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EFFECT OF SODIUM BICARBONATE INGESTION ON EXCESS CO2 OUTPUT DURING
AND AFTER SHORT-TERM INTENSIVE EXERCISE

AR, BIHFH, FARGE +, REFHER

Takahiro YUNOKI*, Hisayoshi OGATA*, Kohji HIRAKOBA**,
Tokuo YANO*

Abstract

To examine the factors influencing the excess CO, output (CO, excess) during and after intensive exercise,
seven healthy men performed 40 s intensive exercise on a cycle ergometer after ingestion of CaCOs (control
condition) and NaHCO; (alkalosis condition). Increase of blood lactate concentration (4[La"]) and decrease
of blood bicarbonate concentration (£4[HCO;"]) showed maximal values at 5 min postexercise in both
conditions. There was no significant difference in the Z[La~] between the two conditions, but the A[HCO;
-] was significantly higher in the alkalosis condition. There was no significant difference in the changes of
main strong cations between the two conditions. In addition, although [HCO;™] decrease was significantly
different between the two conditions, CO, excess was similar for the two conditions. Arterialized blood PCO-
decreased below resting level during recovery in the control condition, but not in the alkalosis condition.
These results suggest that the excess CO, output during and after intensive exercise is affected by the shift of

strong anions including lactate into blood and the decrease in arterial PCO,.

Key word: Carbon dioxide, acid-base, strong ion difference, respiratory compensation
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1. #8 HetiootginghiR & e (La~] OEMERMIE—EHTD L
ESREOEESOC L DR TR, =X —RBHz L > TE P XBIZ, O, BRBEEEDS A LAa—A L [HCO,”] DED
HESNABLEDFLRSE (C0,) DS ~BREH S5, DEA DA—ANFFE~HKTHIE P BEIN TS, L

Z 0 CO,BEWEHOREE A OMNIT B0, HEENLELD MoT, 00, ERIEHO TERIS, EEFH CAR S/ HEE Hla)
eI ST & 800N ER - 2R P OHEA A DERREE LT KEA A HY) POFOERBER TREINLD
v (La™) ¥BEE ([La™]) ooBain & EREEA A (HCO,™) IR ([HCO, Z & (HTHHCO, —C0,+H,0) 2Lk > TH7=6 &b HCO,” DRy
D) OETE 1 &1 R AR AR L, WAEE D 0,18 LEZLNTD S,

R E & B BB R AR Z LB STV D 0, =75, EOREOEENCMED HYRE ((H1]) <o [HCo, 1 vk
F7, EHERATHREBNIR T, BFHREOHEINCAT S C0,1EE i3, B2 5 HLa EREOBRTIIRL, Lla” 25881 4 DE(k
B ERERERBEETEEHFER Graduate School of Education, Hokkaido University
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DEEBL TWDEWIE#ERHS Y. bbb, HHKIE
RKE (Fx3mig) o 1] HA0 T [HCO,T) 1, DMK
B & DR E (F 235 & ORTEZ 251 71"“/@%%))
WWERBIND EEZLNTWA, TRHORZE ™MW 3, (KK
KB TEZ 51 4 O EBRPEET A I LTV D &
PRV Z ARV, La LIS adkA Aot [HY] B0 [HO,TT 12
AL TV WD ERE, C0,1BRIBEH B2 D Hla O8I
Z LV [HCO,™] DIETZ1F TRBACE W AlREER D T & %
TELTNA V. LT, A4 bEE LT 0, BREPE
AR D UERH DL EEZ BND.

Hirakoba et al. (1993) ¥ IL, [REEAFT H U A (NaHCO)
ORABRGISERE W5 L, Earomd [HCo, ] DIET
BRELRY, ZOFR, 0, EBREEHEENNT 22 L 2RL
T5, L L7enh, ZoOBFEY (20T, Zoms [HCo,
TJHETFOBERICOWTEA [La™] & OBHETLAMEL Tu e
V. ko T, AEFETIL, EEREA A CERIETHI EICL
Y, NaHCO, BEUZ L->THZ % & FAENhS [HC,T) (BT
K& CO, ERIBEHBOBIIIERA A OBEERHH0MmE H ik
BET 5.

I. A&
A BERE

RELBFREAETA (FEl 18.720.3 5%, HE: 172.7%
2.2 cm, {KE: 57.412.1 kg (PELAFHERRE)) HERE L
L7z, b bExtg e T2EFEOBHEMFERZR LTV D~
WX EEEBRL, FPBREIRILT, HEOEE, FE
EBRCHE O fERRE, BLUWERE & L TOERBRBMNE )i d
BCHLPLETDHENEETELEHALL. F0%, 2T0
WEERE 0 ERBIMOAGE & MO THER L, A4 L
7-.

B. EBROFIE

BHERREY, EROBMBANS, FHRAEE LT, FAshi—
TICHERESND L ICBRE LB Y L —FXBi#E T Lo X
—#— (Combi, Powermax-VII) %\, {KE® 7.5 % (ZfAY
TH—EAT @ 41 No/~2& 1 [Efiz/E 1 kg) " T 30 Ff4
DEFE Y T RAToT. BIREY T ROFKENRT—%
5 BEICTHHAIL, 26~30 MROFE/ ST —0 S0MIEE T
DifFEE (335139 W, 90 rpm) EEREBIREL. Z0OA
FIRERL, SREERETRICKIFREA S22 &T
WEE R T AL ERRCARSE LR T A DICHA L

26, 27)

(14)

FEERN B, HERE T LETNBALS 3 AT ERRE IS L, Jones
etal. " OFiE (FE 1 kg B9 0.3 ¢ OFED (ZHEL T, NaHCo,

(TR EE) HDHOTREEA LT I (CaCl,: 22 ha—
WEE) BEATTAT T — R 10 HREIRT 6 BUZHT THED
AT L VRROEE L7z, KOBEREIL 200 ml & L7z, I
T 1 ERHE, SEESLEMAIT . F0%, WHREITREGRE
TNTA—E— BB L, PRAIEICEL D RESNZERTT, 40
BRIO~SE Y 7 @O W_F Y IFAR) %1T-1. BB,
HRERE AN & SRR DR C 2 EIE D 40 B4 Y T R
R ZREIRIRO 7 2~ 2V TiT o7z, NaHC0, 45 L TUF CaCo, MFEEL
JEFFTEES & L, BBREILER) o7

C. RIEEB B URERE
40 FF ) 7T R MIERUWT, EEBRARTOREEE 6
), EEF (40 MR, EEhE TROTEEES (15 HF) ©
SR (VE), 0, FRE (V0,) BLU Co,BEE (V0 %
breath-by-breath EIZL D HEIEL, 20 BEICFHHALE
(Minato Medical Science, AE-280S). R L UMEROiE
i, BRI ER A RO TRIE L. REESIEESAIC
— MRS L, TE—5HRNT ) OBKE (E) HRE
L7z ZORESHORIEITE 2-liter O U P&, 0,
BLUCO,DEEIL, Pa=7 0,7 LUFRIME €0,
VEROTENENSN LTz, 2 bOT o OBIEIIBERIR
EOEBHEH 2L VT, F-, THes, EBTER 0
FOLIN), FoLOEHERD 5, 10, 15 SBHIIE%EN D 12501 Ol
Hax v 7Y —Fa—T7 TR Lz, nF [La7] &, 0D
Hod 25 11 BHEEBRESHTER (YST, 1500 Sport) TEBIZHHTT
B EIZENRDI, TOGHERROBIEL, 5 nEq/l DIRHER
¥SI) HAWTCITAR otz 3R OmMRY v 7/ud, miRsHies
(i-STAT, i-STAT) TEBIZHHTL, 0,/F (PO,), CO,%53/E (PCO.),
pH, 7 b U T aA A RE (Na*]), B U ULl RE (KT]),
AN T bAFARE ([C°T]) ERDIZ. ZOHGHTRROEIE
121, pH=7. 43, PCO,=30 torr, P0,=160 torr, [Na']=140mEq/1,
(K1=4 mEq/1, [Ca®]=2.5nEq/]1 OHIEHR (i-STAT) ZHv /.
[HCO,™] ¥, pH & PCO,DE# Henderson-Hasselbalch O (2
RATBHZ EC Lk 0k M7 A —F—DRIECHZ>
Tik, BMEALOBRMZ(RET H7- 010, LRpRFORMAT
12349 45°CORK TFEREEK 5 HiRDTZ. FORER, =
b o=V L OT L U SREOETORIE TEH oz PO, I,
ZhEN, 86.971.7 torr F3LUN 85.2:1.7 torr T, Ehfikin
{LOFEHEL STV D 70 torr L2 BRERTE 2. 72720,
EEWETERIL, 2 ha— R HC 3 4, TN Y &R A

£0>P0,73 70 torr (I L7EH o7z,
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SEBSS L OTEHEHAD V00, & V0, D3EAs b BTIERTY 1 0> 00,
SBRIPEHE (VC0, excess) &Rl 0D VOO, excess % iEH)
BRLARED N6 VOO, & VO, DEEASY BT 72 HBEAE CINE L7- {54
CO,1BRIBEHHE (CO, excess) & L7= %%,

D. #fatanzE
THHYGEME Ay ba— L EEOMOEEDHEEERET
MIEDHD t-test IZL VT o7, FI—RHFRNIZIIT DR
A D BEOEOFEMETHMET 2 - O KIERIE 585
HE1T7eV, EEMOMEBRREIZIT Tukey tRE AV, £77,
Table 1

61

RIS b 7 L OFREG IR S MO Js & MR T 50D CO, B RIPEHN L KIT§ i

“EEMOMGEMROB I, 7 Vo OMBRERIZ L 9RL
7. MEHORBKAEIIMAERE b ke L. 2k, BRITE

SE T AHERAE TR LT,

. #%
FMD 40 BF Y 2 7T A MIBOTRES TS ARY
—ICHREEIRS ONED T (Th U & 319232 W, =
v hm—/L4F 31541 W), BEOHEIEENENAHTTOW

Arterialized blood gas variables at rest and following 40-s intensive exercise in control and alkalosis conditions

pH PCO, (torr) [HCO; ™} (mEq/l)
Control Alkalosis Control Alkalosis Control Alkalosis

rest 7.4440.01 7.51+0.01P 41.9+038 429409 27.49+0.47 33.2540.74°

omi 7.31+0.01¢ 7.37+0.01%:¢ 522+1.5¢ 55.6+1.3¢ 25314+0.81¢ - 31.19+0.82b-¢
rec. U min

(7324001  (7.34%0.02) (50.7+£23)  (57.0+28) (25.47+145).  (29.90+0.37)
rec. 5 min 7.3240.01¢ 7.39+0.015¢ 39.64 1.1 41.5+0.82 19.6440.54¢ 24.36+0.77%¢
rec. 10 min 7.36£0.01¢  7.43+0.01%¢ 38.4+0.8° 4141080 21.14+0.60¢  26.34+0.85%¢
rec. 15 min 7.38+0.01° 7.46+0.01%¢ 39.3+0.8 4124122 22.46+0.65¢ 28.08+0.98b:¢

Data are means + SE (n = 7). Values in parentheses are means + SE (n = 3 or 4) when data <70
torr PO, were excluded. Details are reported in the text. a: P <C0.05, b: P<C0.01, Significantly different

from control. c¢: P<Z0.05, Significantly different from rest.

Table 2 Strong ion concenrations in arterialized blood at rest and following 40-s intensive exercise in control and alkalosis conditions

[La=] (mEg/h [Na*t](mEg/D

[K+] (mEq/l) [Ca2*] (mEq/)

Control Alkalosis . Control Alkalosis Control Alkalqsis Control Alkalosis
rest 0.95+0.08 0.8920.33 14005  144+0.5° 4.19+0.04 3.84%0.062 1.10+0.02  0.98+0.02°
rec. 0min  7.77£0.33¢ 7.77+0.38° 143405 147£0.4%¢ 5.14£0.11¢ 5.0040.12° 116002 1.01+0.03°
rec. Smin  8.810.38 9.05+0.48° 14oib.6 14440.3b 3.8940.07 3.81+0.10 1.09+0.02 0.99+0.03P
rec. 10min  7.29+0.36° 7.40+0.38¢ 139406 144+0.4° 4.16+0.17 3.89%0.10 1.09+0.02 0.9420.03°
rec. 1Smin  5.69+0.34° 5.65+0.30¢ 140+0.8  144+0.4° 4.07+0.06 3.93+0.12 1.13+£0.03 0.97+0.03°

Data are means +SE (n = 7).

a: P<C0.05, b: P<C0.01, Significantly different from control. ¢: P <C0.05, Significantly different from rest.
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oA AT 2R

BRETE L FIREE & & 2 LN DWERETE VT SEATHIR ® 5o
WA DL, 40 B8 Y U TBEO AT T, BKEESREIREH
BBFO/ T —0H) 1. 2 BN L=

T A Y GETIE, NaHCO, ORERFERUC LV, ZFEE0 pH 3B
SO [HCO,] My e LRI TRREICRVE L 2o
7203, PCO, X ERELROh o7 (& D). BEEHICRNT
13, EEME TE%O PCO, BT, pH, [HCO,™] R I UPCO, I,
ay ha—AEELDTAA)EEOFBEEICENT-. F
7=, EHEHIO pH BLU [HCO, ] 13, MSMEIZ R TREHELL
TETHERIETL, #heh, BB TERLER 5 S
RIKEZ R L. PCO, 1Y, EEHE TEZICRAMEA R LIZE,
BETFIERL, 2> ba—LRHIRBWTOHA, [EIE 10 HFHIE
BEUTECTHREIET L.

10 p<0.05

95

85 r

75 r

65 r

55 r

Changes of concentration (mEgl)

AfLa7) A[HCO57]
[La™] increase ( A[La"] ) and [HCO57) decrease ( A[HCO37])

from rest to S min after 40-s intensive exercise, conducted under the
control condition ( [J ) and the alkalosis condition (W ).
Data are means £ SE (n=7).

Fig. 1
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Fig. 2 Excessive CO, output per unit time during short-term
intensive exercise tests conducted under alkalosis condition
(® ) and control conditions ( © ). Ex. denotes 40-s intensive
exercise. Data are means for 7 subjects.

LEED (Na'] X700 U RO FBREICEVMEL 729,
K*] BLO [Ca**] iFay he— A EHEDEHEEIZEVEE
7eoted, [La”™) G CRIAKETH-7- K 2). Nat] &
[Ca**] IHEHEENZ I VT HZeEF & R BRMARIZZELR
bz, Na¥] BIOKT]ORFHMENHOEEARD &, Wk
EHZRNT, EBE TERZIIONT TRRICEINL, 0 5 4%
LR L UCERE T2 LW O BIESBE S . T b 0F)

BB, WIRMR TEIRO LR o7 [C7] 1%, EHLo
FFZBOTY, FELRLETS 0ol [La7] &, &S

CEDFEEIEML, WS, EE 5 HFHIRKELTRL
7=

(La™] 00 (4(La™]) &L [HCO, ] {&TE (A[HCO, D)
, TWEMELEIE 5 DROEDZEL L TERENEHLE: ¥
1). Alla”] EEEERICEEERIIRD IR T203, 4
[HCO,™] 1Zay b a— &L 0 7iv s ) B THEID
K&hot.

2 17 V€O, excess MESEAIEALE TR LT=. VCO, excess (47
FFETIRIZRIVEMEA TR L, EEWE TN 8 ofF (T U5k
{4 8.38+0.85 min, = F—L%&{E: 8.14%0.88 min) {2
Ta LIRS, ZOEab~ULET \’/co2 excess ZNE
LTEBLNIZEEED (0, excess [HEERD LMo

(T ) 4fth: 1.41+0.22¢, =2 ba—/L4fF: 1. 18%0. 35
g). £, WEOT—F%/bEnE, €0, excess & AHCO,
T] L ORICESAAEREEE (=0.536, p<0.05) HFBH LI
23, CO, excess & A[la™] OFERERMRIIERD HNgm o7z,

VE OORSREIRIESILIE, VOO, excess &EHEID, 7R hAEki@
L Tl G OMICEREITRD bz o7 (K3).

40} i :
o
e
307 1
s %
= : t [ ]
B 207 ¥
Cre= :.|
8]
n
1
10 e Wong
A:
i
0 L T .
-5 Ex. 5 15
Time (min)

Fig. 3 Pulmonary ventilation (VE) during short-term intensive
exercise tests conducted under the alkalosis condition (® ) and
the control condition (© ). Ex. denotes 40-s intensive exercise.
Data are means for 7 subjects.
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Pl AL Mt REEKZE S L) o & DI R R SR MBI d5 KON T D CO, M BIHEL I KU E
V. £ 2T, WD [HCO,] R TFREOFEIC PCO, (L8 L Tu 72k

NaHCO, >#% M #EE% iz 40> [HCO,”) RL U pH 1= hr
—NVEHHIEASTHEEICEVES Y, Tk U EETIRRE
BRI T A o— 3 RRRE (—HRAIC pH>7. 44) DMEL Q22
EDFEFE T E 2. NaHCO, DEO BRI T /v u— ZREE
7= OIS, Stewart? OEEGE AV TRO L IICHBATE S
T8 NaHCO, 1, AT TS F O THAEERT, HCO,™ & Na
FIIRBET DIz, MPTISRE A A THD [Nat] A
T2, F. FHETIEEE Lieh o785, MFoEE, 4+
C17) #RE ([C17]) 23 NaHCO, fEEUZ L VIET T2 2 & AR
ENTVD P Ik o7 Na®] 2 [C17] OF k.,
A A8 (strong ion difference: [SID]= (&A1 A&
B — (GRfaA A IREDKRR)) 28T 5. T7hbb,
MR A A ATKTT DI A A DRI L, B ORI
PAELS. MEPOESEPHEIHER Sz o9, 1Y)
DIET & [HCO, ) OEMAMEBRICEEZ B & &nTinag T2,
DL, BA A OBEIED [SID] DB Lo TEI&
gz & H] OET (baVE [HCo,™] oosgmm) 23, AHF
RTHEIN-TAha— TV RREEZL-L LIZEBZND.
MEBTNH a— ZMEENT&ETR, avha—idHb
WIET & R—=2 R HAT, EE8R S 2 O EHE R oo M
[La™] BEL 2D EBRE SN TS VWOERBBD -~ g5 [14
71 MBI, FLERAERK & SLBATTHHOOMIE £ 123 E " AMEM
THIELWERL TS EEZLNATVS., LKL, K
WRETIE, BFEEFD [La7] CHEBZERD LN o7, &K
ZECIE, B [La ] 2BIELCORVLOT, mgEoms [La
7] EPRD LSRRI, AV enr-iEse
HMOBMENBEE LTV AFAREENH D, Thebh, Mo 7 L
AUz Lo [La™] OHINEROHIFETIE, #ERECE
THREBOIE S RIEEE 21 Th e TV 528, RS EMET +5<%em
F {La”] OE—Z@254% 9 oM LAT O g, & Lbiln
 [La™] OEMMIECTVRY, FFETIE, EFEMICED
L5 i RiEREZ VT, m(la™] o — 7 ERE T
@l lgholofodls, Mgl [La™] ICHEEESRD LR
oT=Ohb LR,

[La~] BLT [HCO,”] ORFHMENHDOEE (4[la”] B
L AMHCO,]) % MR CLesed 4 &, NaHCO, BB L9,
AlLa™] B Lighsot28, AHCO,™] 3R EICHEMLT-.
PEROMIFETIZ, [La™] OBAMNIEES [HCO,™] DEubDd €0, i
RIEHASI X I T LT3 RORNBD - |, KERRE
R, [La7] B8 L Le< TH [HCO,™] W&k dT A L ERL
TS, [HCO,™] 1 PCO, IZ b EBSND A, RS &I
5 SFFETO PCO, DEAUIE, BHRMTENeh o7, Lz

o= &EZ 55, Kowalchuk et al. ik, Bd L7- Stewart® o
HREAWT, SREERK TR HY] KEET2ER%
Nz FOER, mF [La7] OFERYEEMNE K] omiE)
DEF~DERRTATER L= [SID] OET M+ [H] o8
A ([HCO,™] DIETF) I RECEBRLTWA Z LA LANTL
7=, ABFFETI, RIESN-EBELEBEA A (Nat], K],
[Ca**]) DOBALIZHEMR TEL R 7=, T, e A4
Ths [La7] OB MEEROZETRD bNignorz, L
BoT, TAADEETIE, MROT AN IRCEY, La™ %
BURA F o R2EDH N L MF~OBENMEEIN, Thdd
(HCO, ] DIERTICEB L= N anD. IR "Ic LD &,
WA A ThHAHMF [C17] i, EEETEZRICHEM L%,
5 AP EHE S 5. e d & 512, NaHCO BEIZ £ 0 |
TEEFOIMAP [C17]) IHET L Tvz PEH#RIS 0T,
LIER2D [C17] OBEAEE TV dhb Ly,
EIREEENC Lo TR ah A [SID] oF kickE
SEBT A0 [La7] Thd, TOHis, mfickuTis,
[La™] D%k [HCO,™] OBLAEFIEEI LTWaA L 5iitx
LNTELOESD. L LA TRan L [La] A3
L7 Th [HCO,™] &M 5, Ziud, B mikomT
[La™] 28132/ A OBENEIY, ZFUISUTmHo
[HCO,™] A&k L, s CO,@RIBEHICRE L TV H 2 L A7)
LTWBEEZ NS, T, ZOT=0HIZ, KFFZETIL €0, excess
%, A[HCO,”] L FEZMEBRAR LD, dlla”] LR
WEBHR AR S 22712125 5.

FATHFE 7T, I [HCO,”] O{ET & CO, ERIBEH DR
OFELFBEEELSHRE ST 5. AFFRICEO T HERES,
WEBOMICEELMEBERIIAD bz, Livl, AFET
i, BEHED AMHCO,™] HABIZRR > TOIZbhambh o,
€0, excess IWHEBEZEIIRRO LN >T-. LIEMW-T, BEEIC
1%, [HCO,™) OMETF7243 Tk 0, BRIBEH AT T& 2 e & 2
bhd.

TRAEOEEI & a5 &, VE ICERBD b oTs
25, PCO, ITERDBRBOH LN, bbb, PO, TAHYE
HTIILEHMELL TIIE T L2 ds o723, 2 he— A&t Tik
THEUTETHERITET L. MERMEREER RS T e
Exbd, TAA)EECEEBIZRVT, PO, HEFHELL
TR T LRy 7200, &V pH BB L TV B EEZ LS.
Tixbb, BREEIHEY, TAAUEFTHEa ba—L
etk L0 % PCO, D3EV V) GEEME TE4: p=0.07) L72o7.
PCO, & EEHIMTHIERF L 720 5 B8, T U EETIE,
A&V pH 2SS L THIRIRSICER L, R LT, mis

it
k=)

wE
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A AL AR G

TRIED VE ICi o712 LB X BB, 2Ok, Tk )&
HTIE, PCO, DAl KHEIZHER s, v hr— A &RED LD
IZ PCO, BNEEMELLTIIET Ligh o775 5 5 . Ehlkiin PCO, 0D
KTV, SRR CO, BEEA R L, M Do C0, BREA{TEY
HEEZLRTWS B - BEEITO &, PCO, 1 torr
OIETIZHOEFE T kg %729 3.2 — 3.6 ml @ CO,HEEET D
EENTWD B2 Tk Y T, PCO, DEEFHED D DK
T, 2y ba—LEHONESTHoT=OT, HRIEREE
FIZEED CO, e D einoT= b EZ BILD. £DHIZ, Wik
HFRINZ 4HCO,”] DERHSTIZH 6T, €0, excess D
ENRRD LD oT=DIEA S .

PAE L 0, (ErE SRR EENR S L OEIE A CO, mRIBELL,
La” S1EA A4 2FOMP~OBHOKERLZHIND
HCO,™ oigvd L Bk PCO, DK FIZEE S A RIREMED RIZ S

e,
(HEEd
AEFFRIL, STHRRIEEAREMRR GREES 11680010) OF
BhastidEm L7z
(BEHD
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