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Effect of Hypoxia on Oxygen uptake at the gill in the top shell, Turbo
cornutus (Gastropoda : Prosobranchia : Turbinidae)

Ken-ichi Yamamoto'", Takeshi Handa' and Makoto Shimada”

Abstract : In the top shell, Turbo cornutus, the effects of hypoxia on the oxygen uptake at the gill and the
oxygen transport with the blood were examined. The efficiency of the oxygen uptake at the gill was higher
than those of the octopus and the cuttlefish ; it is almost equal to those of the active fishes. However, the
oxygen capacity of the blood was remarkably smaller than those of cephalopod and active fish species.
Conversely, the cardiac output was markedly larger than those of cephalopod and active fish. These re-
sults suggested that the top shell should maintained both the ventilation volume and the cardiac output in
the high level owing to the low oxygen capacity of blood in order to keep the high metabolic rate. Under
hypoxia, the top shell increased the ventilation volume, the efficiency of the oxygen uptake at the gill and

the cardiac output were increased and the oxygen utilization was almost constantly maintained.
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i+ B mEE, DEREICERT), 7%%56.8+3.3mm,
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Pzo HHIAE, WEAREBICHRONEWZ I B CRE

(2000) 1AM, HBKZ501/miniEK L 72 IREE TRRGE 1S
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20, 20, 160, 20fAEMVTIT - 72, FllER,
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FERBEE (Vou) 1, HHTE AR TR WIFRE
OO EFEEERE (Ci, 02, ml/l) ¥ TEANT
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Fig. 1 . Schematic diagram of experimental system.

1: N2 bottle, 2: flow meter, 3: aeration, 4: equilibration

column, 5: seawater supply, 6:chemical fiber filter, 7: respiration chamber, 8: bottle of 100m! used

for measurement of dissolved oxygen concentration,

9: constant-temperature water bath, 10 : magnetic

stirrer, 11 : water reservoir, 12 : water bath used to regulate the water temperature, 13 : lift pump.
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W) DSEEEAELICH LS T (Fig. 2), BEET (U3
A ratyd—1, FLAXYTL RI2A2TN) &
L Cioékat (MacLab/ 4, ADI) Tiftansk L Tiro 7z,
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B, R =ZF L v Eo#d (40mm x 80mm, HAEVY5 mm)
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B (Vo:) Z VT, Vg=1000 - Vo /[100 - (Pi, 02 —Pe, 02) *
(Co:/Po2) I B HETE L, (KEM 72 D) OB (ml/min/kg TW)
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PABE,  ABBEARA S EREL 72 M3k % E AR,  HAEEEIR A &
PR 7 MR A BRI & 5. Zeds, $RIMAS IS SRR 1A
AT, 1 EOFMICE LR IZ20~308H TH -
720 RMOAEE, WILsH® LT, $oiFoiicl
7225G OSSR, AMFE 1 mm, REHSmmOR) =51~
ME (No. 3, v¥X), MFE1Ymm, REH410mm o
FME (No. 4, %), ERE (1T 1 AR—HFTN)
DIFICHER L72b o Hviz, ROAOMER, ZE5M
WAIRILB X OMEL RIS T 572000 DT, NEE
B0 3m R HREHD Iz, F 72, 25GOEMNE O
i, FORAMNEAAFMERETEID I VWEHIE, LA
ANy 72,

BEZ 5 EORIEIZ0. 3mi D ML & AV T EEZERT (pH/Blood
Gas Analyzer 213, Instrumentation Laboratory Inc.) TAT
Vv, BEREEOWEIR, 0.02m0OMEEEROY, 70
1) > 1243ELTLEX : CON-K(Lexinton Instrument Corp.)
TiT -7z BERAE, R oM+ 38 7523 (20m)
WL, IhEEBRKRICHE L EIREICRE L, KE
SCHIAN L 72225 % 8 L 72 IRAE C 304 R EE SR AAN & & Tk
FEma Rt L ARk LClE L7z,

BRI OEEREIFE (Sa, 02, %) B L OFIRILOEEFE A

Fig. 2. Schematic diagram of setting the electorode of ox-
ygen pressure analyzer into two holes in the shell
of the top shell. 1: the electrode to measure ox-
ygen pressure of water inspired into the pallial
cavity, 2:the electrode to measure oxygen press-
ure of water expired from the cavity.

Fig. 3 . Operation on the shell to collect the blood from the
efferent branchial vein (E) and from the afferent
branchial vein (A).
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HE (Sv, 02, %) &, BEOMBIZELL TV AEKDRE
EFEERLETHAZ NS, MK EEBKIZEEREDGREH
MU ERELT, BIRMOBEEERE (Ca, 02, vol.%), #
PRILOEEH#EER (Cv, 02, vol. %), EMRILOEEEZDHE (Pa,
o:, mmHg), ¥IRMOEEHKSE (Pv, 02, mmHg), FERAE
(02 Cap., Vol.%), B I UOEERFAEOHEEOKEIZHE
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Pa, 02 * Co2/P0:/10) /(02 Cap.—156 + Co:/Po:/10) B X
°Sv, 0: =100+ (Cv, 02 —Pv, 02 * Co2/P0:/10) /(0= Cap.
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BERAEOWNEROMEOBERTE (mnmHeg) %Rd, il
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—1/2 + (Pa,0:+Pv,0:) 2HFE LA, BTOREER
BUHEE (To.)™™ 1%, SRIZFHE L 2BERIEIE (Vo) %
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(ml/min/mmHg/kg TW) BXWMIEERY 2 H OB
(ml/min/mmHg/kg WW) TEL 7z, BIIRMTOEREL
FAETEIE (U %) 1F, Ut=100 - (Ca, 0:—Cv, 02)/
Ca, 0: M HETHE L7z, (LAHME (Vh) &, SICEHE LB
FEEE (Vou) ZHWT, Vh=100 + Vo:/(Ca, 0: —Cv, 02)
POHEEL, REHS7:) OE (ml/min/kg TW) B XL UNE
EEY2D O (ml/min/kg WW) TEL, BEE 1 ml
RARICTET OB ELRLHE (Vi/Vor) 10T E
(Vt) EEEFERE (Vo) ZRAWTEELL,

oAk o

(PR =

LoaEUE, MAPEBRONEOHE L RFISRICE (7
mm x 12mm) #HIFCLEARZ 5 X9 L, ROBER
DEEF T FHEANOT FIE1077 71 2 S LIEOHE) & 5 73 M
2 TCE5AOME (HR, cycle/min) T L7,

7 R

MR (Vou) 13, BERAMOIRE (BEFASHE, 153.1
+2.1mmHg) Ti31.176£0.201mi/min/kg WW (0.550+
0.094mi/min/kg TW) 2R L, B (Po2) #7107mmHg
WIRT Y % £ TIRITITEREAMORBTOELMHRFL, &
LIERERSENETT 5 L L@l L7 (Fig. 4).

EREFIAE (U) 13, BREAMOIRETIZ66 7%E R L,

Vo, (ml/min/kg WW)

BRI EAMRT L C D ITITRRAMOIRETHME L HEFFL
7z (Fig. 5) . ¥k (Ve) E, BEREHOIRRETIE355mL/
min/kg WW (166mi/min/kg TW) #7R L, BEESEIK
TEAEEMLT, BESEIONmHgT605m/min/kg WW

(283ml/min/kg TW) ELRAEL 4D, BREMEMOIRET
DED1.MERRL, SLIEBESIESRTT S LWL
7z (Fig. 6).

FIRIM B & ORI OBRZE TS, BRRAFIORIE T
Fh#FN124.3£8.8mmHg, 41.1£5.7mmHgz7/RL, W
NHDEER RO T o TR L7z (Fig. 7). BBTOK
LM OFIRER T (APo.) &, ERFAFMOINAE
TI1320.0mmHg% R L, BREDTHEIRTTHEFHL RS
LT, BERAHEI06mmHgT6.8mmHg xR L, &5 I2HE%K
GEMETT 2 EbT PR L (Fig. 7). BBTORE
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Fig. 4 . Change in oxygen consumption (Vo:) with the
decrease of oxygen partial pressure (Poz) at 23.0
+0.1T in the top shell. WW is wet weight, ex-
cluding shell and operculum. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).
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Fig. 5. Change in percent oxygen utilization (U) with the
decrease of oxygen partial pressure (Po2) at 23.0
£0.1TC in the top shell. All values are expressed
as the mean (circles) and the standard deviation
(vertical lines).
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Fig. 6 . Change in minute volume of the ventilation (Vg)
with the decrease of oxygen partial pressure (Poz)
at 23.0£0.17C in the top shell. WW is wet body
weight excluding the shell and the operculum
weights. All values are expressed as the mean
(circles) and the standard deviation (vertical

lines).
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Fig. 7. Change in oxygen partial pressures (Po:) of the
blood in the efferent branchial vessel (open circles
and solid lines) and in the afferent branchial ves-
sel (closed circles and solid lines), of the water
inspired into the pallial cavity (open circles and
broken lines) and of the water expired from the
pallial cavity (closed circles and broken lines).
The oxygen gradient between blood and water
across the gill epithelium (APo:, open circles,
and broken dotted lines) with the decrease of ox-
ygen partial pressure (Po») at 23.0£0.17C in the
top shell. All values are expressed as the mean
(circles) and the standard deviation (vertical
lines).

FIRIGEYES (Tow) 13, BEFEEFOIRGETIZ0.0589mi/min/
mmHg/kg WW (0.0276mi/min/mmHg/kg TW) %KL, B
ROEMET 5 LML T, BRISERZnnHg TRES
L7210 0.1944mi/min/mmHg/kg WW (JRE 2472 9 0.0910

ml/min/mmHg/kg TW) & ERZAIFIOIREETOIED3. 3
AL, SOUERESFESMET TS LR L (Fig. 8).
BRI B X OFIRMOBEFE 713, BRFEMoRETIEZ
MEI1.074£0.12v0l. %, 0.49£0.07vol.% %R L, W
NOBESEDKT I - TR L7z (Fig. 9). BRI
B X OHIRMOBEZEMNEL, BREREMORETIZZLE
N96.4£3.7%, 58.1£5.4%%RL, WINOEESIED
BT TR L7 (Fig.10) o BYBRIL A OEE 3R % FLE
~NETEIE (U 13, BRFAMORETENMZRL, B
FOEH62mmHgl KT 9 5 F CIHIZIZMFAMOIRET
DEEHERL, SHIKRTT2LEP L7 (Fig. 1),

02r

Ot

To, (ml/mmHg/min/kg WW)
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Fig. 8 . Change in the oxygen transfer factor of the gills
(To:) with the decrease of oxygen partial press-
ure (Poz) at 23.0£0.1C in the top shell. WW is
wet body weight excluding the shell and the oper-
culum wights.
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Fig. 9. Change in oxygen contents (Co:) of the blood in
the efferent branchial vessel (open circles) and in
the afferent branchial vein (closed circles) with
the decrease of oxygen partial pressure (Po:) at
2304£0.1% in the top shell. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).
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L% (HR) 3, ERFREMOIREETIE34.922.5¢cycle/
minZ R L, BEFSEOETIE S THEL WD L2
(Fig.12) . /LAHE (Vh) (3, BERGMORECIE
202mi/min/kg WW (95mi/min/kg TW) %7R~L, BEHES
FEoEFicfEoTcmML <, BEDE62mmHg T
283ml/min/kg WW (133mi/min/kg TW) & EEZERATIODIR
RTHOENL.AE R L7 (Fig.13), BEE 1 mil & f#EE~
ETOILERLAHE (Vh/Vo:) 13, BRZREAMOIRE
TEL72% R L, BEESEOR T IS TNl ¢, B
SHE28.241. 7mmHgTl, 111%6.554R L7 (Fig.14),
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Fig.10. Change in oxygen saturation (So:) of the blood in
the efferent branchial vessel (open circles) and in
the afferent branchial vessel (closed circles) with
the decrease of oxygen partial pressure (Po») at
230£0.1T in the top shell. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).
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Fig.11. Change in percent oxygen utilization at the tissues

(Ut) with the decrease of oxygen partial pressure
(Po:) at 23.0£0.1C in the top shell. Ut is calcu-
lated using following equation.

Ut=100(Ca, 0:—Cv, 02)/Ca, 02

Ca, 02 is the mean value of oxygen content of the
blood in the efferent branchial vessel and Cv, o0:
is that in the afferent branchial vessel.
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Change in the heart rate (HR) with the decrease
of oxygen partial pressure (Po:) at 23.0+£0.1C in
the top shell. WW is wet body weight excluding
the shell and the operculum weights. All values
are expressed as the mean (circles) and the stan-
dard deviation (vertical lines).

Fig.13.
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Vh/Vo,

00
Po,  (mmHg)
Change in minute volume of the cardiac output
(Vh) with the decrease of oxygen partial pressure
(Po2) at 23.0£0.17C in the top shell.

Fig.14.

L L
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( mmHg )

50
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Change in perfusion requirement (Vh/Vo:) with
the decrease of oxygen partial pressure (Po:) at
23.0%£0.1C in the top shell. Vh/Vo: is calculated
using following equation.

Vh/Vo:=100/(Ca, 0:—Cv,02)

Ca, 02 is the mean value of oxygen content of the
blood in the efferent branchial vessel and Cv, 02
is that in the afferent branchial vessel.
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P TIEREES VS 7 ATE T LHFBOESTEAHL
TV WERELT, BRSO ERES2 ) O Ttk Fi7:
LWEOBREEIY R HETOMERERT 5 LRO L) I
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R L. opalescens (FKiR127C C3.35ml/min/kg)™ L 1 H/hE
WS, F I DT H B Octopus briavens (FKim20~30C T
0.69~1.52m!/min/kg)*" X 0. vulgaris (KiE20~24C T
0.84~1.87ml/min/kg)™ L I1FIZRALEEZRL TV 5, A
HLIET 2 L, 7 Seriola quingeradiata (FKiR19.2~
20.4C T1.72~1.93ml/min/kg) **, <7 ¥ Trachurus
Japonicus (FKIR16.5C T1.47mi/min/kg)™ X 1 & b§»
WASWETH L, TNHDZ Ehb, T idERED
KERABEHE DS, §avBBELASONHELRT
STHLLEEILND,

P OBEFAR (66%) 3, MoERETHES 1
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TWLE (48~90%) """ R MIH (35~85%) LITIZMA L
Thr, LhL, 1 HOMETH AL brevis (5 ~10%)"
L. opalescens (11%)'" XD HFEL (EWEEZRLTWA,
INHLDTENL, THFZEFA B LD IRIFEL (, MofE
JRBERBIE L ITIZRE LA TR HBEFE 2 M TERIL
WHEEZLND,

JERMEZ, BRZIBOMWMEE TIT-> T D I LAHS
nTwap ", Lal, YWY ZofkE (355mi/min/kg
WW) i3, BEOBKBMAIIE L 724 7 LT A Nautilus
pompilius (FKiR16~18C T296ml/min/kg)™ X ¥ T DA
TdH 5 0. dofleini UKIR11C T232ml/min/kg) ™ , MBI (89
~556mi/min/kg)* LIFEFFLMELERLTNE, 2O
Do, FHEIOMOMER, BORKEEIZEEL 24
LA, FaeBEERSOBKEZITIRNEZAL TV
EEIBND,

YT OEIRMOEEF T (Pa, 02) 13, Tablel IZ7R
L2k, BRMO I V37K F Busycon canalicula-
tum, FFED X<V A Platichthys stellatus, 7 > 5 Tinca
tinca X I A Cyprinus carpiok ) & <, D F F 3>

Table 1 . Oxygen pressure in the arterial blood (Pa, 02), oxygen pressure gradient across gill surface (&
Po:) and transfer factor for oxygen (To:) under normoxic condition.

WT Pi, 02 Pe, 02 Pa,o0: Pv,o0:2 Voo APo- To- Reference
C mmHg mmHg  mmHg mmHg m//min mmig ml/min
/kg™* /kg™" /mmllg
Molluscus
Turbo cornutus 23 153. 1 52.2 124.3 41.1 1.18 19.95 0. 05894 Present study
Cryptochiton stelleri 10 127 80 98.5 31.7 0.14* 38.3 0.0036 10
Busycon canaliculatum — 21-24 100-120 50-60* 27 2.3 1.17 62.7-77.7% 0.0151-0. 0187* 11
Nautilus pompilius 16-18 136 126" 99.2 20.4 0.05 71.2% 0.0070% 28
Sepia officinalis 17 138" 81* 101.3" 25.1% 46. 3" 31
Fishes
Seriola quinqueradiata 13.2-13.6 150.3 32.5 129.5 20.4 0.603 16.45 0. 0366 23
Salmo gairdneri 9 160. 3 86.1 133.2 31.9 0.645 40.65" 0.0159 32
Platichthys stellatus 7.5 138.7 43.5  34.9 13.4 0.458 66.95" 0.00684* 33
11.4 126.3 54.2  75.5 42.9 0.894" 31.05" 0.0288 34
19.4 148.5 71.8 62.3 29.8 0.955" 64.10" 0.0149 34
Tinca tinca 11-14 145.0 65.5 35.8 7.0 0.500 83.85" 0.00596* 35
Cyprinus carpio 25.3 130.0 28.6 23.2 9.0 0.97 63.2% 0.0155% 36

* : the value calculated with the results of each reference,

ExS

: wet weight, excluding shell and operculum in gastropods, Pi, oz :

oxygen pressure in the water inspired into the organ of gas exchange organ, Pe, 0z : oxygen pressure in the water expired

from the organ, Pv, 02 : oxygen pressure in the mixed venous blood, Vo: :

amount of oxygen uptake.
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© A F I A Cryptochiton stelleri, + 7 LA A, A 71 Sepia
officinalis REEDBIETH A7), =< A Salmo gairdner
LIRIZFALELZRL TS, ChbDZ b, FHL
DOEIIIVITIRT, MEOXIT VAL, TrFRIA
I IBEIEBRLLT, AANEFIHA, YL
A, ANRTY, ZVTALRAREOBEEAEL AL
iEThHLEEZOND,

F72, YoM TOKE MEHOFLEHRRIFEE (&
Po:) &, IVaATIRT, T4 4, FrFeIA L
DHNEL, FFNRYeHEIHAL, ¥, A HRITHL
ALIBREFELT, 7VEDbREV, oDl brb,
PHIE, TVEDBREVD, IVIATIERT, AL
WA, TrFRIAEIDENEL, FANHFTIHA,
ya, ANRITH LA LIZIERACENELFA L TRE
TARPHMAPIERLEBRL TS I EPHLIPTH 5,

B O COREREIIE (To) &, ANV EHT
HA, ATETART v FEINHKREL, IVITIRT,
T, 2UTA, ARHLARIAL LIZERLEEYRLT
Wh, TOZEE, YHIAREMERO 1 mmHgDEFE
SHEZE T SIECCILPICER L T A BEREIE, 4N
YEHITHA, ATLTARTyFEDEREL, IV
TIRZ, T, ZUTA, IRATLARTAL LIZIZRL
THHIEEZRLTWE, ThHDZEnD, I,
T, ZURA, AXHTVLARIA L EOBEERRED
R TRP HMPEANER LB TD EEZLN5,
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Table 2 . Oxygen saturation of the arterial blood (Sa, 02), oxygen carrying capacity (O:Cap.), cardiac
output (Vh), percent oxygen utilization at the tissues (Ut) and perfusion requirement (Vh/Vo:)

under normoxic condition.

WT Ca,o02 Cv,02 Sa,o0:z Sv,0z 0:Cap. Vo: Vh Ut Vh/Vo: Reference
C vol.% vol.% % % vol.% ml/min  ml/min %
/kg™r kg™
Molluscus
Turbo cornutus 23 1.07 0.49 96 58 1.20 1.18 202 54 172 Present study
Cryptochiton stelleri 10 92.8 T74.2 0. 147 10, 37
Chiton tuberculatus 29.0 1.3 37
Katherina tunicata 12.8 1.17 37
Mopalia muscoca 13.0 1. 28 37
Amicula stelleri 12.5 0.89 37
Busycon canaliculatum — 22-24 84 16 3.68 1.17 52 81*% 44% 11
Nautilus pompilius 16-18 100 63 2.0 0.50 5 37F 100 28
Octopus dofleini 7-9 3.4 0.7% 89" 19* 3.9 0.38" 14.3%77* 38* 35
0. vulgaris 1.36" 31.6" 23.2 22
Sepia officinalis 17 96* 32 3.61 68* 46* 28
Loligo opalescens 12 3.35 90 27* 38
L. pealei 4.3 39
Fishes
Seriola quinqueradiata 19.2 11.74 7.09 87.1 52.1 13.44 1.73 35.0 39.6 22.2 23
Salmo gairdneri 9 0. 645 18.3 28" 32
9-10.5 10.4 7.1 97.0 10.7* 0.56 17.6 32~ 32" 40
Platichthys stellatus 7.5 4.60 3.34 90.3 67.5 5.09% 0.458 39.2 277 86" 33
11-20 0.195-0.613 17-49 80-87 80-87* 33
Cyprinus carpio 25.3 7.4 4.4 86 53 8.67% 0.97 34.2 417 35* 36

E

* - the value calculated with the results of each reference, *

BFEFAZE (U) ZEAT 59 8, Y= ClEEREM AR
FHKESEN L2 b 5T L Cng D
ol BPHTERKE (Vo) oBMEIVNSwnIL,
PR EDHIMAE S BRFIAZ (U) O %K E Mo
B 1 mmHg24 72 ) A ICEBEL T A EEE = (Toz)
ZEMEETH - T LHER, BEFARLEREEMOR
ETOMEMTFT LI E0WHEL Lo TWE EEZ LR
5o

—7, AEE, KBRS L, AETERESEE
L s T CEBIMSETwL, —F, ElZbk
N X REER I B &K S M~ OEEE OYLELE,

R

-
o =

- wet weight, excluding shell and operculum in gastropods, Ca, o> :
oxygen content of the arterial blood and the mixed venous blood, Cv, 02 : oxygen content of the mixed venous blood, Sv, 02 :
oxygen saturation of the mixed venous blood, Vo: : amount of oxygen uptake.

8T OK & MR OFIREE T EE (APo2) A/NE (o
REFESLTWARTTH AL, MEOBEFER, A
BICHNTELUNS Y, IREDZ ERS, T,
FAZH IR X IR ORECHEH L w254 L
Rk, KRPPFEREBRIC R > BB THARELER
%o CEEFR PO T I2AE ) BECHL I IRB CRUD A Tk
FEOWY B L PMBEOBREFED/NE N L2 720
LB EZ NS ETIALIHEBELTWwL EEZ LR
bo ZOXHITLHEEERZENSETHELTWS L
W, BB ol A HEBAE T O E R LR E (Vh/ Vo)
DERRESEORT I THINIL T d 2 L s IR
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B AT 2 MR & B~ L CERH o Mg s %
EME gzl bl ko TRHE LSO hEREDEZ LN
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WAERL LAV, 4%, 20X RIEOSE S 2]
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5

=
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