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Summary: Twenty four hour urine samples of male control and streptozotocin-diabetic Wistar rats were
analysed for a series of commonly known kidney-specific enzymes, for electrolytes, creatinine, glucose, total
protein and urine volume. The examination was done during two periods of S days between the 25th and
30th and the 32nd and 36th day after streptozotocin application. In the first period the animals had free
access to food and water, whereas in the second period on days 32, 34 and 36 food was withdrawn. In the
first observation period the diabetic rats showed increased excretion rates of 15 measured urinary parameters,
while alanine aminopeptidase (EC 3.4.1.2) and y-glutamyltransferase (EC 2.3.2.2) activities were lowered and
inorganic phosphate was unchanged. The removal of food resulted in decreased excretion values for alanine
aminopeptidase, y-glutamyltransferase and total protein as compared with fasted nondiabetic animals. The
activities of N-acetyl-B-D-glucosaminidase (EC 3.2.1.30), acid phosphatase (EC 3.1.3.2), lactate dehydroge-
nase (EC 1.1.1.27), pyruvate kinase (EC 2.7.1.40), Ci-fructose 1.6-diphosphatase (EC 3.1.3.11) and the
excretion values for sodium, calcium, magnesium, chloride and glucose were higher than in fasted nondiabetic
rats. B-Glucosidase (EC 3.2.1.21), potassium, inorganic phosphate, creatinine, and urine volume showed no
differences between fasted diabetic and fasted control animals. The enzymes in the renal cortex at the end
of the experiment showed only decreased activity of alanine aminopeptidase in diabetic rats. Lactate
dehydrogenase, pyruvate kinase, p-glucosidase, C1-fructose 1.6-diphosphatase and glucose 6-phosphatase
(EC 3.1.3.9) were increased and y-glutamyltransferase, N-acetyl-p-D-glucosaminidase, acid phosphatase and
glucose 6-phosphate dehydrogenase (EC 1.1.1.49) showed no change. The most remarkable microscopic
finding in the kidneys of diabetic rats was glycogen storage in the cells of the straight cortical parts of the
distal tubuli (4rmanni-Ebstein cells). The polyuria induced glomerular hyperplasia, growth of glomerular
capillaries and an increased size of filtration surface within the first days after streptozotocin application.
An augmentation of PAS!)-positive material in the glomerular mesangium was not observed at the end of
the experiment. Insulin deficiency caused the metabolic, functional and structural abnormalities of the kidney.

Enzymurie bei Streptozotocin-diabetischen Ratten

Zusammenfassung: In 24-Stunden Sammelurinen von unbehandelten und Streptozotocin-diabetischen mann-
lichen Wistarratten wurde die Ausscheidung einer Reihe nierenspezifischer Enzyme, von Elektrolyten, Kreati-
nin, Glucose, Gesamtprotein und das Harnvolumen untersucht. Die Harnproben wurden in zwei Perioden
iiber jeweils 5 Tage zwischen dem 25. und 30. sowie dem 32. und 36. Tag nach der Streptozotocin-Injektion
gesammelt. Im ersten Beobachtungszeitraum hatten die Tiere der Versuchs- und der Kontrollgruppe freien
Zugang zu Futter und Wasser, wihrend ihnen im zweiten Beobachtungszeitraum an den Tagen 32, 34 und

h PAS:- peﬁodic acid Schiff reaction
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36 das Futter entzogen wurde. Wasser war weiterhin ad libitum verfiigbar. Im ersten Beobachtungszeitraum
wurde in der Gruppe der diabetischen Tiere eine erhohte Ausscheidung von 15 Kenngré8en im Urin gefunden,
wihrend die Aktivititen von Alaninaminopeptidase (EC 3.4.1.2) und y-Glutamyltransferase (EC 2.3.2.2)
erniedrigt waren und anorganisches Phosphat unverindert blieb. Der Futterentzug fiihrte bei diabetischen
Tieren zu erniedrigten Werten fiir Alaninaminopeptidase, y-Glutamyltransferase und ‘Protein, wihrend die
Aktivititen von N-Acetyl-B-D-glucosaminidase (EC 3.2.1.30), saurer Phosphatase (EC 3.1.3.2), Lactatdehy-
drogenase (EC 1.1.1.27), Pyruvatkinase (EC 2.7.1.40), C1-Fructose-1.6-diphosphatase (EC 3.1.3.11) und die
Elektrolyt- sowie Glucoseausscheidung gegeniiber hungernden Kontrollratten hoher lagen. Von den Enzymen
im Rindengewebe wies die Alaninaminopeptidase eine erniedrigte Aktivitit bei diabetischen Ratten auf.
Die Aktivititen von Lactatdehydrogenase, Pyruvatkinase, B-Glucosidase (EC 3.2.1.21), C1-Fructose-1.6-di-
phosphatase und Glucose-6-phosphatase (EC 3.1.3.9) stiegen an, wihrend y-Glutamyltransferase, N-Acetyl-
B-D-glucosaminidase, saure Phosphatase und die Glucose-6-phosphatdehydrogenase (EC 1.1.1.49) keine
Unterschiede zu den Kontrollen zeigten. Der auffalligste mikroskopische Nierenbefund bei diabetischen
Tieren war eine Glykogenspeicherung in den Epithelien der geraden kortikalen Abschnitte der distalen Tubuli
(Armanni-Ebstein-Zellen). Die Polyurie induzierte eine Hyperplasie der Glomeruli und ein Wachstum der
glomeruldren Kapillaren mit vergréBerter Filtrationsfliche in den érsten Tagen nach Verabreichung von
Streptozotocin. Eine Vermehrung von PAS!)-positivem Material im glomeruldren Mesangium wurde am
Versuchsende nicht festgestellt. Der Insulinmangel verursachte die metabolischen, funktionellen und struktu-

rellen Abnormalitéten der Niere.

Introduction

Examination of the rénal complications of diabetes
is based on determination of enzymes in urine sam-
ples and in kidney tissue, excretion of electrolytes,
creatinine, glucose, total protein, urine volume and
on the morphological findings in the kidneys. Ele-
vated excretion rates of certain enzymes in streptozo-
tocin-diabetic rats have been recently reported (1). It
has also been shown that in insulin and sulphonyl-
urea-treated diabetic patients urinary N-acetyl-B-D-
glucosaminidase (2) and, in type 1 diabetics, serum
and urinary N-acetyl-p-D-glucosaminidase and uri-
nary a-glucosidase (EC 3.2.1.20) and B-galactosidase
(EC 3.2.1.23) were elevated in comparison with non-
diabetic individuals (3).

These results indicate that the disrupted metabolism
in human and experimental diabetes leads to an over-
production of enzymes in both the kidney and other
tissues, with a resulting increase in excretion. How-
ever, it is not yet clear whether there is any relation-
ship between increased urinary and renal tissue levels
of certain enzymes and vascular lesions in diabetic
patients and animals made diabetic artificially. In
acute experiments, treatment with insulin lowers the
urinary activity of enzymes and normalizes metab-
olism (1).

The.aim of the study was to find out if a correlation
exists between urinary enzyme and electrolyte excre-
tion on the one hand and functional and histological
findings on the other in diabetic and normal Wistar
rats. These investigations were performed either dur-

ing free access to food and water or during shortterm
fasting periods.

Materials and Methods

Diabetes was induced by injection of 65 mg/kg body weight of
streptozotocin intravenously. The streptozotocin was dissolved
in aqua bidest. Twenty four hour urine samples were collected
from male control and diabetic Wistar rats on five consecutive
days from day 25 until 30 and day 32 until 36 after streptozoto-
cin application. Thymol was added to the urine collection
vessels as a preservative. The animals were kept in individual
metabolism cages and had free access to food (Altromin-1324)
and water in the first period. In the second period food was
removed for 24 hours every second day, on days 32, 34 and
36. The animals were divided in two groups:

1) A control group (n = 6) with-an initial body weight of 133
+ 7gand

2) A diabetic group (n = 6) with an initial body weight of 133
+ 4.

One animal from the diabetic group did not develop polyuria
and polydipsia and was excluded from statistical evaluation.
Handling of the urine samples by centrifugation and gel filtra-
tion for the determination of enzymes has been described pre-
viously (4).

Tissue preparation

At the end of the experimient, the cortex of one kidney was
separated from the medulla and prepared for the determination
of enzymes. A sample of the organ (300400 mg) was homog-
enized with ice-cold 154 mmol/l NaCl (Ultraturrax) for two
periods of 30 seconds each. This was followed by a 20-minute
centrifugation (15000 min—! at 4 °C). For gel filtration the
aliquots were handled like urine samples. Only. activities of the
soluble fractions of alanine aminopeptidase and y-glutamyl-
transferase were taken into account. The other kidney was used
for histological investigation. The pancreas of all animals was
Bxamined histologically in order to determine the reduction of
-cells.

.
Enzyme assays and measurement of glucose

Microliter methods were used for enzyme determinations.
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The continuous assays of alanine aminopeptidase, y-glutamyl-
transferase, lactate dehydrogenase and the kinetic assay of
glucose were performed with an Eppendorf ACP 5040 (Netheler
and Hinz, Hamburg, FRG).

Alanine y-Glut- Lactate Glucose
amino- amyl- dehy-
peptid- trans- drogen-
ase ferase ase
Temperature °C 25 25 25 25
Cycle (s) 12 15 12 12
Wave length (nm) 405 405 334 334
Factor 657 (y) 1158 (y) 1052 (y) 8.33 (x)
Turn of rotor 1 1 1 2
Flush position 18 18 18 2
Start position ) 12 3 12
Volumes (ul)
pos. 1 reagent 250 250 250 250
pos. 2 sample 50 25 50 25
pos. S substrate 25 0 25 0
Linearity 100 U/l 250 U/t S00 U/l 70 mmol/l

(x) aqueous standard 8.33 mmol/l BMC Mannheim, FRG
(y) factor calculated from V*1000/ (v*E*d)

The following table includes the most significant steps in the

analysis of pyruvate kinase, C1-fructose 1.6-diphosphatase and
glucose 6-phosphate dehydrogenase in the Flexigem (Electro-
Nucleonics Inc., N.J., U.S.A)).

Pyruvate Ci-fructose Glucose
kinase 1.6-diphos- 6-phos-
phatase phate
dehydro-
genase
Loading the Substrate ~ Substrate  Sample
multicuvets outer inlet
Inner inlet Sample +  Sample +  Reagent +
reagent feagent substrate
Wave length (nm) 340 340 340
Reaction decreasing  decreasing  increasing
Incubation at 25 °C 300 s 60 s 200 s
First reading (s) 6 6 6
Second reading (s) 10 10 60
Reading interval (s) 42 20 42
Number of readings 19 19 19
Factor 1032 246.2 8095
240

Linearity (U/1) 60 26

In particular, the following tests were used:

Alanine aminopeptidase and
N-acetyl-p-D-glucosaminidase as described (4).
y-Glutamyltransferase according to (5).
Lactate dehydrogenase

Lactate dehydrogenase was determined by Merckotest accord-
ing to 1. c. (6). The concentrations in the test were:
phosphate 50 mmol/l pH 7.5, NADH 0.18 mmol/l, sodium
pyruvate 0.6 mmolyl, sample volume fraction 0.15.
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Pyruvate kinase

The pyruvate kinase assay (7) was adapted to the Flexigem at
25°C and 340 nm. The concentrations in the incubation mix-
ture were: triethanolamine 123 mmol/l containing KCl 92
mmol/l, MgSO, 16 mmol/l and EDTA 10 mmol/l pH 7.5,
phosphoenolpyruvate 1 mmol/l, lactate dehydrogenase ca. 17
U/, NASDH 0.18 mmol/l, ADP 3 mmol/l, sample volume frac-
tion 0.15.

C1-Fructose 1.6-diphosphatase

C1-fructose 1.6-diphosphatase was determined at 25°C and
340 nm (8). The assay was modified for the Flexigem.

The concentrations in the incubation mixture were: tris 110
mmol/l pH 7.5, NADP 0.53 mmol/l, 2-mercaptoethanol 25
mmol/l, fructose 1,6-diphosphate 0.32 mmol/l, phosphoglucose
isomerase ca. 8 U/l, glucose 6-phosphate dehydrogenase ca.
2 U/l, magnesium chloride 11 mmol/l, sample volume fraction

Glucose 6-phosphate dehydrogenase

Glucose 6-phosphate dehydrogenase was determined at 25 °C
and 340 nm (9). The concentrations in the test were:

tris 50 mmol/l pH 9.5, glucose 6-phosphate 3.3 mmol/l, NADP
0.38 mmol/l, magnesium chloride 6.3 mmol/l, sample volume
fraction 0.02.

Acid phosphatase

Acid phosphatase was determined by a two-point reaction at
37 °C and 405 nm (10, 11).

The concentrations in the test were:

citrate 39 mmol/l pH 5.2, 4-nitrophenylphosphate 4.2 mmol/l,
0.09 mmol/l albumin, sample volume fraction 0.17. The reac-
tion was stopped by adding NaOH 0.02 mol/l, ten times the
volume of the incubation mixture.

B-Glucosidase

B-Glucosidase was determined by a two point method at 37 °C
and 405 nm (12). The concentrations in the incubation mixture
were: mixed citrate 46 mmol/l and phosphate 34 mmol/l, pH
5.5, 4-nitrophenyl-B-D-glucopyranoside 2.5 mmol/l, sample
volume fraction 0.20.

The reaction was stopped by adding sodium carbonate 1 mol/l,
four times the volume of the incubation mixture.

Glucose 6-phosphatase

Glucose 6-phosphatase was determined by a two point reading
at 37 °C and 700 nm (13). The concentrations in the test were:
sucrose 62.5 mmol/l, EDTA 0.25 mmol/l, glucose 6-phosphate
25 mmol/l, kacodylate 25 mmol/l pH 6.5, sample volume frac-
tion 0.25. The reaction was stopped by adding a mixture of
trichloroacetic acid 0.62 mol/l and ascorbic acid 0.11 mol/l.

The determination of sodium, potassium, calcium and magne-
sium was performed with a Zeiss FL6 (combined flame pho-
tometer and atomic absorption), chloride with a Marius auto-
chlor-o-counter (Kipp and Zonen, the Netherlands) and inor-
ganic phosphate with molybdate/SnCl, (Technicon Autoanaly-
zer TI). Glucose in blood and urine samples was Kinetically
determined with the BMC gluco-quant (hexokinase/glucose 6-
phosphate dehydrogenase) test combination using the Eppen-
dorf ACP 5040. Creatinine was determined kinetically by the
Jaffe method in the Flexigem using the BMC test combination.
Protein determination was performed by laser nephelometry.
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Statistical evaluation

Data presented in tables 1 and 2 consist of the median values
from 6 and 5 animals respectively, for 5 days in the first
observation period. In the second period the values for 3 days
with food or 2 days without food were appropriately averaged.
The results presented in tables 1—3 are median + standard
error of the median values. For statistical evaluation the nonpa-
rametric Mann-Whitney U-test was used (19).

Results

The five diabetic rats listed in the tables showed
severe reduction of B-cells in the islets of Langerhans.
Some islets contained one or two B-cells per section,
while most contained no histologically detectable -
cells. The blood glucose concentration of these ani-
mals amounted to 25.62 + 2.11 mmol/l at the end
of the experiment. The kidneys displayed marked
glycogen deposition in the cells of the straight cortical
parts of the, distal tubuli, the so-called Armanni-
Ebstein cells (fig. 1). The glomeruli appeared to be
slightly enlarged. An increase in PAS!)-positive mate-
rial in the mesangium was not observed. In the islets
of the remaining animal from this group, a reduction
of B-cells to about 20 percent of the normal incidence
was found. This animal showed a slight hyperglycae-
mia of 13.95 mmol/l, moderate glucosuria and mini-
mal glycogen deposition in the corresponding tubular
cells (fig. 2). Therefore, urinary and renal tissue para-
meters measured for this animal were not included
in the statistical evaluation.

The clinical chemical results are shown in tables 1 —3.
As demonstrated in table 2, weight gains between the
two groups differ significantly. From the start of the
experiment until day 25, body weights of control
animals increased by about 140 g and those of dia-
betic rats only by about 80 g. In the first observation

Fig. 1. Kidney showjng marked glycogen storage in cells of the
straight cortical parts of distal tubuli. 42 days after
streptozotocin application. PAS-stain. x 75

period the excretion rates of alanine aminopeptidase
and y-glutamyltransferase activities were significantly
decreased within the diabeétic group, whereas the ex-
cretion of inorganic phosphate was comparable in
both groups. All other urinary: parameters were sig-
nificantly elevated in diabetic rats compared with
control animals.

In the second observation period on days 32, 34.and
36 without food, excretion rates in the diabetic group
were significantly decreased for alanine aminopepti-
dase, y-glutamyltransferase and total protein com-
pared with fasted non-diabetic animals, whereas the
activities of N-acetyl-B-D-glucosaminidase, acid
phosphatase, lactate dehydrogenase, pyruvate kinase,
C1-fructose 1.6-diphosphatase and the excretion va-
lues for sodium, calcium, magnesium, chloride and
glucose were significantly higher than in fasted non-
diabetic rats. No differences were seen for B-glucosi-
dase, potassium, inorganic phosphate and creatinine
between fasted diabetic and fasted control animals.

In the control group, food deprivation caused a re-
duction of excretion rates of alanine aminopeptidase,
v-glutamyltransferase, B-glucosidase, pyruvate kinase
and Ci-fructose 1.6-diphosphatase. Sodium, potas-
sium, magnesium, chloride, total protein and glucose
were reduced on days without food, whereas the urine
volumes and the excretion of inorganic phosphate
increased on these days.

Analysis of the renal cortex enzymes of both groups
(tab. 3) indicated signifiéaﬁ't differences in alanine
aminopeptidase, lactate dehydrogenase, B-glucosi-
dase, pyruvate kinase, C1-fructose 1.6-diphosphatase
and glucose 6-phosphatase. Activities of alanine am-
inopeptidase were lower, and those of lactate dehy-
drogenase and pyruvate kinase as well as of B-glucosi-

Fig. 2. Minimal glycogen depositioq in isolated cells of the
straight cortical parts of distal tubuli (arrows). Mild
streptozotocin-induced diabetes. PAS-Stain. x 7§
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Tab. 1. Excretion of urinary enzymes in male control and streptozotocin-diabetic Wistar rats.

First period Second period

control diabetic control group diabetic group

group fed | fasted fed fasted

n==6 n=>5
Alanine aminopeptidase + 909 654*) 1030 603 1012 394%*x)
mU - kg~!-d-! 169 83 113 55 676 74
y-Glutamyltransferase + 19.43 6.26%) 22.61 15.24 13.90**) 10.31%%%)
U-kg-'-d-! 2.39 0.47 3.21 1.97 2.79 2.94
N-Acetyl-B-D-glucosaminidase + 637 3986*) 793 571 7018*%*) 1630***)
mU - kg—! - d-! 72 560 27 137 833 162
Acid phosphatase + 2843 21736%*) 3171 2103 33351**) 4627***)
mU - kg~!-d-! 600 3002 900 304 7370 888
Lactate dehydrogenase + 465 4376*) 384 374 7707**) 987***)
mU - kg=! - d-! 332 360 93 126 1920 175
B-Glucosidase + 121 ° 1140%) 184 19 2241%**) 42
mU - kg—!-d-! 25 172 44 10 353 17
Pyruvate kinase 4+ 532 5936*) 782 346 9133%*%*) 555%**)
mU - kg—!-d-! - 119 370 - 136 81 962 100
C1 Fructose 1.6-diphosphatase 4+ 130 1567*) 139 <« 24 1578**) 153%%%*)
mU - kg—!-d-? - 24 205 39 "3 174 34
Glucose 6-phosphatase 0 0 0 0 0 0
mU - kg=! - d-!
Glucose 6-phosphate dehydrogenase 0 0 0 0 0 0
mU - kg—-l . d—l

*) Mann-Whitney U-test versus control group in the 1. period (2 p < 0.05)
**) Mann-Whitney U-test versus fed control group in the 2. period (2p < 0.05)
**%) Mann-Whitney U-test versus fasted control group in the 2. period (2 p < 0.05)

dase, C1-fructose 1.6-diphosphatase and glucose 6-
phosphatase were higher in the diabetic group, com-
pared with those in controls when calculated against
protein. Unlike Raab (14) we did not find any activity
of glucose 6-phosphate dehydrogenase in urine. Glu-
cose 6-phosphatase activity could also not be detected
in urine samples.

Discussion

In accordance with Kuwahara et al. (1) our data on
enzymuria confirm the differences between control
and diabetic rats not only on diet ad libitum, but also
during fasting days. As shown in the results, the
diabetic group produced polyuria and urinary en-
Zyme activities which were several times higher than
those in controls. Only the activities of alanine amino-
peptidase and y-glutamyltransferase weré decreased
in the diabetic' group. In contrast to Kuwahara et
al. (1) we also found increased activities for lactate
dehydrogenase in the urine of diabetic rats. In addi-
tion to elevated or decreased kidney-specific urinary
enzyme activities, the urinary electrolytes, urine vol-
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ume, total protein, creatinine and glucose were sig-
nificantly increaséd. The portion of total urinary pro-
tein consisting of enzymatic protein originating in
kidney could not be precisely specified. In addition
to lactate dehydrogenase and pyruvate kinase, the
activities of enzymes involved in carbohydrate metab-
olism, except glucose 6-phosphate dehydrogenase,
were increased in renal cortical tissue.

The most remarkable microscopic finding in the kid-
neys of severely diabetic rats consisted of glycogen
storage in tubular cells of the straight cortical parts
of the distal tubuli, the development of so-called
Armanni-Ebstein cells. As is generally known, dia-
betes causes a decrease in accumulation of liver glyco-
gen and an increase of this polymer in kidney. Our
findings are in agreement with Schorr (15) who
showed that insulin deficiency followed by metabolic
acidosis causes a reversible shift between synthetic
and catabolic enzymatic action in glycogen metab-
olism. Kidneys contain relatively low concentrations
of glycogen. The microscopically visible augmenta-
tion of glycogen deposition started when hyperglycae-
mic values between 10.5 and 14.5 mmol/l occurred.
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Tab. 2. Urinary excretion of electrolytes, glucose (nmol/d - kg body weight) creatinine, (gmol/d . !‘cg bgdy weight) total protein,
(mg/d - kg body weight) and body weight (g) in male control and in streptozotocin-diabetic Wistar rats.

First period

Second period

control diabetic control group diabetic group
group fed fasted fed ' ! fasted

=6 n=>35 .
Sodium 5.1 8.64*%) 6.51 1.58 8.71%%) 6.29%%%)
mmol - kg~!-d~! t 0.70 1.92 1.05 0.54 1.23 1.95
Potassium 13.23 34.01%) 13.23 6.07 38.87**) 6.94
mmol - kg=! - d~ * 089 084 0.97 0.69 2.04 0.89
Calcium 0.155 2.850*) 0.114 0.127 1.487**) 0.785%**)
mmol - kg~! - d~! + 0.054 0.399 0.023 0.031 0.166 0.097
Magnesium + 0.973 4.572%) 0.804 0.655 3.428**) 1.577**%*)
mmol - kg=! - d~! - 0.130 0.283 0.119 0.076 0.128 0.109
Chloride + 7.59 21.97%) 8.36 227 21.65**) 6.05%**)
mmol - kg~! - d-! - 044 1.77 0.86 0.87 2.1 0.88
Inorg. phosphate + 0.281 0.351 0.393 1.604 2.404**) 1.225
mmol - kg~! - d~! - 0.102 0.263 0.241 0.189 0.370 0.377
Glucose o 4+ 010 278.69%) 0.13 0.02 278.12%%) 41.04**)
mmol - kg—! - d-! - 0.01 36.57 0.02 0.01 26.95 6.30
Total protein 4 06948 322.35%) 61.30 27.06 798.30**) 14.58**%*)
mg - kg=!-d-! - 8.31 54.62 5.23 3.29 193.63 1.67
Creatinine + 294.42 612.07%) 340.66 264.85 611.60**) 247.92
pmol - kg=! - d-! - 1825 30.31 19.81 10.03 18.01 40.40
Osmolality 4 2079 936*) 1906 453 1066**) 1093**%)
mosmol - kg—! H,0 = 306 31 230 125 40 125
Body weight + 280 227%) 268 296 171%%) 209%**)
g - 14 27 14 14 22 23
Urine + 30.8 585.2%) 413 74.9 564.8*%) 103.9
ml - kg=! - d-! 4.0 57.3

*) Mann-Whitney U-test versus control group in the 1. period (2 p < 0.05)

7.4 17.0 52.7 21.2

**) Mann-Whitney U-test versus fed control group in the 2. period (2 p < 0.05)
***) Mann-Whitney U-test versus fasted control group in the 2. period (2 p < 0.05)

Figure 2 from the kidney of the animal with mild
diabetes confirms this view. In kidneys from strepto-
zotocin diabetic rats with about 5-fold increased
blood glucose values, Khandelwal et al. (16) detected
an approximately 30-fold increase in glycogen.

Lysosomal enzyme activities have been determined in
kidney tissue and serum of streptozotocin-diabetic
rats and in urine and serum of diabetic patients
with regard to the onset of diabetic microangiopathy.
Fushimi & Tarui (17) reported on decreased N-acetyl-
B-D-glucosaminidase activities in renal tissue and el-
evated N-acetyl-B-D-glucosaminidase levels in the
serum of diabetic rats. In contrast to these results,
we did not find a significant difference for N-acetyl-
B-D-glucosaminidase and acid phosphatase in the
cortical tissue of the kidneys between diabetic and

control rats, whereas the urinary N-acetyl-p-D-glu-
cosaminidase and acid phosphatase activities were
significantly higher in diabetic than in control ani-
mals.

Gsterby et al. (18) studied the glomeruli of streptozo-
tocin-diabetic rats quatititatively on days 4 and 47
after streptozotocin administration. The animals
showed enlarged kidneys, growth of glomeruli and
glomerular capillaries with an increase in the total
volume of basement membrane material. The diabetic
metabolic derangement interfered markedly with the
basement membrane metabolism, most likely speed-
ing up the rate of synthesis. The glomerular change
set in very fast, but it also seemed to stabilize again
quite quickly since no further accumulation was de-
monstrable after the first 4-day. period. The steeply
N
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Tab. 3. Enzymes (U/g protein) in the cortex of male control
and streptozotocin-diabetic Wistar rats.

Control Diabetic
group group
n==6 n=>5
Alanine aminopeptidase + 13.24 10.66%)
2.54 0.76
y-Glutamyltransferase + 232.80 267.12
- 2543 35.07
N-Acetyl-B-D-glucosaminidase 4+ 150.43 185.33
- 2190 16.28
Acid phosphatase + 49.67 54.55
5.73 5.15
Lactate dehydrogenase + 2620.45 4144.10%)
-  80.05 652.29
B-Glucosidase + 15.93 19.05*)
0.38 1.33
Pyruvate kinase 4+ 167.23 251.60%)
- 1413 42.16
C1 Fructose 1.6-diphosphatase + 4878 67.09%)
- 474 4.74
Glucose 6-phosphatase 4+ 2352 43.28%)
- 8.63 7.90
Glucose 6-phosphate dehydrogenase + 23.50 23.12
1.35 1.54

*) Mann-Whitney U-test 2 p < 0.05)
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