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A cancer test based on polaro-
graphie analysis of blood was Pro-
posed and partly developed by
Brdicka in 1937. Principally, the
method involves precipitation of
~plood protein by sulfosalicylic acid
and polarographic analysis of the fil-
trate in the presence of ammonium
hydroxide and hexamine cobaltie
chloride. For details see Brdicka
(1947) and Kolthoff and Lingane
(1952). The polarographic activity is
associated with a mucoprotein, iso-
lated electrophoretically in the alpha
globulin graction at pH 8.4 (Green-
stein and Haddow, 1953). Homolka
(1954) analyzed the electrophoretic
fractions of blood serum applying
Brdicka’s method and found that
alpha and beta olobulin-like sub-
stances showed highest polaro-
_graphie activity.

Experimental animal work has
been less extensive than clinical diag-
nostic work. Crossley (1941) dem-
onstrated that the polar-ographie
changes of blood caused by pneumo-
cocci infection were similar to those
caused by cancerous growth. Fuor-
ther work (Klatt, ot al., 1941) show-

ed that the polarographie test might -

be accurate In advanced Flexner-
Jobling carcinomata in rats. Miner,
et al., (1941) found that the adminis-
tration of carcinogenic substances
reduced the blood levels of sulfur-
containing amino acids in a way
analogous 1o that produced by ecan-

cerous growth Winzler, et al., (1944)
showed that pyogenic infections and
cancerous conditions effected similar
polarogra,phic changes. Such factors
as differences in strain, sex, age, and
diet, liver cirrhosis or regenerating
liver did not have any notable effects.
Spontaneous regression 0T extirpa-
tion of tumor was accompanied by a
rapid return 1o normal. Westfall,
et al., (1945) found changes in the
polarographic blood picture of rab-
bits with Brown-Pearce carcinoma,
while the benign tumor had no effect.
No correlation was found between
the degree of malignant involvement
and the polarographic response. As 2
result of their study with Walker 256
tumor, Mundro and Boyd (1951) sug-
gested that the relationship between
tumor size and animal weight might
be a determining factor for inducing
pola_rographic blood changes, al-
though their experimental geries was
not large enough to make any final
conclusions. Neish (1954) studied
Walker 256 tumors, applying the
Waldsehmidt-Leitz test on bloocC
samples, but could mot detect any
significant correlation between tu
mor size and
response.

On the basis of the available liter:
ture it was felt that there were 1
extensive studies dealing with tl
progression of the polarograph
changes during tumor growth. T)
available evidence indicated that t
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correlation, if any, between the
degree of the polarographie response
and tumor size does not exist to any
significant degree, Therefore, the
objective of thig study was a careful
quantitative study of the changes of
the polarographic active substances
in blood during tumop growth,

The general plan of the work
undertaken can pe outlined as fo)-
lows :

1. The daily levels of the polaro-
graphically active substances in
blood were determined in non-tumor
animals to establish the range of
hormal valyeg,

2. The polarographic waves of
normal and cancerous blood were
compared, taking into consideration
both i

pattern oceurring in
non-tumorous ratg,

3. . The magnitude of the polaro-
graphic changes in blood wag corre-
lated with the age and size of the
tumor, to ascertain whether op not
a relationship existed,

Marrriarg AND METHODS

Repeateq blood analyses were
performed on each anima] before
and after transplantation of tumor.
The blood (0.20 ml.) wag withdrawn
from the eandaj vein.

The blood samples were treateq as
described by Winzler, of al., (1944).
Appropriate amounts of fresh stock
solutions were mixed each day ‘to
make the fina] reagent used in polaro-
graphic analysig.

A Sargent model XXT _polaro-

raph was uged. The dropping mer-.
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cury electrode (t = 2.56 see., drop
time; m — 3.7 mg., drop weight)
was the cathode. One ml. of mercury
in the test tube (14 mm. by 125 mm.)
served as a stable anode. The drop
distance wag kept constant. The volt-
age span was from +0.20 to —2.0
volts; applied voltage was from 40.0
to 80.0% of the voltage span. The
height of the waves was expressed
in mﬂlimeters, where 10 mm, COrre-
sponded to a current of 3.0 milli-

tential has heen described by Will-
ard, et qf, (1951). The diffusion
current of the firgt wave due to the
reduction of cobalt was ugsed as a
baseline fop the measurement of the
second wave due to the blood mueco-
broteins. The changes in half-wave
potential were eXpressed as the vari-
ations 'in distance in millimeterg
from the starting point of the po-
larogram to the point on the abscissa:
(applied Dotential ) corresponding
to the midpoint of the wave height,
i . in either direc-

of the applieq botential : (a) single
waves from —1.35 t, =155V, (b)
double wave—first wave from —1.15
to —1.25 V ang second wave from:
—135to —155 Vv,

Animals yged were Sprague-Daw.
ley rats of both sexes, 180 to 250 gms.
in weight before tumor transplanta-
tion.

A Walker 256 tumop cell suspen-
sion was ugsed for transplantation.




108

saline contained 1,000 Units of crys-
talline potassivm penicillin G per
1 ml. Two-tenths milliliter of this
suspension was injected subcutane-
ously into the inguinal region of the
rat. Growth of the tumor was fol-
lowed by repeated measurements of
three diameters of the tumor using
a vernier caliper. The volume Of
tumor was expressed aceording to
the formula, v—=0.52 d3, where d3=
products of three diameters (Schrek,
1936). For statistical methods em-
ployed see Hill (1952).

RESULTS

Before going into a detailed dis-
cussion of the experimental results,
a few remarks regarding the method
used for polarographic recording
may be pertinent. Qince the emphasis
was placed on changes in half-wave
potential in tumor-bearing animals
and in mnormal animals with a
tumor-like wave pattern, a PO
Jarographic recording covering 40
1o 80% of the applied potential was
necessary. Lt was reasoned that any
observed differences in both condi-
tions might be of differential diag-
nostic value. Secondly, this polaro-
graphie recording was mnecessary to
obtain a well defined second wave. It
seemed that the presence of a well
developed second wave might be a
more objective criterion of eancerous
growth than the establishment of a
definite range of normal wave height
as opposed to definite ranges of can-
cerous wave height. '

The reagent polarographic wave

values were as follows: (a) wave
height, 23.9 mm. +0.3 (mean
+8E); (b) half-wave potential,

892 mm. +=1.9 (—1.25V); (e) num-
ber of determinations, 67 (n=67).
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TABLE 1.—Distribution of Single and
Double Wave Animals before Trans-
plantation of Tumot.

/

. To
No. animals
Animal group animals | tested
Single wave animalst. . . 42 79
Double wave animals?. . 11 2

a. three times...... 3
b. two times......- 3
¢. onetime......-- 5

1gingle blood wave three times.
2 Double blood wave at least once in three con-
secutive tests.

The polarographic values of reagent
solutions showed close agreement
and good reproducibility. The wave
height of the reagent was 2 few
millimeters lower than that of so-
lutions containing blood filtrate
from animals giving the gingle wave
(Tables 2, 3).

Table 1 illustrates the incidence of
““gingle wave’’ animals before tumor
transplantation. Approximately
80% of all animals tested manifested
single wave pattern in three consecu-
tive tests on different days. The
double wave animals constituted ap-
proximately 90% and could be di-
vided into three classes, according
to the observed frequency of the
double wave. Animals exhibiting the
double wave two or three times were
in approximately the same propor-
tion, while those showing the double
wave once in three determinations
constituted the largest percentage.
Apparently, the double wave in non-
tumorous animals was not a ¢oMIMON
phenomenon. Tn cases where it oc
curred, it was not consistent in it
presence and showed wave heigh
Auectuations in both Jireetions. Thes
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findings with “normal’” double Wwave
animals were just the Opposite to
those observed in animals with wel]
developed tumors. In the latter cases
the double Wave was a constant
phenomenon with 5 definite tendency
to increase with tumor growth (Ta-
ble 4). The mean values (Table 23
do not very well illustrate thig point
with reference to the non-tumoroys
animals, though the data on individ.
ual animalg point it out more clear-
ly. The magnitude of the second
wave in non-tumor animals wag in
Some cases comparable to that eanged
by tumor growth. No significant dif-
ference could be detected in the half-
wave potential of tumorous animalg
and so-called double wave animals
without tumors, It can be gaig that,
although there were neither qualita.
tive nor quantitive differenceg be-
tween the double waves of ‘“‘“normal?’
and tumor animals, in an absolute
sense, there were certain character-
isties  ( constancy of appearance,
daily variations) which may help to
differentiate between thege two types
of the double wave.

%
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The bercentage of the successful
tumor transplantations Was approxi:
mately the same in both single and
double wave animals,

The wave height angd half-wave
potential of norma] single wave
animals did ot show any appre-
ciable variations, (Taple 3). This
becomes evident when  the daily
means are compared with the grand
mean of all rats tested (42 animals,
three determinationg in each case)—
wave height, 244 mm. 0.3, and
half-wave potential, 89.2 mm. +0.6

The relationship between the
double wave and the tumor age is
Summarized in Table 4. At early
stages of tumor growth seven to nine
days after transplantation, no signifi-
cant changes in the magnitude and
the incidence of the double wave were
observed. Only after ten days was
there a significant increase in the in-
cidence of the double wave, With
brogressive tumor growth, all ani-
mals showed the double wave pat-
tern. The height of the second wave
exhibited significant increase ten
days after transplantation. This

TABLE 2.—Blood Waves of Rats Showing Double Wave before
Transplantation of Tumor,
n}wm

No. animalg

Wave height, mm.t

R —

potentia]t

double?

Determination single double single single double?
- _ - S IR e — R
Isto.oooo 0. 4 7 25.5+0.8/ 18.1+0.8 87.0+2.8 72.94+2.0

(36.49) (63.69,) 23.945.5 102.9+1.7
2od. .. ... .. 4 7 29.2+1.6 18.340.8 88.5+2.7 71.6+1.1
(36.49) (63.6%) 28.0+3.4 103.0+0.2
rd. ... ... 4 6 31.0+1.4 19.5+1.2 90.8+3.7 75.5+2.1
(40.09) (60.09) 23.7+7.3 101.5+3.6

Mean =+ SE,

2 Height and potential of 1st wave indicated firgt.

e e
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TapLE 3-—Daily Variations of Blood Waves before
Transplantation of Tumor.
Half-wave
No. animals Wave height, mm.! potential'
- [
Determination single doub e single double? single double?
e e —
T TR 31 4 25.4+0.1 17.2+1.1] 87.7x1.1 73.0+2.2
(88.6%) (11.4%) 28.5+9.0 .510.6
ond. ..ot 31 4 27.8+0.6 17.5+0.3| 89 7+1.1) 72.5+1.2
(88.6%) (11.4%) 33.5+4.0 106.2+1.4
Brd. e 31 2 29.0%£0.5 16.5+0.4] 89.7£1.0 77.0£0.0
. (93.9%) (6.1%) 17.0+1.4 102.0+0.0
1 Mean =+ SE.
- 2 Height and potential of 1st wave jndicated first.
point ecoincided with the first marked growth of individual fumors. In

the frequency of ifs oc-
currence. The maximum height of
the second wave Was reached after
17 to 20 days. At this stage of tumor
growth the blood analyses were dis-
continued because the tumor showed
a tendency toward necrosis. In cases
where nhecrosis was apparent, the
gsecond wave usually exhibited a ten-
dency to increase. as neerosis ad-.
vanced until its height reached &
maximum with a decline later.
The statistical analysis of the
height of the second wave, after
the tumor became well established,
showed that the following observed
differences were significant : 1
between 10-11 and 15-16 days,
$>3; 2) between 10-11 and 18-20
days, t>9; and 3) Dbetween 13-
14 and 18-20 days, t>2. The ob-
served differences in height between
other time intervals (10-11 and 13-14
days, 13-14 and 15-16 days, 15-16
and 18-20 days) proved to be insig-
nificant. This could be partially ex-
plained by the variations in rate of

inerease in

e T -

order to examine the relationship
between the volume of tumor and the
height of the gecond wave a coeffi-
cient of correlation was determined.
Animals used for this study had
readily measurable tumors and
well defined second waves. A posi-
five coefficient of. correlation, 0.49
was found with t value
of 3.75, which 18 highly significant
(Hill, 1952). These results would
suggest that the polarographic test
might be of value for following the
growth of tumors. In summary, it
could be stated that the second wave
showed a higher frequency of inei- -
dence and a definite tendeney to in-
crease both with the age and the size
of the tumor.

A closer examination of the rela-
tionship between the height of the
seeond wave and the corresponding
half-wave potential revealed that.
there was some positive correlation
between these two variables. The
average figures (Table 4)- do not
show this correlation in a clear fash-

,,ﬁ___4,¢,~»WWM,__,,A_¢,__,,___,_
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TABLE 4.—Blood Waves after Transplantation of Tumor,
Half-wave

Days after
transplant,
‘\ ———————
=200 ... 19 2
(90.5%) (9.59%)
6.0 ... ... 16 1
(94.19,) (5.9%)
8 19 2
(95.09,) (5.09%)
10-11....,. ... . 10 11
(47.69) (52.49)
13-14...... . 3 19
(13.69) (86.49)
15-16..... ... 0 22
(1009,)
1820.... . .. 0

14
(1009)

*Mean ~+ SE.

2 Height ang botential of 1st waye indicated first.

ion, but the values of individual
animals (Table o) illustrate it quite
clearly. The Tnegative shift of the
half-wave botential iy mogt probably
explained by an inereased concentra-
tion of the metal complexing agent,
the sulfhydryl groups of the mueo-
protein (Miiller, 1951).

Discussion

Objection to the use of the polaro-
graphic test hag been made because
of its Lins‘pemﬁeity. Our findings
SUpport this objection, It was dem-
onstrated in severa] “normal’’ ratg
with double wave battern that the
double wave disappeared after tu-
mor transplantation and reappeared
only when the tumor showed g defi-
nite size. Secondly, it was found

26.8+1.6/ 13.
12

28.2+2.6| 18.
1

27.8+1.2

Potentialt
double?
86.8+1.0 75.0+2,

99.0+0,

86.8+0.5 78.040.0
104.0+0.9

89.140.7 83.5+3.9
L 104.0%5.0

4
107.4+1.3

8
109.4+1.5

B

that the half-wave botentials of the
second wave in the blood of tumor-
Ous rats and so-calleq “normal ”’ rats
did not exhibit any notable differ.
ences. Thege findings woulg suggest
that in both cases the

stein and Haddow, 1953; Héhne
and Kiinke, 1954). More direct
evidence ag provided by .
molka, (1954), who polarograph.-
ically analyzed varioug electropho-
retic fractions of blood serums and
found that alpha and beta globulin
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Tapre 5.—The Height of the Second
Blood Wave and Half-wave Potentials.

-

Wave height Half-wave
mm.) potential
g — 109

58 11,

30 111

53 116

17 112

58 121

12 107

46 116

39 109

70 126

//

1 Each pair of values is from same animal.
2 Fxpressed in mom. trom starting point of
polarogram.

fractions containing mucoprotein

were most active polarographieally.-

The question may arise as vtromwhat
can be undertaken to increase the
practical value of this cancer test.
Tn cases of infectious conditions,
intensive. anti-biotie therapy may
be of value in eliminating . the
complicating offects of infection.
There is some clinical evidence
showing that by excluding infections
this test may be made more sensitive
(Robinson, 1948). Secondly, repeat-
ed determinations may be of value
to eliminate false positive diagnosis,
gince a normal person will usually
exhibit a normal polarographic pic-
ture provided no change in his
health oceurs. The ““pormal’’ non-
cancerous human cases with abnor-
mal polarographic values tended to
ghow larger variations than .those
with a normal polarographie pic-
jure (Forssberg and Nordlander
1950). Somewhat analogous results
were obtained with our non-tumor-

L ——ET ST
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ous rats with double waves which
did not appear constantly during
repeated determinations and showed
a tendency to fluctuate in their
heights daily. This is just the oppo-
site to the findings in tumorous rats.

The results obtained in following
the polarographic blood changes
during the process of tumor growth
indicated that there is a definite cor-
relation between these two variables.
Queh a correlation would suggest
that the polarographic test could be
a valuable tool in following the
course of malignant growth under
therapy. There is some clinical
evidence that the changes. in the
condition of prostate cancer are well
reflected n the polarographie,blood
picture (Robinson, 1948).

The value of the method applied
in this study to detect the latent pre-
cancerous stages of the neoplastie
growth does not seem to be high, as
indicated by our findings on Walker
956 tumor. Only definitely palpable
tumors gave positive diagnosis.

SUMMARY

Repeated polarographic analyses
of whole blood, applylng the Brdicka!
test as modified by Winzler, et al.,
(1944), showed a double wave po-
larogram at least once in 20% of all
non-tumorous rats.

The second wave in non-tumorous
rats was a relatively unconstant phe-
nomenon and showed irregular ten-
dency to fluctuate in its size in indi-
vidual animals. These characteristics
of the second wave in non-tumorous
rats were just the opposite to those
observed in animals with well devel-
oped tumors.

The blood .double wave due to the
fumor growth appeared only when
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the tumorg showed definite size and
progressive growth. This method was
not sensitive enough to detect the
early (latent) stages before the tu-
mors were well palpable.

Some degree of correlation be.
tween age of the tumors and concom-
itant changes in the height of the
seeond wave wag established.

The unspecificity of the
some

test was
suggestions
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