Standard operating procedure for the measurement of reactive oxygen species in cultured primary rat hepatocytes
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Abbreviations
ROS
reactive oxygen species

SOD
superoxide dismutase
NADPH
nicotinamide adenine dinucleotide phosphate hydrogen
NADP
nicotinamide adenine dinucleotide phosphate
DCFH-DA
dichlorodihydrofluorescein diacetate
DCF
dichlorodihydrofluorescein
PBS
phosphate buffered saline
1. Introduction
Mitochondria are major generators of reactive oxygen species (ROS) in cells and tissues. ROS include, predominantly, the superoxide anion (O2-), hydrogen peroxide (H2O2), and the hydroxyl radical (OH·). Of these, H2O2 is the most stable and abundant, because it is the by-product of superoxide scavenging by the superoxide dismutase (SOD) enzymes. Exposure of cells to a stimulus may cause activation of enzymes responsible for the oxygen metabolic burst, such as NADPH oxydase. Active NADPH catalyzes the reaction:

NADPH + 2O2 → NADP+ + 2O2- + H+ 

The formed O2- can be rapidly converted into H2O2 or other ROS. In general, the quantitative analysis of these radicals within cells is difficult due to the high intracellular concentration of glutathione, which can form thiyl or sulfinyl radicals and the variable concentration of metals, which can either catalyze or inhibit radical reactions, and the presence of free radical–quenching agents such as spermine and albumin. Taking into account these potential difficulties, several approaches can be used to evaluate ROS production in living cells (Cadenas et al., 2010; Burchardt et al., 2010; Hamanaka et al., 2010).
A widely used method for ROS measurements in mitochondria is the fluorogenic probe-based dichlorodihydrofluorescein diacetate (DCFH-DA) assay. The principle of the assay is that ROS detection is proportional to an increase in the basal level of the probe, which emits an intense green fluorescence only after deacetylation and subsequent oxidation, predominantly by H2O2. A major advantage of this method is that it is equally applicable to mitochondrial preparations and living cells (Keston et al., 1965).
2. Purpose

The DCFH-DA assay is performed to measure free radical production in cells after exposure to selected compounds. The data are used to estimate the oxidative stress potential of chemicals in cultured cells. 

3. Scope and limitations
The fluorescent assay DCFH-DA is based on the ability of the non-fluorescent lypofilic DCFH-DA probe to penetrate viable cells, where it is being deactylated by the presence of intracellular esterases and trapped within the cells. Upon exposure of the cells to a stimulus that generates the oxygen metabolic burst and subsequently the production of ROS, the probe is oxidized and starts to emit an intense green fluorescence (See figure 1).
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Fig.1 Deacetylation and oxidation of the DCFH-DA probe. 

This assay allows the determination of the oxidative stress induction potential of chemical substances. As such, after incubation with the probe, the cells are exposed to the selected substances and the respective emitted fluorescence can be measured for a period of 30 min. The increase in fluorescence is proportional to the amount of ROS that are being formed within the cells. The results can be read by the use of a multiwell scanning fluorimeter (plate reader) using an 485-495nm emission filter and an 520-530nm excitation filter. 

ROS production is expressed as a ratio of treatment versus control. This method provides a sensitive, reproducible and integrated signal of both attached cells and cells in suspension.
4. Method outline
Basically, the standard operating procedure outlined in this document consists of the following steps, namely, (i) preparation of the cells for the DCFH-DA assay, (ii) DCFH-DA test procedure, (v) processing of the results. Practical details are provided for each of these steps and are followed by some useful tips based upon our own hands-on experience.
5. Consumables and equipment

5.1. Products and reagents

- Phosphate-buffered saline (PBS) pH = 7.65:


• KCl (Merck 4936, Germany)

1.00 g


• KH2PO4.12H2O (Merck 4873, Germany)
1.00 g


• NaCl (Merck 6404, Germany) 
14.00 g


• Na2HPO4.12H2O (Merck 6579, Germany)
15.50 g


• milliQ-water (Millipore RO-4/45)
ad
5000 ml

→
This buffer is sterilized by passing through a 0.22 µm filter.

→
This buffer can be stored for 9 months at 4°C.
- DCFH-DA stock solution (80mM):

• DCFH-DA powder (Sigma-Aldrich D6883, Belgium)


1 g

• DMSO


20 ml
→
Filter the solution through 0.22µm filter, aliquot and store it at -20°C for maximum 6 months.

- DCFH-DA working solution (10µM):


• DCFH-DA stock solution



2 µl


• Culture medium which does not contain phenol red


16 ml.
→
This solution is prepared ex tempore.

→
This solution must be protected by light.
- Dimethyl sulfoxide (DMSO) (Sigma-Aldrich 27.625-5, Belgium)
5.2. Materials and devices
- 96-well plates (353047, BD Biosciences, Belgium)
- Automatic pipets and tips (100 µl, 1000 µl, Eppendorf-VWR, Belgium)

- Cell counter (TC10, automated cell counter, Biorad)
- Centrifuge tubes (15 ml, BD Biosciences, Belgium)
- Freezer (-20°C, Bauknecht GKMC3611, VWR, Belgium)
- Filters/filtration devices (FP30/0.2 CA-S, Whatman)
- General glassware (VEL, Belgium)

- Incubator: 37ºC ± 1ºC, 90 % ± 5 % humidity, 5.0 % ± 1 % CO2/air 

- Laminar flow clean bench/cabinet (standard: "biological hazard")

- Laboratory balance (ALJ 160-4NM, KERN)
- Multiplate reader (Victor3, 1420 Multilabel counter, PerkinElmer, Belgium)

- Microcentrifuge tubes (1.5 ml and 2 ml, Eppendorf 0030-120094, VWR, Belgium)

- Pasteur pipets (Bilbate, United Kingdom)

- Pipetor (Pipetus, Flow Laboratories, Belgium)

- Plastic microcuvettes (Dispolab Kartell, Italy)
- Thermostated bath (37°C, Grant W14, VEL, Belgium)

- Volumetric pipets (25 ml, 10 ml and 5 ml BD Biosciences, Belgium)
- Vortex mixer (vortex genius 3, IKA)

6. Methods

6.1. Preparation of the cells for the DCFH-DA assay
1. Using a multi-channel pipette, dispense 100 µl of the cell suspension to each well of a 96-well plate. The cell concentration depends on the duration of the experiment and type of cells used (See note 1 and 2)

2. Incubate cells for 2 h (37ºC ± 1ºC, 90 % ± 5 % humidity, 5.0 % ± 1 % CO2/air). 
3. Selected compounds are added in an appropriate concentration 2 h after cell seeding in the 96-well plates.
6.2. DCFH-DA test procedure
1. Pre-heat the DCFH-DA-working solution 37oC in a water bath before use. 

2. Take the 96-well plate out of the incubator and place it on the laminar air flow bench. 

3. Aspirate the media and wash the cells carefully with PBS (37oC). Make sure that the cell layer is not disturbed by the washing procedure.

4. Add carefully 100µl of the pre-heated DCFH-DA working solution to all wells.

5. Incubate the plate for 30 min at 37oC, 5% CO2. 

6. Aspirate the medium and wash the cells carefully with PBS (37oC). 

7. Add 100µl of the medium containing the selected compound in each well, except for the controls where you add only medium. 

8. Measure the fluorescence for the next 30 min by using 475 nm ( 10 nm excitation filter and 535 nm ( 10 nm emission filter in a microtiter plate reader.
6.3. Processing of the results 
Calculate the relative ROS production, using the following equation:
ROS production (%) = [(Ave ROS amount)treated/( Ave ROS amount)control]x100 

7. Health safety and environment

Gloves and a laboratory coat must be worn by the operators when performing the described procedure. All the materials utilized for cell cultures must be discarded according to appropriate procedures for special biological waste. As also holds for other laboratory reagents, contact between the test solutions, buffers and skin and mucous membranes must be avoided. 
8. Notes

1.
The cell seeding step may easily result in uneven cell densities in the wells of the 96-well plate. Make sure that your cell suspension is homogenous and devoid of large cell aggregates.

2.
The actual cell number per well to be used depends on the size of the cells and the duration of the experiment. For large sized cells such as rat hepatocytes and total culture phase of 72h we recommend to seed 15.000 cells per well. Increase of the number of the cells might be necessary for shorter exposure times and smaller cells.

3.
The fluorescence of the probe is pH-dependent, but if the reaction is in the physiological range (pH=7-7.5), this effect will be negligible.
Table 1: Troubleshooting of the cytotoxicity assay.
	Problem
	Cause
	Solution

	Negative testing results
	Decomposed DCFH-DA stock solution
Air bubbles in the wells of the 96-well plate
	Prepare new DCFH-DA stock solution, aliquot and protect from light
Gently shake the 96-well plate before placing into the multiplate reader

	Divergent testing results
	Unequally seeded cells
Detachment of cells during the washing procedures 
	Gently handle the 96-well plate when sampling

Perform the washing steps slowly and carefully
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