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Regulation of blood pressure during upright standing
in untrained females
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The purpose of the present study was to compare cardiovascular responses in untrained females with those in

males during head-up tilt. Blood pressure, heart rate, stroke volume, cardiac output, total peripheral resistance,

cardiac contractility, and pulse wave velocity during head-up tilt were measured in eight untrained females and six

males. In untrained females, although the systolic blood pressure, stroke volume, and cardiac output were decreased

significantly during head-up tilt, the diastolic blood pressure, heart rate, total peripheral resistance, and pulse wave

velocity were increased significantly, so that the mean blood pressure was maintained. In males, despite the significant

decrease in strole volume during head-up tilt, the heart rate and pulse wave velocity were increased significantly,

so that the mean blood pressure was maintained. The increase in pulse wave velocity was significantly larger in

untrained females than in males. These findings suggest that the action of vasoconstriction of muscular arteries by

sympathetic activation on blood pressure regulation during upright standing is larger in untrained females than in

males.

Key words : sympathetic nerve activity, vasoconstriction, heart rate

I. #

[

S N 11T N i D IRVA VAN N VA L g B
TOFZEN L) FRERE I L, T O T A
HoNb. T L, FEIEER G OHEBO EA
ERMIME OPAHEIC LY, MEEZMHERLE D &T5
(BRI 222 ). T 72, AZRRICIE TR oOPiE
DFHWGHES 5 728, Fitdlse 528 4 (Herr et al.
1999; Oppenheimer et al. 1990) & BA9Z 554K > 71EH
(Amberson 1943; Ifuku and Shiraishi 2004; Rowell 1993)
AME) <. BRI A AR ORI RO O B & SRS
EPir LA, BN L TVEH IZEIRE
MEZENSE, MEZMFL LD E§5. BRSE
fr DU 5 & ORI Se 08 SIS & 2/ Ddm8 & AR M
BHHIO FANE, TEBRPIRAEARD o 7RIS LlE~
DEIZEAFEOTHE Z #N 2, 2 UEB K OIIE % 3L
FLd 25RO EN 2 RES €L T EICX D ELD
. ZOR, Ul L MENOEEAMFHEE OB G- O
FEVZIEENEAD B £ Fh T b (Morrison 2001).

LA LD, LSRG B % 573 5 fi S 245
BEIZE A ER N,

L, SHEWRIEIRSE 2 v, 206 A5 S
LY—27 FTOWE (P) T A2MBHEDOE— 27K
& (dP/dt) OEETH L (dPA)/P DS, LSS A
FRIGED % SO L 72 ORI VE O FRBRIMIG 2 45 1Z12 72 %
Z & &S L7z (Ifuku et al. 1994; Moriyama and Ifuku
2007). ZOWEEH WL Z LT, LlEE ME~DR
ARG O A 2 FHI 5 2 L AR & 7 o 7.

—flZ, BYICHAR TSI B HAZRI LR
TV, ZOZERrL, hEE BETITREEEOIERH
HilE WD H LD TIZ RV EER 2. Z 2 TR
TIE, AMENGLA & SR & ARGBIZEHE L 72 o0 58 Jplies
THE) 2 DB OEH & MO Z U5 T, oIk
BE O R 2 3 Et L2, 72 Bl
TEBSE & L, IR O A O 2L
Ik L7

" REAR RS HE IR M I AL

2N N Y F— 3 3 VR

(319)



320 I R BRI S - BN 2R - R - bl B

0. A&

1. Hehr

BEBRE L 20-22 DT R L FHES K TH - 72,
3L EEMMN 2 B 21T TR nEE xR & L,
FARE % By CHEBE R AT o 72, E72, 20-24 I OMRE
BT 6 ZENBE L, 51348, Frnil
DOWIgE GHES, 2014) (2N L7228, KWFZETOT—
FIIHTEDONLDTH DL, Sl L, F
HNCEROBME, WAL ZIUILED fEEicownT
OFFMEZGAL, FEEZSE R TRERKFH
BHEEBIZBIT B b Z2xtG & 2281 O HiE AT
THE| OKEERET, AV XESICHIY Eh L
7o, W O SRR 1R

R WERE O G RIRE (LHEE)

ik B
BMI (kg/nd) 199 = 20 214 = 11
ML (mmHg) 109 = 7 116 = 6
RAKME (mmHg) 67 + 6 66 = 16
SEHIME (mmHg) 81 +6 83 += 12
A% (bpm) 65 = 8 57 =7

ETOHEBIZOWT, MZEOMIZEIEZASN o7 (P> 005).

2. WEIHHE &

WEE B, eI, SR, S, %L,
—[AHAE, OHAE, RN MM, CEGREE,
BLOKEIRIRIGEE CTH - 72, ST & RMIT
EEN AT B2 B (STBP-780, COLIN #1#) #%
T, A EREERT 1 g L7z, SEEMEIEIR
JE/ 3 + BARIME & 0 &M L7z OB MR AU
BIZLA.L0EMORRBE,SEL L, —RAHE
\ZER A~ ¥ — %> 23 (Kubicek et al. 1970) 2L D
HE - JH L7z Ol EIR O —EnitE L D,
KA M ESULFEMmE CiatE L D& L7

3. SHEDIRIENRDE (dP/de)/P

AIFFE T, ZCIEAEIGE) 2 SOt L 72 OB
B & L CSHENIRIEARYE (dP/de)/P % FV: 72 (Tfuku et
al. 1994; Moriyama and Ifuku 2007). SFAff 72 2 212
W AHF7E R 9 v A7 2 —H (45259, NEC =%:4t)
A IESHEIIR FICTE X, SHBMIRIEARIE 2 e 10 E L
7z (Ifuku et al. 1993). & L C, SHBIRERIE DL
EXRD S E—2 FTodE (P) *—EHIKRD
7z B A B, SHEWIRIEARDE O R TE %
HHL, mARE—27lE»ORD. E512, SHEERE

MR OWA WA G L, —HEIcE— 2l (dP/do)
RS, INEPTHEHLILIZEY (dP/dl)/P B
L7z,

4. RENIRIRME A RE
AWFFETIX, BIIRAT 14 7 4+ ADIEE L L TREIK
IR R & I 72, REUIRIR S A 3 S (1978)
OFFEELY, TFoX»ro8H L7z
KEIRIRIEEE (em-s') = (D-06¢) /AT
D : fgE R0 & KEREDIRIE AR 2 50T £ COmEHE
Bt (cm)
¢ g B S SHENRENRE £ COBEMERE (cm)
A T SHEPRIEARDE & KBRBIARIEARIE D7 5 125 55
DFEHZE (s)
TERBREIR FChe b MBIASK & 2R T 2 A
7 2 —4 (45259, NEC =%#t) %#EE, KEEHRE
DR A | L7z, €D E A Sk, SHEIIRE IR
AR, R IETEORKYE — 7 BN HRD 7.

5. FEBETFIE

A2 HE, FV b T — 7 )b (UA-450, OG F&hf)
A, 5B OMEMLIO R, SEALANZEIRIN RIS
Brfrv, 1 oHZORBEHMRL T H o7

6. talALEE

ZFNENOWEHH IZDOWT, SHEE DML O
fiElx 5 o FEEE Lz, £72, SIAZOMED SR
MoExG W7o E2 2 bEA & LTELE BEAER
FE 21X paired Student’s - test & H\ 72, B EAKHEIL 5%
Kie L, 3 XTCOTFT—7I3 [P FEE] OR
L7

m. #R

1. IS 12 BT 2 AR OIR BRI

WEAREA 5 SERAE AR 24T ) &, fRIRIE, L
kL, ARIEIERYT, REIIRIRIGEE DA &% L5
&, wEME, 1 REEEHE, CHEEOABRET 2
Abhiz (#£2).

2. Bl
TIENRLA & SEALICRRI S 2 &, BEOBA, O
L KREIRIREGEE DA =R AL, —hhED
BERETHAALN. KHEOWE, oIz,
BARIME, FEMIMERILOA R 2 LA & KEiiE
P EOEERET AR SN, T2, VIR
HORERIRIGEEOZLREADBE L ) AREICKE



LS B B AT O LT FA 321

£2 RAEBEOIEBRICE

L S
(AN S A N A A A
HEE (mmHg) 109 =7 104 +9" -5=*5 116 = 6 109 = 11 -7=+38
RMIME (mmHg) 67 = 6 74T 77 66 = 16 74 = 13 8§ =+ 13
FIIMTE (mmHg) 81 = 6 84 = 7 4 %6 83 = 12 85 = 12 3+ 10
L% (bpm) 65 + 8 85 + 11" 20 £ 9 57 £ 7 74 £ 9 16 = 10
— A (ml) 70 = 12 42 = 14 —-28 %10 76 = 10 53 5™ —23 %13
AR (ml/min) 4565 + 1070 3523 * 1029 * — 1042 = 1019 4349 + 930 3887 + 751 — 462 * 1212
AR IMEIEDT (mmHg-min/) 184 = 34 259 = 83" 184 + 34 207 = 62 217 * 45 09 * 58
CBEIARTE (/s) 212 =20 213+ 19 01 17 227 £ 43 220 £ 56 —07 =43
REIWRARIGEEE (cm/s) 658 + 47 947 = 100 289 * 65 630 = 102 789 = 99 160 = 83++
# P<0001, ™ P<O0L. * P<0.05 (vs MIEME) : ++ P<O01 (vs k)
noie. Bl T 5 &, IR I RsEB L O
CHAREOIRT L RIRIMED LA A SN, 22
& B LIRS L, O EOITIZ X 29
V. E% JEORT 249 72012, iRtz ERIE5Z LI
Lo THFIMEEZMFEL-bDEEZLNDL. 20k

RIFFEClE, IS | R R 2 1T,
SARED T FE R 2 Bk & iR L 72, o hieE
ERMALE, BRGSO BRI L) S mE
EAEFE L 720Uk L, e MEIRBREIE (2 O & SRR I
BEPIO FRIC L) PMEEMEF L /22 L TH 5.

— B, ABARL A & A ARG S e 2 & —[al
BT 5720, DHHHEZRE ) LB LA
5. WHIEESHEOWE, OO EAIEA SN
7%, AR 2R 2 2 AT X FREIMEDME T
L7z, LaL, sRIMED LA L7722 & TEEIM+ %
MFFc&zb &z oNns. RIRMED EAIZ, #
FAY MBI & KBIIRIRIEHFE OB A S /-2 &
Mo, BE S WA DA X 5 I
M EREEZ NS, —F, B0 AL, Ol
&@Wﬁﬁ@@%ﬁf%é(&me»%mﬁ&%h
hpolzl Enb, BIREMEEBIOWHHIC L S b0
LEbNG.

BUETIE, B S SIS 2 &, —[Al
HREIVET2RALNZ0 00, OO EAIZLD
DI EAMERFCX 722 & T, & ToIME RS
72b0EEZONL. ABO AT (dP/d) /P A
BRBEINAAR SN o722 b s, RIS
OPFNC L B D BbNs. 7z, KEIIRIREHE
CHBE NS A SN2 &5, MEOHERR I
PHEORG- b /R E N7, A MBI A E S -
AIMAENLG o722 s, ZOREIINEZVLD
b,

&, WHIRBHE O AR MBI L 722 &
< L CREIIRIRIBGEE DR FIEL ) K& h o7z
ZEnH, ﬁ‘l‘éé‘%ﬁﬁﬁ%Liiﬁffﬂiﬁ‘i‘l‘émﬁéﬂiﬁﬁﬂ‘%‘ﬁ .
£ 2 K IMEEILO_EADIEBRETI R E (B L

W EEZLND, —T1, BT iﬁ@)ﬁ)ﬁﬁ)ﬁ(ﬁiﬁfﬁ
BN L7275, KRR ZOEIE AR %<

AR AR MERIUC A E R LA A SN L
Motz TOZ eI, BUHOBE, SRR ML
MERRAE LS & A A R AT %’n’sﬁ?ﬁﬁﬁﬂ%?&h%
FRAEEZIIEIEDLDOTIE R, TEERMEICKITTE
BUICHIEBIRE I AN S Wb D LEZ LS.

BRI HREEC X W2 e L, JRRulE & HE
S OBIRD > T4 7 v ADEAER X ) vz 8
HHNTW5D (Hayashi et al. 2006). AFZETIE, 4F
TED AN IRz O FEBRE TTh e o 72,
L7=h3o T, RIFZERERICI DI s $E
ERIFLTWAZ L IIBEETE W,

Dbz & Xy, I 3 ombErM T+
% b DD, SCBARENEMAE PREHAE IS & 2 AR IMAE K
PO FADMERENRE Do TN D 2 EATRIE
Shi.

V. ¥

AWFETIE, IR | AR R ER 2 ATV,
VAR O MEFEE B L 728 25, RO



322 I R BRI S - BN 2R - R - bl B

L9 eAER AR

AN ARV AN UN VA 7 ks Nl

1. CHEIRBSRE 1L, s & O E IR T 254
SNz, RIZCEAFREOIIHNC £ 20080 FA L2
JEARPE M AR GAME 1 X 2 BRI o EAIC X
0 SFIIE % HEFRE L 7.
2. BEE, FICRIZBEMEOIIHNIC X 5080 -
FIZE D IR E R MRS A 2 8T, STFIME = MR
L7,

Dbz & kb, ISR BN, K
P M DUHERRAE L2 & 2 SRR I T A5
TR XL b o TWA T EATRIEE LT

i

ARWFFEIE, L 24 4 BEHE S A TE A R — > fatk
SRR L L TR S R T R ST
EEEL2DDOTHL. RKZEIZH-D, #EE s L
T, HLVIFHEZ L LTI L Twizi2wiz 4|2
EOBHE L LFES

SENE

Amberson WR (1943) Physiologic adjustments to the
standing posture. Univ Md Sch Med Bull 27: 127-145

RRACHEAAD - BLHAT A - A ANER— - il - ARIRERHD -
PP - MAR - A I - IR - BT
(1978) KEDIRMRBGEEER E S (FE) 1220nWTo
#&t. T Cardiogr 8:783-788

Hayashi K, Miyachi M, Seno N, Takahashi K, Yamazaki
K, Sugawara J, Yokoi T, Onodera S, Mesaki N (2006)

Variations in carotid arterial compliance during the
menstrual cycle in young women. Exp Physiol 91: 465-
472

Herr MD, Imadojemu V, Kunselman AR, Sinoway LI (1999)
Characteristics of the muscle mechanoreflex during
quadriceps contractions in humans. J Appl Physiol 86:
767-772

AR - A AR A - P S (2014)
SEAZRF O MU RS J T TR OUGHIER. EA
REFPHE AL 63:313-317

Ifuku H, Shiraishi Y (2004) Assessment of cardiovascular
regulation during head-up tilt and suspension in
swimmers. Med Sci Sports Exerc 36: 155-159

Ifuku H, Taniguchi K, Matsumoto H (1993) Continuous
record of carotid artery pulse during exercise. Jpn J
Physiol 43: 111-116

Ifuku H, Taniguchi K, Matsumoto H (1994) Noninvasive
assessment of cardiac contractility by using (dP/df)/P of
carotid artery pulses during exercise. Eur J Appl Physiol
69: 244-249

Kubicek WG, Patterson RP, Witsoe DA (1970) Impedance
cardiography as a noninvasive method of monitoring
cardiac function and other parameters of the
cardiovascular system. Ann N Y Acad Sci 170: 724-732

Moriyama K, Ifuku H (2007) Assessment of cardiac
contractility during a cold pressor test by using (dP/d?)/
P of carotid artery pulses. Eur J Appl Physiol 100: 185-
191

Morrison SF (2001) Differential control of sympathetic
outflow. Am J Physiol Regulatory Integrative Comp
Physiol 281: R683-R698

Oppenheimer SM, Gelb A, Girvin JP, Hachinski VC
(1992) Cardiovascular effects of human insular cortex
stimulation. Neurology 42: 1727-1732

Rowell LB (1993) Human cardiovascular control. Oxford
University Press, New York, pp 3-80



	表題

	Ⅰ. 緒言

	Ⅱ. 方法

	1. 被験者

	2. 測定項目と方法

	3. 頚動脈圧脈波(dP/Dt)/P

	4. 大動脈脈波速度

	5. 実験手順

	6. 統計処理


	Ⅲ. 結果

	1. 女性非鍛錬者における立位時の循環応答

	2. 男性との比較


	Ⅳ. 考察

	Ⅴ. 結語

	謝辞

	参考文献


