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Introduction 

 

Presentation of the field of the doctoral thesis 

This doctoral thesis has a multidisciplinary character, being at the confluence of 

several fields: biochemistry, pharmacognosy, ethnopharmacology, biology. 

Although used for millennia in the treatment of various ailments, medicinal plants still 

represent an area of interest for researchers, being a huge reservoir of compounds with great 

structural diversity endowed with biological potential [1,2].  

The vast majority of phytocompounds are characterized by a taste profile [3]. Given 

the fact that taste receptors have also been identified extraorally, it is hypothesized that taste 

may have other physiological roles than the sensory one [4,5]. 

 

 

 

The purpose of the doctoral thesis 

The aim of this PhD thesis is to create a freely accessible online database that includes 

taste/orosensorially active phytocompounds and to investigate the impact of 

taste/orosensation of these phytocompounds, as well as the impact of chemical classes 

regarding the presence of anti-inflammatory and anti-cancer activity.  
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Content of the doctoral thesis 

 

This PhD thesis is organized into two sections, namely: a general part comprising 

Chapters 1, 2 and 3 and a special part comprising Chapters 4,5,6,7,8 and 9. 

Chapter 1 describes general information about ion channels and taste receptors 

involved in the perception of taste or taste sensations. Taste active compounds are also given 

as example. 

Chapter 2 includes the detailed description of bitter taste receptors (TAS2R), including 

the following aspects: TAS2R structure, receptor types, their associated cascade signaling, 

their expression and localization, their potential roles, followed by the description of TAS2R 

agonists. Chapter 2 also focuses on the involvement of bitter natural compounds in 

inflammation and cancer, as well as the involvement of TAS2R in the same processes. 

Chapter 3 includes data obtained in a literature review study on the existence of bitter 

taste receptors in skin structures. This chapter describes the potential roles of bitter receptors 

in the skin or skin cells, as well as changes in the expression of these receptors in the skin or 

skin cells under various conditions. Also detailed here are some examples of 

phytocompounds, agonists of TAS2R, with beneficial roles in experimental models of 

dermatological diseases.  

Chapter 4 illustrates the working hypothesis and general objectives that have been 

pursued. 

Chapter 5 contains general research methodology (research steps to achieve the 

objectives, data mining concept, statistical analysis).  

Chapter 6 contains the presentation of the online accessible database, called 

PlantMolecularTasteDB (https://plantmoleculartastedb.org/index.php), a national and 

international novelty, as it comprises a large number of taste active phytocompounds (over 

1500 phytocompounds) that are described in detail regarding the corresponding identifiers 

from international databases, molecular formulas, chemical structures, SMILES, 

organoleptic classification, taste receptors on which they act and other sensory data, 

chemical classes and subclasses to which they belong, as well as anti-inflammatory activity 

of these compounds that it is documented from three internationally known databases, all 
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this information being supported by bibliographic references. Furthermore, studies regarding 

the anti-inflammatory activity of phytocompounds are accompanied by the mention of the 

experimental model on which the research was carried out (in vitro, animal studies or clinical 

studies). The result of this project - PlantMolecularTasteDB, the realization of which 

involved a long team effort (that lasted several years), represents the foundation of the 

doctoral thesis because the following two studies had this database as their starting point.  

Chapter 7 assesses the impact of taste/taste sensations of phytocompounds on their 

anti-inflammatory activity through data mining PlantMolecularTasteDB. This chapter also 

evaluates the existence of associations between the chemical class to which the 

phytocompounds belong and the anti-inflammatory activity. 

Chapter 8 evaluates the impact of phytocompound tastes or orosensations on anti-

cancer activity through data mining PlantMolecularTasteDB. Associations between 

chemical classes of phytocompounds and anti-cancer activity are also illustrated. In this 

chapter it is also showed that there is a strong association between the anti-inflammatory 

effect and the anti-cancer effect of phytocompounds.  

Chapter 9 presents the conclusions resulting from this doctoral study, as well as the 

personal contributions. 
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1. Taste receptors, ion channels involved in the detection of taste or  

orosensasions and taste active natural compounds 

By integrating the data from modern taste science and the information from Traditional 

Chinese Medicine and Ayurveda results in the following types of tastes - sour, sweet, salty, 

umami and bitter - and trigeminal orosensory sensations - astringent, pungent [6–8].  

The term "taste active compound" was used in the present paper to denote a compound 

that produces an orosensation (including the sensation of spicy or astringent; spicy or 

astringent being actually considered trigeminal sensations, in contrast to classical tastes 

which are orosensations mediated by cranial nerves VII, IX, X)[9]. 

Both receptors and ion channels are involved in the detection of taste/orosensation. 

Phytocompounds have representatives in many chemical classes, such as: flavonoids 

[10], alkaloids [11], terpenoids [12],coumarins  [13], etc 

 

2. Bitter taste receptors (TAS2R), natural bitter compounds, bitter 

taste receptors agonists, roles in inflammation and cancer 

Bitter taste receptors (TAS2R) are present both in the oral cavity and in extraoral 

locations [4]. 

Some receptors can bind an impressive diversity of compounds while others can have 

some selectivity [14]. 

TAS2Rs are expressed in various systems (for example, in the skin[15,16], in the 

muscular system [17], in the lung [18,19]). 

Natural bitter compounds, bitter taste receptor agonists 

Although only 26 types of bitter taste receptors have been described to date, there is 

an impressive variety of bitter compounds that can bind to these receptors (there are about 

270 ligands and about 800 ligand-receptor interactions) [20].  

Some compounds are able to bind to multiple TAS2Rs. An example of this is 

represented by amarogentin which is able to activate seven bitter taste receptors [14]. 
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 Bitter natural compounds and bitter taste receptors in inflammation 

The potential involvement of TAS2R in the inflammatory process was also issued by 

Maria Ekoff and colleagues who showed that specific agonists of TAS2R inhibited the 

release of pro-inflammatory mediators (histamine, PGD2) from preactivated mast cells 

(umbilical cord blood-derived mast cells)[21]. 

In a study of nasal mucosa samples taken from patients with chronic rhinosinusitis, it 

was revealed that in these samples there is a higher expression of TAS2R38 receptors 

compared to the nasal mucosa of subjects without chronic rhinosinusitis [22] 

Bitter phytocompounds belonging to certain chemical classes have been cited more 

frequently as having anti-inflammatory activity (eg, phytocompounds belonging to the 

flavonoid class [23]. 

Bitter natural compounds and bitter taste receptors in cancer 

In a study published in 2019, noscapine, via TAS2R, can affect cell survival in ovarian 

tumor cells by inducing apoptosis [24]. 

According to the conclusions of several researchers who have comprehensively 

reviewed the available information related to the expression of bitter taste receptors in 

cancer, there is in most cases, with few exceptions, a trend of decreased TAS2R mRNA and 

protein expression in cancer cells compared to normal [25,26]. 

There are numerous studies in the literature regarding the benefits of agents that are 

bitter in cancer, both in vitro and in vivo experimental models[27–30]. 

Bitter phytocompounds belonging to certain chemical classes have been cited more 

frequently as having anticancer activity (e.g. from the flavonoid class [31] 

To what extent anti-cancer effects of bitter agonists are mediated by the direct 

involvement of TAS2R and their associated signaling pathways remains therefore a direction 

of future research.  
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3. Bitter natural compounds, bitter taste receptors (TAS2R) and skin 

The bitter taste receptors expression in the skin shows both intra-individual and inter-

individual variation. This difference in the bitter taste receptors expression in the skin is due 

to factors such as age, sex, sun exposure, as well as the location of the areas on the body map 

[15,32]. 

It can be stated that bitter taste receptors are expressed in all 3 layers of the skin, as 

their expression was detected at the level of keratinocytes [33–35], adipocytes [36], 

fibroblasts [34], lymphocytes [37].  

The following roles of TAS2R in skin have been proposed: chemosensory function 

[35], hair growth modulation [38], modulation of lymphocyte migration in the skin [37], etc.  

Numerous bitter phytocompounds, have beneficial roles in inflammation as well as 

skin carcinogenesis.  

An example is represented by apigenin which is a known agonist of TAS2R14, 

TAS2R39 [39]. In a mouse model of induced psoriasis, apigenin reduced erythema, scaling, 

reduced protein expression of IL-1β, IL-6, TNF-α in the skin [40]. 

Given the presence of bitter taste genes and receptors in the skin, the functionality of 

TAS2R at this level, as well as the involvement of various bitter phytocompounds, agonists 

of these receptors, in certain experimental models of pathologies (e.g. atopic dermatitis, 

psoriasis, squamous cell carcinoma), the pharmacological potential of bitter compounds is 

worth studying in the future, as it may have unsuspected therapeutic implications in 

dermatological conditions. 
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4. Working hypothesis and general objectives 

 

The general hypothesis of this doctoral thesis can be succinctly formulated as follows: 

The taste of (phyto)compounds and/or chemical classes of phytocompounds can play the 

role of a pharmacological descriptor and can have a predictive potential of biological 

actions (anti-inflammatory, anti-cancer). 

 

General objectives were represented by: 

• developing a database made up of phytocompounds that are taste active and that 

contains information about their chemical structure, chemical class to which they 

belong, activated taste receptors, anti-inflammatory activity 

• investigation of the database developed in the previous stage regarding potential 

associations: taste of phytocompounds and biological activity (anti-inflammatory, 

anti-cancer) as well as chemical class of phytocompounds and biological activity 

(anti-inflammatory, anti-cancer),  

 

5. General research methodology  

 In this chapter I described the development of this doctoral project, as well as the 

general methods that led to the fulfillment of the objectives of this doctoral thesis.  

Data mining is the process of searching and analyzing a large group of raw data to 

identify patterns and extract useful information [41].  

Statistical analysis of the data from the studies presented in Chapter 7 and Chapter 8 

was performed using the R Foundation for Statistics language and programming 

environment, version 4.0.3. 

The results were considered statistically significant if the p-value was below 0.05 

(universally accepted threshold). If multiple comparisons were used, the Bonferroni 

correction was applied, which determined the occurence of a new level of statistical 

significance represented by dividing the value of 0.05 by the number of comparisons used 

[42]. 

The term association was used to describe the statistical relationship between two 

variables. 
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6. PlantMolecularTasteDB – an innovative database 

 
6.1. Introduction 

The first objective of the doctoral studies was to create a database containing 

phytocompounds cited in the literature as taste active, information related to chemical 

structure, orosensorial properties, associated taste receptors, as well as information about 

their anti-inflammatory potential. 

 

6.2. Material and method 

The data collection regarding phytocompounds was carried out both through the 

systematic search of electronic resources and through the investigation of documents in 

physical format (books). 

The creation of the list of taste active phytocompounds was achieved in a first step by 

identifying and adding them from internationally recognized databases: BitterDB [20,43], 

FoodDB [44], PhytoMolTasteDB [3], PubChem [45], SuperSweetDB [46]. The list 

previously obtained was later enriched by searching with keywords in other internationally 

recognized databases:: Google Scholar, PubMed și ScienceDirect. 

The search was performed by using the phrases: “(phytochemical) AND (taste)”, 

“(specific phytochemical name) AND (taste)”, “(phytochemical) AND (astringent OR bitter 

OR pungent OR salty OR sour OR sweet OR umami)”, “(specific phytochemical name) 

AND (specific taste)”, “(phytochemical) AND (specific taste receptor/chemosensor name)” 

[47]. 

After this electronic search, whenever needed, a manual search also took place, mostly 

for sensorial characteristics or for chemical structures of compounds that were not available 

in the mentioned databases.  

In order to be included in this database, natural compounds had to fulfill two 

conditions: 

• The chemical structures availability in PubChem[45], HMDB[48], FooDB[44], 

ChEMBL[49] or in studies/articles 

• Phytocompounds to be described as taste active (sensorial or experimental – ligand-

receptor affinity tests) 
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The distribution by chemical classes of the phytocompounds was achieved by 

searching the specific phytocompounds in PubChem[45], FooDB[44], HMDB[48]. 

For the evaluation of the anti-inflammatory potential, a systematic search was 

performed in three internationally recognized databases (PubMed, GoogleScholar, 

ScienceDirect) using the following key phrase: “[specific phytochemical name] AND 

(antiinflammatory OR anti-inflammatory OR inflammation)” [47], for example: (Apigenin) 

AND (antiinflammatory OR anti-inflammatory OR inflammation).  

The "molecular taste of plants" or "phytomolecular taste" represents the virtual taste 

profile for a certain plant which is made up of all the tastes/orosensations given by the main 

gustatory/orosensorially active compounds that enter the composition of the plant of interest 

[50]. Phytomolecular taste is a newly original described concept [50]. This can be generated 

in the database in the form of a pie chart for a specific plant of interest. The contribution of 

each taste of the major constituent phytocompounds of the respective plant is taken into 

account. 

 

6.3. Results 

PlantMolecularTasteDB is a unique database at national and international level, for the 

uniqueness and originality of this concept, the Benelux Office for Intellectual Property 

(BOIP) i-DEPOT certificate was obtained with the number 122867. This database is also 

accessible online for free (https://plantmoleculartastedb.org/index.php, accessed on 

01.04.2024).  

PlantMolecularTasteDB contains 1527 taste active natural compounds derived from 

plants. There are compounds that exhibit multiple tastes/taste sensations (recorded with 

multiple tastes/taste sensations). Regarding the number of records of phytocompounds in 

each taste/taste sensation category, they are: 1114 records with a bitter taste, 263 - sweet 

taste, 224 – with pungent , 189 - with astringent, 61 - with a sour taste, 25 - with an umami 

taste, 7 - salty taste (Figure 6.1).  
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Figure 6.1. Distribution of phytocompounds by taste/orosensation  

In terms of chemical classes represented in this database, the first three best 

represented chemical classes are the alkaloid class, the terpenoid class, and the glycoside 

class. 

6.4. Discussions 

Although at the time of PlantMolecularTasteDB's launch there were other online 

available databases dedicated to taste active compounds, PlantMolecularTasteDB presents 

several items that represented an international novelty. 

PlantMolecularTasteDB is innovative through the information it contains (includes the 

complete taste profile of each phytocompound, pharmacological activity – anti-

inflammatory activity); more than that it only includes natural plant compounds [47]. 

Another novelty element is the generation of phytomolecular taste for a plant of interest. 

SuperSweetDB is made up of only sweet compounds (both synthetic and natural) [46].  

BitterDB contains only bitter compounds, both natural and synthetic [20,43].  

FlavorDB includes compounds that are sensorial characterized without a distinction 

between taste and odor, and data on physicochemical properties, data on functional groups 

are also available [51]. 

6.5. Conclusions 
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PlantMolecularTasteDB is a unique database that includes taste active  

phytocompounds from all categories of tastes/orosensations. 

Currently, it is the database that contains the largest number of taste active natural 

compounds (derived from plants), which describes the complete taste profile of 

phytocompounds and brings together physicochemical information, qualitative and/or 

quantitative data, biological activity (anti-inflammatory potential). 

PlantMolecularTasteDB represents the fundamental element of the doctoral thesis as 

the following studies were carried out using as a selection site the set of phytocompounds 

included in this database. 
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7. Assessing the impact of taste and the impact of chemical class on 

the anti-inflammatory activity of phytocompounds by miming data 

in PlantMolecularTasteDB 

 

7.1. Introduction 

Objectives 

The main objective of this research was to verify whether or not phytocompound 

taste/orosensation or chemical class could exhibit predictive power of anti-inflammatory 

activity. 

Other objectives related to the present research are represented by: the evaluation of a 

potential association between phytocompounds belonging to a certain chemical class and 

their anti-inflammatory activity, the evaluation of a potential association between the 

tastes/orosensations generated by the phytocompounds and their anti-inflammatory activity, 

establishing superiority in terms of the ability to predict anti-inflammatory activity taking 

into account the two properties of phytocompounds (taste/orosensation, respectively the 

chemical class), evaluating the involvement of phytocompound-induced tastes/orosensations 

in the relationship between the supposed association of the class chemical of the 

phytocompounds and of their anti-inflammatory activity, evaluating a potential association 

between the tastes/orosensations determined by the phytocompounds and their interaction 

with the molecular targets involved in inflammation. 

 

7.2. Material and Method 

The previously developed database (PlantMolecularTasteDB) was the source from 

which the phytocompounds investigated in this study were selected [47]. 

To ensure that the phytocompounds taken into account in the present research were 

previously sufficiently studied, including from the point of view of the role in inflammation, 

a threshold of at least 40 studies when searching the name of the phytocompound in PubMed 

was applied in the process of selection. 

Thus, the inclusion criteria for the considered phytocompounds were represented by: 

their existence in PlantMolecularTasteDB and the existence of a minimum number of 40 

articles in PubMed using the name of the natural compound as a search phrase. 
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In order for a compound to be considered as having anti-inflammatory activity in the 

scientific literature, we considered the existence of at least one study (in vitro, on animal 

model or clinical study) as positive evidence.   

The second essential part of the present research was represented by the validation of 

the data obtained from the first search. The SwissTargetPrediction was used for this purpose  

[52]. This bioinformatic tool makes a prediction of the molecular targets of the investigated 

bioactive molecules. The prediction is based on adding to this program SMILES type 

characters for the item to be analyzed. Since there were phytocompounds that were not 

compatible with this tool. Four international databases served as search support for the 

molecular targets indicated by the previous programme. These are: National Library of 

Medicine/Protein [53], PubChem  [45], The Human Protein Atlas [54], UniProt [55]. This 

was necessary to validate the involvement of those molecular targets in the inflammatory 

process. The search at this stage involved the use of the name of the molecular target and 

keywords that have in their structure ”inflammat” (for example, „inflammation”, 

„inflammatory”, „antiinflammatory/anti-inflammatory”, „proinflammatory/pro-

inflammatory”).  

The chemical classes taken in the statistical calculation were: short-chain aliphatic 

acids, phenolic acids, alkaloids, amino acids, sulfur compounds, coumarins, diterpenoids, 

other phenylpropanoids*(* -  others than the main groups of hydroxycinnamic acids, 

coumarins, (iso)flavonoids, lignans, stilbenes), flavonoids, glycosides of flavonoids, 

glycosides of monoterpenoids, monoterpenoids, monoterpenoids, sesquiterpenoid 

monoterpenoids, tannins, triterpenoids, saccharides. 

Regarding the statistical means used in generating the results, they were Chi-square 

test, Fisher exact test, Mann-Whitney test and Bonferroni correction.  

7.3. Results 

Of the 1527 compounds contained in the PlantMolecularTasteDB database, 592 met 

the criterion of having more than 40 studies when each of them was searched in PubMed.  

Of these 592 phytocompounds, the majority (452, representing 76.35%) met the 

criterion of having at least one study related to the anti-inflammatory effect. 140 

phytocompounds, representing 23.64%, had no studies related to the anti-inflammatory 

effect according to the search process. 
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According to the Bonferroni correction, the statistically significant results were for 

the associations bitter taste and anti-inflammatory activity, saccharides and lack of anti-

inflammatory activity. 

  

Figure 7.1. Association between bitter taste and anti-inflammatory activity in 

phytocompounds 

Saccharides have a negative association with anti-inflammatory actions, a statement 

supported by a p-value of 0.0003, an OR (Odds Ratio) of 0.25 and a 95% CI (Confidence 

Interval) of 0.11- 0.56 (does not include value 1). 

 Flavonoids had a p-value (Fisher's exact test) of 0.003, OR of 3.35, 95%CI 1.41-9.7, 

so a positive association with anti-inflammatory activity, but applying the Bonferroni 

correction the level of statistical significance dropped to 0.002. 

For the 548 compounds that could be searched for their molecular targets, 1836 

possible targets resulted. Of these, 363 are related to the inflammatory process, 1245 are not 

related to the inflammatory process, and for the remaining 228 targets, the link to the 

inflammatory process cannot be accurately stated. 

Bitter phytocompounds have a greater number of molecular targets related to 

inflammation compared to non-bitter phytocompounds.  
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7.4. Discussions 

Taste is a better predictor of the anti-inflammatory activity of phytocompounds than 

chemical class of phytocompounds. The most relevant example from the present research is 

related to the bitter taste of phytocompounds which is a more important predictor than any 

chemical class considered, including the flavonoid class. 

There are in vitro, in vivo studies in the literature that show that bitter phytocompounds 

from various chemical classes exhibit anti-inflammatory effects (for example, modulating 

the secretion of some cytokines involved in inflammation) [56–59]. 

A possible explanation for the association of anti-inflammatory activity with a certain 

class could also be due to the activation of the corresponding taste receptors. There is a study 

suggesting that polyphenols (the most representative class are flavonoids) bind to oral and 

extraoral TAS2Rs that modulate signaling pathways that are involved in anti-inflammatory 

processes, thus demonstrating beneficial effects [60]. 

Another study shows that although certain bitter-tasting compounds (eg, caffeine, 

theobromine) share structural similarities, they may have different promiscuity profiles [61]. 

Thus, for the complete characterization of the biological activities of some natural plant 

compounds, their chemical structure seems not to be sufficient. 

The negative association between anti-inflammatory activity and sweet taste is 

supported by other researches that have shown that a diet high in sugars (fructose, sucrose) 

is associated with chronic inflammation [62–65]. There are sweet-tasting phytocompounds 

that exhibit anti-inflammatory properties [66,67]. 

7.5.    Conclusions 

The taste of phytocompounds is a variable more strongly associated with the anti-

inflammatory activity than the chemical class of phytocompounds. 

 Bitter taste has a statistically significant positive association with anti-inflammatory 

activity. 

Sweet-tasting phytocompounds and sour-tasting phytocompounds have a statistically 

significant negative association with anti-inflammatory activity. 

Saccharides show a statistically significant negative association with anti-

inflammatory activity. 
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8. Assessing the impact of taste and the impact of chemical class on 

the anti-cancer activity of phytocompounds and the possible 

relationship between anti-cancer activity and anti-inflammatory 

activity of phytocompounds by data mining in 

PlantMolecularTasteDB 

 
8.1. Introduction 

Objectives 

The general objective of the present study was to identify the existence of an 

association between the tastes/orosensations of phytocompounds and their anti-cancer 

activity, as well as between the chemical class of phytocompounds and anti-cancer activity.  

The identification of a potential association between the anti-inflammatory action of 

the taste active phytocompounds and their anti-cancer action, the finding of a potential 

involvement of the different tastes/orosensations generated by the phytocompounds 

regarding the association of the anti-inflammatory activity - anti-cancer activity, the 

identification of a potential differential involvement of the chemical classes of 

phytocompounds regarding the association anti-inflammatory action - anti-cancer action, 

identifying a superiority regarding the impact of taste or chemical class in anti-cancer 

activity and finding the hierarchical relationship between the variable taste/orosensation and 

the chemical class of phytocompounds regarding the association anti-inflammatory action - 

anti-cancer action are other objectives that we proposed in the present study. 

 
8.2. Material and method 

PlantMolecularTasteDB (https://plantmoleculartastedb.org/index.php, accessed on 

01.02.2023) served as a selection site for the compounds included in the statistical analysis 

[47]. 

Applying the same phytocompound selection methodology as in the previous study, a 

minimum number of 40 articles found by compound name search in PubMed was required 

for a given phytocompound to be included in the study [68]. 

Thus, the inclusion criteria in this study were: the presence of the phytocompound in 

PlantMolecularTasteDB and the criterion of the existence of at least 40 studies when 

specifically searching the name of each phytocompound in this database. 
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In order to investigate the presence of studies in the scientific literature related to anti-

cancer effects, a search was made for each phytocompound that met the inclusion criteria in 

three internationally recognized databases, namely PubMed, Science Direct, Google 

Scholar. 

In order for the time variable to not influence the statistical results, a new search was 

performed regarding the anti-inflammatory activity of phytocompounds. The criteria stated 

in the previous study were used [68]. 

For anti-cancer activity, search phrases for each phytocompound that met the 

considered inclusion criteria included the name of the phytocompound and keywords such 

as, "antiproliferative," "cancer," "chemopreventive," "chemotherapy," "cytotoxic," 

"neoplastic," "tumor". 

The existence of at least one study (in vitro, on animal model or clinical study) for the 

respective phytocompound was considered as ”positive evidence” for the investigated 

pharmacological effect. 

The chemical classes taken in the statistical analysis were: short-chain aliphatic acids, 

phenolic acids, fatty acids, alkaloids, phenolic others (other than phenolic acids, esters of 

phenolic acids, amides of phenolic acids), amino acids, sulfur compounds, coumarins, 

diterpenoids, esters of phenolic acids, phenylpropanoids (others) (other than the classes of 

(iso)flavonoids, hydroxycinnamic acid derivatives - amides, esters -, cinnamic acid esters, 

coumarins, lignans, methoxyphenols, stilbenes), flavonoids, flavonoid glycosides, steroid 

glycosides, triterpenoid glycosides, monoterpenoid glycosides, monoterpenoids, 

sesquiterpenoids, tannins, triterpenoids, saccharides. 

8.3. Results 

Only 624 phytocompounds out of 1527 were included in statistical analysis. It should 

be noted that a phytocompound can have several tastes/orosensations (Figure 8.1). 
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Figure 8.1 Distribution of phytocompounds by taste/orosensation 

A statistically significant positive association was found for bitter taste and anti-

cancer activity, a claim supported by a p-value of 7 x 10-4, OR 1.92 and 95% CI 1.32-

2.77(Figure 8.2). A statistically significant positive association was found for bitter taste and 

anti-inflammatory effect, supported by a p value of 0.003, OR 1.9 and 95% CI 1.32–2.77.  

  

Figure 8.2. Association between bitter taste and anti-cancer activity in phytocompounds 

A negative association was found between sweet taste and anti-cancer activity, a 

statement supported by a p-value of 10-5, OR 0.36 and 95% CI 0.23-0.56 (Figure 8.3). There 

is a negative trend of association between sweet taste and the anti-inflammatory effect, as 
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the p-value in this case (0.016) did not reach the new threshold of statistical significance 

taking into account the Bonferroni correction (threshold value of 0.0035).  

 

Figure 8.3. Association between sweet taste and anti-cancer activity in phytocompounds 

Flavonoids had a statistically significant positive association with the anti-cancer 

activity, a statement supported by a p-value of 7 x 10-7, OR 12.48 and 95% CI 3.58-76.76 

(Figure 8.4). Regarding the same chemical class of phytocompounds and the anti-

inflammatory activity, there is a statistically significant positive association, a statement 

supported by a p-value of 5 x 10-5, OR 15.72 and 95% CI 3.03-324.34.  
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Figure 8.4. Association between flavonoids and anti-cancer activity 

A statistically significant negative association was found for saccharides and the anti-

inflammatory effect, supported by a p-value of 0.0002, OR 0.25 and 95% CI 0.12–0.52. A 

statistically significant negative association was also found for the saccharide group, but this 

time with the anti-inflammatory effect, supported by a p-value of 2 x 10-5, an OR of 0.2 and 

a 95% CI of 0.09-0 ,41.  

A statistically significant negative association was found between alkaloids and anti-

inflammatory effect (p-value 0.0003, OR 0.41 and 95% CI 0.25-0.66).  

A statistically significant negative association was found between aminoacids and 

anti-cancer activity (p-value 3 x 10-7, OR 0.14 and 95% CI 0.06-0.3).  

These statistically significant associations were also preserved when chemical 

classes were regrouped. 

There is a strong association between the anti-inflammatory effect and the anti-

cancer effect of the phytocompounds for all tastes and all chemical classes (with the 

exception of aminoacids). 
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Figure 8.5. Association between anti-inflammatory activity and anti-cancer activity 

independent of taste 

8.4. Discussions 

In the previous study, bitter phytocompounds were more likely to exert anti-

inflammatory effects compared to non-bitter phytocompounds [68]. Also, in the previous 

study, sweet-tasting phytocompounds were less likely to have anti-inflammatory activity 

compared to non-sweet phytocompounds [68]. These trends are also preserved in the current 

study. 

Anti-inflammatory agents are known to have beneficial effects related to 

carcinogenesis as well. An example in this regard is the non-steroidal anti-inflammatory 

drugs, which in experimental studies, as well as in epidemiological studies, but also in 

randomized clinical trials, had a chemopreventive effect [69–78].  

The positive association of bitter taste - anticancer activity is not unexpected, since 

bitter phytocompounds show numerous anticancer effects [27–30]. 

Another finding is that sweet taste has a negative association with anti-inflammatory 

activity and a significant negative association with anticancer activity. According to a meta-

analysis, there is a significant positive association between higher consumption of fruit juice 

and the risk of prostate cancer [79]. The same study shows that there is a statistically 

significant positive association between higher consumption of sugar-sweetened beverages 

and the incidence of prostate cancer, as well as a statistically significant positive association 
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between the higher consumption of sugar-sweetened beverages and the incidence of breast 

cancer [79]. 

Another major observation from the present study is that the taste/orosensation of a 

phytocompound is a more important predictor of its biological effects than its chemical class. 

This result is in line with previous research, in which the phytocompound taste/orosensation 

as a variable was more strongly associated with the anti-inflammatory effect of the 

phytocompound than belonging to a certain chemical class[68]. 

8.5. Conclusions 

Bitter phytocompounds are more likely to have anti-cancer and anti-inflammatory 

activity compared to non-bitter phytocompounds. 

Sweet phytocompounds show a higher probability of negative association with 

anticancer activity, but also with anti-inflammatory activity compared to non-sweet 

compounds. 

There are strongly statistically significant associations between the anti-inflammatory 

activity and the anti-cancer activity of a taste active natural compound, in other words a 

phytocompound with anti-inflammatory properties is very likely to have anti-cancer actions 

as well and conversely, a phytocompound with anti-cancer activity is very likely to show 

anti-inflammatory activity as well. This finding supports the concept that targeting 

inflammatory processes represents a chemopreventive and even chemotherapeutic strategy. 

The only chemical class for which there was a statistically significant positive 

association with each of the two pharmacological actions studied is the flavonoid class. Even 

more interesting is the fact that most of the compounds from this chemical class have a bitter 

taste, in other words, the taste has a supremacy over the chemical class in terms of predictive 

power of biological action. 

However, experimental studies are needed to confirm the conclusions mentioned 

above. 
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General conclusions 

 

The conclusions that emerge from this doctoral study and that reflect the novelty of 

the research are the following: 

• The taste of phytocompounds is a variable with a higher predictive power of anti-

inflammatory activity compared to the chemical class  

• The taste of phytocompounds is a variable with a higher predictive power of anti-

cancer activity compared to the chemical class  

• Bitter phytocompounds are more likely to have anti-inflammatory effects compared 

to non-bitter phytocompounds. 

• Bitter phytocompounds are more likely to have anti-cancer actions compared to non-

bitter phytocompounds. 

• Sweet phytocompounds are more likely to lack anti-inflammatory activities 

compared to non-sweet phytocompounds  

• Sweet phytocompounds are more likely to be devoid of anti-cancer activities 

compared to non-sweet phytocompounds  

• If a phytocompound has anti-inflammatory activity, it is very likely that this 

phytocompound to have an anti-cancer effect, and, conversely, if a phytocompound has anti-

cancer activity it is very likely that it also has anti-inflammatory activity, regardless of the 

taste variable; it is true that taste as a variable could have an impact on the strength of the 

association. 

• Among all the chemical classes, the flavonoid class has a greater probability to have 

anti-inflammatory actions as well as anti-cancer activity 
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Future perspectives 

Some of the possible future research directions are mentioned below: 

•  Using PlantMolecularTasteDB to identify new ligands for TAS2R or to identify 

ligands for orphan TAS2R (through molecular docking studies) 

• Selecting some phytocompounds from the database and investigating them in vitro 

(cell/cell line studies) or on an animal model regarding the stages of carcinogenesis, 

respectively the intervention of these compounds in the chronic inflammation – cancer axis 

• Investigation of a potential correlation between the degree of activation of bitter taste 

receptors for different phytocompounds from the database (EC50) and their ability to inhibit 

the development of a tumor clone (IC50). 

• Bioinformatic tool creation for estimating the taste profile of a (phyto)compound or 

estimating the anti-inflammatory activity, or the anti-cancer activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

 

Selective bibliography 

 

1.  Petrovska B. Historical review of medicinal plants′ usage. Pharmacogn Rev. 2012 Jan;6(11):1.  

2.  Saboon, Chaudhari SK, Arshad S, Amjad MS, Akhtar MS. Natural Compounds Extracted from 

Medicinal Plants and Their Applications. In: Akhtar MS, Swamy MK, Sinniah UR, editors. Natural 

Bio-active Compounds. Singapore: Springer Singapore; 2019. p. 193–207.  

3.  Dragos D, Gilca M. PhytoMolecularTasteDB: An integrative database on the “molecular taste” of 

Indian  medicinal plants. Data Br. 2018 Aug;19:1237–41.  

4.  Tuzim K, Korolczuk A. An update on extra ‑ oral bitter taste receptors. Vol. 19, Journal of 

Translational Medicine. BioMed Central; 2021. 1–33 p.  

5.  D’Urso O, Drago F. Pharmacological significance of extra-oral taste receptors. Eur J Pharmacol. 

2021 Nov;910:174480.  

6.  Sharma R, Dash B. Caraka Samhita, vol. 23. Chowkhamba Sanskrit Series Office, Varanasi, India,. 

2006.  

7.  Bensky D, Clavey S, Stõger E. Materia medica. 3rd ed. Chinese Herbal Medicine. Eastland press 

Seattle, WA, USA; 2004. 3–6 p.  

8.  Kurihara K. Umami the Fifth Basic Taste: History of Studies on Receptor Mechanisms and Role as a 

Food Flavor. Biomed Res Int. 2015;2015:1–10.  

9.  Gilca M, Dragos D. Extraoral Taste Receptor Discovery: New Light on Ayurvedic Pharmacology. 

Evidence-Based Complement Altern Med. 2017;2017:1–30.  

10.  Shukla R, Pandey V, Vadnere GP, Lodhi S. Chapter 18 - Role of Flavonoids in Management of 

Inflammatory Disorders. Watson RR, Preedy VRBTBF as DI for A and RID (Second E, editors. 

Bioactive Food as Interventions for Arthritis and Related Inflammatory Diseases. Academic Press; 

2019. 293–322 p.  

11.  Singh AK, Singh SK, Nandi MK, Mishra G, Maurya A, Rai A, et al. Berberine: A Plant-derived 

Alkaloid with Therapeutic Potential to Combat Alzheimer’s disease. Cent Nerv Syst Agents Med 

Chem. 2019 Oct 31;19(3):154–70.  

12.  Behrens M, Brockhoff A, Batram C, Kuhn C, Appendino G, Meyerhof W. The human bitter taste 

receptor hTAS2R50 is activated by the two natural bitter  terpenoids andrographolide and 

amarogentin. J Agric Food Chem. 2009 Nov;57(21):9860–6.  

13.  Mancuso G, Borgonovo G, Scaglioni L, Bassoli A. Phytochemicals from Ruta graveolens Activate 

TAS2R Bitter Taste Receptors and TRP Channels Involved in Gustation and Nociception. Molecules. 

2015 Oct 16;20(10):18907–22.  

14.  Meyerhof W, Batram C, Kuhn C, Brockhoff A, Chudoba E, Bufe B, et al. The molecular receptive 

ranges of human TAS2R bitter taste receptors. Chem Senses. 2010 Feb;35(2):157–70.  

15.  Shaw L, Mansfield C, Colquitt L, Lin C, Ferreira J, Emmetsberger J, et al. Personalized expression of 

bitter ‘taste’ receptors in human skin. Behrens M, editor. PLoS One. 2018 Oct 17;13(10):e0205322.  

16.  Reszka E, Nowakowska-Swirta E, Kupczyk M, Dudek W, Swierczynska-Machura D, Wittczak T, et 

al. Expression of bitter taste receptors in the human skin in vitro. J Clin Res Bioeth. 2015;6(2).  

17.  Talmon M, Massara E, Quaregna M, De Battisti M, Boccafoschi F, Lecchi G, et al. Bitter taste 

receptor (TAS2R) 46 in human skeletal muscle: expression and activity. Front Pharmacol. 2023 Sep 

12;14.  

18.  Grassin-Delyle S, Salvator H, Mantov N, Abrial C, Brollo M, Faisy C, et al. Bitter Taste Receptors 

(TAS2Rs) in Human Lung Macrophages: Receptor Expression and Inhibitory Effects of TAS2R 



29 

 

Agonists. Front Physiol. 2019 Oct 2;10.  

19.  Barham HP, Cooper SE, Anderson CB, Tizzano M, Kingdom TT, Finger TE, et al. Solitary 

chemosensory cells and bitter taste receptor signaling in human sinonasal mucosa. Int Forum Allergy 

Rhinol. 2013 Jun;3(6):450–7.  

20.  Dagan-Wiener A, Di Pizio A, Nissim I, Bahia MS, Dubovski N, Margulis E, et al. BitterDB: taste 

ligands and receptors database in 2019. Nucleic Acids Res. 2019 Jan;47(D1):D1179–85.  

21.  Ekoff M, Choi JH, James A, Dahlén B, Nilsson G, Dahlén SE. Bitter taste receptor (TAS2R) agonists 

inhibit IgE-dependent mast cell activation. J Allergy Clin Immunol. 2014 Aug 1;134(2):475–8.  

22.  Piskadło-Zborowska K, Stachowiak M, Sarnowska E, Jowik R, Dżaman K. Assessment of the effect 

of inflammatory changes and allergic reaction on TAS2R38 receptor expression in patients with 

chronic sinusitis (CRS). Otolaryngol Pol. 2020 May 18;74(5):17–23.  

23.  Maleki SJ, Crespo JF, Cabanillas B. Anti-inflammatory effects of flavonoids. Food Chem. 

2019;299:125124.  

24.  Martin LTP, Nachtigal MW, Selman T, Nguyen E, Salsman J, Dellaire G, et al. Bitter taste receptors 

are expressed in human epithelial ovarian and prostate cancers cells and noscapine stimulation 

impacts cell survival. Mol Cell Biochem. 2019;454(1):203–14.  

25.  Zehentner S, Reiner AT, Grimm C, Somoza V. The Role of Bitter Taste Receptors in Cancer: A 

Systematic Review. Cancers (Basel). 2021 Nov;13(23).  

26.  Costa AR, Duarte AC, Costa-Brito AR, Gonçalves I, Santos CRA. Bitter taste signaling in cancer. 

Life Sci. 2023 Feb;315:121363.  

27.  Kim YS, Sull JW, Sung HJ. Suppressing effect of resveratrol on the migration and invasion of human 

metastatic lung and cervical cancer cells. Mol Biol Rep. 2012 Sep 14;39(9):8709–16.  

28.  Zhu Y, Mao Y, Chen H, Lin Y, Hu Z, Wu J, et al. Apigenin promotes apoptosis, inhibits invasion 

and induces cell cycle arrest of T24 human bladder cancer cells. Cancer Cell Int. 2013 Dec 

1;13(1):54.  

29.  Takashina M, Inoue S, Tomihara K, Tomita K, Hattori K, Zhao QL, et al. Different effect of 

resveratrol to induction of apoptosis depending on the type of human cancer cells. Int J Oncol. 2017 

Mar;50(3):787–97.  

30.  Yuan L, Zhou M, Huang D, Wasan HS, Zhang K, Sun L, et al. Resveratrol inhibits the invasion and 

metastasis of colon cancer through reversal  of epithelial‑ mesenchymal transition via the 

AKT/GSK‑3β/Snail signaling pathway. Mol Med Rep. 2019 Sep;20(3):2783–95.  

31.  Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J. Flavonoids as Anticancer Agents. 

Nutrients. 2020 Feb 12;12(2):457.  

32.  Reszka, E; Nowakowska-Swirta, E.; Kupczyk, M.; Dudek, W.; Swierczynska-Machura, D.; 

Wittczak, T.; Rykała J. P. Expression of Bitter Taste Receptors in the Human Skin In Vitro. J Clin 

Res Bioeth. 2015 Jan 1;06(02).  

33.  Wölfle U, Elsholz FA, Kersten A, Haarhaus B, Müller WE, Schempp CM. Expression and 

Functional Activity of the Bitter Taste Receptors TAS2R1 and TAS2R38 in Human Keratinocytes. 

Skin Pharmacol Physiol. 2015;28(3):137–46.  

34.  Wölfle U, Elsholz F, Kersten A, Haarhaus B, Schumacher U, Schempp C. Expression and Functional 

Activity of the Human Bitter Taste Receptor TAS2R38 in Human Placental Tissues and JEG-3 Cells. 

Molecules. 2016 Mar 3;21(3):306.  

35.  Ho HKY, Bigliardi PL, Stelmashenko O, Ramasamy S, Postlethwaite M, Bigliardi‐Qi M. 

Functionally expressed bitter taste receptor TAS2R14 in human epidermal keratinocytes serves as a 

chemosensory receptor. Exp Dermatol. 2021 Feb 5;30(2):216–25.  

36.  Cancello R, Micheletto G, Meta D, Lavagno R, Bevilacqua E, Panizzo V, et al. Expanding the role of 

bitter taste receptor in extra oral tissues: TAS2R38 is  expressed in human adipocytes. Adipocyte. 

2020 Dec;9(1):7–15.  



30 

 

37.  Sakakibara M, Sumida H, Yanagida K, Miyasato S, Nakamura M, Sato S. Bitter taste receptor 

T2R38 is expressed on skin-infiltrating lymphocytes and regulates lymphocyte migration. Sci Rep. 

2022 Jul 11;12(1):11790.  

38.  Gherardini J, Rouille T, Ferholz M, Funk W, Rodríguez-Feliz J, Bauman AJ, et al. 571 Human Hair 

Follicles can “Taste”: Stimulation of the Bitter Taste Receptor TAS2R4 Inhibits Hair Growth Ex 

Vivo by Up-Regulating TGF-β2. J Invest Dermatol. 2022 Dec 1;142(12):S279.  

39.  Roland WSU, van Buren L, Gruppen H, Driesse M, Gouka RJ, Smit G, et al. Bitter Taste Receptor 

Activation by Flavonoids and Isoflavonoids: Modeled Structural Requirements for Activation of 

hTAS2R14 and hTAS2R39. J Agric Food Chem. 2013 Nov 6;61(44):10454–66.  

40.  Meng X, Zheng S, Yin Z, Wang X, Yang D, Zou T, et al. Apigenin ameliorates imiquimod-induced 

psoriasis in C57BL/6J mice by inactivating STAT3 and NF-κB. Food Sci Hum Wellness. 2024 

Jan;13(1):211–24.  

41.  Sahu H, Shrma S, Gondhalakar S. A brief overview on data mining survey. Int J Comput Technol 

Electron Eng. 2011;1(3):114–21.  

42.  Fleiss JL. The Design and Analysis of Clinical Experiments. John Wiley & Sons: Hoboken, NJ, 

USA,; 1986.  

43.  Wiener A, Shudler M, Levit A, Niv MY. BitterDB: a database of bitter compounds. Nucleic Acids 

Res. 2012 Jan;40(D1):D413–9.  

44.  FooDB [Internet]. [accesat la 1 decembrie 2019]. Available from: https://foodb.ca/ 

45.  Kim S, Thiessen PA, Bolton EE, Chen J, Fu G, Gindulyte A, et al. PubChem Substance and 

Compound databases. Nucleic Acids Res. 2016 Jan 4;44(D1):D1202–13.  

46.  Ahmed J, Preissner S, Dunkel M, Worth CL, Eckert A, Preissner R. SuperSweet-A resource on 

natural and artificial sweetening agents. Nucleic Acids Res. 2011;  

47.  Gradinaru TC, Petran M, Dragos D, Gilca M. PlantMolecularTasteDB: A Database of Taste Active 

Phytochemicals. Front Pharmacol. 2022;12:3804.  

48.  Wishart DS, Tzur D, Knox C, Eisner R, Guo AC, Young N, et al. HMDB: the Human Metabolome 

Database. Nucleic Acids Res. 2007 Jan 1;35(suppl_1):D521–6.  

49.  Gaulton A, Bellis LJ, Bento AP, Chambers J, Davies M, Hersey A, et al. ChEMBL: a large-scale 

bioactivity database for drug discovery. Nucleic Acids Res. 2011/09/23. 2012 Jan 1;40(D1):D1100–

7.  

50.  Dragos D, Gilca M. Taste of Phytocompounds: A Better Predictor for Ethnopharmacological 

Activities of Medicinal Plants Than The Phytochemical Class? J Ethnopharmacol. 2018;220:129–46.  

51.  Garg N, Sethupathy A, Tuwani R, NK R, Dokania S, Iyer A, et al. FlavorDB: a database of flavor 

molecules. Nucleic Acids Res. 2018 Jan 4;46(D1):D1210–6.  

52.  Daina A, Michielin O, Zoete V. SwissTargetPrediction: updated data and new features for efficient 

prediction of protein targets of small molecules. Nucleic Acids Res. 2019 Jul 2;47(W1):W357–64.  

53.  Sayers EW, Bolton EE, Brister JR, Canese K, Chan J, Comeau DC, et al. Database resources of the 

national center for biotechnology information. Nucleic Acids Res. 2022 Jan 7;50(D1):D20–6.  

54.  Uhlen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A, et al. Proteomics. 

Tissue-based map of the human proteome. Science. 2015 Jan;347(6220):1260419.  

55.  UniProt Consortium. UniProt: a worldwide hub of protein knowledge. Nucleic Acids Res. 2019 Jan 

8;47(D1):D506–15.  

56.  Ano Y, Dohata A, Taniguchi Y, Hoshi A, Uchida K, Takashima A, et al. Iso-α-acids, Bitter 

Components of Beer, Prevent Inflammation and Cognitive Decline Induced in a Mouse Model of 

Alzheimer’s Disease. J Biol Chem. 2017 Mar 3;292(9):3720–8.  

57.  Lin WC, Lin JY. Five bitter compounds display different anti-inflammatory effects through 



31 

 

modulating cytokine secretion using mouse primary splenocytes in vitro. J Agric Food Chem. 

2011;59(1):184–92.  

58.  Sharma P, Yi R, Nayak AP, Wang N, Tang F, Knight MJ, et al. Bitter Taste Receptor Agonists 

Mitigate Features of Allergic Asthma in Mice. Sci Rep. 2017 Apr 11;7(1):46166.  

59.  Yang HY, Chang HK, Lee JW, Kim YS, Kim H, Lee MH, et al. Amygdalin suppresses 

lipopolysaccharide-induced expressions of cyclooxygenase-2 and inducible nitric oxide synthase in 

mouse BV2 microglial cells. Neurol Res. 2007 Feb 1;29(sup1):59–64.  

60.  Canivenc-Lavier MC, Neiers F, Briand L. Plant polyphenols, chemoreception, taste receptors and 

taste management. Curr Opin Clin Nutr Metab Care. 2019 Nov;22(6):472–8.  

61.  Bayer S, Mayer AI, Borgonovo G, Morini G, Di Pizio A, Bassoli A. Chemoinformatics View on 

Bitter Taste Receptor Agonists in Food. J Agric Food Chem. 2021 Nov 24;69(46):13916–24.  

62.  Sakamoto N, Kono S, Wakai K, Fukuda Y, Satomi M, Shimoyama T, et al. Dietary Risk Factors for 

Inflammatory Bowel Disease. Inflamm Bowel Dis. 2005 Feb;11(2):154–63.  

63.  Porto ML, Lírio LM, Dias AT, Batista AT, Campagnaro BP, Mill JG, et al. Increased oxidative stress 

and apoptosis in peripheral blood mononuclear cells of  fructose-fed rats. Toxicol Vitr  an Int J Publ 

Assoc with  BIBRA. 2015 Dec;29(8):1977–81.  

64.  O’Connor L, Imamura F, Brage S, Griffin SJ, Wareham NJ, Forouhi NG. Intakes and sources of 

dietary sugars and their association with metabolic and inflammatory markers. Clin Nutr. 2018 

Aug;37(4):1313–22.  

65.  Laffin M, Fedorak R, Zalasky A, Park H, Gill A, Agrawal A, et al. A high-sugar diet rapidly 

enhances susceptibility to colitis via depletion of luminal short-chain fatty acids in mice. Sci Rep. 

2019 Aug 23;9(1):12294.  

66.  Chung JH, Kong JN, Choi HE, Kong KH. Antioxidant, anti-inflammatory, and anti-allergic activities 

of the sweet-tasting protein brazzein. Food Chem. 2018 Nov;267:163–9.  

67.  Yao L, Sun T. Glycyrrhizin administration ameliorates Streptococcus aureus-induced acute lung 

injury. Int Immunopharmacol. 2019 May;70:504–11.  

68.  Dragoș D, Petran M, Gradinaru TC, Gilca M. Phytochemicals and Inflammation: Is Bitter Better? 

Plants. 2022 Nov 6;11(21):2991.  

69.  Zappavigna S, Cossu AM, Grimaldi A, Bocchetti M, Ferraro GA, Nicoletti GF, et al. Anti-

Inflammatory Drugs as Anticancer Agents. Int J Mol Sci. 2020 Apr;21(7).  

70.  Drew DA, Cao Y, Chan AT. Aspirin and colorectal cancer: the promise of precision 

chemoprevention. Nat Rev Cancer. 2016 Mar;16(3):173–86.  

71.  Elwood P, Protty M, Morgan G, Pickering J, Delon C, Watkins J. Aspirin and cancer: biological 

mechanisms and clinical outcomes. Open Biol. 2022 Sep 14;12(9):220124.  

72.  Burn J, Sheth H, Elliott F, Reed L, Macrae F, Mecklin JP, et al. Cancer prevention with aspirin in 

hereditary colorectal cancer (Lynch syndrome),  10-year follow-up and registry-based 20-year data in 

the CAPP2 study: a double-blind, randomised, placebo-controlled trial. Lancet (London, England). 

2020 Jun;395(10240):1855–63.  

73.  Qiao Y, Yang T, Gan Y, Li W, Wang C, Gong Y, et al. Associations between aspirin use and the risk 

of cancers: a meta-analysis of observational studies. BMC Cancer. 2018;18(1):288.  

74.  Sebastian NT, Stokes WA, Behera M, Jiang R, Gutman DA, Huang Z, et al. The Association of 

Improved Overall Survival with NSAIDs in Non-Small Cell Lung  Cancer Patients Receiving 

Immune Checkpoint Inhibitors. Clin Lung Cancer. 2023 May;24(3):287–94.  

75.  Rahme E, Ghosn J, Dasgupta K, Rajan R, Hudson M. Association between frequent use of 

nonsteroidal anti-inflammatory drugs and  breast cancer. BMC Cancer. 2005 Dec;5:159.  

76.  Liu Y, Ren T, Xu X, Jin J. Association of aspirin and nonaspirin NSAIDs therapy with the incidence 

risk of  hepatocellular carcinoma: a systematic review and meta-analysis on cohort studies. Eur J 



32 

 

cancer Prev  Off J Eur  Cancer Prev Organ. 2022 Jan;31(1):35–43.  

77.  Majidi A, Na R, Jordan SJ, DeFazio A, Obermair A, Friedlander M, et al. Common analgesics and 

ovarian cancer survival: the Ovarian cancer Prognosis And  Lifestyle (OPAL) Study. J Natl Cancer 

Inst. 2023 May;115(5):570–7.  

78.  Sasamoto N, Babic A, Vitonis AF, Titus L, Cramer DW, Trabert B, et al. Common Analgesic Use for 

Menstrual Pain and Ovarian Cancer Risk. Cancer Prev Res (Phila). 2021 Aug;14(8):795–802.  

79.  Llaha F, Gil-Lespinard M, Unal P, de Villasante I, Castañeda J, Zamora-Ros R. Consumption of 

Sweet Beverages and Cancer Risk. A Systematic Review and  Meta-Analysis of Observational 

Studies. Nutrients. 2021 Feb;13(2).  

 

 


