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Investigation of the appearance and dis-
tribution of certain histochemically demon-
strable renal tubular enzymes in rats with ne-
phrosis induced by injection of anti-rat kid-
ney-rabbit serum revealed an appreciable de-
pletion of cytochrome oxidase (G-nadi oxi-
dase) and succinic dehvdrogenase(1). Cer-
tain physiologic and morphologic considera-
tions suggested that these alterations were re-
lated to degree of proteinuria rather than to
a nephrotoxic effect of the serum emploved.
It therefore appeared worthwhile to evaluate
such enzymatic activity in nephrosis produced
by another etiologic agent and to attempt to
quantitate any changes if present.
metrically.  In addition. this information
would also provide an opportunity for corre-
lation of results obtained by the in vitro and
histochemical staining technics. In the pres-
ent study nephrosis was induced by appropri-
ate doses of aminonucleoside. an agent which
has been demonstrated to produce such a state
with relative ease and a high degree of con-
sistency (2.3).

Methods. Forty-two adult female Wistar
rats weighing 150-200 g were utilized. Group
A consisted of 21 animals that received 0.003
ml of a 0.5% aqueous solution of aminonu-
cleoside* per g of body weight subcutaneously
for 9 consecutive days and were sacrificed 3

mdno-

davs after the last injection. There were 3
animals in Group B that received a similar
dose of aminonucleoside but were sacrificed
after only 6 injections. Group (' was com-
prised of 13 untreated rats of similar sex.
strain and weight. Protein content of the
urine was determined daily and the serum
cholesterol. total lipid and total protein at the
time of sacrifice by methods described else-

where(1). All animals were sacrificed by de-
capitation.  Their kidneys were quickly re-
moved. One was placed immediately in ice

after removing its capsule and ureter. Thin
slices consisting of the cortex and medulla
were prepared according to the method of
Deutsch(4). These were incubated in Krebs-
Ringer-phosphate-glucose buffer. pH 7.2 at
37 C in a total volume of 3.0 ml. The gas
phase consisted of 5% CO. and 93% O..
Liberated CQ. was absorbed by 209% KOH
placed in the center well. The oxygen con-
sumption was followed from 30 to 60 min-
utes. after which time the tissues were re-
moved and dried at 108°C for 2 hours. Their
dry weights were obtained after desiccation
for 18 hours. 0.6 ml of a 0.5% solution of
aminonucleoside. previously neutralized and

* Generously furnished by Dr. Stanten Hardy,

Lederle Laboratories.
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TABLE 1. Renal Qo, of Nephrotic and Normal
Rats.
Qo.
oy No. (ml/mgdry wt)
A. (Treated.  nephrotie) 21 14.5 + 3.0
B.( ™ . nvotuephrotic) 8 174 +2.4
C. (Untreated, ™ " ) 13 18.7 + 1.9
Difference between groups P value
A&BALC <.01
BxC >.1

dissolved in the buffer, was added from a side
arm to the kidney slices from 6 additional un-
treated controls twenty minutes after normal
respiration was observed. Qo. was deter-
mined by appropriate calculations and the
statistical significance between groups was ob-
tained by utilization of Fisher’s “t”. The re-
maining kidney was longitudinally sliced and
one-half immediately frozen on dry ice, sec-
tioned at -20°C in a cryostat and stained for
the demonstration of cytochrome oxidase util-
izing a-naphthol and dimethyl-p-phenylene-
diamine hvdrochloride(5) and succinic dehy-
drogenase with a substrate of neotetrazolium
chloride and sodium succinate(6). The re-
mainder of the kidney was fixed in Zenker’s
acetic fluid and processed for histologic study
in the usual manner.

Results. All of the animals of Group A de-
veloped the nephrotic syndrome. Protein-
uria. exceeding 100 mg/18 hours first ap-
peared on the 8th day following the initial in-
jection and was followed generally in 2 days
by the presence of ascites. Hyperlipemia,
hypercholesterolemia and hypoproteinuria
were also present at the time of the sacrifice.
The microscopic appearance of the renal le-
sions produced by aminonucleoside will be
described in detail elsewhere. On the other
hand, those rats which were sacrificed after
only 6 injections (Group B) failed to exhibit
any chemical, clinical or morphologic mani-
festations of the nephrotic syndrome.

As indicated in Table I there was a statis-
tically significant decrease of oxygen con-
sumption by the kidney slices from rats with
nephrosis (Group A) as compared to those of
the untreated controls or those animals sacri-
ficed prior to the onset of the nephrotic state.
The addition of aminonucleoside to the kid-
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ney slices from normal animals was without
statistically significant effect on Qo. when
compared with the internal control values.

Similarly, a depletion of histochemically
demonstrable succinic dehydrogenase and cy-
tochrome oxidase (G-nadi oxidase) was appar-
ent only in those animals with the nephrotic
state (Fig. 1 and 2). Histochemically, the
loss of these respiratory enzymes appeared in
those topographic areas corresponding to the
greatest concentration of proximal convoluted
tubules and ascending limbs of Henle, sites
which also exhibited a depletion of mitochron-
drial elements (unpublished). The degree of
depletion noted histochemically usually ap-
peared greater than might be expected from
the manometric findings although in many in-
stances changes observed were of the same
order of magnitude.

Discussion. Reduction of renal tubular
succinic dehydrogenase has been noted fol-
lowing a variety of experimental procedures
(7). However, it appears unlikely that the
reduction in renal Qo. and histochemically
demonstrable succinic dehydrogenase and
cytochrome oxidase (G-nadi oxidase) activity
observed in nephrosis induced by aminonu-
cleoside is the result of a direct toxic effect of
this agent. The addition of an excessive quan-
tity of this drug in vitro failed to significantly
affect the Qo. of fresh kidney slices from nor-
mal rats. In addition, no effect on enzymatic
activity was apparent in rats receiving amino-
nucleoside which were sacrificed prior to the
onset of nephrotic manifestations. On the
other hand, the histochemical findings are
identical to those previously noted in animals
with nephrotoxic serum nephrosis with mas-
sive proteinuria and ascites. Such informa-
tion suggests that the mechanism responsible
for suppression of cellular respiration in the
nephrotic state produced by these diverse
modalities may be similar and related to the
massive proteinuria. Increased tubular re-
absorption of protein which also is apparent
in both nephrotic states(1), further suggests
that such enzymatic depletion may result dur-
ing an accentuated phase of this tubular ac-
tivity. Kretchmer and Dickerman(8) have
noted a decrease in succinic oxidase and cyto-
chrome oxidase activity in the droplet and
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FIG. 1. a. Appearance of renal suecinie dehydrogenase in untreated eontrol. b, Nephrotice.
(X109,

FIG. 2. a. Appearance of renal extochrome oxidase in untreated control. b, Nephrotie.
(X10).

mitochondrial fractions of renal tubular epi-
thelium of rats subjected to intraperitoneal
injections of ovalbumin. Droplet formation.
conspicuous in the tubular epithelium of rats
with aminonucleoside nephrosis. has been con-
sidered as morphologic evidence of increased
tubular reabsorption of protein.

Comparison of the results obtained mano-
metrically and histochemically indicates that
the latter technic is capable of detecting mod-
erate losses of respiratory activity within the
renal tubules and is not dependent upon an
all or none phenomenon. In this regard our
findings are similar to those of Cascarano and
Zweifach(9) who found the oxygen consump-
tion of fresh kidney slices under varying con-
ditions to parallel endogenous values for 2,
3, 5 triphenyl tetrazolium chloride reduction.

Summary. A moderate decrease of Qos

and a reduction in the intensity of the histo-
chemical stains for succinic dehyvdrogenase
and cytochrome oxidase have been observed
in kidneys from rats with nephrosis induced
by aminonucleoside. The possible relation-
ship of these alterations to proteinuria is dis-
cussed.
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Recovery processes taking place between
successive irradiations are thought to account
for the increased LDjs¢ and prolonged survival
time reported for mice(1,2) and for rats(3)
when the radiation was administered in 2 or
more exposures made at varying time inter-
vals. Mortality and survival times following
radiation exposures in the lethal range and
given as divided doses have been considered
theoretically to be measurements of the
summed injury to several physiological proc-
esses(4). Some of these processes, such as
hematopoiesis. blood coagulation, defense
against infection and antibody production fol-
lowing acute exposures to ionizing radiations
have been studied in great detail. Less atten-
tion has been given to the study of injury to
any of these processes following intermittent
irradiation. Observations on the immune re-
sponse following divided-dose exposures to
ionizing radiation are of interest because
measurement of injury to this physiological
process may be made following sublethal ex-
posures with good accuracy by procedures
now available. Furthermore, studies of anti-
body production following intermittent ex-
posure to radiation provide some information
on injury and recovery processes involving the
cellular mechanisms of protein synthesis. In
the experiments here described antibody pro-
duction and total circulating leucocyte counts
were studied in mice following their intermit-
tent exposure to radium gamma rays.

Materials and methods. Male NTH mice
used throughout these experiments were 5 to
8 weeks of age at the beginning of the radia-
tion exposure. Litters were represented in
each of the treatment groups and mice ex-
posed to radiation were confined in wood

boxes containing 5 to 8 animals each. Con-
trol animals were housed in steel cages in the
animal rooms and at the end of the exposure
both the irradiated and control mice were
transferred to individual cages. Mice of par-
allel groups were bled from the tail for circu-
lating leucocyte counts on the second day
after the end of exposure. Immunization was
done on the third day and the mice were sac-
rificed for serums on the 8th day after the end
of the irradiation. Mice of another experi-
ment were given acute exposure to X-rays 4
days after the end of the “chronic” accumula-
tion of 450 r from the radium source described
below in order to see whether the prior ex-
posures would be additive to the acute irradi-
ation in their effect on antibody production.
Immunization was done one week and leuco-
cyte counts 6 days after the acute exposure.
Serological procedures followed those previ-
ously described(5) except that the serums
were frozen and stored at -20°C until titra-
tion within 3 to 4 weeks after sacrifice of the
mice. Briefly, the serum hemolysin content
was estimated after a single intravenous in-
oculation of a 2.5% suspension of washed
sheep erythrocytes. Approximately 4.85 x
108 erythrocytes were given per gram of body
weight. Serums were titrated by the proce-
dure described by Taliaferro(6) and the
hemolysin titers are expressed as the negative
log of the serum dilution providing 50%
hemolysis in a standard suspension of sheep
erythrocytes.

The arrangement for exposing the mice to
the radium source was described in detail by
Lorenz(7) and provided 8.8 r or 2.2 r per 8
hour day. In the experiments described in
this paper the total exposure dose to the mice



