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Recent studies of the nephrotic kidney have
implicated the glomerulus as the primary anatomic
site of injury. Using the electron microscope,
Farquhar, Vernier and Good (1) and other in-
vestigators have demonstrated that the most con-
sistent and striking alteration is a lesion in the foot
process of the glomerular epithelial cell. Hjelt,
Stjernvall and Hallman (2), in a study of con-
genital nephrosis, found imperfectly formed or
absent foot processes. Vernier, Papenmaster and
Good (3), and Harkin and Recant (4) have de-
scribed similar lesions of the foot process in experi-
mental nephrosis induced by the aminonucleoside
of Puromycin, and Piel (5) has made similar ob-
servations in nephrosis produced by antikidney
serum. In the experimentally induced lesion,
glomerular injury is found prior to tubular
changes (4).

With the recognition that relatively specific
anatomic changes occur in the glomerulus in
nephrosis, it seemed pertinent to determine if
alterations occur in glomerular enzyme activities.
The application of quantitative histochemical tech-
niques seemed to be the most promising approach
for such a study.

Previous histochemical studies of kidney utiliz-
ing staining techniques have been "qualitative" in
nature in that they demonstrated the presence or
absence of enzyme, but could not quantify these
enzymes. In addition, such studies have given
most attention to the renal tubule rather than to
the glomerulus.

Quantitative histochemistry utilizing microchem-
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ical methods was first devised by Linderstrom-
Lang (6), and later modified and extended by
Lowry and associates (7-10). These methods
were applied to kidney investigation in 1956 by
McCann (11), who made preliminary measure-
ments of alkaline phosphatase, aldolase and fu-
marase activities in the glomerulus of the normal
dog. Bonting, Pollak, Muehrcke and Kark meas-
ured the activities of alkaline phosphatase (12)
and lactic dehydrogenase (13) in single glomeruli
and in other parts of the nephron of various
species.

This paper is concerned with a description of
some of the enzymatic activities of the isolated
glomerulus in normal rats and with the alterations
which occur with the induction of aminonucleoside
nephrosis. Utilizing quantitative histochemical
methods, alkaline phosphatase (Alk. P'tase), hexo-
kinase (HK), glucose-6-phosphate dehydrogenase
(G-6-PDH), lactic dehydrogenase (LDH), malic
dehydrogenase (MDH), and isocitric dehydro-
genase (ICDH) activities were measured. These
observations represent the initial step in an effort
to characterize the biochemical lesion in the experi-
mental nephrotic syndrome.

METHODS

Twelve male Sprague-Dawley rats with a starting
weight of 74 ± 8 g were used and divided into an experi-
mental and control group. Animals were housed in in-
dividual cages and pair-fed with Ralston-Purina rodent
chow. Water was allowed ad libitum. Nephrosis was
produced in one group by administration of daily sub-
cutaneous injections (0.3 ml per 100 g weight) of a 0.5
per cent solution of aminonucleoside (6-dimethyl-amino-
purine-3'-amino-D-ribose) (14, 15). Urine protein excre-
tion was measured daily by the Esbach method (16).
At various stages of the nephrotic syndrome, pairs of rats
having an average weight of 105 g (one from each group)
were sacrificed by decapitation following an overnight
fast. Blood was collected in heparinized tubes for the
determination of cholesterol (17). The kidneys were
then rapidly dissected and handled as follows.
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1. Preparation of tissue. The methods and equipment
used have been described in detail by Lowry (7, 8).
Blocks of tissue (125 mm3) from the upper and lower
poles of the right kidney were rapidly excised with a

chilled razor blade and plunged into liquid nitrogen.
The upper half of the left kidney was used for dry weight
determinations. The remaining kidney tissue was cut
into small pieces, blotted, placed in liquid nitrogen and
then crushed in a chilled mortar. The resulting tissue
powder was lyophilized. The two pieces of the right
kidney were mounted without thawing on 4 per cent
tragacanth USP in 0.9 per cent NaCl solution and
sectioned with a microtome in a cryostat at - 250 to

!30° C. Multiple sections of 28 to 30,u thickness were

cut from each block of tissue and were then removed to
a glass container for lyophilization. Additional sections
of 10 and 30,u were obtained for staining and histological
inspection.

The tissue powder and sections were simultaneously
lyophilized at - 45° C and 0.001 mmmercury for 12 to 18
hours. The tubes were then brought to room tempera-
ture over a period of 2 hours. Sections and tissue powder
from each pair of animals were redistributed into 6 lyo-
philization tubes, evacuated and stored at - 200 C until
used. This made possible simultaneous analysis of con-

trol and experimental samples for each of the 6 enzymes

studied without necessitating refreezing of material. In
addition, an attempt was made to randomize sections from
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various portions of the tissue block so that enzyme anal-
yses were not performed upon serial sections.

Problems concerning absorption of air and moisture by
the sections, weighing of the samples and stability of
enzymes during storage have been previously described
by Lowry (8). In order to control the experiment
further, the enzymatic activities were always studied in a

fixed time sequence, namely, Alk. P'tase, one day after
preparation of the tissue powder and section; LDH, two
days after preparation, and so forth.

2. Tissue dissection. The lyophilization tubes were

allowed to warm to room temperature before opening.
With the aid of a hot towel this process required one-

half hour. Air was then admitted to the containers, and
the dried unstained sections were placed on the stage of
a Spencer dissecting microscope and studied at a magni-
fication of 40 to 90 X. Individual glomeruli and vessels
were easily visualized and were dissected manually (free-
hand) using a sharp no. 26 gauge stainless steel needle
inserted into the shaft of a tuberculin syringe. Care was

taken not to cut but rather to tease out the structure
from the surrounding area before dissection. All dissec-
tions of questionable cleanliness (i.e., contaminated with
parts of surrounding structures) were discarded. Glo-
meruli were chosen from at least two sections and from
different parts of these sections, in order to obtain a

better randomization of the material. In addition, ar-

terioles from cortex and medulla (diameter smaller than

TABLE I

Salient details of enzyme determinations

Dry weight Incu- Incu-
of dissected bation bation End-products of

Enzyme* Buffert Substrate Cofactors tissue volume time reaction

Ag p, min
Alk. P'tase (9) 0.5 MAMPI: 8 mMDisodium-p- 2 mMMg 0.02-0.20 10.0 60 p-Nitrophenol

pH 10.0 nitrophenyl
phosphate

G-6-PDH (18) 0.1 MAMP2§ 5 mMGlucose-6- 0.3 mMTPN 0.03-0.11 8.8 60 TPNH
pH 9.311 phosphate Gluconate-6-

phosphate

HK (18) 0.05 MTris 8 mMAnhydrous 0.3 mMTPN 0.80-3.5 22.0 60 TPNH
pH 8.1 glucose 3.0 mMATP Gluconate-6-

2.4 mMG-6-PDH phosphate
(crude) ¶

LDH (10) 0.1 MTris 1.5 mMNa pyruvate 1 mMDPNH 0.03-0.18 20.0 30 DPN
pH 7.4 lactate

MDH(19) 0.1 MAMPIT 120 mMMalate 4.5 mMDPN 0.02-0.12 22.0 30 DPNH
pH 10.5 oxalacetate

ICDH (20) 0.1 MTris 5 mMIsocitrate 1 mMTPN 0.04-0.24 10.0 60 TPNH
pH 8.1 a-Ketoglutarate

* Numbers in parentheses are reference numbers.
t All buffer substrates contained 0.05 per cent bovine plasma albumin to increase stability of enzyme during

incubation.
t AMP, = 2 amino-2 methyl-i propanol (Eastman Kodak).
§ AMP2= 2 amino-2 methyl-3 propanediol (Eastman Kodak).

At pH 9.3, 5 to 10 per cent of the activity measured is due to 6-phosphogluconic dehydrogenase in the tissue.
¶ Prepared in Dr. Lowry's laboratory from pig adrenal containing 0.2 per cent HK.
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100,u) were dissected. The weight for all specimens
ranged between 0.015 and 3.5 ,ug. Glomerular samples
were 0.015 to 0.110 ,sg.

3. Analytical methods. The dissected glomeruli and
arterioles were weighed individually on two "fish-pole"
quartz fiber balances (useful range from 0.010 to 0.120
,Ag and 0.5 to 5.0 lug), as described by Lowry (7), and
were then placed into small test tubes with an inner
diameter of 2 or 4 mm. This was performed with the aid
of a wheeling device on a mechanical stage under the
microscope (8). Low activity for certain enzymes re-

quired pooling of several samples in one tube.
Ten to 20 mg of the dry tissue powder material was

gently homogenized by hand with a glass homogenizer
in a 1: 10 dilution in a chilled buffer (Table I). The
homogenate was allowed to sit for 45 minutes or more

before further dilution and final chemical analysis.
Enzymatic analyses of tissue powder were performed
simultaneously with analyses of the sections which were

processed immediately. Homogenate activity was deter-
mined in triplicate and in two different dilutions varying
with the enzyme tested. Glomerular enzyme analyses
varied from 5 to 53 determinations for each enzyme
studied.

Enzyme determinations. The methods employed were

devised by Lowry and associates and are summarized, as

adapted to the study of the kidney, in Table I. Coenzyme
changes, measured in a model A Farrand fluorimeter,
formed the basis of most activity measurements (TPNH,
DPN, DPNH) (10). Alk. P'tase activity was measured
as p-nitrophenol formation in a Beckman DU spectro-
photometer. Enzyme activity was expressed as moles of
substrate transformed per kilogram of dry weight of
tissue per hour. In addition to the dry weight as a

standard of reference for enzyme activities, protein (21)
and deoxyribonucleic phosphate (DNA-P) (22) deter-
minations were carried out on glomeruli and homogenates.
This was deemed essential in view of the possible altera-
tions in tissue protein content in nephrosis.

Initially, tissue blanks were run for both homogenates
and sections. These were later omitted since they were

found not to be different from the substrate-reagent
blanks. In order to rule out fluorescent interference from
aminonucleoside, a 0.005 per cent solution in redistilled
water was tested. No reading, compared with a dilute
quinine sulfate solution of 0.05 /Ag per ml, was noted.
There was also no fluorescence noted when the drug was

added to homogenates.

RESULTS

Animals treated with aminonucleoside developed
proteinuria of varying degree (75 to 216 mg per

24 hours). Plasma cholesterol levels in the neph-
rotic animals ranged from 348 to 529 mg per 100
ml, while the control levels were 76 to 100 mg per

100 ml. Ascites, when present in the nephrotic
group, paralleled the severity of the proteinuria.
Gross and microscopic examinations of the kidneys

TABLE II

Rat kidney enzyme activity

Isolated glomeruli
Enzyme* Normal Nephrotic Pt

Alk. P'tase 3.07 i 0.331 2.24 ± 0.30 <0.01
HK 0.534 0.028 0.690 ±t 0.078 NS
G-6-PDH 1.190 i 0.98 1.600 :1: 0.084 <0.005
LDH 26.6 i 3.0 32.2 i 2.4 <0.05
MDH 32.0 + 1.7 40.3 i 2.5 <0.01
ICDH 4.92 i 0.49 5.59 ± 0.61 NS

Homogenates
Alk. P'tase 25.03 i 4.37 13.35 d 2.28 <0.05
HK 0.976 i 0.067 1.202 i 0.095 <0.01
G-6-PDH 1.210 i 0.064 1.760 i 0.228 <0.05
LDH 68.9 5.5 69.0 i 5.2 NS
MDH 89.1 ± 2.5 80.9 :1 4.7 NS
ICDH 33.00 + 1.4 26.50 :i 3.5 NS

* Activity expressed as moles per kg dry weight per hour.
t Probability based on the means of both groups (23).
$ Mean i SEM(6 animals).

in this syndrome have been previously reported
(14, 15).

A. Analyses of isolated glomeruli and whole
kidney homogenates
Enzymatic analyses were made on single glo-

meruli whenever possible or on pools of 2 to 7
glomeruli. From 2 to 15 determinations were
carried out to arrive at a mean value per enzyme
per animal. Similar analyses were made on homo-
genates. Table II summarizes the mean and
standard error of the mean (SEM) for all enzymes
tested in the control and in the nephrotic animals.
The statistical method employed was that of the
analysis of variance for paired data (23).

Protein determinations per unit of dry weight
were performed on 20 to 30 glomeruli. Glomeruli
from each animal in the two groups were pooled
for each determination. No significant difference
was noted between the normal (663 ± 19 g protein
per kg dry weight) and the nephrotic group (661
± 10 g protein per kg dry weight). Protein deter-
minations on whole kidney homogenates also re-
vealed no significant differences. The mean values
were 613 ± 28 g per kg dry weight in the normals
and 632 ± 42 g per kg in the nephrotics. Spot
assays of DNA-P 1 content of pooled glomeruli
revealed values of 82.0 mmoles per kg dry weight
in one nephrotic and 90.7 mmoles per kg in the
pair-fed control animal. The lack of significant

1 Weare grateful to Dr. G. Morrison who carried out
the determinations of DNA-P.
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An attempt was made to assess the effect of
30 m proteinuria upon the development of the enzymatic
20 Emchanges. Nephrotic animals were divided into
+ 10- W i 1 X three groups, two animals in each, on the basis of

% _ t __ _ ~~~~~- 6Controls the magnitude of proteinuria. Figures 2A andlo .t2B plot, respectively, the percentage change in
2- 0 ft glomerular and homogenate enzymes as related to
30[ the level of proteinuria and compared with the

# Analyses
Nephrotic 32 5 46 29 48 51

Rots %
Change

# Analyses 29 5 40 20 52 53
60

Control Rots29. 2040 20 52 53
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FIG. 1. A. PER CENT CHANGEIN GLOMERULARENZYME 90anGe
ACTIVITY IN NEPHROTIC RATS COMPAREDWITH CONTROLS. G-6-P DH
B. PER CENT CHANGEIN KIDNEY HOMOGENATEACTIVITYHON
IN NEPHROTIC RATS COMPAREDWITH CONTROLS. Homo- 70

genate refers to lyophilized tissue powder of the whole 60

kidney. Each bar represents two dilutions of homogenate 50
in triplicate for six nephrotic rats. 40 a B

30-

differences between the protein or D-NA-P content 20-

per unit of dry weight of glomeruli or homogenate + 10 LD

in normal and nephrotic animals permits compar- 6eaContol
ison of enzymatic activity on a dry weight basis.I MD

Comparison of normal and nephrotic kidney 20

enzymes may be seen in Figures l A and i B, which 30-

summarize the over-all enzymatic changes in glo- 40-CD
meruli and homogenates as a result of the induc-
tion of the nephrotic state. The most striking 70-Al k. P'tose

change in both glomeruli and homogenates may875 3.5 23m/A PRTNUA
be seen in the activities of Alk. P'tase and G-6-87 135 20mg/APRTIUA

PDH. The former showed a significant decrease B
in activity, the latter a marked increase. LDH,

FI.2 A.GOEURENYECIVTCH
MDHadHKtendd tobe inreasd inglo-WITH PROGRESSIVEPROTEINURIA. B. KIDNEY HOMOGENATI

meruli, while in homogenates only the HK i-ENZYME ACTIVITY CHANGESWITH PROGRESSIVEPROTEINU.
creased. The other enzymes showed no sig- RIA. Each point represents multiple determinations 01
nificant change. two animals in both A and B.
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TABLE III

Mean enzyme activities of isolated rat kidney arterioles

Enzyme* Controlt Nephrotic

Alk. P'tase 19.62 [4] 14.03 [5]
G-6-PDH 0.845 [3] 1.099 [5]
LDH 33.3 [4] 30.6 [6]
MDH 30.4 [5] 32.7 [4]
ICDH 5.66 [5] 4.11 [4]

* Activity expressed as moles per kg dry weight per hour.
t Number of determination is given in brackets.

entire group of six normal animals. It is apparent
that the pattern of glomerular change differed from
that in homogenate. Glomeruli showed an early
increase in many activities with a subsequent de-
crease, whereas the homogenate changes appeared
to be consistent in one direction.

B. Miscellaneous enzymatic analyses

The main constituent of the glomerulus is the
capillary. Although the anatomic composition of
arterioles is more complex than that of capillaries,
both have a comparable embryonic origin. The
possibility that similar biochemical changes might
occur in both of these structures made desirable a
comparison of enzymatic activity in the normal and
nephrotic kidney arterioles. The mean enzyme ac-
tivity of a number of single kidney arterioles from
both groups of animals is charted in Table III.

The influence of red blood cells in glomeruli on
enzyme activity was studied in normal kidney.
Bloodless glomeruli in the unstained sections had
an average ICDH activity of 7.3 moles per kg per
hour, compared with 5.4 moles per kg per hour in
blood-filled glomeruli. This difference in activity,
however, could have had little influence on the
final results reported here, since all glomeruli were
selected at random for dissection and no micro-
scopic evidence of differences in blood content of
nephrotic glomeruli when compared with normals
could be demonstrated.

DISCUSSION

Despite intensive investigation, there are few
established facts concerning the intrinsic metab-
olism of the kidney glomerulus. One of the ob-
stacles in the path of classical biochemical study
of the glomerulus has been the small amount of
tissue which is available for study. This void of
direct biochemical information has been partially

filled by the results of histochemical staining pro-
cedures.

In the rat glomerulus, Wachstein and Meisel
(24) have demonstrated the presence of glucose-
6-phosphatase, esterase (alpha-napthyl-acetate),
TPN diaphorase and DPN diaphorase enzyme
activities. They were unable to find acid or Alk.
P'tase, glycerophosphatase, 5-nucleotidase, glucur-
onidase or succinic dehydrogenase. One of the
problems encountered in the interpretation of stain-
ing techniques results from the "all or none" effect,
in that low activities may be missed. This is most
clearly evident in the studies of glomerular Alk.
P'tase activity. Whereas Wachstein and Weisel
obtained negative results, McCann (11), Bonting
and co-workers (12), and the present authors have
been able to demonstrate Alk. P'tase activity in
glomeruli by quantitative biochemical techniques.
Although staining procedures permit localization
of enzymes, it appears that the direct quantitative
methods used here allow histological localiza-
tion as well as detection of small changes in
activity.

The choice of the six enzymes studied was deter-
mined by the effort to sample anaerobic glycolytic
enzymes (HK and LDH), the hexose-monophos-
phate shunt with G-6-PDH, as well as enzymes of
the oxidative pathways (MDHand ICDH). The
addition of Alk. P'tase, particularly in the analysis
of whole kidney homogenate, seemed desirable for
purposes of comparison, in view of its common
usage in many staining studies of renal tubules.
Its over-all metabolic importance, however, is
poorly understood at the present time.

We are aware of the fact that the results ob-
tained for the six control animals do not necessarily
represent normal enzymatic activities. The pair
feeding of the control animals with the nephrotic
group resulted in a small limitation in food intake
in the controls, and the effect of this factor has not
been separately studied. With this reservation in
mind, the results of our studies may be discussed:

Normal rat glomeruli. On examination of the
enzymatic activities in the normal rat glomerulus
(Table II), one is impressed by the high levels
of activity for the oxidative enzymes (MDH and
ICDH) and for LDH, which are in contrast with
the levels of HK and G-6-PDH. Alk. P'tase is
only moderately active when compared with the
above noted enzymes. The levels of Alk. P'tase
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and LDH are of the same order of magnitude as

those reported by Bonting and associates. It is,
unfortunately, impossible to compare our data with
results of studies of glomerular enzymes obtained
by staining techniques.

Normal rat kidney homogenate. A distribution
of enzymes similar to that in glomeruli is also
found in the normal rat kidney homogenate. How-
ever, the levels of activity in homogenates are

significantly higher than those in glomeruli, with
the exception of G-6-PDH which is the same in
both glomeruli and homogenates. The ratios of
activity in homogenate relative to glomeruli are 8.1
for Alk. P'tase, 1.8 for HK, 2.6 for LDH, 2.8 for
MDH, and 6.7 for ICDH. The low ICDH ac-

tivity in glomeruli suggests a relatively unimpor-
tant role of the Krebs cycle in the glomerulus, with
the reservations inherent in all artificial assay sys-

tems. The highest ratio is observed for Alk.
P'tase. It is known that the renal tubules, which
are the major components of the homogenate, have
higher activities for these enzymes (11, 13).

Since quantitative data on the enzymes of liver
(25) and brain (26) are available, it seemed of
interest to compare these activities with those in
kidney (Table IV). The most striking difference
may be seen in the Alk. P'tase activity. Kidney
homogenates surpass by far the activity found in
the two other organs. G-6-PDH shows essentially
the same level of activity in all three. The oxida-
tive enzymes (MDH and ICDH) and LDH in
kidney and liver are similar. HK is more active in
brain than in kidney and in liver. The interpreta-
tion of these data is somewhat limited by the fact

that observations were not made upon organs ob-
tained from the same animal species in all cases,

although it is clear that differences of the order
noted for Alk. P'tase are nevertheless significant.

Effect of nephrosis on kidney enzymes. With
the induction of nephrosis, definite changes in
enzymatic activity are noted in glomeruli and kid-
ney homogenates (Figures 1A and 1B). Alk.
P'tase activity is strikingly reduced in glomeruli
and homogenates, while G-6-PDH activity is in-
creased in both. Although HK activity is also in-
creased in both glomeruli and homogenates, the p

value proved not to be significant for glomeruli,
but it must be noted that only a small number of
determinations was made. Significant enzyme ac-

tivity increases for LDHand MDHwere obtained
in glomeruli only, whereas for the two enzymes

in homogenates, no change was found. ICDH
showed no significant change in either.

Fisher and Gruhn, using staining techniques,
studied activity changes in nephrotoxic (28) and
aminonucleoside (29) nephrotic rats. In both
types of nephrosis they found no alterations in
lipase, esterase, glucose-6-phosphatase, acid and
Alk. P'tase, and 5-nucleotidase activities of renal
cortex and medulla. However, succinic dehydro-
genase and cytochrome oxidase showed decreased
activities. Wachstein and Lange (30), in their
histochemical study of nephrotoxic nephritis in the
rabbit, in contrast to the findings of Fisher and
Gruhn, observed a decrease in Alk. P'tase activity
of kidney tubules. This was the earliest enzymatic
alteration noted. In addition, glycerophosphatase
and 5-nucleotidase were noted to be less active, as

TABLE IV

Enzyme activity of brain, liver and kidney

Enzyme

Organ Alk. P'tase HK G-6-PDH LDH MDH ICDH

Rabbit brain*: 0.60 10.0 1.80 70 80 11.2
Homogenate

Rat livert: 0.30t
Portal area 0.38 1.02 137.7 73.1 10.3
Central area 0.19 0.77 76.3 67.7 12.3

Rat kidneyt:
Homogenate 25.03 0.976 1.21 68.9 89.1 33.0

* Moles per kg lipid-free dry weight per hour. One-half the values recorded correspond approximately to moles
per kg dry weight per hour (26).

t Moles per kg dry weight per hour.
1 Whole rat liver homogenate (27).
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were other enzymes including those studied by
Fisher and Gruhn.

In general, depression of histochemical enzy-
matic activity paralleled the severity of renal dis-
ease. No comments were made about glomerular
enzyme activities. Our findings indicate a definite
change in glomeruli as well as in homogenates.

If the enzymatic changes noted are related to
proteinuria, then one might anticipate an intensifi-
cation of the changes with time and increased pro-
teinuria. In an effort to answer this question, the
data were plotted as noted in Figures 2A and 2B.
The interpretation of the small number of data and
the arbitrary grouping must be approached with
caution. However, it would appear that an intensi-
fication of the changes with increased proteinuria
does occur in both glomeruli and homogenates for
the Alk. P'tase and G-6-PDH enzymes. Further,
it is apparent that certain differences in the en-
zymatic activity patterns in glomeruli and homo-
genates exist. Whereas some of the enzymatic
changes in glomeruli are characterized by early
rises with later declines in activity, this is not true
for homogenates.

Neither an absolute biochemical nor a morpho-
logic interpretation of this behavior is possible.
It is obvious that the enzymatic activity of the
minute total glomerular mass is drowned in the
preponderance of renal tubules representing the
homogenate. The early changes observed in glo-
meruli which differ from homogenates might point
to specific enzyme alteration, possibly related to the
podocyte lesions observed by electron microscopy.
The later changes in both glomeruli and homo-
genates may well be secondary ones, associated
with continued proteinuria, or with a generalized
type of tissue response to injury. This type of
general response is made more likely in that the
enzymatic changes in renal arterioles (Table III)
are in the same direction as those of glomeruli and
also homogenates.

These considerations raise the following ques-
tions which are at present under investigation in
our laboratory: 1) Can one obtain more definitive
evidence of the specificity of glomerular changes
by studies conducted prior to development of pro-
teinuria? 2) Do similar enzymatic changes occur
in the glomeruli and tubules with other types of
nephrosis or other renal lesions leading to pro-
teinuria? 3) Do other organs, despite normal

histological appearance, share in these enzymatic
changes?

These questions arise by virtue of the fact that
although the concentrations and distribution of
enzymes appear to be characteristic of various
structures and organs, nevertheless, it is possible
that a variety of injuries may result in the same
pattern of enzymatic response. Finally, it is pos-
sible that the enzymatic alterations described are
secondary or adaptive in nature and represent a
response to the "antimetabolic" action of the
aminonucleoside.

It has been shown that the glomerulus is an
active metabolic unit with considerable enzymatic
activity. It is tempting to speculate that the rela-
tively high concentration of G-6-PDH in the glo-
merulus compared with the glomerular/tubular
ratios of the other enzymes relates in some way
to its basic functions.

SUMMARY

1. Quantitative histochemical methods have been
adapted for the study of six enzymes (alkaline
phosphatase, hexokinase, glucose-6-phosphate de-
hydrogenase, lactic dehydrogenase, malic dehydro-
genase and isocitric dehydrogenase) in isolated rat
glomerulus, whole kidney homogenate and renal
arterioles in normal and nephrotic rats. Enzymatic
activity was expressed per unit of dry weight.
Protein levels per unit of dry weight did not differ
in the two groups.

2. The normal rat glomerulus is a potentially
active metabolic unit. With the exception of glu-
cose-6-phosphate dehydrogenase, all enzyme ac-
tivity levels are lower than those in kidney homo-
genates. Renal arteriolar enzyme activity is similar
to glomerular activity with the exception of al-
kaline phosphatase, which is of the same magnitude
as it is in homogenates.

3. The production of acute nephrosis with the
aminonucleoside of Puromycin results in a signif-
icant increase in glucose-6-phosphate dehydrogen-
ase, lactic dehydrogenase and malic dehydrogenase,
and a marked decrease in alkaline phosphatase of
glomeruli. The kidney homogenate activity of the
nephrotic animals is significantly increased for
hexokinase and glucose-6-phosphate dehydrogen-
ase; a decrease is observed in alkaline phosphatase.
These changes seem to be closely related to the
severity of the disease as judged by proteinuria.
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