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An investigation was made of those cont~ols of peripheral 
vascular resistance which act to effect changes of that resis- .-: , ,• 
ta.nee within one minute or less. Two controlling mechanisms·,. -

Three problems were investigated: 1) Selection of the op
timal technique for measuring the dielectric constant of highly 
conducting aqueous samples \!_own to 1.__5 Hz. @Determination 
of the frequency dependence of the maximum ·current density 
above which skeletal muscle tissue no longer behaves as a pas
sive linear electrical impedance. @Measurement of the di
electric constant and conductivity or skeletal muscle tissue 
down to 1. 5 Hz. 

are responsible for these changes, one acting through the • 1\ ,~ 

H" ,~ 

An analysis was made of the effects of electrode polariza
tion upon the accuracy 'obtained by others during measure
ments of the dielectric constant of biological tissues. The 
conclusio_n reached was that a null-reading impedance measur
ing system with separate potential sensing electrodes, i.e., 
a four-electrode bridge, was needed to obtain the necessary 

__ resolution. Exan1ples of the two types of four-electrode 
~----~idges (active and passive) were built and analyzed in detail. 

( 

It was found that active bridges have the advantage over pas
sive bridges,.that active bridges are direct reading and hence 
a substitution technique can be used which eliminates some of 
the sources of measurement error. 

Active bridges can be based on the principles of either 
voltage comparison or current comparison. When using the 
voltage comparison techniques, the gain of the first stage am
plifiers can be larger than the unity gain of the differential 
amplifier which is used with the current comparison technique. 
It was found that increasing the gain of the first stage am
plifiers- -the ones which amplify the voltage across the sample 
and across the standard impedance--from a gain of one to a 
gain of thirty improved the resolution of the Half-Bridge by a 
factor of thirty. An active bridge using voltage comparison 
(the Half-Bridge) was built and all relevant factors affecting 
its perfoqnance were studied experimentally and theoretically. 

A series of measurements was made jn a separate bridge 
to determine the maximum current density (J_Q) at which 
muscle tissue behaved as a linear impedance element. It was 
concluded that, for frequencies below 4 kHz, skeletal muscle 
tissue behaves linearly for current densities below a nearly 
constant stimulation threshold of about 6 ma/ cm 2 • Current 
densities higher than 100 ma/cm 2 cause sufficient heating of 
muscle tissue at any frequency to change the measured resis-

...._ ...___ , tance. For frequencies above 4 kHz, J £ rises rapidly to this 
-----r- , 100 ma/cm2 value. 
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Measuren1ent of the dielectric constant (E) and conductivity 

I 
(a) •of bullfrog sartorius muscle in the Half-Bridge over the 
frequency range of 1.5 Hz to 15 kHz show that E and a each 
approach a constant value at 1. 5 Hz. 

:An experiment is suggested to help determine_ the correct 
phy~ical mechanism for the frequency dependence, of E and 
a bbtween 1 and 1500 Hz. M $3.70; X $13.05. 288 pages. 
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nerves which innervate the vascular smooth muscltj, the other 
autoregulation in the tissue itself. 

The objectives of this investigation have bee_n: ·1). to gain 
new evidence about the nature and distribution o'f nervous in
fluence on peripheral resistance, 2) to acquire quantitative 
data concerning the behavior of autoregulation in skeletal 
muscle, 3) to investigate the interaction of nervous and auto
regulatory controls, and 4) to consider the mechanism of 
autoregulation from a theoretical viewpoint. The approach tc 
these objectives has included two phases: measurements of 
regional peripheral resistance behavior in dogs, and·formula
tion of a model of a metabolic autoregulatory mechanism. 

The experiments were conducted in dogs with intact, reac-
tive circulatory systems. Through the use of- chloralose 
anesthesia and an epidural injection, data were obtained both 
with and without active nervous control. Arterial occlusions 
were applied to perturb the circulatory conditions and allow 
measurements of the dynamics of resistance control. The re
active hyperemia which followed release of an iliac artery 
occlusion was used to study autoregulation in skeletal muscle. 

The conclusions resulting directly from the experiments 
may be summarized as- follows: 

1) In the tissues which receive their blood supply from the 
lower abdominal aorta, there ·is a hierarchy of nervous influ
ence on peripheral resistance. Typical nervous discharge pat
terns: a) profoundly affect the resistance of skeletal muscle, 
b) affect the vascular resistance of the muscles and organs of 
the pelvic region less, but still significantly; and c) affect the 
resistance of the kidneys little or not at all. 

2) The tonic (static) discharge of the nerves innervating the 
vascular smooth muscle is of little importance in determining 
the shape of the steady-state pressure-flow relationship. 
Rather, it acts to shift the relationship toward higher pres
sures. 

3) In reactive hyperemia, autoregulatory mechanisms domi
nate blood flow control, overpowering both static and dynamic 
nervous influences. If both autoregulatory and nervous con
trols influence the same vascular smooth muscle, this domi
nance means that autoregulation probably acts to alter the 
basic ability of the smooth muscle to contract. 

4) Quantitative data on reactive hyperemia implicate a likely 
metabolically linked autoregulatory mechanism and argue 
against a myogenic mechanism. 

Results of several other investigations as well as those of 
this one indicate that autoregulation in skeletal muscle is at 
least somewhat related to the metabolic conditions in that 
tissue. Therefore, a possible mechanism for metabolic auto
regulation which takes oxygen to be the autoregulatory agent 
has been postulated, formulated as a model, and examined 
theoretically. 

Based on the model's behavior, and its comparison with 
reality, a number of conclusions have been reached: 

1) The model of a metabolically linked, oxygen mediated 
auto'regulatory mechanism displays: a) both steady-state and 
transient autoregulatory behavior, b) responses which are very 
similar in magnitude and time course to those observed in the 
dog for a variety of perturbations, c) the ability to change pe
ripheral resistance rapidly. 
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