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Effect of Glucose Diuresis on Renal Excretion of Bicarbonate.*t (20999) 

.ALLAN V. N. GOODYER,~ LOUIS G. WELT,§ JAMES H. DARRAGH, WILLIAM A. b E L E ,  

From the Department of Internal Medicine, Yale University School of Medicine, New Haven, COW. 
AND WILLIAM H. MERONEY.11 (Introduced by Philip K. Bondy.) 

Glucose diuresis in the normal subject great- 
ly augments the urinary excretion of sodium 
(1-3) .  Under conditions where the main 
urinary anion is chloride, the loss of sodium- 
is “covered” chiefly by a corresponding loss 
of chloride. The fact that there is no sig- 
nificant change in the excretion of bicarbon- 
ate (in spite of the fact that this anion makes 
up about one-sixth of the anions of the glo- 
merular filtrate) might be explained, within 
the present framework of hypotheses con- 
cerning renal function, in several ways: 1) 
The proximal tubular diuresis does not affect 
the proximal tubular reabsorption of bicar- 
bonate (i.e., there is no “velocity effect” (43)  
for bicarbonate)-perhaps because of rigid 
control of this reabsorption by internal regu- 
latory factors such as the serum pCO2 (6 ) .  2) 
The proximal tubular diuresis increases the 
delivery of bicarbonate to the distal tubules, 
but not sufficiently to exceed a proposed dis- 
tal Tm for bicarbonate ( 7 ) .  

In  the present experiments, we studied the 
effect of glucose diuresis on the excretion of 
bicarbonate under conditions where bicarbon- 
ate made up a large proportion of the urinary 
anion excretion, and where, therefore, any 
hypothetical distal Tm for bicarbonate might 
well have been exceeded. 

Procedure. The subjects of this experi- 
ment were 3 normal male medical students. 
Fluids and food were withheld from 10 
o’clock on the previous evening. Each study 
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began at  approximately 8 A.M. and continued 
for the next 4 5  to 5% hours. The subjects 
remained in the recumbent position, except 
during the collection of urine, which was 
voided spontaneously in the erect posture. 
An infusion of 1.4% NaHC03 was adminis- 
tered at  the rate of 1 5 0  cc during the first 
1% hours, followed by 300 cc/hr thereafter. 
When the excretion of water and chloride had 
stabilized, (about 2 hr) 750-1000 cc of a 
2 5 %  solution of glucose in water were infused, 
in about 30-40 min. Glomerular filtration 
rates were estimated from the clearance of 
inulin administered as a constant infusion in 
one experiment (R. P.), and from the clear- 
ance of endogenous creatinine in the others 
(J. M. and R. K.). Venous blood was drawn 
anaerobically with minimal stasis at  intervals 
indicated in Table I. Urine was collected by 
voiding in the erect posture into a specially 
constructed cup. Urine from the bottom of 
the cup was collected over mercury, whereas 
the remainder overflowed into a graduate. In 
this way exposure to air of the urine collected 
over mercury was minimized. In 2 experi- 
ments, analyses for COz content and pH of 
urine specimens collected by this method, 
agreed within 7% with analyses of urine 
specimens of the same voidings collected di- 
rectly under oil. Chemical methods and 
calculations. Chemical methods were stand- 
ard (8,9), or previously defined( lo),  except 
that the COa content of the urine was directly 
determined on urine by the same method 
used for serum. The pH of serum and urine 
was determined with a Beckman pH-meter. 
The pCO2 of the serum and urine was calcu- 
lated from the determined values for total 
CO2 content and pH, using the Henderson- 
Hasselbach equation, and the values of 6.1 
for pKa’ and of 0.51 for U, for both serum and 
urine. 

Results. Table I summarizes the detailed 
experimental data of each experiment. Fig. 1 
presents the urinary electrolyte patterns of 
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GLUCOSE DIURESIS AND BICARBONATE EXCRETION 2 1  

I Subject R . K .  I 
1000 C.C., 2 5  %, 

'+ i n  2 8 m i n r .  
Glucose Infusion +D 

icarbonate Inlusion- 4.2 pms./ho 

k e i c a r b o n a t .  Prime 
650 c.c.. 3% NaHCO. 

o r  I I I I I 
50 100 150 200 2 50 300 

Time.  minutes 

FIG. 1. Urine flows and ratcs of excretion of individual ions in consecutive periods of urine 
collection. Ralte of excretion of potassium is added t o  that of sodium, rate of excretion of 

chloride, to that of bicarbonate. 

consecutive periods of one representative ex- 
periment. 

Changes in serum electrolytes. The in- 
fusions of sodium bicarbonate increased the 
serum bicarbonate, decreased the serum chlo- 
ride, but did not change significantly the 
serum sodium or potassium. In  the 2 experi- 
ments in which 250 g of glucose was infused 
(R.P. and R.K.) the serum sodium and chlo- 
ride decreased as a result of the cellular dehy- 
dration caused by hypertonic glucose (3) .  The 
serum bicarbonate and pH also fell and the 
serum pCOz increased slightly. Changes in 
these serum values were not clearly significant 
in subject J. M. in whom only 188 g of glu- 
cose was infused. The serum potassium was 
essentially unchanged in all experiments. 

Changes of urine $ow and of excretion of 
sodium, chloride and bicarbonate during and 

following glucose infusion are indicated in 
Fig. 1 for experiment R. K. They were close- 
ly similar in the 2 other experiments (Table 
I ) .  In all experiments, the excretion of 
chloride was increased out of proportion to 
that of sodium. Changes of urinary pCQ2 
followed those of total COz content (or bi- 
carbonate). The excretion of potassium de- 
creased with glycosuria in 2 experiments (in 
which it was initially high) and increased in 
the third (in which it was initially low). 

Glomerular filtration was transiently in- 
creased by the glucose infusions in the two 
experiments in which it was measured. As 
a result, the filtered bicarbonate was either 
unchanged (subject R. P.), or increased 
(R. K.) a t  the time when the excretion of 
bicarbonate declined. 

Discussion. In the present experiments, the 



22 PREVENTION OF INNOMINATE BONE SEPARATION 

excretion of bicarbonate decreased during 
osmotic (glucose) diuresis, even though, in 2 
cases, the filtered bicarbonate was increased 
or unchanged, and although the increased 
excretion of water, sodium and chloride in all 
cases indicated the probable occurrence of 
proximal tubular diuresis (1 -3 ) .  The results 
do not indicate whether proximal tubular 
diuresis may have decreased the proximal 
reabsorption of bicarbonate. If this occurred, 
however, it was superseded by other factors 
tending to increase the net tubular reabsorp- 
tion of bicarbonate, since the urinary bi- 
carbonate was diminished, while the filtered 
bicarbonate was increased or unchanged. One 
such factor may have been the slight (barely 
significant) increase in the serum pC02 which 
occurred in the two most definitive experi- 
ments (R. P. and R. K.). Recent workers 
have offered convincing evidence of a direct 
relationship between bicarbonate reabsorption 
and the serum pCOa(6). 

of bicarbonate decreased, while the rates of 
excretion of other electrolytes increased, dur- 
ing an osmotic (glucose) diuresis. Possible 
explanations for this observation are discussed 
in relation to present concepts of osmotic 
diuresis and of the excretion of bicarbonate. 
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Prevention of Innominate Bone Separation During Pregnancy in the Mouse." 
(21000) 

E. S. CRELIN. (Introduced by 111. C. Gardner.) 
From the Department of Anatomy, Yale University School of Medicine, New Haven, Conn. 

Gardner and Van Heuverswyn ( 1 ) injected 
large amounts of testosterone propionate into 
pregnant mice and found that it inhibited 
pregnancy pelvic changes such as the forma- 
tion of an interpubic ligament and increased 
flexibility of the sacroiliac joints. Since the 
interpubic ligament did not form, the separa- 
tion of the innominate bones at  the symphysis 
failed to occur. This prevented the marked 
increase in size of the birth canal which 
normally occurs during pregnancy. Two mice 
died with macerated fetuses in the cervix 
and upper vagina, 4 gave birth to macerated 
fetuses, and 4 gave birth to living young. 
These results indicate that in some mice 

*Aided by a grant from the Fluid Research Fund 
of the Yale University School of Medicine. 

one or more of the pregnancy pelvic changes 
are necessary for normal parturition to occur. 
In  a previous experiment ( 2 )  the interpubic 
tissue in Brown-belt strain, virgin mice con- 
sisted chiefly of cartilage. During the first 
pregnancy this cartilage was replaced by an 
interpubic ligament. The latter produced a 
4.3 mm average separation of the innominate 
bones at  the symphysis. The present experi- 
ment was performed to determine the neces- 
sity of innominate bone separation at  the 
symphysis during pregnancy. 

Materials and methods. Twenty virgin 
mice of the Brown-belt strain were used. At 
puberty their innominate bones were tied 
together at the pubic symphysis in order to 
prevent their separation during pregnancy. 


