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GLUCOSEEXCRETIONIN BRIGHT'S DISEASE'

By JAMES A. HAWKINS, EATONM. MAcKAYAND DONALDD. VANSLYKE.
(From the Hospital of the Rockefeller Institute for Medical Research, New York)

(Received for publication May 29, 1929)

The occurrence of hyperglycemia and glycosuria in nephritis has
been observed and studied by Neubauer in 1910 and a number of subse-
quent investigators. A review of this subect has been included in the
artide on carbohydrate metabolism in nephritis by Linder, Hiller and,
Van Slyke (1925). They found that hyperglycemia and glycosuria
were most frequent in cases with marked deficit of renal function; that
nephritics with fasting hyperglycemia when fed glucose showed
abnormally high and prolonged blood sugar curves, similar to those in
mild diabetes; that nevertheless the respiratory quotients after glucose
feeding rose as in normal subjects, indicating a normal combustion
of glucose. The abnormality appeared to lie in a retarded transfer of
glucose from blood to tissues, rather than in a retarded combustion.
The renal threshold of sugar excretion appeared to be low in some
cases, as evidenced by the appearance of a positive qualitative Bene-
di ct test for reducing substances in the urine.

However, as shown by Eagle (1926-27) and by Van Slyke and Haw-
kins (1929), normal urine may contain substances equivalent in
reducing power to 0.1 per cent or more of glucose; but only about one-
tenth of the reduction is actually due to sugar capable of fermentation,
like glucose. To obtain interpretable data concerning the permeabil-
ity of nephritic kidneys to glucose it is therefore necessary to base con-
clusions upon determinations of the fermentable sugar in the urine.
The present studies are based on such determinations.

1 A preliminary report of results was presented by the authors at the 1928
meeting of the American Society of Biological Chemists (Hawkins,MacKay, and
Van Slyke, 1928).
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GLUCOSEEXCRETION IN BRIGHT'S DISEASE

METHODS

The blood sugar determinations were made by the microgasometric
ferricyanide method of Van Slyke and Hawkins (1928) on cutaneous
blood obtained by a clean deep prick with a sharp needle. The blood
obtained in this way is practically arterial (Lundsgaard and M6ller,
1922). Wedid not determine the fermentable blood sugar, but used
"total blood sugar" values, because the non-fermentable material
determined in blood by the ferricyanide method has been shown to be a
relatively small and constant value (Van Slyke and Hawkins, 1929).

The reducing substances of the urine, fermentable and-nor-fermenta-
ble, were determined quantitatively by the-Van Slyke-Hawkins gasome-
tric methods (1928, 1929). In considering urinary excretions our
conclusions have been based entirely on fermentable sugar values,
since the unidentified non-fermentable reducing material in urine is
relatively so much that in normal subjects it constitutes nearly all of
the total reducing material.

Glucose ingestion tests. The subjects of these studies were given no
food or fluids for a 12-hour period preceding the determinations.
Each subject was given 200 cc. of water at 7:00 a.m. Blood was taken
at 7:00 and 8:00 a.m., and urine collected for the period from 7:00
to 8: 00 a.m. Glucose was given in 200 cc. of water at room tempera-
ture at 8:00 a.m. All intervals indicated on the charts are measured
from this point. Blood specmens were taken at 0.25, 0.5, 0.75, 1.0,
1.25, 1.75, 2.15, 2.75, 3.15 and 3.75 hours. The urine specimens were
collected at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 4.0 hours. The subject
remained in bed throughout the test and received no other fluid, food,
or medication during this period. The amount of glucose given was
1 gram for each kilo of ideal weight estimated for the subject's height,
age and sex, by figure 1 of McIntosh, Moller, and Van Slyke (1928).
The glucose used was Merck's "C.P."

RESULTS

Bloodcsugar curves, and curves indicating the amounts of fermentable
and non-fermentable reducing substances in the urine were obtained on
3 normal persons and on 19 patients with nephritis.
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The blood and urine curves of the normal subjects are given in
figure 1. Figures 2 to 11 show the curves obtained in the different
forms and stages of nephritis.
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FIG 1. DATA ON NORMALSUBJECTS

In table 1 is given a summary of the tests made on patients with
Bright's disease. The Addis classification (1925) for Bright's disease
is used, and the patients are grouped according to the divisions and
subdivisions of this classification. The age, sex, blood pressure and
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GLUCOSEEXCRETION IN BRIGHTT'S DISEASE

relative extent of edema at the time of the test are reported in Table I
in order to give some aid in judging the patient's clinical status. The
2-hour phthalein excretion and the urea excreting ability in terms of
the blood urea clearance (cc. of blood cleared of urea by 1 minute's
excretion determined as described by Moller, McIntosh, and Van
Slyke, 1928) are noted to indicate the state of renal function at the time
of the tests. The clearance values are given in per cent of average

30 60 go 10ges 150io
IlTinutez a.fter. glucose ingestion

FIG. 2. DATA ON SUBJECTS WITH INITIAL HEMORRHAGIcNEPHRITIS

normal, viz., 54 cc. of blood per minute for the "standard clearance,"
estimated for urine output of 1 cc. per minute; 75 cc. .per minute for
"mammumclearance" with urine volumes exceeding 2 cc. per minute.

DISCUSSION

In normal subjects our data, taken with those of Eagle (192627)
indicate that excretion of fermentable sugar is usually less than 5 mgm.
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FIG. 3. DATA ON SUBJECTS WITH LATENT HEMORRHAGICNEPHRITIS
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FIG. 4. DATA ON SUBJECTSWITH CHRoNIC ACTIv1E HEMORRHAGICNEPHRITIS
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112 GLUCOSEEXCRETION IN BRIGHT' S DISEASE

per hour during fast, and is not increased above this level after con-
sumption by mouth of 1 gram of glucose per kilo body weight. It is
known, of course, that there are otherwise normal subjects who have
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FIG. 5. DATA ON SUBJECTS WITH TERMINAL HEMORRHAGICNEPHRITIS

continual or intermittent glycosuria, which appears attributable to a
low renal threshold for glucose, since the glycosuria occurs in the
presence of normal blood sugar values. Such cases appear, however,
to be relatively rare. Our controls and those of Eagle may be taken
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to represent the usual normal behavior, marked departure from which,
if frequent in any given condition, may be considered as evidence of
deviation from the probable normal behavior of the subjects examined.

Abnormal glycosurias (compared with the above controls) were
shown by all our cases with degenerative Bright's disease (nephrosis)
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FIG. 6. DATA ON SUBJECTS WITH TERMINAL HEMORRHAGICNEPHRITIS

and by all in the terminal stage of hemorrhagic nephritis. In excretion
of fermentable sugar after glucose feeding all these patients exceeded
the normal controls, and in excretion during fasting all except one, a
terminal hemorrhagic, exceeded the controls.

The most marked glycosurias occurred in the degenerative group:
3 out of 6 cases showed over 0.3 per cent of fermentable sugar in the
urine during fast, and over 1 per cent after glucose feeding.
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In cases of initial and moderately advanced hemorrhagic nephritis,
about half showed relative glycosuria, both fasting and after glucose
ingestion.
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FIG. 7. DATAONSUBJECTSWITH DEGENERATIVEHEMORRHAGICNEPHRITIS

Of the 3 arteriosclerotic cases one showed a definite glycosuria (50
mgm. per hour) after glucose feeding, none while fasting.

Comparison of blood sugar curves with fermentable sugar excretion
indicates that the glycosurias in all types of the disease appear attribut-
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able to low excretion thresholds rather than to high blood sugar values.
In some cases, it is true, particularly in the. terminal hemorrhagic
group, the blood sugar peak after glucose ingestion is so high (210-266
mgm. per cent) that glycosuria would be expected over a normal
threshold. However, nearly all such cases showed glycosuria also in
the fasting state, with relatively low blood sugar values. The work of
Linder, Huller, and Van Slyke (1925) has shown that somewhat high

30 60 90 120 150 180
Minutes after glucose inge5tion

FIG. 8. DATAONA SUBJECTWiTH DEGENERATIVEHEMOHAGICNEPmuTIS

and prolonged blood sugar curves after glucose feeding are commonin
nephritis, and are unconnected -with any retardation in the rate at
which glucose can be burned, or with any other evidence of diabetes.

In the degenerative bases showing gross glycosuria, both fasting
and after glucose feeding, the blood sugar curves were within normal
limits.

It appears probable that many cases heretofore reported as com-
bined nephritis and diabetes have been nephritis with renal glycosuria.
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116 GLUCOSEEXCRETION IN BRIGHT'S DISEASE

It is possible that the glycosuria is due to failure of the renal tubules
to reabsorb glucose from the glomerular filtrate. Such an hypothesis

700.
R.B.

650 ~~~~~~~~~~wibttnitp ?t mtion

600

550'

450

400 --

350

200

150

100

50 < 4

0__ __M_
-60 -30 0 30 60 90 1m 13

TIinutea 8ft glucose ingestion
180 210 240

FIG. 9. DATAONA SUBJECT, R. B., WITH DEGENERATIVEHEMORRHAGICNEPHRI-
TIS WITH NITROGENRETENTION

appears somewhat plausible because of the especially marked glycosu-
rias observed in certain of the degenerative cases, in which the tubules
are known to be especially involved.
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2LE 1
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SUMMARY

Excretion of fermentable sugar has been studied, together with
blood sugar curves after glucose ingestion, in normal subjects and in
patients with hemorrhagic, degenerative, and arteriosclerotic Bright's
disease.

Excretion of fermentable sugar exceeding that observed in the nor-
mal control subjects was found to be frequent in all types of the disease.
In the degenerative and advanced hemorrhagic types it occurred in all
the cases we examined. In half the degenerative cases it amounted to
gross glycosuria, the urine containing more than 0.3 per cent of fer-
mentable sugar during fasting and more than 1.0 per cent after glucose
ingestion.

The blood sugar values observed before and after glucose ingestion
indicated that in all our cases the glycosuria was renal rather than
diabetic.
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