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Effects of Head-Down Tilt (—6°) on Hemodynamics and Plasma Catecholamine Levels

Dae Kyu Song, Jae Hoon Bae, Won Kyun Park and E Up Chae

Department of Physiology, Keimyung University School of Medicine, Taegu, Korea

Head-down tilt (HDT) at -6° has been commonly used as the experimental model in both man and
animals to induce the blood shift toward the head or central protion of the body, demonstrating
similar physiological effect encountered in the weightlessness in the orbital flight. There are few reports
about the physiological response upon the cardiovascular regulatory system or the tolerance to the -6°
HDT within a relatively short period less than 1 hour. Therefore, the purpose of this study way to ob-
serve the effects of -6° HDT on cardiovascular system within 30 minutes and to evaluate early regulatory
mechanism for simulated hypogravity. Ten mongrel dogs weighing 8-12 kg were anesthetized with the
infusion of 1% q-chloralose (100 mg/kg) intravenously, and the postural changes were performed from
the supine to the -6° head-down position, then from the head-down to the supine (SUP), and each
posture was maintained for 30 minutes. Blood flow (Q) through common carotid and femoral arteries
were determined by the electromagnetic flowmeter. Mean arterial pressure (MAP), heart rate (HR),
respiratory rate, and pH, Po,, Pco, and hematocrit (Hct) of arterial and venous blood were also
measured. The peripheral vascular resistance was calculated by dividing respective MAP values by Q_
through both sides of common carotid or femoral arteries. The concentration of plasma epinephrine
and norepinephrine was determined by Peuler & Johnson’s radioenzymatic method. The results are
summarized as follows:

In the initial 5 minutes in -6° HDT, HR was significantly (p<0.05) increased and MAP slightly
decreased. Although Q and carotid peripheral artery resistance were not significantly changed, Q
through femoral artery was diminished and femoral peripheral artery resistance was elevated. In the
SUP, the initial changes of MAP and HR were increased (p <0.05), but those of Q and peripheral
vascular resistance through both common carotid and femoral arteries were not significant. After 10
minutes of each postural change in both HDT and SUP, MAP was maintained almost equal to that
of the level of pretilting control.

During 60 minutes of both postural changes of HDT and SUP, Po, and Hct were not changed
significantly. However pH tended to increase slowly and Pco, was gradually decreased. The pH
and Pco, seemed to be related to the increased respiratory rate. Plasma epinephrine concentration
was not changed significantly and plasma norepinephrine concentration was slightly decreased in the

course of HDT and also at 10 minutes of SUP. However these concentration changes were
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statistically insignificant.
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From these results, it may be concluded that the effect of -6° HDT for 30 minutes on the cardiovas-

cular system and plasma catecholamine levels of the dog is minimum and it is suggestive that the

cardiovascular regulatory mechanism,possibly mediated by so called gravity receptors including

baroreceptor and volume receptor, has been properly and adequately operated.

Key Words: Head-down tilt, Weightlessness, Carotid blood flow, Plasma catecholamines, Car-

diovascular regulation
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Fig. 1. Experimental protocol for measurements of various parameters during and after the passive
head-down tilt to —6° in anesthetized dogs.
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Fig. 2. Systolic, mean and diastolic blood pressures during and after —6° head-down tilt in anestheti-
zed dogs. # P < 0.05,## P < 0.01 compared to the value at 30 min of head-down tilt.
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Fig. 3.

Fig. 4.

Arterial blood flow, ml/min
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Arterial blood flows through common carotid and femoral artery during and after —6° head-
down tilt in anesthetized dogs. * P < 0.05, ** P < 0.01 compared to the value of control
# P < 0.05 compared to the value at 30 min of head-down tilt.
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Peripheral resistances of hieal and lower extremities during and after —6° head-down tilt in
anesthetized dogs. * P < 0.05 compared to the value of control : # P < 0.05 compared to the
value at 30 min of head-down tilt.
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Fig. 5. Heart rate (HR) and respiratory rate (f) during and after —6° head-down tilt in anesthetized
) dogs. * P < 0.05, ** P < 0.01 compared to the value of control : # P < 0.05, #+# P < 0.01
compared to the value at 30 min of head-down tilt.
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Fig. 6. Mean valyes of mean blood pressure (MBP), and blood flow (BF) and peripheral resistance
(PR) through the head in each position. Mean value represents the mean of each parameter
from 10 to 30 minutes of head-down and supine position.
* P < 0.05 compared to the value of control.
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Fig. 8.
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Mean values of mean blood pressure (MBP), and blood flow (BF) and peripheral resistance
(PR) through the lower extremities in each position. Mean value represents the mean of each
parameter from 10 to 30 minutes of head-down and supine position.
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the mean of each parameter from 10 to 30 minutes of head-down and supine position. * P <
0.05 compared to the value of control : # P < 0.05 compared to the value at 30 min of head-
down tilt.

2, 5 St 108 FEE 2aslel ulsted SelabA (p<0.
S F95 (p<005) ZHESSITh % 05) ZaAdT 23n = o dsiele] 603

9 108
9}%*]@1-‘& =& 9ol vldte] £ 3 W= gigiet, & &oled FAETN o nEHe dFad xLHo
a5 RF(Fig 3) oz 253+4.0lml/ 2 A3 ziste H¢e 1A
minoi| A 5%—4 3ol felsAl (p<0.05) 743} A el shA] FH 9 Slx) o] Hxd AR ge] W3t
=9 339 AAHQ LT
s

FAL o] F AAF] Frishe F mylew, 4ok (Fig 4)& FHolA &2
Aol 2700l 2594474 ml/mine 2 of7} 7k AlSdstne 2 Y ok E A Y



—%5d

-
29BALL F22 A3} dglonh, Aol
=9 3ol $2 320 (p<0.05) F7h3heh o) Fol
= H2A uoh 58 43¢ SR, ot
A HA S FEYBAGL 108o] Aol 1l 3]
$2181 (p<0.05) E ek,

PH

7.367

7 .34+

7.327

7.304

804

60

Po., mmHg

40+

404

Poo,, mmHg
8
|
|
|
.
?—|
|
!
4

9 32 =3 (-6)°] @4 Catecholamine H A AP A v A& FF—

A S8 EA] Ao} 45 (Fig. 5) & £39 2]
of] tjzx| 146.945.07/minol| 4] 152.7+45.53 /min.o.
2§94 (p<0.05) 3 F7heda, 5%l o2k 3
23ht 2 A4 Zoasich FAGIE 2]
of =29 wlse] EF 108 HE TS 7}

—e— arterial

- <0O-- venous

%%

' " - %
304 ‘ X *k

o

_ 404

)

3)

T 36
—_ 1 1 | | 1 i 1 1 il |
Control 0 10 20 30 0 10 20 30 min
supine -6° Head-down Supine

Fig. 9.

pH, Po,, Pco, and Hematocrit (Hct) of arterial and venous blood during and after —6° head-

down tilt in anesthetized dogs. * P< 0.05, ** P < 0.01 compared to the value of control :
# P<0.05,## P < 0.01 compared to the value at 30 min of head-down tilt.
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Fig. 10.
E = epinephrine, NE = norepinephrine.
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%, AlA] o8] B-9olA A=A catecholamine?] &
£ otE47) Y31, neuroeffector junctionoff 4] H-u|
S Arako] AF4H T, Yol YRz £
o), AFFAEE TERFPol o) G B
o= A}AS 21 o (Guyton, 1986; Callingham,
1975), A2 Q1 BREE SolF 21T

7)th3t7]) L o eic), hu, Shiraki et al. (1986)2 al
#Hol|A] head-out immersionA| ffg;é} aldosterone,
renin activity % ADH¥ 7+43%t}ls dl9on,

Krishna et al. (1983) 2 & = renin activity, aldoster-

3

fr Yo e

A=}

one % norepinephrine 7}43}}, epinephrine-
+2l3t W3l 9ot s}, Gharib et al. (1985)
< -100 =7 2R ) ALE,

&2 renin
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activity, aldosterone, ADH % " norepinephrine 3}
epinephrine 2.5ol|4] 7+4 5w ult2 & atrial
7kt siglh, Sl 2ne
u]&o] & o] head-out immersions], Fo{A A4t
ol Sjahod SR ureo 2 o Yoho] Fo =8l Axrk
]S @51, olu] ehtE ¥ A hormonese] v}
S5 =39 A HlEte we A=} of whE A, o
aA wWHilsleE A Zov]  (Blomgvist & Stone,
1983), London et al. (1983) & Gharib et al. (1985)
o RyoAE =899 2= B A 3ke] A7k
w}z2} hormones?] ¥l 3}okAlo] 2 Al i}, =, o
v Azl Gacke] GH4gAY 4% o slel ¢
ealol oA, Wik A Qlaol FFE
£ o| & hormones®] AF=E 2 4 et 8
£7e A4kl BEsh AR Aol Fesichn
2,

2 49 sz 43914 83 norepinephrine
epinephrine2] Fx7} 27 1.35 g 1.7 ng/ml=. 9]
A% ez g 2 ¥ 225 (Mark & Mancia,
1983; Pequignot et al.,, 1985) ¥t} %t} Yoonet al
(1987) 90 A=Y o =AsUA As Y3
catecholamine 5% & AA3 Ay, R 43 o)
A 7k7} 140 9] 120 pg/mlzkz Shalch, <Al by
£} 22t

natriuretic factor—

A] & norepinephrine % epinephrine &
120~280 = 20~80pg/mlztz & of (William,
1974), Yoon etal.(1987)9 whzx 43 A]9
epinephrine 5=+ tha Fom, oA A5
=% (Callingham, 1975) ola]o} &2} glo
o, vt F +E2 AT F-4152 9 epinephrine &

¥ E7HE Hgkeha Bk, £ A% o]y &
%l epinephrine %7} =& 712 Yoon et al. (1987)
of Ao} Fto] ;&2 Qg LA — FAlA 9] F&
2.8 B2 4ol 4 2] epinephrine H-u}7} wgko
o, AER] gol 23 kol A3 AAS A ¢
2 710z waolth ®3h Yoon et al (1987)8) A
32tk epinephrine FE7} o ¥& AL EYF
e q]/u.oi Aiets, FEAE A7 vl A
%o ohHel Aw, AN YAe] A2l o &
H7\me) Holo] &g Aoz A

2 A4 = Pequignot et al. (1985) 3 Gold-
smith et al. (1985)¢] B 78 Ho}l w3z &

2] _;_

&7 Catecholamine & Al A8 247 ol

SEEL

Azko] 3030 2, AHAT AL H ek ol A &
7} catecholamine 5% ¥ 3}o)| F-o] Ao} glS0] &
3 glod, BEH glejde =4 25 F

aahe AL wolul, ol AL Yol YA+
£419] 29he A% A 0L & Y, o2 Q)
3lod, catecholamine ¥X%.8] UA|A Q] 7447} oAb

se, =g, Aol AFAFE] HAAFot
ok 4R e AT, 3 47} 4eklel E3k3
e Ao 2 g4, 48 2715 91 catecholamine
o AANA 7+AAZFS wAF &, Lo xé»—h:ﬂxlo
2R EA YL AT AL T LAAE =
2g)a, ool 4l £35) 3039 norepmephrme
9] @%“5‘5—7]‘ A& o}, A7 1.92ng/
Z718 AL olvlx 2ol A oty 2
A S9N AR A A2 )
A A Ao ulEd Al (rebound phenomena) © 2
A, 7S Y3 ukAE FA] A catecholamine 5
=9 /M FHAE g1 e, &4, 7 A
W3t 2o =gl Ak Foh5e) ARAA
Ao FEoz ¥u|H A7 Uwhe] norepinephrineo]
g0z feEe vl g2 A)7ke] A& A
o2 wolwl, 43 obske) 308he) A4 Y B2
3 A5 Wzt YA A A4 o, uhH 38
o E3}s} 6~8A17ko| b BAIZe] shelE Q1B
AA Polgko] 714 (Krishna et al., 1983; Tomaselli
et al., 1987) 0] 23] 27}Al 7 "rle] norepinephrine
$u12h 20 Fobstel vehe Astens ¢ 4 3l
ek,
ojAe]l AYPANEA -6 THHE 3027k A S
W 3lrl sle] AAARA 2 @A catecholamine F
Sof vjAE 9L 23] go, ol i ARE
DAY 2H75E A AL sk

Z 1=

7|8 B2l Bhalzkel Aaldl )&
Ao W) Askel £ 4GS —‘?—%2349] .
oy AZAR2e Yool Eat ulsd 2o 4ua -
=9 zel ANHSA 0% o]»uoﬂ dehte 93
catecholamine 2] Al A& A4 o] w3}le} 1 247 A
+ T stzal SR, 8~12kge] A 102t E o

— 221 —



—oj g e eke %)

Abo 2 19 a-chloralose® w}aslod 7 Altlo)] <)o}
A2 3AXF] & £7FY 3 25 Ho] Electroma-
gnetic flowmeter probes #x|dle] T8 @l 359
EREe SR, AL ey, 54
& pH, Po,, Pco, 3 Het, 28]z FYL
catecholamine (norepinephrine % epinephrine) £]
TEE ST W A YA A3 Fllol A
ZAsRen, A4+ 9 3FSFE S5 A
A st odeksloll A -6 =9 el oA oot
92 7 30% et @A, ofs14 A A
O

hs}sfela) -6' £ N2 AARA 2710 BE
Fohge obr} st ANEE Fabl Fobs
i, Fre 4R ol BRYBALL FIU W
S} ggiort A9 BRe Basn YYD
Ae Fregon, s Shaach =99l
A4 108 o] Fol e HT SALE 51 %5lof 3
g o} B3 3 A9 RBL A
482 et Rz %o} 449
sharct,

“6 = 9ol 4 Tha] oFshel = AlSlEEA] 2ol
R FAY L Qe A T,
$ 9 B9 BFEE ¥ wsbl glglen B2
QA ohd Ao §R S o eln, 5
F4E Bangeh 103 olfel s} pae =
A4 ul £ e,

=9 % YA AL 0% 52 FHAY
9| Po, W Hoetw o #H3P7F figiod, =34
108 o] % 78 °o]'9+'f] 303 o]=7] 7tx] pHE A
£ o2 Frhet dbd Peo,v ASH 22 43S
o},

Zol& 9] catecholamine £Z.9 W3
phrine2 A AHE Fsled WHHL
norepinephrine®. £ & 9] K] 2k7} 743
Al frel gt Wk obgist,

o] ] ZAFAR Rol -6 =R 3047 A
wHalsl Ao AAEAA 2 #A catecholamine ¥
Sol ol E L 24 ghov, ool e G4
24% 59 247155 F §A954L 2 4 3o
W, oAl 4% BekoAl 278l BE S o 4

uldo] 2yl T Bl 9] 2AE e Lxe] A4

I"

ol ﬂi

o

epine-
L

% st o

CA121E A 2% 1987—

ol £4F 02 ke A whabr Fks] 2 ol
#Feol Frheked vEhd stz AR,
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