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ABSTRACT

We hypothesize that the relationship between muscle cellular pH
for input signal of muscle metaboreflex and mean arterial pressure
(MAP) for output signal of the reflex could be linear fashion and
express the characteristics of muscle metaboreflex in humans. Thus,
first purpose of this study was to examine the above hypothesis in
human subjects. Second, we examined whether the above relationship
_would be changed by exercise training. Subjects were 7 normal male
volunteers for control group and 4 male tennis players for training
group.

We measured muscle cellular pH thorough phosphorous nuclear

magnetic resonance spectroscopy (*P—NMR), MAP and heart rate
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(HR) during ischemia after sustained handgrip exercise at 50% of
maximum volﬁntary contraction (MVC), Contraction was sustained
for 30, 45, and 60s, followed by 2 min of circulatory arrest, respe-
ctively. Muscle cellular pH during the ischemia decreased linearly
with increasing contraction time after 30, 45, and 60 s contractions.
The MAP did not change during the ischemia after 3(0 s contractions.
However, it significantly increased after 45 and 60 s contractions. The
linear relationship between MAP and pH was seen in all of subjects
and each regression coefficient was above (.80.

This indicates that the slope of relationship between muscle cellu-
lar pH and MAP can be calculated in individual to evaluate the gain
of muscle metaboreflex by the method of this study. The slope which
was calculated from all of data in control group was not significantly
different from that in training group. This suggests that the gain
of muscle metaboreflex would not be changed by daily tennis

training.

Z =

BOUEEIC & & 785 BN pH OIE T 2B L
ZRMEhC 3 2 AT, & LT hicsi
T 3IMED FRERMOM ARG ET5 &, HHN
pH DK Ficxid 3 MER IO ES D F R LFSZ
HBERGHORELHETE 5. AWETIE, FBE
I pH & MEZE LA RIE L T, BNLFEZA
B OBREEEWRETHETEZ 20 E I D%
WEt L1z, &5, B v—= v I NI
ZARBICLAMEAGFHBLEREILES»
A, FdoEELA ML —=v B Eavyito—n
BeliRdT s Eick-TRE L.

WREEZa vy ro—ALBLELTOBFTLE
V==V I BELTORFETFT=REFLIZEL
7o, WAHHD 50% T 30, 45, LT 60 B0
BRI A Y R 7Y o TRITVH, 2hEhOlER
T S WD SRIBEEY % kM LT, EEHE TR 2

syl IEIMEAOFHN pH & SEEIME (MAP) % H
Bl BonkBERIUTIRTEBLTH
5.

1) & T L DN pH & MAP OaljRE
BWARDIEZ A, TRNTORBREICBVLT, H
ROMPBARED 08 LIETH 72, TOTEMS
SEBVAGET, &E L ICHNpH &
MAP OE#EFRERD T, b2 AZER G
DRREA W T 2 EWa[fETH 2 T EHBREN
7z,

2) aviro—BLrrv—-=vIrET BN
pH & MAP L DPfREHEL TH B L, VWITh
DBV T HHEERERBFRNA SN, B
MTENBE, bLr—=v S BOLNETHEHEH
REWVHANCH 2P ZDEZIEETIR P - .
Lichs->T, SRlOER» S, br—=vr#
Lav bo— VBT, HREEZAR ORE
WWIRESTBWI EWRBI NI

F4 v b RE—vERE Vol 16



i

bl

TRRRAY 7S REER DHERFEED - i, EB) b L —
=V IBHEEFBICEDVWNONEXDICKE-T
& EECBERT 2REE L LTI —HAY
12, RABREENESHVSN, bLr—=Y7H]
BTIORABRERBOMESA T L—= Y
THROUEN TSN B, Thid, L86/HK%EE
Hom B ERBEEE I TS EEZ ST
WAhoTHB, Lirl, Fr—=v7O%RE,
BREENOREL ST THE SN2 bDOTR
W<, b2 EEAINCTHHliENERETHAD.

T, EEhhoME O, EEHAROL
NSRBI & B REIRIE DA X SR RIE T C
EOTRENT X200,  OFEHE, BROGRE OME
PR L EB R O MR I EE SRR ER
T EEALNTVS, &5iT, EEFOEED
MEEROBERE &5 270, EHHORLES
AT ETb 2 OFHEERET 4 5 C L I3E
BThb, oL, AKBWVWT, oM L%
BB OREEHET 2 HERRBEI s TH S
T, Fi b L—=rFICk > TEORGHEESZ
b4 2 bHSATREBY. %I TEIETIE,
HNLFZRIRORHEE A 5 k2% T 5
LIEFFIC, PLr—=vZit&->TZORMENED
FHRENT A ERITHIEEZAME L.

Btis v 7 v 77 (HG) &8 ZfT- T,
MEEE TR LS 2 MER S 7 <1kl 5
&, 1bihidEEZ& T L b o g EH
LEFICUEDS ER L E ET, (HZERBRY 2
R IETRICR A, TR, BRI
I & » TH U 2BHEEL (PH IS E) %)%
MY A58 LFZER) Hdb, ThoXA
ip O D ANBHPRMERICIED D, DR,
MEBERTE2ED0LEEILNTVAEY,

I, BRESIEE (NMR) offFic k- T,
k@ pH DAL IR BRI JIEFTRE & 75 -

FH4 v b ZAHE—vFE Vol. 16

—219—

fz. Z£IT, BN pH ZLFZAERICHT AN
Rk, ZThicpks ME EAREZARD SO
HET 5L, pHDETFICHT ZIMEEMOEE
DEIR{ LR ABORELIRETE 5. AHET
i, TOXILHET, BRELZSWRETIHET
EEMhEIMERTL, o2&, TOKEE
V—= v Btay bo—-LBTHREETAZ S
X o T, B LA X AIMEFHETCd 2
ML — =y 7 OHBRERNT 5.

1. BRAE

BREIRESHET LI ATHS, Z055, 4
23R & Tk b FLL BRI I = 2 %
ToTEhbr—=vIrHBELT KR TREE
HERED & 2 - Foif 27> TWhidbha v b
o— Bt L1,

Pk, B1IRLIc& 75 NMR %8 0
KT h - T, £lE%E NMR &8 i AN TR S
AHEBAO L v — ERICEEST 5. TORET
NMR ¥@EPIcE L HG ¥@ T, %KED
(MVC) %liEd 3. Z0% NMREEZ 855
MHz < 'H FlicR# s 8, fit\< P Hic
34.6 MHz fHE TR S ¥ 7. £ offic, A LB
SrcIEIMB O h 7 &% %, Zeli B 1iEHIE
DH7%EE L. DLS5EEy FT v TE,
MVC BIEH 19 20 23 R5T > TEUR O HISE % B
/Bt

NMR & T, LEEOL Lo pH % 2 4R
RE Uik, % 9°50% MVC T 30 Bilo Rk
) HG 217V, IHEE T b Baiict Ehi#o s 7
i< 230 mmHg D12 THBZ R L, &
BT #%AkIM% 2 5 RHERE L T % ORI pH 2
GE U, 1RIMA MR U7t%, mERN25TE
i pH 2% LT, %o pH ASESFIEE L /-
e T, 45 MR DPGHE & 5| &t T D IEIMZTT -
fo. oI, EEAORIC 60 MROINHE, 1kIM%E
1T-7c. pHEESRIC, IfH®R X 0% 15



—220—

2.0 T Superconducting Magnet

o]

Handgrip

Dynamometer

: 73
3] \

/ Transfer
Probe

Occlusion
Cuff

—~— Blood
Pressure

Cuff Oscillometric

Blood Pressure

i

Strain Anp

Monitor
il

Oscilloscope

BI1 HEREEHE (HRERA Yy vo2a-FLETRELTVS
1 RER L1808 SEB AT S)

iR CRIE L 7.

NMR OHIFE L, WMFEREZSEDZEER (U
BT e T, EE3lem, 20725 -0
NMR #i& (Oxford Instruments, Oxford, UK)
tavrEa—¥vR7Aa (SIS85/310, SISCO.
CO) ZHWVWTIT-/. REIA VOEREIZ 25
cm Tho-t, MERMER, Avvax b))y
HEEHVHEBMER (BAEE) 2H0WTiT-
7E;

FIE X <7 P VORIER 2 B TITY, £0
D 96 7 — # O %R 2. pH ORI,
Wy v (P &7 v7F v vig (PCr) ofbFy
7k (S) &b, UToX®THEHLK?,

pH= 6.75 +log (S—3.2D / (6.69 —9S)
SEEMmER, UToRickv R,
MAP= (SBP—-DBP) /3 +DBP

2. % &

INFEIERS 3 4 % % o kI 3513 5 85N pH
DZEALE, BiERECEICE2-a, biT/RLT. a
Farybo-LHTHD, bRbr—=r7HOD

BRTHZ. WThoBicBWTd, [HREFF R
ElsicohT, pHMETFT2MEEMROHN
18

Rk, ICREEERIc 4 2 EmilcB g 3
MAP OZ bt Z&HRE LB 3-a, bITRL
2. MAP i3, 30 BoODULHETI3LH-pE & 213 E D
LIV, HEREFICL - TROIH I 26
AR SN, 5T E 60 TIE, MAP 31ZIFd
NTOEREFICBOVTEHRLD ML /.

OHEEUE, ZE,  RIMfs X OoREHcHER
REZRONWEL - T,

B2 LB 3 DERD S, #HETORIRHD &
51, i pH & MAP & OBEfRiZ, BHREIC
BOTREFERBEBRLEEONISDLEEALSN
%, #IT, E4-a, bic, &#RED pH &
MAP OBtk & Z DEFER, B X F% OHBK
BAR LT, XTORRE OMBIRED: 0.8 LI
rETHy, coTihs, BERETLICPH &
MAP OEGEBRE KD TFOEXEZHE T 5 C
ENHERETH B T EMRE .

DFE, INSOERMEFROEEZEZ ML —=Y

FH v b AX—VFEE Vol16



— 291 —

7.5 a
J;_ Control Group
e P |
B - L —— ]
a
g see=Qe-=+ $ 3
o
T -l 4
a
m==ll-== %5
- # 6
-=@--- 7
"\\n
T IE I T 4
6.0 l ; - -
0 15 30 45 60

Time (sec)

Training Group

—O—#8

O $9
“eeeOm £10
—etiee- #11

pH (units)

6'00 15 30 45 60

Time (sec)

E2 mﬁﬁﬂ’f?ﬂm:ﬁﬂ‘%%wltﬁﬂ}iﬁi:isijég}jﬁ\] pH DAL
(@idzavbro—#, bldbL—=rIHERT)

SEEa v ro—-NBTERN B85, £hT

NOWKRE TOHN pH & MAP & OBifR%E, B

TEWRRLIEDBDTH B, WTFNLOBICTBWVWTH Alam & Smirk” A3, §#75 HG D% k1%

FRESEHGMZESA SN BRTRX3E, b f1- T, ik mE F5 25 iR L Tl

V==Y 7BOANETHEEBREWVEMICH S K, WEEE I IRHEDFEOFYEIC L - THE

WEDEIEETIIEL, I 2B/ ENDILEEZEIONTVSY, D%
B OWVWT, BHOMEE 7oy 7352 &I

3. % K

FH v b XR—vF¥ Vol 16



= 22—

120

—

ot

=
L

Mean Arterial Pressure (mmHg)

- Control Group
y {../,0 Lo wy

Q

-------- #2
e 3
- 4

e O

8- 7

70 ; . ) :
0 15 30 m m
Time (sec)
120
b
Training Group
’a —{—4£38
= 1mof .
E m.....o........ # g
5 A
bl . O
e 00 i #10
n 100} ]
3 o o h---- 11
Ry )
2 oS
iy o p
I oo ; /
< /
= . ,-"'{‘
T ST i o /
o '3
o
70 : . ) !
0 15 30 15 %0
Time (sec)

B3 o 2 2 ok B4 2 FaiME (MAP) oZA4L
(@aidavyre—=nE blRbLr—=rv7#ERT)

Lo TZDRIGEMIRL BB &6, RERIE
EEZONTHED, —RICHNLFEZERH
(muscle metaboreflex) EFEENTVAY, IO
B D 3RO D MR 2 ERE O #iEE T H % group
MBLVIVEZEZONTEOYY, RBIELE LT
BKAAYy, 7509F=v, FoRYITIvY
v, B KFEA A VENEZL SN TN RMHEED

BT, Ettinger 57435, HBOELAEEZ 7oy 2
L7REETIE, B IC & » THIPILE A EIX
WBECRh-1 T EERLET D, FLERAS
FESHHEME L LTEHs TV 3, ARE
pH OZAL & BEELSBRICH B &S, BN
(L2 RSB O AN R E LT pHE{LEH L
5 LIBEBRETE, RUNBRCTHELEEAS

FH v b ZE—vBIEE Vol. 16



—= 22—

Control Group

120
R O #1 r=0.882
) L 4 o #2 r=0.801
EEIIO © #3 r=0.843
£
o A #4 r=0.934
5]
o]
Elﬂﬂ' B #5 r=0.944
; ¢ #6 r=0.914
A
. @ #7 r=0.993
5 90t
5
<
=
]
L
= 8ot
] i :
706,0 6.5 7.0 75
120

110

100

Mean Arterial Pressure (mmHg)

80

Training Group
#8 r=0.850
9 r=0.840
#10 r=0.993

> O ¢© 0O

#11 r=0.885

70

7.5

H4 &ERED pH & MAP OBIfR & Z OlaliRiEsR s & U % OHBIEE
(aldavro—n, bidbrr—=v7EE2RY)

NTLAMY - FNLEZAREBORIBE N5 &,
iK% A U TR TS ER4 5 T &A%
LNTWA, %7z, Victor 591, &%, I
TG B O A ARG B A FIAGR L 1< LLFl i B
THIEERLTVS,
SEObnbhOFER,S b, 1hildid MAP

7 v b A=Y Vol. 16

DEEIN & AN D pH O{ET & ORI 1358 O AHBERE
RBRELNI. E6i, HMEFEZASRIHIE S
hic& Eil, EFEBFHOMERT AR L <
WMERBDLT & bHMEITV B, AL
FERBREHIT R AEOERO X ST, b M
BOTRMABRBREAEEBLLEVWY, &5



== 24—

i, DAHEB S EAEEILLIEVE VS HED
£V Lichi=> T, B LFEZA SRR O
O LR, OHEEROHINTIRE  FISRHINE
EHOWMIcL32b0EEZLSNEY,

bhbhOSEOHEORIDHNIE, EFED
X S EHPLFZ AR O AN & DRI
2, HEREFCBOCTEGHWERE LTRkHONS
WESPERINTEIETH . ThicBILT
BER4IRLIZED I, WThoRECBVLT
- & pH & MAP & ORI HHBEREL 0.8 LI E O EER
BRsRONIEh 5, SEIHAVAZERZ Db
I — VTHM LA R O RBRZUESEEAT
B TEAILELMREEIN. THRDLB, BRI
FRABFOAS R E U THHN pH 2 & 0,
HARIGE LT MAP % & » 1256, HiPbEsz
Bes O GRE 3 pH & MAP HFR O E X
DRDBBIEMTE, COEEXHBFVIEEDETW
R TRIEBEL S T L5, EERENESVE
WHZ EHTESLTHAD.

E5IT, T OBNEF AR ORRZMHE
Frr—=vrick-T&EITsh%E, TL
o—Ebr—=vIr/HETHELTAEE (A
5), PU—=V I HTHENETRESS L SLMH
FAH 5 bOOEEEERRSN M-/ Lk
MoT, SEOMREM S, Pr—=v Lo
v+ a— VBT, BiIR{LEZAEROREICE
BREWT AR

Sommer 5%, MIORAYE b L —=v 7Rk
THRIHER OB AR B ZEL, bLr—=
V%I, b Lv— = ZRi & [E U RE O RTIGE
1T - AT, HEC O B S A TE B 1 Al
ICHARTETT 2 EHE LTV 5, Bl O
RAPRIEE OB I3, BNLEZ AR
ME543EEIOATVWAIEMLD, PL—=V
7k - T, BNER OB LA IR DS
gglLicdbnEELZONS, LHL, o 3NHES
DOBHHNO pH HEEHIE L TOIRWO T, ATIHIEK

o Control (n=7) y=—22.210x+246.295 r=0.623
® Tennis (n=4) y=—28.751x+286.050 r=0.817

1201
2 [m}
B
= = e .
gllu-
B o = P
8 =] o O . jn}
= ®
%100} 5 @ e
-4
&
-}
®
2 g0t o . 0 g
[an]
] o * B ® I:I.
b .
= 80 o °
00,
7 i 1 I
9.5 7.0 6.5 6.0
pH

ﬁﬁ aviro—A#L b L— =Y FBTOBA
pH & MAP & OB & % OFEBIREL

ZDOHOHBBDLI-0h, BEWUBETRLIZOH
BHETEL L, '

Sinoway 501, 5 4 € ILBTIXEINGE
fTo GAI—AL~T, FEUFN pH Tl
B9 5 & MERIC PR RSP W T &
EHRELTVS Hoo7F— s 3EE# 0L
DTH B, 43 L bHALFEZRBRE O
HAFHETE 20 L Y cE/aV, Zhick
LTAEIOONDONDOERTIE, ERoO b
DRERERVE Z ED D, BHRLFZABIE D
HEOA RO HLTVWS T L, &5
AN EHNDOBEE 4 >DF— 5y EA v L DEF
B OYREERS SRD TV B I, ERogkiT
W& HNT, B2 A RN O R % SFT
TEHEDICLYVBRYTHEEEZZIONSE. 61T,
FT=AD ==V ERFLENDILV—=V
FIERIEHLEDD, bhvbh R & &ITH
RELBRTZTLIEL V.

SEOEERICBVTIE, br—=vIHOXNE
ELT, BESEULEF=2%EfToTELILE
Lichs, br—=v 73Ry bo—vE g
LTELOLVEBS I ESISHEHOHTRE

FH v b AR —vEF Vol. 16



L, S, ERERTSDE, bL—=vJ0
BHORBIBTOHEE L biL, bL—=v7
OREFHEZRTE L/ MEBE b L —= v S ER%E
fT-T, FU—=v /BB LEZERRG IR
FTHBIOVWT IS IRNT 32 EDUETH
%5,

4. £ & D

BERRECLOEFHRIEMPOBHA pH &
MAP D [EJREROHBIFEE, 3 ~xT08LIE
ThHole. TOTEDS, SEIAVIEET, &
WRRE O L ICHIN pH & MAP OBA%RA RS Tl
ML R AR OB % 4 5 T L ASHBET
HHTEDRENI, E5IT, avbo—EE
Py —=Y 78T, HAN pH & MAP & ORGZR%
HELTA3E, M L—=vY /BOADBETEE
BREWVEEICH 20, ZOERFAEETREE,-
St Lo T, SEDERMLS IR ML—=v S
BE v bo— VBT, BINLFEZERRI DR
BlZREVT LR h,

X

1) Alam, M, Smirk, F. H.; Observations in man
upon a blood pressure raising reflex arising
from the voluntary muscles, J. Physiol.
Lond., 89, 372-383 (1937

2) Ettinger, S., Gray, K., Whisler, S.,, Sinoway ;
Dichloroacetate reduces sympathetic nerve
responses to static exercise, Am. J. Physiol.,
261, H 1653 -H 1658 (1991

3) Kaufman, M. P., Rybicki, K., Waidrop, T. G,
Ordway, G. A.; Effect of ischemia on respo-
nses of group I and IV afferents to contra-
ction, J. Appl. Physiol., 57, 644-650 (1983)

4) Kaufman, M. P., Rotto, D. M., Rybicki, K,
Pressor reflex response to static muscular
contraction : its afferent arm and possible
neurotransmitter, Am. J. Cardiol, 62, 58 E-62
E (1988)

5) Mitchell, J. H, Schmidt, R. F.; Cardiovascular
reflex control by afferent fibers from skele-
tal muscle receptors, In : Shepherd, ]J. T,

FH v bz,—.ﬁ—-‘yﬂ% VO].IB

e —

Abboud, F. M. (ed.) ; Handbook of Physiology,
pp 623 - 658, American Physiology Society,
Bethesda, Maryland (1983)

6) Moon, R. B, Richards, J. H.; Determination
of intracellular pH by 31 P nuclear magnetic
resonance, J. Biol. Chem, 284, T7276-17278
(1973)

T) Nishiyasu, T., Tan, N, Morimoto, K., Nishi-
yvasu, M., Yamaguchi, Y., Murakami, N.; En-
hancement of parasympathetic cardiac ac-
tivity during activation of muscle metabor-
eflex in humans, /. Appl. Physiol, T1 (6),
2778 - 2783 (1994)

8) Rotto, D. M., Hill, J. M., Schuits, H. D.,, Kauf-
man, M. P.; Cyclooxygenase blockade att-
enuates responses of group IV muscle af-
ferents to static contraction, Am. J. Physiol,
259, H745-H 750 (1990)

9) Rotto, D. M., Stebbins, C. L., Kaufman, P. M.:
Reflex cardiovascular and ventilatory res-
ponses to increasing H' activity in cat hin-
dlimb muscle, J. Appl. Physiol, 67, 256 - 263
(1989)

10) Rowell, L. B, O'leary, D. S.; Reflex control of
the circulation during exercise : chemorefl-
exes and mechanoreflexes, J. Appl. Physiol.,
69, (2), 407-418 (1990)

11) Rowell, L. B, Scheriff, D. D.; Are muscle
“chemoreflexes” functionally important ?
News Physiol. Sci., 3, 250-253 (1988)

12) Sapega, A. A., Sokolow, D. P, Graham, T. J.,
Chance, B.; Phosphorus nuclear magnetic
resonance : a non—invasive technique for
the study of muscle bioenergetics during ex-
ercise, Med. Sci. Sports Exerc, 19 (4), 410-
420 (1987

13) Sinoway, L., Prophet, S, Gorman, 1., Mosher,
T., Shenberger, ], Dolecki, M. Briggs, R,
Zelis, R.; Muscle acidosis during static ex-
ercise is associated with calf vasoconstric-
tion, J. Appl. Physiol., 66 (1), 429-436 (1989)

14) Sinoway, L., Rea, R. F., Mosher, T. J., Smith
M. B, Mark, A. L.; Hydrogen ion concentra-
tion is not the sole determinant of muscle
metaboreceptor responses in humans, J.
Clin. Invest., 89, 1875-1884 (1992)

15) Somers, V. K., Leo, KC,, Shield, R., Clay, M
Mark, AL.; Forearm endurance training att-

enuates sympathetic nerve response to iso-
metric handgrip in normal humans, J. Apple.



— 226 —

16

17

18)

Physiol, 72 (3), 1039-1043 (1992)
Stebbins, C. L., Longhurst, J. C.; Bradykinin
in reflex cardiovascular responses to static
muscular contraction, J. Appl. Physiol, 61,
271279 (1986)

Stebbins, C. L., Muraoka, Y., Longhurst, J. C.;
Prostagrandins contribute to cardiovascular
reflexes evoked by static. muscular contra-
ction, Circ. Res.. 59, 645-654 (1986)

Taylor, D. L., Bore, P. J, Styles, P. S, Gra-

dian, D. G, Radda, G. K.; Bioenergetics of
intact human muscle by a 31P nuclear
magnetic resonance study, Mol Biol. Med.,

1, 77-94 (1983

19) Victor, R. G, Bertocci, L. A., Pryor, S. L,

Nurinally. R. L.; Sympathetic nerve dis-
charge is coupled to muscle cell pH during
exercise in humans, J. Clin. Invest, 82, 1301-

1305 (1988)

FH v b Z2E—-vRE Vol 16



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

