19914F12 4108

O =

207

BARICERY 2 SRERILAR & Bz DWW T

A R

% Fl T 2

ABOBHBRELRNGE Lic SEOEKBORE & BHERFERM v 2 — (JAMSTEC) Tl
FOZESEKIIBICIT B 2 EOIIEET, £ 2B L1138 04 % H R MK E & E
Lz, WARORE TR, KEOETRKSERTE U BFIRDELRF D5 O RBHEHEY R
XY, FOFBRE, BABEOMPRELY <A OBMEIH % BI85 DERRHTHS Z

EDBTREE i,

— R O R T, AR TESHHAMAEER L, ThiE D8RS, BRKEDSD
74 VOBEWHRTFERELDCERECEHAL, LrLanb 2RO TR, JIEEDNTS
BIZZDBEEHIHEL, ZoRBRIEHORBOMENERTH - LHRI I hic,

F—7—F A7 - AWK EBHERRROLEAS EBHERAN

Hyperuricemia and anemia induced by diving

Hisayoshi Takeuchi* Motohiko Mohri*

*Japan Marine Science & Technology Center
(JAMSTEO)

To investigate physical stress of diving activity,
blood analyses were performed in two different
air diving groups. In one group consisting of four
male subjects, blood was sampled before and
after diving activity through three dives [investi-
gation 1-(1) to (3)]. In another group of total 113
novice divers in two separate SCUBA training
courses, blood samples were taken before training
(control), before and after diving activity [inves-
tigation 2-(1) to (2)].In investigation 1-(1) to (3), it
was found that blood uric scid level was de-
creased after dives. It was indicated that the de-
creased blood uric acid level could be the conse-
quence of diuresis which was caused by exposure
to low water temperature and increase in water
intake during diving activity. In investigation 2,
accompanied with the lapse of training days,
sports anemia was seen in many divers and in the
second training course 75 per cent of participants
showed anemia. It was suggessted that the sports
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anemia could be caused by overwork due to poor
efficiency of fin kicking and imbalance of nour-
ishment throughout the training courses.
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&1 HE1—(1)~(3)s1 5 BKRATROMBRS R UMK ELFOEL

RBC (X10¢/xl) [WBC (X10%/uD) Hb (mg/dD Ht (%)
FAA Before | After | Before Aﬁer | Before After Before After
1-(\n=4 488+37 | 519+39 [60+15 |61+10{15.1+0.9 [16.0+0.8 |45.3+3.1 |48.5+3.1

* %k

1-(2)n=4 524429 | 536+26 | 58+9 89+10|16.2+0.5 | 16.5+0.4 |48.3+2.5 |49.8+2.1
1-(3)n=4 513+36 | 523127 [ 53+8 66121* 15.6+0.8 |16.0+0.5 [46.5+3.0 |48.5+1.8

S-GOT (IU/L) | S-GPT (IU/L) LDH (IU/L) CPK (U/L) UA (mg/dD
A Before | After | Before | After | Before | After | Before | After | Before | After

120+14 | 130415 [ 134+26 | 161+31 [5.4+0.4 |5.1+0.4

*
120+15 | 138+13 [ 111+22 | 155+33

209+89 | 259+106 | 7.5+1.1 | 6.5+1.3

1-(Dn=4 [23+8 18+6 7+5 85

1-(2)n=4 14+2 167 9+3 9+3 6.1+0.3 [ 7.1£1.2

1-(3n=4 | 15%4 18+2 8+3 9+4 119+11 | 136+8

All values are mean+SD (n=4). Significant difference (3% =P <0.01, % =P <0.05) compared to before values.
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1. BKkenBE (FE1)

21 ~25BMDOBRIEBF LA N~ 4 BHHRE L
LT3EDOHELER L, 1EB0HRE G
1-(1)) BAKE3I~4m OEBE TIS05HE D % 7
— BT ok, ZOBODTERVOCKERRER
Zh18.0C &£11.3CThot., 2EHRUVIEHR
OFEE (BE 1-QK0FHEE1-3)]) R BEY

70m, KiEFI1.5~3.0m DK 7 — A T1804 D

Ry — NEEKET 5T, ZOBOERKROKEIR
FE 1-(2)4%18.0°C £20.0°C, FFZE 1-(3)320.5C
L19.5CThotc, AELI-QUIFRE1I-2)D2H
BIEEB LA RAE1-VIBERELE L LB
K%z, BE 1-@EKE3m T605 D B HhgK
TR, EFHAMEAKES TADKE,
BABORAE — FT7—A%20F X8, FOHBE
EEHRE KL T, ZLT1-Q)1-2)&i3
BRCLAY Ca—ATERL, ZORIIHREED
A= FTT—ADEXISAX®R, hBHAE]l
-3)TiE, WREINDTFT-cBEET, FhFh24
FODHERFE T 500ml D A A — ¥ #kE 71250
BRI R BRI R, TRCOBECTHRE
BEXS5mDOY =y b A=V ET7—-FE2EFERL
Too BRIMITZEKOBIBER (Before) L THE

#% (After) 1T, HRRITEKBEIA305 T HEKK
T304 E oM, 304MHERT, il s -
YA FTER L,

2. R —EKRIGRENEE (BE2)
WMy g —TERLIC2EDR 7 — KT
BT, JIRE & LTS LR F1134
FXRZ, T chTh 3ET O MKREELE
Wl7, 1EB (3% 2-(1) OBREIS3L TE
#1221~368%, 2EB (A 2-(2) D#EERE 260
B TEBII2L~3ZJTH » 7, FMTTHIFRRES
IBIER U4&ET Ty, 1 ERRIEEERiT &
AR (11:30-12: 000 (Control), 2 [E1B XFIHR
4 HEToBART(1L : 30-12 : 00) (Before), =L
C3EBFAAOWKED SRR (17 30-18 :
00) (After) it Lz, 7tk 1 EBDORHETIL,
SIHBALARI0D 2 #RE L 7B R T, LB 1 -03)
LRI TR TOBEBRE I A K — v k& 721350
% B EREHE 250ml T OREIICIER X ¢,
XL 2 EBORE T, JIhoRHERUI:
£BHBEBThER, ELEEX, ZoROfMmo
RYWERUI—TZE T, 74 BEDIIFAER
S —ATDR/ =7 Y V72X H#5500~600
m DK E R KEE 3 m T OEKE O Rz
Eife & Thotce IFFHOBRRVS -1 D
KEBER1ERNERFR24.0C £22.5C, 2EH
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7324.0C £23.0CT, TRCOFEHREIIEX Sm
DY =y PA—YERERLL, FE1RVUHEE2
TR L A MR E L HBMERAHEE (r—7
CC-130) = & 2 AR M E % (RBC), B IMmEk#K
(WBCO), ~% 7w vE (Hb) O, HiE
(7 #2 KH-120A) w5 ~<+t 27V » ME
HY DRER VU~ 7 7 aEDIZH, HEL
FoWERE (TBA-380) X 2B NS v AT 3
> —+ (S-GOT, S-GPT), AMBiKkRER
(OIDH), 7 V7 F Vv 7 4R 7 xFFF—F&
(CPK), R (UA) 4R WES KB X
5LDH 74 V%A 2DREREREMR LI, +
DfBFEE 1-(1)~3)Tit, 04EPRE (UV) Hl
5E & EEL o BEMLES T RE I X 5 RPRE (U-
UA) Do ETT -7,

# R

AE1-D)~B)DMEFTOMERERLICRL
Too MRS T, RBC, Hb R ¥ Ht 233 XT D
FE T After TN L7z, ZhbOBEMTITFHE
1-(DA6 ~ 7% Thb FEh > 7, WBC IZ5RZE 1
()T, BREOEEI AL NI - 7Dy, BL
L3 EHEREIr-LREL-Q T,
Before @58+ 9 (X10%/ul) %> & After ®89+
10 (X102/ul) AR (P<0.0D) ML, R
BICHHE 1-3)T b After THE (P<0.05) 1
mlic, ZOMMEEESFTOLR TR, TN
ToF%E T LDH,CPK {E#fE A 351z After T L
FALAE1), 2D 5H1-(2)0 CPK {EHED &
PER (P<0.05) s ER%RL, UAX1-(1)
D After ThTHIEA LA, 1-2) T,
Before 6.14+0.3 (mg/dl) 2> b After ©7.1+
1.2 (mg/dD) WML, Zhick LIEKDORF
T 500ml D R A — v #k & 72 1350% BTk A
B &7 1 ~3)T i, Before ©7.5+1.1(mg/dl)
2D After 06.5+1.3 (mg/dD) A Licad, &
NHERTRTCERBRBL TR Aed 57,

—IREXEDORAE TS, BKEALEHE605 ~90
STEETHEM L, FERE T Yy Rk
Ehotc (B1), 1-(1)Tix, AKET (Before)
DREX2.1£0.2 (ml/min) TH - 7y, BKF
EIREEM L, AKEIS (90)129.0+1.6 (ml/
min) & ¥ — 27 12 L7 (P<0.001), = DEITHE 4
AL, B TREBSRLRITOMEIE L,

A =ERCBRT 5 BRRORR & AMDO\T 209
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10.0 )

6.0

2.0 \K’
L 1 i A I 1

30' 60' 90' 120' 150' 180'

Il
[9)
1Y
S
5 *k
[}
n

1 — (3D

(ml/min)
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1 BE1I-)~B) =B 2302BNK
EXML
All values are mean +=SD (n=4).
Significant differnce (k=P<0.05,
* % =P<0.01 and %% % =P<0.001)
compared to before values.

& DR 0¥ K o D 15043 i D KB FR & 13 706 £68ml
TH ot (F2), RBAREKTIE, AKK60TEH
IO FTRTCOPREVEEDOEI"ZHF 2, 1
-QFEETIE, BET2EO Y — 7 BEEI I
2, RENELED DX ARKE0ST, O
BEDfEIL 5.5+3.5ml/min TH -7 (®1), 22T
LD TRERATY FHRLONI, FAHAE
BB KFOBREIZSITE2TM TH - 7c
(#2), ThIEHL 1-3)TIE, BKFORRE
PEH %< 1021+£313ml & 7 -7 (FE 2), AFHE
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%2 BE1—(1)—(3)0EHRE LSS0 ERURMN L REEL
FE1—(1) RE(m1/307)
Time | Before | 30° 60° 90 1200 | 150° 180 | 48
WBREA| 50 74 | 11 | 204 126 | 110 — 715
» B| 62 9 | 135 | 307 131 | 128 — 791
v Cc| 64 72 | 108 | 280 120 | 110 — 690
s D| 73 85 | 127 | 200 85 | 180 — 627
mean+SD | 6249 | 80+9 | 120+13 | 27048 | 116+21°| 120411 | — | 706468
FE1—(2) REGI/30
Time | Before | 30° 60° 90" 120 | 150° 180 | 5 i
WBREA| 5 43 44 33 80 270 129 599
» B| 70 | 130 | 114 37 80 158 110 629
v c| 50 5 | 220 198 22 27 37 563
» D| 55 M| 270 150 29 25 47 595
mean+SD | 58+9 |77+38| 170£98 | 105483 | 5332 |120+118| 81446 | 597+27
FAE1—C(3) REGmI/307
Time | Before | 30° | 60° 90° 1200 | 150° 180 | 8
WEREA| M 65 92 115 210 | 360 230 1072
» B| 9 | 175 | 200 170 300 | 390 200 1435
r c| 2 32 | 143 175 225 | 210 74 859
» D| 59 89 | 140 110 82 | 220 75 716
mean+SD | 55433 | 90461 | 144444 | 143435 | 20491 | 205493 | 145+82 | 1021+313

T, 2 BORBE I ERKI05EHL » R %
Falc REOHMIEKBBEELLBEE LA,
BREHERR (FEKBRIAHI0) # b & bt L
1}, BKEBI00 e —27icE L (K1), =0
REDO R E1210.242.8 (ml/min) TH » = (P<
0.01) Z DHITFELHITIRAD Lic A, BAKT 30
% (After30) DfEIX3.0+0.8 (ml/min) &4k
X, Before D#1.5fEDELMERF L7, i 1-(1)
~@o¥EKFORE (UV), RPREER (U-UA)

Bt B R OV KR O i RER (UA) EXR 2 i
RLT, MUV RO U-UA @ 1 38 KEE
5905 ¥ T (R OPEREYR, 23+ hLIEL
LA TREET () OHFHERRL, 1+
2T hboEFERLE, 1-(DoUVIE1T

SEBOHW2/31HicB 471+50ml DB B -
72 U-UA & UV &R0 ¢ 2 — v &R
L, BI¥es < ot s fThhic, TOMKE UA
X After ThIFMBA L(E L, K2), 1-
@D UVEUCUUARLE2TREALERR
L, 1420 UV IR 1 -~k H
NFEP-TCIHbOLTZThI Y Dk
7oo E 72 U-UA D180 il » #& B it & 1% 158+
38mg C, 1-(DD# 2 fFcie -7, UAIX1-(1)
LT After Th T IREMLAEGEL,K2),
Zhiew U 1-3)0 UV iRgRBHERIC AV BRE I
#wmL, 1+ 2 OfEix1021+313ml &, 3 EDHE
ETokEER R L, R U-UA D1804 D
BHEttE S 168+31mg &, HKEMELRL, UA R
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1 — 25 1— (3>
Water temp. ater temp.
20.0°C B 19.5°

N S | Lo

3

- — & After

BE1I-D~@)cssBRPORBME

(UV), RbREH##tE (U-UA) RUBKEIE
nmFREE (UA) o4t
All values are mean +SD(n=4).

Before ®7.5+1.1mg/dl %> & After T6.5+1.3
mg/dlCBA Lic (F1, R2),

—H A7 — KR ORE 2 -V kT 5
¥ 57 D Control & Before ® H#; (3 BRI D
¥ HZ1L) %, RBC,Hb X 0* Ht 233tz Before
ThIMeEmlic, LAl WBCIRIZEA LR
L7k 7= (E3), Before & After s (¥
KRBT DZEAL) Tk, After T WBC © &2 8fm

(P<0.001) U7z, * DAt MK ST iT 1 E

L3R LRIgh T, MBENMFEDORERYTRIIC
RL7z, 38% 2 -(1)® Control & Before @ L& T
1%, S-GPT {&t#:fE Before Th iz FTHELE
73, ¥ LDH & CPK fEMAfEIZ_E5F L7e, Before
& After O b8 T3, After © LDH & CPK 0
HER LR L, UADEMLAE(GES), 205b
BRRBELER LD LDH (P<0.01) & CPK

(P<0.05)TH-tc, ZDOMMOEE T, HER
b abhiehr-te, FeRFEE TR, JIFE4
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H B D30 THEIR e RRHER 2 T e
B, FDRER After © UA 23 IERZ /R L
b DD, HekEhBRAbhirstc (&
3, @4), Ao EC L 2Lt A bR
fenots (B5). DWTHHZE 2 -(2)D Control &
Before @ H. 8 ¢ %, RBC, Ht X 0" Hb 233t
Before TH X (P<0.005, P<0.001) AL,
WERE DTSR IESREMAB (X3, £L
THEHOEH (5 HB) KEMK L B+
DRBIET A7V — FRAETIE, BRDOEMN
BB T AN ER L. TOER - AR
BERFEEORECRK Y EL LIt =2 -1
L, BEHEROEEOERANRCXTBRET
Dot THBEL OFITEE, MR (vea
VARV EF—AVERE) ©EY, SEOMHERK
#1B T\~ o, WBC 1 Before & After O HE T,
After TEEP<0.00D#HEmMLA(X 3, X 6),
ZhiE~E 27 5 2 OKRND, FHRODSERR
(seg) MEHL (P<0.001), HxHJIZY v 2Bk
(ymph) »3EH (P<0.001) Lz & b8
Lot (X 6), ¥Fhoies 3R LA LE
@ Control & Before ™ L #; T % UA »° Before
THE (P<0.05) fenk R Licizsid, ol
B e ic 25 it b L fe by o 7o, Before & After
D HETI, After T LDH 238 % (P<0.001)
LR, UA b Fric8inlic, LDH © EF1Z
T4 YHFAL AR Y, LDH 4 £ LDH 50 1k
Bersr o En¥BLE@ET), FOMOEHEBII
BEERELZALRI D 5 T,

% %=

HAFAETHD KD RBC, Hb, Ht ©
BN F DOFIR LR A b O REFEM O N
X o T—B Bk ERE Ll E0RBIh
Too BRICHAE 1 -(1)DBE, Lo 2 BT~ TKE
BEEMEVCRETThR DT, BAEFIR®HR
R &h, ZoOBERHE HictBbht, Bl
B0 RERICED b b EBEFIR ORI
DWT, FHIRBEERRTH D 1%L, Na
2 Cl&ogEmE st 5 LB T2, > T8
KD CHRBHER R fThlad o7 1-(1)& 1-(2)
DFETIE, TRTOWRE B AKBIC—FFHI 7R
BiAKERERZ LT\ EXTRB I, ¥
EERENEE S - WBC R UA XML, R

ASEESE Vol26 Nod

2 — C1D 2 — C2>
(x10%/u1) (x10%/p1)
L RN
500 +__H s00 b +\ I |
(3] L L
@
@
200 b 400 f
5 s
Lol i L oo 1
("'gr/_d] ) (me/d1), e

Hb
PN
o o
LE T
- -
[ o
P o (=]
T T

14.0 14.0 |
13.0F 13.0%
Lo L | IR N S
(7) (%)
48.0 48.0 F
55 46.0.IF 46.0 [
aa.0 44,0
42,0 42,0
Lot 1 Lot
(x102/u1) kg (x102/u1)  pkkka
. 80k 80
om
; 60 I 60
a0 aop
Lo 1 1 L o 1

Control
fore
After
Control
Before
After

Be

(n=53) (n=60)

3 WAE2—(DRUQ)OMLERDOEARY
BKAIERNEL
All values are mean +SD (n=53 and
60). Significant difference (3% =P<0.05,
%% =P<0.001) compared to control
values. Significant difference (%=
P<0.001) compared to before values.

1z S-GOT, LDH, CPK 7z ¥ DB RIEMAEN S &
BT ERBEIRTVWAIN, F{E 1 THIER
BIEEREMELII(FE L), chbOELD %L
IEREEICEET BN, BKTE, 74 vFy 2
X B TEROBREGOAMMRE &R CBIEE
TENTRME NI, ZD 5 LEICRIEE LB DI
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£3 BE2—(1)RU(2)nMEELFENEARUEBKIZNEL
S-GOT u/L) S-GPT (I1U/U) LDH (IU/L)
A Control | Before After Control | Before ‘After | Cnotrol | Before After
* &
2-(1n=53 18+6 19+5 19+6 15+25 12+7 10+7 13623 | 140+20 | 157+25
b 8. 8.1
2-(2)n=60 20+6 22+6 247 17+12 17+11 17411 | 128421 | 144+24 | 183+24
CPK (IU/L) UA (mg/dD
R Control | Before | After | Control | Before | After
*
2-(Dn=53 136+57 | 191+127 | 268+177 | 5.8+1.4 [ 5.7+1.2|6.0+1.2
S
2-(2)n=60 121+44 [ 185+152 | 288+195(5.3+1.4{5.9+1.4|6.2+1.5

All values are mean+SD (n=53 and 60). Significant difference (3 =P<0.05) compared to control values.
Significant difference (k=P<0.05, %% =P<0.01 and % %% =P<0.001) compared to before values.

2

1>

(mg/d1)
8.0 |-

6.0 I

_‘___
o
o§
L.
o
S
-

[\
~ Control
efore
After

n=53)

B
Water intake

2 — 25

(mg/d1)

8.0

- + mean+SD

o
Lo

Control
Before
After

(n=60)

4 BROBRBTHREHERME S EEHES (2—1)) t &k
BE (2—(2)) To#EKk#ED UA OEL
All values are mean +SD (n=53 and 60)

EHRCHEROFEYE TH 2 UA 2 EMT 5
TETHD, TOBRKLESMERBOES & &
EhO9, ORI IO\ TR D ERMNE
bhTw2, TibbBGERNIC L b, MOk
DIEL, Zhictt > KEBREEO BRI R
DERERET 5 & & LBEMRE DB REREE

WEPED XL WIERTH D, FREEY
EFMERBROESII BN TH 5 1EEIFEE
L, BET S LEANLBRBMEYRS] i
T ERTFBLTW5, ThiGEE SRR
Bgrr o ERNEL, REMEIhiVX 57k
FERAYBTHILELRD LI EEHAL TS, £
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2
(mg/d1)
8.0p
6.0}
<
: -
4.0}
oo
[ €90%490%
:r I i |
a — o ; -~
[ e o
- =] -
PR “
< Q <
o =}
(&)

(n=28)

Sports drink

M =HKIERT 2 BREBMORE L & fconT

HEFEE:E Vol26 Nod

1>

(mg/d1)
8.0}

o
(=]
T

v
Control
Beforep —g---
~N §\
o Juice —_*_-_
~ ©
S
After f-%-__

E
"

F5 BKkogd T250ml D XK—"YERER &
50% RiTEREl (juice) 4B € 1-BANHB
K0 UA 0L
All values are mean +SD (n=28 and 25)

LD ILER BRI A R — VB 5 %DEHE K
REREE S LVESHERBOERS Y EH L
RLDEEHTHH EEH/EL VB, LT
rERoBERSE, FE1-Q) T, BKEEH
®IOTIT, ThEh 2 BT o0HBRE R 2EED
Rio o 780k 500ml ZEBEE R, £ 5 Tl i
2BIDHEE EOWKED UA DL HE L T,
FORER, EAERA ML ATRENEMLCHEEL
()& SRBHER R X8, REZ#EMNEL 1-G)D
BE, HeEkEo UA o b ERD (R2),
CThIRAE1I-OTE, 1-QRrEXTESHEHD
e otctcd, BMATORBEEL DL, L
L REOMEIMCHE, REBOEANOBER 2 L
Shick» LBbhs, AFICHEE1-Q)TR, &
BAMCEVCRBEENMELE S hicb DD, Rk
EERIZ L 5 REOHE M U-UA OBkl % (€ X
KRR THD EHAENB, ZhitHL 1)
T, HEKED UA BN L, ThIARE
KEFDEBBEI LD 2 B HERTE b i,
N TORBREADSE L, LibEKERH305
ot bbb LT REN DI 5 loicdig,
EEIhcRBr+H s o L3 c&ion
Sl EHRIE R B, DLz &anb, BKGE
B) O UAVRARRBD IR DB KPP

UV 28 &2 T U-UA OHit 2B X5 =
EHREETHD LB xR, B UV 2B 2
FHRLLTRESA VAL DFIRIEYTH
5 LB 252, BEMCHRHERETT 5 R RER
A RE T BRI TR, FIRCL-TELS
BAER BT 20O EHTH S, £DE,
WK E AT 5 BRI 300ml BE DO X A — v KE %
ERT U, EEROBRERGTRL, ERFE
UAEREHIETEDBEDTHRNTHHC &
HHEA L 7o,

—HEKINFERF D FE i k13 % Control &
Before D #2513 3 HEIOE B ALY, ¥
Before & After D L& T, ¥ HDIHOKEL
BT ENTER, FE2-NoFRBELTIE, —
HopBBCEL/HE LoD, HicEEi
Elirabhishot, LHLAE2-Q)TRE, £
DB DECEMAHERE L, ZoEMITZD
AP RE R EORE LR L, BEh
T 5L EERER I & TR L BB 21T -
B LI LEBRE S h 5 EHHEN"TH
5 EHR SR, OB MITESNTREEENHAR
o h e ) —BRELED TBGREVC LHHD
AT\ 5B, Siraki SNESHHEIM L ZFHERE
LoBIEERL, BEH, BEEEARWMEER
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100p

80

601

WBC(X102/ul)

50

40F

30F

Hemogram (%)

10

eosino

MA=EKCRRT 5 BRRNES & R\ 215

] control
before
after

seg
lympho i
mono

6 FE2—(2)Ics1F5 WBC AR UEKAIHRD
EL L BKARO~NES T LOELL
All values are mean +SD (n=60). Significant
difference (Fr % =P<0.01 and %% % =P<0.001)
compared to before values.

BEIEOHRE IR L, FEHOEBRHUEKD 8
CRELHEEAT A — X — 1L 5AR%YE
H 2 R 3okt L CTiT bR e, Z ORRRIFE
e\ T, EEOEBEREMLO 2 Bk, K
MERE DA MR O BB EMEIE A B0 L A
TEFHMEL TV B, ZHILEBEE N ORI
FrEREREN RLBEELTWAZ LEREL
TkY, BREEMRBEOMIMSOERN TORM A
RETZ7DTHDEELDLRT B, T1EE
HEE M DORBEF BT 5 L oMo ERIZOWT
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All values are mean +=SD (n=60) Significant
difference (% =P<0.01 %%k =P<0.001)
compared to before values.
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