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INTRAVENOUSINJECTIONS

A STUDYOF THE EFFECTS ON THE COMPOSITIONOF THE BLOODOF THE
INJECTION OF VARIOUS FLUIDS INTO DOGSWITH NORMAL

AND WITH Low BLOODPRESSURES

By ALFRED BLALOCK, J. W. BEARD, AND CHARLESTHUSS

(From the Department of Surgery, Vanderbilt University, Nashville)

(Received for publication September 3, 1931)

In a previous study (1) in which the composition of the blood was
determined in experiments in which fluid was injected continuously while
the intestines were being traumatized, it was found that there was a
great decrease in the protein content as well as in the volume of the blood
plasma. The object of the experiments reported in this paper is to deter-
mine the effects of the intravenous injection of fluids on the composition
of the blood of normal dogs.

After a few experiments had been performed, it was observed that the
results following the injection of the same type of solution were somewhat
variable. For example, in some experiments the concentration of the
red blood cells increased while in others it decreased. In the experiments
in which the arterial pressure remained normal the results obtained were
different from those if the pressure declined, even though the drop was
only temporary.

Wedo not know why there was a decline in the blood pressure in many
of the experiments. No trauma was instituted in any of them. It seems
most likely that it was usually caused by the fluid that was being injected
but this was not always the case as in some experiments the decline
appeared before the introduction was begun. Probably the morphine
or the barbital that was used as anesthetic caused the decline in some
experiments. The dosage of these was not great, being only sufficiently
large to maintain the animals quiet and free from pain. In many of the
experiments the decline in pressure appeared almost simultaneously with
the beginning of the introduction of fluid. It frequently returned later
to its previous normal level. Vincent and Thompson (2) have described
the effects on the arterial pressure of the injection of salt solution into
the veins of decerebrate cats. They found that the injection of 10 cc. of
salt solution in some instances produced an elevation or a decline in the
pressure equivalent to as much as 60 mm. Hg. The temperature of the
fluid was thought to be the most important factor in determining the
response.
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METHODS

Dogs were used in all experiments. Morphine or sodium barbital was
used as the anesthetic. The results did not seem to be influenced by the
anesthetic. After the animals became quiet a cannula that was connected to
a mercury manometer was placed in the carotid artery in order to determine
the blood pressure. Samples of blood were obtained from the femoral veins.
The blood volume was determined at the beginning of most of the experiments
by the dye method as outlined by Rowntree, Brown and Roth (3). The blood
that was withdrawn was replaced in all instances by an equal quantity of blood
obtained from another dog. In most experiments tests were performed in
order to be sure that the blood of the donor and recipient were not incompatible.
Urine was collected through a catheter in the bladder. Small pieces of muscle
were obtained at the beginning and end of some of the experiments for deter-
minations of the water content.

When all of the specimens for the control determinations had been obtained,
fluid was introduced at a constant speed and at body temperature through a
cannula that had been placed in either the external jugular or the femoral vein.
The fluid was usually injected at the rate of 10 cc. per kilogram of body weight
per hour. In most of the experiments the duration of the introduction of the
fluid was four hours, and the various samples for the analyses were collected
one hour, two and one-half hours and four hours after the beginning of the
injection. At one and three hour intervals after the termination of the in-
jection, more samples were obtained. In a few of the experiments fluid was
introduced throughout the entire period of observation and specimens for the
analyses were collected at approximately two hour intervals. The following
fluids were used in the different experiments; (1) 0.9 per cent salt solution, (2)
3.0 per cent salt solution, (3) 6.0 per cent glucose, (4) 20.0 per cent glucose,
(5) 6.0 per cent gum acacia, (6) Evans' solution of 6.0 per cent gum acacia and
20 per cent glucose in normal saline, (7) blood serum and (8) whole blood.

The hematocrit determinations were performed by the use of the Van Allen
tubes. The method of Cohen and Smith (4) was employed for the estimation
of the hemoglobin. The initial blood volume was determined in most of the
experiments by the dye method and the values obtained are placed in brackets
in the tables. When not determined the blood volume was assumed to be ten
per cent of the body weight and the volumes of red blood cells and plasma were
calculated from the hematocrit readings. The alterations in the whole blood,
red blood cell and plasma volumes that occurred in the experiments were esti-
mated in the following manner. When both hemoglobin and hematocrit
readings were obtained, the alterations in the total blood volume were assumed
to vary in an inverse ratio to the changes in the percentage of hemoglobin,
and from the total blood volume the quantity of red blood cells was calculated
from the hematocrit readings. In the few experiments in which the hemoglobin
was not determined, it was assumed that the volume of red blood cells remained
constant throughout the experiments and alterations in the plasma volume were

computed from the changes in the hematocrit readings. The various deter-
minations were performed on the blood that was injected to replace that re-

moved for the studies. Any differences between that removed and that
injected were not considered in the various calculations. This introduced very

little error. In the experiments in which the effects of the injection of whole
blood were studied, the calculations were slightly more complicated. If blood
is used, one is adding a fluid that contains red blood cells and consequently the
changes in the hematocrit readings and hemoglobin are not measures of al-
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terations in the blood volume. The calculations were made in the following
manner. From the initial whole blood volume, the succeeding volume was
calculated by the use of the percentage of hemoglobin as in other experiments.
The actual volume of blood injected was reduced to that volume which would
represent a blood with an hematocrit reading the same as the circulating blood
at the time of the injection. The resulting value was then added to the tenta-
tive volume calculated initially from the hemoglobin changes and the sum was
considered as the true blood volume. Each succeeding volume was calculated
not from the control volume but from the one immediately preceding it since
the hematocrit reading was constantly changing.

The total protein, the albumin and the globulin were determined by the
same methods used in the experiments described in a previous paper (1).
The absolute amounts of the protein constituents were obtained by multiplying
the percentage of each by the plasma volume. The water content of blood
and of muscle was determined by drying them to a constant weight.

RESULTS

The results of the experiments with the different solutions that were
used will be described separately. These groups will be subdivided into
those in which the blood pressure remained at approximately the normal
level throughout the experiments and those in which there was a definite
decline in the pressure. Because of lack of space, only one experiment
of each type will be given in detail in the tables.

I. THE EFFECTS OF THE INJECTION OF NORMALSALT SOLUTION

A. Essentially normal blood pressure
Two experiments of this type were performed. During the injection

of the fluid there was a decrease in the concentration of the red blood
cells and a diminution of protein per unit volume of blood serum. After
the injection was terminated, there was a return towards the previous
control level. The volume of plasma increased slightly during the in-
jection and decreased later. In one of the experiments at no time was
there any appreciable alteration in the absolute amount of protein in the
circulation. In the other a decrease in the entire amount of protein was
found during the last half of the experiment. The alterations in the
albumin and globulin content of the serum paralleled closely those in the
total protein. The results of one of these experiments are given in Table
I. In this and in the succeeding tables "Injected blood" refers to that
which was introduced in order to replace that withdrawn for the analyses.

B. Low blood pressure
Two experiments of this type were performed. The blood pressure

in each declined early and never returned to the original control level.
Fluid was injected during the entire duration of both experiments. There
was an increase in the concentration of red blood cells, a decrease in the
volume of plasma and a great decrease in both the percentage and abso-
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lute amounts of total protein, albumin and globulin. It is interesting
that almost the entire loss of protein occurred during the first part of the
experiment at the time that the blood pressure declined so markedly.
The results of one of these experiments are to be found in Table I.

II. THE EFFECTSOF THE INJECTION OF 3.0 PERCENTSALT SOLUTION

In no experiment in which 3.0 per cent salt solution was injected did
the blood pressure remain entirely normal during the whole period of
study. For this reason the experiments are divided into those in which
the decline in blood pressure was great and those in which it was not so
marked. In several instances bloody fluid was passed from the rectum.

A. Fairly well sustained blood pressure
Four experiments of this type were performed. There was a decrease

in the concentration of red blood cells during the injection followed by a
marked increase after the cessation of the injection. The plasma volume
increased during the injection and declined markedly later. In the two
instances in which the injections were continued throughout the experi-
ments there was an increase in the hematocrit reading and a decrease in
the plasma volume at the conclusion. The diminution in the percentage
of total protein, albumin and globulin was usually progressive up to the
time that the injection was stopped. During the early part of the ex-
periments there was usually very little reduction in the absolute amount of
plasma protein but the decline later was usually marked. The results of
one of these experiments are enumerated in Table II.

B. More marked decline in blood pressure
Two experiments were performed. The findings are similar in most

respects to those in the preceding group except that the changes were more
pronounced. The loss of protein was greater in experiment T 38 in which
a very marked decline in blood pressure occurred than in any other ex-
periment reported in this paper. There was not only a large decrease in
the concentration of total protein, albumin and globulin in the serum but
also a great diminution in the plasma volume. The absolute amount of
plasma protein was least when the blood pressure was lowest which was
during the early part of the experiment. The results of one of these
experiments are given in Table II.

III. THE EFFECTSOF THE INJECTION OF 6.0 PER CENT GLUCOSESOLUTION

A. Essentially normal blood pressure
Two experiments of this type were performed. In one of these, T 65,

there was no loss of protein. During the injection period, there was a
slight increase in the plasma volume and a slight decrease in the percent-
age of protein. After the injection was terminated the plasma volume
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decreased and the percentage of protein increased. In the second ex-
periment, T 78, there was a slight loss in the absolute amount of plasma
protein even though the blood pressure remained at approximately the
normal control level. This was encountered in very few of the experi-
ments in which the blood pressure remained elevated. The results of one
of these experiments are given in Table III.

B. Decline in blood pressure
Two experiments of this type were performed. In each there was a

decline in the blood pressure during the early part of the experiment.
Later the pressure approached but never reached that which was found
in the control studies. In one experiment, T 59, there was a slight in-
crease in the plasma volume, a decrease in the percentage of protein and
a reduction in the absolute amount of plasma protein. In the other
experiment, T 35, in which the mean blood pressure declined to 70 mm.
Hg simultaneously with the beginning of the injection and remained
there for a short while, there was a great decrease in the plasma volume,
percentage of protein and absolute amount of plasma protein. The re-
sults of one of these experiments are given in Table III.

IV. THE EFFECTSOF THE INJECTION OF 20.0 PER CENTGLUCOSESOLUTION

A. Normal blood pressure
Two experiments of this type were performed. The findings in each

are almost identical. The blood pressure remained at approximately the
same level throughout the experiments. There was a slight decrease in
the plasma volume and a slight increase in the percentage of total protein,
albumin and globulin in the serum. In one experiment there was a slight
increase in the absolute amounts of total protein, albumin and globulin in
the circulation and in the other there was practically no alteration. The
results of one of these experiments are to be seen in Table IV.

B. Decline in blood pressure
There was an early decline in the blood pressure in both of the experi-

ments. During the injection there was a slight increase in the volume of
plasma and a reduction in the percentage and absolute amount of plasma
protein. After the introduction of fluid was terminated the percentage
of protein in the serum increased but due to the fact that the plasma
volume decreased, the absolute amount of plasma protein in the circula-
tion did not rise appreciably. The results of one of these experiments
are given in Table IV.
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V. THE EFFECTS OF THE INJECTION OF 6.0 PER CENT GUM
ACACIA SOLUTION

A. Essentially normal blood pressure
Several attempts were made before we were successful in performing

an experiment in which the blood pressure did not decline markedly
during the early part of the injection of the gum acacia solution. Except
for boiling it, no effort was made to purify this solution. In the experi-
ment that is reported the mean blood pressure declined to 110 mm. Hg
simultaneously with the beginning of the injection but it rose almost im-
mediately to its previous level. A marked increase in the plasma volume
and a large decrease in the percentage of protein were associated with the
giving of the gum acacia. The absolute amount of plasma protein de-
creased slightly. Following the cessation of the injection the volume of
plasma did not decrease as was found in most of the experiments in which
salt and glucose solutions were employed. At the end of the experiment
the absolute amount of plasma protein was slightly greater than at the
beginning. The results of this experiment are given in detail in Table V.

B. Decline in blood pressure
Only one complete experiment of this type was performed. At the

end of the first hour of the injection there was a small but definite decline
in the blood pressure and a decrease in the plasma volume. Following
this the blood pressure rose and the plasma volume became greater than
it had been during the control studies. There was a large drop in the
protein content of the blood plasma and despite the fact that the volume
of plasma increased, there Was a great decrease in the absolute amount of
plasma protein. The results of this experiment are to be seen in Table V.

VI. THE EFFECTS OF THE INJECTION OF GUMACACIA-GLUCOSE-
SALINE SOLUTION

A. Essentially normal blood pressure
Two experiments of this type were performed. There was a great

increase in the plasma volume and a marked decrease in the percentage
of protein in the serum in both. During the early part of the experiments
there was a small loss in the absolute amount of protein in the circulation
in one and a small gain in the other. Later in one experiment an exces-
sive amount of fluid was injected and the absolute amount of plasma pro-
tein diminished markedly. The results of one of these experiments are
given in Table VI.

B. Decline in blood pressure
Two experiments of this type were performed. During the injection

period in each there was an increase in the volume of plasma but the de-
crease in the percentage of protein was so great that there was a marked
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ALFRED BLALOCK, J. W. BEARDAND CHARLESTHUSS

decrease in the absolute amount of plasma protein. After the introduc-
tion of fluid was terminated the plasma volume decreased, the protein
content of the serum increased, and the absolute amount of plasma
protein remained approximately the same as it had been at the time of
the previous determination. The alterations in the amounts of albumin
and globulin paralleled those in the total protein. In these experiments
as in many of the others it is interesting that the greatest decrease in the
amounts of total protein, albumin and globulin took place in the periods
when the most marked decline in the blood pressure occurred. The
results of one of these experiments are enumerated in Table VI.

VII. THE EFFECTS OF THE INJECTION OF BLOODSERUM

A. Normal blood pressure
In the one experiment in which blood serum was injected in the pres-

ence of a normal blood pressure there was an increase in the plasma vol-
umeand in the content of total protein, albumin and globulin in the blood
serum. Following the termination of the injection the plasma volume
decreased slightly and the percentage of protein increased slightly. The
absolute amount of plasma protein in the blood stream progressively
increased during the injection and then decreased very slightly. If one
subtracts from the absolute amount of plasma protein a figure that rep-
presents the amount of protein that was present in the serum that had
been injected, it is to be seen that very little of the protein that was al-
ready in the vessels or that was introduced in the serum was lost from the
blood stream.

The results of this experiment are given in Table VII. The figures
for total protein, albumin and globulin that are placed in parentheses in
the table indicate the entire amount that would have been present in the
blood stream had protein not been present in the fluid that was injected.
In other words, the figures in the parentheses were obtained by subtract-
ing the amount that was injected from the amount that was actually
present.

B. Decline in blood pressure
One experiment of this type was performed. The decline in the blood

pressure appeared in the early part of the experiment and it was not very
great. However, during the first hour of the experiment there was a
tremendous decrease in the entire amount of protein in the blood stream
despite the fact that protein was present in the fluid that was being
injected. This decrease was due to the loss of plasma and not to a
diminution in the percentage of protein. Later the plasma volume and
the absolute amount of plasma protein increased, but if one makes allow-
ance for the amount of protein that was injected, the loss was consider-
able. The results of this experiment are to be found in Table VII.

19
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Where two sets of figures are given, those in brackets were obtained by
subtracting the amounts of protein that were injected from the quantity
that was actually present in the blood stream.

VIII. THE EFFECTS OF THE INJECTION OF WHOLEBLOOD

A. Normal blood pressure
Only one experiment was performed. There was an increase in the

concentration of red blood cells, an increase in the percentage and in the
absolute amounts of total protein, albumin and globulin in the serum.
If one makes a deduction for the protein that was injected in the serum,
there was a slight decrease in the absolute amount of plasma protein.
These figures are placed in brackets in Table VIII in which the results
appear.

B. Decline in blood pressure
In the experiment of this type, the blood pressure declined to a mean

of 95 mm. Hg shortly before the beginning of the introduction of blood
and it remained at that level for approximately one hour. There was a
great increase in the concentration of red blood cells, a diminution in the
volume of plasma, and a slight increase in the percentage of protein in
the serum. Despite the fact that almost 17 grams of protein were present
in all of the serum that was introduced the absolute amount of plasma
protein was no greater at the end of the injection than during the control
period. The results of this experiment are to be found in Table VIII.

In twenty of the experiments the water content of skeletal muscle was
determined at the beginning and end of the studies. The results may be
summarized briefly as follows. In the experiments in which isotonic solu-
tions of salt or glucose were injected, there was a slight increase in the
water content of muscle. In those instances in which hypertonic solu-
tions of salt or glucose were used, there was usually a slight decrease in
the water content of muscle. The injection of the gum acacia-glucose-
saline solution was associated with a decrease in the water content of
muscle. The results of these experiments are given in Table IX.

DISCUSSION
The results of these experiments may be divided into two rather defi-

nite groups. In those instances in which there was practically no alter-
ation in the blood pressure, there was little or no loss in plasma protein.
When solutions of salt or glucose were injected, they were lost from the
blood stream rapidly and protein was usually not carried with them.
Whensolutions containing gumacacia were injected, there was an increase
in the plasma volume due to the fact that a large part of the solution
remained in the blood stream. The percentage of protein was decreased
but the absolute amount of plasma protein remained approximately the
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ALFRED BLALOCK, J. W. BEARDAND CHARLESTHUSS

TABLE IX

The effects of the administration of fluids on the water content of blood and muscle-no trauma

Mean Water
Fluid injected | Experi- blood Hemato- lAmuntFludijeced ment Time pres- critfli

number sure Pectoral Thigh given
Blood muscle muscle

per cent mm. Hg per cent per cent per cent per cent cc.
0.9 Saline... T 31 Control 127 36.0 80.80 75.25 73.22 0

70 30' 53 37.0 81.10 75.80 73.95 1125

0.9 Saline.... T 32 Control 120 45.0 80.75 75.42 74.75 0
70 30' 80 60.2 77.20 75.90 75.00 1125

0.9 Saline... T 41 Control 115 57.3 77.18 75.55 74.90 0
70 5' 104 47.3 79.90 76.30 75.20 1091

0.9 Saline..... T 58* Control 132 42.0 78.10 74.90 76.00 0
70 120 46.6 78.80 76.60 77.20 488

Average... Control 123.5 45.1 79.21 75.28 74.72
Later 89.3 47.8 79.25 76.15 75.34

3.0 Saline..... T 33 Control 150 43.5 79.98 77.38 76.50 0
70 5' 0 53.6 79.50 74.40 75.50 1063

3.0 Saline ... . T 42 Control 164 49.2 77.95 75.80 74.22 0
60 45' 116 44.8 78.60 74.80 71.75 1094

3.0 Saline..... T 38 Control 130 51.3 79.40 75.50 74.70 0
70 30' 75 65.5 76.60 74.25 74.00 1125

3.0 Saline..... T 60* Control 184 52.7 75.40 76.00 75.10 0
70 80 55.8 75.50 75.40 72.70 504

Average... Control 157 49.2 78.18 76.17 75.13
Later 68 54.9 77.55 74.71 73.49

6.0 Glucose.... T 34 Control 146 37.0 76.20 73.95 0
70 5' 150 40.0 81.30 75.80 1125

6.0 Glucose... T 35 Control 130 50.6 78.40 76.10 74.40 0
70 30' 112 53.8 78.80 77.80 75.60 1125

6.0 Glucose .... T 59* Control 150 36.5 80.20 77.80 75.50 0
70 106 36.2 81.40 78.10 76.90 520

Average ... Control 142 41.4 79.30 76.70 74.62
Later 123 43.3 80.10 79.07 76.10
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TABLE IX (continued)

Experi- ~Mean Water

Timeri-blood Hemato- flouidFluid injected ment Time pres- crit |uid
number sure Pectoral Thigh given

Blood muscle muscle

per cent mm. Hg per cent per cent per cent per cent cc.
20.0 Glucose... T 37 Control 120 45.4 79.60 79.50 75.60 0

70 30' 122 46.2 79.80 75.00 73.50 1125

20.0 Glucose... T 36 Control 160 38.0 81.40 77.00 75.60 0
70 30' 108 40.6 81.40 75.50 75.30 1125

20.0 Glucose ... T 61* Control 130 38.3 80.40 74.80 73.40 0
70 54 -40.2 79.80 76.60 73.90 360

Average ... Control 137 40.6 80.47 77.10 74.87
Later 95 42.3 80.33 75.70 74.23

6.0 Gumacacia T 39 Control 152 46.3 78.6 75.70 79.70 0
70 20' 111 35.0 82.6 75.60 75.40 1100

Acacia-glucose- T 11 Control 164 52.0 76.77 68.05 65.40 0
saline 60 30' 60 35.0 81.90 64.95 62.75 975

Acacia-glucose- T 13 Control 125 47.0 78.85 74.35 75.10 0
saline 180 50' 0 49.0 80.10 73.50 73.20 1250

Acacia-glucose- T 12 Control 128 58.0 75.05 67.20 67.30 0
saline 60 20 49.0 78.60 54.40 69.75 900

Acacia-glucose- T 62* Control 190 44.5 78.10 77.20 74.90 0
saline 70 96 43.3 78.00 74.80 73.40 508

Average... Control 152 50.4 77.19 71.70 70.68
Later 44 44.1 79.65 66.91 69.78

Whole blood... T 40 Control 154 43.0 79.80 76.80 75.20 0
70 20' 165 51.0 76.90 76.30 75.20 1100

* In experiments T 58, T 59, T 60, T 61, and T 62, the injection of fluid was
discontinued after four hours and the samples were obtained three hours later.
In the remaining experiments with the exception of T 13, fluid was injected
during the entire duration of the experiments.

same. When blood serum or whole blood was injected, there was prac-
tically no loss either of the protein that was already in the blood stream
or of that which was injected. In the other group in which there was a
temporary or sustained decline in the pressure, the results were quite
different. When solutions of salt or glucose were injected, there was a
loss not only of a large part of the fluid that was injected but also a loss of
blood plasma. It appeared in these experiments as though the mixture
of the blood plasma and the injected solution passed through the vessel
walls in the same composition as it existed in the blood stream. It seems
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that the loss was similar in this respect if gum acacia, whole blood or blood
serum were injected. The results were different in that gum acacia and
blood are colloidal solutions and that the portion of the fluid which was
left in the blood stream exerted an osmotic pressure. Although there was
a decrease in both the percentage and absolute amounts of plasma pro-
tein following the introduction of gum acacia, the latter due to the size of
its molecule probably compensated for part of the loss. No attempt was
made to determine the amount of gum acacia in the serum. Due to the
fact that the injected blood serum and whole blood had approximately
the same content in protein as the plasma in the blood stream, their injec-
tion was associated with only the decrease in the absolute amount of
protein and not with a reduction in the concentration of protein.

It has been known for a long time that solutions of crystalloids leave
the blood stream shortly after having been introduced. Most of the
evidence has indicated that the walls of the blood vessels are normally
impermeable to the passage of proteins. White and Erlanger (5) found
that the injection of a strongly hypertonic solution of glucose and gum
acacia into normal dogs was associated with an increase in the plasma
volume, a decrease in the percentage of plasma protein and very little
alteration in the absolute amount of plasma protein. The blood pressure
was not determined in these experiments. It is rather generally believed
that plasma is lost from the blood stream in shock. In the preceding
study it was found that the intravenous introduction of protein free
fluids into dogs in which tissues had been injured is associated usually
with a decrease both in the plasma volume and in the percentage of pro-
tein in the serum. The present experiments show that protein may be
lost from the blood stream without gross injury to tissues. As to the
mechanism of the loss, we can make no definite statements. Protein
may have been lost because of the decline in the arterial pressure or both
the decline in pressure and the loss of protein may have resulted from a
commoncause. It is possible that the passage of red blood cells from the
spleen into the general circulation caused an increase in the concentration
of red cells in the latter. That the spleen was not entirely responsible
was demonstrated in two experiments in which the spleen was removed
and normal salt solution was injected after a decline in blood pressure had
been produced by the introduction of a small amount of gum acacia. In
both instances a concentration of the blood and a marked loss of protein
was found. The results of these experiments are given in Table X.

The observations on the water content of skeletal muscles showed that
most of the fluid that left the blood stream did not pass into them. An-
alyses were not performed on other tissues but it seems likely that the
greater part of the fluid escaped into the intraperitoneal structures. No
free fluid was present in the peritoneal cavity in any of the experiments.
In most instances in which 3.0 per cent salt solution was injected, there
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ALFRED BLALOCK, J. W. BEARDAND CHARLESTHUSS

was a passage of fluid from the rectum. In several instances, the lungs
were definitely edematous.

SUMMARY
The effects on the composition of the blood of the injection of various

solutions was determined in normal dogs and in dogs in which due to the
anesthetic or unknown reason the blood pressure at some time during the
experiments declined. No trauma was instituted in any of the experi-
ments. The solutions that were injected in the different experiments
included (1) 0.9 per cent salt solution, (2) 3.0 per cent salt solution, (3)
6.0 per cent glucose, (4) 20.0 per cent glucose, (5) 6.0 per cent gum acacia,
(6) 6.0 per cent gum acacia and 20.0 per cent glucose in normal saline, (7)
blood serum and (8) whole blood. The solutions were injected continu-
ously usually at the rate of 10 cc. per kilogram of body weight per hour
for four hours. Determinations were performed before, during and after
the completion of the injections.

Some of the findings are summarized below.
I. Experiments in which the blood pressure remained at essentially

the normal level.
(a) The injection of solutions of salt or glucose was usually associated

with a slight increase in the volume of blood plasma, a slight decrease in
the percentage of protein and very little alteration in the absolute amount
of plasma protein in the circulation.

(b) When solutions containing gum acacia were injected, there was a
definite increase in the plasma volume, a rather large decrease in the per-
centage of protein and very little alteration in the absolute amount of
plasma protein.

(c) The introduction of blood serum or whole blood was associated
with an increase in the plasma volume and in the percentage and absolute
amounts of plasma protein.

II. Experiments in which there was a temporary or well sustained
decline in the blood pressure.

(a) The injection of solutions of salt or glucose was usually associated
with a decrease in the volume of plasma, a decrease in the percentage of
protein and a marked diminution in the absolute amount of plasma
protein.

(b) The introduction of solutions containing gum acacia was as-
sociated with very little alteration in the plasma volume, a great decrease
in the percentage of protein and a reduction in the absolute amount of
plasma protein.

(c) Whenwhole blood or blood serum was injected the alterations in
the plasma volume were not marked and there was a slight increase in
the percentage of protein. If deductions are made for the protein that
was present in the whole blood or blood serum that was injected, a great
decrease in the absolute amount of plasma protein is found.
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The alterations in the percentage and absolute amounts of albumin
and globulin paralleled fairly closely the changes in the total protein.

Removal of the spleen in some experiments did not seem to affect the
results indicating that the spleen was not in the main responsible for the
alterations in the proportion of red blood cells to plasma.
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