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CARBOHYDRATEMETABOLISMIN NEPHRITIS

By G. C. LINDER, A. HILLER ANDD. D. VANSLYKE
From the Hospital of The Rockefeler Institutefor Medical Research

(Received for publication, October 25, 1924)

INTRODUCTION

In an attempt to obtain further information on the incidence and
significance of the hyperglycemia which has sometimes been observed
in nephritis, we have studied the changes in the sugar content of the
blood and urine of patients with nephritis and their respiratory me-
tabolism following the oral administration of glucose.

That the fasting level of the blood sugar was increased in nephritis
was observed by Neubauer (1) in 1910. He found that there was
hyperglycemia in a large proportion of cases with very high blood
pressure, and he attributed both of these conditions to excessive ad-
renal activity. Von Noorden (2) accepted this hypothesis, but the
majority of subsequent observers rejected it, emphasizing the fact
that although hyperglycemia was rarely found in nephritis without
hypertension yet extreme hypertension frequently occurred without
hyperglycemia. Other etiological factors were sought and its asso-
ciation was described with uremia, edema and dyspnea (Bing and
Jakobsen, (3)), urea retention (Myers and Bailey (4)), increase in
blood diastase (Myers and Killian (5)), derangement of metabolism
occurring late in the disease (Williams and Humphreys (6)) and with
uremia, pancreatic arterio-sclerosis or hypertension with heart fail-
ure and stasis (Kahler (7)). Harle (8) found that actual hypergly-
cemia was rare except in essential hypertension, but that the blood
sugar was nearly always at the upper limit of normal in nephritis
with increase of blood pressure. Hyperglycemia without hyperten-
sion appears to be rare, but Hopkins (9) found three instances in ten
observations. The association of arterio-sclerosis, obesity and gly-
cosuria has been recognized for many years.

The effect of glucose administration upon the blood sugar in ne-
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phritis was studied by Tachau (10) and by Bing and Jakobsen (3)
who from a very few observations concluded that the effect was the
same as in health. Hopkins (9), Hammanand Hirschman (11) and
Bailey (12) found that the blood sugar curve was definitely abnormal
when there was hypertension; the rise was exaggerated and the fall
delayed. Hammanand Hirschman obtained a normal curve from
a patient with edema and without raised blood pressure, and also from
a case of diffuse nephritis with extreme hypertension. O'Hare (13)
found definite abnormalities in 11 out of 18 cases of essential hyper-
tension.

The kidney is relatively impermeable to glucose in some stages of
nephritis (Hamman and Hirschman (11); Mason (14); Williams and
Humphreys (6)). Glycosuria is often absent when the blood sugar
is considerably above the normal threshold, which is now accepted as
from 0.16 to 0.18 per cent (11, 15, 16, 17, 18, 19).

Weare not aware that any observations have been made on the
respiratory metabolism after glucose administration in nephritis.
The object of the present work has been in part to obtain such obser-
vations in the hope that they might shed some light on the nature of
the metabolic disturbance which is associated with the tendency to
hyperglycemia.

METHODS

The basal metabolism determinations were made by the Tissot spirometer
method (20). The Henderson modification of the Haldane gas analysis apparatus
was used (21). The protein metabolism was measured by determination of the
urinary nitrogen by the Kjeldahl method. Protein when present was removed
from the urine by heating and adding trichloracetic acid until no further precipi-
tate was formed; the mixture was diluted to a volume, filtered, and the filtrate
used for the nitrogen determinations. The carbohydrate metabolism was cal-
culated from the non-protein heat production and non-protein respiratory quotient
by the table given by Williams, Riche and Lusk (22).

The blood sugar determinations were made by the method of Hagedorn and
Jensen (23). Foster (24) has shown that after glucose administration the sugar
content of the blood obtained by finger prick is greater than that of venous blood.
Folin and Berglund (19) believe that this difference is chiefly due to the greater
pain and psychic effect of finger pricking, but Foster (24) sees in it evidence of the
burning and storing of carbohydrate in the muscles of the arm, whence comes a

large proportion of the venous blood obtained by venepuncture at the usual site.
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In observations in which changes of renal threshold may play a part, it is advisable
to determine the blood sugar under conditions as nearly arterial as possible.
Lundsgaard and Moller (25) found that the blood obtained by cutaneous incision
is identical in oxygen content with arterial blood. Wehave therefore used cutane-
ous blood obtained by a clean deep prick with a sharp needle. Hagedorn's method
has certain technical advantages, which are that 0.1 cc. of blood is all that is needed
for the determination, and that the oxidizing agent is precipitated out in the
reduced form as soon as reduction has occurred, reoxidation being thereby avoided.

The sugar content of the urine was tested qualitatively by the Benedict reagent
and quantitatively by the Benedict and Osterberg (26) method. The albumin
free filtrate prepared for the Kjeldahl determinations was used for the quantita-
tive determinations.

Glucose ingestion tests. The subjects of these studies had been used previously
by us for metabolism or else were trained by blank experiments, to accustom them
to the proceedings so that psychic factors might be eliminated on the day of the
test. On this day, two basal metabolism determinations over five minute periods
were made after 12 to 15 hours of fasting and 30 minutes complete relaxation in
bed. Blood was then taken for blood sugar determination, and urine collected.
The glucose was given in 180 cc. of water and 20 cc. of lemon juice at room tem-
perature. All times were counted from this point. Blood specimens were taken
at 0.5, 1, 1.5, 2, 3, and 4 hours, and urine specimens at 1, 2 and 4hours. Metab-
olism determinations were made during the five minute periods preceding the
0.5, 1, 2, 3, and 4 hour points.

The dose of glucose was made proportional to the normal basal requirements
estimated from the height, weight (without edema), age and sex (27). The stand-
ard amount was 100 grams for an estimated normal basal rate of 1800 calories.
The glucose given varied between 1.42 and 2.57 grams per kilo body weight. In
some of the blood sugar determinations without metabolism determinations the
dose was 100 grams for adult males, 80 to 100 gramsfor adult females and 55 grams
for a boy, varying from 1.3 to 1.7 grams per kilo. The glucose used was Merck's

MATERIAL

Blood sugar curves were obtained on 6 normal persons and on 12
patients with nephritis, and metabolism tests were made upon 6 nor-
mals and 7 of the patients. On 2 of the patients more than one sugar
curve was obtained so that 15 curves are reported.

The blood sugar curves of the normal persons are condensed in
figures 1 and 2. Figure 1 shows those without alimentary glycosuria,
and figure 2 those with alimentary glycosuria. Figures 3 to 7 show
the curves obtained in the different forms and stages of nephritis, the
classification being that of Volhard and Fahr (28). The shaded areas
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represent the zone of normal blood sugar reaction and have been
drawn by taking the highest lines of figures 1 and 2, and the lowest
line of figure 1.

The results of the metabolism tests are given with the correspond-
ing blood and urine sugar determinations in figures 8 to 21.

Tables 1 and 2 contain further facts about the tests and about the
clinical condition of the patients. Protocols of the autopsy findings
are appended.

Gm.

5. 0 60 120 180 240 min. 0 60 120 180 240
Time Time

*- G.L. o-oA.B. x-x H.RW 0-O H.C. *-* C.A. X-x J.1

FIG. 1 FIG. 2

FIG. 1. BLOODSUGARCURVEsOF 3 HEALTHYADULTS IN WHOMTHERE WASNO
GLYCOSURIA

FIG. 2. BLOOD SUGAR CURVESOF 3 HEALTHYADULTS IN WHOMTHEREWAS
GLYCOSURIAAFTER TAKING GLUCOSE

The upper two curves are of the "lag" type. The glycosuria in the third case
was due to a low threshold.

ANALYSIS OF RESULTS

Normal blood sugar curves

In order to obtain a series of controls for the observations on re-
spiratory metabolism, glucose was given to six young healthy adult
males.
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Three individuals, G. L., A. B., and H. R., (fig. 1 and table 1),
presented blood sugar curves which are normal according to recent
standards, and glycosuria was absent. These ideal blood sugar curves
show the following points. The fasting blood sugar is less than 0.1 per
cent. After the glucose there is an abrupt rise to a peak of less than
0.18 per cent which is reached in 20 to 40 minutes. The peak is caused
probably because absorption was greater at first than storage and
burning. Maclean (16) suggests that this hyperglycemia is the stimu-
lus to glycogen formation. The curve then descends steeply to a
plateau 0.02 to 0.04 per cent above the fasting level and is maintained
there during the second hour. During this period carbohydrate trans-
port and storage are in equilibrium and the blood sugar comes to a
constant level. Whenabsorption and possibly the need for transport
from the liver to the tissues comes to an end the curve falls to a point
below the fasting level. The final hypoglycemia was observed by
Frank in 1910 (29) and also by Jacobsen (15), Maclean (16), Gra-
ham (30) and Folin and Berglund (19). It is a constant phenomenon
and may appear earlier if smaller doses of glucose are given.

In the remaining normal individuals, H. C., J. M. and C. A.,
(fig. 2 and table 1), there was sufficient sugar in the urine after the
glucose to reduce the Benedict reagent. The blood sugar curves and
quantitative urine sugar analyses show that two of them, J. M. and
C. A., were examples of the "lag" type of curve described by Maclean
(31); tardiness in starting of an otherwise normal carbohydrate stor-
ing mechanism, and possibly unusual rapidity of absorption allowed the
blood sugar to rise above 0.18 per cent for a short time. Both curves
showed a rapid fall to a low plateau and a terminal hypoglycemia.
The threshold appeared to be normal, and the glycosuria was appar-
ently due to the height of the peak. The urine sugar was not increased
during the fasting period or after the blood sugar had fallen (figs. 12
and 13). The curve of H. C. did not show an abnormally high
peak, but the fall was a little slow. The glycosuria was associated
with a low threshold, probably at about 0. 14 per cent (fig. 11).

Search of the literature shows that following glucose administration,
glycosuria recognizable by the ordinary methods has been found in
many normal subjects. Jacobsen (15) found glycosuria in 8 out of
15 persons, Hammanand Hirschman (11) in 2 out of 6, Goto and
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Kuno (32) in 33 out of 53, Hagedorn (17) frequently, and Holst (33)
in 2 out of 14 healthy persons and 29 out of 145 unselected but non-
diabetic patients. One of us (D. D. V. S.) when examining an army
class found that 15 per cent of the members excreted small amounts of
sugar after 100 grams of glucose. It is probable that some authors
have not found glycosuria so often because they failed to collect a small
amount of urine at the critical period; e.g., Taylor and Hulton (34)
conclude that "glycosuria does not occur following the largest possible
ingestions of pure glucose," but they looked for it in 24 hour collec-
tions. Other authors have refused to consider as normal persons who
excrete a trace of sugar after large amounts of glucose. If that were so
we should have to accept the proposition that from 15 to 50 per cent
of apparently healthy people are abnormal. It appears that even
when allowance has been made for age (35, 36), overweight (37),
worry and emotion (38, 39), there still remains a large number of
healthy people who excrete sugar after consuming considerable amounts
of it.

Blood sugar determinations in patients with nephritis

Chronic nephrosis. Two curves on 2 patients (fig. 3). The sugar
curve of B. B. was normal except for a small rise in the fourth hour.
G. F. was 51 years old. The curve did not rise above 0.165 but in
the third hour it lay above the normal limit for young persons. In
neither case was there glycosuria.

Glomerulonephritis, nephrotic type, Stage II. Three curves on
2 patients (fig. 4). Two curves were within the normal area, al-
though that of F. M. after 55 grams came to its peak in the second hour.
The curve of F. M. after 74 grams, the largest dose per kilo body weight
in this series, showed a delay in falling. There was no glycosuria.

Glomerulonephritis, nephrotic type, Stage III. Three curves on 3
patients (fig. 5). All the curves lay outside the normal limits. That
of S. L. however, was only slightly abnormal and was similar to that of
F. M. among the Stage II curves, S. L. having retained a somewhat
better renal function than M. F. or S. Ly. The blood sugar of M. F.
reached 0.245 per cent and although the descent was rapid, the curve
was high throughout, the abnormality being definitely greater than
a "lag" curve. The blood sugar of S. Ly. reached 0.227 per cent and
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TABLE 2
Observations on the blood sugar

Nature of case

I.
Chronic nephrosis...................

Nephrotic type, Stage
II...................

Glomerulo-
nephritis

Nephrotic type Stage
III.................

Vascular type Stage III.

Nephrosclerosis ..................... I

B. B.

G. F.

23

51

Date

March 4, 1924

November 27, 1923

4-

kilos

56

81

I
m

110/60

130/80

J. O.'M 16 May 27, 1924 52 138/76

F.M H14 February 4, 1924 39 180/130F.M. tFebruary 26,1924 29 132/90

S. L.

S. Ly.

M. F.

J. C.

E. L.

J. L.

A. S.

H. ]L
C. T.
M. S.

20

26

27

27

27

3C
34
26

December 27, 1924

March 11, 1924

March 6, 1924

t November 5, 1923
December 17, 1923
March 28, 1924
April 11, 1924

December 3, 1923
February 7, 1924

I November 26, 1923
November 30, 1923
December 13, 1923
January 9, 1924

f April 14,1924
May 1, 1924
May 5, 1924

April 3, 1924
November 22, 1923
January 28, 1924

65

42

51

60
60
61
53

57
47

66
66
64
66

47
44
46

55
74
50

165/120

158/100

115/81

170/117
175/140
19S/130
170/110

235/100
220/130

188/130
185/115
185/10S
192/120

168/120
160/121

170/120
175/105
196/135

+

14

(+:

+

bo

8m.

gmn.

0.081

0.07

0.155
0.146
0.115

0.49

0.68

0.83

0.42
0.62
1.75
2.87

0.475
0.379

1.47
1.54
1.39
1.46

0.682
2.24
2.36

0.080
0.152
0.097

50

43

26

32

12

15

9

10

10
8

4

4.5

117

33
40

69

60

29
25
26

8

Trace

9

27
11

Trace

Nil

8

77

37

7.34

7.35
7.34

7.22

7.24
7.31

7.34
7.34

7.16
7.33
7.18
7.29

7.35
7.22
7.28

7.34

7.36

0 Austin, Stillma, and Van Slyke (61). D -urea output in grams per 24 hourm B -blood urea in grams per 1. V -urine
volumne in 1. per 24 hours, W. - body weight in kIlo Minimum normal index - 45.

t Protocols of these patients were published in Joir. Exper. Med., 1924, xxxix, 931.
t Three hours.

I

5

q

I

I
5

-

I

3

-

I

I

i

7

7
7

7

1
1

A1
41

j1
II
II
II

II
II
II

II

II
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3.70 0.87 0.06 0.66 0.82 28

12.26 0.75 0.30 0.14 1.01 34

-1.01 8.9410.8010.131 0.27 0.76

0.15 10.78

30

25

Edema began 2 years before and per-
sisted.

Edema since early 1923, disappeared
under urea therapy.

See foot-notet
8 years history of recurring edema.

Acute exacerbation in January, 1924,
with anasarca, hydrothorax, ascites
and retinitis.

Observed since October, 1921. Iso-
sthenuria. Progress slow.

Initial symptom, March, 1922., ascites
Isosthenuria.

See foot-note.t Isosthenuria.

Proteinuria, June, 1922. Hypertension,
swelling of ankles, headache-1922.
Admission to hospital October, 1923;
discharged December, 1923; read-
mitted in uremia March 18, 1924;
died April 14, 1924. No autopsy per-
mitted.

January, 1921 headache and swelling of
ankles. Died of heart failure, July
1924. Autopsy.

Proteinuria, 1920. Headache, weak.
ness July 1923. Vomiting and retin-
itis, October. Died January 12, 1924.
Autopsy.

Initial symptoms-vomiting, headache
and retinitis March 1924. Died May
5, 1924. Autopsy.

See foot-notet
No symptoms
Complicated by heart failure (pulsus

alternans); cardiac edema and hydro.
thorax on admission.

and carbohydrate metabolism in nephritis

gin.

1.48

1.28

per
cern

0.088

0.113

per
cent

0.153

0.164

.per
cen

-19.3
cent

5.56 0.9310.15

0.109 0.186

0.107 0.227

1.58

1.98

1.53

1.66
1.67
1.36

mm

1.33

1.48

2.38

3.6

2.58

1.61

5.7

2.2
2.4

3.3
4.0
3.3
3.9

2.15

5.5

0.09310.2451 -

per

77

77

64
57
72

62

55

63

82

46
35

50
41

57

35

73
48
56

84

Ym

31.8

21.6
19.0

15.0
19.4

20.6
24.4

11.6
21.4
14.3
18.0

22.6
12.2
21.4

27.2

22.8

-11.0

-7.8

0.103
0.119
0.127
0.159

0.187
0.195
0.193

+

+

+
+

+

t

±0.137
1.6 0.109 0.225

0.229
0.120
0.139
0.187

0.101
0.135
0.191

1.37 0.103 0.169
1.33 0.113 0.204
1.59 0.096 0.183

+2.4 20.20 0.76 0.17
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showed a yet greater delay in falling. All these patients passed
traces of sugar while the blood sugar was high, but the quantity of
sugar eliminated was less than would be expected from a normal
person with a similar rise in blood sugar (figs. 18 and 19).

Gm.
0.221

0.06 I
Min. 0 60 lao 180 240

Time
G.E o-o BB

FIG. 3

*eEM1. Feb.4,1924. 1.49,m,/ki
0-OFM. Feb.26192A 2.5 gm/KAloX-xJ.OM14.

FIG. 4

FIG. 3. BLOODSUGARCURVESIN CROmNIc NEPHROSIS

There was no glycosuria. The shaded areas in figures 3 to 7 represent the
normal zone delineated from figures 1 and 2.

FIG. 4. BLOOD SUGARCURVES IN GLOMERuONEPHRITIS, NEPHROTICTYPE,
STAGE lI

There was no glycosuria

Glomerulonephritis, vascular type, Stage III. Four curves on 2 pa-
tients (fig. 6). The curve of E. L. showed a high fasting level, a rise
to 0.225 per cent and a steep but delayed descent. The urine habitu-
ally contained a trace of sugar which increased after the glucose was
given. The threshold was low. The curves on J. C. were obtained
6 months and 5 months and 17 days before his death in uremia. The
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fasting figure rose from 0.103 to 0.119 and 0.127 per cent and 3 days
before death it was 0.159 per cent (table 2). None of the tests were
prolonged sufficently to show the return of the blood sugar to the
fasting level, but the fall was more and more delayed and in the last
GM.
0.26

n. 0 60 120 180 240
Time

*-* S.L. o-oM.E x-x S.LY.
FIG. 5

GM.

_.v _

Min. 0 60 120 180 240
Time

*-*J.QNoV.5,1923 o-olc.De.T7,1923
0-O J.C.MrE28,1924 died Apr?.14,1924.
,(x X-L. cIC.* Apn? 11, 1924

FIG. 6

FIG. 5. BLOOD SUGAR CURVEs mN GLOMERULONEPHRITIS,NEPHROTIC TYPE,
STAGEm

Glycosuria occurred in all cases

FIG. 6. BLOOD SUGAR CuRvEs IN GLOMERULONEPHRITIS, VASCULAR TYPE,
STAGEm

Glycosuria occurred in all tests except the earliest on J. C. There was a fasting
glycosuria in E. L. and in J. C. in the third test.

curve the blood sugar was at its highest, 0.195 per cent, at the end of
the fourth hour. Glycosuria was not found in the first test and only in
the third hour of the second, when the blood sugar reached its max-
imum, the threshold at this time being therefore in the region of 0.19
per cent. In the third test there was sugar in every specimen of urine,
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including the fasting specimen, and the increased excretion after the
glucose was small (fig. 20). The threshold had therefore fallen to less
than 0.127 per cent. From that time he constantly excreted traces of
sugar.

Table 2 contains a series of determinations of the fasting blood
sugar in two other patients in this stage of nephritis, A. S. and J.
L. They were too sick to allow the determination of blood sugar

Gm.
0.24 F

Time
*- C.T. o-oM.5- x-xH.L.

FIG. 7. BLOODSUGARCURVESIN NEPHROSCLEROSIS,STAGE I

There was no glycosuria

curves and metabolism tests, but they showed a fasting hypergly-
cemia which will be discussed elsewhere.

Nephrosclerosis, Stage I. Three curves on 3 patients (fig. 7). The
fasting figures were normal. The curves rose high and fell more
slowly than the normal curves. They extended just beyond the nor-
mal area. There was no glycosuria so that the threshold of C. T.
must have been raised to about 0.20 per cent.

In chronic nephrosis and the nephrotic type of glomerulonephritis
in Stage II the blood sugar curves were substantially normal in form
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and in no case was there glycosuria. In nephrosclerosis with little
or no renal insufficiency the curves were all of a slightly exaggerated
"lag" type, and the fasting blood sugar was towards the upperlimit
of normal. In both varieties of glomerulonephritis in Stage III with
renal insufficiency the curves were, with one exception, S. L., defi-
nitely abnormal with exaggerated rise and delayed fall, and glycosuria
was frequently present. A fasting hyperglycemia was observed in
the last days of life.

The abnormalities in the blood sugar curves could not be attributed
in these cases to a lowered basal metabolic rate, as in the cases de-
scribed by Hoxie (40). He reported that subjects with a basal meta-
bolic rate below -10 per cent show sugar tolerance curves of the dia-
betic tyrpe. Although we have frequently found the basal metabolic
rate lowered in nephritis, the two patients reported here with a lowered
metabolic rate, B. B. and F. M., table 2, did not present
essential abnormalities in their blood sugar curves, while J. C.,
who had a normal basal metabolic rate, presented the most ex-

-treme type of curve.

Carbohydrate metabolism of normal subjects

After the glucose was taken the respiratory quotient rose 0.06 to
0.12 above the basal level, and it remained at a raised figure until
the fourth hour (figs. 8 to 13 and table 1). In no instance did this
rise begin until the second half of the first hour. This delay after
glucose is given by mouth is characteristic, and was observed by
Benedict (41) Zuntz and Mering (42), Bernstein and Falta (43) and
Sanger and Hun (44). Bernstein and Falta believe that the glu-
cose is first stored as glycogen, and only when the glycogen depots are
filled is it burned or converted into fat causing the respiratory quotient
to rise. The type of curve obtained would thus depend upon the
state of the glycogen depots, and this in turn upon the preceding diet.
Higgins (45) and Bornstein and Holm (46) found that the quotient
actually fell during the first 15 minutes. The latter authors suggested
that this was due to CO2being retainedin the body to combine with
the alkali released by secretion of acid in the gastric juice, as Bennett
and Dodds (47) had found that the alveolar CO2 was increased at
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that time. Such retention would result in a fall of quotient which
would mask any rise due to increased carbohydrate metabolism.

A definite increase in heat production was present mn half an hour
and reached its maximum then in 2 cases, G. L. (fig. 8) and C. A.,
(figure 13); in the remaining 4 cases the maximum was delayed un-
til one hour or later when the blood sugar curve was falling. The
heat production curves of Sanger and Hun (44) were of similar form.
Our curves returned to the basal level in 2 to 3 hours.

The carbohydrate combustion was less than 0.3 calories per kilo per
hour during the fasting period, and it did not rise until the second
half hour. The maximum combustion was attained in the second
or third hour and varied from 0.37 to 0.7 calories. In the fourth
hour there was a fall. In G. L. this fall was to 0.07 calories, and in
H. R. to 0.03; in these subjects there was well marked hypoglycemia
at this time, but hypoglycemia occurred in A. B., H. C., and J. M.
without an excessive fall in carbohydrate combustion within the
4 hours of the test. The amount of sugar burned in the 4 hours of the
test varied from 16 to 27 grams.

It appears that the accelerated metabolism of carbohydrate pleth-
ora (48) begins as soon as the blood and tisssues are flooded with
sugar, but that the increase in respiratory quotient occurs a little
later.

Figure 14 shows the effect of 200 cc. of water alone on the metabolism
of the subject G. L. The respiratory quotient fell and the carbohy-
drate cbmkbustion calculated from the gas exchange reached a low

Explanation of figures 8 to 21
The abscissae represent the time in minutes before and after the glucose was

given at "zero." The ordinates have three scales. The outer scale on the left
side gives the total metabolism and carbohydrate metabolism in calories per kilo
per hour, and the respiratory quotient. The inner scale gives the blood sugar in
grams per 100 cc. The scale on the right hand side gives the rate of sugar excre-
tion in grams per hour.

The following signs indicate the curves.
O 0 blood sugar.
* --- carbohydrate metabolism (carbohydrate utilization).
M- M total metabolism (heat production).
x x respiratory quotient.

-1 I- rate of sugar excretion.
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CARBOEYDRATEMETABOLISMIN NEPHRITIS

level. There was no significant change in the blood sugar; there was
no hypoglycemia within 5 hours, that is, after 20 hours fasting. There
was no effect on the basal heat production.

Carbohydrate metabolism of patients with nephritis

Chronic nephrosis. Case B.B. (figure 15). Glomerulonephritis,
nephrotic type, Stage II. Cases J. O'M. and F. M., (figs 16 and 17).
B. B. showed a rise in respiratory quotient above unity and a normal

GlomePulonephbitis,vascular Nepbhosclerosis, stae I.
type, stage M. JC. Mar? Z8,1924 H.L Apr? 3 1924
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increase in heat production. He was being treated with urea so that
his protein metabolism could not be d-etermined, and his carbohydrate
combustion could not be calculated. The height of the quotient
showed that the carbohydrate was actively utilized and that some

of it was converted into fat. The carbohydrate burned by J. O'M.
before the glucose was given was 0.3 calories per kilo per hour, while
immediately after the glucose it increased with a rise of respiratory
quotient and reached 1 calorie. During the test he burned 40 grams
of glucose. F. M. showed an increase in heat production which re-
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mained above the basal level until the end of the test. There was a
striking transient fall of the respiratory quotient after 25 minutes
and it did not rise above the initial level until the third hour. Car-
bohydrate combustion was 0.9 calonres in the fasting state, and except
for a fall at the 25 minute period it remained at a high level. The
test was discontinued after 3 hours, during which time 18 grams of
sugar were burned.

Glomerulonephritis, Stage III. Cases M. F., S. Ly., J. C. (figs.
18 to 20). The blood sugar curves of these patients were definitely
abnormal. The heat production of M. F. rose immediately and re-
turned to the basal level in the third hour. The respiratory quotient
rose from 0.75 to 1.05. The carbohydrate combustion was 0.15
calories before the glucose, began to increase immediately after, and
reached 0.98 calories at the end of the second hour. Thirty grams
of carbohydrate were burned during the test. As in B.B. the rise of
the respiratory quotient above unity indicated that some of the glu-
cose was converted into fat. Both of these patients had permanent
lipemia. S. Ly. showed but slight increases in heat production
and respiratory quotient. The utilization was high in the fasting
condition , 0.66 calories. It fell with the respiratory quotient at the
2 hour point and then rose moderately to 0.75 calories where it re-
mained to the end of the test. Twenty-eight grams of sugar were
burned. The apparent lack of response was due to the initial high
level of carbohydrate metabolism. The heat production of 'J. C.
increased during the first hour, but there was no change in the respira-
tory quotient and carbohydrate metabolism, the latter remain-
ing at 0.3 calories. After the first hour the quotient and carbohydrate
metabolism rose steadily until the end of the test, the curves run-
ning parallel with that of the blood sugar.- The carbohydrate combus-
tion reached a maximum of 0.76 calories at the end of the fourth hour,
thirty grams of carbohydrate being burned in the 4 hours. The curves
suggested that absorption was slow and that the increase of carbohy-
drate metabolism in response to carbohydrate plethora was sluggish
but eventually attained normal proportions.

Nephrosclerosis. Case H. L. (fig. 21). All the metabolism curves
were of normal form. The carbohydrate combustion rose from 0.15
to 0.78 calorie per kilo per hour and 25 grams of sugar were burned
during the period of observation.
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There was no constant characteristic difference between the re-
spiratory quotients of normal persons and those of patients with
nephritis after glucose a nministration, whether or not there were
abnormal blood sugar curves. The results indicate that after glucose
ingestion a somewhat more rapid carbohydrate combustion occurred
in some of the nephritic patients than in the normal subjects. The
differences, however, are not sufficiently marked, in view of the small
number of cases, to permit a decision as to whether they are signi-
ficant of the disease or are merely such variations as might be caused
by previous diet and individual variation in normal subjects.

DISCUSSION

In the interpretation of glycosuria and supposedly pathological
conditions of the blood sugar it is essential to allow for physiological
variations. Spence (35) and Punschel (36) have shown that in
later life alimentary hyperglycemia is prolonged, and the former
has suggested that the abnormalities reported in nephritis are nothing
but the normal response in the elderly. Many of the published
curves, particularly those in cases of hypertension, are difficult to
evaluate for this reason. Our series includes one patient of 51 years,
but the remainder are under 35, so that the effect of old age has been
eliminated. None of our patients were pregnant or menstruating,
and none had had any recent acute infection, or any gross cerebral
vascular lesion. Graham (37) found that his blood sugar curve was
considerably higher when he was hard at work than just after he
returned from a holiday, and this factor may apply to the
normals C. A. and J. M. as they would possibly present "ideal"
curves after a vacation. Wehave called no case abnormal unless
there was a gross departure from the normal behavior of the blood
sugar or carbohydrate utilization which could not be explained by
some physiological condition.

Definitely abnormal blood sugar curves were obtained in Stage III
of glomerulonephritis-the stage of marked nitrogen retention and
isosthenuria.

The existence or not of very high blood pressure appeared to be
immaterial, as S. Ly. and M. F. with blood pressures of 158/100
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and 115/81 showed grossly abnormal sugar curves, although the
fasting blood sugar was normal. (We have not observed these
nephrotic cases in the days just preceding death from uremia. In
nephrosclerosis, or essential hypertension, in young persons the curves
were of a slightly exaggerated "lag" type. Hypertension is not
related to hyperglycemia in any constant way.

In the cases with renal edema there was no abnormality of the
blood sugar.

The abnormal blood sugar curves were found in conditions of severe
renal insufficiency in association with a low urea excretion index,
accompanied in most cases by acidosis and phosphate retention.
Cammidge (50) believes that variations in blood sugar after food are
due to digestive changes in the acid-base balance of the blood, and
Langfeldt (51) has demonstrated that decreasing the pH to 6.8
increases the rate of glycogenolysis by liver diastase to a maximum
and advances the hypothesis that change in pH in the liver cells is
one important factor in regulating the level of the blood sugar.
Table 2 shows that, of the patients for whom acid-base determina-
tions are available, all those with normal blood sugar curves had a
normal acid-base balance, and all but one, E. L., of those with ab-
normal sugar curves had some degree of uncompensated acidosis.
However, the correlation of the height of the fasting blood sugar
with the degree of acid-base disturbance in the same patient is im-
perfect. In the case J. C. the pH and BHC03 were more nearly
normal when the fasting blood sugar was 0.159 per cent than when
it was 0.127 per cent. In J. L. there was a blood sugar of 0.229 per
cent and severe acidosis, and four days later after bicarbonate therapy
both states were almost normal; later when the acidosis approached
the initial degree the blood sugar rose to 0.139 per cent and finally
with an improvement in the acidosis the sugar increased to 0.187
per cent. In the case of A. S. there was the same discrepancy.
The conclusion that acidosis is the cause of the abnormal blood sugar
curves does not seem justified by our data, although they are not
complete enough to exclude blood reaction as a possible factor in sugar
metabolism.

That phosphates take part in the carbohydrate metabolism, pre-
sumably by combining with glucose or some of the intermediate
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compounds has been shown by Embden, whose work has been re-
viewed by Shaffer (52) and supported by the results of Harrop and
Benedict (53). Renal insufficiency is likely to be accompanied by
phosphate retention, as shown by Marriott and Howland (54) and
by our results. If increased blood phosphate had any effect on glu-
cose utilization, however, an acceleration rather than a retardation
would be expected. Our results indicate no relationship between
phosphate retention and altered carbohydrate metabolism in nephri-
tis, except as two results of the same disease.

In the same way urea retention occurred with the abnormalities in
blood sugar but no close relation was apparent.

In another communication (55) we report observations on sub-
stances in normal blood other than glucose which reduced the ordi-
nary blood sugar reagents and find that these sub-stances are increased
in. uremia. This increase, however, accounts for but a small fraction
of the apparent hyperglycemia, the larger fraction being due to an
increase in fermentable sugar.

The question, whether the corpuscles normally contain sugar in
man or not, remains a matter of dispute. Of recent workers Falta
and Richter-Quittner (56), Brinkman and Davis (57), and Csaki (58)
found that human corpuscles contained no sugar, but Hagedorn (59),
Ege (60) and Folin and Berglund (19) found that they contained a
considerable amount. If it were assumed with some of these authors
(56, 57, 58) that all the blood sugar is in the plasma, most of the
high values observed in our nephritic cases could be explained as
d'ue to a relative increase in the plasma: cell volume ratio. The
abnormally long persistance of high blood sugar after glucose inges-
tion could not be so explained, and in view particularly of the anal-
yses of Folin and Berglund (19) one cannot lay much weight on the
assumption of sugar-free corpuscles.

No change in the threshold for sugar was demonstrated in the
majority of the patients until the terminal stage of the disease was
reached. Of the three patients with nephrosclerosis none showed
glycosuria, but in one of them the blood sugar rose to 0.203 per cent
and in another to 0.183 per cent, the threshold being raised in the
former and probably in the latter. Towards the end of Stage III
of glomerulonephritis the threshold fell to a low figure and a fasting
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glycosuria appeared in three of the four fatal cases. In the fourth
an adequate search was omitted. The threshold fell to the region of
0.13 per cent. The quantity of sugar excreted was small, however,
even when the blood sugar rose to 0.22 and 0.24 per cent. Although
the blood concentration level at which sugar escaped in the urine
might be lowered, the excretion rate appeared to be retarded so that
the amount lost was less than would be excreted by normal persons
with an equal degree of hyperglycemia. (See figures 13, 18, 19
and 20.)

SUMMARY

In glomerulonephritis with severe renal insufficiency (Stage III)
the blood sugar curves after glucose was given by mouth showed an
exaggerated and prolonged rise, and glycosuria occurred. In the
terminal stage hyperglycemia and glycosuria were present in the
fasting state, the threshold for sugar being reduced.

In glomerulonephritis without severe renal insufficiency (Stage II)
and in chronic nephrosis no substantial abnormality of the blood sugar
was found either during fasting or after glucose feeding.

In nephrosclerosis with little or no renal insufficiency the fasting
blood sugar was close to the upper limit of normal, and the rise after
glucose was slightly higher and more prolonged than normal. The
threshold appeared to be raised.

The rate of increase in the respiratory quotient after glucose in-
gestion indicated that combustion of carbohydrate was as rapid in
the patients of all types as in normal subjects. The delay in the
fall to normal blood sugar levels after glucose ingestion, noted in
nephrosclerosis and severe glomerulonephritis, is attribtitable to
some factor, such as retarded glycogen formation, other than failure
to burn the sugar.

AUTOPSYREPORT

E. L. Moderate peripheral edema. Hydrothorax, about 1 liter. Heart:
555 grams. Hypertrophied and dilated;no valvular insufficiency; slight coronary
atheroma. Kidneys: Right 80 grams, left 70 grams. The capsule stripped with
difficulty exposing a very finely granular grayish-yellow surface. On section the
differentiation of cortex and medulla was obscure, and the cortex narrow. In
the left kidney there was the scar of a large infarct.
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Histology. In many areas the glomeruli were reduced to hyaline scars. A few
glomeruli were of large size, showed an increase of nuclei and relative blood
lessness. Most of the remainder showed epithelial crescents, hyaline and fatty
changes in the tufts, adhesions and fibrous thickening of the capsule. Many
tubules had disappeared, and there were fatty changes in the epithelium of the
remainder. There was a great increase of the interstitial tissue and in places
infiltration with small round cells. The medium vessels showed hypertrophy of
the media and intima, and the smallest vessels hyperplastic intimal sclerosis.

Diffuse hyperplastic intimal sclerosis was found in the pancreas, spleen and
uterus.

J. L. Fluid in both pleural and in peritoneal sacs. Heart: 490 grams. Valves
intact; the muscle light brown and firm. Kidneys: The left weighed 95 grams.
The capsule was slightly adherent, the surface very pale and slightly granular.
The differentiation of cortex and medulla was obscure. The cortical markings
were indistinct and the whole cut surface appeared pale, gelatinous and homogene-
ous. The right kidney weighed 35 grams. There was a malformation of the pel-
vis, otherwise it was similar to the left.

Histology. Large groups of glomeruli were reduced to hyaline and fibrous scars.
In others there was epithelial proliferation, crescent formation and adhesions.
In some the capsule was greatly thickened by concentric layers of fibrous tissue.
A few were comparatively well preserved but showed hyaline degeneration of the
tufts. All the glomeruli appeared bloodless. Many tubules had disappeared,
and the remainder were dilated and lined with flattened or cubical cells. The
arteries of medium size were greatly thickened and a few of the smallest showed
hyperplastic intimal sclerosis. There was a diffuse interstitial infiltration with
connective tissue and small round cells, although a few islands containing the
remaining tubules and glomeruli had escaped this infiltration to some extent.

Diffuse hyperplastic sclerosis was present in the kidney and pancreas.

A. S. Weight 45 kilos. No fluid in chest or abdomen. Heart: 330 grams.
Mitral ?nd aortic valves slightly thickened but not incompetent. Kidneys:
90 grams each. The capsule stripped with great difficulty, leaving a pale, finely
nodular surface. On section the cortex was very much reduced and the small
arteries stood out prominently.

Histology. Many glomeruli had disappeared and the remainder showed either
hyaline degeneration or proliferation of the epithelial cells of the tufts and capsules,
only a very few having escaped. There were numerous large "crescents." The
glomeruli contained little blood. The tubules were dilated and the epithelium
flattened. The coats of the medium and larger arteries were greatly thickened
and the elastic lamina split into two or more layers. The smallest arteries showed
hyperplastic intimal sclerosis with fatty degeneration. There was a diffuse
increase of fibrous tissue in the interstitial spaces and localized areas of infiltration
with small round cells.
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Diffuse hyperplastic sclerosis was found in the kidneys, spleen, pancreas and
liver.
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