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INTRODUCTION

Sone of the effects of starvation and realimentatioc:
have been documented in the literature. IHypertension has
been one of the most frequently recorded results of starva-
tion-realimentation. Even though possible mechanisms of
the resultant hypertension have been investigated, the possi-
bility of structural change in the arterial tree influencing
hypertension has not been explored, The primary goal of
this project was to determine if short term starvation-
realimentation over a one month period, results in decreased
arterial capacitance and decreased arterial distensibility.

If such a change occurs, hypertension may result,

The second goal of this project was to evaluate the
indirect method for determining arterial capacitance, Pres-
ently, an accurate index of arterial capacitance can only
be obtained by removing vessel segments, which usually regulires

icing the animal, and determining a stretch-tension
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relationship, Therefore, the value of the indirect method can
be readily appreciated., Long term projects could be designed,
with animals serving as their own controls, and changes in
individual animals could be evaluated., Thus, establisaing
the validity of this method would offer a useful tool for
research, and could possibly have clinical implicatloas,

A third goal of this project was to compare cardliovascul
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A conmparison of arterial capacitance, arterial stretch-tension,
and arterial vessel electrolyte concentrations was of prinary
interest. There has been emphasis for the utilization of
standard breeds of animals for research, The theory being
that standardized breeds or groups will result in better con-

trolled experiments, and more reliable results, Howeve

H

y the

question must be asked, "What is the response of these animal

0]

to stress. conditions?®

The effect of treatment and animal type on arterial

e -

vessel sodium and potassium concentrations was of interest,

Elevations of arterial sodium and potassium have been reporte

L]
ol

in hypertensive animals and man., Various theories have been
expressed regarding the relationship between these electrolytes
and arcerial reactivity. The relationship between these
electrolytes, and arterial capacitance and distensibility,

has not been established.




REVIEW O LITERATURE
The Structural and Physical Properties of Arteries

Structural properties of arteries

Buck (1963) discussed the structural properties of the
tunica intima and tunica media, The tunica intima is composed
of the endothelium and subendothelium, and is demarcated from
the tunica media by the internal elastic lamina. The endothe-
lial cells are characterized by an inconsistency in heignt
throughout the arterial tree, tending to be more cuboidal in
the smaller arteries and squamous in the aorta. These cells
contain small invaginations of the plasma membrane Xnown as
pinocytic vesicles., It has been hypothesized that these
vesicles are involved in the transport of materials into and
out of the cell. The subendothelium consists of elastic
fibers and smooth muscle cells., This layer is believed to
arise from a "splitting" of the internal elastic lamina, and
the accumulation of acid mucopolysaccharide pools between the
internal elastic lamina and the endothelium. Smooth muscle
cells then ﬁigrate into the forming subendothelium from the
media. The subendothelial smooth muscle cells are arranged
longitudinally.

The arterial tunica media consists of smooth muscle cells,
elastic fibers, and collagen. In the aorta, heavy elastic
lamellae alternate with interlamellar spaces which contaln

the smooth muscle cells, Each muscle cell extends from one
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lamellae to the next. The long axes of the cells are parallel
to one another, but oblique to the elastic lamellae. The
media of the muscular arteries consists of closely united
smooth muscle cells, and elastic fibers are present in all
arteries except the smallest arterioles and arteriovenous
anastomoses. Elastic tissue is found in highest proportion in
the aorta where it makes up 30 to 40% of its dry weight. 1In
muscular arteries the major elastic membranes consist of the
internal and external elastic lamellae, The elastic membranes
are composed of fibrous networks, and have fenestrations
through which cells and materials may pass. The collagen con-
tent of the media of normal muscular arteries is very low.
However, in the aorta of man the collagen content is greater,
while in the rat, collagen fibrils are seemingly distributed
randomly.

Pease and Molinari (1960), in an electron microscopy
study of the pial vessels of the cat and monkey, demonstrated
a close relationship between elastic fibers and the baserent
membranes of smooth muscle cells, The elastin appeared to
blend and attach with the basement membranes of smooth muscle
cells to form a continuous system, On the other hand, collagea
was never found to be directly associated with either elastic
Fivers or basement membranes, but formed a separate framework
which permeated the tunica media of larger vessels. Fibro-
cytes and histocytes were never seen in the endothelium and

Chddha

media, This fact led to the conclusion that the smooth muscle



cells are responsible for organizing the connective tissue
skeleton. The authors speculated that the‘elastin consists
of two elements; a mucopolysaccaride matrix which is not
specialized, but becomes elastin when a second substance is
deposited within it. The matrix was considered to be a pre-
cursor material, probably from the smooth muscle cells,

Pease and Paule (1960), in a study of the thoracic aorta
of the rat, demonstrated a direct attachment of muscle to
elastin by a thin (200 z) layer of "cement substance". No
evidence of any direct attachment of collagen to either smooth
muscle or elastin was found. The authors further demonstrated
small masses of intracellular elastin within the endothelial
cells, This finding was felt to be due to phagocytosis by the
endothelial cells..

Haust et al. (1965) studied fetal, neonatal, and adult
aortas in an attempt to determine the pattern of elastogenesls,
The intima of the fetus consisted of a continuous layer of
endothelial cells which rested on the internal elastic lamina.
In older fetuses, smooth muscle cells were occasionally present
in the intima, and associated with the smooth muscle cells
were small elastic and collagen fibers. In some newborns, one
to two layers of smooth muscle cells were found between the
endothelium and the internal elastic lamina. The internal
elastic lamina also had gaps which weré frequently occupied
by cellular elements. The media of the fetus and newborn

consisted of smooth muscle cells which alternated regularly
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7ith elastic lamellae, smaller elastic elements, and collagsn
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aments, Elastic filaments were found to have a close
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relationship with the basement membrane of smooth muscls cells,
It was concluded that the elastic fibers originate at the
level of the basement membrane of the smooth muscle cells,
Fischer and Llaurado (1966) examined, from dogs, the
collagen and elastin content of different arterial beds, The
ratio of collagen to elastin (C/E) was used as an index, It
was noted that the composition of the arteries did not reflect
the conneétive tissue content of the part of the =zorta fron
which they arose, For example, the C/E ratio for the coronary

artery was 3,12 t 0.21 and for the carotid artery was 2,55 z

0.13, while the C/Z ratio fer the ascending aorta was 0.%49 5 4
0.04%, Similarly, the C/E ratio was greater for the renal
artery (2.46 £ 0.27) than for the abdominal sorta (1.58 £ 0.15).

perty of a high C/E ratio indicates low distensibility.
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Since the -carotid and renal arteries are pathways to blocd

pressure sensors, this property would serve them well, since

pressures would be transmitted without alteration to the det
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tor, The authors concluded that the decrease in distensibility

of the abdominal aorta when compared with the thoracic aortsz,

-;—-

'_h

o |
al

(‘1

might reflect the effect of external environment on arte

connective tissue content since less protection is afforded the

a2bdoninal aorta.



This result was thought to be somewhat paradoxical, since an
increase in collagen content would be expected to occur to
lend more support to the hypertensive artery. The change in
distensibility of the renal artery was felt to reflect a
disruption in the function of the transmitting properties of
this artery to the kidney baroreceptors,

Apter et al. (1966) suggested that the decrease in elas-
tin, found chemically down the aorta, was due to thinning of
the elastic lamellae and not due to a decrease in number.
Phase-contrast microscopy revealed the same number of lamellae
per unit thickness in the pulmonary artery as in the aorta,

although the lamellae were much thinner in the pulmonary tree.

Physical oroperties of the arterial tree

Texon (1963) discussed the hemodynamics of the arterial
tree with regard to laminar flow, turbulence, Polseuille's
law, and Reynold's number,

"Laminar or streamline flow in a circular tube, 1is

also called Poiseuille flow because Poiseuille (a

physician) first studied the steady flow of liquids

in cylindrical tubes., Poiseuille's law states that

the pressure drop is directly proportional to the

length of the tube, to the rate of flow, and to the

viscosity, while it is inversely proportional to the
fourth power of the radius,"
When the velocity of flow increases to a critical point and
laminar flow breaks down, turbulence occurs, and Polseullle's
law ceases to apply. The critical point 1is dependent on tne
velocity of flow, the density and viscosity of the fluid, arnd

the diameter of the tube, These factors are combined in the




Reynold!'s number defined as:

~

where V = velocity of Tlow
= GA1af r ocf the tube
D diameter ol tne b

density of the fluid

o]
Il

u = viscosity of the fluid,
A Reynold's number of 2000 is usually given as the critical
value for transition from laminar to turbulent Iflow.

Burton (1954) hyrothesized the structural-functional rela-

4y

tionshi elastin, collagen, and smooth muscle in the arte-
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rial wall, Values for the modulus of each tissue were given

; . 2 . ‘ —
followed by elastin (3x1 dynes/cm”) with smooth muscle beinz

Burton considered the el ic fibers and collagenous fibers to
pe arranged parallel with each other, but with the collagen

would mean that when the wvessel is distended, the elastic
fibers with a great range of distensibility before the elastic
linit is reached, function to produce maintenance tens
against the normal blood pressures and normal pressure fluctua-
tions, The collagenous fibers are stretched at higher pres-
res and have a protective supporting role, The smooth
muscle functions to provide active tension and contributes
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Patel et al. (1960), when studying the mechanical proper-
ties of the major pulmonary arteries, demonstrated similar
effects’ (decreased distensibility) of norepinephrine - on the
pulmonary arteries. The authors postulated that either the
smooth muscle itself increases in elastic modulus, or that
norepihephrine' altered the physical properties of collagenous
and elastic fibers by increasing their elastic moduli., A
decrease in distensibility was also noted when a vasodilating
agent (Priscoline) was given intravenously. This seeming
paradox was felt to be due to stretching of the elastic and
collagen fibers which results in their becoming more resistant
to further stretch, and thus less distensible.

Bergel (1961) studiéd the static elastic properties of
the arterial'wéll, and demonstrated an increase in elastic
modulus as the‘vessel was distended. The mean values for
static elastic modulus (dynes/cm2 x106) at 100 mmHg pressure
were thoracic aorta 4,3, ébdominal aorta 8.7, femoral artery
6.9, and carotid artery 6.4. Bergel also calculated an elas-

tic modulus for smooth muscle of 1x106 dynes/cm2 which is

.

much higher than the value given by Burton (1954%) of 6x104
dynes/cmz.

Learoyd and Taylor (1966) studied the effects of age on
the elastic properties of human arterial walls, An increase
was noted in the elastic modulus of the thoracic aorta in the

nold" group (16.6x106 dynes/cmz) when cbmpared with the "young"

group (?.5K106 dynes/cmz). Furthermore, a decrease in-the
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elastic modulus of the peripheral vessels was noted with age,

and the wall of these vessels became thicker with age.

Distensibility vs capacitance

Burton (1954) described distensibility as the % increase
in volume per mmHg rise in pressure:

100 dav
el ol N
Capacitance, on the other hand, 1s described as the lncrease
in volume caused by a given increase 1n pressure:

oy
3

C

; Roach and Burton (1957) demonstrated the function of the
various componenté in the arterial wall by obtaining distensi-
bility curves on human iliac arteries. Elastic tenslon dia-
grams were made with fresh vessel segments, segments treated
with formic acid (to remove collagen), and segments treated
with trypsin (to remove elastiﬁ). Curves recorded from fresh
segments and collagen depleted segments demonstrated little
change in shape at low pressures, However, at higher pressures*
(abéﬁe 100 mmHg) the collagen depleted arteries were much more
distensible., Conversely, elastin depleted vessels showed a
marked decrease in distensibility at low pressures when com=-
pared with fresh vessels, The authors concluded that the
elastic fibers were chiefly responsible for tension at low

pressures, but play a minor role at pressures greater than

100 mmHg,
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Speckmann and Ringer (1966) demonstrated, in turkeys,

a greater "distensibility" at medium and high pressure ranges
(100-225 and 225-500 mmHg) in the thoracic aorta than the
abdominal aorta., It is interesting to note that the wvalues
of distensibility which the authors reported, had units in
ml/mmEg, which is actually a measurement of capacitance.

Warner et al. (1953) evaluated, in man, the capacitance
of the arterial tree indirectly by measuring the cardiac out-
put, using an aortic and femoral artery pulse contour curve,
and applied the following formula which he derived:

CO = kF (Pmd)(1 + Sa/Da)

cardiac output

where CO
k = capacitance (arterial)
F = heart rate
Pnd = end systolic mean distending pressure

Sa/Da = ratio of systolic drainage area to diastolic
drainage area

Once the value of capacitance was found, Warner was able to

calculate beat to beat changes in cardiac output.

Pulse-wave velocity

Another method used to estimate arterial distensibility
is the pulse-wave velocity method. To quote Burton (1565):

"The determination of pulse-wave velocity would
remain rather academic except that it is one of
the few ways that the arterial distensibility,

as an index of the aging of arteries, can be
measured conveniently in man, The connection
between the pulse-wave veloclity and volume dis-
tensibillity of the arteries is based on a classic
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calculation in physics for the velocity of propa-
gation ol transverse waves,"
o R i2.
Distensibility = 2T
V2

Hallock (1934), on 500 persons aged 5 to 85, demonstrated
an increase in pulse-wave velocity with age. The average velo-
city in young persons was 4 m/sec, while in old persons the

average velocity was 10 m/sec,

The Effects of Starvation and

Refeeding on the Cardiovascular System

Keys et al. (1950) in the "Minnesota Experiment", 1in which
32 men underwent periods of semi-starvation (24 weeks) and
rehabilitation, demonstrated bradycardia, decreased arterial
pressure (systolic and diastolic), venous pressure, pulse
rate, and cardiac output. There were decreased amplitudes of
all electrocardiogram deflections, with right axis shift of
the QRS and T complexes, The absolute plasma volume was
increased, while the absolute blood volume was decreased
during the period of semi-starvation. During the twelve weex
period of refeeding, the above mentioned parameters slowly |
returned to normal. Keys observed that the most severe
deteriorating effect of starvation was on the heart, wnich
was slow to regain normal function and was also in danger of

failure, when overeating occurred during rehabilitation.




#

B e

’._L
by

Brozek et al. (1948) reported that two years following
the relief of the World War II siege at Leningrad, hypertcn-
sion suddenly became a major medical problem. The increaszed
incidence of hypertension was seen in all ages, and not just
in the elderly patients. Before the war, patients with anyper-
tension accounted for 10% of all admissions to the Therzputic
Clinic of the Pavlov Fist Medical Institute. This proportion
dropped during the periocd of semi-starvation (Cctober 1941 to
March 1942) and then increased progressively through 1943,

By June 1943, 60% of the patients admitted were hypertensive,
The rise in blood pressure was attributed to refeeding after
the war, and the necessity for hard work during the war,

Wilhelmj et 21, (1951) demonstrated a lowered blood
pressure and decreased heart rate in dogs during fastiﬁg.
which lasted for varying periods of time (2 to 14 days).
During the first few days of the fast, the blood pressure
usually fell and then always rose, often to levels above
pre-fasting levels. The blood pressure would then begin an
irregular descent to a stable fasting level.

. Wilhelmj et al., (1956) subjected four trained dogs to
six "fat episodes" during a fourteen month period, Each
episode consisted of a prolonged preliminary fast followed

s

by realimentation with a diet containing 50% or more of the

<

D

lories from beef suet and butter,and fed at a level of

o

o Fill g
0 Cal/m /hr/24 hours. The blood vpressure remained high

Y
o
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and often rose during the fasting stage. After the fat
episodes the dogs were placed on a kennel diet, and the bhlood
pressure returned to normal. Wilhelmj postulated that the
homeostatic mechanisms which tend to prevent a fall in blood
pressure during fasting had become hypereffective,and that if
they could be stimulated for prolonged periods of time, true
hypertension might result. The dogs were then placed on
various diet schedules (fasting excluded) for a period of

475 days., A diastolic hypertension resembling benlgn essential
hypertension developed in three out of four dogs.

Wilhelmj et al. (1957) studied the effects of total
sympathectomy on the_blood pressure of fasted and refed dogs.
Following bilateral paravertebral ganglionectomy and adrenal
denervation, the systolic pressure was within the normal range,
while diastolic pressure tended to be at the lower limits of
normal, During fasts of three to six weeks duration the
blood pressure did not fall, but remained the same or rose
above the control level. When these dogs were realimented
with a high carbohydrate diet, the blood pressure remained
at the fastiﬁg level., When fasted normal dogs were reall-
mented with the high carbohydrate diet, systolic pressure
rose significantly while diastolic pressure was normal or low,

Smith et al. (1964) demonstrated, in swine, a notable
increase in blood pressure following periods of total starva-

tion and refeeding. The initial control blood pressure was

e L
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133 £ 6/96 L 7 mmHg, and following the fifth phase of starva-
tion and refeeding with a diet high in glucose the pressure
was 183 s 10/139 2 10 mmHg. A hypertensive trend was noted
following the first phase of starvation and refeeding. Electro-
cardiograms recorded duiing starvation revealed arrythmia and
T wave inversion.

Consolazio et al., (1966) studied, in six men, the effects
of ten days of complete fasting and four days of rehabilita-
tion. Blood pressures taken at rest decreased from 113 mmig
on the first day to 102 mmHg on day ten of fasting, and
returned to 115 mmﬁg after four days of refeeding. Diastolic
pressures decreased from 73 mmHg on day one to 68 mmHg on day
ten of starvation, and returned to normal on the third day of
refeeding., Consolazio recorded electrocardiogram changes
which were similar to those recorded by Keys (1950).

Bernardis and Brownie (1965) demonstrated a decrease in
blood pressure in adrenal enucleated rats and intact rats on
a restricted food intake, Following ad libitum realimentation,
a significant blood pressure rise occurred in the adrenal
enﬁcleated rats when compared with controls, Hypertension
occurred without increased sodium intake. The authors con-
cluded that the regenerating adrenal did not lose its hyper-

tensive potential despite food and NaCl restriction,



17

The Electrolyte Content of

Hypertensive and Normotensive Arteries

Tobian and Binion (1952) studied specimens of renal
artery from cases classified as hypertensive or normotensive,
from clinical and postmortem data. A significant difference
was found between the arterial sodium content of hypertensive
patients and normotensive patients. The respective values
were 480 T 69 meq/kg dry weight for the former and 395 T 7
meq/kg for the latter. No significant difference was found
in the arterial potassium content between hypertensive and
normotensive patients. The water content ﬁas 17% higher in
the arteries of hypertensive patients, and a similar increase
(19%) was found in the aorta of hypertensive rats when com-
pared with normotensive rats. It was hypothesized that the
increased sodium and water content in the arteries resulted
in a "waterlogging" and narrowing of the arterial lumen.
This in turn would lead to increased peripheral resistance
and hypertension,

Tobian.and Redleaf (1958) demonstrated an increase in
the sodium and potassium content of rat aortas, with adrenal
regeneration hypertension, The sodium and potassium aortic
concentrations were 300.5 * 12.6 and 145 2 3.6 meq/kg dry
weight respectiveiy in the hypertensive rats, and 273 T &

and 132 £ 2.5 meq/kg dry weight in the normotensive rats,

These increases were significant for both sodium and potassiuz,
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It was further demonstrated that when an ischemic kidney was

:

-
-—

\n

removed from markedly hypertensive rats (mean pressure = 19
i4 mmidg), the rats remained hypertensive and asortic sodiun
and potassium levels were increased significantly. Sodiun

increased from a control level of 292.6 L,2 to 343.9 & 5.9

meq/kg dry weight in the hypertensive rats, and potassium
increased from 119, 5 to 136 el meq/kg dry weight. The

1

effect of increased sympathetic tone on the aortic electrolyte

¢

ontent was also examined by infusing norepinephrine for a
30 minute period. 'his was found to have no effect. The
authors speculated that the increase in sodiunm arnd potassiun,
in some cases of hypertension, might alter the tone of the

arterial smooth muscle, This might be obtzined either throuz:

o

an effect on membrane potential, or through a direct effect on
actomyosin,

Headings et 21, (1960) demonstrated a higher relative
sodium content in the pure tunica media wall than the whole

arteriasl wall, It was also discovered that the medizl sodiun

content was higher than tThe calculated value. The authors

h
13
ch
bt
13
¢

postulated that the excess sodium was associated wit:

Jones et al, (1964) studied the electrolyte distribution
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had a higher potassium content than the more distal pcrtions
of the arterial tree. Eowever, the opposite trend was ob-
served for sodium. This finding was true for both normoten-

sive and hypertensive dogs, and would indicate a highe

H

cellular provortion in the upper aorta than in the distal
arteries, Hypertensive arteries contained a significant
elevation of sodium and water when compared with normotensive
arteries, A significant elevation of arterial potassium ccn-
tent was not found in the hypertensive animals,

Douglas et al, (1967) demonstrated an increase in the.
aortic sodium content of twenty-one hypertensive rats, of
which 11 were vregrnant and ten were nonpregnant. When com-

ared with twenty-cne normotensive rats, aortic sodium ard

g

otassiun content was significantly elevated. Pregnancy did

‘g

not influence the aortic sodium content, However, hyperten-
sive preznant rats hzd a higher aortic potassium content than

hypertensive nonpregnant rats,
Etiological Theories of Essential Hypertension

Essential hypertension should first be defined before The

etiological theories are discussed, The cause or causes ot

mon 3

ti2l hyoertension are unknown, and the disease 1s further

o
6]
“
@
]
ci
._l

characterized by a diastolic pressure greater than 90 mrig,
increasec pulse pressure, normal cardiac output, ixncreased

cardiac work, and normal plasma volume,
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Krieger (1964) demonstrated neurogenic nycer

following bilateral sino-aortic

75% were permanently hypertensive

returned to normzal usu

ally within three

denervation, No diifferen

denervation.

in

wension .

Of 140

while the bzlarnce
months following

ice was observed in the heart rates

of the normotensive and hypertensive rats,

Marshall (1966), in a clinical study iavolving 860 cases
of cerebrovascular disease, found no significaat difference
in the blood pressure of patients with brain-stem 1ischemla as

compared with patients with ischemia of the cerebral hemi-
spheres. This finding appeared to contradict the theory that
brain-stem ischemia results in an increase in blood pressure
while cerebral ischemia has little effect.

Horrobin (1946) hypothesized that the baroreceptors
become "adapted" to a high arterial pressure, and interpret
this pressure as normzal; the author suggested that this

Mendlowitz et al, (1964) dogmatically
a composite result of
inflﬁencing
They concluded that a basic her

defective catecholanine

cilrculating catecrhoianine levels, lne

stated

primarily catecholamine and secondari

mary rather than secondary.

any factors

dwt~'\n1r d_.::' =~
- ol L= B Cu
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concentrations can be increased as a result of elevated
anglotensin, which in turn stimulates aldosterone production
by the adrenal cortex,

Knudsen and Dahl (1966) utilized two highly inbred strains
of rats (one strain resistant and the other sensitive to
sodium induced hypertension) to demonstrate the effect of
sodium intake on blood pressure. The rate and degree of blood
pressure increase, in sensitive rats, depended upon both the
level of sodium intake and the age of initial intake, If 8%
sodium chloride was fed immediately after weaning, all devel-
oped hypertension and most were dead within two months. They
concluded that essential hypertension coulcd . . To an
"inborn error" of sodium metabolism;

Pickering (1965) has suggested that essential hypertension
may be due to "multifactorial" inheritance. However, in his
opinicn, environmental factors may play a greater role than
inheritance in the rate of rise of blood pressure with age.
The environmental factors known to affect the rate of pressure
rise in man are: family size, physical work, and obesity.
Lower pressﬁres are seen in people with large families, people
who do not tend to put on weight with age, and in people
who do hard physical work.
dartroft (1966) has taken the nutritional approach in

,

nis studies of essential hypertension. By feeding rats diets

&

efeeding normal concentrations

ct

H

5
Ney
nermn

deficient in choline and

of choline, permanent elevation of blood pressure was produced
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later in life, If the rats were maintained on a diet cell
cient in choline, hypertension d4id not develop, Diets nig
in protein and scdium enhanced the rise in blood pressure
hypertensive rats, and low amounts of these ingredients
reduced blood pressure,

Helmer (1965) discussed the role of the renin-angiot

in hypertension. Plasma renin activity is greater

hypertensive than normotensive patients, especially hyper-

tensives with reduced renal perfusion or malignant hyperte

nin,

=

With the elevated plasma re more angiotensi

resulting in an increased tlcod pressure

oo
A

an increase in aldosterons levels, The eleva

results in sodium retention, which in turn may resulsv

s81 erial tem to circulating

ck

exce ve response by tha ar sys

catecholamines,
Ra

Cha Baldwin (19€66) demonstrated a differen
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asls

and

sodium excretion of the two kidneys (one kidne

}_l‘

ess sodium than the other) of hypertensive

wit

compared

w
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Nne-—

ani

*



23

Greene et al. (1966) studied the distensibility of the
brachial artery, of live normotensive and hypertensive pa-
tients, by in vivo pressure-volume measurements, Their
results demonstrated a trend toward a decreased distenéibility
in hypertensive patients. The authors did not discuss whether
the change was primary or secondary.

Feigl et al. (1963) demonstrated in dogs, serving as
their own controls, a decrease in distensibility with hyper-
tension produced by wrapping the kidneys with cellophane., The
average elastic modulus increased from 1,813 to 3,650 gm/cmz.
This increase was statistically significant., It was their
conclusion that this was a measurement of change in arterial
wall composition during hypertension.

Schroeder (1965) demonstrated larger concentrations of
renal cadmium and higher renal ratios of cadmium to zinc in
most patients dying of "hypertensive complications"., Human
hypertensive patients were also found to excrete forty times
more cadmium in the urine than normotensive controls, The
source of renal cadmium is the diet, with shellfish and cereal
grains contéining the largest amounts. It was Schroeder's
opinion that cadmium might act as a "biochemical renal lesion”
in cases of hypertension which do not exhibit other organic
renal disturbances,

It is thus obvious from this short review that there is
probably no single cause of essential hypertension, but many

factors may be involved or influence the development of the



S e RS e

TN LT T SN RS T TR TS

L e B Rl

“IT

24

disease in any one individual.

ion Indicator-Dilution
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Method for Determining Cardiac Output

tewart (1897) was the Tirst to use the indicator-dilu-
tion method to determine cardiac output. Hypasrtonic saline
was used as an indicator, and the conceantration in arteria
blood was determined by measuring the change in electrical
conductivity of the blocd., The indicator was injected into
either the superior vena cava or the left ventricle, and
changes in arterial blood concentration were measured in the
femoral artery with electrodes placad between the artery and
a piece of insulating material, With thlis measuring device,
Stewart was able to detect a plateau of indicator concentra-
tion. During this plateau, arterial blood samples were takan
and analyzed for hypertonic saline concentration, Having
taken sanples prior to injection of indicator, which had zero

concentration of hypertonic saline, the Fic

(.)

To calculate cardiac output.

Cardiac output = —— o A 5
arterial indicator conc - venous incdicator conc

The problem of recirculation of



making flow measurements with the indicator-dilution method,
hey noted that when recirculation was prevented the dcwn-
slope of the curve had a semilogarithmic plot. The proolem
of recirculation was accounted for by replotting the curve
on semilogarithmic paper, Thus, a more accurate value of
cardiac output was obtained.

Guyton (1963) described another method to correct for
indicator recirculation. He determined if the curve was
deseribing a semilogarithmic plot by taking the ratios of
successive concentrations of indicator over fixed time inter-
vals on the curve downslope. If a semilogarithmic plot wWas
being described, the ratio remained constant, but at the

£ recirculation the ratio changed. The next downslope

i)
(@]
cl

value of the extrapolated curve was found by multiplying th

ratio constant by the indicator concenuratloa prior to recir-
lation. This prccedure was then continued; that is, nulti-

plying the previous concent ration value by the ratio coné ant

until the curve approached the abscissa.

.

nee the advent of the indicator-dilution method, maay

tn
‘_l-

different substances have been investigated for use as indi-
cators. Stewart (1897) used hypertonic saline as an indicato
n his early studies, Initially methylene blue and glucose

were used, However, no neth was available at that Tice Ior

guantitating their respective conce entrations in the bvloold.

i ig
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Hamilton et al. (1948) introduced Evans blue dye (T-1824)
as an indicator for indicator-dilution studies of cardizc out-
put. ZEvans blue dye combines readily with the plasma proteins

and therefore leaves the circulation very slowly. It is con-

sidered nontoxic as used in small doses, However, high doses

(50 mg) in man results in a blue discoloration of the skin.,

The main disadvantage of Evans blue dye is that the wavelengtn of
maximum absorption occurs at 630 millimicrons., Oxygenated

hemoglobin also absorbs light at this wavelength thereby making
the results dependent on the oxygenated-reduced hemoglobin

ratio, This in turn results in an error in the calculation of

Fox et al. (1957) intrcduced indocyanine green as an indi-
cator with a maximum absorption at 805 millimicrons. At this

wavelength the light absorption of oxyhemoglobin and reduced
hemoglobin is the same, Indocyanine green is also nontoxic
and leaves the Dbloodstream very rapidly after its first circu-
lation, thus avoiding a prolonged circulatory concentration.
Fox and Wood (1960) demonstrated that variation in the pi

.

of the indocyanine green diluent (distilled water) between

O
O
o

6.0 & caused no change in the peak absorption of

coacentrated dye solution

wct

vas slow enough to permit its use
up to Two days after the preparation of the dye solution. Fox

£

and Wood emphasized that the same dye solution should be used




for calibration of the detecting instrument and for injecticn
into the experimental animal,

Hunton et al. (1960) demonstrated that the largest per-

centage of indocyanine en is taken up from the plasma by
the hepatic parenchyms and secreted entirely into the bile,
One milligram of indocyanine green per kilogram of body weight

v

was administered to seven dogs, and venous blood sampla .were
taken at five minute intervals, for thirty minutes, The rate
of removal was exponential for at least fifteen minutes, 1In
all cases, average plasma disappearance rate was 7.6%/min.
Biliary obstruction resulted in a decrease in plasma dye dis-
appearance rate of 4,8%/min initially, and 0.8%/min 24 hours
after obstruction. The dye concentration increased in tThe

o

hepatic lymph until it equaled but never exceeded €

1A = ¥ | -
ne piLasia

concentration, In two hepatectomized dogs receiving the same

dosage of indocyanine green, the plasma disappearance rate for

|.J
H
0
ci
®
4
)
n

ia

d'

the first thirty minutes was 0,65%/min, This ini
thought to incorporate "distributional factors", because the
disappearance rate fell to 0,16/%/min for the next eight hours.

Hunton therefore concluded that the hepatic parenchymal cells

and not the reticulo-endothelial cells were respecnsible Tor
indocyanire green extraction, since the latter system was

)

rezsonably intact in both the biliary obstructe

Y
M
[
X

tectonized animals,
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Calenlation of cardiac outout

Kinsman et al. (1929) introduced the following formula

to calculate cardiac output.

bl
o
o

Cardiac output (in L/min)

el
b

H

where I = injected quantity of indicato

T = total duration of ths dye curve in seconds

Ql
[

the average concentration of indicator in time T
The value CT is equal to the area under the indicator-dilution
curve.

elman (1966) studied the errors in processing indicator-
dilution curves utilizing the trapezoid rule and Simpson's

rule of numerical analyses, and a planimeter to calculate the

under the curve, His study demonstrated that there is

m
jU}

Lre

5

ctained by means of the trape-

ct

le difference in tne areasgs o

g

%

b

zoid rule and Simpsonts rule, Kelman also stated that plani¥
metry is satisfactory for clinical determirnations of cardiszsc
output, however, he felt that for research purposes it was
better to use the trapezoid rule or Simpson'!s rule. He further
demonstrated that error may arise from estimation of the decay
constant of the curve. With ten investigators estimating
identical curves for the decay constant, the coefficlents orl
variation ranged from 1.2 to 7.8%.

Williams et =21, (1966) derived a new methed of calculating

the area of indicator-dilution curves, by trezatiang
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parabolas., They treated the exponential decay as a single
exponential and calculated this area without replotting.
When this method was compared with »lanimetry, the standard
deviation of the mean differences was 1,6%. When compared

rule and semilogarithmic replotting, the standard deviation
was 1,45,

Dalby et al., (1967) compared the results of plani-
metry and computer determinations of cardiac cutput in man.
They demonstrated, using the planimeter figure as the "correct
value®, that when the cardiac output was below 7 L/min, ther
was a mean error of + 0.3% and a standard deviation of T B.9%
in the computer calculations, However, above 7 L/min the mean
error was + 1.9% and the standard deviation was
the computer calculations, They concluded that the computer

was very useful when the cardiac output was below 7 L/min,

particularly when a rapid measurement of cardiac cutrut was

The effect of injection and sampling sites on cardiac
outwvut values

Bascsingthwaighte et al, (1962) conducted a study in which

indicator-dilution curves were racorded simul taneously from
two or itnree sites (pulmonary axr
aorta, femoral artery) after lanjections oz

sntaricr vena cava, right ventricle, pulmonary arcexry, or

-———— A =
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They demonstrated trhzt ta

v

¢

it
W
F '.)
L
fa
cr
H
-
=
B
O
iy
ju}
a3
o
[05]
ct
5
(6]
cl
I_r-
N
(1]
o,
(o]
O
(68}
5]

P

injection site has little effect (standard deviation of 5%) on
cardiac output, except when right ventricular

h sampling from the pulmonary arcery.
The standard deviations of ccaparisons of such curves, with
curves recorded simultaneously from the femoral artery aad
sortic root, were 13.7 and 16,1%. They coancluded that thers
was excellent agreement on curves sampled cantrally and peri-

pherally. However, there may be variations in individual

estimates, and the mean of repeated observations should be taizen

Lange and Botticelli (1963) demonstrated good correlaticn
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superlocr vena

caval (SVC) aand inferior vena caval (IVC) injection of dye

L

and subsequent recording from the fsmoral artery. The cardliac
tput (IVC) equaled 2.81 L/min, and the cardiac ocutput (3VC)
egqualed 2.73 L/nin,

Samet et 2l1. (1965) demonstrated that injection of indi-

2

cator into the pulmonary artery and left atrium resultes
similar levels of cardiac output expressed as cardiac index,

wnere cardiac index is equal to cardiac output/m~., In 109




atrium, nearly identical cardiac output values were cbtained

%

eern sucn

Trom the rignt and left ilizc sampling sites, 3ix:
curve pairs were recorded with an average difference of 5,87
and were within the 109 error attributed to the indicator-
dilution method. When injections were made into the aortic
root and the desceanding aortas, the differences in the paired
curves &iso recorded from the right and left iliac arteries
were an average of 9.94 and 23.1% respectively, It was con-

cluded that the degree of dye mixing is influenced by th

'5
@

distance available for mixing and not the degree cf turbulence

in the vessel traversed,

( {)

5

Opdyke (1965) demonstrated that the time of dye injection

T cardiac

O

during the respiratory cycle affected the values
output as measured from the pulmonary artery and ths descendin
aorta, When dye was injected early during the respiratory
cycle, the cardiac output as measured in the pulmonary artery
(840 ml/min) was less than that measured in the descending
aorta (1,715 ml/min). On the other hand, when dye was injected
late in the reﬁpl" ory cycle, cardiac output was more in
agreenent when sampled from the descending aorta (1,690 ml/minj

rin).

atstea and Li (1954%), using sodium pentobarbital anes-

L Ta F - e 1 o) s 3 L B g Y a o o = g A Aan i SeEC g 3 -n
thesiz, dexonstrated satisfzctory values for cardlac output in
g/ 3 = g 4 = - PR SCSRRURT SERRPSI T { " TrAA Ao A A
the dog., Thirty cardiac output delerminations were L&
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graded treadmill exercise, Rccordings

both at rest and during
were made from one sampling site with densitometers in series
and from two sampling sites. The absolute mean differencs

between the densitometers in series for all determination
rest was 460 ml/min or 5.4%5 of the mean cardiac output. With

the densitometers sampling from two sites, the absolute mean

The mean cardiac output, Thelr conclusion was that the results
demonstrated excellent reprocducibility of calculated cardiac
output using the indicator-dilution method.

Benchimol et al., (196%) studied 245 indicator-dilution
curves for the effect of rapidly repeated injections of indi-

cator on the resulting calculations of cardiac output.

indocyanine green as an indicator for a series of ten detsr-
minations, it was noted that the amplitude of the pealt deflec-

tion was lower for the last few determinations as ccmpared

with the initial ones, Thus, higher o) values were obtained
for the eignth, ninth, and tenth determinations. Howsver,

tenth curves and only a 5.74 increase between the second and

tenth curves., They also remarked that the contour of the dye

S = 33 A N 1 P 2 enA S TR o myande - Y, b/ A b Te T e T~y
curves did not change significantly throughout the study., Lrney

. 1 I 4 1 A n S o, a = A & v N T :
concluded that the increasing background of indccyanine zreen q

ect on the calculations of cardiac ocutput.

iy

nad little ef

— e o




mination was correct and all error existed in the otha

1ethod. No systematic error was revealed in either method,
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the two methods agreed closely between the mean valu

cardiac outout,
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consisting of twelve 3Specific Patrogen

Group one consisted of ten street dogs: nine females and

Bach animal was vaccinated for canine distemper and

el

~

hepatitis, and placed in a separates cage, The normal ken

diet® was utilized throughout the experiment, for both pre-
lininery diet stabilizatiocn and for the period of realimenta-

ment and five control animals was placed on experiment on
December 11, 1967, The animals were randonmly selected to sarve

as treatment or control animals, All of the control animals
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tere Temales, arnd four of the five treatment aninals were
1
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Physiological Analyses

Arterial capacitance was determined indirectly from the

3]

.

2
# 41"
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n

following relationship developed by Warner et al. (1

IF

dP = Pressure change from the peak of systcle to
the end of diastole

Sa = systolic area of the aortic pulse-pressure :
contour i |
.l}
Da = diasteclic area of the aortic pulse-pressure [
contour 1]
iwd,_}

Cardiac ocutput Bach animal was anesthetized with

6% sodium pentobarvital anesthesia to a surgical plane and

using the single injsction indicator-dilution method., The

nt jugzular vein was cannulated with medical grade teilon
tubing (0.059 inches ID and 0,091 inches 0D), and the cannu.a .
was advanced to the superior vena cava, One milliliter volunes
of indocyanine green dyel (1.25 mg/ml) were injected at a

i z i PR o~ 5P +1 Sy ) it
velocity of 60 milliseconds/ml through the cannula 1nto tae

Y

Pypas—
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2ump. The left common carotid artery was cannulated wit!

tuvbing identical to that used for dye injection. Tnrouzn

This Tubing, vlood was withdrawn through a Gilford

e ; P 2 5 e B 3 & i
(IR) Cuvette Densitometer-~Oximeter”™ by a Gilford Model 105-3
—— ~ 3 ) - - s Y A=
Constant Flow System, which resuited in a constaant flow
through the densitometer and produced a steady base line. 4

series of three-way valves allowed blood withdrawa during t:

cardiac output recording to be returned to the griral, Trus,
blood voclume did not change during the series of recorded

cardiac output curves. Tne cuvette densitometer measured

optical density changes of the dye in the blood, The elec-

rical output of the densitometer was connected by a cable
@ g o
To the input of ths Grass Model 7 Polyzra which recorded

the AQye curve., Eacnh aninal was heparinized with 1% heparin,
apd blood was withdrawn To be uctilized later for dye curve
calivration. A total of three dye curves were recorded fronm
gscn aninmal,

Cardiac outout computer For the third group of do

2 Gilford Model 104 Dye Curve Comput 5 was used to calculate

the area under the dye-dilution curves, The dye curves were

= i 4 A a4+ o » - k72

Sage Instruments Inc.,, White Plains, N.Y.

i

T I P i i e o - L ~ T~ + ) ) Vm N g =~
GilTord Instrument Laboratories Inc., Ovberlin, Orlo,
=

o T + e P b e A = s Siny 1
GilTord Instrumsnt Lseboratories Inec., 0Oberlin, 0rio,

(lvmaos Tratrsrsamns= ; - y T oo
:rags Instrumenc Convaxny, Qulney, MHass.
3
P I I o o N Y S ey ] ! % 94 MNla 2 A
Gilford Ipstrunent Laroratories Ixne,, Obszrlian, CaZo,
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simultaneously recorded by the Grass Polygraph. A compar

mparison
was made tetween values of cardiac output calculated manually
and those calculated with the cardiac output computer.

Dye curve calibration Three blood szmples of 5 ml
each were mixed with different known concentrations of dye.
These sanples, plus a blank sample, were drawn through the
densitometer, and a linear calibration was obtained. This
procedure was carried out for each animal,

Packed cell volune Packed cell volume was deternined

to insure consistency in blood viscosity; as abnormally high
low values will affect cardiac output. Heparinized blood

was drawn into micrchematocrit tubes and centrifuged for five

Dylse-nressure contours The right femoral and right |
cormon carotid arteries were cannulated with medical grade

carotid cannula was passed to the root of the zorta. Bach
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Figure 1., Equipment for recording cardiac output and pulse-pressure contours
A - Statham P23Dc pressure transducer for femoral artery pulse-pressure
contour
B - Statham P23Dc pressure transducer for aortic pulse-pressure contour
C - Sage Model 067 Automatic Injection Pump
D - Gilford Model 103 (IR) Cuvette Densitometer-Oximeter
E - Gilford Model 105-S Constant Flow System
F - Gilford Densitometer-Oximeter power supply
G - Gilford Model 104 Dye-Curve Computer

H - Grass Model 7 Polygraph
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Optically enlarged cardiac output curve
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Figure 4, Optically enlarged aortic pulse-pressure contour
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ARTERIAL PRESSURE mmHg

AORTIC PULSE CONTOUR

Tw = TRANSMISSION TIME
Pcd=176.6mmHg
Pab=148. mmHg
AP=Pcd-Pab=28.5mmHg
Sa =I167mmHg
Da =164.l| mmHg

Sa _
Da =].02

C =CAPACITANCE mI/mmHg

F =HEART RATE/MIN
CO = CARDIAC OUTPUT LITERS /MIN

; coO -
C = F 2P (1+Sa) = 0.141 m!/mmHg
Tw 04
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Two stainless steel couplings were placed in the lumen of

the vessel segment. Stainless steel wire extended from one
coupling to a micromanipulator and from the other coupling

to a Grass FT .03C Force Displacement Transducer.l The out-
put of the transducer was recorded by the Grass lModel 7
Polygraph.z The micro-manipulator was moved two or three
times to initially stretch the vessel and decrease hysteresis,
An initial tension of 10 grams was used as a starting point,
The vessels were then stretched by even increments of tension.,
At each increment, a reading of vessel stretch in millimeters
was made, and a movement of 0,002 mm/gm tension was recorded.

Thus, a corrected value of vessel stretch was obtained.

1 -
“Grass Instrument Company, Quincy, Mass,

2 . »
Grass Instrument Company, Quincy, lass,
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RESULTS AND DISCUSSION
Data Analyses

Data from this project were analyzed statistically with
a oomputer.l An analysis of variance program was used to
analyze arterial stretch-tension data, and the F-test was
conducted on the results, A correlation matrix was used to
analyze 23 variables at the 5 and 1% levels. A Student's
t-test was conducted on all variables (5 and 1% levels) to
examine the effect of treatment, sex, and the difference
between SPF and street animals.

Many of the statistically significant correlations eof
this experiment are unexplainable at this time., These cecr-
relations are included in the appendix, tables 16 and 17,

and may prove useful to workers in the future.
Physioclogical Analyses

Arterial capacitance

Arterial capacitance, as determined by the method of
Warner et al. (1953), was not affected by treatment or sex.
However, as illustrated in Figure 5, arterial capacitaxncse
was significantly (17 level) greater for street dogs than

SP? dogs., The mean value for the street dogs was 0,247

1 ok . _
Computer Center, Iowa State University, Ames, Icia,



Figure 5. Arterial capacitance of SPF and street dogs
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Figure 7. Diastolic blood pressure of SPF and street dogs
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Figure 8, Mean blood pressure of 3P and street dogs
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However, as Figure 9 illustrates, SPF males had a signif-
icantly greater (1% level) cardiac output than street males.
The mean cardiac output for the SPF males was 2059 ml/min,
while that for the street males was 1275 ml/min. <There was
no significant difference between SPF females and street
females, This-finding, along with the decreased arterial
capacitance in the SPF dogs, indicates possible cardiovascular
differences in the SPr dogs.

A comparison was made between values of cardiac output
calculated manually and with the Gilford Model 104 Dye-Curve
Computer.1 Table 2 demonstrates greater reproducibility
between the manual and computer methods of calculation than

reported by Dalby and Sloman (1967).

Table 2. Comparison of cardiac output values calculated
manually and with a cardiac output computer

lanual Computer
Cardiac Cardiac Absolute
Output Output Difference
ml/min ml/min ml/min % Difference
931 9LQg 18 1.9
1390 1354 36 2.6
1564 1603 39 245
873 881 3 0.9
1507 1486 21 1.3

1Gilford Instrument Laboratories Inc., Oberiin, Onio.,




Figure 9,

Cardiac output of SPF males and street males
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analyses

No significant dat

[J

., were recorded from serum san3les,

except for unexplainable or possibie nonsense correlations,

Neither treatment nor sex had any influence on arterial

vessel sodiunm and potassium concentractions., However, dif-

zorta potassium (15 level) and femoral artery potassium (5%

level) concentrations were significantly higher in the SPF

-2 . -~ N ] s iy g Q% - o - . -~ A m - - -
sium concentration was 5.839 mg/gm dry artery, and tne streec

Abdominal sorta and femoral artery sodium were signifi-

et

ntly higner % jevel) in street dogs. The street dog mean
= o [

(%

abiorinzl zorta sodium concentration was 8,230 mz/zn Qry
ery, while the SPF mean was 7.014% mg/gm dry artery. Ins

street doz méan femoral artery sodium concentraticn was 7.213

arcery.

Thase results seem to indicate an inverse relatlionszild
setuween She SPF and street dozs with respect To TaASiT vessel
sociun aad potassium concerntrations, Furthermors, Taerg wWas
a trernd Sowerd a higher thoracic aorta sodium cornveav 11l

ferences were noted between ths SPF andé street dogs. Thoracic
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Pigure 10, The mean concentration and distribution of sodium

n

d potassium in the thoracic aorta, abvdominal
orta, and femoral artery of SPF and street dogs
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Figure 11, Distensibility difference in the thoracic aorta of street and SPF dogs
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Figure 12, Distensibility difference in the femoral artery of street and SPF dogs
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significance (0.01% level). The same results were obtained
for the abdominal aorta, Figure 13, although the level of
significance was less (5% level)., Thus, the results of the
indirect measurement of arterial capacitance, which demon-
strated decreased arterial capacitance in the SPF dogs, were
verified.

The reason for the decreased distensibility in 3PF dogs
is unknown., It is possible that either the street dogs con-
tain more elastic tissue in their vessels, or that the SPF
vessels are more collagenous, Fischér and Llaurado (1966)
studied the collagen-elastin ratio of wvarious arteries, A
similar study, comparing various samples of SPF and street
dogs, would perhaps provide some enlightenment of the ques-
tion of collagen and elastic distribution in the two types
of animals,

One might further speculate on the influence of vessel
potassium on arterial distensibility, since potasslum was
significantly elevated in the thoracic aorta (1% level) and
femoral artery (5% level) of SPF dogs.

Figures 14, 15, and 16 illustrate the influence of sex

on arterial distensibility. Males demonstrated significantly

greater distensibility in the thoracic aorta (1% level),
abdominal aorta (0.5% level), and the femoral artery (0.01%

level)., The indirect method of determining arterial capaci-

tance did not indicate this sex difference, It can be recosg-

nized, from qualitative examination of the stretch-tension




Figure 13. Distensibility difference in the abdominal sorta of street and SPF dogs
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Figure 14, Influence of sex on thoracic aorta distensibility
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Filgure 15, Influence of sex on abdominal aorta distensibility
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Figure 16, Influence of sex on femoral artery distensibility
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Figzure 17 illustrates the effect of treatment on Thnoracic

aorta distensibility. Treatment animals had significantl

control animals,
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Figure 17, Effect of treatment on thoracic aorta distensibility
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Figure 18, Effect of treatment on abdominal aorta distensibility
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Figure 19, Effect of treatment on femoral artery distensibility




1.79

6.48

mm STRETCH
o
®

3.87

2.57

.26

A
®
[ ]
e A
®
° A
° A
= [ ]
" N & e=CONTROL 3
. A A= TREATMENT
® A
- A
* A
o A
A
- ®
A
D O I O O O | | | | l |
20 40 6080100120140160 200 250 300 350 400 500

gm TENSION




D
(o)

eakdown occurs in the thoracic asorta, the vessel would Dbe

unexplainable at this time.
From the relation P = T/r and the conversion factor, $80,

for grams into dynes and the factoer, 7.5x10 7, for dynes into

£

nrHg, the tension could be converted into mmHdg as:

- T % 980 x 7.5%10
- =

—
[
—

where P = pressure in mnig
T = total tension

T = initial radius + radius increase with teasil

O
v
&

Since the dimensicns of pressure are mm/cmz, T is erpres;ed
in gm/cm,

In order to apply this equation, the original value ¢
+ must be known. The originel value of r was not reasurea
in this vproject., However, the following is a sample calcu-
lacion using an assumed initial r value of 1,0 cn for the
shoracic aorta of a dog. At & tension of 160 grams, dr = 0.3
cm. Therefore r + dr = 1.3 cm., Applying equation (1):

- " ;.
P 160 » 980 x 7.5x10

B

aem £ i ]
= 1172.0 ¢
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3
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P = $; nmEg
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This value of pressure is in close agreement with
Burton (1965), who gives a value of 100 mmdg for a r of

4 L)

1.3 cm and T of 170 grams,
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S

beat changes in stroke volume or cardiac output can be

Sex effects were statistically significant for cardiac
output, ventricular weight, and arterial stretch-tension
analyses, Cardiac output and ventricular weight were signifi-
cantly greater (5% level) for males. Males demonstrated
significantly greater distensibility in the thoracic aorta
(13 level), abdominal aorta (0.5% level), and the femoral

rtery (0,01% level). The indirect method of determining

1

arterial capacitance did not reflect a sex difference., Thus,
it would appear that the indirect method is not as sensitive
to smaller differences in arterial capacitance,

The differences between SPF dogs and street dogs were
evaluated. The arterial capacitance, as measured indirectly,

was significantly greater (1% level) for street dogs. SP

males had a significantly greater (1% level) cardiac output

by

than street males, although there was no significant di ference
vetween type females, tretecn-tension analyses demonstrated
greater distensiblity in the street dogs vessels. The levels
of significaﬁce were, thoracic aorta (0,01%), abdominal

aorta (5%), and femoral artery (0,01%). SPF dogs had signifi-
cantly higher concentrations of potassium in the thoracic

aorta (1% level) and femoral artery (5% level). Coaversely,

street dogs had significantly higher (54 level) ccnceantration

of sodium in the abdominal aorta and femoral artery.
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There is a possibility that a relationship exists between
erterial distensibility and the concentrations of sodium and
potassium., It is interesting to note that the high levels of
potassium in the thoracic aorta and femoral artery of tne
SPF dogs seem to coincide with the low distensibility in these
two yvessels. PFurthermore, a trend was noticed toward a higher
potassium concentration in the abdominal aorta of the 3PF dogs.

From these results, it is evident that differences are
present between street and SPF dogs. A question which imme-
diately arises is, "What is the cause of the physiological
differences present in these two types of dogs?" This question
cannot be answered at this time, However, environmental causes
should be investigated. This SPF type should not be condemned
because of the results of this project. For certain projects,
these animals could serve very well, and if animals were

needed with a trend toward hypertension, they would apparently

be useful.
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Table 3. Trestment animals (recorded data)

Bd Vent
Wt Wt AC Cco SBP DBP MBP PV
Animal Sex kg om nl/rmHe ml/min nmBe mrHg mmHg n/sec FCV  HR
Street 1 F 20.45 95.7 0.425 2353 162.5 126.5 138.5 8.3 b, 210
Street 2 F 1341 79.2 0.271 1152 140.0 120.0 126.6 5 ois P& 150
treet 3 M 12.95 93.2 0,242 1504 . 122.5 104.5 110:5 5.4 43 150
Street 4 F 12.73 66,2 0.218 1250 163.5 141.5 146.8 ST L4, 180
Street 5 F 1114 84.5 0.196 1681 2035 177.0 185.,7 5l 45 210
Street 11 M 14.77 3.5 0.187 971 130.5 107.5 11541 8.7 40 162
Street 12 M 20,45 133.7 0.254 1382 150.0 125.0 133.3 6.4 41 138
Street 13 M 12.86 89.3 0.244 203 Y125 104.0 108.5 8.4 41 180
Street 14 1 9.09 67.5 0.335 1616 175.08 145.0 155.0 6.9 L, 216 =
Street 15 F 20,23 953 0.318 1507 143.5 1205 123.2 Tidy 41 132 o
SFF 7 F 10.50 69.2 0.178 1160 147.5 116.5 127.3 6.7 43 123 Ox
SPF 8 F 10.50 70,2 0.146 1005 143.5 118.5 126.8 6.0 40 174
SEF 9 F T1.10 62,0 0.163 682 1356.0 175 12357 5«8 43 132
SFi 10 F 1110 72.9 0.141 1470 1795 144.0 155.9 8.6 41 153
SFF 11 F 11,10 T2s3 0,08/ 670 194.0 15045 168.1 8,0 43 156
SEF 12 F 10,90 73.6 0.193 1620 1€62.0 133.0 142,7 6.5 40 172

8pd Wt = Body Weight; Vent Yt = Ventricular Weight; AC = Arterial Capacitance; CO = Cardiac
Output; SBF = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; MBP = Xlean Blood Fressure;
FIV = Pulse-Wave Velocity; FCV = Packed Cell Volume; HR = lleart Rate/min.




Table 4. Conlrol aninuls (r:corded dats)®

Ba Vent
i > Ut AC co SBP DRP {BP Fiv
Animal Sex e ) ul fumbe _ml/ein  mebe mHjr melp w/ses OV M
Street 6 F 8.18 ° 56.4 0,169 287 154.0 135,0 143 ok o7 40 180
Street 7 F 9.09 65.9 0.196 1038 140.0 115.0 123.4 5T 41 132
gtreoot 8 F 12,50 67.2 0.148 2157 247.5 158.5 188,2 6.4, 46 180G
Strect 9 F 10.30 £5.7 0.105 637 149.5 129.0 135.8 5,0 46 183
Street 10 F 9,77 67.4 0.188 765 85.0 61.5 70.0 4La? 45 126
Street 16 1) 3,64 87.3 0,132 1121 166.5 130.0 142.3 10.8 42 155
Street 17 Iy 16.13 1074 C.163 1514 179.5 143.0 155.2 9.0 40 194
Street 18 F 14,09 100.0 0,462 2019 156,0 137.5 145.3 6.3 45 92
Street 19 2y 16,82 89.5 0. 344 1935 162,0 137.0 145.3 8.6 38 174,
Strect 20 P 14.32 95,6 0.246 Q29 153,0 134.0 140.4 6.7 40 123 =
SrF 1 M 1779 105.6 0.222 2405 193.,0 1575 169.4 5.8 40 200 o
SPF 2 M 11.36  100.1 0.273 2027 162.5  133.5  143.2 5.1 41 180 -
SIE 3 M 14,50 112.1 0.213 2439 186.0 141.5 156.2 8.5 47 156
SPF 4 M 13.20 98.1 0.144 1437 185.0 149.0 161.4 14.1 &4, 200
SPF 5 M 12.30 26.1 0.176 1944, 209.5 162.5 178.2 8.7 40 140
SET 6 ol 15.50 04.0 0,242 2104 180.5 144, .5 156,5 7.6 L5 160

Boa AL ) . VT 2 . _— " %
Bd Wt = Pody lleight; Vent Wi = Ventricular Weight; AC = Arterial Capacitance; CU = Cardiac
Output; SBPY = Systolic Blood Fressurej DBF = Diastolic Blooad Pressure; MB:r = !fean Blood Pressure;
1AV = False=tWave Veloeity; PCV = Packed Cell Volume; HR = Hearti Rate/min.
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Table 5., Thoracic aorta electrolytes (mg/gm dry artery)

Treatment
or
Animal Control Sodium Potassium
b Street 1 T L,727 L, 609
el Street 2 T 8.052 5.784
* Street 3 s 8,626 5,847
Street L4 P 8.134 Ta375
: Street 5 s 7.086 6.377
Street 6 & 8.435 5.258
Street 7 g 7.558 6.0567
Street 8 C 8.950 IL,123
Street 9 C 8.292 5.194
Street 10 . 7.409 L,91i5
Street 11 ‘5 7,674 6.289
Street 12 T 8,105 6.034
Street 13 T 7.341 5,661
Street 14 T 6.237 5.839
Street 1 il i i B 6.105
Street 16 4 8.327 5.543
Street 17 C 8.015 6.145
Street 18 & 7.808 L.6k3
Street 19 & 8.183 5.067
Street 20 C 8.006 4, 6321
SPF 1 C 6.757 6.22%
SPF 2 g 8.096 6.519
SPF 3 C 7339 5.550
SPF L G 7.208 6,467
SPF 5 & 6.814 7.857
SPR 6 B 7.087 7.028
SPF 2 L 7.728 L,609
SPF 8 T 7.390 6.765
SPF 9 a 7.534 5+9%0
SPF 10 T 6.403 6.638
SPF 11 i 6,410 8,072
SPF 12 2k 7.278 5.987
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electrolytes (mg/gm dry artery)
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Table 7.

Femoral a
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rtery electrolytes (mg/gm dry artery)

Treatment
or

Animal Control Sodium Potassiu
Street 1 i 9.065 L,203
Street 2 i 7.809 30309
Street 3 i 9.293 3.5949
Street & 7,742 L, LL3
Street 5 6.479 2.754%
Strest 6 6,647 2.825
Street 7 6.126 &4 wé}
Street 8 8.807 L,278
Street 9 BTt 3.2%8
Street 10 4,637 7.583
Street 11 8.134 2,861
Street 12 8.021 3.861
Street 13 7,584 4,805
Street 14 8.632 L,109
Street 15 8.111 3.%59
Street 16 6.658 5.543
Street 17 6.010 5 6
Street 18 6.285 4,235
Street 19 5.968 3,097
Street 20 6,527 L,21i2
SPR 6. 8 9
SPF 5 5,948
SPR L 5 3
SPF 7, L,768
SPi 5. L o)
SPr 5. 2 1
SPPF L 7 0
SPF B 3 9
5o L 7 Bl
SPF b 7.462

PF b, 5.538

P 5 ¥ 4
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Tuble 8. Treatment animals (thoracie aorta rm streteh/sm tension)

Grams Tension (initial tension = 10 gnm)

Animal 20 40 60 £0 100 120 1,0 160 200
Street 1 — - - - - - e e s
Street 2 — - - - - - —-— e s
Street 3 — - — - — - - - -
Street lp el _— = e . ek S, = ——
Street 5 - - - - - - - — —
Strect 11 y P =25 6.0/ 7.59 8.63 9.92 10,88 11.84 13.43
Street 12 3.5 i) 9.3 10.59 11.86 1.3.00 14.03 15.43 17.26
Strect 13 1.79 3.83 5454 7.25 8.55 9.76 10.88 11.93 13.85
Street 14 1.29 3,25 4.7 6.09 7.05 7.97 8,65 . 9.31 10.26
Street 15 1.62 3.92 5.54 7.00 8.55 9.67 10,97 12.09 13.63
SFF 7 127 2,92 413 5.28 6.30 7.20 8.03 8.74 10.60
SPF 8 135 2.80 4.32 5.40 6.30 7.07 8.47 9.43 10.85
SPF 9 1.52 3.48 5.32 6.8/ 8.11 9,07 10.10 11.18 s
S.F 10 1.40 3.17 457 Y 6.68 7.64 8.41 9.12 10,35
SPR 11 1.65 3.48 4.88 6.28 T.49 8.64 9.72 10.62 —
SFI 12 134 2,86 4,32 553 6,61 7.76 8.78 9.56 p—
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Table 9, Control animals (thoracic aorta mm stretch/em tension)

Grams Tension (initial tension = 10 gn)

Animal 20 40 60 80 100 120 140 160
Street 6 —— —— - —- — —-— - -
Street 7 - - - —— — - - o
Streect 8 - s - - - i — -
Street 9 s . —— - - - - R
Street 10 - —— - e - —_— - -
Street 16 1.79 3.92 5.55 6.84 8.05 9.09 9.87 10.84
Street 17 1.46 3.34 4.78 5.96 7.08 g8.13 8.97 9.93
Street 18 1.84 4,08 5.76 7.22 8,58 9.89 10.95 11:93
Street 19 1.88 L7 6.24 7.70 8.95 10.01 10,95 11,78
Street 20 2.22 L. 37 6.08 742 8.66 9,84 10,80 11.88
SPF 1 1.40 3.30 457 5.84 6.99 7.89 8.85 10.24
SPF 2 1,55 3.42 4,38 5.8/ 6.580 7.89 8.72 9,62
SPF 4 Feaihi 2.98 432 553 6455 7532 8,16 8.93
SFF A f il 2.7 LaD7 5.84 6.80 795 9.03 9,93
SPF 5 o X7 3.42 48 6.22 7.49 8.26 9.35 10.12
SEF 6 152 3,42 4.88 6,47 755 8,6/ 9.35 10,18




Table 10, Treatment animals (abdominal aorta ma stretch/pm tension)

Grams Tension (initial tension = 10 gm)

Animal 20 L0 60 80 100 120 140 160 200 250 300 350 400 500
Street 1 = — . - - v — - — — - - s -
treet 2 —_— - — —— — — — — — — -— —— _— _—
Street 3 1.46 2.87 3.69 4.28 4.8 5.27 6,10 6.83 - - - - —_— _—
Street 4 1.71 3.15 3.78 4.16 4L.60 5,17 5.40 5.84 6,02 - —_— o S -
Street 5 == —— - — —_ - - - - - - — - -
Street 11 1.79 3.75 5.04 6.09 6,80 7.3, 7.88 8.35 9,35 10.25 10.82 11.28 - —-—
Street 12 2,96 6,038 7.88 9,17 10,21 10.96 11.63 12,21 13,06 13.86 14.40 15.00 15.53 16.33
Street 13 2.04 4.17 5.54 6.42 7.30 7.76 8.30 8.76 9.35 10.16 10.65 11.21 11.78 .
Street 14 1.32 2.83 3.71 4.34 4.63 4,92 5.22 5.56 5,83 6,36 6.81 7.20 17.60 —
Street 15 1.91 4.08 5.24 6.04 6.71 7.21 7.63 8.01 8.50 9.25 9,817 10.25 10.78 11.50
SPF 7 1.59 3.17 4.01 4A.74 5.08 6.01 6.66 7.31 8.98 9,838 10.90 - - e
StF 8 1.57 3.32 4.38 5,09 5.85 6.26 6.97 7.74 8.35 9.88 10.60 —— = e
SYF 9 1.65 3.42 L.38 5.22 5,86 6.34 6.8, 7.21 8.23 8.94 10,15 - - -
SPF 10 2.02 3.42 4.32 5,09 5,61 6,09 6.60 7.06 7.73 8.63 10.15 - - -
SFF 11 1.63 3.07 3.86 4.69 5.44 6.16 6.85 7.28 8.83 9,26 10,51 - - a
SiF 12 1.82 3,11 4.64 5.35 6,20 6,59 "7.06 7.51 _8.23 8.94 9,59 10.48 - _—




Table 11. Control animals (abdominal aorta mm streteh/pm tension)

Grams Tension (initial tension = 10 gn)

Animal 20 40 60 80 100 120 140 160 200 250 300 350 400 500

Street 6 2,14 4.10 6,16 7.30 8.15 8.93 9.22 9.8 11.10 -- — s - v

Street 7 2.08 3.85 4.79 5.56 6.15 6.54 6.97 7.30 8,21 8.98 9.63 10.18 o —

Street 8 3,42 5.41 6.48 7.40 8.34 8.91 9.34 9.92 10,36 -- - - - -

Street 9 2,04 3.88 5,17 6.13 6.76 7.25 7.72 8.20 8,99 9.62 10.29 — - -

Street 10 1,40 2.48 3.11 4.32 5.01 5.36 5.80 6.16 6.79 7..1 8.03 8.517 9.04 9.70

Street 16 1,79 3.75 4.88 5.62 6.08 6.68 6.9, 7.31 7.73 8.25 9,00 9.60 10.08 10.66

Street 17 1,59 3.65 5.05 6.14 7.02 7.51 7.92 8,30 8,90 9,52 9,96 10.35 11.56 12.10

Street 18 1,46 3.32 4.55 5.51 6.13 7.01 7.47 7.8, 8.50 9.08 9,56 10,05 10.53 11.36

Sireet 19 2,79 4.42 5.78 6.60 7.25 7.76 8,10 8.51 9.08 9.83 10.50 11.22 11,58 12.16

Street 20 2,11 4.28 5.88 6.82 7.70 8.44 8,97 9.74 10,50 11.48 11,90 12,45 12,92 13.73 b
SIF 1 1,67 3.75 4.97 5.85 6.53 7.21 7.75 8.28 9.00 -- - —— — - :1
SPF 2 1.8, 3.80 5.01 5.72 6.30 6,76 7.22 7.7, 8.68 9,63 10,28 _— - _—

SFPF 3 1.46 2.92 4.01 L.78 5.36 5.95 6.35 6.74 T7.34 8.00 8,40 8.80 9.18 10.19

SkF 4 2,15 4.30 5.57 6.57 7.93 8.39 8.95 9.56 -- - e e i -

SIF 5 2.86 4.92 6.32 6.97 7.95 8.77 9.06 9.53 = @ = - - - -=

Si'F 6 3,29 5,51 6,53 7.53 8.26 9.56 10.27 11.10  —= == —= = —e -




Table 12. Treatuwent animals (feroral artery mm streteh/pm tension)
Grams Tension (initial tension = 10 gn)

Anima) 20 20 60 80 100 120 140 160 200 250 300 350 400 500

Street 1 —- — - - - - - - - —- - - - -

Street 2 — — — - - - - - - - - - - —

Street 3 -- - — - - - - - - - — - — -

Street 4 - - — —- - — — — — —-- - — - -

Street 5 - - — — - — — - - - - - — —

Street 11 1.54 3.00 3.88 4.42 4L.B0 5.04 5.27 5,45 5,76 6,08 6,40 6,73 6,95 7.67
Street 12 1,96 3.75 4.7T1 5.22 5,55 5.69 5.88 6,06 6.38 6.73 6.95 7.23 7.48 8.25
Street 13 1.04 2.42 3.21 3.67 413 4.34 4.63 4.96 5.18 5.50 5.81 6.13 6.36 6.83
Street 14 1.46 2.92 3.61 3.92 4.13 4.34 4L.43 4.68 5.00 5.25 5.51 5,80 6.10 6.58
Street 15 1.51 2.75 3.38 3.94 A6 4.39 L.63 4.83 5.21 5.58 5.81 6.13 6.51 6.90
SPF S e I T i

SiF 8 -~ — - - —_— — - - — - - - - —

SPF 9 0.8, 1.42 1.73 2.07 2.30 2.9 2.66 2.93 3,43 3.90 -~ e - —

SI'F 10 0.90 1.36 1.82 2.15 2.30 2.57 2.85 3.12 3.48 3,88 4.28 L4L.68 5,45 --

SFF 11 0.94 1.45 1.76 2,13 2.30 2.50 2,73 2,93 3.81 3,99 —- - e -

SFF 12 1,12 1,78 2.22 2,47 2.66 2.89 3.11 3,39 4,10 4.88 5,55 6.05 — —

¢11
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Table 13. Control animals (femoral artery mm stretch/em tension)

Grams Tension (initial tension = 10 gn)

Animal 20 40 60 80 100 120 140 160 200 250 300 350 400 500

Street 6 1.38 2.77 3.28 3.74 4.00 4.26 4.52 4.90 5.45 -~ il e - -

Street 7 1.96 3.48 4.19 4.79 5.19 5,61 6.04 6.20 6.61 7.10 7.49 7.89 8.25 9.00

Street 8 2.02 3.36 4.06 4.63 5.02 5,40 5.87 6.19 6.71 7.2L 7.€6 8.25 8.63 9.28

Street 9 1.08 2.30 3.03 3.32 3.71 4.02 A4.37 L.67 5.24 5.56 6.10 6,55 6.89 7..6

Street 10 1,37 2.23 2.67 2,97 3.18 3.35 3.65 3.73 3.96 4.26 4.58 4.92 5.20 5.85

Street 16 1.29 2.54 2.96 3.51 3.92 4,12 4.32 4.63 ~- e - - - -

Street 17 0.828 1.92 2.44 2.8, 3.22 3.52 3,68 - - = - - - -

Street 18 1.29 2.42 3.01 3.40 3.80 4.01 4.22 4,78 5.18 5.58 5.95 6.20 6.45 6.62

Street 19 1.68 3.30 4.04 4.40 4.72 4.91 5.12 5.40 5,70 6.12 6,42 6.73 6.956 7.43

Street 20 2.22 4.25 5.03 5.47 5.86 6.21 6.47 6.73 7.05 7.78 8.13 8.46 8.76 9.323 =
SPF 1 1.21 1.96 2.36 2.70 3.00 3,22 3.47 3.67 4.08 L4.44 5.05 5.55 6.10 7.23 on
SPF 2 1.15 2,15 2.53 3.00 3.25 3.49 3.68 3.91 4.35 4.75 5.28 5.70 6.45 7.65

S:F 3 1,40 2.73 3.38 3.69 4.00 A.24 4.7 4L.68 5.10 5.63 6.03 6,40 6.89 7.94

SFF L 1.64 2,76 3.01 3.22 3.3 3.6 3.85 4.06 .4.41 4.75 5.21 5,68 6.14 =-—

SeF L — - _ = = - - - o s o~ o - i

SI'F 6 1.8, 3,32 3.91 4L.68 5.26 5.75 6,26 6.61 _7.29 8,35 9,11 10,03 == -




Table 14. Treatment animals (serum sodiuwr, potassium. and total cholesterol)

Total Total
Sodjum? SodiumP Potassium® Potassiumb Cholesterol® Cnolesterolb
Animal mea/L mea/L mnen/L mea/I, ne% i med
Street 1 149 158 5.0 R 340 254,
Street 2 149 . 150 50 4.8 176 250
Strcet 3 150 149 5¢3 5.1 128 ) 154
Street 4 146 148 53 5.0 162 181
Street 5 152 151 4.8 4.5 90 129
Street 11 148 156 4.6 4.3 116 116
Street 12 147 146 L7 bed 104 126
Street 13 150 149 4ol 3.9 154 184
Street 14 148 146 5.4 47 162 200
Street 15 146 147 Lol 4.3 82 204
SPF 7 149 148 43 5.1 134 140 R
SPF 8 147 148 £.3 a5 188 152 ~
SFF 9 151 151 4.6 41 200 150
SFF 10 149 147 5.0 4.3 184 162
SPF i 147 150 LT 3.8 148 160
SFF 12 151 150 b5 3.7 195 173
Street mean 149 150 4.9 4.6 161 179
SYF mean 149 149 A 4.3 175 156
© Overall mean 149 150 4.8 4e5 167 171

aBef‘ore treatment,

bAt the time of data collection.
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Table 15. _Control animals (serum sodium, potassium, and total cholesterol)

Total Total
Sodium? SodiunP Potassium® PotassiumP Cholesterol? CholesterolP
Animal meq/L nea/L mnea/L mea/L % me %
Street 6 148 160 5.5 51 142 129
Street 7 151 153 4.8 3.5 128 96
Strect 8 147 159 5%3 4.0 174, 190
Street 9 148 147 BuT L2 168 150
Street 10 147 149 dsTl 3.9 180 130
Street 16 150 150 ) 4.0 190 180
Street 17 149 150 4.6 Hivd 172 234
Street 18 151 151 52 4.0 178 212
" Street 19 147 145 52 o5 132 162
Strzet 20 17 148 5.2 bia2 166 182 -
SPT 1 148 149 L6 L5 164 182 R
SEF 2 146 148 B2 izl 96 128 @
SFI 3 147 150 5.0 be3 152 115
SFF 3 14,8 152 4.3 3.8 158 170
SFF 5 1ET 150 LS L2 194 185
SIF 6 149 151 43 42 182 175
Street mean 149 151 5.0 o2 163 167
SFF mean 148 150 kot 4.2 158 159
Overall msan 148 151 4.9 A 161 164,

8Before treatment.

bit the time of data collection.




Table 16. _Correlstions, positive(+) and nepative(-), not included in the results (1_Z level)

Variables? 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Bd Wt

Vent Wt .+

AC

o +

SBP

DBP +

HMBP + +

PdV

PCY

10 SSBE

11 SSAE

12 SIBE

13 SFAE

14 SCBE

15 SC;&E +

16 TAS - - +

17 TAP - +
18 AAS +

19 AAP

20 FAS

21 FAP _ -
22 1R + o+

23 AC/kg

oI ovn~wh =

611

81 = Body Weight; 2 = Ventricular Weight; 3 = Arterial Capacitance; 4 = Cardiac output; 5 =
Systollic Blood Pressure; 6 = Diastolic Blood Pressure; 7 = Hean Blood Pressure; 8 = Pulse-dave
Velocily; 9 = Packed Cell Volume; 10 = Serum Sodiwa Before Experiment; 11 = Serum Sodium After Ex-
perinent; 12 = Serun Fotassium Before Experiment; 13 = Serun Potassiun After Experivent; 14 = Serun
Cnolesterol Before Bxperiment; 15 = Serum Cholesterol After Experiment; 16 = Thoracic Aoria Sodiun;
17 = Thoracic horta lFotassiwa; 18 = Abdoninal Aorta Sodium; 19 = Abdominal Aorta Potassium; 20 =
Fesoral Artery Sodiun; 21 = Femoral Artery Potassium; 22 = Heart Rate; 23 = Arterial Capacitance/
kilogram,
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Table 17. Correlations, vositive(+) and negative(-=), not included in the results (5 % level)

Variables? 1.2 3 A 5 6-7.8 9 10 11 12 13 1. 15 16 17 18 19 20 21 22 23
1 Bd vt

Vent Wt

AC

(818}

SBEP

DBP

MBP

PV

PCV

10 SSBE

11 SSAE

12 SFBE

13 SFAE

14 SCBH

15 SCAE + +

16 TAS -

T7 "TAR

18 AAS

19 AAP

20 FAS -
21 FAP

22 HR +

23 AC/kg -+

V2oV~

g L

81 = Body Weight; 2 = Ventricular Yeight; 3 = Arterial Capacitance; 4 = Cardiac Output; 5 =

Systolic Blood Pressure; 6 = Diastolic Blood Pressure; 7 = lMean Blood Pressure; 8 = Pulse-Wave
Velocity; 9 = Packed Cell Voluric; 10 = Serum Sodium Before Experiment; 11 = Serum Sodium After Ex-
periument; 12 = Serum Yotassimm Before Experiment; 13 = Serum Potassium After Experiment; 14 = Serum
Cholesterol Before Experiment; 15 = Serun Chelesterol After Experiment; 16 = ‘Thoracic Aorta Sodiumn;
17 = Thoracic Aorta Jotassiwa; 18 = Abdondinal Aorta Sodiwna; 19 = Abdominal Aorta Yolassiwn; 20 =
Femoral .‘rlery Sodium; 21 = Femorzl Artery Potassium; 22 = Heartl Rate; 23 = Arterial Capacitunce/
cilogram,
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