F ganesE 5% 10 4 204 40 & 80 % 1209 | 2004 | 240%
-5 B M i 315 26.7 218 17.0 16.4 15.8 15.5 15.2
BEER 376 295 213 15.4 11.9 10.6 96 9.3
KPFE 6m 223 24.1 208 16.2 126 11.2 9.9 9.6
KehFEE 3m 11.8 148 16.3 14.8 12.3 11.1 100 9.7
HER TR 11.7 14.7 16.2 14.7 12.3 1.1 100 9.7

T—Ho D MBISHT B3 L ERORRS RBREX)
4t FEF R 5% 10 % 204 | 404 | 804 | 1204 | 2004 | 2409
BEER 119.2 1104 97.7 90.7 725 67.2 616 61.1
K FEE 6m 70.7 90.1 95.3 95.0 76.8 70.7 64.0 63.2
KepFEE 3m 373 55.3 74.6 85.8 75.2 704 64.3 635
FERTE 371 " 55.0 74.4 88.7 75.2 704 64.3 635

199




9-1 JUMHME OHEERE K (BHX) 0K T2 7 7 A )V

(1) AEHFARCEE

FAEHIMIL 2007 4F 11 A~20084E 1 B, E~EKEZIL 23], E~A%KIZ23 B, 1 A
W21 EOEKEETH D, WK, BAKE, EHKEOEHIRITRTI, EHKE
K FBERRAESENR TS,

R 3-4-1 BUKERR], BRAUKIR, KR, R O F3E
BKRRI() | BAOKER(m) | FHKER (m)
meanSD 89.7+52.1 25.1%5.4 16.5+5.6
min~max 21~254 3.6~27.6 1.9~24.0

(2) ZERTABEREOHH

P NF L ANOVEKICBIT D EBRT ARBE AT, FafrEfix, 54 . 104, 20
4. 404y, 804y, 1204y, 2004y, 240 553 Th B,

(3) PWUESE D fE B 5241

U— 7= O MEICKHT 281G L BEE O GRMEEME R,

F3-4-2 U—7~2DOMEIZXT BENE & BJEE DGR

KfafREfc T 2 ER T AHE e R PR
80% = < 85% 1Z & A ERUESE D Rl REME B
85% = <90% D UTEFRIEED FTHEED 5
90% = < 95% WIEFEDERMEL V& 5
95% = < 100% HEE DfERRMED 5
100%= < 105% TUESE DGR R
105% = <110% WEIE DERMEIEF T/
110%= BEEICRBB LTS EREED S
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4 BAFNEF R 5% 104 20 &3 40 5 80 & 12043 | 2004 | 240%
I—HTLD Ml 315 26.7 218 170 16.4 15.8 155 15.2
HEEAT 18.7 18.7 185 17.4 15.1 135 118 1.2
Ik RIE 6m 14.7 16.1 171 16.8 14.9 135 118 13
KPFHE 3m 109 12.2 14.1 15.1 14.3 13.2 1.7 11.2
LR TE 108 12.1 140 15.1 14.3 132 11.7 11.2
=D MIEIZHTHELEFOBRRN X BHE®Y)
3 B FBF R 5% 1049 | 204 40 5 804 | 1204 | 2004 | 240%
BB 59.4 70.0 84.9 1024 91.9 85.5 75.9 73.9
JKpRE 6m 465 60.4 78.4 98.9 91.0 85.4 76.1 74.2
KPFE 3m 346 455 645 89.0 87.2 83.6 75.7 740
343 45.2 64.1 88.7 87.1 83.5 75.6 740

BERT B
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FHOE BRETE

EREBMEICRIT DB - FiBMb~—h — DR

A discussion on oxidative and antioxidative markers under a hyperbaric oxygen

environment.

AABRTERE - BAKEZSHESE, 2007, Vol. 42 (2):85-91

EE
BOEBREBRAT DI EICE > TAELZBEPEORBEE LIIRETFRICOWT, il
%t L TIX unit of pulmonary oxygen toxicity dose. FEURKSRERRZE. HEIRZZHWT. BEERIE
WAV G, BT UTIBRRER DS GHE T & 2 5 EB RV, Feid, b MTBiT
BHEEALA b LA DWW THLIRACFERIC G C X EERRICE R L & 2, IFE., BIER
AREEWME INTWAEBEB I OB b~ —0 —, EHEERHYEZ M L7z, US Navy
TGP Table 6 OREIE T, BILA ML ADEE L AN DMIE reactive oxygen
metabolites (ROM) I%. EX/EEE#E (HBO : hyperbaric oxygen) %IZ¥EH 6. 9% A B I
AL 7= (HBO & : 315.3+52.5CARR. U., HBO % : 337.0%53.5CARR.U; p<0.01) , F7=.
JR 8-hydroxydeoxy-guanosine 4 g B L) 43, 1%800 L 7= (p=0. 07) , M.7& coenzyme Q10
(CoQ10) I L TNMIE CoQl10 (LR  MmiE R & R hexanoyl-lysine, fiLiE lipid peroxides.
M & superoxide dismutase, Ifil{& biological antioxidant potential IZOWTIXHELR
EibE BN o7, Table 6 BV TIEMBEREII BMIZHEMT D2 LFRREN,
HBO DER{L A b L A % EBANCFEM T S FEHE & L C ROM IZLLESBUC KB T 5 b D &L E
b,

ABSTRACT

For the prediction of the onset of central nervous system oxygen toxicity caused
by hyperbaric oxygen inhalation, no evaluation method exist other than clinical
signs and symptoms. For pulmonary toxicity, the unit of pulmonary toxicity dose,
respiratory examination, imaging and clinical signs and symptoms are the only
practical methods. The oxidative and antioxidative markers, and active oxygen
metabolites, which have recently been reported as possible measurement indexes, were
evaluated from the view point of clinical usefulness, provided the oxidative stress
on the human beings could be evaluated hemo—-biochemically. During the US Navy
Treatment Table 6, serum reactive oxygen metabolites (ROM), an index of oxidative
stress, significantly increased by 6.9% on average after hyperbaric oxygen (HBO)
(before HBO, 315.3+52.5 CARR.U.: after HBO, 337.0+53.5 CARR.U.; p<0.01).
Additionally, urine 8-hydroxydeoxy—guanosine formation rate increased by 43. 1% on

average (p=0.07). Serum coenzyme Q10 (CoQl0) and serum CoQl0 oxide rate, serum and
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urine hexanoyl-lysine, serum lipid peroxides and serum superoxide dismutase, serum
biological antioxidant potential had no significant change. For the Treatment Table
6, it was suggested that the reactive oxygen species increased temporarily and ROM
was considered as a relatively sensitive index for a quantitative evaluation of

oxidative stress during HBO.

XF—U—F (&R, BEX LA, BB tDE. BRTE. BHEBRERHED
Keywords: Reactive oxygen species, Oxidative stress, Antioxidants, Oxygen toxicity,

Reactive oxygen metabolites

% M. IML3E protein carbonyls D> h>7nHy
E&JEBE (HBO : hyperbaric oxygen) e, MmiE total thiol X MLFE HSP70
DEWERDOVOE>THLHEBREFEIT. EHE ODWLERBOTLBEL TS, EIbHIZ,
Ee#EfE (ROS : reactive oxygen species) Benedetti ©» 8) . 2.5ATA. 30 43 X2 [A]
BEELTWDZ ERAMLATVS 1) D HBO BREE (B FHEERWMARFR 60 57) %
R P HEORRETENC OV T, unitof 15 EZ T B MMERBERE BT, M
pulmonary oxygen toxicity dose (UPTD) reactive oxygen metabolites (ROM) B k&
BRCLN TS, BRIIZIE, FERE  OM4% malondialdehide DN & | FRifEK
EROFET, MER, 1 B WHEXRE  POSDBIUCCATEROKTRRD b,
BEREPOHEBRELX D - THE T3 L 4% GSH, IM.7F « —tocopherol , & retinol,
< ETo, MEERPETITOWVTIE, R FRMERH D GPx IEMEIZ DWW TIREALRFED
AR Z b o THIRT T 2SN FER RV DhldholcZ L 2HRELTWE, —K,
275) , Dennog © 6) I%. 2.5 #axt&KJE (ATA : electron spin resonance EIZ L BH|IET
atmosphere absolute) {Z 20 43 X 3 {8 ® HBO X, ROMFIZBVNT HBO BB E D £ 1 A8
®iEE (SEHERFEWARME 60 4) % 1 [T 120t UC hydroxyl radical M#8n+5% =
ST REHBRE 4 /2B VT, HBORTER T  ERRINTNWD9) , Lk X 5z, HBO
ferric reducing ability of plasma-assay BRERIZISIT B ROS F 7 iXmBR L /1 DM I
(FRAP) BIEDMEFEALNICEITRD SV TE, WL OhDFERREhTNS
b3, MEB LY »V REOD 2, PERRHEEFEOEES, BESH
glutathione (GSH) ., #& ML B F ©  BHEORE, BA L REKOREORER
superoxide dismutase (SOD) . catalase Erb, MBRENMFENRBERLEBESIED
(CAT). glutathione peroxidase (GPx) . JERR. UPTD & D BSHE I YW TIEHE S
WINGEBEZT 2o I LE2RE ~ RETEDLIETE->THARL,

LTWo, LipL7enib, U N ERBOB AR TIE, & FOBER N VR E2FET
vay 7 Z N7 HSPIO I OWTIIEEES 2 ECERERNISHANMRELEZE LN
BOONTZ & XY, ROS A Y L /RERIZME Bt - i b~ — I — 8 L OVEHEEE B AR
ATHZ LIV TERLTNS, Kot b #HZEHFIE L. HBO BREICIIT HELR b L
7) X, 280kPa, 30 53 HBOMRE£1To/z  AFMECHRR~—I—ThbiI1ENIE
BEHE 52 HITBWT, MF total KFFLIZ,

antioxidant status (ZIIE(LZ DAV

[l
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ik

REIT, BREE 104 (BHE3H, kT
& . FHEEE32.815.45%) & L7-, #%B
FiX, KRERERKXFEMBRESER
HHBICRBEBL CHOrHHNE IR

(NHC-412-A B) {28V T US Navy TR
Table 6 @712 k =2 —/L{Z R > T HBO 18R
Bant, BERARO~AZIZEEA VA
Yoty Ry (RY)—A
YU UBR) BMERI, HEREIL, BRI
B15L/0 7V —7 0 —REET 100%8EE%E
WA LT,

ERICE LT, ERERENKEMESR
BEOAREZT, HREICIIEROBED
BLUOBMTHZEITELBIYRZIZON
THAR RSN, AEFELH/LI ATV
VU UFEERBT LT, HBRE
Wik, EXIVHBICY Y A MK
LHBEAERE, BEEBLIUPEEY
NIRFZE ., ST CRERIERE, RIES
IXEER TR,

Bk, HBO BRERELAT - E&ICITH,
Ri%. HBO EfEH LB HOWTR LRI
Tol, BIEEHBIX., MIE ROM. R
8-hydroxydeoxy—guanosine (8-OHdG) . I
{& coenzyme Q10 (CoQ10) #EEE. MTF CoQ10
Ee{b 2R, Mm{EP L 'R hexanoyl-lysine

(HEL) . Muj%& lipid peroxides (LPO) .
1% SOD, M{& biological antioxidant
potential (BAP) & L7z,

13 ROM & if i BAP BB I 2V TiE, IR
EREEKRERND G —T v T R E

(BR) AN BFAT 4 2TBNT, HERE
BLOBEEAANRINTZT 477 a0tk
B (A &#V7) FRASAZEALTHIEL
10,11) , ZOEFMADEEIZ DWW T, H
A v (BR) @ BAZ{LHIHBFZET O
TR A ER LU THIE LT, R 8-0HdG I
DUVNTHE Osawa B AERE L7z ELISA T 12)
M CoQl0 EER L VEBILRIZ OV T
Yamashita SA3BHF L7z HPLC {& 13) | ML
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&1 £ UR HEL 129V Tl Kato & 14) A8
45 L7z ELISA ¥, 1fiF LPO (22T
ABIiE 15) | M1 SOD 2DV Tk NBT BT
% 16) Ao,

i . ROMIZ DV T, CARR. U. DB TEH
L7, 1 CARR.U. (Carratelli Units) X
0.08mg/100ml DA LKRIZHET D
17), 8-OHdG (Z >\ T, EHV DA
REE (ng/kg+h) ZEH L, HEL BI W
LPO Iz DWW T, Z V7 F=vthaEHL
TR LT,

HeEt

I ZfE 1 Windows F SPSS-PC 11.0 /Xv 4
—VERMERLTHI ST, FBEHOHTIE,
HBO A% DHEICE VT, WTFhOERE D
AEDH B t REFAVTHR L, p<
0.05 % b o THELHEL, REICONT
ITTH HIZHEMRZE (mean£SD) & LTz,

RS

B(L A b L ADIEZE THh 5 MTE ROM iX HBO
BEFERTIZ 315.3+52. 5CARR.U. TH - =M
HBO %1% 337.0%53.5 CARR U. & 7220
BHEAS 6. 9%/ L 7= (p<0.01) (FHE(E :
250~320 CARR.U.) (Fig. 1) . Bk - 48
g~ —J1— & SN BHPR 8-0HdG X HBO BREE
#A% 8.6+8. Ong/kg/h. HBO BREE#H% 2N 12.3
+15.3ng/kg/h THOTREEZILI D)o
7= (P=0.07) (Fig. 2) ., I¥ CoQl0 #2EE
I%. HBO BREERITAS 56. 0+ 18. 2nmol /1, REE
#%75 46. 2+8. 8nmol/1 TH D HEEII M
~7- (Fig. 3) , IMLyF CoQl0 ER{LZRi%. HBO
IRERTE L HIZ 0.0% ThHoTr, Bb~—
H—& ENAIME HEL DA EE L, HBO
BREERIAY 21.0+7. 2nmol/1, HBO MREH N
19.8=£3.6nmol/1 THEZEIZR» o7z (Fig.
4) . FR HEL i%. HBO BREEERIA 105.8+
63. 3pmol/mg + crea., HBOBRFEI% NS 67. 1%
14. 8pmol/mg * crea. THEBE =X o 12
(Fig. 5) , % LPO X, HBO BREERIN 0.4



+0.3uM, HBOBREE%IX 0.3£0.0uM TH
DHEEZEIL 2 »o7- (Fig. 6) , MmiF SOD
X, HBO BREERIX 10. 7+1. 7% . HBO BRE%

BEEE% A 2545. 82211 Tumol/l THEZ
2 hot,

10.9+1.6% TH W HEZII 2o 7 (Fig.

) o VIBLIDIEE L 72 A BAP IX.
HBO BREZERTAS 2478.1+329.9 umol/1, HBO

450~

* p<0.01 |
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Fig. 1 Change of
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Fig. 2. Change of urinary 8-OHdG formation speed after HBO.
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Fig. 4 Change of serum HEL after HBO.
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Fig. 5 Change of urinary HEL after HBO.
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Fig. 6 Change of serum LPO after HBO.
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Fig. 7 Change of serum SOD after HBO.

N [
(32 (=3
(=3 (=1
(ID o

( £ mol/1)

2000

Serum BAP

1500-]

1000}

500

0-

before after

Fig. 8 Change of serum BAP after HBO.

EE L7ed, oA bER e~ —H—|ZI3FE
ABFFECiL, HBO Ef%. MiE ROM fEIZHEM RENERD o7, BIFEOHTETIL.
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HBO {Z & - C ROS A3 5 Z LidFmbh
TWBR6~9) ., FDOX I REEEA ML R
v —DBEPBEELRMRT DN
WCHRABETH D, SEIBIE L ROM i
hydroperoxides #XM$ 5, ZALE THIA
@ HBO {Z & > C ROM 3 8E/MN4 5 Z L iZ-DW
TIHEE SN TWARWA, BIFFEIZBWT
1 [El® HBO (I BW T HEEE 7 T L IR EE R
12X > TIXROMSEEMT B Z ENRB I
Tro ABFFAICEBWTHRIZE &N 72 ROM I, R
#H oK E L L TCAEL D MF
hydroperoxides # EBMICHIE T 5 FHE
ELTHEERE SN 10) , —&IZ,
hydroperoxides IZXBEN25 T T HiT
peroxyl radical X alkoxyl radical T&®
B0, ZADDOERBEITEMN L b T
B MTHZENTERY, LoT,
LeES Y22 E 72 hydroperoxides ZHIE L T
ML DTH D, ARSIV THIE
7= ROM iZ. HBO 1T & » T—i@M: iz 8
L7~ ROS 2B L= L2/ 5, ROMIE
W, M D ROS B B L TWH T2,
LHEMcMBEREFEOREEL SND UPTD
REBRREIC L A E —B L TELT
B ENEE Z BT, HBO DE SRR ER
B, BEEBKICE > TELT ARREEIT D
HEEZD,

ARFFE T, Bk - BE~— I —DV LD
& LT 8-0HdG ##IE L7, 8-OHdG X, #H
o @ DNA ## FK B 49 T & 2
deoxyguanosine (27 7 = » #g &) »
hydroxyl radical iz & - CEgfk « HBEE
BEIZAE T BT, IHE, BKROAR—Y
REOBEILA MU AFHlICER SN TET
VW5 18,19) , 8-0HdG i, HMBEMNIZIBWT
ARR &4, DNA 2MEE X h 5@ THifast
WCHEH &, miRE R TRFICH SN 5,
FR 8-0HdG HEit B i% DNA DEE L Z DEE
BEZRBTEEEIOLNTVWSED, &
A2 DNA DEBRLOIBIELXBE T2
WHBE &N T35, 8-0HdG X, Bt OH
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REBEIZBNT, BERESZOBILA F
VADRIBHELEZFMTE 52 &R
HAINTWDS 18), EEIC L 58X b
ZAMMERIZBVWTIL, RRBREERE
45%. 60 43 OEETREE THIN L2 h> > 723,
70%. 60 73 DIEECHEBEIHEM L 72 & O
ERnH B 20), 2D X HIZ, JR 8-0HIG I,

BEEERT 2B ROS OHEIN, DNA O

(LHBRIBORE L & bic, TOMRITHE
MTBIEREZEZLNRTVWS, ULrLan
b, BloHmETIEHRORICBNT.
8-OHdG BEME B 38 ME3° 22) . & LV iEE)
FEABRVIET I RAWB PP E
X2k 5L R 8-0HdG IZAEIZHMT S
EWVWIHE 19) bV, JESRMES, FE
EENC L ARE, BELHELEE L CEHMb.
BREtT O ENRH D,

CoQl0 X, X bar KY 7TOEFRERD
R Td Y VB IR CoQl0 12DV T,
HEBILEROLA2MEL L THLNATY
5, BFEOMRTIL, BoEREIZRES
Nz ZZBWT, CoQlo BEHENFEH
ER L L CEE R CoBEPEER
B S, REEHLIETLEZZ EEE
EhTwW3 23), CoQl0 2%, ExH L
{EBRIRGFEEL, MFEFOFIGITR LT 96 :
4 LERNTVAN, FERORARE, &
HOEM - FHHEREENAE U BRICITRRL
BN 2B5%RBEICHETHZEDMONT
W5 24), THHOBEND, CoQlo DR
b - BRI, B ML 2OFEEHT
Y. BEA PV RAERBLEE—D
—LLTHOERTHDZEBNRBENS,
ATV TiE, ML{E CoQl0 DREIZR
VW, HBO Rij#% T bp3 72 <, MiE CoQl0
BALR LB LS Z T e h o7, CoQl0 23
MREORETHI P R THIZE
BILFEETHENDEBERTH L. B -
BRIZE - FE Loz X E X
i<W, MiEH D CoQl10 FRfL - BITRIZ
KEENBIEE TR 1oz LR TE



%o

YHFFE CidfiE R L UR HEL 2 8IE L7z,
HEL 1Z ROS 2 & 2 e H BB {LiBTR Iz W\ T
JEE VA XY FICHFET NS 4EKD
Thd, > T, BEBBRLDOFHIBpE %

BAOLBIELA RN LA —H—L 23 14),

AWFFAZIBWT, MIFER L VR HEL & HiZ
BELREE2< ., HBO BIEEBEELIC K
ELERT A LI L BRE X
N5, BIRZEBNEEYIRLITVD, BER
EENCERS LI N L —= IR EER B L
FFADOI har KUY 7o S0, 8L SOD
TEME, ML GSH, FRifnEk GSH & TR 1L
F £ L # M L . glutathione
S—transferase {&MH LHT5, —FH. &
B LA D T5%ME T YT 5ER & 30
LA EIT S &, SOD. creatinine kinase.
B KEBEREE IO EE L
T & EbiZ, MEF D LP 218D & L7218
AL DOREITHEMNT 5 25), Lo LA
B, ABFFEIZBVTIL, Table6 DEE{LA k
L AiX, fufE SOD B L i iE s L YR LPO
B RIEE 2o T,
AMFTIZBNT, FIBBLHDOBEOV LD
L END BAPLY) I3EEEZ T ol
Table6 X, B &{T4 TV 2 HBO J5HEFK D
TR R R T, D om S EDRE
EJ/AT DA a—LThb, EEKAD
ML E L, BIERX N L RAIZ L - TEIR
SH EHE OROS SIRIENRNT LILIZEEIL .
—FFRIC BRI EBEL A P LA EZITTY
et - LB L DIEFE LSRN D L nbh
TV 5 26) , ABFZRIZEUVNT S HBO DEEL,
2 M VARTREBIEHICERTZIEIEDY
DTRBNEND ZEBRTREND, Kot
B 7). BIE TR BB LR AR 1 B
BN 2WEROVESE LT, v FoBL
A ML RCHT HEZHEOEVRIEE S
DEZFT TS, £/2, FNbOEWT
BEFLNATRESTOATHS LD
WhNTWD 27) . REBRIZKIT 2 HRE

—_—
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S, HBO DMIRFRIREE{L A b L 2 DFE
fIZ DV Tid, EBEDOEEKRIZE L 7= Egm
72 HBO 2 & A&k, UPTD & oM, X6
WHBBRRERBOERS L EDH X
ThdrEEZD,

FESE
PH D
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ABSTRACT

BACKGROUND: No study exists on the estimated risk from oxidative stress induced by
rebreather diving activities, although some observations suggest that inhaled
oxygen under hyperbaric treatment increase oxidative stress on living body. This
study intended to evaluate oxidative stress and antioxidant potential of divers
during rebreather diving activity, and to estimate the effect of reactive oxygen
and antioxidant potential.

MATERIALS AND METHODS: The subjects were 10 healthy rebreather divers. Diving
profile is depth of 30m for 30 min, total diving time was 60 minutes including 10
min of descending time and 20 min of decompression time. Subjects were equipped
with their closed circuit apparatus keeping PO, as 1. 3ATA (constant). Subjects were
asked to swim about 1200m underwater for 60 min. Blood samples were collected from
divers’ forearm vein before and after diving. Immediately after having the samples,
a portable free radical and antioxidant potential determination device called FRASR
(Free Radical Analytical System) was used to measure the reactive oxygen metabolites
(ROM) and the biological antioxidant potential (BAP).

RESULTS: ROM, which is the indexes of evaluating reactive oxygen species, had no
significant difference (before: 284.5 + 49.9 CARR.U., after: 284.5 + 51.2 CARR.U.)
(ROM x Hct/43; before: 294.8 + 48.4 CARR.U., after: 289.5 + 50.6 CARR.U.). BAP,
which indicate antioxidant potential, significantly increased 10.7% after diving
(before: 2221.6 + 466.5 pmol/1, after: 2458.4 + 363.5 umol/1) (P<0.05).
CONCLUSIONS: In this study, it was confirmed that there was a time frame during which
serum BAP increased in rebreather diving, which suggests that antioxidant potential

would be induced from some tissues

INTRODUCTION

Introduced about 10 years ago, rebreather diving apparatus has acquired some
popularity in Japanese expert diving community or diving enthusiasts. Rebreather
diving is an activity conducted underwater with underwater rebreathing apparatus,
removing CO, in the expiration and compensating the metabolised 0,. Breathing high

pressure oxygen supply can bring higher risk of reactive oxygen damage.
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It is well known that reactive oxygen is a cause of significant cell damage from
the oxidation of membranes or by altering critical enzyme pathways and systems.
Many studies point out that oxidative stress appears to be associated with increased
production of reactive oxygen radicals that alter the natural antioxidant defense
mechanisms present in most cells and tissues.

Some reports states observations that inhaling oxygen under hyperbaric treatment
increased oxidative stress on living body. However, there are no study on
estimating the risk of oxidative stress caused by high pressure oxygen mixed gas
inhalation by healthy subjects during rebreather diving. For divers’ health care,
it is an important issue whether rebreather diving activity increases oxidative
stress or not. The aim of this study is to evaluate oxidative stress and antioxidant
potential of divers during rebreather diving activity, and to estimate the effect

of reactive oxygen on rebreather diving .

MATERIALS AND METHODS
Subjects

The subjects were 10 healthy male rebreather divers (age range 45.9 £ 9. 6 years-old,
smokers is not included). All subjects were informed of the aim of this study, and
informed consent was obtained from all subjects.

Fig. 1~3 are full closed circuit rebreather (CCR).

Fig. 1 The system of full closed circuit rebreather.
1: Oy, 2: diluent gas
A: expiration,
B: CO; absorbent,
C: O, addition,
D: inhalation
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Fig. 2 Full closed circuit rebreather.
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Fig. 4 Depth and time in diving profile
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Fig. 5 FRAS4

Diving profile

Diving profile was depth of 30m for 30 min, total diving time was 60 minutes including
10 min of descending time and 20 min of decompression time (Fig.4). Bottom
temperature is 15°C. The diving profile is shown below.

Subjects were equipped with the full closed circuit apparatus keeping PO, as 1. 3ATA

(constant), and asked to swim across about 1200m underwater for 60 min.

Sample collection and measurements

Blood samples were collected from divers’ forearm vein before and after diving.
Immediately after gathering samples, a portable free radical and antioxidant
potential determination device called free radical analytical system 4 (FRAS4®)
(Diacron, srl., Italy) (Fig.5) was used to measure the reactive oxygen metabolites,
ROM and the biological antioxidant potential, BAP, and blood chemistry examination;
WBC, RBC, Hb, Het, PIlt, MCV, MCH, MCHC, thrombomodurin, and accelerated
plethysmography (APG) (Heart rater SA-3000P®: ) before and after diving.

Other examinations

During diving, each diver carried a pulse sensor (Seiko pulse graph® Seiko Watch
Co., Japan) to confirm one’s own heart rate to be below 110 bpm (Fig.6). They also
carried diving computers (Citizen air diver®, Citizen Watch Co., Ltd.) to control
the time and depth of diving (Fig.7).

Fig. 6 Seiko pulse graph. Fig.7 Citizen air diver.
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Fig.8 An example profile of rebreather divers.

Statistics
All data are expressed as mean £ SD. Statistical analysis was performed on a
personal computer with the Microsoft Excel. Variables were analyzed by paired t-test

to analyze change from baselines. P values of less than 0.05 were considered

significant.

RESULTS

Fig.8 is an example of subjects in rebreather diving.

ROM, which is the indexes of evaluating reactive oxygen species, had no significant
difference (before: 284.5 + 49. 9 CARR. U., after: 284.5=51.2 CARR.U.) (ROM x Het/43;
before: 294.8 + 48.4 CARR.U., after: 289.5 + 50.6 CARR.U.) (Fig.9). BAP, which
indicate antioxidant potential, significantly increased 10. 7% after diving (before:
2221.6 + 466.5 pmol/1, after: 2458.4 + 363.5 pmol/1) (P<0.05) (Fig.10).

ROM BAP
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Fig. 9 ROM Fig. 10 BAP
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Table 1 Blood chemistry examination and APG before and after diving.

before after
WBC 5175.0+364.2 5437.5+1337.3
RBC 481.1+35.5 481.1+£30.3
Hb 14.8+0.6 15.0+0.5
Ht 44.1+1.6 43.5x1.3
PLT 22.0+5.3 22.5+5.3
MCV 91.844.5 90.4+4.2
MCH 30.8+1.6 31.2+1.8
MCHC 33.6=0.6 34.5+0.8
™ 15.7+3.1 16.2+3.6
Acceleration plethysmogram no significant
Heart Rate 77.4+11.6 | 76.4+10.8
autonomic nervous system
Time Domaim Analysis no significant
Frequency Domain Analysis no significant

DISCUSSION

In this rebreather divings, constant PO, of 1.3ATA in the closed circuit apparatus
was kept as respiration gas. So during the undersea activities, oxygen partial
pressure of inhalation gas did not increase or decrease, although keeping higher
compared to open circuit scuba. Differ from the open circuit scuba diving, where
at the depth of 30 meters undersea, for example, the environmental pressure becomes
4 atmospheres, and the alveolar oxygen partial pressure theoretically becomes
approximately 640 mmHg, which is almost 4 times of atmospheric pressure respiration,
in this rebreather diving study, the alveolar oxygen partial pressure stayed
approximately 1,000 mmHg, which is almost 6 times of atmospheric pressure
respiration. Nevertheless, there have not been any studies or researches conducted
in the topic of oxidative stress during rebreather diving

Generally, it is said that the rise of inhalation oxygen partial pressure increases
the generation of reactive oxygen by the effect of promoted oxygen metabolism in
the body. When the generated reactive oxygen and free radicals are not
appropriately eliminated, there should be a risk of oxidative damage in the body.
Although it is said that. physical exercise improves antioxidant potential, the
change of antioxidant potential in rebreather diving activity wherein high pressure
oxygen is inhaled, has not been clarified in relation to physical activities.

In this study, it was confirmed that there was a time frame when serum BAP increased
in low stressed rebreather diving, which signifies that antioxidants were induced
from some tissue to control oxygen stress, or that free radical damage may be reduced
in rebreather diving activities under a certain conditions.

Usually, it is said that about 2% of oxygen consumed in respiration at rest becomes
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