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We thank Drs S.C. Sarode and G.S. Sarode for their com-
ments and interest on our recent review entitled "Genetic 
toxicology and toxicokinetics of arecoline and related areca 
nut compounds: an updated review" (Oliveira et al. 2021). 
Arecoline is the primary active ingredient found in areca nut 
(AN) which is chewed by approximately 10% of human pop-
ulation. As addressed in our review, a variety of chemicals 
are present in the several types of AN-containing products.  
The AN alkaloids and other compounds along with the dif-
ferent arecoline metabolites and nitrosation products identi-
fied in the saliva of consumers render this type of exposure a 
very complex toxicological issue. The commentary Sarode 
and Sarode (2021) highlighted that only a few clinical stud-
ies described in the monograph from 2004 of the Interna-
tional Agency for Research on Cancer (IARC 2004)  men-
tioned the exposure to AN alone. Indeed, additional clinical 
studies focusing on individuals exposed to AN alone are still 
needed. Nevertheless, it is also important to note that AN, 

as well as Betel Quid (BQ) with and without added tobacco 
were all classified by IARC in Group 1—carcinogenic to 
humans (IARC 2004, 2012).

Overall, the major points raised in the commentary are 
somehow related to the clinical and translational significance 
of this topic. While we consider that these aspects are of 
utmost importance to establish a causal link between expo-
sure to AN and cancer, it should be emphasized that the 
scope of our work was primarily to review in a comprehen-
sive manner the available genetic toxicology data of areco-
line and related compounds present in AN. These chemicals, 
particularly arecoline and its active metabolites are indeed 
determinant in the context of AN exposure, as we described 
in our article. Recently, an additional path was given for the 
translational medicine. Indeed, accordingly to the abstract, 
arecoline induced epithelial–mesenchymal transformation 
and increased the metastatic capability of oral squamous cell 
carcinoma (OSCC) by upregulating inflammatory cytokines 
such as serum amyloid A1 (Ren et al. 2021). Also, already 
this year, a very interesting study analyzed OSCC human 
samples for arecoline and its metabolites and further high-
lighted the importance of arecoline N-oxide in the initial 
stages of carcinogenesis, by inducing inflammatory and 
oxidative dysregulation (Nithiyanantham et al. 2021). In 
our work, we also intended to review many of the toxicoki-
netic aspects of these compounds and to discuss the dif-
ferent mechanisms possibly involved in arecoline’s genetic 
toxicity, presenting also the novel strategies to increase the 
understanding in this field. All the knowledge has been gen-
erated in several in vitro and in vivo studies by many authors 
through the years, and was revisited and systematized in the 
review. In our opinion, the understanding of the mode of 
action of a given genotoxic agent is critical to provide evi-
dence supporting its role as a putative carcinogen being this 
also relevant in a translational context and risk assessment.

The recent IARC evaluation of arecoline in volume 128 
of the IARC monographs (IARC 2020) was also mentioned 
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in the commentary by Sarode and Sarode (2021). Last year 
in October–November a working group of scientists invited 
by IARC finalized the evaluations on the carcinogenicity 
of acrolein, crotonaldehyde and arecoline. The results from 
this evaluation process were recently published online in 
The Lancet Oncology (IARC 2021). In this summary arti-
cle, available approximately one month after our article was 
published online in its final version, arecoline was classi-
fied in Group 2B—“Possibly carcinogenic to humans”. In 
our review we have already mentioned that arecoline was 
considered in the group of agents recommended for evalua-
tion with high priority by the IARC Monographs Advisory 
Group (IARC 2019), and publications mentioned above and 
in our review are giving strength to recent IARC decisions. 
The summary article identified several genotoxic features 
displayed by arecoline in different endpoints, all of them 
addressed in our review. These studies support the “strong” 
evidence that arecoline exhibits key characteristics of a car-
cinogen (IARC 2021). The summary article also mentioned 
the “limited” evidence for carcinogenicity from in vivo stud-
ies with experimental animals that along with the absence 
of data from human studies with arecoline alone lead to the 
overall classification of arecoline in Group 2B. In conclu-
sion, we acknowledge the authors of this comment for the 
opportunity to further reinforce the importance of areco-
line and related compounds and the need of further studies, 
namely clinical ones.
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