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ABSTRACT

Heavy priming exercise reduces the oxygen deficit during the subsequent heavy
exercise. Current theories for the etiology of the oxygen deficit following the onset of

exercise include increased bulk and local blood flow and O delivery (Q) via residual
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vasodilation and academia/temperature-induced rightward shift of the hemoglobin
(Hb) O dissociation curve. We used a method to quantify absolute [deoxy (Hb +
Mb), HHb] of superficial- and deeper regions of the rectus femoris (RF) muscle in
6 participants during cycle exercise, using time-resolved NIRS with adipose tissue
correction. HHb of the deeper RF for both the priming- and subsequent heavy exercise
showed steady state responses toward the end of exercise, suggesting matching of
oxygen consumption (Vgz) and Q kinetics. Compared with the superficial RF, peak
deoxygenation of the deep RF was not significantly different, however deoxygenation
kinetics were slower (mean response time, priming exercise, 35 11 s vs. 66+ 26 s;
subsequent exercise, 328 s vs. 44+22 s, p<0.05). These data revealed temporal
and spatial disparities in muscle deoxygenation responses to exercise and suggested
matching of Voy and Q kinetics, thus the oxygen deficit reduced in the deeper region
RF muscle, compared with the superficial RF. Further, these results suggest that deep
region muscle has a greater Q / VO, which led to improve matching of Q -to-Vop
thereby raising muscle and microvascular oxygen pressure and enhancing blood-

myocyte Oz flux.
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FHHE VO, £ QDT ¥ ) ORY—1, &
CIZVOy & QOMIRED I A<y FIZk - T
EUD (HE, 20127). FEbiE, ERED
W-up EE)IZ L - T, REMHIIBITLHREFED
22 - R 2 AN — LT 5 2 L 230
727 (Fukuoka et al. 2015 % ; Koga et al. 2014 .
Spencer et al. 2014 )Y, B (v F—<v A
V) OERFEEEIZOVTIEAHTH S, FEREHIC
BN Z < EN, F-REHICHCGE
E¢@mm#ib%w@f,%ﬁ§wmp@ﬁ®
BRI S N TEREIEEH L CHY AT N
HEFHEIND.

VER DAV I E O FHANVE L5 W D 2R g
(RS 15-2em) IZROHNDL DT, HEFH -
Lk L= —tEoH D mL T, ®Es (%
SH 3-4em) DOERFEEE DMK AEEH 2 T HEIC S
% e 53 - 3 ARhh o ot%éE (TRS-NIRS) % B
L7 (B & R 2 88 5 2 T RA
JOHEL & WINDFRE A FEMT %) (Koga et al.
2015b ¥ :Okushima et al.2015'%). #AHfze0 H 1y
&, EREFISIMA TEBH b &0 /2B OMkE
BYREAFHI L, 5RO W-up 3EB)25IE B O Bk
FEBICRIZTRELHOPII T2 L TH D,
KIFZEIZ &> T, AERFMEEBEE) DM k& EH)
R EH O ME R % B 89 B LT O BAFEAN R S
n, BFROPREW

1. MRHE

TR MEEERIC L AEEERET, RAS
H7% QL+35) [CHBRELRELZ. SimE
DR LB (W-up, HEZBLEE)) (2BI1F5
EB OB EILANEZ O Y Vi (HHb:VO,
EQDNT Y A%RY) &HlE L. HHb M
WEEBOWEZ Z1F12< <, VO/Q% KT %
DT, HEEBIRIZ D 2 B MEBR OB FE S [PO2 (Q
NO2) | OEIRIIEE 2N T E % (Koga et al. 2012
9 2015a12).

WHEMH STV 2 EFE (CW) NIRS I,
SR % —5E & A7 L, HHb OAx 21k % il
SEY B3, e 53 - ST ARVt #E i (TRS-NIRS)
% v L HHb oAkt il (R1IE) % 5Tl © &
% (Kogaetal 2011%). kA b =2 20 TRS-
NIRS & H\WTC, KBREFOEEE, I L OEE
B (—HowbE CiEhLmER—RT L&) O
HHb % # el 5E L 7z, KB 0> B2 8 21 12 Bl
DA 72 RN e v — DREEER & D
FdEA 3em (RREER), B XL M6em (FEREH) &
LT, MEEREIXZENENH 1.5em, B LU 3em
EHEE L2

S5, BEWE Ny 77 —%i#E (Yokogawa-GE
Medical, Logiqd00) % F\v>CRBRIE 5 210 DO B2 T
WEWG)IE %81 », HHb Ofif % #fiF L 72 (Adami et
al. 2015 V ; Bowen et al. 2013 2 ; Koga et al. 2011
8)>.
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B 722 LATRENT:, FREER O T
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Mg O HHb (X1 /7 OB O e 15128
WCERIREEZ R L 72

52 FRB) 12 31T 5 KR 5 2 I HHb 0 < —
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ERFERILE 1 MBI INT, FELREE Do
72 (FR1). LaL, FHSERRIZE2ESHO
Tt FEANC S 5 7z F 72, KBREAEE O
HHb T ZJFH & RO MR H 57z,
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=1 JEEENRE L B B iR SR LB RE o Mk
RF-s RF-d
1st bout
Baseline (uM) 53.8 £4.6 55 +8.0
Amplitude (M) 195 +£16.8 20.2 £15.8
Time delay (s) 70 £4.6 9.0 £7.0
Time constant (s) 284 +87 56.4 +23.7 *

Mean response time (s) 35.4 *11 65.5 £264 *
2nd bout

Baseline (uM) 55.5 +6.4 56.0 +6.8
Amplitude (M) 21 £15.0 22.1 £18.7

Time delay (s) 51 %20 56 £4.7
Time constant (s) 272 £8.0 385 =189 *
Mean response time (s) 32.3 £8.1 T 44.0 £21.7 *F

*_ main effect for RF-s vs. RF-d, P<0.05
T, main effect for 1st vs. 2nd, P=0.06
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9 Kogaetal 2014). F7:, jEshic@)E <
N DO TEIAIC £ > TR MR L FIH O
B (VO/Q) HEA Y, {EEN OBALIH AL
=B 2 LR ENS. SHOETIE, &
BHAEE W-up (55 1) HEh & &Rk 2 EEIC B W
T, KPR 5> HHD (238503 Btk iz B
L7207, AMIEE D S Bl R~ DORITIC
EoTQIE VO L) BB HIML 722 EAVRE
N7z 2 Ok F1E Fukuoka et al. (2015%) o
RE—HT 5. —F, SREEBOMK TS
W, KRIRE R EE R0 HHb 1345 1 388 & 45 2
B & B WA RS . LA L, KBRS ERE
# > HHb (X1 )7 O EB FAG RO 5 57 HIZBW»
THEERELZRL, VO & QDHEED< v
F U THE LT EASRIBE T

55 2 BN BV 2 KBRIE G E HHb 0~ —
AT Ay (WAFESOM), RIE GEB)E T
—R=2Z2 T4 V), BIOEEFIGAEEO R ENL
CEPERULEE 1B IRT, AEAEE L,
72 (FR1). LaL, PHSERRIZE2ESHO
TS EITNC & o 72, KIBRE R 8 g 56 o HHb
THEBMH L FAROHERPR S NIz EHRED
v —=AT v 7 (W-up) EHx V5L, W-up
BB TEE BT 2IEEHH O VO, O HNE
FEASHEL ), BERARSWAT S, Lizho
T, % 2EBI BT A KERES HHb O P15 %
BRI AYEE 1 BB AT, FNEIIC S - 725 A
LLT, FTHOAHZALNEZLNL. 1) i
B & M A U722 FLBR I & o CEE SRR iR
OEF Y7 b EIMEESR S, Bt MEER L
VOBEMREIIINT 2, 2) BHHEOBH
WANASEE 2 V), GBI O BN & i oS
GEEDPEDKREL oT, BEREIWMILIZE
WAENnsg, 3) 512, HREOLEFIZE-T
O BERERBPIET 2 2 LT o5
% (Kogaetal.2013'7).

5 1EB)TIE, RBREFEBER L KEIC B

% HHb D=2 5 4, ikigE, B L OEEFLG
REORFHLBENICA B 2= o7 (FR1). L
ML, EEEIZBIT S HHb O ER & SFIEn s
BERIE RIS R THEEICEL 72 (R 1),
S5, E2EFIBNTY, KRMEHERER L
KBEIZBIT S HHb OX— 25 1 | RIE B
L ONEB BRI ORI E LA BT R o 72
M, RIBEIZ B 5 HHb OB E R & I35 4
I EE IR CTHBEIZED? - 72, EEHICIE
EFRMENZ G EN, FREHICHCGESR)
PO L D ENDT, EEIE W-up EE DR
R S N CTEERIRERICL Y AT NS

YORIE SN2 (Koga et al. 2015b 1)) 2 4% 4 i
NENECEBESND &, HHH & VO, &
QDONT YA (VOQ) W asns & (W
RREOWA) BFEENn5.

W-up SEB)IZ & > TIHEIFH O Q % BN & & 723
G, EmsHEoB BRI Y, FEH ko
WHEAREEILHAL T 5, HHb ORI —HI3%
{L L7\ (Fukuoka et al. 2015%). —75, {&pEs
BEEIZB W TN EH &R OMEN 2= 33ms
%75, HHb O ZE M 15546 138 H OBRFRERE X )
bL#—127% % (Bowenetal. 2013%). Tk 12,
MEEROAY—EORE L IRENEEORRIC
OVTIEAAZL AL, 512, FEommRi
FRBHIZROND DT, BB &0 mEhh 4
ROBEZEREOSARIEDSH S I 2 UL, 1EH)
i R OEFEA L ORI & EB TR O IE )
s h s,

BERL LTI, ORI X o T
B ORI OB RIS EIE R 5 (Koga et
al. 2014 V). HIGH O BRI, FHATEICER
% EAHAAETIX Q DBNEE A VO, D Z & D)
b, MESE (Pog) LT LIZC W, T/,
B DIENER YR < AR T (BE 50 25w,
—J7, LR AT I VO 12t L T
QAAREL, POy A°E )3 AL F L CHMIE~D
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FEROWY ARDEND . L72>T, & MIB
WTh, HERHELSS K HENLEERH T, B
R DA T 5312 7% > THREAESEEIIR D,
PO, 2843 % & PRI L. RO TIE,
5 1 EE) & 65 2 B, KB FRE IS B
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THEIZED > 7. HHb 13 VO/Q % W3 5 D
T, EfRMEDIS K EENDIEEH T, MR
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5.
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