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Objetivos de aprendizaje: S PNI Eu rope
By Dr. Leo Pruimboom
1. Conocer la diferencia entre homeostasis y alostasis. Entender el
modo en que se organiza a través del sistema nervioso
neurovegetativo asi como de los ejes hipotalamicos hipofisarios.

2. Ser capaz de analizar la funcion del hipotalamo, usando tanto
elementos de medicion validados como parametros funcionales en
relacion con el estrés y la resiliencia.

3. Ser capaz de tratar pacientes con enfermedades crénicas no
infecciosas basando su intervencion en un analisis tanto
conductual como metabdlico del propio paciente.

4. Ser capaz de tratar pacientes que presenten neuroinflamacién
hipotalamica, ya que se trata del mecanismo de accion mas
presente en la mayoria, por no decir todas las enfermedades
cronicas no contagiosas.
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Fin de la formacion

1. Convertirse en un especialista en PNlc capaz de utilizar
adecuadamente los metamodelos de esta disciplina e identificar los
mecanismos de accion para poder optar por la intervencion mas
adecuada de entre el abanico completo de tratamientos disponibles.

2. Convertirse en un especialista en PNIlc capaz de aplicar los
conocimientos adquiridos tanto a nivel individual como en sus
diferentes entornos: familiar, empresarial y/o social.
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Del estres a la angustia

Aprendizaje Activo
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La PNIc en poco mas de 4gr PNI Europe
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function, to keep body
cold, Parasympathetic

= Dorsomedial nucleus %

Lateral hypothalamic area

Lateral tuberal nuclei

Suprachiasmic nucleus

Supraoptic nucleus
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Una interaccionentrelaP laNylal
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FOOD

TRANSCENERAL . STRESS
FACTORS

EVOLUTION EXERCISE

TOXINS SLEEP

SOCIAL
SYSTEM

EMOTIONS
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El sistema

neuroendocrinologico. En

este
ene

cere

modulo, nos enfocamos

sistema de estrés: el

oro, la glandula tiroides,

los riflones, las glandulas

suprarrenales y la

comunicacion entre estos

organos.
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PNI E
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Capacidad de RECUPERAR el equilibrio homeostatico a su debido tiempo



%O
Homeostasis PNI Europe

Del griego:

HOMEOQ de homos- similar HOMEOSTASIS

STASIS- estado, estabilidad

Conjunto coordinado de fenomenos fisioldgicos de autorregulacion del

organismo encargados de mantener la constancia del medio interno
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Percepcion homeostatica: peligro PNI Europe
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Los siete sentidos

Externos

Internos
Olfato ] :
Sistema inmune
Gusto .,
Interocepcion
Tacto Nocicepcion
Auditivo P

Vision
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Evolucion: Supervivencia + reproduccion

FACTORES DE PRESION CAUSA DE MUERTE RESPUESTA ADAPTATIVA DE
EVOLUTIVA SOLUCION
HAMBRE Carencia de Glucosa/Na Re3|sten0|g a la Insulina,
Leptina, RAA
SED Carencia de glucosa, NA'y RAA

agua
INFECCION Carencia de glucosa, Nay | Sistema Inmune, SNS, HPA, RAA

agua

Deficiencia de Glucosa, Sistema Inmune, SNS, HPA
VIOLENCIA sodio y agua
Deficiencia de Glucosa, Na SNS, HPT, HPA
CLIMATOLOGIA y agua
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Homeostatic feelings
SED/HAMBRE INDUCEN MOVIMIENTO MOTIVADO
HIPOXIA/HIPERCAPNIA | > BUSQUEDA
PICOR E-MOCION / E-MOVERE
FRIO/CALOR
SENSUAL TOUCH
DISTENSION VISCERAL
TENSION MUSCULAR
DOLOR
MIEDO Todo sintoma es una biisqueda frustrada.
LIBIDO Solms, Turnbull 2007
FATIGA
TRISTEZA

CURIOSIDAD

Craig AD. A new view of pain as an homeostatic emotion. Trends Neurosci. 2003 Jun; 26: 303-7.
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Estres

Una de las palabras mas utilizadas en la sociedad moderna

Todos conocemos el estrés y frecuentemente reportamos sobre el mismo,
todos sabemos :

“El ESTRES hace enfermar a la gente”

(Pero, ¢es esto cierto? Y de serlo, ;como funciona?)
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Conexion entre psicologia, ED!:!JME}J'VOPG
neuroendocrinologia e inmunologia

Psicologia

“La ciencia de los
procesos y conductas
mentales”

Neuro- ~
* *

Neurologia y Immunologia
Endocrinologia
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Estres
Depresion
Trauma

N\

Neuro-
Endo-

> Enfermedad
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Fatiga

Dolor
Depresion
“comportamiento
de enfermedad”

Estres
Neuro- Respuesta
Endo- “Activacion del
Eje HHA"
Infeccion
Inflamacion
“activacion

immune”
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Dia 1

Factores evolutivos y la respuesta al estres




INTERNAL PROCESSES - HAZARDS
causal mechanisms e.q.

Biomechanical Load cumulative PHYSICAL

compression
’ nndtsabon

Cumulative \
tissue

damage

/ |\

\|/

3

NA

eg. Muscle eg. Hormonas
Tension

\ /

Stress Response

eg.
work overioad,

PSYCHOSOCIAL

lack of ‘control’
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La interaccion “PN Europe
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sympathetic nervous system endocrine HPA axis

circulatory & respiratory system

hypothalamus
i,  CRH AVP
noradrenaline
digestive system
pituitary gland

adrenaline
cortisol

adrenal gland

Even. Insects 2012, 3, 1271-1298;



Level of Biological Reactivity

High

Low

La respuesta al estrés y su impacto en la salud

'\ La interaccion TEXTO-CONTEXTO crea una curva en /
forma de U
B
C
D
A
Low High

Early Psychosocial Stress and Adversity

Boyce. Development and Psychopathology 17 ~2005!, 271-301



HPA axis b
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CRH
Pituitary gland

- El eje HHA es humoral

Circulation adaptacién.

- El eje SAM es neuronal
sensibilizacion.

ACTH SNS nerve
fibres

Circulation

Noradrenaline

Adrenaline

Beta-adrenergic
Glucocorticoid receptor

i e = e
= - \\\ ,/,/ \.\\
. 1 Expression of . 4 N
‘ pro-inflammatory ‘ pro-inflammatory '
immune WINTRENG Eisenberger. Nature neuroscience
response genes response genes VOLUME 15 | NUMBER 5 | MAY

IL1B, IL6, TNF IL1B, IL6, TNF 2012
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Eje HH A By Dr. Leo Pruimboom
_AMAAMA_’ % -
habituatie
SN Simpatico

S T ) GO 1 V1

sensitisatie
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La sensibilizacion y adaptacion son PNI Europe
prevenidas por un biorritmo

Ligand A Nadir = menor
concen- ., i
tration produccion + mas
@ i receptores
|
' S
|
| ® o0
|
|
. U rerorace.
Recemo@ X ! / Cro ase = mayor
: L produccion + menos
| - receptores
Signaling and |
transcription '
factors | : . _
SSSSH : I SSSSHS
|
|
|
Nadir : Acrophase
|
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Sincronizacion simpatico y eje HPA. EDEJPME;{IOPG
La importancia del ritmo

— 200
\ERH - 150 E
, »
e >
v
l ;
ACTH — 100 fo:
l HPA °
Adrenal g
b/ 9‘7006 g
¢ - 50 <
Cortisol
AOHEA ™ SNS
ASD
Night
l YA w—

171921231 3 5§ 7 9 111315

Time | Straub 2015
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Sincronizacion es antinflamatoria 5 Lo P

- | p<0.01
§ 100
I
o
2 p<0.05
o |
§ 80
c
k=
p—)
§ 60 -
(V'
—
-

40 -

{ m
Cortisol log(M) -10-9 —8 -7 -6 -6 -6 -6

Noradrenalin log(M) -8 -7 -6 -8 -7 -6 [ Straub2015 |
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Sincronizacién es antinflamatoria en ©PNI Europe
la artritis reumatoide

Straub RH, Giinzler C, Miller LE, Cutolo M, Schélmerich J, Schill
S. Anti-inflammatory cooperativity of corticosteroids and

norepinephrine in rheumatoid arthritis synovial tissue in vivo

1000 - ,8:9193?_ and in vitro. FASEB J. 2002;16:993-1000.
750 - VERDE = prednisona +
fibras simpaticas en los
tejidos
500 -

250

A

Sympath. fiber + 4 + + + 4+ ¢ 9
prednisolone + + + - + + + +

IL-8 (pg/ml) T cell density Macrophage Inflammation
superfusate (#/mm?) density index (%)
conc. (#I mm’) Straub 2015




La importancia del ritmo

A. DIA

Termorregulacion a

Cerebro

|

traves de la actividad
muscular y organica

Pruimboom L. Dissertatie Phd 2016

Energia y otros
recursos =
circulacion

“PNI Europe

By Dr. Leo Pruimboom

Cortisol
Adrenalina

Sistema

\ 4
Musculos

Inmune

Mioquinas
IL-8, IL-15
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La importancia del ritmo PNI Europe
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B. NOCHE
Cerebro
A
Melatonina
o Prolactina
Tiroxina | e argia y GH Sistema
Termorrequlacion < otros > Inmune
recursos =
circulacion

v

Musculos

Pruimboom L. Dissertatie Phd 2016



Salud: capacidad de auto organizacion ED!\L!J%E};'VOP@

La capacidad del hipotalamo para recuperar la homeostasis a tiempo

Fluctuation:
Infection \/\
Threshold
Self-organization H Self-orgamzatlon I
salud
infeccidn
,\/‘I‘hreshold
Fluctuation:
Elimination
of infectious
agent




La imagen total - Desde el principio hasta
el final.

PNI Europe

By Dr. Leo Pruimboom

Environm

(work, home, neighborhood)

Perceived stress
(threat no threat) \
“‘ H e,

Individual

differences
(genes, development, experience)

\»

Allostasis | P Adaptation

v

Allostatic load

Physiologic /

responses

| stressors Major life events Trauma, abuse

(personal behaviour—diet,
smoking, drinking, exercise)

Behavioral

responses
(fight or flight)

J Endocrinol. 2015 August ; 226(2): T67-T83



La respuesta al estres biologico. PN' EUVOPe

NA, A J ACTH i Cortisol

80

70

60

50

40

30

20

10

ESTRES

0 20 40 60 80 100

Tiempo (min)
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S sp0- TSST PNI Europe
C By Dr. Leo Pruimboom
c— 450_
Q
@ 400- ., : :
2 Produccién de norepinefrina vy
< = . ,
@ 300- adrenalina durante y despues de un
s
‘; . TSST. La curva es analoga a la curva
m zm—_ . .
= T de amilasa en la saliva
n 0 i | T [ | |
-1 +1 +20 +40
Time in min
500 —&— Norepinephrine
. . . 2 TSST : 2
Amilasa en la saliva producida = —=—Epinophrine |- 5
través de la activacién del 8 g
a través de la activacion de 3
£ 400- ——— il 'g
5 o ’ . 7y (4))
eje hipotalamo-simpatico = 5
‘i 35 o
o . > -
(saliva pegajosa) £ 200- =7 3
()
3 3
2 100 - .25 =
0 = I l T 0
-1 +1 +20 +40
M.V. Thoma et al. / Biological Psychology 91 (2012) 342- 348 Time in min




“PNI Europe

1. Estresantes AGUDOS de tiempo limitado: TSST B Dr. Leo Pruimboor

2. Estresantes AGUDOS naturalistas: Competicion Bailes de Saldon

2. Respuesta de cortisol al estrées
Naturalista: Competicion de
Bailes de Salon

1. Respuesta de cortisol al TSST

L y 50
—&— Women —@— Competition Day
| = Men | —O— Control Day
o 40- —#— Training
S
£
c 30+
= |
£ 10 |
T 10 =
S . 20-
o 8
™ g |
6 : | 104
| | L
4/; ! ’//
/f i // 0 | ] L 1 ] ] l | L L] ] |
\
0 +— - : —— QD& XN ON DA
Q .
20 0 20 40 60 80 100 120 \{_@@@@\ - LT N c\(é\ XV x> kO xO
. . > S O O W@
Time (min) ~ FTE S N

Rohleder et al.
Rohleder et al. (2001)
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Aprendizaje Activo
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Dia 1
Pausa para el café

OpNI Europe
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Estres y metabolismo

OpNI Europe

By Dr. Leo Pruimboom

Distribucion de energia: glucosa, Nay H,0
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Homeostasis - Alostasis “PNI Europe

By Dr. Leo Pruimboom

Eje HHA Simpatico
pH
Glucosa
ATP
Presion de oxigeno
Temperatura corporal
Potencial de membrana

” Presion sanguinea
/ Contacto piel a piel

Hipotalamo-

Tiroides Sistema inmune
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Objetivo 1 de la respuesta al estres 0 PNI Europe
(metamodelo del texto-contexto)

Aumento de oxigeno, glucosa, agua y sodio en el torrente sanguineo y

asignacion a los 6rganos correctos (dependiendo del contexto)

Como:

- Hidrogénesis, gluconeogénesis
- Incremento del ritmo cardiaco y la presion arterial

- Recaptacion de agua, glucosa, oxigeno y sodio de la orina,

neces y superficie de las vias respiratorias

Mecanismo:

- Activacion del sistema nervioso SIMPATICO, el RAS y del eje HHA

39



Eje HHA
“segunda ola”

Hipotalamo:
CRH

Hipofisis:
ACTH

Corteza
suprarrenal:

CORTISOL

Sistema simpatico - médula
suprarrenal (SAM)
"primera ola"

Fibras simpaticas a
organos especificos

Locus Coereleus:
NORADRENALINA

. Meédula Suprarrenal:
AY NA




cerebral cortex

“PNI Europe
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N

{?, \ \, -

AEEl | ocus Coereleus: Nicleo
e e central del sistema nervioso
ey simpatico

cerebellum olfactory bulb

locus
coeruleus

caudal raphe
nuclei

O CNSforum.com


http://www.cnsforum.com/content/pictures/imagebank/hirespng/Neuro_path_N.png

Primera ola -

Nucleo Central: Locus Coeruleus

 Proyecciones a 6rganos efectores a

través de cadenas simpaticas.
« Secrecion de NA en tejidos.

* Proyecciones a las glandulas

suprarrenales. (sistema simpatico-
suprarrenal-medular; sistema SAM)

« Secrecion de adrenalina y

noradrenalina al torrente sanguineo.

Sistema nervioso simpatico

“PNI Europe

Hirnstamm Parasympathikus

By Dr. Leo Pruimboom

praganglionar

Halsmark
“ Azetylcholin
s T
Bt
B
-+ Sympathikus postganglionér R
praganglionar p
- . Zom
Brustmark Azetylcholin % cholin
@ postganglionéar
- [Noradrenalin
o symp. Ganglion < ¥
E a4 |
bt K\\‘ Effektoren
Lendenmark | e  #55 e iy oy 5.
S Nebenniere  Xag o
80% Adrenalin
20% Noradrenalin
Kreuzmark

Beckenorg

ane



SYMPATHETIC PARASYMPATHETIC

~Sympathetic Ganglia

_~Constricts

& @ Pupils

Dilates Pupils

Inhibits Stimulates
Salivation Salivation
Bronchial Y
Dilation
|ncreases Heart Rate i Decreases

R Bronchial

Contractility . Constriction

% Stimulates Digestion

‘_ Stimulates

**‘ Gallbladder

(’? Contracts

Bladder

. _

Inhibits Digestion Eg A

Increases :

Stimulates Glucosm OD Contractlllt)'
Release by Liver 2

Stimulates Epinephrine &
Norepinephrine Release

e

Relaxes Bladder

Contracts Rectum

Relaxes Rectum
Orgasm
Ejaculation

Vaginal Lubrication
Erection

Peripheral Vasoconstriction Peripheral Vasodilation



Catecolaminas y sistema inmune

Vi N
‘

Cytokines Noradrenaline
009 o B-Adrenergic
© 20 receptor
T~ l 1
@ e
1

— Acetylcholine

Nicotinic cholinergic
receptor

© Clucocorticoid

g <L—-
] Il
Jeo=”" o
m '\/\I\I\.\OO

Effects

TLR

(EEED oo guin

“PNI Europe

By Dr. Leo Pruimboom

Sternberg E. Nature 2006



NF-«8 Binding &
the Nudear Level

1

Stress Response

(TNF-q, IL-1, IL-2, IL-6, IL-8)

/\

Adrenal Medulla

Epinephrine and Norepinephrine

“PNI Europe
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Central Nervous System

|

Hypothalamus

|

Adrenal Cortex

|

Contisol

|

T M O < r- O JI M UV < T

, 4

t Insulin Resistance < Skeletal Muscle <

1 Alaring, Clutaming

Glycogenolysis, ~\ |
Gluconeogenesis =7 Liver «
T Glyceral -
Adipose Tissue )

La busqueda de glucosa es
el proposito basico de la
respuesta al estrés.

Figure 1. Mechanisms of hyperglycemia during states of stress and inflammation. IL, interleukin; NFxB, nuclear

factor-xB; TNF-a, tumor necrosis factor-a.

Collier. Nutrition in Clinical Practice 23:3-15, February 2008
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R A z. =
A o o S & - N,
SR S = e

e
Yy SRR I

AAND YOU THINK Y ‘ U HAVE STRESS..



Segunda ola: cboPNI Europe
Eje Hipotalamo- hipofisario Adrenal

HPA Axis Response

Strﬁss

STRESS RESPONSE SYSTEM » Regulacion Cardiovascular

B-end Hypothalamus [«—

(in brain) CRE — » Control Respiratorio

v

 Regulacion Apetito

B-end Pituitary « Conducta propia de estrés

(in blood) ACTH : 1 :
* « Metabolismo Cerebral
» Analgesia inducida
Adrenals MH
Cortisol

CRF - coticotropin-releasing factor;
ACTH - adrenoc orticofropic horrmone;
p-end - betaendorphin

D.F. Swaab et al. / Ageing Research Reviews 4 (2005) 141-194
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La respuesta al estrés se lleva a cabo a PNI Europe
través de procesos de evaluacion en -
multiples partes del cerebro.

RED DE REACCION DE NUCLEOS

Emotional
Motor

Reticular
Arousal
Systems

r

Payne. February 2015 Frontiers in psychology



La respuesta al estrés se lleva a cabo a oy

. i PNI Europe
traves de procesos de evaluacion en
multiples partes del cerebro.

Conceptual
_Wéak Lmk

' |

’

!
\
\
\
\

./

CORE
RESPONSE
NETWORK

RED DE
REACCION DE
NUCLEOS

Payne. February 2015 Frontiers in psychology



Activacion fisiologica simpatica y eje HHA. Ooopm Europe

El modelo de cinco componentes
Noradrenalina Hipotalamo Hipocampo
\ GABA
CRF+ v.\\t
AVP 5HT+
Activacion |
simpatica Hipéfisis
POM N\ Nuclei Raphe
' Endorfinas
Peligro = *e | Sl \\‘ ont
percepcion "teajanssst’ BHE
sensorial ; % BHE }
AvCTH \\\\ :-‘ COI’tISOH‘ ) Amlgdala
COI‘M
Glandula Suprarenal RN




o ° O
El Simpatico, RAA y HHA asumen el control  ©p\ Europe
durante una respuesta de estrés normal; El
Parasimpatico debe volver a ser dominante
despues
Mild acute stress reaction

Sympathetic
FParasympathetic

La respuesta busca
Mild llegar a la solucion:
RS Symtpathetic social engagemt (vago
‘ e , ventral)
Parasympathetic
_rebound Return to normal

Activation

Time

Payne. February 2015 Frontiers in psychology



El componente
energético de la
reactividad al estres.

Rabasa. Current Opinion in Behavioral Sciences

2016, 9:71-77

Brain

Y™ ! Food intake
/ ) — | Body weight
é PVN ~BNST ¢ _, Motivation to eat
- W | palatable food
L /A _AMY//
o i v o Liver (\
[ CRH —+ Gluconeogenesis
O il — Glycogenolysis ()
o\ k«\t\ 4 // C? \.
=
o - Cuild)
o
2 BAT
-— ' '/_\
> ACTH BATinduced” . |
B~ » thermogenesis Q) (&
Glucocorticoids Preadipocyte =\
differentiation ! u
\J
Stress hyperthermia
Epinephrine WAT ()
.................... ree . . '
— Norepinephrine » [Lipolysis i
| Preadipocyte (.
L+ NPY — differentiation @
| Adipocyte =

— Stimulation — Inhibition

—————— proliferation

Current Opinion in Behavioral Sciences
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Estres y tolerancia a estrés

Medir es saber:
TSST




1. Golden Standard: PN|Europe

Trier Social Stress test (TSST, Klirschbaum 1993)

Classic TSST Protocol:

| Baseline Rest Task Instructions |

Following baseline sample | “/magine you have applied

collection participant rests for your ideal job for which
quietly alone you must convince the

committee members why
you are the perfect candidate”

| Baseline Rest & Task Instructions [—W Recovery Period

t-1 t3 t4 t5 t6 7

TSST Variations: e

iz

_Recovery Period

Participant returns lo previous
room for recovery and further
measures are collected

5 Mmute Mental Arithmetic

PANEL

@ &

PANEL
o ®

TSST-G TSST-VR TSST-C
TSST Variation Benefits:

- Increased participant throughput - Reduced cost (time and personnel) - Age appropriate stress challenge
- Reduced cost (time and personnel) - Increase reliability/reduced variability

due to control of participant/panel

interaction

Allen. Neurobiology of Stress 6 (2017) 113e126



« FKBPS (1 HPA-axis response:
TT/rs1360780)

* CRHRI (moderates
HPA-axis response)

* NR3C1 exon 1F methylation: female-
specific moderation of HPA-axis response

Age Children/Teenagers Older adults
+ TSST-C employed
* Socio-cognitive development may * | HPA-axis response compared to young adults
moderate TSST-C impact * 1 a-amylase response compared to young adults
*  Mixed evidence for pubertal development |+ 1 memory performance in older women
* Lack of sex differences compared to older men
Gender & | Male Female
S€X
hormones . _ :
* 1 HPA-axis response than females * | ACTH when taking oral contraceptives
* Not different from females for salivary * Mixed evidence for differences across menstrual
alpha-amylase, DHEA/DHEA-S cycle in cortisol activation
» Similar rise as females in sIgA, but | * Fear conditioning increased in women with oral
baseline sIgA contraceptives compared to males
* Testosterone negatively correlated with * Progesterone negatively correlates with HPA
cortisol response axis activity
Genetics | HPA-axis BDNF & neurotransmitters /)/,/‘

# )
* BDNF val(66)met: T cortisol «p S ;"
response | Yo
» S-HTTLPR (ss: 1 IL-1p, cort, cardiovascular
response; early life stress interacts with DNA
methylation)
* DRD4 (7-repeat allele: | cortisol)
* ADRA2B deletion: poorer recall




Puntuacion minima -0
Puntuacion maxima - 45

Dos cuestionarios cortos para medir la resiliencia.

Los sujetos de prueba evalian los siguientes sintomas de 0 (nada) a 9 (grave)

“PNI Europe

By Dr. Leo Pruimboom

Antes de las instrucciones, despueés de las instrucciones, inmediatamente después de la prueba y

después de treinta minutos después de la prueba :

1. Sintomas a

Excitacion

Sudoracion

Temblores

Palpitaciones
Nerviosismo

tonomos

0-9

0-9
0-9

0-9
0-9

2. Sintomas neuroglucopénicos

Hormigueo
Vision borrosa

Trastorno de Concentracion

Mareos

Desmayo

0-9

0-9

0-9
0-9

0-9
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Estres y tolerancia a estres

Medir es saber:
MAST




CbO
2. Medicion de la Resistencia Individual ED!_\L!OLEOO‘{IOPG

Prueba de esfuerzo agudo de Maastricht (MAST)

La medicion de tolerancia al estrés mas efectiva y valida en personas individuales.

Parametros de medicion:

FC, Cuestionario Neuroglicopénico y Neurovegetativo, TAS, TAD.

Combinacion de estrés fisico, estrés cognitivo y social

Facil de repetir

Bien documentado

No invasivo

Solida validez intra e interpersonal

Shilton AL, Laycock R and Crewther SG (2017) The Maastricht Acute

Stress Test (MAST): Physiological and Subjective Responses in
Smeets. Psychoneuroendocrinology (2012) 37, 1998—2008 Anticipation, and Post-stress. Front. Psychol. 8:567.




T IeTer S 10 e eng O e STess maucton procegure

“PNI Europe

( b) By Dr. Leo Pruimboom
re— re— \ r—
Instruction & Anticipation HIT [MAIHIT| MA |HIT| MA HIT [MA| HIT
Phase 90s |[45s]60s| 60s | 60s| 90s 90s |[45s] 60s
0 5 10 15 time (min)

HIT = Hand Immersion Trial MA = Menla! Arithmelic

5 minutos de preparacion e instruccion del procedimiento.
Durante 10min: alternar mano no dominante, incluyendo la mufieca en agua fria a 2°C (diferentes intervalos
aleatorio) y tarea aritmética (restar de 17 en 17 empezando en 2043). Si hay errores comenzar de nuevo con

retroalimentacion negativa

Medicion

> b=

Subjetivo: Como de estresante, dolorosa y desagradable fue la prueba. VAS (0-10)
Tension Arterial: 5" antes de la prueba, inmediatamente antes y 5 post prueba.
NGPQ y ANQ

Cortisol y Amilasa en saliva: 5 antes de la prueba y 6 veces después de la

misma: T, -To- T, =T,y - T3 ¥ Ty



MAST - gran diferencia entre personas resilientes y no
resilientes, lo que hace que la prueba sea muy sensible y
especifica

“PNI Europe
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BHealthy
Severe Anxiety/Stress

I

A BHealthy B
Severe Anxi tress
145 ol 25
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o 50
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E 125 2 :
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% I ¥
g 120 I 9
("]
115 I w 38
g
110 P
30
105
100 25
T(base) T(post-inst) T(+00)  T(+10)  T(+20)  T(+30) T(baseline)
Time

T(+00)
Time

Shilton AL, Laycock R and Crewther SG (2017) The Maastricht Acute Stress Test (MAST): Physiological and Subjective Responses in Anticipation, and Post-stress.

Front. Psychol. 8:567.
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Dia 1
Interpretacion y evaluacion
Habituador — No habituador




Factors that influence the recursive relationship between acute stress and
physiologic responses

N

{' Acute Stress | " ':gzzmg'sc

\\ responses | \
Ny : . /
S e __

e

e ———— \\-‘ r— —

Y. ’
Individual
Stressor Context Thoughts Development ST
+ Active/Passive * Appraisals * Early life + Life experiences
» Controllability * Perceptions * Teenage brain * Traits/
- Metabolic » Coping/ * Late life personality
demands regulation » Social status
« Implicit cognition and
other nonconscious
processes

Epel. Frontiers in Neuroendocrinology 49 (2018) 146-169



@
Un concepto integral de estres. 0 PNI Europe
Los factores sociales cambian las vias neuroendocrino- 7 b Leo Frambee
inmunoldgicas Y el estado social determina el comportamiento
que socava la salud.

. Path A: Chronic stress effects on the brain and body

Daily Stressors

Contextual Factors
Individual: Genetic,

Developmental Acute Stress Processes
Environmental: Socio-

economic, cultural Psychological Responses

Cognitive: Appraisals, unconscious processes
Perseverative cognitions

Affective: Emotion, motivation,

: Habitual Processes Coping/regulation Alosiatic Lo
Cumulative Stress " Mental filters Systemic & Cellular

HIStorICta| and current e e _ Anticipation, reactivity, recovery, habituation Brain Architecture
stressors -

Path B: Neural & peripheral effects on stress responses

BIOLOGICAL AGING
EARLY DISEASE

Protective Factors
Social, psychological,
behavioral

>

Health Behaviors

Epel. Frontiers in Neuroendocrinology 49 (2018) 146-169
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No todas las personas son sensibles a los factores
estresantes psicosociales y fisicos

Momentary stressresponse
® £
@ /Peak .
v - O
har ' 4 \\
% J ~
2 Anticipation Recovery
Daily Stress O N
/Q\ 7\ & // ‘L\\\
/// /// \\ e . T N —— 0
A - _// \ ;f'/ 4 \\\ - ) 10 02 1 124
2/ \ / \ Time (minutes)
v ¢ \ d \
| \ \
‘J; ® A v \'\—
Monthly Stress ¥ \
High chronic 8 . \‘\
30 2 B b
stress person ‘D ¥ - =
s
e V4 1 s LD
o L« -
25 u » " 12 2
w 9 \/ Time (days)
o
I
o 1
v
2>
[\
: et
Low chronic T —
stress person

w % Feb March April MAY June t Life event
Time (months) t Daily stressor

Epel. Frontiers in Neuroendocrinology 49 (2018) 146-169



Anticipatoryreaction Lack of recovery

=== Healthy - Healthy
- Jnhealthy === Unhealthy

Baseline Event During End of Post
Event Event Event

Baseline Event During End of Post
Event Event Event
Epel. Frontiers in Neuroendocrinology 49 (2018) 146-169

Lack of habituation Lack of habituation and recovery
- - - Healthy
) Healthy ) — Unhealthy
=== Unhealthy
Baseline Event During End of Post Baseline Event During Endof Post
Event Event Event Event Event Event

Fig. 4. Acute reactivity profiles associated with vulnerability.
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Estres e Incertidumbre P

ESTRES: “Ese estado de elevada demanda
energetica por parte del cerebro..una vez
gue el contexto de un individuo ha
cambiado y aumenta la percepcion de

insequridad, es cuestion de tiempo que

tengamos que confrontarnos con la

Profesor Bruce McEwen
Neuroendocrindlogo
Profesor Univ. Rockefeller

siguiente pregunta: ;Podria cualquiera de
las opciones que dispongo salvaguardar mi

bienestar fisico, mental y/o social? “

Peters A, McEwen BS. Stress habituation, body shape and cardiovascular mortality. Neuroscience & Biobehavioral Reviews. Vol 56, September 2015, Pages 139-150.



Habituacion al estrés.
proteccion del cerebro pero muy

“PNI Europe
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. . d
poco cortisol para liberar .5
-T]
, o
energia. ==
(S =i
cB
E8
° W4 Ve e g
No habituacion al estrés 5
o e = s N
conduce a la neurotoxicidad del wor |~ Escasez de energia Neurotoxicidad
CortISOI y e' GR de IaS CEIUlaS Physiologic ResPor.lse Herman. Frontiers in Behavioral
g || al es (e.g., Glucocorticoid Levels) Neuroscience 2013
Safe Unsafe
A Environment Environment
Stress A . e
response \5:' corputent-::et;;::;:;w-wa:sted
(1S
Habituators l\‘::\
() ‘well-proportioned" / %
}- phenotype I,Y
Body- _'\‘I s
Mass , a “lean-but-wide-waisted’
;‘ ( \'\ phenotype
s r’
Non- \
Habituators
) ‘l
> >

Life History

Life History

A. Peters, B.S. McEwen / Neuroscience and Biobehavioral Reviews 56 (2015) 139-150




Habituacion

Herman. Frontiers in Behavioral
Neuroscience 2013

No Habituacion

Hormone Concentration

Hormone Concentration

Habituation

Talamo Paraventricular

Control

‘Familiar’ stress: Habituation
PVT, ventral PFC
BLA, NTS

y

v

Amigala basolateral

Sensitization

«— Sensitized Response:
PVT, LC (norepinephrine)

B e | il




A Probability
states of the world (X))
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Risk (D, 1 |
ofswategy, | 2 Nop

D erobability 1

that Strategy
will
safeguard
wellbeing

Strategy, Strategy, Strategy,

[trategy1 !trategy2 !tfategvg,
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El estrés mas toxico esta

relacionado con la incertidumbre,

con la no predictibilidad

NO HABITUADORES

Responden siempre de igual forma a los
mismos factores de estrés. Sin extincion
de la actividad de estrés y pérdida del

proceso de aprendizaje.

HABITUADORES

Reducen la actividad de la respuesta al
estres, dando a la CPF la capacidad de
"pensar’ y tomar una decision contextual

Herman. Frontiers in Behavioral Neuroscience 2013



Stress
Reaction

J

Life History

.

Probability,
that
Strategy U,
will
cafeguard

wellbeing

Uncertainty
Reduced Uncertainty

Habituadores, no habituadores

y fenotipo

A. Peters et al. / Progress in Neurobiology 156 (2017) 164-188

Probability,
that

Strategy S,
will

safeguard

wellbeing

Stress
Reaction

X
N/ e

Life History

Probability,
that
Strategy T,
will

safeguard
wellbeing
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Dia 1
Aprendizaje activo
El estres y el sistema inmunologico




Evolucion

(millones de anos)

Factor genético 1
Factor genético 2
Factor genético 3
Factor genético 4
Factor genético 5

Mutacion
Polimorfismo

Ultimas seis
generaciones
Vida intrauterina
Estrés a edad temprana

Factor epigenético 1
Factor epigenético 2
Factor epigenético 3
Factor epigenético 4
Factor epigenético 5

Epimutacion

Vulnerabilidad a la
enfermedad

“PNI Europe
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Cantar antrannananinn

v 4 [ ]
Cantar antrannnaninn

Cantar antrannnaninn

Cantar antranananinn
Cantar antranananinn
Cantar antrannnaninn

Cantar antrannnaninna

Cantarac antranananinne

Cantarac antrannnaninne

Cantnrac antrannnaaninne

:—

antaraec antrannaaninnce

Tiempo

—‘ Desarrollo subliminal ;‘_,

Desencadenamiento de la
enfermedad
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BOULEVARDS / BLOOD VESSELS
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Time during stress

Dhabhar. Psychoneuroendocrinology (2012) 37, 1345—1368



Norepinephrine (pg/ml)

O
Reaccion al estrés y movilizacion del SI: ~ “pNJ Europe

By Dr. Leo Pruimboom
1. Primero-Noradrenalina

2. Segundo-Adrenalina

3. Tercero-Cortisol
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Time during stress (min)

Dhabhar. Psychoneuroendocrinology (2012) 37, 1345—1368



Respuesta al estrés y distribucion de las

Cbo
PNI Europe
celulas inmunitarias
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NA y A sacan a las células

Ay cortisol llevan a las
de las barracas

Time during stress (min)

células al campo de batalla
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Dhabhar. Psychoneuroendocrinology (2012) 37, 1345—1368




Linfocitos B en la periferia del organismo “PNI Europe
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CD62Lneg B CELLS CD62Lpos B CELLS
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™ %
1 .
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Dhabhar. Psychoneuroendocrinology (2012) 37, 1345—1368



Funciones del cortisol

1. Migracion de celulas
o - inmunitarias mediante la

L‘ré’;é“":‘.":‘; | ) induccion de NO (del bulevar

i al campo de batalla)

2. Apoptosis de las células
inmunes al final de |la
respuesta inmune

3. Terminacion de la actividad

| m inmune
LU q' \"%‘f *\ - 4. Supresion inmune en

Genomic - .

signaling :Q

.n%‘o P st * | determinadas situaciones

: ?~.-

) .\ “\\ ql\ “‘\'t "‘\"‘ El cortisol inhibe la actividad de

NFkB y funciona asi como
antiinflamatorio

o e o

Rhen. N Engl J Med 2005;353:1711-23.
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Nueva redistribucion energética a favor de:
« REGENERACION DE TEJIDOS

« GENERACION DE RESERVAS ENERGETICAS
« EFECTO MODULADOR DEL SIMPATICO

p ACH
P ] %8 r~
S ' o V.3 »
- MSH |
/| Gucocoricods K V——LKJ
N Ui s L-10 v INF !
ractus Spermne ‘ '
SOMAUS ) r

TNF
~f\l"n'-'Of)htls:mtl ; * - pathet
v monocyles - 9 ‘ {
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~ M.\’.‘Om.lqo.'. aien
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The inflammatory reflex . Kevin J. Tracey. Nature Vol 420 19/26 DECEMBER 2002



Efecto antinflamatorio

NTS DMV
. <o CNS
A 4
o Afferent Efferent
vagus vagus
nerve nerve
x
-
A a
t Periphery
TNF

Inflammation
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NTS DMV
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: -
o W Afferent Efferent
vagus vagus
nerve nerve l
s
“
A Humoral anti- i
inflammatory 1
mediators
TNF Neuro-
IL-1 B transmitter

Homeostasis

Rosas-Ballina M and Tracey KJ. Cholinergic control of inflammation. J Intern Med 2009, 265: 663-79.
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Efecto antinflamatorio ED!\L!OIPMESTOPG

Jak-STAT
anti-inflammatory
pathway

cytokine receptor

cytokine
endotoxin

cytokine
transcription

Anti-inflammatory cytokine-producing cell

Rosas-Ballina M and Tracey KJ. Cholinergic control of inflammation. J Intern Med 2009, 265: 663-79.
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Dia 2
Estres cronico y estrés traumatico
Cuando la respuesta al estrés no termina




El Simpatico (y HHA / RAAS) ya no regresa a PN Europe

la actividad normal (falta de comprension y
aceptacion de los sentimientos asociados
con la respuesta al estrés)

Chronic stress response

Sympathetic
Parasympathetic

Strong
Moderate gympathetic
stressor stress

response

Activation

Inadequate propnocepton
of complenon, Failure to

llure to completely recover to normal
ischarge

sympathes

Diminished vagal tone

Time

Payne. February2015 Frontiers in psychology

By Dr. Leo Pruimboom

El parasimpatico se
queda atras =
reaccion de escape-
lucha



Eje HHA y reaccion tipo “wind up”

Noradrenalina

Activacion

simpatica

“PNI Europe
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;Qué cambia con el estrés cronico?

“PNI Europe
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La actividad basal del eje HHA
* El eje HHA tiene un ritmo circadiano pronunciado

« El cortisol aumenta en respuesta al despertar
(Respuesta del Cortisol al Despertar: RCD)

« Los niveles de cortisol disminuyen a lo largo del dia

* Niveles mas bajos de cortisol durante la primera mitad de la noche

35
30
RCD

25

20

y Durante el dia

10 \
5 \

0 15 30 45 60 11 13 15 17 19 21

Cortisol en Saliva (hmol/l)

Minutos después Tiempo (horas)
de despertar



; Qué cambia con el estrés cronico?

Con el tiempo:

- Primero aplanamiento con niveles mas elevados de cortisol
- Después inversion de la curva con menor produccion de cortisol

Cortisol en Saliva (nmol/l)

35

30

25

20

15

10

\\

0 15 30 45 60

Minutos después de
despertar

RCD

11 13 15 17 19 21

Tiempo (horas)

Durante el dia
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;Qué cambia con el estrés cronico?

Segun la naturaleza del estresor y la amenza que suponga:

- Amenaza al “yo” fisico (exposicion a combate, abuso sexual...)
- Amenaza al “yo” social (Pérdida de trabajo, desempleo prolongado...)

Cortisol en Saliva (nmol/l)

35

30

25

20

15

10

Hipercortisolismo

\

T~—

0 15 30 45 60

Minutos después de
despertar

RCD

11 13 15

Tiempo (horas)

Durante el

17 19

dia

21
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;Qué cambia con el estrés cronico?

En general con el paso del tiempo:

0 PNI Europe

By Dr. Leo Pruimboom

- Cuanto mayor la duracion, cuanto mas bajo el CORTISOL DE LA
MANANA y el acumulado durante el dia, especialmente cuando

desaparece el estresor.

35

30
25

20

" \

Cortisol en Saliva (nmol/l)

", ~_

0 15 30 45 60 11 13 15

Minutos después de Tiempo (horas)

despertar
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Cortisol y estres cronico: OOOPN
De la resistencia inmunitaria al cortisol a la | Europe
resistencia central y la neurotoxicidad

By Dr. Leo Pruimboom
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Vashist. Journal of Basic & Applied Sciences, 2014, 10, 177-182
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Vitamina C

Ginseng

Vitamina B3,6

Glycyrrhica glabra* (regaliz)

Withania somnifera (Indian Ginseng)
Panax ginseng (Asian Ginseng)
Panax quingefolius (American Ginseng)
Eleutherococcus senticosus Siberian
Ginseng)

PafFia paniculata (Brasilian Ginseng)
Astragalus

Schisandra chinensis

Gynostemma pentaphyllum

Lentinus edodes (Shiitake)
Curcumina

Wallace, Int Chir Ped Ass download 02/2009: http://www.chiro.org/nutrition/FULL/Adaptogenic_Herbs.sht



Cortisol

DEFICIENCIA
CORTISOL LIKE suaé‘TANCEs

\
\
\
\
\
\ |

SEROTONERG Sensibilidad al dolor

Cansancio
- Intolerancia al estrés

Producto DIURNO:
Curcuma Longa: 225mg/dia
Vitamina E: 300mg/dia
Resveratrol: 150mg/dia
Extracto de GSR

Dosis en 3 pastillas

“PNI Europe
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RESISTENCIA

ADAPTOGENOS

DOPAMINERG

BONUSAN

Producto NOCTURNO:

Eleutherococcus senticosus: 400mg/dia

Rhodiola Rosea: 100mg/dia
Schizandra Chinensis: 200mg/dia
Extracto de GSR

Dosis en 3 pastillas



11-B-HSD2 - requlador placentario para ©PNI Europe
corticoides
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(11b-hidroxiesteroide deshidrogenasa tipo 2)

Fetal
Circulation

: 113-HSD2

Corticoide activo

Corticoide inactivo

Drake, A. J., Tang, J. ., & Nyirenda, M. J. (2007). Mechanisms underlying the role of glucocorticoids in the early life programming of adult disease. Clinical Science

(London, England : 1979), 113(5), 219-32.
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stress smoking
poor nutrition

illness or infection
M » B
i '1 ’; e HippocamD

laternal environme] Hippocamp

Placental function
decreased vascularisation,
reduced nutrient transport

| 11p-HSD2
* l increased fetal

Glucocorticoid
administration

Hypothalamus

? : glucocorticoid exposure

Fetal environment
intrauterine growth retardation,
adaptations to impaired growth:
reduced cell number/tissue size
enhanced metabolic efficiency,
altered CNS function, altered
gene expression

Pituitary

‘ < Postnatal environment

diet, lifestyle, ageing

Adult phenotype
increased risk of disease:
cardiovascular disease,

2 diabetes, psychiatric diso

Adrenal

Cottrell, E. C. & Seckl, J. R. (2009). Prenatal stress, glucocorticoids and the programming of adult disease. Frontiers in Behavioral

Neuroscience, 3, 19.
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Inhibicién de 11B-HSD2 o OP€

, , . Fumar y la 11B-HSD2 placentaria
* Estrés prenatal cronico.

* Fumar 100
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157 Yang, K., Julan, L., Rubio, F., Sharma, A., & Guan, H. (2006). Cadmium reduces 11 beta-

hydroxysteroid dehydrogenase type 2 activity and expression in human placental trophoblast cells.
12- American Journal of Physiology. Endocrinology and Metabolism, 290(1), E135-E142.

9 —% Normoxia

{— { Hypoxia

Hardy, D. B. & Yang, K. (2002). The expression of 11 beta-
hydroxysteroid dehydrogenase type 2 is induced during

11B-HSD2 activity (pmol/h/10° cells)

trophoblast differentiation: Effects of hypoxia. The Journal of
LS NN Clinical Endocrinology and Metabolism, 87(8), 3696-701.

Time in culture (hours)
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Phillips, D. I. & Jones, A. (2006). Fetal programming of autonomic and HPA function: Do people who were small babies have enhanced stress responses? The Journal of

Physiology, 572(Pt 1), 45-50.




El sistema nervioso simpatico y Db Europe
parasimpatico (y HHA/RAAS) se vuelven
hipersensibles: reaccion de congelacion

a traves del vago dorsal

Traumatic stress response

Traumatic Extremctah .
stressor parasympathetc _
co-activation Sympathetic
Parasympathetic

Extrem =
sympathgtic
response

 — .
O Continuing erra
g_s extreme autonomig reactions
—
o
<
)

. S J

Payne. February2015 Frontiers in psychology
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¢Como estimular el nervio vago?
1. Duchas frias
2. Cantar canciones o hacer canticos (Kalvani, 2011)
3. Hacer gargaras
4. Yoga (Streeter, 2010), Tai Chi (Chang 2008)
5. Meditacion
6. Ejercicios respiracion lenta
/. Reir
8. Uso de probiodticos, colina, mejora de la funcionalidad de la serotonina

O

. Ejercicio fisico
10. Ayunos intermitentes
11. Masajes

Pruimboom, L., & Muskiet, F. A. J. (2018). Intermittent living; the use of ancient challenges as a vaccine against the deleterious effects of modern life — A hypothesis. Medical

Hypotheses, 120, 28-42. https://doi.org/10.1016/j.mehy.2018.08.002



Terapia personalizada de frecuencia de

respiracion
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A Parasympathetic Cardiac Modulation
100-

HFnu RR

p<=0,0001

Sympathetic Cardiac Modulation
p=0,0001

Sympatovagal Cardiac Ratio

p=0,01

1

»»»»»»»»
e
......
--------
---------
.....
......

Medir la frecuencia respiratoria personal y reducirla hasta en un 80%

Respirar 10 minutos con el 80% de la FR personal

De Souza LA, Ferreira JB, Schein ASdO, Dartora DR, Casali AG, Scassola CMC, Tobaldini E, Montano N, Guzzetti S, Porta A, Irigoyen MC and Casali KR (2018)Optimization of

Vagal Stimulation Protocol Based on Spontaneous Breathing Rate. Front. Physiol. 9:1341. doi: 10.3389/fphys.2018.01341
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Recuperacion del Parasimpatico: ED!:!O[WEOO‘HOP@
PLANTAS CON ELEVADA ACTIVIDAD
ANTICOLINESTERASA

Stephania suberosa (extracto de metanol)
Tabernaemontana divaricata (extracto de metanol)

Huperzia serrata (Lycopodium serratum)

Piper nigrum (extracto de metanol)

Salvia officinalis

Estragon (aceite esencial) (Artemisia drancunculus) . <« — . %
Rosmarinus officinalis (aceite esencial) il
_avandula angustifolia
_aurus nobilis

Melissa officinalis

Mukherjee, P. K., Kumar, V., Mal, M., & Houghton, P. J. (2007). Acetylcholinesterase inhibitors from plants. Phytomedicine, 14(4), 289-300.
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By Dr. Leo Pruimboom

Envejecimiento y DISFUNCION AUTONOMA
» Incremento de la actividad simpatica sobre tejidos periféricos de manera
cronica, induciendo:
Riesgo cardiometabolico: Sd. Metabdlico

*  Disfuncidn autonoma y HRV.
HRV marca riesgo para:
- Patologia coronaria
- |AM
+ Muerte subita

 Ejercicio Fisico Aerdbico durante 3 meses mejora HRV tanto en sujetos sanos
como infartados.

Improvements in heart rate variability with exercise therapy. Faye S Routledge PhD , Tavis S Campbell PhD3, Judith A McFetridge-Durdle PhD RN 1,4, Simon L Bacon PhD.

Can J Cardiol Vol 26 No 6 June/July 2001
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Parasimpatico y ejercicio fisico

Ejercicio Fisico Aerobico permite:
» Reequilibrar tono neurovegetativo
 Mejora regulacion parasimpatica

- Disminuye actividad receptores beta adrenérgicos

» Protege contra la fibrilacion ventricular e isquemia miocardica

Billman GE.Cardiac autonomic neural remodeling and susceptibility to sudden cardiac death: effects of endurance exercise training. Am J Physiol Heart Circ Physiol

297:H1171-H1193, 2009.
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El sistema Renina Angiotensina Aldosterona




Inflamacion de bajo grado y estres
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By Dr. Leo Pruimboom

Cada respuesta al estrés genera una demanda c

una retencion de agua/sodio y un proceso ¢

e recursos energeéticos,

e produccion de agua

Cronicamente,

. Es esto compatible con la salud?



Los rinones y el sistema RAAS “PNI Europe

By Dr. Leo Pruimboom

Renina
Angiotensina
Aldosterona
Cortisol

Activado a través de mecanismos
periféricos y centrales.

El estrés como el factor mas

Agua importante para los problemas de la

funcion renal
Grasa

Sodio
Potasio



Renin-angiotensin-aldosterone
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system

Water and salt
retention. Effective
circulating volume
increases. Perfusion
of the juxtaglomerular
apparatus increases.

Arteriole

.--‘------.----
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Angiotensinogen

L a vista clasica

Angiotensin-l

The Renin-Angiotensin System and the
Angiotensin-ll Neuroendocrine Regulation of Energy Balance

A dissertation submitted to the

Division of Research and Advanced Studies
of the University of Cincinnati

in partial fulfillment of the
requirements for the degree of

DOCTORATE OF PHILOSOPHY (Ph.D.)

Aﬂg iOte nSin Ty p9'1 and Type'z Receptors in the Graduate Program in Neuroscience

of the College of Medicine
April 21, 2011
By

Annette D. de Kloet



Liver:
L Insulin Sensitivity

T Triglycerides

Skeletal Muscle:
+ CGlucuse Uplake

Pancreas:
1 Insulin Secretion
1 Islet Blood Flow

T Oxidative Stress

Central Angiotensin-ll Actions

4 Decreased Food Intake
t Sympathetic Outflow
Tt Energy Expenditure
T HPA Axis Activation

Gastrointestinal Tract:
+ Jejunal Glucose Uptake
T Fat Absorption

White Adipose Tissue:
T Adipocyte Hypertrophy
1 FAS Activity

+ Adiponectin Secretion
T Inflammation

Vasculature:
1 Vasoconstriction
T Angiogenesis

Brown Adipose Tissue:
t Thermogenesis (UCP1)

de Kloet AD Endocrinology, 150, 2531-2536, 2009. PMID: 19372200
de Kloet AD Frontiers in Eating and Weight Regulation, Karger: Basel; and in Forum Nutrition, 63, 1-8, 2010. PMID: 19955771
de Kloet AD, Curr Opin Endocrinol Diabetes Obes, 17, 441-445, 2010. PMID: 20585249
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ANGIOTENSINOGENO By Dr. Leo Puimboor
Renina
ECA 2 ANGIOTENSINA |
ANGIOTENSINA 1, 9 ECA 1

Proinflamatorio

ANGIOTENSINA I . ...
Lipogenetico

ECA 2

ANGIOTENSINA 1, 7



Angiotensina I, inflamacion y dano oxidativo

Lung injury

Pulmonary vasoconstriction and remodeling

Prevent injury-related shunts
Cardiovascular

Anti-atherosclerosis, anti-ROS

Lower blood pressure

Reduce myocardial hypertrophy

Reverse ventricular remodeling

N

ACEI/ARB

Ang Il § ACE2

“PNI Europe

By Dr. Leo Pruimboom

el Organ injury

Increased pulmonary vascular permeability
Pulmonary edema
ARDS

Cardiovascular
Atherosclerosis, ROS
Hypertension, cardiac hypertrophy
Vascular smooth muscle cell migration
Ventricular remodeling: heart failure

ACE2

Journal of Medical Virology, First published: 27 March 2020, DOI: (10.1002/jmv.25785)
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Angiotensina 1, 7 y salud

“PNI Europe

By Dr. Leo Pruimboom

Metabolism

A
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Stress, November 2011; 14(6): 581-589
© Informa Healthcare USA, Inc.

ISSN 1025-3890 print/ISSN 1607-8888 online
DOI: 10.3109/10253890.2011.602146

Epigenetic programming of the HPA axis: Early life decides

CHRIS MURGATROYD & DIETMAR SPENGLER

Prenatal Neonatal Puberty

Genome > S SIIESS

o e \Ga\ B

Epigenome

Programming

of stress circuits

Neuroendocrine
External factors phenotype Internal factors
e.g.trauma ( 5 e.g. sex, ageing

\ 4

Vulnerability/Maladaptation

Susceptibility to disease/Response to therapy

“PN Europe

By Dr. Leo Pruimboom

Los procesos epigenéticos
determinan la cantidad de
AVP que se libera durante
una respuesta al estrés;
induciendo sensibilidad al
desarrollo de patologias
como la depresion
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By Dr. Leo Pruimboom

Dependiente del contexto
AVP

Hipometilacion del gen
oroductor de AVP en PVN del
nipotalamo.

La actividad de AVP ya no
depende del contexto

Murgatroyd. Stress, November 2011; 14(6): 581-589




doi: 10.3389/fendo.2013.00026

@)
irontiers in REVIEWARTICLE = Cb
ENDOD%TF%NOLOGY published: 12 March 2013 @ P N I E u ro pe
- ,,, , W W W W W W W W W W W W W e —_— By Dr. Leo Pruimboom

Stress responsiveness of the hypothalamic—pituitary-

adrenal axis: age-related features of the vasopressinergic
regulation

Nadezhda D. Goncharova'?*

El contexto debe determinar el AVP

Tipo de estrés Estrés agudo: Cort >> AVP
Duracion del estres Cronico: AVP>> cort

Edad del paciente Joven: AVP > Cort

Sexo del paciente Mujer / hombre: AVP > Cort

Renard. Dev Neurosci 2010;32:71-80



Siempre se trata de energia, agua y sodio “PNI Europe
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Glucose filtration

:

Actividad de SGLT 1y 2 en los rinones

S1 segment of
proximal tubule

Glucose reabsorption

Collecting duct

S3 segment of
proximal tubule

Transportador dependiente de glucosa
sodica 1 en 2

SGLT1 = intestinos y rinones

SGLT2 = rinones Glucose excretion

Ferrannini, E. & Solini, A. (2012) SGLT2 inhibition in diabetes mellitus: rationale and clinical prospects. Nat. Rev. Endocrinol. doi:10.1038/nrendo.2011.243
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Duggan. JAMA, June 2, 2004 —Vol 291, No. 21
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El sodio activa el sistema inmunolégico “PNI Europe
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By Dr. Leo Pruimboom

Inflamacion de bajo grado

Presion arterial alta

o

S
=2}
J

0.4+

-
e
-

time [h] Inflamacion de la piel

3 Control

Bl Polymyxin B 50 pg/m! PSO“ aSIS

] .

0.0

T
without +40 mM
stimulus NaCl

Wiig. J Clin Invest. 2013;123(7):2803-2815.

Muller S, Quast T, Schroder A, Hucke S, Klotz L, et al. (2013) Salt-Dependent Chemotaxis of Macrophages. PLoS ONE 8(9): e73439.
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Local loss of water from intlamed ussue By Dr. Leo Pruimboom
Loss from wounds by evaporation

Loss from inflamed tissue into the gastrointestinal tract
(diarrhea, vomiting)

Loss into inflamed upper and lower airways
(rhinitis, perspiration, expectoration)
Third-space fluid shifis into pleural cavity, peritoneal cavity, and similar

Systemic loss of water
Pérdida de agua durante la inflamacion y

By perspiration during fever
cicatrizacion de heridas

By sweating during fever
By triglyceride and glycogen breakdown from fat tissue and liver

By gluconeogenesis from lactate
(Cori cycle between liver and inflamed tissue)

By muscle breakdown in the context of cachexia
By complete ammo acid breakdown in the urea cycle in the liver

By cell proliferation (leukocyte proliferation in lymphoid tissue)

Straub J Mol Med (2012) 90:523-534




Inflamacion aguda

The system (without inflamed tissue)

SNS, HPA axis
CNS retention system

storage form of
energy-rich substrates
(glycogen, protein in muscle,
triacylglyceride)

H,0 uptake » H,0

energy-rich substrates
(glucose, alanin, glutamin,

“PNI Europe

By Dr. Leo Pruimboom
The inflamed tissue
s energy-rich substrates

(glucose, alanin, glutamin,
free fatty acids, ketone bodies)

0O,

) /
H,O, CO,, ATP

free fatty acids, ketone bodies)

"
loss of H.O urinary loss
on body surface of H,O

during fever
(perspiration, sweat)

Agua - equilibrio estable

cytokines

@r, of H.O on body s@
in inflamed tissue

Straub J Mol Med (2012) 90:523-534



Inflamacion cronica

The system (without inflamed tissue)

SNS, HPA axis
CNS =

“PNI Europe
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The inflamed tissue

retention system

storage form of
energy-rich substrates
(glycogen, protein in muscle,
triacylglyceride)

H,0 -

upta ke > Hzo

! HO<«+

energy-rich substrates

—>

energy-rich substrates
(glucose, alanin, glutamin,
free fatty acids, ketone bodies)

0,

\
H,O, CO,, ATP

(glucose, alanin, glutamin,
free fatty acids, ketone bodies)

cytokines

'
urinary loss
of H.O

Perdida menos que ganancia

H.O is maintained in the system

Straub J Mol Med (2012) 90:523-534
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Perdida sistemica de agua

Piel + pulmones = 0,5 ml/Kilo/d
(0,5x 80 x 24 = 960 ml/dia)

Perdida local de agua

Tejido = 0.35 ml/cm2/dia
(Area 30 x 30 cm2 = 315 ml/dia)

Straub J Mol Med (2012) 90:523-534
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La demanda de agua, glucosa y Na

La gestion de los recursos energéticos fundamentales ha sido un elemento
clave para la supervivencia. Hasta 6 estrategias diferentes para su gestion:

Angiotensina Il: NF-kB + Agua + Sodio
Vasopresina: Agua + Sodio + Lipolisis
Insulina: Agua + Sodio + Lipogenesis
Cortisol: Liberacion energia + Agua + Sodio

Noradrenalina: Liberacion de energia + Agua + Sodio

Adrenalina: Liberacion de energia + Agua + Sodio
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Cells placed in”’ \ Cells placed in
distilled water 9 concentrated salt

¥ /[ H0. solution

Cells swell ' Cells shrink
and burst and shrivel

Dolor Dolor
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Water balance

T Natriuresis 1 Na- appetite T Thirst T Vasopressin
(Na” excretion) (no salt intake) D OC (water intake) (water retention)

Sodium balance

! Natriuresis T Na’ appetite 1 Thirst l Vasopressin
(Na™ retention) (salt inktake) > (no water intake) (water excretion)
*,_ .
- - . \~ . °




Sintiendo la necesidad de agua - SED

Prim
thlrfs‘try
osSmo-

Natl| receptor

Pn
R

osmo-
receptor

e
jah}
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O—<0O—< ~==PTHIRST

Se distribuyen al compartimento extracelular

Homeostasis Osmotica
280-295m0Sm/Kg H,0

Verbalis. J Am Soc Nephrol 18: 3056-3059,2007

Plasma Vasopressin

(pg/mL)

10
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HYPONATREMlA
— \

NA AND WATER EXCESS

Hypervolemia
Total body watertt
Normal total body Na*t

Nephrotic
Syndrome
Cardiac Failure
Cirrhosis

NA AND WATER DEFICIT ‘ WATER EXCESS \
.E_mm.l.emia
7018' body water Total body watert
Total body Na‘“ Normal total body Na*
RENAL LOSSES Glucocorticoid Deficiency
Diuretic Excess I-QS.S.ES Hypothyroidism
Mineralocorticoid Vomiting Pain
Deficiency Diarrhea Psychiatric Disorders
Salt-losing Nephritis “Third Space” Drugs
Bicarbonaturia Burns Syndrome of
Renal Tubular Acidosis Pancreatitis Inappropriate
Ketonuria Traumatized ADH Secretion
Osmotic Diuresis Muscle —
(Glucose, Urea, Mannitol)
v v
Urinary Sodium Urinary Sodium Urinary Sodium
Concenlration Concentration Concentration
=20 mmol/L <10 mmol/L >20 mmol/L
_\ ?:
I ni lin Water Restriction
NORMONATREMIA

J Am Soc Nephrol 17: 1820-1832, 2006

Urinary Sodium Urinary Sodium
Concentration Concentration
<10 mmolL >20 mmol/L

NA and Water
Restrict
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Box 1 | Pathophysiology of osmotic perturbations in mammals

Increases in plasma osmolality of ~10 mosmol kg™ (which evoke a concurrent
hypernatraemia) are associated with feelings of headache, reduced levels of alertness
and difficulty in concentrating’®. Larger perturbations can also lead to lethargy,
weakness, irritability, hyperflexia, spasticity, confusion, coma and seizures'*'*, Acute
increases in plasma osmolality exceeding 80 mosmol kg™ (for example, resulting from
excessive salt ingestion during failed attempts to induce emesis) usually cause seizures
and death''*3, Analogously, extracellular fluid (ECF) hypo-osmolality (also termed
dilutional hyponatraemia) is commonly induced by excessive water intake. Marathon
runners, for example, can develop hypo-osmolar hyponatraemia if their water intake
exceeds the body’s need for fluid replacement'®. Hypo-osmolality can also occur as a
result of excessive voluntary drinking'®***® or compulsive drinking (for example, in
some schizophrenic patients)'® or from accidental over-hydration in the hospital
setting'®. The clinical symptoms associated with ECF hypo-osmolality are mainly
neurological, progressing from headache, nausea and vomiting to mental confusion,
seizures, coma and death'®1541%%,



O
Beber por volumen © PNI Europe
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Pruimboom L. Medical Hypotheses 92 (2016) 80-83



Intermittent thirst >

Mild hypernatremia
and/or

Hyperosmolality

l

Organum Vasculosum
Lamina Terminalis

|

Oxytocin + Central
Vasopressin

Physiological thirst

Inhibition
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Conducta idonea de ingesta
de agua

Sympathetic nervous system

Adrenal Axis

\\.g and Hypothalamical-Pituitary-

Trust - Bonding

Sugar and Salt Intake

v
Water craving

l

Swallow effort

l

‘ Optimal water intake |

L. Pruimboom, F.A.J. Muskiet Medical Hypotheses 120 (2018) 28-42




Los mamiferos con retencion de agua
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tienen una mayor asociacion y menores niveles de estres

ACTH (pg/mL)

PRA (A-l ng/ml/h)

@
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Actividad de la renina en plasma

J Neurosci . 2011 April 6; 31(14): 5470-5476

By Dr. Leo Pruimboom
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El organum vasculosum laminae terminalis

Activacion sistema Arginina-Vasopresina
e <2750>295 mOsmo/Kilo H,0
* 10 - 20% menos de volumen de sangre

« Nausea, hipoxia, hipercapnia, hipoglucemia, medicamentos o cualquier otro

factor de estrés agudo

Sed

* 5-10% por encima de la activacion del sistema AVP

« Necesidad de contraccion celular por solidos extracelulares no permeables



Homeostasis del agua ECF OOOPM Europe
(Fluido extracelular)

* Dijuresis

e Natriuresis

e 40 minutos de ejercicio vigoroso o 24 horas de privacion de agua
+10 mosMol/kilo

* Beber 850 ml de aqua
-6 mosMol/kilo

* 13 gramos de sal
+5 mosMol/kilo
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Input Output
Substance Dietary Metabolic Urinary Fecal Insensible
Water
as fluid 1,220% 300 1,520% 100 900
in food 1,000
Total 2,520 2,520
Breakfast
coffee with milk 650
orange juice 175
Lunch
cranberry juice 240
Dinner
cocktail 125
water 250

Total fluid intake 1,440 ml

Am J Physiol Regul Integr Comp Physiol 283: R993-R1004, 2002.
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Water Intoxication

Even modest increases 1n fluid intake can result 1n
severe water intoxication 1f the renal excretion of water

1s limited by a sustained influence of the antidiuretic
hormone (ADH), either endogenous or exogenous, on

the kidney. This serious eventuality occurred recently

Intoxicacion por agua
Incluso los aumentos moderados en la ingesta de liquidos pueden provocar una intoxicacion
grave por agua si la excrecion renal de agua esta limitada por una influencia sostenida de la

hormona antidiurética (ADH), ya sea end6gena o exdgena, en el rifion.
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Medicion del sistema renina-angiotensina- ~PNI| Europe
aldosterona D LeoPinton

' awake BP mean — asleep BP mean |

awake BP mean o

1 \
MAP ~ DP + §(SP — DP)

Caidas normales = 10 - 20%
Caidas extremas > 20%
Sin caidas <10%

Caidas invertidas <0%

Takeda. Journal ofCardiology(2011) 57, 249—-256
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consecuencias

By Dr. Leo Pruimboom

Obesity

Old age

Diabetes, impaired glucose tolerance

Metabolic syndrome

Sympathetic nervous system dysfunction

Lipid disturbances (high triglycerides, low high-density lipoprotein)

Salt sensitive arterial hypertension

Chronic kidney disease

Early atherosclerosis

Obstructive sleep apnoea

Erectile dysfunction

Simple renal cysts

Increased mean platelet volume

Genes (myocardin, GAT4)

Ambulatory arterial stiffness index

Sarigianni. Current Vascular Pharmacology,

2014, 12, 527-536

Endocrine disorders (polycystic ovaries syndrome, hyperparathyroidism)

Poor quality of life

Lower perceived stress

Depressive symptoms

Poor physical activity

Poor cognitive function




OOO
Hipertension sin caidas y la cronoterapia &ﬁ[&ﬂmpe

Terapia nocturna:

Mayor efecto reductor sobre la presion arterial
Frecuencia cardiaca mas baja
Mejor proteccion contra los sindromes cardiovasculares

Hermida RC, Ayala DE, Mojon A, Fernandez JR. Influence of circadian time of hypertension treatment on cardiovascular risk: results of the MAPEC study. Chronobiol Int

2010;27:1629-51.
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El eje HPT durante el estrés y el descanso
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Glandula tiroidea y tiroxina
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La hormona tiroidea y la evolucion humana

La influencia del yodo, selenio, DHA, colina,

EPA, Acido Araquidonico, el sol y la vitamina D




“PNI Europe

By Dr. Leo Pruimboom

Like the atom in Physics, the cell is the
smallest functional unit of biology; trying to reas-
semble Gene Regulatory Networks (GRNs) without
accounting for this fundamental feature of evolution
will result in a genomic atlas, but not an algorithm
for functional genomics.

Al igual que el atomo en fisica, la célula es la unidad funcional mas pequefa de la biologia; tratar
de reensamblar las redes reguladoras de genes (GRN) sin tener en cuenta esta caracteristica
fundamental de la evolucion dara como resultado un atlas gendmico, pero no un algoritmo para la
genomica funcional

Torday. Integrative and Comparative Biology, volume 49, number 2, pp. 142-154
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Los fosiles nos hablan de los genes y nos describen las vias

evolutivas, pero los genes no nos dicen casi nada sobre el desarrollo

de los tejidos blandos

Por lo tanto, es necesario comprender la fisiologia molecular evolutiva
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Population size

VOICan TOba By Dr. Leo Pruimboom
Hace 72.000 anos

Cuellos de botella

Recovery

Bottleneck event

Time

Hawks John,. Mol. Biol. Evol. 17(1):2-22. 2000


http://upload.wikimedia.org/wikipedia/commons/0/0e/Population_bottleneck.svg

Yodo y evolucion : Tiroxina y filogenia PNI Europe
Yodo

By Dr. Leo Pruimboom
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El ciclo del lodo OOOPNI Europe

By Dr. Leo Pruimboom

1% Hor T

0O Reactive
Iodine Pool

-

11117111

1 105

Crockford, S. J. Evolutionary roots of iodine and thyroid hormones in cell-cell signaling. Integrative and Comparative Biology 49, 155 (2009).
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Ultimo periodo glacial de la vegetacion 2
Hace 18.000 anos PNI Europe

By Dr. Leo Pruimboom
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Model for the speciation of polar bears from brown bears

Descendants “PNI Europe

The descendant population becomes

Q NOW SPOCios because the gones that -
. ot et (8 ot By Dr. Leo Pruimboom
other co-dependant tralts) are left

behind. Plebalkdness (white-spotting)

can bo a consequanca of Mis procoss

because thyroxine controls movement

of embryonic pigment cells. Once

$@1 Qs a common hrall, plebaldness can

be Quickly Intensified by selection until

the animals is one big spot.

A SIMilar pheNoMeNoN Is seen In

all-white Samoyed dogs,

who were black & white animals

loss than a century ago.

Colonizers
A handtul of learess bedrs
(stress-tolerant Individuals with o
distinct Iyroxine phenotype)
Cchoose 10 ry the new habitat at the
Ice edge, where thay subsist on seals

Ancestors

Source population on the "ABC” Islands of Alaska, where

SOME INAIviduals are 1ess fearful of New situations than omors
(More curnous, More willing 10 try new tings - thay are more
tolerant of such stresses because thay have a distinct thyroxine
phenotype)

http://scienceandpublicpolicy.org/images/stories/papers/originals/crockford_polar_bears.pdf



La hormona tiroidea en la evolucién humana. © pN| Europe

By Dr. Leo Pruimboom
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Approximate Hominin species Habitat Diet Brain size®
duration® involved®
Weight”  Relative
(grams)  EQ’

Phase 1: Australopithecines ~ From closed woodland  Fruits, nuts, 450 42
1.5 million years forests or forests small animals,
(from 4.4 to mixed with bush to and probably

2.5 million woodland with small crustaceans

years ago) animals; shores
Phase 2: H. habilis More open Vegetation, 700 58
1 million years habitats with small animals,
(from 2.5 to abundant bovid scavenged

1.7 million species; shores carcasses of

years ago) large species;

shellfish and fish

Phase 3: H. erectus to Savanna-type; Raw meat from 1100 76
400,000 years early H. sapiens artic steppe; tundra; medium- and
(from 1.5 to mountains; shores large-sized

0.4 million terrestrial

years ago) mammals;

shellfish and fish

Phase 4: Early to present Shores Raw and/or 1360 100°
30,000 years H. sapiens cooked marine
(from 100,000 foods; meat

years ago Human Brain Evolution, Edited by Stephen C. Cunnane and irom terrestrial

to present) Kathlyn M. Stewart Copyright © 2010 by John Wiley & Sons, Inc. animals




Millons of years sgo

Out of Africa

Africa

U SPFECULATIVE FAMILY TREE
shows the variety of hominid

(Eshiopia) Austraiopithecus ies that have populated the
anaTmenss known only by a

v (Karya) ofi‘orjnw.ho‘the
"RT emergence of H.

sapiens has not been a single, lin-

ear transformation of one spedies

into amother but rather a mean-

7 dering, multifaceted evolution.

Tattersal I. Scientific American. January 2000. Once we were not alone

“PNI Europe

By Dr. Leo Pruimboom

Se considera que fuimos
empujados a vivir en un nuevo
entorno: la costa.




Nutrientes cerebrales

Si dependieramos de una

unica fuente de alimentos,

solo los mariscos podrian
cubrir nuestras necesidades

PNI Europe

By Dr. Leo Pruimboom

cerebrales.
Food group Amount/day (g) Most limiting nutrient
Shellfish 900 900 meg/d » Copper
Eggs 2500 Copper
Fish 3500 14mg/d} —— Jron
Pulses 3700 200 mcg/d > Iodine
Cereals 4800 Copper
Meat 5000 55 meg/d — Selenium
Nuts 5500 Selenium
Vegetables 8700 10 mg/d > Zinc
Fruits 9300 Zinc
Cow’s milk 47,000 Zinc

Cunnane, SC. 2005a. Survival of the Fattest. Hackensack, NJ: World Scientific
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from intestinal cells to the rest of the body. At least three enzymes involved in neuro-
transmitter production require copper as a cofactor: (1) tyrosine hydroxylase, which acts
at one of the steps converting the amino acid, tyrosine, to the neurotransmitter dopamine,
(2) dopamine-beta-hydroxylase, which converts dopamine to another neurotransmitter —
norepinephrine; and (3) monoamine oxidase, which inactivates the monoamine neu-
rotransmitters — norepinephrine, serotonin, and dopamine. During human evolution,
expanding brain size and complexity of connections between neurons increased the
need for these supporting processes, several of which depend on copper, as well as
antioxidant protection of the additional membrane lipids which are easily damaged by
free radicals and lipid peroxidation, additional capacity for cellular energy production,
and myelination for integrity of electrical signals. The function of iron and iodine in
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El humano es tnico SD!:!J%E};”P@

(aunque menos de lo que nos gustaria)

Pero aun mas cierto

e Tamano

e Energia La naturaleza pulsatil del eje HPT / GT: la base de la
* Estructura motivacidn, la curiosidad, la actividad fisica, la funcion
e Funciones

] ejecutiva y muchos otros "rasgos primates y humanos”
* Aquiy ahora

o Alliy manana

* Lenguaje hablado
* Religion

e Politica

 Fémur largo

* Intestino corto

* Menos pelo

Comparative Biochemistry and Physiology Part A 135 (2003) 105-129
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hypothalamus .
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T2

peripheral
organs

TH-responsive gene



T3 activa las mitocondrias en todas

las celulas del cuerpo humano

Thyroid Gland

Zinc, B1, B6
Tyrosine Pituitary
Iodine r TSH
Vanadium - Thyroid Stimulating
~1 s/
B2 NSk Hormone
Vit C ‘
T4 Is Inactive Hormone
Thyroxine
Progesterone
Selenium

T3 Is Active Hormone
Tri-iodothyronine

T3 activates a 1ergises all cells
of the body
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L-Tirosina
Las catecolaminas también estan hechas de L-tirosina
® . . *H-.N
HN__CO; HN_CO; :
2 2 OH
@\ Tyrosine UOH DOPA
- :
hydroxylase decarboxylase OH
OH OH
i Dihydroxy
Tyrosine phen:lalanine MOpaIn.
(L-DOPA)
H,*
*H-.N N
: H,C”
OH OH
Dopamine HO Phenethanolamine HO
' '
N-methylitransferase
OH OH
Epinephrine

[i-hydroxylase
Norepinephrine
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Un ejemplo de actividad
del eje HPT
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Metabolismo

general y celular

Mitocondrias

MSH

>

Pigmento de piel y
cabello




El eje HPS (hormona de crecimiento) -
10 pulsos / 24 horas
El eje HPT - 0.4 pulsos / hora
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Gan. Progress in brain research 2010

Russell. J Clin Endocrinol Metab 93: 2300-2306, 2008
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Se han encontrado 4 receptores diferentes para la tiroxina:

 Los receptores alfa son especialmente importantes para el
desarrollo de los organos.

 Los receptores beta son esenciales para el metabolismo y el
mantenimiento de la temperatura corporal

TR-a1: Ampliamente expresado, especialmente alta en los
musculos cardiacos y esqueléticos

TR-a2: Homologo al oncogen viral c-erb-A, también ampliamente
expresado pero incapaz de enlazar a la hormona

TR-B1: Predominantemente expresado en cerebro, higado y rinon

TR-B2: Expresion limitada principalmente al hipotalamo y la hipofisis



Elemento de respuesta T Genes de

tiroidea (Gene transcription respuesta de la

I hormona tiroidea
A polymerase
ucleus TRE | THRG

CA)TR

Cytoplasm

Es el unico receptor de ADN en el

nucleo celular junto con el rt RXR,
Deiodination receptor de vitamina A.

T/ —1 Siempre debe estar activo antes

que cualquier otro receptor que

pueda influir sobre el ADN.

Por lo tanto, la tiroxina se debe
llamar PERMISO EFERENTE

Boelaert. Journal of Endocrinology (2005) 187, 1-15




Estres agudo

La imagen total de una
respuesta de estrés agudo.
Observe la funcidn de
"aprobacion” de T3 (TH) y el
receptor de tiroxina (TR). El
organo / tejido que se usara
primero utiliza el T3 existente,
mientras que el T4 que llega
puede mantener la actividad
cuando se necesita prolongar

la respuesta.

> Simpatico

neurologicamente

Glandula tiroidea

Deio1/2 Deio3
4 |
T3 T3

, Nucleo
periventricular

O
endocrinoldgico

AVP
Demanda de agua

CRH
Demanda de energia

TH - TR

Pituitaria

AVP | ACTH - Endorfinas
Demanda de agua | Demanda de energia

TH - TR
|

A4

Corteza suprarrenal

Aldosterona
Demanda de agua

Cortisol
Demanda de energia

TH-TR
I

Organos objetivo
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Cuando el sistema inmune domina al eje HPT
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Sintomas tiroideos: 6 aspectos
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HIPERTIROIDISMO

HIPOTIROIDISMO

Nerviosa
ACTITUD Exceso de Movimiento Lenta
Exoftalmia Ojo hundido
CABEZA Mirada apagada
Bocio A veces Bocio Inactivo
CUELLO Dolor No dolor
MANOS Temblor Frias y Rigidas
Calida Fria
PIEL Humeda Seca
] Pulso tranquilo
CORAZON Taquicardia Lento




Hipotiroidismo (también Hashimoto)

- Dificultad de concentracién

- Pérdida de memoria

- Depresion post natal

- Resistencia a los antidepresivos

- Edema leve, malestar

- Depresion / tristeza o insensibilidad

- Reducciodn de las funciones cognitivas
- Expresion facial sin brillo

- Infertilidad

- Menstruacion fuerte y frecuente

- Trastornos premenstruales agravados
-Voz ronca y algo mas gruesa

- Nivel de colesterol elevado

- Presion arterial ligeramente elevada

- Flatulencias debidas a fermentacion

- Disbiosis del flujo vaginal

- Parpados colgantes algo mas gruesos
- Lengua y labios gruesos

- Cabeza y parpados ligeramente hinchados e inflados
- Temperatura corporal baja,

- Temperatura en la mafnana inferior a= < 36.6

- Fatiga

- Apatia

- Intolerancia al frio

- Pérdida del apetito

- Latido cardiaco lento

- Aumento de peso

- Debilidad muscular

- Calambres musculares

- Articulaciones rigidas

- Sindrome del tunel carpiano

- Cabello seco

- Caida del cabello, también de las cejas.
- Piel seca

- Unas fragiles

- Infecciones repetidas

- Constipacion (estrefiimiento),
- Depresiones

- Lentitud de entendimiento

“PN Europe
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Hipertiroidismo - Graves
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+ emocion

+ nerviosismo

+ sudar rapidamente

+ palpitaciones

+ fatiga

+ intolerancia al calor

+ adelgazamiento aun con buen apetito
+ mas peristalsis intestinal hasta la

+ diarrea.

+ temblores (estremecimientos)

+ debilidad muscular

+ piel caliente, a menudo humeda

+ piel mas delgada

+ falta de aliento

+ hipo 0 amenorrea

+ 0jos algo saltones o salidos

+ bocio

+ manos y dedos estirados y dedos extendidos: a menudo un ligero temblor.
+ temperatura matinal mas alta que 36.8 C
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Deficiencia de yodo visible versus oculta urope

By Dr. Leo Pruimboom

Visible (30%)
1-10%
Cretinism

5-30%
Some brain damage

30-70% Oculta (70%)
Loss of energy due to hypothyroidism

Gynecological Endocrinology, May 2007; 22(5): 1-15



Deficiencia de yodo - un problema global cbop|~|| Europe

By Dr. Leo Pruimboom

The Spectrum of lodine Deficiency Disorders (IDD).

Foetus Abortions
Stillbirths
Congenital anomalies
Neurological cretinism:
mental deficiency, deaf mutism, spastic diplegia, squint
Hypothyroid cretinism:
mental deficiency, dwarfism, hypothyroidism
Psychomotor defects
Neonate Increased perinatal mortality
Neonatal hypothyroidism
Retarded mental and physical development

Child & Adolescent Increased infant mortality

Retarded mental and physical development
Adult Goitre with its implications

lodine-induced hyperthyroidism (IIH)*
All ages Goitre

Hypothyroidism

Impaired mental function
Increased susceptibility to nuclear radiation

Z.-P. Chen, B.S. Hetzel / Best Practice & Research Clinical Endocrinology & Metabolism 24 (2010) 39-50




Degree of public health significance of iodine nutrition based on median urinary iodine: 1993-2006

Category of public health significance o
(based on median urinary iodine)

B Moderate iodine deficiency (20-49 pgh)

B Mild iodine deficiency (50-99 pgiL)

| Optimal (100-199 pg/)

* | Risk of iodine induced hyperthyroidism (200-299 pg/)
- Risk of adverse health consequences (>300 pgf)

..........

Source:
de Benoist B et al. lodine deficiency in 2007: Global progress since 1993,
Food and Nutrition Bulletin, vol 29, no. 3, 195-202, September 2008.

The bourdiares ard names shosm and He desigrations used on ths map @0 not imply the cpesssion of Ay oprion whstoree:
On U part of e WorkS Health Onganization conceming e legal siaius of any country, terriitry, Oy Or ared o of 23 authorities.
OF CONOBINING e Jebmiaton of 25 Fonters o DOuNdanes.

Domed bres 0N Maps regresent A0R0smate Donder ines 1or wheoh these may Not yet be bl agreement

SN NN M W weeves Educational Use Only
httpiiwww.who int'vmnis/lodine/status/summary/median_ul_2007_color.pdf



12-36 hours post-infection
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hypothalamus

tanycyte
conversion
of T4to T3

W A S e\

{2 hypophyseal artery
/ (02 hypothalamic-

LPS; : "‘v;‘. pophyseal portal veins
ptol;tflammatory W “ ’ anterior pituitary
epokines s

VA Suppressed
Silenciado VOH output

Axonal
thyroid

N

Bajo T3
Normal T4
Alto rT3

U

- Low metabolism

- Energy conservation

Experimental Biology and Medicine 2006, 231:229-236
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tanycyte
conversion hypothalamus
of T4to T3
hypophyseal artery
hypothalamic-
LPS: hypophyseal portal veins
proi ;lﬂammatory anterior pituitary
cytokines - f
TSH-producing %f"’"‘“:’
leukocytes to thyroid
thyroid
A CD11b+
g cells to

thyroid / \

Increase in T3/T4
output

lmmunolo;lcal\

communication with
site of infection

Klein JR 2006 The immune system as a regulator of thyroid I Restoration of
hormone activity. Experimental Biology and Medicine 231 229- spieen metabonc aCtiV ity
236. marrow
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hypothalamus

spleen/LN/blood

Schaefer. FASEB J. 25, 29-34 (2011).
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Schaefer. FASEB J. 25, 29-34 (2011).
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La TSHbeta V solo es producida por células inmunes : :
(generalmente macréfagos migratorios) si la dieta estd TSHbeta nativa = la forma conocida
infectada. Esta vez con un retrovirus TSHbeta V = la variante funcional

glandula pituitaria, la médula 6sea y la tiroides)

La TSHbeta V es producida por todos los drganos de la tiroides (la
Klein. Frontiers in immunology. April 2014 | Volume 5 | Article 155
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La variante de TSHbeta que produce células inmunes activas migra
en la tiroides, mientras que las células inmunes no activadas sin
produccion de la variante de TSHbeta no pueden

CC 80 - B PBS MWinfected D 4 -
o § <0.01
= p<0.01 é P_l
& 60 @ 3 -
o a
o= g
o 40 a 2 -
32 T
i f
2 20 § 1 -
: e
zZ
0 0 -
CD11bCD11c CD14 Ly6C Ly6G F4/80 & &
&
O

Montufar-Solis D, Klein JR (2016) Splenic Leukocytes Traffic to the Thyroid and Produce a Novel TSHP Isoform during Acute Listeria monocytogenes Infection in Mice.

PLoS ONE 11(1):
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Diagnostico y tratamiento




Hipotiroidismo, hipertiroidismo y
el sindrome de la enfermedad no tiroidea
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Parametro Valor
TSH 0,4-2,0 mU/L
T4 libre 8,0 - 18,0 pmol/L
T3 libre 3,6 - 6,5 pmol/L
T3 reversa 10,0 - 24 ng/dL

UMCG Groningen 2017



Sintomas de un hipotiroidismo

Fatiga, somnolencia, lentitud

Aumento de peso

Retencion de liquidos, falta de aliento
Sensacion de hinchazon

Estrefiimiento, constipacion de las heces
Testarudez

Péerdida de cabello

Trastornos menstruales y de la fertilidad
Secrecion del pezon

Pérdida de la libido (menos ganas de hacer el amor).
Rigidez muscular, calambres musculares
Artralgia

“PNI Europe

By Dr. Leo Pruimboom

Hormigueo y entumecimiento por ejemplo en las manos (sindrome del tinel carpiano)

Cambios psicoldgicos como la apatia, pero también psicosis o demencia.

Se puede notar que la persona en cuestion se ve hinchada y apatica, que la piel y el cabello se

sienten secos y que la voz se ha vuelto mas pesada.

UMCG Groningen 2017
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Palpitaciones (taquicardia).

Pérdida de peso a pesar del aumento del apetito (pero en algunos casos aumento de peso)
Fatiga, falta de aliento al hacer esfuerzos

Pulso rapido, latidos rapidos, a veces irregular (aleteos)
Crecimiento de la tiroides (bocio)

Molestias por calor (transpiracion excesiva), preferencia por el frio.
Manos calidas y humedas

Manos y dedos temblorosos

Nerviosismo y excitacion.

Debilidad muscular (pérdida de fuerza en los musculos)

Aumento del apetito, pero a veces disminucion del apetito
Trastornos menstruales

Molestias intestinales, diarrea o deposiciones mas frecuentes.
Irritabilidad rapida, ansiedad, otros sintomas psicologicos.

Quejas oculares (en la enfermedad de Graves-Basedow)

UMCG Groningen 2017



Valores de referencia de la hormona

tiroidea segun la edad

Lab (Specimen)

Conventional Units
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Sl Units

T3 (Triiodothyronine) Free
(serum)

il

0-6 years: 2.4 -4.2 pg/mL
7-17 years: 2.9-5.1 pg/mL
> 18 years old: 2.3- 4.2 pg/mL

3.5 -6.5 pmol/L

T3 (Trilodothyronine)
Reverse (RT3) (serum)

1

Birth-6 days: 600 -2500 pg/mL
> 7 days old: 90 -350 pg/mL

Adults: 0.11 - 0.32 ng/ml
0.04 - 0.29 nmol/L

T3 (Trilodothyronine) Total
(serum)

T

Cord blood: 14 -86 ng/dL

1-7 days: 100 -470 ng/dL

8- 364 days: 105 -245 ng/dL
1 -9 years: 94 -269 ng/dL
10-19 years: 102 -200 ng/dL
> 20 years old: 80 -200 ng/dL

Adults: 0.8 - 2.0 ng/ml
0.9 - 2.8 nmol/L

T4 (thyroxine) Free (serum)

+

0.8 - 1.8 ng/dL

10 - 23 pmol/L

T4 (thyroxine) Total (serum)

1

4.5 - 12.5 ug/dL

58 - 161 nmol/L




Posibilidades de interpretacion sin rT3
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FREE T4

FREE OR
TOTAL T3

Low or

PROBABLE INTERPRETATION

Thyroid hormone resistance syndrome (a mutation in the thyroid hormone receptor
decreases thyroid hormone function)




O
La relacion T3-rT3 como guia para la © Eﬂlﬁlﬁmpe
enfermedad no tiroidea -

T3/FT3 2.6 pg/mL ¢

RT3 1.4 ng/mL %

Get Ratio

ratio: 18.6




%O
Resistencia a la hormona tiroidea ED!:!OLE;{IOPG

El fenotipo asociado con la RTH es extremadamente variable y las caracteristicas mas
comunes son la presencia de bocio (95%), taquicardia (80%), comportamiento
hiperquinético (72%) y trastorno emocional (65%). Otras caracteristicas menos
frecuentemente diagnosticadas incluyen enfermedad cardiaca (30%), problemas de
aprendizaje e impedimentos del habla (ambos en el 28% de los casos), retraso en el
crecimiento (19%), trastorno por déficit de atencion con hiperactividad (11%) y pérdida

de audicion en el 8% de los casos

Hulbert, AJ, Thyroid hormones and their effects: a new perspective, Biological Review, 75, 2000, 519-631.
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Nutrientes especificos para el cerebro

e |odo

e Acido docosahexaenoico Comida para el cerebro

* Acido araquiddnico

Pescado
e Vitamina B3 (Niacina) ?;":,r.:?&znca
e o Frutas
Acido alfa lipoico Vegetales

e Selenio

Crawford. Fisheries for Global Welfare and Environment, 5th World Fisheries Congress 2008, pp. 57-76.
Broadhurst, C. L., Cunnane, S. C. & Crawford, M. A. Rift Valley lake fish and shellfish provided brain-specific nutrition for early Homo. Br J Nutr 79, 3-21 (1998).

Bourre, J. M. & Paquotte, P. Seafood (wild and farmed) for the elderly: contribution to the dietary intakes of iodine, selenium, DHA and vitamins B12 and D. J Nutr Health Aging
12, 186-192 (2008).




Vitamin D, Vitamin B12, Selenium, lodine, DHA,
Total* world mean world mean Vitamin world mean world mean DHA,world world DHA, France DHA, Franc
(kg) in Toml* Edible® (ug/100g VitaminD  (ug/100g B12 (ug100g Selenium (ug/100g Jlodine mean® (mg mean® AFSSA® (mgf AFSSAs!
Species 2005 (g/day) (g/day) edible) (ug/day) edibk) (ug/day)  edible) (ng/day) edible) (ug/day) 100 g edible) (mg/day) 100 g edible) (mg/day)
Tuna 390 10.69 481 5.0 0.24 6.40 0.31 56 2.69 45 2.16 420 20.20 131 6.3
Cod 1.74 4.7 405 1.3 0.05 1.10 0.05 35 142 160 6.48 170 6.88 75 3.04
Salmon 1.95 5.35 3.85 15.0 0.58 4.00 0.15 33 1.27 26 1.01 1247 48.00 2164 83.31
Alaskan pollock 1.84 5.04 3.28 1.1 0.04 1.20 0.04 20 0.66 103 3.38 259 8.49 173 5.67
Sardine 1.05 2.88 202 11.0 0.22 3.00 0.06 51 1.03 32 0.65 1350 27.27 1269 25.63
Saithe 0.98 2.69 1.75 0.8 0.01 3.50 0.06 31 054 200 3.50 259 453 173 3.03
Shrimp 1.60 4.37 1.74 1.3 0.02 1.30 0.02 40 0.70 80 1.39 160 2.78 66 1.15
Mussel 2.60 7.12 142 2.4 0.03 10.00 0.14 57 0.81 365 5.18 178 3.52 151 2.14
Hake 0.87 2.39 1.39 1.5 0.02 0.70 0.01 43 0.60 23 0.32 338 4.69 123 1.71
Herring 0.82 2.26 1.35 17.0 0.23 10.20 0.14 34 0.46 38 0.51 937 12.64 937 12.64
Mackerel 0.61 1.68 1.17 10.0 0.12 9.00 0.11 43 050 64 0.76 1493 17.46 1404 16.43
Monkfish 048 1.32 1.12 1.2 0.01 9.00 0.10 36 0.40 23 126 1.41 37 0.41
Trout 0.64 1.75 1.05 8.0 0.08 230 0.02 26 0.27 6 0.06 543 5.70 543 5.1
Scallop 2.01 5.50 0.99 s 1.60 0.02 28 0.28 10 0.10 144 1.43 105 1.04
Squid 0.29 0.79 0.71 1.30 0.01 57 041 21 0.15 4901 3.48 167 1.19
Sprat+ Atantic horse 0.40 1.09 0.60
mackerel
Anchovy 0.29 0.80 058 7.0 0.04 0.62 0.00 36 0.21 51 0.29 600 3.48 1365 7.92
‘ Opyster 1.81 497 0.55 8.0 0.04 15.00 0.08 55 0.30 125 0.69 107 0.58 64 0.35
Whiting 0.31 0.86 052 230 0.01 32 0.17 107 0.56 69 0.36
Redfish 0.25 0.68 048 2.3 0.01 3.80 0.02 99 70 0.36 70 0.36
Sharks (spotted 0.23 0.62 040 0.60 0.00 47 0.19 660 2.64 66 0.26
dogfish)
Ling 0.17 0.48 0.34 0.55 0.00 36 0.12 65
Haddock 0.18 0.49 0.33 0.74 0.00 35 0.12 338 1.11 139 0.46 60 0.2
Nephrops 0.30 0.82 0.30 25.00 0.08
Sole 0.16 0.43 0.26 24 0.06 17 0.04 141 0.37 72 0.19
Cuttlefish 0.12 0.33 0.26 3.00 0.01 55 0.14 66 0.17 156 0.41
Sea bass 0.13 0.35 0.24 3.80 0.01 434 1.04 617 1.48
Crab 0.44 1.19 023 113 0.26 714 1.64
Sea bream 0.11 0.30 0.21
Pollack 0.11 0.29 0.18 0.7 0.00 1.20 0.00 20 0.04 103 0.18 259 0.47 76 0.14
Place 0.07 0.19 0.15 1.6 0.02 1.50 0.00 28 0.04 32 0.05 193 0.20 41 0.06
Halibut 0.06 0.16 0.13 43 0.01 1.00 0.00 70 0.09 23 0.03 318 0.41 1400 1.82
Carp 0.08 0.22 0.13 2 0.03 108 0.14 108 0.14
Octopus 0.05 0.14 0.13 20.00 0.03 20 0.04 81 0.10 56 0.07
Spiny lobster 0.08 0.22 0.10 25.00 0.03 99 0.10 80 0.08 72 0.07
Lobster 0.11 0.30 0.09 1.2 0.00 230 0.00 115 0.10 515 0.46 142 0.13 178 0.16
Roe end lever 0.03 0.08 0.07



Mortality (%)

Cbo
Intervenir o no y con queé PNI Europe

By Dr. Leo Pruimboom

*
100 50 **P for trend = 0.031
*
80 - 40
o
60 ®
= 30
©
40 ; 20 T
©
20 2 10
0 0
Normal Mild Moderate Severe Normal Mild Moderate Severe
NTI Severity B NTI Severity

Lee. Medicine Volume 95, Number 14, April 2016
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NTIS y mortalidad por enfermedad PNI Europe

By Dr. Leo Pruimboom

El supuesto anterior de que la NTIS tendria un caracter protector ya no es justificable

Patients Gender Age’, Normal, Mild Moderate Severe

Disease' (n) (%Female) y Te NTI, % NTI, % NTIL, %
Pneumonia 79 39.2 69.41 15.0 5.1 443 40.5 10.1
[nfection of nonlung origin 59 47.5 63.9+16.1 5.1 50.8 39.0 5.1
Malignancy 18 444 66.8 1 15.2 5.6 55.6 38.9 0
(Gastrointestinal disease 5 60.0 76.0+ 16.5 0 80.0 20.0 0
Cardiac disease 3 0.0 7404 12.5 0 100 0 0
Renal disease 6 50.0 76.7+ 14.6 0 83.3 16.7 0
Lung disease 8 75.0 7344131 0 62.5 37.5 0
Bleeding 9 33.3 68.01 15.0 0 55.6 44 4 0
CNS disease 10 45.5 6741 15.5 0 70.0 30.0 0
Transplantation 5 40.0 56.8117.0 0 40.0 60.0 0
Other’ 11 45.5 64.6+17.0 213 63.6 9.1 0

Lee. Medicine Volume 95, Number 14, April 2016
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Tratamiento de los trastornos de la tiroides PN Europe

By Dr. Leo Pruimboom

Criterios terapéuticos:

» Mejorar absorcion de yodo y selenio

« Activar transportadores de lodo (Sodio dependientes)
 Mejorar la funcionalidad de los receptores via adaptdgenos.

* Incrementar la disposicion de Selenio, NAC y lodo

« Hashimoto: Nunca suplementar con lodo aislado, siempre unido a Selenio

S.M. Wajner et al./Redox Biology 6 (2015) 436 - 445

Xue. Endocrine Journal 2010, 57 (7), 595-601




ELSEVIER Journal of Trace Elements in Medicine and Biology 23 (2009) 71-74

INVITED REVIEW

Available online at www.sciencedirect.com

Journal of

ScienceDirect Trace Elements

in Medicine and Biology

www.elsevier.de/jtemb

Selenium and thyroid hormone axis in critical ill states: An overview of

conflicting view points

Roland Girtner™

Selenio y tiroxina siempre estan
indicados

70mcg/dia

World”s Healthiest Foods rich in

Selenium
Calories % Daily Value
| | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 S50
Calf’s liver, braised 187 82.6%

I
Shapper, haked/broiled 145
Cod, bhaked/broiled
Halibut, haked/broiled
Tuna, yellowfin
salmon, chinook
sardines
shrimp, steamed/holled
Crimini mushrooms, raw

Turkey



Review

Revised reference values for selenium intake

A.P.Kipp?, D. Strohm ", R, Brigelius-Flohé?, L. Schomburg®, A. Bechthold®,

E. Leschik-Bonnet”, H. Heseker“, German Nutrition Society (DGE)

@ CrossMark

Journal of Trace Elements in Medicine and Biology 32 (2015) 195-199

Table 1

Estimated values for adequate selenium intake.

Age

Selenium [ pg/day]

m

Infants
0 to under 4 months

4 to under 12 months

Children and adolescents
1 to under 4 years

4 to under 7 years
7 to under 10 years

10 to under 13 years
13 to under 15 years

15 to under 19 years

Adults

19 to under 25 years
25 to under 51 years

51 to under 65 years
65 years and older

Pregnant women

Lactating women

10
15

15
20
30

45

70

70
70
70
70

)€ 8282 &

“PNI Europe

By Dr. Leo Pruimboom



Fuentes naturales de selenio

Table 2: Selected Food Sources of Selenium [10]

Micrograms

(mcg) per

Food serving

Brazil nuts, 1 ounce (6—8 nuts) 544
Tuna, yellowfin, cooked, dry heat, 3 ounces 92
Halibut, cooked, dry heat, 3 ounces 47
Sardines, canned in oil, drained solids with bone, 3 ounces 45
Ham, roasted, 3 ounces 42
Shrimp, canned, 3 ounces 40
Macaroni, enriched, cooked, 1 cup 37
Beef steak, bottom round, roasted, 3 ounces 33
Turkey, boneless, roasted, 3 ounces 31
Beef liver, pan fried, 3 ounces 28
Chicken, light meat, roasted, 3 ounces 22
Cottage cheese, 1% milkfat, 1 cup 20
Rice, brown, long-grain, cooked, 1 cup 19
Beef, ground, 25% fat, broiled, 3 ounces 18
Egg, hard-boiled, 1 large 15
Puffed wheat ready-to-eat cereal, fortified, 1 cup 15
Bread, whole-wheat, 1 slice 13
Baked beans, canned, plain or vegetarian, 1 cup 13
Oatmeal, regular and quick, unenriched, cooked with water, 1 cup 13
Spinach, frozen, boiled, 1 cup 11

Percent
Dv*

777
131
67
64
60
57
53
47
44
40
31
29
27
26
21
21
19
19
19
16

“PNI Europe

By Dr. Leo Pruimboom

U.S. Department of Health and Human Services. National Institute of Health https://ods.od.nih.gov/factsheets/Selenium-HealthProfessional/#en1



Clinical Endocrinology (2013) 78, 155-164

REVIEW ARTICLE

Selenium and the thyroid gland: more good news for clinicians

Anne Drutel*, Frangoise Archambeaud* and Philippe Caront

doi: 10.1111/cen.12066

Table 1. The principal selenoproteins and their functions in humans
(according to Beckett GJ and Arthur |R)

Selenoproteins Proposed functions
Gluthatione peroxidases (GPXs)
GPX1 Cytosolic antioxidant, type of reserve?
GPX 2 Digestive tract antioxidant
GPX 3 Plasma and extracellular space
antioxidant, significant thyroid
expression
GPX 4 Mitochondrial membrane antioxidant,
structural protein of sperm, apoptosis?
GPX 5 Unknown
GPX 6 GPX1 homologue?

Thioredoxin reductase (TRs)

TRI1
TR2

TR3

Sustain the oxidation-reduction systems
within the body, regulates certain
transcription and cell growth factors

Principally cytosolic, ubiquitous

Testes expression

Principally mitochondrial, ubiquitous

Deiodinases
Type 1 deiodinase (D1)

Type 2 deiodinase (D2)

Type 3 deiodinase (D3)

Other selenoproteins
Selenoprotein P

Selenoprotein W
Selenophosphate synthetase

15-kDa selenoprotein
Selenoproteins H, I, K, M,
N,O,R,§, T,V

“PNI Europe

By Dr. Leo Pruimboom

Conversion of T4 into T3 and (T3, and
T3 into rT3 or T2

Localisation: liver, kidneys, thyroid
gland, pituitary gland

Conversion of T4 into T3, and T3 into
T2

Localisation: thyroid gland, CNS,
pituitary gland, skeletal and heart
musdcles

Conversion of T4 and T3 into ¢T3 and
T2

Localisation: gravid uterus, placenta,
foetal liver, foetal and neonatal brain,
skin of newborns

Transportation of selenium, endothelial
antioxidant

Heart and skeletal musde antioxidant

Synthesis of selenophosphate for
selenoproteins

Protection against cancer?

Function unknown
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[GENE“C FACTORS] [ NON-GENETIC FACTORS ] P N I Eu rope

By Dr. Leo Pruimboom

Environmental Neuroendocrine
Release of thyroid autoantigens

APC + cytokine and
neurohormonal milieu

ShifttoTh1 . Shift to Th2
Shift to Th177? (Tregéand Th174) 4~ - )Shift to Th17? (Tregd and Th17¢)

4
v
2 .
CELL- MEDIATED INMUNITY & : HUMORAL IMMUNITY
e
58 .
: - T8 A
7 Thyroid follicles g = Antl_-TSI-_I-T
destruction TR Antibodies
HASHIMOTO g GRAVES
THYROIDITIS o DISEASE

THYROIDHORMONES 90000 scssccesPrsssessssse THYROIDHORMONES
LOW LEVELS HIGH LEVELS

Brain Inmune BRIDGING NEUROSCIENCES AND IMMUNOLOGY. February 2010
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Selenio y anticuerpos anti-TPO

ANti-TPO Ab (IUim)
o00
W0 A |* part:

a I Placebo (1 = 40) ==t

\ . .

- \ o Selenomethionine 200 pg/day (n = 48) % =*

-202%\ a ,,:”1‘
600 P< 0001 \\ . // PO
500 .'/ .'- ;?J; deal‘li Fig. 2 Changes in antiTPO antibody titres

‘. Selenomethionine 200 ig/day (1=20) g, ¢ "OWINg selenium supplementation in- patets

s o presenting with chronic lymphocytic thyroiditis,
- —_—
400 Selenomethionine 100 pg/day (1=20) gmee o o mrt of the stdy, only incuded
0 3 6 mons patients previously treated with selenium
1% por 2 par (according to Turker ef dl.).

6 meses N
© 2012 Blackwell Publishing Ltd

Clinical Endacrinalogy (2013), 78, 155-164



Selenio y enfermedad de Graves “PNI Europe

By Dr. Leo Pruimboom

Overall eye evaluation

6 months
P=001

(200 pg/day for with placebo in the
management of pari ild to moderate
Graves’ orbitopathy (modified from™M\g

et al.).

Sclonam (N = 54) Maccho (N = 50|
¥ Improved ® Unchanged o Vorse

© 2012 Blackwell Publishing Ltd 6 meses
Qlinical Endocrinology (2013), 78, 155164
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Paciente con Hashimoto Lo, mUrop

2 anos de tratamiento

e Alta variacion alimenticia

e cPNI-10D

e cPNI10 S (yodo / selenio / omega 3 previamente aislados)
* 7 gramo de omega 3

e Multivitaminico/multimineral 1/dia

 Sauna 3/semana -2 semanas/mes

* Ducha fria - diaria (5/semana)

 NO mamiferos

* NO cereales, lequmbres ni productos lacteos




Desarrollo 2 anos de tratamiento

“PNI Europe

By Dr. Leo Pruimboom

M, M,
Peso 92Kg 52Kg
Tiroxina 125mg 10mg
TSH 3,4 mU/L 2,2mU/L
T4 libre 9,5 pmol/I 14,2 pmol/l
Ac-Anti TPO +
Ac- Anti TGB +++ +




Dia 3

OpNI Europe

By Dr. Leo Pruimboom

Estrés cronico y la neuroinflamacion

hipotalamica
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Estrés crénico: el resultado PNI Europe

La pelicula universal

o Apertura de barreras
Mecanismos de accion

* Endotoxemia 1. Desincronizacion de ejes (simpatico / HHA)
2. Inflamacion de bajo grado

e [nflamacion | g
3. Neuroinflamacion

* Neuroinflamacién 4. Endotoxemia
5. Cronificacion de la actividad de los ejes
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Primero desincronizacion, después la patologia PNI Europe

By Dr. Leo Pruimboom

’

La desconexion entre ejes
produce LGl
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e
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system and the HPA axis
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Incremento de permeabilidad y endotoxemia “PNI Europe

By Dr. Leo Pruimboom

Bacteria and bacterial toxins

Gut lumen

/ w §
Epithelial cells JC /-b
MLCK
\ VAN )
Lamina propria
Cytokimes

.

Immune cells

de Punder K and Pruimboom L (2015) Stress induces endotoxemia and low-grade inflammation by increasing barrier permeability. Front. Inmunol. 6:223.




Endotoxemia, Incremento de
actividad grasa visceral, LGl

Apertura de larga duracion de
las barreras y el desarrollo de
endotoxemia por
translocacion de toxinas y
patogenos (bacterias, virus,
hongos)

de Punder K and Pruimboom L (2015) Stress induces endotoxemia

and low-grade inflammation by increasing barrier permeability.
Front. Inmunol. 6:223.
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El 'microbioma durmiente'.
Infiltracion en muchos tejidos y

organos

Kell. Integrative Biology 2015



— Culturable

Dormant tissue
microbiome

Dormant CNS
microbiome

Dormant blood
microbiome

{

Pool of LPS and LPS
binding protein

High-level overview of
sepsis/septic shock/SIRS

LPS structure and
function

ey gt

LPS: stimulant of Cellular mechanisms of LPS: Microparticle

coagulation and : " formation
RO cytokine ;iroducnon
Apoptosis/Necrosis/
Pyroptosis
CELL DEATH

Epithelial permeabilization

Auto-antibodies

Localized microbial proliferation, inflammation, cell death in
specific diseases

Epithelial permeabilization Role of iron dysregulation

“PNI Europe

By Dr. Leo Pruimboom

Bacterias, LPS y Toxinas
Translocacion de patdgenos
"latentes” que no son, 0 apenas son,
INmunogenicos.

Infiltracion de patégenos en
multiples tejidos y organos, creando
un estado de infeccidn sub-clinica en
estos tejidos y desencadenando
sistematicamente una LGl

Kell. www.rsc.org/ibiology 2015



Ejemplos de infiltracion bacteriana y
enfermedades cronicas.

1. Herniaciones del nucleo pulposo

P. acnes
Positive Negative Total
Count % Count % Count %
Cervical disc
C3-C4 0 0 2 8 2 8
C4-C5 | 4 4 16 5 20
C5-Cé6 3 12 5 20 8 32
Cce-C7 5 20 5 20 10 40
Total 0 36 16 64 25 100
Lumbar disc
L4-15 30 25 33 27.2 63 52.5
L5-S1 16 13.33 41 34.17 57 47.5
Total 46 38.33 74 61.37 120 100

“PNI Europe

By Dr. Leo Pruimboom

Javanshir. Eur Spine J 2017



Ejemplos de infiltracion bacteriana y PNl Furo pe
enfermedades cronicas. By D Leo Praimboon

2. Ateroesclerosis

A Plaque

= Firmicutes

Gemmatimonadetes

B Oral (patient) C Oral (control)

N[
|

dctinobactera WBacteroldelss @Fumicules B Frofecbsctsns @other DActnobactens B [Saprospias] @ Bacill
BAlphaprotecbacteria B Befaproteobacteria @ Ganmmapvoteobactaria
mother

1%

Gut (patient) E Gut (control)

l\' a

DActinemycelales n o 0 Baclales fani \ ‘ '
Fig. 2(.,| h:fan ghyl::m abundances by boclybh:tt)’ltat fcalr natl:m's‘y Iami BLackobsallsles .grzpw; s] e . 2Pmmbacfcnacwo :m,m&mmeo s :mcmm
controls. Plotted values are mean sequence abundances in each phylum B Burkholderiales s any na -‘Bi'”‘d,“fl”"““e ac {B“"‘""w“’m 0 Oxalot o
for 1,700 randomly selected sequences per sample. (A) Atherosclerotic el Bathar —— — - e o

plaque; (B) oral cavity, patient; (C) oral cavity, control; (D) gut, patient; (E)

gut, control.
Koren. PNAS 2011 Ziganshina. PLoS ONE 11. 2016



Esto conduce con seguridad a la inflamacién “PN| Europe

By Dr. Leo Pruimboom

Pruimboom L. The Postprandial Inflammatory Response. Ultimate and proximal. Submitted
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Densidad calorica e inflamacion O PNI Europe
hipOtaIémica By Dr. Leo Pruimboom

Dieta alta en calorias 225 Kcal/100gr

Dieta alta en grasas > 40 gr/comida

Dieta alta en fructosa > 10%/comida

Teng. Atherosclerosis 242 (2015) 281e287

Vors. J Clin Endocrinol Metab, September 2015, 100(9):3427-3435
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Verde:
PgE2 activa el eje HPA
ACTH + cortisol =
antiinflamatorio

Glia limitans —

Perivascular space —
Endothelia —
ILT, LPS
Ambiente inflamatorio
Perivascular cell —

Serrats. Neuron . 2010 January 14; 65(1): 94-106.




La inflamacion hipotalamica protege OOOpN| Europe
contra inflamaciones adicionales tanto en

la periferia como centralmente. Dispara

procesos de neurogeéenesis en el

hipotalamo

Triggers Actions Outcomes
Classical Homeostatic Adaptation
* Infectious microbes ® * Release of gliotransmitters, neurotrophic * Microbe elimination ©
* Viral » | factors, cytokines =p | * Synaptic plasticity
* Bacterial é * Vasodilation * Enhanced perfusion
* Fungal and * Phagocytosis » Neuroprotection, repair, regeneration
protozoal (
* Autoimmunity ® Maladaptive Dysfunction
* Toxins 7~ | » Release of pro-inflammatory factors =P | * Hyperexcitability and/or impaired ©
* Environmental * Plasma extravasation inhibition
* Disease proteins * Reduced computational power
and danger signals Neuroinflammation

¥ )

Neurotoxic Degeneration

. K . - - ©
Neurogenic l Rel<.ease of pro lnﬂamm.atory factors Progre.ssw.e CNS loss of function
States of enhanced ® » Excitotoxicity, apoptosis ¥ | o Chronicdisease
. * Blood-CNS-barrier breakdown
neuronal activity
* Noxious stimuli
» Psychological stress Anti-inflammatory Resolution
» Epileptic seizure \_ *» Release of anti-inflammatory cytokines, * Termination of inflammatory
- neuroprotectins, resolvins, neurotrophic N response

factors, neurotransmitters, neuropeptides,
cell adhesion molecules
* Vasodilation

Xanthos. NATURE REVIEWS | NEUROSCIENCE VOLUME 15 | JANUARY 2014

\:
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Inflamacion hipotalamica prolongada, PNI Europe
exceso de peso y anorexia .

Obesity Anorexia

Insulin resistance Dec food
ke

Leptin resistance
Increased food Incre energy
intake nditure
Decreased energy Decr overall

rvival

Pimentel. Molecular and Cellular
Endocrinology 397 (2014) 15-22




Grasa e inflamacion “PNI Europe

By Dr. Leo Pruimboom

La inflamacidn conduce a la resistencia a la insulina y la leptina

Leptin/insulin sensitivity

Lipid accumulation, inflammation

Food _— Energy

intake expenditure\

ARC

insulin * 3v

-
‘ e XYY
‘ Enhanced lipid transport

ME across the BBB

o/Ta'nycyte %’ Astrocyte "—% Microglia

Owa Dietary FA
08 Cytokines % Activated astrocyte ‘m microglia Valdearcos Annu. Rev. Physiol. 2015. 77:131-60




Glucosa e inflamacion

PNI Europe

By Dr. Leo Pruimboom

Paraventricular
nucleus

Ventromedial
hypothalamus

Arcuate
nucleus
POMC
AgRP neurons
neurons 3fd
ventrlcle
2]
P ° . . DB h 1
* ¢  ®Median '.
.emnnencel

High glucose levels |

° Diffusion of blood-borne
¢ metabolic molecules

() / — Assembled/
disassembled
tanycyte tight junction

Low glucose levels

Git. obesity reviews (2015) 16, 207-224



Fibromialgia PN Europe

By Dr. Leo Pruimboom

C fibres

© @ Cytokine

—/ © release

Dorsal root
ganglion

T cell
activation

T cell

~

: e @ Histamine
Spinal cord © O release

Figure 1 | Central and peripheral effects associated with release of neuropeptides by terminal C-fibres. Left panel: C-fibres
transmit nociceptive input to the outer laminae of the spinal cord, where they interact with second-order neurons. These
interactions are modulated by influences emanating from the brain and brain stem. Right panel: The C-fibres release
neuropeptides, such as substance P, as part of an axonal reflex in peripheral tissues. These neuropeptides act on adjacent
blood vessels and cells (including immune-related cells) to cause vasodilatation, oedema resulting from fluid extravasation,
and activation of innate and humoral responses.

Littlejohn, G. Nat. Rev. Rheumatol. advance online publication 4 August 2015
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Neuroinflamacion

a3

Figure 2 | Clinical features of neurogenic inflammation in fibromyalgia and complex
regional pain syndrome. a | Dermatographia elicited after gentle stroking of skin in

a patient with fibromyalgia. b | Reticular skin discolouration in forearm of patient

with fibromyalgia. ¢ | Redness, swelling and allodynia of the left foot and ankle in a
patient who developed complex regional pain syndrome after undergoing surgery 4,
for a metatarsal bone fracture.
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Sintomas y medicion PNI Europe

Table 1 | Clinical features of fibromyalgia and CRPS associated with neurogenic neuroinflammation

Study Feature Neuropeptide-related mechanism
Chiu et al. (2012)* Swelling Increased vascular permeability
Chiu et al. (2012)* Vasomotor changes, dermatographia, reticular skin Vasodilatation* and vasoconstriction?
Birklein & Schmelz (2008)* discolouration, skin colour and temperature changes
Birklein & Schmelz (2008)** Allodynia Sensitization of nociceptors
Herbert & Holzer (2002)%2
Uceyler et al. (2007)°7 Cutaneous dysaesthesia, numbness, pins and Structural effects on C-fibres
needles sensation
Kramer et al. (2014)°%¢ Osteopenia (in CRPS) Abnormal bone remodelling
Birklein & Schmelz (2008)* Increased hair or nail growth (in CRPS) High local neuropeptide levels

*From Chiu et al.* *From Birklein & Schmelz.** Abbreviation: CRPS, complex regional pain syndrome.

Littlejohn, G. Nat. Rev. Rheumatol. advance online publication 4 August 2015
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Dia 3
Solucion:
Recuperacion del ritmo de los ejes de estrés
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Los tanicitos son
células madre que
pueden diferenciarse en
todas las células
necesarias del
hipotalamo

™ ependymal cell

D~—_~— al-tanycyte
O a2-tanycyte
O p1-tanycyte

O~ pB2-tanycyte

Rizzoti, K., Lovell-Badge, R., Pivotal role of median eminence tanycytes for hypothalamic function and neurogenesis, Molecular and Cellular Endocrinology (2016),
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Aceite de pescado versus grupo de control

“PNI Europe

By Dr. Leo Pruimboom

Fatty acid Frontal cortex Hippcampus Hypothalamus
Control Fish oil Control Fish oil Control Fish oil
n-6 PUFA
C18:2,6(LA) 6.06 = 0.73 2.96 +0.55*% 3.28+1.43 326+ 141 516 £1.20 2.60 + 1.04*
C20:2,6(EDA) 0.14 £ 0.03 0.27 £0.00* 0.14 = 0.01 020+0.02% 0.12 £0.05 0.13+0.04
C20:3,6(DGLA) 0.38+=0.10 0.72+001* 0.62 + 0.02 095+ 0.08* 0.58 £0.18 0.69+0.12
C20:4,6(AA) 1134 +0.49 7.06£141*% 12.13 £ 0.96 10.97 £ 1.08 8.75+1.54 10.31 £ 0.97
C22:4,6(DTA) 1.36 + 0.42 2.71 £0.02* 3.47+0.30 241+0.12% 2.96 £0.73 3.91 £ 0.38
Total 19.28 + 0.53 13.71 £ 0.04%* 19.64 + 0.31 17.80 £ 0.29* 17.56 =+ 1.47 17.65 + 0.62
n-3 PUFA
C18:3,3(ALA) 0.59+0.23 0.21 £0.08 0.23+0.11 034+025 0.47 £0.08 0.24 +0.10
C22:5,3(DPA) 0.05+0.03 0.09+0.09 0.16 = 0.01 022+0.02 0.11 +0.05 0.23 +0.06
C22:6,3(DHA) 15.49 = 0.66 2357 +£039 ** 18.42 + 0.79 2316+ 1.04 13.53 £0.31 17.99 + 0.23*
Total 16.13 + 2.47 2387+ 040% 18.81 + 0.69 23.72 +1.82% 14.11 £0.83 18.46 + 1.10*
SFA 5297+ 3.94 4157+ 0.00* 4434+ 1.64 39.86 £ 0.73* 50.71 £4.15 42.86 + 3.90
MUFA 15.89+ 1.13 1657+037 18.29 + 0.26 1895+ 146 17.59 +£0.67 21.03 £ 1.27*
PUFA 3541 £ 1.95 3758 £0.36* 38.45+1.37 41.52+1.82 31.68 =+ 1.46 38.68 = 1.65*
n-6/n-3 1.20 £+ 0.02 0.57 £0.02%* 1.04 £ 0.04 0.75+0.02%* 1.13 £0.02 0.91 £ 0.04*

Shi. Mol Neurobiol. 2016




Palmitoiletanolamida: 1200 mg de PEA al dia OOO|>N| Europe
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Paladini. Pain Physician: February 2016: 19:11-24

Seurce of pain Study Desizn n® Regimen of ma PEA or Publiched Unpubliched
um PEA Studies and Studies
Proceedings
Lumbosciatica Double blind, two doses, 636 1st arm 300mg/day mPEA x | GuidaGetal
randomized, controlled 21 days 2010 (42)
m.PEA vs placebo 2nd arm 600mg/die m.PEA
+ NSAIDs x 21 days
when needed +NSAIDs when neaded
Carpal tunnel syndrome In Open controlled randomized 40 1200mg/day m.PEA x 60 days | Assinl A et al
diabetic patients m.PEA vs 2010 (68)
no treatment
Carpal tunnel syndrome- Open controlled randomized 50 1200mg /day um.PEA x 60 Evangelista M.
course pre-and post-operative | u.m.PEA vs no treatment 2015a
Carpal tunnel syndrome Double blind, randomized, 48 1200mg/day um.PEA x30 Zanette G
controlled u.m.PEA vs placebo days + NSAIDs 2015b
+ NSAIDs when neaded
when neaded
Radiculopathy (331) Open-label 610 1200mg/day um.PEA Gatt1 A etal
Osteoarthritis (54) x 21 days followed by 600mg/ | 2012 (69)
Herpes Zoster (44) day um PEA x 30 days
Diab. Neuropaty (32) (+anticonvulsant, oplold
Falled back surgery (76) and rescue drugs® except 50
Oncologic (22) patlents)
Other diseases (51)
Low back paln Open-label 20 1200mg/day um.PEA Deslo P.
+ Oxylcodone x 30 days 2011 (70)
Diabetic neuropathy (11) Open-label 30 1200mg/day um. PEA Desio P.
Postherpetic neuralgia (19) +Pregabalin x 45 days 2010 (71)
Diabetic neuropathy,(23) Open-label 30 1200mg/day um.PEA x 40 Cocito D et al.
Traumatic neuropathy (7) days 2014 (72)
Post stroke Open controlled, randomized, | 20 1200mg /day um.PEA Parabita M et
u.m.PEA + Phystotherapy vs X 60 days followed by 600mg/ | al 2011 (73)
only Physlotherapy day um PEA x 30 days
Neuropathic pain induced by | Open lzbel 10 1200mg /day um.PEA Spada S.
chemotherapy X 60 days 2015¢
Multiple Sderosls Double blind, randomized, 27 600mg/day u.m PEA Montella S et
controlled u.m.PEA vs placebo X 365 days al, 2014 (74)
Charcot Marle Tooth Open label 12 1200mg/day um.PEA Putzu GA.
X 80 days 20154,




Adaptogenos sistemicos

Hipotalamo
Hipofisis

GSR

Amigdala

Nuclei Raphei
Hipocampo
Sustancia negra
Locus Coereleus

CRF

ACTH
Cortisol

CRF
Serotonina
GABA
Dopamina
Norepinefrina
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Curcumina
Berberina

Ribes Nigrum
Curcumina
Hypericum, Griffonia
Valeriana Melisse
Mucuna Pruriens
Salvia Officinalis
L-Arginina
L-Acetil-Carnitina
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Rotura del tiempo sedentario

Ayuno intermitente

Alimentacion intermitente - variacion nutricional
Frio intermitente - para nosotros y nuestra flora
Calor intermitente

Bebida intermitente

Hipoxia intermitente

Hipercapnia intermitente

i =

Comida hormetica intermitente
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