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SUMMARY

Simplified methods were described for the measurement of growth of human car-
cinoma cells in tissue culture: (a) determination of color intensity in lysates of cells
stained with crystal violet (CV method), () determination of the reduction of 2,6-
dichlorophenol indophenol, and (¢) determination of total organic solids (dichromate

method).

The three methods gave comparable measurements of relative cell growth and cor-
rclated well with the more laborious protein assay. The CV method was especially
suitable for assaying large numbers of samples and was shown to measure the cyto-
toxicity in several compounds in a reproducible and precise manner. Standard errors
per assay were comparable between protein and CV assays (approximately 20 per cent).

The previous publications (12, 13) of this series
described a simplified tissue culture assay and
its application in cytoloxieity studies with anti-
biotics, chemicals, and solvents. A protein deter-
mination was used to measure cellular growth
in the above tissue culture system. If the search
for new cytotoxic agents in fermentation beers is
to proceed at a rapid pace, a method for the meas-
urement of cell proliferation which is more efficient
than the protein determination is needed.

Three simplified assay methods for cell meas-
urement have been studied in these laboratories,
and their use in tissue culture investigations is
the subject of this paper.

MATERIALS AND METHODS

The human epidermoid carcinoma cell (KB)
originally isolated by Eagle (4) was used through-
out this study. The details of culture maintenance
and test tube assay procedures have been described
previously (12).

Crystal violet method for growth determination.—
Three days after inoculation of the test tube
assay, the stoppers were removed from all culture
tubes (15 X 100 mm.) including medium blanks
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(uninoculated medjum), and 1 ml. of an 0.025
per cent aqueous solution of crystal violet was
added to each tube (containing 4 ml. of medium)
while they were inclined and warmed at 37° C.
(12). Dye addition was made to that side of the
culture tubes opposite the cells. The tube rack
was then reversed and placed at an angle of 5° so
that the entire cell sheet was covered and the
tubes were incubated for 15 minutes to stain the
cells. The medium was then decanted (over the
side of the tubes opposite the cell sheets), and 10
ml. of 0.9 per cent saline maintained at 37° C.
was added to each tube to remove excess dye.
The tubes were rotated gently, the saline wash
was decanted, and the inverted tubes were allowed
to drain for 5-10 minutes on a Turkish towel.
At this point, 6 ml. of aqueous 0.05 per cent tryp-
sin was added to all tubes, which were then
stoppered. The tubes were shaken in a horizontal
position for 15 minutes on a reciprocal shaker
(12), during which the cells became detached
from the glass and began to lyse. After removal
from the shaker, the addition of 1 drop of 0.01
~ IICI completed lysis which liberated the bound
dye. Optical densities (OD) of the solutions were
then determined at 570 mu in the Beckman Model
B spectrophotometer. The instrument was ad-
justed to zero with a reagent blank which had been
incubated with 4 ml. of medium but no cells and
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had been treated with dye, trypsin, and dilute
acid.

Measurement of growth of KB cells by reduction
of 2,6-dichlorophenol indophenol.—After 3 days
of growth, the medium was decanted from the
tube cultures, and the cell sheets were washed
once with 5 ml. of Earle’s salts (minus bicarbonate
at 37°C.). To each tube 6 ml. of a solution of
2,6-dichlorophenol indophenol (90 ug,/ml) in saline
was added. The tubes were then stoppered and
shaken for 30 minutes at 28° C. on a reciprocal
shaker. The optical densities of the culture tubes
were determined against the appropriate blank at
600 mu in a Beckman Model B spectrophotometer,

Measurement of growth of KB cells by organic
solids determination.—This method is a modifica-
tion of the procedure developed by Johnson (7)
to measure total organic solids during enzyme
purification. The single change instituted for the
measurement of tissue culture growth was a 1.5-
fold increase in the amount of dichromate reagent
used. This change gave a A ODyy, (sample minus
reagent blank) which was a measure of relative
cell concentrations among tubes.

The procedure used was the following: The
reagent contained 5 gm. of Na.Cr:0Q;, 2 H.0 in
20 ml. of water diluted to 1 liter with 95 per cent
H>S0,. Tissue culture tubes at harvest were rinsed
twice with 5 ml. of saline to remove extracellular
organic solids, and 1.5 ml. of the reagent and
0.4 ml. of ;O were syringed down the side of the
tube containing the cells. This mixture was heated
for 20 minutes at 100° C., cooled, and 10 ml. of
water was added. Enough Na,SO; was added to
one blank to reduce the dichromate, and this
tube was set to zero. 0Dy was determined on
both the unreduced blank and the samples. OD
unreduced blank — OD sample is a measure of the
relative concentrations of organic solids in the
tubes.

RESULTS

Comparison of methods.—To determine whether
a correlation existed among the “simplified” assay
methods described above and the protein assay,
the growth of KB cells in replicate tubes was
determined by the various procedures, and the
results are presented in Chart 1. These data show
that a direct correlation existed among the three
“simple” methods of cell determination and the
more laborious protein assay. The agreement be-
tween the crystal violet and protein methods was
good over the cell concentration range generally
encountered in the tube assay (100-800 ug/tube).

Additional studies were carried out on the crys-
tal violet assay, since it secmed to be most easily
adaptable to large scale testing. The organic solids

method involved the heating of dichromate in
culture tubes and therefore constituted a hazard
for continued use of the tubes for cell growth
because of the cytotoxicity of dichromate ion
(12). The dichlorophenol indophenol and the crys-
tal violet methods, however, involved small con-
centrations of relatively innocuous reagents. The
crystal violet method, in addition, offered the
advantage of a proportional response over a wide
range of cell growth (see Chart 1), and the color
intensity was stable indefinitely.

Crystal violet method—The cytotoxicities of
some known inhibitors were determined in a series
of experiments with (a) the standard protein assay
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Chuarr 1.—Determination of KB cell growth by three
“simple” assay methods.

for cell growth (12) and (b) the crystal violet
assay (CV). Agents which represented a wide
range of cytotoxicities and mechanisms of action
were selected for this comparison study. It has
been found convenient to designate degree of
inhibition in the CV assay as ODj;zg treated /ODj;;,
untreated X 100.

The cytotoxicities of selected compounds, de-
termined by CV and protein assays, are given
in Table 1. These data show that the results ob-
tained with the CV assay are entirely comparable
to those found with the protein assay. Good
correlations have also been observed between these
assay methods when various fermentation beers
were tested for cytotoxicity.

Standard error of methods.—To determine the
precision of the CV assay, six replicate samples of
streptovitacin A and iodoacetic acid were assayed
on each of 2 days. The same samples were also
assayed by the protein method, and the results
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are presented in Table 2. These data show a
high degree of reproducibility in both CV and
protein assays with the above compounds. The
fact that the CV-ID;, values are consistently
higher than the protein values is in some part
due to the manner in which the CV-IDs, is cal-
culated; the contribution of the inoculum to the
final optical density is not considered as it is in
the protein assay (12). Per cent standard errors
for the two assays were calculated from the data
of Table 2 and are shown in Table 3. The standard
error of the protein assay with streptovitacin

A had been calculated to be 22 per cent in a
previous series of experiments (12).

DISCUSSION

In the intensive search for cancer chemothera-
peutic agents, diverse approaches and screening
methods are desirable. The potential significance
of data obtained in tissue culture systems has
been discussed by Eagle and Foley (6) and Smith
et al. (18). The investigation of fermentation beers
as potential sources of antitumor agents with
mammalian cell culture as the indicator of biologi-

TABLE 1

COMPARISON OF CYTOTOXICITIES OF TEN AGENTS TO KB CELLS
DETERMINED BY PROTEIN AND CRYSTAL VIOLET ASSAYS

IDso, uG/ML
AGexTs N5C ~No*
Protein Crystal violet
Azaguanine 749 0.055(2)F 0.035(2)
Azaserine 742 1.7 (1) 1.5 (1)
Colchicine 754 0.0012(2) 0.002(2)
Deoxypyridoxine 3063 45 (2) 21 (2)
Sodium fluoroacetate >175 (2) >200(2)
Todoacetic acid 2125 0.30 (2) 0.35 (2)
Malonic acid >375 (2) >450(2)
Puromycin aminonucleoside 3056 2.0 (2 2.7 (2)
Sodium arsenate («7H.0) 20 (2) 16 (2)
Streptovitacin A 39147 0.032 (2) .042(2)

* These compounds were supplied by Dr. 8. A. Shepartz, CCWSC.

t Numbers in parentheses indicate the number of assays represented. Each as-
say consisted of five levels of drug run in duplicate or triplicate.

TABLE 2

COMPARISON OF ASSAY RESULTS OBTAINED WITH
CRYSTAL VIOLET AND PROTEIN
ASSAYS ON TWO AGENTS

TABLE 3

PER CENT STANDARD ERRORS OF
ASSAY METHODS

PEr CENT S8TANDARD H2ROR¥
IDso, pc/ML
ABSAY METHOD
Strepto- Todoacetic
Acent cv Protein vitacin A acid
Protein 16.7 16.9
Exp. 1% Exp. 2 Exp. 1 Fxp. 2 Crystal Violet 22.01 15 .4
Streptovita- .019 .030 .013 017 * . H
cin A 022 025 010 011 s SE of 1Dy value based on one sample in one
023 .035 012 014 Y o
.025 .022 017 014 L. T If one extreme value (IDM = 0.054 ug/ ml)
023 033 014 014 is included, the standard error is 36 per cent.
.028 054 014 013 . ) ) .
. i cal activity offers an interesting new empirical
loggﬁfenc ggg g‘gé g'gg g'gg approach in the search for carcinolytic compounds.
0.92 0.84 0.54 0.50 The approach requires reproducible, sensitive, and
g‘gg g-gg ggg 8»?% quantitative assay systems, however, to proceed
. . . .54 , : <3 .
0.80 090 0 74 0 62 from crqde beel:s to crystalline agents in a reason-
able period of time.

* Each experiment represents six replicate samples weighed
on a single day.

Modifications in tissue culture methods have
been forthcoming since the early report of Eagle
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and Foley (1, 8, 5, 8-12, 14, 15). With the rapid,
sensitive assay methods described in this paper,
beers or synthetic chemicals can be tested for cyto-
toxic activity on a large scale. When growth of KB
cells is determined by the protein assay as de-
scribed previously (12), an accurate and reproduc-
ible determination of cytotoxicity is possible. In
this procedure, however, the investigator must di-
lute the protein in each tube in order to bring the
final concentration into the usable range of the
Folin-Ciocalteau method (25-100 pg/tube). This
necessitates (a) estimation of the cell content of in-
dividual tubes, (b) washing each tube to remove
extracellular protein, (¢) addition of an appropri-
ate volume of biuret reagent to insure that aliquots
of the resulting solution will contain a concentra-
tion of protein which is within the limits of the
Folin assay, and (d) development of color with the
Folin-Ciocalteau reagent. Each of the simplified
methods described above obviates the estimation
of cell growth and the dilution before assay. In the
case of the crystal violet assay, the initial washing
of cells is also unnecessary, as is the biuret solution
step, and this method actually reduces the time
required per assay sample approximately twofold.
The crystal violet assay method is particularly
suitable for large-scale screening operations. A
similar technic has been used for the determination
of dead yeast cells (2).
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