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Urine metabolomic as a tool for the evaluation of G tolerance in
human centrifuge training?

Shi-Xi Diao!, Chung-Yu Lai', Kwo-Tsao Chiang?* , Shih-Yu Lee'*

!Graduate Institute of Aerospace and Undersea Medicine, National Defense Medical
Center, Taiwan; ?’Kaohsiung Armed Forces General Hospital Gangshan Branch,
Taiwan

Human centrifuge has been dedicated for training of fighter aircrews since 1977.
However, metabolomic patterns of human centrifuge training remain unclear. The
purpose of this study was to evaluate the effects of human centrifuge training on human
metabolome. High-G centrifuge trainings for fighter pilots were carried out on the 25-
feet radius centrifuge in Aviation Physiology Research Laboratory, Kaohsiung Armed
Force General Hospital Gang Shan Branch. Urine samples were collected from 9 male
flight surgeons before and after an initial high G training. The samples were analyzed
by a liquid chromatography—mass spectrometry (LC-MS). The data were analyzed
using Ropls (v.4.0.3) and based on XCMS for peak detection, extraction, alignment,
and integration. Then a public Human Metabolome Database (HMDB) was applied in
metabolite annotation. Principal component analysis (PCA) and orthogonal partial least
square-discriminant analysis (OPLS-DA) showed the systematic differences in
metabolite levels after high-G centrifuge training, including L-glutamine,
progesterone, lactate, glutamate, and taurine. In addition, taurine and L-glutamine
levels were significantly higher in the 9G group compared to the G-LOC group. We
comprehensively investigate the changes in metabolomic patterns to provide a better

understanding regarding metabolic responses following human centrifuge training.
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Serum change and protein expression in Sprague-Dawley rat model
of high altitude-induced hypoxia

Min-Yu Tu!, Ro-Lin Chang?, Chung-Yu Lai®, Chi-Chan Huang', Hsien-Chuan Chin', Chuan-Mu
Chen?
'Kaohsiung Armed Forces General Hospital Gangshan Branch
’Department of Life Sciences, National Chung Hsing University
3Graduate Institute of Aerospace and Undersea Medicine, National Defense Medical Center

Background: The purpose of hypobaric chamber aviation training is to provide
aircrews to experience a simulating “high-altitude” decompression environment and
atmospheric pressure changes and enable them to know how to face the conditions of
high altitude-induced hypoxic symptoms. Hypoxia is the most important factor of the
health hazard. At an altitude over 28,000 feet, the effective oxygen content is lower
than 7.2%. The prolonged exposure to such an environment, the pathophysiological
state of hypoxia may occur and lead to cellular stress and metabolic alteration. The aim
of this study is to examine the serum changes and intracellular protein expression of
various tissues and organs in Sprague-Dawley (SD) rats under the exposure to high
altitude-induced hypoxic environment.

Materials & Methods: Twelve male SD rats (mean weight 219 + 3 g) were
randomly assigned to either the control or the experiment group (n = 6). The cages of
the experiment group were placed inside the hypobaric chamber, and the control cages
were placed outside the chamber. With the treatment, the hypobaric chamber was
initiated with an ascending velocity of 5000 feet/min, maintained at a simulated altitude
of 28000 feet for 5 min, and then stopped with a descending velocity of 5000 feet/min.
Blood samples were obtained at different time after the treatment for the determination
of serum changes. After 24 h of the treatment, one rat of the control and the experiment
group were sacrificed to collect tissues and organs for the examination of protein
expression by western blotting.

Results: The present treatment increased the serum levels of HIF-1 ., VEGFA
and some pro-inflammatory cytokines including IL-6 and TNF- &, but decreased the
serum melatonin level. However, the serum level of cortisol was unaffected. Most the

changes occurred during 7-24h, and reached their peaks during 48-96h after the
14



treatment. Compared to the control group, HIF-1 ¢ was overexpressed in most of the
collected tissue and organs of the experiment group, especially in muscle (3.45-fold)
and heart (2.64-fold). VEGFA was overexpressed only in liver (2.24-fold) and lung
(1.77-fold). IL-6 was overexpressed in muscle (20.5-fold), heart (2.64-fold) and spleen
1.61-fold). Moreover, intracellular AMPK pathway was found to be activated,
especially in muscle and kidney.

Discussion: The short-term exposure to hypoxia at the altitude of 28000 feet leads
to the increase of serum HIF-1 ¢, VEGF, IL-6 and TNF- ¢¢ levels. HIF-1 is one of the
well-known proteins induced by hypoxia. Activation of HIF-1 was demonstrated to
trigger the overexpression of VEGF, which is an important growth factor of
angiogenesis for supplying more oxygen for use by surrounding tissues. The increase
of IL-6 and TNF- o suggested that the treatment also caused acute inflammatory
conditions in various tissues and organs, especially in muscle and heart. In contrast, the
treatment significantly decreased the serum level of melatonin, which plays the
functions to regulate circadian rhythms and to defend against oxidative stress.
According to our data, muscle was the most responsive tissue to the short-term
exposure to high altitude-induced hypoxia. Mechanically, HIF-1 and AMPK signaling
pathways were interplayed; however, more experiments are required to elucidate the

involved downstream proteins.
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Consecutive hypoxia and intermittent hypoxia-reoxygenation
downregulate expression of viral entry genes and toll-like receptor
pathway genes in human airway epithelial cells

Chu-Mei Huang, Yi-Hui Chen
Graduate Institute of Aerospace and Undersea Medicine, National
Defense Medical Center, Taipei City, TAIWAN

Introduction: Given that the Toll-like receptor pathway components play critical
roles in determining disease severity of both COVID-19 and chronic obstructive
pulmonary disease (COPD), and that hypobaric hypoxia and normobaric reoxygenation
are commonly associated with air traveling and landing, while ischemia/hypoxia-
reperfusion and hypoxemia are both associated with lung transplantation and COPD, it
is an interdisciplinary research topic of interest for both epidemics and aerospace
medicine to investigate whether exposure to consecutive hypoxia or intermittent
hypoxia-reoxygenation may influence the viral transmissibility, antiviral activity and
innate immune and inflammatory response of human bronchial epithelial (HBE) cells.

Materials and Methods: Normal (NHBE) and COPD-diseased (DHBE) human
bronchial epithelial cells derived from Caucasian age-matched donors were obtained
from Lonza Biotechnology Company and cultured on the air-liquid interface (ALI)
under normoxia or under consecutive hypoxia (1% O2) for 9 days in total and then
returned to normoxia for another 9 days, or under 24/24-h cycles of intermittent H/R
(i.e., 24 h of 1% O2 followed by 24 h of 21% O2, repetitively) for 18 days in total. The
differentiated NHBE and DHBE tissues were subsequently analyzed by
immunofluorescence staining and the mRNAs were extracted for microarray analyses.

Results: Both consecutive hypoxia and intermittent H/R dramatically decreased
expression of the MERS coronaviral receptor gene DPP4 and influenza viral receptor
gene ST3GAL4 in both NHBE and DHBE tissues, whereas the SARS-CoV-2 entry
genes ACE2 and TMPRSS2 were significantly decreased in the DHBE but not NHBE
tissues. Significantly decreased ACE2 expression may be associated with significantly
increased NFE2L2 (NRF2) and decreased FOXOI1 expression, which was also
associated with significantly decreased NFKBIA (IkxBa)) expression, and together with
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significantly increased CHUK (IKKa) mRNA levels, were correlated with
significantly increased nuclear localization of NFxB in both NHBE and DHBE tissues
under both H/R and hypoxia, which were further correlated with increased mRNA
levels of the pro-inflammatory cytokine genes IL1B, IL2 and IL8. On the other hand,
significantly decreased NFAT1 expression in both NHBE and DHBE tissues was
associated with significantly decreased expression of the anti-inflammatory cytokine
genes IL10, IL11 and IL13, as well as the interferon-y gene IFNG, and significantly
decreased IRF7 expression was associated with decreased mRNA levels of the
interferon-a genes IFNA1, IFNA2, IFNA7 and IFNA14. Diminished expression of the
aforementioned interferon-a and -y genes may be further associated with significantly
reduced expression of the T cell co-stimulatory molecules CD40, CD80 and CD86 in
both NHBE and DHBE cells. In addition, expression of the basal cell and
stem/progenitor cell markers TP63 and SOX2 were significantly decreased in both
NHBE and DHBE tissues under both H/R and hypoxia.

Conclusion: Taken together, our results demonstrate for the first time that
consecutive hypoxia and intermittent H/R both significantly potentiate the cytokine
storm whereas reduce the viral transmissibility, antiviral activity and regenerative
capability in both the ALI-cultured differentiated NHBE and DHBE tissues via up-
regulating expression of pro-inflammatory cytokines and down-regulating expression
of various viral entry genes, type I and II interferons, anti-inflammatory cytokines, and

stem/progenitor cell marker genes.
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Aeromedical considerations for a study of different age groups in
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Taiwan

BEE G E R D Y g 2 gL E
lmﬁ‘%?rmﬁmﬂa&g%ﬁﬂ“w ‘R FER S F T
Z—Erc“i]:m?g%‘j/};ﬂ'ﬂ"‘\ fﬁ"%ﬁl‘m}l\%l“ll"qull ﬁ‘l@@;t’\,

Sz H B FpLR ﬁc;ﬁ\zgg FﬁiK

FEEZPp Y AR 100 EFFTSFRES - F LRSS RS
500 20%4 B AV BEG AN REBIB LI feef kg 0
LHFARF AWAFAFHE O HNZT AR REFRLIBRFL K FSY
mm? B fer BB niotn R AT REXRAAIERB AT & o

AT P AFERR PP ARE L FERLE LB 2 ﬁ“’“f%‘f’yﬂ °
F LAY 2AREFTHEE 200 381K ETF A #% (longitudinal
national health insurance research database [LHID], ICD-9-CM 7% 388.2) » 5B~
2000 & % 2015 & F] % %% +E 2 (Sudden hearing loss, unspecified)m TI‘L»%? I8,
P B3y 12497 om0 2.0 Bt ok SPSS 22.0 0 s (7 A 47 0 AU At
% B i~ 17 (ANOVA) 2 Scheffe post hoc ¥ {& & T & {7+ # ~ p<0.05 % #& 4%

5% 12000-2015 & S #s %3 12,497 A FRFMD ﬁ)]*f F 1]

5 0§t 53.78%(% A ¥ 41.26/105) > ~ 4+ & 46.22%(%F # F 36.17/105) »
M4 FIoEE P A (35 p<0.01) o FrUESRE T A 0 1524 ~25-44 ~ 45-64 T %k
B Wb 6.71% ~ 26.42% ~ 45.62% > A I 4w 5 17.64/105 ~ 31.30/105 -
70.68/105 » 3 4 Fikx & + 2 > A AS64 R EEH > F A FE5F o p 2001-2015 & >
15-24 fF & 5 4 FH 4 190.75% » 25-44 i & - 45-64 ¥ ERHE A UK b
57.35% ~ 45.92% -

B iER LT 4564 Y EOEFE S a itk R RFHIRF S F A
’@f%ﬁﬁﬁﬁﬁ%?’ygi?&ﬁ%?ﬁﬁ&ﬁfﬁwvawﬁﬁﬁ

B LFF T U o 2N 2544 F E R FHRET R D

S & PFEP 3040 B BEEFRLR o :‘@izﬂi.ﬁé%%ﬁfrfj&fﬁ AFE @G
W ERAPBP TR FLALESLD R ERLFH - R TIORS FA

=

ke

)

23



0.35dB >

voiF 52
= 3z >

P2 BFEALAR o354 EELFTIFREFRE R &Y F
AFBF T RERAFR R TREFAS > BLD ERIEEEY 0 O
RS REER SRS DESZRY 0K

24



TR INBFAAE F AR d P R G fTiba & MEd DAY
BRI D R o B DGR LR~ LK RS R o R AR € R
PHA s R F RATE L B TE AV G A RR A SF
Fassefrr it BF ~ P B A BRR o @R HE R A S 0 TR TRBEF
FERAEB HLA oy s £ g > X YR E &4 dpon o Tl Rt i AP
P EB o

%%ﬁﬁ:ﬂ%?ﬁ’maﬁﬁﬁﬁﬁﬁ’ﬁf F208& o BERIEHE
BiEFEHEE o RP AR 110 # 12 7 B A 2 ik o B %
110# 2 111 & B FIBGap o - R W R RATERA T A 24°%F - 1 4p
o AERT R FRE G ENFTAEE RS LY
EoRARAEL T N A E FAR R KRR R ks B
L B 11 E 0P F > "L FRBELNMApR MK 0T UL
D f oL EGRfrp LA EATE o MR E 127 M ERE R A FIpER Ay
ﬁ%ﬁmsa%@tﬁogﬁﬂwﬁ&?ﬁ’%ﬁﬁ‘ﬁ&ﬂﬁm% R §

DEAAARS R R R - TRELIREEFER
%ﬁ@am%ﬁ«%ogﬁiﬁiwh%’ﬁfhﬁ A EEF g e BB
FRACAHLERY > RN PR EFEFREFFEL -

Hw G HUEEAPTRFEE I FTREFFPAFEES B2
RERFLI 6 IEFEL RN o £5° LRg 3 6] F3 B FE B
B2 AR 0 FARE R Gk BE R R

LR R

\-t-

25



SRTWFH REMTE NS R FEYE
R

AEF AT A R FERFEPEF T
TS AMENLIC AL EL R b R R A P
g BEFEPR - B h e piinw 205 0 F - W P2 %i%ﬁ-fﬁ.ﬂ.z&‘i’sz’%’%{

REFH 2 EF LSRR R S ARIES -

%ﬁf%’@&§%§%$%~wﬁ‘mh‘“k%ii#°ﬁﬁi F o

TR D AR L BT XML E P 2 AR A
®= 7 y}g;{ SN REEE o - R D AR EHPFH I 2p L0 Y
PR pupe BH @i e A4 m&%w“ﬁ¢£m.T*ﬁ~%£%%ﬁ
BARAT G EE - FAG 6 HELEk S RS R A RIERE S
WEpf o A RGIEARE S RE WA R - KPP 2SR HS

BxBEE 4X}§«‘3"Ié‘_’§3[[[¢§73‘;’§}a/\ﬁ,3@;%%759%3;%%3@_%@@;
IB3lipf ~ BB o2 110E 2 PHBFRFPARLEF R I HLARER
FRORFE e DRI 2 B PR R RO AL i B
Poo WFPREEEEFHF 2o K 110 £ 127 PARFEITT G PP
oo R NI & 17 oS e AR P42 2R RIBE > Bk
P AREFT BRSNS BT fORTE o

W s ALt RS LRP YT 2 LR L DR RS R
igﬁ?%'¢%’i?MI‘H‘mﬁ4ﬁ’E@uwmmﬁ%é§W@m

R T g R ETRE - 2T F R AL HER Y RZ

ﬁ&ﬂﬁ%:i%%%ﬁ?ﬁﬂiiﬁfﬁ’?U%&%%i?;%%iWQ
Lﬁﬂ%ﬂﬂi?ﬁg?ﬁﬁ@%iwz‘Wrﬁﬂﬁvi M Fidn
¥ Ex

26



