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Figure 2: Left to right--Cobaltic reference wave, normal menstrual
wave, Cobaltic reference wave, flowing
mercury electrode tracing of same normal
menstrual serum,
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Figure 3:

21 normal BSFR or menstrual controls.



Figure 4: left to right--Cobaltic reference wave, peripheral blood
from cz2rvical carcinoma, genital blood
from czrvical carcinoma.




Figure 5:

Left to right--Ccbaltic reference wave, genital blood
fiom endcmetrial carcinoma, peripheral
blood frca endometrial carcinoma.



The Brdicka Filtrate Reaction:
A Neglected Polarographic Aid for the
Detection, Diagnosis, and Prognosis

of Neoplastic Processes
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This article is in press and will appear
in the July issue of the Nebraska State Med-
ical Journal.



The

Brdicka Filtrate Reaction:

A Neglected Polarographic Aid for the
DETECTION, DIAGNOSIS, and
PROGNOSIS of NEOPLASTIC PROCESSES*

HE application of diverse

techniques and instrumentstion

from the fields of electroaics,
physics, and chemistry to medical prob-
lems is one of the important developments
in modern medicine. It is the purpos2 of
this paper to point out the utility of one such
technique — polarography — as an ail to
laboratory studies of human cancer. Also
included is the research in this field curient-
Iy being carried out at our institution.

Theory of Polarography

In the year 1922, Professor Jaroslav :{ey-
rovsky (Nobel Prize, 1959) and his collabor-
ators at the Charles University, Prague,
Czechoslovakia, introduced polarographic
analysis. This technique is an outgrcwth
of the singular properties exhibited b~ an
electrolytic cell consisting of a large, ciffi-
cultly polarizable reference electrode; a
small, readily polarizable electrode in the
form of a mercury drop growing at the end
of a glass capillary tube, and a solution con-
taining trace concentrations of electro-re-
ducible, or electro-oxidizable materials. An
electrolyte possessing a strongly electro~osi-
tive ion, called the supporting electrolyte, is
also necessary.

When an electromotive force, changirg in
value, is impressed across such a cell and
the resultant current is plotted as a fun«tion
of the applied voltage, a curve such :s is
shown in figure 1 is obtained.

The wave height, as measured from the
current axis, is proportional to the cor cen-
tration of the trace ionic material, while the
location of the inflection point along the
voltage axis is characteristic of that par-
ticular trace ion.1-2.3.4

History and Theory of the Brdicka
Filtrate Reaction
Dr. Rudolf Brdicka and his associates,
while investigating by means of polarcgra-

RICHARD RAPPOLT, B.A.¥

Depertment of Physiology and Pharmacology.
University of Nebraska College of Medicine
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phy the electrolytic deposition of cobalt from
an ammoniacal cobaltammine solution (fig-
ure 2), sought a suitable suppressing agent
to depress the sharp current maximum re-
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VOLTAGE CE%=0.437)

Figure 1.

6.82 rmicregrams of lead in 28 wml ef
urine.

Note the characteristic E} for lead. The con-
centratien is arrived at by comparison with previously
run standards.

sulting from this reduction. Blood serum
being available, and already having been
used to suppress other similar current maxi-
ma, was used. Unexpectedly, not only was
the reduction maximum suppressed, but the
presence of serum proteins gave rise to a
polarographic double wave occurring at a
slightly higher voltage, as seen in figure 3.

*A preliminary report was presented at the May 1%61 meet-
inz of the Omaha Research Cluk, an affiliate of the American
Federation fer Clinical Research.

+The author wishes to express his appreciation te Dr. H.

R. Wetherell for helpful suggestions during the preparation
of this manuscript.



The height of this wave varied with the
concentration of the serum.’

Lt

Figure 2. The reduction of the Brdicka cobaltic so-
lution used as a base line for all filtrate reactiens.
The first run had a shunt ratio of 1:200, while the
second is 1:500. Note the maximum on each curve.

Two different negative filtrate reactions
run during the early studies in order to determine
normal distributions of wave height. Note the sup-
pression of the maxima and the additional wave {as
compared to figure 2) due to the serum protein
degradation products,

Figure 3.

Dr. Brdicka was intrigued by this seren-
dipitous observation and by the enzymatic
studies of Waldschmidt-Leitz on normal and
cancerous sera.® To prepare the serum be-
fore electrolysis, he devised a denaturation,
deproteination procedure employing dilute
alkali and sulphosalicylic acid. Additional
experimental work disclosed that the polar-
ographic serum filtrate wave was caused by
degradation products of serum proteins be-

ing detoxified by sulfhydril groups. This
reflected itself in cancerous sera by a com-
plete impoverishment of the serum con-
stituents containing the cystine group-
ings.5 % 8% Briefly, if there are more de-
gradation products of proteins, then there is
less cystine, and hence a larger protein wave,
as seen in figure 4.

Figure 4. A positive serum filtrate reszection from =2
patient with terminal disseminated cancer. XNete the
obliteration of the cobait maximum and the increased
wave height as compared to figure 3.

As of 1947, approximately 15,000 samples
had been examined at the Radiotherapeutic
Institute, Bulovka Hospital, Prague,® and
the following general conclusions, which
have been confirmed by many independent
investigators, were stated:

1. When the height of the filtrate wave
lies within statistically normal limits
the test is called negative.

1o

The height of the filtrate wave in-
creases according to the development
of the malignant process. The more
rapid the increase of the serum fil-
trate wave with time the poorer the
prognosis.

When a tumor is surgically removed
or treated successfully by irradiation
or chemotherapy, or both, the Brdicka
filtrate wave gradually becomes less
pronounced. Accordingly, metastases
are manifested through a return and a

[SV]



periodic increase of this serum filtrate
wave.

the series of tracings from one patient
as seen in figure 6.

4. In order for the test to have diagr os-
tic significance all other diseases ¢(f a
general inflammatory nature must be ]
ruled out. (Figure 5). 973
538mp 50
2.
\ 3 4

Figure 5. The initial filtrate reaction, taken the 2rd
hospital day from a patient admitted for bloody stoois,
is strengly positive. The second tracing was takin
two weeks later following conservative ulcer therap .. 5&
The patient eventually was sent home and has remain d
asymptomatic on a strict dietary regimen.

5. Negative findings for patients suf-
fering from a demonstrable destruc-
tive tumor are rare, and occur mq stly
for nonmetastatic skin tumors and
less often for the beginning tumse: s of
the female organs. In cancer of the
liver and biliary system the test has
been proven less reliable.5 ¢

-
o

 Figure 6. A series of tracings from ene patient
diagnosed as bronchogenic carcinoma metastasized from

S

Qur investigations indicate that the

degree of efficacy of therapy can be
judged by following changes in the
polarographic filtrate wave. In our
experience the test indicates the cyto-
toxic effect of a chemotherap:utic
alkylating agent* whose dosages thus
far have been regulated by the plate-
let count or other indices of »ene
marrow damage. We beliepe tkat a
safe level of effective therapy can be
judged and damage to nonmalignant
cells can be anticipated by se-eral
weeks by keeping the serum fil:rate
wave at the lower limits of a posi-
tive (pathological) test. These con-
clusions can be inferred by following

*CYTOXAN, brand of Cyclophosphamide, Mead Joh:son &
Co., Evansville, Ind,

a caecal focus.

1st Tracing — 22 Qctober, 1960. Strongly positive,
suggestive of an advanced malignancy.

2nd Tracing -~ Cobalt solution electrolysis used as
a base line for measuring pretein wave height.

3rd Tracing — & May, 1961. Platelet count, 110,000 ;
received X-ray therapy from November, 1960 to
March, 1961 for a total of 4,200 R.

4th Tracing — 11 May, 1961. Platelet count, 183,-
000; received 400 me. of cyclophosphamide par-
enterally from & May to 11 May.

5th Tracing — 17 May, 1961. Platelet count, 251,-
000; received 608 mg. cyclophosphamide from
11 May to 17 May.

6th Tracing — 12 June, 1961. Platelet count, 91,-
000; receiced 1500 mg. cyelophosphamide orally
from 17 May to 9 June; drug therapy was dis-
continued on this date.

Ttl(;o(')l‘racing -~ 19 June, 1961, Platelet count, 106,-

Stlao(;l‘racing e 25 July, 1961. Platelet ceunt, 94.-

Laboratory Method

Following is the detailed laboratory pro-
cedure that our service has adopted for rou-



tine clinical evaluations by means of the
Brdicka serum filtrate reaction:

1.

=~

A fasting blood sample, approximate-
yl 4-56 ml., is withdrawn from the pa-
tient’s antecubital vein, with a needle
large enough so that hemolysis does
not occur (20 gauge or larger).

n.b. We have found that nonfasting
as well as fasting runs have fall-
en within the experimental er-
ror. We have not obtained false
negative or positives with non-

fasting blood.

Remove needle and gently express
contents of syringe into a 15 ml. con-
ical centrifuge tube.

Allow blood to clot, and if necessary
clotted blood may be kept in the re-
frigeratory for several hours.

After loosening the edge of the clot
from the centrifuge tube with a glass
rod, centrifuge at 2500 r.p.m. for 15
minutes; then at 4500 r.p.m. for 15
minutes.

n.b. A refrigerated centrifuge is rec-
ommended.

After centrifugation, withdraw 0.4
ml. serum with a calibrated 1.0 ml.
pipette, or preferably a micropipette,
and discharge contents into a micro-
beaker of 3-5 ml. capacity.

Transfer the beaker to a refrigerator
and blow in 1.0 ml. of 0.1 N KOH
(previously refrigerated) and allow to
denature at a temperature between
0-10°C. for 45 minutes.

n.b. Denaturing time is critical, as
we have recorded false positives
with longer denaturations.

After removing the beaker from the
refrigerator, immediately add 1.0 ml.
of 20% sulfosalicylic acid; allow pro-
tein fractions to precipitate out for 10
minutes, stirring with a small glass
rod 50x at beginning and 50x just be-
fore 10 minutes have elapsed.

Pour the contents of the beaker down

the rod onto Whatman No. 44, 7.0

cm. filter paper (W&R Balston, Ltd.)

and filter for 12 minutes.

n.b. The choice of time for a par-
ticular filter paper is critical
and should be standardized for

10.

11.

12.

Co.,

all subsequent runs. It may be
longer or shorter than 12 min-
utes for a slower or faster paper,
but the time must be kept the
same for each succeeding run.

With a calibrated 1.0 ml. or micro-
pipette withdraw 0.4 ml. of filtrate
and transfer to a Heyrovsky flask.

Add 4.0 ml. of cobaltic solution of the
following composition:

0.001 M Co (NH.),Cl*

0.1 N NH,CI

1.0 N NH,

Prepared as follows:
0.2675 g. Co(NH.,),Cl,
5.35 g. NH,CI
17.0 g. NH, (67.5 ml. of
28% NH,0H)
q.s. to 200 ml. with distilled water.

Drop enough mercury down the side
arm of the Heyrovsky flask so that
the pool covers the platinum contact.

n.b. The platinum wire from the side
arm may be depressed to touch
the bottom of the Heyrovsky
flask so that the amount of mer-
cury in the anode pool can be

held to a minimum.

The toxic properties of mercury are
well known, and with this in mind
several precautions should be adhered
to while using this volatile metal.

a. The used mercury should be stored
under water and tightly stoppered.

b. The dropping mercury electrode
apparatus constructed according
to the E. H. Sargent & Company’s
instruction manual should be kept
in a large unbreakable pan in or-
der to retain any spilled mercury.

c. Powdered sulfur should be dusted
around the work bench from time
to time and allowed to remain for
several days. Mercury as the sul-
fide, rendered less toxic, can then
easily be swept up. The room
should be well ventilated.

d. The mercury is cleaned with the
apparatus pictured on page 372
of the Annals of the New York
Academy of Science, Volume 65,
Art. 5, with multiple washes of

*Hexarmminocebalti chloride, ¢, P., Amend Wrug & Chemical
117-119 East 24th St., New York 10, N. Y.



10% potassium hydroxide, lis-
tilled water, 15-20%% nitric acid,
distilled water, and finally fil-
tered through a needle hole in the
apex of a large piece of f'lter
paper.
13. Polarography:

Room temperature: 20-25°C.

Adjust Span E.M.F.: 4.0 volts.

Shunt Ratio: 1:200.

D.M.E. Potential: Negative (1e-
duction).

Photographic paper: Kodak Foyal
Bromide or Kodabromide F-1,
6x10 in.

Recording track: Commence initial
run on track 10 of the Sarwsent-
Heyrovsky Model x11 (10). Sub-
sequent increments of 1.5 should
allow one to record 5 or 6 well
separated tracings on the sime
film.

Zero point: Galvanometer light at
commencement of run should be
on 5 of the visible current scale.

Run: Crank the film drum scale to
0.20; turn on motor, and open

camera shutter simultaneously.
This maneuver allows the reac-
tion to be recorded from -—0.8
volts. An alternate method is te
turn on the motor with the film
drum scale on 0.00 and then, just
as the film drum scale reaches
0.20, open the camera shutter and
make contact with the anode
pool. This latter method would
presumably give the analyst 214
minutes of grace to correct any
last minute errors of omission or
commission. The run should be
finished (that is, the galvano-
meter light has moved off the vis-
ible current scale) when the film
drum scale reads approximately
0.45.

A summary of the appropriate filtrate re-
actions showing the high degree of accur-
acy achieved by this technique can be seen
in figure 7.
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