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Abstract

Aminonitriles are pharmacological-interest bioactive due to their promising antimicrobial and 
antitumor activity. Since cytotoxicity tests are inherent to the new drug development process, this 
work aimed to verify reports in the scientifi c literature on the cytotoxic eff ects of aminonitriles. The 
method adopted was an integrative review of works published in the last 10 years in the PubMed, 
Embase, Web of Science, and Virtual Health Library (VHL) databases. Three articles that matched 
the selection and eligibility criteria were included in this review. A total of 33 aminonitriles were 
used in the cytotoxicity experiments, and of the nine molecules based on pyridine, two exerted 
moderate cytotoxic activity, of the twelve synthesized from benzimidazole, none showed cytotoxic 
activity, and of the twelve derived from renieramycins, all showed considerable cytotoxic activities. 
The studies used in this research evaluated the cytotoxic eff ects of aminonitriles with evident 
anticancer and antimicrobial activity. The importance of evaluating the cytotoxicity of aminonitriles is 
emphasized, as well as the need for investigative research that explores other evaluation methods 
in pre-clinical tests that may corroborate the existing fi ndings, with a view to the development of 
therapies against emerging health problems.

these subunits, fruits of the Strecker reaction, showed a 
controlled ability to reach the cellular target since they 
have a strong potential to donate a grouping of their 
molecular arrangement, such as the carboxyl, ensuring that 
the compound receptor performs a better speci ic activity 
[3]. In addition, scienti ic literature progresses in bringing 
positive results regarding the use of aminonitriles against 
pathogenic microorganisms, such as Staphylococcus aureus 
and Mycobacterium tuberculosis and even antitumor activity 
[4]. In this sense, taking into account the diverse biochemical 
properties of aminonitriles, these substances represent a 
new possibility for the pharmaceutical industry.

In this perspective, cytotoxicity tests are necessary and 

Introduction
Aminonitriles are biosynthetic natural products, which 

have a profound impact on the biomedical sciences. This 
fact is justi ied, since their production is cheap, in addition 
to being molecules of vital importance for pharmacology, 
as they intermediate the chemical synthesis of complex 
alkaloids, preparation of new heterocycles, and drugs 
containing α-aminonitriles [1].

According to Grundke, Vierengel and Opatz [2], the use 
of bioactive compounds, such as aminonitriles, since they 
are hydrolyzed into amino acids, have a high reactivity 
and attractiveness. In addition, there is a hypothesis that 
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reading of titles and abstracts. Then, the works were read 
in full, and those that answered the guiding question of the 
study were included for data collection. All these processes 
were carried out by two researchers, independently, and in 
case of an impasse, their resolution would be based on the 
opinion of a third researcher, blindly.

Subsequently, data were collected independently 
by different investigators, and, in the end, their results 
were compared. A previously made instrument was used 
to systematize this process. The extracted information 
referred to the journal (title, reference, place, and type of 
publication) and the study (type of study, evidence, objective, 
methodological aspects and results, and level of evidence of 
the study).

Data collection, evidence analysis and presentation of 
results

During the evidence analysis process, the categorization 
of Agency for Healthcare Research and Quality (AHRQ) was 
used, where study quality is classi ied into six levels, with 
meta-analysis works of multiple controlled studies being 
the highest level, and the lowest, papers with opinion from 
reputable authorities based on clinical competence or expert 
committee opinion, including interpretations of information 
not based on research [9]. Data analysis was based on the 
results of the careful evaluation of the selected articles, with 
a comparison being made with theoretical knowledge and 
identi ication of conclusions. The presentation of results 
followed the orientation presented in the PRISMA checklist 
[10,11].

Assessment of the risk of bias of the studies analyzed

Although systematic reviews are vulnerable to biases that 
can mask the true results of the study, a series of measures 
can be taken to mitigate this problem in the conduct of the 
study. According to Almeida and Goulart [12] the types of 
biases in literature reviews can be classi ied into the following 
categories: selection bias, information bias, and confounding 
bias. In this way, the present work sought to mitigate its risk 
by adopting the following strategies:

1. Adoption of a careful study selection methodology 
carried out by two investigators individually, PCV and LTC, 
without sharing data.

2. Complete reading of all included works and evaluation 
of the information selected to compose this study by two 
researchers, PCV and LTC.

3. In addition, the complete review of the work was 
carried out in collaboration with two other researchers, IOS 
and HMDSA, and under the guidance of a ifth SBF researcher 
in order to ensure the methodological rigor stipulated for 
this work.

comprise the initial stage of biocompatibility analysis, whose 
primary objective is to evaluate the safety of the molecule 
of interest and serve as an exclusion criterion [5]. Because 
of this, it is of fundamental importance to know the cellular 
effects of these substances, taking into account the fact that 
many promising molecules are discarded due to their ability 
to cause undesirable cellular damage and injuries [6].

Therefore, considering the potentially relevant biological 
activities of aminonitriles and emphasizing the need to 
develop alternative and/or complementary drugs that are 
safe for the treatment of pathologies of interest to public 
health, this study aims to analyze the evidence available in 
the literature on the cytotoxicity of this group of molecules.

Materials and methods
Characterization of the study

The descriptive-exploratory method was adopted, with 
a qualitative approach, characterized by an integrative 
systematic review of the scienti ic literature. For that, the 
steps present in the research protocol by Dhollande, et al. 
[7], order to ensure greater methodological rigor to the 
investigation.

Problem identifi cation

The research question was supported by the use of the 
acronym PICo, which represents: P - Population, I - Interest, 
and Co - Context - elements that direct the construction of the 
guiding question [8]. Therefore, the investigation was guided 
by the question: “What does the scienti ic literature point 
out about the cellular effects and the possible cytotoxicity of 
aminonitriles?”.

Literature search and presentation of search criteria

The bibliographic survey took place during the month of 
October 2022, directly in the databases: PubMed, Embase, 
Web of Science, and Virtual Health Library (VHL). For this, 
the search formula “(aminonitrile OR aminonitriles) AND 
(cytotoxic OR cytotoxicity)” was used, with the descriptors 
obtained from the Medical Subject Headings (MeSH). The 
selected works contemplated the following selection criteria: 
the complete articles available online, published in the last 10 
years, in Portuguese, English, or Spanish, in this sequence. On 
the other hand, the exclusion criteria were: duplicate studies, 
review studies, and opinion articles, in addition to works that 
did not answer the guiding question of the research.

It should be noted that the described search period was 
selected due to the need to ind relevant works regarding 
this class of bioactives, which, being recent, would not justify 
a longer period to ind biological assays that explore the 
cytotoxic effects of these molecules.

Data characterization and evaluation

The eligibility stage occurred through the preliminary 
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Ethical aspects

This study did not need to be submitted to a Research 
Ethics Committee (REC) as it is an integrative literature 
review and used public domain sources for its performance.

Results
After crossing the descriptors in the chosen databases, 

and applying the selection and eligibility criteria using 
the lowchart recommended by the PRISMA methodology 
(Figure 1), the remaining papers were read in full. In this 
last step, it was even possible to exclude a study in which 
aminonitriles were only used as intermediates in the 
reactions, therefore, they were not the molecules on which 
the cytotoxicity tests were carried out [11]. Finally, the three 
works that make up the sample of this review work were 
submitted to the inal process of data collection and analysis.

After all the steps for the identi ication of studies, only 
three were added, which demonstrates a low amount of 
scienti ic investigations that address the cytotoxic effects of 
aminonitriles. Furthermore, it was also noticed that most of 
the removed articles were about new methods of obtaining 
these compounds, in which cytotoxicity assays were not 
reported.

Table 1 presents the synthesis of the data extraction 

strategy of the articles included in the review, describing 
the objectives of the studies and the main results from the 
application of the methodologies and cells selected for the 
evaluation of cytotoxicity of the selected aminonitriles.

All studies included in this review were published in 
English and scienti ic journals dealing with pharmacology or 
chemistry. Furthermore, the central scope of the works was 
to obtain a new protocol for the synthesis of aminonitriles, 
while cytotoxicity tests were performed as secondary 
objectives. In addition, there was a preference for selecting 
several molecules other than heterocyclics, but with similar 
origins and production processes, originating from the 
same precursor compound, to which radicals and different 
constituents were added to obtain different molecules.

In the work developed by Madácsi, et al. a luorimetric 
resazurin reduction assay was performed as a methodology 
for evaluating the cytotoxic effects in cancer cell lines and 
against healthy ibroblastic cells. Furthermore, in the studies 
by Shaikh, et al. and Nakai, et al. the colorimetric MTT assay 
was used to estimate the cytotoxic effects on Vero cells and 
cells of different cancerous lineages [12-14].

Regarding the quanti ication of the cytotoxic activity of 
the tested compounds, in the study by Madácsi, et al. cell 
viability was calculated concerning untreated control cells 
and blank wells containing medium without cells, measuring 

Identification of studies via databases and registers
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Figure 1: Study selection fl owchart. Source: Own authorship, 2022.
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the values of half of the maximum inhibitory concentration 
presented [13]. In this same perspective, in the research by 
Shaikh, et al. the compound was considered toxic if it caused 
more than 50% inhibition of normal cells at a concentration 
10 times greater than its minimum inhibitory concentration 
value against the studied microorganisms [14]. Concerning 
the article published by Nakai, et al. this evaluation was 
performed from the measurement of the maximum inhibitory 
concentration of 50% and 80% [12].

In view of the cytotoxic activity of the evaluated molecules, 
it was observed that in the study developed by Madácsi, et 
al. of the nine aminonitriles tested, only two (substances 
16 and 17), containing methyl grouping in their radicals, 
showed moderate effects, but compound 16 was more toxic 
to tumor cells than to ibroblast cells. In the work by Shaikh, 
et al. all bioactive exhibited low levels of cytotoxicity, with 
a percentage of Vero cell survival in the range of 17% to 
97% [13,14]. In the article published by Nakai, et al. of the 
12 aminonitriles evaluated, all were effective against the 
cancer cell lines tested, with compound 10a achieving a 
relatively better result than the others concerning human 
colon carcinoma cell lines (HCT116), as well as Renieramycin 
M, which showed considerable response to all three of these 
cancer cell lines [12].

In the evaluations developed by Madácsi, et al., the 
compounds began to show increasing toxicity when methyl 
radicals were added to their aromatic ring, two in compound 
16 and four in 17 [13]. In studies by Shaikh, et al., the 
molecules obtained some cytotoxic effect against Vero cells 
when chlorine atoms were added to the phenyl ring linked 
to the amine [14]. In the work by Nakai, et al., compounds of 
the 6,11a-cis con iguration model (9a to 12a) were slightly 
more cytotoxic than the corresponding trans-series [12]. 
Thus, according to the aforementioned studies, it can be seen 
that the presence of the methyl group, chlorine atoms, and 

the trans geometric con iguration is encoded as factors that 
may predispose to cytotoxicity.

In short, of the 33 aminonitriles tested, 21 did not show 
relevant cytotoxic effects, that is, they have low or even no 
signi icant cytotoxic effect, while 12 aminonitriles showed 
relevant cytotoxicity against cancer cells, especially those 
presented by the study by Nakai, et al. [12].

Finally, the reliability of the methodologies adopted and 
the results obtained by the articles selected through AHRQ 
[9] categorization was scored, in which all articles obtained 
evidence level 2 because they are experimental studies 
carried out in vitro.

Discussion
Research and drug development are based on steps 

that accumulate knowledge about a particular molecule of 
interest in the clinical ield. Such steps are commonly called 
pre-clinical and clinical, which seek to demonstrate that the 
substance of interest is safe, effective, and has the quality to 
be used as an active ingredient in new drugs [15].

Intending to identify new compounds for use in medicines, 
recent studies have proposed the use of aminonitriles 
in addition to their role as intermediates in obtaining 
substances that are known to be used in the pharmaceutical 
industry. Such works suggest the use of these substances as 
pharmacologically active biocompounds given the various 
reports in the scienti ic literature regarding the therapeutic 
potential against various microorganisms, parasites, and 
even tumor cells [4].

In this sense, the importance of evaluating the safety of 
these compounds with potential for the development of 
new therapies becomes evident, since the characterization 
of in vitro cytotoxicity, a common practice in the biological 
evaluation of health products, is fundamental for the initial 

Table 1: Papers selected for analysis.
ID 1 2 3

Title

Synthesis and biological evaluation of 
4,5,6,7tetrahydrothieno[2,3-c]pyridine–based 
β-aminonitriles and their derivatives: β-amino 
carboxamides, (thio)ureas, and tetracycles

Design, synthesis, and evaluation of new 
α-aminonitrile-based benzimidazole biomolecules 
as potent antimicrobial and antitubercular agents

Preparation of renieramycin left-half 
model compounds

Authors Madácsi, et al. 2019 Shaikh, et al. 2017 Nakai, et al. 2014

Aminonitriles 9 diff erent aminonitriles (β-aminonitriles based on 
4,5,6,7-tetrahydrothieno[2,3-c]pyridine)

12 aminonitrilas distintas (sintetizadas a partir 
da condensação de três componentes de 

4-[(1Hbenzimidazol-2-il)metoxi]benzaldeído, 
anilinas substituídas e cianeto de sódio em 

acetonitrila)

12 diff erent aminonitriles left half model of 
renieramycins and their diastereoisomers, 

synthesized from phenylalanine 
derivatives

Type of cells on which 
compounds were 

tested

Human lung adenocarcinoma (lineage A549), 
human leukemia (lineage K562) and primary human 

fi broblasts
Vero cells

Human colon carcinoma (HCT116 
lineage), human lung carcinoma (QG56 

lineage), and hormone-dependent 
prostate adenocarcinoma (LNCaP) 

(DU145 lineage)
Method Fluorimetric assays by reduction of resazurin Colorimetric test by MTT reduction Colorimetric test by MTT reduction

Result
Of the 9 Gewald aminonitriles tested, only two (16 and 
17) exerted moderate cytotoxic activity against cancer 

cells.

All compounds showed a low level of cytotoxicity 
against Vero cells.

Of the 12 aminonitriles tested, all showed 
a cytotoxic eff ect against the cancer cell 

lines tested.
Level of evidence 2 2 2

Source: Own authorship, 2022.
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Despite the reduced number of studies in the inal 
sample, the level of evidence was considered good, due to the 
meticulous methodological process applied. However, there 
is a noticeable need for research that explores cellular effects 
more speci ically, evidencing the mechanism of molecular 
interactions found in the various areas of pre-clinical 
investigations, both in vitro and in vivo. In addition, the need 
to expand cytotoxicity tests is evident, with the use of other 
protocols and the use of other cell lines, corroborating the 
construction of more solid information about this class of 
biomolecules.

Finally, studies mentioning the cytotoxic activities of 
aminonitriles are scarce. However, those that had this 
purpose and were presented in this work demonstrated 
their high structural and chemical versatility, in which the 
addition of different radicals, such as methyl or chlorine, and 
stereochemical dispositions appear to in luence the cellular 
response.

Through this review of the current literature, it is 
expected to contribute to the increase and dissemination 
of information about this class of molecules, in addition to 
stimulating new experimental scienti ic studies, given the 
need to explore more about their cytotoxic effects.
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