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=Abstract=

Changes of Minute Blood Flow in the Large Vessels during
Orthostasis and Antiorthostasis, before and after Atropine Administration

Won Kyun Park and E Up Chae

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

The passive tilt has been performed to study the orthostasis on the cardiovascular syst-
em. The orthostasis due to upright tilt was demonstrated as follows; the venous return,
cardiac output and systemic arteiral blood pressure were decreased, whereas there was con-
comitant increase of heart rate, through the negative feedback mediated by such as the
baroreceptor.

Previous investigators have suggested that the tolerance to the orthostasis could be inc-
reased by blocking the cholinergic fiber with atropine which prevented vasodilation and
bradycardia through the vasovagal reflex during the orthostasis. However, this hypothesis
has not been clearly understood.

This study was attempted to clarify the effect of atropine on the tolerance of the cardi-
ovascular system to the upright and head-down tilt, and to investigate the change of the
blood flow through head and lower leg with Electromagnetic flowmeter in both tilts before:
and after atropine state. Fourteen anesthetized dogs of 10~14kg were examined by tilting
from supine position to +77° upright position (orthostasis), and then to —90° head-down
position (antiorthostasis) for 10 minutes on each test. And the same course was taken 20
minutes after intravenous administration of 0.5mg atropine.

The measurements were made of the blood flow(ml/min.) on the carotid artery, external
jugular vein, femoral artery and femoral vein. At the same time pH, PCO, PO, and hem-
atocrit (Hct) of the arterial and venous blood, and heart rate(HR) and respiratory rate
(RR) were measured. The measurements obtained from upright and head-down tilt were
compared with those from supine position. The results obtained are as follows:

In upright tilt, the blood flow both on the artery and the vein through head and lower
leg were decreased, however the decrement of blood flow through the head was greater than
the lower leg. And the atropine attenuated the decrement of the blood flow on the carotid
artery, but not on the vessels of the lower leg.

HR was moderately increased in upright tilt, but slightly in head-down tilt. The percent
change of HR after the atropine administration was smaller than that before the atropine
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state in both upright and head-down tilts. Before the atropine state, RR was decreased in

upright tilt, whereas increased in head-down tilt. However after the atropine state, the
percent change of RR was smaller than that of before the atropine state in both upright

and head-down tilts.

In upright tilt, venous PCO, was increased, but arterial PO, and venous PO, were slightly
decreased. Hct was increased in both upright and head-down tilts. The findings of blood
PCO,, PO, and Hct were not interferred by the atropine.

In conclusion, the administration of atropine is somewhat effective on improving the car-

diovascular tolerance to postural changes. Thus, atropine attenuates the severe diminution
of the blood flow to the head during orthostasis, and also reduces the changes of HR and

RR in both orthostasis and antiorthostasis.
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EXPERIMENTAL PROTOCOL
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Fig. 1. Experimental protocol in the postural change. HOR: horizontal position, UP: +77° upright

position, HD:

—90° head down posiiton; BS: blood sampling, BF: blood flow determination;

HR: heart rate measurement, RR: respiratory rate measurement; I: primary control measure-

ments for the unatropinized period; II:

secondary control measurements for the atropinized

period. Tilting rate of the postural change is 10 degree per second.
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Table 1. Effect of postural changes on arterial and venous blood flow(ml/min.) through head and lower
leg of dogs before and after atropine administration

UP HOR-2 DOWN
HOR-1
INIT TERM INIT TERM INIT TERM
CA NA M+ 71.9 40.3 26.4 37.3 49 43.8 45.6
SE 9. 62 8.61 6.21 6.20 7.48 5.23 4.95
n=6 A M+ 66.4 44.1 39.6* 41.9 54 44.2 48.3
SE 6.22 5.16 6.21 5.09 9.14 5.43 3.70
Jv NA M+ 29 13.3 9.7 18.3 19.3 36 24.3
SE 8.39 3.38 4.41 4.41 6.33 15.18 24.33
n=3 A Mz 30.3 14 12.3 18.7 20.7 20.3 19
SE 10.91 3.06 2.73 5.66 6.69 13.57 20.50
FA NA M+ 138.1 122.5 121.1 136.1 129.2 122 122
SE 27.69 23.81 23.76 25.67 24,27 22.89 23.48
n=6 A+ M 135 121 118.8 137. 4 130.2 127.9 118.5
SE 21.78 19.74 20.24 23.57 20.05 20. 14 19.72
Fv NA M+ 47.1 40.3 45.3 45.3 42 39.7 39
SE 17.29 16. 62 21.61 16.77 15.53 20.27 20.07
n=3 A Mz- 46.3 37.7 38.3 48.7 46 38 38
SE 17.89 17.29 18.41 17.85 17.78 22.50 23.54

Note: CA=carotid artery, JV=external jugular vein, FA=femoral artery, FV=femoral vein; HOR-1=
horizontal-1, UP=upright, HOR-2=horizontal-2, DOWN=head-down, INIT=initial, TERM=ter-
minal; NA=unatropinized, A=atropinized, n=number of animals. s =significance in changes
between unatropinized and atropinized group, p<0. 05.
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Fig. 4. Changes of the blood flow through the artery and vein of head and lower leg durmg the post-
ural changes in dogs, and the effect of atropine; Init.=initial; Term.=terminal.

Table 2, Effect of postural changes on heart rate and respiratory rate (per min.) of dog before and
after atropine administration

up HOR-2 DOWN
HOR-1

INIT TERM INIT TERM INIT TERM

HR NA M+ 179.7 207.1 207 187.4 175.7 181.9 182.6
SE 6.19 6.33 11.03 11.87 7.7 10. 89 7.54

n=6 A Mz 195.9 217.9 216.9 195.9 188.1 161. 4 192.1
SE 7.22 9.39 10. 06 8.74 7.50 8.29 8.38

RR NA M=t 15.2 7.5 12.3 18.7 16.2 19.5 19.7
SE 1.19 1.41 1.41 1.12 .98 2.11 3.09

n=6 A M= 17.2 9.5 16.2* 21.2 18.7 22.3 22.7
SE 2.21 1.95 1.83 1.54 1.38 2.33 3.84

Note: HR=heart rate, RR=respiratory rate; HOR-1=horizontal-1, UP=upright, HOR-2=horizontal-2,
DOWN=head-down, INIT=initial, TERM=terminal; NA=unatropinized, A=atropinized. % =sig.
nificance in changes between unatropinized and atropinized group, p<0.05.
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. Effect of atropine on the percent changes of blood flow through the head and lower leg of dogs

in the upright and head-down tilt; CA=carotid artery, JA=external jugular vein, FA=femoral
artery, FV=femoral vein. The circle shows the value of arterial blood flow. The triangle shows
the value of venous blood flow. The each bar represents the mean value. The each circle and
triangle shows the individual value. The open circle and triangle shows the unatropinized
value and the closed one shows the atropinized value.
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Fig. 6. Changes of the heart rate and respiratory rate during the postural changes in dogs, and the-
effect of atropine; Init.=initial, Term.=terminal.
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Fig. 7. Effect of atropine on the percent changes of heart rate(HR) and respiratory rate(RR) in the
upright and head-down tilt. The each bar represents the mean value. The circle shows HR.
The triangle shows RR. The each circle and triangle shows the individual value. The open ci-
rcle and triangle show the unatropinized value and the closed circle and triangle show the atr-

opinized value.
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Table 3. Effect of upright and head down tilt on pH, PCO,, PO, and Hect of arterial and venous blood
of dog before and after artopine administration
HOR-1 UP HOR-2 DOWN

M + SE, M <+ SE M + SE M + SE

pH ART. NA 7.40 .010 7.39 .013 7.38 .012 7.39 . 008

A 7.40 012 7.39 .016 7.39 .014 7.39 .012

VEN. NA 7.28 .010 7.34 .010 7.34 .014 7.35 .012

A 7.36 .013 7.34 .013 7.34 .014 7.36 .013

PCO, ART. NA 34.4 1.02 30.9 1.17 33.0 1.24 32.1 1.01

A 31.9 .84 30.5 1.60 30.7 1.17 32.1 1.33

VEN. NA 38.3 .99 42.1 1.26 39.4 1. 10 38.8 1.04

A 37.2 1.04 40.8 1.38 39.6 1.23 38.5 1.30

PO, ART. NA 87.4 1.63 85.3 2.76 83.6 1.80 87.1 1.88

A 85.2 1.74 81.1 2.22 85.4 1.76 83.0 2.38

VEN. NA 43.4 1.30 30.9 1.33 40.4 1.18 43.1 1.67

A 42.7 2.25 29.4 1.55 38.7 1.64 38.0 1.65

Hcet  ART. NA 39.0 1.12 43.9 1.30 39.6 1.36 41.2 1.04

A 38.7 1.29 44.7 1.57 40.4 1.22 41.4 1.14

VEN. NA 39.2 1.01 45.1 1.43 40.6 1.03 41.9 .97

A 39.1 1.17 45.4 1.55 42.0 1.36 42.2 1.09

Note: HOR-1=horizontal-1, UP=upright, HOR-2=horizontal-2, DOWN=head-down; ART.=arterial

blood, VEN.=venous blood; NA=unatropinized, A=atropinized.
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Fig. 8.

Changes of the pH, PCO,, PO, and Hct of the arterial (——) and venous (- ) blood during-

the postural changes in dogs, and the effect of the atropine.
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