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Abstract  Review Article 
 

A major factor in the emergence of resistance to pathogens is the misuse and overuse of antimicrobials. The spread of 

microorganisms, often resistant to antimicrobial therapy is also facilitated by the lack of quality water and sanitation 

and infection prevention and control measures. In recent days it has been observed the emergence of resistance in several 

pathogenic Gram-positive and Gram-negative bacteria against the drugs applied. To control this global problem, there 

is an urgent need for the development of new antibacterial agents that can reduce treatment period, affect resistant strains 

and increase the effect of the applied treatment. It has been described that riboswitches regulate the expression of a 

number of genes which are responsible for synthesizing important metabolites which are need for finction of bacterial 

cells. An important strategy for overcoming bacterial resistance can be the development of drugs which can inhibit 

different bacterial riboswitches, which are essential for bacterial life and which are known to be suitable targets for 

creating of new antibacterial drugs. Cancer is one of the world's most common diseases, causing millions of deaths a 

year. Malignant diseases are the second (after heartvascular diseases) in terms of public health importance in Europe. 

This highlights the need for searching for new therapeutic agents for treatment of malignant diseases. One important 

trend can be application of plant extracts, containing compounds such as triterpenes: Oleanolic acid and Ursolic acid 

and omega-3 fatty acids such as Eicosapentaenoic acid and Docosahexaenoic acid, which advantages are that possess 

simultaneously both antimicrobial and anticancer activities and that are less toxic than synthetic prodused drugs and this 

is of great importance for healt prevention. 
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I. INTRODUCTION 
I. Antimicrobial resistance. 

Antimicrobial resistance cannot be defined as a 

new phenomenon, but it represents a serious threat to 

public health. It affects infectious diseases that are 

acquired in the community, but also nosocomial 

infections or, as the new term is now coming to mean, 

healthcare-associated infections [1].  

 

As a result of the ineffectiveness of antibiotic 

therapies and treatment in home, the antibiotic resistance 

can increase. Antibiotic resistance and the inability of 

traditional medicines to affect infections caused by 

bacteria lead to a huge number of deaths and are a serious 

problem [2]. Antibiotic resistance is cause for 

reemergence of infections [3], especially in developing 

countries [4]. It has been reported a global increased 

antimicrobial resistance in 2029 [5]. The analysis of the 

possibility of future resistant to therapeutic drugs with 

bacteriostatic or bactericidal effects is important. 

Increased spread of antimicrobial resistance need 

preventive measures for healthcare [6]. 

 

It has been reported that about 70% of 

infections caused by antibiotic-resistant bacteria are 

hospital-acquired infections. This is a results from longer 

patient stays, higher hospital charges, and the need for 

larger hospital budgets. If resistance continues to grow, 

it will reduce global gross domestic product by 2% to 
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3.5%, and by 2050, the global economy could face 

treatment costs of up to US$100 trillion. 

 

Our country, Bulgaria, is defined as a country 

with a very high mortality rate from bacterial infections 

that do not respond to antibiotic treatment in the EU. This 

means that at the local level, antibiotic resistance is very 

widespread, and the population in our country is 

unprotected from serious infectious diseases. Due to their 

effectiveness on pathogenic bacteria that affectvarious 

organisms, antibiotics are also used on animals. Thus, 

more and more types of bacteria are subjected to 

antibiotic therapy, which puts pressure on them, causing 

even more widespread antibiotic resistance [7]. The most 

dangerous bacteria are Gram-negative multi-resistant 

bacteria, which can adapt and show resistance to many 

drugs. At the same time, they can transfer their genetic 

material to other bacteria, thus making them resistant to 

specific antibiotics [8]. 

 

The major examples for resistant bacteria include [7]:  

1) Staphylococcus aureus to Penicillin, 

Methicillin [9], Tetracycline and Erythromycin 

2) Streptococcus pneumoniae to Penicillin [10] 

3) Streptococcus pyogenes to Penicillin [10] 

4) Enterococcus faecium to. Penicillin and 

Vancomycin [11]  

5) Escherichia coli to fluoroquinolones [12] 

6) Pseudomonas aerogunosa [13]. 

 

II. Riboswitches in bacteria 

It has been investigated that RNA is an effective 

antibiotic target in the bacterial cell. Over 36 classes of 

riboswitches have been identified in bacteria. Their 

structure is well-studied, and with the help of 

fundamental bioinformatics studies, specific regions of 

riboswitches can be found in the Priority Bacteria 

Resistance genome of one or more bacteria - pathogenic 

or non-pathogenic for humans, to which a specificagent 

with a precise structural design can be targeted [14]. Due 

to their large number and widespread distribution in 

bacteria, they represent a vast new set of targets under 

investigation and development. A single riboswitch can 

be found in many different bacteria and repeated multiple 

times in a particular genome [15]. About 215 bacterial 

riboswitches from 16 different types found in 50 human 

pathogenic bacteria have been described. The riboswitch 

classes include those sensing essential flavin 

mononucleotide, GlmS, Cobalamin, Lysine, Glycine, 

Purine TPP and SAM-I [14].  

 

FMN riboswitches is found in 3098 different 

organism species, of which 30 are human bacterial 

pathogens, including Gram-positive and Gram-negative. 

GlmS riboswitches has been found in 800 species, of 

which 11 are Gram-negative bacteria pathogenic to 

humans. The two riboswitches mentioned are among the 

most abundant in human pathogenic bacteria [14]. 

 

It has been described that riboswitches regulate 

the expression of a limited number of genes. However, 

most of these genes are responsible for synthesizing 

important metabolites, without which the cell cannot 

function [16]. It has been observed that riboswitches are 

antibacterial drug targets, Therefore, the dissemination 

of riboswitches is important for the discovery of new 

antibacterial drugs [17]. Bioinformatic and genomic 

studies – for example, the riboswitches Flavin 

mononucleotide and GlmS are among the first, that can 

be categorized as suitable and highly suitable targets for 

creating new antisense oligonucleotides (ASOs) [18]. 

For example of possible opportunity for drug 

development for overcoming bacterial resistance is 

observed fact that Gram-negative antibiotic are active by 

suppressing of an essential flavin mononucleotide 

(FMN) riboswitch [19]. 

 

III. Mechanisms of antibiotic resistance. 

Mechanisms of antibiotic resistance are 

connected with the fact that bacterial cells are 

characterized by variability of their genetic material 

through mutations. The important mechanisms by which 

microorganisms exhibit resistance to antimicrobials 

include: 

1) alteration on target place – the structure that an 

antibiotic targets is changed 

2) reduction of drug accumulationby increasing 

drug elimination by efflux pumps – special 

pumps, which are created in the membranes of 

bacteria to eject the antibiotic from the cell; 

3) modification of drug activation – enzymes are 

produced that disrupt the activation of the 

antibiotic or those that inactivate it. 

4) alteration of metabolic pathways. 

 

Bacteria, in addition to being able to build their 

own resistance mechanisms, can also pass them on to 

other bacteria, which is a serious problem. The 

distinction between resistance and persistence is 

important because of several facts, one of which is that 

for resistant bacteria, the development of new 

antibacterial agents is necessary, whereas a completely 

different approach is needed to overcome persisters [20]. 

 

IV. Resistance of tuberculosis species to antibiotics. 

The disease is caused by a group of 

mycobacteria designated as the Mycobacterium 

tuberculosis complex (MTBC), which comprises species 

and subspecies sharing 99.9% of the DNA sequence but 

differ in their hosts. Mycobacterium tuberculosis is 

resistant to Isoniazid and Rifampin. The MTBC includes 

both the species causing the most common disease in 

humans (M. tuberculosis sensustricto, M. africanum, M. 

canettii), as well as the species primarily adapted to 

animal hosts (M. bovis, M. caprae, M. pinnipedii, M. 

microti, M. mungi, M. orygis, M. suricattae). Although 

prone to invasion, establishment and spread among 

certain animal species, there is evidence that each of 

these mycobacteria is capable of cause disease in other 
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mammalian species, including humans. From adapted to 

animal species, the most common causative agents of 

tuberculosis in humans are M. bovis and M. caprae, 

which have serious zoonotic and anthropozoonotic 

potential [21]. 

 

Intra-species referral for identification of the 

causative agent in MTCV in ill people is undertaken 

when the patient's association with cattle farming is 

established. For such identification in the NRL TB, 

NCIPB, for the last 14 years no patient has been referred 

or clinical isolate. Thus, diseases caused by M. bovis or 

M. caprae, although significantly less frequent, are not 

differentiated from cases of M. tuberculosis sensustricto, 

and patients are treated according to standard TB 

treatment regimens, which could lead to treatment failure 

or the emergence and transmission of antibiotic 

resistance. Species identification in the MTBC complex 

is important both for early establishing the 

epidemiological links of transmission [21].  

 

Resistance in MTBC is particularly problematic 

as the range of agents that can successfully treat it is 

extremely small. Inappropriate use of antibiotics is a 

prerequisite for the emergence and spread of mutations 

in bacteria that are found in humans, animals, water, soil, 

plants, food products and can spread from one source to 

another. For this reason, the proposed project on 

"Determinants of antibiotic resistance in M. bovis and M. 

caprae and tracking of interspecies transmission" is 

important and relevant [22].  

 

Antibiotic resistance levels in bovine 

tuberculosis in Bulgaria are expected to be established. 

The results would assess the risk of antibiotic resistance 

transmission. An important contribution would be the 

result related to establishing or rejecting the presence of 

transmission between humans and animals, which is an 

important prerequisite for assessing the outcome of TB 

control programmes. By whole-genome sequencing of 

isolated strains, the M. bovis / M. caprae resistome would 

be characterized. 

 

V. Mechanisms of anticancer resistance. 

In Bulgaria, every yearmore than 35,000 cases 

are diagnosed and more than 18,000 deaths, which 

together withthe trend of increasing mortality and lower 

survival rates compared to Europe, highlights the need 

for well-organised and consistent control activities and 

treatment of malignant diseases. 

 

It has been reported that mechanisms of drug 

resistance in cancer are different and inlcide: drug 

inactivation, modification of drug target [23], decreasing 

of cell content of drug by redused influx and increased 

drug efflux and cell death inhibition [24]. Glutatione is 

known as a drug-detoxifying mechanism which leads to 

drug inactivation. Other mechanism which contribute to 

enhance the resistance to drugs of cancer cells is 

connected with the DNA damage response, which can 

reverse the damages in DNA from drugs [25]. Other 

factors include individual variations in patients and 

genetic differences in tumors [26]. 

 

An important factor for insensitivity of cancer 

cells to drugs is explaned with the occurred mutations in 

the cell transporters for drugs, by which is minimized 

drug up-take in cancer cell. The reasons that caused the 

resistance of chemotherapeutics include the genetic 

defects in intrinsic and extrinsic pathways. Defects in 

intrinsic path are connected with decrease of activity of 

Bax apoptotic protein, of permeability of mitochondrial 

membrane and of inhibition of cytochrome C release, 

which can block the further formation of proapoptotic 

caspases 9, 3, 7 and will contribute to death escape [27]. 

 

Genetic defects in extrinsic pathways include 

decreasing of possibility of binding of specific receptor 

massagers to their respective receptors, which leads to 

desactivation of death domain in cancer cells and as a 

result this blocks the activation of caspases [8, 10, 3, 7] 

and to suppresion of Bax apoptotic protein [28].  

 

The drug resistance can occur due to:   

1) the overexpression of anti-apoptosis proteins 

Bcl-2, Bcl-XL 

2) activation of pro-survival pathways such as the 

PI3K-Akt [29]. 

3) Drugresistance can be overcome by 

simultaneous multi-target therapy [30]. 

 

V. Natural plants and compounds with potential 

antibacterial and antitumor activity. 

Nature is a limitless source of new therapeutic 

candidates. The vastvariety of compounds in millions of 

species of plants, animals, marine organisms 

andmicroorganisms is an endless library of structures 

available for study and applicationin medicine.A 

successful approach to finding new pharmacological 

agents to useas antibacterial or antitumour agents is the 

use of natural products and their synthetic derivatives. 

Analysis of the number of chemotherapeutic agents and 

their sources shows that more than 60% of approved 

drugs are isolated orderived from natural compounds. On 

the other hand, in recent years a number of new 

anticancer agents derived from natural products are in 

late preclinical and earlyclinical trials [31]. 

 

It has been reported that various medicinal plant 

extracts possess antibacterial, antitumor and antioxidant 

activities [31]. These effects are result of mechanism of 

action of compounds, which present in plant extracts 

such as phenolic derivatives, flavonoids, triterpens. It has 

been reported that flavonoids exhibit antimicrobial and 

antioxidant properties.[32]. Phenolic derivatives have 

been known to exert antioxidant and anticancer potential. 

[33]. For example antibacterial, antifungal and 

antioxidant effect possess polyphenols of Withania 

frutescens L. [34] has been observed that blueberry 
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flavonoids, quercetin, kaempferol, and gentisic acid 

decrease proliferation of cancer HCT-116 cell line [35]. 

 

It has been reported that the following plants exhibit both 

antibacterial and anticancer activity: 

1) Anacardium occidentale L. [36]  

2) Brassica rapa L. [37]  

3) Clinopodium vulgare L. [38,39]  

4) Colocasia esculenta [40] 

5) Cucumis sativum [41]  

6) Ficus drupacea [42]  

7) Origanum vulgare L. [43]  

8) Phoenix dactylifera L. [44].  

 

1. Triterpenes 

An example of such structures of natural origin 

are triterpenes, which exhibit significant, broad-

spectrum biological activity. Triterpenes also provide 

scientists with a good basis for the synthesis of their 

derivatives containing in their structure suitable active 

groups that can modulate various regulatory pathways in 

the cell and therefore enhance the pharmacological 

action both against infectious and oncological diseases 

[45]. 

 

Oleanolic acid (OA) [3β-hydroxyolean-12-en-

28-oic acid], is a natural pentacyclic triterpenic acid that 

can be isolated from more than 1620 species of plants, 

including food and medicinal ones. In nature the 

compound exists either as a free acid or as an aglycone 

precursor of triterpene saponins, in which it may be 

bound to one or more carbohydrate chains [46]. 

 

Ursolic acid (3 β-hydroxy-urs-12-en-28-oic 

acid) is a pentacyclic triterpenoid which exert anti-

carcinogenic, anti-inflammatory, antioxidant, antiviral 

properties. Ocimum sanctum (Lamiaceae) is a plant 

which contains Ursolic acid and possesses anticancer 

effect [47]. 

 

It has been demonstrated that triterpenoids 

Oleanolic acid and Ursolic acid exhibit antibacterial 

activity towards microorganisms such as Streptococcus 

mutans, Streptococcus mitis, Streptococcus sanguinis, 

Streptococcus salivarius, Streptococcus sobrinus, and 

Enterococcus faecalis [48]. 

 

It has been investigated that Oleanolic acid and 

Ursolic acid induce apoptosis in HuH7 human 

hepatocellular carcinoma cells [49] and antiproliferative 

effect against gastric, colon, pancreatic, and liver cancers 

[50]. The antitumor activity of these compounds is 

explained by their ability to block activation of the 

nuclear factor NF-kB by inducing apoptosis, inhibition 

of signaling pathways and activation of transcription, and 

through angiogenesis. 

 

In addition to its excellent hepatoprotective 

effect (it has been in clinical use as anti-hepatitis agent 

in China for more than 20 years) Oleanolic acid has been 

found to exhibit strong antitumor, anti-HIV, anti-

inflammatory activity, improves cardiovascular function 

and inhibits glycogen phosphorylase. In view of its 

widespread use in nature, its high biological activity and 

relatively non-toxic nature Oleanolic acid represents a 

suitable starting compound for many synthetic 

transformations. 

 

2. Omega-3 fatty acids   

Eicosapentaenoic acid (EPA) and 

Docosahexaenoic acid (DHA) are a polyunsaturated 

omega−3 fatty acid, which arenot synthesized by the 

organism. The ω-3 PUFAs EPA and DHA exert 

antimicrobial activity against Staphylococcus aureus, 

Staphylococcus epidermidis, and Pseudomonas 

aeruginosa [51]. Their anticancer role is connected with 

the fact that these compounds can influence multiple 

targets and different stages of cancer formation. These 

fatty acids have been known to suppress cell 

proliferation, decrease cell survival and reduce of 

metastasis. It has been observed that the reduction of 

cancer cell proliferation from omega-3 fatty acids is a 

result from their properties to modify the inflammatory 

responses and by their role to decrease oxidative stress 

[52]. 

 

It has been reported that the mechanisms of 

anticancer action of Docosahexaenoic acid against non-

small lung tumor A549 cells include: 

1) suppression of tumor growth by increasing the 

apoptosis of A549 cells 

2) decreasing of the degree of metastasis of A549 

cells, by reduction of the levels of metastasis-

associated proteins [52]. 

 

All of these mechanisms lead to the enchanced 

production of intracellular reactive oxygen species in 

cancer cells. These facts with combination with the 

redused by Docosahexaenoic acid concentration of 

antioxidant enzyme catalase, lead to decreased cancer 

viability and apoptosis [53].  

 

All these different mechanisms of antitumor 

action are important for suppression of progression of 

cancer development [54]. The anticancer role of omega-

3 polyunsaturated fatty acids olso is connected with the 

enhance of DNA hydroxymethylation [55]. 

 

CONCLUSION  
The treatment of infections in recent years 

continues to be a serious challenge, regardless of the 

successes achieved in the field of clinical microbiology 

and infectious diseases. The reason is the emergence of 

resistance in several pathogenic bacteria against the 

drugs used. To control this global problem, there is an 

urgent need for the development of new antibacterial 

agents that can reduce treatment period, affect resistant 

strains and increase the effect of the applied treatment. 

One of the important possible opportunity for drug 

development for over coming bacterial resistance is to 



 

 

Stefka Ivanova et al, Sch Acad J Pharm, Jun, 2025; 14(5): 103-109 

© 2025 Scholars Academic Journal of Pharmacy | Published by SAS Publishers, India                                                                                          107 

 

 

obtained drugs with properties to suppress of an 

essential flavin mononucle riboswitch, which is a 

promising antibacterial drug target. Other bacterial 

riboswitches are olso known as an animportant targets 

for the discovery of new antibacterial drugs 

 

Another global health problem is the spread of 

tumor diseases. All of these data show the need for 

development of new drugs with decreased resistanse to 

them. One important and beneficial strategy can be 

application of plant extracts, containing compounds 

which exhibit significant, broad-spectrum biological 

activity. Such kind of compounds are triterpenes: 

Oleanolic acid and Ursolic acid and omega-3fatty acids 

such as Eicosapentaenoic acid and Docosahexaenoic 

acid which exerts both antibacterial and anticancer 

effect. These findings support the idea for application of 

plant compounds with multiple activities against these 

two very deingereous human diseases such as bacterial 

infections and tumors. Additional advantage of plant 

therapy is that they are less toxic than synthetic prodused 

drugs and this is of great importance for healthcare. 
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