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Influence of Decrease in Effective Circulating
Volume on Sweating Responses

Minoru Tanabe and Tetsuo Nagasaka*

Abstract

The effects of low levels of lower body negative pressure {LBNP) on sweatiﬂg rate (#sw)
and sweat expulsions (Fs,) were investigated in seven healthy males. The lower body of the
supine subjects was put in an acrylic LBNP box, which was covered with heating equipment
to maintain the air temperature inside the box at 50 °C. Measured parameters were gy on
the trunk and forearm, temperatures of the tympanum (T,y), esophagus (Tes) and skin (Tsk),
heart rate (HR) and blood pressure (BP). . F.w were carefully identified on the sweat rate
records from the trunk and the forearm. Mean skin (T) and mean body (T,) temperatures
were calculated. After thermal equilibrium had attained, either 3.7, 7.4 or 11.0 mmHg of
LBNP was applied for 4 min in a random order. The application of LBNP did not produce
any change in Tiy, Tes, Tb, Tsx, BP and HR, but s, and Fy, decreased especially for the
initial 2 min of LBNP. Since the thermal input did not change during this period of LBNP,
this reduction of sweating rate may he attributed to a low-pressure cardiopulmonary baro-
receptor reflex. ’

Key Words: Sweating rate, Lower body negative pressure, Temperature regulation, Redistri-
' bution, Dehydration
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38 (T,) 2EHE L, BEVERE LR,
3.7, 7.4, 11.0 mmHg ® LBNP %IEREIZ 4
AWM LI Tiys Tess Tos Te» BP, HRIZ
LBNP B CHBICELL BB o208, gy &
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E» s, ZOFEFIGHIRIG IMEER—LIE
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EEEFD 5 WX ERT CHESEREN RT3
E, ThicHFIL THEEMBEBKIGE LTH
FEEIMT 528, £ OMINORE IZBkDE
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PHERIMKE DA RWIV B LEZONRD,
ZZT, HTESB & UHITHEHEE S LBNP
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1. BB % |
KEROWEBE BRI ADT 7% (F
21~28 %) Tholz, FL WIEH, BEEIIH

BEP SRV, BBRECREROEE, FIH

RRESCHRB LI LT, ERCEL TERE
BN EREBLTH S, ERITRILTH
5oz, REFEBELEDHELRD R D,
SRERBAM 4 REIRTIIM R & LTz,
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R (Ty) 1&, FHIC L DEEOME 2/
mL, BBERE v ¥— (PZL-74, Technol
Seven) D 5El & REEHIRIC L T, SHEERB
FERTEVR, RFLEBEBEOEMORER T
Brinnel & Cabanac D#H#E IfE> 7z, RER
(Tee) X RER Y Y — (PZL-74, Technol
Seven) % EFLb5#] 42 cm A LAEH DA
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T =0.07T,+0.14T,+0.05T,+0.35T,
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TOA) 2 6 cm/min O X T L, [EFIC7
ay¥—w10Hz DY > 7Y v 7 EBACINE
Lize &4 T2 VHNOEKRDOMMEE X Z O
SEE» SHH Ui, BIFRHAE (F,,) 1
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MNUTHEE Lz, IS X CIERBE XS
ThERicy 7 2% &, BEIMESH(MPV-7101,
HZAE) kb 288 RIL .

3. REXFIE (1)

FEIZEIR 30+0.5°C, tHNHERE 40+3% DA
I&BE(TBS-6-S, /84 ARy 7, KR
WTITo ke HREREREE SV DOa%E
ALBGETCAEL, SHERTFETEDOIA
WEEL, FRAMETBERI) T %
LBNPRYZ AR AN AU LOLZHL2E
o ¥ DR, HIMBERERDORE%® 50°CETL
F &8, LBNP R v 7 A D4R 24 INEEEE
THEY, ZOEBRFUTEEEERSYE, %
DREEZFH L Ico ELRONTIC X 5 BBEAN
OEFEOEENRVE D CHBREOTEH IS
FNEHE, ZORIMEEEC L D HERED
EERR, KEBEEELV AV THREL, B
BEYEsEHonit, 3.7, 7.4, 11.0 mmHg ©

LBNP % 4 &R L 6 SEBRT 2 5T
BRI D R U AR LIz,

4. ffESHeie

BEEORMZR IS ELZ, one-way
ANOVA THREL, BEEMENTD 5> hich,
paired Student’s t-test 21T-o7c, BRIEET
meantSE & U TR, HEHHEEKEEZS X%
L7,

. #& R

WEAGL TRES 30 SR OEE, Ty 2836.87+
0.08°C, Tes #236.7740.08°C, T #%33.81+
0.24°C, T, #835.95+0.10°C, HR 48 56.7+4.5
bpm Th -7z,

G 60 2% CIRE FHRFOME L, T, 28
37.11%0.08°C, Tes 2836.97+0.11°C, Ts 78
36.30%0.17°C, T, #%36.86+0.11°C, HR 48
73.1+5.0bpm Thotz, CHODERILT
S OMEI LB B E D7 (p<0.05),
BB EHRE, shgy IR T 0.870.22, HilEzR
T0.65+0.23 mg/cm?/min T H o7z, Fay 13
19.54+1.9/min ThH -7z,

% 113 LBNP &# 28173 Ty» Tesr Teor
Tw» HR, SBP, DBP OZL% 7R L 720 Tiy» Tes»
Ta> Tw» SBP, DBP BERELL B0 o7,
HR 1 3.7, 7.4 mmHg ® LBNP &#®ETH
B ELL Ed 57z, 11.0 mmHg @ LBNP &
fT, BRHEE2OMRERRE Lkl

Protocol
Ta 30°C, 40% R.H. LBNP
3.7, 7.4, 11.0 mmHg
4 min.
Body warming
-90 -60 0 30

TIME (min)
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= Veit] LBNP & =CaiE: s
0 1 2 3 4 7 (min)
3.7 mmHg
Ty 37.16+0.12  37.16+0.12  37.16%0.12 37.16+0.12  37.17+0.12 37.18+0.13
Tes 37.01+0.13  37.01+0.12  37.03%0.12 37.02+0.12  37.01+0.13 37.03+0.12
Tu 36.50+0.23  36.48+0.24  36.51+0.24 36.53+0.25  36.5240.25 36.53+0.25
Ts 36.96+0.15  36.96+0.16  36.97+0.15 36.97+0.16  36.97+0.16 36.98+0.16
HR  74.1 +4.6 71.6 +6.2 72.9 +5.7 73.4 £5.3 73.7 £5.5 73.3 +5.2
SBP  107.0 +3.6  108.1 3.3 - 109.0 +4.1 - 107.1 +3.3
DBP 55.1 +1.4 56.0 +1.3 - 55.3 +1.1 - 55.7 +1.6
.~ 7.4mmHg
Ty 37.09+0.06  37.09+0.06  37.09+0.06 37.10+0.06  37.10+0.06 37.11%0.07
Tes 36.95+0.08  36.96+0.08  36.97+0.08 36.97+0.08  36.98+0.08 36.98+0.08
T 36.2740.13  36.17+0.13  36.20%+0.14 36.2340.16  36.22+0.15 36.21+0.16
T, 36.83+0.08  36.81+0.08  36.82+0.08 36.84+0.09  36.84+0.08 36.84+0.09
HR 71.8 +4.1 71.0 £5.7  72.5 +5.8 73.5 +5.5 71.2 £5.1 74.5 +6.2
SBP  111.7 +3.6° 111.2 +3.4 - 110.5 +3.7 - 110.0 +3.3
DBP  56.0 1.5 55.3 +2.3 - 57.2 +1.4 - 57.5 +1.2
11.0 mmHg
Ty 37.07+0.07  37.07+0.08 = 37.08+0.08 37.08+0.08  37.08+0.08 -  37.10+0.08
Tes 36.95+0.11  36.95+0.11  36.96%0.11 36.96+£0.11 ~ 36.95+0.11 36.97+0.11
Ta 36.14+0.14  36.11+0.14  36.09+0.14 36.09+£0.15  36.1140.16 36.11+0.15
T 36.79+0.09  36.78+0.10  36.78+0.10 36.78+0.10  36.79+0.10 36.8140.10
HR 73.3 +6.2 75.3 +6.4 76.3 +6.0 80.0 +£5.4*  78.5 47.2* 74.3 +6.6
SBP  112.5 £5.0  112.5 5.6 - 113.5 +4.7 - 113.8 +5.1
DBP 57.5 +2.7 58.0 +2.4 - 60.5 +1.0 - 57.8 +2.4

LENP ; FHHBE 3.7, 7.4, 11.0mmHg), T, ; BBUE °C), T, : £8E (C), To: FHEKER O, T.:
TR (C), HR ;L (/min), SBP : IMEHIME (mmHg), DBP : JERMME (mmHg), 1 ; FAE 8
#ePE, % AR L TERE (p<0.05)

#12 LBNPA##, &, %Ok, 0%
ATTH LBNP &7 =beitc
0 1 2 3 4 7 (min)
3.7mmHg
iis) 0.941+0.24 0.74%0.21* 0.76+0.18* 0.85+0.18 0.87+0.19  1.02+0.24
Bl 0.62+0.18 0.52+0.16* 0.52+0.14* 0.57+0.14 0.58+0.13 =~ 0.69+%0.20
7.4 mmHg
0.88+0.23 0.74+0.25* 0.74%0.23* 0.77+0.21 0.79+0.23 1.00+0.22
HikE 0.65%+0.21 0.56+0.18* 0.55+0.16* 0.60+0.15 0.63+0.18 0.69+0.21
11.0mmHg
i 0.79%0.13 0.67£0.12* 0.67%0.15* 0.71+0.14 0.76+0.19 0.89+0.20
HilkE 0.69+0.20 0.57+0.18* 0.56%0.18* 0.61+0.20 0.63+0.19 0.75%+0.26

LBNP ; TH&BE (3.7, 7.4, 11.0mmHg), #ey : BFE (mg/cm?/min), {# ; i - +4ENaT & ; AT
L THERE (p<0.05)
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®3 LBNPAE, &, &0 R, 0%t

b=t f:1 LBNP &7+ Atk

0 1 3 4 7 (min)
3.7mmHg 21.0+2.8 12.442.0*- 13.6+1.4* 18.4x1.4 18.3+1.8 20.0+£1.3
7.4 mmHg 18.3+1.1 11.341.4* 12.5%2.2* 17.3x2.8 17.0+1.8 19.8+3.4
11.0 mmHg 19.3+1.8 12.3+3.1* 13.8+2.9* 18.9+1.8 | 18.8+2.5 17.5%+1.6

LBNP ; THHEE (3.7, 7.4, 11.0mmHg), F . SFHHEEE (V/min), [ FOMl - EEaEs, x| S

HLTHEE (p<0.05)

8, 3SEMETERCEMLL, ARNERIEA
HRTDE L ZRB Do T,

3 213 LBNP B & 3 e OF{LETRL
fzo sy X LBNP ERTBHAER O 2 SHwcHE
BEEA L1 (p<0.05),3.7, 7.4, 11.0 mmHg
O LBNP BB X 2EERER I »o
b A

£ 313 LBNP &# i B 3 F,, OFL %2R
U7z, Fyy id LBNP BABEIAE KO 2 2 H
BB L (p<0.05), FOBAFITOLN
WIZR-7263.7,7.4,11.0 mmHg @ LBNP &
HRE L 2EBERERR Mo,

V. #& =

EPEORKRM» 5, FTKIEIZ LBNP &%
wEhEEIh:, BRBREOFRTHZ Y
VRIS HRERIC L D FME B, BT
FERCHBEESNEY, Zhik, ZERTIK
HE® EERBICHER Lt s LBNP % &%
U7z BBEED LBNP T Tiy» Tess Taxs Ty SBP,
DBP, HR BZEIL L o7 05(3 1), ey &
Fo AT, f510, AHFRKBERD 2 2HE
BB L(E2, 3), 20X>% LBNP &
HERIC A 55 FTIHIRIEOBF L LR
R L EEETNES T2 L E X 5hb,

Moy PHBSEIBBETELTCINVEFR

Foy, €37V, /v 7VY, 7

WEZYNRY T vy D4 OBEEITFOND,
TWRERATFuYRRETRE2RDEE, & T
AEFCIET VR T o viBEES EREES
M, TVEFATOEHT 2FRORGIRSHE

AL D UABFHBATH 22 DT, FHED
KT MG R HBET 23T eELISNS,
IEXRZYV Y ENVIERT ) Y OHRE IR
MRS THBOH, /VIERTY Y EE
HHBBEMRIC D B HR™W 13, sitey, Fay PAIMEIZ N
SEMERD 2HMTEL L boe, Ei,
TR Ty v idkMerBrag s
BOERGTOALERBEDENED, (o
T, ThsDWERFIZEh b LBNP &
DRTFREZRB L2 FRC 2BV EEL
sh3,

Steven & Lamb™ iZfuLERES LBNP &
HEED S ZDEMHREIHFI L TET T3 2
& E Ui, SBITHFEY X D, BE D LBNP
AR (<20 mmHg) TKIR & FTHROBZHES
LBNP &#5&E ctflL cgmL, Afdzh
MR h, ATERREGCHEEOSRE LS
ECBZ BB L, 65T, SEOERT
i HULERIREE 2 E L Tvazgvsns, LBNP &7
2 & D EIRETEBED U O IRE 2T &
¥ZLEIZOENG, ZOFLEIREDETIZIE
RERNP»ERL I I LHEZO5ND, BIRESR
BEOWEH Vv~ ERT SBP, DBP, HR i&
LBNP &ffic X D FEERELL Lo, &
DEFMVVRBERERT L LTBEROERE
BLOOLAEERDEZFRLFEFEILSE L
F2bh3, 7, Fy 13 LBNP &HEEZO 2
SET—BHIC{ET L (£3), Sugenoya
519 13 Fy, D3 SR A H 21 RIF AR iE
BT 5L ERELL. 0T, DK
bR HES 2 A U CIFBROIBEILSNG] &
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BB TCAFTIOM L RBE -4 (&2,
3). BEEE® LBNP &f+ (11 mmHg AF),
3 BB REE L LB h s, 4
2T, LIMESREERE O EE L3RS TN
LWRSEETH D, B REIE I
AEEE LR, LML, E FCLBNP DS v
A% (—1mmHg/min) % —50mmHg % T
1T- 7= Johnson ©® OHEERIZ L X, KEIIRE
WMET LI 5 —20 mmHg BARTIZBTBED 7
EROMEIMENEL, Z0OR, WEMERIC
10% DIET A b iz, {BERDIERER TN
LT, P, BR, SHTRERESE EE
51 5, Rothe & Goddis'? i3 H.LERIRE 2 &
Y T—ER L THIRERE 2ME S ¥ 2 F%
24 XA THWT, b aHROE(LsE
BxirEROTbEECI R 2L, 2O
0.3 5081 OERICEZM3SETH 249H
IDEBET B ERHE LI, #oT,
FLCREMENERNL T2 s CrRIRLED
22U LD, ZORTEEID ey, Fay OB
POEEI 23U BT AERE-BT R EE
25N B, %72, HRIZ7.4 mmHg A F @
LBNP &# Ci3#e ¥, 11.0mmHg T35
BB EERHEML: (#F2), BEERTCES
W, 11.0mmHg BA E® LBNP A%t HR
iz & 5RERELMb2 EELRS,

LBNP A#REIZ & 5 hey O DBEIT
ERBE - BRO—DIT, LBNP &%
LR IMEERE RS ORRE B 2 ATaEMESs
TRENZY, ZOHRIOVWTIEHSBROHRE
BHE L72v,

V. % Eil
BREOTEEBEAR I X 283 ERMIER

DHDWY T, BEEEKE, TR, RS
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5, ZOFRFHIHEIZFHIRRREOHR DTSR
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hs,
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