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Abstract © A study was performed on anesthetized dogs to investigate the changes in
hemodynamics, plasma catecholamine concentrations and catecholamine stores in the heart
muscle and kidney during experimental hypoxia induced by breathing a mixed gas of 5%
0, and 95 % N, by artificial ventilation.

During hypoxia, aortic blood pressure and cardiac output successively increased. Renal
blood pressure increased and renal blood flow decreased, resulting in increased renal
vascular resistance. Catecholamine stores in the heart muscle and kidney were significantly
lower in the hypoxic breathing group than in the non-hypoxic group. Marked increases in
noradrenaline and adrenaline concentrations in blood from the aorta, coronary sinus and
renal vein were observed.

The degree of increase in noradrenaline concentration was higher in coronary sinus and
renal vein blood than in aortic blood, and the degree of increase in adrenaline concentration
was higher in aortic blood.

The decline in catecholamine stores in the heart and kidney of the hypoxic breathing
group is suspected to be due mainly to degeneration of the sympathetic nerve fibers
distributed in the heart muscle and kidney.

This release of catecholamines from nerve fibers may account for the increase of
catecholamines in coronary sinus and renal vein blood and hemodynamic changes.

Index Terms

catecholamine stores in heart and kidney, hemodynamics, hypoxia, plasma catecholamine
concentration
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Fig. 1. Procedures of experiment.
P; blood sampling, U ; urine sampling.
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high-performance liquid chromatography

Fig. 2. Preparation of blood catecholamine concentrations.
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Y
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'
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high-performance liquid chromatography

Fig. 3. Preparation of tissue catecholamine stores.
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Table 1. Hemodynamic changes before and during hypoxia
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20 min
128+4
111.0+5.4

129+25

0.88+0.15*
113.4+5.0

2.0940.19*
64.4+21.6

15 min
129+4
112.5+5.3

134+26*
0.90+0.15*

117.8+5.3

2.05+0.22*
67.1£21.6

10 min

130+4
117.5+5.1**

137+26*
1.02£0.15
123.6+5.0**

2.03+0.27*
76.2+23.8

7 min

132+4
122.644.4**

5.4%+3.2
138+24*
1.07£0.16
128.2+4.6**

1.95+0.31*
88.3+27.6

‘Hypoxia
5 min

132+4
126.5+5.0**

5.3+3.8
138+24*
1.17+0.18
131.94+5.0**

1.93+0.31*

103.027**

3 min

1335
126.4+4.9**

5.5+2.6

146 £27**
1.194+0.19
131.7+4.9**

2.05+0.25*

88.6+19.8**

2 min

132+5
114.0+5.2**

5.4+3.0

1424£27**
1.164+0.18
127.3£5.1**

2.34+0.19

82.2+£20.2**

1 min

131+6
114.0£5.2**

5.4+2.8
127+25*
1.174+0.22
119.04£5.2**
2.60£0.13

73.9£20.3**

Before
127+6
106.3+4.6

5.6£3.1
122+24

1.17+0.23
111.4+4.5

2.87%0.10
65.8+20.1

Item

HR

ABP
VP

CO
TPR
RBP
RBF
RVR

Group

HR: heart rate (beats/min), ABP : aortic blood pressure (mmHg), CO: cardiac output (ml/min*kg of body weight),

TPR: total peripheral resistance (mmHg*min+kg of body weight/ml), RBP : renal blood pressure (mmHg),

RBF : renal blood flow (ml/min+g of kidney weight), RVR : renal vascular resistance (mmHg+min-g of kidney weight/min),

IVP: inferior vena cava pressure (mmHg),

), *: p<0.05, »*p<0.01.

mean+SE (n
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RVR: ATEENHLHE KL T 5 FHICIXFIED 176
RIELTREE Ko7, COEKIEETH-7. L
Bz, HRaEEE L MBI E T BB %R L (Table
1, Fig. 5)
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1.60£0.54 ml/min+g ~EA L. ZOELEE, 41%
DEAITH Y, BETH-=(Fig. 6).

GFR : B8 ® 0.80+0.23 ml/min-g 7» > & # %
0.33+0.10 ml/min*g ~FA Lic. FDOEEKIL, 53%
DEITHY, BETH- = (Fig. 6).

FF : BifE® 0.5140.02 25 A F % 0.38+0.03 ~ I
PSLte. FOBELEE, 25 BOWITHY, EETHo-
7= (Fig. 6).
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KENRIIF NAD BREE | A% 20 4 (B T RDME I,
830.6+35.9pg/ml TH b, RIfED 706.1+36.1pg/ml
CHELTERRER L T . 20 EHERIL, 118.2 % T
HY, ARTH-1(Fig. D.

KB PRI AD RS AT 20 HE 1T, 712.3+49.1
pg/ml TH b, BIED 500.7+43.4pg/ml CEELTCEE
CER LT, Fo BRI, 145.8%CTH Y, KBk
M NAD BE O ERARCHL CHRIEATH - e
(Fig. 1.

sERIRIA A NAD JEFE © £ 57 20 SE13, 1216.2+
45.1pg/ml TH b, BifED 718.1+29.9 pg/ml L T

BrbAL vk 20 EFERIT, 170.1%THY, &
HBIRAmF ADBEO EARCHELCERLATH -
7= (Fig. 7).

EEIRF LR AD JRE | AT 20 SEY, 722.1+£40.7
pg/ml TH Y, BIMED 532.3+38.2 pg/ml ittt L THE
EERLT W F0 AR, 137.2%THY, AET
» - 1= (Fig. 7.

BEPRIF NAD BE @ A7 20 1L, 835.7+40.1
pg/ml TH b, BIfED 696.0+35.7 pg/ml KL TEHE
CERAL T, Zo BRI, 120.5%THY, BET
B o1 (Fig. D.

BE IR MR AD R - A% 20 £ fE1%, 731.1%£52.5
pg/ml TH b, BIED 497.9+43.6 pg/ml K LTHEE
cER LT 2o EREE, 150.3%TH Y, BEIR
M NADEEDO EERIELTERERLRTH - o
(Fig. .

B ¥k @ NAD # B & 7 20 &5 B 13, 1592.4+
103.8 pg/ml TH b, BHED 984.676.5 pg/ml iz L
THERIEERL TV ZoLEHERE, 164.1%ThHDY,
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Fig. 4. Effect of hypoxia on systemic hemodynamics.
HR ; heart rate, ABP; aortic blood pressure, CO ; cadiac output,
TPR ; total peripheral resistance,

mean=+SE, n=38.

EHROoF ADRBEO LARCELTEREKTH -
7=(Fig. 7.

Table 2. Values of arterial
obtained before and during hypoxia

blood gas analysis

BRI R ADEE | AT 20 5l 13, 527.2+36.4 ftem Hypoxia
pg/ml TH b, HifED 372.1+27.9 pg/ml i L THRE Before During
CERLTi. 20 ERKIE, 143.3%THH, BET PH 7.40+0.10 7.40£0.12
%72 (Fig. 1. PO, (Torr) 83.0£23.3 24645 8"
5. kAT 25 I VE PaCO, (Torr) 31.3+6.7 29.8+5.9
DM NAD & © ERZEAT(AZBORRELE HCO; (Torr) 19.9+2.6 18.142.4
73118.4+51.0 ng/g, ALEM 264.1466.9 ng/g, DI $20, (%) 9.0%3.5 89.7£7.9"
SR 141.5453.8 ng/g, A 259.3+101.8ng/g, Oz ot 6 16.243.4 7.4%5.1"

HLE2188.3492.0ng/g TH b, RB(CEBOBEDZ
hF h 2916.1+218.2ng/g, 3611.4+319.8 ng/g,
3292.5-227.3 ng/g, 7166.9+827.7ng/g, 6599.6%
758.8 ng/g Wb L THEEBEOWA R Lic(Fig. 8).
DHEBNADE  AZRRBIELE22.8£1.5
ng/g, HDE235.9+£2.5ng/g, LEHRRA1.320.3
ng/g, EOEMN2.4+1.3ng/g, HLBEN2.3+10.9ng/
g Thh, CERBOLIZN 49.81£5.1ng/g, 79.2+
6.6ng/g, 61.9+6.6ng/g, 125.2+11.7ng/g, 166.6+
14.2 ng/g L CTHE DR &% L= (Fig. 8).
B NAD & | EBR AT (BEBROB LB A
65.5+22.4 ng/g, BEIE230.9+7.2ng/g THH, MR

mean=+SE (n=8), »+p<0.01.

(CEBRF DI h 1256.4+134.1ng/g, 1098.7+
115.4 ng/g L TEREDWA %~ L1z (Fig. 8).

BN AD B | BERBIXBEE0.6£0.2ng/g,
BEEEN0.620.1ng/g THYH, CERBEOLIhZThHh
95.8+8.7ng/g, 77.4+8.3ng/g L THEEDORA %
7~ L7 (Fig. 8).

6. ¥ H A5

BfRm pH : ARIC X 2E B %R X 7o d o 7o (Table
2.

BIRMEAR A © AT 20 £ (B TRDEIL 24.6 %
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Fig. 5. Effect of hypoxia on renal hemodynamics.
RBP ; renal blood pressure,
RBF ; renal blood flow,
RVR ; renal vascular resistance,
mean+SE, n=8.

5.8 Torr TH Y, BIfED 83.0+23.3 Torr KL THEE
IZAEF L#z(Table 2).

BRI —MRLRFESE - AR X 2 EB 2RI Ieh o
7= (Table 2).

BIROERBR A A VRE | AWCX 2EBHE RS /ah
- 7=(Table 2). )
BIRMELSEEIANES | AR 20 S, 39.7+£7.9 % TH
Y, BIfED 95.0+£3.5 %I L CHRICIE T L7z (Table
2. '
BIRMEESE | A% 20 5MEI1%, 7.4£3.1%ThDh,
BIfED 16.2+3.4 %ic b L CHE A L7z (Table 2)

z =

1. DBmfTERC KIS TERR AR OFBITo\WT
ERRFARROL « BMfTERRL, SREYHOEER

A% ERBF GFR FF

Percent change of control value
W
S
I

-60 =
Fig. 6. Effect of hypoxia on renal functions.
ERBF ; effective renal blood flow,
GFR ; glomerular filtration rate,
FF; filtration fraction,
mean=®SE, n=38.
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Fig. 7. Plasma catecholamine concentrations.
NAD ; noradrenaline, AD ; adrenaline,
Ao ; aorta, CS; coronary sinus,
RA ; renal artery, RV ; renal vein.
[ before after
mean=+SE, *p<0.05, **p<0.01, n=8.
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Fig. 8. Catecholamine stores in heart muscle and kidney.
NAD ; noradrenaline, AD ; adrenaline,
LV ; left ventricle, RV ; right ventricle, IVS ; interventricular septum,
LA ; left atrium, RA ; right atrium,
RC; renal cortex, RM ; renal medulla.
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