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Formazan Formation Compared to Phosphatase Activity in Human Serum*
(21271)

A. L. Wawpno,! R. E. Ztpr, axp P. Burton.t (Introduced by Charles A. Doan.)
From the Research Department, Diagnostic Laboratories, Miami Valley Hospital, Dayton, 0.

Malignant tissue is stained more intensely
with tetrazolium salts than normal tissue ac-
cording to Straus and his coworkers(1) and
Black et al.(2). This difference apparently
is caused by the higher concentration of the
glycolytic enzymes in abnormal tissue(3-7).
The question arises whether such enzymatic
changes in the tissue are reflected in the blood
or serum of the patient. The results of our
work indicate no correlation between the re-
ducing power of serum enzymes and malig-
nancy. Instead tetrazolium reduction in
serum js apparently correlated with phospha-
tase activity.

Materials and method. Triphenyltetra-
zolium reagent: One g of 2,3,5-triphenyl-2-H-
tetrazolium chloride (Eastman), 6.7 g potas-
sium dihydrogen phosphate, and 350 ml of
0.1 N sodium hydroxide are diluted to one liter
with distilled water. The pH of this reagent
is 7.2. Two ml of the triphenyltetrazolium rea-
gent, 6.0 ml distilled water, and 0.2 ml of
serum are mixed in a test tube, and incubated
at 38° C for 24 hours in the dark, because

* This study was supported in part by The Mont-
gomery County Soc. for Cancer Control, Dayton.

t Present address: 1111 Lark Ave., Kirkwood, Mo.

§ Present address: Univ. of Cincinnati Med. School,
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exposure to ultraviolet light itself causes re-
duction. The tubes are then cooled in an
ice-bath and 8.0 ml of acetone is added. This
mixture is stoppered and shaken well to dis-
solve the red formazan. If proteins precipitate
and cause cloudiness, the mixture can be cen-
trifuged. A sample of aqueous acetone mixture
is pipetted off and placed in a cuvette. The
color intensity is measured in a Beckman
Model B Spectrophotometer at 485 mp. Ace-
tone, which has been shaken with an equal
volume of water, is used as the reference solu-
tion or blank. The alkaline and acid phospha-
tase analyses were run according to a
spectrophotometric modification of the Bodan-
sky(8) and Gutman(9) methods.

Results. Using the method of Straus(1),
our results showed that various malignant
tumor tissues do not always show a deep red
staining, and some normal tissues, such as
mucosa of the gastro-intestinal and urinary
tracts, hepatic parenchyma, renal cortex,
uterine endometrium, and the parenchyma of.
the testis show a deep staining by formazan.

" Sera from patients with cirrhosis, Cushing’s
syndrome, renal rickets, hypo- and hyperpara-
thyroidism showed as great a reduction in
transmission as those patients with neoplasms.
However, the lowest per cent transmissions
were obtained from patients with cancer of the
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FIG. 1. Phosphatase activity vs. formazan forma-

tion. 9% transmission at 485 myu. Alkaline phos-

phatase in Bodansky Units (dotted square). Acid

phosphatase in XKing-Armstrong TUnits (dotied

cirele).

prostate and osteogenic sarcoma, neoplasms
with high serum phosphatase activity.

This led us to investigate phosphatase
activity. Fig. 1 shows the correlation between
phosphatase activity of serum and the forma-
tion of formazan from triphenyltetrazolium.

Summary. The reduction of tetrazolium by
serum is not a specific test for malignancy. It
seems however to be correlated with the serum
alkaline and acid phosphatase activity.
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Control of color change in amphibians has
been studied by many workers; material pub-
lished prior to 1943 was summarized by
Parker(1). According to Parker’s summary,
frogs respond to cool dark environments by
release of melanophorotropic hormone and
darkening of integument, whereas light and
warmth result in melanophore contraction
and light colors through retention or non-
secretion of hormones by the pituitary. Many
chemical factors also have melanophorotropic
actions and produce darkening of integument,
either by stimulating release of melanophoro-
tropic hormone by action on pituitary, or by

direct action upon melanophores(2). Recently
the study of factors which control color
changes in various species has become of
considerable practical importance. Johnsson
and Hogberg(3), Sulman(4) and Thing(5)
reported melanophorotropic effects of ACTH

TABLE I. Progressive Color Changes in Hyle
versicolor and Numerieal Assignments.

Color No.

Green
Olive
Mottled
Beige
Brown
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