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We thank Oliveira et al. (2021) for their comprehensive and 
convincing reply to our comments (Sarode and Sarode 2021) 
against the paper published on ‘Genetic toxicology and toxi-
cokinetics of arecoline and related areca nut compounds: an 
updated review’ (Oliveira et al. 2020). It is quite conceivable 
and acceptable that the understanding of the mode of action 
of a given genotoxic agent is critical to provide evidence 
supporting its role as a putative carcinogen. Equally impor-
tant is the authors’ (Oliveira et al. 2021) statement that areca 
nut and betel quid chewing associated carcinogenesis is a 
very complex toxicological issue. As clinicians and for the 
readers of the journal, we would like to take this opportunity 
to further dig deep into the complexities, which have not 
yet been envisaged to date in any of the scientific literature.

As reported in our previous commentary (Sarode and 
Sarode 2021), the areca nut alone chewing habit is very rare 
nowadays due to the availability of commercially and freshly 
prepared products. Most commonly consumed products, 
especially in India, are gutkha, mawa, khaini, paan masala, 
etc. Some of the common ingredients of these products are 
areca nut, tobacco, catechu, slaked lime, menthol, fennel 
seeds, and flavoring agents. Betel quid made with these 
components is placed in the oral cavity, especially in the 
buccal vestibule, and chewed for a longer  period of time 
(IARC 2004). During this process of mastication, all the 
ingredients get mixed with each other with  saliva as a base 
medium. This is not just a mixing of the ingredients but an 
amalgamation of the carcinogens occurring in the oral cav-
ity. We prefer to call it ‘a cocktail of carcinogens’, which is 
acting on almost all parts of the oral cavity including the 
oropharynx and larynx (in swallowers). As the oral cavity 
is flooded with microorganisms, it is quite conceivable that 
they (bacteria, fungi, and viruses) all become an integral part 
of the cocktail. This unique carcinogenesis can only occur in 

the oral cavity and no other body organ is subjected to this 
level of complexity in terms of pathogenesis. To the best of 
our knowledge, no one has envisaged the complexity of ‘a 
cocktail of carcinogens’ in oral squamous cell carcinoma. 
We agree with the authors (Oliveira et al. 2021) that alka-
loids and other compounds along with different arecoline 
metabolites and nitrosation products were identified in the 
saliva of consumers. But some key pivotal questions arise 
because of the proposed viewpoint of ‘a cocktail of carcin-
ogens’. Whether carcinogens react with each other in the 
cocktail? Whether the reaction is synergistic, additive, or 
neutralizing? Whether salivary enzymes modulate the carci-
nogenic potency of the cocktail? What are the bacterial and 
their metabolic products’ role in the cocktail?

At the outset, we conclude that there is a dire need to 
find out the most carcinogenically active compound in the 
cocktail by proper extraction and detection methods. Second, 
there is a grave need to incorporate the ‘carcinogen cock-
tail’ concept into all types of study designs meant to study 
carcinogens and their toxicity. This can only be achieved 
through the development of an appropriate disease model for 
all types of preclinical and in-vitro studies. Although these 
complexities are clinicians’ viewpoints, preclinical perspec-
tives are highly welcome to further bring refinement and 
understanding of betel quid carcinogenesis.
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