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Abstract Bioactive compounds derived from plants are becoming more and more sought-after in 

recent years. Their impressive potential in diverse industries transforms their status from 

research curiosities into viable solutions for shortcomings in medicine, pharmacology or food 

biotechnologies. Needless to say, their beneficial potential comes with challenges regarding 

cytotoxicity management and assessment. Bioactive compounds with less toxic effect to the 

host are good candidates for developing new therapeutic solutions. Evaluation of cell 

functions regarding enzymatic activity, adherence, membrane permeability, enzyme 

production, nucleotide uptake or ATP production, can be performed by an array of assays. 

The main purpose of this review is to exhibit and evaluate some of the most effective 

solutions for in vitro cytotoxicity assessment of bioactive compounds (such as phenols, 

flavonoids, alkaloids, terpenes, etc.) and to overview their particularities as well as their 

intended purposes. 
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Introduction 

Plants lavish us with their impressive and enormous 

source of bioactive compounds that, due to their intrinsic 

biological properties, expand their benefits in fields such as 

nutrition, pharmacognosy, phytochemistry and phyto-

therapy as well as in other human health-promoting areas 

(BELLO USMAN, 2014; KAUFMAN, 1989). Natural 

products of plants (secondary metabolites) (AKINYEMI O, 

2018; RASKIN, 2002) possess various biological activities, 

among the most exploited ones being the antioxidant and 

anti-inflammatory effect, which play an important role in 

neutralizing free radicals among other beneficial effects 

(AKINYEMI O, 2018; RASKIN, 2002). However, the 

effects of these compounds may vary within wide limits 

depending on the exposure particularities (e.g. dose, 

rhythm, route of administration, association with other 

substances like drugs, toxins, etc.), health status or stage  

of ontogenetic development.  

Numerous studies recommend performing evalua-

tions of safety regarding the use of bioactive compounds 

derived from plants as potential therapeutic agents. The 

good candidates in such cases are ones that exhibit a lower 

therapeutic index, hence, cytotoxic level of bioactive 

compounds derived from plants must be evaluated in vitro 

thoroughly against appropriate host cells (CALIXTO, 

2000; MUN CHAN, 2015; SASIDHARAN, 2011; WHO, 

1993). 

Cytotoxicity can be expressed in many forms and 

has a different significance depending on the perspective 

from which we analyze it. Cytotoxic compounds can lead 

to accidental cell death (referred to as necrosis) or 

programmed cell death (referred to as apoptosis)  

(P. O’BRIEN, 2007). Cell viability and proliferation are 

key indicators for apprehending the mechanisms of certain 

genes, proteins, and pathways involved in cell survival or 

death (apoptosis as well as necrosis) after exposure to 

potentially harmful agents such as bioactive compounds 

derived from plants (RISS, 2004) especially because 

these agents may cause perniciousness effects on cells in 

the form of cell membranes disruption, interference with 

protein synthesis, ATP leakage or inhibition of enzymatic 

reactions (WEYERMANN, 2005).  

 For a successful experiment, it is crucial to accurately 

and efficiently assess cell health, whether prior to experi-

mental treatments or as the readout of those treatments 

goes in order to minimize common pitfalls.  

Nowadays, plenty of assays based on the evaluation 

of cellular functions are available. Testing protocols entail 

even multiplexing more than one assay in order to grasp  

a complex picture of cellular enzymatic production and 

activity, adherence, membrane permeability, nucleotide 

uptake or ATP production, all essential indicators of 

viability or its downfall (CHRZANOWSKA C, HUNT SM, 

MOHAMMED R, 1990; P. O’BRIEN, 2007; RISS, 2004; 

WEYERMANN, 2005). In vitro cytotoxicity assays are 

widely recommended and used for evaluating bioactive 

compounds (such as phenols, flavonoids, alkaloids, 

terpenes, etc.). These assays sparked a lot of interest in 

recent years due to their fast and inexpensive nature, but 

mainly because obtained results can provide solid pieces  

of information much needed when proceeding to animal 

testing.  

This review aims to exhibit some of the most effective 

solutions for in vitro cytotoxicity assessment of bioactive 

compounds and to overview their particularities in use. 

 

Cytotoxicity assays for in vitro evaluation 

of plant bioactive compounds  
Assays for evaluation of cytotoxicity can be classified 

in a plethora of forms, either according to a targeted 

compound, a mechanism of action or reported to the cell 

survival rate and regeneration capacity, but in this review, 

we propose a classification based on various ways 

endpoints can be measured. For sure, the evaluation of 

viable cultured cells can be determined through a variety  

of techniques, but in this review we discussed the dye 

exclusion or uptake methods, colorimetric assay, as well  

as fluorescent and luminescent assays. 

Dye exclusion viability assays are among one of  

the simplest and widely used. Most popular dyes are 

erythrosine and trypan blue. The specificity of this 

procedure depends on the specific ability of viable cells to 

exclude dyes, and on the ineptitude of dead cells to exclude 

them. The staining technique is a simple one, the exami-

nations require an optical microscope or a hemocytometer, 

but the main downside is that a large number of samples  

are difficult to carry out or require extended periods of time 

for fulfilment (YIP, 1972). The use of this dye assays is 

recommended and intended mainly for cells in suspension 

(KRAUSE, 1984).  
 

Trypan blue assay 

The exclusion assay of Trypan Blue, an acid azo 

dye, relies on the capacity of living cells with undamaged 

cell membranes to exclude this dye (viable cells remain 

unstained), whereas dead cells do not, as a result, they are 

stained blue (RISS, 2004), (STROBER, 2001). This 

method is utilized as an indicator of membrane integrity, 

the cost per assay is low and the protocol itself is simple 

(STONE, 2009). Evaluation is performed using a  hemo-

cytometer, keeping in mind that counting errors (~10%) 

could occur (P. O’BRIEN, 2007; TIWARY, 2015). 

Processing numerous samples concurrently is one of the 

shortcomings of this assay, especially in cases where 

precise time frames of step-by-step cytotoxic effects are 

required (YIP, 1972). As it goes for most of the dye 

exclusion tests, distinguishing healthy cells from cells that 

are alive but losing cell functions is not possible. On that 

account, it is not sufficiently sensitive to use for in vitro 

cytotoxicity testing, it can be used as a rapid, preliminary 

assay in evaluations of cellular viability (KIM, 2016a).  

In this manner, this assay is used widely for toxicity 

assessment of bioactive compounds derived from plants 

such as coumarins, flavonoids, saponins, phenols, alkaloids 

(KUMAR, 2014; SUNARPI, 2018; TIWARY, 2015). 

M. Kumar Roy et al., 2007, utilized the TB assay to 

evaluate the viability of HL-60 cells after treatment with a 
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flavonoid extracted from a methanolic extract of Oroxylum 

indicum. The main active, baicalein decreased with 50% 

the viability of cells, as a consequence the number of 

stained cells increased, therefore the induction of cells 

apoptosis was observed [21].  

 

Erythrosine B assay 

This assay has certain advantages over other 

traditional colorimetric membrane-exclusion dyes, but its 

use as a vital dye in eukaryotes is not as widespread as other 

dyes with a comparable mechanism of action (e.g., trypan 

blue) (KIM, 2016a). The EB assay has its limitations 

mainly by not being a method suitable for automatic 

counters, therefore numerous errors can occur due to 

human errors and reusable cell counting chambers (KIM, 

2016a; KRAUSE, 1984). Without a doubt, non-invasive 

and unharmful assays for cell viability are required for 

research and innovation in the regenerative medicine 

sector, drug development studies, genetic engineering, 

single-cell analysis, microbial food culture or other 

biotechnologies, therefore lots of studies report using the 

Erythrosine B dye exclusion assay (ARIANTARI, 2020; 

CHORMOVA, 2015; YAMASHITA, 2019).  

Using this method as reference, Yamashita K. et al., 

2019, analyzed several natural food pigments in order to 

find if monascus pigment (MP) or anthocyanin pigment 

(AP) work as a good viability indicators of dye exclusion 

test for Euglena gracilis (YAMASHITA, 2019). Soo In 

Kim et al, 2016, demonstrated that EB can be used for vital 

staining of three cell lines into an automatic counting in 

order to encourage development of alternatives and to 

avoid the toxic side effect of trypan blue or similar dyes 

(KIM, 2016b). Josef D Franke et al, 2019, demonstrated 

EB`s versatility and usefulness not only on eukaryotic cells 

but as a broadly applicable colorimetric vital dye for 

assaying viability in both Gram-positive and Gram-

negative bacteria (FRANKE, 2020).  

 

Colorimetric assays are definitely the preferred 

ones due to their easy use character, rapidity and good 

correlation of bioactive compound action on metabolic 

activity of cells. Cytotoxicity assays are widely performed 

because the test compounds, including plant-derived 

extracts and purified compounds, may be intended for 

use as pharmaceuticals or nutraceuticals, in which case 

minimal to no toxicity is important (MCGAW, 2014). With 

regard to in vitro cell culture systems, a test substance is 

considered to be cytotoxic if it interferes with attached or 

suspended cells, significantly alters their morphology, 

adversely affects the rate of cell growth, or causes cells  

to die (NILES, 2008). Hereinafter we present an array of 

methods for assessing cytotoxicity using colorimetric 

approaches.  

 

MTT assay  

Assays that measure metabolic activity are suitable 

for analyzing proliferation, viability, and cytotoxicity. 

Reduction of tetrazolium salts, such as 3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium tetrazolium bromide 

(MTT), 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-

tetrazolium-5-carboxanilide (XTT) and water-soluble 

tetrazolium salts (WST-1), to colored formazan com-

pounds, or the bio-reduction of resazurin by mitochondrial 

enzyme succinate dehydrogenase with the requirement of 

cellular nicotinamide adenine dinucleotide occurs only in 

metabolically active cells (RISS, 2004; STONE, 2009). 

MTT assay, is a very popular and widely used 

colorimetric assay in in vitro evaluation of cytotoxicity 

(PRÄBST, 2017). This protocol is easy to follow and apply, 

quantification of obtained results is performed using a 

spectrophotometer at a specific wavelength (SCHANDA, 

2007). In comparison with dye exclusion methods the MTT 

assay has specific characteristics that provides leverage.  

It has high reproducibility, and it complies with both cell 

viability and cytotoxicity tests, and for safety reasons is 

more user-friendly (KOYANAGI, 2016; PRÄBST, 2017; 

STONE, 2009).  

Since MTT formazan is insoluble in water and it 

forms in the cells purple needle-shaped crystals solubi-

lization using a solvent (DMSO or isopropanol) is required. 

It should be kept in mind that the cytotoxicity of MTT 

formazan might lead to false-positive or false-negative 

results (ASLANTÜRK, 2017; BOPP, 2008A; STONE, 

2009). 

Compared to MTT other tetrazolium salt reductants 

such as XTT produces a water-soluble dye. The orange-

colored formazan is water-soluble and its intensity can be 

measured with a spectrophotometer (GAVARIĆ, 2015; 

HAWSER, 2001; KNIGHT, 2006; LEE, 2019). 

On the other hand, the formazan produced by WST-1 

is more soluble than that of XTT and MTS, which leads to 

a wider linear range and higher sensitivity (YIN, 2012). 

Studies showed that the MTS assay has numerous 

advantages in use (rapidity, precision, high specificity) 

[13], [39], being very competitive to other toxicological 

tests, especially to MTT. This assay provides ideal pro-

perties for cytotoxicity measurement due to its reliability and 

flexibility for onsite toxicological assessments [40]-[42]. 

Although the MTS assay is a generally good 

alternative to MTT assay, Piwen W. et al., 2010, results 

demonstrate that MTT and MTS based assays provide an 

underestimation of the anti-proliferative effect of EGCG, 

and suggest the importance of careful evaluation of the 

method for in vitro assessment of cell viability and 

proliferation depending on the chemical nature of botanical 

supplements [42]. 

Another approach in assessing metabolic activity 

using tetrazolium salts is the WST-8 assay. WST-8 is not 

cell-permeable, it produces the water-soluble formazan 

upon cellular reduction which results in low cytotoxicity, 

aspect that provides the possibility of further experiments 

using the same cells [13]. Although it should be considered 

that the reduction of substrates is impacted by changes  

in intracellular metabolic activity. WST-8 assay can be 

further applied for the high-throughput screening of 

dehydrogenases [53].  

In accordance with our current interest, numerous 

studies utilize the MTT assay in evaluation of cytotoxicity 

https://www.sciencedirect.com/science/article/pii/S0003269715004406#!
https://www.sciencedirect.com/science/article/pii/S0003269715004406#!
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vital-stain
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vital-stain
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/trypan-blue
https://www.future-science.com/doi/10.2144/btn-2019-0066
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of bioactive compounds, such as flavonoids and terpenoids 

(Prema, n.d.), alkaloids, phenols, flavonoids, terpenoids, 

glycosides, saponins, steroids and tannins (THAKKAR, 

2014), vanillin and curcumin (FORT, 2018). Recently 

Cristiane F.C. et al, 2018, conducted in their study two in 

vitro cytotoxicity assays, MTT and NRU, and observed that 

over a wide range of concentration, ethanolic extract of 

goldenberry (containing phenolic compounds important 

for human health, like chlorogenic and caffeic acid, and 

rutin) did not show in vitro cytotoxicity, demonstrating 

the possibility of use in food (CODEVILLA, 2018). 

S.P. Hawser et al., 2001, presented in their study that 

the XTT-based assay in combination with the MEC assay 

might allow one to fully appreciate the anti-Aspergillus 

activities of antifungal agents such as mulundocandin. 

Their conclusion was that further studies should be 

undertaken to evaluate the clinical usefulness of the  

XTT-based method for determination of the susceptibili-

ties of these pathogens to echinocandin-like compounds 

(HAWSER, 2001). 

Sulistiyani S. Falah et al, 2014, treated cells with 

flavonoids extract at various concentrations and observed  

a reduced amount of water-soluble formazan that can be 

produced through reaction of reagents of WST-8 kit assay. 

The amount of formazan dye produced is directly 

proportional to the number of metabolically active cells and 

indicates the reducing potential of the cell. Thus, these 

observations were consistent with the reduced number of 

living cells in this experiment and the presence of the 

cytotoxic effect of flavonoid extract of S. polyanthum to  

the cell [54]. 

 

LDH assay 

The lactate dehydrogenase (LDH) is a cytosolic 

enzyme with specificity for a variety of conditions 

involving cellular damage. LDH assay may be one of  

the widely used colorimetric methods for the assessment  

of cellular cytotoxicity. When semipermeable cellular 

membranes are damaged as a consequence of exposure  

to an agent, the LDH released into the medium becomes  

an indicator of death (FOTAKIS, 2006).  

LDH (normally found within the cell cytoplasm) 

released from cells upon damage is measured with a 

coupled enzymatic reaction that convert a tetrazolium salt 

(iodonitrotetrazolium (INT)) into a red color formazan by 

diaphorase. LDH catalyze conversion of lactate to pyruvate 

and thus NAD is reduced to NADH/H+. Afterwards, a 

catalyst transfers H/H+ from NADH/H+ to the tetrazolium 

salt 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetra-

zolium chloride (INT), which is reduced to red formazan 

(DECKER, 1988; GEORGE, 2015), (“Cytotoxicity 

Detection Kit (LDH) From Roche Applied Science | 

Biocompare Product Review,” n.d.), (SAAD, 2006).  

On Caco-2 cells after the treatment with a Rubus 

fairholmianus extract (primarily containing tannins and 

anthocyanins) (RFRA), the semipermeable membrane 

damage was measured by correlation with the LDH 

discharge. The RFRA treatments provoked the release of 

LDH. Authors discovered that there was a dose-dependent 

increase within the LDH release observed at higher 

concentrations of RFRA. The intracellular LDH release is 

a measure of irreversible death thanks to semipermeable 

membrane damage, whereas Xia et al, 2007, reported the 

direct involvement of LDH upregulation and subsequent 

induction of apoptosis (GEORGE, 2015; XIA, 2007).  

 

Sulforhodamine B assay 

Sulforhodamine B (SRB) assay is suitable for 

measuring induced cytotoxicity on suspended or attached 

cell cultures. As one of the widely used methods for 

cytotoxicity screening, SRB is a bright pink aminoxanthene 

dye with two sulfonic groups, it binds to protein basic 

amino acid residues under mild acidic conditions. The 

amount of dye extracted from stained cells is directly 

proportional to the cell mass (SKEHAN, 1990). The SRB 

assay is simple, sensitiveness to environmental fluctua-

tions are minimal, is reproducible and more rapid than  

the formazan-based assays and gives better linearity.  

It provides a good signal-to-noise ratio and a steadfast 

endpoint that isn’t a time-dependent measurement, as do 

the MTT or XTT assays (HOUGHTON, 2007). This assay 

does not rely on intermediary metabolism, as it is 

independent of it (SKEHAN, 1990), reproducibility of  

this assay is high if protocol warnings are respected 

(HOUGHTON, 2007). 

In their study, La-ongthong Vajrabhaya et al, 2018, 

evaluated the performance and accuracy of MTT and SRB. 

The assays were compared to determine their correlation  

in the cytotoxicity evaluation of Clinacanthus nutans.  

Moderate to excellent agreement was noted for the 

evaluation of this Thai herbal plant (VAJRABHAYA, 

2018). 

 

NRU assay 

The neutral red uptake (NRU) assay is based on the 

ability of viable cells to take up the weakly cationic dye 

neutral red, being a method suitable for in vitro evaluation 

of cytotoxicity, cell viability, proliferation and adhesion 

(BORENFREUND, 1985). This dye penetrates cell mem-

branes and concentrates in the lysosomes of viable cells, 

and it is excluded by dead cells. Using an acidified ethanol 

solution the dye is extracted and the absorbance is 

measured using a spectrophotometer (RISS, 2013). The 

uptake of neutral red by viable cells can be modified by 

alterations in cell surface or lysosomal membranes. Thus, 

it is possible to distinguish between viable, damaged, or 

dead cells (BORENFREUND, 1985). The assay is a quan-

titative one and is capable of measuring cell replication, 

cytostatic effects depending on the seeding density – 

keeping in mind that this particularity is cell line specific 

(REPETTO, 2008). For example, spontaneous apoptosis in 

the course of proliferation when the cell density became 

higher than 1 × 106/ml has been reported on HL60 cells 

(SAEKI, 1997), but, on the other hand resting T cells  

die rapidly by apoptosis when cultured under diluted 

conditions but survive for extended periods when cultured 

at high cell density (MA, 2010). Researchers should 

consider the effect of seeding density before running any 
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experiments. NRU assay is a good marker of lysosomal 

damage. Also, speed and simple evaluation are some 

advantages of this assay. It has been reported that the 

NRU assay is either minimally or not at all affected by 

natural factors, such as variations of temperature and 

salinity levels, but is mainly influenced by pollutants 

(DAILIANIS, 2003). 

Taking into consideration that some bioactive 

compounds, such as phenols can interact with the reaction 

substrate of almost every cytotoxicity assay, Merve Bacanli 

et al., 2017, evaluated the cytotoxicity profiles of different 

phytochemicals (e.g. galangin, curcumin, puerarin, ursolic 

acid) focusing on comparing the performance of NRU and 

MTT assay. Their results concluded that there is no 

difference between the results from NRU and MTT assays 

(BACANLI, 2017). 

 

Clonogenic assay 

The colony formation assay is an in vitro cell survival 

assay based on the ability of a single cell to grow into  

a colony. Biologists consider the clonogenic assay a 

sophisticated tool that has the ability to differentiate 

between cytotoxic (cell kill) and cytostatic (decreased 

growth rate) effects of tested compounds. This type of 

assay allows continuous exposure to the selected agent and 

essentially tests every cell in the population for its ability  

to undergo “unlimited” division. Clonogenic assay is the 

method of choice for assessing radiosensitivity, but can also 

be used to determine the effectiveness of other cytotoxic 

agents. The clonogenic integrity post-irradiation is exa-

mined by the ability to divide and form colonies of at least 

50 cells (FRANKEN, 2006; MRID, 2019). The assays 

detect all cells that have retained the capacity of 

reproduction after treatments that can cause cell death as  

a result of damage to chromosomes, apoptosis, etc. This 

assay is mainly used in cancer research biology and usually 

is associated with other cytotoxicity methods. 

The clonogenic assay was performed to confirm the 

potential of ethanol extracts of needles and berries of 

Juniperus oxycedrus subsp. oxycedrus (Joo) species to 

suppress the growth of MDA-MB-468 and MCF-7 cell 

lines. R.B. Mrid et al., 2019, demonstrated in their study 

that Joo extracts showed promising results by reducing 

the clonogenic ability of both cell lines (MRID, 2019). 

 

Fluorometric assays are known and  selected due to 

their accurate assessments of adherent or suspended cell 

lines (BOPP, 2008b; RISS, 2013), such techniques are easy 

to use, are more sensitive than colorimetric assays and 

commercial kits are available from several companies 

with experimental procedures available in kit packages. 

Cytotoxicity plays an important role in a number  

of pathological processes, including carcinogenesis and 

inflammation. It may also modulate the activity of other 

agents, including free radicals, irritants, and genotoxins 

(PUTNAM, 2002). In this light, the time of cell exposure 

to bioactive compounds should be carefully considered  

as well (ELLWOOD, 2014). Cytotoxicity methods that 

evaluate a spectrum of metabolic responses to specific 

agents/ bioactives, are the fluorometric assays. This type  

of assays analyze cell viability and cytotoxicity with the 

use of a fluorescence microscope, fluorometer, fluores-

cence microplate reader or flow cytometer, and they offer 

many advantages over traditional dye exclusion and 

colorimetric assays (RISS, 2013).  

 

AlamarBlue assay 

Working similarly to MTT, the phenoxazin-3-one dye 

reduction assay is based on the conversion of the resazurin 

(blue nonfluorescent dye) to resorufin (pink fluorescent) by 

mitochondrial and other enzymes such as diaphorases 

(GONZALEZ, 2001; J. O’BRIEN, 2000). Resazurin is  

a cell-permeable indicator that can be used to monitor 

cellular viability (ANSAR AHMED, 1994; J. O’BRIEN, 

2000). The quantity of produced resofurin is related to  

the number of viable cells. The proportion of viable cells 

can be quantified using a fluorometer (MCGAW, 2014). 

Compared to the tetrazolium assays, the AlamarBlue is 

more sensitive and costs per test are lower. It can be 

multiplexed with other methods, in addition, AB shows no 

cytotoxic effects and the tested cells do not need to be 

destroyed, thus enabling to perform several tests or kinetic 

measurements on the same set of cells (BOPP, 2008b). 

A more recently available resazurin-based colori-

metric agent is PrestoBlue. One of the advantages of using 

this agent are that the results of an assay can be measured 

visually, using absorbance, or by fluorescence reading of 

the reduced resorufin product. PrestoBlue is a fast, flexible, 

live assay, it is also sensitive, being able to detect as few as 

12 cells per well (BONCLER, 2014).  

Olaf Tyc et al., 2016, evaluated in their study several 

botanical extracts (high in ellagitannins and flavones)  

for their antimicrobial activity against pathogenic model 

microorganisms (Escherichia coli, Staphylococcus aureus, 

Candida albicans). Besides being a reliable method for cyto-

toxicity evaluation, authors demonstrated that AlamarBlue 

assay can be used in HTS methods to screen for anti-

microbial activity of botanical extracts (TYC, 2016). 

 

Protease activity assay 

The proteases are involved in a multitude of phy-

siological reactions being in direct connection to apoptosis 

mechanisms. Several biomarkers have been described and 

employed for appraisal of bioactive compounds implica-

tions in generating cytotoxicity in cell culture. Quite a few 

approaches can be utilized in determining the optimal 

functions of this enzymes, among most popular ones are the 

fluorogenic protease substrates for evaluation of the matrix 

metalloproteinase activity, caspase activity or lysosomal 

cathepsin markers.  

The widely used fluorogenic protease substrate 

(glycylphenylalanyl-aminofluorocoumarin; GF-AFC) eva-

luates the protease activity on intact viable cells and cells 

that have lost membrane integrity. The GF-AFC substrate 

is linked to selective detection of proper protease activity 

of viable cells (NILES, 2007; RISS, 2013). An optimal 

activity rate of proteases is an indicator of the viable cell 

population, on the opposite side a decrease in protease 
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activity is a clear indicator of dead cells. A correlation 

between the generated signal of GF-AFC and other 

established methods for determining cell viability has been 

documented (RISS, 2013). The substrate non-toxic nature 

makes it quite advantageous compared to the effect of 

tetrazolium salts on cells, its minimal vulnerability upon 

exposure of the GF-AFC substrate to cells results in minor 

alterations of viability. Therefore, this assay qualifies for 

multiplexing with other assays, because the cell population 

that remains viable can be evaluated from different points 

of view with separate assays, hence GF-AFC does not 

interfere with cells viability (RISS, 2013).  

For this type of approach (selective detection of 

protease activity using a GF-AFC substrate) the most 

popular products are the CellTiter-Fluor™ Cell Viability 

Assay kit and the ONE-Glo™ + Tox Luciferase Cell 

Viability Assay kit from Promega Corporation. Its versa-

tility in use (single-well, sequential, multiplex) constitutes  

key factors in selection (Promega Corporation, 2017).  

The caspase-mediated cleavage cascade is one of  

the mechanisms involved in apoptosis. But, substitutes  

in evaluating cell death represented by the lysosomal 

cathepsin proteases who may initiate or propagate pro-

apoptotic signals are potential sensitive markers in various 

toxicological investigations. The Cathepsin-H Activity 

Assay kit (produced by BioVision or SinoBiological) is a 

fluorescence-based assay that uses a specific cathepsin-H 

substrate tagged with AFC (amino-4-trifluoromethyl 

coumarin). Samples that contain cathepsin-H will cleave 

the synthetic substrate R-AFC to release free AFC. As for 

GF-AFC, in this case the fluorescent signal released from 

AFC can measured using a fluorometer or fluorescence 

plate reader. 

 

Fluorometric microculture assay 

The fluorometric microculture cytotoxicity assay 

(FMCA) is a non-clonogenic cell viability assay used for 

measurement of the cytotoxic effect of different com-

pounds in vitro, therefore it measures the total living cell 

density, after a short incubation time. The assay is based on 

hydrolysis of fluorescein diacetate (FDA) by esterases in 

cells with intact plasma membranes. The assay is available 

in a semi-automated plate setup and a version fully 

adaptable to robotics (LINDHAGEN, 2008). 

Applications of FMCA are comparable to those  

of the commonly used colorimetric MTT assay 

(BLUMENTHAL, 2005). The two assays have slightly 

different endpoints: the MTT assay measures cell meta-

bolism, whereas the FMCA measures the esterase activity 

of cells with intact plasma membranes by measuring  

the fluorescence generated when the non-fluorescent 

probe, fluorescein diacetate (FDA), is hydrolyzed 

(BLUMENTHAL, 2005; LINDHAGEN, 2008). The assays 

have been shown to give similar results, but the 

fluorescence detection makes the FMCA a more sensitive 

assay. In addition, preparation of plates together with a 

staining procedure without organic solvents are features 

that make the FMCA easy to work with (LINDHAGEN, 

2008). 

 

Luminometric assays are methods for determining 

cell viability or cell cytotoxicity in response to exposure  

to test agents or conditions being very important to 

pharmaceutical and environmental testing, pesticide and 

herbicide testing and drug discovery. Methods for 

determining cell proliferation are of widespread use in 

basic research, as well as food safety testing and bio-

production of regulated biologics. Therefore, methods 

that reliably and accurately measure cell viability and/or 

toxicity after exposure to a test agent are important in 

determining whether a particular agent/bioactive com-

pound presents a real or potential risk when exposed to a 

given cell type (MATTA, 2018; RISS, 2013; WAKURI, 

2017). Luminometric assays that are capable of monitoring 

transcriptional activity, intracellular ATP level and protein-

protein interaction provide fast results and are relatively 

easy to use as generally experimental procedures are 

available in kit packages (RISS, 2013).  

 

ATP assay 

Luminescent assays stir a lot of interest due to their 

wide range of applications, to their sensitivity and broad 

linearity being advantageous choices for assessing apop-

tosis and cytotoxicity (FAN, 2007). As we know, the 

adenosine tri-phosphate is formed exclusively in the 

mitochondria, is the energy source in cells, and considered 

to be a highly sensitive end point in measuring cell viability 

(MAEHARA, 1987). Cells lose their membrane integrity 

after exposure to cytotoxic compounds and lose the 

ability to synthetize ATP. Critical depletion of the cellular 

level of ATP indicates loss of basic metabolic functions 

(GARCÍA, 2003; RISS, 2013).  

The ATP assay is based on the reaction of luciferin to 

oxyluciferin. The luciferase catalyzes this reaction in the 

presence of Mg2+ ions and ATP yielding a luminescent 

signal. There is a linear relationship between the intensity 

of luminescent signal and ATP concentration (MUELLER 

H, 2004) or cell number (RISS, 2013). As users report, the 

ATP assay is the fastest cell viability assay to use, and less 

prone to artifacts than other viability assays (RISS, 2013).  

The ATP assay can be performed using various testing 

kits such as the CellTiter-Glo® from Promega Corporation 

or the ATP Assay Kit from Abcam, Sigma-Aldrich or 

BioVision. The kit provides a specific and accurate method 

for detect the number of viable cells in culture by 

quantitating the amount of ATP present, which indicates 

the presence of cells with properly functioning meta-

bolic functions (PROMEGA, 2017). The effect of the 

treatment should be evaluated after 24 hours by microscope 

visualization (phase contrast photo) and by staining the 

samples with fluorescein diacetate (FDA) and propidium 

iodide (PI).  
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Real-time viability assay 

Real-time continuous monitoring of cellular behavior 

offers numerous advantages in contract with traditional 

endpoint assays due to the possibility of continuous 

monitoring of cell adhesion, morphology, and rate of 

proliferation (DUELLMAN, 2015). Although by now we 

mainly presented methods with specific endpoints, assays 

that allow evaluation in real time and on site visualization 

of cell processes under treatment with bioactive com-

pounds, are new exciting approaches that must be explored. 

More than that, conventional assays such as alamarBlue,  

or MTT do not allow real-time detection of cell death in 

the same experiment. 

This assay utilizes a luciferase and a small molecule 

pro-substrate for detecting cellular viability. The pro-

substrate and luciferase are added directly to the cell culture 

medium where the viable cells with an active metabolism 

reduce the pro-substrate into a substrate and generates a 

luminescent signal. The real-time viability assay can be 

performed in continuous read and endpoint measurement, 

also one of the advantages is the possibility of  multiplexing 

this assay with other luminescent assays (DUELLMAN, 

2015; RISS, 2013).  

A limitation of the real-time assay results from the 

eventual depletion of pro-substrate by metabolically active 

cells (DUELLMAN, 2015; RISS, 2013). Commercially 

available kits such as the RealTime-Glo™ MT provide a 

nonlytic, homogeneous, bioluminescent method to measure 

cell viability in real time using a simple, plate-based 

method (PROMEGA, 2016). 

An important upgrade in real-time viability 

monitorization are impedance-based technologies. For 

example, the xCelligence Real-Time Cell Analyzer 

(RTCA) are able to measure an entire experiment through 

numerous time points and create curves that reflect cellular 

viability in all of its stages. This is a significant advantage 

over the classic tetrazolium salt assays where the opti-

mization of whole experiment at various time points to 

choose the best point for final reading it is not possible 

(FAYEMI, 2019; STEFANOWICZ-HAJDUK, 2020).  

The latest MTS, XTT, and WST assays seem to be 

more appropriate choices over MTT, but false-positive 

results generated due to interactions between the formazan 

and tested compound are possible, especially for colored 

ones as different bioactive compounds are. As we know by 

now, in all the end-point assays absorbance is dependent on 

tetrazolium salt concentration as well as cell density, a 

direct impact on the amount of produced formazan has been 

observed. Analyzers such as the xCelligence system does 

not have these disadvantages as they do not require to 

manipulate the medium during the experiment or addition 

of any labels, which may alter cell function (FAYEMI, 

2019; STEFANOWICZ-HAJDUK, 2020). 

 

Conclusions 

The hunt for an ideal in vitro cytotoxicity assay is 

meticulous and requires taking into consideration various 

factors. On one hand, it should resemble characteristics 

such as efficiency, safe use, reliability, rapidity, time- and 

cost-effectiveness, also minor to zero interferences with 

the tested compound. 

On the other hand, on a more specific note, a crucial 

role is played primarily by the evaluated analyte. As we 

mentioned previously, bioactive compounds can interact 

with the reaction substrate of almost every cytotoxicity 

assay. On top of that, the cell line used, how it interacts with 

the substrate, its degree of toxicity and the environmental 

conditions, just to name a few, influence the accountability 

of results and their veridicality in correlation with 

expectations. 

All things considered, as a guideline for obtaining 

reliable results, the scientific literature recommends 

assessing cytotoxicity with at least two types of assays 

(for say, analysis of membrane integrity and activity of a 

metabolic function) especially while evaluating bioactive 

compounds. 
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