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INTRODUCTION

In the past there have been two accepted methods used to
determine the concentrations of various constituents present
in the erythrocytes (RBCs) of different animal species: (a)
the direct method and (b) the indirect method. The direct
method involves the centrifugation of the blood sample, re-=
moval of the plasma, washing the cells in an isotonic solu-
tion, and measuring the concentrations of cellular constitue
ents directly. The direct method, at first, appears to be an
excellent approach. However, there 1s one major drawback to
this technique. Not all RBC constituents are bound to the
cell membrane; many constituents are contained within the
intracellular water. When the extracellular fluids change
drastically, as would occur with washing of the cells, diffu-
sion of various RBC constituents across the RBC membrane may
ensue, The indirect method, however, is not dependent upon
washing of the cells. With the indirect method, the RBC con-
stituent concentrations are calculated. The concentration of
the RBC constituent in question 18 measured in the plasma
and in a hemolyzed whole blood portion of the blood sample.
The packed cell volume of the blood sample, estimated by the
micro- or macro-hematocrit methods, is then used to calculate
the RBC constituent concentration. The indirect method also
appears to be an excellent approach, but it also has a major

drawback. When estimating the packed cell volume of a blood



sample, plasma becomes trapped between the cells and causes
an overestimation of the true cell volume. Consequently,
when calculating the concentration of a cellular constituent,
the trapped plasma error may glve false results.

Many techniques have teen devised to calculate the
trapped plasma concentration of a blood sample. Several dif-
ferent radionuclides (radioisotopes) and dye dilution methods
have been used to calculate the trapped plasma volume, but
these methods are time consuming and the results are not
always comparable among the different techniques used.
Another error of the packed cell volume, not usually consid-
ered when measuring trapped plasma errors, 18 the effects of
force and time of centrifugation on the RBCs. Because RBCs
are not rigid spheres, the RBC membranes become distorted,
and sometimes even rupture as the force and time of centri-
fugation increase. A satisfactory technique to eliminate this
error has not previously been developed.

Rogoff and Stewart (35) in 1926, with an experiment cone
cerning adrenalectomized dogs, found that the changes that
occur between the plasma and cells are open to criticism
because of the error associated with the methods used to
determine RBC electrolyte concentrations. i

This study was designed in two consecutive but inter-
related parts. The first part was concerned with the eval-

uation of a recently developed technique (a modified indirect



method) which eliminates the major error associated with the
indirect method of determining the RBC sodium and potassium
concentrations., The second part dealt with the changes which
occur in the plasma and RBC sodium and potassium concentra-
tions of adrenalectomized dogs; utilizing the modified in-

direct method to determine the RBC sodium and potassium con-

centrgtlon.



LITERATURE REVIEW

The Measurement of Erythrocyte Cations

Kramer and Tisdall (28) in 1922 briefly discussed some
of the first corpuscle anion and cation concentrations deter-
mined. They stated that the earliest recorded figures for the
concentrations of cations and anions in human blood corpuscles
and serum were those reported by Schmidt in 1850. Some years
later (1876) Bunge, a pupil of Schmidt reported a number of
complete analyses on the ash of blood corpuscles and serum of

several animals. They also stated that Abderhalden in 1898

published the results of a similar study on many different
specles of domestic animals. Since the time of Schmidt,
Bunge, and Abderhalden a large amount of information has been
acquired concerning the errors associated with the methods
used to determine RBC cation concentrations and the distribu-
tion of different cations between the plasma and RBCs of
various animal species.

One of the first problems to be approached when measuring
the RBC sodium and potassium concentration 18 deciding on the
units of measurement. Coldman and Good (1l1l) in 1967 measured
RBC sodium, potassium, and glucose concentrations in eight
different mammals by the indirect method. They stated that,
"In the past, a8 a reference datum in biological work, ana-

lytical data are best expressed as weight per unit weight of



dry matter. However, it has been found with rat renal papill-
ae that hydration and potassium depravation significantly
alter the weight and density of nonaqueous material and that
variation in the dry weight does not necessarily parallel con-
comitant changes in solute or water contents, It is, of
course, usually more useful to know concentrations per unit
mass of cells. This involves either a wet weight or a volume
basis of measurement.”

The age of the RBCs being tested should always be cone
S8idered when measuring the concentrations of various RBC
constituents.

Keitel et al. (27) in 1955, when measuring RBC catlion
and anion concentrations by direct analysis, found that dif-
ferent layers of centrifuged cells vary in composition. The
upper cell layer is relatively rich in reticulocytes. These
cells contain more water, sodium, potassium, chloride, and
phosphorous than the remaining celis.

Hoffman (21) in 1958 studied certain characteristics of
rabbit cells labeled with 59?0. He found that when measuring
packed cell volumes, cells layer according to their physio-
logic age. The relative cell density increases and the
osmotlic resistance decreases as the cell age increases,

Valberg et al. (53) in 1965 found, with the exception of
the dog, there was a negative correlation between the life

Span of RBC8 in man, monkey, rabbit, rat, and duck and the



concentrations of total'cation per ul of water and positive
correlation between the RBC lifespan and the amount of zinc
per Hmole of hemoglobin in the cell. In 1967 Valberg et al.
(54) again made an equally important study concerning various
cations during the development and maturation of rabbit RBCs.

Karvonen (26) in 1958 discussed the difference in RBC
electrolytes with a difference in hemoglobins and a differ-
ence in cell size.

The white blood cells (WBC) of a blood sample pose a
Similar problem as do the different ages of RBCs. If the
WBCs have approximately the same sodium and potassium concen-
tration as the RBCs being measured and no effort is taken to
eliminate their presence when measuring RBC cation concentra-
tions, only a small and many times negligible error will re-
sult. However, if the WBC cation concentrations are dras-
tically different from the RBCs being measured, a significant
error may result. Baron and Ahmed (2) in 1969 determined the
sodium and potassium concentrations in isolated human leuco-
cytes and found them to be high in potassium and low in
sodium (the same as human RBCs). Clauvel De Mendonca et al.
(10) in 1970 studied the sodium, potassium, and osmolality of
human and canine RBCs. They found that canine erythrocyte
and plasma fluids are more concentrated than human ones and

that about 6% of the total RBC water content in both species



is bound. They also pointed out that canine leucocytes are
high in potassium (like the human leucocytes).

The trapped plasma portion of a packed cell volunme,
which causes the overestimation of the true cell volume of
& blood sample, has been calculated with many different
plasma markers (element or molecule not readily permeable to
the RBC membrane).

Oberst (32) in 1935 noted that packing the cells by
centrifugation and directly analyzing definite volumes of
cells gave more consistent results than the indirect method.

Streef (43) in 1939 measured the RBC sodium and calcium
concentrations by the direct method. He stated that to
account for the amount of sodium and calcium found in the
cells more than 10% of the plasma would have to be trapped
among the cells, which he felt was impossible.

Snyder and Katzenelbogen (39) in 1942 measured the con-
centrations of sodium, potassium, chloride, calcium and
phosphorous in human RBCs and occasionally obtained negative
results for some ions. This negativity was probably the
result of their failure to correct for the trapped plasma
error.

Jackson and Nutt (25) in 1951 measured the intercellular
plasma present between RBCs packed under a wide range of
centrifugal forces. Their data suggest that packed cell

volume values decrease as the relative centrifugal force ine



creases. They felt that the use of an adequate centrifugal
force insures accurate reproducible results for the Hoyerstein
micro-hematocrit methods.

Czaczkes et al. (13) in 1963 measured the RBC concentra-
tion of water, sodium, and potassium in nérmal patients and
in patients with water and electrolyte disturbancez. They
concluded that the water and electrolyte content of RBCs,
especially sodium, could be more accurately determined by
measuring the amount of trapped plasma in each blood sample.

Chien et al. (8) in 1965 measured trapped plasma with
radioactive 13lI-labeled human serum albumin (RIHSA) on
elephant, man, dog, sheep, and goat RBCs after the cells had
been washed in a modified Ringer's solution. They found that
increasing the force of centrifugation or removal of the
plasma proteins reduced the volume of fluid trapped by the
packed cell volume.,

Valberg et al. (52) in 1965 found that small changes in
trapped plasma produced relatively large changes in the RBC
calcium and sodium because of the large amounts of the respec-
tive ions present in the trapped plasma.

Beilin et al. (3) in 1966 stated that human RBC sodium
concentrations could be measured accurately if: (a) trapped
Plasma sodium 15 measured with radioisotopes of sodium and
a correction made for sodium entry into the cell (b)

14

radioactive C-sucrose is used as a standard



(c) the cells ave washed with a sodium-free solution.
Trzeciack et al. (51) in 1967, with the use of radio-

14

active C-s8ucrose, found that top speed centrifugation for

10 minutes in a clinical centrifuge can leave 6-7% trapped

1uc_

liquid among human RBCs. He also points out that
sucrose does not permeate the RBC wall.

Funder and Wieth (16) in 1967 measured trapped plasma by
radiocactive sodium, potassium, sucrose, and albumin in packed
cell volumes, It was determined that the percent trapping of
22Na and “2K was found to be equal to l4C-sucrose, when the
rate of 22Na and 42K uptake into the RBCs was considered.,
Radiocactive RIHSA was found to be trapped at a significantly
lower level than 42Na.

8irs (38) in 1968 measured the effects of the rate of
packing, of the RBCs in the hematocrit, on the amount of
trapped plasma and the amount of cell compression in a packed
cell volume determination. The analysis of his data suggests
that fresh blood cells are extremely flexible and can be
packed very rapidly by a weak centrifugal force which causes
cell membrane distortion.

Cividalli and Loker (9) in 1969 measured the trapped
plasma volume of packed cell volumes using 59Fe a8 a plasma
marker. They found that the estimation of trapped plasma,
with 59Pe. was easier than 1yc-labeled compounds or RIHSA

(which must be dialyzed or passed through an anion exchange
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resin shortly before use).

Hunsaker (23) in 1969 used RIHSA to determine the amount
of trapped plasma in the packed cell volumes of avian blood.
He found that chicken RBCs trapped more plasma than geese
RBCs and that chicken trapped plasma volumes were greater
when compared to male turkeys but less when comparasd to female
turkeys.

Many investigators have attempted to correct for trapped
plasma volumes with the estimation of a mean trapped plasma
correction factor for a species.

Hlad and Holmes (20) in 1953 also used RIHSA in normﬁl
human blood. They concluded that a constant species correc-
tion factor for trapped plasma, as applied to the packed cell
volume, cannot exist. _

Swan and Nelson (45) in 1968 estimated the canine
trapped plasma correction factor of different microhematocrit
values. They found that over a packed cell volume range of
25-55% the trapped plasma factor increased by 0.6%.

Anderson (1) 1970 found that a mean trapped plasma
correction factor for swine, when using RIHSA a8 a plasma

marker, was 0.955 + 0.015 (S.D.).
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The Movement of Cations between the Plasma and Cells

According to Tosteson (48) in 1955, the words, 'passive’
and ‘active' have most frequently been applied to cellular
transport processes. The word passive connotating a process
driven by electrochemicai potential gradient of the trans-
ported molecules, The word active suggesting transport Te-
quiring free energy from reactions occurring in the cell.
Transport in the direction of decreasing electrochemical
potential may be termed ‘passive' energetically but still
involves chemical reactions with components of the cell sur-
face and thus, must be mechanistically 'active®.

Hegnauer and Robinson (18) in 1936 measured the plasma
and RBC sodium and potassium exchange which took place in
adrenal insufficient cats. They found that under conditions
in which the electrolyte balance of cat plasma is markedly
upset, a redistribution of cations may take place across the
RBC membrane., To satisfy the question as to whether the RBCs
were normal and their permeabilities unchanged by the absence
of cortisol, or if new cells had been formed with the new
sodium and potassium content, another experiment was designed.
Robinson and Hegnauer (34) in 1936 gave intraperitoneal in-
Jections of isotonic glucose and obtained a fall in sodium
and chloride concentration and a general rise in potassium
concentrations of both plasma and cells. This experiment led

to the conclusion that when the electrolyte balance of cat
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plasma is sufficiently altered, the RBC membrane may become
somewhat permeable to cations,

Davson (1l4) in 1940 made a study concerning the perme-
ability of cat RBCs to sodium and potassium. He demonstrated
that in an isotonic solution of KCl, potassium penetrates the
cell less rapidly than sodium leaves the cell. A hypotonic
solution of KCl accelerates the rate of potassium penetration
while inhibiting the rate of sodium loss. A hypertonic solu-
tion of KCl has the reverse effects., Davson also observed
that the RBCs become less permeable to sodium with the in-
crease in time-elapse after shedding of the blood, and may
be 1/3 as permeable after standing for 2 days in an ice
chest. Only slight changes in potassium permeability occur
under the same conditions. Narcotics completely inhibit the
escape of sodium from cat RBCs but have little effect on the
potassium.

Sheppard et al. (37) in 1951 studied the sodium and
potassium exchange rate in the blood of the sheep, cow, dog,
and man. They concluded that the potassium exchange rate of
human cells is practically unaltered by increasing the plasma
potassium concentration approximately threefold, In compar-
ing the results in the different species, the exchange rate
for potassium shows a rough correlation with the intracell-
ular amount of potassium. Canine RBC cation exchange rates

were not well characterized. The presence of the rapidly
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exchanging buffy coat cells (high potassium and low sodium)
made characterization difficult.

In 1955 Tosteson (48) stated that the potassium and
sodium transport in dog red blood cells can, in a large part,
be accounted for according to the diffusion theory. Tosteson
notes the possibility that a Na-K pump may not exis® in canine
RBCs. He also points out that one objection to this hypothe=-
8is i1s that, if potassium and sodium move by diffusion alone
in the dog cell, colloid osmotic hemolysis of the cell would
probably occur.

Harris and Prankered (17) in 1957 studied the movement
of tracer sodium in human and dog RBCs, It was concluded
that the permeablility of the dog cell to sodium is reduced
when potassium is added to the external medium (the reverse
of what Davson (14) observed in the cat RBCs); which may be
due to the formation of an outer K-rich region around the
cell which imposes a resistance to sodium movement.

Villegas et al. (57) in 1958 used radioactive water
(TH0.3H) to measure water diffusion in beef and dog RBCs. He
put cells into a slightly anisotonic solution and measured
the rate of THO exchange. When the cells had reached equi-
librium in the new environment, the rate of THO exchange was
again measured. The permeability coefficients for water
entrance under a pressure gradient of 1 osmol/cm3 permitted

the calculation of equivalent pore radius for RBC membrane
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of u.lﬁ (beef) and 7.42 (dog).

In 1954, Bernstein (4) measured plasma and RBC (direct
method) sodium, potassium and chloride content and calculated
the ion ratios in man, baboon, rabbit, rat, horse, sheep, OX,
cat and dog. His results indicated the presence of. active
cation transport in all the measured species.,

Spurr and Barlow (42) in 1959 determined the RBC sodium,
potassium, chloride, and water in hyperventilated dogs cooled
to 25°C, for periods up to four hours, in dogs heated to
either 41.5°C. or 42.5°C. for one hour, and in hyperventi-
lated-normothermic dogs. The induced respiratory alkalemia
in both normothermic and hypothermic animals appeared to
result in a shift of sodium from the plasma to the RBCs,

Cell models have been theorized to explain the movement
of sodium and potassium across the RBC membrane and to account
for the differences between plasma and RBC sodium and potas-
sium concentration of different animal species. One of the
most accepted cell models was developed by Tosteson and Hoff-
man (50) in 1960 by which the cell controls its cation compo-
sition and volume by the action of a Na-K exchange pump and
membrane pore leaks for both ions working in parallel. Toste-
son concluded that both high potassium and low potassium sheep
cells control their cation composition and volume in a manner
consistent with the model-cell. Both cell types have a cation

pump which exchanges one sodium ion from inside the cell
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with one potassium ion from outside the cell but the pump is
working 4 times faster in the high potassium cell.

Sodium fluxes were measured in swine (low sodium cells),
dog (high sodium cells), and ox (intermediate sodium cells)
by Sorenson et al. (40) in 1962. It was concluded that the
Na-K pump is8 less effective in beef RBCs than in swine, and
it was probable that the mechanism in dog cells is weakest
of the series. Thelr data did not establish the existence
of a pump in the dog. The pump to leak ratios were about
25 for swine cells and 3 for beef. Corresponding values
for low and high sodium sheep cells are about 7 and 1 re=-
spectively. High cell sodium in both instances (ox and high
sodium sheep) 18 due to a much less active extrusion mechan-
ism and the rate of leak differing little from low sodium
systens,

An investigation was performed by Spach and Streeten (41)
in 1964 to determine the effects of aldosterone on the sodium
flux of canine RBCs, They found that the rate of sodium in-
flux into the cells of canine blood in vitro, is significantly
retarded by adding aldosterone. The effect of aldosterone
in retarding sodium influx increased exponentially with
increasing steroid concentrations. These findings raise
the interesting possibility that the action of aldosterone
on the cellular sodium content might be brought about by

impeding the inward movement of sodium into the cells rather
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than accelerating the "Na pump" which is postulated to be
actively extruding sodium from the cells.

Because of the action of aldosterone observed by Spach
and Streeten (41) on the sodium influx into canine RBCs,
Streeten and Moses (44) in 1968 evaluated the action of
cortisone on sodium transport in canine erythrocytes. The
experiment demonstrated a consistent log dose-related accel=-
eration of sodium influx into the erythrocytes of adrenal-
ectomized dogs. The mechanism whereby cortisol accelerates
sodium influx appears to involve the enhancement of glycoly=-
8is. Thus, glucose deprivation prevented the action of
cortisol on the sodium influx, whereas, the presence of
adequate amounts of glucose produced parallel log dose-
related increases in glucose utilization and sodium influx.

Streeten and Moses (44) summarized the effects of corti-
gol and aldosterone on canine RBC influx. Since aldosterone
has been shown in physiological and pathological concentra-
tions to retard sodium influx, i1t seems likely that the
opposite actions of cortisol and aldosterone may play an
important role in controlling the rate of sodium influx into
canine RBCs. This possibility is supported by the findings
that the mean rate of sodium influx into erythrocytes was
7.9 mmoles/liter of cells/hr in cortisol and aldosterone-
deficient dogs, 22.3 mmoles/liter cells/hr in aldosterone

deficient dogs, and 13.9 mmoles/liter of cells/hr in normal
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dogs. Thus, the sodium influx into the RBCs of intact dogs
might well reflect a balance between the opposing effects of
the predominant adrenal corticoids on the energy-dependent
component of sodium movement into these cells. The sodium
influx of 7.9 mmoles/liter of cells/hr in the absence of
cortisol appeared to result from the passive process of
sodium diffusion down the slight concentration gradient from
plasma into canine erythrocytes.

Duggan et al. (15) in 1965 determined plasma and RBC
sodium and potassium (direct method) concentrations and RBC
membrane ATPase activity in the guinea pig, horse, man, rat,
rabbit, cow, cat, dog and sheep with both high and low sodium
RBCs. They could not demonstrate ATPase activity in the RBCs
of the horse, rabbit, or rat, all of which maintain substan-
tial RBC-plasma gradients. Duggan stated that the data pre-
sented are not consistent with the hypothesis that sodium
and potassium active ATPase 18 essential for active trans-
port of cationse by the RBC membrane.

In 1966, Tosteson (49) again considered the ionic com-
position and transport in red blood cells. He stated that
the cells contain large negatively charged molecules, namely
hemoglobin but also sugar phosphates and the like, contained
within a membrane they cannot traverse, The cell also
contains smaller ions (sodium, potassium, and chloride) as

well as water, to which the cell is more or less permeable.
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Rich et al. (33) in 1967 measured permeability coeffi-
cients of dog, cat, and beel RBC membranes under an osmotic
pressure gradient. These data presented provide evidence
supporting the existence of pores (5.92 in radius) in canine
RBC membranes.

Lubowitz and Whittam (29) made a study in 1968 which
characterized the dependence of the movement of sodium and
potassium in human RBCs on the external sodium with special
attention given to the Na pump. They found that if the Na
pump is blocked by ouabain, part of the residual ion move-
ments can still be attributed to exchange diffusion (ouabain-
insensitive ATPase). It was concluded that ethacrynic acid
inhibits both the ouabain-sensitive ATPase and the ouabain-
insensitive ATPase activities. Iodoacetamide decreased only
the ouabain-insensitive ATPase activity.

Vieira et al. (56) in 1970, with a study concerning the
diffusion of radioactive water (THO), suggested that the
equivalent pore radius of the dog RBCs is some 40% greater
than in man. The equivalent pore area in the human RBC is
about half the amount found in the dog RBC.

Several investigations have been designed to measure the
changes which occur in the RBC and plasma electrolyte concen-
trations during several different physiological and patho-

logical states.

Hoffman and Jacobs (22) concluded, from an investigation
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performed in 1934, that both serum and RBC potassium levsls
were constant in both diseased and healthy humans. A high
serum potassium concentration was found, in an asthmatic
patient, which was lowered by epinephrine.

Maizels (30) in 1936 stated that in microcytic anemias
of man, which is the type also seen in bleeding anemia, the
RBC potassium concentrations were lower than normal.

Hutt (24) in 1952 measured the RBC potassium in humans
and concluded that the plasma potassium level does not
necessarily reflect blood potassium concentrations, The RBC
potassium seems to reflect the direction of changes in the
total body stores of potassium.

McCance and Widdowson (31) in 1956 observed the follow=-
ing changes which occurred in the erythrocyte electrolytes
of the pig and man between fetal and adult life: (a) the
concentrations of water, sodium, and chloride fell in both
species (b) the concentrations of nitrogen, hemoglobin, iron,
and potassium rose (c) the concentration of phosphorous fell
in man and rose in pig. They also stated that anemia raised
the concentration of water, potassium, and probably phos-
phorous, lowered the concentrations of nitrogen, hemoglobin
and iron, but did not alter the concentration of sodium in
human RBCs. Young pigs subject to prolonged undernutrition
had a lower concentration of hemoglobin, nitrogen, and iron
in their cells than animals of comparable age, and a higher

concentration of water and probably of potassium,
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Zarkowsky et al. (59) in 1968 studied the RBCs of a
child with hemolytic anemia of unknown cause and showed an
intracellular sodium and potassium of 100 and 40 mEq/liter
respectively. Further studies showed that the cation ab-
normality was due to a vast increase in permeability to mono-
valent cations, with a massive increase in active cation
pumping.

Bugyi et al. (7), in 1969, stated that they had measured
RBC sodium and potassium concentrations by both direct and
the indirect methods and were able to identify, in experi-
mental animals and humans, abnormalities in the cation concen-
trations in RBCs during two diseased states: hyperthyroidism

and hyperaldosteronism, but not in cystic fibrosis.

Boyd (5) in 1970 measured the RBC potassium concentra-
tion in the indirect method in human RBCs. The results indi-
cate that in malignant hypertension, the RBC potassium tends
to be low.,

Coulter et al. (12) in 1970 measured the RBC sodium,
potassium, and chloride in fetal and maternal swine at 4if-
ferent times during gestation. Their results indicate that
fetal RBCs contain lower concentrations of sodium and potas=
sium and a higher concentration of chloride than did those
of maternal swine. The differences in the RBC sodium con-
centrations obtained in the experiments designed by McCance

and Widdowson (31) and Coulter et al. (12) may be attributed
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to the error involved in the methods used to determine RBC
sodium concentration. McCance and Widdowson used the direct
method while Coulter et al. used the indirect method.
Hellerstein et al. (19) in 1970 measured RBC potassium
by the direct method and found there was a good correlation
(r = -0.811) between hemoglobin and RBC potassium concentra-
tion from anemic patients. It was noted that no significant
correlation was found between hemoglobin and RBC sodium or

magnesium,
The Effects of Adrenalectomy in Dogs and Cats

Swingle et al. (47) in 1934 studied the plasma volume
and hemoconcentration of fifteen adrenalectomized dogs by
the dye dilution (congo red) method. It was concluded that
the plasma volume decreased an average of 33% which parallel-
ed an increase in blood cell concentration in the adrenal-
ectomized dogs.

Watts et al. (58) in 1965 suggested that there is a
decrease in myocardial tone and pulse with adrenal insuffi-
ciency in dogs.

Swingle and Swingle (46), in a study reported in 1967
concerning dogs which had been adrenalectomized for three
Years and maintained during this period on corticoids and
salts, found the dog to be without accessory adrenal cortical

tissue. Terminal insufficiency followed, in all dogs, within
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6-15 days after steroid and salt therapy treatment was with-
held. At the termination of each doz's life, it was noted
the pulse became weak and fast, the plasma sodium and chloride
concentrations fell, and the plasma potassium concentration
increased.

Bozzini et al. (6) in 1968 studied the erythrokinetics
in adrenalectomized dogs and found that there was a 40% re-
duction in the total circulating RBCs and a 27% reduction
in the plasma volume when the dogs were maintained on DCA
(desoxycorticosterone acetate). The anemia appeared to result
from a diminished rate of erythropoiesis rather than an accel-
erated rate of RBC destruction. It was concluded that the
canine adrenals may have a major erythropoietic effect.

Verrier et al. (55) in an article published in 1969
investigated the relationship between the blood volume and
cardiac performance of acute and chronic adrenal insufficient
cats. It was concluded that cardiac function is impaired
prior to and in the absence of blood volume changes, and that
this impairment is of sufficient magnitude to account for the
circulatory failure observed in chronic feline adrenal insuf-
ficiency. However, it remains an enigma as to whether this
impairment of the heart, following acute adrenalectomy, 18 a
direct one or whether‘lt is due to secondary factors such as

a decreased venous return or altered sympathetic nervous

activity,
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Share and Travis (36) in 1970 measured the plasma vaso-
pressin (ADH) concentration in adrenal insufficient dogs.
They found that when cortisone and salt supplement were dis-
continued, in the adrenalectomized dogs, there was a pro=-
gressive fall in body weight and plasma sodium concentrations

and a progressive rise in plasma potassium and ADH concen-

trations.
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PART I. ERYTHROCYTE Na, K, AND CELL VOLUMES

CALCULATED FROM BLOOD Na AND K CONCENTRATIONS
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ABSTRACT

A method was developed to measure the amount of Na and K,
contributed by the plasma, in non-hemolyzed whole blood.
Electrolyte concentrations were meesured in canine, human,
and porcine blood samples. The Na concentrations of plasma
and non-hemolyzed whole blood were used to calculate the cell
volume of each blood sample. Statistical analyses of the
data indicate that the calculation of the cell volume, in
this manner, eliminates the error associated with the packed
cell volume determination. The calculated cell volume and
non-hemolyzed whole blood Na and K concentrations were also
employed to modify the indirect method of calculating the
erythrocyte Na and K concentrations. Significant differences
were found between the two indirect methods (indirect and
modified indirect) used to calculate the erythrocyte Na and
K concentrations of human blood samples. The modified in-
direct method of calculating the erythrocyte Na and K concen-
trations was considered to be accurate and adaptable for both

clinical and research laboratories.

Key words: cell volume; packed cell volume; hematocrit;
erythrocyte electrolytes; plasma sodium; plasma potassium;

trapped plasma
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INTRODUCTION

The indirect method of determining erythrocyte (RBC)
electrolyte concentrations is not well accepted because of
the error associated with the mnalysis (22). When calculat-
ing the RBC electrolyte concentrations by the indirect method
(5, 6, 8, 9, 22) the packed cell volume (PCV) and the appro-
priate plasma and hemolyzed whole blood electrolyte concen-
trations are used to calculate the respective RBC electrolyte
concentration. Beilin et al. (2) demonstrated that an error
in the PCV estimation of 1%, in a human blood sample, may
create a 20% error when calculating the RBC Na concentration

by the indirect method.

McCance and Widdowson (15) stated that because plasma
becomes trapped among the RBCs, it is impossible to separate
the cells from the plasma completely by one single operation
of centrifugation. The trapped plasma volume (TPV) of a
blood sample, contained in a centrifuge tube, is dependent on
Varlous physical properties of the RBCs, e.8., flexibility of
the RBC membranes (19) and the force and time of centrifuga=
tion (13). Therefore, a TPV correction factor would be
inadequate for all animals within a species. The TPV must
be determined for each sample being analyzed (10). Many dif-
ferent plasma markers have been used to measure TPV but dis-

crepancies exlst among the different markers being used {2,

3, 6, 7, 10).
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The objective of this study was to eliminate the error
associated with the PCV and thus increase the accuracy of the
indirect method of calculating the RBC Na and K concentra-
tions., DBased on the assumption that the RBC Na and K ions
are bound to or contained within the RBC and are not readily
diffusible, non-hemolyzed whole blood (NHWB) samples diluted
in an isotonic solution of LiCl, were dialyzed and the 4if-
fusible Na and K measured (that amount contributed by the
plasma). The concentrations of Na in NHWB and plasma were
used to calculate a cell volume unaffected by the error asso-

ciated with the PCV determination.
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METHODS

Venous bloocd samples (12 ml) were drawn from 30 mongrel
dogs (4.5-18.2 kg), 32 Landrace-Yorkshire-Poland China cross-
bred pigs (6.8-14.3 kg), and 21 adult Caucasian humans (46,6-
98.3 kg) of both sexes. Each blood sample was placed in a
test tube containing 0.1 ml of 1000 units sodium heparin/mil.
The tubes were gently mixed until the whole blood analyses
could be performed.

Electrolyte determinations were made in duplicate. Auto-
mated analysesl of Na and K concentrations were done by flame
photometry. The Na and K manifold was modified to accommodate
the measurement of NHWB and hemolyzed whole blood (HWB) Na and
K concentrations. Two double mixing coils were added to the
manifold (Fig. 1) to insure proper mixing during whole blood
analyses., The blood samples were gently mixed prior to
sampling.

To determine NHWB electrolyte concentrations, an iso-
tonic solution of LiCl (6.4 g/liter) was pumped through
reagent lines 2 and 4 (Fig. 1l). An isotonic solution of
CaCly (11,2 g/liter) was used as the between sample wash
solution to prevent hemolysis of the whole blood samples.

Canine HWB Na and K concentrations were determined

lTechnlcon'S Auto Analyzer method file N-20b, Technicon
Corp., Tarrytown, New York 10591.
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on whole blood samples which were hemolyzed by pumping deion-
ized water through reagent line 2., A hypertonic solution of
LiCl, (13.2 g/liter) was pumped through reagent line number 4
(Fig. 1). Canine whole blood samples were hemolyzed in this
manner to minimize the release of the high amounts of K
present in canine leucocytes (1, 7). Since the RBCs of pig

and man are of the high K and low Na type (opposite of dog
RBCs), their HWB Na and K concentrations were measured in a
protein-free filtrate to insure the release of the total RBC
Na and K (3). The protein-free samples were prepared by
diluting whole blood (1:10) with 5% trichloroacetic acid and
the supernatant collected after centrifugation. Standards
(Table 1) were prepared from NaCl and KCl solutions and
treated in the same manner as the sample being analyzed,
PCVs were determined in triplicate by the microhemato-
crit method and the two closest values recorded. Blood filled
capillary tubes were plugged with clay and centrifugedlat
approximately 13,500-25,000 g for 6 minutes. The PCVs were
measured over a fluorescent light. The packed RBC volume
(PCVr) and the total PCV (PCVt, which includes the white
blood cells) were calculated. The packed white cell volume

(PCVw) was calculated by subtracting the PCVr from the PCVt.

1Int.ernational Equipment Co., Microhematocrit centrifuge
model MB, Needham Helghts, Massachusetts 02192.
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The following equations were used to calculate the cell
volume and REC Na and K concentrations:

CCV = 100 - [ (NHWB Na/P1Na)100]

RBCe = (HWBe - NHWBe)100/(CCV - PCVw)

RBCe' = {HWB - [(100 - PCVt)Ple/100]} 100/PCVr

The CCV indicates the cell volume (%) claculated from the
Na concentrations of plasma and non-hemolyzed whole blood.
The Ple, NHWBe, and HWBe indicate the plasma, non-hemolyzed
whole blood, and hemolyzed whole blood electrolyte (Na or K)
concentrations (mEq/liter) respectively. RBCe indicates the
red blood cell electrolyte (Na or K) concentration (mEq/liter
of RBCs) calculated by the equation from the modified indirect
method. RBCe' indicates the red blood cell electrolyte (Na
or K) concentration (mEq/liter of RBCs) calculated by the
equation from the indirect method used by previous investi-
gators (5, 6, 8, 9, 22).

When measuring the NHWB Na and K concentration it is
readily evident that erroneous results may be obtained from
the cellular efflux of Na or K. To satisfy this question as
to whether RBC Na and K efflux may cause a significant error,
NHWB K concentrations were measured by flame photometry and
also calculated by the following equation:

NHWB K = P1 K (NHWB Na/P1l Na)
The accuracy of the calculated NHWB K concentration depends

upon the accuracy of the NHWB Na and plasma Na and K concen=-

trations,



Fig. 1. The flow diagram of the AutoAnalyzer manifold used to measure
plasma, hemolyzed whole blood, and non-hemolyzed whole blood
Na and K concentrations
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Table 1. Concentrations of standard solutions for measuring

RBC Na and K conceritrations

Na K
Pl 130-160% 2
NEWB 70-1002 2-5°
HWB (Canine) 100-1302 p<B®
HWB (Human and Porcine) 70-100% 40-70%

P1l, NHWB, and HEWB indicate plasma, non-hemolyzed whole

blood, and hemolyzed whole blood respectively.

Increments of 10 mEq/liter.
PIncrements of 2 mEq/liter.

CIncrements of 1 mEq/liter.
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RESULTS

Means and standard deviations (means + S.Ds.) were
established for both the measured and calculated variable
concentrations and statistical comparisons made (Table 2).
The difference between the calculated cell volume (CCV) and
the total packed cell volume (PCVt) determinations were sta-
tistically analyzed with Student's t-test (paired analysis).
The CCV and PCVt determinations were significantly different
in canine, human, and porcine blood samples.

The reproducibility of the two different methods used to
estimate the cell volume of a blood sample (CCV and PCVt),
was characterized. Means + S.Ds. were established for the
differences between duplicate PCVt (0.3 + 0.2) and duplicate
CCV (0.4 + 0.3) determinations. No significant differences
were found when comparing the CCV and PCVt reproducibilities,

When linear regressions (estimated by least squares
analysis) were calculated for the CCV vs PCVt, the slopes
were less than 1.000 for all species tested (Table 3) indi-
cating that as the PCVt increases, the differences between
the PCVt and the CCV determinations also increases.

The means + S.Ds. of the electrolyte concentrations (Na
and K) obtained from the modified indirect and the indirect
equations (RBCe and RBCe' respectively) for the different

Species were evaluated with Student's t-test (Table 2).
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Significant differences were found between the different
equations used to calculate the RBC Na and K concentrations
in human blood samples. No significant differences were
found between the different equations used to calculate the
RBC Na and K concentrations in canine or porcine blood
sanmples.

The reproducibility of the modified indirect equation
(RBCe), used to calculate the RBC Na and K concentrations,
was statistically characterized. Means + S.Ds. were estab-
lished for the differences between duplicate RBCe determina-
tions for dog, man, and pig (Table 4),

The NHWB K concentration was both calculated and meas-
ured by flame photometry. The means + S.Ds. of the measured
and calculated NHWB K concentration (Table 5) were compared
with Student's t-test, within each species. No significant
differences were found between the measured and calculated

NHWB K concentrations.
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Table 2. Blood variable concentrations (means * S.Ds.) both
measured and calculated

Species
Dog (30) Human (21) Pig (32)
mEq/liter
Pl Na 146.4 + 2.5 141.5 + 1.4 1&%.7 + 2.6
NHWB Na 83.9 + 7.9 83.0 + 5.0 3.2 %+ 3.8
RBC Na 110.6 + 6.1 9.5 + 3.0 5.9 * 4.1
RBC Na' 112.6 + 5.8 16.0 * 3.6 7.6 ¥ 5.1
P1 K 4.1 + 0.3 3.8 + 0.4 5.0 + 0.5
NEWB K 2.4 % 0.3 2.5 % 0.2 3.6 ¥ 0.5
HWB K 5.3 * 0.4 45.0 + 4.3 L5.6 + 2.8
RBC K 6.9 * 1.0 97.4 ¥ 4.2 124.2 + 4.6
Percent
ccv 42.7 + 5.7 41.3 + 3.8 34.7 + 2.5
PCVr LL.0 + 5.9 Lh.3 + 3.8 34.1 ¥ 2.6
PCVt L4.8 + 5.9 Lt.B + 3.8 35,1 * 2.5
PCVw 0.75 % 0.3 0.43 ¥ 0.2 0.97 % 0.3
Significant Differences (probabilities less than)

CCV vs PCVt 0,001 0.001 0.05
RBC Na vs RBC Na' NS 0,001 NS
BRBC K vs RBC K! NS 0.001 NS

Pl, HWB, NHWB, CCV, PCVt, PCVr and PCVw indicate plasma,
hemolyzed whole blood, non-hemolyzed whole blood, calculated
cell volume, total packed cell volume, packed red cell volume,
and packed white cell volume respectively. The RBC Na and K
concentrations were calculated by the equation from the modi-
fied indirect method. The RBC Na' and K' concentrations

were calculated by the equation from the indirect method used
by previous investigators. The differences between paired
analysis were used to calculate Student's t-test for CCV vs
PCVt. The remaining comparisons were computed on the differ-
ences between concentration means + S.Ds. The numbers in
parentheses indicate the number of animals from each species.




37

Table 3. Linear regression equations for the calculated
cell volume versus the total packed cell volume
for each species tested

Dog (30) CCV = =0.71 + 0.969 (PCVt)
Human (21) CCV = =-2,01 + 0.968 (PCVt)
Pig (32) CCV = 3.23 + 0.896 (PCVt)

Y = Y-intercept + slope (X). CCV indicates the calculated
cell volume and PCVt indicates total packed cell volume.
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Table 4. Reproducibility studies when using the modified
indirect equation to calculate RBC electrolyte
(RBCe, Na and K) concentrations

mEq/liter of RBCs

Na K
Dog (30) 2.0 + 1.6 0.2 + 0.1
Human (21) 2,0 + 1.8 1.3 # 1.2
Pig (32) 1.2 + 1.1 2.1 + 1.4

Means + S.Ds., of the differences between duplicate elec-
trolyte determinations.
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Table 5., Measured and calculated non-hemolyzed whole blood
K concentrations (means + 8.Ds.)

Dog (30) Man (20) Pig (32)
NHWB X
(measured) 2.4 + 0.3 2.5 + 0.2 3.6 + 0.5
NHWB K
(calculated) 2.4 4+ 0.3 2.4 + 0.3 3.5 # 0.6

No significant differences were found between the measured
and calculated NHWB K concentrations (Student's t-test).
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DISCUSSION

The theory of calculating the cell volume of a blood
sample from the Na concentrations of plasma and NHWE 18 based
on the hypothesis that the whole blood Na is contained within
the two different blood compartments (cells and plasma). The
RBC Na is either bound to or contained within the cells and
does not readily pérmeate the RBC membrane in an isotonic
solution; whereas, the plasma Na i8 in the ionized form and
i8s readily diffusible in an isotonic solution. Therefore,
when a NHEWB sample is diluted with an isotonic solution (free
of Na) and the diffusible Na measured, one is actually measur-
ing the plasma Na concentration diluted with cells.

Cation exchange studies performed on canine, human, and
procine RBCs (14, 16, 17, 18, 20) support the assumption that
the efflux of either Na or X through the RBC membrane (while
in an isotonic solution for less than 3 minutes) would not
significantly aiter the accuracy of the NHWB Na and K measure-
ments. To insure that the RBC Na or K efflux was insignifi-
cant for our purpose NHWB K concentrations were both measured
and calculated by multiplying the calculated plasma volume
(obtained from the Na concentrations of plasma and NHWB) times
the plasma K concentration. The accuracy of the NHWB K cal-
culation is dependent upon the accuracy of the NHWB Na and
Plasma Na and K measurement. When Student's t-test compari-

sons were made between the means + S.Ds. of the calculated
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and measured NHWB K concentrations, no significant differ-
ences were found (Table 5). These data support the hypothe-
8is that no significant error results from the exchange of
either Na or K (between cells and plasma while in an isotonic
solution of LiCl) during the measurement of either NHWB Na or
K concentrations of the dog, man, or pig.

Beilin et al. (2) stated that when calculating the RBC
Na and K concentrations by the indirect method, a small error
in the estimation of the packed cell volume may cause a large
error in the calculated RBC electrolyte concentration. When
determining the PCV of a blood sample, plasma becomes trapped
among the cells which results in an over estimation of the
actual or true cell volume. The trapped plasma volume (TPV)
is largely dependent on the percentage of cells present. The
greater the PCV, the greatér the TPV (12, 19). 8Since the
calculated cell volume (CCV) estimation is not affected by
the TPV error, one would expect the difference between the
PCVt and the CCV to increase as the PCVt incresses. This
expected phenomenon was demonstrated by calculating the
linear regression equation (estimated by least squares analy-
8is) for the PCVt (X-axis) vs CCV (Y-axis) for each species
tested (Table 3). The estimated regression slope values were
less than 1.000, in all observed species, indicating that as
the PCVt increases the difference between the CCV and the

PCVt also increases. Occasionally (especially when analyzing
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swine blood) the CCV would be greater than the PCVt. This
may be explained by previous investigations (12, 19) illus-
trating that fresh blood cells are extremely flexible and can
be distorted by a weak centrifugal force which in turn de-
creases the amount of plasma trapped by the cells, To obtain
a CCV greater than the PCVt, the cells must decreace 1in
volume; consequently, the error associated with the force and
time of centrifugation must be greater than the TPV error.

The CCV i8 an estimation of the total cell volume of a
blood sample. To estimate the true red cell volume, one must
correct for the white cells present. The packed white cell
volume (PCVw) is estimated by subtracting the PCVr (packed
red cell volume) from the PCVt (total packed cell volume).
Since the PCVw 1s usually small (less than 1%, Table 2) the
error resulting from the trapping of plasma in the buffy coat
layer would be insignificant.

Beilin et al. (2) reported that with human blood samples
correction for the trapped plasma volume (TPV) caused a de=-
crease in the RBC Na concentration determined by the indirect
method. Therefore, the RBC Na concentrations determined by
the modified indirect method (RBC Na, Table 2),unaffected by
the TPV error, were lower than those determined by the
indirect method (RBC Na', Table 2). Student's t-test analyses
were made between the different methods used to calculate the

RBC Na and K concentrations (RBCe versus RBCe') of canine,
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human, and porcine blood samples (Table 2), Significant dif=-
ferences were found only when calculating the RBC Na and K
concentrations in the human blood samples. These findings
indicated that the error associated with the indirect method
of determining the RBC Na and K concentrations (RBCe', Table
2) in dog and pig causes‘only a small decrease in the accuracy
of the results.

Although there was no statistically significant differ-
ences between the two methods used to calculate the RBC Na
and K concentrations (RBCe and RBCe') in dog and pig, it
would be advisable to use the modified indirect method (RBCe)
for all species tested. A significant error may result from
individual variations (in the rigidity of RBCs) within a
species, causing erroneous RBC electrolyte results.,

The RBC Na and K concentrations obtained by the modified
indirect method (Table 2) agreed with those values reported
by McCance and Widdowson (15), Spurr and Barlow (21),
Cividalli and Loker (5), and Duggan et al. (1ll). The canine
and porcine RBC Na and K concentrations, reported herein, do
not agree with those reported by Coldman and Good (6).
Coldman and Good measured the RBC Na and K concentrations by
the indirect method but used the macro-hematrcrit method
(Wintrobe hematocrit method) instead of the micro-hematocrit
method to estimate the PCV of the blood samples. Chien et

al. (4) reported that the TPV error present in the macro-
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hematocrit method, was greater than the TPV error present in
the micro-hematocrit method of estimating the PCV of a blood
sample.

From this study it was concluded that the use of non-
hemolyzed whole blood Na and K concentrations and the calcu-
lated cell volume to determine the RBC Na and K concentrations
eliminates the major errors associated with the indirect
method (especially in human samples). The modified indirect
method of determining RBC Na and K concentrations is adapt-
able for most research and clinical laboratories because of
the speed, accuracy, and simplicity of the method. Extran-
eous materials such as radionuclides and dyes are not re-
quired to eliminate the errors associated with the determina-

tion of RBC electrolyte concentrations.
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PART II. PLASMA AND RBC Na AND K CONCENTRATIONS
OF ADRENALECTOMIZED DOGS
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ABSTRACT

The rates at which the plasma and RBC Na and K concen-
trations changed in adrenal insufficient (adrenalectomized)
dogs were evaluated. The RBC Na and K concentrations were
determined by a modified indirect method which eliminated the
ma jor errors assoclated with the indirect method. Five
female mongrel dogs were adrenalectomized and sustained by
daily injection of exogenous steroids, After the dogs had
recovered from the surgical procedures, steroid therapy was
discontinued. A mean of 7.2 days was required for the
adrenalectomized dogs to develop severe adreanl insufficlency.
The plasma and RBC Na concentrations decreased at the rate of
-2.1 and -1.9 mEq/liter/day respectively, and were signifi-
cantly correlated at the P < 0,001 level. The plasma and RBC
K concentrations increased at the rate of 0.27 and 0.06
mEq/liter/day respectively, and were significantly correlated
at the P < 0.001 level.

Key Words: adrenalectomy; adrenal insufficiency; plasma
sodium; plasma potassium; erythrocyte sodium; erythrocyte

potassium; Na; K
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INTRODUCTION

Previous investigators have studied the changes which
occur in the plasma and erythrocyte (RBC) Na and K concentra-
tions of adrenalectomized animals (4, 6, 8, 10). Many of
these experiments, which indicate the exchange or no exchange
of electrolytes between plasma and cells, are open to criti-
cism; namely, because of the error associated with the method
used to determine the RBC electrolyte concentrations.

A recent technique has been developed which eliminates
the major error assoclated with the indirect method of
determining the RBC Na and K concentrations (9). The develop=-
ment of this technique has presented the opportunity to study
more precisely the rates at which changes occur in the plasma

and RBC Na and K concentrations of adrenalectomized dogs.
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METHODS

Experimental Design

Pive dogs were bllaterally adrenalectomized and sustained
on exogenous sterold therapy. After recovery from the surg-
ical procedures, steroid therapy was terminated and the dogs
were allowed to attain the state of severe adrenal insuffi-
ciency. Blood samples were taken daily. Two normal control
dogs were kept under the same environmental conditions and
blood samples taken at the same time and manner as the
adrenalectomized dogs. The changes which occurred in the
adrenalectomized dogs were compared to the changes which

occurred in the control dogs.

Experimental Protocol

Three weeks prior to the initiation of the surgical pro=
cedures, seven mature female mongrel dogs (14.8-19.1 kg) were
vaccinated for distemper, given antinematodal drugs, and
placed in separate cages. The dogs were fed the same diet
throughout the experiment. Two of the seven dogs were ran-
domly selected to be used as experimental controls. The
remaining five dogs were bilaterally adrenalectomized (via
& longitudinal abdominal incision). Following the removal
of the adrenal glands, the dogs were given prednisolone

sodium succinate (50 mg 1.v.) to aid in the prevention of
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surgical shock. The adrenalectomized dogs were subsequently
sustained by daily i.m. injections of hydrocortisone acetate
(1.0 mg/kg) and deoxycorticosterone (0.1 mg/kg). When the
dogs had recovered from the surgical procedures, steroid
therapy was terminated and each dog allowed to attain the
state of severe adrenal insufficiency. Gross observation of
animal appetite and general state of depression along with
daily measurement of heart rate, body weight, and packed cell
volume (PCV) were used to evaluate the degree of adrenal in-
sufficiency.

Heparinized venous blood samples (12-ml) were taken daily
from the jugular vein of the adrenalectomized dogs, beginning
with the last day of steroid injection and continuing until
each dog had attained the required pathological condition.

The adrenalectomized dogs were then euthanized with an over-
dose of sodium pentobarbital and a necropsy done to insure the
removal of all obvious adrenal tissue. The control dogs were
sampled at the same time and in the same manner as the adrenal-
ectomized dogs. Control sampling was terminated when all the
adrenalectomized dogs had attained the state of severe adrenal
insufficiency.

Blood Analyses

Plasma, hemolyzed whole blood, and non-hemolyzed whole
blood Na and K concentrations were measured by automated

flame photometry. The RBC Na and K concentrations were
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calculated by a modified indirect method (9). PCVs were

determined by the microhematocrit method.

Statistical Analyses

Due to the biological variation peculiar to each animal,
the rate at which each adrenalectomized dog attained the state
of severe adrenal insufficiency differed. To statistically
analyze the measured variables, in terms 6f average rates of
variable change, the data obtained from each dog were stan-
dardized with time. Each variable measured, on each dog tested
(control and arenalectomized), was plotted on a day (abscissa)-
variable (ordinate) graph (linear). When each adrenalecto-
mized dog had attained the desired pathological condition, the
abscissa of each graph was divided into nine equal time-inter-
vals. The beginning of time-interval one coincides with the
date of the last injection of steroid therapy. The length of
time between the beginning of time-interval one and the end of
time-interval nine was peculiar to each dog. For each adre=-
nalectomized dog, the end of time-interval nine coincides with
the day on which the desired pathological state was attained.
For the control dogs, the end of time-interval nine coincides
with the day at which all the adrenalectomized dogs had
attained the desired pathological state. Linear regressions,
correlation coefficlients, and Student's t-test analyses were
used to statistically characterize the results in terms of

average rates of variable change per time-interval.
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RESULTS

It took a range of 3 to 12 days with an average of 7.2
+ 3.7 (mean + S.D.) days for each adrenalectomized dog, not
being influenced by exogenous steroid therapy, to attalin a
state of severe adrenal insufficiency. As was stated pre-
viously, the results obtained daily from each variable meas-
ured on each dog was plotted on a day-variable graph. Upon
the termination of the experiment, each graph was divided
into nine equal time-intervals. Each time-interval was found
to be equal to a mean of 0.8 days. The interpolated values
for each variable measured at each time-interval for each
animal tested was recorded.

Linear regression equations (estimated by least squares
analysis) were calculated for each dog tested to statistically
characterize the changes which occurred in the variables measg=-
ured in terms of changes per time interval. The slope portion
of the linear regression equation indicates the rate of vari-
able change per time interval. The linear regression equa-
tions for each variable measured on each of the control dogs
were calculated from the beginning of time-interval one
through nine. The control slope values, for each of the dif-
ferent variables measured, were statistically grouped (means
+ S.Ds., Table 1) and compared to zero with Student's t-test.
None of the control dog slopes were significantly different

from zero. The linear regression equations, for each variable
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measured on each c¢f the adrenalectomized dogs were calculated
from time-intervals two through nine. Time-interval one
includes samples taken while the dogs were being influenced
by exogenous steroid therapy and presumably not susceptible

to the changes which occur with adrenal insufficiency. The
adrenalectomized-dog slope values, for each variacle measured,
were statistically grouped (means + S.Ds.) and compared, with
Student's t-test, to the respective control slope values
(Table 1).

Correlation coefficients were calculated to evaluate the
consistency of change per time-interval in the adrenalecto-
mized (adrenal insufficient) dogs. The mean changes which
occurred at the different time-intervals were used to calcu-
late the correlation coefficients for each variable measured
(Table 2). All correlations were significant at the 1% level
indicating a relationship between the variable changes and

time.

The mean variable values, at each time-interval, were
also plotted to graphically demonstrate the mean variable
change per time-interval (Pigs. 1-2)., Correlation coeffi-
cients (r), using the mean variable change at each time-inter-
val, were also calculated to measure the relationship of the
electrolyte changes which occurred between plasma and RBCs of
the adrenal insufficient dogs; the plasma and RBC Na concen-

tration changes were correlated at r = 0,989 and plasma and
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RBC K changes were correlated at r = 0.785. Both correlations

were significant at the 1% level.
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Table 1. The average (means + S.Ds.) rates of variable
change per time-interval (0.8 day)

Variables Non-adrenalectomized Adrenalectomized
Plasma Na, 0.01 + 0.40 -1.71 + 0.9%
mEq/liter _

Plasma K, -0.05 + 0.03 0.22 + 0,20
mEq/liter

RBC Na, -0.40 + 0.50 -1.46 + 0,478
mEq/liter

RBC K, -0.11 + 0.35 0.05 + 0.26
mEq/liter

PCV, % -0.18 + 0.19 1.91 + 0.91P
Body weight, -0.02 + 0,05 -0.19 + 0,07%
Kg

Heart rate, -0.20 + 1.82 3.50 + 2.94%

The rates of variable changes for non-adrenalectomized and
adrenalectomized doge were calculated from the beginning of
time-interval one through nine and from time-interval two
through nine respectively. Student's t-tests were used to
compare the non-adrenalectomized and adrenalectomized groups.

&p < 0,005,
®p < 0.001.
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Table 2., Correlation coefficients for the mean wvariable
values versus the different time-imtervals

Measured variable Correlation coefficlents
Plasma Na -0.987
RBC Na -0.989
Plasma K 0.898
RBC K 0.723
PCV 0.995
Body weight -0.989
Heart rate 0.995

All correlations were significant at the 1% level.




Fig. 1. A graphical illustration of the mean changes which
occurred in the measured variables used to eval-

uate the state of adrenal insufficiency in control
and adrenalectomized dogs
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Fig. 2. A graphical illustration of the mean changes which
occurred in the plasma and RBC Na and K concentra-
tions of control and adrenalectomized dogs
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DISCUSSION

It took 7.2 # 3.7 (mean + S.D.) days for the adrenal-
ectomized dogs to attain the state of severe adrenal insuffi-
ciency. The dogs were considered to be adrenal insufficient
24 hours after the last injection of steroid therapy. Corre=-
lation coefficients (Table 2) indicate that the measurcd
changes which occurred in the adrenal insufficient dogs were
constant. The dogs lost an average of 0.19 kg/0.8 day of
body weight and their packed cell volumes increased on the
average of 1.91%/0.8 days (Table 1). These results coincide
with data obtained by previous investigators (7, 11, 12).

The heart rate of the adrenalectomized dogs began at a com-
paratively low rate (compared to the control dogs) and in-
creased on the average of 3.5 beats/min/0.8 day (Fig. 1).
There was no significant change in the control dogs heart
rates throughout the experiment. Watts et al. (15) suggested
that there is a decrease in myocardial tone and pulse with
adrenalectomy in dogs. Verrier (14), in a study concerning
adrenalectomized cats, found no increase in heart rate as the
cats approached the terminal stages of adrenal insufficiency.
Because heart rates were not recorded before adrenalectomy, it
cannot be determined from the present study whether there was
actually a decrease in heart rate with adrenalectomy or if the

observed phenomenon was peculiar to these dogs.
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The statistical analysis of the changes which occurred
in the plasma and RBC Na concentrations of the adrenal insuf-
ficient dogs indicates that the rate of Na loss from both
blood compartments (plasma and cells) was significantly in-
creased (Table 1). Correlation coefficients, calculated to
measure the relationship between the changes whiclh occurred
in plasma and RBC Na concentration of the adrenal insufficient
dogs, indicate a parallel decrease. Figure 2 graphically
illustrates this parallel decrease in plasma and RBC Na con-
centrations of the adrenal insufficient dogs.

The statistical analysis of the changes which occurred
in the plasma and RBC K concentrations of the adrenal insuf-
ficient dogs indicate no significant increases in the rate of
K change of either blood compartment. The inability to ob-
tain a statistically significant increase in the rates of K
change may be attributed to the small number of animals tested
and the large amount of variance within the dogs sampled. The
rate of plasma K change increased in four of the adrenalecto-
mized dogs tested but was not altered in the remaining dog.
However, the mean overall change in the plasma K concentra-
tions of the adrenal insufficient dogs (1.7 mEq/liter/dog)
was not as drastic as those observed by a previous investiga-
tion. Swingle and Swingle (11) in a similar experiment on
ten adrenalectomized dogs observed an average increase of

3.1 mEq of K/liter/dog with terminal adrenal insufficiency.
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Like the‘cat. the RBCs of the dog are of the high Na-
low K type. Unfortunately the precise nature of Na transport
18 not understood (8). Tosteson (13) concluded that the Na-K
transport in the dog red cells can, in a large part, be
accounted for by the diffusion theory (passive transport).
Hegnauer and Robinson (4) in adrenalectomized cat: observed
a simultaneous increase in the plasma and RBC K concentration
and similar decrease in the plasma and RBC Na concentration
with adrenal 1nsuff1c1ency; Robinson and Hegnauer (5) with
a similar experiment in cats, concluded that when the electro-
lyte balance of plasma is sufficiently altered, the RBC mem-
brane may become somewhat permeable to cations. Davson (2)
also demonstrated the diffusion of cations from cat RBCs when
placed in an isotonic solution of KCl. Harris (3) concluded
that adding K to the external medium of canine RBCs caused a
displacement of Na with the replacement of K.

In conclusion, there was a significant, linear, and
parallel decrease in the Na concentrations of the plasma and
RBCs of adrenal insufficient dogs. The changes which occurred
in the K concentration of plasma and RBCs of adrenal insuffi-
cient dogs were also linear and parallel but the rates of K
change were not significantly altered. The modified indirect
method used to calculate the RBC Na and K concentrations

proved to be very sensitive method.
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Table abbreviations:

ccv
CPV
CNHWB
HWB
NHWB
PCVr
PCVt
PCVw

RBCe

REBCe!

Calculated cell volume

Calculated plasma volume

Calculated non-hemolyzed whole blood
Hemolyzed whole blood

Non-hemolyzed whole blood

Packed cell volume (red)

Packed cell volume (total)

Packed cell volume (white)

Red blood cell electrolyte concentration calculated
by the modified indirect method

Red blood cell electrolyte concentration calculated
by the indirect method



Table 1. Blood variables measured on 21 Caucasian humans

Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. PCVt PCVr Flasma  NHWB HWB Plasma NHWB  HWB
1. 47.60 47,20 141.0 80.50 83.00 3.65 2.35 42,50
1. 2, 47.50 47.30 142.0 80.00 83.00 3.60 2.35 43,00
X 47,55 47,25 141.5 80.25 83.00 3.63 2.35 42,75
1 43,00 42,80 141.00 86.50 89.00 b.15 2.75 45,00
2. 2. 43,30 42.70 142,00 86,00 89,00 4,20 2,75 45.00
43,15 42.75 141.50 86,25 89,00 4,17 2.75 45,00
1. Ly, 80 44,40 141.00 83.00 86.00 3.30 2.20 44,00
3 2. bh,70 44,40 142.00 83.50 86.00 3:35 2.20 44,00
X. by ,75 L4, 40 141.50 83.25 86.00 3.32 2,20 44,00
1. L6.90 46.50 142,00 81.00 83.00 3.50 2.0 45,00
b, 2, 47,20 46,50 142,00 82,00 84.00 3.50 2.0 45,50
X. 47.05 46,50 142,00 Bl.50 83.50 3.50 2.40 45,25
s L6,60 46,40 143,00 82,00 85.00 3.45 2.20 45.50
5. 2, L6,60 46,40 143,00 82,00 85.00 3.40 2.20 45.50
X. 46,60 46,40 143,00 82.00 B5.00 3.42 2.20 45,50
X. 38.40 38.00 142,50 92.00 91.00 3.65 2.60 38.50
6. 2. 38.50 38.00 142,00 91.00 91.00 3.60 2.55 38,50
X. 38.45 38.00 142,25 91.50 91.00 3.63 2,57 38.50
1, 40,60 40.20 142,00 90.00 91.00 3.95 2.75 L42.00
7 2; 4Lo.60  40.20 141.50 89.00 91.00 3.90 2.75 41.00
X. 40,60 L40.20 141,75 89.50 91.00 3.92 2.75 41.50

Ge



Table 1. (Continued)

Animal Test Sodium, mEq/liter Potassjium, mEq/liter

No. No. PCVL PCVr Plasma NHWB HWB Plasma NHWB HWB
1. 47,10 46,90 140,00 80.50 82.00 3.60 2.50 47,00
U AR 47,10 46,90 140,00 80.50 82.00 3.65 2.50 47,00
p 47,10 46,90 140,00 80.50 82.00 3.63 2450 47.00
L 37.80 37.20 140,00 91. 50 93.00 3.20 2:30 38, 50
9. e 37.80 37 .40 139.00 91,50 93.50 3.20 2.30 38.50
X, 37.80 37.30 139.50 91.50 23.245 320 2.30 38.50
i 34.70 34,50 137.00 95.00 97.00 3.70 2.80 34,50
10. 2 35.00 34,60 138,50 94,00 98.00 3.70 2.80 34,50
Xs 34,85 34,55 13775 9L, 50 97.50 3.70 2.80 34,50
Lo 48,90 48,70 143,00 79.50 83.00 3.30 2:20 47,00
1l, 2o 49,70 49,50 143.50 79.00 82.00 3.35 2:15 46, 50
X 49,30 49,10 143,25 79.25 82.50 3. 32 2:17 46.75
i L4, 70 L4, 30 142, 50 84,00 86.00 375 2,60 43.00
12, 2 L, 70 L4, 00 141,50 83.50 86. 50 3.70 2+55 43,00
X. 44,70 Ly, 15 142,00 83.75 86.25 3.72 2.57 43,00
o 46,60 L6, 4o 143,00 82,00 82.50 3.35 2.40 46.00
13s 2. 46,70 46,30 143,00 81.00 83.00 3.35 G 46,50
X. 46,65 46,35 143,00 81. 50 82.75 3:35 2.38 46.25
L 47,50 47,60 142,00 81.00 84.00 4,20 2,75 L7.00
14, 24 47,20 46,80 142,00 80, 50 80.40 4,25 2.70 47.00
X. 47.35 46.90 142,00 80.75 82.20 L, 22 2. 72 47.00
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Table 1. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEgq/liter
No. No, PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
1; 46,60 46,00 144,00 82,00 87.50 4,15 2.70 47,00
15, 2 46,90 46,50 145,00 82,50 87,00 4,20 2.65 47,00
X 46,75 46,25 144,50 82,25 B7.25 b, X7 2.67 47,00
1s 43.20 42.90 142,50 85.00 87.00 3.80 2.40 46,00
16. 2, 43,40 42,80 142,50 84,00 86.50 3.80 2.40 46,00
X, 43,30 42,85 142,50 84,50 B6.75 3.80 2.40 46,00
5 Ls, 4o 44,80 142,00 B0.50 83.00 4,70 2.80 44,00
17. 2 45,10 44,80 141,00 B80.00 82,00 4,65 2.80 44,00
X 45,25 44,80 141.50 B0.25 82,50 4,67 2.80 44,00
1. 48,70 47,70 141,00 76.00 79.50 L, 65 2.55 53.00
18, 2. 48,70 48,00 141,50 76,00 79.00 4,70 2.55 53.00
X 48.70 47.85 141.25 76.00 79.25 4,67 2.55 53.00
19. 1. 4,70  L4,40 140,50 B80.50 83.00 4,20 2.50 48,00
2, by4,70 44,30 140.00 80.00 83,00 4,20 2.50 48,00
X, bh,70 44,35 140,25 80.25 83.00 4,20 2.50 48,00
1. 49,10 48.40 140,50 75.50 726,00 3.65 2.00 50.00
20. 2o 48,90 48.50 140.00 75.50 76.50 3.65 2.00 50,00
Xs 49,00 48.45 140.25 75.50 76.25 3.65 2.00 50.00
. 46,70 45,80 140,50 78.50 80.00 3.60 2.05 51,00
21, 2 46,50 45,80 140,00 77.50 80.00 3.60 2.00 51,00
X 4L6.60 45,80 140.25 78.00 B0.00 3.60 2.03 51,00
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Table 2. Blood variables calculated on 21 Caucasian humans

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV cev RBC RRC! RBC RBC! CNHWB
1s 57.09 42,91 5,88 19.31 93.53 86.91 2,08

1s 25 56,34 43,66 6,90 17.86 93.53 86.91 2,03
i 56,71 43,29 6.40 18,59 93,98 86,45 2,06

1. 61.35 38,65 6.50 20,16 109.88 99.61 2,55

2. 2. 60.56 39.44 7,72 19.87 108.79 99.81 2.54
X, 60.95 39.05 7.12 20,02 109.33 99.71 2.55

s 58,87 41,13 7.36 18,40 102.61 95.00 1.94

3 2. 58.80° 41,20 6,11 16.83 102,21 94,93 1.97
X, 58.63 41,17 6.74 17.62 102,41 94,96 1,96

1, 57.04 42,96 4,70 16.34 100,10 92.78 2.00

4, s 57.75 42,25 4,81 19.41 103.72 93.88 2.02
X 57.39 42,61 4,76 17.87 101.89 93.33 2.01

/B 57.34 42,66 7,07 18.62 101.98 94,09 1.98

5. P 57.75 42,25 7,13 19,77 102.96 94,15 1.96
X 57.54 42,46 7.10 19.19 102.47 94,12 1.97

: 64,56 35,44 -2,85 8.47 102,46 95,40 2,36

6. 2. 64,08 135,92 0,00 9.66 101.51 95,49 2,31
Xs 64,32 35,68 1,42 9.07 101.98 95,44 2,33

Ls 63.38 36.62 2,76 16.55 108.37 98.64 2,50

2. 62.90 37.10 5,45 17.29 104,22 96.23 2.45
X 63.14 36.86 4,11 16,92 106.28 67.43 2.48
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Table 2. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. CPV CCv RBC RBC' RBC RBC! CNHWB PCVw
1. 57«50 42,50 3:55 16.93 105.20 96.15 2,07 0.20

8. s 57.50 42.50 3«95 16.93 105,20 96.10 2410 0.20
X. 57.50 L2, 50 Fy 95 16.93 105.20 96,12 2.08 0.20

1. 65,36 34,64 4,41 15.91 106,34 98.14 2,09 0.60

9. 24 65.83 34,17 5.92 18.83 107.19 97.62 Ladl 0.40
X. 65.59 34.41 5.16 17.38 106.76 97.88 sl 0.50

: 1 69.34 30.66 6.57 21.85 104.08 93.00 2e57 0.20

10, 2. 67.87 32.13 12.61 23.05 99.91 92.76 2a5l 0.40
X. 68.60 31.40 9.65 22,45 101.94 92.88 2.54 0.30

1. 55.59 Liy. 41 792 20.38 101.34 93.05 1.83 0.20

11. 2, 55.05 Ly,95 6.70 19.84 99.11 90. 54 1.84 0.20
X, 55: 32 Ly, 68 T+ 31 20.11 100.22 91.78 1.84 0.20

l. 58.95 41.05 4,92 16.25 99.38 92.138 2.21 0.40

12, 2. 59.01 40.99 7.45 18.75 100.40 93.08 2.18 0.70
X, 58.98 41.02 6.18 17.49 99.89 92.73 2.20 0+55

) 1 57.34 42,66 1:18 13.23 102.69 95.28 1,92 0.20

13. 2. 56,64 43,36 4,66 14,65 102.78 96,58 1.90 0.40
X. 56.99 43,01 2.93 13.94 102.73 95.93 1.91 0.30

1. 57.04 42,96 7.07 20,11 104,22 95.31 2.40 0.50

14, 2. 56.69 43,31 -0.23 11.59 103.24 95.63 2.41 0.40
X. 56.87 43,13 3.40 15.86 103.73 95.47 2.40 0.45
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Table 2. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV Cev RBC RBC! RBC RBC! CNHWB PCVw
1. 56,94 43,06 12,95 23,05 104, 34 97.36 2.36 0,60
15, 2 56.90 43.10 10.54 21,52 103.86 96,28 2,39 0.40
X. 56.92 43,08 11,74 22.28 104,10 96,81 2.38 0.50
Lo 59,65 40,35 3.99 14,13 108.86 102.19 2,27 0.30
16. L 58,95 41,05 6.18 13,66 107.78 102.45 2.24 0.60
X 59.30 40,70 5.59 13.89 108.32 102.32 2425 0.45
1. 56.69 43,31 5.85 12,21 96,46 92.49 2.66 0.60
1% 2 56,74 43,26 4.66 10.25 95.90 92,52 2.64 0.30
b 56.71 43,29 §5.25 11.22 96.18 92.50 2,65 0.45
1. 53.90 46,10 7.76 15.03 111,86 106,11 2,51 1.00
18, 24 53.71 46,29 6,58 13.36 110.66 105.39 2452 0,70
p 53.81 46,19 7.17 14.19 111,26 105.75 2¢ DL 0.85
1. 57.30 42,70 5.90 11.94 107.30 102.88 2.41 0.30
19. 2. 57.14 42,86 7.07 12.60 107.17 103.11 2.40 0.40
s &7 22 42,78 6. 48 12,27 107.23 102.99 2.40 0.35
L 53.74 46,26 1:10 9.27 105.35 99. 47 1.96 0.70
20, 2 53: 55 46,45 2517 9.17 104,23 99.25 1.95 0.40
X. 53.64 46,36 1.64 Q.22 104,78 99.36 1.98 0.55
i 55.87 44,13 3.47 11.16 113.24 107.16 2,01 0.90
21. 2. 55.36 Ly, 64 5.69 11,14 111.% 107,18 1.99 0.70
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Table 3. Blood variables measured on 30 mongrel dogs
Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
1, L4o.60 39.90 144,00 88.00 127.00 4,00 2:55 5.85
h 2 40,50 39.60 144,00 88.00 126.50 4,00 2.595 5.80
X bo.55 39.75 144,00 88.00 126.75 4,00 2.55 5.82
La 47.50 47.30 149,00 82.00 131.00 4,10 2:30 4,60
2 2 L47.70 L47,.30 149,50 82.50 131,00 4,10 2.30 4.70
X 47,60 47.30 149,25 82.25 131.00 5,10 2+30 4,65
) 48,20 47,60 146, 50 80,00 129.00 4,00 2.25 5.20
B P 48, 30 47,60 147,00 80.00 128,00 4,00 2.25 5:15
X, 48,25 47,60 146,75 80,00 128,50 4,00 2.25 5417
15 Lo, 40 39.80 146,50 90.00 134,50 L, s0 2.80 5.00
L, 24 4o.L0 39.80 145, 50 90,50 135.00 4,50 2.85 5.05
X. Lo,u40 39.80 146,50 90.25 134,75 4,50 2.82 5.02
i 37.10 36.10 140.00 90.50 129,00 4,10 2.80 5.40
b T 2 37.10 36.10 139.50 91.00 127.00 L4.05 2.80 5.2%5
X, 37.10 36.10 139.75 90.75 128.00 L,o7 2,80 5.32
) 56,40 55.60 145,00 67.00 124,50 3.60 1.80 4.80
6 2, 56.30 55.60 145,00 67.00 124,00 3.60 1.80 4.85
X, 56.35 55.60 145,00 67.00 124,25 3.60 1.80 4,82
1. 46.80 45.70 146.00 80. 50 131.00 3.90 2+.15 5.00
T 2 46.30 45,90 146,00 81.00 131.50 3.85 2.20 5.00
3. 46,55 45,80 146,00 80.75 131.25 3.88 % by d 5.00
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Table 3. (Continued)
Animal  Test Sodium, mEq/liter Potassium, mEq/liter
No. No. PCVt PCVr Plasma  NHWB HWB Plasma  NHWB HWB
i 45.30 44,40 151,50 85.50 137.00 4,05 2.35 4.90
8. 2, 45.30 44,40 152,00 B85.00 1356.00 4,05 2.35 L4.80
Xs 45,30 44,40 151,75 85.25 136.50 4,05 2.35 4.85
; 50.10 49,60 149,50 76.00 129.00 3.80 2.10 6.20
9. 2, 50,40 49.60 149,00 76.50 130,00 3.80 2.10 6.25
X 50.25 49,60 149.25 76.25 129.50 3.80 2,10 6.22
p 39.80 39.20 146,50 91.50 138.50 4,35 2.85 5.40
1G. 2, LO0.30 39.50 146,50 91.00 137.00 4,30 2.80 5.25
X 40,05 39.35 146,50 91.25 137.75 4,32 2:82 5,32
i 41.00 40.30 145,00 88.00 129.00 3.80 2.40 4.95
b 2, 41.30 L40.20 144,00 89.00 128,00 3.85 2.40 4,90
> 41,15 40.25 144,50 88.50 128,50 3.82 2.0 4,92
j B 32.50 31.90 147.50 101.00 136.00 4,40 3.20 6.00
12, 24 32.50 31.90 147,00 101.00 136,00 L,4s 3.20 6.00
X. 32.50 31.90 147.25 101.00 136.00 4,u2 3.20 6.00
i L47.30 46,20 148,00 B82.00 129.00 3.95 2.30 5.20
13 2s b7.40 46,20 148,00 B1.50 127.00 3.90 2.30 5,05
X. L7.35 46,20 148,00 81.75 128,00 3.92 2.30 5.13
1s 51,10 50.50 149,00 77.00 130.00 3.90 2.05 4.70
14, 25 §1.00 50.30 149,00 76,00 131.00 3.95 2.10 4,80
X 51.05 50.40 149,00 76.50 130,50 3.92 2,07 4.75
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Table 3. (Continued)

Animal  Test Sodium, mEq/liter Potassium, mEq/liter
No. No. PCVtL PCVr Plasma NHWB HWB Plasma NHWB HWB

1. 43.90 43.00 149.00 87.00 132,00
15. 2. 43.90 42,70 149.00 86.50 130.00
X, 43.90 42,85 149,00 B86.75 131.00

1, 41.00 40.40 144,00 88.00 128,00
16. 2, 41,00 40.40 144,00 88.00 126.00
X, 41.00 40.40 144,00 88.00 127.00
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1. 47.50 47.10 144,00 79.00 125.00
17. 2% 47.80 47.10 144,00 78.50 125,00
X. 47.65 47.10 144,00 78.75 125.00

» L]
L] L
- -

1. 47.10 46.40 145.00 79.50 124,00
18. 2. L47.20 L6.80 145.00 79.50 124,00
X, 47.15 46.60 145,00 79.50 124,00

1, 41.70 40.90 142,00 86.00 126.00
19. 2, 41.70 40.80 142,00 86.00 126,00
X. 41.70 Lo.85 142,00 86.00 126,00

L
- -
-

1, 35.40 34.90 145.00 96.00 132.00
20. 2, 35.50 34.90 146,00 95.50 134,00
X. 35.45 34.90 145,50 95.75 133.00

X; 44,10 43,70 146,00 B6,50 135.00
21, 2. 44,30 43,80 146,00 86,00 134,00
X 44,20 43,75 146,00 B6.25 134,50
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Table 3. (Continued)

Animal Test Sodium, mEg/liter Potassium, mEq/liter
No. No. PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
; 38.70 38.40 145,00 92,50 134,00 3.80 2,45 5.30

22, 2. 38.70 38.10 146,00 92,50 134,00 3.80 2.45 5. 05
X, 38.70 38.25 145,50 92.50 134,00 3.80 2.45 5.27

La 41,10 40,10 146,00 89.00 134,00 4,05 2.50 4,90

23 2, 41.00 39.90 147,00 89.00 134,50 4,05 2.50 k.90
X. 41,05 40,00 146, 50 89.00 134,25 L.,05 2: 50 4.90

i 42,20 40,60 149.00 89.00 136.00 3«78 2.40 5.70

24, 2 42,20 40.60 148, 50 87.50 134,00 3:75 2.35 5.65
X 42.20 40,60 148,75 88.25 135.00 :72 2.38 5.65

h S 44,80 43,50 149,00 85.50 132,00 3.90 2.30 5.40

25 s 44,80 L4, 10 150.00 B84, 50 132.00 3.85 2:30 535
X. 44,80 43.80 149,50 85.00 132.00 3.88 2,30 5.38

: B> 42,90 L2.00 147,50 87.00 131.50 4,30 2.55 5.20

26, - 42,90 42,20 147,00 87.00 13150 4,30 2,60 5.10
X. 42,90 42,10 147.25 87.00 131 50 4.30 2.57 > P 3

1, 56,20 55.40 149.00 68. 50 125.50 4,25 1,90 5.80

27. 4 56.00 55.40 148,00 68. 50 126.00 4,20 1,90 5.85
X. 56,10 55.40 148, 50 68. 50 125.75 h,22 1.90 5,82

1. 48,40 47.90 144,00 79.00 128,50 4,30 2.30 5.30

28, 24 48,20 47.90 144,00 79.00 128.00 4.30 2.30 5.40
X. 48,30 47.90 144,00 79.00 128,25 4,30 2.30 - %
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Table 3. (Continued)

Animal Test Sodium, mEq/liter Potassium, mEg/liter
No. No. PCVt PCVr Plasma NHWB HWB PlLasma NHWB HWB

: | 57 « 20 56.60 148.00 66.50 128.00 4,50 1.95 54 35

29. 2 57:20 56.80 148,00 65.50 128.00 4,50 1:95 5.30
X 57.20 56.70 148,00 66,00 128.00 4,50 1.95 5.32

1. 46,10 45,40 143, 50 80.50 127450 L, 40 2.40 5«30

30, 2a Lé, 50 45,40 143, 50 81.00 126,00 4,40 2.40 5:30
A 46,30 45,40 143,50 80.75 126.75 4,40 2.40 5.30
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Table 4, Blood varlables calculated on 30 mongrel dogs
Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. CPV ccv RBC RBC!' RBC RBC' CNHWB  PCVw
; 61.11 38.89 102,12 103,92 8.64 8.27 2,44 0.70

; [ 24 61.11 38.89 101.35 103.08 8.56 8.21 2.44 0.90
X 61.11 38.89 101.74 103.50 8,60 8.24 2. 44 0.80

; 55.03 44,97 109,46 111:57 5.14 4,86 2.26 0.20

2. 24 55.18 44,82 109.19 111.65 5,40 5,07 2.26 0.4C
X. 55.11 44,89 109.33 111.61 5.27 4,97 2.26 0.30

1: 54,61 45,39 109.39 111.58 6.59 6.20 2.18 0.60

3. 2 54,43 45,58 106.96 109.25 6,46 6.09 2.18 0.70
X. 54,51 45,49 108,17 110,41 6.52 6.14 2.18 0.65

1. 61.43 38.57 117.21 118.56 5.79 5«53 2.76 0.60

b, 2. 61.77 38.23 118,27 119.81 5.85 5.53 2.78 0.60
: P 61.60 38,40 117.74 119.19 5.82 5.53 2.77 0.60

1. 64,64 35,36 112,06 113.41 7.57 7.20 2.65 1.00

5. 2 65.23 34,77 106.61 108.74 7.26 6.79 2.64 1.00
- 64,94 35,06 109.36 111.07 7.41 6.99 2.65 1.00

; " 46,21 53.79 108,50 110.22 5,66 5,40 1.66 0.80

6. 2. 46,21 53.79 107.36 109.06 5.74 5.49 1.66 0.70
X. 46,21 53.79 107.93 109.64 5,70 6. 44 1.66 0.75

1. 55.14 44,86 115.39 116,69 6.51 6.24 2.15 130

- 2 55.48 44,52 114,46 115.68 6.35 6.10 2.14 0.40
p 55.31 44,69 114,92 116,19 6.43 5.17 2.14 0.75
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Table 4, (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. CPV ccv RBC RBC!' RBC RBC! CNHWB PCVw
1, 56,44 43,56 120,71 121,91 5.98 5.74 2.29 0.90

8. 2, 55.92 44,08 118,11 119.04 5,67 5.52 2.26 0.90
X 56,18 43,82 119.40 120.48 5.82 5.63 2.28 0.90

1. 50.84 49,96 108.91 109.68 8.43 8.27 1.93 0.50

9. 2. 51,34 48,66 111.79 113,10 8,67 8.37 1.95 0.80
> N 51.09 48.91 110.34% 111.39 8.55 B.32 1.94 0.65

1. 62,46  37.54 127,22 128.33 6.90 6.51 2.72 0.60

10. 2. 62.12 37.88 124,04 125,42 6,61 6.20 2.67 0.80
X. 62.29 37.71 125.63 126,87 6.75 6.35 2.562 0.70

1s 60.69 39.31 106,19 107.82 6,60 6.33 2.31 0.70

11, 2. 61,81 38.19 105,14 108,14 6,74 6.22 2.38 1.10
Xe 61.25 38,75 105.67 107.98 6.67 6.27 2.34 0.90

1. 68.47 31.53 113,18 114,22 9.05 8.78 3.01 0.60

12, 2. 68.71 31.29 114,03 115.28 9,12 8.78 3.06 0.60
s 68.59 31.41 113,60 114,75 9.09 8.78 3.04 0.60

1a 55.41 44,59 108,06 110.40 6,67 6.28 2.19 1.10

13. 2 55.07 44,93 104,04 106.39 6.29 5.95 2.15 1.20
X, 55.24 44,76 106,05 108,39 6,48 6.11 2,17 1.15

1s 51.68 48,32 111,06 113.15 5.55 5.25 2,02 0.60

14, 2s 51.01 48.99 113.89 115.29  5.59 5.37 2,01 0.70
X. 51,34 4B.66 112,48 114,22 5,57 5.31 2,02 0.65
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Table 4, (Continued)

Animal  Test Sodium, mEq/liter _Potassium, mEq/liter
No. No. CPV CCV RBC REC' RBC RBC' CNHWB PCVw
i 19 58,39 41,61 110,54 112,58 el 6.74 2.39 0.90
154 2 58.05 41,95 106.76 108,69 7.24 6.91 2435 1,20
X 58.22 41,78 108.65 110,64 7.18 6.83 A i s 1.05
i 53,11 38.89 104,47 106,53 6.01 5.69 2.41 0.60
16. 2 61.11 38.89 99.25 101.58 5.88 5457 2.38 0.60
X 61,11 38.89 101.86 104,06 5.94 5.63 2.40 0.60
1. s4,86 Ls5,14 102.82 104,88 5.92 5.63 2.52 0.40
by 24 54,51 45,49 103.83 105.80 6.03 5473 2+53 e 70
Xs 54,69 45,31 103.32 105.34 5.98 5.68 2:53 055
Lo 54,83 45,17 100,06 101.93 5.62 5.39 2.36 0.70
18, 2. 54,83 Lbs5,17 99.39 101.37 5.58 5.34 2+33 0.40
X 54,83 45,17 99.73 101.65 5.60 5.36 2.34 0.55
s 60.56 39.44 103.53 105,66 6.86 6.48 2.70 0.80
19, 2 60,56 39.44 103.80 105.92 6.49 6.13 2473 0.30
X. 60,56 39.44 103,66 105.79 6.67 6.30 2.7 0.85
: S 66,21 33.79 108,13 109.83 6.16 5.87 3.14 0.50
20. 2ie 65.41 34,59 113,27 114,13 6.03 5.87 3.14 0.60
X 65,81 34,19 110,72 111,98 6.09 5.87 3.14 Qi 55
i i 59.25 40.75 120.19 122.16 6.69 6.18 24+52 0.40
215 2 58.90 41,10 118.24 120,27 6.90 6.39 2.47 0.50
X. 59,08 Lo.92 119.21 121,22 6.79 6.55 2.50 0.45

88



Table 4. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV cCcv RBC RBC! RBC RBC! CNHWB PCVw
1. 63.79 36.21 115,58 117.49 7.94 7.74 2,42 0.30
22, 2, 63.35 36.34 115.14 116,80 7.77 7.67 2,41 0.60
o 63.57 36.43 115.35 117.15 7.85 7.70 2.42 0.45
;i [ 60.96 39,04 118.29 119.72 6.31 6.27 2.47 1.00
23, Py 60,54 39,46 118,63 119.72 6.26 6.29 2.45 1.10
X 60.75 39.25 118,46 119,72 6.28 6.28 2.46 1.05
1, 59.73 40,27 121,55 122.85 8.53 8.13 2.21 1.60
24, Zs 58.92 41.08 117.79 118,64 8.36 8,13 2ol 1,60
X. 58 33 40,67 119.65 120,74 8.45 8.13 2eil 1.60
Lo 57.38 42,62 112, 54 114,37 7.50 ZTal3 2.24 1.30
25 2. 56.33 43,67 110.55 111,66 7.4+10 6.92 ekl 0.70
X 56,86 43,14 111l:52 112,96 7430 7.02 2420 1.00
j 1 58.98 41.02 110.93 112,57 6.61 8,31 2,54 0.90
26, e 59.18 40,82 110.93 112,71 6.23 5.92 2.54 0.70
X 59.08 40,92 110.93 112,64 6,42 6.12 2.54 0.80
7% 2, 46,28 53.72 108.25 109.89 7.40 713 1.94 0.60
X. 46,13 53.87 107.67 109.31 7. 38 7.08 1.95 0.70
1, 54,86 45,14 110.98 113.14 6.72 6.26 2,36 0.50
28, o5 54,86 45,14 109.28 111.50 6.91 6.47 2.36 0.30
X. 54,86 45,14 110,08 112.32 6.82 6.37 2.36 0.40
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Table 4, (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV ccv RBC RBC' RBC RBC' CNHWB  PCVw
; 44,93 55,07 112,91 114,23 6,24 6.01 2.02 0.60
29. 24 44,26 55,74 112,93 113.83 6.05 5.90 1.99 0.40
Xa Lh,59  55.41 112,92 114,03  6.15 5.95 2,01 0.50
1, 56.10 43.90 108.79 110.47 6.71 6.39 2.47 0.70
30. 25 56.45 43.55 106,00 108,43 6.83 6.39 2.48 1.10
X. 56.27 43.73 107.41 109.45 6.77 6.39 2.48 0.90
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Table 5. Blood variables measured on 32 Yorkshire-Landrace-Poland China crossbred

pigs

Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
1. 36.60 36,00 142.50 93.00 94,00 4,75 3.30 46,50

i 2 36,50 35,60 142.50 93.50 94.00 4.70 3.30 46,50
X. 36.55 35.80 142,50 93,25 94,00 4,72 3.30 46,50
: I 36,20 34,90 154,00 95.50 97.00 4,60 3.35 45.00
P 2. 36.20 34,80 145.50 95.00 97.00 L.60 3.35 45,00
3. 36.20 34.85 145.25 95,25 97,00 4,60 3.35 45.00
: 1 31.40 30.40 141,00 98.50 99.00 4,50 3.40 41,00

; 2 31.40 30.40 142,00 98.00 99.00 4,60 3.40 40.50
i 31.40 30.40 141.50 98.25 99.00 4,55 3.0 40.75

1. 36.10 34.70 144,50 95.50 96.50 5,60 3.95 46,00
b, 2. 35.80 34,80 144,00 95,00 96,00 5.50 3.90 46,00
3. 35.95 34,75 144,25 95,25 96,25 5.55 3.92 46,00
. 1 33.50 32.90 135.00 88.50 88,00 4,30 3.05 44,00

5. 2. 35.70 34,80 135,00 88.50 88,00 4,30 3,00 44,00
s 34,60 33.85 135.50 88.50 88.00 4.30 3,02 44,00
1s 42,70 41,50 143,00 83.00 83.00 6.00 3.90 53.00
6. 2. 42,80 41,70 143,50 83.00 83.00 6.00 3.85 52.50
3 2,75 41,60 143,25 83,00 83.00 6.00 3.88 52,75
: 7 34,40 33.50 142,00 92.50 94,00 4,40 3,20 45,00
2 2, 34,40 33.50 142,00 92,50 94.00 4,40 3.20 45,00
X 34,40 33.50 142,00 92.50 94,00 L.40 3.20 45,00
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Table 5. (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
1. 40,30 39.70 147,00 89.00 91,00 6.15 4,20 50.00

8. Ls 40,50 39.60 146,00 88.00 91.00 6.15 4,15 50.00
X. 40,40 39.65 146,50 88.50 91.00 6.15 4,17 50,00

I8 41,30 40.30 138.00 81,00 83.00 L,55 2.90 51.00

9. o5 41.30 40.70 137.00 81.00 83,00 4,50 2.90 50.00
X. 41.30 40,50 137.50 81.00 83.00 4,52 2,90 50.50

% 35.00 33.70 143,50 94,00 96.00 5.20 3.80 43.00

10. 2 35.00 33.70 143,50 9k, 50 97.00 5.20 V.75 43.50
X, 35.00 33.70 143,50 94,25 96.50 5.20 3.77 L43.25

1. 33.50 31.90 140, 50 93.00 94,00 4,90 3.50 42.00

p & I .2 33.80 32,20 141,00 93.00 94,00 4,90 3.50 42,50
3. 33.65 32.05 140.75 93.00 94,00 4.90 3.50 42.25
ds 33.90 33.10 145,00 94,00 95.50 4.90 3.50 4,00
12, 2 33.90 33.10 145,00 94,00 96,00 4,90 3.50 Ly, 50
X. 33.90 33.10 145,00 94,00 95.75 L,90 3.50 Li, 25
Le 33.60 32.60 144,00 96.00 95.50 5:.35 4,10 43,50
13. Zs 33.60 32.90 144,00 95.50 95.50 535 4,05 43.00
X, 33.60 32.75 144,00 95.75 95.50 5+ 35 4,07 43.25
i 36,70 36.00 144, 50 92.00 93.00 4,70 3.40 45,50
14, 2, 36,90 36.40 144, 50 91.50 93.00 L4.80 3.40 45,00
X. 36.80 36.20 144,50 91.75 93.00 b.75 3.40 45.25
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Table 5. (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. PCVt PCVr Plasma NHWB HWB Plasma NHWB HWB
s B 31.60 30,60 142,00 96,00 97.00 4,90 3. 55 40,00

15 2. 31.70 30.60 143,50 96,00 96.50 4,90 3.60 39.50
X. 31.65 30.60 142,75 96,00 96.75 4,90 3.57 39.75

16, 2. 34,60 33.50 146,00 95.00 96. 50 5.30 3.80 45,00
Xe 34,55 33.50 145,50 95.00 96, 50 5.30 3.80 45,00

i 8 34,70 33.80 143.00 92,50 94, 50 4,70 335 Lk, 50

17. 2, 35.00 34,10 142,00 93.00 95.00 b,65 3,35 Lh 50
X. 34.85  33.95 142, 50 92.75 94.75 4,67 3.35 44,50

i 36.50 35,40 142,00 90.50 92.00 4,80 3.40 49,00

8. Za 36.50 35.70 142,00 90.00 92.50 L,80 3.40 49,00
X. 36.50 35:55 142,00 90.25 92.25 L4.80 3.40 L4Lg,00

1 33.30 32.00 141,00 94,00 98, 50 4,40 3.30 45,50

19, Ze 33.20 32.10 142,00 95.00 98, 50 L, 40 3.30 45,50
X. 33425 32.05 141.50 94, 50 98.50 L.40 3.30 45,50

: 37.00 35.90 143,50 91.00 95.00 5.20 3.65 50.00

20, 2 37.00 35.80 143,50 91.00 94, 50 5.20 3.60 50.00
X 37.00 35.85 143,50 91.00 94,75 5.20 3.63 50.00
1. 33.60 31.80 138.00 93.00 96,00 5.10 3.65 k5,50
21. B 33.60 31.80 139.00 92,00 96.50 5.05 3.65 45.50
X. 33.60 31.80 138,50 92.50 96.25 5.07 3.65 k5,50
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Table 5. (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No, No. PCVtL PCVr Plasma NHWB HWB Plasma NHWB HWB
1, 35.10 34,00 142,00 92.00 95. 50 4,60 3.35 47.00

22 2. 35.10 34.30 142,00 92,50 95.50 L,60 3.35 U47.00
Xy 35.10 34,15 142,00 92.25 95.50 4,60 3.35 47.00

1. 34,10 33.00 143.50 95.00 98, 50 4,90 3.65 46,00

23. 2 34,10 33.50 143,00 94, 50 99.00 4,90 3,65 46,00

;4 34,10 33.25 143,25 94,75 98.75 4,90 3.65 46,00

s £ 33.90 33.00 144,00 96,00 98. 50 4,90 3.65 45,00

24, - 33.90 33.00 144, 50 95.00 98.00 4,90 3.65 45,00

X. 33.90 33.00 144,25 95.50 98.25 4,90 3.65 45,00

. 32.70 31.80 144,00 96,00 98. 50 4,80 3.50 45,00

254 2. 32.70 31.80 144,00 96,50 98. 50 4,80 3.50 45,00

X. 32,70 31.80 144,00 96,25 98. 50 L,80 3.50 45,00

35.70 35.00 145,00 96, 50 98, 50 5.20 3.80 48.00

26, 2, 35.80 35.00 144, 50 96, 50 98, 50 5.20 3.80 48,00

X. 35.75 35.00 144,75 96,50 98,50 5.20 3.80 48.00

Xa 33.00 32.40 144,00 95.00 100,00 5.20 3.75 44,00

27. 2. 32.90 32.80 145,00 95.00 100.00 5.20 3.80 44,00

X. 32.95 32,60 144,50 95,00 100,00 5.20 3.77 44,00

p ¥ 3370 32.90 143,50 95.00 96,00 6.00 3.95 45,00

28, 2, 33.90 32.90 142,00 95.00 96,00 6.00 3.95 45,00

;4 33.80 32.90 142,75 95.00 96.00 6.00 3.95 45.00
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Table 5. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No, PCVt PCVr Plasma NHWB HWB Plasma HWB
1. 34,90 34,10 147.00 97.50 102,00 L,20 4,10 47,00
29, 2. 35.00 33.80 147,00 97.50 101.50 4,20 4,35 L47.00
X. 34,95 33.95 147,00 97.50 101.75 4,20 Lh,23 47.00
s 33.70 33.30 143,00 94, 50 97.50 5.10 3.70 45,50
30. 2 34.10 33.30 143,00 9k, 50 97.50 5.10 3.70 45.50
X. 33.90 3330 143,00 94,50 97.50 5.,10 3.70 45,50
1s 32.30 31.50 141. 50 97.00 98.00 5.20 3.80 42,00
31, 2 32,10 31.30 142,00 97.00 98.00 5.20 3.80 42.00
X. 32.20 31.40 141,75 97.00 98,00 5420 3.80 42.00
L 34,80 33.60 137.00 90.00 93.00 5.40 3.85 46,00
32 24 34,50 33.40 137.00 90,50 93.00 5.40 3.90 46,00
X. 34,65 33.50 137.00 90.25 93.00 5. 40 3.88 46,00
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Table 6. Blood variables calculated on 32 Yorkshire-Landrace-Poland China
crossbred pigs

Animal Test Sodium, mEq/liter Potassium, mEq/liter

No. No. CPV CCV RBC RBC! RBC RBC' CNHWB PCVw
b (98 65.26 34,74 2,93 10:15 126.55 120.80 310 0.60

i 1 24 65.61 34,39 1.49 9.87 129.01 122.23 3.08 0.90
X. 65.44 34,56 2422 10,01 127,77 121,51 3.09 0.75

1s 65.86 34,14 4,57 12,87 126,83 120,53 3.03 1.30

25 o 65.29 34,71 6.00 11.99 125.05 120,88 3,00 1.40
X, 65.58 34,42 5.29 12.43 125.93 120.70 3.02 1,35

8 69.86 30.14 1.72 7.48 129,02 124,71 3.14 1.00

3. 2 69.01 30.99 3.33 5:22 123.72 122,84 3.17 1.00
X. 69.43  30.57 2.54 6.35 126.33 123.78 3.16 1.00

1. 66.09 33.91 3.08 12,00 129.34 122.25 3.70 1.40

4, 2 65.97 34,03 303 10:21 127.47 122,04 3.63 1.00
4 66.03 33.97 3.05 131:310 128.40 122,14 3.66 1.20

Y. 65,07 34,93 -1.46 -7.42 119.30 125,05 2,80 0.60

o 2 65.56 34,44 -1.49 3.43 122:.23 118,49 2.82 0.90
X, 65.31 34,69 -1.47 -1,82 120.74 121,68 2.81 0.75

i i 58.04 41.96 0.00 2,56 120.47 119.43 3.48 1.20

6. en 57.84 42,16 0.00 2,20 118,48 117.567 3.47 1.10
Xe 57 .94 42,06 0.00 2.38 119.47 118.55 3.48 115

ds 65.14 34,86 4,42 2v53 123.09 125.71 2.87 0.90

7. P 65.14 34.86 4,42 2.53 123.09 125.71 2.87 0.90
X. 65.14 34,86 4,42 2:53 123.09 129571 2.87 0.90
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Table 6. (Continued)
Animal Test Sodium, mEq/liter Potassium, mEg/liter

No. No. CPV CcCcvV RBC RBC! RBC RBC? CNHWB PCVw
1. 60.54 39.46 5:15 8.16 117.87 116.70 . 0.60

8. 2, 60,27 39.37 773 10.43 118.09 117.02 i Ay | 0.90
X 60.41 39.59 6.44 9.30 117.98 116.86 . B 0.75

1. 58.70 41,30 4,96 4,95 119.34 119.92 2,67 1.00

9. 24 59,12 40,88 4,97 6.34 116,94 116.36 2,66 0.60
X 58.91 41,09 L,96 5.65 118,14 118.13 2.67 0.80

1., 65,51 34,49 6.03 8.09 118.09 117:.57 3.41 130

10, 2 65.85 34,15 7 .81 1.1 05 121.02 119.05 3.42 1.30
D, 65,68 34,32 6.81 Q.57 119.55 118.31 3.42 1.30

1, 66.19 33.81 310 1.78 119.54 121.45 3.24 1.60

11. 2.4 65.96 34,04 3.08 2.04 120.21 121,91 o3 1.60
X. 66,07 33.93 3.09 1.91 119.87 121.68 3.24 1.60

2 I 64,83 35.17 4,36 -1.04 117.83 123.15 3.18 0.80

12, 2. 64.83  35.17 5.82 0.47 119.28 124,66 3.18 0.80
X. 64,83 17 i 5.09 -0.29 118,55 123.90 3.18 0.80

13 66.67 33:33 -1.55 -0,36 121.86 122,54 3..57 1.00

13. 2| 66.32 33.68 0.00 “'0'35 118.10 119-90 3.55 0.?0
x- 66-“’9 33.51 -0.?? -0.35 119.96 121.21 3056 0-85

1. 63.67 36.33 2.81 4,25 118.15 118.12 2.99 0.70

14, 2. 63.32 36.68 4,15 5.00 114.99 115.31 3.04 0.50
X. 63.49 36,51 3.48 L,63 116.56 116.71 3.02 0.60
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Table 6, (Continued)

Animal Test Sodium, mEq/liter _Potassium, mEq/liter
No. No. CPV ccv T RBC ¥ RBC RBC! CNHWB PCVw
1s 67.61 32,39 3.19 =0.42 116,10 119,727 3,31 1.00
15, 2. 66.90 33.10 1.56 =4.94 112.18 11B8.15 3.28 1.10
X, 67.25 32.75 2.37 =-2,68 114,12 118.96 3.30 1.05
| 65,62 34,48 L, L8 4,55 123.05 123,97  3.47 1.00
16, 2. 65.07 34,93 4,43 3.03 121.78 123.98  3.45 1.10
X, 65.29 34,71 b, 46 3.79 122,41 123.97 3.46 1.05
1. 64,69 35,31 5,81 o s 119.57 122.58 3.04 0.50
17, 2 65.49 34,51 5.95 7.92 122,44 121,63 3,05 0.90
4 65.09 34,91 5,88 5.63 120.99 122,10 3.04 0.90
j 63.73 36.27 4,37 5.17 129.66 129,81 3.06 1.10
18, 2 63.38 36.62 6.98 6.53 127.30 128,72 3,04 0.80
X 63.56 36.44 5.63 5.85 128,47 129.26  3.05 0.95
i 66,67 33.33 14,05 13,92 131,74 133.02 2,93 1.30
19, 2% 66.90 33.10 10.94 11.35 131.88 132,59 2.94 1.10
X. 66.78 33.22 12,49 12,63 131.81 132.80 2.94 1,20
i 63.41 36.59 11,27 12.80 130.62 130.15 3.30 1.0
20, s 63.41 36.59 9.89 11,44 131,13 130.51 3.30 1,20
o8 63.41 36.59 10.58 12,12 130.87 130.33 3.30 1.15
; 19 67.39 32.61 9.74 13.74 135.84 132,43  3.44 1.80
21. - 66.19 33.81 14,06 13.22 130.73 132,54  3.34 1.80
X. 66.79 33.21 11.94 13.48 133.22 132,48 3,39 1.80
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Table 6, (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV cecv RBC RBC! RBC RBC' CNHWB  PCVw
s 64.79  35.21 10,26 9.83 127.97 129.45 2,98 1,10
22, 2. 65,14 34,86 8.81 9.74 128.16 121.32  3.00 0.80
X. 64,96 35,04 9.53 9.79 128,06 128,89 2.99 0.95
;A 66,20 33.80 10.70 11.92 129.52 129.61  3.24 1.10
23. 24 66,08 33.92 13.51 14,22 127.12 127,67 3.2h 0.60
X. 66,14 33.86 12,12 13.08 128.31 128.63  3.24 0.85
1, 66.67  33.33 7.71 10,05 123.97 126.55 3,27 0.90
24, 2, 62.?“ 34,26 8.99 ' CEE 123.97 126,55 3.22 0.90
s 656.20 33.80 8.36 8.79 123.97 126455 3.24 0.90
La 66.67 33.33 7.71 4,99 127.95 131.35 3.20 0.90
25. B 67.01  32.99 6.23 4.99 129.34 131,35 3.22 0.90
5 66.84 33,16 6.97 4.99 128,64 131.35 3.21 0.90
La 66.55  33.45 6.11 15,04 134,97 127.59  3.46 0.70
26, 2. 66.78  33.22 6:17 16,37 136.34 127.60  3.47 0.80
> 66.67  33.33 6.14  15.71 135.65 127,60  3.47 0.75
3, 65.97 34.03 14.96 10.86 120,41 125,05 3.43 0.60
27. 2 65.52 34,48 14,54 8.25 116.92 123.51 3.41 0.10
X. 65.74  34.26 14.75 9.55 118.64 124,27  3.42 0.35
I 66.20 33.80 3.03 2.61 124,40 124,69  3.97 0.80
28, 2. 66.90  33.10 312 6.50 127.89 124,72 4,01 1.00
X. 66.55 33.45 3.07 4,56 126,11 124,71  3.99 0.90
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Table 6, (Continued)

Animal Test Sodium, mEq/liter Potassium, mEq/liter
No. No. CPV cCcv RBC RBC! RBC RBC! CNHWB PCVw
1 66.33 33.67 13.69 18,48 130,50 129.81 2.79 0.80
29. 2. 66.33 33.67 12,32 17.60 131.34 130,98 2.79 1.20
X. 66.33 33.67 13.01 18.05 130.92 130.39 2:79 1.00
66,08 33.92 8.95 8.08 124,72 126,48 3.37 0.40
30. 2 66.08 33.92 9.06 9.80 126,22 126.54 337 0.80
X. 66.08 33.92 9.00 8.94 125,46 126.51 3.37 0.60
= 68.55 31.45 3.26 7.00 124,64 122,16 3.56 0.80
3l 2 68.31 31.69 3.24 5.05 123,66 122.90 3:55 0.80
X. 68,43 31.57 325 6.03 124,15 122:53 3456 0.80
1 65.69 34,31 9.06 10.94 127.32 126,43 3.55 1,20
32, 24 66,06 33.94 201 9.78 128,19 127.13 3.56 110
X. 65.88 34,12 8.34 10,36 1272:75 126,78 3.56 1:15
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Table 7. Variables measured on control dog number 1l. Day number 1 coincides
with the day on which the last sterold injections were given to the
adrenalectomized dogs

Day ?:gg. wgggﬁt Hﬁ:i: PCVr CcCcv Sodium(mEq/litzggassium
(°c) (kg) (BPM) (%) (%) Plasma Cell Plasma Cell
1. 102.6 17.9 132 33.9 33.3 147 105 bl 10.4
2.  103.7 18,2 160 36,6 34,6 149 107 Loy 1245
3. 102.9 17.9 136 36.7  35.1 149 115 4.5 13.0
L., 102.9 18.5 156 35.3  33.4 146 108 L,2 9.8
5. 102.1 18.3 160 A5F Ty 148 115 4.6 1 % |
6. 102,1 18,6 160 4.4 32,7 147 103 4.1 9.4
7. 102.3 18.4 156 4.4 32,0 150 120 4.7 9.2
9. 103.0 18.6 156 36,1 34,4 150 111 4,2 9.7
11. 103.5 18.6 160 33.5 32.1 148 117 4,5 9.l

13. 102.9 16.9 116 36.0 35.3 144 105 3.7 7.5
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Table 8., Variables measured on control dog number 2, Day number 1 coincides
with the day on which the last steroid injections were given to the
adrenalectomlzed dogs

Body Body Heart Sodium Potassium
Day temp. welght rate PCVr cev (mEq/1iter)
(oc) (kg)  (BPH) (%) (%)  Plasma Cell Plasma  Cell
1. 102.,1 20,4 100.0 L45.4 43.8 147 111 4,3 6.5
2, 103.0 20,2 136 Ly, 3 Lh2,5 149 110 4,3 645
3. 102.0 20,0 112 41,1 40,1 150 118 4.5 6.8
4, 102.3 19.2 108 4g.6 L6.8 145 110 4.2 6.4
5e 102.1 20.5 92 2,7 Lo,6 148 122 4.3 7.7
6, 102,1 19.6 88 45,1 42,2 148 107 4,1 6.8
7. 102.0 19.6 96 41.6 39.0 154 110 4,6 7.1
9. 101.7 15.9 104 40.0 38.35 152 114 h.5s 7.9
i % I 102.4 20.0 132 42,1 40.1 151 112 h,5 8.3

13 102.2 20.4 116 42.9 41.6 148 108 3.9 7.0
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Table 9. Blood variables measured on adrenalectomized dog number 1, Day
number 1 colncides with the day on which the last steroild injection
was gilven

Body Body Heart Sodium Potassium

Day temp. welght rate PCVr ccv (mEq/liter)

(°oc) (kg) (BPHM) (%) (#) Plasma Cell Plasma Cell

1. 102.9 12:5 68 36.9 35.8 148 110 L4 8.2

Ba 103.0 12.4 72 36.0 1541 149 108 4,6 8.0

3 102.7 12:1 100 39.9 39.1 149 108 52 9.9

L, 102.4 11,8 112 43,3 41,7 142 108 w“ 9.7

8 102.1 11.3 14k 50,8 47.8 141 109 e T 9.8

6. 102:1 11.3 132 50,7 47,1 134 oL 4.8 Be7

7 102.4 11,1 124 50,4 46,9 133 94 b 8.9

1L, 102:; 3 10.3 140 52.4 49,5 133 10X 6.5 7.8
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Table 10. Blood variables measured on adrenalectomized dog number 2. Day
number 1 coincides with the day on which the last steroid injection

was given

Body Body Heart Sodium Potassium
Day temp. welght rate  PCVr ccv (mEq/11ter)
(ec) (kg) (BPM) (%) (%) Plasma Cell Plasma Cell
1. 037 14,5 88 43.7 41,2 150 110 4.1 6.4
2. 100.8 14.6 80 41.8  39.9 148 107 4.5 6.0
3. 101.0 14,5 64 45.0 43.5 150 109 5e1 6.5
4, 101.3 14,2 68 L6,6 44,3 144 109 5.0 6.4
5. 101,1 14,2 80 51.1 48,5 145 113 543 73
6. 101.4 13,6 72 55.2 51.3 141 100 5.2 6.9
7. 101.6 13.4 100 56.3  52.9 141 98 5.6 T3
9. 101.4 13,1 100 55.4 52,5 137 98 5.6 7.4
11. 100.7 12.9 128 55.6  54.3 133 102 5.3 7.6
13, 98.8 12.5 124 67.0 68.7 126 89 5.0 5.6
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Table 11, Blood variables measured on adrenalectomlized dog number 3. Day
number 1 coincides with the day on which the last steroild injection

was glven

Body Body Heart Sodium Potassium
Day temp. welght rate PCVr CCY (mEq/1iter)
(%) (kg) (BPHM) (%) (%) Plasma Cell Plasma Cell
D 1 101.4 185 76 42.5 38.9 146 114 3.9 6.3
2. 101.8 18.8 92 41,1 39.1 147 104 4,7 % 4
Ve 102.3 18.1 112 ug,.2 45,3 148 114 S.4 5.8

L, 102.7 17.6 136 557 52.5 140 107 5.9 5.9
Se 101.6 X7 3 128 59.7 55.7 139 103 7s5 7.2
6. 102.1 17.2 132 61.7 59.9 135 95 7.4 7+3
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Table 12, Blood variables measured on adrenalectomized dog number 4, Day
number 1 coincides with the day on which the last steroid injection
was glven

Body Body Heart Sodium Potassium

Day temp. welight rate PCVr cecv (mEq/1iter) _

(°C) (kg) (BPM) (%) (%) Plasma Cell Plasma Cell
1. 102.3 18.0 132 47.3 b4s.1 137 104 4.9 8.7
2. 102.6 18.0 132 46,6 43,9 139 99 B2 8.3
3. 102.2 177 100 45.3 42,7 144 106 51 8.3
L, 102,0 18.0 124 Ly,9 43.8 141 106 4.8 7.1
5. 102.0 17.6 120 48,3 46,4 141 110 6.6 8.2
6. 101.8 17.2 120 52.3 U48.3 134 99 6.9 9.1
P 102,6 17.3 128 535 48,9 130 95 7.5 10.7
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Table 13, Blood variables measured on adrenalectomized dog number 5. Day

number 1 coincides with the day on which the last steroid injection

was glven
Body Body Heart Sodium Potassium

Day temp. weizght rate PCVr ccv (mEq/11ter)
(kg) (BPM) (%) (¥) Plasma Cell Plasma Cell
1, 102,5 13,1 120 46,0 Ly, s 138 107 4,3 5.9
24 103.2 12 5 104 44,8 43.5 318 101 L,9 543
3 I02.5 3e:3 128 b49,6 46,3 139 101 5:0 5.8
L, 102.5 12,0 132 5541 523 135 99 5.1 5.8
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Table 14, Body temperatures (°C) of control and adrenalectomized dogs from
time-intervals 1 through 10

Time- ""LEEEEE%T‘—Q Adrenalectomized

interval Dog 1 og “Dog 1 Dog 2 Dog 3 Dog 4 Dog 5
1. 102.9 102.3 102.9 101.5 101.4 102.2 102.5
2 103.3 102.5 102.9 100.9 101.5 102.4 102.5
3. 102.9 102.3 102,6 100.3 101.,7 102.6 102.6
b, 102.1 102.1 102.3 101.1 102.0 102.3 102.9
5. 102.2 102.1 102.1 101.5 102.4 102.1 103.2
6. 102.5 101.9 102.3 101.5 102.6 102.0 102.9
7 103.0 101:7 101.8 101.3 102.3 102.0 102.6
8, 103.3 102.2 101.0 100.9 101.8 101.9 102.5
9. 103.3 102.3 101.7 100.0 101.8 102.0 102, 5

10. 102.9 102.2 102.3 98.8 102,1 102.6 102.5
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Table 15. Body weight (kg) of control and adrenalectomized dogs from time-
intervals 1 through 10
Time- Control Adrenalectomized
interval Dog 1 Do 2 Dog 1 Dog 2 Dog 3 Dog &4 Dog 5
1, 18.00 20.32 12,50 14,50 18,50 18.00 13.90
2, 18.05 20.14 12,32 14,55 18. 50 17.95 13.90
3. 18.36 19.36 12,05 14,27 18.73 17.91 12,95
L, 18,32 20.36 11.64 14,18 18.50 17.77 12,73
5. 18,50 19.55 11,32 L3455 17.95 17.91 12.55
6. 18.41 19.68 11.18 13«32 17.50 17.86 12,45
7. 18, 50 19.91 11,05 13.14 17.23 17.59 12,36
B 18.50 19.95 10.86 13.03 17.32 17.36 12.27
9. 17.86 20.14 10,55 1277 17.:27 iy S5 12,14
10. 16.86 20.36 10.32 12,55 17.18 17.32 12.05
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Table 16, Heart rate (BPM) of control and adrenalectomized dogs from time-
intervals 1 through 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog 4 Dog 5
) 141 110 68 86 76 132 120
2, 146 122 78 72 80 132 120
3. 154 108 104 67 89 129 116
L, 160 94 124 80 101 107 110
5 159 90 138 80 114 112 104
6. 156 96 127 100 128 123 114
7 156 103 131 100 134 120 124
8. 159 124 135 118 129 120 129
9. 143 125 138 187 130 122 130

10. 150 116 140 124 132 128 132
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Table 17,

The packed cell volume (PCVr, %) of control and adrenalectomized
dogs from time-intervals 1 through 10

Time- Control Adrenalectomized
interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog 4 Dog 5
1. 34.9 45,0 36.8 43.1 42,5 H7 3 46,0
2. 36.7 42.5 36.9 43.6 b2.2 47.0 46,0
3. 35+5 L6, 4 41,8 6,2 bl.4 46,6 4s5.8
4, 35.6 42,9 46,2 51.1 by, 2 45,6 45,4
s 4.k 44,0 50.7 55.8 48.7 45,1 45,0
6. 35.0 41,1 50.7 56.0 §3.2 45,6 46,9
7 36,1 40,0 50.5. 55.4 56.8 u8.o 48.8
8. 34,1 4b1.6 50.7 55.6 60.2 50.3 50.8
9. 34.5 42,4 51.5 60.6 61.6 52.9 53.0
10. 36.0 42,9 52.4 68.7 62.% 53.5 £5:1
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Table 18, The calculated cell volume (CCV, %) of control and adrenalectomized
dogs from time-intervals 1 throuzh 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog U4 Dog 5
) 33.8 43.3 35.7 40.8 39.0 45.1 Li,s
2, 35.4 41.1 36.2 42,0 39.0 Lbi,7 iy, s
3. 33.7 45,1 Lo, 4 Ly 4 39.0 43.8 by, 3
L, 33.6 40.8 Ly, b 48.8 41.8 43.0 43.9
- 32.4 41.7 47.4 52.2 5.7 3.2 43.5
6. 32.8 Lo,2 36.9 52.7 50.0 by, 4 L4,9
7. 34.3 38.6 b7.7 52.5 53.2 b6.5 h5.8
8. 32.6 39.6 48,7 5247 55.2 47.7 47.6
9. 3+ 3 40.6 4g,?2 58.4 5745 48,5 50.0

10, 35.1 41.6 49.5 67.0 60.9 LB8.9 52.3
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Table 19, Plasma sodium concentration (mEq/liter) of control and adrenal-
ectomized dogs from time-intervals 1 through 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog U4 Dog §
h 148 148 148 149 146 137 138
2 149 150 149 149 146 138 138
3. 147 146 147 145 147 139 138
L, 148 148 142 144 147 143 138
5. 148 150 138 141 148 142 138
b, 150 154 134 140 143 141 138
T 150 152 133 137 140 141 139
8. 149 151 132 134 139 136 138
9. 147 150 132 130 237 133 136

10. 144 148 133 126 135 130 135




Table 20, RBC sodium concentration (mEq/liter) of control and adrenalectomized
dogs from time-intervals 1 through 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 13 Dog 4 Dog 5
1, 105 110 110 109 114 104 107
2 B 8 | 114 108 108 111 103 107
3. 108 131 108 109 106 99 107
4, 113 121 109 112 108 104 106
5. 108 107 102 102 114 106 106
6. 117 110 oL 98 110 107 104
7 112 113 U 98 106 110 102
8. 115 112 93 100 104 103 100
9. 112 110 97 96 100 98 100

10. 105 108 102 89 95 95 99
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Table 21. Plasma potassium concentration (mEq/liter) of control and adrenal-
ectomized dogs from time-intervals 1 through 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog 4 Dog 5
1, L. 4.3 44 4.2 3.9 4.9 4.3
2, b,5 5.1 b.7 4.8 L,1 5.0 4.3
3. 4.3 h.bh 542 5.0 k.5 5.2 b4y
L, 4.6 .3 5.4 5.3 5.0 Sk b.7
5. L.3 L.3 5.2 5.3 Sl L.9 k.9
6. L,6 b,6 5.2 5.6 5.7 5.1 5.0
7. 4,3 k.5 5.6 5.6 6.3 6.% 5.0
8. 4.4 b.5 5.7 5.4 7.2 6.8 5.0
9. 4,2 4.3 6.1 5.2 7.4 Ted 5.1

10, 3.7 3.9 6.5 5.0 7.4 7.5 5.1
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Table 22. RBC potassium concentration (mEq/liter) of control and adrenal-
ectomized dogs from time-intervals 1 through 10

Time- Control Adrenalectomized

interval Dog 1 Dog 2 Dog 1 Dog 2 Dog 3 Dog 4 Dog 5
1, 11:1 6.5 8.2 6.2 6«3 8.7 5.9
2. 12.8 6.7 8.5 6.3 6.1 8.5 5.9
3. 10.4 6.6 9.8 6.4 5.7 8.3 5.7
4, 10.8 ?ed 9.7 7.3 5.7 8.3 5.5
5. 93 6.9 9.2 7.1 5.8 7.7 5.3
6. 9.4 7.3 8.8 7.3 5.8 7.3 5.5
7. 9.7 7.8 8.6 7.4 6.2 8.1 5.7
8. 9.5 8.2 8.2 75 7.0 8.8 5.8
9. 8.6 7+9 8.0 6.8 % 9.6 5.8

10, 75 7.0 7.8 5.4 7.3 10.7 5.8
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