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Two methods of studying the cytotoxicity
of reagents have been presented in previous
reports—the method of unstained cell counts
(1) and a color test(2). The method of un-
stained cell counts is based on the property
of living cells to resist staining with such dyes
as safranine and eosin. By the addition of
safranine, the number of living, 7.e. safranine
resistant, cells can be determined in a sus-
pension before and after treatment with a
reagent. This method was used to measure
the toxicity of adrenal cortex hormones and
other reagents. The color test is based on the
capacity of a cellular suspension to reduce
the oxidation-reduction indicator, 2,6 dichlor-
ophenol indophenol, even when the suspension
is exposed to air. The reduction of the dye
was inhibited when the toxic agent, formalde-
hyde, was added to the suspension.

The question now arises whether the toxi-
city of adrenal cortex hormones to lympho-
cytes can be demonstrated and measured by
means of the redox indicator.

Cototoxicity of lipo-adrenal cortex. Cells
of the rabbit thymus were suspended in a
medium of serum and Ringer solution. The
reagent, Lipo-Adrenal Cortex,t and the indi-
cator, 2,6-dichlorophenol indophenol, were
added to the suspension. The mixtures were
incubated at 37°C in small test tubes which
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and conclusions published by the author are the
result of his own study and do not necessarily reflect
the opinion or policy of the Veterans Administration.
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t Lipo-Adrenal Cortex is a commercial prepara-
tion of The Upjohn Co. It is a purified and con-
centrated extract, in cottonseed oil, of the adrenal
cortex. Each milliliter is reported to contain 40
rat units of cortical activity and to be equivalent
to 1 mg of 17-hydroxycorticosterone according to the
liver-glyvcogen deposition test.

were shaken mechanically to prevent settling
of the cells. In one hour the blue color of the
test mixtures disappeared as a result of the
reduction of the indicator. After about 7
hours of incubation, a slight blue color re-
appeared in the mixtures containing Lipo-
Adrenal Cortex but not in the control sus-
pensions without reagent. After 24 hours,
the treated suspension had a distinctly blue
color but the control suspension had only a
trace of color. The differentiation in the in-
tensity of color was sharp and definite. This
experiment indicated that the Lipo-Adrenal
Cortex had an inhibiting action on the reduc-
tion of the indicator by the cells. This in-
hibiting action was readily obtained with a
low concentration of reagent (0.00,004 ml of
the extract or 0.00,16 rat unit in the 0.4 ml
of test solution). Furthermore, it was evi-
dent that the lipoid preparation had no im-
mediate toxic effect but produced its first
appreciable action after about 7 hours of in-
cubation.

Titration of Lipo-Adrenal Cortex. The
suitability of the redox test for the titration
of adrenal cortex extracts and hormones was
studied in a few preliminary experiments. A
standard mixture was first prepared which
consisted of equal parts of fresh and heat
inactivated (56°C 1 hour) suspension plus a
small amount of indicator. This mixture,
evidently, contained one-half the number of
living cells as the fresh suspension. The test
preparations consisted of the fresh suspension
with variable amounts of Lipo-Adrenal Cor-
tex and with indicator. After 24 hours of
incubation, the colors of the various mixtures
were compared to determine which test prep-
aration had the same intensity of color as the
standard. This test preparation determined
the titer of the reagent. In experiments on
Lipo-Adrenal cortex, the suspension used con-
tained 200,000 living cells per cubic milli-
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TABLE I. Abstract of an Experiment to Determine the Titer of Lipo-Adrenal Cortex (Lac).

Test mixtures

(e N\
Redox LAC rat units Intensity of
Fresh-sus- Heated sus- indicator in .04 mlserum  color after incuba-
Tube No. pension, ml pension, ml 1:10000 ml added to tubes tion 37°,24 hr
A .32 0 04 0 =+
B .16 16 .04 0 ++
C 0 .32 04 0 +++
D .32 0 O .0004 +
E .32 0 .04 .0008 -+
F .32 0 04 .0016 +++

Mixture in tube E had same intensity of color as tube B with 509 fresh suspension.

titer is, then, .0008 rat unit of lipo-adrenal cortex.

meter. The final concentration of indicator
was 1:100,000. Under these conditions it
was found that Lipo-Adrenal Cortex in a di-
lution of 1:20,000 produced a color equal to
that obtained with a mixture of 50% fresh
suspension. The titer of the commercial ex-
tract was then approximately .00,08 rat unit
in the 0.4 ml of test fluid. The method used
for the titration of the extract is exemplified
in Table I.

The titration of the reagent has to be done
with strict aseptic technic. The contamination
of the suspensions with bacteria will usually
cause the complete reduction of the dye and
may cause the death of the lymphocytes. The
color test appeared to be a simple and con-
venient method for the determination of the
approximate titer of an adrenal cortex prep-
aration. For a more accurate titer it would
probably be necessary to use a pure adrenal
cortex hormone as a standard and to use
spectrophotometric methods to measure the
color.

Cytotoxicity of other adrenal cortex ster-
oids. Toxic effects, i.e. inhibition of the
reduction of the indicator in the redox test,
were obtained with 1 y of cortisone acetate
(Cortone, Merck). In contrast, 200 y of
desoxycorticosterone (Cortate, Schering) gave
a negative test. The present findings with
the color test and the previous observations
by means of unstained cell counts are in ac-
cord. Both the color and the counting method
showed that Lipo-Adrenal Cortex and Merck’s
Cortone are toxic but that desoxycorticoster-
one is not toxic to cellular suspensions derived
from the rabbit thymus.

Specificity of the redox test. A positive

The

redox test may be defined as an inhibition
of the reduction of the indicator by a suspen-
sion treated with a reagent as compared to a
control suspension without reagent. Positive
tests were obtained with many reagents in-
cluding formaldehyde, x-rays (100r) and ni-
trogen mustard (0.4 y). Simultaneous viable
cell counts indicated that these reagents in
the doses tested were cytocidal to the lympho-
cytes. The color test was then not specific for
adrenal cortex hormones but was positive with
all of the toxic agents tested. As would be
expected a positive redox reaction was also
obtained with the oxidizing agent, potassium
ferricyanide (0.001M). The reagent was,
however, not toxic to the cells according to
the method of unstained cell counts. Evi-
dently a positive test does not by itself prove
that a reagent is cytocidal. On the other
hand, the reduction of the indicator by a
cellular suspension does not necessarily indi-
cate that the cells in the suspension are viable.
The accidental presence of bacteria and other
extraneous reducing agents in the suspension
will decolorize the dye. In this connection, it
may be noted that a cell in dying may liberate
reducing agents. There may then be a lag
time between the death of the cells and their
loss of the ability of cells to reduce the dye.

These limitations in the use of the redox
indicator as a measure of the number of viable
cells does not invalidate the color test but
does indicate the precautions needed in inter-
preting the results. Under the proper con-
ditions, the color test provides a means of
titrating the toxicity of extracts of the adrenal
cortex.

Summary. Suspensions of living lympho-
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cytes decolorize the oxidation-reduction indi-
cator, 2,6 dichlorophenol indophenol, This
reduction was inhibited by the cytotoxic
agents, lipo-adrenal cortex, cortisone, nitrogen
mustard and x-rays but was not affected by
desoxycorticosterone. The method was used
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to titrate lipo-adrenal cortex, the titer being
.00,08 rat unit. This color test seemed to
be a convenient method for demonstrating and
measuring the toxicity of the adrenal cortex
hormones to lymphocytes.
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The spread of a subcutaneously injected
dye is dependent on numerous factors, the
most important being Duran-Reynals’ spread-
ing factors(1). The hyaluronidase acting on
hyaluronic acid in the mesenchymal ground
substance is the best known but it is beyond
doubt that apart from hyaluronidase, nu-
merous enzymatic and non-enzymatic factors
are involved in the spread mechanism. Hech-
ter(2) has shown recently that spread is de-
pendent upon various factors such as edema,
trypsin, peptones and so forth. The mech-
anism of their action is not yet clarified.
It seems to be either correlated with an in-
crease of the local hyaluronidase secretion by
the non-enzymatic injected spreading factor,
or explained by alterations of non-hyaluronic
components of the dermal barrier such as
chondroitin sulfuric acid(3,4). Hormonal
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Hemoglobin Spreading Test Following
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control of the spread was shown by Menkin
(5) and Opsahl(6,7). They stated that
adrenal secretions were related to the spread
regulatory mechanism.

The purpose of this work was to control
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