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1 Reason for release of new edition 

This SOP describes the cytotoxicity assay using the RTgill-W1 cell line based on the method 

published in Tanneberger et al. 2013. SOP edition number nine represents the version edited 

after conduction of the round robin study (Fischer et al., 2019). The validity criteria of the test 

were updated in two ways: (i) the acceptance range of the positive control 3,4-Dichloroaniline 

(see 8.3), was adjusted according to the information obtained during the round robin study 

(now with an n=27); and (ii) a criterion for the exclusion of contamination of the used organic 

solvent was introduced (see 8.2). For anonymity of the round robin study partners, the table of 

participating labs was removed from this paragraph 1. References were updated and small 

linguistic changes were made. 

 

2 Recurrent quality assurance measures 

The rainbow trout gill cell line, RTgill-W1, used for this assay, is cultivated according to SOP 

CS-01 and should be free of microbial or chemical contamination. The different steps of test 

performance are to be recorded in the lab book with the help of the annexed templates (see 9, 

Annex 1 – 6). 

 

3 Basics of the cytotoxicity assay 

3.1 Test controls  

cell-free control: wells without cells to determine background fluorescence (see plate set up 

page 19, Fig. 8) 

  Inasmuch as the three cell viability indicators applied rely on fluorescent 

measurements, one needs to make sure that there is no interference from 

the chemical due to autofluorescence. Thus, in order to detect potential 

autofluorescence, two cell-free wells are used, thereby one well receives 

medium only and the second receives medium containing the highest 

chemical test concentration in the respective organic solvent (i.e. to detect 

the maximum autofluorescence that can theoretically be observed). A 
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threshold of > 20% fluorescence values compared to the chemical-free 

control was arbitrarily set to signal potential interference by 

autofluorescence. By the nature of this quality criterion, it should 

consistently stand out in each biological replicate per dye. If 

autofluorescence is consistently indicated in this way, a separate cell-free 

control plate should be prepared with the full chemical concentration range 

to obtain concentration-specific background values. If no interference is 

detected, both cell-free control wells are treated as cell-free control values. 

(see 8.1) 

 

negative control:  exposure medium (L-15/ex) added to one cell-containing well 

 

solvent control:  exposure medium (L-15/ex) + the respective concentration of the used 

organic solvent (e.g., dimethyl sulfoxide (DMSO)) added to cell-containing 

wells 

 The solvent control serves to detect potential chemical cross-contamination 

of the organic solvent from procedural problems leading to a reduction in 

cell viability. Troubleshooting (i.e., identification of the source of cross-

contamination) shall be done if the solvent control yields fluorescence values 

that are > 10 % lower than the negative control. (see 8.2) 

 

positive control:  3,4-Dichloroaniline (3,4-DCA) is used to check assay performance (see 8.3) 

 

3.2 Principle of the test system 

Chemicals may cause toxic effects to cell cultures. The assay described in this SOP allows the 

detection of three different toxicity endpoints. The assay is evaluated by measuring 

fluorescence of dyes indicating the toxicity and the results are expressed as %-cell viability in 

comparison to an untreated control group. Cytotoxicity is then defined as a decline in cell 

viability. 

The assay is based on the combination of three fluorescent indicator dyes: alamarBlue™, CFDA-

AM and Neutral Red, which can be used simultaneously on the same set of cells (Fig. 1; Schirmer 

et al., 1998). 
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Fig. 1: Three fluorescent dyes measuring different types of cytotoxicity 

 

alamarBlue™ 

alamarBlue™ is a commercial preparation of the dye resazurin (O`Brien et al., 2000) and all 

procedures in this SOP are based on alamarBlue™. Other available resazurin-based dyes are 

commercially available, such as PrestoBlue (Cat# A13262, Invitrogen), which can be used 

interchangeably without any adaptations (Fischer et al., 2019; Natsch et al., 2018). Resazurin 

enters the cells in its non-fluorescent form and is converted to the fluorescent product, 

resorufin, by mitochondrial, microsomal or cytoplasmic oxidoreductases. A reduction in 

alamarBlue™ fluorescence indicates a decline in cellular metabolism, including disruption of 

mitochondrial membranes. 

 

CFDA-AM 

5-carboxyfluorescein diacetate acetoxy methyl ester (CFDA-AM) rapidly diffuses into the cells 

and is converted by non-specific esterases of living cells to the fluorescent product, 5-

carboxyfluorescein. The product is diffusing out of intact cells slowly (Schirmer et al., 1997). 

Therefore, a decline in CFDA-AM fluorescence indicates disturbance of plasma membrane 

integrity. 

 

Neutral Red 

Neutral Red diffuses into the cells and accumulates in lysosomes (Borenfreund and Puerner; 

1985). Disruption of lysosomes is therefore resulting in a decrease in Neutral Red fluorescence. 
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3.3 Chemical Analytics 

Quantification of chemical exposure concentrations serves to allow the expression of test 

results based on actual exposure concentrations. Therefore, at the start of cell exposure (0 h) 

and the end (24 h), i.e. immediately before initiating the cell viability assays, samples for 

chemical analyses are taken out of the exposure wells. The total handling time for sampling 

should be as short as possible to avoid chemical evaporation from the wells.  

 

4 Apparatus and materials 

General equipment 

Apparatus and materials Example supplier 

1 Biosafety cabinet HeraSafe; Kendro  

2 Incubator BK-700, (3 – 40 °C); Heraeus Instruments  

3 Microscope Axiovert 40C; ZEISS  

4 Vacuum pump Mini-Vac eco; Axonlab  

5 Pasteur pipettes (sterile) 230 mm; VWR  

6 Glass pipettes (sterile) 5 mL, 10 mL, 20 mL; VWR  

7 Pipetting help Pipetus-akku; Hirschmann Laborgeräte  

8 Pipette box to sterilize pipettes 612-2089; VWR  

9 Pipette tips (sterile) 10 µL, 100 µL, 1 mL, 2 mL, 5 mL, 10 mL; Socorex  

10 Pipettes 10 µL, 100 µL, 1 mL, 2 mL, 5 mL, 10 mL; Socorex  

11 Multi-channel pipette 50 - 1200 µL; Research pro, Eppendorf  

12 
Pipette tips for multi-channel 

pipette 

50 - 1000 µL; Eppendorf (Germany); 613-3505 (e.g. 

through VWR) 

13 
Reagent reservoirs (autoclavable 

or sterile) 
613-2671; VWR  

14 Vortex Vortex Genius 3; IKA  

   

Cell seeding and plate dosing 

Material Example supplier 

15 Cell culture flasks 75 cm2 with vent screw cap; 
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90075; TPP. Do not use filter caps as difficulties were 

observed during culturing of RTgill-W1 cells with 

filter caps capped cell culture flasks. 

16 Centrifuge 
Heraeus Labofuge 400R (0 – 40 °C; 17 – 3900 g); 

Thermo Science  

17 
Plastic centrifuge tubes (15 mL, 

sterile) 
l91015; TPP  

18 
Plastic centrifuge tubes (50 mL, 

sterile) 
91050; TPP  

19 Cell counting chamber Neubauer chamber (improved); VWR  

or Cell counter 

Casy1, Schärfe System (e.g. through Roche) 

CasyTon, 10 L, 05651808001; Roche Casy cups; 

2 x 900 cups, 05651794001; Roche 

20 Multi-well plates (24well) 

662160; Greiner-Bio-one. Use sterile plates, with 

hydrophilic surface (TC surface treatment) for 

improved cell adhesion, high clarity and low 

autofluorescence. 

 

Preparation/dosing of stock solutions 

Material Example supplier 

21 Fume hood  

22 Scale AE50; Mettler Toledo  

23 4 mL amber glass vials 27116-U; Supelco; Sigma-Aldrich  

24 
Screw caps for 4 mL amber glass 

vials, aluminum lined 
27142; Supelco; Sigma-Aldrich  

25 
20 mL amber glass vials 

(sterilized) 

EPA20-B 20ml EPA Screw Vial (amber) with 24-400 

Screw Neck, 57 x 27.5mm, pk.100; BGB 

26 
Screw caps for 20 mL amber glass 

vials (sterilized) 

SV-EPA PP Screw Cap with Hole (white) for 24-400 

Screw Neck, Septa Silicone/PTFE, pk.100; BGB. Avoid 

caps where septa are attached with glue. 

27 Vial shaker (orbital shaker) IKA KS125; IKA  

28 Duran glass bottles 100 mL, 250 mL, 500 mL, 1 L; e.g. Schott  

29 Plastic pipette 50 mL 
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30 Measuring cylinder (sterilized) 500 mL 

31 Adhesive foil  
Polyester film with acrylic adhesive, nunc, 732-2610 

(e.g. through VWR) 

 

 

 

 

 

Sampling for chemical analysis 

Material Example supplier 

32 Sample vials 

1.5 ml short thread vial, 32 x 11.6 mm, clear glass, 1st 

hydrol. Class, wide opening, label + filling lines; 548-

0029; VWR 

33 Vial caps with fixed septa 

9mm UltraBond Combination Seal: PP Short Thread 

Cap, black, centre hole; Silicone white/PTFE red, 45° 

shore A, 1.3mm; 

09 04 1220; La-Pha-Pack 

or 548-0371; VWR. 

Vials with fixed septa are especially good for 

transportation/shipping of samples. Otherwise, caps 

with non-fixed septa might be used as well. 

34 Cyclohexane 
puriss. p.a., ACS reagent, ≥99.5% (GC); 33117; Sigma-

Aldrich 

35 Microtube storage boxes HEATHS120035; VWR 

 

Detection of cytotoxicity 

Material Example supplier 

36 Fluorescent plate reader Infinite M200; Tecan  

37 Plastic centrifuge tubes (50 mL) 91050; TPP  

38 Plate shaker TIMIX; Johannes Otto GmbH  

39 Aluminum foil 

Alternatively, a non-transparent box might be used 

to protect test plates from light during dye 

incubation. 

40 Kitchen paper  
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5 Test performance 

A general overview about the entire test procedure is given in Figure 2. 

 
Fig. 2: Overview about the RTgill-W1 cytotoxicity testing procedure 
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5.1 Reagents, media and solutions 

5.1.1 Ready-for-use purchased reagents 

 Example supplier Storage 

Bovine serum (FBS) 

fetal bovine serum 

CVFSVF00-01 (Eurobio) 

(e.g. through Chemie Brunschwig) 

 

Note: do not heat inactivate the FBS (see 

Nims R.W. and Harbell J.W.; 2017) 

thaw before use and 

prepare 25 mL aliquots 

in adequate sterile 

tubes 

store at -20 °C 

Gentamicin 

10 mg/mL 

e.g. LONZ02-012E (Lonza) 

or BCHRA2712 (Biochrom) 

(e.g. through VWR) 

store according to 

manufacturer’s 

instructions 

Trypsin 

0.25 % in PBS w/o Ca2+, Mg2+, 

L11-002 (PAA) 

(e.g. through Chemie Brunschwig) 

thaw before use and 

prepare 10 mL aliquots 

in adequate sterile 

tubes 

store at -20 °C 

Versene (0.2 g/L 

EDTA in PBS) 

1:5000, 15040 (Gibco)  

(e.g. through Invitrogen) 
store at 4 °C 

Leibovitz L-15 media 
with Glutamine and without Phenolred 

21083 (Gibco) (e.g. through Invitrogen) 
store at 4 °C 

37% (w/v) 

Formaldehyde 
F1635-500ML; Sigma-Aldrich 

store at room 

temperature 

Acetic acid 
BioUltra, ≥99.5% (GC/T), 45726-1L-F; 

Fluka - Sigma-Aldrich  

store at room 

temperature 

alamarBlue™ 

solution 
DAL1100; Invitrogen  store at 4 °C 

CFDA-AM C1345; Invitrogen  store at -20 °C 

Neutral Red solution N2889; Sigma-Aldrich  store at 4 °C 

10 x Dulbeccos PBS  with Ca2+ and Mg2+; 14080-089, Invitrogen  
store at room 

temperature 
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Dimethyl sulfoxide 

(DMSO) 

≥99.9%, for molecular biology  

D8418-250ML; Sigma-Aldrich  

store at room 

temperature 

Ethanol (absolute) pro analysi, 1.00983.1000; MERCK  
store at room 

temperature 

Calcium Chloride 

(CaCl2) 

≥96%, anhydrous, cell culture tested 

C5670-100G; Sigma-Aldrich  

store at room 

temperature 

Sodium Chloride 

(NaCl) 

≥99%, cell culture tested 

S5886-1KG; Sigma-Aldrich  

store at room 

temperature 

Potassium Chloride 

(KCl) 

≥99%, cell culture tested  

P5405-250G; Sigma-Aldrich  

store at room 

temperature 

Magnesium Sulfate 

(MgSO4) 

≥98%, cell culture tested 

M2643-500G; Sigma-Aldrich  

store at room 

temperature 

Magnesium Chloride 

(MgCl2) 

≥97%, cell culture tested 

M4880-100G; Sigma-Aldrich  

store at room 

temperature 

Galactose 
≥96%, anhydrous, cell culture tested 

G5388-100G; Sigma-Aldrich  

store at room 

temperature 

Sodium pyruvate 
≥99%, cell culture tested 

P5280-100G; Sigma-Aldrich  
store at 4 °C 

Sodium Phosphate 

Dibasic  

(Na2HPO4) 

≥99%, cell culture tested 

S5136-100G; Sigma-Aldrich  

store at room 

temperature 

Potassium 

Phosphate 

Monobasic 

(KH2PO4) 

≥99%, cell culture tested 

P5655-100G; Sigma-Aldrich  

store at room 

temperature 

Deionized water resistivity: ≤ 18.2 MΩ*cm  

3,4-Dichloroaniline 
35827, PESTANAL®, analytical standard; 

Lot-No. SZBB055XV; Sigma-Aldrich  

store at room 

temperature 
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5.1.2 Freshly prepared solutions 

L-15 complete culture 

medium 

add to 500 mL L-15: 

 25 mL FBS 

 2.5.mL gentamicin 

store at 4 °C 

(durability 3 months) 

 

Salt Solution A 

(10x concentrated for 

L-15/ex) 

80 g NaCl 

4.0 g KCl 

0.98 g MgSO4 

0.94 g MgCl2 

fill up with deionized water to  

600 mL 

autoclave 

store at room temperature 

(durability 6 months) 

Salt Solution B 

(10x concentrated for 

L-15/ex) 

1.4 g CaCl2 

fill up with deionized water to  

100 mL 

autoclave 

store at room temperature 

(durability 6 months) 

Salt Solution C 

(10x concentrated for 

L-15/ex) 

1.9 g Na2HPO4 

0.6 g KH2PO4 

fill up with deionized water to  

300 mL 

autoclave 

store at room temperature 

(durability 6 months) 

Galactose solution 

(10x concentrated for 

L-15/ex) 

9.0 g galactose 

fill up with deionized water to  

100 mL 

filter-sterilize (0.2 µm) 

dispense in 12 mL aliquots 

store at -20 °C 

(durability 6 months) 

Sodium pyruvate 

solution 

(10x concentrated for 

L-15/ex) 

5.5 g sodium pyruvate 

fill up with deionized water to  

100 mL 

filter-sterilize (0.2 µm) 

dispense in 12 mL aliquots 

store at -20 °C 

(durability 6 months) 

 

L-15/ex 

(prepare aseptically) 

60 mL Salt solution A 

10 mL Salt solution B 

30 mL Salt solution C 

10 mL galactose solution 

10 mL sodium pyruvate solution 

store at room temperature 

(durability 3 months) 
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fill up with sterilized deionized 

water to 1000 mL 

 

CFDA-AM 

4 mM stock solution 

5 mg CFDA-AM 

2.32 mL DMSO 

prepare 200 μL aliquots  

store at -20 °C 

 

PBS 
900 mL deionized water 

100 mL 10x Dulbeccos PBS 

stirr and adjust the pH to 

7.1 (with 10 N NaOH) 

store at room temperature 

 

alamarBlue™ and CFDA-

AM working solution 

[5% (v/v) alamarBlue™ 

and 4 µM CFDA-AM in 

PBS] 

11.4 mL PBS  

600 µL alamarBlue™ 

12 µL CFDA-AM stock solution 

prepare freshly for testing 

of cytotoxicity 

 

Neutral Red working 

solution 

11.82 mL PBS  

180 µL Neutral Red solution 

prepare freshly for testing 

of cytotoxicity 

Fixative 

5 g CaCl2 

6.75mL 37% (w/v) Formaldehyde 

fill up with deionized water to  

1000 mL 

store at room temperature 

(durability 6 months) 

Extraction Solution 

500 mL ethanol (abs.) 

  10 mL acetic acid (100 %) 

fill up with deionized water to  

1000 mL 

store at room temperature 

(durability 6 months) 

 

5.2 Cell line used 

The cell line used for the cytotoxicity assay is RTgill-W1. The maintenance is described in SOP 

CS-01. It is commercially available at ATCC® (Nr CRL-2523™). 
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5.3 Seeding cells into 24-well plates 

Per test replicate, one 24-well plate of cells is seeded. One confluent 75 cm2 flask of  

RTgill-W1 contains around 10 million cells. Thus, one plate can be generated out of one 

confluent flask of RTgill-W1. 

 

5.3.1 Preparation of working materials and solutions for cell seeding 

Thaw the trypsin. Adjust trypsin, Versene and the L-15 complete culture medium to 19 ± 1 °C 

in the incubator for at least one hour before performing the cell seeding. Turn the biosafety 

cabinet on, wipe the cabinet with disinfection according to the sterile procedures in your facility 

and let the air flow for approximately 10 -15 minutes. Clean the pipette boxes (Pasteur and 

glass), trypsin, Versene, L-15 complete culture medium bottles and the cell culture flasks 

according to the sterile procedures in your facility and put them under the biosafety cabinet. 

 

Depending on the cell counting method you use, prepare a cell counting chamber for manual 

cell counting or prepare the electric cell counter for automatic counting. In this SOP examples 

for the Neubauer chamber and the Casy1 cell counter are given. 

 

5.3.2 Seeding cells: step-by-step performance 

Description for seeding of one plate (cells taken from one confluent cell culture flask): 

 

a) check cells in the cell culture flask under the microscope 

 

 

 

 

 

 

 

 
 

        Fig. 3: Confluent monolayer of RTgill-W1 cells 
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b) if confluency is reached (Fig. 3), prepare cells for seeding as follows: 

c) draw of the medium using sterile Pasteur pipette and vacuum pump 

d) gently add 1 mL Versene (note: do not pipette Versene directly onto cells, detachment of 

cells may occur) 

e) wash cells by gentle agitation of the cell culture flask 

f) draw of the Versene and repeat washing step (d, e and f) 

g) after drawing off Versene for the second time, add 0.7 mL trypsin 

h) promote the cell detachment by gently tapping and agitating the cell culture flask (check 

detachment visually) 

i) add 5 mL L-15 complete culture medium to stop the action of trypsin 

j) suspend cell clumps and remove remaining attached cells by gently pipetting the solution 

several times up and down and also over the surface of the cells (strictly avoid the 

formation of foam – shear forces can disrupt the cells)  

k) transfer the cell solution into a plastic tube (15 mL centrifuge tube) 

l) centrifuge for 3 min with 875 g at 18 – 21 °C 

m) draw of the supernatant as low as possible without removing the cell pellet 

n) dissolve the cell pellet in 5 mL L-15 complete culture medium by gently pipetting the 

solution several times up and down or against the tube wall for better cell suspension 

without foam formation 

o) determine the cell number of the cell suspension in two independent runs with the 

counting method of choice: 

o Neubauer chamber: add 10 μL of the cell suspension and count the cells of at least 

two quadrates (marked in grey, Fig. 4) 

o Casy1 cell counter: add 10 μL of the cell suspension to 10 mL CasyTon and count 

the cells ranging between 10 – 20 μm in size according to the manufactures 

instructions 
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Example Neubauer chamber: 
 

Fig. 4: Simplified picture of the 

counting areas of a Neubauer 

chamber. Areas for counting are 

marked grey. The number of cells in 

each grey quadrate is noted.  

 

 

 

 

evaluate the number of cells per 1 mL: 

example: 

- counted number of cells in two quadrates: 198 and 192  average: 195 

- 100 counted cells correspond to 1 000 000 cells/ mL 

- mLcells /10195
100

1000000195 4


 

 

Cell counter example for Casy1: 
Fig. 5: Distribution of a 10 µL cell 

suspension in 10 mL CasyTon. RTgill-W1 

cells range in size from 10 to 20 µm. 

 

 

 

 

 

 

 

 

 

example: 

In a range of 10 to 20 µm 1.959 * 106 cells per mL were counted. 

 

p) if the difference between the two independent measurements of the cell number differ by 

more than 10%, take another count and use the average of the two closest values 
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q) calculate the volume of cell suspension prepared under n) needed to prepare 25 mL of a 

seeding solution with a cell density of 350 000 cells/mL for seeding into one 24-well plate: 

example: 

In one well (of a 24-well plate) 350 000 cells should be seeded (1 mL seeding volume). 

solutionseedingforVolumerequired
cellNo

volumecellNo

counted

neededneeded 


 

 mL
mL

mLmL

mL

mLcells
47.4

/109.195

25/1035

/10959.1

25350000
4

4

6









 

r) transfer the respective volume of cell suspension into a new 50 mL plastic tube and fill up 

with L-15 complete culture medium to 25 mL (seeding solution). Mix by gently pipetting 

the solution up and down at least 3-4 times 

s) transfer 1 mL of the seeding solution into each well of a 24-well plate (individually or by 

using a multi-channel pipette), except for the “cell-free control” wells (A1, A2, see pipetting 

scheme in Fig. 6). Take care to gently sway the cells in the seeding solution throughout the 

pipetting procedure to avoid settling of cells. Close the well plate with the lid. 

t) incubate the plate at 19 ± 1 °C for 24 h 

 

 

 

 

 

 

 

 

 

 

 
   Fig. 6: Pipetting scheme for cell seeding into 24-well plates (1 mL seeding volume). 

 

5.3.3 Preparation of sampling for chemical analytics 

Before stock solutions and dosing mixtures are set-up, prepare the sampling vials to take 

samples for chemical analyses. It is crucial to label the sample vials in a readable and waterproof 
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manner. Therefore, water- and lightproof marker or resistant adhesive labels, which can be 

imprinted with the computer using a laser printer, are to be used. However, it should be noted 

that an adhesive label should not cover the entire vial as it is important to be able to see inside 

the vial. 

 

5.4 Preparation of chemical stock solutions in DMSO: 

Using DMSO as an organic solvent, the chemical stock solutions need to be 200-times higher 

concentrated than the final exposure concentrations of the chemical to gain a final DMSO 

concentration in the exposure media of 0.5 % (v/v), i.e. a clearly non-cytotoxic concentration. 

After weighing the appropriate amount of chemical in a 4 mL amber glass vial and addition of 

the corresponding DMSO volume, the first stock solution should be extensively mixed by using 

a shaker for at least 15 minutes. This stock solution is now the starting point for a serial dilution 

in DMSO, with a constant dilution factor not exceeding 2.5 (see Fig. 2 day 2). The chemical 

dilution series should be prepared freshly for each experimental day. Special attention should 

be drawn to keep the DMSO free of contaminations. It is recommended to use a new bottle 

and prepare smaller aliquots, which are then used to prepare the chemical dilution series. 

Doing so avoids frequent re-use of the original DMSO bottle and thereby decreases the risk of 

DMSO contamination. 

Chemicals that are in solid form at room temperature can simply be weighed in a 4 mL amber 

glass vial. 

For chemicals that are liquid at room temperature, take a defined volume of the chemical, 

transfer it by pipette to the 4 mL amber glass vial and weigh it. For calculation of the 

corresponding amount of DMSO to add, subtract the volume of pipetted chemical. 

example: - 80 µL chemical weigh 103.6 mg 

  - To obtain a nominal concentration of 40 g/L, 2.51 mL of DMSO need 

     to be added (103.6 mg : 40 mg/mL = 2.59 mL DMSO – 0.08 mL  

     Volume of the chemical) 
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5.5 Preparation of dosing mixtures in L-15/ex 

Steps 5.5 and 5.6 are performed under sterile conditions. Thus, turn the biosafety cabinet on 

and let the air flow for approximately 10 -15 minutes. Clean the cabinet and the material 

needed for preparation of dosing mixtures and exposure according to the sterile procedures of 

your facility and put them under the biosafety cabinet. 

Dosing mixtures are prepared by diluting the stock solutions in L-15/ex exposure medium under 

sterile conditions and the use of sterile 20 mL amber glass vials. The dosing mixtures should be 

prepared freshly immediately before dosing onto the cells. 

For the preparation of the chemical dosing mixtures from the DMSO stock solutions, place 

seven sterilized 20 mL glass vials under the biosafety cabinet. Add to each glass vial 12 mL 

L-15/ex and 60 µL of the respective chemical-DMSO stock solution or DMSO alone (Fig. 2 day 

2). Shake the dosing mixture vigorously for 10 min using an orbital shaker. 

 

5.6 Chemical exposure and sampling for chemical analyses at start of exposure (c0h): step-by-

step performance 

After 24 h incubation, cells should have formed a confluent layer within each well (Fig. 7). This 

is observed by microscopy. If confluence is not yet reached after 24 h of incubation, the plate 

can be incubated for another 24 - 48 h before chemical exposure. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Images of RTgill-W1 cells recorded 
24 h after seeding (seeding density: 
350 000 cells per mL).  
Even distribution of the cells across the 
whole well was can be observed. 
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If required by the analytical method of choice, preload the 1.5 mL sampling vials with solvent 

and cap the vials such that they can be easily opened to add the medium samples. It is 

recommended to arrange the sampling vials in the rack according to the plate set-up to avoid 

confusion. 

 

a) Draw of the L-15 complete culture medium from each well. Tilt the plate to allow for easier 

removal and take care not to touch the cells with the Pasteur pipette. Alternatively, the 

plate can be emptied by pouring the content into a collection tray and dabbing the plate 

dry onto kitchen paper. Immediately proceed to the next step. 

b) Gently add 1 mL L-15/ex to each well using the multi-channel pipette (note: do not pipette 

directly onto the cells, otherwise cells will detach from the bottom) and wash wells by 

manual, gentle swaying of the plate. 

c) Draw of L-15/ex or pour the plate and dab dry onto kitchen paper. 

d) Add 2.5 mL of the respective dosing mixture into each well except for the negative control 

with L-15/ex and the cell-free control wells where 2 mL of medium are added (see Fig. 8 

and Fig. 2 day 2; note: do not pipette directly onto the cells, otherwise cells will detach 

from the bottom). During dosing procedure, put the lid on the plate and open only the 

wells to pipette in. Doing so prevents that the cell layer in not yet dosed wells dries out. 

e) Immediately remove a 500 μL sample from each of the three wells per concentration and 

solvent control and transfer it into the respective sampling vial, preloaded or not, with a 

solvent according to the analytical protocol. Immediately close the vial tightly. 

f) Cover the plate with adhesive foil. 

g) Incubate the plate for 24 h at 19 ± 1 °C in the dark. 

 



RTgill-W1 cell line 
assay  
based on Project 
CEllSens 
CEFIC-LRI Eco-8 

STANDARD OPERATING PROCEDURE SOP No.:  
Edition No.: 
Date of 
Release: 
Editors: 
 

CS-02 
09 
 
28.01.2019 
M. Fischer 
K. Schirmer 

RTgill-W1 cytotoxicity assay 

 

20/35 
 

 

“cell-free control” wells: 

These cell-free wells are treated in the same way as the wells containing cells. To one of the 

two cell-free control wells, 2 mL of L-15/ex are added. This well is needed to eliminate the 

background fluorescence of the dyes. The second cell-free control is used for detecting possible 

interferences between chemicals and fluorescent dyes. To this well, 2 mL of the dosing mixture 

containing the highest chemical test concentration is added. If an interference is detected (e.g. 

a higher/lower fluorescence by > 20 % as compared to the other cell-free control well), a cell-

free control reference plate is required for the next tests with this respective chemical (cell free 

plate treated in the same way as the exposure plate). If no interference is detected, both cell-

free control wells are treated as cell-free control values. 

 

5.7 Determination of cytotoxicity 

5.7.1 Preparation of working materials and solutions for cytotoxicity measurement 

Prepare the alamarBlue™/CFDA-AM and the Neutral Red working solutions (see 5.1.2). For 

measuring several plates at the same time, prepare respective multiple volumes of the dye 

working solutions. 

 

Fig. 8: Pipetting scheme for test 
chemicals (one chemical, 6 test 
concentrations and 3 replicates per 
plate). 
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5.7.2 Visual control of cell damage 

The cells in the culture plate should be visually observed, paying particular attention to the 

degree of damage as a first control of the test performance. It is recommended to perform the 

visual observation at step d) of the procedure for cytotoxicity measurement (see 5.7.3) when 

the adhesive foil and test chemical is already removed from the plate. This allows for better 

observation result. 

In Fig. 9, cells are shown with a different grade of damage after exposure to the positive control, 

3,4-DCA. These pictures should serve as a guide to ensure optimal test performance. 

   
negative control (100% metabolic activity)                         solvent control (100% metabolic activity) 

   
C1 – 100 mg/L 3,4-DCA (2% metabolic activity)                 C2 – 50 mg/L 3,4-DCA (3% metabolic activity) 
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C3 – 25 mg/L 3,4-DCA (55% metabolic activity)                 C4 – 12.5 mg/L 3,4-DCA (86% metabolic activity) 

   
C5 – 6.25 mg/L 3,4-DCA (95% metabolic activity)              C6 – 3.13 mg/L 3,4-DCA (100% metabolic activity) 

Fig. 9: Images of RTgill-W1 cells with different grades of damage after 24 h of exposure to the positive control 

3,4-DCA. Percentages refer to the % metabolic activity measured by alamarBlue™ compared to the control. 

 

5.7.3 Measuring cytotoxicity and sampling for chemical analyses at end of exposure (c24h): step-

by-step performance 

If required by the analytical method of choice, preload the 1.5 mL sampling vials with solvent 

and cap the vials such that they can be easily opened to add the medium samples. It is 

recommended to arrange the sampling vials in the rack according to the plate set-up (Fig. 8) to 

avoid confusion. 
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a) Remove the adhesive foil from the test plate and take 500 µL of the exposure medium from 

each well and transfer it to the respective sampling vial for chemical analysis for the 24 h 

exposure time point. Immediately close the vial tightly. 

b) Discard the remaining exposure solution. 

c) Wash each well with 1000 µL PBS (see 5.1.2; note: do not pipette directly onto the cells, 

otherwise cells will detach from the bottom). 

d) Place the plate lid and observe the cells visually (see 5.7.2).  

e) Discard the washing solution. 

f) Add to each well 400 µL of the alamarBlue™/CFDA-AM working solution (note: do not 

pipette directly onto the cells, otherwise cells will detach from the bottom). 

g) Cover the plate with the plate lid and incubate at 19 ± 1 °C for 30 min in the dark (e.g. wrap 

the plates in aluminum foil). 

h) Measure first the fluorescence of alamarBlue™ (for wavelengths see below) and after that 

the fluorescence of CFDA-AM (for wavelengths see below) with the fluorescent plate 

reader. 

i) Discard the alamarBlue™, CFDA-AM working solution. 

j) Add to each well 400 µL Neutral Red working solution (note: do not pipette directly onto 

the cells, otherwise cells will detach from the bottom). 

k) Cover the plate with the plate lid and incubate at 19 ± 1 °C for 60 min in the dark (e.g. wrap 

the plates in aluminum foil). 

l) Discard the Neutral Red working solution. 

m) Wash each well with 400 µL fixative (see 5.1.2) and discard the fixative. 

n) Add to each well 400 µL extraction solution (see 5.1.2), place the plate lid and incubate for 

10 min at room temperature in the dark (e.g. wrap the plates in aluminum foil) and gently 

shake on a plate shaker. 

o) Measure the fluorescence of Neutral Red (for wavelengths see below) with the fluorescent 

plate reader. 
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Parameters for the fluorescence measurement: 

Endpoint measurement will be performed. It is assumed that the formed fluorescent dyes are 

dissolved and evenly distributed in the media.  

alamarBlue™:  exc: 530 nm   em: 595 nm 

CFDA-AM:   exc: 493 nm   em: 541 nm 

Neutral Red: exc: 530 nm   em: 645 nm 

 

6 Waste disposal 

Dispose the exposure solutions, remaining dye working solutions/fixative/extraction solution, 

well plates and remaining stock solutions and dosing mixtures according to your facility 

standards. At Eawag waste is disposed as follows: 

 

Exposure solution 
dispose into (halogen containing) organic 

waste 

Remaining alamarBlue™/CFDA-AM and 

Neutral Red working solution 
dispose into sewage system 

Fixative dispose into halogen free organic waste 

Extraction solution dispose into sewage system 

Well plates 
let dry out under fume hood and dispose 

into contaminated plastic waste 

Remaining stock solutions and dosing 

mixtures 

- dispose stock solutions and mixtures into 

(halogen containing) organic waste, clean 

glass vials with acetone and let evaporate 

under fume hood 

- glass and plastic waste should be placed 

under a fume hood overnight and disposed 

into the contaminated glass or plastic 

waste, respectively 
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7 Preparation of results 

The raw data gained will be transformed into an excel-sheet („evaluated raw data.xls“, see 

Fig. 10) to analyze the toxicity values as % of cell viability compared to solvent control. 

 

7.1 Calculation principle 

Principles of the determination are as follows: 

 

a) The average values of fluorescence units of each control and tested chemical 

concentration of each test plate are determined. 

b) Subtraction of the corresponding average “cell-free control” fluorescence units from the 

fluorescence units of each well of the corresponding test plate. 

c) These values are used to calculate the % of cell viability with regard to the solvent control. 

Therefore, the fluorescence units of the solvent control are set to 100 % (100 % of the cells 

are vital). 

d) Calculate the corresponding cell viability of each test chemical concentration (in %). 

 

% 𝑐𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑓𝑙𝑢𝑜. 𝑢𝑛𝑖𝑡𝑠 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 ∗ 100 %

𝑓𝑙𝑢𝑜. 𝑢𝑛𝑖𝑡𝑠 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
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7.2 Transformation of raw data 

An example of the following template excel-sheet for the transformation of the raw data is 

provided in Fig. 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.10: Excel-template for raw data 

evaluation (the parts surrounded by red 

squares are changeable). 
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The cells of this template sheet are password protected, with some exceptions (framed in red; 

Fig. 10). You will be able to change the date of performance, the number of your experiment, 

the name of the tested chemical, the used chemical concentrations and of course your raw 

data for each of the three fluorescent dyes. It is automatically highlighted by a color code 

whether the background fluorescence of the cell-free control wells and the solvent control 

viability fall within the acceptance ranges given in the validity criteria (see 3.1, 8.1 and 8.2). 

 

7.3 Use of the excel-template for raw data evaluation 

a) Save the template with a new file name. 

b) Change the date of your test performance. 

c) Change the test identification code.  

d) Add the name of the chemical tested and if necessary add additional test information. 

e) Fill in the used chemical concentrations in descending order (from concentration 1 to 

concentration 6). 

Note: These concentrations will automatically appear in the dosing scheme on the right 

hand site. 

f) Transfer your raw data into the corresponding scheme (each of the three indicator dyes) 

by copy and paste or manually. In case of copy and paste check at least 10 % of the 

transferred data with regard to their correctness. In case of a manual transfer, 100 % of 

data needs to be double-checked. 

g) In the tables below you will now find the “% of cell viability in comparison to the control 

cells” for each chemical concentration and indicator dye. These values are going to be used 

to generate the concentration-response curves and to calculate the corresponding EC50 

values. 

h) Use the geometric mean based measured concentrations of each test concentration at the 

start (c0h) and the end (c24h) of the test for the x-axis. Plot the percentage of cell viability 

values on the y-axis. EC50 values are calculated based on non-linear regression sigmoidal 

concentration−response curve fi ng with constrains set for Bo om (0.0) and Top (100.0) 

(e.g. using a four parameter logistic equation with variable slope (Hill slope) in program 

“GraphPad Prism” or the profile likelihood method according to Raue et al. (2009)). 
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8 Validity criteria of the test 

8.1 Excluding autofluorescence 

The variation of fluorescence between the cell-free control wells should not exceed 20 %. If an 

interference is detected (e.g. a fluorescence higher/lower than 20 % as compared to the other 

cell-free control well, see 3.1 and 5.6), a cell-free control reference plate is required in an 

additional test (cell free plate treated in the same way as the exposure plate) for concentration-

dependent fluorescence background subtraction of the dyes. 

8.2 Excluding contamination of the organic solvent 

To exclude contaminations of the used organic solvent, cell viability in the solvent-free negative 

vs. solvent containing control is checked on each test plate. The criteria is set to a no more than 

10% reduction in raw fluorescent values between the negative and solvent free control (see 

3.1). 

8.3 Assay performance (positive control) 

In each round of testing, a separate plate carrying a concentration range of the positive control, 

3,4-Dichloroaniline, should be tested. The mean EC50 value for each dye based on nominal 

concentrations should lie between 2½ standard deviations (SD) from the EC50 determined 

during the testing of 3,4-DCA within the round robin study (n=27; Fischer et al., 2019). 

 

alamarBlue™:   43.6 mg/L ± 6.1 mg/L (2½ SD range: 28.4 - 58.9 mg/L) 

CFDA-AM:   62.5 mg/L ± 18.9 mg/L (2½ SD range: 15.2 - 109.7 mg/L) 

Neutral Red: 58.6 mg/L ± 18.6 mg/L (2½ SD range: 12.1 - 105.0 mg/L) 
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9 Forms (documentation of test performance) 

ANNEX 1: PREPARATION OF 10xconcentrated L-15/ex STOCK SOLUTIONS 

 

* Salt stock solutions should be kept at room temperature and Galactose and Pyruvate solutions in the freezer, max. for 6 months. 

**Indicate Supplier and Cat# if different from SOP CS-02 

 

Date of preparation:  

Date of expiry:  

Prepared by:  

 

The preparation of L-15/ex stock solutions should be mentioned in the lab book and recorded 

in an extra file folder. Salt stock solutions should be kept at room temperature and Galactose 

and Pyruvate solutions in the freezer, max. for 6 months.

Stock 

solution* 
Substance 

Supplier**  

Lot-No. 

Final 

conc. 

[g/L] 

Amount to 

add 

Actual 

weight 

Sterilized 

? 

Salt Solution  

A 

(600 mL) 

NaCl  133.3 80.0 g  

 
autoclaved 

KCl  6.66 4.0 g  

MgSO4  1.63 0.98 g  

MgCl2  1.56 0.94 g  

Deionized water Fill up to 600 mL  

Salt Solution  

B 

(100 mL) 

CaCl2  14.0 1.4 g   

 
autoclaved Deionized water Fill up to 100 mL  

Salt Solution  

C 

(300 mL) 

Na2HPO4  6.33 1.9 g  

 
autoclaved 

KH2PO4  2.0 0.6 g  

Deionized water Fill up to 300 mL  

Galactose 

Solution 

(100 mL) 

Galactose 

solution 

 
90.0 9.0 g 

  
sterile 

filtered 

(0.2 µm) 
Deionized water Fill up to 100 mL  

Pyruvate 

Solution 

(100 mL) 

Sodium 

pyruvate 

 
55.0 5.5 g 

  
sterile 

filtered 

(0.2 µm) 
Deionized water Fill up to 100 mL  

signature of operator: 
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ANNEX 2: PREPARATION OF L-15/ex* from 10xconcentrated stock solutions  

 
For a final Volume of 1000 mL in sterile container: 

 

Substance Date of preparation Volume to add Added? 

Salt solution A  60 mL  

Salt solution B  10 mL  

Salt solution C  30 mL  

Galactose solution  10 mL  

Pyruvate solution  10 mL  

Sterilized water  880 mL  

 
* L-15/ex should be kept at 19 ± 1 °C, max. for 3 months 

 

Date of preparation:  

Date of expiry:  

Prepared by:  

 

 

Signature of operator: 

 

 

 

 

 

 

 

 

 

 

The preparation of L-15/ex should be mentioned in the lab book and recorded in an extra file 

folder. L-15/ex should be kept at 19 ± 1 °C, max. for 3 months.
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ANNEX 3: PREPARATION OF CHEMICAL STOCK SOLUTION SERIES IN DMSO and PREPARATION 

OF DOSING MIXTURES IN L-15/ex 
 

PREPARATION OF CHEMICAL STOCK SOLUTION SERIES IN DMSO 

STOCK SOLUTION 

Substance Supplier 

Lot-No. 
Nominal conc.  Initial 

weight 

DMSO added? 

How much? 

   
                        
                      mL 

 

DILUTION SERIES in DMSO 

Name Concentration 

[g/L] 

Volume DMSO 

[mL] 

Added vol. from 

solution [mL] 
Dilution factor 

Stock 1 (S1)  = stock solution 

Stock 2 (S2)   S1:  

Stock 3 (S3)   S2:  

Stock 4 (S4)   S3:   

Stock 5 (S5)   S4:  

Stock 6 (S6)   S5:  

Stock 7 (S7) 0.0 = DMSO only 

 

PREPARATION OF DOSING MIXTURES IN L-15/ex 

Name 
Volume  

L-15/ex [mL] 

Volume of Stock 

added [µL] 

Final conc. of Dosing 

Mixture 

[mg/L] 

Concentration 1 (C1) 12 S1 60  

Concentration 2 (C2) 12 S2 60  

Concentration 3 (C3) 12 S3 60  

Concentration 4 (C4) 12 S4 60  

Concentration 5 (C5) 12 S5 60  

Concentration 6 (C6) 12 S6 60  

Solvent Control (SC) 12 S7 60 0.0 

 

Test identification code:  

Date of preparation:  

 

The preparation of chemical stock solutions should be mentioned in the lab book and recorded 

in an extra file folder.

signature of operator: 
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ANNEX 4: PREPARATION OF FIXATIVE AND EXTRACTION SOLUTION 

 

Solution* Chemical 
Supplier** 

Lot-No. 
Final conc. 

Nominal 

value 
Actual value 

Fixative 

(1 L) 

CaCl2  5 g/L 5 g  

37 % (w/v) 

formaldehyde 
 0.25 % 6.75 mL  

Water 993 mL  

 

Extraction 

(1 L) 

Acetic Acid  1.0 % 10 mL  

Ethanol  50 % 500 mL  

Water 490 mL  

 

* Solutions should be kept at room temperature, max. for 6 months. 

**Indicate Supplier and Cat# if different from SOP CS-02 

 

 

 

 

Signature of operator: 

 

 

 

 

 

 

 

 

 

 

The preparation of Fixative and Extraction solution should be mentioned in the lab book and 

recorded in an extra file folder. Solutions should be kept at room temperature, max. for 6 months. 

Date of preparation:  

Prepared by:   
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ANNEX 5: SOLUTIONS USED FOR TEST 

Test identification code:  

 

Preparation date of L-15/ex:  

 

PBS – Supplier* / Lot-No.  

 

Preparation of dye working solutions**: 

Working solution: alamarBlue™ + CFDA-AM Neutral Red 

Supplier*: 

Lot-No.: 
  

Final concentration: 
- 5 % (v/v) alamarBlue™ 

- 4 μM CFDA-AM 
- 1.5 % (v/v) 

For 12 mL dye solution: 

- 600 μL alamarBlue™ 

- 12 μL 4 mM CFDA-AM 

   in DMSO 

- 11.4 mL PBS 

- 180 μL Neutral Red 

- 11.82 mL PBS 

Required Volume for dye 

solution: 
mL mL 

Required Vol. of the dye: 
alamarBlue™: 

                 μL 

CFDA-AM: 

                 μL 

Neutral Red: 

                    μL 

Required Volume of PBS: mL mL 

Preparation date of dye working solutions:  
 

* Indicate Supplier and Cat# if different from SOP CS-02 

** durable for one day, when stored in the dark at room temperature 

 

Preparation date of Fixative solution:  

 

Preparation date of Extraction solution:  

 

Signature of operator: 

 

 

 

Dye solutions should be freshly prepared each day. They are durable for one day, when stored 

in the dark at room temperature.
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1                       2                      3                     4                      5                     6

A

B

C

D

solvent 
control
2,5 ml
well1

solvent 
control
2,5 ml
well2

solvent 
control
2,5 ml
well3

no cells
2 ml

L-15/ex

no cells
2 ml

conc. 1

negative 
control
(2 ml

L-15/ex)

chemical
conc. 1
2,5 ml
well1 

chemical
conc. 1
2,5 ml
well2

chemical
conc. 1
2,5 ml
well3

chemical
conc. 3
2,5 ml
well1

chemical
conc. 3
2,5 ml
well2

chemical
conc. 3
2,5 ml
well3

chemical
conc. 4
2,5 ml
well1

chemical
conc. 4
2,5 ml
well2

chemical
conc. 4
2,5 ml
well3

chemical
conc. 5
2,5 ml
well1

chemical
conc. 5
2,5 ml
well2

chemical
conc. 5
2,5 ml
well3

chemical
conc. 6
2,5 ml
well1

chemical
conc. 6
2,5 ml
well2

chemical
conc. 6
2,5 ml
well3

chemical
conc. 2
2,5 ml
well1

chemical
conc. 2
2,5 ml
well2

chemical
conc. 2
2,5 ml
well3

ANNEX 6: TEST COVER SHEET CYTOTOXICITY ASSAY 

Test date:  

Identification code of the test:  

 

Sample information: 

Tested chemical:  

Chemical supplier/ order No./ Lot-No.:  

Tested concentration range (in mg/L):  

Preparation date of dilution series:  

 

Test information: 

Referred CEllSens SOP: CS-02, 9th edition 

Used cells:   

- passage nr. 

- cell suspension (cells/mL) 

- calculation of required seeding  

  solution (volume cell suspension/L-15 

  complete culture media) 

-  

-  

-  

 

Exposure temperature:  

Remarks:  

 

Pipetting scheme: 

 

 

 

 

 

 

 

 

 

 

Date: Signature of operator: 
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