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HPNS and FUTURE Research
Deep Saturation Diving
Friend or Foe?




S
"of course HPNS causes excite-toxic brain damage »

VS
"No - they have PTSD »

VS
"we can't explain it so it must be mass psychogenic illness"



SATURATION 1s NOT ONLY HPNS

High VO2max is a good protection to
natural oxydative stress

Recovery time importance

* Long term effects
* Oxytoxicyty
* Oxydative stress

* Microbiota changes ) Nutritio.n
* PTSD like symptoms ) Wel! being
* Mood disorders * Hygiene
e Quality of air

* Recovery

e Adaptation

* Inflammation
* Bubbles effects
* Confinement
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The Physiology and Pathology of Exposure

to

STRESS

A treatise based on the concepts of the

GENERAL-ADAPTATION-SYNDROME
and the

DISEASES OF ADAPTATION

by

HANS SELYE

M.D., Ph.D. (Prague), D.Sc. (McGill), F.R.S. (Canada)
Professor and Director
of the
Institut de Médecine et de Chirurgie expérimentales
Université de Montréal

1950

Hans Selye, MD 1907-1982
Université de Montreal

G.A.S



All Stress Responses Are Triphasic
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Selye, H. 1950, p55. The Physiology and Pathology of Exposure to Stress



The ultimate stress book

WHY IEBRAS DON'I Why Zebras Don’ t Get Ulcers:
GET ULCERS Stress, Performance & Coping

— Robert Sapolsky, PhD

Professor of Biological Sciences and Neurology

at Stanford University
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A few more tips on stress hardiness

Avoid the stressor
Alter the stressor
Adapt to the stressor
Accept the stressor



HPNS
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1975 BENNETT The Pressure Reversal Effect
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HPNS SIGNS AND SYMPTOMS

Animals — convulsions
EEG theta (3-7 hz) T
EEG alpha (8-13 hz) {
Evoked potentials T

Tremors of the hands

Myoclonic jerking of the limbs

Increased reflexes

Nausea and vomiting

Loss of appetite, weight loss  Decrement in performance

Dizziness Poor sleep, vivid dreams

Fatigue and somnolence Visual/auditory
(microsleep) hallucinations

Dyspnea



HALLUCINATIONS

* Auditory (music)
* Visual (birds in chamber)
* QOut of body experiences

* Hypomania (1 case)



Glutamate Excitotoxicity

Pre-synaptic neuron
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High Buffered Cell

Normal Physiological condition (WT)

Low Buffered Cell

AMPA @@ NMDA
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The effect of high pressure on
the NMDA receptor: molecular
dynamics simulations

Alice Bliznyuk (¥ Yoram Grossman® B Yevgeny Moskovitz?

Professional divers exposed to ambient pressures above 11 bar develop the high pressuvre neurclogical
syndrome (HPMS), manifesting as central nervous system (CHS) hyperexcitability, motor disterbances,
sensory impairment, and cognitive defiots_The glutamate-type N-methyl-D-aspartate receptor
(NMDAR) has been implicated in the CHS hyperexcitability of HPNS. NMDARS containing differemt
subunits exhibited varying degrees of increasedrdecreasad curmrent at high pressure. The mechanisms
underlying this phenomenon remain vnclear. We performed 100 ns molecular dynamics (MY
amulatiens of the NMDAR structure embedded in a divleoylphosphatidylcholine (D0OPC) lipid balayer
solwated in water at 1 bar, wydrostatic 25 bar, and n helivm at 25 bar. MD simulations showed that

in contrast to hydrostatic pressure, high pressure helivm causes substantial distortion of the DOPC
membrane duee to its accomulation between the two monolayers: reduction of the Sn-1 and Sn-2 DOPC
chains and helivm-dependent dehydration of the NMDAR pore_ Further analysis of important regions of

the NMDAR protein such as pore surface (M2 o-heliog, Mg** binding site, and TMD-M& o-helix revealed

gignificant effects of helwm. In contrast with previous models, these and owr earlier results suggest that
high pressure helivm, ot hydrostatic pressure ger se, alters the receptor tertiary structure via protemn-
lipid interactions. Helivm in divers’ breathing mixtures may partially contribute to HPHMS symptomis.
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Figure7. Simulated surface of an NMDAR pore under different pressure conditions. (A) Pore surface position
In the TMD of the NMDAR under different conditions. (B) Simulated pore surface of the NMDAR under
control conditions at 1 bar (green), at 25 bar hydrostatic pressure (red) and in helium at 25 bar (blue).




High Pressure Stress Response:
Involvement of NMDA Receptor
Subtypes and Molecular Markers

Alicea Bliznyuk12*, Michas! Hollmann® and Yoram Grossman?!

T Fofowskl Canfar for MeLrmeckeriss Depamrmant af Fiesiciogy and Cal Biniogy, Fscull)y of Health Sciances, Ben-Enran
Lindraraity af e Nepey], Baa=iahs, Srac ¥ jpsracl Naval Moadical instiufe, Hals, Eraal 7 Depantment of Blochermniistny | —
Recapior Biochaymasing Facuy of Chvavmasinye and Biochamisiny, Sufy Linfrersl)y Sochum, Bochiom, Ganmany

Professional divers who are exposed to high pressure (HFP) abowve 1.1 MPa suffer
from high pressure neurclogical syndrome (HPMNS), which is charactenzed by reversible
CMNS hyperexcitability and cognitive and motor deficits. HPMNS remamns the final major
constraints on deep dng at HP. Prolonged and repetitve exposure to HP dunng deep
=ea saturation dves may result in permanent memory and motor mpairment. Previous
studies revealed that CNS hyperexcitability associated with HPMS is largely mduced by
MN-methwl-D-aspartate receptors (NMDARSs). NMDAR=s that contan the GluN2A subwrk
are the only ones that show a large (~60%) current increase at He HP. NMDAR subtypes
that contain other GluNZ2 members show mimor decrease or no change of the cument.
Edtted by: Immunoprecipitabon was used In order to test the hypothesis that cument augmentabon

— Rﬂﬁiﬁﬁﬁ* may result from inserting additional NMDARs nto the membrane during the 20-25 min
HEZE), Delgum /compression. The results indicated that there is no increase in surface expression of

Aeviewed by: MNMDODWHs in the oocyte membrane under HP condifions. In contrast, consistent increase

‘e e Francols '3'-‘5'1?;; in ghyceraldelhwde-3-phosphate dehydrogenase (GAPDH) and B-actin was discovered.

: France GAPDOH and pg-actin are coytosolic proteins which involbve n vanous cellular control
AUBSSANND AT, processes, increase of ther expression suggests the presence of a general cellular
DAN Burope Foundstion, Mafs \8tress response to HP. |Understanding the precise hyperexcitation mechanismi(s) of/
mmﬁ specific NMDAR subtypes and other possible neurotoxic processes during HP exposure

SO ARTEN v could provide the key for eliminating the adwverse, yet reversible, short-terrmn effects of

HFME and hopefully the deletenous long-termm ones.
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Link the findings with the divers perceptions during and post-saturation.
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Commercial Divers’ Subjective
Evaluation of Saturation

Jean Pierre Imbert', Costantino Balestra®3, Fatima Zohra Kiboub#+5*,
Byvind Loennechen® and Ingrid Eftedal*=*




Questionnaire responses: part 1

59% of the divers declared
having headaches: 44% of
them near and 56% of
them after surfacing

A relative paleness was
observed on most of the
divers at surfacing

Questions Participant’s

number

Q1: During this last decompression, have you experienced

headaches?

Q2: During this last decompression, if you had headache, when did

the symptoms declare?

Q3: During this last decompression, if you had headache, grade its

severity on a scale from 1 (light) to 10 (severe)

Q4: Usually, do you experience headache during or after

decompression?

Q5: Usually, if you had headache, when do the symptoms declare?

Q6: Usually, if you had headache, how long does the headache last?

Q7: When back home after a saturation, do people around you say

you look pale?

Scores

Yes =11
No =23
Near surface = 6

After surfacing =5

4 (grade 1to 2)
6 (grade 6 to 9)

Never = 14
Sometimes = 10
Often=5
Always =5

Sometimes + often = 15

Near surface =9

After surfacing = 7

Few hours =3

Half a day = 3
Oneday=4

More than 1 day =3

Yes =19
No=1

Response

Percentage




Questionnaire responses: part 2

71% of the divers reported
a post-saturation fatigue
that took 1 to 10 days to
recede

Yes =17
No=7

(Mean +SD) 3.4 £1.92

Yes =18
No=4

Physical =17
Mental = 2

(Mean + SD) 6.18 + 1.56

(Mean +SD) 6.23 + 1.91

(Mean £ SD) 4.31+2.92




ORIGINAL RESEARCH ARTICLE The full-text will be published soon.
Front. Physiol. | doi: 10.3389/fphys.2019.01386

Evaluation of divers’ neuropsychometric
effectiveness and High-Pressure Nervous
Syndrome via test battery package and
questionnaires in operational setting

ﬂ Simin Berenji Ardestani' %, F Costantino Balestra® 4, Elena V. Bouzinova>, ‘l Qyvind
Loennechen® and Michael Pedersen?

1Aarhus University, Denmark

2Department of Clinical Medicine, Faculty of Health, Aarhus University, Denmark

30ther, Italy

4Environmental, Occupational & Ageing Physiology Lab, Haute Ecole Bruxelles-Brabant (HE2B), Belgium
>Department of Biomedicine, Faculty of Health, Aarhus University, Denmark

Independent researcher, Norway
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F. Z. Kiboub et Al. 2018

@ frontiers
in Physiology
Front Physiol. 2018; 9: 937. PMCID: PMC6E054983

Published online 2018 Jul 16. doi: [10.338%fphys.2018.00937]

Blood Gene Expression and Vascular Function Biomarkers in Professional
Saturation Diving

Fatima 7. Kiboub, 2" Andreas Mellerlgkken,® Astrid Hjelde,! Arnar Flatberg,* @yvind Loennechen,? and

Ingrid Eftedal’-=




Vitamin Cand E

e Vitamin C and E have been reported to:
= Ameliorate oxidative stress effects on the heart, pulmonary and brachial artery in scuba divers?.

= Combined with tea catechins, they prevent hepatic disturbances in experimental saturation divers?.

Experimental group
instructed to take 500 mg
vitamin C and 30 mg vitamin
E supplements / day

1. MaksS. et al. Am. J. Physiol. Heart Circ. Physiol. (2002); Obad A. et al. FASEB J. (2006) and Obad A. et al. J. Physiol. (2007)
* 2.lkeda M. et al. Tohoku J. Exp. Med. (2004)



Changes in oxygen transport genes expression

Erythrocyte Activity

No effect of antioxidant
Vitamin C and E Reticulocyte Maturation GATA1 - :

Hemoglobin Activity

Genes involved in oxygen
transport were
downregulated on multiple
levels after saturation diving

log2 fold-change



1991 Greg Semenza
HIF-1 and HIF-2 (NOBEL PRIZE 2019)
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low oxygen or
“pulsed” hyperoxia
\

proteasome
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proteasome ¢ “oxidative stress”

Pro-inflammatoryresponse
Antibacterial activity
Proliferation of B and T cells

Anti-inflammatory response
anti-oxidant response
Injury repair




"’ frnntlers

Front Physiol. 2018; 9: 1176. PMCID: PMCG8113572
Published online 2018 Aug 21. doi: [10.3389/fphys. 2016.01176 PMID: 30246801

Hemoglobin and Erythr{::p{::ietin After Commercial Saturation Diving

-
—

Fatima 7. Kiboub 14" Costantino Balestra, = Eyvind Lo ennechen. < and Ingnd Efteda




Hb was reduced by 4% post-

EPO was unchanged
saturation and 8% 24h later

post-saturation and

increased 99% 24h
later.

110 - 400 =
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200 -
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90+

Post-dive hemoglobin variations (%)
Post-dive erythropoietin variations

(%)

(A) Hb and (B) EPO levels 0 h post-dive and 24 h post-dive expressed as percentages of pre-saturation diving levels (dotted line) in 13
saturation divers. *P < 0.01; **P < 0.001; ***P < 0.0001 and NS, non-significant.



Revelli L, Vagnoni S, D'’Amore A, Di Stasio E, Lombardi CP, Storti G, Proietti R,
Balestra C & Ricerca BM. (2013). EPO modulation in a 14-days undersea scuba
dive. International journal of sports medicine 34, 856-860.
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The Abyss Project 2008

Serum EPO levels after several days
at 9 m depth in water habitat
(The Abyss project) n = 6
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UHM 2018, VOL. 45, NO. 2 — SPIROMETRY AND OXIDATIVE STRESS AFTER REBREATHER DIVING

Research Article
Spirometry and oxidative stress after rebreather diving in warm water

Gerardo Bosco 1, Alex Rizzato !, Silvia (Quartesan !, Enrico Camporesi 2, Simona Mrakic-Sposta 3,
Sarah Moretti 3, Costantino Balestra 4, Alessandro Rubini 1

! Environmental Physiology & Medicine Lab, Department of Biomedical Sciences, University of Padowa, [taly
T TEAMHealth Research Institute, TGH, Tampa, Florida., UUSA
FCHWR Institute of Bioimaging and Molecular Physiology, Segrate (Milano), ltaly

* Environmental & Oocupational Physiology Laboratory, Haute Ecole Bruxelles- Brabant (HEZE), Brussels, BE.

Auderghem, Belgium

CORRESPONDING AUTHOR: Alex Rizzato — alex. rizzato@studenti unipd. it

ABSTRACT

Introduction: Hyperbaric oxmgen (HBO:) therapy and use
of enriched air can result in oxidative injury affecting the brain,
lungs and eyes. HBD,; exposure during diving can lead to a
decrease in respiratory parameters. However, the possible effects
of acute exposure to oxygen-enriched diving on subsequent spiro-
mietric perfformance and oxidative state in humans have not been
recently described recently. We aim to investigate possible effecis
of acute (i) hyperbarc and (i@} hyperbaric hyperoxic exposure
using scoba or closed-circuit rebreather (CCR) on subseguent
spirometry and to assess the role of oxidative state after
hyperoxic diving,

Mecthods: Spirometry and urine samples were obtained from
six well-trained divers (males, mean 3+ SI), age: 43.33 = 9. 16
yvears, weight: 7904 = 4.90 kg; height: 1.77 = 0.07 meters) be-
fore (CTRL) and after a dive breathing air, and afier a dive using
CCR {PO; 1.4). In the crossover desipn {two dives separated
by six hours) each subject pedformed a 20-minute session of
light underwater exercise at a depth of 15 meters in wamm
water {31-32°C). We measured urinary #-isoprostane and 8-0H-
T deoxrvenanosine evaluating lipid and DNA oxddative damaees.

INTRODUWCTION

Hyperbaric oxygen (HB(4) is a widely applied thera-
peutic approach in which an individual breathes near
1% oxypen intermittently while inside a hyperbaric
chamber with a pressure egual or exceeding 1.4 atmo-
spheres absolute (ATA) It is used for the treatment
of diseases such as: decompression illness, ischemia-
reperfusion injury, necrotizing infections, chronic non-
healing wounds, gas gangrene and others [1,2]. Hyper-
baric oxygen therapy as well as the use of oxypen-
enriched air or closed-circuit rebreather (CCR) during
diving can potentially result in oxidative inpury, which
affects the brain, lungs and eyes, mainly due to the toxic
effects of oxygen free radicals [3-5]. Central nervous
system oxygen toxicity (CNS-0OT) and pulmonary oxygen
toxicity are the most concerming effects of breath-
ing an enriched air muaxture [6-8]. As previously re-
ported [9], exposure to HBO: may lead to temporary
reductions in pulmonary function. Experiments speci-

fically designed to investigate the possible effects of

- m @ m 0= am = -
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Evidence of Heritable Determinants of Decompression Sickness in Rats

Jacky Lauh‘idoul, Peter Buzzamttu, Mare Belhnnuuel, Emmanuel Dug‘motl,
Pierre Lafhal, Costantino Balestm?’, and Francois Guerrero’

!University of Western Brittany, ORPHY EA 4324, IBSAM, Brest, France; “School of Sports
Science, Exercise and Health, University of Western Australia, Crawley, Australia;
*Environmental & Occupational Physiology Laboratory, (ISEK), Haute Ecole Bruxelles-Brabant
(HE2B), Brussels, Belgium

Accepted for Publication: 17 July 2017
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The Number of X Chromosomes
Influences Inflammatory Cytokine
Production Following Toll-Like
Receptor Stimulation

Nicolas Lefévre '**, Francis Corazza®, Joseph Valsamis?®, Anne Delbaere?,
Viviane De Maertelaer®, Jean Duchateau® and Georges Casimir ¢

' Departmant of Pulmonology. Alerooiogy and Cystic Fibroeis, Hépital Uiniversitaine des Enfants Raine Fabiol, Linivarsits
Libve de Bruvedss, Buesals, Beigum, * Leborstory of Transistonal Asssarch, Unnevsis Libre de Bruxalios, Brussals,
Beigium, ? Laborsdory of Homonology, Hipital Linkersitaire Bragmann, Linversis Libre de Brovelies, Brosssls, Belgium,

* Fartility Ciinic, Hopisl Ereeme, Universits Libre de Bruoeles, Brusssls, Boigium, © Departrment of Biostatishcs and Medical
Computing, Linversis Libve oe Bruwellss, Bnrssal, Belgium, © Laborstory of Pedistncs, Linversts Libre de Bruvelss,
Brrz=els, Beigmm

Sex differences are obsenved in the evolution of numercus inflammatory conditions.
Women exhibit better clinical courses comparad to men in acute inflammatory processas,
vet worse prognosis in several chronic inflammatory diseases. Inflammatory markers
are significantly different between prepubertal boys and girls, whose sex steroid levels
are very low, suggesting genetics play a role. To evaluate the potential influence of the
X chromosome, we studied cytokine production and protein phosphonvation following
Toll-like receptor (TLR) activation in whole blood and purified neutrophils and monocytes
of healthy adults of both sexes as well as subjects with Klinefelter syndrome. We recorded
higher levels of inflammatory cytokines in men compared to both women and patients
with Elinefelter syndrome following whole blood stimulation. In purified monocytes,
production of inflammeatory cytokines was also higher in men comparad to women,
wihile Klinefelter subjects expressed the same pattern of cytokine production as males,
in contrast with whole blood analyses. These differences remained after adjusting for
sex stenoid levels. Our study revealed higher cytokine inflammatorny responses in men
than women, yet also comparaed to subjects with Klinefelter syndrome, who camy two
copies of the X chromosome, like women, and thus potentially benefit from the cellular
mosaicism of X-linked genes.

Keywords: sex differences, cytokine, Toll-ike receptors, X chromosome, sex steroids

A Single Simulated Heliox Dive
Modifies Endothelial Function in the
Vascular Wall of ApoE Knockout
Male Rats More Than Females

Simin Berenji Ardestani’™*, Wladimir V. Matchkow?, Ingrid Eftedal** and
Michasel Pedarsen’

" Depariment of Cinical Madicine, Comparative Meadicine Lab, Aanhus University, Aarfus, Denmarnk, * Department

of CIrCuistion Snd Medfca! Mmaging, Facuy of Macicing and Healh Sciancas, NTRLE: NOPwagiEn Linkarsily of Soience

s Technaiogy, Trondhelm, Norwsy, 7 Depariment of Blomadicing, Aarhus Linversity, Asrus, Denmark, * Faculty of Nursing
and Health Sclences, Nord Linkarsity, Boda, Nonwsy

Intreduction: The number of divers is rising every vear, including an increasing numiber
of aging persons with impaired endothelial function and concomitant atherosclerosis.
While diving is an independent modulator of endothelial function, littke is known about
how diving affects already impaired endothedium. In this study, we guestioned whether
diving exposure leads to further damage of an already impaired endothelium.

Methods: A total of 5 male and & female ApoE knockout (KIO) rats were exposed
to simulated diving to an absolute pressure of 600 kPa in heliox gas (B0% helium,
20% oxygen) for 1 h in a dry pressure chamber. 10 ApoE KO rats (& males, 5
females) and B male Sprague-Dawley rats senved as controls. Endothelial function was
excamined in viro by isometric myography of pulmonary and mesenteric arteries. Lipid
peroxidation in blood plasma, heart and lung tissue was used as measures of oxidative
stress. BExprassion and phosphorylation of endothelial MO synthase were quantified by
Westam bilot.

Results and Conclusion: A single simulated dive was found to induce endothelial
dysfunction in the pulmonary arteries of ApoE KO rats, and this was more profound in
male than female rats. Endothelial dysfunction in males was associated with changing
in production or bicavailabiity of MO; while in famale pulmonary arteries an imbalance in
prostanoid signaling was observed. Mo effect of diving was found on mesenteric arteries
from rats of either sex. Our findings suggest that changes in endothelial dysfunction were
specific for pulmonary circulation. In future, human translation of these findings may
suggest caution for divers who are elderly or have prior reduced endothelial function.

Keywords: endothellal dysfunction, apolipoprotein E, atherosclenosis, cardiovascular, saturation diving
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Differs for Females and Males
Differs for Rats and Humans
Need for Human studies
Link with Micronuclei
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Static Metabolic Bubbles as
Precursors of Vascular Gas Emboli
During Divers’ Decompression: A
Hypothesis Explaining Bubbling
Variability

Jean-Pierre Imbert’, Salih Murat Egi=**, Peter Germonpré3* and Costantino Balestra®

' Divetech, Biot, Franca, ? Dapartment of Computer Enginearing, Gatatasaray Universily, Istanbu, Turkey, * DAN Europe
Rasearch Division, Divars Alert Natwork [DAN], Roseto, ialy, * Cantre for Hyperbaric Oxygen Therapy, Military Hospital
Brussals, Brussals, Belgium, * Environmental, Cccupational and Ageing Physiclogy Laborafory, Haute Ecole
Bruxoles-Brabant (HE2B], Brussals, Belgium

Introduction: The risk for decompression sickness (DCS) after hyperbaric exposures
(such as SCUBA diving) has been linked to the presence and quantity of vascular
gas emboli (VGE) after surfacing from the dive. These VGE can be semi-quantified
by ultrasound Doppler and quantified via precordial echocardiography. However, for
an identical dive, VGE monitoring of divers shows variations related to individual
susceptibility, and, for a same diver, dive-to-dive variations which may be influenced
by pre-dive pre-conditioning. These variations are not explained by currently used
algorithms. In this paper, we present a new hypothesis: individual metabolic processes,
through the oxygen window (OW) or Inherent Unsaturation of tissues, modulate the
presence and volume of static metabolic bubbles (SME) that in turn act as precursors
of circulating VGE after a dive.
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ORIGINAL RESEARCH ARTICLE
Front. Physiol. | doi: 10.3389/fphys.2016.00586

Pre-dive whole-body vibration better reduces
decompression-induced Vascular Gas Emboli
than oxygenation or a combination of both.

Costantino Balestra? 3, Sigrid Theunissen? 3, Virginie Papadopoulou®, Cedric Le Mener?, Peter
Germonpré? 5, Francois Guerrero? “ and Pierre Lafere® %+

!Depatment of Anaesthesiology, CHRU de Brest, France

2DAN Europe Research Division, Italy

3Environmental, Occupational and Ageing Physiology Laboratory, Haute Ecole Paul-Henry Spaak, Belgium

4ORPHY Laboratory, EA 4324, Université de Bretagne Occidentale, France

SDepartment of Bioengineering, Ultrasound Laboratory for Imaging and Sensing (ULIS), Imperial College London, United
Kingdom

5Centre for Hyperbaric Oxygen Therapy, Military Hospital "Queen Astrid", Belgium

Purpose: Since non-provocative dive profiles are no guarantor of protection against decompression
sickness, novel means including pre-dive “preconditioning” interventions, are proposed for its
prevention. This study investigated and compared the effect of pre-dive oxygenation, pre-dive
whole body vibration or a combination of both on post-dive bubble formation.

Methods: 6 healthy volunteers performed 6 no-decompression dives each, to a depth of 33 mfw for
20 minutes (3 control dives without preconditioning and 1 of each preconditioning protocol) with a




Vascular gas emboli
on the same divers after
a standardized dive (n=6)
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Environment
Micro & Nano Particules



Environmental

Micro- and nano-

sized particles

Engineered

Planetary

- natural sources, including
forest fires, disasters,
voicanoes eruption and
bloparticles;

- anthropogenic origin (engine
oxhaust, wood combustion,
coal consum ing, olc)
“agriculture nanotechnologies;
- deposits from industry and
madical nanotechnologies

uncoated and
surface
functionalized
poarticles of differemt
size, shape,
composition and
sanface properties

Lunar and Marnian
dust




GABA
transporters

Tonic
GABA
release

Presynaptic nerve terminals

GABAergic Glutamatergic
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The ambient level of GABA/glutamate

Glutamate
transporters
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Size-dependence of
nanoparticle
internalization
efficiency and
cytotoxic effects
(Soenen et al. 2011)

Nanoparticles deposited
on the olfactory mucosa
can move to the brain
olfactory bulb
(Oberdorster et al. 2004,
2005)

1970 >2004 2005>ZOO7>ZOIO>

Biocorona issues
(Mahmoudi et al.
2011; Lundqvist et
al. 2011; Saptarshi
et al. 2013)

Magnetite
nanoparticles were
found in the human
brain (Maher et al.
2016)

2011 ‘52012 $|2013>2016> 2018 )

Intranasally instilled
silver-coated colloidal
gold particles in
monkeys moved in
the axons of the
olfactory nerve to the
olfactory bulbs

(de Lorenzo 1970)

Nanoparticles influenced
metabolism and transport
of neurotransmitters
norepinephrine and
serotonin in the brain
(Wang et al. 2007b; Hu et
al. 2010; Ma et al. 2010)

An increasing amount of
environmental pollutants,

especially particulate matter
components of air pollution,

can be responsible for the
development of
neuropathologies (Eisen et
al. 2011; Block et al. 2012).

A causal association
between PM2.5
pollution and lowered
cognitive function,
autism and attention-
deficit or hyperactivity
disorder in children,
neurodegenerative
disease, including
dementia in adults and
stroke (Landrigan et al.
2018)
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Changes in the gut microbiota during and after
commercial helium—oxygen saturation diving in China

Yuan Yuan,” ' Guosheng Zhao,” Hongwei Ji Bin Peng,' Zhiguo Huang,” Wei Jin,?
Xiaogiang Chen,* Haitao Guan,” Guangsheng Tang," Hui Zhang,” Zhenglin Jiang

ABSTRACT

Objectives The influence of commercial heliwm—oxygen
saturation diving on divers” gut microbiotas was assessed
to provide dietary suggestion

Meothods Faecal samples of 47 divers working ofishore
were collected before (T1), during (T2) and after (T3)
saturation diving. Their living and excursion depths were
55—134 metres underwater with a saturation duration of
12-31 days and Pa0._ of 3865 kPa. The faecal samples
were examined through 165 ribosomal DMA amplicon
saquencing basad on the lllumina sequencing platform
to analyse changes in the bacteria compaosition in the
divers’ guts

Results Although the oz and B diversity of the gut
microbiota did not change significanty, we found

that liwing in a hyperbaric environmant of helium—

oygen saturation deceased the abundanoe of the

genus Bifidobacterium, an obligate anaerobe, from
2A43%+3 B3% &t T1 o 0.7%%+1.23% 2t T2 and
0.59%+0.79% at T3. Addiionally, the abundance ol

soma short-chain fatty add (SCRA)-produdng bacteria,
such as Fusicainibactey Faocalibactonium, reciale

group and Anaergsiipes, showed a decreasad trend

in the order of betore, during and atter diving. On the
contrary, the abundance of species, sud as L acdoroais
ganvieae, Actimomyoes odonfolious, Paplockodridim
dificie, Bulyrickonas wirosa, SIopfomdols mutans,
Forpfyromonas asccharoltica and A. grasvemnizi, showed
an increasing trend, but most of them were pathogens
Conclusions Ocoupational exposure 1o high pressure in
a helium—oxygen saturation environment decreased the
abundance of Bifidebactarism and some YCRA-producing
bacteria, and increased the risk of pathogenic bacteria
infection. Supplementation of the diver diet with
probiotics or prebiofics during saturation diving might
present these undesirable chamges.

What is already knos
» Saturation divers an
hyperoxic and hype
relatively long time
physiclogical and m
may impact human
» The appropriate die
albeviate many of t
metabolic concerns
and performance of

What are the new fir
» Helium—oxygen sat
134 metres of deptl
and P diversity of t
Howeewer, the abunt
Bifidobactariom ani
acid (SCRA)-produci
that of some pathoe
during and after din
saturation diving m
homoeostasis and i
pathogen infection.

How might this impact on policy or clinical

practice in the foreseeable futuwra?

» A diet supplemented with probiotics, such as
species from Bifidobactenivm, or prebiotics that
can stimulate gut Bifidobactenum and SCRA-
producing bacteria might promote the health of

saturation divers.

redox homoeostasis, immunological function and
. - 1-£
hazmarological varables. Farthermore, sanwra-

1

How might this impact on policy or dinical
practice in the foreseeable future?

» A diet supplemented with probiotics, such as
species from Bifidobacterym, or prebiotics that

can stimulate gut Bfdobactenum and SCHA-
producing bacteria might promote the health of

saturation divers.
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Study of the impact of long-

duration space missions at the
International Space Station on the

astronaut microbiome
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Figure 3. Changes in alpha diversity and richness of the astronauts’ microbiome. Boxplots depicting changes
in Shannon alpha diversity (A) and Richness (B) of the five human microbiomes surveyed in this study during a

mission to the 155, Significant linear mixed -effects model p-values are depicted using mission stage Preflight as
baseline.
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i Serctonin synthesis

| Stress responsivity

Controd of inflarmmation

mprove synapiic
transmission

Improwve
neurcdevelopment

THF-w. IL-1, IL-B, C-
reactive protein

Health

Figure 1: Schematic representation of gut-brain axis and microbicta in mood disorders.

Deprassion-like behawiors

Anxisty-like behaviors

Motor abnormealities
| Exploratory behaviors

Memory deficits

| BDNF

Inflammation

Poasible targets or
probiotics in brain

Gut-central nervous sy stem
axis

Hypothalamus

HPA axis

Few examples:

Lactobacillus helveticus and
Bifidobacterium longuem:
Al=viate paychological
distress, particularly
depression, anger-hosdility, and
anxiety

Lactobacillus casst Help
bzost mood and ease anwsty

Lactobacillus plantarum:
Decrease depression-like
behaviors

Bifidobacterum longuem:
Reduce ankety-like behawvior
and improwe perfonmance on
cognitive tests

DE GRUYTER

Rew. Neurosci. 2017; aop

Adiel C. Rlos, Pawan Kumar Maurya, Marlana Pedrinl, Malara Zenl-Gralff, Elson Asevedo,
Rodrigo B. Mansur, Andrea Wieck, Rodrigo Grassl-Olivelra, Roger 5. Mcintyre,
Mirlan A.F. Hayashl and Ellsa Brietzke*

Microbiota abnormalities and the therapeutic
potential of probiotics in the treatment of mood
disorders

DO 10.1515 frevneuro-2017-0001
Received January 5, 2007; accepted March B, 2017

Abstract: Major depressive disorder (MDD) and bipolar
disorder (BD) are among the leading causes of burden and
disability worldwide. Despite intensified research efforts
to improve the treatment options and remission rates in
mood disorders, no disease modifying treatment exists
for these disorders. Accumulating evidence implicates the
imvolvement of the gut microbiota in processes relevant
to etiopathology of central nervous system-based disor-
ders. The objective of this article was to critically evaluate
the evidence supporting the link between gastrointes-
tinal microbiota and mood disorders and to discuss the
potential benefits of using probiotics in the treatment of
MDD and BD. The concept of psychobiotics, which is bac-
terial-based interventions with mental health benefit, is

emerging in the field. On the other hand, while probiotics
might potentially represent a significant advance, specific
roles of microbiota in the pathophysiology of mood disor-
ders still need further investigation along with interven-
tion studies.

Keywords: bipolar disorder; major depression disorder;
microbiome; microbiota; mood disorders; probiotics.

Introduction

Major depressive disorder (MDD) and bipolar disor-
der (BD) are mood disorders and are among the leading
causes of burden and disability worldwide (Collins et al.,
2011). Notwithstanding the progress in drug development,
most individuals receiving treatment for a mood disorder
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A red orange extract modulates the vascular
response to a recreational dive: a pilot study on
the effect of anthocyanins on the physiological
consequences of scuba diving

C. Balestra, F. Cimino, S. Theunissen, T. Snoeck, S. Provyn, R. Canali, A.
Bonina & F. Virgili

To cite this article: C. Balestra, F. Cimino, S. Theunissen, T. Snoeck, S. Provyn, R.
Canali, A. Bonina & F. Virgili (2015): A red orange extract modulates the vascular
response to a recreational dive: a pilot study on the effect of anthocyanins on
the physiological consequences of scuba diving, Natural Product Research, DO
10.1080/14786419.2015.1107062

To link to this article: http://dx.doi.org/10.1080/14786419.2015.1107062
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Figure 1. Panel A: HTC changes (as % of pre-dive value) after diving and effect of the administration of
400 mg ROC. Panel B: Extracellular water measured by multifrequency bioimpedance changes (as % of
pre-dive value) after diving and effect of the administration of 400 mg ROC. Panel C: FMD changes (as %
of the initial value) after diving and effect of the administration of 400 mg ROC. *p < 0.05 according to

Mann-Whitney U-test vs. unsupplemented.




Diving potential risks and mitigation
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Conclusions

-We are facing a new moment in Diving Pathophysiology
understanding

-Saturation diving research papers have never been so
many since the last few years. We understand today that :

Depth of 180-225 msw seems to be the starting
level of HPNS and the effects have not shown to
alter Divers significantly according to actually
accepted and tested procedures.
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EXPERT*S OPINION

Diving physiopathology:
the end of certainties? Food for thought

Costantino BALESTRA 1.2, Peter GERMONPRE 1.2.3_
Monica ROCCO 4 * Gianni BIANCOFIORE 5, Jacek KOT ¢

IT.aboratory of Environmental and Occupational (Integrative) Physiology, Haute Ecole Bruxelles-Brabant.
Aunderghem. Brussels, Belgium; 2 Division of Research, Divers Alert Metwork Europe, Gharghur, Malta: *Center for
Hyperbarnc Oxygen Therapvy, Military Hospital of Brussels, Brussels, Belgium; *Unit of Intensive Care, Department
of Surgical and Medical Science and Translational Medicine, Sapienza University, Fome, Italy; Undt of Anesthesia
and Intensive Care, University of Pisa, Pisa. Italy; SMNational Center of Hyperbaric Medicine in Gdynia, Medical
University of Gdansk, Gdansk, Poland

* Corresponding author: Monica Foocco, UTnit of Intensive Care, Department of Surgical and Medical Science and Translational Medi-
cine, Sapienza University, Rome, Italy. E-mail: monica rocco/@uniroma1 it

ABSTRACT

Oner npnderstanding of decompression physiopathology has slowly improved during this last decade and some uncertasn-
ties have disappeared. A better nnderstanding of anatomy and functional aspects of patent foramen owvale (FFO) have
slonwly resulted in a more liberal approach toward the medical fitness to dive for those bearing a PFO. Circnlating vascular
gas emboli (WVGE) are considered the ey actors in development of decompression sickness and can be considered as
markers of decompression stress indicating induction of pathophysiclogical processes not necessarnily leading to ocour-
rence of disease symptoms. Duanng the last decade, it has appeared possible to mfiuvence post-dive WVGE by a so-called
“preconditicning” as a pre-dive denitrogenation, exercise or some pharmacological agents. In the text we have deeply
examuned all the scientific evidence abouot this complicated but challenging theme. Finally, the role of the “normobaric
oxyeen paradox™ has been clarified and if 1s not surprising that it conld be involved in nenroprotection and cardioprotec-
tion. Howewer, the best level of inspired oxyvzen and the exact time frame to achieve optimal effect 1s still not known.
The aimn of this paper was to reflect upon the most actnal eoncertainties and distil oot of themn a coherent. balanced adwvice
tovwrards the researchers involved m gas-bubbles-related pathologies.

{Cife this article as - Balestra C, G-ermu-ngré P. Focco M, Biancofiore G, Kot J. Doving p athology: the end of certammties?
Food for thought. Minerva Anestesiol 2019;85:1129-37. DOI: 10.23736/50375-9393 1 18-8)

Ky WoRDS: Diving; Decompression sickness; Physiopathology.




A few more tips on stress hardiness

Avoid the stressor
Alter the stressor
Adapt to the stressor
Accept the stressor



Cumulati

PTSD like
symptoms

nical brain inflammation
Additional stress/anxiety

Sat diving and oxidative stress Sub clinical brain inflammation




Objectives for next years

* |dentify pertinent bio markers
* Monitor these bio markers to evaluate divers’ recovery - preparation
* Base sat exposure (depth and frequency) on measured recovery status
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