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Summary : In order to investigate the pathophysiological mechanism of hypertension,
a comparative study was performed on the cardiovascular resposes to acute systemic
hypoxia between two groups, hypertensive dogs (two-kidney, one-clip renovascular) and
normotensive controls. During hypoxia induced by breathing a mixed gas of 5% O, and
95% N, with artificial ventilation, systemic and regional hemodynamics were measured
using an electromagnetic flowmeter and a pressure transducer.

The following results were obtained in hypertensive dogs.

(1) Cardiac output and arterial blood pressure increased, but these increases were inhibited
by the previous administration of hexamethonium (Cs). (2) Carotid blood flow also
increased, but was not affected by either previous administration of Cs; or continuous
infusion of captopril. (3) Renal blood flow almost did not change, but increased by
pretreatment with C;. (4) Femoral blood flow increased, but was suppressed by both
previous administration of C; and following administration of propranolol.

These findings suggest that the cardiovascular responses to acute systemic hypoxia of
the hypertensive group differ from those of the normotensive group, and interactions among
the sympathetic nervous system, renin-angiotensin system, autoregulation of regional blood
flow and S-adrenergic receptor activity may play an important role in the pathogenesis of
hypertension.
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Table 1. Hemodynamic changes before and during hypoxia of experiment A
H y p o X i a
Group | lItem | Before Imin 2min 3min 5min 7min 10min Tomin

HR| 124+17 127+15 128+14 129+12 127+11 127+11 124+12 124+13
MBP| 104+11 1114+13** | 118+13** | 122+14** | 120+18* 114+17* 106+23 98+25
IVP | 54+3.6 53+3.2 5.7+4.0 5.2+2.6 52+25 5.3+3.0 56+3.1 58+3.0
CO| 108+38 112+43 120+43* 121+42* 1194+40** | 115+36* 116+48 118+62
TPR| 1.10+0.78 | 1.114+0.74 | 1.10+0.80 | 1.11+0.70 | 1.074+0.67 | 1.024+0.57 | 0.94+0.54 | 0.81+0.53

NT RBF| 3.154+0.99 | 2.90+1.00 | 2.73+1.11 | 2.504+1.24*| 2.554+1.25*%| 2.804+1.36 | 2.66+1.22 | 2.84+1.04
RVR| 31.7+12.6 | 36.2+15.4*| 44.4+14.2*| 47.1+15.3*| 46.6+13.8*| 41.5+19.6 | 39.6+154 | 34.7+12.8
CBF| 82+14 9.4+1.8* | 10.3+2.0* | 114+25* | 11.2+25* | 105+2.2* | 104+2.1* 9.8+2.0
CVR| 121444 11.3+3.6 11.0+3.9 10.4+3.5*% | 10.3+4.1* | 10.4+3.7* 9.8+3.4* 9.4+3.5
FBF| 6.24+3.46 | 554+3.64 | 590+3.28 | 6.524+3.70 | 6.16+3.46 | 6.16+3.36 | 6.40+3.64 | 6.14+3.60
FVR| 16.2+8.6 19.0+5.6* | 18.9+6.1* | 18.1+6.7 18.7+7.2* | 18.0+6.9 159487 15.5+9.7
HR| 130+26 133+26 133+26 | 129+26 127425 126+25 125+23 125+22
MBP| 130+11 140+9* 145+14** | 152416** | 154+19** | 149+16* 143+12* 135+18
IVP | 57+26 5.8+2.3 5.64:3.8 5.6+4.0 6.1+4.1 5.8+3.1 6.0+3.1 6.0+2.9
CO| 135+35 146+36* 150£37** | 154+36%* | 1524+34** | 147+41* 156+39** | 159+42**
TPR| 1.05+0.25 | 1.03+0.22 | 1.04+0.25 | 1.09+0.26 | 1.07+0.29 | 1.14+0.39 | 1.00+0.26 | 0.96+0.28

HT RBF| 2.72+0.83 | 2.77+0.94 | 2.74+1.00 | 2.81+1.02 | 2.79+1.03 | 2.73+0.98 | 2.89+0.98 | 2.62+0.94
RVR| 471+19.3 | 481+18.8 | 51.8+12.7*| 54.0+15.7*| 53.8+16.0*| 54.6+15.2 | 53.6+15.8 | 56.1+17.3
CBF| 10.3+0.8 109+1.8* | 10.9+1.8**| 11.0+1.8**| 10.9+1.7* | 10.9+1.6* | 10.9+1.7 10.7+1.7
CVR| 121433 12.3+3.5 12.8+3.7 13.2+34 13.5+4.7 13.1+3.6 12.5+3.7 12.1+3.0
FBF | 6.54+2.44 | 7.08+3.04 | 8.28+4.50*| 8.44+4.30*| 7.96+3.76 | 8.92+3.36™ 7.60+2.74*| 7.44+2.80
FVR| 191471 189+7.6 16.9+5.4* | 17.3+6.1 18.6+6.8 16.6+6.3 18.1+6.7 17.5+6.1

NT ; normotensive group, HT ; hypertensive éroup

HR; heart rate (beats/min), MBP ; mean blood pressure (mmHg), IVP; inferior vena cava pressure (mmHg), CO;
cardiac output (ml/min-kg), TPR; total peripheral resistance (mmHg/ml/min-kg), RBF ; reanal blood flow (ml/min-
2), RVR; renal vascular resistance (mmHg/ml/min.g), CBF; carotid blood flow (ml/min<kg), CVR ; carotidal resis-
tance (mmHg/ml/min<kg), FBF ; femoral blood flow (ml/min-kg), FVR ; femoral vascular resistance (mmHg/ml/min-«
kg)

mean=+SD, % =P<0.05, % % =P<0.01
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Table 2. Hemodynamic changes before and during hypoxia of experiment B

H y p 0 X i a

Group |Item| Before Tmin Zmin 3min 5min 7rmin 10min T5min
HR| 9448 86110 | 87+16°* | 89+10* | 8948 | 88£9* | 877 | 87+8
MBP| 89+10 | 8+4 90+6 9357+ | 100:10° | 94+6* | 887" | 85+8
IVP | 56431 | 54+28 | 54130 | 55526 | 53138 | 54+32 | 55+27 | 54+28
CO| 121450 | 13868 | 140168 | 141471* | 144+67° | 139+66* | 128+52 | 12465
TPR| 0.731045 | 0.64-0.38 | 0.65+036 | 0.67£0.38 | 0.7120.41 | 0.70£041 | 0.75+038 | 0.77+0.36

NT [RBF| 2305112 | 2275110 | 2.362L15 | 2.60L1.18%| 2575121 | 2455122 | 2.43+1.26 | 231122
RVR| 387296 | 356188 | 37.0411.2 | 3641126 | 3065135 | 403+151 | 35.8+11.2 | 36.0+94
CBF| 88134 | 99+31% | 101+434" | 9.9435% | 10552.7* | 98+24 | 101425 | 04+27
CVR| 10134 | 83130° | 864290 | 93+29 | 89+29 | 89129 | 91+34 | 93+40
FBF | 8061436 | 7.74+3.86 | 8.66-541 | 9.00£580 | 9.74£650 | 8.46+£4.42 | 7.66+330 | 7.70+3.36
FVR| 104441 | 9534 | 102542 | 101444 | 105143 | 100540 | 93+33 | 9.7+37
HR| 99 89£10° | 90=10° | 90+9* | 89£9°% | 88+10* | 89+1l* | 87£10°
MBP| 94£10 | 93:10 | 92%9 9419 %519 9348 8744 86+4
IVP | 55428 | 55+30 | 56130 | 54529 | 56431 | 55%27 | 53+30 | 56429
CO| 124462 | 127163 | 124563 | 123460 | 126463 | 127462 | 124=61 | 126461
TPR| 076017 | 0.72£0.17 | 0.74+017 | 0.7520.17 | 0.74+0.18 | 0.74=0.19 | 0.69+0.16 | 0.69+0.16

HT [RBF| 2211143 | 224135 | 2245133 | 2.30+ 131" 2.3311.36*| 224+ 144 | 218138 | 2.14+ 140
RVR| 4215105 | 388+8.1 | 403:122 | 3942140 | 382+16.1 | 410175 | 401+144 | 37.0+12.1
CBF| 92125 | 98428 | 100428 | 98+127° | 97+26 | 95+29 | 92+24 | 88+23
CVR| 104134 | 100133 | 9.9+42 | 103+31 | 10434 | 108+40 | 103+37 | 108+42
FBF | 8801544 | 842520 | 8401458 | 8301460 | 8204440 | 810+4.22 | 8.00-4.00 | 7.70+£3.92
FVR| 110448 | 120447 | 121247 | 126447 | 121542 | 127146° | 135549 | 135149

NT ; normotensive group, HT ; hypertensive group

HR ; heart rate (beats/min), MBP ; mean blood pressure (mmHg), IVP; inferior vena cava pressure (mmHg), CO;
cardiac output (ml/min-kg), TPR ; total peripheral resistance (mmHg/ml/min<kg), RBF ; renal blood flow (ml/min.g),
RVR ; renal vascular resistance (mmHg/ml/min-g), CBF ; carotid blood flow (ml/min<kg), CVR ; carotidal resistance
(mmHg/ml/min+kg), FBF ; femoral blood flow (ml/min-kg), FVR; femoral vascular resistance (mmHg/ml/min-kg)
mean+SD, % =P<0.05, % * =P<0.01
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and during hypoxia of experiment C and D

. H y p o X i a
Experiment | Item | Before Tmin 2min min | Smin Tmin T0min T5min
HR| 128418 | 128+20 | 130222 | 120£18 | 127221 | 519" | G4x21°*| 08122°°
MBP| 134431 | 142:28° | 146535 | 151437°* | 148533 | 13034 | 127439 | 129+
VP | 53+22 | 54426 | 55127 | 54122 | 53+19 | 51+23 | 50427 | 5030
CO| 132xdl | 142436* | 145139° | 146442+ | 14d+dl* | 136550 | 126442 | 126435
TPR| 1055036 | 1.04029 | 1021029 | 1.072031 | 1031038 | T.024£040 | LOL=0.40 | 1.02+037
c RBF| 2781105 | 2802111 | 2774098 | 2.772088 | 2.750092 | 2.77£1.23 | 2925112 | 2.91%0.99
RVR| 468215 | 5052198 | 5215238 | 5034200 | 510+16.1 | 4925193 | 455+191 | 43.8+195°
CBF| 105+10 | 113121 | 11.4528% | 113227 | 11.0+23 | 112222 | 110519 | 108<18
CVR| 123156 | 121455 | 123146 | 127444 | 123248 | 123443 | 119439 | 118438
FBF| 6.64£2.06 | 7081224 | 7502246 | 7.3653.00 | 7.80+252%| 7.3042.34 | 7.20+2.66 | 7101252
FVR| 104161 | 193450 | 185453 | 196567 | 185459 | 173154 | 170461 | 175154
HR| 131221 | 13322 | 128123 | 127427 | 126524 | 89427 | 94126 | 9.7
MBP| 135433 | 145137° | 145433 | 155+20°* | 155+27* | 13329 | 13427 | 132136
VP | 54%27 | 55430 | 56431 | 55128 | 57429 | 59431 | 60130 | 57128
CO| 123£37 | 142433 | 145+20° | 148237 | 149129° | 133436 | 130230 | 131432
TPR| 1041033 | 1034028 | 1.03+0.36 | 1.04£038 | 1.06-0.38 | 0.98+035 | 106038 | 1032035
D  |RBF| 2761099 | 2815102 | 280110 | 2755 1.10 | 2.83+£111 | 250+ 1.05 | 2.35+0.98°| 2.44%0.96
RVR| 4714196 | 5132200 | 51.0£19.2 | 503222.6 | 5105231 | 4924181 | 5212175 | 514+188
CBF| 102221 | 11.0£19° | 113421° | 100123 | 112422 | 123215 130+ 18] 12617
CVR| 125548 | 127447 | 124152 | 135446 | 133147 | 118440 | 05155% | 98147
FBF| 6.7242.26 | 7265250 | 7.86+238 | 8.1822.38"| 8.40+2.38%| 6.40£2.70 | 5.2822.90%| 4.7022.74%
FVR| 194165 | 192268 | 183174 | 184469 | 178165 | 198466 | 242+78% | 267185

HR ; heart rate (beats/min), MBP ; mean blood pressure (mmHg), IVP; inferior vena cava pressure (mmHg), CO;
cardiac outkut (ml/min+kg), TP ; total peripheral resistance (mmHg/ml/min+kg), RBF ; renal blood flow (ml/mineg),
RVR ; renal vascular resistance (mmHg/ml/min-g), CBF ; carotid blood flow (ml/min<kg), CVR ; carotidal resistance
(mmHg/ml/min<kg), FBF ; femoral blood flow (ml/min<kg), FVR; femoral vascular resistance (mmHg/ml/min<kg)

mean+SD, % =P<0.05, % %* =P<0.01

Table 4. Values obtained before and during hypoxia

Normotension (n=14)

Hypertensioﬁ (n=23)

Item

before during before during
PH 7.40+0.10 7.40+0.12 7.434+0.05 7.44+0.06
Pa0, (mmHg) 83.0+23.3 24.6+58** | 77.8+129 26.8+3.5%*
PaCO, (mmHg) 31.3+6.7 29.8+5.9 29.5+8.3 28.2+7.1
HCO-3; (mEq/ml) 19.1+2.6 18.1+24 19.04+3.0 18.74+2.5
O,saturation (%) 95.0+3.5 39.7+7.9*%* | 93.5+5.2 38.54+6.0**
O,content (vol %) 16.2+3.4 T74+3.1%* 1594+2.1 7.241.9%*

% % ; significant at P<0.01 corpared with the value before hypoxia

mean+SD
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Table 5. Values of PRA, PNE and PE obtained before and during hypoxia

Normotension Hypertension
Item
Experiment A Experiment B Experiment A Experiment B
(m=5) (m=5) (n=5) (=5)
PRA before 24410 26+1.1 9.3+3.2 8.7+3.6
during 6.8+2.3** 5.7+2.2* 10.2+3.8 9.6+2.8
PNE before 0.1940.09 0.17+0.11 0.32+0.12 0.26+0.08
during 0.26+0.12* 0.194+0.12 0.374+0.20 0.25+0.15
PE before 0.1240.06 0.11+0.05 0.17+0.09 0.15+0.08
during 0.20+0.15* 0.12+0.07 0.60+0.27** 0.17+0.07

PRA ; plasma renin activity (ng/ml/hour), PNE ; plasma norepinephrine concentration (ng/ml),

PE ; plasma epinephrine concentration (ng/ml)

mean+SD, *, * % ; significant at p<0.05, 0.01 compared with the value before hypoxia
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Fig. 2. HR: effect of hypoxia on heart rate.

ABP : effect of hypoxia on arterial mean
blood pressure.

administration of hexamethonium
before hypoxia.

mean=+SE, % =p<0.05, % % =p<0.01

+Ce:

O——0 Normotension
®——@® Hypertension
O-=--0 Normotension+Cé
@---—@ Hypertension+Cs

Fig. 3. CO: effect of hypoxia on cardiac output.

TPR : effect of hypoxia on total peripheral
resistance.

administration of hexamethonium
before hypoxia.

mean+SE, % =p<0.05, % % =p<0.01
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flow.
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+Cs : administration of hexamethonium
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Fig. 5. CBF: effect of hypoxia on carotid blood
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before hypoxia.
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Fig. 7. Effect of hypoxia of experiment C, D.
HR : heart rate. ABP : arterial mean blood pressure.
CO: cardiac output. TPR: total peripheral resistance.
ACEI: under continuous infusion of captopril
B-blocker : following admisistration of propranolol
mean+SE, % =p<0.05, % % =p<0.01
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Fig. 8. Effect of hypoxia of experiment C, D.

RBF : renal blood flow. RVR: renal vascular resistance.
CBF : carotid blood flow. CVR : carotidal resistance.
FBF : femoral blood flow. FVR : femoral vascular resistance.

ACEI: under continuous infusion of captopril
f-blocker : following administration of propranolol
mean+SE, % =p<0.05, * % =p<0.01
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