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During tubulonephritis, we observed one sharp excretion peak of all 5 enzymes on day 1. During regeneration of tubular epithelium,
lysosomal enzymes decreased below normal level. Isoenzyme analysis gave most interesting results for aspartate aminotransferase: on
the first days, while total activity was increased in urine and serum, 2 fractions were found in serum and 3 in urine while only one
(cytoplasmic) in normal rat serum; the mitochondria! fraction appeared indicative of tissue necrosis; the third fraction only found in
urine migrated towards the anode faster than albumin at pH 8.6 and was never detected in serum. Serum lactic dehydrogenase
activity was increased and its isoenzyme pattern was reversed on day 1 when isoenzyme 1 characteristic of kidney cortex predominated.
Lactic dehydrogenase isoenzymes 1 and 2 predominated in urine. Urinary enzyme activities after tubular necrosis seem to originate
mainly in the cortical tubules.
During glomerulonephritis we observed increased urinary activities of the 5 enzymes which culminated during the 2 periods of
highest proteinuria: 1) the heterologous phase limited to the first days 2) the autologous phase maximum at the second week. A
significant diminution was noted in serum, for alkaline phosphatase during the autologous phase. The only isoenzyme of aspartate
aminotransf erase detected in urine at the periods of high enzymuria appeared identical to the isoenzyme present in serum. Urinary
enzyme activities during glomerulonephritis appear to originate mainly in the plasma or in the glomeruli.

Bei Tubulonephritis beobachteten wir einen scharfen Peak der Ausscheidung aller fünf Enzyme am ersten Tag. Während der Regenera-
tion des Tubulusepithels fielen die lysosomalen Enzyme unter die normalen Werte.
Die Isoenzymanalyse ergab für Aspartattransaminase die interessantesten Ergebnisse: In den ersten Tagen, als die Gesamtaktivität in
Harn und Serum erhöht war, fanden wir zwei Fraktionen im Serum und drei im Harn, jedoch nur eine (cytoplasmatisch) in normalem
Rattenserum; die mitochondiiale Fraktion scheint für die Gewebsnekrose bezeichnend zu sein; die dritte, nur im Harn beobachtete
Fraktion wanderte bei pH 8,6 schneller anodenwärts als Albumin und wurde nie im Serum nachgewiesen.
Die Aktivität der Lactatdehydrogenase (LDH) im Serum war erhöht und ihr Isoenzymmuster am ersten Tag umgekehrt, als das für
Nierenrinde charakteristische Isoenzym LDHi überwog. LDHi und LDH2 überwogen im Harn. Die Enzymaktivitäten im Harn nach
Tubulusnekrose scheinen hauptsächlich aus den Tubuli der Nierenrinde zu stammen.
Während Glomerulonephritis beobachteten wir erhöhte Aktivitäten der fünf Enzyme im Harn, die während der beiden Perioden
stärkster Proteinurie die höchsten Werte erreichten:
1. Die heterologe Phase war auf die ersten Tage beschränkt;
2. das autologe Phasenmaximum auf die zweite Woche.
Eine signifikante Verminderung der alkalischen Phosphatase im Serum wurde während der autologen Phase festgestellt. Das einzige
Isoenzym der Aspartattransaminase, das während der Perioden hoher Enzymausscheidung im Harn nachgewiesen wurde, scheint
mit dem im Serum vorhandenen Isoenzym identisch zu sein. Die Enzymaktivitäten im Harn bei Glomerulonephritis scheinen haupt-
sächlich aus dem Plasma oder den Glomerula zu stammen.

Kidney tubular damage induced by chemical agents has
been shown to be rapidly followed by appearance or
increased excretion in urine of several enzymatic
activities (1—5). Since the enzymes have a more or
less selective localisation in the nephron (6), it may
be interesting to compare their excretion when the
initial kidney lesion is gjomerular. Our aim was to look
for differences in urine and serum enzyme profiles and
isoenzyme patterns that allow to distinguish tubular
and glomerular lesion:
Mercuric chloride is a classical agent of acute tubular
necrosis (7), On the other hand, rabbit anti-rat-kidney

antiserum is known to induce glomerulonephritis,
with lesions localized to the glomeruli (8) the first
stage being the deposition of heterologous antibodies
into the glomerular basement membrane of the rat
kidney with serum complement and chemotaxis of
polymorphonuclear leukocytes, while the second stage
is due to the interaction of autologous antibodies pro-
duced with the rabbit protein (9).
Aspartate aminotransferase, EC 2.6.1.1, lactic dehy-
drogenase, EC 1.1.1.25, alkaline and acid phosphatases
EC 3.1.3.1 and EC 3.1.3.2 and 0-galactosidase
EC 3.2.1.23 are found in a high concentration in the
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kidney (6,10). They predominate in the tubular cells
except for acid phosphatase detected with higher
activity in the glomeruli than in the tubules (6). So
we decided to look for their activity and isoenzymes in
urine and serum in both types of experimental kidney
damages. As for acid phosphatase and 0-galactosidase
their localisation in the lysosomes of kidney tubular
cells (7, 11) and blood polymorphonuclear leukocytes
(12) gives to their study a high interest.

Materials and Methods
Experimental Nephritides

Male Wistar rats (Elevage Lessieux, F 92 Sevres) in the weight
range 130-150 g at day - 18 and 175-250 g at day 0 were used.
They were kept in groups of three in metabolism cages
(Pajon, rue Raymond-Losserand, Paris) which allow complete
separation of urine and feces and limit contamination of either
food and water. Rats were allowed water ad libitum; food was
given during 8 hours from 9 am to 5 pm. The urine collection
flasks were maintained in ice. Urine samples were collected for
periods of 16 hours from 5 pm to 9 am. On the first three days
they were besides collected for the remaining periods of 8 hours
ie. continuously. Urine was centrifuged at 2500 g for 15 mi-
nutes at + 4 °C and the supernatant kept at + 4 °C until tested.
Blood was taken from the orbitary sinus vein (1 to 1.5 ml) and
left to coagulate-for one hour at room temperature before
the serum was collected and stored at + 4 ° C.
Experimental tubulonephritis: Six rats were given 1.5 mg/kg
body weight HgCl2 (Prolabo) in a single intravenous injec-
tion on day 0, according to Cuppage (7).
Experimental glomerulonephritis: Six rats were given
4 ml/kg per day of rabbit anti-rat-kidney serum on days
0, 1,2; this corresponded to a total dose of 2.20 mg/kg of
kidney fixing antibodies. Anti-rat-kidney serum was prepared
and kidney fixing antibodies measured as previously described
(13). Six rats were normal controls.

Biochemical methods
Total urine proteins were estimated, according to Gornall (14)
after precipitation by acetic acid (5 mmol/1 in NaCl 2.5 mol/1)
at. 100 °C and resolubilisation in NaCl 0.15 mol/1.
Determination of total enzyme activities
Aspartate aminotransferase activity was determined at 25 °C
according to Karmen (15) and expressed in internationsl units:
l U = 1 μιηοΐ of NADH consumed per minute incubation
(Boehringer test combinations with the following final assay

.concentrations: phosphate buffer pH = 7.4, 80 mmol/1, L-
aspartate 32 mmol/1, NADH 0.16 mmol/1, malic dehydro-
genase > 0.6 U/ml, lactic dehydrogenase > 1.2 U/ml,
2-oxoglutarate 6.75 mmol/1);
lactic dehydrogenase activity, at 25 °C according to
Wroblevoski et al. (16) and expressed in the same units (Boeh-
ringer test combinations with the following final assay con-
centrations: phosphate buffer pH = 7.5, 50 mmol/1, pyruvate
0.3 mmol/1, NADH 0.14 mmol/1);
alkaline phosphatase and acid phosphatase at 37 °C according
to Kachmar (17), expressed in international units:" l U =
1 μτηοΐ of p-nitrophenol produced per minute incubation
(Labo Express Service, Paris test combinations with the
following final assay concentrations for acid phosphatase:
citrate buffer 73.5 mmol/1 pH = 4.8, p-nitrophenyl phosphate
disodium salt 6.3 mmol/1 and for alkaline phosphatase sodium
veronal buffer 22 mmol/1 pH = 9.6, p-nitrophenyl phosphate
disodium salt 7 mmol/1);
0-galactosidase activity at 37°C according to Conchie (10) ex-
pressed in international units: l U = l Mmol of o-nitrophenol libe-
rated per minute incubation (with the following final assay
concentrations: 160 mmol/1 Na2HPO4 - 80 mmol/1 citric

acid buffer pH = 3.6, o-nitrpphenyl-/3-/)-galacto-pyranoside
Calbiochem 2.6 mmol/1).
In urine activities are reported as the mean of one hour ex-
cretion by an average single rat; in serum, as the mean activity
per liter or as the ratio of the mean activity in the experimental
group versus the mean activity of the control group on the
same day.

Isoenzymes analysis
Electrophoresis on cellulose acetate (Cellogel) of urine (25 μΐ)
or serum (10 μΐ) was performed in veronal buffer pH 8.6, ionic
strength 0.05 at 1.6 mA per strip for 2 hours. Aspartate
aminotransf erase isoenzymes were first assayed according to
Decker and Rau (18) using aspartic and 2-oxoglutaric acids
(Calbiochem) as substrates, and azoene fast Violet Β (Eurobio)
as a specific detector of oxaloacetic acid. The results were then
confirmed using malic dehydrogenase and lactic dehydrogenase
(Boehringer) 3 mg/1 and NADH 0.2 mmol/1 in agarose gel 15 g/1
buffered with sodium phosphate 0.125 mol/1, pH 7.4, and con-
taining the substrates: 2-oxoglutaric acid 6 mmol/1 and aspartic
acid 30 mmol/1. The cellulose acetate strips were laid in contact
with the gels for 45 min at 37 °C. The gels were then viewed
under an ultra-violet lamp. The regions of enzymatic activity
were seen as dark bands appearing in the fluorescent gel.
Aspartate aminotransferase isoenzymes were assayed according
to Barnett (19) using lactic acid (Prolabo) as substrate, NAD,
Nitro Blue Tetrazolium and Phenazine methosulfate (Sigma).
Photometric measurements were performed with a Vernon
T. R. recorder integrator photometer.

Normal limits
The standard deviations of the activities in normal individual
rats were calculated and the normal limits determined as mean
± 2 standard deviations of the normal controls.

Results
Proteinuria and polyuria
In the first 8 hours following the injection ofHgCl2,
proteinuria began to increase, and reached its highest
level (13 mg/h per rat in average) between 8 and
24 hours after the injection (Fig. 1); it returned to
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Fig. 1. Diuresis and proteinuria during HgQ2 tubulonephritis
(A - A) and nephrotoxioserum-glomerulpnephritis
(•-=- ·̂) in the rat Normal· limits (mean ± 2 standard
deviations) are represented by the dotted lines.
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normal on day 9. Polyuria occurred simultaneously, but
lasted until day 12, reaching 1.2 ml/h on days 2 and 3.
InMasugiglomeruIonephritis the course of proteinuria
was quite different: two peaks were observed; the
earlier followed the injection of antikidney serum on
the first days of the disease, reaching 15 mg/h; the se-
cond was maximum on day 16 with 26 mg/h. Besides,
after weeks, proteinuria did not return to normal
level but persisted after 6 months at an average level
of 10 mg/h. Polyuria occurred simultaneously to the
two peaks of proteinuria.

Aspartate aminotransferase activity and isoen-
zymes ι
lnHgCl2 intoxication, a sharp peak of activity
.(80 mU/h) appeared in the urine, between hour 8th

and hour 24th (Fig. 2). In the control groups activity
was absent or weak in the urine. In the serum mean-
while a significant increase of activity was noted on
day 1 (305 U/l) which already disappeared on day 2
(Fig. 3). The isoenzyme patterns are shown on Figure 4.
As first observed with the method using azoene fast
violet and then confirmed with the technique using
malic dehydrogenase and NADH, three bands were
revealed in urines of tubulonephritis:
The first one, migrating slowly towards the anode, like
a2-globulins, was the only band usually found in normal
rat serum.

20 30
t I d ]

Fig. 2. Aspartate aminotransferase and lactic dehydrogenase
activities in urine during HgCl2 tubulonephritis
(A A) and nephrotoxio-serum-glomerulonephritis
(o o) in the rat. Normal limits are represented by
the dotted lines.
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Fig. 3. Aspartate-aminotransferase and lactic dehydrogenase
activities in serum during HgCl2 tubulonephritis
(A *) and nephrotoxic-serum-glomerulonephritis
(· ·) in the rat, expressed as percentages of the
mean activity of the normal controls determined
simultaneously. The dotted lines correspond to ± 2 stan-
dard deviations of normal controls values.

The second one, slowly migrating towards the cathode,
like 7-gJobulins, was also seen in the sera on days 1, 2
and 3, during tubulonephritis but exceptionally and
then very weakly in normal sera.
The third one, never seen in serum, migrating towards
the anode faster than albumin, appeared later, reached
its highest intensity on day 5, and disappeared on day 9.
In normal urine samples from the control groups no
band could be revealed.
In glomerulonephritis total aspartate aminotransferase
activity excreted into urine was increased much longer,
until day 43. Its profile recalled that of proteinuria
(Fig. 2). In serum, no significant variation of total
activity was noted on days 2, 8, 15 and 43 (Fig. 3);
only the normal isoenzyme was found (Fig. 4). In urine,
only one band migrating with the same mobility as that
of serum was detected.

Lactic dehydrogenase (LDH) activity and
isoenzymes
During tubulonephritis, a sharp and very high peak of
activity reaching 700 mU/h appeared in urine between
the first eight hours and day 5 (Fig. 2). Afterwards
activity returned to the very low level characteristic
of normal urine. In the serum we noted a significant
increase of total activity on day 1 which returned to
the normal range of activity on day 2 (Fig. 3). A
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Fig. 4. Aspect of the electrophoretic fractions of aspartate aminotransferase in serum (S) and urine (U) and their photometric scan-
nings at different hours (H) and days (D) before (D-3) and after the injection of either the HgCi2 or the first dosis of anti-kid-
ney antiserum (AKS). The position of the serum proteic fractions is indicated by the letters A, c*i, α2, β ajnd 7; the deposition
line is indicated by the arrows.

Tab. 1. Lactate dehydrogenase (LDH) isoenzymes and total activity during HgCh tubulonephritis (TN) and Masugi glomerulone-
phritis (GN). All values are means (x) of experimental groups, s = standard deviation.

Lactate dehydrogenase isoenzymes (%) Total activity

Normal

ε TN
g
Q>

CO

GN

4)

•g TN

p GN

(x±s )
Day 1
Day 2
Day 8
Day 2
Day 8
Day 15

Day 1
Day 1
Day 10

LDH!
21 ±10
48 **
47.5**
12
29
28
7

50
48
72

LDH2

6.4 ± 4.8
19
11
1.5

10 ·
8
7

31
33
28

LDH3

6.6 ± 2.4
6.5
4
1.2
4
5
1

5
8
0

LDH4

9 ±2.4
6.5
4.5
7
4
9
9

9
8
0

LDH5

58 ±9
19.6
33.5
78
53
50
76

5
2
0

U/l
590 ± 260

2080 ± 960**
740 ± 14
660 ± 14
850 ± 169

1050 ± 88*
765 ±120 *

mU/hour+

700
26
25

& significant differences between experimental and control groups at the level of respectively 0.05 and 0.01
+ In normal unconcentrated urine, lactate dehydrogenase activity is undetectable or weak (2 ± 2 mU/h).

striking modification of the isoenzyme pattern occurred
simultaneously in the serum (Tab. 1): in normal rat
s;erum, the slowest isoenzyme LDH5, predominated. In
tubulonephritis, the fastest isoenzyme LDHi was
predominant from day 1 to day 5: this modification of
isoenzyme LDHj was significant at the level p < 0.01.
from day 1 to day 3. In the urines of tubulonephritis,
the fast migrating isoenzymes LDH! and LDH2 were

almost exclusively present as long as activity was
appreciable. On day 11, as usual for normal urine, no
isoenzyme was detectable.

During glomerulonephritis, activity was increased in
urine, much longer than in tubulonephritis: on day 32
activity still remained higher than normal (Fig. 2). The
curve of activity was similar to that of proteinuria and
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aspartate aminotransferase activity. In serum a slight
increase of activity was noted on day 8 of glomerulone-
phritis (Fig. 3) and the serum isoenzyme pattern was
.little modified on days 2 and 8 (Tab. 1): the amount of
isoenzyme LDHj increased, but not significantly. In
urine samples, taken on days 1,4,10 and 12, isoenzymes
LDHj and LDH2 were very easily and almost exclusively
detected.

Alkaline phosphatase activity and isoenzymes
Like the two proceeding enzymes, alkaline phosphatase,
which was barely detectable in normal unconcentrated
urine, was excreted at a very high level between the first
eight hours and day 9 following the HgCl2 injection
(Fig. 5). Meanwhile in the serum there was no significant
variation of activity, which remained in the normal range.
In contrast, duimgglomerulonephntis differences were
found when serum was studied and a significant decrease
of alkaline phosphatase activity relative to the control
level occurred on days 8, and 15, which corresponded in
time to the main peak of proteinuria and of enzyme
activity in urine. Another early but slight peak of
enzymuria was detected on day 1.

Acid phosphatase activity and isoenzymes
Unlike the 3 proceeding enzymes there was in normal
male rat urine high acid phosphatase activity (Fig. 6).
After injection ofHgCl^ the activity rose sharply to a
peak of 56 mU/h at about the 24th hour post-injection;
then fell at a low level until day 10. In the serum a slight
increase of activity was noted at day 8 (Fig. 7).

Fig. 5. Alkaline phosphatase activity in serum and urine during
HgCl2 tubulonephritis (A A) and nephrotoxio-serum-
glomerulonephritis (·-—·) in the rat. Normal limits are
represented by the dotted lines.

10 20 30
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Fig. 6. Acid phosphatase and 0-galactosidase activities in urine
during HgCl2 tubulonephritis (A A) and nephrotoxic-
serum-glomerulonephritis (· ·) in the rat. Normal limits
are represented by the dotted lines.

t [ d ]

Fig. 7. Acid phosphatase and 0-galactosidase in serum during
HgCl2 tubulonephritis (A A) and nephrotoxic-serum-
glomerulonephritis (· ·) in the rat. Normal limits are
represented by the dotted lines.

Ounngglomerulonephritis a very early sharp peak was
observed in the 8 first hours following the injection of
nephrotoxic serum reaching 53 mU/h and returning to
normal level in the 14 next hours. A slow rise of activity
was beginning on about day 10. In serum a slight increase
in activity was noted at days 8 and 15.
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|3-Galactosidase activity
There was also an appreciable 0-galactosidase activity
in normal male rat urine (Fig. 6). Three findings have
been made during tubulonephritis: first a peak of
activity which occurred around the 24th hour reaching
8 mU/h in average; second, a fall of activity under the
lower limit of normal values with a minimum on day 5;
third, a new rise of activity on day 12. During this time
we observed a decrease in serum activity about day 15
(Fig. 7).
Omingglomerulonephritis the curve of activity present
in urine showed sharp peaks between day 1 and day 5
reaching 12 mU/h, then, later a less pronounced increase,
maximum on day 15. Meanwhile in serum an early
decrease of activity was noted.

Discussion
First it must be underlined that in our experimental
conditions we have measured total enzyme activities
in serum and urine, not enzyme concentrations. In
view of the use of HgCl2 to produce kidney damage
and the fact that enzymes might be inhibited by
mercuric compounds and also by urea and other inhi-
bitors (20), we had asked ourselves if the urines should
be dialysed or gel filtered. If we had decided to dialyse
or gel filter the urines, we should have done it also with
serum. We have chosen to study the total enzyme
activity in native sample, keeping in mind the possibility
of interaction of various activators or inhibitors. In fact
we observed during tubulonephritis induced by HgCl2
a large increase in enzyme activities in urine and some
significant early elevations in serum too. For what con-
cern the isoenzymes of aspartate aminotransferase, we
have excluded that the fast migrating fraction appearing
in urine during tubulonephritis was due to any binding
of Hg+* to the usual fractions: indeed we observed only
the two isoenzymes, cytoplasmic and mitochondrial,
with unchanged migration, in a normal rat kidney
homogenate before and after incubation in vitro with
HgCl2 0.55 mmol/1.

Ounngtubulonephritis, the early peak of excretion of
the different enzymes studied corresponds to the peak
of proteinuria occurence and to that of tubular cell
necrosis (7). There are close correlations between pro-
teinuria and the various urinary enzyme activities
(Tab. 2). The cells of the mid and terminal portions of
the proximal tubules which undergo necrosis within
24 hours contain these different enzyme* (6, 21):
aspartate aminotransferase is localized in the superna-
tant and mitochondrial cell fraction (22, 23); lactic
dehydrogenase is distributed in finely particulate form
near the base of the cells (24); alkaline phosphatase is
found in the brush border (7); acid phosphatase (7)
and 0-galactosidase (11,21) in the lysosorries. Besides
the liberation of proteins and enzyme activities from
the destroyed tubular cells, another mechanism of
proteinuria and enzymuria may be involved, that is
the absence of normal tubular reabsorption of serum
proteins and enzymes, of molecular weight smaller than
70,000, which are normally more of less filtered by the
glomerulus depending of their molecular radius (25).
In contrast, dunnggfomerulonephritis, enzymes and
other proteins in urine, which are tightly correlated
(Tab. 2), are derivated mainly from the plasma due to
the increased glomerular permeability which allows a
substantial passage of high molecular weight proteins
(26) like IgG (160,000) and even a2-macroglobulin
(850,000). But they may originate also from the glo-
merulus itself:
1) either from the polymorphonuclear leukocytes
infiltrating the glomerulus and responsible for the
lesions of the glomerular basement membrane apparently
by the mean of their lysosomal enzymes (12);
2) or from the damaged glomerular capillaries since
glomerular basement fragments are detected in urine
(27).
The contribution of the injected rabbit nephrotoxic
serum to the enzyme and isoenzyme modifications
appears of minor importance: the 4 ml/kg body weight
injected 3 times represents about 10 % of the plasma
volume of the rat and its enzyme activities are lower
than in rat serum except for lactic dehydrogenase
(Tab. 3).

Tab. 2. Correlations between various urinary enzymatic activities (mU/h) and proteinuria (mg/h).
X, Y, correlated values; n, number of values; r, correlation coefficient; p, level of significance

During
HgCl2 tubulonephritis

During
Masugi glomerulonephritis

In normal controls

Aspartate aminotransferase
Lactate dehydrogenase
Alkaline phosphatase
Acid phosphatase
β galactosidase
β galactosidase

Proteinuria
Proteinuria
Proteinuria
Proteinuria
Proteinuria
Acid phosphatase

+ 0.80
+ 0.89
+ 0.85
+ 0.64
+ 0.56
+ 0.78

37
18
12
20
25
19

< 0.001
< 0.001
< 0.001

0.01
0.01

< 0.001

+ 0,51
+ 0.49
+ 0.66
+ 0.26
+ 0.46
+ 0.42

36
19
14
41
26
22

0.001
0.05
0.01
0.10 n.s.
0.02
0.01

+ 0.69
+ 0.50
-0.55
-0.39
+ 0.41
+ 0.09

15
18
19
30
26
20

0.01
0.05
0.02
0.05
0.05
ILS.
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Tab. 3. Enzyme activities and isoenzyme patterns of the rabbit
nephrotoxic serum compared to rat normal serum.

Total activities
Aspaitate
am inotransf erase
Lactate dehydiogenase
Alkaline phosphatase
Acid phosphatase
0-Galactosidase

Isoenzymes
Aspaitate
aminotransferase
isoenzymes
Lactate dehydrogenase
isoenzymes

Rabbit
nephrotoxic
serum*

I. U./l
13

580
12
50
0.4

1 cytoplasmic
fraction only

LDHi
predominating

Rat
normal
serum
(x±s)**

I. U./l
113 ± 35

590 ± 260
211 ± 88

75 ± 36
1.8 ± 0.8

1 cytoplasmic
fraction only

LDH5
predominating

Kept frozen at - 20 °C until injection of 4 ml/kg body
weight on days 0,1 and 2.

** = mean, s = standard deviation.

The renal origin of the lactic dehydrogenase isoenzyme
LDHj increased in urine and in serum during HgCl2
intoxication seems clear since its concentration in the
kedney cortex is diminished at hours 4 and 24 as shown
by Ringoir (3) until day 5 (personal observation);
alkaline phosphatase and acid phosphatase are also
decreased in the tubuli during tubulonephritis (7).
Among the three isoenzymes of aspartate aminotrans-
ferase detected in urine after HgCl2 intoxication, just
one is usually found in normal serum (22); this is the
anodic slow fraction which exists also in the soluble
supernatant fraction of heart, kidney, and liver homo-
genate (22, 28) äs well as in the red blood cells (per-
sonal observation) of the rat and other species. The
slow cathodic fraction is found in the mitochondria of
heart, kidney and liver of the rat and other species
(22, 28) where from it may be liberated by ultra-sonica-
tion or autolysis. We detected it neither in rat red blood
cells, which do not contain mitochondria, nor, usually,
in normal male rat serum in agreement with Boyd (22).
We have shown that this fraction appears temporarily
in serum from day 1 to day 3 after HgCl2 intoxication
as it does in experimental liver necrosis (22). Its pre-
sence in urine and in serum seems to be indicative of
tissue necrosis. The anodic fraction migrating faster
than albumin has not been observed earlier in normal
or pathological serum. We did not detect it in normal
rat kidney cortex homogenate either before or after
incubation with HgCl2 0.55 mmol/1 in vitro: only the
two usual fractions: cytoplasmic and mitochondrial
were present. Its rapid migration was similar to that
of the coenzyme of aspartate aminotransferase, pyri-
doxal phosphate alone. The moment of its maximum

intensity (day 5) corresponds to the time of maximum
regeneration rate of tubular epithelial cells (7). At this
same time, the activities of both ly sosomal enzymes
falls below the normal (but appreciable) level to
almost zero as if a physiological release of renewed
tubular cell material stops until regeneration is achieved
(about twelve days after HgCl2 injection).

The modifications in enzyme activity and isoenzyme
patterns in urine described during tubulonephritis
appears quite different from that found during
glomerulonephritis. In the latter the curve of pro-
teinuria shows two peaks: an early one corresponding
to the lesions induced by heterologous antibodies
and a second one, around the 14th day, induced by
autologous antibodies (9); so does generally the curve
of activity of the various enzymes. The isoenzyme
patterns differ mainly for aspartate aminotransferase,
where only the slow anodic band characteristic of
serum, appears in urine, from day 1 to day 12 of glo-
merulonephritis as an indication of the pathological
passage of plasma proteins into urine through the
altered glomeruli. Excreted alkaline phosphatase seems
also to come from the plasma since total activity is
significantly decreased in serum. Could the decrease in
serum alkaline phosphatase be due to a reduction in
the contribution of the intestinal isoenzyme to the
serum activity, as a consequence of reduced food
intake? We have observed in the raj:, after a sham-
operation or even a simple ether anesthesia, a decrease
of serum alkaline phosphatase (29). It is not excluded
that during glomerulonephritis there might be a slight
decrease due to reduced food intake. Indeed we ob-
served a slight but not significant diminution of alka-
line phosphatase during tubulonephritis too. However
during glomerulonephritis there is a major cause of
the very important decrease of the serum enzyme
which is the considerable urinary loss due to impaired
glomerular filtration. We have recently studied the
alkaline isoenzymes in serum and urine during glome-
rulonephritis by the technique of Smith et al. (30). The
major hepatic isoenzyme in serum is markedly di-
minished during glomerulonephritis at day 8 and 15
while it appears very intensively in urine. Concerning
lactic dehydrogenase, the urine isoenzyme patterns
from day 1 to day 12 during glomerulonephritis are
almost the same as during tubulonephritis. The selective
increase of the rapid isoenzyme in urine and slightly
in serum on day 2 may be due to the lesions of the
glomerulus where LDH predominates (31) or
originates partly in the rabbit nephrotoxic serum in-
jected (Tab. 3). The early peak of excretion of the
lysosomal enzymes: acid phosphatase and /J-galacto-
sidase is very interesting since it may be an indication
of the mechanism of the glomerular lesion. This peak
occurs during the 8 hours following the injection. Now
Cochrane et al. have shown three phenomena during
glomerulonephritis: first, that polymorphonuclear

Z. Klin. Chem. Klin. Biochem. / 12. Jahrg. 1974 / Heft 12



550 Sternberg, Szlamka, Moisy, Rebeyrotte and Lagrue: Comparison of the urinary excretion of enzymes

leukocytes infiltrate the glomeruli and stick to the
basement membrane in the first 8 hours (12); second,
that lysosomal cathepsin D and E from polymorpho-
nuclear leukocytes digest in vitro glomerular basement
membrane (32); third, that in acute Masugi type glo-
merulonephritis in the rabbit, there was early patho-
logical excretion of basement membrane fragments
and of cathepsin E, the latter being as yet exclusi-
vely found in polymorphonuclear leukocytes (26). It
is likely that the lysosomal enzymes of the poly-
morphonuclear leukocytes are responsible for the
gjomerular damage. The acid phosphatase and -
galactosidase increased activity may thus, at least partly,
originate in the polymorphonuclear leukocytes and
play a role in glomerular basement membrane digestion.
It may also originate in the plasma, and pass through
the altered glomerular membrane with other plasma
proteins. It seems unlikely that it only comes from
the injected rabbit nephrotoxic serum: through one

injection, 40 mU of acid phosphatase were introduced
into the circulation: this cannot account for the
supplementary excretion of 400 mU of acid phospha-
tase in the first eight hours following the injection.
Acid phosphatase may also originate in the glomerulus
which is rich in acid phosphatase (6).
In conclusion, the marked increase in urinary enzyme
activities observed during glomerulonephritis seems to
originate mainly in plasma through the altered glomeru-
lar permeability but may be also in the glomeruli and
in the polymorphonuclear leukocytes infiltrating these
glomeruli. In contrast, during tubulonephritis it origi-
nates chiefly in the damaged kidney tubules.
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