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Abstract

The discovery of antibiotic substances was probé#idegreatest achievement of medicine, becauseaitay treating

many infectious diseases or syndromes and curi@g ttOnly the substances that killed bacteria ailtedaantibiotics,

and those against other microorganisms are callaetinaicrobials. It is very important to understankletrole and

functions of antibiotics, how they inhibit or Kihcterial cells and their adverse events.

Once the antibiotics were widely used, the restdbacterial strains appeared. Many bacteria becas®stant to such
substances and the mechanisms of resistance amnyilete understood yet in some cases. Therdfisra@cessary to
perform the antibiogram and to use the approprimatment with efficient antibiotics. Also the sitists search for
new substances with antibacterial activity (newil@otics, synthetic substances, plant extractsatoid the induction
of antibiotic resistance and to have success irgjine of bacterial infections.
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1. INTRODUCTION

The human infections are produced by microorganidrasteria, fungi, microscopic parasites) and
leading to illness and diseases. Antimicrobialsuemed to treat these infections, but only substance
that target bacteria are called antibiotics. Ini@ald to antibiotics, synthesized by microorganisms
synthetic homologues have been used to accomplskame tasks.

The antibacterial effects of natural products wesed from ancient times (for example, mould and
warm soil were used to treat infected wound by &emnd Indians). During times, the scientists
observed the antimicrobial effects of some liveaoigms, especially fungi.

In pre-antibiotic era the three main causes ofldeatAmerica were tuberculosis, pneumonia and
gastrointestinal infections (Fair and Tor, 2014heTdiscovery of Penicillin in 1928 by Alexander
Fleming and the development and usage of antilsioipresented a turning point in human history
(Davies and Davies, 2010) and changed the pub&ttthbazards, while prior the beginning of the
20th Century morbidity and mortality by infectiodseases were high and the life expectancy was
almost 47 years (Adedeji, 2016). A number of antibs was discovered and used to cure certain
infections produced by microbes in 1970s and 19B0sthere is a constant concern to search for
new substances required to decrease the infeeter{Bueno, 2018).

Nowadays the infectious diseases affect worldwisleeeially children, elderly, surgical patients,
transplant patients, patients on immunosuppressagment, but other risk factors can contribute.
Simultaneous with antibiotic discovery has beeneoled a parallel phenomenon, the antibiotic
resistance, the capacity of bacteria to resistefifiect of antibiotic. This resistance is increasing
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because of inadvertent use of chemotherapeutictagencertain bacterial species the antibiotic

resistance is a natural parameter, but in othecispehis resistance due to genetic mutations or
acquiring resistance from another strains undebiatit presence pressure. Some antibiotics are
accompanied by adverse effects in human host, dmguhypersensitivity, and this is one of the

reasons to seek other antibacterial agents eféeatjainst pathogenic bacteria (Ghosh, 2007).

2. DEFINITION AND CLASSIFICATION

Antibiotics are various organic molecules naturghpduced by some microorganisms (moulds
from soil, but bacteria, too) with manifest antiteatl effects. In lower concentration they control
the bacterial growth or even Kkill bacteria by sfiednteractions with targets and they have a low
toxicity on human cells. There are many known aierial substances with microbial origin, but
limited number of them is useful for therapy aneythare produced by microorganisms like
Bacillus StreptomycesviicromonosporaPenicilliumandCephalosporium.

Synthetic antibiotics have similar effects agaimstteria, usually are chemically related to natural
antibiotics. Nowadays some of antibacterial thewipeagents have a semi-synthetic origin (like
Amoxycillin, Ampicillin and Doxycycline).

Both natural and synthetic antibiotics are usetreatment of infectious diseases or syndromes to
fight against pathogenic microorganisms (DebeleacRopescu Dranda, 2003).

Antibiotics can be classified based on multipldgecia: origin (bacterial, actinomycetes or fungal
origin), type and spectrum of activity, route ofnadistration (parenteral or oral route), mode of
action etc.

For instance, antibiotics with bacterial origin d@elymyxin (produced byBacillus polymyxg
Bacitracin (produced byBacillus subtili3, with actinomycetes origin are Streptomycin,
Erythromycin, Tetracycline, Chloramphenicol, Vangammn (produced by different species of genus
Streptomycgs and antibiotics with fungal origin are Penicilli(produced byPenicillium
chrysogenum or Cephalosporin (produced by funguscrémonium previously called
Cephalosporium

Based on type of action, they are bacteriostattbitics (those inhibit the bacterial growth, by
interfering with bacterial protein synthesis or DN#eplication, such as Tetracycline and
Chloramphenicol) or bactericidal antibiotics (tHely bacteria, generally by interfering with thellce
wall synthesis, such as Vancomycin). Based on thaaterial spectrum of action, they can be
narrow-spectrum antibiotics (such as Vancomycitivaonly on Gram positive bacteria) or broad-
spectrum antibiotics (for instance Tetracycline).

The most important classification of antibiotic based on chemical structure and the mode of
action against bacteria depends on it. Each clasntibiotics contains several antibiotics with
similar action, level of toxicity or adverse effeciThe chemical classes of antibiotics include the
Beta-lactams (Penicillins, Cephalosporins, Carbapey), Aminoglycosides, Macrolides,
Tetracyclines, Quinolones and Fluoroquinolones fddaimides. The chemical composition are
various, from carbohydrates, saccharides (eg. aghioosides), macrocyclic lactones, quinolones,
to peptide and heterocyclic antibiotics.

The action mechanisms of antibiotics are the biotbal ways to affect the bacterial target
(enzymes, receptors) at a molecular level. The kedge of these mechanisms allows
understanding how antibiotics selectively act amlviunctions of bacteria, without affect the host
functions (Dowling et al., 2017). There are fourimanechanisms, one of them involves the
destruction processes of cellular membrane, aneetlof them involve the inhibition of some
cellular synthesis (cell wall, nucleic acids andtpins) by inhibition of caretaker enzymes.
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Some antibiotics, like Polymixin B and Colistin,sdipt the cellular membrane of the Gram
negative bacteria because they bind the membramsppblipids. Other antibiotics due to
monovalent ion channels in the cell wall of Gransipee bacteria and the transport of ions through
membrane and the permeability of this are altered.

Beta-lactams (Penicillins, Cephalosporins) and damgcin inhibit the bacterial cell wall assembly
by interfering with peptidoglycan polymerizationdifferent stages of cell wall construction. These
antibiotics selectively target the bacteria withimportant negative effect on the eukaryotic cells,
because the lack of the peptidoglycan wall in eydddr host. Beta-lactams bind and inhibit
Penicillin Binding Proteins (PBPs), which are diffiet in various bacteria (Debeleac and Popescu
Dranda, 2003). Penicillins are effective especialjyainst Gram positive bacteria. Cephalosporins
are similar to Penicillins and have the beta-lacteng, less susceptible to beta-lactamases; they ca
be prescribed for penicillin-allergic patients.

Other mechanisms of antibiotic action consist dfibition of nucleic acids synthesis (DNA or
RNA) or prevent the proper reading of genetic mgasaand the growth of bacterial cells.
Quinolones (especially Fluoroquinolones like Lewaéfcin, Norfloxacin and Ciprofloxacin)
interfere with bacterial topoisomerase Il (DNA gs@aenzyme), which is essential for DNA
replication. Some Quinolones are useful in treatm@ninfections with intracellular parasites
(Todar, 2006). Rifampicin inhibits the bacterial Ridolymerase by binding to the beta subunits of
enzyme and blocks the mRNA synthesis.

Some antibiotics inhibit the bacterial protein $ygdis. Aminoglycosides, Macrolides, Tetracyclines
and Chloramphenicol are binding to 30S subunit @8 Subunit of the bacterial ribosome. The
protein synthesis is a very complex multi-step psscand many antibiotics act at one of the events
occurring on the bacterial ribosome, for instanceind) elongation, to inhibit factor binding or
peptide bond development; there are no antibidlias target the termination phase of translation
(Arenz and Wilson, 2016). The affinity of some &idtics for 70S ribosome contributes to their
selective toxicity (Todar, 2006).

Aminoglycosides are represented by Streptomycimaaycin, Tobramycin and Gentamycin. They
obstruct the initiation of protein synthesis aftegy bind to 30S subunit of ribosome.

Among Macrolides, Erythromycin acts on 23S rRNA emnile and inhibits the assembly of 50S
ribosomal subunit.

Tetracyclines block the A site of the 30S subuiiitibosome and inhibit both prokaryotic and
eukaryotic protein synthesis.

Chloramphenicol binds to 50S ribosomal subunitiaheits the peptidyl transferases implicated in
peptide bond formation.

3. ANTIBIOTIC RESISTANCE OF BACTERIA

Antibiotic resistance of bacteria are the capagftthese microorganisms to survive in the presence
of antibiotic. This is a major inevitably public &éh and scientific issue, because the antibiotics
become ineffective and the control of severe badtémnfections fails. The therapeutic failures
increase the time and costs of hospitalizationabge the resistant bacteria are difficult to tesat
demand higher doses or more toxic and expensivgsdAdedeji, 2016).

The specialists discover more than 20,000 potergmbtance genes in about 400 different species
of bacteria, but not all of them are functionalBafies and Davies, 2010). Because of these, the
resistant bacteria are capable to resist in ingg@® condition, especially in living human hosts.
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The profound knowledge of action mechanisms ofbacterial agents it is necessary to understand
the mechanisms of bacterial resistance to commabiaiics. It is also necessary to prevent the
dissemination of multiresistant bacterial straimshie environment.

The antibiotic resistance is a natural processn(eivaot all scientists thought that), but it ca@ b
amplified and accelerated by certain factors (sofmiem socioeconomic or behavioural factors).
For example the persistent irrational usage obasttcs in treatment of various infectious diseases
and human applications increases the antibiotissome on bacteria. Because some antibacterial
treatments are not based on rational and precite alad type of antibiotic, doses (especially
suboptimal doses) or treatment period are not gp@te is increased the antibiotic stress on
bacteria and the resistance genes transfer betstens. The self-medication, the inadequate usage
of broad-spectrum antibiotic and the misuse of bantics used by unskilled practitioners or
laypersons are factors that contribute to occus@i@ntibiotic resistance of bacteria. Other fexcto
could be unhygienic standard of living, povertyckaf resources, inappropriate hospital infection
control and surveillance practices (Adedeji, 2016).

Multiresistant bacterial strains spread all over World due to facility to travel and the resis&anc
factors also disseminate within bacterial populdioSome antibiotic resistance events occur
quickly after the usage of respective antibioiic Iresistance to Benzylpenicillin and Methicillm

S. aureusresistance to Imipenem Bseudomonas aerugingseesistance to Extended Spectrum
Cephalosporins in Gram negative bacilli after st year.

Many bacterial strains implicated in different ictiens develop resistance mechanisms to
antibiotics under pressure of antimicrobial ageStme examples of significant resistant bacteria
are Methicillin ResistanStaphylococcus aureu@VRSA), Vancomycin ResistarfEnterococcus
faecium (VRE), Penicillin ResistantStreptococcus pneumonia@®RSP) and Multiple Drug
Resistant Gram negative Bacili (MDR GNB), espdgialExtended Spectrum Beta-
lactamases (ESBL)-producing EnterobacteriaceaenQfte nosocomial (hospital-linked) bacterial
agents present the multiple antibiotic resistansesh asAcinetobacter baumanniClostridium
difficile, Pseudomonas aeruginosad other.

The antibiotic resistance can be described likerabiologic resistance or clinical resistance. The
absolute microbial resistance is the vitro phenomenon of bacterial resistance determined by
resistance genes and it can be illustrated by naihimhibitory concentration (MIC) of antibiotic
(Marculescu et al., 2007). The clinical resistancdiriked by certain response to antimicrobial
treatment that is established based on labora¢stg (antibiogram methods). It is very important to
establish the antibiotic susceptibility of bactes#&rainsin vitro, because the success of therapy
depends on it.

An accurate diagnosis and treatment for infectidiseases depend on the microbial cause of
iliness, the site of infection, the health statdstiee host and the exposure history of host to
microbial agents (Leekha et al., 2011).

The antibiotic resistance of bacteria can be nhturacquired by mutations or by genetic transfer.
The natural resistance in bacteria most likely pded the discovery of antibiotics, given the fact
that some resistance elements have been foundcterizh DNA from permafrost; bacteria had a
very long time to develop the resistance mechantenmsany natural product antibiotics (Fair and
Tor, 2014). It is characteristic for all members agfrtain bacterial species and it is genetically
conditioned resistance (for example, the strainSalmonellaare resistant to Penicillin G and the
species oProteusare resistant to Tetracyclines).

The acquired antibiotic resistance can occur byhsp®ous mutations or by transfer from other
bacterial strains that hold resistance genes. toimmon to those species that previously were
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natural susceptible to antibiotic and it is martiféself in decrease or absence of sensitivity to
antimicrobial agent.

This kind of antibiotic resistance can be clasdifi#o a few types, depend on speed and moment of
resistance setting, number of antibiotics and presef antibacterial substances. It is possible to
see primary or secondary resistance, monoresist@naoeultiresistance, inducible or constitutive
antibiotic resistance (Mculescu et al., 2007).

In the most cases, acquired antibiotic resistascdetermined by plasmid-mediated transfer of
antibiotic resistance factors by bacterial conjiggat Other cases involve the transposons or
integrons. Many resistant bacteria can be limitemiMh under laboratory conditions because the
cells consume important energy for that, so they @arstable in the absence of antibiotic, but
pathogens with combinations of resistance genesesafully surviven vivo (Davies and Davies,
2010).

The scientist revealed the molecular mechanismantibiotic resistance both in pathogenic and
commensally bacteria. Bacteria found some importamatys to defend themselves against
antimicrobial effects of antibiotics. Antibiotic gistances can occur through three general
mechanisms: modification of compounds (for exangrizymatic inactivation of antibiotic), efflux
of the antibiotic from the cell and prevention tinéeraction between the bacterial target and the
drug (Wright, 2005).

In the case of enzymatic inactivation of antibidiig hydrolysis, group transfer (phosphorylation,
glycosilation, nucleotidylation, ribosylation, atrgnsfer or thiol transfer) and redox mechanisms,
the genes responsible for the specific enzymesuswally plasmidial ones. This mechanism is
effective for Beta-lactams, Aminoglycosides, Chiophenicol. Beta-lactamases are various and
they depend of bacteria: beta-lactamases fi®taphylococcus aureuare effective against
Penicillins and they are plasmid encoded or chramad encoded; those produced by Gram
negative bacteria are effective against Cephalosp@nd metallo-beta-lactamases are effective
against the most of the Beta-lactams, inclusiveb@agnems. Some beta-lactamases are plasmid
encoded; they are frequently in Enterobacteriaceg@enicillinases, oxacilinases and
carbenicillinases).

Aminoglycosides are inactivated by different enzgmehich act against amino and hydroxyl
groups and Chloramphenicol is inactivated througbtydation by an enzyme that is plasmid
encoded.

There are hundreds of different Beta-lactams aretetrare different mechanisms to acquire
resistance to these; the inactivation by beta-haates is the most important way, but the efflux and
altered transpeptidases are occur, too (Palzkill32

Many antibiotics have a bacterial target on theeinmembrane level and Gram negative bacteria
develop some resistance mechanisms by decreastngpiake of the antimicrobial molecules
because the decrease of porins (in the case ofl&8stans and Quinolones), the loss of certain
outer membrane protein (in the case of Chlorammgiednor decrease of membrane permeability.
The antibiotic resistance can be realised by aiveaetfflux of antibiotic from cells (for example
Tetracyclines and Fluoroquinolones).

The alteration of the target for antibiotic is ookethe most common mechanisms of antibiotic
resistance in bacterial pathogens, by point mutafi@nzymatic modification of the binding site
(for example Penicillin Binding Proteins) or reptatent of the original target (Munita and Arias,
2016). Fluoroquinolones resistance is produced hyations in a small section of the genes
encoding DNA gyrase and the antibiotic become icieffit. Bacteria are capable to produce new
targets that have similar functions but are noea#d by antibiotic. That is the resistance
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mechanism forS. aureusresistant to Methicillin because the bacteria @egan exogenous
Penicillin Binding Proteins.

Given the fact that the antibiotic resistance iases and the new classes of antibiotics were not
discovered, some infectious diseases can emenmgeewmnerge and can be a threat worldwide.
Nowadays are few novel antibiotics under develogmamd pharmaceutical companies are
obtaining new chemical derivates of existing awoftilos. Because of antibiotic resistance
phenomenon, the scientists try to discover newbaaterial agents from natural products, with a
broad-spectrum of activity and no side effects dresse reactions in human hosts (Bueno, 2018).
The bioactive products from folk medicines are knoteday and the demand for plant-based
therapeutics is increasing, because the naturagboconuds with useful activity against bacteria have
the advantages of lower prices, availability andile effects (Ghosh, 2007).

4. CONCLUSIONS

The antibiotics have different ways to affect baat@and the antibiotic resistance mechanisms are
various and complex. The efficiency of antimicrélagents depends on their chemical structure
and affinity to target sites of bacterial cells.fahtunately, more strains of bacteria become rastst

to common antibiotics, but not all bacterial patiiog are resistant all of the time.
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