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MXenes is a novel class of layered planar compounds 

with potentially wide application in many fields including in 

biomedicine [1]. The MXenes have been shown to be 

generally non toxic for living cells [2]. Metabolic assays, 

both resazurin redution assay and the tetrazolium dye 

(MTT) redcution assay are often used to measure viability a 

of cells. We set out to study cytotoxicity of Ti3C2Tx MXenes 

in cultures of the Chinese hamster ovary (CHO) and human 

mesenchymal stem (hMSC) cells using resazurin reduction 

assay (RRA). The RRA generally well collerates with the 

viability of the cells judged by the number and the visual 

appearance of the cells observed under light microscope. 

We confirmed that the MXenes were non toxic for the cells 

in the range of concentrations up to 5 µg/ml. We also found 

that MXenes become toxic to the cells at excessive 

concentrations, which could be well explained e.g. by 

unspecific interaction of MXenes via their sharp edges [3,4] 

with the cell membranes.  

However, we noticed that at the excessive concentrations 

of MXenes the results of the RRA went into apparent 

contradiction with the microscopically observed situation 

with the cells. As was clearly seen under the microscope, the 

cells become impaired and the number of surviving cells 

became substantially diminished at the concentrations of 

MXenes over 50 µg/ml. However, at high concentrations of 

MXenes the RRA did not show decreasing number of cells. 

Instead, the RRA readings were paradoxically even higher 

thant the readings at  the lower MXene concenterations.  

We analyzed available literature data and found out that 

the published results with the cell metabolic assays showed 

a smililar trend [2], where moderate concentrations of 

MXenes showed initial cytotoxicity, while their increasing 

concentrations did not result in corresponding readings of 

the metablic assay. Unlike in our case with the RRA assay, 

the MTT assay was used in that particular case. However, 

these two assays are based on similar principles and both 

reflect the metabolic state of the cell cultures. Therefore, the 

results of these two assays could be comparable. 

MXenes are known to have reductive capacity (Y. 

Gogotsi, personal communication). We postulated that 

MXenes are able to reduce resazurin or the tetrazolium dye 

autocatalytically. This could explain observed discrepancies 

in visual appearance and the number of cells and the results 

of metabolic assays. We set up a simple experiment to 

clarify that claim. MXenes were mixed with resazuring in 

culture medium and let stand in the cell culture incubator. 

We did not observe any reduction of resazurin after 24 hr 

incubation. However, after 5 days incubation we detected 

clear autocatalytic reduction of resazurin by MXenes.  

The degree of the observed autocatalytic effect was not 

enough to fully explain the apparent discrepancies in the 

metabolic assays with the cells. We hypothesize that the 

increased resazurin reduction can be explained the presence 

of ceratain inctracellular enzymes, which get released into 

the culture medium after cell death. We currently investigate 

possible reasons for this effect. Altogether, we suggest that 

the results of the cell metabolic assays should be interpreted 

with care due to possible MXene autocatalytic reduction.    
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