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Abstract
Cell viability assays, including techniques to assess the proliferation of cancer
cell lines, constitute a rapid, inexpensive and sensitive screening method to
pre-clinically evaluate the activity of a potential drug or substance. This study
investigates and compares seeding densities and linearity of three such methods: MTT ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide),
SRB (sulforhodamine B) and CVE (crystal violet elution) assays. SRB and
CVE are staining assays for proteins, while MTT measures the mitochondrial
activity of living cells. Assays were performed on five cancer cell lines, A375,
PC3, DU145, HCT116 and COR-L105, and the coefficient of determination
(R2) was employed to determine fit into a linear regression model. The results show that CVE is the most linear assay at fixed time points. SRB at 515
nm is better for measurements over time. Seeding densities between 9000 and
12,000 were the optimum. However, seeding densities and doubling times
should be taken into consideration when designing an experiment.
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1. Introduction
Anti-cancer drug discovery is a longstanding goal of both researchers and
pharmaceutical companies. Nevertheless, their activity evaluation is a laborious
process that includes many steps. To this end, cell viability assays are the most
common method used as a primary indicator of a given substance’s cytotoxicity.
Cytotoxicity assays are a valuable tool as they are rapid, inexpensive and sensitive techniques for pre-clinical assessment of a substance’s anti-cancer activity.
The basis of these assays is the addition of a dye or chemical that induces a
change of color that can subsequently be measured by the absorbance at a speDOI: 10.4236/jct.2019.107047 Jul. 24, 2019
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cific wavelength. Several colorimetric assays have been used by researchers to
measure metabolic activity or stain proteins. The linearity of measurements is an
important issue, as it affects both the accuracy of results and sensitivity of the method [1]. Three colorimetric assays, (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), sulforhodamine B (SRB) and crystal violet elution
(CVE), were investigated for their linearity in the current study. The MTT assay
measures metabolic activity, while SRB and CVE are protein-staining assays.
Tim Mosmann developed an assay measuring the reduction of MTT in 1983.
Normally a pale yellow substance, MTT produces dark blue formazan crystals
when incubated with living cells. The generation of formazan crystals correlates
with the mitochondrial activity of the cell, suggesting that MTT specifically measures living cells [2] [3].
The CVE method has been used for various applications (reviewed by Vega-Avila et al., 2011) [4]. Crystal violet is a dye that binds both to proteins and
DNA. Non-viable cells lose their ability to adhere to the surface of cell culture
plates, resulting in less dye uptake [5]. The CVE assay represents a quick method
to determine cell proliferation.
Introduced by Philip Skehan in 1990 [6], the SRB assay is based on uptake and
binding of a bright pink dye by basic amino acids under acidic conditions, which
subsequently dissociate under basic conditions [7]. Presently, the SRB assay is
used by the National Cancer Institute (NCI) for drug-toxicity testing of a panel
of 60 cell lines.
The advantage of these assays arises from the fact that they measure different
parts of the cell, namely protein content and metabolic activity. Moreover, since
they are in-house protocols, there is an opportunity for optimization via dye or
chemical concentration adaptation; this feature is not possible with use of commercial cytotoxicity kits. Last but not least, compared with alternative methods
of cell tracking that require expensive equipment and/or reagents, the low cost of
MTT, SRB and CVE makes these methods affordable for laboratories around the
world.
The aim of this paper is to assess linearity of each method 1) using different
cell concentrations at a given time point. In this way we evaluated the optimum
cell seeding density after 24, 48 or 72 hours of culture but also linearity of the
methods at the given, fixed time points. Fixed time points reflect different cell
numbers and depend on cell’s doubling times and 2) since usually a compound’s
cytotoxicity is tested over a time period of up to 72 hr of incubation, we evaluated linearity of these methods over time using constant cell seeding densities.

2. Materials and Methods
2.1. Cell Culture
Five cell lines obtained from ECACC and ATCC were used to conduct colorimetric assays. Table 1 summarizes the media and appropriate supplements used
for their culture in T-75 flasks (0030711122, Eppendorf). Cells in logarithmic
DOI: 10.4236/jct.2019.107047
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Table 1. Cell line suppliers and culture media.
CELL LINE

SUPPLIED BY

CAT. NO.

MEDIA AND SUPPLEMENTS

HCT116

ECACC

91091005

DMEM1 + 10% FBS2 + 2 mM L-Glutamine3

COR-L105

ECACC

CORL105

RPMI-16404 + 10% FBS + 2 mM L-Glutamine

DU145

ATCC

ATCC HTB81TM

EMEM5 + 10% FBS

PC3

ECACC

90112714

DMEM+10% FBS + 2 mM L-Glutamine

A375

ECACC

88113005

DMEM + 15% FBS + 2 mM L-Glutamine

1 = D5546, Sigma 2 = FB-1001/500, BioSera 3 = G7513, Sigma 4 = R0883, Sigma 5 = 30-2003, ATCC.

growth phase were detached by trypsinization and plated in 96-well plates
(4430100, Orange Scientific) at various densities (3000, 9000, 12,000, 18,000 and
21,000 cells per well) in a final volume of 200 μl per well.
These five cell lines were chosen because of their different recommended
subculture ratios. Specifically, HCT116 and A375 cell lines are fast-growing according to their recommended subcultivation ratios, 1:3 - 1:10 and 1:3 - 1:8, respectively. Whereas, PC3 and COR-L105 have similar subculture ratios, 1:2 - 1:6
and 1:3 - 1:6, respectively, and DU145 has a recommended subcultivation ratio
of 1:4 - 1:6. Also, according to their doubling times, A375 is the fastest growing
(18 hr) and COR-L105 is the slowest growing (40 hr) cell line with all the others
being in between. As far as their characteristics are concerned, HCT116 is a human colon carcinoma cell line; A375 is a human malignant melanoma cell line;
PC3 is a human Caucasian prostate adenocarcinoma cell line; COR-L105 is a
human Caucasian lung adenocarcinoma cell line; DU145 is a prostate, derived
from metastatic site in the brain cell line.

2.2. Viability Assays
All three viability assays (MTT, CVE, SRB) are colorimetric. As such, cell proliferation can be quantified by measuring the optical density of assay products at
various wavelengths. Optical density measurements were conducted using a
μQuantTM Biomolecular Spectrophotometer MQX200 and analysis with Gen5TM
Microplate Data Collection & Analysis software (BioTek Instruments, April
2008, ©2006-2008, Revision E).
Absorbance values were measured in triplicate at 3 different time points (24,
48, and 72 hours post-plating). A triplet without cells served as blank control,
whereby assays were performed as described below, and it was subsequently redacted from the average absorbance values of tested samples. MTT and CVE
protocols were based on methods described in “Essential Cell Biology, Vol. 1
Cell Structure, A Practical Approach” (2003) [8]. The SRB protocol was based on
the method described by Vichai et al. [9].
MTT assay
For the MTT assay, 20 μl of MTT (5 mg/ml; M2128, Sigma) was added directly into culture medium in each well. Cells were then incubated for 3 hours at
37˚C and 5% CO2. Subsequently, the supernatant was removed and cells were
DOI: 10.4236/jct.2019.107047
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washed with 100 μl of 0.01 M phosphate-buffered saline solution (PBS; P3813,
Sigma). Formazan crystals that formed were solubilized with 100 μl of DMSO
(445103, Carlo Erbo Reagents). The absorbance was measured at 570 nm and
630 nm to subtract background noise.
CVE assay
For CVE assay, the culture medium was removed and cells were rinsed with
100 μl of PBS. Subsequently, cells were fixed by adding 100 μl of 10% formalin
for 10 minutes. Formalin was decanted and the plates were allowed to air dry.
Next, 100 μl of 0.25% aqueous crystal violet solution (HT901, Sigma) was added
to each well for 10 minutes. The supernatant was decanted and plates were
washed four times with 100 μl of water for injection (WFI) and allowed to dry.
Solubilization was achieved by adding 100 μl of 33% glacial acetic acid. Optical
density was measured at 570 nm and corrected at 690 nm.
SRB assay
For SRB assay, cells were fixed by adding 100 μl of 10% trichloroacetic acid
(TCA; 91228, Sigma) directly to the cell culture plate and incubating cells at 4˚C
for 1 hour. Thereafter, the supernatant was removed, cells were rinsed twice with
100 μl of WFI to remove TCA, and plates were allowed to air dry. Next, 100 μl of
SRB solution (0.4% in 1% glacial acetic acid; 341738, Sigma) was added to each well
and plates were incubated at room temperature for 30 minutes. After incubation,
cells were rinsed four times with 100 μl of 1% glacial acetic acid (1.00063.1011,
Merck) to remove unbound dye and the plates were allowed to dry. The dye was
solubilized by adding 200 μl of 10 mMTris-base pH 10.5 (T6791, Sigma). Absorbance was measured at 570 and 515 nm, and then corrected at 690 nm.

2.3. Statistical Analysis
The average absorbance was calculated for each triplet. Subsequently, the sample
measurements were corrected for the measurement of the blank. Moreover, in
order to determine whether results fit into a linear regression model, the coefficient of determination (R2) was calculated among the average measurements of
the initial seeded cells at three different time points (24, 48 and 72 hours
post-plating). Results are represented as R2 (Standard Error) where R2 is an indicator of the goodness of fit and Standard Error shows the precision of the regression analysis. All results were calculated using the Regression tool in ExcelTM
2016 (Microsoft Office).

3. Results
Linearity was studied among the three assays and also between the two wavelengths used in the SRB assay, for which optical density measured at 515 nm has
been suggested to be more linear [9]. Cell concentrations yielding more linear
results were also investigated for each assay at specific time points, as well as linearity over time.
In the CVE assay, A375, DU145 and PC3 exhibited very good linearity beDOI: 10.4236/jct.2019.107047
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tween the seeding densities studied in all time points. COR-L105 linearity was
somewhat lower and HCT116 exhibited good linearity at 24 hr (Table 2(a)).
When studying linearity over time, coefficient of determination (R2) value above
0.9 exhibited all cell lines when seeded between 9000 and 12,000 cells per well,
except from COR-L105 which had better linearity at 18,000 cells. In contrast,
when 3000 cells were seeded per well, R2 values exceeded 0.9 in three out of five
cell lines (Table 2(b)). Consequently, most of seeding densities produce linear
results, but seeding densities between 9000 and 12,000 cells resulted in more linear data. COR-L105 linearity was lower at conditions with less seeding densities, such as 24 hr and 48 hr, as well as in 3000 cells/well.
The MTT assay presented variable results that did not follow any pattern. R2
values were lower at 24 hr and HCT116 was the most problematic cell line of the
5 (Table 3(a)). Similarly, over time most of the R2 values varied greatly. Again,
HCT116 had the worst linearity but overall 18,000 cells gave the best results
(Table 3(b)).
The SRB assay was measured at two different wavelengths, 515 and 570 nm, to
compare ensuing linearity motifs. Linearity of the method was better at 515 nm
as far as seeding densities at fixed time points was concerned (Table 4(a)). 570
nm linearity was better at 24 hr and seemed to be reduced at 72 hr, (Table 5(a)).
When studying linearity over time, at almost every cell concentration examined,
all cell lines presented a slightly more linear pattern at 515 nm than at 570 nm,
especially between 3000 - 12,000 cells (Table 4(b)). With regard to the linearity
motifs present at 570 nm, all five cell lines appeared to have a linear relation to
optical density when seeded with 9000 and 12,000 cells per well. However, this
Table 2. (a) CVE linearity at fixed time points (24, 48 and 72 hr) using different seeding
densities; (b) CVE linearity at fixed cell concentration (3000, 9000, 12,000, 18,000 and
21,000 cells/well) during 24, 48 and 72 hr of consecutive incubations.
(a)
R2 coefficient variation CVE assay (Standard Error)
Time Points

A375

COR-L105

DU145

HCT116

PC3

24 hr

0.98 (0.03)

0.75 (0.02)

0.98 (0.01)

0.99 (0.03)

0.99 (0.006)

48 hr

0.99 (0.02)

0.65 (0.03)

0.99 (0.01)

0.03 (0.6)

0.98 (0.04)

72 hr

0.94 (0.07)

0.8 (0.05)

0.93 (0.1)

0.17 (0.3)

0.94 (0.12)

(b)
R2 coefficient variation CVE assay (Standard Error)

DOI: 10.4236/jct.2019.107047

Seeded cells

A375

COR-L105

DU145

HCT116

PC3

3000

0.99 (0.01)

0.68 (0.005)

0.84 (0.02)

0.97 (0.1)

0.94 (0.01)

9000

0.97 (0.09)

0.87 (0.009)

0.95 (0.05)

0.99 (0.006)

0.99 (0.01)

12,000

0.90 (0.18)

0.89 (0.02)

0.96 (0.05)

0.95 (0.17)

0.97 (0.07)

18,000

0.94 (0.15)

0.93 (0.02)

0.95 (0.09)

0.35 (0.68)

0.98 (0.09)

21,000

0.84 (0.24)

0.65 (0.08)

0.87 (0.2)

0.99 (0.06)

0.98 (0.07)
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Table 3. (a) MTT linearity at fixed time points (24, 48 and 72 hr) using different seeding
densities; (b) MTT linearity at fixed cell concentration (3000, 9000, 12,000, 18,000 and
21,000 cells/well) during 24, 48 and 72 hr of consecutive incubations.
(a)
R2 coefficient variation MTT assay (Standard Error)
Time Points

A375

COR-L105

DU145

HCT116

PC3

24 hr

0.55 (0.02)

0.78 (0.01)

0.221 (0.03)

0.42 (0.09)

0.6 (0.06)

48 hr

0.99 (0.002)

0.78 (0.02)

0.94 (0.006)

0.24 (0.14)

0.8 (0.16)

72 hr

0.56 (0.11)

0.94 (0.01)

0.99 (0.004)

0.36 (0.22)

0.95 (0.05)

(b)
R2 coefficient variation MTT assay (Standard Error)
Seeded cells

A375

COR-L105

DU145

HCT116

PC3

3000

0.91 (0.13)

0.75 (0.001)

0.99 (0.002)

0.78 (0.17)

0.88 (0.05)

9000

0.83 (0.14)

0.88 (0.006)

0.94 (0.06)

0.26 (0.62)

0.82 (0.16)

12,000

0.85 (0.18)

0.62 (0.02)

0.92 (0.08)

0.03 (0.65)

0.85 (0.19)

18,000

0.96 (0.07)

0.88 (0.015)

0.94 (0.09)

0.15 (0.82)

0.95 (0.12)

21,000

0.9 (0.17)

0.81 (0.02)

0.88 (0.14)

0.43 (0.46)

0.91 (0.16)

Table 4. (a) SRB 515 nm linearity at fixed time points (24, 48 and 72 hr) using different
seeding densities; (b) SRB 515 nm linearity at fixed cell concentration (3000, 9000, 12,000,
18,000 and 21,000 cells/well) during 24, 48 and 72 hr of consecutive incubations.
(a)
R2 coefficient variation SRB 515 nm assay (Standard Error)
Time Points

A375

COR-L105

DU145

HCT116

PC3

24 hr

0.98 (0.03)

0.75 (0.03)

0.97 (0.02)

0.97 (0.07)

0.92 (0.06)

48 hr

0.95 (0.19)

0.74 (0.07)

0.96 (0.06)

0.88 (0.24)

0.99 (0.02)

72 hr

0.95 (0.04)

0.61 (0.1)

0.99 (0.01)

0.97 (0.05)

0.96 (0.11)

(b)
R2 coefficient variation SRB 515 nm assay (Standard Error)
Seeded cells

A375

COR-L105

DU145

HCT116

PC3

3000

0.98 (0.04)

0 (0)

0.93 (0.03)

0.98 (0.06)

0.95 (0.01)

9000

0.94 (0.27)

0.99 (0.007)

0.99 (0.008)

0.99 (0.09)

0.98 (0.017)

12,000

0.96 (0.21)

0.99 (0.0008)

0.99 (0.018)

0.98 (0.13)

0.97 (0.07)

18,000

0.73 (0.6)

0.99 (0.003)

0.98 (0.09)

0.90 (0.39)

0.99 (0.07)

21,000

0.76 (0.5)

0.90 (0.04)

0.99 (0.01)

0.92 (0.31)

0.99 (0.01)

was not the case for higher cell densities above 18,000 cells per well. Moreover,
COR-L105 linearity at 3000 was zero due to the fact that absorbance values were
too low due to the cell growth rate (Table 5(b)).
Linearity was also compared among the assays for all cell lines studied. In parDOI: 10.4236/jct.2019.107047
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ticular, comparisons among the three colorimetric methods revealed that CVE
gave the most linear results at fixed time points when using the particular seeding densities. However, over time SRB gave the most linear results and particularly between 9000 and 12,000 cells. In contrast, the MTT assay was the least linear, as no repeatable patterns were observed for any of the cell concentrations
examined.
All the results are summed up is Table 6.
Table 5. (a) SRB 570 nm linearity at fixed time points (24, 48 and 72 hr) using different
seeding densities; (b) SRB 570 nm linearity at fixed cell concentration (3000, 9000, 12,000,
18,000 and 21,000 cells/well) during 24, 48 and 72 hr of consecutive incubations.
(a)
R2 coefficient variation SRB 570 nm assay (Standard Error)
Time Points

A375

COR-L105

DU145

HCT116

PC3

24 hr

0.99 (0.05)

0.76 (0.09)

0.98 (0.05)

0.98 (0.09)

0.94 (0.13)

48 hr

0.75 (0.26)

0.73 (0.19)

0.96 (0.12)

0.63 (0.13)

0.99 (0.04)

72 hr

0.67 (0.03)

0.61 (0.27)

0.93 (0.18)

0.96 (0.01)

0.88 (0.19)

(b)
R2 coefficient variation SRB 570 nm assay (Standard Error)
Seeded cells

A375

COR-L105

DU145

HCT116

PC3

3000

0.99 (0.08)

0 (0)

0.93 (0.08)

0.99 (0.1)

0.97 (0.03)

9000

0.99 (0.07)

0.99 (0.004)

0.99 (0.003)

0.82 (0.49)

0.98 (0.08)

12,000

0.83 (0.49)

0.99 (0.03)

0.98 (0.12)

0.93 (0.26)

0.99 (0.07)

18,000

0.73 (0.41)

0.99 (0.02)

0.99 (0.039)

0.80 (0.2)

0.96 (0.21)

21,000

0.76 (0.24)

0.89 (0.13)

0.93 (0.27)

0.86 (0.1)

0.92 (0.23)

Table 6. A comparison of all three assays and all parameters.

DOI: 10.4236/jct.2019.107047

MTT

SRB (515 nm)

SRB (570 nm)

CVE

3000 A375 cells

0.91 (0.13)

0.98 (0.04)

0.99 (0.08)

0.99 (0.01)

9000 A375 cells

0.83 (0.14)

0.94 (0.27)

0.99 (0.07)

0.97 (0.09)

12,000 A375 cells

0.85 (0.18)

0.96 (0.21)

0.83 (0.49)

0.90 (0.18)

18,000 A375 cells

0.96 (0.07)

0.73 (0.6)

0.73 (0.41)

0.94 (0.15)

21,000 A375 cells

0.9 (0.17)

0.76 (0.5)

0.76 (0.24)

0.84 (0.24)

24 hr A375 cells

0.55 (0.02)

0.98 (0.03)

0.99 (0.05)

0.98 (0.03)

48 hr A375 cells

0.99 (0.002)

0.95 (0.19)

0.75 (0.26)

0.99 (0.02)

72 hr A375 cells

0.56 (0.11)

0.95 (0.04)

0.67 (0.03)

0.94 (0.07)

3000 COR-L105 cells

0.75 (0.001)

0 (0)

0 (0)

0.68 (0.005)

9000 COR-L105 cells

0.88 (0.006)

0.99 (0.007)

0.99 (0.004)

0.87 (0.009)

12,000 COR-L105 cells

0.62 (0.02)

0.99 (0.0008)

0.99 (0.03)

0.89 (0.02)

18,000 COR-L105 cells

0.88 (0.015)

0.99 (0.003)

0.99 (0.02)

0.93 (0.02)
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Continued
21,000 COR-L105 cells

0.81 (0.02)

0.90 (0.04)

0.89 (0.13)

0.65 (0.08)

24 hr COR-L105 cells

0.78 (0.01)

0.75 (0.03)

0.76 (0.09)

0.75 (0.02)

48 hr COR-L105 cells

0.78 (0.02)

0.74 (0.07)

0.73 (0.19)

0.65 (0.03)

72 hr COR-L105 cells

0.94 (0.01)

0.61 (0.1)

0.61 (0.27)

0.8 (0.05)

3000 DU145 cells

0.99 (0.002)

0.93 (0.03)

0.93 (0.08)

0.84 (0.02)

9000 DU145 cells

0.94 (0.06)

0.99 (0.008)

0.99 (0.003)

0.95 (0.05)

12,000 DU145 cells

0.92 (0.08)

0.99 (0.018)

0.98 (0.12)

0.96 (0.05)

18,000 DU145 cells

0.94 (0.09)

0.98 (0.09)

0.99 (0.039)

0.95 (0.09)

21,000 DU145 cells

0.88 (0.14)

0.99 (0.01)

0.93 (0.27)

0.87 (0.2)

24 hr DU145 cells

0.221 (0.03)

0.97 (0.02)

0.98 (0.05)

0.98 (0.01)

48 hr DU145 cells

0.94 (0.006)

0.96 (0.06)

0.96 (0.12)

0.99 (0.01)

72 hr DU145 cells

0.99 (0.004)

0.99 (0.01)

0.93 (0.18)

0.93 (0.1)

3000 HCT116 cells

0.78 (0.17)

0.98 (0.06)

0.99 (0.1)

0.97 (0.1)

9000 HCT116 cells

0.26 (0.62)

0.99 (0.09)

0.82 (0.49)

0.99 (0.006)

12,000 HCT116 cells

0.03 (0.65)

0.98 (0.13)

0.93 (0.26)

0.95 (0.17)

18,000 HCT116 cells

0.15 (0.82)

0.90 (0.39)

0.80 (0.2)

0.35 (0.68)

21,000 HCT116 cells

0.43 (0.46)

0.92 (0.31)

0.86 (0.1)

0.99 (0.06)

24 hr HCT116 cells

0.42 (0.09)

0.97 (0.07)

0.98 (0.09)

0.99 (0.03)

48 hr HCT116 cells

0.24 (0.14)

0.88 (0.24)

0.63 (0.13)

0.03 (0.6)

72 hr HCT116 cells

0.36 (0.22)

0.97 (0.05)

0.96 (0.01)

0.17 (0.3)

3000 PC3 cells

0.88 (0.05)

0.95 (0.01)

0.97 (0.03)

0.94 (0.01)

9000 PC3 cells

0.82 (0.16)

0.98 (0.017)

0.98 (0.08)

0.99 (0.01)

12,000 PC3 cells

0.85 (0.19)

0.97 (0.07)

0.99 (0.07)

0.97 (0.07)

18,000 PC3 cells

0.95 (0.12)

0.99 (0.07)

0.96 (0.21)

0.98 (0.09)

21,000 PC3 cells

0.91 (0.16)

0.99 (0.01)

0.92 (0.23)

0.98 (0.07)

24 hr PC3 cells

0.6 (0.06)

0.92 (0.06)

0.94 (0.13)

0.99 (0.006)

48 hr PC3 cells

0.8 (0.16)

0.99 (0.02)

0.99 (0.04)

0.98 (0.04)

72 hr PC3 cells

0.95 (0.05)

0.96 (0.11)

0.88 (0.19)

0.94 (0.12)

4. Discussion
The present study investigated the linear profile of three colorimetric cytotoxicity assays (MTT, SRB and CVE), as well as the cell seeding density producing the
most linear data both on fixed time points or over time observations. It should
be stated here that fixed time points reflect cell numbers. For example, the fastest
growing line (A375; 18 hr doubling time) will start with 3000, 9000, 12,000,
18,000 and 21,000 cells at 0hr and go to 45,000, 13,500, 18,000, 27,000 and
315,000 at 24 hr. Whereas the slowest growing line (COR-L105; 40 hr doubling
time) will have almost the same cell number at 24 and 48 hr and double cell
numbers at 72 hr. Even though the techniques described here were developed
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almost 25 years ago, they continue to be regularly used by researchers to determine the cytotoxicity of various substances [10] [11] [12].
Multiple studies have investigated the advantages and disadvantages of these
assays, and have compared them to each other, as reviewed by Vega-Avila et al.
[4]. The MTT assay, which is the most common of the three assays presented
here according to international literature, seems to have the least linear relation
between optical density and cell number [13]. This is in accordance with results
of the present study, showing the MTT assay is the least linear both as far as the
seeding densities are concerned as well as incubations over time. This difference
in linearity among cell lines could result from the different dehydrogonase activity (required for the production of formazan crystals) of each cell line’s mitochondria [14]. Moreover, Liu et al. [15] suggested that the rate of formazan exocytosis plays an important role in cellular MTT reduction, as formazan crystals
covering the cell’s surface inhibit MTT uptake. Furthermore, Liu suggested that
different cell types possess different formazan exocytosis rates, as different factors affect exocytosis in each cell line. To minimize the effect of various conditions on assay results, Vistica et al. [16] suggested that seeding density conditions should be established for every cell line prior to assay performance. Therefore, the MTT assay seems to be the least linear assay of the three examined and
every cell line should be characterized for its linearity before performing an
MTT assay.
The CVE assay is also a simple method for assessing cytotoxicity. In the
present study, it was found that the best linearity results were achieved at 24 hr
and 48 hr of incubation. Over time, best linearity was found when the initial cell
concentration was between 9000 and 12,000 cells per well. COR-L105 linearity
improved at 72 hr. This could probably be due to the slower growth rate of the
particular cell line. Nevertheless, according to Chiba et al. [14], absorbance
measurements are affected by the uniformity of cells on the bottom of the well.
This study, however, has proven that the CVE assay has a linear relation between
optical density and cell concentration in multiple cell lines.
This study also compared linearity between measurements at two wavelengths, 515 and 570 nm, for the SRB assay. Results obtained from five cell lines
revealed that linearity is better at 515 nm. Seeding densities between 9000 and
12,000 cells per well produced coefficients of determination above 0.9 for all cell
lines, indicating that the SRB assay also requires a cell density of 9000 to 12,000
cells in order to achieve the most linear results possible.

5. Conclusion
In conclusion, among the three assays presently studied, CVE was the most linear at fixed time points. However, when studying the cytotoxic nature of a
compound it is usual to evaluate the effect over time. In this case, SRB gives better linearity, especially at 515 nm and between 9000 - 12,000 cells. These findings
are supported by previous studies [13] that showed that the SRB assay had better
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linearity than MTT. Therefore, every cell line has unique characteristics and, to
obtain accurate results, should be characterized before proceeding to cytotoxicity
assays. Our results demonstrate that doubling times have a profound effect in
linearity of every method and have to be taken into account during the design of
the experiment. Nevertheless, the aforementioned viability assays constitute a
valuable tool to cancer research, as, independently of their linearity, they are able
to screen a wide spectrum of the cell’s content and activities, including both
protein content and metabolic activity.
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