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A Simplified Clinical Procedure for Measurement of Glomerular Filtration
Rate and Renal Plasma Flow.*

Davip P. EArLE, Jr., AND ROBERT W. BERLINER.
From the Department of Medicine, New York University College of Medicine, and N. Y. U.
Research Service, Goldwater Memorial Hospital, New York City.

The measurement of discrete renal func-
tions by means of ‘‘clearance” technics has
been of great value in the study of both nor-
mal and abnormal kidney physiology. How-
ever, the technics! required for the accurate
measurement of glomerular filtration rate,
renal plasma flow and tubular function have
several disadvantages, especially when applied
to human subjects. Since inaccurate collec-
tion of urine constitutes the main source of
error, an indwelling catheter, bladder wash-
outs, and 3 or more serial collections of urine
are required to yield reasonable accuracy.
The amount of time devoted to the collection
of blood and urine samples and to the chemical
analyses prevents the standard method of
measurement of the discrete renal functions
from being a simple routine clinical procedure.

Several investigators®~ have devised tech-
nics which make the collection of urine un-
necessary. These methods depend upon the
rate of disappearance of inulin (or mannitol)
and diodrast (or p-amino hippuric acid) from
the blood after intravenous injection. These
technics require serial blood samples to in-
sure accuracy, and are not suitable for re-
peated observations at intervals of less than
one day.

A simple procedure for the measurement
of glomerular filtration rate and renal plasma
flow has been devised that requires only a

* This investigation has been aided by a grant
from the Carnegie Corporation of New York.
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“blank” plasma sample and a single plasma
sample for each estimation of the renal func-
tions. This procedure is based on the as-
sumption that, at equilibrium, the amount of
a non-metabolized substance injected intra-
venously per minute should equal the amount
excreted by the kidney per minute; i.e. pro-
viding this is the only excretory route. The
measurement of glomerular filtration rate
(inulin clearance) simply requires an intra-
venous infusion pump! that delivers fluid
containing a known amount of inulin at a very
constant rate, and a sample of plasma ob-
tained after equilibrium between the rates of
injection and excretion of inulin and its dis-
tribution in the body fluids is established.
The clearance is calculated by dividing the
amount of inulin injected per minute by the
plasma inulin concentration.  (Clearance
equals
Inulin exereted per minute, mg X 100

Plasma inulin coneentration, mg per 100 ml
and at equilibrium, equals
Inulin injected per minute, mg X 100

Plasma concentration, mg per 100 ml
The renal plasma flow (p-amino hippuric
acidt clearance) can be measured simultane-
ously in the same way.

“Priming” intravenous injections of inulin
and p-amino hippuric acid were given in
amounts calculated, on the basis of their es-
timated volumes of distribution, to achieve
plasma levels of 5 and 2 mg % respectively.

t The infusion pump used in these experiments
consisted of a worm-driven rod that pushed on the
plunger of a 50 ml syringe. This is excellent for
short experiments, but not for any study extending
over 3 or 4 hours.

{ Since p-amino hippuric acid is acetylated by
man it is necessary to determine ‘‘total’’ p-amino
hippuric acid after hydrolysis.
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The sustaining infusions delivered by the
pump to maintain these levels were calculated
on the basis of the estimated renal functions.
Under these conditions, equilibrium was
achieved with inulin shortly after 60 minutes
and with p-amino hippuric acid within 30
minutes.

Glomerular filtration rate and renal plasma
flow, as measured by the technics just de-
scribed, were compared with simultaneous
measurements by the usual method involving
3 serial urine collection periods. Four ex-
periments in 3 normal young adult male sub-
jects are summarized in Table I. Excellent
agreement between the 2 technics was ob-
tained when the averages of 3 periods are
considered. The infusion technic, however,
appears to yield more consistent individual
values. The variations noted among the serial
standard clearances are presumably the re-
sult of inaccuracies in urine collection.

Comment. A simple technic for the meas-
urement of glomerular filtration rate and renal
plasma flow has been devised. It requires a
constant intravenous infusion pump and a

PERITONEAL REACTION TO COLLOIDAL PIGMENTS

minimum of blood samples and chemical an-
alyses. It does not require urine collection
and for this reason is simpler and more ac-
curate. The method can be utilized for re-
peated serial observations during 24-hour
periods.

Whether this technic can be adapted to the
measurement of the maximal rate of tubular
secretion or reabsorption of substances ex-
creted only by the kidneys has not yet been
established. It will also be necessary to de-
termine how accurately the method can re-
flect acute changes in renal function and the
effect of acute changes in the volume of body
fluid compartments upon the measurements.

Finally, it may be noted that this method
could be applied to the measurement of the
“clearance” of other substances by other or-
gans, provided the substance under study is
excreted or metabolized only by the organ
in question.

Acknowledgement is made to Doctor W. A.
Feirer, of Sharp and Dohme Incorporated, for a
generaus supply of ampuls containing sodium para-
iuminohippurate.
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Reaction of the Rat Peritoneum to Acid Colloidzl Pigments.

RareH N. BairLir,

(Introduced by F. G. Brazda.)

From the Department of Anatomy, School of Medicine, Louisiana State University, New
Orleans.

It is now well known that many types of
foreign particulate matter are rapidly removed
from the peritoneal cavity; this is particularly
true of substances in acid colloidal form. Part
of such a material is discharged into the
lymph stream while the remainder is taken up
by macrophages from adjacent connective tis-
sues. MacCallum! and others have studied
the free cells which appear in peritoneal fluid
under these conditions, but most investigators
have devoted but little attention to the
peritoneum itself. In these investigations, an
attempt is made to follow changes in the
peritoneum and to note differences in its re-
gional response to various acid-colloidal pig-

1 MacCallum, W. G., Bull. Johns Hopkins Hosp.,
1903, 14, 105.

ments.

Materials and Methods. Four groups of
inbred albino rats, 67 in all, were used in
these experiments, each group being composed
of individuals of nearly the same age (within
one week); all animals weighed 150-190 g
at the time of the first injection. One group
was intraperitoneally injected with each of
the following pigments: trypan blue, Biebrich’s
scarlet, India ink, and Chlorazol black E
(Erie black GX00). These materials were
made up as 2% solutions in distilled water.
Animals were given daily injections of 1-3 cc
over periods of time ranging from 1-75 days;
they were killed 18-24 hours after the final
injection. Tissues were fixed in Bouin, Helly
or Regaud’s solutions, dehydrated in alcohol



