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Introduction 
Oxidative stress is a physiological condition where there is an imbalance between concentrations of 

reactive oxygen species (ROS) and antioxidants.  However, excessive ROS accumulation will lead to 

cellular injury, such as damage to DNA, proteins, and lipid membranes.  The cellular damage caused by 

ROS has been implicated in the development of many disease states, such as cancer, diabetes, 

cardiovascular disease, atherosclerosis, and neurodegenerative diseases.  Under normal physiological 

conditions, cellular ROS generation is counterbalanced by the action of cellular antioxidant enzymes, 

macro or micro molecules, as well as other redox molecules.  Antioxidants also include both 

hydrophilic and lipophilic molecules for metabolizing ROS.  These may be localized transiently within 

different tissues or cells.  Because of their potential harmful effects, excessive ROS must be promptly 

eliminated from the cells by this variety of antioxidant defense mechanisms.  

  

Although the products of ROS-induced oxidative stress are extensively used to monitor their biological 

effects, it is also important to evaluate the antioxidant capacity of biological fluids, cells, and extracts.  

Antioxidants commonly neutralize radicals via a hydrogen atom transfer (HAT) or single electron 

transfer (SET) mechanism.  SET assays quantify the capability of an antioxidant to transfer one electron 

to reduce any compound, such as free radicals, carbonyls, and metals. 

   

Cell Biolabs’ OxiSelect™ Total Antioxidant Capacity (TAC) Assay Kit measures the total antioxidant 

capacity of biomolecules from a variety of samples via a SET mechanism.  The TAC Assay is based on 

the reduction of copper (II) to copper (I) by antioxidants such as uric acid.  Upon reduction, the copper 

(I) ion further reacts with a coupling chromogenic reagent that produces a color with a maximum 

absorbance at 490 nm.  The net absorbance values of antioxidants are compared with a known uric acid 

standard curve.  Absorbance values are proportional to the sample’s total reductive capacity.  Results 

are expressed as “μM Copper Reducing Equivalents” or “mM Uric Acid Equivalents”.  Copper is 

advantageous over iron-based antioxidant assays because all classes of antioxidants, including thiols, 

are detected with marginal radical interference.  In addition, the kinetics of the copper-based reaction is 

also faster than the iron-based reaction, which makes the TAC Assay an ideal tool for estimating 

reductive or antioxidant capacity efficiently and accurately. 

  

Cell Biolabs’ OxiSelect™ TAC Assay Kit is a fast and reliable kit for the direct measurement of total 

antioxidant capacity from cell lysate, plasma, serum, urine, tissue homogenates, and food extracts.  

Each kit provides sufficient reagents to perform up to 200 assays, including blanks, antioxidant 

standards and unknown samples.  Hydrophilic and lipophilic samples are compatible with the assay. 

 

Assay Principle 
Cell Biolabs’ OxiSelect™ TAC Assay Kit measures the total antioxidant capacity within a sample.  

Samples are compared to a known concentration of uric acid standard within a 96-well microtiter plate 

format.  Samples and standards are diluted with a reaction reagent and, upon the addition of copper, the 

reaction proceeds for a few minutes.  The reaction is stopped and read with a standard 96-well 

spectrophotometric microplate reader at 490 nm (Figure 1).  Antioxidant capacity is determined by 

comparison with the uric acid standards. 
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Figure 1.  TAC Activity Assay Principle 

 

Related Products 

1. STA-342: OxiSelect™ Intracellular ROS Assay Kit (Green Fluorescence) 

2. STA-344: OxiSelect™ Hydrogen Peroxide/Peroxidase Assay (Fluorometric) 

3. STA-345: OxiSelect™ ORAC Activity Assay 

4. STA-346: OxiSelect™ HORAC Activity Assay 

5. STA-347: OxiSelect™ In Vitro ROS/RNS Assay Kit (Green Fluorescence) 

 

Kit Components (shipped at room temperature) 

1. Uric Acid Standard (Part No. 236001):  One 100 mg tube of powder. 

2. Reaction Buffer (100X) (Part No. 236002):  One 400 μL amber tube. 

3. Copper Ion Reagent (100X) (Part No. 236003):  One 1.0 mL tube. 

4. Stop Solution (10X) (Part No. 236004):  One 1.5 mL tube. 

 

Materials Not Supplied 

1. Standard 96-well microtiter plates for use in microplate reader 

2. 1N NaOH, 1X PBS and deionized water 

3. Methanol or other organic solvent for lipid-based samples 

4. Sonicator or homogenizer for sample preparations 

5. 10 µL to 1000 µL adjustable single channel micropipettes with disposable tips  

6. 50 µL to 300 µL adjustable multichannel micropipette with disposable tips 

7. Spectrophotometric microplate reader capable of reading 490 nm 
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Storage 
Upon receipt store the Reaction Buffer (100X) at 4ºC.  Store all remaining kit components at room 

temperature.   

 

Preparation of Reagents 
Reagents may be prepared for either hydrophilic or lipophilic samples.  Although many lipophilic 

samples are soluble upon dilution with 1X PBS, kit reagents and samples may be prepared in methanol 

to ensure complete solubility.   

• 1X Reaction Buffer:  Dilute the Reaction Buffer 1:100 with 1X PBS (hydrophilic) or with methanol 

(lipophilic).  Mix to homogeneity.  Store the 1X Reaction Buffer at 4ºC up to three months. 

• 1X Copper Ion Reagent:  Dilute the Copper Ion Reagent 1:100 with deionized water (hydrophilic) 

or with methanol (lipophilic).  Mix to homogeneity.  Store the 1X Copper Ion Reagent at 4ºC up to 

three months.   

• 1X Stop Solution: Dilute the Stop Solution 1:10 with deionized water (hydrophilic) or with 

methanol (lipophilic).  Mix to homogeneity.  Store the 1X Stop Solution at 4ºC up to three months.   

 

Preparation of Samples 

Samples should be stored at -80ºC prior to performing the assay.  Samples should be prepared at the 

discretion of the user.  The following recommendations are only guidelines and may be altered to 

optimize or complement the user’s experimental design.   

Note: EDTA can interfere with the TAC assay and should not be present in any sample. 

• Tissue Lysate: Sonicate or homogenize tissue sample on cold PBS and centrifuge at 10,000 x g for 

10 minutes at 4ºC.  Aliquot the supernatant for storage at -80ºC, protein determination and 

subsequent TAC assay. 

• Cell Culture:  Wash cells 3 times with cold PBS prior to lysis.  Lyse cells with sonication or 

homogenation in cold PBS and centrifuge at 10,000 x g for 10 minutes at 4ºC.  Aliquot the 

supernatant for storage at -80ºC, protein determination and subsequent TAC assay. 

• Plasma: Collect blood with heparin and centrifuge at 4ºC for 10 minutes.  Remove the plasma and 

aliquot samples for testing.   

• Urine: Test neat or diluted with PBS if appropriate. 

• Lipophilic Fractions: Dissolve lipophilic samples in 100% methanol or acetone and then dilute in 

50% methanol or acetone.  Incubate the mixture for 1 hour at room temperature with mixing.  

Further dilute samples as necessary prior to testing. 

• Food Samples: Results may vary depending on sample source and purification. Dilution and 

preparation of these samples is at the discretion of the user, but use the following guidelines: 

o Solid or High Protein Samples:  Weigh solid sample and then homogenize after adding 

deionized water (1:2, w/v).  Centrifuge the homogenate at 10,000 x g for 10 minutes at 4ºC. 

Recover the supernatant which is the water-soluble fraction.  The insoluble fraction (pulp) is 

further extracted by adding pure acetone (1:4, w(solid pulp)/v) and mixing at room temperature 

for 30-60 minutes.  Centrifuge the extract/solid at 10,000 x g for 10 minutes at 4ºC.  Recover the 

acetone extract and dilute with PBS or water as necessary prior to running the assay.  The TAC 
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value is calculated by combining the results from the water-soluble fraction and the acetone 

extract from the pulp fraction.   

o Aqueous Samples:  Centrifuge the sample at 10,000 x g for 10 minutes at 4ºC to remove any 

particulates.  Dilute the supernatant in PBS as necessary prior to running the assay.  Certain 

liquids such as juice extracts may be tested without dilution. 

 

Preparation of Uric Acid Standard Curve 

1. Prepare fresh Uric Acid standards by weighing out the Uric Acid powder for a 10 mg/mL solution 

in 1N NaOH.  This 10 mg/mL is equivalent to a concentration of 60 mM.  Use the 60 mM Uric 

Acid solution to prepare a 2 mM solution of Uric Acid (eg. add 100 µL of the 60 mM Uric Acid 

standard to 2.900 mL of deionized water). 

2. Prepare a series of the remaining Uric Acid standards according to Table 1 below. Prepare in 

deionized water for hydrophilic testing or methanol for lipophilic testing. 

 

 

Tubes 

2 mM Uric Acid 

Antioxidant  

Standard (µL) 

Deionized Water or 

Methanol 

(µL) 

Resulting Uric Acid 

Concentration  

(mM) 

1 500 500 1 

2 500 of tube #1 500 0.5 

3 500 of tube #2 500 0.25 

4 500 of tube #3 500 0.125 

5 500 of tube #4 500 0.0625 

6 500 of tube #5 500 0.03125 

7 500 of tube #6 500 0.0156 

8 500 of tube #7 500 0.0078 

9 500 of tube #8 500 0.0039 

10 0 500 0.0 

Table 1.  Preparation of Uric Acid Standards. 

Note:  The 60 mM stock Uric Acid standard solution may be aliquotted and stored at -70ºC for up 

to one week.  Do not store diluted Uric Acid Standard solutions. 
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Assay Protocol 
Each Uric Acid Standard and sample should be assayed in duplicate or triplicate.  A freshly prepared 

standard curve should be used each time the assay is performed.   

1. Add 20 µL of the diluted Uric Acid Standards or samples to the 96-well microtiter plate. 

2. Add 180 µL of the 1X Reaction Buffer to each well using either a multichannel pipette or a plate 

reader liquid handling system.  Mix thoroughly.   

3. Obtain an initial absorbance by reading the plate at 490 nm.   

4. To initiate the reaction, add 50 µL of the 1X Copper Ion Reagent into each well.  Incubate 5 

minutes on an orbital shaker.   

5. Add 50 µL of 1X Stop Solution to each well to terminate the reaction.   

6. Read the plate again at 490 nm.   

 

Example of Results 
The following figures demonstrate typical OxiSelect™ TAC Assay results (hydrophilic).  One should 

use the data below for reference only.  This data should not be used to interpret or calculate actual 

sample results. 
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Figure 2: TAC Assay Standard Curve.   

 



 

8 

 
 

Figure 3: TAC Assay of various antioxidants. 

 



 

9 

Calculation of Results 
1. Calculate the net absorbance by subtracting the initial absorbance readings for samples and 

standards (Step 3) from the final readings taken for each (Step 6). 

2. Plot the net absorbance against the uric acid concentration for the uric acid standard curve.   

3. Calculate the antioxidant capacity of unknown samples by comparing the net OD 490 nm values of 

samples to the uric acid standard curve. 

To determine the “mM uric acid equivalents” (UAE) for samples, extrapolate the uric acid 

concentration from the sample’s analogous uric acid OD 490 nm value (For example, based 

on the sample standard curve above, an OD 490 nm value of 1.0 corresponds to 0.75 mM 

uric acid equivalents (UAE)). 

 

To determine “μM Copper Reducing Equivalents” (CRE) for samples, multiply the uric acid 

equivalence (UAE) concentration by 2189 μM Cu++/ mM uric acid.  1 mM of uric acid = 

2189 μM Copper Reducing Equivalents.   (For example, 0.75 mM UAE x 2189 = 1642 

Copper Reducing Equivalents (CRE)).  CRE sample values are proportional to the sample’s 

Total Antioxidant Capacity or Total Antioxidant Power. 

 

References 
1. Allard, J.P., et al. (1998) Am. J. Clin. Nutr. 67: 143-147. 

2. Cerutti, P. and Trump, B. (1991) Proc. Cancer Cell 3: 1-7. 

3. Frei, B., et al. (1992) “Molecular Biology of Free Radical Scavenging System” 23-45. 

4. Trachootham, D., et al. (2008) Antioxid. Redox Signal. 10: 1343-1374. 

5. Van-Zoeren-Grobben, et al. (1997) Acta Pediatrics. 86: 1356-1362. 

 

Recent Product Citations 
1. Gerszi, D. et al. (2023). Risk estimation of gestational diabetes mellitus in the first trimester. J Clin 

Endocrinol Metab. doi: 10.1210/clinem/dgad301. 

2. Niu, P. et al. (2023). Effects of graded levels of dietary pomegranate peel on methane and nitrogen 

losses, and metabolic and health indicators in dairy cows. J Dairy Sci. doi: 10.3168/jds.2022-23141. 

3. Sumiyoshi, A. et al. (2023). Tolerable treatment of glioblastoma with redox-cycling 'mitocans': a 

comparative study in vivo. Redox Rep. 28(1):2220531. doi: 10.1080/13510002.2023.2220531. 

4. Aslan, M. et al. (2023). Effects of aurantiamide on a rat model of renovascular arterial hypertension. 

Pflugers Arch. 475(10):1177-1192. doi: 10.1007/s00424-023-02850-8. 

5. Zhang, J. et al. (2023). A Role for Microsomal Glutathione Transferase 1 in Melanin Biosynthesis 

and Melanoma Progression. J Biol Chem. doi: 10.1016/j.jbc.2023.104920. 

6. Won, S.Y. et al. (2023). Effect of individual or combination of dietary betaine and glycine on 

productive performance, stress response, liver health, and intestinal barrier function in broiler 

chickens raised under heat stress conditions. Poult Sci. 102(7):102771. doi: 

10.1016/j.psj.2023.102771. 

7. Hemraj, D. A. et al. (2023). Acidification and hypoxia drive physiological trade-offs in oysters and 

partial loss of nutrient cycling capacity in oyster holobiont. Front Ecol Evol. doi: 

10.3389/fevo.2023.1083315. 

8. Yousef, Z.M.A. et al. (2023). Anti sickling effect of Senna alexandrina, Aerva javanica, and Ficus 

palmata extracts on sickle cell disorder. Trop J Pharm Res. 22:571-577. doi: 10.4314/tjpr.v22i3.14. 



 

10 

9. Li, L.F. et al. (2023). Attenuation of Ventilation-Enhanced Epithelial-Mesenchymal Transition 

through the Phosphoinositide 3-Kinase-γ in a Murine Bleomycin-Induced Acute Lung Injury 

Model. Int J Mol Sci. 24(6):5538. doi: 10.3390/ijms24065538. 

10. Dziechciarz, P. et al. (2023). Effect of Rearing in Small-Cell Combs on Activities of Catalase and 

Superoxide Dismutase and Total Antioxidant Capacity in the Hemolymph of Apis 

mellifera Workers. Antioxidants (Basel). 12(3):709. doi: 10.3390/antiox12030709. 

11. Abdelwahab, O. et al. (2023). Comparison between the Effect of Nicotine Smoking in Tobacco and 

Electronic Cigarettes on Urinary Bladder in Adult Male Albino Rats: Biochemical and 

Histopathological Study. Zagazig University Medical Journal. 29(2):664-678. doi: 

10.21608/zumj.2023.178771.2694. 

12. Peris-Martínez, C. et al. (2023). Antioxidant and Anti-Inflammatory Effects of Oral 

Supplementation with a Highly-Concentrated Docosahexaenoic Acid (DHA) Triglyceride in 

Patients with Keratoconus: A Randomized Controlled Preliminary Study. Nutrients. 15(5):1300. 

doi: 10.3390/nu15051300. 

13. Hagag, O.Y.A. et al. (2023). Effect of Feeding Pomegranate (Punica granatum) Peel and Garlic 

(Allium sativum) on Antioxidant Status and Reproductive Efficiency of Female Rabbits. Vet Sci. 

10(3):179. doi: 10.3390/vetsci10030179. 

14. Oladokun, S. et al. (2023). An evaluation of the thermoregulatory potential of in ovo delivered 

bioactive substances (probiotic, folic acid, and essential oil) in broiler chickens. Poult Sci. 

102(5):102602. doi: 10.1016/j.psj.2023.102602. 

15. Blanckaert, A.C.A. et al. (2023). Species-Specific Response of Corals to Imbalanced Ratios of 

Inorganic Nutrients. Int J Mol Sci. 24(4):3119. doi: 10.3390/ijms24043119. 

16. Rodriguez-Pérez, M.D. et al. (2023). The Effect of the Extra Virgin Olive Oil Minor Phenolic 

Compound 3',4'-Dihydroxyphenylglycol in Experimental Diabetic Kidney Disease. Nutrients. 

15(2):377. doi: 10.3390/nu15020377. 

17. Chintala, S.K. et al. (2023). Recombinant Human Clusterin Seals Damage to the Ocular Surface 

Barrier in a Mouse Model of Ophthalmic Preservative-Induced Epitheliopathy. Int J Mol Sci. 

24(2):981. doi: 10.3390/ijms24020981. 

18. Kosutova, P. et al. (2022). Time-Dependent Oxidative Alterations in Plasma and Lung Tissue after 

Meconium Aspiration in a Rabbit Model. Antioxidants (Basel). 12(1):37. doi: 

10.3390/antiox12010037. 

19. Cruz-Chamorro, I. et al. (2022). Alcoholic fermentation with Pichia kluyveri could improve the 

melatonin bioavailability of orange juice. J Funct Foods. doi: 10.1016/j.jff.2022.105325. 

20. Galiñanes, M. et al. (2022). Oxidative Stress in Structural Valve Deterioration: A Longitudinal 

Clinical Study. Biomolecules. 12(11):1606. doi: 10.3390/biom12111606. 

21. Afsar, T. et al. (2022). Prevention of Testicular Damage by Indole Derivative MMINA via 

Upregulated StAR and CatSper Channels with Coincident Suppression of Oxidative Stress and 

Inflammation: In Silico and In Vivo Validation. Antioxidants (Basel). 11(10):2063. doi: 

10.3390/antiox11102063. 

22. Sangüesa, G. et al. (2022). Intense long-term training impairs brain health compared with moderate 

exercise: Experimental evidence and mechanisms. Ann N Y Acad Sci. doi: 10.1111/nyas.14912. 

23. Lee, J.H. et al. (2022). Evaluation of tryptophan biomass as an alternative to conventional 

crystalline tryptophan in broiler diets. J Appl Poult Res. doi: 10.1016/j.japr.2022.100302. 

24. Aldret, R.L. et al. (2022). The Acute Effects of a Maple Water Drink on Exercise Responses, 

Oxidative Stress and Inflammation in Overweight College Males. J. Food Nutr. Res. 10(9):593-599. 

doi: 10.12691/jfnr-10-9-2. 



 

11 

25. Tascón, J. et al. (2022). Early Diagnosis of Kidney Damage Associated with Tobacco Use: 

Preventive Application. J Pers Med. 12(7):1032. doi: 10.3390/jpm12071032. 

26. Santos-Sánchez, G. et al. (2022). Bioactive Peptides from Lupin (Lupinus angustifolius) Prevent the 

Early Stages of Atherosclerosis in Western Diet-Fed ApoE-/- Mice. J Agric Food Chem. 

70(27):8243-8253. doi: 10.1021/acs.jafc.2c00809. 

27. Abd El-Motelp, B.A. (2022). Synergistic Therapeutic Effect of L-Carnitine Nanoparticles and 

Moringa Oleifera Against Doxorubicin Induced Cardiac Toxicity in Male Rats: Biochemical and 

Histological Study. Biointerface Res Appl Chem. doi: 10.33263/BRIAC132.142. 

28. Rodríguez-Pérez, M.D. et al. (2022). Neuroprotective Effect of 3',4'-Dihydroxyphenylglycol in 

Type-1-like Diabetic Rats-Influence of the Hydroxytyrosol/3',4'-dihydroxyphenylglycol Ratio. 

Nutrients. 14(6):1146. doi: 10.3390/nu14061146. 

29. Giri, T. et al. (2022). Labor induction with oxytocin in pregnant rats is not associated with oxidative 

stress in the fetal brain. Sci Rep. 12(1):3143. doi: 10.1038/s41598-022-07236-x. 

30. Lee, H. et al. (2022). The potential inhibitory effect of ginsenoside Rh2 on mitophagy in UV-

irradiated human dermal fibroblasts. J Ginseng Res. doi: 0.1016/j.jgr.2022.02.001. 

 

Warranty 
These products are warranted to perform as described in their labeling and in Cell Biolabs literature when used in 

accordance with their instructions.  THERE ARE NO WARRANTIES THAT EXTEND BEYOND THIS EXPRESSED 

WARRANTY AND CELL BIOLABS DISCLAIMS ANY IMPLIED WARRANTY OF MERCHANTABILITY OR 

WARRANTY OF FITNESS FOR PARTICULAR PURPOSE.  CELL BIOLABS’s sole obligation and purchaser’s 

exclusive remedy for breach of this warranty shall be, at the option of CELL BIOLABS, to repair or replace the products. In 

no event shall CELL BIOLABS be liable for any proximate, incidental or consequential damages in connection with the 

products. 

 

Contact Information 

Cell Biolabs, Inc. 

5628 Copley Drive 

San Diego, CA 92111 

Worldwide: +1 858 271-6500 

USA Toll-Free: 1-888-CBL-0505 

E-mail: tech@cellbiolabs.com  

www.cellbiolabs.com 
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