3-2-7. U.S.N.1999 - Table 3 & 4 : FEDEAKE THR LEKEKHAREERRREE]

1) AEOER

NOAAF A & v <= 2 7 M20014ERR) O8IV I U.S.N. /K F Table3 & Table 4 i L 22
REKFADRBEERK —1999] ZHRAM LTS, (PR 11999 - TabledL 4] ) T HIXU.S.N.
EKEH(1981) 9 FERA D THR L BRI KRR ERIFRER]  (BEFF 11981 - Table3& 4 )
WETOBMEZ LD THD, E/KEFEIZ NHE LEKOHESRIE BB IhTWa,
1981 - Table2 & 1981 - Table3D 7 VW —7HEEFH L R UE X7 T1999 - TablediBAiRIL%E #E
FlF2&. 11999 - Table3: 4] OEENRBFBRINE, O T, INLOFERAFEEBMNT 5,

(2) 1999 - Table 4 DHEE

1999 - Table4 (FEZR) i, AIEEK C/KEE L1050 LR, 12RF I EBIEK (2
NHBEEEREREK) 2EETIHEGCERAINS, 1000NOBEKIIERSENED L
RWTEDITERRIEKE RIELTWD, ZORIBERICE 2ROMLEDLELR->TEY, LED
Ri, KEFEEILCLEBR > TERBZERL-AREDO LI TRV TINERLTND, T
DORIZ, ROBKTEFEREZ LD LS CFHMEL 2T TR b0 i R LTV A,

(2) 1981 - Table3® ¥R UE/KEEFIE]  (Hst : EAHM1981 - 9 —118)
1D B/MKERIEHFRI0ODBBETHS, bLEABIOG I VEWRL, 28KD D BIEN
FOBWEEZRE LEBERCEREREN L DD, KEKRESHEIZEE 20D,
2) b L. KERIEERP 1052 H 5 WIERTE, fROEFRICH 20K DR L 71—
TXFEMET 5,
3) WE e KEREHIMERIRT 2 - DICERNICEEIZEAT S,
4 FIRR LN T TR BB IDICROERLTEAEY 5,
5) MR LEKEREICRHE T 2BEEREFPROTH THE LN D,
6) MR L/ N —TXEN D, R LEKEEZ R TIICR > THRABR V5T 5
7) REIREN DR IE LK TS SN 2B ERER () Tha,
8) ZORT—ODRNEH D, HEHEDL &, R LEARIEORK & FRED D
RV E &, BREERRMITEORKOEFERHMEZBIET S, ZOBE. AIEEKOFEHF
JEORBRRIIE —EAEYMOREICE L UERBERKHE & LTEDILS, ’

(3) 1 EIFEEK & ETNEKRKOGET NVEKIZET HERFEEOFHE
1) 51 BEIEREKFE, 7 VBRI L1999 - Table3DiE
BN 1 BB EBKEEREATsw(14.2msw), HETSH ERBET S, ZOEKOBEX
1999 - Table3iZ R Y72 b2V, FALT, HRE LIHERFBASKRICKE W ZRRT 2 L iRE
50(fsw), FFIERERIB0 L 725, TNEETNVEKLRET 5, T OEKBIEIL1999 - Table3
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PHHE] OKEELEEZORIE : NOAAF A v F~v=a 7V Tk DKEFFEERER DA E
D] ORE) ICHEETHZ NS (1ED1999 - Table3D KMRAIZH) ,

—F. KEFELE#ZOERSEIT1EDE 3 X V40.68(fsw) L EZh, ZOEIX1 EDOR
1R B 7N —THREOERL ERHEICHRE L GRIOREMOME (ER0EHHE J
TN—T) WM T D, EEK, ETVEKEEE ] OROBEREIESLTVD,
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Tabled DFEH

FA N—OEREAPD, FNOLOFRIBVICEDT A X—OFVIRL S — T iR,

H A = OIKEFRR A E DN TV B FERERIC M A o TRFIZFRD

WiT, B0 BEL N —TRECAL> TRERRAKEY . ORI UHOTEE IR LEK
BERROFETEY S, BRATEZLNARBMAEVIELEKICEA SN BEEREM - &
Thd,

% 12 BRI L E O AR ICRE < BUKITER 0 IR LEVKICEY Ly, T0 X 5 REUKCIREERE
FICEEESHER COERERE 282,
*%xHh L, BEERBERARSELON2WRE, Y RLIINV—TIREbLRV,
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, TABLE 4 _
Locate the diver's repetitive group designation from his previous dive along the diagonal line above the table.
Read horizontally to the interval in which the diver's surface interval fies.

Next read vertically. downward.tothe new. repetitive group designation. Cpnnnue».downward,in this
samse column to the row which represents ths depth of the repetitive dive. The time given at
the intersection is residual nitrogen time, in minutes, 1o be applied to the repstitive dive.

" Dives tollowing Siriate.inteivels ofFuais Iian 12 bours 76 figtenaliive. o',
»* " dives. Use actual botiom times in ihe Standard Air Decompression | .
Tables to compute decompression for such dives. -

2

. * i no Residual Nitrogen Time is given, then the repemi‘ve A

M -group-does not change. N

*

2

.

: @

: & 5149 8:59

° N0 8:58 12:00«

" o L 5t
N e

-

- Repetitive
Dive Depth
Jeet
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' KJJEQ‘(;JAOUEI’ ;LSIé:iﬂmLﬂ LFJ | LEJ
: TTASTTRY
BRI L _9.* T
08 159 120

2
o
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SNEEGNC
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2)-1 51 EBEAKDOERELEE D OKEAHERER(SIT) & 55 2 [B] B 7k 7T AR
KRR % SIT & B§#53 5, SIT : Surface Interval Time

% 2E BEAKDOHEEY BEEKRELSITREEEN TS LD ET D, TOEMET

55 1 EIEKIZH O TSR 2 B B OBJES I REE KR A & OREIC /2 52341999 - Tabled
FRAOCTEHMEL, Dby TERNE L OBREIED,

2)-2 JKEFHEEERSIT & 5 2 [ B BKEE DR E
BEEBOI L —7HEE] CRZZE 1EIEEKOE 2 [E B /KB4 E T 0Kk iR
(SIT)%65%. & 2 H BE/KIEEZRIEIO47TEsw) & Y BV 38¢fsw) L HBET 3,

2)-3 % 2 EEKBAMAM(SITH THOERHE

FI1IEHEKERERZ KR LEENOE 2B BEKBEBE TRKEFER T 5 O TEELEH
DEZED/EETHLT 5, TOBREIPis=P0+ (Pa—P0)(1 — e ~0693t/T12) 2 T
36.11(fsw) L FHE & D, T ZIZHHIEPOILKEZ LE % D40.68(fsw),
Pa=26.07(fsw) : FEL T 2 (KR) OEFRHE=33X0.79

t =657, FHAFEFHET1/2=1205Th 5,

OFEBEEIC L HEBEFE © Ptis=40.68+(26.07—40.68)(1 — e ~0.693%65/120)
£ 36.11Fsw)

QORI FIC L HFHE : Ptis=40.68+(26.07—40.68) X 0.313=36.11(fsw)

2-3) 1999 - Tabled3F 2 T N BHHIE : & 2 Bl H /K FF[H
SITBREARED 7 /— T HRHEIL ] TH B, 1999 * Tabled (FOREZBRLT) OLEHDT
AADJIZEB L, AZLEZZ ZICEE  RIZKFEZERICHE 2> THRZ 8 L T654=
1R 54 =1 : O5ICHEM T AR Z R LT, MY THRMARRALLRVOT, 1:05
OFPIZADFHER S 2T &, EE055& TERLUIIDEFOHEAGDENROND,

COBEFPFET DEFT» L TICA»> THEZBEICMEST & EBRER L TERROFHOT IV
77y MEIZIYD o<, T2 THZA—THIE] OAFEEONTND,

WY DNT T 7 Ry NHRFH TR NA—THIEHT, ZOREOSITTIE 2 B BBk
THOERESTE (BHEZ E2BETIKEER EROEBRSE) B1E - K1 OHOEERK
FICBESND Z L ERT, ERNEMRBETIZ, 1EDOEK 1 LV 37.13~38.63(sw) DHEIFATH
Do

WIZ, HIN—THEHANL EHRTHICEY TWE, 205 &% 2 [E B EAKERESEsw)E
TIH40fsw) BT o7 EDREICERBTH L, 8T e Dd, INHEREERFHENT)
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Thd,

1999 « Table3 D LR 40(fsw)iZ 35 1T D BIE R B /KRR B (NDL) 1£20055 72 O ¢, 200—87
=113 %R/D, Z DRHMPE 2\ B OB RHFERRK L 25,

RNT : Residual Nitrogen Times# 8 28 R

NDL : No-Decompression Limitsi/F 7~ Bk K RS ER

3) FHIN—THEEHOER

A J IR 3-2L 0 1204008 (LT, Bk OERDEFME (40.29~41.79fsw) Th 3,
—J. FN—THRIEH AR SITIZ1999 - Table4 XV (0:55~1:19) DO#EFRT 7o bk EF
BIFR55~T90 T D, F/NKEFHEFFRHS564 CTEROEHE (40.29~41.79) b L,
37.43~38.21(fsw) & 725, Z O#iFHIZFRS-2L ¥ 37.13~38.63( sw) DHIFH T 2o b 7 — T4
EHICHEH TS, 2 2 CKREFEREORPIOL105HICET 5 1200580 BT &R LT
W5, ERTLIEBT. RICFTIAPLETND,

O Z D105 R TI2055H88%k & 0 YA A E VRO ERSER AR E Y | B CEL

DIEDBREDEAETHHI b,

Q@FEEMIC 120D ER S ERDICE S T 2RFEIL. RO 1510552 L5

Tedby CIBETH T EBTE B,

QREREZRLSELZRT2MFM GRRMEFEM) L TWwab,

W EU,S.Navy Dive Table4{:R

g ] 0BRSE PN2LBH) ETREIIUTOL 2D,

fB1Z ] OPN2® T BR{E40.29(fsw) DA
PN2=P0+(Pa—P0)(1 — e ~0.693t/T1/2)
=40.29+(26.07—40.29) X (1 — e ~0.693%457120)
=40.29+(26.07—40.29) X 0.228

=37.43

FE1Z ] OPNo ERE41.79(fsw) DEE) :
PN2=P0+(Pa—P0)(1 — ¢ ~0:693 ¢/ T1/2)
=41.79+(26.07—41.79)(1 — e ~0.693%457120)
=41.79+(26.07—41.79) X 0.228

=38.21

EHRERPIL37.43~38.21fswk A2 Y . ZOFEII I N—TEEHICEN TS,
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U.S. Navy Dive Table 4
Residual Nitrogen Timetablé for Repétitive Air Dives — 1999

Locate ‘the diver's repetitive group designation from his: previous dive along the dlaqonal line above the table.
Read horizontally to, the interval in which the diver's surface interval lies:

Next, read vertically downward to the new repétitive group des:gnauon Cohtinue downward in thig. -
same column to the row which represents the depth of the repetitive dive. The time glven at
the intersection i is resxdual mtrogen tlme, xn minutes, to be applied to the repetitive dive.’

* Drves foilowmg surface intervals of mare.than 12 hours are not repetitive
dives. Use actual botiom 12 Standard Alr Decompression
“Tables to oompute ‘decs for such dtves

™ ifno Resudual N;trogen Tme is glven 1hen the repemlve
group doss notchangs. -~ -

- Repetitive -
Dive Depth

Residual Nitvogen Times (Minutes)

1 Read vertically downward to the 40/12.2 (feet/meter) repetitivé dive depth. Use the corresponding residual nitrogen times (minutes) to
compute the equivalent single dive time. Decompress using.the 40/12.2 (feet/meter} standard air decompression table.
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BAE BREYE

R ERRSR L IRMERRSR & OBfR (TEER UMRREEICHE O £E~DRE)

BRSRTUE D RME 2 B

1.

M4 40 [Bl B AMRUERRE S| 8%

AF 2 —NFA TR HEERFEEL L OB DEk

(20054 11 A 25 H~26 B TFERILE%—)

1-1. H®

AF a—RNEA T TEHENEER (B
SEBESR) RIER T 5 7= OiEMEEEFE (ROS) A3
BN 2FEEERH D, SE. FxiIFrlv
V7RI OMIE ROM (EMEEBERHY) . F
BAP (BLER LT v /L) ZIZOWTHE L
7= DOTHET D,

Fik

WBREL A N—ITBEANLL L E LIS, ¥
AT T T =)V A RF— (6 4)
BAREE 20m, =2 F—0bFTy b E
TOWRFR 36 43, BRI 20m20 43, JEREH]
64 (9 BAKEE M3 HELL) &L, B/RF—
v (5 4) : BREEEE 20m, = hY—mbx
Xy Nk TORERE 53 4 B RVERE 20m20 43,
BUERRT 23 47 (95 3ml0 L) & Liz,
XA ¥ ZEHEIZI VTS ROM B X O i
BAP % IE L7z,

1-2.

1-3. R
A RF— T, BIfE : fiE ROM318. 0%
37. 7U. CARR. MLJ& BAP2495. 0+89. 4 u M, 141 :

iM% ROM299. 3+32. 9U. CARR, L& BAP2606. 3
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+329. TuM TH Y| AfE & HEL ORI
NHEEET R o7, B 2XF—2 T, il
fE ¢ i3 ROM309.6 = 51.0 U.CARR. i 7§
BAP2358.8::163. 7Tu M, #fH : fuy% ROM303.2
+40. 3U. CARR, IfiL{% BAP2233.8+165.2uM T
HY, AMEEEEE ORI bLEERER
enhole, LOLERL, oA L X
WiehroTz (R _OFEFEAN 30kg/cm2 LAE,
DHBOERE) A~ ARF— 44,
B /& —1 12 &) IZOWTIE, BifE : ik
ROM314. 0 = 32. 7U. CARR, Ifi & BAP2404.5 =+
165. 8 u M, %41 : i {5 ROM288. 528, 1U. CARR,

M35 BAP2361. 2323, 04 M TH Y. Mm% ROM
WDOWTHRENFEEICHE D (-8.1% LT\

(p < 0.05),

1-4. iR

ARG —=RE A T ROS ICHEE L
Zy BA BT HITIE ROS B ED LTV AR
MaH D,



2. MRERRIC X HTEERREEL LOHRB A 0E

% 40 M H ARKEREESES) P&

(2005411 H 25 B~26 B TEE{kE&—)

2-1. BH

mRUERESRE (HBO) DREWEHO—D2TH D8
ZPEILENERE (ROS) BEELTWEE &
nTwa, 4E, Fxid, iF ROM (EHEEES
FHY) | 7 BAP (FIBE LR T v L),
JRH1 8-0HdG 12DV N T, ROS Dp# & 7T %
BIELZRD D BNDTHONTHRE LD THE
T 5,

2-2. ik

WEREIIEFEANI0LE Lz, HBOR Y Vo
— LK EVEE Table 6 24 U 7=, BRERT.
REE%. LBk, 3%, THRCE LB X
CRIR 21T\ M7 ROM, IfL7E BAP, JR # 8-0HdG
FRE LIz,

2-3. R

MiE ROM VIIRFEEZ I 6. 1%8Mm (p <
0.05) L. 1 HEZIZIZTE 8. 5% DED (b <
0.05) #FW7-, MIF BAP 35 L VSR 8-0HdG
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I DWTIZHBO I L A B ERD o Tz,

2-4, EE

HBO = X A1 ROS DZE{ki%, BEFELIE.
JES, BEREICEEL TV EEX B,
SE/FONIFHERIT, BFEOBMELLFEL
720, IM¥E ROM X HBO 12 X AEER LR L
SANEFETAEEE Y 5B LEEX D, HBO
T, BEEZIC—@EICEE{LA ML X (ROS
OB BB &R INBHLOD, 0%, 4£
OIS & > TR S iz il
WEoT, BFE 1 BRIZIEEEINZOTIE
BWnEEZ OGNS, MmiE RM X, e K
AN AX Y ROER BAERMICRIEFM T
BHREWIRFEE WD TEY | HBO 12 &L 5 ROS
DOEBERMNT 2 ECHLERLREEETH
HEEZD,



3. BEX MR (GREER) Lo TEEEXT HHBIMEORE

%40 B R ABKEREESS ) D&

(20054 11 A 25 B~26 @ FER{EL &)

3-1. B®Y

FEMELIER 2R a= ¥4 A QL0 ObiEE
{7 I BIE, B MBI ABRDOETF
ARBRVEFI—BETHIHEL TN D, E
I, D OFE L E B ER LA F LR
BRI ED X D IET BT ONT
HF AL TV, FZ TR,
HEICEENICBA P22 bl b L E
ZHbNAEREBRRICBWVT, Ihbohik
LENZ T AEBICOWTEELRN L
DOTHET D,

3-2. Fik
ERERBIRTE (7 AV HHEE Table 6A)
DREIZICBWTIFER T = ¥4 2 Q10, I
7& SOD (NBT #Eitik)., mEHmBEM LT I /B
(HPLC-ESD ¥&) % MIE L7z, #BREFIL 10 4
(BrEe s, &t 44, FHER 34.317.2
B Thd, NiBMLAIERE. CARMAE.
WEE N DWW TIERE D> DS Lic, BREERT
12BITEKROHZFE LR e L, REY
RiTE R 2 BRI, AL ERET
RTRRAICEEEZE ST,

3-3. R
Bax WA A QLO(BAL : ng/ml) 1, REE
A7 1342. 1+412. 7, BEEEH 1316.8+£386.9, IF
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1 H% 1201.6+432.1, 3 H# 1370.9%
322.8, 7 B#£ 1505.9+423. 1 TH V., HFEE
VIR SR o Tz, SOD(BNL : %) bR EERT
10.7£1.6, BB 10.9+1.5, BFE 1 HHE
15.5+2. 7%, 3 H{% 14.0x1.0%, 7 H1 16.6
2.6 CTH V| IBEE 1 BLBRICHEE2BmA
Aotz (kp <0.05), Hilkb7T I /B (H
A7 : nmol/mI) I F VN ThE, JR3E : BFER( 3508. 6
+625.7 LIRFER 3905. 8+£560. 5%, XY
BREERT 239. 7+50.9 & IEEET% 255. 8145, 2%,
75 = BREERT 416,866, 1 L IR 367.0
+38, 4%, A/N=F > IRERT 112.3+34.2 &
BRART 95.3122.3%, # U U L IRFERT 126.5
+47.2 LIBEE% 93.7£36.9, E AF TV 1B
BEAT 97.3x8.1 LIREETR 90.0£7.9 THol
(x p < 0.05),

3-4. B

BEERTBRITRa = YA L QL0 122N T
REEE L3R, BRERELIINE
T7 2 7 BRHEF S REREICK L TR
BERIETZ ERFEINTHDR, MiEHR
BT 2 VBRSOV T HELE bz b T REE
HERH B,



4. ESREEFE US Navy Table6 2817 B 4EENOERL - HiE{b OBk

% 41 B B ARKERE - BKEZS) P
LR SR E BN B PR S 28

(20064 11 H3H~4 H

4-1. BHY

BESJEEESE (HBO : Hyperbaric Oxygen) 78
HOBHERO—>THhHEBETEL., EEE
# (ROS : Reactive oxygen species) 3 BH&
LTWDZERFMBNTVD, Foxid, &£,
FHEMOE Fa~irtdy FBREZRE IR
HEFHZTRET 5 2 & THENOIEMERER
LA EHIET D ROM (Reactive Oxygen
Metabolites) 7 2 b X UEFEREL - HuBk{L
T OFIRIZ DV TRl L 72 D THRET 2,

4-2. &

10 £ OREHERE (B A, kT4,
FHIERD 32.815.4 %) 2%k LT US Navy
Table 6 @71 b 22— L {Zff->C HBO BREE%
fTo7e, BRMiL, HBO ERT - E&ICIThh,
IR (8-0HdG) (Z-DW\TiX, HBO IRER & 3
BORHRE Lz, BRIEX DL ADEETSH
AIM7E ROM (Reactive oxygen metabolites).
B L O & BAP (Biological Antioxidant
Potential). IM{&F HEL (Hexanoyl-Lysine),
iy LPO (lipid peroxides) . HMLi{E SOD

( Superoxide dismutase ) . I & CoQl0
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(CoBnzyme Q10) JREE. & CoQl0 E{LER,
R 8-0HdG (8-hydroxydeoxy-guanosine) %
HIE L7,

4-3. FEHR

M y% ROM &2V T, HBO E&ICEHEMN
6. 9%¥E/N L 7= (HBO AT : 315. 316. 6 U. CARR,
HBO 7% :337.0£16.9 U.CARR ; p>0.05), M
75 BAP i HBO E#1Z 2. 1%8#90N, % HEL i
3. 1%, 1% LPO X 26. 5%¥/0, fiE SoD
V1. 5%EEN . T CoQ10 2 EEIL 17. 5%HaM.
M CoQl0 ME{LEEITRFTEATHE & HIT 0.0%,
PRH 8-0HAG X 3. 1%¥M L7 (WTFhbEE
2= L),

4-5. #ER

US Navy Table 6 IR#EIZ X > T ROS iX—i
PEIZHINS 2 Z LR I T, ROS 2R
AN 248 L LT ROM 7 2 MZFRT
b BRSBTS 2 b0 EEL LN,



5. REHIRTORKIERRRE CRT 5 MEFHET I/ BOZE(L

[ 41 B H ABRERE - BkEZS] Wi
(2006 4E 11 H 3 H~4H

5-1. B

MmAETERET I /BRI, BERREICL B AR
7 I BREHEEOAR LT, BRERE
DOBWRREB DM, 2R OBEREFTE O F B
LLTEEENSOHD ., BoE TIEIFRH%E
D E LTI ESERFEBEZITEFNOE
fLizBWTRHABEN BT D Z & BmbiL
T&ETW5, SH. Fxid, BFHBRTICE
WCHRICEENICEBA PR 2 L6
LA DB ERMSE (HBO: Hyperbaric
Oxygen) AHEMEEET 2 VERICE DX 5 2
WA b7 5T OV THS L= THET
Do

5-2. Hik

HEBRFE 1L HBO CKREMEE Table 6A) MaITHE
104 (Lot 104, FHEE 36 1£11. 5 5%)
BELOHBO 2HEfT LAV ba—A 94
(B 5 &, etk 4 4. FHEHE 33.417.0
B) & L=, HBO BEIZH\WTiL HBO ERT&E
BIZBMEITV, 2 hr— VBBV TS
A S CERL, MEEHET I/ BE
HPLC-ESD &I CHIE L7z, HBO B, = b
— B BT, BRER OBIRRT 12 B2 2R
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GRER R IR 2 R B PR S 2 A)

KRGEROZRF) &L, ¥ HOD HBO RO
BIZOWTIE 160 g D EKE KL UBRIEH 1 4
&L HBO HOBBICHSWTIE 160 g DE¥D
I & LT HBO DK 43 ERIE 500m] & L7z,

5-3. FER

HBO S TREIZ B\ T, HBO %, M4/ V& 3
>3 U7z (HBO BT :514. 376, 4 nmol/ml,
% :483.2+64. 1 nmol/ml) (P <0.05), 7«
Ty —HiZ oW TH HBO #iCE Lz (HBO
AT :2.94, % :2.76) (P<0.05), R#E. 7
ANRGEX TV EAFU YTV,
TR NZOWTIRHEBRRELERD b

277,

5-4. #E%
HBO (X #EiFEE 7 X / BEREHI T B 0D
MWh B x AEREMEN H D Z L WRIR &z,



6. BREBRBEICX > TRAET HEEEBRRITHT D CoEnzyme Q10 OFFIER IZ DWW T

ORRES

[ 41 B B ABERERE - BkESFES) P&
(20064 11 A 3 B~4 B Bk KEEZIEKRFERRD)

6-1. B

Wt E <H D CoQl0 (CoEnzyme Q10) %
PR LT 2 HEBRE T8V TL HBO BREEIC &
DIEHBBAREOEELRF LIOTHRET
5,

6-2. ik

6 4 DEFEPERE (&t 6 4. EHER 36. 2
+14.6 B%) 13 CoQl0 600mg/day PR 2 @ B
{2 US Navy Table 6 O b a— L{ZH- T
HBO MR Sz (WiREE), —F., =2 hu—
NBIZOWTI 108 DREFEERE (B3 4.
=M T 4. EYEEEN 32.815.4 &%) A% CoQlo
DO7FERE 2 BEBEARLTREKROA SV 2
— /LG HBO BR5E & iz GEWNIREE) . MRIFEEL
i%. PUARAG, HBO ELA, B, 1 H#&, 3 HIR.
7T BRI T,

6-3. R
FERNREEICB W TCHTE ROM (Reactive
Oxygen Metabolites) (B :U.CARR) X, HBO
BERICEHEN 6.9%FEICHEML =
(p>0.05) (HBO [ERf : 315.3+52.5, HE% :
337.1 = 53.5) , L & BAP (Biological

150

Antioxidant Potential) DWW CITHEERE
fbER&ehote, —F., WREEZRB W Tl
EROMIZHBO BRICH BB E RS e otz
F7-, MiEBAP (B : pmol/1) 2 oW Tk
S H#%L 8 BRKARAREMEZRAD
(p>0. 05) (PIARR( 2451. 2280. 5, HBO ELA( :
2462.3+190.7, 3 H# : 2712.0%£135.7, 8 A
#% :2668.0%193.9), MuiF CoQl0 EEIX, W
ik 2 BEE (HBO [EAT) (ZIBWT, PIAREEIL,
FHENREED 6. 4 5 . NIRATD 7. 6 5 TH o 1z,
My CoQl0 EEfbaiL, WAREEIZISVNT HBO [E
ATIL 0. 0%, BT 1.68%I2HM L7 (FEWN
AREEI HBO FR@ A 9~=T 0. 0%),

6-4. #EEm

CoQ10 % HBO 2 &k » THRAT HIEMEEFE L
WEELEZZOREEZ I b — T BF[HE
PERH D,



7. FREE RADICALS AND ANTIOXIDANT POTENTIAL IN SCUBA DIVER

UNDERSEA AND HYPERBARIC MEDICAL SOCIETY SCIENTIFIC MEETING &
ASSOCIATES/BNA Annual Scientific Meeting 22-24 June 2006 H13

ABSTRACT

BACKGROUND: No studies exists on the estimated risk from oxidative stress induced
by recreational scuba 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 scuba activity, and to

estimate the effect of reactive oxygen on recreational scuba divers.

METHODS

The subjects were 7 healthy divers. Group A! maximum depth of 20m for 20 minutes,
total diving time was 36 minutes including 6 minutes of decompression time. Group B:
maximum depth of 20m for 20 minutes, total diving time was 53 minutes including 23
minutes of decompression time. Blood samples were collected from divers’ forearm vein
before and after diving. Immediately after having had the samples, a portable free radical
and antioxidant potential determination device called FRAS® (Free Radical Analytical
System) was used to measure the reactive oxygen metabolites (ROMs) and the biological
antioxidant potential (BAP). To estimate the stress level for ROMs and BAP values, divers
who met the following condition: HR<140bpm and tank pressure>30kg/cm2 were selected as

the low stress group (Group C).

RESULTS

There was no significant difference (Group A:318.0 + 37.7 to 299.3 + 32.9 U.CARR,
Group B: 309.6 + 51.0 to 303.2 = 40.3 U.CARR). In Group C, the ROMs value significantly
decreased -8.1% after diving (314.0 + 32.7 to 288.5 + 28.1 U.CARR) (P=0.038). All subjects
maintained proper BAP values before diving, and there were no significant changes in the
values after diving (Group A: 2495.0 + 89.4 to 2606.3 + 329.7uM, Group B: 2358.8 + 163.7 to
2233.8 + 165.2uM, Group C: 2404.5 + 165.8 to 2361.2 + 323.0uM).
CONCLUSION: In this study, it was confirmed that there was a time frame when serum
ROMs decrease in low stressed scuba diving, which suggests that free radical damage may

be reduced in scuba activities under certain conditions.

INTRODUCTION

It is well known that reactive oxygen is a cause of significant cell damage by 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
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most cells and tissues.

Some reports states observations that inhaling oxygen under hyperbaric treatment
increased oxidative stress on living body, however, there are no studies on estimating the
risk of oxidative stress caused by inhaling high pressure air from tanks during scuba diving
by healthy subjects under sea. For divers’ health care, it is an important issue whether
scuba diving as a recreational activity increases oxidative stress or not. The aim of this
study is to evaluate oxidative stress and antioxidant potential of divers during scuba diving

activity under sea, and to estimate the effect of reactive oxygen on recreational scuba diving.

METHODS
Subjects

Healthy eleven divers enrolled in the study (nine male, two female, age range 44.5 + 8.6
years-old, 6 smokers included). All subjects were informed of the aim of this study, and
informed consent was obtained from all subjects. Divers were randomly assigned to two
groups, Group A (six divers) or Group B (five divers). They dived with the following
protocol in sea:
Diving protocol (Fig.1)
Group A’ maximum depth at 20m for 20 minutes, total diving time was 86 minutes including
six minutes decompression time (safety stop at three meters deep for three minutes).
Group B! maximum depth at 20m for 20 minutes, total diving time was 53 minutes
including 23 minutes decompression time (safety stop at three meters deep for ten minutes).
Definition of LS (Low stressed) group:To estimate the effect of stress level for ROMs and
BAP values, divers who satisfied following condition: HR<140bpm during diving and gas
cylinder pressure >30 kg/cm2 in after diving (190 kg/ecm2 in before diving) were selected for
LS group. These divers were regarded as less stressed divers.
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. They also carried diving
computers (CITIZEN AIR DIVER®, Citizen Watch Co., Ltd.) to control the time and depth of

diving.

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 FRAS® (Free Radical Analytical System) (Diacron, srl., Italy) was used to
measure the reactive oxygen metabolites, ROMs and the biological antioxidant potential,
BAP.

ROMs test: Test for oxidative stress level
The method is based upon metals transition capacity to catalize, once these metals are freed
from their chelate protein transport forms and the deposit where they are normally found in

plasma and cells, reactions from the formations of free radicals according to Fenton's
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reaction as in the following formula, or in radical propagation:

H202 + Fe 2+ + Fe 3+ 0 OH* + OH-

The radicals which are produced, the quantity of which is directly proportional to the
quantity of peroxide present in plasma, are chemically trapped by phenolic derivate
molecules, and through the reaction, these peroxides are transformed into ions. The ion
transformation colors the peroxides, and the color can be measured with photometers.
Practically, a small amount of serum is diluted in an acid buffer solution (pH 4.8). The iron
ions that were bonded to the serum proteins become available to catalyze in vitro the

breakdown of blood hydroperoxides to alkoxyl and peroxyl radicals.

The chromogen (N,N,-diethylparaphenylen-diamine) is oxidized by hydroperoxyl and
alkoxyl radicals, then change to colored cation detectable at 505 nm. The concentration of
colored complex reflects (correspond, related) to the hydroperoxides levels of the tested
biological sample.

The results were expressed as U CARR, where 1 CARR U corresponds to 0.08 mg/100 mL
H202.

The normal range has been determined as 250-300 U.CARR.

BAP test: Test for biological antioxidant potential

Based on the ability of a colored solution, containing a source of ferric (Fe 3+ ) ions bound to
a chromogenic substrate (i.e. a thiocyanate derivative), to decolor when Fe3+ ions are
reduced to ferrous ions (Fe 2+ ), as it occurs by adding a blood plasma sample. For the test,
plasma sample already has been dissolved in a colored solution obtained by mixing a source
of ferric ions (.e. ferric chloride, FeCl3).

Practically, a small amount of blood plasma (10 ul) to be tested is dissolved in a colored
solution, which has been previously obtained by mixing a source of ferric ions (. e. ferric
chloride, FeCl3) with a special chromogenic substrate (i. e. a thiocyanate derivative)

After five minutes incubation at 37°C, the solution will decolor, reflecting the ability of
plasma to reduce ferric ions to ferrous ions, according to these reactions:

By photometrically assessing the intensity of decoloration, the amount of reduced ferric ions
can be adequately evaluated, which shows antioxidant potential of tested sample.

The value more the 2,200 pM is estimated to physiological adequate.

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

Table 1 depicts the background of subjects and informational data on the test day. Though

subjects of this study included six smokers, result shows no difference in the control values
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of ROMs and BAP between smokers and non-smokers. Based on the definition, six subjects
were selected for LS group. There was no relation among smoking habit, age, gender and
diving experience for selection of low stressed group.

In both groups A and B, ROMs values did not show any significant difference between before
and after diving. There was no significant difference (Group A: 318 + 37.7U CARR to 299.3
+32.9 U.CARR. Group B:309.6 +51.0 to 303.2+40.3 U.CARR). However, in LS group, the
ROMs value decreased —8.1% significantly after diving (314.0 £ 32.7 to 288.5 + 28.1
U.CARR, P=0.038) (Table 2). All subjects maintained proper BAP values before diving, and
there were no significant changes in the values after diving. (Group A: 2495.0 + 89.4 to
2606.3 £ 329.7uM, Group B: 2358.8 + 163.7 to 2233.8 & 165.2uM, Group C: 2404.5 + 165.8 to
2361.2 + 323.0nM) (Table 2).

Table 2 Results of d-ROMs and BAP

ROMS(U
BAP(uMol/D)
CARR)
Before After Before After
A 318.0+£37 299.3+33 A 2495.0+89.4 2606.3+329
B 309.6+51 303.2+40 B 2358.8+164 2233.8+165
LS 314.0+32 288.5+28 LS 2404.5+166 2361+323

*1.S: Low stressed group i.e. HR<140 and remaining air in tanks>30kg/cm2

Subjects S.tu'ects Gender  Age Smoker Diving experience
initials

Al MK M 59 Yes >10,000times
A2 YY M 38 Yes >700 times
A3 TY M 37 Yes 398 times
A4 MT F 45 No 1,600 times
A5 SK M 39 Yes 1,040 times
A6 GT M 35 Yes > 5,000 times
B1 MS M 35 Yes 7,000 times
B2 NS M 44 Yes 850 times
B3 NK M 49 No 850 times
B4 NT M 57 No 3,100 times
B5 GM F 51 No 150 times

Table 1 Demographic data of subjects
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Maximun

i Self Subjective Remaining  Selection for
Subjects o HR at 20m o
condition® stress®* air in tunks LS***
depth

Al Good None 150 70 LS

Mild general .
A2 i Slight 100 20

fatigur

Mild lack of

A3 None 65 30 LS
sleep

A4 Good None 103 70 LS
A5 Good None 120 60 LS
A6 Good Slight 200 70
B1 Good None 110 25
B2 Good None 100 55 LS
B3 Good Moderate 100 70 LS
B4 Good None 100 20
B5 Good None 920 10

*Self conditon: Subjective self condition on morning of the test day

**Subjective stress: Subjective physical and mental stress during diving

***],S: Low stressed group i.e. HR<140 and remaining air in tanks > 30kg/cm2

7-5. DISCUSSION

Generally, it is said that the rise of inhalation oxygen partial pressure increases the
generation of reactive oxygen as by products of promoted oxygen metabolism in the body. If
the generated reactive oxygen and free radicals not appropriately eliminated, there is a risk
of oxidative damage in the body. Also, although it is said that physical exercise improves
antioxidant potential, the change of antioxidant potential in scuba diving wherein
compressed air is inhaled has not been clarified in relation to physical activities in scuba
diving.

In this study, it was confirmed that there is a time frame when serum ROMs decrease in
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low stressed scuba diving, which signifies that free radical damage may be reduced in scuba
activities under a certain conditions. Usually, it is said that about 2% of oxygen consumed
in respiration at rest becomes free radicals, but in scuba diving wherein high partial
pressure oxygen is inhaled, there are concerns that free radical generation may increase in
accordance with the increased oxygen intake. However, as for physical exercise and lipid
hyperoxidation, it is reported that exercise load up to 50% of maximum oxygen intake does
not affect the lipid hyperoxidation.

Furthermore, as in the LS Group in this study, in scuba activities wherein stress load was
relatively low, radical generation might have not been so significant. Nonetheless, even
taking this in consideration, many issues remain to be solved regarding the result that
shows the decrease of free radicals while ROMs level was expected to rise during scuba
diving. One possibility is that although there may have been generation of free radicals
during scuba activities, the scavenger system in the divers’ body was mobilized and that the
ROMs level was lower after diving.

In this study, the fluctuating situation of the scavenger system during scuba diving
activities was not grasped, but it was confirmed that antioxidant potential shows no
significant change before and/or after a single scuba diving activity. It is considered that
one of the reasons for that is that the samples of this study were all well experienced divers.
According to studies related to antioxidant potential, people who exercise frequently have
higher level of antioxidant enzyme and other antioxidant substances. The antioxidant
potential that was measured in this study showed a high value before the experiment in all
Groups. It is considered that this is because the samples had already acquired sufficient
antioxidant potential in their daily exercise activities that includes diving.

There is also the possibility that the divers’ confidence in their activities underwater may
have prevented mental stress. As time and repeated activities are necessary for a person to
acquire the ability to strengthen the antioxidant potential of the body by doing regular
exercise, it is possible that significant change in antioxidant potential in scuba diving
activities may appear by continuously observing the samples.

The ROMs test is effective in that it can measure the amount of hydroperoxides (ROOH)
in the blood that are the by-products of oxidized lipid, protein, nucleotides, and amino acids
that have been damaged by free radicals. The life span of a free radical in the body is
extremely short-lived, but the oxidative damage done by free radicals in the body can be
evaluated by measuring ROMs. There are some clinical studies that report the change of
ROMs due to oxidative stress in ischemic reperfusion, change of ROMs after celiotomy
operation. With regards to the topic of physical exercise and oxidative stress, there are
studies of athletes, and the ROMs test is utilized to promote better performance.

As a conclusion, in low stressed scuba diving, there is a time frame when the serum ROMs
decrease, and rise of oxidative stress due to high pressurized oxygen inhalation was not
found. As one topic to follow, an investigation needs to be conducted on what influences the
oxidative damage in cases when diving is conducted repeatedly, and how divers acquire the

antioxidant potential features. Moreover, although evaluation of oxidative stress and heart
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beat change is difficult because of multiple factors that affect the relation between the two
parameters, it is thought that appropriate analysis is possible when accurate control is

conducted.
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