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Urinary Procoagulant Excretion in Experimental Renal Disease*

(32643)

TosuiHIko MATsumura, MarTiN P. Hutr, aAND KurT N. voN KAuLrA
Department of Medicine, University of Colorado School of Medicine, Denver, Colorado 80220

Human urine contains a powerful pro-
coagulant (1). It converts prothrombin into
thrombin in the presence of factor V, lipid,
and calcium (2), a reaction which is the
basis for its quantitative assay (3). The pro-
coagulant content of the urine in patients
with thrombosis, embolism, myocardial in-
farction, and hemorrhagic diathesis is the
same as that of healthy subjects. There is,
however, a statistically highly significant
(p < .001) decrease of the urinary pro-
coagulant in parenchymatous kidney diseases
(4). Numerous patients with nephrotic syn-
drome and acute tubular necrosis did not
excrete it at all. The present investigations
were designed to eliminate urinary procoagu-
lant excretion in animals and thereby to ob-
tain information on the origin of the pro-
coagulant.

Material and Methods. Quantitative deter-
mination of the procoagulant content of the
urine: A modificaiton of a previously de-
scribed method (3); 0.2 ml urine are required.

Hematuria was graded according to the

* Supported by a grant from the Belle Bonfils
Memorial Blood Bank and grant HE 05538 from
National Heart Institute USPHS.

number of erythrocytes in urine sediment
per high power field. —: O erythrocytes;
+: 1-3; +-: 4-10; +-++4: 104

Glycosuria was estimated with Combistixs
(Ames Corp., Elkhart, Indiana).

Protein content of the urine was estimated
with Exton’s reagent (5) and quantitated
with Esbach’s procedure (5).

Urine collection. Urine was collected 8:00
a.m. and immediately dialyzed in the cold.
In the phlorizin studies, urine was obtained
by an indwelling catheter.

Male albino rabbits, 2-3 kg were purchased
locally. Male white Sprague-Dawley rats, ap-
proximately 200 gm, were obtained from the
Simons Lab., Gilroy, California. The animals
were fed Purina Chow. They were housed
in stainless steel metabolic cages constructed
to prevent contamination of urine with feces.
After urine collection, all cages were thorough-
ly cleaned daily. '

Nephrotoxic agents. (a) Duck antirabbit-
kidney serum (Antibody Incorp. Davis, Cali-
fornia). The serum was inactivated for 30
min at 56°C and then adsorbed for 30 min
at 0°C with 1/10 vol. washed rabbit erythro-
cytes. One single dose of 2 ml was given
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intravenously. (b) Aminonucleoside. Puro-
mycin (6-dimethylamino-9-[3-desoxy-3- (p-
methoxy-L-phenylanylamino) - 8 -p-ribofurano-
syl]-B-purine); (Nutritional Biochemicals
Corp., Cleveland, Ohio), 1.5 mg/100 gm in
a 0.5% solution in distilled water was in-
jected subcutaneously daily for 3 days into
rats. (c¢) Phlorizin (Aldrich Chemical Corp.,
Milwaukee, Wisconsin) was made up to 20%
solution in 10% NaHCO;. One single intra-
venous dose of 200 mg/kg was given to rab-
bits. (d) Albumin. Bovine albumin (frac-
tion V) in a 35% sterile solution (Nutrit.
Biochem. Corp.) was diluted to 15% in
0.45% NaCl; 1.5 gm in 10 ml was given
daily intraperitoneally to rats for 3 days.
(e) Mercury chloride. (Matheson Coleman
& Bell) 3 mg/kg of a 0.7% solution in dis-
tilled water was injected intravenously once
into rabbits. (f) Histochemistry. Hale’s meth-
od for acid mucopolysaccharide (6) was used.

Results. (i) Procoagulant content of the
urine of normal male rabbits and rats. (a)
Rabbits. Fifty-six determinations in 30
healthy rabbits revealed an average procoagu-
lant content of 8.23 units/ml of urine (SD
2.34).

(b) Rats. The values of 35 determinations

in 16 rats were 1.85 units/ml (SD 0.54). The
frequency distribution of these values is shown
in Fig. 1.

(ii) Masugi nephritis in rabbits (7). Masugi
nephritis was induced with the rabbit anti-
kidney serum in 5 rabbits. In all animals,
moderate oliguria and loss of appetite devel-
oped after 24 hours followed within 5-8 days
by a marked proteinuria and hematuria. The
first day after antiserum injection, the urinary
procoagulant dropped (av. —50%) and re-
mained at this level until proteinuria and
hematuria developed at which time the values
returned to normal. During actual nephritis,
the procoagulant values were essentially nor-
mal and remained so during the further course
of the disease (Fig. 2).

(iit) Aminonucleoside-induced nephrosis in
rats (8). Experimental nephrosis was induced
in 9 rats. Mild proteinuria (50 mg protein
loss per day) developed 1 week after the first
injection, became more severe (500 mg) dur-
ing the next 1-2 weeks, and then disappeared.
The week following the injection, the pro-
coagulant content of the urine gradually
dropped to zero, was absent during the phase
of maximum proteinuria, and returned to
normal as the proteinuria diminished (Fig.
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3). Two rats received four additional injec-
tions resulting in absence of the procoagulant
together with a persistent proteinuria for a
3-months’ observation period.

(iv) Blockage of tubular reabsorption of
glucose (9). Tubular reabsorption of glucose
was blocked by phlorizin in 4 rabbits. Thirty
minutes after injection, glucosuria and pro-
teinuria appeared with no change in pro-
coagulant content of the urine. The procoagu-
lant started to rise (av. 4172%) in about 1
hour together with an increase of glucosuria.
At 2-3 hours, a moderate drop (av. —39%)
of the procoagulant occurred with return to
normal at about 4 hours at which time a mild
proteinuria and glucosuria were still present
(Fig. 4).

(v) Albumin-induced proteinuria (10). Re-
versible proteinuria was induced by albumin
overload in 8 rats. Marked proteinuria was
evident the day after the first bovine albumin
injection and generally increased during the
injection series. The urinary procoagulant
rose severalfold (av.{508%) during the first
2 days and decreased subsequently to zero
as the protein excretion increased. The initial
rise occurred in seven out of eight animals,
but the temporary loss of procoagulant ex-

cretion occurred in all of them. After termi-
nation of albumin loading, the proteinuria
tapered off and the procoagulant excretion
was rapidly resumed (Fig. 5).

(vi) Mercury nephrosis (11). Toxic ne- -
phrosis was produced in 10 rabbits with iv
HgCl, injection. There was a marked rise
(av. +301%) in seven out of ten animals
of the procoagulant content of the urine after
approx. 12 hours. Diarrhea, loss of appetite,
proteinuria and glucosuria developed within
24 hours. The procoagulant increase was fol-
lowed by a rapid drop to zero for 1 to several
days with subsequent return to normal 1-3
days preceding disappearance of glucosuria
and proteinuria (Fig. 6).

(vii) Histochemical observations. Staining
of kidney slices for acid mucopolysaccharides
was carried out in untreated rabbits, during
the transitory increase of the procoagulant
content of the urine, and at zero excretion.
Normal rabbit kidneys occasionally showed
a faint positive Hale stain of the tubular epi-
thelium. Hyaline droplets in the tubular epi-
thelium in albumin-induced proteinuria and
in necrotic material in the tubular lumen in
HgCl. nephrosis gave a strongly positive Hale
stain. At zero excretion, no more Hale posi-
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tive substances could be demonstrated in the
tubules.

Discussion. Beyond the thrombin generating
capacity which served to identify it, little is
known about the properties of urinary pro-
coagulant. The material has a molecular
weight above 200,000 (exclusion by Sephadex
200) (3). That a purified, though still het-
erogenous, preparation may be stained with
Hale’s stain indicates the presence of mu-
copolysaccharides (3).

Its presence in urine posed the problem of
whether it is present in blood and excreted
by the kidney, or is a product of the kidney or
lower urinary tract. Its disappearance from
urine, not only from patients with renal
failure but also from urine of patients with
the nephrotic syndrome without azotemia,
suggested that it is produced in the kidney.
Furthermore, sinde the two clinical con+
ditions in which it disappeared from the urine
involve the proximal tubule (the nephrotic
syndrome and acute tubular necrosis), the
proximal tubule became suspect as the site for

procoagulant production. This clinical asso-
ciation is extended to experimental animals
by the present study. Production of heavy
proteinuria by administration of aminonu-
cleoside or heterologous albumin resulted in
disappearance of urinary procoagulant. This
effect was also produced by HgCl, damage
to the proximal tubule. It was thus possible to
eliminate urinary procoagulant excretion by
experimental procedures aimed at the renal
tubule.

However, the factors governing urinary
procoagulant excretion appear to be quite
complex. The decrease of urinary procoagu-
lant excretion in the phlorizin, albumin, and
HgCl, treated animals was preceded by an
increase in its excretion. In Masugi nephritis,
the decreased procoagulant excretion preceded
the proteinuria and hematuria and indeed had
returned to normal when this urinary evi-
dence of glomerular damage was maximal.
This normalcy of urinary procoagulant ex-
cretion at the time of maximal glomerular
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damage focused attention on the tubule as
the source of procoagulant.

Histochemical evidence that the renal tubule
was the source of procoagulant was sought
with the Hale stain for mucopolysaccharide
which does react with purified, though hetero-
genous, procoagulant. Although tubules of
normal animals were faintly Hale positive,
there was a correlation between the intensity
of the staining and the procoagulant excretion
in the HgCls, treated animals during the period
of increased excretion as well as the period
of decreased excretion.

Thus, the fact that a variety of experi-
mental renal disorders influence urinary pro-
coagulant excretion suggests that the kidney
is the source of urinary procoagulant. Identi-
fication of mucopolysaccharide in the renal
tubule suggests the tubule as the immediate
source of urinary procoagulant.

The rate of release of procoagulant into
the urine is likely to be influenced by many

variables including rate of accumulation in
the tubule cell and the structural and func-
tional integrity of the tubule cell. The
pattern of change in urinary procoagulant
excretion observed with each of the differing
experimental procedures, as well as the dif-
ferences in the effect of each type of proce-
dure, suggests that many factors influence
the rate at which the tubule releases urinary
procoagulant.

Summary. Nephrotoxic agents temporarily
alter the excretion of a procoagulant normally
present in the urine. Agents producing tubu-
lar necrosis or inducing proteinuria without
severe glomerular damage have the most
pronounced effect.
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The inhibition of protein synthesis by anti-
biotics such as tetracycline, chloramphenicol

or erythromycin has been found to be quite’

selective. Chloramphenicol and erythromycin,
for example, suppress protein synthesis and
the adaptive formation of beta-galactosidase;
inhibition of the induction of this enzyme in
Escherichia coli occurs at concentrations of
antibiotic that permit exponential growth (1,
2). Oxytetracycline has been noted to inter-
fere preferentially with the induction of peni-
cillinase in Staphylococcus aureus (3).

The purpose of the study reported in this
paper was to investigate the possibility of
selective inhibition of the hemolytic activity
of the El Tor strain of Vibrio cholera by anti-
biotics that alter protein synthesis. The data
obtained indicate that, under certain condi-
tions, inhibition of hemolysis may follow ex-
posure to some antimicrobial agents without
the development of obvious changes in the
growth characteristics of the organism.

Materials and Methods. The El Tor strain
of V. cholera used in these studies was ob-
tained from American Type Culture Collection
and was maintained in the laboratory by re-
peated passages on 5% horse blood agar.

The antibiotics employed included conven-
tional commercial preparations of penicillin,

* These studies were supported by Training Grant
AI-276 from the Institute of Allergy and Infectious
Disease of the National Institutes of Health, U. S.
Public Health Service.

streptomycin, polymyxin, tetracycline and
oleandomycin, paromomycin, chloramphenicol,
erythromycin, cephalothin, kanamycin and
colistin. Varying concentrations of each com-
pound were prepared in heart infusion broth.
These were mixed with a 10—2 dilution of
an 18-hour broth culture of V. cholera in
equal volume and incubated at 37°C for dif-
ferent periods of time. Deep and surface sub-
cultures from these mixtures were made on
5% horse blood agar and incubated at 37°C
overnight, at which time the presence or ab-
sence of beta-hemolysis was noted.

Results. Inhibition of hemolysis by single
antibiotics. Subcultures of V. cholera from
broth containing tetracycline, chlorampheni-
col, oleandomycin, erythromycin and paro-
momycin failed to produce hemolysis. The
degree of inhibition of hemolytic activity ap-
peared to be related to the concentration of
the drug and the length of time over which
the organism was exposed to it. As shown
in Table I, inhibition of hemolysis was de-
monstrable only when the level of the anti-
biotics exceeded their minimal inhibitory con-
centration (MIC). Tetracycline and chlor-
amphenicol were effective at 5-10 times their
MIC, whereas the other antimicrobiol agents
were active only at 10 times their MIC.

That the duration of exposure of the organ-
ism to a drug was of importance in suppres-
sing its hemolytic activity is illustrated by
the data presented in Table II. Production of



