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INTRODUCTION
Binger (1) in 1917 reported the production of
tetany in dogs by the intravenous injection of
O-phosphates in amounts equivalent to 150 mg. of
phosphorus per kilogram of body weight.

There was

drop of serum calcium from the normal level of 10
mg./100 cc. blood to approximately 6 mg./100 cc.
blood.
In 1930 Bulger (2) and his coworkers observed
that the oral administration of inorganic phosphate
decreased the hypercalcemia in two patients with
1
hyperparathyroidism. Two years later, Albright et
al (3) confirmed this observation in two additional
patients with hyperparathyroidism.

In 1965, Gold

smith and Ingbar (4) suggested the treatment of
hypercalcemia with small phosphate supplements.
Recently there has been increasing clinical
interest in treating hypercalcemia of various eti
ologies in humans with oral or intravenous phosphate
administration.

In 1966, Goldsmith and Ingbar (5)

reported a series of 20 hypercalcémie patients in
whom phosphate safely lowered the serum calcium.
Subsequently, Shackney and Hasson (6) in 1967,
reported serious side effects with phosphate admin

9
istration, particularly hypotension and renal fail
ure.

To our knowledge, however, no study has been

done in detail to evaluate the chemical and hemo
dynamic effects of phosphate infusion in dogs.
The present study was undertaken, therefore,
to determine the effects of intravenous phosphate
infusion on blood chemistries particularly serum
calcium, phosphorus, potassium and blood urea nitro
gen.

In order that this drug may be evaluated sub

sequently as a therapeutic agent for digitalis toxi
city, hemodynamic effects including cardiac outputs,
pulmonary and systemic arterial pressures and resis
tances were also studied in detail.
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METHOD
Animals: Ten male and female mongrel dogs
were used.

The guiding principles in the care of

the animals as advocated by the American Physiolog
ical Society were strictly adhered to in this study.
Anesthesia;
The dogs were anesthetized with intravenous
sodium pentobarbital, 30 mg./kgm. body weight.

An

endotracheal tube was introduced under direct vision
with a laryngoscope.
Surgical Procedure:
A polyethylene tube (PE-260) was introduced
into the aortic arch through the right common
carotid artery.

The cannula was kept patent with

the intermittent administration of heparin-saline
solution (100 mg. heparin/1000 cc. physiologic
saline).

A #7 NIH catheter was placed into the

pulmonary artery via an external jugular vein.

An

intravenous catheter was inserted into the right
femoral vein for the infusion of fluids.
Physiological Measurements:
Pressures;

Pulmonary artery and systemic arter

ial pressures were measured with Statham pressure
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transducers (P23^ series).

Mean pulmonary artery

and systemic arterial pressures were calculated by
the following formula.
Mean pressure = Systolic +2 diastolic pressures

3

H)

Cardiac Outputs ; Cardiac outputs were measured
by the indicator (7) dilution technique (8,9) .
Indocyanine green (2.5 mg.) was injected as a bolus
into the main pulmonary artery and a Gilford con
stant flow system, Model 105 S, was used to with
draw blood from the aortic arch at a constant rate
through a Gilford curvette densitometer (Model 103IR).
1
Electrocardiograms - standard limb Lead II was
monitored throughout all experiments.

Pressure

tracings, indicator dilution curves and EKG tracings
were recorded on either an Electronic for Medicine
or Sanborn Electro-Optical recorder.
Indices of resistances were calculated by the
following formulas:
Index of
pulmonary resistance

Mean Pulmonary Artery Pressure
Cardiac Output

Index of
systemic resistance

Mean Arterial Blood Pressure
Cardiac Output

Blood Chemistry : Venous pH and Pco2 were deter
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mined with an ultramicro pH/gas analyzer (Instrumen
tation Laboratories, Inc.; Model 113 SI).

Blood

chemistries were handled in the usual manner by the
pathology laboratory.

The serum sodium, potassium

and chloride were done on an autoanalvzer.

The

serum phosphorus was determined by the Fif-Subarrow
Method.

The serum calcium was determined by the

Tetrometric Method.
Experimental Design:
Ten dogs were randomized into groups A
(treated) & B (control) by the card shuffling meth
od .
Five dogs in group A were given a constant in
fusion of 0.8 mmol./kg. body weight/hour of disodium
and monopotassium phosphate solution (0.081 M of
Na2 MPou plus 0.091 M of KH 2P0 U per liter in water
at pH 7.4).

This solution provided 100 millimoles

(3.1 gm.) of phosphorus, 162 milliquivalent of
sodium per liter and 19 milliquivalent of potassium
per liter.
Group A : Preinfusion venous blood samples
were drawn for the determination of serum sodium,
potassium, chloride, calcium, phosphorus, blood urea
nitrogen, pH and PCO2 •

Pulmonary artery and systemic
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arterial pressures and cardiac outputs were also
obtained prior to the infusion.

The phosphate in

fusion was then started and blood samples were col
lected at 1/2 hourly intervals for the first 2 hours
and at hourly intervals for the next four hours.
The phosphate infusion was discontinued at the end
of the 4th hour.

Pulmonary and systemic arterial

pressures and cardiac outputs were measured at 1/2,
1 1/2, 3 and 5 hours after the start of infusion.
The dog was then returned to the vivarium 2 hours
after the end of the infusion.

Blood chemistries

were determined the next morning 24 hours after con
trol samples were obtained.
Group B : The five dogs in group B were handled
in an identical manner to those of group A except
the dogs in this group were given an intravenous
infusion of physiological saline instead of the
phosphate solution, at the same infusion rate, for
the same duration (4 hours).

Pre-infusion (control)

blood chemistries, cardiac outputs, pulmonary and
systemic arterial pressures were obtained prior to
the start of the saline infusion.

The hemodynamic

measurements and blood chemistries were then meas
ured 1/2, 1 1/2, 3, and 5 hours following the start
of the infusion.

Blood was drawn the following

14
morning for repeat chemical determinations.
Statistical Data Analyses :
The mean of the percentage change in any vari
able within a group of animals was obtained as
follows :
The difference between the measurement made prior
to the infusion of the phosphate solution (or saline)
and the subsequent measurement in a given dog was
calculated. This difference , multiplied by 100, was
divided by the pre-infusion value.

The ratios

obtained at each time period were then summed and
divided by the number of animals in the group.

Thus

the formula used in these calculations i s :
M (time x)

=

PI - s v (time x) * 100
PI
N

where :

M(time x) = mean

% change in 1 group of

experimental animals at a speci
fied time, x
PI = pre-infusion value
SV (time x)

= subsec2uent value being tested at
a specified time, x
N = total number of animals in the
group
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The means obtained in this way and their standard
errors are presented in TABLE 1 and TABLE 2.
Two-sample Ranks Test(1Q), (Wilcoxon-White Table)
was applied to determine the P value, for each
parameter, at each time period.
For each variable studied, comparisions were made
between groups. A P value equal to or less than 0.05
is considered to be significant.
All statistical computations were performed on
an Olivetti-Underwood computer (Model Programme 101).

TABLE 1

MEAN PERCENT CHANGE ± SE WITHIN GROUPS FROM PRE-INFUSION MEASUREMENT

/

t o - : : , , '

,

•/

Time Period in Hours After C<intro1 Me asurement
PARAMETER
Calcium

1/2 hour
$

♦A

’'-li+i
-3±0

1 hour
-17±1

+121+10 4 r+145+18

Phosphorus

A

Potassium

A
B

BUN

£

+2+2
-7+4

PH
*

*
B

+0.4+0.2
+0.1*0.1

B

-8+4
^-5+3

-13+3

PC02
Chloride

A
B

0+2
-2 i 3

-2+1

A
B

+ 1+2
-0.6+0.8

+1+V

Sodium

*A
XB

-3+i|
0.6± 0.6

1 1/2 houi 2 hour
-17+3
-1±2
+129+17
-3±4

-21±1

3 hour
t 24±1

5 hour

6 hour

-22+3

-18*3
-1*1

-16+6

+160±37

+89+16
+20±10

+58±13 +20±6
-5+6

-3*0
+166+12 +166+24
-10*6

-9+2

-13+1
+2±5

-16+3

-15+3
+10±5

-25±2

-27+2
+ 11±7

-21±2

-2+1

-1+1
+2±4

+ 4+6

-1+4
+ 7±5

-5+4

-5+5
0±6

-2+6

■0.3+0.1

+0.6+0.2
0*0.5

+1*0.5 ►1.0±0.5 + 1.0±0.3 +1.0+0.4
-0.3*0.3
-0.2*0.2 —
-22+4

-25+5
-4±6

-2+1
-1± 2

-3+1

-2+2
-0 ±3

0+2
-2+1

+0.7+2

" - S

5 dogs given phosphate infusion
5 dogs given normal saline infusion

0.5+3
-0.2±2

24 hour

4 hour

-7+5
-3±1

+5+8
+ 14*6
+15+11
-9+ 9

+ l,0±O2 +1.010.3
0*0.4

-32+10

-21+3
-8+7

-20+1

»10+4
-5*6

-5+1

-4+1
+ 2i3

-4+1

-6+3

-4+2
-3*1

-3+2

-1+2

-

1 * 1 ___

-5+3
-4*1

MEAN % CHANGE ± SE FROM CONTROL
MEASUREMENT

FIGURE

MEAN % CHANGE ± SE FROM CONTROL MEASUREMENT
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S ER U M P

MEAN% CHANGE ± SE FROM CONTROL
MEASUREMENT

FIGURE C
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RESULTS
Blood Chemistry
Serum Calcium;

Fig.

TABLE 1

a

In the control group there did not appear to be
any appreciable fall in the serum calcium throughout
the experiment.
In the phosphate treated group, however, there
was a rapid and significant fall in the serum calcium
(-11 ±1%) within 1/2 hour after the start of the
phosphate infusion with a continued decrease in serum
calcium (-22 i 3% at 4 hours) throughout the course of
the infusion;

the rate of fall of serum calcium,

however, was not as rapid as observed during the first
1/2 hour following the start of the phosphate infusion.
The serum calcium gradually turned toward normal levels
after the infusion was stopped.
morning

,

On the following

there was only a minimal persistent decrease

in serum calcium (-7 ±5%).
The drop in serum calcium in the phosphate treated
group when compared to the control group was statis
tically significant (P < 0.01) at all the study inter
vals up to 5 hours following the beginning of the
infusion.

Twenty four hours later, however, there was

no statistically significant difference in serum

22
calcium between the two groups of animals (P > 0.05).
Serum Phosphorus ;

Fig. B

In the control group there appeared to be minimal
change in serum phosphorus throughout the experiment.
In the treated group, the phosphate infusion
produced a rise in the serum phosphorus level
(+121 +10%) at 1/2 hour after the start of the infusion.
The serum phosphorus progressively increased throughout
the course of the infusion (+160 ±37% at 4 hours).

The

serum phosphorus gradually decreased after the infusion
was stopped (+58 ±13% at 6 hours).

Twenty four hours

later, the serum phosphorus was slightly elevated
(+20 ± 6 %).

When compared to the control group, the rise in
the serum phosphorus in the treated group was statis
tically significant throughout the experiment (1/2,
1 1/2 , 3 hours P < 0.01 and at 5, 24 hours P
Serum Potassium:

0.05) .

Fig. C

In the control group infused with saline, there
was a gradual rise in serum potassium throughout the
course of the study.

The serum potassium remained

slightly elevated (+14 +6%) 24 hours later.
In the treated group, however, there was a

23

progressive fall in serum potassium during the
phosphate infusion.

The serum potassium gradually

rose when the phosphate infusion was stopped and
returned to pre-infusion levels (+5 ±8%) 24 hours
later.
When compared to the control group, the drop in
the serum potassium in the treated group was statis
tically significant at 1/2 hour (P

.01).

There was

no statistically significant difference in serum
potassium at 1 1/2 hours between the two groups
(P > 0.10).

There was, however , statistically

signf icant dirop in serum potassium at 3 hours and 5
hours in the treated group when compared to the control
9rouP (P "C 0.01) .

Twenty four hours later, however,

there was no statistically significant difference in
potassium between the two groups of animals
(P > 0.05).
Serum Sodium;
In the saline infused group, there did not appear
to be any appreciable change in the serum sodium
throughout the experiment.
In the phosphate group, there was progressive
slignt fall in serum sodium throughout the study with
the maximum decrease occurring at 24 hours (-5 ±3%).

24
No statistically significant difference in serum
sodium change, however, was noted between the two
groups throughout the study (P > 0.10).
Serum Chloride :
In the control group there was a minimal decrease
(-2 ±3%) in the serum chloride throughout the study
after the saline infusion was started.
In the phosphate treated group, there was also a
slight but continued decrease in serum chloride
throughout the experiment.

The maximum drop (-6 ±3%)

was noted at the 24 hour period.
The serum chloride change between the two groups,
however, was not statistically significant at any
time during the study period (P > 0.10).
Blood Urea Nitrogen:
In the saline group, the BUN fluctuated with a
maximum increase at 3 hours (+7 ±5 %) after the start
of the infusion.

However, the BUN decreased below

pre-infusion levels (-9 ±9%) on the following morning.
In the phosphate group, the BUN also fluctuated
with a maximum drop at 5 hours (-5 +%)
start of infusion.

after the

The blood urea nitrogens on the

following morning, however, were elevated (+15 ±11%).

25
In spite of this, there was still no statistically
significant difference in the BUN change between the
two groups of animals throughout the experiment
(P > 0.10)

!£22
In the saline group, there was a minimal fall in
CC>2 throughout the experiment after the infusion was
started.

The maximum drop in PC02 was (-9 ±10%) at

1 1/2 hours after the start of the infusion.
In the phosphate group, there was a drop in PCC>2
with a maximtim change (-32 ±10%) observed 4 hours
after the phosphate infusion was started.
When comparing the changes between the two groups,
however, the only statistically significant decrease
p

m

the

C02 of the phosphate group when compared to

the controls occurred at 3 hours (P<_0.05).

In the saline group, there were minimal fluctua
tions in pH throughout the study, the maximum elevation
(+0.1 +0.1) occurring at 1/2 hour and the maximum drop
(-0.3 ±0.3) at 5 hours after the start of infusion.
In the phosphate group, there was some increase
in the pH throughout the experiment with a maximum
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elevation (+1.0 ±0.3%) at 4 hours after the phosphate
infusion was started.
The increase in pH in the phosphate group when
compared to the saline controls, however, was
statistically signficant at 3 hours period (P

0.05).

There was no statistically significant difference in
pH changes between the two groups throughout the
remainder of the study (P > 0.10).

TABLE 2
MEAN PERCENT CHANGE + SE WITHIN GROUPS
FROM PRE-INFUSION MEASUREMENT

Time Period in Hours
After Contro Measurem ent
1/2 hour li/2 hours 3 hours
5 hours

PARAMETER
Mean Arterial
Pressure

*A
XB

+5+3
-1+2

-2+4
-4+3

+ 1±1
-6±4

-7+3
-9+4

Mean Pulmonary
Pressure

A
B

+ 4+4
+ 3±2

+14±10
+ 7±2

-8±3
-2±5

-8+6
-6+4

Systemic
Resistance

A
B

+ 7±11
-15±3

-1+3
-5+11

-2+3
+11±13

0+5
+15±21

Pulmonary
Resistance

A
B

-5 + 3
-17±3

+ 8+5
+ 4±7

+1+4
+15+15

-2±5
+23+24

Cardiac
Output

A
B

+ 8+6
+ 18±7

0±3
+ 7±14

+5+6
-7±14

-7+4
-8±17

5 dogs given phosphate infusion
5 dogs given normal saline infusion
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Hemodynamic Changes

TABLE 2

Mean Systemic Arterial Blood Pressure :
In the control group, there was a progressive
fall in the mean systemic arterial blood pressure
with a maximum drop (-9 ±4%) at 5 hours after the
saline infusion was started.
In the phosphate group, the mean systemic arterial
blood pressure fluctuated with a maximum elevation
(+5 ±3%) at 1/2 hour and the maximum decrease (-7 ±3%)
at 5 hours after the start of the phosphate infusion.
There was no statistically significant difference
(b > 0.10) in the mean systemic arterial pressure
changes between the two groups of animals throughout
the study.
Mean Pulmonary Arterial Pressure :
In the control group, there were fluctuations in
the mean pulmonary airtery pressure throughout the study.
Ihe maximum rise (+7 ±2%) in the mean pulmonary artery
pressure was observed at 1 1/2 hours and the maximum
fall (-6 ±4%) 5 hours after the start of saline
infusion.
The mean pulmonary artery pressure was also quite
variable throughout the study in the phosphate group,
the maximum elevation (+14 i10%) occurring at 1 1/2
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hours and the maximum drop (-8 ±6%) at 5 hours after
the start of the phosphate infusion.
Tne mean pulmonary artery pressure changes
between the two groups of animals were not statis
tically significant at any time period (P > 0.10).
Cardiac Output:
In the control group, there was an increase in
the cardiac output (+18 ±7%) at 1/2 hour after the
start of the saline infusion but subsequent deter
minations demonstrate a progressive fall in cardiac
outputs with the maximum decrease (-8 ±17%) occurring
at 5 hours.
The phosphate group responded in a similar manner
with an initial increase in cardiac output (+8 ±6%)
1/2 hour after the start of the phosphate infusion
and then a gradual decrease in cardiac output with a
maximum drop (-7 ±4%) at 5 hours.
The cardiac output changes between the two groups
failed to demonstrate a statistically significant
difference at any of the study periods (P > 0.10).
.
IJldex o£ Systemic Arterial Resistance :
In the control group, a maximum initial fall in
systemic resistance (-15 +3%) was noted at 1/2 hour
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after the start of the saline infusion.

This was

followed by a gradual increase with the maximum
increase (+15 ±21%) occurring 5 hours after the start
of the saline infusion.

The phosphate responded in a

similar fashion with an initial increase in the
systemic arterial resistance (+7 ±11%) after the
otart of the infusion and then a progressive drop in
resistance throughout the remainder of the experiment.
Again, there was no statistically significant changes
in the systemic arterial resistance between the two
groups during the study (p > 0.10).
Index of Pulmonary Resistance :
In the control group, there was an initial drop
in the pulmonary resistance (-17 ±3%) at 1/2 hour
and then a grdual rise with a maximum increase in
resistance (+23 ±24%) at 5 hours after the start of
the saline infusion.
In the phosphate group of animals, the pulmonary
artery resistance fluctuated with a maximum decrease
(-5 +3%) at 1/2 hour and a maximum increase (+8 ±5%)
at 1 1/2 hours after the phosphate infusion was
started.
No statistically significant difference in the
pulmonary artery resistance changes was observed
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DISCUSSION
Serum Calcium and Phosphorus ;
One of the most striking features to the intra
venous infusion of the phosphate solution in this study
was the rapidity and magnitude of the fall in serum
calcium.

This hypocalcémie effect of phosphate

administration has been previously demonstrated.

It

was first observed by Binger (1) that, in dogs, the
injection of large amounts of neutral phosphate caused
a marked lowering of the serum calcium with the develop
ment of tetany.

Tisdal (11) obtained similar results

and Salvesen, Hastings and McIntosh (12) found that the
ingestion of very large quantities of inorganic phos
phate, whether acid or basic, had a similar effect in
the dogs.

Recently Godsmith and Ingbar (5) demonstrated

that the administration of inorganic phosphates both
orally and intravenouslyr has successfully lowered the
serum calcium in patients with hypercalcemia of diverse
etiologies.
The mechanism by which phosphate lowers serum
calcium is still not clear.

Binger (1) suggested that

the lowering was due to precipitation of calcium by
phosphate.

Greenwald (13) reported increased excretion

of calcium in both urine and feces with phosphate
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administration in dogs.

Albright and his co-workers

(2) , however, demonstrated a decrease in urinary
calcium without a change in fecal calcium during
phosphate therapy.

Their findings suggest that either

calcium depositions have increased or that bone
resorption is diminished.

Farguharson (14) , et al

observed that the ingestion of large amounts of in
organic phosphates whether acid or base failed to
influence appreciably the excretion of calcium in
either urine or feces in adults on a low calcium diet.
Goldsmith and Ingbar (5) in 1966, found urinary calcium
decreased greatly with phosphate therapy as compared
to the control values.

Subsequently, Herbert (15)

and his co-workers studied the mechanism by which
phosphate lowers serum calcium in 13 subjects (6
normal, 3 treated hypoparathyroid and 4 hyperpara- •
thyroid subjects).

They reported that serum calcium

fell in all the subjects during phosphate infusion
but urinary and fecal calcium excretion also decreased.
They suggested that calcium was not lost from the body.
The increase in serum phosphorus observed after
the phosphate infusion is in accordance with the
observation of other workers (1,

11,

12,

15 ,

20, 21).

Ihe correlation between serum phosphorus rise and
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calcium drop after phosphate infusion has been of
great interest since the early part of this century.
Salvesen and his co-workers (12) found that the
concentration of phosphates in the blood had no
relation to the drop in the serum calcium.

Their

observations did not seem to favor the view that the
increase in the serum phosphate concentration caused
by the administration of phosphates decreases calcium
by precipitation of calcium-phosphate complexes.
Herbert and his co-workers (15) reported that the
fall in serum calcium is linearly related to the
(Ca x P) mole product during infusion.

They proposed

that the (Ca x P) mole product is a measure of the
tendency for the Ca-Po4 salt formation.

They

suggested that the infusion of phosphorus appears to
lower calcium by a physico-chemical formation.

it

is interesting, however, that Goldsmith and Ingbar (5)
who reported the first large experience in the manage
ment of hypercalcemia with inorganic phosphate,
observed no correlation between serum phosphorus
elevation and the decrease in serum calcium.

They

noticed a slight increase in the serum phosphorus
above pretreatment values in 5 of 20 patients.

In 6

of 20 patients with malignant processes, values of
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serum phosphorus decreased significantly during
continued phosphate administration or during the
period after phosphate treatment in which normocalcemia
was obtained.

Again Massry et al (21) in 1968, dis

covered that a direct and significant relationship
was found between changes in serum calcium and the
molar product of serum calcium x serum phosphorus.
Their observation supported the concept that deposition
of calcium phosphate salts probably in bones is one
of the mechanisms by which phosphate lowers calcium.
It has been described by Williams (22) that the
excretion rate of pyrophosphate is increased by the
administration of inorganic phosphates.

The concept

about the role of pyrophosphate in calcium and phos
phorus homeostasis is recent and at present, very
little is known about it.
It should be mentioned, however, that the present
study was not designed to determine the exact mechanism
by which phosphate induces hypocalcemia.
m

An increase

serum phosphorus and a corresponding fall in serum

calcium was observed in our study but no statistical
analyses were applied to delineate the exact mechanism.
After the phosphate infusion was discontinued,
the serum calcium gradually increased while serum
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phosphorus decreased in all the treated dogs and
returned to nearly control values within 24 hours.
Similar observations were made by Herberts (15) et al
in the normal subjects.

It has also been previously

shown (16), that in dogs, the control serum calcium
was restored within a few hours after the EDTA
(ethylene diamine tetracetic acid) was discontinued.
This gradual return of serum calcium and serum
phosphorus towards the control values may be through
increased secretion of parathyroid hormone promoting
bone resorption (16) and reducing tubular reabsorption
of phosphaté.

Patt and Luckardt (17) reported the

relationship of a low blood calcium to increased
parathyroid secretion.

Furthermore, Sherwood (20),

in his studies clearly demonstrated that hyperphospha
temia stimulates the parathyroid glands only indirectly
by inducing hypocalcemia.
m e minimal fall in serum calcium observed in
the saline treated group has been observed by others
(IB).

Chakmakjian and Bethune (19) discovered that

during sodium chloride infusion in hypercalcémie
patients, calcium values were lowered within a few
nours but usually not to the same degree as with
sulphate therapy.

They also found that urinary calcium
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excretion increased with sodium chloride infusion.
.The minimal fluctuations in serum phosphorus in
the saline group may relate either to the dilution
effect of the physiological sline infusion or increased
urinary excretion of phosphorus.
Serum Potassium:
The fall in the serum potassium was of great
interest to us as we plan to evaluate subsequently
inorganic phosphate therapy for the treatment of
digitalis toxicity in dogs.

It has been reported that

in alkalosis, either metabolic or respiratory, the
serum concentration of potassium tends to be low (25,
26, 27) and Simmons and Aredon (28) have shown that
this lowering may be strictly a function of the
extracellular pH.
It is possible that the hypokalemia observed in
the phosphate treated group of dogs was due to
respiratory alkalosis which was observed in all the
dogs throughout the six hours of induced anesthesia.
It is also possible that the hypocalcemia induced

o y inorganic phosphate may have changed cellular
permeability to potassium, thereby facilitating
increased intracellular shift of potassium, resulting
in a decreased serum potassium.
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In the saline treated dogs, there were minimal
and variable changes in the serum potassium and a
definite correlation between pH, Pco2 and serum
potassium could not be made because of the complex
picture of respiratory alkalosis and metabolic acidosis
throughout the experiment.
The renal tubular mechanism for the serum potas
sium changes observed in this study cannot be well
postulated because of lack of determinations of urinary
potassium.
Serum Sodium:
Even though minimal changes in serum sodium were
observed in the saline and phoshate treated groups of
animals, the levels of serum sodium were still all
within normal range for the two groups of animals.
Serum Chloride :
In the control groups a minimal drop in serum
chloride was observed but the serum chloride levels
were still within normal range.

In the phosphate

treated group, the fall in chloride cannot be very
well explained on the basis of pure respiratory
alkalosis as this tends to increase the serum chloride
(27).

However, it has been reported that there may be
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an increased lactate and pyruvate concentration in
respiratory alkalosis (29, 30) and this increased
production of anions could account for some decrease
in the measured serum chloride levels in the phosphate
treated group of dogs (30).
It is more likely that the decrease in serum
chloride is related to the increase in the anions
p04 , in order the maintain total anions within physio
logic range.

The possibility of dilutional hypo-

chloremia should also be considered.
Blood Urea Nitrogen :
Even though there were wide fluctuations in the
blood urea nitrogen throughout the

e x p e r im e n t

in the

two groups of dogs, the BUN was still within normal
range ( < 20 mg%).

No adverse renal effects of

inorganic phosphate were observed by
(o).

G o ld s m ith ,

Ingbar

Recently Massry (21) et al observed neither an

increase in blood urea nitrogen nor a decrease in
creatinine clearance in hypercalcemia patients with
inorganic phosphate.
Blood PCQ0 . pH;
In the control group, there was a mixed picture
of decompensated and partially compensated respiratory
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alkalosis and metabolic acidosis throughout the study ■.
It is conceivable that the respiratory alkalosis may
have resulted in a picture of metabolic acidosis due
to excess lactic acid production (29, 30, 31).
In the phosphate group of animals, respiratory
alkalosis was observed predominantly throughout the
experiment.
It is difficult to say whether or not the respir
atory alkalosis is related to the phosphate infusion
since no such relation has been described in the
literature.

Although the exact mechanism of respir-

atory alkalosis is not clear, it may be the result
of anesthesia (30).
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Hemodynamic Changes
Hypotension has been reported in two hypercalcémie
patients treated with inorganic phosphate (6).

The

hypotension in these patients was thought to be due to
the hypocalcemia induced by the intravenous infusion of
inorganic phosphate.

In man, hypotension has also been

reported during the treatment of cardiac arrhythmias
with salts of ethylene diamine teracetic acid (EDTA)
(32, 33).

Hypotension has likewise been observed in

dogs made hypocalcémie either by EDTA infusion (34, 35)
or by the passage of blood through cation exchange
columns (36).

The hypotension in these dogs was

specifically corrected by the intravenous administra
tion of calcium salts (35, 36).

In addition, it has

been shown in intact animals that the perfusion of
solutions with high calcium concentration causes
increased peripheral resistance and arterial pressure
in the perfused limbs or organs (38, 39).
It is probable that hypotension observed with
hypocalcemia may be secondary to vasodilation caused
by the low serum calcium.

The calcium ion has been

recognized as an important ion in the contractility
of smooth as well as cardiac and skeletal muscle.
The magnitude of the contractile response of smooth
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muscle varies directly, within limits, with the calcium
concentration. (37)
In spite of marked hypocalcemia produced in this
study, significant hypotension was not observed in the
phosphate treated dogs and there did not appear to

be

any correlation between the hypocalcemia and any change
in blood pressure.
The exact mechanism of the minimal changes in
hemodynamic measurements in either direction observed
in both groups of dogs is not clear.

Several factors

including anesthesia, acid base disturbances and the
amount of blood drawn may have contributed to these
minimal changes.
In dogs, sodium pentobarbital has been reported
to produce variable effects on the cardiac output.
Nash et al (46) noted a steady fall in cardiac output
to half the control value after 3 hours of pentobar
bital anesthesia.

Rushmore and his co-workers (45)

implanted pulsed ultrasonic transit time probes on
the ascending aorta and found little change in cardiac
output from sodium pentobarbital by these direct
measurements.

Frederick and Page (42) found an

increase of 28% in the cardiac output up to four hours
after sodium pentobarbital anesthesia in dogs.

\
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An increase in peripheral resistance and peripheral
arterial pressure has been reported with sodium pento
barbital in several animals studies (40, 41, 42).
Respiratory alkalosis in dogs has been shown to
produce variable effects on the systemic arterial blood
pressure (43, 44).

44SUMMARY
Ten male and female mongrel dogs were randomized
into group A and group B.

The five dogs in group A

were given an infusion of 0.8 mmole/kg body weight/
hour of Disodium-monopotassium phosphate solution for
a period of 4 hours.

Five dogs in group B were

treated in an identical manner but were given an
infusion of physiological saline.

Chemical and hemo

dynamic measurements were done in each group before
the start of the infusion and at various time periods
after the beginning and end of the infusion.
Serum calcium:
In the phosphate treated group, there was a
marked fall in the serum calcium (-11 ±1%) within half
an hour after the start of phosphate infusion and the
serum calcium continued to fall progressively through
out the period of the phosphate infusion.

Following

the end of the infusion, the serum calcium gradually
increased toward normal but minimal decrease in serum
calcium (-7 ±5%) was still observed the following
morning.

In the saline group, there was no appreciable

fall in serum calcium throughout the experiment.
There was a statistically significant reduction in
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serum calcium (P < 0.01) at 1/2, 1 1/2, 3, and 5 hours
after the start of the infusion between the saline
and phosphate group of animals.

However, blood

samples taken 24 hours after the start of the study
did not demonstrate any statistically significant
difference in the serum calcium level between the two
groups of animals (P >0.05).
Serum Phosphorus :
In the phosphate group, there was a rapid rise in
the serum phosphorus level (+121 ±1 0%) 1/2 hour after
the phosphate infusion was started and a progressive
increase in serum phosphorus throughout the period of
infusion.

The serum phosphorus gradually decreased

after the infusion was stopped.

Blood samples taken

24 hours later after the start of the experiment also
demonstrated an increase:in the serum phosphorus
(+20 16%).

In the saline group, there was no notice

able change in serum phosphorus throughout the study
period.
Venous Blood pH, CO? :
In the phosphate treated group, the predominant
finding was respiratory alkalosis throughout the
experiment while in the saline group there was a mixed
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picture of respiratory alkalosis and metabolic acidosis.
Although the exact mechanism for respiratory alkalosis
was not clear, it was considered most likely the result
of anesthesia.

The metabolic acidosis in the saline

group may have been secondary to the respiratory
alkalosis due to increased lactate and pyruvate pro
duction .
Serum Potassium;
In the phosphate group, a progressive fall in
serum potassium was noted after the start of phosphate
infusion while in the saline group, the serum potas
sium gradually rose after the start of the infusion.
The serum potassium was statistically decreased
(P < 0.01) in the phosphate group when compared to
saline group 1/2 hour after the start of infusion.
Although there was no statistically significant
difference in serum potassium at 1 1/2 hours between
the two groups (P > 0.10), the difference again
became statistically significant (P < 0.01) at 3 and
5 hours.

The change in serum potassium between the

two groups was not statistically significant
(P >0.10) the following morning.

The possible

mechanisms for the hypokalemia observed in the phos
phate treated group have been discussed.
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Serum Sodium, Chloride, BUN:
There was no appreciable change in the serum
sodium, chloride and BUN in any of the animals through
out the experiment and at no time ever a statistically
significant difference in these values noted between
the two groups of animals (P

0.10).

Hemodynamic changes;
Cardiac outputs, mean systemic and pulmonary
arterial blood pressures were recorded before and at
various intervals during and following the start of
the infusion in each group of dogs.

Indices of sys

temic and pulmonary resistances were also calculated.
These fluctuations in these various hemodynamic
measurements were observed throughout the experiment
in both groups of animals but there was no statistic
ally significant difference noted in the changes at
any time during the study period (P >0.10).
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