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Routine methods for the measurement of glu-
cose in urine are based on the reducing properties
of this sugar or on its effects upon the plane of
polarized light. With these methods the daily ex-
cretion of “glucose” in urine averages approxi-
mately 1 Gm. in normal subjects. It has always
been appreciated that in normal subjects only a
small percentage of the total substances so meas-
ured actually represented glucose. The identity of
glucose, however, has been established by proce-
dures based on fermentation, glucosazone forma-
tion, or chromatography (1, 2) ; these procedures
are poorly suited for quantitative analysis at low
glucose concentrations. Recently, a specific and
simple enzymatic method for the measurement of
glucose in urine has become available and it has
been established that young, healthy subjects con-
sistently excrete a small quantity of glucose aver-
aging 115 mg. per day and rarely exceeding 200
mg. per day (3). This rate of urinary glucose
excretion is relatively independent of variations in
the dietary carbohydrate intake. The acute ad-
ministration of carbohydrate-active steroids, how-
ever, leads almost invariably to a significant in-
crease of glucose excretion (3-6). In most nor-
mal subjects this augmented glucosuria does not
exceed 3 Gm. In patients with diabetes it may
reach 100 to 150 Gm. It is the purpose of this
study to investigate the mechanism by which this
increased glucosuria is produced.

Glucose titration studies have been carried out

1 Supported in part by grants from the John A. Hart-
ford Foundation, Incorporated, New York City; The
Nutrition Foundation, Incorporated, New York City;
the United States Public Health Service, Bethesda, Md.;
and the Capps Fund, Harvard Medical School, Boston,
Mass.

2 Recipient of a Fellowship from the American Diabetes
Association.

8 Postdoctoral Fellow of the United States Public
Health Service.

in normal subjects on control days and during the
administration of prednisone in doses known to
produce significant glucosuria. The glucose titra-
tion procedure was selected since, when repeated
in the same individual and under standard condi-
tions, this procedure permits the detection of
changes in glucose tolerance and of the renal
handling of gradually increasing glucose loads, in
addition to measuring glomerular filtration rate
and maximal tubular reabsortive capacity for glu-
cose. Renal glucose clearance has also been
studied in two patients with Cushing’s syndrome
with evident disturbance in carbohydrate metabo-
lism. Finally, the effect of cortisol on renal glu-
cose clearance has been studied in two patients
with renal glucosuria. These individuals, both
of whom exhibited significant glucosuria at fasting
blood glucose levels, offered the opportunity of
studying the effects of steroids with carbohydrate
activity under fasting conditions.

MATERIAL AND METHODS

All studies were carried out on the Metabolic Ward
of the Peter Bent Brigham Hospital. Four healthy
young male volunteers served as normal subjects. The
glucose titrations were started between 9 and 10 a.m.
after a fast of 12 hours. Adequate hydration was
achieved by the administration of water by mouth. The
subjects remained in a semirecumbent position through-
out the study. After the urine flow had reached 8 or more
ml. per minute, an inulin prime was injected intrave-
nously followed by a sustaining infusion of inulin in 0.6
per cent salt solution at the rate of 8.5 ml. per minute.
In addition, 200 ml. of water was given by mouth every
30 minutes to maintain adequate hydration and urine
flow. Constancy of the rate of infusion was insured by
the use of a Bowman infusion pump. The rate of infu-
sion was regularly checked on the graduate cylinder con-
taining the infusion solution. After an equilibration pe-
riod of 45 or more minutes the glucose titration was be-
gun by infusing three successive solutions containing
identical amounts of inulin but increasing concentra-
tions of glucose (to result in glucose administration rates
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Measured (capillary glucose, arterial blood glucose, arterial plasma glu-
cose) and calculated (calculated plasma glucose) values obtained during
a glucose titration study in a normal subject.

Urine was collected at intervals of 15 minutes through
an indwelling catheter. The bladder was not rinsed
since the urine flow exceeded 8 ml. per minute (7).
Duplicate capillary blood samples for glucose determina-

of 0.5, 1.0, and 1.5 Gm. per Kg. per hour). These solu-
tions did not contain electrolytes other than the small
amount of sodium chloride which is present in inulin

preparations.

TABLE I

Glucose titration studies carried out in three normal male subjects before and during the administration of prednisone

Control I Control I1 Prednisone I Prednisone II
Subject W. E. (age, 33 years; weight, 82 Kg.;
height, 179 cm.)
Total glucose infused (Gm.) 212 218 213 210
Total glucose excreted (Gm.) 21.0 23.0 44.6 39.7
Glomerular filtration (ml./min.)* 123 + 2 131 + 1 138 £+ 1 134 + 3
Maximal glucose reabsorption (ml./min.)* 247 +13 277 17 248 & § 280 + 8
Blood glucose level at which significant
glucosuria first occurred (mg. %) 167 178 170 184
Subject J. P. F. (age, 36 years; weight, 64 Kg.;
height, 178 cm.)
Total glucose infused (Gm.) 177 157 177 169
Total glucose excreted (Gm.) 28.8 18.5 35.0 26.4
Glomerular filtration (ml./min.)* 137 + 2 130 + 1 150 £+ 3 138 + 1
Maximal glucose reabsorption (mg./min.)* 338 + 9 306 =+ 10 355 + 4 315 =+ 11
Blood glucose level at which significant
glucosuria first occurred (mg. %) 197 185 183 207
Subject G. S. (age, 27 years; weight, 86 Kg.;
height, 178 cm.)
Total glucose infused (Gm.) 163 158 165
Total glucose excreted (Gm.) 184 26.9 23.9
Glomerular filtration (ml./min.)* 108 =+ 1 127 + 2 123 + 2
Maximal glucose reabsorption (mg./min.)* 268 =+ 18 277 +10 297 +10
Blood glucose level at which significant
glucosuria first occurred (mg. %) 174-270 198 173-266

* Mean values plus or minus standard error of the mean. Number of periods averaged 12 or more for glomerular

filtration rate, 6 to 8 for maximal glucose reabsorption.
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tions were carefully collected from the fingertips after
thorough arterialization. The sampling of urine and
blood was meticulously timed. Furthermore, the studies
in each subject were timed in an identical fashion, i.e.,
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the same amount of glucose was infused over the same
period of time and the urine collections were made at
the same time with relation to the infusion in all stud-
ies for each subject.

TABLE II
Glucose titration studies in Subject W. E. (normal male, age 31 years)

Arterial
Capillary plasma Glomerular
. blood glucose filtration Glucose Glucose Glucose
Time glucose (calculated) (inulin) filtered excreted reabsorbed
min, mg./ml. mg.[ml. ml.[min. mg.[/min. mg./min, mg./min.
Control Study I (6/25/56)

0-15 0.86 0.96 121 116 0.1 116
15-30 0.83 0.93 130 121 0.2 121
30-45 - 1.02 1.14 119 136 0.5 136
45-60 1.39 1.56 122 190 0.6 189
60-75 1.67 1.87 120 224 74 217
75-90 1.99 2.23 116 259 25 234
90-105 2.16 2.42 129 312 44 268

105-120 2.53 2.83 139 393 109 284

120-135 2.94 3.29 126 415 154 261

135-150 3.17 3.55 118 419 162 257

150-165 3.45 3.86 119 459 213 246

165-180 3.86 4.32 119 514 310 204

180-195 4.02 4.50 125 562 379 183
Control Study II (7/24/56)

0-15 0.80 0.90 131 108 0.1 108
15-30 1.00 1.12 131 147 0 147
3045 1.44 1.61 137 221 0.7 221
45-60 1.78 1.99 138 275 9.5 266
60-75 2.04 2.28 131 299 30 269
75-90 2.30 2.58 127 328 45 283
90-105 2.71 3.10 133 412 108 304

105-120 3.21 3.60 132 475 128 347
120-135 3.52 3.94 127 500 195 305
135-150 3.87 4.33 123 533 263 270
150-165 3.85 4.31 - 130 560 338 222
165-180 4.23 4.74 132 626 417 209
Prednisone Study I (50 mg. prednisone 12 and 3 hours prior to study—6/26/56)

0-15 - 0.96 1.08 142 153 0.1 153
15-30 1.10 1.23 147 181 0.6 180
3045 1.70 1.90 147 279 16.5 263
45-60 1.95 2.18 135 294 58 236

© 60-75 2.20 2.46 131 322 82 240
75-90 2.38 2.67 137 366 119 247
90-105 2.70 3.02 140 423 147 276

105-120 3.15 3.53 131 462 221 241

120-135 3.54 3.96 143 566 325 241

135-150 4.10 4.59 138 633 386 247

150-165 4.67 5.23 133 696 444 252

165-180 5.18 5.80 138 800 548 252

180-195 5.53 6.19 136 842 614 228
Prednisone Study II (fourth day of prednisone, 75 mg. daily—6/29/56)

0-15 0.88 0.99 130 129 0.1 129
15-30 0.82 0.92 118 109 0.2 109
3045 1.00 1.12 125 140 0.2 140
45-60 1.51 1.69 122 206 0.9 205
60-75 1.84 2.06 137 282 8.1 274
75-90 2.10 2.35 140 329 30 299
90-105 2.20 2.46 150 369 48 321
105-120 2.74 3.07 132 405 106 299
120-135 3.14 3.52 146 514 253 261
135-150 3.40 3.81 130 495 234 261

150-165 3.70 4.14 133 551 286 265
165-180 4.38 491 144 707 432 265
180-195 4.76 5.33 136 725 455 270
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Control 1 and 2: control studies. Prednisone 1: study carried out after
12 hours of prednisone administration. Prednisone 2: study carried out
after four days of prednisone administration.

Blood and urine glucose determinations were carried ject G. S.) or on two control days, then following

out in duplicate according to the method of Froesch and the administration of 100 mg. of prednisone in two
Renold (3). Blood and urine inulin were determined

in duplicate by a modification of the method of Roe after oral dosfes .Of 50 mg. e.ach, _12 and 3 hours before
pretreatment with glucose oxidase to remove the inter- the beginning of the infusion, and finally on the
fering glucose from all samples (8). Highly purified fourth consecutive day of prednisone therapy at
glucose oxidase preparations which did not give rise the dose level of 75 mg. daily by mouth. The

to any significant blank in the Seliwanoff color reac- regyits of these studies are summarized in Figure
tion were kindly supplied by Dr. V. Auerbach (9) from

the Department of Biological Chemistry, Harvard 2 and Table L. .In addl.tlon’ the. detall?d protocol
Medical School, and by Dr. Underkofler from the Taka- Of the four studies carried out in Subject W. E.
mine Laboratories, Clifton, New Jersey. is presented in Table II, to illustrate the proce-

Calculations were made according to Smith, Gold- dure in more detail. Apparent differences in the

ring, Chasis, Ranges, and Bradley (10). For the cal- profije of the glucose titration curves (Figure 2)
culation of filtered glucose load and of tubular glucose

reabsorption, the blood glucose values were corrected should be Chec{{ed aga.mSt the' total amount of
for the different water content of whole blood and glucose actually infused in each instance (TableI).
plasma. This was done according to Nichols and Nichols The following summarizing statements appear
(11), assuming in all studies a hematocrit value of 45 justified: (a) The administration of prednisone

per cent. A validation of this correction was obtained 1 : s .
. o . . . ed to increased glucosuria in all instances, and
during a glucose titration study in which arterial blood g ’

samples were obtained, permitting the determination of this effect was greater a:fter 12 hours than after
plasma glucose as well as blood glucose (Figure 1). 4 days of prednisone action. (b) Glomerular fil-
The mean figures given for maximal glucose reabsorp- tration rate was increased over the individual con-

tion capacity are based in all studies on the final five {15] values in five out of six studies carried out
to eight periods at which the filtered glucose load ex-

ceeded the maximal reabsorption capacity, while the during prednisone admini.stration. (c)' Decreased
mean figures for glomerular filtration rate represent all ~glucose tolerance (as evidenced by higher blood
measurements made during each study. glucose values during identical glucose loading)
was observed in all subjects 12 hours after the be-
ginning of prednisone therapy. However, glu-
cose tolerance returned toward or to normal on

Eleven glucose titration studies were carried the fourth day of administration of the drug. (d)
out in three normal subjects, first on one (Sub- In no instance was a significant decrease noted

RESULTS
Studies in normal subjects
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in the maximal rate of glucose reabsorption ca-
pacity, as a result of prednisone administration,
and in no instance did significantly increased glu-
cosuria occur at glucose loads below maximal
reabsorption capacity. (¢) Impaired glucose tol-
erance and/or increased glomerular filtration rates
adequately explained the excess glucosuria ob-
served during prednisone administration.

Subject A. W. (Table III) was given an intra-
venous infusion of 200 mg. of cortisol over 12
hours; glomerular filtration rate and maximal
tubular glucose reabsorption capacity were meas-
ured 10 hours after the beginning of this infusion
and on a control day. In this subject the infusion
of cortisol did not significantly alter either meas-
urement. The high control rate of glomerular
filtration should be noted.

Studies in patients with Cushing’s syndrome

Maximal tubular glucose reabsorption has been
measured in two patients with Cushing’s syndrome
presenting definite evidence of impaired carbo-
hydrate metabolism. In these studies glucose titra-
tions have not been carried out since both patients
had grossly elevated fasting blood glucose levels.
A constant amount of glucose was infused instead
and the results of these studies are presented in
Table III. The values obtained for maximal
glucose reabsorption capacity in both patients
were well within the normal range.

Studies in patients with renal glucosuria

Two studies have been carried out in patients
with renal glucosuria. Both patients excreted
glucose in the fasting state and thus provided an
opportunity to study the effects of glucocorti-

E. R. FROESCH, A. I. WINEGRAD, A. E. RENOLD, AND G. W. THORN

coids on the renal handling of glucose without
concurrent glucose loading.

Patient E. T. (height, 146 cm.; weight, 46
Kg.), a dwarfed 30 year old male, had known glu-
cosuria from the age of nine and, in addition, tu-
bular reabsorption defects for phosphate and
amino acids, and severe osteomalacia. This pa-
tient’s maximal tubular reabsorption capacity for
glucose was determined on two occasions and
was found to be 32 and 30 mg. per minute, re-
spectively, with corresponding glomerular filtra-
tion rates of 54 and 52 ml. per minute. At the
time of the present study, his renal disease ap-
peared to be relatively stationary since glomerular
filtration rate and renal plasma flow (PAH) had
not further deteriorated over the last 10 years and
since the osteomalacia seemed at least stationary
and perhaps improved by clinical and roentgeno-
graphic criteria. Patient F. N., a 22 year old
healthy young male (height, 163 cm.; weight, 73
Kg.), was found to excrete glucose in the urine
upon routine medical examination. An intra-
venous glucose tolerance test was normal. The
diagnosis of renal glucosuria was established by
the measurement of a maximal tubular glucose
reabsorptive capacity of 130 mg. per minute.
Glucose excretion on 10 control days averaged 16
Gm. per day. No other renal anomaly could be
detected and no evidence for any additional meta-
bolic disturbance was found.

Both patients were kept fasting for 16 hours
previous to cortisol administration and throughout
the entire study. Inulin clearance was measured
over 16 hours in Patient E. T. and, after the first
6 hours, 200 mg. cortisol was added to the infu-
sion. In Patient F. N. inulin was infused over
10 hours, inulin clearance was measured over 8

TABLE III

Measurement of maximal glucose reabsorptive capacity in one normal subject (before and after cortisol)
and in two patients with Cushing's syndrome

Glomerular Maximal

Number filtration glucose
of inulint reabsorptiont
periods (ml.[min.) (mg./min.)
Subject A. W. (male; age, 21 years; weight, 75 Kg.; height, 175 cm.)
C{'mtrol study 8 4 g 5 168 = 3 391 + 2
After cortisol* 6 173 =1 377+ 2
Patient E. R. (female; age, 34 years; weight, 61 Kg.; height, 158 cm.) 7 101 + 2 273 + 3
Patient M. C. (female; age, 47 years; weight, 98 Kg.; height, 156 cm.) 8 149 4+ 3 289 + 11

* Cortisol, 200 mg., administered intravenously over 12 hours; measurements started at 10 hours.

t Mean value plus or minus standard error of the mean.
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hours and, after 3 control periods of 10 minutes
each, 200 mg. cortisol was added to the infusion
and administered over the remaining 7 hours and
30 minutes. The results of both studies are shown
in Figure 3. Over a period of eight hours, while
the patients were fasted and while glucose was
lost in the urine in considerable quantities, blood
glucose rose from 75 to 108 mg. per cent in Pa-
tient E. T., and from 62 to 87 mg. per cent in Pa-
tient F. N. In addition, glomerular filtration rate
increased in both patients and the rate of urinary
glucose loss rose approximately threefold (from
10 to 35 mg. per minute) in Patient E. T. and
eightfold (from 4 to 32 mg. per minute) in Pa-
tient . N. as a result of the cortisol infusion.
Tubular glucose reabsorption showed some ir-
regular variations in both patients, but no sig-
nificant or consistent increase or decrease.

DISCUSSION

The average figures for maximal glucose reab-
sorption capacity in four normal male subjects
reported in this study are somewhat lower than

— 200 mg. —1'

|
‘——— 200 mg ——1

12 14 (o] 2 4 6 8

THE ErrFecT oF CorTISOL ON BLOOD GLUCOSE AND RENAL GLUCOSE
CLEARANCE IN Two FASTED PATIENTS WITH RENAL GLUCOSURIA

those previously reported by Smith and co-workers
(10). This difference may perhaps be attributed
to the specific method for the determination of
glucose in blood and urine used in this study. In
earlier studies blood and urine glucose were meas-
ured by methods based on the reducing proper-
ties of glucose. With these procedures the non-
glucose reducing substances present in blood
during glucose loading account for a significant
portion of the “glucose” measured, and the blood
“glucose” levels obtained under these conditions
may exceed the true values by as much as 30 to
50 mg. per cent. This would result in observed
glucose filtration and reabsorption values slightly
higher than the true ones.

It is necessary to discuss the somewhat sur-
prising finding that glucose reabsorption showed
a tendency to decline in the later periods of the
titration studies despite a continued rise in the
filtered glucose load and despite the lack of sig-
nificant concomitant alterations of the glomerular
filtration rate. This phenomenon was quite con-
stant in each study carried out in Subjects G. S.
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(Figure 4) and W. E. (Table II). Similar ob-
servations have been made by Smith and col-
leagues (10) and were tentatively attributed to
the selective closure of certain sensitive glomeruli
as a result of intrarenal edema due to the ad-
ministration of large quantities of water and sa-
line. Such an explanation would not seem to ap-
ply under the conditions of the studies reported
here since the only saline administered was that
required to supply the sustaining quantity of inu-
lin in the early portions of each study before the
administration of glucose was begun. Moreover,
the total quantity of fluid administered did not ap-
proach that administered by Smith and co-workers
(10) in the studies in which similar results were
obtained. It should be recalled, however, that the
transfer of glucose from the lumen of the renal
tubule to venous renal blood must involve one or
more enzyme systems and that a given maximal
rate of glucose reabsorption reflects the maximal
rate of these reactions. It is quite reasonable to
believe that one or the other of these enzymatic
reactions could be depressed temporarily during
a glucose titration during which a steady state is
never achieved. Progressive overloading with
glucose as well as the many physiological re-
sponses to this loading may well produce tempo-
rarily significant alterations of the intracellular
environment so closely connected with many as-
pects of enzyme action. To cite but one example,
progressive glucose loading represents a major
stimulus for increased insulin secretion; it has

E. R. FROESCH, A. I. WINEGRAD, A. E. RENOLD, AND G. W. THORN

been stated (12), although not fully substantiated,
that insulin can depress tubular glucose reabsorp-
tion. We, therefore, must bear in mind that the
physiologic responses to a prolonged intravenous
infusion of large quantities of glucose may in
themselves influence the functions we are trying
to study.

The primary purpose of this study was that of
exploring the origin of the glucosuria that fol-
lows the acute administration of compounds with
glucocorticoid activity. It is well known that the
administration of glucocorticoids or of adreno-
corticotropic hormone (ACTH) frequently leads
to elevated fasting and postprandial blood glu-
cose levels (4-6). It is also well established that
the glomerular filtration rate often increases dur-
ing glucocortoid administration (13, 14). Both
these factors increase the filtered load of glucose
and their combined effect could be sufficient to
exceed the normal tubular reabsorption capacity
for glucose. In addition, a depression of tubular
glucose reabsorption, as a result of glucocorticoid
action, has frequently been invoked. This effect
has been described in patients with essential hy-
pertension (15) and in premature infants (16)
treated with ACTH and cortisone. Other in-
vestigators, however, have failed to demonstrate
a depression of maximal glucose reabsorption ca-
pacity after the administration of ACTH and cor-
tisone to normal subjects (17) and patients (18,
19).

In the studies reported here the administration
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of either prednisone or cortisol uniformly resulted
. in either some impairment of glucose tolerance,
or an increased rate of glomerular filtration, or
both. The glucocorticoid-induced increased glo-
merular filtration rate was more striking in the
subjects with relatively low initial values. When
glucose titration was performed four days as well
as 12 hours after the beginning of prednisone ad-
ministration, glomerular filtration rate remained
elevated whereas glucose tolerance was less im-
paired after four days then had been the case after
12 hours of hormone action. As a result, the pro-
portion of administered glucose excreted in the
urine was least in the control studies, highest in
the studies carried out 12 hours after initiation of
prednisone administration, and intermediate or
almost normal on the fourth day of prednisone

therapy. The improved glucose tolerance on the

fourth day accounted for the observed decrease in
glucosuria and is in agreement with data collected
during the administration of prednisone for two
consecutive days to 30 healthy males. In this in-
stance a greater quantity of glucose was, as a rule,
excreted on the first day of therapy. The im-
provement in glucose tolerance on continued glu-
cocorticoid therapy has been attributed to mecha-
nisms of counter regulation among which a com-
pensatory increase in insulin secretion is likely to
play a significant part. The combined effects of

prednisone or cortisol on glucose tolerance and

on glomerular filtration were adequate to explain
the increased glucosuria. In no instance did the
administration of predmisome or cortisol result in
a lowered maximal glucose reabsorption capacity
or in increased glucosuria at glucose loads below
the maximal reabsorption rate.

The studies in the two patients with a limited
and relatively fixed tubular capacity to reabsorb
glucose again failed to show any further lowering
in tubular glucose reabsorption as a result of
cortisol administration. In addition, these two
studies should be discussed with regard to their
contribution to the characterization of the action
of cortisol on carbohydrate metabolism in man.
Both patients were subjected to a preliminary fast
of 16 hours in the face of continued loss of glucose
in the urine. Under these conditions the utiliza-
tion of glucose by tissues such as muscle is known
to decrease to a minimum (20) and blood glucose
needed for utilization by tissues such as brain is

531

provided almost exclusively by hepatic gluconeo-
genesis. It is of great interest to find that under
these conditions the administration of cortisol re-
sulted, within two to four hours, in a highly sig-
nificant increase in both blood and urine glucose.
Since an initial decrease in blood glucose was not
observed it is likely that the renal effect is sec-
ondary to the extrarenal effect. The extrarenal
effect, on the other hand, must almost of necessity
primarily consist of an increased hepatic gluco-
neogenesis. These observations in man are, of
course, in agreement with the more definitive stud-
ies which have been carried out in animals (21-23),
both as to effects and as to the time required for
their appearance. The authors are well aware of
further studies, carried out under quite different
conditions, and which have been interpreted as
suggesting additional glucocorticoid effects on
some phase of glucose utilization (24-26).

In two patients with Cushing’s syndrome and
“steroid diabetes” measurements of maximal glu-
cose reabsorption capacity were within the normal
range, but more information will be needed in or-
der to state that tubular glucose reabsorption is
usually normal in Cushing’s syndrome. Since
glucose titrations were not carried out, no state-
ment can be made with regard to glucose excre-
tion at lower glucose loads in these two patients.

SUMMARY

1. The mechanism of the glucosuria produced
by the administration of steroids with glucocorti-
coid activity has been investigated in four healthy
young males using a specific enzymatic method for
the determination of glucose in blood and urine.
Each subject served as his own control. Gluco-
corticoid administration resulted in impaired glu-
cose tolerance and an increased rate of glomerular
filtration. The combination of these two factors
adequately accounted for the glucosuria produced.
In no instance was the maximal glucose reabsorp-
tion capacity affected significantly, nor was in-
creased glucose excretion noted at glucose loads
below the maximal reabsorption capacity.

2. Two patients with renal glucosuria leading
to measurable urinary glucose excretion at fasting
blood glucose levels were given intravenous in-
fusions of cortisol over 10 hours during a pro-
longed fast. Blood glucose increased markedly in
both subjects and urinary glucose excretion in-
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creased from 10 to 35 mg. per minute and from
4 to 32 mg. per minute, respectively. The simul-
taneous increase in both urine and blood glucose
levels during cortisol administration and while
fasting is best interpreted as suggesting an in-
creased rate of hepatic gluconeogenesis. Increased
glomerular filtration contributed to the increased
urinary glucose excretion. Tubular glucose reab-
sorption was not significantly altered.

3. Maximal glucose reabsorption capacity was
measured in two patients with Cushing’s syn-
drome and glucosuria and was within normal lim-
its in both instances.

REFERENCES

1. Peters, J. P., and Van Slyke, D. D. Quantitative
Clinical Chemistry, Volume I: Interpretations, 2nd
ed. Baltimore, Williams and Wilkins, 1946, pp.
188-190.

2. Flynn, F. V., Harper, C., and DeMayo, P. Lacto-
suria and glycosuria in pregnancy and the puer-
perium. Lancet 1953, 2, 698.

3. Froesch, E. R, and Renold, A. E. Specific enzy-
matic determination of glucose in blood and urine
using glucose oxidase. Diabetes 1956, 5, 1.

4. Thorn, G. W., Koepf, G. F., Lewis, R. A,, and Olsen,
E. F. Carbohydrate metabolism in Addison’s dis-
ease. J. clin. Invest. 1940, 19, 813.

5. Conn, J. W., Lawrence, L. H., and Wheeler, C. E.
Production of temporary diabetes mellitus in man
with pituitary adrenocorticotropic hormone; re-
lation to uric acid metabolism. J. Lab. clin. Med.
1948, 33, 651.

6. Long, C. N. H. Influence of the adrenal cortex on
carbohydrate metabolism i Ciba Foundation Col-
loquia on Endocrinology, Hormonal Factors in
Carbohydrate Metabolism, G. E. W. Wolstenholme,
Ed. Boston, Little Brown and Co., 1953, vol. 6,
p. 136.

7. Smith, H. W. Principles of Renal Physiology, Ap-
pendix V. New York, Oxford University Press,
1956, p. 198.

8. Froesch, E. R., Reardon, J. B., and Renold, A. E.
The determination of inulin in blood and urine
using glucose oxidase for the removal of inter-
fering glucose. J. Lab. clin. Med. 1957, 50, 918.

9. Auerbach, V. H. Tryptophane oxidation: Its con-
trol in the rat and in a strain of pseudomonas.
Doctoral thesis, Harvard University, 1956.

10. Smith, H. W., Goldring, W., Chasis, H., Ranges, H.
A., and Bradley, S. E. The application of satura-
tion methods to the study of glomerular and tu-
bular function in the human kidney. J. Mt. Sinai
Hosp. 1943-44, 10, 59.

11. Nichols, G., Jr., and Nichols, N. Electrolyte equilibria
in erythrocytes during diabetic acidosis. J. clin.
Invest. 1953, 32, 113.

E. R. FROESCH, A. I. WINEGRAD, A. E. RENOLD, AND G. W. THORN

12. Miller, J. H. Effect of insulin on maximal rate of
renal tubular uptake of glucose in non-diabetic hu-
mans. Proc. Soc. exp. Biol. (N. Y.) 1953, 84, 322.

13. Roberts, K. E,, and Pitts, R. T. The influence of
cortisone on renal function and electrolyte ex-
cretion in the adrenalectomized dog. Endocrin-
ology 1952, 50, 51.

14. Burston, R. A., and Garrod, O. The variability
of the lowered glomerular filtration rate in" Ad-
dison’s disease and panhypopituitarism, and effect
of cortisone thereon. Clin. Sci. 1952, 11, 129.

15. Dustan, H., Corcoran, A. C., Taylor, R. D., and
Page, I. H. Cortisone and ACTH in essential
hypertension. Arch. intern. Med. 1951, 87, 627.

16. Weintraub, D. H., Calcagno, P. L., Kelleher, M. K.,
and Rubin, M. I. Mechanism of renal glucosuria
in ACTH-treated premature infants. Proc. Soc.
exp. Biol. (N. Y.) 1952, 81, 542,

17. Earle, D. P., Alexander, J. P., Farber, S. J., and
Pellegrino, E. D. Observations on the relation of
renal function changes to the electrolyte and gly-
cosuric effects of ACTH in Proceedings of the
Second ACTH Conference, J. R. Mote, Ed. New
York, Blakiston Co., 1951, vol. I, p. 139.

18. Kendrick, A. B., Schoenberger, J. A., Dyniewicz,
J. M., Grimelli, L. J., and Keeton, R. W. Studies
of renal function in patients receiving adreno-
corticotrophic hormone and cortisone. J. Lab.
clin. Med. 1950, 36, 844.

19. Lambert, P. P., Tagnon, R., Corvilain, J., de
Heinzelin de Braucourt, C., and Brunel, M. Hor-
mone corticotrope hypophysaire et seuils d'ex-
crétion du glucose. Acta clin. belg. 1951, 6, 107

20. Zierler, K. L., and Andres, R. Carbohydrate metabo-
lism in intact skeletal muscle during the night.
J. clin. Invest. 1956, 35, 991.

21. Welt, I. D., Stetten, D., Jr., Ingle, D. J., and Morley,
E. H. Effect of cortisone upon rates of glucose
production and oxidation in the rat. J. biol. Chem.
1952, 197, 57.

22. Renold, A. E,, and Hastings, A. B. Modifications du
métabolismedes hydrates de carbone dans le foie
d’animaux diabetiques et dans le foie d’animaux
traités 4 la cortisone. Acta Endocr. 1953, 14, 47.

23. Ashmore, J., Hastings, A. B., Nesbett, F. B., and
Renold, A. E. Studies on carbohydrate metabo-
lism in rat liver slices: VI. Hormonal factors in-
fluencing glucose-6-phosphatase. J. biol. Chem.
1956, 218, 77.

24. Frawley, T. F. The role of the adrenal cortex in
glucose and pyruvic acid metabolism in man in-
cluding the use of intravenous hydrocortisone in
acute hypoglycemia. Ann. N. Y. Acad. Sci. 1955,
61, 464.

25. Henneman, D. H., and Bunker, J. P. The pattern of
intermediary carbohydrate metabolism in Cushing’s
syndrome. Amer. J. Med. 1957, 23, 34.

26. Hennes, A. R., Wajchenberg, B. L., Fajans, S. S.,
and Conn, J. W. The effect of adrenal steroids
on blood levels of pyruvic and alpha-ketoglutaric
acid in normal subjects. Metabolism 1957, 6, 339.



