepts in that symposium within the context of how microbiota might influence the neuro-
biology of stress.

Eje microbiota-intestino-cerebro (SNE)
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Neurobiology of Stress 4 (2016) 23-33
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The microbiome: A key regulator of stress and neuroinflammation

@ CrossMark

There is a growing emphasis on the relationship between the complexity and diversity of the microor-
ganisms that inhabit our gut (human gastrointestinal microbiota) and health/disease, including brain
health and disorders of the central nervous system. The microbiota-gut-brain axis is a dynamic matrix of
tissues and organs including the brain, glands, gut, immune cells and gastrointestinal microbiota that
communicate in a complex multidirectional manner to maintain homeostasis. Changes in this envi-
ronment can lead to a broad spectrum of physiological and behavioural effects including hypothalamic-
pituitary-adrenal (HPA) axis activation, and altered activity of neurotransmitter systems and immune
function. While an appropriate, co-ordinated physiological response, such as an immune or stress
response are necessary for survival, a dysfunctional response can be detrimental to the host contributing
to the development of a number of CNS disorders.

In this review, the involvement of the gastrointestinal microbiota in stress-mediated and immune-
mediated modulation of neuroendocrine, immune and neurotransmitter systems and the consequen-
tial behaviour is considered. We also focus on the mechanisms by which commensal gut microbiota can
regulate neuroinflammation and further aim to exploit our understanding of their role in stress-related
disorders as a consequence of neuroinflammatory processes.

Kieran Rea “, Timothy G. Dinan *”, John F. Cryan <"
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Fig. 1. Schematic for microbiota regulation of neuroinflammation and HPA axis activity. Communication within the microbiota-gut-brain axis involves the complex co-ordination of
a number of factors and systems. The microbiota can govern events in the periphery and CNS by various means of communication including vagal nerve activation, cytokine
production, neuropeptide and neurotransmitter release, SCFA release and microbial by-products, and by utilising the lymphatic and systemic circulation. Once these signals
penetrate the blood brain barrier and reach the brain, they can influence the maturation and activation state of the microglia. Once activated, microglia play a key role in immune
surveillance, synaptic pruning and clearance of debris. They also facilitate a number of everyday functions in the brain, including the regulation of HPA axis activation state. The
release of glucocorticoids (cortisol) as a consequence of HPA axis activation can in turn regulate the activation state of brain microglia, as well as influence cytokine release and
trafficking of monocytes from the periphery to the brain. HPA Hypothalamic-Pituitary-Adrenal; BDNF Brain derived neurotrophic factor: LTP Long term potentiation; BBB Blood-
brain barrier; GC Glucocorticoids; GR Glucocorticoid receptor; FFAR Free fatty acid receptor; SCFA Short chain fatty acid; NP Neuropeptide; NT Neurotransmitter; DC Dendritic cell;
EEC Enteroendocrine cell.
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Los microbios gobiernan el animo

Los hallazgos mas recientes demuestran, ademas de la existencia de comunicaciones intensas
entre el intestino y el cerebro, la influencia de la flora intestinal en el estado de animo, es
decir, del nimero incontable de microorganismos del intestino que, entre otras funciones,
contribuyen a la descomposicion de los alimentos. En este sentido, la flora intestinal varia en su
composicion de una persona a otra: es tan Unica como la huella digital. A pesar de que apenas
se conoce cual es su influencia sobre el cerebro, se sabe que las bacterias intestinales potencian
la liberacion de sustancias activadoras de la inflamacién, como la proteina C reactiva (PCR).
Esta reduce los niveles de serotonina (la <hormona de la felicidad), lo que explicaria por qué
los pacientes con enfermedades intestinales cronicas suelen encontrarse deprimidos durante
las fases inflamatorias. La industria alimentaria promueve alimentos probiéticos que regulan
la flora intestinal y, en teoria, mejoran la sensacion de bienestar. De hecho, los productos
probidticos poseen una funcion positiva en el tratamiento del sindrome del intestino irritable
y de las enfermedades inflamatorias intestinales crénicas. En este sentido, se ha comprobado
que los lactobacilos y las bifidobacterias de la alimentacion influyen en el estado de animo,
asi como en la percepcién del estrés.

(«Assessment of psychotropic-like properties of a probiotic formulation (Lactobacillus helveticus R0052 and Bifido-
bacterium longum RO175) in rats and human subjects». M. Messaoudi et al. en The British Journal of Nutrition,
vol, 105, pags. 755-764, 2011.)
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Coronavirus
Radiografia del coronavirus en residencias de ancianos: mas
de 17.000 fallecidos a falta de test generalizados

» Madrid, Cataluna y las dos Castillas son las regiones donde mas defunciones ha habido desde el comienzo de la crisis
» Coronavirus: ultima hora en directo | Asi evoluciona la curva del coronavirus en Espaia | Asi varia en las CC.AA.

» Mapa de Espaia | Mapa mundial | ;Qué es el coronavirus? | La situacion en las UCls

Fallecimientos con coronavirus en residencias por comunidades autonomas

En Espafia hay 17.017 ancianos que han muerto en residencias con COVID-19 o sintomas compatibles con la enfermedad

r-ll ] | |

3.900

Espafia: 17.000 de los 25.500 fallecidos por COVID-19 son mayores de 65 afios
en gerorresidencias
(cifras oficiales: 68%)
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¢Podrian haberse reducido las muertes por
Covid en residencias de anciano con una
microbiota sana?

. FRANCISCO GUARNER

FRAMCISCO GUARMNER, INVESTIGADOR VALL D'HEBRON INSTITUT DE RECERCA (VHIR)
2710472020 1545 | Actualizado a 27/04/2020 1621




Focus Article

The role of the microbiota
in ageing: current state

and perspectives
Denise B. Lynch,’" lan B. Jeffery"-?" and Paul W. O'Toole'-**

Since the application of high-throughput technologies to investigate complex
microbial communities, alterations in the human gut microbiota have been associ-
ated with an increasing number of diseases and conditions. This field of research
has developed into an area of intense study which is quite different to the microbial
investigations that have preceded it in terms of both the broadness of the area of
research and the complexity of the analyses. In this review, we discuss gut micro-
biota changes observed in ageing in the context of the phvsiological changes that
accompany senescence, examine what correlations can be established or inferred,
and we discuss what key questions remain to be answered in the field. © 2015 The

SQ i Authors. WIREs Systems Biology and Medicine published by Wiley Periodicals, Inc.

How to cite this article:
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La microbiota intestinal es muy estable en la vida adulta, pero
hay una serie de etapas y condiciones de vida durante el cual
la microbiota cambia en su composicion.

-El primero de ellos es la fase temprana establecimiento de la
microbiota. Una vez plenamente establecida, la microbiota es
relativamente estable desde la infancia hasta la edad adulta
(desde los 3 a.)

-Durante el envejecimiento, hay un cambio de la composicion
de la microbiota que esta asociada con deterioro de la salud y
cambios en la dieta.

-Ratones libres de gérmenes pueden sobrevivir sin una
microbiota, sin embargo sufren de problemas de
comportamiento y una serie de problemas morfologicos e
inmunologicos debidos a la alteracion del metabolismo, el
desarrollo, y la fisiologia, incluyendo el desarrollo de organos
(morfogénesis).
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The Microbiota and Microbiome in Aging: Potential
Implications in Health and Age-Related Diseases

Heidi |. Zapata, MD, PhD, and Vincent |. Quagliarello, MD

Advances in bacterial deoxyribonucleic acid sequencing
allow for characterization of the human commensal bacte-
rial community (microbiota) and its corresponding genome
(microbiome). Surveys of healthy adults reveal that a signa-
ture composite of bacteria characterizes each unique body
habitat (e.g., gut, skin, oral cavity, vagina). A myriad of clin-
ical changes, including a basal proinflammatory state (in-
flamm-aging), that directly interface with the microbiota of
older adults and enhance susceptibility to disease accom-
pany aging. Studies in older adults demonstrate that the gut
microbiota correlates with diet, location of residence (e.g.,
community dwelling, long-term care settings), and basal
level of inflammation. Links exist between the microbiota
and a variety of clinical problems plaguing older adults,
including physical frailty, Clostridium difficile colitis, vulv-
ovaginal atrophy, colorectal carcinoma, and atherosclerotic
disease. Manipulation of the microbiota and microbiome of
older adults holds promise as an innovative strategy to influ-
ence the development of comorbidities associated with
aging. ] Am Geriatr Soc 63:776-781, 2015.

Key words: microbiome; older adults; infection

microbes (e.g., bacterial microorganisms) cannot be cul-
tured using conventional methods.’? In 1977, it was pro-
posed that the 16S ribosomal ribonucleic acid (RNA)
subunit can classify bacteria, including commensal micro-
bial flora.® This small RNA subunit is evolutionarily con-
served in prokaryotes, but it contains nine hypervariable
regions (V1-V9) useful for phylogenetic analysis. Ongoing
advances in next-generation sequencing of 16S ribosomal
RNA genes and whole-genome shotgun sequencing allow
for large-scale analysis and characterization of the human
bacterial community (the microbiota); the genome of the
microbiota is referred to as the microbiome.™ It is esti-
mated that there are approximately 100 trillion bacteria
associated with humans that outnumber human cells by a
factor of 10.° Therefore, this second prokaryotic genome
of microbes supplements the primary eukaryotic genome
of humans.” This represents a paradigm shift for medicine
in which our relationship with microbes is now viewed as
a complex symbiosis instead of a potential source of clini-
cal infectious disease. The purpose of this review is to
highlight the role of the microbiota and microbiome in
health and disease and its potential clinical relevance to
older adults.




Los estudios en adultos mayores
demuestran que Ila microbiota
intestinal se correlaciona con la
dieta, el lugar de residencia (casa
vs. centros geriatricos a largo
plazo).

Existen  vinculos entre Ia
microbiota intestinal y problemas
clinicos de los adultos mayores:
fragilidad fisica, colitis por
Clostridium difficile, neumonia,
infecciones urinarias, atrofia
vulvovaginal, carcinoma
colorrectal, aterosclerosis 'y
neurodegeneracion.

La manipulacion de la microbiota
de los adultos mayores es una
estretegia prometedora e
innovadora  para influir el
desarrollo de comorbilidades
asociadas con envejecimiento.

Comorbid disease Frailt\{ rpe e
Multiple medication exposure Infection (C.difficile colitis)
Decreased gut motility Vulvovaginal atrophy

Impaired dentition Colorectal cancer
Cardiovascular disease

N e
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Figure 1. Association between the microbiome and clinical
problems affecting older adults.
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bacterial community (the microbiota); the genome of the
microbiota is referred to as the microbiome.™ It is esti-
mated that there are approximately 100 trillion bacteria
associated with humans that outnumber human cells by a
factor of 10.° Therefore, this second prokaryotic genome
of microbes supplements the primary eukaryotic genome
of humans.” This represents a paradigm shift for medicine
in which our relationship with microbes is now viewed as
a complex symbiosis instead of a potential source of clini-
cal infectious disease. The purpose of this review is to
highlight the role of the microbiota and microbiome in
health and disease and its potential clinical relevance to
older adults.




Los adultos mayores (> 65 anos) tienen una alta
prevalencia de patologias de forma concomitante a la
polifarmacia (incluyendo antibioticos: > prob. de colitis
por clostridium difficile posterior a la antibioterapia
(transplantes fecales).

El envejecimiento del tracto alimentario esta sujeto a
una variedad de cambios: deterioro de la denticion y
funcion salivar, menos peristaltismo (estrefiimiento),
diverticulos en colon y cambios dietéticos = cambios
en la microbiota intestinal (> susceptibilidad de
enfermedades infecciosas): “inflamm-aging” (altas
concentraciones de citoquinas proinflamatorias y >
respuesta inmune a los patogenos). La Probiota
intestinal reqgula el sistema inmunitario.

> Probabilidad de infeccion por citomegalovirus,
niveles altos de lipopolisacaridos en sangre y de
subproductos microbianos en orina.
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El consorcio ELDERMET (2007) caracterizd la microbiota intestinal de adultos
mayores.

Yy

En 2011, estudiaron muestras fecales de 161 adultos irlandeses mayores de 65 afnos
(un subgrupo de 26 sujetos se vuelve a muestrear 3 meses después). 9 sujetos mds
jovenes sirvieron como controles.

 La especie Bacteroidetes fue dominante en el 57% de los adultos mayores en
comparacion con 40% para el filo Firmicutes.

* Por el contrario, Firmicutes estaba mds presente en las muestras fecales de los mads
jovenes (51%) en comparacion con la especie Bacteroidetes (41%).

 La exposicion a antibioticos se asocid con mayores niveles de Bacteroidetes y
menores niveles de Firmicutes, Actinobacterias y Proteobacterias.
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Gut microbiota composition correlates
with diet and health in the elderly

Marcus J. Claesson™**, Ian B. Jeffery"**, Susana Conde’, Susan E. Power', Eibhlis M. O’Connor"?, Siobhan Cusack’,

Hugh M. B. Harris', Mairead Coakley®, Bhuvaneswari Lakshminarayanan®, Orla O'Sullivan®, Gerald F. Fitzgerald™?,
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Alterations in intestinal microbiota composition are associated with several chronic conditions, including obesity and
inflammatory diseases. The microbiota of older people displays greater inter-individual variation than that of younger
adults. Here we show that the faecal microbiota composition from 178 elderly subjects formed groups, correlating with
residence location in the community, day-hospital, rehabilitation or in long- term residential care. However, clustering
of subjects by diet separated them by the same residence location and microbiota groupings. The separation of microbiota
composition significantly correlated with measures of frailty, co- morbidity, nutritional status, markers of inflammation
and with metabolites in faecal water. The individual microbiota of people in long - stay care was significantly less diverse
than that of community dwellers. Loss of community-associated microbiota correlated with increased frailty.
Collectively, the data support a relationship between diet, microbiota and health status, and indicate a role for
diet-driven microbiota alterations in varying rates of health decline upon ageing.




¢Afecta el estado inmunoldgico del individuo a la microbiota, o afecta
la microbiota al estado inmunoldgico del individuo? Ambas...

ANCIANOS: > presencia de Moléculas proinflamatorias. Modulacion de
la microbiota por la dieta: Problemas para masticar, tragar, pérdida de
los dientes, de olfato y el gusto (desnutricion) junto con incremento de
consumo de azucar y grasas saturadas y la ingesta de menos fibra.

La produccion de butirato y otros dcidos grasos de cadena corta
(AGCC) por parte de algunas bacterias mantiene la funcion de barrera
del epitelio mucoso, evitando que bacterias potencialmente dafinas
pasen al torrente sanguineo.

La microbiota disbiotica aumenta la probabilidad de enfermedad
celiaca, enfermedad inflamatoria del intestino, diabetes tipo I, la artritis
reumatoide, cdncer colorrectal, gdstrico, cdnceres de prostata y los
trastornos cardiovasculares y metabdlicos.

> numero de Genotoxinas, compuestos cancerigenos producidos por la
dieta, cascadas inflamatorias locales y sistémicas que resultan en
inflamacion cronica de bajo grado que dana los tejidos y organos
afectados.

Esta barrera epitelial controla la microbiota a través de la produccion
de antimicrobianos y secretores de IgA (slgA), y permite el paso de los
fagocitos y linfocitos si se rompe dicha barrera.
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The important role of the gut microbiome in maintaining human health has necessitated a
better understanding of the temporal dynamics of intestinal microhial communities as well
as the host and environmental factors driving these dynamics. Genetics, mode of birth,
infant feeding patterns, antibiotic usage, sanitary living conditions and long term dietary
habits contribute to shaping the composition of the gut microbiome. This review focuses
primarily on diet, as it is one of the most pivotal factors in the development of the human
gut microbiome from infancy to the elderly. The infant gut microbiota is characterized by
a high degree of instability, only reaching a state similar to that of adults by 2-3 years
of age; consistent with the estahlishment of a varied solid food diet. The diet-related
factors influencing the development of the infant gut microbiome include whether the
child is breast or formula-fed as well as how and when solid foods are introduced. In
contrast to the infant gut, the adult gut microbiome is resilient to large shifts in community
structure. Several studies have shown that dietary changes induce transient fluctuations
in the adult microbiome, sometimes in as little as 24 h; however, the microbial community
rapidly returns to its stable state. Current knowledge of how long-term dietary habits
shape the gut microbiome is limited by the lack of lang-term feeding studies coupled
with temporal gut microbiota characterization. However, long-term weight loss studies
have been shown to alter the ratio of the Bacteroidetes and Firmicutes, the two major
bacterial phyla residing in the human gastreintestinal tract. With aging, diet-related factors
such as malnutrition are associated with microbiome shifts, although the cause and effect
relationship between these factors has not been established. Increased pharmaceutical
usage is also more prevalent in the elderly and can contribute to reduced gut microbiota
stability and diversity. Foods containing prebiotic oligosaccharide components that nurture
beneficial commensals in the gut community and probiotic supplements are being explored
as interventions to manipulate the gut microbiome, potentially improving health status.

Keywords: enterotype, gut microbiome, aging, dietary patterns, colonization




* Microbiota intestinal de 178 adultos mayores de ascendencia irlandesa entre h
102 anos de edad estratificados por su dieta, tipo de residencia y dependencia.

* 13 adultos jovenes (edad media 36 anios): grupo de control.

* Personas en residencias geridtricas a largo plazo tuvieron una mayor proporcion
del filo Bacteroidetes en su intestino (>filo firmicutes en casa). Microbiota mds
diversa en dietas ricas en fibra y pobres en grasa con menores niveles de
marcadores inflamatorios intestinales y menor fragilidad y dependencia (indice
de Barthel AVD, Escala de Depresion y MIMSE).

&La residencia y la dieta se asocian con la microbiota intestinal en mayoresy

correlacionan con la inflamacion sistémica y el deterioro funcional.

Table 2. Correlation of Microbiota, Diet, Inflammation, and Frailty in Older Adults

Long-Term Rehabilitation
Association Care (>6 Weeks) Care (<6 Weeks) Day Hospital Community Dwellers
DG
1: low fat/high fiber DG3, DG4 predominate Variable® DG1, DG2 predominate DG1, DG2 predominate

2: moderate fat/high fiber

3: moderate fat/low fiber

4: high fat/low fiber
Inflammatory markers (tumor Highest Intermediate® Intermediate® Lowest
necrosis factor-a, IL-6, IL-8,
C-reactive protein)

Functional status and frailty Impaired function and Intermediate® Intermediate® Normal function predominate
frailty predominate
Microhiota Bacteroidetes predominate Variable® Variable® Firmicutes predominate

Predominating phyla
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Figure 1. Environmental Factors and the Bidirectional Interaction
with Host Organ Systems Shape the Intestinal Microbiome

Studies over the past decade have revealed that many environmental factors,
including diet, antibiotic exposure, energy intake (El), and exercise, can
dramatically influence the intestinal microbiome (both membership and
functional capacity). In addition to environment, further research has revealed
a bidirectional interaction between host organ systems and the intestinal
microbiome in shaping host metabolic outcomes.
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FIGURA 2. Factores que afectan al eje microbiota-intestino-cerebro. Comportamiento y en-
fermedades mentales y neuronales que se pueden ver afectados por cambios en dicho eje.



ENFERMEDADES RELACIONADAS CON
LA MICROBIOTA

. DESEQUILIBRIO EN LA
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The Human Microbiome: at the interface of health and disease
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Association between the vaginal microbiota, menopause status
and signs of vulvovaginal atrophy

Rebecca M. Brotman, PhD, MPH'.2, Michelle D. Shardell, PhD2, Pawel Gajer, PhD', Doug

Fadrosh, MS', Kathryn Chang, RN3, Michelle Silver, ScM>, Raphael P. Viscidi, MD*, Anne E.

Burke, MD, MPH>, Jacques Ravel, PhD'f and Patti E. Gravitt, PhD, MS?

TInstitute for Genome Sciences, University of Maryland School of Medicine, Baltimore, Maryland
“Department of Epidemiology and Public Health, University of Maryland School of Medicine,
Baltimore, Maryland 3Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland *Department of Pediatrics and Neurovirology, Johns Hopkins School
of Medicine, Baltimore, Maryland *Department of Obstetrics and Gynecology, Johns Hopkins
School of Medicine, Baltimore, Maryland fDepartment of Microbiology and Immunology,
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Abstract

Objectives—The vaginal microbiota help protect the female genital tract from disease. We
sought to describe the composition of the vaginal microbiota between pre-, peri- and
postmenopausal women and to explore the association between the microbiota and vulvovaginal
atrophy (VVA).

Methods—87 women (age 35-60) were classified as premenopausal (n=30), perimenopausal
(n=29) or postmenopausal (n=28) according to STRAW guidelines. Mid-vagina bacterial
community composition was characterized by 165 rRNA gene analysis.

Results—Bacterial communities clustered into six community state tvpes (CSTs), of which four
were dominated by Lactobacillus crispatus, L. gasseri, L. iners, or L. jensenii; and two (CST-IV-
A and IV-B) had low relative abundance of Lactobacillus. CST IV-A was characterized by
Streptococcus and Prevotella, whereas CST IV-B by Atopobium. There was a significant
association between menopause stage and CST (p-value=0.004) and VVA and CST (p-
value=0.002). Perimenopausal women were more likely to be classified as CST IV-A or the L.
gasseri CST, whereas postmenopausal women were mostly CST IV-A. C5Ts dominated by L.
crispatus and L. iners were more prevalent in premenopausal women. Nineteen participants had

Otras patologias relacionadas
con la microbiota:

atrofia vulvovaginal (sequedad
vaginal, dolor y dispareunia):
baja abundancia de
Lactobacillus (ingesta oral).
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r Se disemina a otros 6rganos

Normal

Summary

Colorectal cancer (CRC) presents a considerable disease burden worldwide. The human colon is
also an anatomical location with the largest number of microbes. It is natural therefore to
anticipate a role for microbes, particularly bacteria, in colorectal carcinogenesis. The increasing
accessibility of microbial meta’omics is fueling a surge in our understanding of the role that
microbes and the microbiota play in CRC. In this review, we will discuss recent insights into
contributions of the microbiota to CRC and explore conceptual frameworks for evaluating the role
of microbes in cancer causation. We also highlight new findings on candidate CRC-potentiating
species and current knowledge gaps. Finally, we explore the roles of microbial metabolism as it
relates to bile acids, xenobiotics, and diet in the etiology and therapeutics of CRC.
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RESEARCH ARTICLE

Irritable Bowel Syndrome Is Associated with
an Increased Risk of Dementia: A Nationwide
Population-Based Study

Chien-Hua Chen'%3, Cheng-Li Lin*®, Chia-Hung Kao®’*

Purpose

Abnormal interaction in the brain—gut axis has emerged as one of the relevant pathophysio-
logical mechanisms for the development of irritable bowel syndrome (IBS). Moreover, the
brain—gut axis has recently been demonstrated to be crucial for the maintenance of cogni-
tive performance. Therefore, we assessed the risk of dementia following diagnosis of IBS.

Methods

Using the Taiwan National Health Insurance Research Database (NHIRD) to obtain medical
claims data from 2000 to 2011, we employed a random sampling method to enroll32 298
adult patients with IBS and frequency-matched them according to sex, age, and baseline
year with 129 192 patients without IBS.

Results

The patients with IBS exhibited an increased risk of dementia [adjusted hazard ratio (aHR)
= 1.26, 95% confidence interval (Cl) = 1.17-1.35]after adjustment for age, sex, diabetes,
hypertension, stroke, coronary artery disease (CAD), head injury, depression, and epilepsy,
and the overall incidence of dementia for the cohorts with and without IBS was 4.86 and
3.41 per 1000 person-years, respectively. IBS was associated with an increased risk of
dementia in patients older than 50 years in both male and female, and in those with comor-
bidity or without comorbidity. After adjustment for age, sex, and comorbidity, patients with
IBS were also more likely to develop either non- Alzheimer's disease (AD) dementia (aHR =
1.24,95% Cl=1.15-1.33) or AD (aHR = 1.76, 95% Cl = 1.28-2.43).

Cumulative incidence of dementia
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Human oral, gut, and plague microbiota in patients
with atherosclerosis
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( Asociacion entre infeccion periodontal 'y riesg}
cardiovascular. Las mismas bacterias presentes en la boca se

han encontrado en la placa ateroscerotica.

* Vinculo entre el metabolismo de la microflora intestinal y la
enfermedad cardiovascular:

e F|  N-dxido-trimetliamina (OTMA), un metabolito
proaterosclerotico de la fosfatidilcolina en el intestino esta
Kimplicado en la enfermedad cardiovascular (niveles mayores)./




Cambios en composicién de la microbiota
T Permeabilidad de la barrera intestinal

| Motilidad intestinal

Traslocacién bacteriana

Modulacién de células T

Liberaci6n citokinas a circulacion sistémica
Influencia en tamario del infarto

Impacto en factores de riesgo vascular

AMPLIAR IMAGEN

FIGURA 2. Relacion del eje intestino-cerebro con la patologia vascular cerebral. En el contexto
de un ictus se producen cambios en la composicién de la microbiota, con disminucién de la
motilidad, aumento de la permeabilidad de la barrera intestinal y fenémenos de traslocacion
bacteriana aumentando el riesgo de infecciones postictus. Los cambios en la composicion de
la microbiota generan expansién de células T con efectos pro o antiinflamatorios que pasan a
la circulacion sistémica y modulan cambios a nivel inflamatorio que influyen en el tamafio del
area infartada.

AMPLIAR IMAGEN

FIGURA 1. Influencia de la alimentacién en la composicién de la microbiota y su implicaciéon
directa con los principales factores de riesgo vascular, y en el desarrollo y progresién de fené-
menos inflamatorios asociados con la arteriosclerosis.
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between gut microbiota and
development of Type 1,
Type 2 and Type 3 diabetes

Expert Rev. Clin. Immunol. 9(11), 1031-1041 (2013)

Pjotr Bekkering*, It has been proposed that changes in the composition of gut microbiota contribute to the
Ismael Jafri, development of diabetes Types 1, 2 and 3 (the latter known as Alzheimer’s disease). The
Erans J van Overveld onset of these diseases is Iaffeclted by Icomplex linteractilonsl of genetic .?md. several
and Ger T Rijkers* enwronlmelntal factor;. AItgranns in gut m|crobl|ota in combmalnon with specific diets can

result in increased intestinal permeability leading via a continuous state of low-grade

Department of Science, University inflammation to the development of insulin resistance. Since a change in composition of gut
College Roosevelt, Middelburg, The . . . . - : S
Netherlands microbiota is also suggested to be the underlying factor for the development of obesity, it is
*Author for correspondence: obvious to link gut microbiota with the pathogenesis of diabetes. In addition, insulin
g.rijkers@ucr.nl resistance in the brain has been recently associated with Alzheimer’s disease. These new

paradigms in combination with data from studies with prebiotics and probiotics may lead to

fAuthors contributed equally . .
a novel way to control and even prevent diabetes in general.

. . . . * An altered composition of gut microbiota may result in mucosal and systemic inflammation at least in part due to disrupted gut
Box 1. Gut microbiota that can maintain and Barrier fncth 5 9 ¥ ¥ = St
arrier function.

restore gut barrier integrity.

+ In this inflamed state with aberrant antigen exposure, autoreactive T cells can be activated leading to pancreas-specific autoimmune

e Streptococcus thermophilus responses, such as Type 1 diabetes.

* Lactobacillus acidophilus e Inflammation is an important factor in the development of Type 2 diabetes. In addition, gut microbiota contributes to the development
* lactobacillus plantarum of obesity which consequently may result in insulin resistance.

* actobacillus rhamnosus OLL2838 * Alzheimer’s disease associated with insulin resistance in the brain is also referred to as Type 3 diabetes.

* lactobacillus rhamnosus GG * Gut microbiota management by administration of prebiotics and/or probiotics as well as lifestyle changes could become novel ways for

« Bifidobacterium infantis Y1 possible prevention and amelioration of diabetes in general.
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Association of brain amyloidosis with pro-inflammatory gut
bacterial taxa and peripheral inflammation markers in cognitively
impaired elderly

Annamaria Cattaneo *"*, Nadia Cattane ¢, Samantha Galluzzi©, Stefania Provasi®,

The pathway leading from amyloid-p deposition to cognitive impairment is believed to be a cornerstone
of the pathogenesis of Alzheimer's disease (AD). However, what drives amyloid buildup in sporadic
nongenetic cases of AD is still unknown. AD brains feature an inflammatory reaction around amyloid

plaques, and a specific subset of the gut microbiota (GMB) may promote brain inflammation. We Pro-inflammatory bacteria
investigated the possible role of the GMB in AD pathogenesis by studying the association of brain 1
amyloidosis with (1) GMB taxa with pro- and anti-inflammatory activity; and (2) peripheral inflam- f ‘I
mation in cognitively impaired patients. We measured the stool abundance of selected bacterial GMB 15 *‘fm
taxa (Escherichia/Shigella, Pseudomonas aeruginosa, Eubacterium rectale, Eubacterium hallii, Faecalibacte- 12
rium prausnitzii, and Bacteroides fragilis) and the blood expression levels of cytokines (pro-inflammatory g
cytokines: CXCL2, CXCL10, interleukin [IL]-1p, IL-6, IL-18, IL-8, inflammasome complex (NLRP3), tumor - 9
necrosis factor-alpha [TNF-u«]; anti-inflammatory cytokines: IL-4, 1L-10, IL-13) in cognitively impaired g g4
patients with (n = 40, Amy+) and with no brain amyloidosis (n = 33, Amy—) and also in a group of .E
controls (n = 10, no brain amyloidosis and no cognitive impairment). Amy+ patients showed higher E . [ |
levels of pro-inflammatory cytokines (IL-6, CXCL2, NLRP3, and IL-1f) compared with both controls and O o .
with Amy — patients. A reduction of the anti-inflammatory cytokine IL-10 was observed in Amy+ versus % % §
Amy-. Amy+ showed lower abundance of E. rectale and higher abundance of Escherichia/Shigella E & = )
compared with both healthy controls (fold change, FC = —9.6, p = 0.001 and FC = +12.8, p = 0.001, 9 5 f_% §
respectively) and to Amy— (FC = —7.7, p < 0.001 and FC = +7.4, p = 0.003). A positive correlation was g = z
observed between pro-inflammatory cytokines IL-1f, NLRP3, and CXCL2 with abundance of the in- E " -E
flammatory bacteria taxon Escherichia/Shigella (rho = 0.60, p < 0.001; rho = 0.57, p = 0.001; and rho = g -12 =
0.30, p = 0.007, respectively) and a negative correlation with the anti-inflammatory E rectale (rho = g8 |

0.48, p < 0.001; rho = ~0.25, p = 0.024; tho = ~0.49, p < 0.001). Our data indicate that an increasein 3 *°
the abundance of a pro-inflammatory GMB taxon, Escherichia/Shigella, and a reduction in the abundance 5 -18 W Amy- W Amy+
of an anti-inflammatory taxon, E. rectale, are possibly associated with a peripheral inflammatory state in A o

patients with cognitive impairment and brain amyloidosis. A possible causal relation between GMB-
related inflammation and amyloidosis deserves further investigation.




REVIEW
Microbiota and neurodegenerative diseases

Moira Marizzoni®, Stefania Provasi®, Annamaria Cattaneo®*,

and Giovanni B. Frisoni®®

December 2017

Purpose of review

Despite the extensive research carried out in the past decades, the current pathophysiological notions of
neurodegenerative disease as well as effective treatments to reduce their progression are largely unknown.
Alterations of the human microbiota, the plethora of different microscopic organisms that our body hosts,
have been linked to neurodegenerative disease risk, onset and progression. This review summarizes the
current knowledge on the possible role of microbiota in neurodegenerative disorders and briefly discusses
strategies to restore microbiota homeostasis.

Recent findings

Preclinical evidences and human cross-sectional studies posit the gut microbiota as a key actor in the
Parkinson’s disease onset and progression, reporting the presence of a specific gut microbiota profile in
association with the modulation of disease and symptoms. Gut microbiota alterations have been correlated
with brain disease and peripheral inflammation also in Alzheimer’s patients.

Summary

The interaction between the microbiota and the host is promising to answer clinical questions that have so
far escaped clarification with the current pathophysiological notions of health and disease. However,
human longitudinal studies starting in the earlier disease phases are needed to understand the causative
relation between microbiota and the hallmarks of these neurodegenerative disorders and to develop
innovative treatments aimed at preventing or slowing brain damages.
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Figure 1. Environmental Factors and the Bidirectional Interaction
with Host Organ Systems Shape the Intestinal Microbiome

Studies over the past decade have revealed that many environmental factors,
including diet, antibiotic exposure, energy intake (El), and exercise, can
dramatically influence the intestinal microbiome (both membership and
functional capacity). In addition to environment, further research has revealed
a bidirectional interaction between host organ systems and the intestinal
microbiome in shaping host metabolic outcomes.
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Alzheimer’s disease and the microbiome
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altamente
deterioro

La inflamacion estd
correlacionada con el
cognitivo.

Un estilo de vida anti-inflamatorio se ha
demostrado que conduce a una mejor
retencion de la memoria, longevidad y
salud del cerebro.

Ahora sabemos que hay multiples vias
neuroquimicas y neurometabolicas entre
el SNC y el tracto microbioma/digestivo
(sequndo cerebro) que envian sefnales
entre si, lo que afecta la memoria,
patrones de pensamiento y
razonamiento.

Brain Atrophy in Advanced Alzheimer’s Disease




Alzheimer’s disease and gut microbiota
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Alzheimer’s disease (AD) is a most common neurodegenerative disorder, which associates with impaired cognition. Gut
microbiota can modulate host brain function and behavior via microbiota-gut-brain axis, including cognitive behavior.
Germ-free animals, antibiotics, probiotics intervention and diet can induce alterations of gut microbiota and gut physiology and
also host cognitive behavior, increasing or decreasing risks of AD. The increased permeability of intestine and blood-brain
barrier induced by gut microbiota disturbance will increase the incidence of neurodegeneration disorders. Gut microbial
metabolites and their effects on host neurochemical changes may increase or decrease the risk of AD. Pathogenic microbes
infection will also increase the risk of AD, and meanwhile, the onset of AD support the “hygiene hypothesis™. All the results
suggest that AD may begin in the gut, and is closely related to the imbalance of gut microbiota. Modulation of gut microbiota
through personalized diet or beneficial microbiota intervention will probably become a new treatinent for AD.
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Microbes and Alzheimer’ disease: lessons from
H. pylori and GUT microbiota

F. FRANCESCHI', V. OJETTI', M. CANDELLI', M. COVINQ', S. CARDONE',
A. POTENZA', B. SIMEONI', M. GABRIELLI'", L. SABIA', G. GASBARRINI?,
L. LOPETUSQO?, F. SCALDAFERRF?, P.M. ROSSINE, A. GASBARRINI?

'Emergency Medicine, %Internal Medicine and Gastroenterology, and 3Institute of Neurology;
Fondazione Policlinico Universitario Agostino Gemelli — IRCCS, Universita Cattolica del Sacro
Cuore, Rome, Italy

Figure 1. Main mechanisms by which H. pylori and dy-
sbiosis may affect the development and evolution of AD.

Abstract. - OBJECTIVE: the role of microbes
and chronic inflammation in the pathogenesis
of Alzheimer’ disease (AD) has been postulat-
ed by many authors. On the other hand, sever-
al studies have reported the main role of H. py-
lori infection and/or GUT microbiota alteration
in promoting chronic inflammation, thus possi-
bly influencing both occurrence and evolution of
AD. In this article, we analyze the most import-
ant and recent studies performed on this field
both on humans and animals and provide possi-
ble pathogenic explanations.

RESULTS: all main and most recent animal,
human, epidemiological and in-silico studies,
showed a role of H. pylori and/or dysbiosis in
AD, mostly through the promotion of systemic
chronic inflammation and/or by triggering mo-
lecular mimicry mechanisms. In particular, H.
pylori infection seems to be related to a poorer
cognitive performance.

CONCLUSIONS: Indeed, bacteria have been
shown to affect neurodegeneration by promot-
ing inflammation, inducing molecular mimicry
mechanisms and accumulation of AB into the
brain. These findings open the way for H. pylori
eradicating trials and/or GUT microbiota remod-
ulating strategies. Therefore, further studies are
now needed in order to test whether antibiotics,
pre and/or probiotics may exert a beneficial ef-
fect in the prevention of AD.
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Common neurodegenerative pathways in obesity, diabetes, and

Alzheimer's disease¥ -

Subbiah Pugazhenthi *P*, Limei Qin ?, P. Hemachandra Reddy €

Cognitive decline in chronic diabetic patients is a less investigated topic. Diabetes and obesity are among
the modifiable risk factors for Alzheimer's disease (AD), the most common form of dementia. Studies have
identified several overlapping neurodegenerative mechanisms, including oxidative stress, mitochondrial
dysfunction, and inflammation that are observed in these disorders. Advanced glycation end products
generated by chronic hyperglycemia and their receptor RAGE provide critical links between diabetes
and AD. Peripheral inflammation observed in obesity leads to insulin resistance and type 2 diabetes. Al-
though the brain is an immune-privileged organ, cross-talks between peripheral and central inflamma-
tion have been reported. Damage to the blood brain barrier (BBB) as seen with aging can lead to
infiltration of immune cells into the brain, leading to the exacerbation of central inflammation. Neuroin-
flammation, which has emerged as an important cause of cognitive dysfunction, could provide a central
mechanism for aging-associated ailments. To further add to these injuries, adult neurogenesis that pro-
vides neuronal plasticity is also impaired in the diabetic brain. This review discusses these molecular
mechanisms that link obesity, diabetes and AD. This article is part of a Special Issue entitled: Oxidative
Stress and Mitochondrial Quality in Diabetes/Obesity and Critical [llness Spectrum of Diseases — edited
by P. Hemachandra Reddy.




Gut Microbiota Regulate Motor Deficits
and Neuroinflammation
INn a Model of Parkinson’s Disease

Timothy R. Sampson,’" Justine W. Debelius,? Taren Thron,’ Stefan Janssen,? Gauri G. Shastri,’ Zehra Esra llhan,?
Collin Challis,” Catherine E. Schretter,’ Sandra Rocha,* Viviana Gradinaru,” Marie-Francoise Chesselet,®
Ali Keshavarzian,® Kathleen M. Shannon,”-® Rosa Krajmalnik-Brown,® Pernilla Wittung-Stafshede,* Rob Knight,=®

Cell 167, 1469-1480, December 1, 2016 ©

and Sarkis K. Mazmanian®-1%*

The intestinal microbiota influence neurodevelop-
ment, modulate behavior, and contribute to neuro-
logical disorders. However, a functional link between
gut bacteria and neurodegenerative diseases re-
mains unexplored. Synucleinopathies are character-
ized by aggregation of the protein a-synuclein
(aSyn), often resulting in motor dysfunction as exem-
plified by Parkinson’s disease (PD). Using mice that
overexpress aSyn, we report herein that gut micro-
biota are required for motor deficits, microglia activa-
tion, and aSyn pathology. Antibiotic treatment
ameliorates, while microbial re-colonization pro-
motes, pathophysiology in adult animals, suggesting
that postnatal signaling between the gut and the
brain modulates disease. Indeed, oral administration
of specific microbial metabolites to germ-free mice
promotes neuroinflammation and motor symptoms.
Remarkably, colonization of aSyn-overexpressing
mice with microbiota from PD-affected patients en-
hances physical impairments compared to micro-
biota transplants from healthy human donors. These
findings reveal that gut bacteria regulate movement
disorders in mice and suggest that alterations in
the human microbiome represent a risk factor for PD.
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The vermiform appendix impacts the risk of developing
Parkinson’s disease

Bryan A. Killinger®!, Zachary Madaj*!, Jacek W. Sikora?, Nolwen Rey'3, Alec J. Haas', 4 Vi
Yamini Vepa', Daniel Lindqvist*%, Honglei Chen®, Paul M. Thomas?, Patrik Brundin', Lena )gh ) . [,{/[L
Brundin', and Viviane Labrie! 7t b} ]
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3Paris-Saclay Institute of Neuroscience, Centre National de la Recherche Scientifique, 91190 Gif-
sur-Yvette, France.

Abstract

The pathogenesis of Parkinson’s disease (PD) involves the accumulation of aggregated a.-
synuclein, which has been suggested to begin in the gastrointestinal tract. Here, we determined the
capacity of the appendix to modify PD risk and influence pathogenesis. In two independent
epidemiological datasets, involving more than 1.6 million individuals and over 91 million person-
years, we observed that removal of the appendix decades before PD onset was associated with a
lower risk for PD, particularly for individuals living in rural areas, and delayed the age of PD
onset. We also found that the healthy human appendix contained intraneuronal a-synuclein
aggregates and an abundance of PD pathology—associated a-synuclein truncation products that are
known to accumulate in Lewy bodies, the pathological hallmark of PD. Lysates of human
appendix tissue induced the rapid cleavage and oligomerization of full-length recombinant a.-



Human gut microbiota: the links with dementia

development Review

Protein Cell 2017, 8(2):90-102
Rashad Alkasir’, Jing Li', Xudong Li% Miao Jin?, Baoli Zhu"**" DOI 10.1007/s13238-016-0338-6
ABSTRACT

Dementia is a comprehensive category of brain diseases
that is great enough to affect a person’s daily function-
ing. The most common type of dementia is Alzheimer’s
disease, which makes most of cases. New researches
indicate that gastrointestinal tract microbiota are
directly linked to dementia pathogenesis through trig-
gering metabolic diseases and low-grade inflammation
progress. A novel strategy is proposed for the man-
agement of these disorders and as an adjuvant for
psychiatric treatment of dementia and other related
diseases through modulation of the microbiota (e.g. with
the use of probiotics).
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Tabla 1. The gut bacteria and their metabolites on the nervous system

Gut microbiota Metabolites Effects on the nervous system function References
product
Lactobacilius, Bifidobactenum GABA Inhibitony neurctransmitier, metabolic disorders (Bamett etal., 2012)
can lead to anxiety and depression
Streptococcus, Escherichia, Serotonin Meurotransmitters, regulate emotions (Shishov et al.,
enterococci, Enterococcus, 2009; Ozogul,
Lactococcus, Laciobaciius 2011)
Bacilus Monepinephrine Meurctransmitters involved in motor, cognitive, (Teavkelova et al.,
memary, emotion and other central nervous 2000; Shishaow
and endocrine control et al., 2009)
Lactobacilius, Bacilus Acetyicholine Acting on neurctransmitters in the central and (Marguardt ard
peripheral nerwous systems, and cognitive Spitznagel 1959;
functicn, particulady dosely related to Kawashima et al.,
leamiing and memory 2007)
Lactobacillus, Lactocooous, Histamine Regulafing neustransmiter; sleep and (Landate &t al.
Streptococcus, Enterococcus cognitive function related 2008; Thomas
et al, 2012)
Clostridium, C. sporogenes Indole-3- Antioxidants, protect neunons (Jelet et al., 1580
propionic Bendheim et al.,
acid (IP&) 2002)
Bactemides, Bifdobacterium, Short-chain Carbohwdrates (starch, cellulose, etc.), the main (Russall &t al.,
Propionibacterium, Eubacterum, fatty acids products of fermentation, to provide energy for 2013)
Lactobadilus, Clostridium, [SCFA) the host, regulate endothelial cell function,
Roseburia, Prevotella promote the synthesis and secrefion of
neurotransmitters and hommones, reduce
inflammaticn
Blue-green algae ( Cyanobactena) BMAS, Meurctoxicity, neuronal damage, and misfolded (Bradley and Mash,
proteins related 2009)
Gram-negative bacteria Endotoxin Induced inflammaton, release large amounts of (Levi et al., 2003;
inflammatory cytokines (TMF-a, IL<6 and IL-8, Wang and Quinn,
etc.), obesity, IR, diabetes and is closely 20100
related to the occurrence of AD
Escherichia, Badllus, Lactococcus, Dopamine Systemn activity, Parkinson's disease, AD, and (Teavkelova et al.,
Lactobacilius, Streptococcus depression-related 2000; Shishaow
et al.,
2009; Ozogul,
2011)
Spore-forming microbes, Candida, Promote 5-HT Increase the motility of the gut (Yano et al., 2015)
Streptococcus, Enterococcus spp. biosynthesis

MOTE: GABA: gamma-aminobutyric acid, BMAA: beta-N- methylaming 1L- alanine; 5-HT: 5-hydroxytryptamine; AD: Alzheimer's disease; |R:

insulin resistance.
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Figure 1. Schematic of some key players in the pathogenesis of AD. The gut microbiota regulation of neuro-inflammation and
the hypothalamic—pituitary—adrenal (HPA) axis activity and may lead to AD. The bacterial products that gain access to the brain
through the bloodstream and the area postrema, via cytokine release from mucosal immune cells, through the release of gut
hormones such as 5-HT from EEC cells, or via afferent neural pathways, including the vagal nerve. NP: Neuropeptide; NT:

Neurotransmitter; 5-HT: 5-hydroxytryptamine; DC: Dendritic cell; EEC: Enteroendocrine cell; AB: amyloid beta protein; AD:
Alzheimer's disease.
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Table 2. Some methods that using to delay the process of neurodegeneration
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Products Description Components Foods contain them
Probiotic Live microorganisms confer a health benefit - Lactobacillus acidophilus Yogurt, Soy yogurt
and boost the host immunity - Lactobacillus casei fermented dairy products
- Lactobacillus reuteri Kombucha®, Kimchi®
- Lactobacillus plantarum Miso®, Sauerkraut®
- Lactobacillus rhamnosus
- Bifidobacterium animalis
- Bifidobacterium infantis
- Bifidobacterium lactis
- Bifidobacterium longum
Prebiotic Chemical substances, nondigestible foods Mostly come from Bananas, Onions, Garlic, Leeks,
that make their way through our digestive carbohydrate fibers called Asparagus, Whole wheat, Barley,
system and help good bactera grow and oligosaccharides Rye, Inulin®
flourish. Prebiotics help feed and keep
beneficial bacteria healthy
NSAIDs A drug class that groups together drugs: Aspirin, indomethacin, Apples, Avocados, Blueberries,
provide analgesic (pain-killing) ibuprofen, ketoprofen, Broccoli, Cauliflower, Chemies, Chili
and antipyretic (fever—reducing) effects, diclofenac, piroxicam, peppers, Cucumbers, Dates,
and, in higher doses, anti- celecoxib, nimesulid Eggplant, Figs...
inflammatory effects
GSPEf An industrial derivative of whole grape seeds Catechin, gallic acid, Grape seeds

used as a dietary supplement with
widespread health benefits

epicatechin,
proanthocyanidin dimers,
larger oligomers
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The ‘hygiene hypothesis’ for autoimmune and allergic diseases:

The human microbiome, asthma,
and allergy

Amund Riiser’

Abstract

The human microbiome can be defined as the microorganisms that reside within and on our bodies and how they
interact with the environment. Recent research suggests that numerous mutually beneficial interactions occur
between a human and their microbiome, including those that are essential for good health. Modern microbiological
detection techniques have contributed to new knowledge about microorganisms in their human environment. These
findings reveal that the microbiomes of the lung and gut contribute to the pathogenesis of asthma and allergy. For
example, evidence indicates that the microbiome of the gut regulates the activities of helper T cell subsets (Th1 and
Th2) that affect the development of immune tolerance. Moreover, recent studies demonstrate differences between
the lung microbiomes of healthy and asthmatic subjects. The hygiene and biodiversity hypotheses explain how
exposure to microorganisms is associated with asthma and allergy. Although those living in developed countries are
exposed to fewer and less diverse microorganisms compared with the inhabitants of developing countries, they are
experiencing an increase in the incidence of asthma and allergies. Detailed analyses of the human microbiome, as
are being conducted under the auspices of the Human Microbiome Project inftiated in 2007, promise to contribute
insights into the mechanisms and factors that cause asthma and allergy that may lead to the development of strate-
gies to prevent and treat these diseases.

Keywords: Asthma, Allergy, Microbiome
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Summary

According to the ‘hygiene hypothesis’, the decreasing incidence of infections in
western countries and more recently in developing countries is at the origin of
the increasing incidence of both autoimmune and allergic diseases. The
hygiene hypothesis is based upon epidemiological data, particularly migra-
tion studies, showing that subjects migrating from a low-incidence to a high-
incidence country acquire the immune disorders with a high incidence at the
first generation. However, these data and others showing a correlation
between high disease incidence and high socio-economic level do not prove a
causal link between infections and immune disorders. Proof of principle of
the hygiene hypothesis is brought by animal models and to a lesser degree by
intervention trials in humans. Underlying mechanisms are multiple and
complex. They include decreased consumption of homeostatic factors and
immunoregulation, involving various regulatory T cell subsets and Toll-like
receptor stimulation. These mechanisms could originate, to some extent, from
changes in microbiota caused by changes in lifestyle, particularly in inflam-
matory bowel diseases. Taken together, these data open new therapeutic per-
spectives in the prevention of autoimmune and allergic diseases.

las vias respiratorias.

-Una dieta antiinflamatoria ayuda a prevenir la susceptibilidad al sindrome de intestino
permeable y ayuda a eliminar la flema o mucosidad en los pulmones o en los conductos
nasales, lo que hace que sea mas facil respirar.

- Ciertas bacterias beneficiosas tienen efecto antiinflamatorio, lo que reduce la
gravedad de las reacciones alérgicas, alergias a los alimentos, asma o infecciones de

https://www.dailymotion.com/video/x2euked?playlist=x4t2zs
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The role of the gut microbiota in schizophrenia: Current and future
perspectives

Daniela Rodrigues-Amorim® (), Tania Rivera-Baltanas® (), Benito F{egueirob , Carlos Spuch® (®,
Maria Elena de las Heras®, Raul Vazquez-Noguerol Méndez®, Maria Nieto-Araujo®, Carolina Barreiro-Villar?,
Jose Manuel Olivares® (® and Roberto Carlos Agis-Balboa®

®Psychiatric Diseases Research Group, Galicia Sur Health Research Institute. Complexo Hospitalario Universitario de Vigo (CHUVI),

ABSTRACT

Objectives: Schizophrenia is a poorly understood chronic disease. Its pathophysiology is com-
plex, dynamic, and linked to epigenetic mechanisms and microbiota involvement. Nowadays,
correlating schizophrenia with the environment makes sense owing to its multidimensional
implications: temporal and spatial variability. Microbiota involvement and epigenetic mechanisms
are factors that are currently being considered to better understand another dimension of
schizophrenia.

Methods: This review summarises and discusses currently available information, focussing on
the microbiota, epigenetic mechanisms, technological approaches aimed at performing exhaust-
ive analyses of the microbiota, and psychotherapies, to establish future perspectives.

Results: The connection between the microbiota, epigenetic mechanisms and technological
developments allows for formulating new approaches objectively oriented towards the develop-
ment of alternative psychotherapies that may help treat schizophrenia.

Conclusions: In this review, the gut microbiota and epigenetic mechanisms were considered as
key regulators, revealing a potential new aetiology of schizophrenia. Likewise, continuous
technological advances (e.g. culturomics), aimed at the microbiota-gut-brain axis generate new
evidence on this concept.
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Analysis of gut microbiota diversity and auxiliary diagnosis as a
biomarker in patients with schizophrenia: A cross-sectional study

Yang Shen ®', Jintian Xu ™', Zhiyong Li?, Yichen Huang?, Ye Yuan 9, Jixiang Wang 9, Meng Zhang ¢,
Songnian Hu ®“* Ying Liang ***
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Fig. 2. Microbial composition at phylum level. (A-B) indicate the most abundant phyla detected in the healthy and schizophrenia cohorts. Compared to healthy controls, schizophrenia
patients had a significantly higher abundance of Proteobacteria.
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Antioxidant and antiatherogenic effects

of pomegranate

omegranate, or Pumica granatmm,

bas been wsed for many years as a
food and medicinal agent in Asia and
South America! In the United States, it is
typically made into a juice, ar the seeds are
oonsumed as a food. One pomegranaie
fruit contains about 40% of an adult's rec-
ammended daily reguirement of vitamin
- and is high in polyphenol compounds,
which have been suggested 1o be imvohved
in many diseases Historically, pomegran-
ate has been used as an anthelmintic and
antidiarrheal agent but in recent years has
grown in popularity die i its reported
anticwidant properties.! This article sum-
marizes the human studies that have
investigated the antioxidant and antiath-
erogenic effects of pomegranate.

The pomegranate plant contzins alka-
hids.nunnﬂ:.:l]:.gi: acid, and g:]lic acid,
and the bark and rind wokin vakous
tannins.'* The polyphencls in pome-
granate are believed to provide the anti-
axidant activity and protect low-density
lipoprotein (LDL) against cell-mediated
axidation directly by interaction with the
lipoprotein and indirectly by acoomula-
tian in arterial macrophages. The inner
and cater rinds of the fruit contain mare
polyphencls than the seeds and juice, and
commiercially prepared pomegranate juice
has been found to have more rind con-
stituents and stronger antioidant efects
than hand-processed joice.'* In addition,
pomegranaie juice may cause antibyper-
tensive effects by decreasing angiotensin-
converting enzyme (ACE) activity.

The Altemative Theraplesoo benn Earershare
reviews of kerbals and evher “nesacrmiosls™
for which chere 5 some sciemific ovldenne of
efecivenes. Rraders e deeten m send i
for e cofamn w0 ATHF s afp@ashpery.

A literature search of MEDLINE
[1950-May 2010) and Intermational
Pharmacentical Abstracts (1970—May
20000 using the terms pomegramate,
pomegrarates, prmicaceas, and Punica
gromaturm [with Emits for “human and
clinical trial, all™} identified 10 mon-
pharmacakinetic, human studies that
investigated the clinical antioxidant and
antiatherogenic effects of pomegranate.
The reference lists of all retrieved articles
were reviewed for additional pertinent
citations.

Antboeidant effects. In a sudy by
Aviram 22 al.,! 13 healthy men age 20-35
years were given 30 mL of pomegranate
juice (squal to 1.5 mmaol total paly-
phenals) daily for 2 weeks. There were
na signifcant differences in total, LD,
high-density-lipoprotein (HDL), ar
very-low-density-lipoprotein cholesternd
levels or triglycerides at the end of the
study period. Lipid per-
axides decreased
significantly by
&%, Antioxidant
activity and se-
TUIM [paraomonass
woncentration in-
creased signihcantly by 9% (p < 0.05)
and 18%: (p < 0OL), respectively. Three
patients were studied for an extended
time period of <10 weeks and given in-
creasing amoants of pomegranate juice,
2080 mL daily (equal to 0.54-2.16
mmal total polyphenols). Afier week 1,
lipid peroxide levels decreased by 11%
with 20 mL of pomegranate juice daily.
The amount of pomegranate juice was
increasad i 50 ml, which resulted in
a Z1% decrease in hipid perceide bevels.
Pomegranate juice amounts of over
50 mlL daily did not result in forther
changes in Epid peroxide valoes. Platelet

activation was decreased in platelet-rich
plasma prepared from 11 volunteers
who were given pomegranate juice for 2
weeks, demaonstrated by an | 1% decrease
in colbgen-induced platelet aggregation.
Limitations of this study inchaded its
small sample size, short duration, and
lack of a comtrol growp. The anthors
concluded that the anticxidant activ-
ity of pomegranate juice may have an
important rale in atherosclernsis based
on its effects on platelets, cxidation, and
macraphages.

Fosenblat et al® investigated the of-
fects of pomegranate juice on oxidative
stress and blood gleoose levels. Ten men
age 3571 years with type 2 diabetes mel-
litiss were given 50 mL of pomegranate
juice (equal 8o 1.5 mmel ol polyphe-
nols] daily for three months.
Anticmidant activity was as-
sessed by measuring serum
lewels of lipid peroxides,
paraaxonase 1, thio-
barbituric acid re-

active substances

{TBARS}, and

total sulfhydryl

groups. Paraox-
amase | and total
sulflydryl groups

exhibit antiath-
emasclerotic activity;

lipid peroxides and TBARS exhibit oxi-
dative activity. Todal safhydryl groops
are abo a marker for oxidative stress.
Levek of lipid peraxides and TBARS de-
creased by 56% and 285, respectively (p
< 001 for bath). Total sulftpdryl groups
and paracsomase | levels increased by
120 and 24%, respectively (p < 001
for bath), C-peptide levels (2 product
af proinsulin] decreased by 13%. Total
cholesterol, LDL cholesteral, glycosylated
hemoglobin, and trighcerides were ot
affected by pomegranate consamption.
Insalin and glucoss levels improved, bus
the differences were not signib@nt The

lt,erl'lz;lt.ive Therapies

Am J Health-Syst Pharm—Vol 68 Jul 15, 2011
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Nutraceutical Extracts Fresh fruit
“Whole fruit
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«Flowers

Seed Oil Juice
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antoxidane, ellagitannin, urolithin, cancer, cardiovascular health, diabetes

Keywords

Abstract

Pomegranate, a fruit natve to the Middle East, has gained widespread pop-
ularity as a functional food and nutraceutical source. The health effects of
the whole fruir, aswell as its juices and exeracts, have been studied in relation
to a variety of chronic diseases. Promising results against cardiovascular dis-
ease, diabetes, and prostare cancer have been reported from human clinical
trials. The in vitro antioxidant activity of pomegranate has been ateributed to
its high polyphenolic content, specifically punicalagins, punicalins, gallagic
acid, and ellagic acid. These compounds are merabolized during digestion
to ellagic acid and urolichins, suggesting that the bioactive compounds that
provide in vivo antoxidant activity may not be the same as those present in
the whole food. Anthocyanins and the unique fatey acid profile of the seed
oil may also play a role in pomegranate’s health effects. A more complete
characterization of pomegranate components and their physiclogical fate
may provide mechanistic insight into the potential health benefits observed
in clinical rials.

ﬁu nicalagins Gallagic Acid
on




Table 1 Scientific studies on the potential health effects of pomegranate products

Total Human clinical trials | Animal model Cell culture
Disease/health claim studies (# study subjects) studies studies
Cancer il 1 11 20
-prostate 11 1 (46)
~colon &
-breast &
skin 3
-lung 2
~cervical 1
-leukemnia 1
Cardiovascular disease 22 B(10, 13,22, 20,45, Q 7
289, 30)
Diabetes 11 322,20, 30y 7 1
Archriris 3 0 2 1
Antimicrobial 8 (60, 60, 32} )] 5
Skin care 14 2(20,13%) 5 7
Weight control 3 0 3 0
Inflammatory bowel disease 2 0 2 0
Chronic obstructive 1 1 (30) 0
pulmonary disease
Alzheimer’s disease 1 0 1 0
Meonatal neuroprotectant 1 0 1 0
Male infertilicy 1 0 1 0
Erecile dystuncton 1 1(53) )] 0
Immune function 1 0 1 0
Menopaunse 1 1(351) )] 0
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La UMH y Vitalgrana presentan un estudio sobre los efectos del

consumo de zumo de granada en corredores de maraton

lunes, 14 de octubre de 2003

El Servicio de Nutrician Deportiva de la Universidad Miguel Hernandez (UMH) de Elche, junto a la empresa especializada
en la elaboracion de productos derivados de la granada Vitalgrana, presentd el pasado viemnes, 11 de octubre, el
estudio "Efectos del consumo de zumos de granada Vitalgrana en la resistencia y la recuperacion de corredores de
maratdn”. La presentacion tuvo lugar a las 18:00 horas en el Aula Magna del edificio Altabix del campus de Ekkhe v, ala
misma, asistio el bicampedn Mundial de Maraton Abel Antdn,

El estudio, dirigido por el catedrdtico de Nutricidn y Bromatologia de la UMH, Enrigue Roche, se ha llevado a cabo en
deportistas sanos en los que se ha estandarizado la dieta vy la carga de trabajo durante 21 dias, gue en este caso ha =
consistido en la preparacion para correr la media maraton de Santa Pola. Los investigadores han analizado algunos de U
los parametros obtenidos de las analiticas sanguineas y han observado que, aquellos corredores que habian consumido
al zumo 100% granada de Vitalgrana de modo regular, sufrian menor dafio oxidativo v presentaban una ligera
disminucion de los niveles de colesteral,

ELCHE
La UMH certifica el zumo de granada ilicitano como el
mejor del mercado

Los investigadores han analizado productos importados de Inglaterra, Alemania, Irlanda y Francia El jugo
local mantiene mejor las cualidades del fruto tras el procesado térmico que el fresco

Investigaran los beneficios del zumo de
granada para prevenir el Alzheimer

=~ ZUMO, DE GRANADA

Catral (Alicante), 20 may (EFE).- La empresa de elaboracion de zumo natural
de granada Vitalgrana, radicada en Elche y con fabrica también en Catral pie. S 4

(Alicante), impulsa una investigacion sobre los beneficios del consumo de s s Ry o 5
este producto en la prevencion del Alzheimer, segiin ha anunciado su »e TR

Granadas de elche s.l.u www.campodeelche.com

director general, Manuel Esclapez. PRG:br=1adia e

Zume de granada 100% natural sin aditivos solo granada mollar de elche

g———=== . Vitaminas A,B,C y E

Fuente de salud



ZUMO DE GRANADA Y UROLICINA A:
EL PAPEL DE LA MICROBIOTA
INTESTINAL




ACIDO ELAGICO Y URILICINA A

El &cido elagico es un polifenol que protege a muchas plantas
contra la luz ultravioleta, virus, bacterias y parasitos. El acido
elagico esta presente en las plantas como elagitanino, que se
activa bajo estrés a acido elagico. La urolitina A, metabolito
del acido elagico, también promueve la regeneracion
mitocondrial a través de su sintesis por bacterias del colon a
partir de la granada.

Segun estudios en Japoén, Alemania y Estados Unidos de
Norteameérica, los elagitaninos de plantas cuando son comidos
por mamiferos y humanos, activan sus propiedades
protectoras en el cuerpo, combatiendo inflamaciones
cronicas (reuma, artritis), colesterol, radicales libres de
oxigeno (perdoxidos, superoxidos) y ciertos tipos de
cancer.

Las fuentes de elagitaninos/acido elagico son varias nueces y
frutas, en especial las granadas y frambuesas, estando
también presentes en muchos frutos rojos (granadas, fresas,
frambuesas, arandanos, moras), en algunos frutos secos
(nueces, pacanas y castafas) y también en kiwis y uvas.
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THE ABILITY OF POMEGRANATE TO

AMELIORATE SYMPTOMS ASSOCIATED
WITH ALZHEIMER'S DISEASE IN AGED

TRANSGENIC MICE

AseefH. Ahmed
University of Rhode Island, aahmed@une.edu

Accupmlating research has demonsirated that pehyphenelic compounds from
natoral prochucts, such as pomegramate, may have anSewidant and neuroprotective
propertiss in animal models of Alzheimer's dissase (ALY). Howewver, the present study
explores whether the adminiztration of a pomegamte pesl exmact could have a
rescuing efect on AD pathology in aged transgenic amimal madels of AT, These mice
already have abundant AD pathology since amyleid beta (AQ) deposifion comfimpes
with time Two doses of the extract or a contrel seluthon were f=d daily to groups of
transzenic mice (F.1.40), ransing in age from 24-30 months. Treatment and bebavionl
assessment lasted thinty-seven days total. Mice were tested m the Momis water maze
and the V-maze for improvements in spatial, lomz-term and working memory
functions. This was followed by the measurements of conical amyloid precursor
protein (APE) and AJ levels along with other relevant biomarkers for AD. The
resulting data demonstrated a lack of change in cognitive performance in the mazes, as
well as the precursor protein and other enmymes associated with the anryloidogenic
pathway. However, biochemical analyses rewealed an alteration in the levels and matio
of the AS peptides that faversd a dimimition in AD patbogenesis. This was feanmed by
the lowering of the mare amvioidomenic AS. . pentide and an increase in the Af.,,
peptide. Further experiments revealed that this rewersal could be the product of the
modification of the Famma-secretase enryme responsible for generating the mere

amyloidogemic form. In conchision, pomegranate pesl exiract appsars fo confain

ingredients that act as gamma-secretase modulaters, which may be identified and
developed as compounds for uss in fishore dmg therapy.
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Pomegranate’s Neuroprotective Effects against Alzheimer’s Disease
Are Mediated by Urolithins, Its Ellagitannin-Gut Microbial Derived
Metabolites

Tao Yuan, Hang ;Ma,% Weixi Liu,” Daniel B. I\giesen,f Nishan Shah,” Rebecca Crews,” Kenneth N. Rose,’
Dhiraj A. Vattem,” and Navindra P. Seeram™"’

"Bioactive Botanical Research Laboratory, Department of Biomedical and Pharmaceutical Sciences, College of Pharmacy, University
of Rhode Island, Kingston, Rhode Island 02881, United States
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ABSTRACT: Pomegranate shows neuroprotective effects against S5 oy 2 GF-
Alzheimer’s disease (AD) in several reported animal studies. However, : '
whether its constituent ellagitannins and/or their physiologically
relevant gut microbiota-derived metabolites, namely, urolithins (6H- IR
dibenzo[b,d]pyran-6-one derivatives), are the responsible bioactive W /' o
constituents is unknown. Therefore, from a pomegranate extract (PE), ”
previously reported by our group to have anti-AD effects in vivo, 21

constituents, which were primarily ellagitannins, were isolated and \
identified (by HPLC, NMR, and HRESIMS). In silico computational 00
studies, used to predict blood-brain barrier permeability, revealed that %‘4 ‘é T
none of the PE constituents, but the urolithins, fulfilled criteria required ¢

for penetration. Urolithins prevented f-amyloid fibrillation in vitro and 7
methyl-urolithin B (3-methoxy-6H-dibenzo[b,d]pyran-6-one), but not
PE or its predominant ellagitannins, had a protective effect in
Caenorhabditis elegans post induction of amyloid f,_,, induced neurotoxicity and paralysis. Therefore, urolithins are the
possible brain absorbable compounds which contribute to pomegranate’s anti-AD effects warranting further in vivo studies on
these compounds.

KEYWORDS: Pomegranate, Alzheimer’s disease, microbial metabolites, ellagitannins, urolithins, blood-brain barrier
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The gut microbiota metabolism of pomegranate or walnut
ellagitannins yields two urolithin-metabotypes that correlate with
cardiometabolic risk biomarkers: Comparison between normoweight,
overweight-obesity and metabolic syndrome

HO™ o}

/ o
Urolithin A

hydrolysis
——

Maria V. Selma * ', Antonio Gonzilez-Sarrias “, Jordi Salas-Salvadd b.c

Cristina Andrés-Lacueva ‘J, Cesarettin Alasalvar ©, Asim Orem f,

Francisco A. Tomds-Barberdn °, Juan C. Espin **'

* Research Group on Quality, Safety and Bioectvity of Plant Foods, CEBAS-CSIC, 30700, Campus de Espinardo, Murda, Spain

Y Human Nutrition Unit, Biochemistry and Blotechnolagy Department, Hospital Universitari de Sant Joan de Reus, Institut d*nvestigecd Sanithria Pere
Virgili, Universitat Rovira | Virgili, Kews, Spain

¢ Centra de Investigacitn Biomédica en Red de Fisiopatologia de la Obesidad y Nutricién, Instituto de Sahud Carlos UL, Madrid, Spain

4 Rismarkers & Nutrimetabolomic Lab., Nutrition and Food Science Department, XaRTA, INSA, Campus Torribera, Pharmacy Faculty, University of Borcelona,
Spain

® TUBITAK Marmara Research Center, Food Institute, PO, Box 21, 41470, Gebee-Kocoeli, Turkey

! Karadeniz Technical University, Faculty of Medicine, Blochemistry Department, 61060, Trabzon, Turkey

microbial
metabolism =

Ellagic acid HO \H/O
(o]
Urolithin B

Punicalagin

ARTICLE INFO SUMMARY

Articie history:
Received 15 June 2016
Accepted 4 March 2017

Background & aims: Urolithins are microbial metabolites produced after consumption of ellagitannin-
containing foods such as pomegranates and walnuts. Parallel to isoflavone-metabolizing phenotypes,
ellagitannin-metabolizing phenotypes (urolithin metabotypes A, B and 0; UM-A, UM-B and UM-0,
respectively) can vary among individuals depending on their body mass index (EMI), but correlations
between urolithin metabotypes (UMs) and cardiometabolic risk (CMR) factors are unexplored. We inves-

Keywords:
Cardiovascular

Metabotype tigated the association between UMs and CMR factors in individuals with different BMI and health status.
Ellagic acid Methods: UM was identified using UPLC-ESl-gToF-MS in individuals consuming pomegranate or nuts.
Gut microbiota The associations between basal CMR factors and the urine urolithin metabolomic signature were
Obesity explored in 20 healthy normoweight individuals consuming walnuts (30 gfd) 49 healthy overweight-
Polyphenols obese individuals ingesting pomegranate extract (450 meg/d) and 25 metabolic syndrome (MetS) pa-

tients consuming nuts {15 g-walnuts, 7.5 g-hazelnuts and 7.5 g-almonds/d).

Results: Correlations between CMR factors and urolithins were found in overweight-obese individuals.
Urolithin-A (mostly present in UM-A) was positively correlated with apolipoprotein A-l (P < 0.05) and
intermediate-HDL-cholesterol (P < 0.05) while urolithin-B and iscurelithin-A {characteristic from UM-B)
were positively correlated with total-cholesterol, LDL-cholesterol (P < 0.001), apolipoprotein B (P < 0.01),
VLDL-cholesterol, IDL-cholesterol, oxidized-LDL and apolipoprotein B:apolipoprotein A-1 ratio (P < 0.05).
In Met5 patients, urolithin-A only correlated inversely with glucose (P < 0.05). Statin-treated MetS pa-
tients with UM-A showed a lipid profile similar to that of healthy normoweight individuals while a poor
response to lipid-lowering therapy was observed in MB patients.

Conclusions: UMs are potential CMR biomarkers. Overweight-obese individuals with UM-B are at increased
risk of cardiometabolic disease, whereas urolithin-A proj on could protect again ors. Further
researchr s warranted—toexplore these—associations i targer cotorts—armd-—wihether-the—effectof lipid-
lowering drugs or ellagitannin-consumption on CMR biomarkers depends on individuals’ UM.




Hindawi Publishing Corporation

Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 946298, 14 pages
http://ds.dolorg/10.1155/2013/946298

Research Article

Pomegranate Juice Augments Memory and fMRI Activity in
Middle-Aged and Older Adults with Mild Memory Complaints

Susan Y. Bookheimer,"* Brian A. Renner,"* Arne Ekstrom,"* Zhaoping Li,"* Susanne M.
Henning,"” Jesse A. Brown,"” Mike Jones,"” Teena Moody,"* and Gary W. Small"*

! Center for Cognitive Neurosciences, Department of Psychiatry and Biobehavioral Sciences and Semel Institute for
Neuroscience and Human Behavior, University of California, Los Angeles, 760 Westwood Plaza, Los Angeles, CA 90024, USA

% Center for Human Nutrition, David Geffen School of Medicine, and the UCLA Longevity Center, University of California,
Los Angeles, Los Angeles, CA, USA

Correspondence should be addressed to Susan Y. Bookheimer; sbook@ucla.edu
Received 17 March 2013; Accepted 14 May 2013
Academic Editor: Edwin L. Cooper

Copyright © 2013 Susan Y. Bookheimer et al. This is an open access article distributed under the Creative Commeons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Despite increasing emphasis on the potential of dietary antioxidants in preventing memory loss and on diet as a precursor of
neurological health, rigorous studies investigating the cognitive effects of foods and their components are rare. Recent animal
studies have reported memory and other cognitive benefits of polyphenols, found abundantly in pomegranate juice. We performed
a preliminary, placebo-controlled randomized trial of pomegranate juice in older subjects with age-associated memory complaints
using memory testing and functional brain activation (fMRI) as outcome measures. Thirty-two subjects (28 completers) were
randomly assigned to drink 8 ounces of either pomegranate juice or a flavor-matched placebo drink for 4 weeks. Subjects received
memory testing, fMRI scans during cognitive tasks, and blood draws for peripheral biomarkers before and after the intervention.
Investigators and subjects were all blind to group membership. After 4 weeks, only the pomegranate group showed a significant
improvement in the Buschke selective reminding test of verbal memory and a significant increase in plasma trolox-equivalent
antioxidant capacity (TEAC) and urolithin A-glucuronide. Furthermore, compared to the placebo group, the pomegranate group
had increased fMRI activity during verbal and visual memory tasks. While preliminary, these results suggesta role for pomegranate
juice in augmenting memory function through task-related increases in functional brain activity. GRANADA




TapLe I: Demographic and clinical characteristics of subjects at Research Article

baseline. Pomegranate Juice Augments Memory and fMRI Activity in
Mean (SD) Middle-Aged and Older Adults with Mild Memory Complaints
Characteristic Pomegranate Placebo
(n=15) (mn=13) HO ]
Mini-mental state examination 28.0 (1.5) 78 (1.5) O 0
Age, y 63.1 (8.0) 62.0 (7.8) 7
Female, no. (%) 11(73.3) 10 (76.9) / Iso-urolithin A
TEAC baseline 1712 (299) 1927 (461) Bl o, o A "
Buschke selective reminding test Ellagitannins ‘O = (Lo = (g0 (o
— o R 0O —= (o J—— 0 m o}
Recall 85.0(1L7)  865(125) L, o ® ® 0
Consistent long-term retrieval 52.8 (19.9) 55.8 (25.5) on o o o o
Ellagic acid Urolithin D* Urolithin C Urolithin A Urolithin B
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Plasma TEAC change (day 4 to day 28)

*

Plasma urolithin A-glucuronide
ns

Percent change from basd ine

Concentration (ng/mlL)
@
b=

—80 - Placebo PJ

O Day 4
M Day 28

(a) (b)

FiGURE 1: Metabolite results. (a) The pomegranate juice group had significantly higher change in TEAC after day 28 compared with baseline
than the placebo group (*unpaired ¢ = 2.8, df = 25, p < .05). (b) Plasma urolithin A-glucuronide significantly increased in the pomegranate
juice group (**paired t = 3.93, df = 13, p < .00064), but not in the placebo group (paired t = 1.7, df = 11, p > .09).
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Pomegranate Juice Augments Memory and fMRI Activity in SELECTIVAMENTE FACILITADO
Middle-Aged and Older Adults with Mild Memory Complaints (FCSRT)
Free and ad Selectve Remending Test
f -chk
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Ficure 2: Buschke selective reminding test results. (a) On the total recall measure, the t2 versus ¢ 1 change in memory scores was significantly
greater in the pomegranate juice group compared to the placebo group (mean change, number of items recalled: P] = 7.7, placebo = -2.77;
t = 2.3; P = .029). (b) Similarly, on the consistent long-term retrieval score the pomegranate juice group recalled more items compared to
the placebo group (mean change, number of items consistently recalled: P] = 15.2, placebo = —-9.7;t = 2.4; P = .022).
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z=46 z =48
(k) 4)] (m) (n)

FIGURE 3: Visual memory fMRI task: between-groups T2 versus T1 ANOVA. Regions showing greater activation for 2 > t1, for the
pomegranate juice group > placebo group (group by time interaction), were found bilaterally in the basal ganglia and thalamus, including
caudate, putamen, and pallidum (ANOVA, Z > 2.0, P = .05, corrected for multiple comparisons). Additional regions significant at an
uncorrected threshold (Z > 1.7) are listed in Table 2.
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33
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(a)
33

42

2 z=0

Placebo: y = -16
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FigurEs 5: Verbal memory EMRI task: within-group activations at 12
Comparing the within-group results for time point 2, there were
activation similarities and differences in the placebo group ((a): top) e

and the pomegranate group ((b): bottom). Only the pomegranate 2 z=8 =14 z=16

group recruited the hippocampus, bilaterally (group mean: placebo, @ @ @ »
Z > 20,F = 05, corrected for nu[h]p]c comparisons, pomegranate, Fiqure 6: Verbal memory fMRI task: between-groups T2 versus T1 ANOVA. Regions showing greater activation for t2 = t1, for pomegranate

group > placebo group, were found in the left hemisphere in occipital polar regions (ANOVA, Z > 2.0, P = 05, corrected for multiple
comparisons).

Z > 20,F = 05, corrected for multiple comparisons).
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Entre las muchas sustancias que retrasan los procesos fisicos de deg
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FUENTES ALIMENTICIAS Y OBSERVACIONES

Patatas.
Semillas de borrajay onagra.

Aceites de semillas (girasol, soja y maiz).

Levadura de cerveza, germen de trigo, soja y otras
legumbres, esparragos, nueces, espinacas, brécol.

Aréndanos, moras, mirtilos, remolacha, col lombarda.

Mango, naranjas, calabaza, zanahoria.

Leche, levadura de cerveza, carne, higado.

Ostras, semillas de calabaza, jengibre, cordero, higado, guisantes,
leche, yema de huevo, frutos secos, pescado azul, perejil.

Huevos, espinacas, cereales, judias secas, algunos aceites.
Cdrcuma (Curcumalongay Curcumaxantorrhiza).
Alimentos crudos.

Tomates.

Salvado,almendras, levadura de cerveza, cacahuetes, nueces,
tofu,s0ja, espinacas, arroz integral, perejil, semillas de girasol.

Almendras, centeno, nueces, pasas, ruibarbo, coles de bruselas, _
zanahorias, brécol,arroz y trigo integral.

Ajo, cebolla, puerro, col, nabos.

Se extrae de la corteza del pino maritimo. ¥

Levadura de cerveza, semillas de girasol,germen de trigo, soja,
frutos secos,salmén, legumbres, arrozintegral, platanos.

Té,sobre todo el verde, patatas y ajos.

Cebollas, té,vino tinto y manzanas en ese orden.

Levadura de cerveza, higado,almendras,germen de trigo, setas,
yema de huevo,guindillas, harina de soja, arenque, perejil.

Mantequilla, pescado ahumado,germen de trigo, vinagre de
sidra, pan integral, marisco, salvado, leche, arroz integral.

S Se obtiene a partir de semillas germinadas.

Pimiento (més en el rojo), kiwi, perejil, mango, coles, berros,
papaya, espinaca, fresas, naranjas, limén, pomelo.

Aceite de germen de trigo, semillas de girasol,almendras, d
sésamo, cacahuetes, espinacas, esparragos, cereales integrales.
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@E}Eﬂﬂk Pomegranate phenolics inhibit formation of
advanced glycation endproducts by scavenging
reactive carbonyl speciest

Cite this: Food Funct., 2014, 5, 2996

Weixi Liu,1® Hang Ma,t® Leslie Frost,© Tao Yuan,®® Joel A. Dain*® and
Navindra P. Seeram*®

Advanced Glycation Endproducts (AGEs) are a heterogeneous group of molecules produced from non-
enzymatic glycation. Accumulation of AGEs in vivo plays an important role in the pathology of chronic
human diseases including type-2 diabetes and Alzheimer’s disease. Natural AGEs inhibitors such as the

pomegranate (Punica granatum) fruit show great potential for the management of these diseases. Herein,
we investigated the in vitro anti-glycation effects of a pomegranate fruit extract (PE), its phenolic constitu-
ents [punicalagin (PA), ellagic acid (EA) and gallic acid (GA)], and their in vivo derived colonic metabolites
[urolithin A (UA) and urolithin B (UB)]. All of the samples showed anti-glycation activities and PE, PA, and

Received 18th June 2014, EA were more potent inhibitors than the positive control, aminoguanidine. PE and the purified phenolics
Accepted 10th September 2014

DOI: 10.1039/c4fo00538d

also exhibited carbonyl scavenger reactivity. Our study suggests that pomegranate may offer an attractive
dietary strategy for the prevention and treatment of AGE-related diseases such as type-2 diabetes and
wwwi.rsc.org/foodfunction Alzheimer's disease.
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Urolithins, gut microbiota-derived metabolites

of ellagitannins, inhibit LPS-induced inflammation
in RAW 264.7 murine macrophages

Jakub P Piwowarski'?, Anna K. Kiss’, Sebastian Granica’ and Thomas Moeslinger?

' Depantment of Pharmacognosy and Molecular Basis of Plwtotherapy, Faculty of Pharmacy, Medical University of
Warsaw, Warsaw, Poland
#Institute of Physiology, Center for Physiology and Pharmacology, Medical University of Vienna, Vienna, Austria

Scope: Ellagitannin-rich food products and medicnal plant materials were shown o have Rocalvad: April 2, 2015
beneficial effects toward intestinal inflammation. Due to the questionable bioavailability of Ravisad: Juby 14, 2015
ellagitanning their gut microbiota metabolites-urolithing have come to be regarded as poten- Accaptad: July 17, 2015

tal factors respansible for biclogical activities observed in vivo. The aim of the study was
to determine the influence of the three most abundant bicavailable ellagitannin gut micro-
biota metabalites-urclithing A, B, and C on inflammatory responses in RAW 264.7 murine
macrophages, which are invalved in the pathogenesis of intestine inflammation.
Methods and results: Urclithing A, 8, and C decreased NO production via inhibition of the
INOS protein and mRNA expression. They decreased the expression of IL-1B, TNFa, and
IL6 mRNA in LPS challenged RAW 264.7 murine macropiages. A dear inhibition of NF
kB pf5 nudear translocation and p50 DNA-binding activity was associated with the observed
anti-inflammatory activities of urolithing. Among the tested compounds uralithin A had the
strongest anti-inflammatory activity.

Condlusion: The anti-inflammatory effects of urolithing at concentrations that are physio-
logically refevant for gut tissues =40 pM), as revealed in this study, support the data from
in vivo studies showing the benefical effects of dlagitannin-rich products toward intestinal
infl :

Ellagitannins / Inflammatory bowel disease / Inflammation / Macrophages / Urofi-
thins
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FIGURE 8: Summary of study results. Our data suggest that the antioxidant properties of pomegranate produce increased task related cerebral
blood flow, with lateralized effects for verbal versus visual memory challenge, which in turn increased cerebral blood flow facilitates memory
performance. Metabolic measures confirm the increase in polyphenols among the experimental group.



The Central Nervous System and the Gut Microbiome
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Neurodevelopment is a complex process governed by both intrinsic and extrinsic signals. While his-
torically studied by researching the brain, inputs from the periphery impact many neurological con-
ditions. Indeed, emerging data suggest communication between the gut and the brain in anxiety,
depression, cognition, and autism spectrum disorder (ASD). The development of a healthy, functional
brain depends on key pre- and post-natal events that integrate environmental cues, such as molec-
ular signals from the gut. These cues largely originate from the microbiome, the consortium of sym-
biotic bacteria that reside within all animals. Research over the past few years reveals that the gut
microbiome plays arole in basic neurogenerative processes such as the formation of the blood-brain
barrier, myelination, neurogenesis, and microglia maturation and also modulates many aspects of
animal behavior. Herein, we discuss the biological intersection of neurodevelopment and the micro-
biome and explore the hypothesis that gut bacteria are integral contributors to development and
function of the nervous system and to the balance between mental health and disease.
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Figure 1. Intersections of Gut Microorganisms and Basic Developmental Processes

Basic developmental processes driven directly or indirectly by gut microbes and their products.

{A) Gut microorganisms relay messages to the brain via various direct and indirect mechanisms.

(B) Basic neurodevelopmental processes are modulated as a result of colonization of GF animals or depletion of gut bacteria by antibiotics. Specifically, the
following processes are modulates: blood-brain barrier (BBB) formation and integrity (Braniste et al., 2014), neurogenesis (Mihle et al., 2016; Ogbonnaya et al.,
2015), microglia maturation and ramification (Erny et al., 2015; Matcovitch-MNatan et al., 2018), myelination (Gacias et al., 2016; Hoban et al., 2016) and expression
of neurotrophins (Bercik et al.. 20011a, 2011b; Desbonnet et al., 2015), neurofransmitters (Bercik et al., 20011a; O'Mahony et al., 2015), and their respective
receptors.
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Neurodevelopment is a complex process governed by both intrinsic and extrinsic signals. While his-
torically studied by researching the brain, inputs from the periphery impact many neurological con-
ditions. Indeed, emerging data suggest communication between the gut and the brain in anxiety,
depression, cognition, and autism spectrum disorder (ASD). The development of a healthy, functional
brain depends on key pre- and post-natal events that integrate environmental cues, such as molec-
ular signals from the gut. These cues largely originate from the microbiome, the consortium of sym-
biotic bacteria that reside within all animals. Research over the past few years reveals that the gut
microbiome plays arole in basic neurogenerative processes such as the formation of the blood-brain
barrier, myelination, neurogenesis, and microglia maturation and also modulates many aspects of
animal behavior. Herein, we discuss the biological intersection of neurodevelopment and the micro-
biome and explore the hypothesis that gut bacteria are integral contributors to development and
function of the nervous system and to the balance between mental health and disease.
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Figure 1. Intersections of Gut Microorganisms and Basic Developmental Processes

Basic developmental processes driven directly or indirectly by gut microbes and their products.

(4) Gut microorganisms relay messages to the brain via various direct and indirect mechanisms.

(B) Basic neurodevelopmental processes are modulated as a result of colonization of GF animals or depletion of gut bacteria by antibiotics. Specifically, the
following processes are modulates: blood-brain barrier (BBB) formation and integrity (Braniste et al., 2014), neurogenesis (Mihle et al., 2016; Ogbonnaya et al.,
2015), microglia maturation and ramification (Erny et al., 2015; Matcovitch-MNatan et al., 2018), myelination (Gacias et al., 2016; Hoban et al., 2016) and expression
of neurotrophins (Bercik et al.. 20011a, 2011b; Desbonnet et al., 2015), neurofransmitters (Bercik et al., 20011a; O'Mahony et al., 2015), and their respective
receptors.




The Central Nervous System and the Gut Microbiome
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Trends in Cognitive Sciences

The Microbiome In Psychology and
Cog M |t|\/e NeurOSC | ence Trends in Cognitive Sciences, July 2018, Vol. 22, No. 7

Amar Sarkar,'*#3* Siobhan Harty,”* Soili M. Lehto,>®” Andrew H. Moeller,? Timothy G. Dinan,®'°®
Robin I.M. Dunbar," John F. Cryan,'®'" and Philip W.J. Bumet'®

Psychology and microbiology make unlikely friends, but the past decade has
witnessed striking bidirectional associations between intrinsic gut microbes
and the brain, relationships with largely untested psychological implications.
Although microbe-brain relationships are receiving a great deal of attention in
biomedicine and neuroscience, psychologists have yet to join this journey.
Here, we illustrate microbial associations with emotion, cognition, and social
behavior. However, despite considerable enthusiasm and potential, technical
and conceptual limitations including low statistical power and lack of mecha-
nistic descriptions prevent a nuanced understanding of microbiome-brain-
behavior relationships. Our goal is to describe microbial effects in domains
of cognitive significance and the associated challenges to stimulate interdisci-

plinary research on the contribution of this hidden kingdom to psychological
processes.
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Review
From Probiotics to Psychobiotics: Live Beneficial
Bacteria Which Act on the Brain-Gut Axis

1,% 2

Luis G. Bermudez-Humaran , Genaro G. Ortiz 3, Luis J. Ramirez-Jirano 30,

J. Alejandro Morales *) and Oscar K. Bitzer-Quintero 3*

, Eva Salinas

Abstract: There is an important relationship between probiotics, psychobiotics and cognitive and
behavioral processes, which include neurological, metabolic, hormonal and immunological signaling
pathways; the alteration in these systems may cause alterations in behavior (mood) and cognitive level
(learning and memory). Psychobiotics have been considered key elements in affective disorders and
the immune system, in addition to their effect encompassing the regulation of neuroimmune regulation
and control axes (the hypothalamic-pituitary-adrenal axis or HPA, the sympathetic-adrenal-medullary
axis or SAM and the inflammatory reflex) in diseases of the nervous system. The aim of this review is
to summarize the recent findings about psychobiotics, the brain-gut axis and the immune system.
The review focuses on a very new and interesting field that relates the microbiota of the intestine with
diseases of the nervous system and its possible treatment, in neuroimmunomodulation area. Indeed,
although probiotic bacteria will be concentrated after ingestion, mainly in the intestinal epithelium
(where they provide the host with essential nutrients and modulation of the immune system), they
may also produce neuroactive substances which act on the brain-gut axis.
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Linghong Zhou' Abstract: The human intesting houses an astounding number and species of microorzanisms,
Jane A Foster'? estimated at more than 10* gut microbiota and composed of over a thousand species. An indi-
vidual’s profile of microbiota is continually influenced by a vaniety of factors including but

'Creparement of Psychiatry and
Behavioural Meurosciences, McMaster niod limited to genctics, age, sex, diet, and lifestyle. Although each person’s microbial profile is

;ﬂiﬁ'_tr;if.l; Hllmi_|==‘"- ":;”- ":i“:_""r distinct, the relative abundance and distribution of bacierial species is similar among healthy
- tuce, >t s s } -
H:::;c:,: HT;“D:. Dilmégn:d: individuals, aiding in the maintenance of one’s overall health. Consequenily, the ability of gui

micrTobioia o bidirectionally commaumicate with the brain, known as the put-brain axis, in the
modulation of human health is at the forefront of current research. At a basic level, the gut

Preb|0tlcs micrtobioia interacts with the human host in a8 muialistic relationship — the host inlestine pro-
+ vides the bacteria with an environment o grow and the bacterium aids in goveming homeostasis
Probiotics within the host. Therefore, it is reasonable to think that the lack of healthy gut microbiota may

alzn lead to a deterioration of these relationships and ultimately disease. Indeed, a dysfunction
in the gut-brain axis has been elucidated by a multitude of studies linked to neurcpsychologi-
cal, metabolic, and gastrointestinal disorders. For instance, altered microbiota has been linked
to neuropsychological disorders incleding depression and autism spectrum disorder, metabolic
disorders such as obesity, and gastrointestinal disorders including inflammatory bowel] disease
and irmitable bowel syndrome. Fortunately, shedies have also indicated that put microbiota may be
modulated with the use of probioics, antibiotics, and fecal microbiota transplants as a prospect
for therapy in microbiota-associated diseases. This modulation of gut microbiota is currently a
growing area of research as it just might hold the key to freatment

Keywaords: gut microbiota, mental illness, disease, modulation, therapy, probiotics
https://www.dailymotion.com/video/x1byhoo?playlist=x4t2zs
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Table 2. Selected Sample of Studies Investigating “Psychobiotics”

Study Design Disease Intervention Conclusions
Probiotic changed
Tllhsgl e Clinical; RCT Healthy Women Probiotic func:tlom_il connechw‘t)f of
al. an emotional recognition
network in the brain.
Slykerman Clinical; RCT in Anxiety and Probioti 1 Probietic 51gmﬁcant1ly
ot al® pregnancy Depression roblotic OWErs postpartun_l anxiety
’ and depression.
Probiotic reduces
Pinto- depression, increases
Sanchez et | Clinical; RCT in IBS Depression Probiotic quality of life; associated
al* with changes in brain
activation patterns.
Romiin et No significant effect of
al ¥ Clinical; RCT Depression Probiotic probiotic on low mood or
’ mflammatory biomarkers.
Probiotic reduces
Akkas}};h e Clinical; RCT Depression Probiotic dEPrESSlDﬂ SEOTES and
al. improves insulin
sensitivity.
Probiotic suppresses
Talada et Clinical; RCT Stress Probiotic cortisol hypersecretion
al. and physical symptoms
associated with stress.
Clinical; within- Probiotic reduces stress
Allen et al.™ participant placebo Stress Probiotic . _
. and improves memory.
controlled trial
Kellyetal” |  Clinical; RCT Stress Probiotic No significant effect of
probiotic on stress.
Ostlund- .. B .

Lagerstrom Clinical; RCT in Anxiety and Stress Probiotic No mg:_]lﬁcant effect of
ot al” older adults probiotic on stress.
Schmlgl_:}l et Clinical: RCT Anxiety Prebiotic Preblqllc gssocmted_ with
al. anxiolytic properties.
Wang{ et Clinical: RCT Stress Rifaximin lea}ilmlﬂ. showed stress-
al. reducing effects.
Burokgs et Preclinical Stress Prebiotic Prebiotic 1rnpr0vss stress-
al. related behaviors.

Probiotic normalizes
DES‘:}?EET e Preclinical Depression Probiotic markers associated with
] rat model of depression.

i Prebiotic improves
Tarr et al.”’ Preclinical Anxiety Prebiotic stressor-induced anxiety
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Finding the needle in the haystack: systematic
identification of psychobiotics

Aisling Bambury'?, Kiran Sandhu', John F Cryan'® and Timothy G Dinan'*?

The brain—gut-microbiota axis is increasingly viewed as a novel paradigm in neuroscience with the capacity to generate inno-
vative therapies for patients with psychiatric illnesses. Psychobiotics, defined as live bacteria, which when ingested in adequate
amounts, confer mental health benefits, are increasingly of interest, as preclinical trials continue to show promising results. Par-
ticularly in stress-related, anxiety and depressive disorders, there is potential for psychobiotics to deliver new therapies. The
question of which microbes may prove to be the most promising psychobiotic in delivering such therapies at a clinical level is of

great importance. Here we look at the characteristics of psychobiotics, in an attempt to present an outline from which the iden-
tification of potential new psychobiotics may be possible.
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Psychobiotics and
the Manipulation of
BSacteria—Gut—Brain Signals

Amar Sarkar," Soili M. Lehto,”* Siobhan Harty,’
Timothy G. Dinan,* John F. Cryan,®> and Philip W.J. Burnet®*

Psychobiotics were previously defined as live bacteria (probiotics) which, when
ingested, confer mental health benefits through interactions with commensal
gut bacteria. We expand this definition to encompass prebiotics, which enhance
the growth of beneficial gut bacteria. We review probiotic and prebiotic effects
on emotional, cognitive, systemic, and neural variables relevant to health and
disease. We discuss gut-brain signalling mechanisms enabling psychobiotic
effects, such as metabolite production. Overall, knowledge of how the micro-
biome responds to exogenous influence remains limited. We tabulate several
important research questions and issues, exploration of which will generate
both mechanistic insights and facilitate future psychobiotic development. We
suggest the definition of psychobiotics be expanded beyond probiotics and
prebiotics to include other means of influencing the microbiome.

Trends in Meurosciences, November 2016, Vol. 39, No. 11

Psychobiotics are beneficial bacteria
(probiotics) or support for such bac-
teria  (prebiotics) that influence
bacteria-brain relationships.

Psychobiotics exert anxiolytic and anti-
depressant effects characterised by
changes in emotional, cognitive, sys-
temic, and neural indices. Bacteria-
brain communication channels through
which psychobictics exert effects
include the enteric nervous system
and the immune system.

Current unknowns include dose-
responses and long-term effects.

The definition of psychobiotics should
be expanded to any exogenous influ-
ence whose effect on the brain is
bacterially-mediated.
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Table 1

Psychobiotics in Rodent Models of Dysfunction

Model Induction Psychobiotic Effects relative to comparison groups
Alzhemer's A pr4p-induced Prebiotic. chitosan oligosaccharide T Cognitive function (Morris water maze), | pro-inflammatory cytokines (tumour necrosis factor-u, interleukin-1F)
disease neurotoxicity

Amvotrophic High level of mutant human

lateral sclerosis  SOD19%°A gene

Autism spectrum Maternal immune activation

disorder

Bacterial infection Citrobacter rodsntium—
induced colitis

Bacterial infection Citrobacter rodsntium—
induced colitis

Bacterial infection Citrobacter rodsntium—
induced colitis

Bacterial infection Citrobacter rodsntium—
induced colitis

Diabetes Streptozotocin injection
Diabetes Streptozotocin injection
Hyperammenemia Ammonium acetate injection
Post- Lipopolysaccharide injection

inflammatory
anxiety

Prebiotic, gaacto-oligosaccharides | Motor neuron death, | muscular atrophy, T serum folate, T vitamin B12, T homocysteine

Probiotic, Bacteroides fragili
votic, Bacteroides fragili T Intestinal permeability, | pro-inflammatory cytokines (interleukin-6). | anxiety (open field test), | repetitive behaviour (marble burying), T communication (calling). T

sensorimotor gating (startle inhibition)

Probiotic Lactobacilius rhamnosus

ROO11 + Lactobacilius helveticus RO052 T Gut barrier function, | transcription of pro-inflammatory cytokines (fumour necrosis factor-o and interferon-y. interleukin-17), T transcription of anti-inflammatory

Probiotic Lactohacilius rhansioss cytokines (interleukin-10), normalisation of microbiome

RO011 + Lactobacillus helvaticus RO052 L Infection-induced death, | infection-induced weight loss

Probiotic Lactobacilius reuteri
| Stress-induced gut-to-spleen pathogen migration

Probiotic Lactobacilius reuteri

| Stress-induced infectious colitis
Probiotics, Lactebacillus acidephilus + Bifidob o

2

lactis + Lactobacillus fermentum
Probiotics, Lactobacillus brevis DPC 6108

T Cognitive function (Morris water maze), T hippocampal long-term potentiation (LTP)

1 Glucose, | hyperglvcaemia
Probiotic, Laciobacillus helveticus NS%
L . | Inflammation {brain-inducible nitric oxide synthase, prostaglandin E2, and interleukin-1§), neurotransmitter processing (|, abnormal metabolisation of serotonin into 3-
Prebiotic. Bimuno-galacto-oligosaccharides (B-GOS) . . . X . X .
hydroxyindole acetic acid), | anxiety (elevated plus maze). T cognitive function (Morris water maze)
| Pro-inflammatory cytokines (interleukin-10), | cortical 5-HT2A receptors

Human brain Rat brain

I T

Brain signatures -e— — Brain biochemistry

Subjective --— —» Behavioral

responses responses
(emotional, ‘ (emotional,
~ cognitive, |_ICortical nociceptive,
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To conclude, change in the microbial content of the gut as a
result of consumption of probiotics cause a variety of changes in
human body which includes immune, endocrinal and nervous
effects. Person's mood, cognition, behavior, and stress reactivity .
can potentially be altered using such probiotics (or rather . ‘
pschobiotics). However, there is a dearth of literature to support .
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Gut brain axis: diet microbiota interactions and
implications for modulation of anxiety and depression
Ruth Ann Luna’® and Jane A Foster®* @C“‘“Maﬂ‘

| BEHAVIOUR |
The human gut microbiome is composed of an enormous A
number of microorganisms, generally regarded as commensal 3 E
bacteria. Without this inherent microbial community, we would BRAIN l
be unable to digest plant polysaccharides and would have
trouble extracting lipids from our diet. Resident gut bacteria are
an important contributor to healthy metabolism and there is
significant evidence linking gut microbiota and metabolic
disorders such as obesity and diabetes. In the past few years, M'}CROB'OTA,
neuroscience research has demonstrated the importance of M,{I\J//

microbiota in the development of brain systems that are vital to OE'

both stress reactivity and stress-related behaviours. Here we

review recent literature that examines the impact of diet- 2 3

. . . . %) ()

induced changes in the microbiota on stress-related éﬁ/ %

. . . . . ~N

behaviours including anxiety and depression. 2 %

®

Current Opinion in Biotechnology

Factors influencing the gut-brain axis via microbiota. As reviewed in
the article, diet, stress, probiotics, and antibiotics can impact gut
microbiota community to influence microbiota to brain pathways and
thereby impact behaviour.
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Psychosomatic Medicine, V 79 « 920-926 October 2017

Brain-Gut-Microbiota Axis and Mental Health

Timothy G. Dinan, MD, PhD, and John F. Cryan, PhD

ABSTRACT

Objective: The brain-gut-microbiota axis has been put forward as a new paradigm in neuroscience, which may be of relevance to mental
illness. The mechanisms of signal transmission in the brain-gut-microbiota axis are complex and involve bidirectional communications
that enable gut microbes to communicate with the brain and the brain to communicate with the microbes. This review assesses the potential
usefulness and limitations of the paradigm.

Methods: A selective literature review was conducted to evaluate the current knowledge in clinical and preclinical brain-gut-microbiota
interactions as related to psychiatric disorders.
Results: Most published studies in the field are preclinical, and there 1s so far a lack of clinical studies. Preliminary studies in psychiatric
populations support the view ofa dysbiosis in some conditions, but studies are often small scale and marred by potential confounding var-
1ables. Preclinical studies support the view that psychobiotics (“*bacteria which when ingested in adequate amounts have a positive mental
health benefit™) might be of use in treating some patients with mental health difficulties. To date, we have no well-conducted studies in
clinical populations, although there are some studies in healthy volunteers. A cocktail of probiotics has been shown to alter brain activity
as monitored by functional magnetic resonance imaging, and Bifidobacterium longum was reported to alter brain electrical activity.
Conclusions: It has yet to be convincingly demonstrated that the exciting findings of psychobiotic efficacy demonstrated in preclinical
models of psychiatric illness will translate to patients.

Until February 2017, there were 142 articles focusing on gut
microbes and the brain, listed on PubMed. Twenty-three of these

2 ry
f.avvv“o“: 9

o .: articles centered on gut microbes and mental illness, whereas 35
PSYCHOBIOTICS

articles focused on psychobiotics. Taking a broader perspective,
Coftiadion looking at probiotics and mental health, there were 50 articles.
for Of the 142 articles on the gut microbiota and the brain, 111 were
Mental Health : reviews and 31 were experimental studies, of which only 4 were
g ‘ ' @0 $ human studies. This latter fact pinpoints the current weakness of
this nascent field.
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A microbiome-dependent gut-brain
pathway regulates motivation for exercise
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: . . b
Genetically diverse mice flost genord metsaegzlrzme ,\
Kw, L : ‘E Exercise exerts a wide range of beneficial effects for healthy physiology'. However,
¥ . - WA % the mechanisms regulating anindividual’s motivation to engage in physical activity
Q) e s - 5 % 5 "
e — £ remainincompletely understood. Animportant factor stimulating the engagementin
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ORIGINAL ARTICLE

Impact of consuming a milk drink containing a
probiotic on mood and cognition

D Benton, C Wililams and A Brown

Department of Psychology, University of Wales Swansea, Wales, UK

Objective: The impact on mood and memory of consuming a probiotic containing milk drink, or a placebo, was examined as,
previously, a poor mood has been found to cormelate with the frequency of constipation,

Design: A double-blind placebo-controlled trial with mndom allocation of subjects.

Setting: Subjects wenl about their normal life in the community apart from three visits to the laboratory.

Subjects: One hundred and thirty-two healthy members of general population, mean age 61.8 years, volunteered in response
to local media coverage. One hundred and twenty-four finished the trial,

Intervention: For a 3-week period, either a probiotic containing milk drink, or a placebo, were consumed daily. Mood and
cognition were measured at baseline, and after 10 and 20 days of consumption.

Results: At baseline those who reported themsehves to be less frequently mnstipated were morne clearheaded, confident and
elated. Although the taking of the probiotic did not generlly change the mood, this appeared to be a reflection of the generally
good mood in this sample. When those in the bottom third of the depressed/elated dimension at baseline were considered, they
selectively responded by reporting themsehves as happy rather than depressed after taking the probiotic. The intervention did
not, however, influence the reported frequency of defaecation, probably a reflection of the initially low incidence of
constipation. An unexpected and possibly chance finding was that the consumption of probiotics resulted in a slightly-pooner
performance on two measures of memorny.

Condusions: The consumption of a prebiotic-containing yoghurt improved the mood of those whose mood was initially poor.
This improvement in mood was not, however, associated with an inceased frequency of defaecation.

Sponsorship: Funded by Yakult, Japan.

European fouwrnd of Clinical Nutrition (2007) 61, 355-361. doi:1 0.1038/sj.ejcn. 160254 6; published online 6 December 2006

Keywords: constipation; depresion; memorny; mood; probiotic
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Consumption of Fermented Milk Product With Probiotic
Modulates Brain Activity

KIRSTEM TILLISCH', JENNIFER LABUS', LISA KILPATRICK', ZHIGUO JIANG!, JEAN
STAINS' BAHAR EBRAT! DEMIS GUYONNETZ, SOPHIE LEGRAIN-RASPAUD?, BEATRICE
TROTIN?, BRUCE MALIBOFF', and EMERAN A. MAYER'

'Oppenheimer Family Center for Meurcbiology of Stress, Division of Digestive Diseases,
Department of Medicine, David Geffen School of Medicine at UCLA, Loz Angeles, Califomia

2Dancne Research, Palaiseau, France

Abstract

BACKGROUHND & AIMS—Chanzes m zut microbiota have been reported to alter signaling
mechani=ms, emotonal behavior. and viscerz]l nociceptive reflexes 1n rodents. However, alteration
of the intestinal microbiota with antibiotics or probiotics has not been shown to produce these
changes i humans. We mmveshgated whether consumpton of a fermented mulk product with
probiofic (FRIPF) for 4 weeks by healthy women altered bram mtrinsic connectvity or responses
to emotional attention tasks.

METHODS —Healthy women with no gastrointestinal or psychiatnic symptoms were randomly DA'RY FREE
assigned to groups given FMPP (n= 12}, a nonfermented mulk product (n = 11, controls), or no PROBI Tlc
intervenfion {m = 13} teice daily for 4 weeks. The FMPP contamed Brfdobactermum animalrs

subsp Larfrs, Strepiococcus tharmophiles, Lacfobactllus bulzamens, and Lactococeus lacts subsp (ultured Flaxmilk Beverage

Lachs Participants underwent funchional magnetic resonance mmamng before and after the
intervenfion to measure brain response fo an emofional faces attention task and resting brain

actvity. BMultvanate and region of inferest analvses were performed.

RESULTS—FMPP mtake was associated with reduced task-related response of a distributed SIRAWBERRY
functional network (49% cross-block covanance; P= (04) containing affective, viscerosensory,
and somatosensory cortices. Alterations m intrinsic activity of resting brain indicated that 5 Plant Protein « 1200mg Omega-3
ingeston of FMPP was associated with changes in midbrain connectivity, which could explam the Per Serving
observed differences in activity dunng the tazk. ‘ Ty

CONCLUSIONS—Four-week intake of an FMPP by healthy women affected activity of brain
regions that control cenfral proceszing of emotion and sensation.
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Modulates Brain Activity
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Figure 1.

A distributed network of brain regions showing decreases in the FMPP group during the
emotional faces attention task 1s shown in the shaded regions. Three regions of interest
selected from the network for study in the resting state are lughlighted 1n prnk (1nsula), green
(periaqueductal gray), and blue (somatosensory regions). The change in network strength

with intervention 1s depicted graphically.
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SYSTEMATIC REVIEWS AND META-ANALYSES

The impact of probiotic yogurt consumption on lipid profiles in n

Check for

subjects with mild to moderate hypercholesterolemia: A systematic s
review and meta-analysis of randomized controlled trials

Behnaz Pourrajab *”, Somaye Fatahi *", Afsaneh Dehnad ¢, Hamed Kord Varkaneh ¢,
Farzad Shidfar *~

Abstract Background and aims: Potential beneficial effect of probiotic yogurt on the lipid profile
has raised much interest. However, the results are inconsistent in this regard. The aim of the
study is to determine the effects of probiotic yogurt on serum lipid profile in individuals with
mild to moderate hypercholesterolemia.

Methods and results: Online databases including PubMed, Scopus, ISI Web of Science, Cochrane
Central Register of Controlled Trials, Science Direct, Google Scholar and Igaku Chuo Zasshi were
searched until March 19th 2019. The effect sizes were expressed as the weighted mean difference
(WMD) with 95% confidence interval (CI). Seven eligible trials with 274 participants were
included in this systematic review. Pooling of 9 effect sizes from these seven articles revealed
a significant reduction in total cholesterol and low density lipoprotein cholesterol levels
following probiotic yogurt consumption (mean difference: —8.73 mg/dl, 95% CI: —15.98, —1.48,
p-value = 0.018 and mean difference: —10.611 mg/dl, 95% CI: —-16.529, —4.693, p-
value = 0.000, respectively) without significant heterogeneity among the studies (I> = 40.6%,
p-value = 0.1 and I* = 24.2%, p-value = 0.229, respectively). The results showed no significant *
changes in high density lipoprotein cholesterol and triglyceride levels. Also, none of the variables
showed a significant change for sensitivity analysis.

Conclusion: Available evidence suggests that probiotic yogurt can significantly reduce total
cholesterol and LDL-c in subjects with mild to moderate hypercholesterolemia without a signif-
icant effect on HDL-c and trielvceride levels.
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Higher Yogurt Consumption Is
_ Associated With Lower Risk of
B) Colorectal Cancer: A Systematic
Review and Meta-Analysis of
Observational Studies

Jiangjie Sun'’, Jiangyan Song?', Jie Yang?, Le Chen?, Zuochuan Wang?, Meiwen Duan?,
Shuhui Yang?®, Chengyang Hu** and Qingquan Bi*3*

Methods: Three databases, namely, PubMed, Web of Science, and Embase, were
searched for all relevant studies from July 2021 on the association of yogurt consumption
with CRC risk. We pooled the odds ratios (ORs) and their 95% Cls using a random-effects
meta-analysis to assess the association.

Results: Finally, 16 studies met the inclusion criteria and were chosen in the
meta-analysis. Yogurt consumption was significant with lower risk of CRC risk in the
overall comparison (OR = 0.87, 95% Cl: 0.81-0.94), in the cohort studies (OR = 0.91,
95% CI: 0.86-0.97), and case-control studies (OR = 0.75, 95% CI: 0.65-0.85). With
regard to subgroup analyses by study region, cancer type, publication year, and sex,

yogurt consumption significantly decreased overall CRC, colon cancer, and distal colon !

cancer risks. In stratified analyses, we observed significantly decreased CRC risk in
Europe and Africa and published after 2010 and overall population. Sensitivity analysis
indicated the result is stable and there is no publication bias in the meta-analysis.

Conclusions: Overall, this study indicated that yogurt intake was related to a decreased
risk of CRC.
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CARDIOVASCULAR DISEASE (JHY WU, SECTION EDITOR) @

Effect of Yogurt Consumption on Metabolic Syndrome Risk Factors:
a Narrative Review

Leila Khorraminezhad' + Iwona Rudkowska '

Main nutrients in yogurt
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/_ Potential mechanisms of action of each nutrient
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Review Article

Bioactive Compounds from Kefir and Their Potential Benefits on
Health: A Systematic Review and Meta-Analysis

Carla P. Vieira,"? Anisio Iuri L. S. Rosario (,>> Carini A. Lelis ,"?
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Kombucha: a systematic review of the empirical evidence of human )
health benefit i

Annals of Epidemiology

Brief communication

Julie M. Kapp, MPH, PhD, FACE *"", Walton Sumner, MD ©

* Department of Health Managemenr and Informarics, School of Medicine, University of Mizssouri, Columbia
B Harry 5 Truman School of Public Affairs, University of Missourd, Columbia
©5r Lowis, MO

ABSTRACT

Purpose: Kombucha tea, a fermented beverage, has recently become popular in the United States as part
of the functional food movement. This popularity is likely driven by its touted health benefits, coupled
with the recent scientific movement investigating the role of the microbiome on human health. The
purpose of this systematic review is to describe the literature related to empirical health benefits of
kombucha as identified from human subjects research.

Methods: In July 2018, we searched the term “kombucha” for all document types in the following da-
tabases across all available years: PubMed, Scopus, and Owvid. To identify federal research grants
related to kombucha, we searched the Mational Institutes of Health Research Portfolio Online Reporting
Tools. Finally, to identify ongoing human subjects research, we searched clinicaltrials.gov and
clinicaltrialsregister.ew. We reviewed a total of 310 articles.

Results: We found one study reporting the results of empirical research on kombucha in human subjects.
We found no results for kombucha in Research Portfolio Online Reporting Tools, clinicaltrials.gov, or
clinicaltrialsregister.euw,

Conclusions: The nonhuman subjects literature claims numerous health benefits of kombucha; it is
critical that these assertions are tested in human clinical trials. Research opportunities are discussed.
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Gut microbiota modulation and implications for host health: @Cmsmk
Dietary strategies to influence the gut-brain axis

Tatiana Milena Marques *<, John F. Cryan ?, Fergus Shanahan ?, Gerald F. Fitzgerald <, R. Paul Ross *®,
Timothy G. Dinan ?, Catherine Stanton **

The human intestinal microbiota evolves from an immature and unstable ecosystem during infancy into a more
complex and stable ecosystem in adulthood. Diet is one of the main factors contributing to the composition and
diversity of the human intestinal microbiota. From birth, breast milk offers the best nutritional regime for matu-
ration of the gut, whereas the introduction of solid food selects the most adapted bacteria, converging towards an
adult-like microbiota. The gut microbiota plays an important role in host health, influencing the maturation of the
immune system and regulating energy metabolism. Moreover, it has become evident that the microbiota can af-
fect brain function and behaviour. On this bidirectional communication between intestine and the central ner-
vous system (CNS), the so called gut-brain axis, the gut influences brain development and biochemistry,
whereas the brain affects gastrointestinal function. In this context, probiotics and prebiotics have been used as
dietary strategies aimed at improving host health by modulating the gut ecosystem and, consequently, affecting
host stress-responses, behaviour and cognition.

Industrial relevance: Dietary manipulation represents a strategy to preserve a healthy gastrointestinal microbial
community and contribute to the well being of the host. Several food products containing probiotics and prebi-
otics have been developed for specific age groups such as infants and elderly, aiming to enhance the host's im-
mune system and to prevent gastrointestinal diseases. This review presents recent strong evidence suggesting
that the use of dietary approaches such as probiotics, prebiotics and diets enriched with fatty acids or proteins
not only modulate the microbiota but may also impact on brain function, affecting stress-responses, behaviour
and cognition. This new field of research may lead to market opportunities with the development of new dietary
strategies targeting the gut-brain axis for enhanced mental health.



Gut microbiota modulation and implications for host health:
Dietary strategies to influence the gut-brain axis

Gut microbiota influences:

- brain development and
function

- host’s behaviour and cognition
- HPA axis development/ stress
response

Stressful experiences influence
gastrointestinal conditions,
such as:

- motility

- blood flow

- mucin production

- ion secretion

- epithelial barrier integrity

- microbiota composition

Fig. 1. The microbiota-gut-brain axis. The communication system is bidirectional and integrates neural, hormonal and immunological signalling. Dietary strategies, such as probiotics and
prebiotics, aim to modulate the gut microbiota and may affect host's stress-responses, behaviour and cognition.



Effects of probiotics and prebiotics on the immune system, gut microbiota and the peripheral and central nervous system.

Probiotic strain

Model

Trial duration

Effects

Reference

Lactobacillus helveticus R0O052 and
L rhamnosus RO011

Bifidobacterium infantis 35624

Lactobacillus casei strain Shirota

Lactobacillus rhamnosus RO011 and
Lactobacillus helveticus RO052
Bifidobacterium infantis 35624

Bifidobacterium longum NCC3001

Lactobacillus helveticus R0052 and
Bifidobacterium longum R0175
Lactobacillus rhamnosus |B-1

Bifidobacterium breve NCIMB 702258

Prebiotic: trans-galactooligosaccharide

mixture

Brown Norway rats

Sprague Dawley rats
Humans with chronic fatigue
syndrome

C57BL/6 mice infected with
Citrobacter rodentium

SD rats (maternal separation
model)

AKR mice colitis model

Wistar rats and humans

BALB/c mice

C57BL/6 mice

Humans with [BS

17 days

2 weeks

8 weeks

10/30 days

45 days

14 days
14 days/30 days

28 days

8 weeks

12 weeks

Prevented stress induced bacterial adherence
to enterocytes

Prevented bacterial translocation to mesenteric
lymph nodes

Inhibited chronic stress induced elevated
intestinal ion secretion

Decreased concentration of pro-inflammatory
cytokines

Increased levels of tryptophan in plasma
Increased Bifidobacterium spp. and Lactobacillus
spp. numbers

Decreased anxiety symptoms

Prevented memory dysfunction after exposition
to acute stress

Normalized the immune response

Reversed the behavioural deficits

Restored the basal noradrenaline concentrations
in the brainstem

Reduced anxiety-like behaviour in DSS-treated
mice

Reduced anxiety-like behaviour in rats
Alleviated psychological distress in humans
Reduced stress-induced corticosterone
Reduced anxiety- and depression-related
behaviour

Altered GABA receptors expression in different
brain regions

Increased arachidonic acid and docosahexaenoic
acid in the brain

Increased Bifidobacterium numbers

Improved quality of life

Decreased anxiety scores in the IBS-D patients
group (diarrhoea predominant)

Zareie et al., 2006

Desbonnet et al., 2008

Rao et al., 2009

Gareau et al,, 2010

Desbonnet et al., 2010

Beralk, Park, etal.,, 2011

Messaoudi et al., 2011

Bravo etal., 2011

Wall et al,, 2012

Silk et al., 2009

Gut microbiota modulation and implications for host health:

Dietary strategies to influence the gut-brain axis



Bifidobacteria or Fiber Protects
against Diet-Induced Microbiota-Mediated
Colonic Mucus Deterioration

Schroeder et al., 2018, Cell Host & Microbe 23, 27-40

January 10, 2018 © 2017 Elsevier Inc.
https://doi.org/10.1016/j.chom.2017.11.004

Bjoern O. Schroeder,! George M.H. Birchenough,? Marcus Stahlman,! Liisa Arike,2 Malin E.V. Johansson,?

Gunnar C. Hansson,?" and Fredrik Backhed':%4.*

SUMMARY

Diet strongly affects gut microbiota composition,
and gut bacteria can influence the colonic mucus
layer, a physical barrier that separates trillions of
gut bacteria from the host. However, the interplay
between a Western style diet (WSD), gut microbiota
composition, and the intestinal mucus layer is less
clear. Here we show that mice fed a WSD have an
altered colonic microbiota composition that causes
increased penetrability and a reduced growth rate
of the inner mucus layer. Both barrier defects can
be prevented by transplanting microbiota from
chow-fed mice. In addition, we found that adminis-
tration of Bifidobacterium longum was sufficient
to restore mucus growth, whereas administration of
the fiber inulin prevented increased mucus penetra-
bility in WSD-fed mice. We hypothesize that the
presence of distinct bacteria is crucial for proper
mucus function. If confirmed in humans, these find-
ings may help to better understand diseases with
an affected mucus layer, such as ulcerative colitis.
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Gut microbio odulation
“accounts for the neuroprotective 53
properties of anthocyanins

1,2,5
I

¢ Claudia Marques’?, Iva Fernandes(®?, Manuela Meireles'*, Ana Faria
: Jeremy P. E. Spencer®, Nuno Mateus® & Conceicao Calhau'?

High-fat (HF) diets are thought to disrupt the profile of the gut microbiota in a manner that may

. contribute to the neuroinflammation and neurobehavioral changes observed in obesity. Accordingly, we
: hypothesize that by preventing HF-diet induced dysbiosis it is possible to prevent neuroinflammation
. andthe consequent neurological disorders. Anthocyanins are flavonoids found in berries that

¢ exhibit anti-neuroinflammatory properties in the context of obesity. Here, we demonstrate that the

: blackberry anthocyanin-rich extract (BE) can modulate gut microbiota composition and counteract

: some of the features of HF-diet induced dysbiosis. In addition, we show that the modifications in gut

. microbial environment are partially linked with the anti-neuroinflammatory properties of BE. Through
: fecal metabolome analysis, we unravel the mechanism by which BE participates in the bilateral

: communication between the gut and the brain. BE alters host tryptophan metabolism, increasing

i the production of the neuroprotective metabolite kynurenic acid. These findings strongly suggest

: that dietary manipulation of the gut microbiota with anthocyanins can attenuate the neurologic
complications of obesity, thus expanding the classification of psychobiotics to anthocyanins.
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Cognitive impairment by antibiotic-induced gut dysbiosis: Analysis of
gut microbiota-brain communication
Esther E. Frohlich **, Aitak Farzi®, Raphaela Mayerhofer “, Florian Reichmann®, Angela Jacan®,

Bernhard Wag_nerb, Erwin Zinserb,_Natalie Bordag ©, Christoph Magnes 4 Eleonore Frohlich €,
Karl Kashofer!, Gregor Gorkiewicz "#", Peter Holzer **

Emerging evidence indicates that disruption of the gut microbial community (dysbiosis) impairs mental
health. Germ-free mice and antibiotic-induced gut dysbiosis are two approaches to establish causality in
gut microbiota-brain relationships. However, both models have limitations, as germ-free mice display
alterations in blood-brain barrier and brain ultrastructure and antibiotics may act directly on the brain.
We hypothesized that the concerns related to antibiotic-induced gut dysbiosis can only adequately be
addressed if the effect of intragastric treatment of adult mice with multiple antibiotics on (i) gut micro-
bial community, (ii) metabolite profile in the colon, (iii) circulating metabolites, (iv) expression of neu-
ronal signaling molecules in distinct brain areas and (v) cognitive behavior is systematically
investigated. Of the antibiotics used (ampicillin, bacitracin, meropenem, neomycin, vancomycin), ampi-
cillin had some oral bioavailability but did not enter the brain. 165 rDNA sequencing confirmed
antibiotic-induced microbial community disruption, and metabolomics revealed that gut dysbiosis was
associated with depletion of bacteria-derived metabolites in the colon and alterations of lipid species
and converted microbe-derived molecules in the plasma. Importantly, novel object recognition, but not
spatial, memory was impaired in antibiotic-treated mice. This cognitive deficit was associated with brain
region-specific changes in the expression of cognition-relevant signaling molecules, notably brain-
derived neurotrophic factor, N-methyl-p-aspartate receptor subunit 2B, serotonin transporter and neu-
ropeptide Y system. We conclude that circulating metabolites and the cerebral neuropeptide Y system
play an important role in the cognitive impairment and dysregulation of cerebral signaling molecules
due to antibiotic-induced gut dysbiosis.
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Open access Systematic review/Meta-analyses Results Atotal of 3334 articles were refrieved and 21
P y Y studies were included which contained 1503 subjects.

In the 21 studies, 14 chose probiotics as interventions to

GenraIPsychiatry EffeCtS Of regulating intEStinal regulate intestinal microbiota and six chose non-probiotic

systematic review

: isTing daily diets. Probiok I

micrObiOta on anXiety SymptomS: A in seven studies contained only one kind of probiotic,

two studies used a product that contained two kinds of

General PS_I.thfaff'_].f 2019 probiotics and the supplements used in the other five

studies included at least three kinds of probiotics. In the

Beibei Yang, Jinbao Wei, Peijun Ju, Jinghong Chen

Background Anxiety symptoms are common in mental
diseases and a variety of physical disorders, especially in
disorders related to stress. More and more basic studies
have indicated that gut microbiota can regulate brain
function through the gut-brain axis, and dysbiosis of
intestinal microbiota was related to anxiety. However, there
is no specific evidence to support treatment of anxiety by
regulating intestinal microbiota. .
Aims To find evidence supporting improvement of anxlety i
symptoms by regulation of intestinal microbiota. i,
Methods This systematic review of randomised controllec .
trials was searched based on the following databases:
PubMed, EMBASE, the Cochrane Library, OVID, Web of
Knowledge, China National Knowledge Infrastructure

(CNKI), Wanfang Data, VIP databases and SinoMed.

The retrieval time dated back to 25 July 2018. Then

we screened research literatures based on established
inclusion and exclusion criteria. Quality evaluation for each
included study was done using the Cochrane risk of bias

and the Jadad scale.

studies that used treatment as usual plus interventions
regulating intestinal flora (IRIF) as interventions (five
studies), only non-probiotic ways were effective (two
studies), which means 40% of studies were effective; in
the studies that used IRIF alone (16 studies, 11 studies
used probiotic ways and 5 studies used non-probiotic
ways), 56% of studies could improve anxiety symptoms,
and 80% of studies that conducted the non-probiotic
interventions were effective, while 45% of studies that
used probiotic supplementations had positive effects on
anxiety symptoms. Overall, 11 studies showed a positive
effect on anxiety symptoms by regulating intestinal
microbiota, which indicated 52% of the 21 studies were

effective, and there were five studies that used probiotic
supplements as interventions and six used non-probiotic
interventions. In addition, it should be noted that six
of seven studies showed that regulation of intestinal
microbiota could treat anxiety symptoms, the rate of

efficacy was 86%.

Eunt:lusmns We find that more than half of the studies
included showed it was positive to treat anxiety symptoms
by regulation of intestinal microbiota. There are two kinds
of interventions (probiotic and non-probiotic interventions)
to regulate intestinal microbiota, and it should be
highlighted that the non-probiotic interventions were more
effective than the probiotic interventions. More studies are
needed to clarify this conclusion since we still cannot run
meta-analysis so far.




Table 1 Basiccharacterstics of the included literatura

Subjects
1D Author Year Methods Diagnosis Sample size (n) Interventons Scales
1 Roman &t & 2018 Randomisd double blind Fibromyalyia a Thres probiotic mixtures or above STAl
2 Farhangiet &’ 2018 Randomizsed triple Bind T2OM* 62 Resigtant dexctrirmt GHG, DASS
3 Schumann et & 2018 Randomized single blind IBS 54 Low FODMAP HADS
4 Sawadaetal’'t 2017 Randomized double Hind Healthy individuals§ 24 Laz b bacilus gassen HADS | STAI
& Sanchez et af 2017 Randomised double Bind Cheeity 105 Lactobaciius rhamn ;sus S5TAl
& Fomiin et gt 2017 Randomised double Bind =3 78 Twio probd atic mixturest LSS
7 Pinto-Sanchez etal’® 2017 Randomised double blind IBS 44 Bifidobacterium longum HADS , STAl
8 HKellyetal *% 2017 Randomized Healthy individualed 29 L. rhamnosus BAl, STAI
9 Ezwaran et ™ 2017 Randomized 2ingle blind IBS 84 Low FODMAPT HADS
10 Colicaet & 2017  Randomised Healthy individuals an At least three probiotic mixtures HAR A
11 Azpiroz et a 2017  Randomized double Hind IBS Ta ecFO5S HaDs
12 Lyrasta’ 2016 Randomizsed triple Bind IBS 0 Lacto becilus acidophiust HaDs
12 Steenbergen et gl = 2015 Randomised triple Blind Healthy individuals a8 At least thres probictic mixtures =]
14 Lorenzo-Zofdiga et & 2014 Randomised triple Bind IBS a4 At least thres probictic mixtures WEI
15 Peters et al™} 2014 Randomised double blind IBS 22 Supplementation of gluten STPI
16 Alipour et al™ 2014 Randomisd double blind FA® 46 Lactobacilue caseft STAl
17 Yuman and ¥ingwet'? 2012 Randomized double blind Healthy individ uals a2 Mutritional interventions HAM-A
18 Messaoudiatal’ 2011 Randomized double Hind Healthy individuals 45 Two probiotic mixtures HaDs
HSCL 480
19 Simrén et & 2010 Randomised double Hind IBS T4 At least thres probiotic mixtures Hams
20 Silk et g " 2008 Randomised sing e blind IBS 44 Tranz-galactooligosaccharde mixurs Hals
21 Raoetal™ 2008 Randomised double blind ~ GFS 39 L. cassi Bl

DASS-42 refers to the 42-item 5 el repoft questionraine desigred to assess current sederily of symptoms reating to depression, anxety and stress,

“All the subjacs wera farmala,

tetudies conducted reatment as usual TALY plus intereentiors egulating intestinal Aora (RIF) inkereentions,
$Cmas-over slucy dasign,
SAll the subjects were male.
BAL Back Armisty vantory: CFS, chronle lafgue syndrorme; DASS-42, Depression, Anxdety and Stress Scale: G HQ, Ganeral Health Questonnaime:; HADS, Hospital Armiety and Depression
Scale; HAM-A, Hamilten Arciety Rating Scale; HSCL-20, Hopking Sy mplom Chedklist IBS, irrtable bowel syndrome; RA, heumateid arthritis; STAL State-Trait Arcciety Irverton; STP, the
State Trat Persorality Invertary; T2EOM, bpe 2 disbetes malitus VS), Vieceml Sensitivity |rdax low FODMAR, diet law in fermantable oligosacsharides, disacchardes, snd monosacchandes
and |.'l|'.‘-|‘r'l'.‘-|3; seF 08, short-chain ﬁuﬂmligb&aﬁlﬂﬁ Ades,
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Impact of coffee consumption on the gut microbiota: A human volunteer study
Muriel Jaquet, Isabelle Rochat, Julie Moulin, Christophe Cavin, Rodrigo Bibiloni *

ABSTRACT

The impact of a moderate consumption of an instant coffee on the general composition of the human
intestinal bacterial population was assessed in this study. Sixteen (16) healthy adult volunteers consumed a
daily dose of 3 cups of coffee during 3 weeks. Faecal samples were collected before and after the
consumption of coffee, and the impact of the ingestion of the product on the intestinal bacteria as well as the
quantification of specific bacterial groups was assessed using nucleic acid-based methods. Although faecal
profiles of the dominant microbiota were not significantly affected after the consumption of the coffee (Dice's
similarity index=92%, n=16), the population of Bifidobacterium spp. increased after the 3-week test period
(P=0.02). Moreover, in some subjects, there was a specific increase in the metabolic activity of Bifidobac-
terium spp. Our results show that the consumption of the coffee preparation resulting from water co-
extraction of green and roasted coffee beans produce an increase in the metabolic activity and/or numbers of
the Bifidobacterium spp. population, a bacterial group of reputed beneficial effects, without major impact on
the dominant microbiota.

© 2009 Elsevier B.V. All rights reserved.
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Fig. 2. Increments in bacterial numbers for selected groups after the consumption of
coffee. Bacterial counts were determined using FISH technology ( P=0.02).
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Peanuts as a nighttime snack enrich butyrate-producing bacteria 7))
compared to an isocaloric lower-fat higher-carbohydrate snack in =

adults with elevated fasting glucose: A randomized crossover trial

Philip A. Sapp ?, Penny M. Kris-Etherton %, Elke A. Arnesen > ¢, Jeremy R. Chen See > ¢,
Regina Lamendella ™ ¢, Kristina S. Petersen * %"

SUMMARY

Background: Tree nuts have glucoregulatory effects and influence gut microbiota composition. The effect
of peanuts on the microbiota has not been investigated.

Objectives: The aim was to examine the effect of 28 g/d of peanuts for 6-wks, compared to an isocaloric
lower-fat higher-carbohydrate (LFHC) snack, on gut microbiota composition. A secondary aim was
to identify functional and active compositional differences in a subset of participants using
metatranscriptomics.

Methods: In a randomized, crossover trial, 50 adults (48% female; 42 + 15 y; BMI 28.3 + 5.6 kg/m?;
plasma glucose 100 + 8 mg/dL) consumed 28 g/d of dry roasted, unsalted, peanuts (164 kcal; 11% E
carbohydrate, 17% E protein, 73% E fat, and 2.4 g fiber) or a LFHC snack (164 kcal; 53% E carbohydrate, 17%
E protein, 33% E fat, and 3 g fiber) for 6-wk (4-wk washout period). Gut bacterial composition was
measured using 165 rRNA sequencing in the whole cohort. Exploratory metatranscriptomic analyses
were conducted on a random subset (n = 24) of samples from the Peanut condition.

Results: No between-condition differences in a- or §- diversity were observed. Following peanut intake,
Ruminococcaceae were significantly more abundant [Linear discriminant analysis score (LDA) = 2.8;
P = 0.027)] compared to LFHC. Metatranscriptomics showed increased expression of the K03518 (aerobic
carbon-monoxide dehydrogenase small subunit) gene following peanut intake (LDA = 2.0; P = 0.004)
and Roseburia intestinalis L1-82 was identified as a contributor to the increased expression.

Conclusion: An increased abundance of Ruminococcaceae was observed following consumption of 28 g/d of
peanuts in adults with elevated fasting glucose after 6-wks. Metatranscriptomics revealed increased
expression of the K0O3518 gene. These results suggest peanut intake enriches a known butyrate producer and
the increased expression of a gene implicated in butyrate production adds further support for peanut-
induced gut microbiome modulation.
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Control of Brain Development, Function,
and Behavior by the Microbiome
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Animals share an intimate and life-long partnership with a myriad of resident microbial species, collectively
referred to as the microbiota. Symbiotic microbes have been shown to regulate nutrition and metabolism and
are critical for the development and function of the immune system. More recently, studies have suggested
that gut bacteria can impact neurological outcomes—altering behavior and potentially affecting the onset
and/or severity of nervous system disorders. In this review, we highlight emerging evidence that the micro-
biome extends its influence to the brain via various pathways connecting the gut to the central nervous sys-
tem. While understanding and appreciation of a gut microbial impact on neurological function is nascent,
unraveling gut-microbiome-brain connections holds the promise of transforming the neurosciences and
revealing potentially novel etiologies for psychiatric and neurodegenerative disorders.



Table 1. Selected Phenotypic Attributes Influenced by Gut Microbes

Catagory Attrbute Effect Citationifs)
Behavioral Anxiaty Reduced salf-reported andety in hurnans Messaoudi et al., 2011
treated with L. helvaticus RO052 and B. longum
RO175
Behavioral Anxiety-like behavior Decreased anxiety-like behavior in GF mice Clarke ot al, 201 3; Diaz Heljtz at al., 2011;
(Swizss Waebster, NIH Swiss, and NMRI) Neufeld et al., 2011; Selkdg et al., 2014
Behavioral Anxiety-like behavior Increased anxiety -like behavior in GF mice Bercik et al., 2011; Selkrig et al., 2014
(BALE/c, C5TEIE)
Behavioral Anxiety-like behavior Reduced andety-like behavior in rodents Bravo et al., 2011; Messaocudi et al., 2011,
treated with Bifidobacterum breve 1205, Savignac et al., 2014
B. longum 1714, B. longum RO175
Lactobacillus helvaticus R0052, or
L. mhammnosusJB-1
Behavioral Depression Reduced self-reported feelings of depression Steanbergen et al., 2015
and aggression in humans treated with
probiotics
Behavioral Depression-like behavior Decreased depression-like behavior in mice Bravo at al., 2011; Deshonnet et al., 2010,
treated with B. infantls or L rhamnosus JB-1 Savignac et al., 2014; Savignac et al., 2015
Behavioral Emotional processing Reduced activation following emotional Tilisch et al., 2013
stimulus in humans treated with problotic milk
product
Behavioral Social recognition Reduced novel and familiarsocial recognition in Desbonnet et al., 2014
GF mice
Behavioral Sterectyped behaviors Restoration of social behaviors in Bacteroldes Hsiao et al., 2012
and vocalizations fragifis-treated MIA mice
Behavioral Stress response Increased response to restraint stress in Sudo et al., 2004
GF mice
Hormaonal Corticosterona Increased hypothalmic corticosterona in Sudo et al., 2004
GF mice
Hormaonal Cortisol Reduced urnary cortisol in humans treated with Messaoudi et al., 2011
L. helveticus RO0D52 and B. longum RMTS
Neurochemical BEE Decreased expression of tight junction Braniste et al., 2014
proteins, and subsequent increase of BEB
parmeability
Neurochemical BDMNF Decreased hypothalmic BDMF in GF mice Sudo et al., 2004
Neuns chermical Dopamine and GABA Decreased sarum levels of dopamine and Matsumoto at al., 2012;
GABA in GF mice Velagapudi et al., 2010
Neuns chermical G-CSF Reduced sarum levels of G-CSF in GF mice Deshmukh et al., 2014
Neuns chermical Paripheral serctonin Decreased pedpheral and intestinal serotonin Wikoff at al., 2009; Yano et al., 2015
in GF mice, restored by colonization with spon
forming bacteria
Neurochemical  Serotonin and Semctonin Decreased serctonin and receptor (5HT,,) in Berclk et al., 2011; Clarke et al., 2013;
receptor the amygdala and hippocampus of GF mice Diaz Heljtz et al., 2011; Neufeld et al., 2011;
Yano ot al., 2015
Neuro chermical Serotonin, noradrenaline, Increased tumover of serotonin, noradrenaline, Diaz Heljtz et al., 2011

and doparmine

and dopamine in the striaturn of GF mice
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Microbiome modulation of neuro-immune function
Peripheral immune system
OO é\/\; /\ /‘ - ".fj0
' = 70
A &0 MAMPs s N “.odw.,
V., LPS | a : |
Vo o\ TNFa
0e BLP | IL-1p
Flagellin Dendritic cell Macrophage IL-6
CpG DNA
 — — BBB |
1 5-HT receptor
TSERT g 2s
. %0 CINGS
s __— 9" d e g ®
| e X ~~ }{
KB\/”:::’ 5
Depression = rﬁ;\% J
Fatigue : :
Loss of social interaction Neuron Microglia
Lowered appetite

Figure 3. Microbiome Modulation of Neuro-Immune Function
MAMPs derived from the intestinal microbiome can drive various aspects of
immune function in the periphery. Cytokine signals, such as TNFa, IL-1, and
IL-6, can cross the BBB and trigger their production by the microglia. Inter-
action of these cytokines with neurons influences physiology and leads to
sickness behavior and depression.
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ABSTRACT

Background: Recent insights into the role of the human microbiota in cognitive and affective functioning
have led to the hypothesis that probiotic supplementation may act as an adjuvant strategy to ameliorate
or prevent depression. Objective: Heightened cognitive reactivity to normal, transient changes in sad
mood is an established marker of vulnerability to depression and is considered an important target for
interventions. The present study aimed to test if a multispecies probiotic containing Bifidobacterium bifi-
dum W23, Bifidobacterium lactis W52, Lactobacillus acidophilus W37, Lactobacillus brevis W63, Lactobacillus
casei W56, Lactobacillus salivarius W24, and Lactococcus lactis (W19 and W58) may reduce cognitive
reactivity in non-depressed individuals. Design: In a triple-blind, placebo-controlled, randomized, pre-
and post-intervention assessment design, 20 healthy participants without current mood disorder
received a 4-week probiotic food-supplement intervention with the multispecies probiotics, while 20
control participants received an inert placebo for the same period. In the pre- and post-intervention
assessment, cognitive reactivity to sad mood was assessed using the revised Leiden index of depression
sensitivity scale. Results: Compared to participants who received the placebo intervention, participants
who received the 4-week multispecies probiotics intervention showed a significantly reduced overall
cognitive reactivity to sad mood, which was largely accounted for by reduced rumination and aggressive
thoughts. Conclusion: These results provide the first evidence that the intake of probiotics may help
reduce negative thoughts associated with sad mood. Probiotics supplementation warrants further
research as a potential preventive strategy for depression.
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New perspectives of Lactobacillus plantarum as a probiotic:
The gut-heart-brain axis
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Lactobacillus plantarum is a non-gas-producing lactic acid
bacterium that is generally regarded as safe (GRAS) with
Qualified Presumption of Safety (QPS) status. Although tra-
ditionally used for dairy, meat and vegetable fermentation,
L. plantarum is gaining increasing significance as a probiotic.
With the newly acclaimed gut-heart-brain axis, strains of L.
plantarum have proven to be a valuable species for the devel-
opment of probiotics, with various beneficial effects on gut
health, metabolic disorders and brain health. In this review,
the classification and taxonomy, and the relation of these
with safety aspects are introduced. Characteristics of L. plan-
tarum to fulfill the criteria as a probiotic are discussed. Em-
phasis are also given to the beneficial functions of L. plan-
tarum in gut disorders such as inflammatory bowel diseases,
metabolic syndromes, dyslipidemia, hypercholesteromia, ob-
esity, and diabetes, and brain health aspects involving psy-
chological disorders.
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Bacterias del acido lactico en la fermentaciéon de aceitunas de mesa
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RESUMEN

Bacterias del acido lactico en la fermentacion de
aceitunas de mesa.

El trabajo hace una revisién de las caracteristicas del
desarrollo de las bacterias acido lacticas (BAL) en la elaboracién de
los tres tipos de aceitunas de mesa mdas importantes en el
comercio internacional. El Unico proceso espontaneo tipicamente
lactico es el de las verdes estilo espafiol. La presencia de las BAL
en la etapa de conservacion de las aceitunas tipo negras y en la
fermentacion de las negras naturales depende de diversos factores
tales como variedad, concentracién de cloruro sédico, correccion
inicial del pH, etc. El conocimiento de las condiciones en las que se
produce el crecimiento natural puede permitir un mejor control
microbiolégico y la utilizacion eficaz de cultivos iniciadores en
dichas fermentaciones.

PALABRAS-CLAVE: Aceituna de mesa — Bacterias del dcido
lactico ~ Fermentacion — Revision (articulo).
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Biodiversity and Multifunctional
Features of Lactic Acid Bacteria
Isolated From Table Olive Biofilms
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Antonio Garrido-Fernandez, Rufino Jiménez-Diaz and Francisco Noé Arroyo-Lopez*

Dapartment of Food Biotechinology, Instifuto de la Grasa, Agencia Estatal Consejo Superior de Investigaciones Clantificas,
Fahio de Olavide Liniversity, Seville, Spain

In the present study, a total of 554 lactic acid bacteria (LAB) isolates were obtained
from the olive surface of Manzanilla, Gordal, and Alorefia cultivars processed as
green Spanish-style or directly brined (natural) olives. The isclates obtained from
industrial processes were genotyped by rep-PCR with primer GTGs, collecting a total
of 79 different genotypes. The a-biodiversity indexes showed that the LAE diversity was
higher in the bicfims on the fruits which followed the Spanish-style process than in
those just brined. Sixteen genotypes had a frequency higher = 1% and were identified,
by multiplex PCR recA gene and 165 gene sequencing, as belonging to Lactobacillus
pentosus (n = 13) and Lactobacillus plantarum (n = 3) species. A multivariate analysis
based on a dataset with 89,744 cells, including technological (resistance to salt and pH,
production of lactic acid, auto and co-aggregation with yeast species, p-glucosidase
and esterase activities), and potential probiotic characteristics (survival to gastric and
pancreatic digestions, resistance to antibiotics, inhibition of pathogens, presence of bsh
genes, cholesterol removal, hemolytic, a-glucosidase, p-galactosidase, and phytase
activities) showed that the 16 genotypes could be grouped into 3 great phenotypes.
Thus, the genotype biodiversity in table clive biofilms was limited but, at phenotype
level, it was even lower since L. pentasus predominated clearly (80.15% isolates).
L. pentosus Lp13 was the genotype with the most promising characteristics for its use
as a multifunctional starter, with this strain being and ubiguitous microorganism present
in both natural and lye-treated olive fermentations.
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Abstract

In this work, 16 strains with promising probiotic characteristics belonging to the Lactobacillus pentosus (13) and Lactobacillus
plantarum (3) species and isolated from table olive biofilms were tested for adherence to cell lines and to solvents, immuno-
modulatory, and anti-proliferative properties on epithelial human cellular lines. Most Lactobacillus strains were able to regulate
the production of cytokines by stimulating the production of pro-inflammatory (IL-6) and anti-inflammatory (IL-10) interleukins
on macrophages, and by suppressing the secretion of IL-8 on HT-29 TNF-a-induced model. Lactobacillus strains also showed
anti-proliferative activity on the HT-29 cell line. No clear relation was found between adhesion to solvents and adhesion to HT-29
human cell line. Lactobacillus pentosus LPG 1, which showed the best anti-inflammatory and immunomodulatory properties,
was then tested in a dinitro-benzene sulfonic acid (DNBS)-induced chronic colitis murine model. As a measure of the inflam-
mation, gut permeability and weight loss, as well as cytokine profiles, were determined. Lactobacillus pentosus LPGI improved
mice health as observed by a significant reduction of weight loss, gut permeability, and beneficial cytokine modulation.
Macroscopic scores and tissue damage were also lower in mice administered with LPG/ with respect to the DNBS-treated
group. These results showed that L. pentosus LPGI isolated from plant could have potential as probiotic for use as an anti-
inflammatory and immunomodulatory agent for patients with inflammatory bowel disease.
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In Silico Evidence of the Multifunctional Features of

Lactiplantibacillus pentosus LPG1, a Natural Fermenting Agent
Isolated from Table Olive Biofilms
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Abstract: In recent years, there has been a growing interest in obtaining probiotic bacteria from plant
origins. This is the case of Lactiplantibacillus pentosus LPG1, a lactic acid bacterial strain isolated from
table olive biofilms with proven multifunctional features. In this work, we have sequenced and
closed the complete genome of L. penfosus LPG1 using both [llumina and PacBio technologies. Our
intention is to carry out a comprehensive bioinformatics analysis and whole-genome annotation for
a further complete evaluation of the safety and functionality of this microorganism. The chromo-
somic genome had a size of 3,619,252 bp, with a GC (Guanine-Citosine) content of 46.34%. L. pentosus
LPG1 also had two plasmids, designated as pl1ILPG1 and pl2LPG1, with lengths of 72,578 and 8713
bp (base pair), respectively. Genome annotation revealed that the sequenced genome consisted of
3345 coding genes and 89 non-coding sequences (73 tRNA and 16 tRNA genes). Taxonomy was
confirmed by Average Nucleotide Identity analysis, which grouped L. pentosus LPG1 with other
sequenced L. pentosus genomes. Moreover, the pan-genome analysis showed that L. pentosus LPG1
was closely related to the L. penfosus strains IG8, 1G9, IG11, and IG12, all of which were isolated from
table olive biofilms. Resistome analysis reported the absence of antibiotic resistance genes, whilst
PathogenFinder tool classified the strain as a non-human pathogen. Finally, in silico analysis of L.
pentosus LPGI showed that many of its previously reported technological and probiotic phenotypes
corresponded with the presence of functional genes. In light of these results, we can conclude that
L. pentosus LPG1 is a safe microorganism and a potential human probiotic with a plant origin and

application as a starter culture for vegetable fermentations.

- Retrasa la entrada en
Presenta una alta actividad antllnﬂumctorlﬂ y

Lactobacillus
o pactObaclil &

¢Dénde se aislé
Lactobacillus
pentosus LPG1?

Lacbobacillus pentosus LPG1 procede de la
pidermis de fer de it de
mesa. Su origen es vegetal.
Ademas esta protegldo Y pctenlado por sus
caracteristicas pr
Seleccionado de un total de 554 cepus
aisladas tras 8 afos de estudio por el CSIC.

CSIC

(CONSEIO SUPERIOR OE INVESTIGACIONES CIENTIFICAS

:Qué ventajas tiene que su
matriz sea vegetal?

Por una parte pueden consumirlo personas
con INTOLERANCIA A LA LACTOSA, puesto
que no utilizamos la leche ni sus derivados
como sustrato y también VEGANOS Y
VEGETARIANOS, al no contener nada de
origen animal.

¢Esun
microorganismo
seguro?
Las cepas de Lactobacillus
pentosus estan incluidasenla ..,

ps (Qualified presumption of  In silico evidences of the multifunctional features of Lacti-
plantibacillus pentosus LPG1, a natural ferment isolated from
table olive biofilms
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¢Esta patentado?

Si, esta protegido por sus caracteristicas
hides, Y [Py 120
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Diversos articulos cientificos y ensayos clinicos
respaldan las caracteristicas probiéticas de
nuestra cepa L. pentosus LPG1.

Probiotic Properties of Lactobacillus Strans Isolated
Olive Biofilms
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Biodiversity and Multifunctional
Features of Lactic Acid Bacteria
Isolated me Table Olive Blo'llms
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European Food Safety Authority

¢Qué resultados arrojan
estos estudios cientificos?

Reduce los niveles de :olesterol (hasta un 25%)

antioxidante.

. Presenta actividad inmunomoduladora.
+ Reduce la permeabilidad y mejora la integridad de

la barrera intestinal.

La admini

preserva la biodiversidad y modula

favorablemente la microbiota intestinal.

acién de LPG1 ta el nimero de
secuencias y personas con Lactobacillus en heces,

¢Quétipo de estudios se han
llevado a cabo con
Lactobacillus pentosus LPG1?

Numerosos estudios cientificos se han llevado

a cabo tanto in vniro, con c. elegcns, en
daated

muril y se ha un
estudio en vivo con humanos en colaboracién
con el IMIBIC.
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IMIBIC

INSTITUTO MAIMONIDES DE
INVESTIGACION BIOMEDICA
DE CORDOBA
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El Instituto de la Grasa y las empresas Oleica y La Salmoreteca lanzan al mercado
BeWellDrinks, una gama de bebidas vegetales fortificadas con minerales y vitaminas



EL PRIMER SALMOREJO PROBIOTICO DE LA MANO DE JUANJO RUIZ

" ‘_ NUTRI SCORE

- / f“’" ;i_

EL SALMOREJO QUE AYUDA A TU SISTEMA INMUNOLOGICO
Y QUE ADEMAS ES SOLIDARIO:

COLABORA EN LA INVESTIGACION DE LA ESCLEROSIS MULTIPLE

el PRIMER SALMOREJO PROBIOTICO DEL MUNDO es el resultado de mas de dos afios de estudios por
parte del chef Juanjo Ruiz y de un equipo multidisciplinar de investigadores pertenecientes al Instituto de
la Grasa- CSIC (liderados por el Dr. Francisco Noé Arroyo Lopez), Universidad de Cordoba (Dr. Antonio
Valero Diaz), la startup Oleica (Dr. Veronica Romero Gil).



Bifidobacteria or Fiber Protects
against Diet-Induced Microbiota-Mediated
Colonic Mucus Deterioration

Schroeder et al., 2018, Cell Host & Microbe 23, 27-40

January 10, 2018 © 2017 Elsevier Inc.

https://doi.org/10.1016/j.chom.2017.11.004

Bjoern O. Schroeder,! George M.H. Birchenough,? Marcus Stahlman,! Liisa Arike,2 Malin E.V. Johansson,?

Gunnar C. Hansson,?" and Fredrik Backhed':%4.*

SUMMARY

Diet strongly affects gut microbiota composition,
and gut bacteria can influence the colonic mucus
layer, a physical barrier that separates trillions of
gut bacteria from the host. However, the interplay
between a Western style diet (WSD), gut microbiota
composition, and the intestinal mucus layer is less
clear. Here we show that mice fed a WSD have an
altered colonic microbiota composition that causes
increased penetrability and a reduced growth rate
of the inner mucus layer. Both barrier defects can
be prevented by transplanting microbiota from
chow-fed mice. In addition, we found that adminis-
tration of Bifidobacterium longum was sufficient
to restore mucus growth, whereas administration of
the fiber inulin prevented increased mucus penetra-
bility in WSD-fed mice. We hypothesize that the
presence of distinct bacteria is crucial for proper
mucus function. If confirmed in humans, these find-
ings may help to better understand diseases with
an affected mucus layer, such as ulcerative colitis.
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Gut microbiota modulation e
accounts for the neuroprotective 5
properties of anthocyanins

Claudia Marques'?, Iva Fernandes(®?, Manuela Meireles'*, Ana Faria%>,
Jeremy P. E. Spencer®, Nuno Mateus? & Concei¢do Calhau'+?

High-fat (HF) diets are thought to disrupt the profile of the gut microbiota in a manner that may
contribute to the neuroinflammation and neurobehavioral changes observed in obesity. Accordingly, we
hypothesize that by preventing HF-diet induced dysbiosis it is possible to prevent neuroinflammation
and the consequent neurological disorders. Anthocyanins are flavonoids found in berries that

exhibit anti-neuroinflammatory properties in the context of obesity. Here, we demonstrate that the
blackberry anthocyanin-rich extract (BE) can modulate gut microbiota composition and counteract
some of the features of HF-diet induced dysbiosis. In addition, we show that the modifications in gut
microbial environment are partially linked with the anti-neuroinflammatory properties of BE. Through
fecal metabolome analysis, we unravel the mechanism by which BE participates in the bilateral
communication between the gut and the brain. BE alters host tryptophan metabolism, increasing

the production of the neuroprotective metabolite kynurenic acid. These findings strongly suggest
that dietary manipulation of the gut microbiota with anthocyanins can attenuate the neurologic
complications of obesity, thus expanding the classification of psychobiotics to anthocyanins.
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Impact of coffee consumption on the gut microbiota: A human volunteer study

Muriel Jaquet, Isabelle Rochat, Julie Moulin, Christophe Cavin, Rodrigo Bibiloni *

ABSTRACT

The impact of a moderate consumption of an instant coffee on the general composition of the human
intestinal bacterial population was assessed in this study. Sixteen (16) healthy adult volunteers consumed a
daily dose of 3 cups of coffee during 3 weeks. Faecal samples were collected before and after the
consumption of coffee, and the impact of the ingestion of the product on the intestinal bacteria as well as the
quantification of specific bacterial groups was assessed using nucleic acid-based methods. Although faecal
profiles of the dominant microbiota were not significantly affected after the consumption of the coffee (Dice's
similarity index=92%, n=16), the population of Bifidobacterium spp. increased after the 3-week test period
(P=0.02). Moreover, in some subjects, there was a specific increase in the metabolic activity of Bifidobac-
terium spp. Our results show that the consumption of the coffee preparation resulting from water co-
extraction of green and roasted coffee beans produce an increase in the metabolic activity and/or numbers of
the Bifidobacterium spp. population, a bacterial group of reputed beneficial effects, without major impact on
the dominant microbiota.

© 2009 Elsevier B.V. All rights reserved.




Fig. 2. Increments in bacterial numbers for selected groups after the consumption of
coffee. Bacterial counts were determined using FISH technology ( P=0.02).
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A nuestra microbiota también le gusta el
chocolate

El chocolate ocupa un lugar privilegiado entre los alimentos considerados como mas
tentadores. Este alimento de los dioses, como bien reza su nombre latino Theobroma
cacao, atribuido por el ilustre nosologo sueco Carl Linnaeus en 1753, ha pasado a ostentar

El chocolate ocupa un lugar privilegiado entre los alimentos considerados como
mas tentadores. Este alimento de los dioses, como bien reza su nombre latino
Theobroma cacao, atribuido por el ilustre nosélogo sueco Carl Linnaeus en 1753,
ha pasado a ostentar en muchos paises del mundo la categoria de medicamento
curativo, delicia culinaria, e incluso moneda de cambio en operaciones
comerciales, manteniendo este estatus a lo largo de los siglos. A ningun otro
producto natural se le ha atribuido nunca esa facultad de aliviar males

tan diversos como los dolores intestinales o menstruales, o las fiebres y
enfermedades cardiovasculares, o incluso potenciar la fuerza de quienes
pretendan triunfar militar o sexualmente. Las cronicas acerca de los beneficios
del chocolate para la salud se remontan a las practicas médicas de los Aztecasy
los Mayas, y desde entonces abundan las anécdotas sobre el efecto del chocolate
en la salud.
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Chocolate, gut microbiota, and human health
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Prebiotic Effect of Lycopene and Dark Chocolate on Gut

Microbiome with Systemic Changes in Liver Metabolism,
Skeletal Muscles and Skin in Moderately Obese Persons
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El chocolate tiene su origen en México, donde el dios
Quetzalcoatl regal6 el arbol de cacao a los hombres,
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Nomenclature and chemical structures of cocoa phytocomplex.
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Consumption of 85% cocoa dark chocolate improves mood in association with gut
microbial changes in healthy adults: a randomized controlled trial

Ji-Hee Shin="-!, Chong-Su Kim*-', Lina Cha*-!, Sojeong Kim?* Seokoh Lee®, Suyeon Chae?,
Woo Young Chun®’, Dong-Mi Shin*“*
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Dark chocolate has long been recognized for its mood-altering properties; however, the evidence regarding the emotional effects of daily dark chocolate
intake is limited. Therefore, we aimed to investigate the effects of dark chocolate intake on mood in everyday life, with specal emphasis on the gut-brain
axes. Two different dark chocolates (85% and 70% cocoa content) were tested in this study. In a randomized controlled trial, healthy adults (20-30 y)
consumed either 30 g/d of 85% cocoa chocolate (DC85, n=18); 70% cocoa chocolate (DCT0, n=16); or no chocolate (control group, CON; n=14); for 3 weeks.
Mood states were measured using the Positive and Megative Affect Schedule (PANAS) Daily consumption of dark chocolate significantly reduced negative
affect in DCB5, but not in DCT0. To assess the association between the mood-altering effects of dark chocolate and the gut microbiota, we pedformed fecal
165 rRMA sequencing analysis for the DC35 and CON groups. Gut microbial diversity was significantly higher in DC85 than COM [(P<.05). Blautia obeum levels
were significantly elevated and Faecalibocterium prousnitzii levels were reduced in DC8S compared to CON (P<.05). Furthermore, we found that the observed
changes in negative affect scores were negatively correlated with diversity and relative abundance of Bloutio obeum (P<.05). These findings indicate that
dark chocolate exerts prebiotic effects, as evidenced by its ability to restructure the diversity and abundance of intestinal bacteria; thus, it may improve
negative emotional states via the gut-brain axis,

@ 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses /by-ne-nd 4.0/
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The Role of Nutrition and the

Gut-Brain Axis in Psychiatry: A Review

of the Literature
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Abstract

Introduction: Individuals suffering from psychiatric disor-
ders experience high levels of illness burden and a signifi-
cantly reduced quality of life. Despite targeted psychophar-
macological strategies and complementary psychothera-
peutic procedures only moderate effects are obtained, and
the risk of relapse is high in many patients. Worldwide, psy-
chiatric diseases such as depression are continuously in-
creasing, challenging the personal life of the affected as well
as their families, but also whole societies by increasing dis-
ability, early retirement and hospitalization. According to
current scientificknowledge psychiatricdisorders are caused
by a multifactorial pathogenesis, including genetics, inflam-
mation and neurotransmitter imbalance; furthermore, also
lifestyle-associated factors gain rising importance. In line
with this, there is growing evidence that the gut microbiota
and nutrition have an impact on the onset and course of psy-

chiatric disorders. Aim: This narrative review highlights the
important role of nutrition in psychiatric care and underlines
the significance of nutritional advice in the multifactorial,
biopsychosocial treatment of patients. It focuses on current
dietary interventions such as the Mediterranean diet, dietary
supplements and modifications of the gut microbiota with
pre-, pro- and postbiotics. Results: Recent studies support
the connection between the quality of diet, gut microbiota
and mental health through regulation of metabolic func-
tions, anti-inflammatory and antiapoptotic properties and
the support of neurogenesis. Dietary coaching to improve
mental health seems to be an additional, cost-effective,
practical, nonpharmacological intervention for individuals
with psychiatric disorders. Conclusion: The use of nutrition-
al interventions in psychiatry equips therapists with a prom-
ising tool for both the prevention and treatment of psychi-
atric disorders. Besides pharmacological therapy, psycho-
therapy and physical activity, nutritional interventions are
an important pillar in the multifactorial, biopsychosocial
treatment of psychiatric disease and could be used as a po-
tential therapeutic target. © 2018 S. Karger AG, Basel
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Brain-gut-microbiota axis: challenges for translation in psychiatry
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ABSTRACT

Purpose: The accruing data linking the gut microbiome to the development and function of the central
nervous system has been proposed as a paradigm shift in neuroscience. The gut microbioa can
communicate with the brain via neuroimmune, neuroendocrine, and neural pathways comprising the
brain-gut-microbiota axis. Dysfunctional neuroimmune pathways are implicated in stress-related psy-
chiatric disorders.

Methods: Using depression as our primary example, we review both the preclinical and clinical evidence
supporting the possible role played by the gut microbiota in stress-related psychiatric disorders. We
consider how this can inform future reatment strategies and oudine the challenges and necessary
studies for moving the field forward.

Results; The role played by the gut microbiota has not been fully elucidated in psychiatric populations,
Although tempting to speculate that psychiatric patients may benefit from therapeutic modulation of the
brain-gut-microbiota axis, the translational applications of the results obtained in rodent studies have
yet o be demonsirated.

Condusions: Evidence of altered gut microbiota composition and function in psychiatric patients is
limited and cannot be regarded as proven. Moreover the efficacy of targeting the gut microbiota has not
yet been established, and needs further investigation,
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Obesity continues to be one of the major public health problems due to its high
prevalence and co-morbidities. Common co-morbidities not only include cardiometabolic
disorders but also mood and cognitive disorders. Obese subjects often show deficits
in memory, learning and executive functions compared to normal weight subjects.
Epidemiological studies also indicate that obesity is associated with a higher risk
of developing depression and anxiety, and vice versa. These associations between
pathologies that presumably have different etiologies suggest shared pathological
mechanisms. Gut microbiota is a mediating factor between the environmental pressures
(e.g., diet, lifestyle) and host physiology, and its alteration could partly explain the
cross-link between those pathologies. Westernized dietary patterns are known to be
a major cause of the obesity epidemic, which also promotes a dysbiotic drift in the
gut microbiota; this, in turn, seems to contribute to obesity-related complications.
Experimental studies in animal models and, to a lesser extent, in humans suggest
that the obesity-associated microbiota may contribute to the endocrine, neurochemical
and inflammatory alterations underlying obesity and its comorbidities. These include
dysregulation of the HPA-axis with overproduction of glucocorticoids, alterations in levels
of neuroactive metabolites (e.g., neurotransmitters, short-chain fatty acids) and activation
of a pro-inflammatory milieu that can cause neuro-inflammation. This review updates
current knowledge about the role and mode of action of the gut microbiota in the
cross-link between energy metabolism, mood and cognitive function.

https://www.dailymotion.com/
video/xiooc2?playlist=x4t2zs
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FIGURE 1 | Interplay between the microbiota and the gut-brain axis in obesity and associated mental disorders. Gut microbiota contributes to regulating the gut-brain
axis and maintaining health, while its alteration (dysbiosis) due to lifestyle factors (unhealthy diets, stress) is related to obesity and its adverse conseguences on mood
and cognition. A healthy dietary pattern (e.q., rich in fibers, vegetables, etc.) is thought to increase gut microbiota diversity and, thereby, contribute to epithelial gut
integrity, immune homeostasis and normal CNS function through the gut-brain axis. On the contrary, Western-dietary patterns (rich in simple sugars and saturated fat)
seem to reduce microbial diversity, promote inflammation and contribute to the leaky gut syndrome; this facilitates the translocation of components of Gram-negative
bacteria, which increases the peripheral inflammatory tone and produces neurcinflammation and alterations in the CNS. The use of dietary strategies (e.g., probiotics,
healthier diets rich in fiber, prebiotics, etc.) could beneficially impact on obesity and mental complications, via restoration of a healthy microbiota and its regulatory role

in the gut-brain axis.
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Interplay Between the Gut-Brain
Axis, Obesity and Cognitive Function
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FIGURE 2 | Mood and cognitive alterations in obesity: the role of the gut-brain axis. The diversity and stability of the gut microbiota can be affected by high-fat diets
(HFD) or high carb diets leading to dysbiosis, which is a typical alteration observed in obesity. A dysbiotic microbiota is thought to alter the communication between
the gut and the brain axis contributing to mood alterations like anxiety, depression, sensitivity to stress, social behavioral alterations and cognitive alterations like
hippocampal dysfunction, impaired memory and reduction of attention or the executive function. The use of some probiotics has demonstrated to ameliorate some of
the mood alterations like anxiety or depression through different mechanisms in animal models.




Nutrition, the gut microbiome and the
metabolic syndrome.
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Fig. 1. Interaction between diet and gut microbiota affects host metabolism. Dietary manipulation with
probiotics and prebiotics alters the composition and metabolic capacity of gut microbiota. Dietary
manipulation in obesity with prebiotics and probiotics changes gut microbiota by favouring bacteria
beneficial to the host and enhances the production of short chain fatty acids (SCFAs) — acetate,
propionate and butyrate. These result in decreased lipogenesis, reduced inflammation and oxidative
stress in liver; decreased adipogenesis, and reduced adipocyte size and number in adipose tissue;
increased production of gut hormones and intestinal transit in the large intestine; reduced appetite in the
brain. GLP-1: Glucagon like peptide-1, PYY: Peptide YY.
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The Mycobiome: A Neglected Component in the THE MYC OBIOME

. . . . Fungus lives in and on the human body. Scientists have found
MlcrOblota-Gut-Braln AXIS several species of fungus that may affect your microbiome’s balance.
Candida is the most common species found in the human mycobiome.
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Abstract: In recent years, the gut microbiota has been considered as a full-fledged actor of the
gut-brain axis, making it possible to take a new step in understanding the pathophysiology of
both neurological and psychiatric diseases. However, most of the studies have been devoted to gut
bacterial microbiota, forgetting the non-negligible fungal flora. In this review, we expose how the role
of the fungal component in the microbiota-gut-brain axis is legitimate, through its interactions with
both the host, especially with the immune system, and the gut bacteria. We also discuss published
data that already attest to a role of the mycobiome in the microbiota-gut-brain axis, and the impact of
fungi on clinical and therapeutic research.
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Hipocrates, "deja que la comida sea tu medicina, y que la medicina sea tu comida", a pesar de datar del afo 400 aC,
los investigadores hicieron una lista de quince tipos de receptores celulares y de los nutrientes
capaces de unirse a ellos, lo que permiti6 crear una amplia descripcion de decenas de nutrientes capaces
de unirse a estos receptores y modular respuestas inmunes, para bien o para mal. Asi, se sabe que algunos
nutrientes producirian efectos proinflamatorios, mientras que otros tendrian efectos
antiinflamatorios de forma natural.
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El 'paracetamol’ que se
come: estos son los

alimentos que funcionan
como medicamentos

Una enorme cantidad de nutrientes tendrian los mismos efectos que algunos
compuestos farmacologicos actuales segun un nuevo estudio. oot (@) s (@) o
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Alcohol and Gut-Derived
Inflammation

Faraz Bishehsari, M.D., Ph.D.; Emmeline Magno, M.D.; Garth Swanson, M.D.;
Vishal Desai, M.D.; Robin M. Voigt, Ph.D.; Christopher B. Forsyth, Ph.D.; and
Ali Keshavarzian, M.D.

In large amounts, alcohol and its metabolites can overwhelm the gastrointestinal
tract (GI) and liver and lead to damage both within the Gl and in other organs.
Specifically, alcohol and its mefabolites promote intestinal inflammation through
multiple pathways. That infiammatory response, in turn, exacerbates alcohol-induced
organ damage, creating a vicious cycle and leading fo additional deleferious effects
of alcohol both locally and systemically. This review summarizes the mechanisms by
which chronic alcohol intake leads to intestinal infiammation, including alfering
intestinal microbiota composition and function, increasing the permeability of the
intestinal lining, and affecting the intestinal immune homeostasis. Understanding the
mechanisms of alcohol-induced intestinal inflammation can aid in the discovery of
therapeutic approaches fo mitigate alcohol-induced organ dysfunctions.

Key words: Alcohol consumption; alcohol use, abuse, and dependence; chronic
alcohol use; organ damage; gastrointestinal (Gl) tract; liver; metabolites;
gut-derived inflammation; intestinal inflammation; intestinal microbiota
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Increased Gut Leakage

La barrera intestinal regula el paso de materiales entre el interior del intestino y las células y los vasos sanguineos en el
otro lado de la capa de células epiteliales que recubre el interior del intestino. El alcohol interrumpe la barrera intestinal,
aumentando su permeabilidad, de dos maneras: a través de mecanismos transepiteliales (células a la izquierda), que
permiten que el material pasen directamente a través de las células epiteliales y los mecanismos paracelulares que
permiten que el material pase a través de las uniones entre las células epiteliales.

El alcohol y sus metabolitos desencadenan mecanismos transepiteliales al dafiar las células directamente y debilitar las
membranas celulares a través de varios mecanismos, incluido el estrés oxidativo causado por especies reactivas de
oxigeno (ROS). Los metabolitos del alcohol desencadenan mecanismos paracelulares al alterar las proteinas que crean
las uniones estrechas que unen las células y las proteinas que estabilizan los citoesqueletos de las células. El aumento de
la permeabilidad de la barrera intestinal permite que las bacterias y las toxinas abandonen el intestino y se infiltren en otros
organos a traveés del torrente sanguineo.




El alcohol puede inducir inflamacion

intestinal través de una cascada

de mecanismos que posteriormente

conducen a la inflamacion, en

particular en el higado y el cerebro,
permitiendo que las bacterias se
filtren y liberen endotoxinas. El
alcohol también produce una
inmunosupresion de la mucosa
colonica, suprimiendo uno de las
principales lineas de defensa del
intestino contra bacterias (células de

Paneth) que secretan compuestos

antibacterianos. Las células de

Paneth suprimidas secretan menos

dotoxins compuestos antibacterianos,

L { que puede permitir el crecimiento
\m INECAMMATION excesivo de bacterias intestinales
,’ \ adicionales y permitir la entrada de

/ | \ ' endotoxinas a través de la barrera
intestinal, causando una liberacion
de citocinas proinflamatorias. Las
endotoxinas y las citocinas pueden
ingresar al higado, interactuando
directamente con hepatocitos
y con las células inmunes del higado,
| lo que provoca la liberacién local de
citocinas que conduce a la fibrosis y
causa adicional inflamacion. La
inflamacién intestinal también puede
propagar endotoxinas.
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Less often Meats & sweets

Weekly k Poultry, eggs, dairy

Often

whole grains, olive ail,
nuts & seeds, legumes,
beans, herbs & spices

Daily

Fig. 2. Illustrates a food pyramid optimal for mental health.



THE MICROBIOME
— DIET ——

€ vegetaples
beets, carrots, cruciferous vegaies,
leafy greens, onions, peas, salad
greens, sea vegetables, squash

apples, blackberries, blueberries, cherries,
nectarines, oranges, pears, pink grapefruit,
plums, pomegranates, red grapefruit,
strawberries

turmeric, ginger, basil, oregano, thyme, green
tea, organic coffee

yogurt, kefir, kombucha, kvass,
cultured veggies

grass-fed butter, coconut oil, extra
virgin olive oil, nuts/seeds

Ansazi beans, adzuki beans, black beans,
black-eyed peas, chickpeas, lentils, black
rise, amaraneth, buckwheat, quinoa

(in moderation)

How to Make e
Kimchi e

Refined vegetable oils

canola, corn, soybean

an
[‘Rf‘fl'-]

Il
i

1

Refined carbohydrates
and processed grain
products

Pasteurized dairy
products

-— pa—

-

Conventional
meat, poultry
and eggs

Added sugars
packaged snacks, breads, condiments,
canned items, cereals

Trans fats/ |
hydrogenated fats

packaged/processed products, fried foods




ALIMENTOS

FERMENTADOS

Yogur

Tempeh Natto

Tamari y shoyu Kimchi

Umeboshi Amasake Kombucha

Pickles
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Gut microbes and depression: Still waiting
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for Godot

While enormous progress has been made in this field over the past
decade, we patiently await definitive developments that will impact

patient care. Hopefully, the field will not meet the
characters in Waiting for Godot!

Microbe to brain
communication

Vagus nerve

Brain to microbe
communication

Vagus nerve

Short chain fatty HPA
acids SAM
Cytokines
Tryptophan
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Gut dysbiosis



medical | 7
SCiences Med. Sci. 2019, 7, 21 ﬂw\D\Py

Review

Therapeutic Potential of the Microbiome in the
Treatment of Neuropsychiatric Disorders

Alper Evrensel 1>*(2), Baris Onen Unsalver > and Mehmet Emin Ceylan 4

Abstract: The search for rational treatment of neuropsychiatric disorders began with the discovery
of chlorpromazine in 1951 and continues to evolve. Day by day, new details of the intestinal
microbiota-brain axis are coming to light. As the role of microbiota in the etiopathogenesis
of neuropsychiatric disorders is more clearly understood, microbiota-based (or as we propose,
“fecomodulation”) treatment options are increasingly discussed in the context of treatment. Although
their history dates back to ancient times, the importance of psychobiotics and fecal microbiota
transplantation (FMT) has only recently been recognized. Despite there being few preclinical and
clinical studies, the evidence gathered to this point suggests that consideration of the microbiome in
the treatment of neuropsychiatric disorders represents an area of significant therapeutic potential.
It is increasingly hoped that such treatment options will be more reliable in terms of their side effects,
cost, and ease of implementation. However, there remains much to be researched. Questions will be
answered through germ-free animal experiments and randomized controlled trials. In this article,
the therapeutic potential of microbiota-based options in the treatment of neuropsychiatric disorders
is discussed in light of recent research.
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Probiotic food consumption is associated with lower severity and M |
prevalence of depression: A nationwide cross-sectional study |
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ARTICLE INFO ABSTRACT
Article History: Objective: It has been suggested that probiotics have beneficial effects on a variety of health problems includ-
Received 26 July 2018 ing immunologic diseases and metabolic disorders, however, the effects on brain function are yet to be fully
ii‘é:wg l&r:;m Enr;;f-gFebruaryzmg studied. The aim of this study was to evaluate the association between probiotic food consumption and
pE uary depression status through a cross-sectional analysis of a nationwide, large population-based data.

- Methods: The study population induded 26 118 individuals 19 to 64 y of age who participated in the Korean
E:;ﬂti National Health and Nutrition Examination Survey (KNHANES, 2012-2016). A food frequency questionnaire
Depression was used to assess probiotic food consumption. Depression status was determined by two different methods

KNHANES including a Patient Health Questonnaire (PHQ-9) and self-reported clinical diagnosis.

Results: Compared with the lowest tertile of probiotic food consumption, the highest tertile had significantly
lower odds in PHQ-9 depression severity (odds ratio [OR], 0.48; 95% confidence interval [CI], 0.28—-0.81;
P=0.0065) and self-reported dinical depression (OR, 0.59; 95% CI, 0.35-0.96; P=0.0129). Although there
was no significant association between probiotic food consumption and clinical depression in women (OR,
0.85; 95% (1, 0.47-1.54; P=0.3081), men showed a significantly lower prevalence of dinical depression (OR,
0.24; 95% (1, 0.06—-0.92; P=00256) in the highest tertile,

Conclusions: These results suggest that probiotic food consumption might have beneficial effects on depres-
sion, particularly in men. Further studies are required to identify the mechanistic relations between probiot-
ics and depression.
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Psychobiotics: A new approach for treating mental illness?

Snigdha Misra (2 and Debapriya Mohanty®

ABSTRACT

Gut microbiomes may have a significant impact on mood and cognition, which is leading experts towards a
new frontier in neuroscience. Studies have shown that increase in the amount of good bacteria in the gut can
curb inflammation and cortisol level, reduces symptoms of depression and anxiety, lowers stress reactivity,
improves memory and even lessens neuroticism and social anxiety. This shows that, probably the beneficial
gut bacteria or probiotics function mechanistically as delivery vehicles for neuroactive compounds. Thus, a
psychobiotic is a live organism, when ingested in adequate amounts, produces a health benefit in patients
suffering from psychiatric illness. Study of these novel class of probiotics may open up the possibility of
rearrangement of intestinal microbiota for effective management of various psychiatric disorders.

Table 1. Gut microbes having psychotropic properties.

Lactobacillus spp Bifidobacterium spp
L. acidophilus B. infantis,

L. casei B. longum,

L. rhamnosus B. bifidum

L. helveticus B. lactis

L. plantarum B. breve

L pentosus

L casei Shirota
L. hilgardii,
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2019, VOL.59, NO. 8, 1230-1236
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Table 2. Pyscobiotics used in different neurological conditions.

Neurological Condition

Gut microbes

Psychobiotic Strains

Psychobiotics: A new approach for treating mental illness?

Snigdha Misra (9* and Debapriya Mohanty®

Anxiety

Depression

Stress

Lactobacillus spp

Bifidobacterium spp

Lactobacillus spp

L actococcus

Bifidobacterium spp

Lactobacillus spp

Bifidobacterium spp

L. fermentum NS9,

Lactobacillus casei Shirota,

L. rhamnosus JB-1
L. helveticus ROO52
B. breve 1205

B. infantis

B. longum 1714

B. longum NCC3001
B. longum R0175

L. acidophilus

L. acidophilus W37
L. brevis W63

L. casei

L. casei Shirota

L. casei W56

L. gasseri OLL2809
L. helveticus NS8

L. lactis W19

L.lactis W58

B. infantis

B. bifidum

B. biidum W23

B. lactis W52

B. longum R0O175

L. casei Shirota

L. helveticus

L. helveticus R0052
L. plantarum P5128
L. rhamnosus

B. infantis

B. longum RO175
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Effect of Probiotics on Depression: A Systematic
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Controlled Trials|
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Abstract: It has been reported that gut probiotics play a major role in the bidirectional communication
between the gut and the brain. Probiotics may be essential to people with depression, which remains
a global health challenge, as depression is a metabolic brain disorder. However, the efficacy of
probiotics for depression is controversial. This study aimed to systematically review the existing
evidence on the effect of probiotics-based interventions on depression. Randomized, controlled
trials, identified through screening multiple databases and grey literature, were included in the
meta-analysis. The meta-analysis was performed using Review Manager 5.3 software using a
fixed-effects model. The meta-analysis showed that probiotics significantly decreased the depression
scale score (MD (depressive disorder) = —0.30, 95% CI (—0.51--0.09), p = 0.005) in the subjects.
Probiotics had an effect on both the healthy population (MD = —0.25, 95% CI (—0.47——0.03), p = 0.03)
and patients with major depressive disorder (MDD) (MD = —0.73, 95% CI (—1.37——0.09), p = 0.03).
Probiotics had an effect on the population aged under 60 (MD = —0.43, 95% CI (—0.72—0.13),
p =0.005), while it had no effect on people aged over 65 (MD = —0.18, 95% CI (—0.47-0.11), p = 0.22).
This is the first systematic review and meta-analysis with the goal of determining the effect of
probiotics on depression. We found that probiotics were associated with a significant reduction
in depression, underscoring the need for additional research on this potential preventive strategy
for depression.
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ARTICLEINFO ABSTRACT

Keywords: Accumulating data show that probiotics may be beneficial in reducing depressive symptoms. We conducted an

Depressive symptoms updated meta-analysis and evaluated the effects of probiotics on depressive symptoms. A systematic search of six

Major depressive disorder databases was performed, and the results were reported according to Preferred Reporting Items for Systematic

ﬁn_‘:ta—ial)'su Reviews and Meta-analyses, with the priori-defined protocol registered at PROSPERO (CRD42018107426). In
ICropes

Probiotics total, 19 double-blind, randomized, placebo-controlled trials with a total of 1901 participants were included in
the qualitative synthesis. Participants treated with probiotics showed significantly greater improvement in de-
pressive symptoms than those receiving placebo. The clinical population was stratified by clinical diagnosis into
those with major depressive disorder (MDD) and those with other clinical conditions. The beneficial effect of
probiotics on depressive symptoms was significant in patients with MDD, but not in those with other clinical
conditions and in the general population. In addition, multiple strains of probiotics were more effective in
reducing depressive symptoms. In conclusion, altering the gut-brain axis with probiotics may be an approach to
improve depression severity. It is essential to verify the efficacy of specific combinations or strains of probiotics
for depressive symptoms by conducting studies with a larger sample size in the future.
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Resultados obtenidos estadisticamente significativos (p=0.01).

Los pacientes con trastorno de depresion mayor, que

Probiotics Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
L2.1 Wafo depressive sorder popuation consumieron probidticos evidenciaron una mejora mucho mas
Akkasheh 2016 576 64 20 =15 48 20 42% -0.74[-138 -0.10] —
Ghorbani 2018 =1925 171 200 =17.75 2.05 20 42% -078[-142, -0.13] —

- - 4 = 21,25, =0, _ . efe .

Subtotal (95% CI) 68 76 13.1% -0.75 [-1.09, -0.41) ‘ ’
Subtorl 99 S I (A ey significativa respecto al grupo control, resultado que no fue

Heterogeneity. Tau? = 0,00; Chi* = 0,01, df = 2 (P = 0.99); I* = 0%
Test for overall effect: 7 = 432 (F < 0.0001)

tan significativo en aquellos incluidos en el grupo de otros

1.2.2 Other clinical diagnosis population

Pinto-Sanchez 2017 =37 222 22 =07 183 22 4.1% -1.42(-2.08, -0.75] —_—

Raygan 2018a =27 271 27 -0.8 248 27 46% -068(-1.23, -0.13] ==

Raygan 20180 28 38 30 -08 21 30 47% -061[-113 -009] — trastornos.

Roman 2018 -2.87 136 16 -58 244 15 36% 1.46 [0.65, 2.26] e

Romijn 2017 -11 696 40 -B7 631 39 5.0% -034[-079 0.10] -

Simren 2010 <06 193 37 -1 193 37 49% 021[-0.25 0.66] e . . . . . . i
Sherman 2017 7754 18 9§ 1 S7% 022043 003 - Se evidencié también un efecto estadisticamente significativo
Subtotal (95% Cl) 365 357 326% -0.26(-0.70,0.17) ‘

Heterogeneity. Tau® = 0.27; Chi? = 37.30, df = 6 (P < 0.00001); F = 84%
Test for overall effect. Z = 118 (P = 0.24)

de los probidticos en la reduccion de sintomas depresivos

1.2.3 Healthy population
Chung (0500mg) 2014 -16 207 10 -2.1 247 4 25% 0.22[-0.95 1.38] —

Chung (1000mg) 2014 057 14 7 21247 3 208 080[-062,222] o (DME:-O?,]_’ IC=95%, -0.56-0.07; P:OO]_)
Chung (2000mg) 2014 056 159 9 -2l 247 3 21%  079[-057,2.15) —
Messaoudl 2011 -15 086 26 -075 071 28 45% -0.94(-150,-038) —
Michalckova 2016 07 26 20 04219 19 43% 0.12(-051,075) —+
Mohammadi (capsule) 2016 -05 43 25 67 33 10 38% -068[-1430.08] —
Mohammadi (ogum 2016 -103 33 25 67 33 10 37% -0.94[-171,-0.17] —_

Nishihira 2014 -01 048 115 -0.01 055 103 56%  0.00[-0.26 0.26) -+
Sashihara (+1act0) 2013 -1 434 15 01463 7 33% -024[-114, 066] —
Sashihara (alone) 2013 04384 15 01463 7 33%  007[-083097] —
Shinkal (igh) 2016 0632 9 3733 47 53% 045009 080) —
Shinkal (ow) 2016 1632 92 3733 46 53X 030[-0.6, 065) -
Steenbergen 2015 04215 20 24215 20 31X -319[415,-223) ——
Ostind-Lagersiim 2016~ -0.22 27 125 006 3 124 56% -010[-0.350.15] n

subtotal (95% CI) 597 438 543%  -025 [-060, 0.11] *

Heterogeneity. Tau? = 0.31; Chi? = 73,46, df = 13 (P < 0.00001); I’ = 82%
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% Cl) 1030 871 100.0% -0.31[-0.56,-0.07] L
Heterogeneity, Tau® = 0.26; Ch® = 125.83, df = 23 (P < 0.00001); I* = 82% + ] ] +
Test for overall effect: 2 = 2.53 (P = 0.01)

Test for subgroup differences: Chi? = 5.00, df = 2 (P = 0.08), ! = 60.0%

Favours [Probiotic] Favours [Placebo)
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Prebiotics and probiotics for depression and anxiety: A
systematic review and meta-analysis of controlled clinical trials

Richard T. Liu, Rachel F. L. Walsh, and Ana E. Sheehan
Department of Psychiatry and Human Behavior, Alpert Medical School of Brown University

Abstract

With growing interest in the gut microbiome, prebiotics and probiotics have recerved considerable
attention as potential treatments for depression and anxiety. We conducted a random-effects meta-
analysis of 34 controlled clinical trials evaluating the effects of prebiotics and probiotics on
depression and anxiety. Prebiotics did not differ from placebo for depression (d=—.08, p= 51) or
anxiety (d= .12, p=11). Probiotics yielded small but sigmificant effects for depression (d=—24,
p<.01) and anxiety (d=-.10, p=.03). Sample fype was a moderator for probiotics and
depression, with a larger effect observed for clinical/medical samples (d=—45, p< .001) than
community ones. This effect mcreased to medium-to-large in a preliminary analysis restricted to
psychiatric samples (d=—.73, p< .001). There 15 general support for antidepressant and anxiolytic
effects of probiotics, but the pooled effects were reduced by the paucity of trials with clinical
samples. Additional randomuized clinical trials with psychiatric samples are necessary fully to
evaluate their therapeutic potential.

Keywords

anxiety; depression; microbiome; prebiotic; probiotic
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efecto de los prebidticos en la depresion

Standardized

Statistics for Each Study

Oifferancain wfer U!)p_ef B Standardized Difference
First Author, Year Miana Limit  Limit In Means and 95% Cls
Azpirozet al. (2017) -0.01 -045 043 0.96 —_—
Kazemi et al. (in press) -0.11 -0.57 0.35 0.64 _—
Silk et al. (2009) -0.34 -098 030 0.30 —
Smith et al. (2005) 0.14 -0.03 0.30 0.10 ——
Smith et al. (2015) -0.30 -0.59 <0.01 <0.05 ——
Total -0.08 -0.30 0.15 0.51 —.—
-2.00 -1.00 0.00 1.00 2.00
Favors Treatment Favors Placebo

efecto de los prebidticos en la ansiedad

Statistics for Each Study
?;:;ZTC':: Lower Upper - Standardized Difference
" Limit  Limit In Means and 95% Cls
First Author, Year Means
Azpiroz et al. (2017) -0.12 -0.56 032 059 —_—
Schmidt et al. (2015) 0.08 -0.54 070 0.80 —_—
Silk et al. (2009) -0.12 076 052 071 _
Smith et al. (2005) 017 001 034 004 ——
Total 0.12 -0.03 027 011 ——
-2.00 -1.00 0.00 1.00 2.00

Favors Treatment Favors Placebo

No se observan evidencias
significativas entre el consumo de
prebidticos en la depresién (p=0.51)
o en la ansiedad (p=0-11)
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v' aquellos a los que se les administré probidticos, la depresion
fue menor

v’ La administracién de probidticos se asocié con menor ansiedad

Efecto de los probidticos para la depresion Efecto de los probidticos para la ansiedad.

Statistics for Each Study Statistics for Each Study

S[:amn::"il:f:: Lower’ ippér P Standarizad Dfarsice Standardized Lower Upper Standardized Difference
First Author, Year Mears Limit  Limit In Means and 95% Cls ] Differencein Limit  Limit P n Means and 95% Cls
Akkasheh etal. 2016) 074 138 010 002 —_— First Author, Year Means
Chungetal. (2014) 013 048 075 067 —_—— Colicaetal. (2017) 038 -113 037 032 -
Cremon et al. (2018) 0.07 039 024 065 e Cremon et al. (2018) 0.12 020 044 048 ——
Ghorbanietal. (2018) 0.80 144 015 002 ————r Kato-Kataoka et al. (2016) 041 09 017 036 ——
Kato-Kataoka etal. (2016) 030 028 08 031 — Kelly et al. (2017) 0.09 028 045 064 ——
Kazemi et al. (in press) 0.60 -107 014 001 —— Kitaoka et al. (2009) 0.64 037 164 021 o
Kellyet al. (2017) 0.01 038 035 095 . Lyra etal. (2016) 016 037 005 014 ——
Kouchakietal. (2017) 107 161 053 <2001 —p— Marcos et al. (2004) 007 041 027 088 I —
mﬂ"’:‘[" (ff’?;’“x) gi? ?z: %2‘: 3]1:1 ' Messaoudietal, (2011) €001 05 05 100 —_—a—
Messaoudietal, (2011) 015 068 038 058 o Ostlund-Lagerstrém etal. (2016) .10 035 015 044 —i—
Nishihira etal. (2014) 017 043 010 022 = Pinto-Sanchez et al. (2017) 033 093 027 028 —_—
Ostlund-Lagerstrom et al. (2016) 0.02 023 027 088 —— Reale et al. (2012) <001 046 046 100 ——
Pinto-Sanchez etal. (2017) 0.19 079 040 052 — Roman etal. (2018) -0.09 080 061 080 .
Roman etal. (2018) .48 LYy 024 0 —_—— Romjin etal. (2017) 0.36 008 081 011 —
Romjin etal. (2017) 0.19 026 063 041 e Sanchez et al. [2017) Female subsample -0.07 052 038 076 ——
Sanchez et al. (2017) Female subsample -0.76 4123 030 <0.01 —_— Sanchez et al. (2017) Male subsample 051 109 006 008 -—
Sanchez et al. (2017) Male subsample 041 098 017 016 — Sashihara etal. (2013) 037 111 036 032 —-—
Sashiharaetal, (2013) B 10 04 03 e Shinkai etal.(2012) 006 03 019 066 ——
shinka.e(a:,(zmz) 015 040 010 025 —a— Sirmrén etal. (2010) 000 046 046 100 S
. r ——
Z;;‘L’::ﬂi‘:ﬂf ,‘_’:2“(’)18) Y 1 oo Slykermanet al. (2018) 045 AR 017 <001 —0—
Steenbergen et al. (2015) 035 097 028 028 Steenbergen et al. (2015) 017 079 045 059 —_—
Tillsch et al. (2013) 020 06 102 06 ——] Tillisch etal. 2013) 024 058 106 057 — T
Total 024 036 012 <001 - Vaghef-Mehrabanyetal. (2014) 0.46 091 18 051 L

Total -0.10 019 001 003 &+
200 100 0 1o wn 200 100 0.00 1 50 200
Favors Treatment Favors Placebo i s i 3 =

Favors Treatment Favors Placebo




Blisep

Entonces...

Ansiedad

° ‘ consumo de prebidticos —

Depresion

Ansiedad

o ‘ consumo de probidticos —

Depresion
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Meta-analyses

Can psychobiotics “mood” ify gut? An update systematic review of
randomized controlled trials in healthy and clinical subjects, on
anti-depressant effects of probiotics, prebiotics, and synbiotics
Elnaz Vaghef-Mehrabany ¢, Vahid Maleki ¢, Maryam Behrooz “, Fatemeh Ranjbar °,
Mehrangiz Ebrahimi-Mameghani © "

SUMMARY

Background & aims: Depression is a major debilitating health problem with high global prevalence. Gut
microbiota dysbiosis might be implicated in pathophysiology of depression. Hence, probiotics, prebiotics
and synbiotics (psychobiotics) have been administered in clinical trials in attempt to relieve depressive
symptoms. This update systematic review aimed to evaluate the current body of research concerning the
effects of psychobiotics on depression.

Methods: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
were followed in this review. Search was performed in MEDLINE, ProQuest, EMBASE, PsycNET, and
Scopus databases for randomized clinical trials which assessed the effects of psychobiotics on depressive
symptoms among adults, and were published in English language, since inception until September 2018.
Results: Out of 3374 records screened, 32 articles met the study criteria; only seven studies reported
significant anti-depressant effects of psychobiotics. Some probiotic strains showed beneficial effects on
depressive symptoms; the results were inconsistent, though. Few studies investigated the effects of
prebiotics or synbiotics on depression, and did not come up with much promising results The overall risk
of bias was judged to be unclear across the included studies, and major confounding factors were not
considered in their design.

Conclusion: Since probiotics may affect depression in strain-specific manner, the current evidence is not
sufficient to either support or decline anti-depressant effects of probiotics; results of studies on pre-
biotics and synbiotics are not conclusive, either. More well-designed studies with emphasis on specific
probiotic strains, inter-individual gut microbiota variations, and depression subtypes are warranted.

L)

updates
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The effects of probiotic supplementation on mental health, biomarkers of | )
inflammation and oxidative stress in patients with psychiatric disorders: A |"”"‘“°'
systematic review and meta-analysis of randomized controlled trials

;

Elaheh Amirani®, Alireza Milajerdib’“, Hamed Mirzaei®, Hamidreza Jamilian™*,
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ARTICLE INFO ABETRACT

Keywords: Background and objective: In the current meta-analysis of randomized controlled trials (RCTs), the effects of

Probiotic supplementation probiotic supplementation on mental health, biomarkers of inflammation and oxidative stress in patients with

hﬂmtion paychiatric disorders were assessed.

Quddative sress Methods: The following databases were search up to February 2019: PubMed, Scopus, Web of Science, Google

i:;‘"f:i]';i’”d“ scholar and Cochrane Central Register of Controlled Trials,
Results: Twelve studies were included in the current meta-analysis. The findings demonstrated that probiotic
supplementation resulted in a significant reduction in Hamilton Depression Rating Scale (HAMD) [Weighted
Mean Difference (WMD): -9.60; 95 % CE -10.08, -9.11]. In addition, a significant reduction in C-reactive protein
(CRF) (WMD: -1.59; 95 % CL -2.22, 0.97), interleukin 10 (IL-10) (WMD: -0.29; 95 % CI: -0.48, 0.11) and
malondialdehyde (MDA) levels (WMD: -0,38; 95 % CL -0.63, -0.13) was found after probiotics supplementation,
No significant change was seen in Beck Depression Inventory (BDI) score (WMIx -11.17; 95 % CL -24.99, 2.65),
tumor necrosis ctor-a (TNF-a) (WMD: 0012 95 % CE 40,20, 0.05), IL-1B (WMD: 0.34; 95 % CL -1.43, 0.74),
IL-6 (WMD: 0.03; 95 % (: -0.32, 0.38), nitric oxide (NO) (WML -0.54; 95 % I: -2.16, 1.08), glutathione (GSH)
(WMD: 46.7% 95 % CL -17.25, 110.83) and total antioxidant capacity (TAC) levels (WMD: 15.21; 95 % CI:
-59.96, 90.37) after probiotics supplementation.
Conclusion: Owverall, the current meta-analysis demonstrated that taking probiotic by patients with psychiatric
disorders had beneficial effects on HAMD, CRP, IL-10 and MDA levels, but it did not affect BDI score, other
markers of inflammation and oxdative stress,
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Analisis de los suplementos probidticos en la escala HAMD

Sy

1]

Miyaoka T (2018} -

Ghorbani Z (2018)

Majeed M (2018)

Rudzki L (20019}

Owverall {1-squared = 90,76, p = 0.000)

WD (95% Clh

-18,98 (-19.70, - 13.26)

=135 {-2.08, -D.62)

570 (842, -2.98)

-350(-5.08, -1.42)

D60 10.08, 9.11)

[[L{NL}]

-19.7

197

Reduccidn significativa en los
marcadores de la Escala de Depresion
de Hamilton (HAMD), dando indicios
relevantes de que el consumo de
suplementos probidticos es capaz de
reducir, en pacientes con sintomas
psiquidtricos, los estandares de
depresion
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suplementos probioticos en los marcadores
inflamatorios

Probiodticos y proteina C-reactiva (CRP)

(aumenta al haber inflamacion en el

Sody
1
Alcisshed G (HIE) e f—
Akbari E{2016)
Pinte-Semcher MI{2017) ——
Tasmstni CIR § 0018) —_—
Cimaderi A {219 ———
Orverall {lsquared = 66.4%, p = 001E) O
ROTE: Welghes are from rasdom effecs malysis

T

WHD {55% LT

-1 33250, 40,0140

3300502, -1 48)

054 1-1 30, 4. 58)

170 (226, -1.14)

-2 =301, .59

159 (:222, 0.9T)

Wiigh

1556

3154

2342

16467

10000

-5z ]

Se evidencié una reduccion significativa de dichos
marcadores inflamatorios producto de la ingesta
de probidticos
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Si se observd un efecto significativo (aunque sea
Marcadores IL-10

minimo) en la reduccién de los niveles IL-10 (WMD: -

Sy f-t 0.29; 95 % Cl: -0.48, -0.11) (fig.22) interviniente en la

n WM (955 C1) \'—'eigh: . H
respuesta inflaf@ coria.

!

Fimo-Sanchez MT(2017) " 29 -0 50,008y 7150
i

Agahi A1) + 031 -ae, 0.07) 2249

Lew LC (2018 D.3-1797,17.71) 001
i

Owerall (l-squared = 00%, p=0.99) 029048, -0.11) 10000
|

T T




LA DIETA PRE Y PROBIOTICA
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