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ABSTRACT 

Since the discovery of penicillin by Fleming in 1928, 
the knowledge of the antibiotics’ spectrum and mecha- 
nism of action has been steadily increasing. Antibiot- 
ics became an effective tool in the fight against many 
pathogens, changing the prognosis of outcome for 
many serious diseases. It is already known that anti- 
biotics not only have the antibacterial activity, but 
many of them—e.g. macrolides, sulphonamides and 
tetracyclines—have immunomodulating effect, affec- 
ting functions of lymphocytes, macrophages and cos- 
timulatory molecules, macrophage migration and pha- 
gocytosis, as well as proinflammatory cytokine se- 
cretion. The expanding knowledge of the effects of 
antibiotics on the immune system has brought with it 
new applications of antibiotics in organ transplanta-
tion, invasive cardiology and treatment of autoim-
mune diseases such as rheumatoid arthritis or asthma. 
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1. INTRODUCTION 

The name antibiotics is derived from the Greek language: 
anti-against and bios life. The activity of B lactams is 
based on the bacterial cell death, for example, by inter- 
fering with the synthesis or increasing the permeability 
of the cell wall, synthesis of nucleic acids and proteins 
(bactericidal) or metabolism (bacteriostatic). The choice 
of antibiotic is guided by their selective toxicity to bacte- 
ria in the absence of specific toxicity to cells of the hu- 
man body. Folk medicine intuitively applied the mixtures, 
in which antibiotics like tetracycline could be found and 
which Nubians consumed with the beer produced by 

bacteria of the genus Streptomyces or garlic containing 
allicin inhibiting the growth of microorganisms. Already 
in the nineteenth century the impact on bacteria by mold 
and bacterial growth inhibition was observed in the 
presence of others (“the life forces another life” Louis 
Pasteur). The discovery of penicillin by Flaming in 1928 
and its industrial-scale synthesis in 1940 (Howard Florey 
and Ernst Chain) caused a real revolution in the treat- 
ment of infections. Today, it is already known that anti- 
biotics possess not only antibacterial properties, but also 
many of them have immunomodulating effects. In some 
cases, the side effects have also been used in therapy, 
such as the effect on gastrointestinal motility of mac- 
rolides or tetracycline to (ADH) [1-3]. Raising awareness 
about the immunomodulatory effects of antibiotics helped 
to apply any derivatives thereof in the organ transplant and 
interventional cardiology (e.g. rapamycin-eluting stents). 
In discussing the various groups of antibiotics we em-
phasize their outside bacterial action and draw attention 
to the effects on the immune system (Table 1). 

2. Β LACTAMS (FIGURE 1) 

According to the chronology of the discoveries an anti- 
biotic first used in modern medicine was penicillin and 
its derivatives. They all act by inhibiting the antibacterial 
enzymes involved in the biosynthesis of bacterial pepti- 
doglycan and inhibiting penicillin binding proteins (PBP, 
penicillin binding protein), resulting in the activation of 
autolytic enzymes and finally providing to lysis bacteria. 
This group includes natural and semi-synthetic penicil- 
lins, cephalosporins, cephamycins, carbapenems and 
monobactams. What is characteristic for this group is the 
b lactam binder that breaks under the influence of b-lac- 
tamase produced by some bacteria. Beta-lactamase in- 
hibitors, such as clavulanic acid and tazobactam are also 
classified as beta-lactam antibiotics. In addition to an- 
timicrobial activity b lactams have influence on the inhi- 
bition of platelet function, may induce dysulfiric reac- 
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Table 1. Classification presented antibiotics based on general 
mechanism of action. 

Mechanism of action Antibiotics 

Inhibition of cell wall synthesis 

Beta lactams 
Vancomycin 

Bactricin 
Fosfomycin 

Inhibition of protein synthesis (translation)  

30 S ribosome site 
Aminoglicosides 

Tetracyclines 

50 S ribosome site 
Macrolides 

Lincosamides 

Alteration of cell membranes 
Polymyxins 
Bacitracin 

Inhibition of nucleic acid synthesis  

DNA Quinolones 

RNA 
Rifamycines 
Bacitracin 

Antimetabolite 
Sulfonamides 
Trimethoprim 

MAO Inhibition Oxazolidones (linezolid)

 

    

       

Figure 1. Chemical structure of beta lactams antibiotics. 
 

tions and osmotic diuresis. It was also found that they 
influence human interferon gamma (IF γ)—but each of 
them have different influence on IF γ. Clavulanic acid, 
cefotaxime, phenoxymethylpenicyllin (V-cillin) and also 
ceftriaxone have the strongest inhibiting action on IF γ. 
Penicillin G and ampicillin act to a lesser extent, mero- 
penem and aztreonam are the weakest and no such char- 
acteristic is found in d-penicyllamine. By inhibitory ef- 
fects on IFγ b lactams have some impact on the increased 
production of IL 4 and thus promoting IgE synthesis by 
Th2 [8.9]. This dependence can be explained by the de- 
velopment of allergic reaction after using these drugs. IF 
γ, which belongs to class II interferons, is secreted by T 

cells (particularly Th1 and cytotoxic T lymph) and acti- 
vates NK lymphocytes, increase antigen presentation and 
lysosomal activity of macrophages. There was no action 
of b lactams on other cytokines, however, by the impact 
of some of them on IF gamma they may have influence 
on the secretion of TNF or IL-1 [4]. Among b lactams 
cefaclor has the characteristics to promote phagocytosis 
by increasing chemotaxis and induction of the proin- 
flammatory response of type 1 [5]. Ceftriaxone has an 
effect on glutamate transporter (GLT1), which is associ- 
ated with some neurological disorders, including Amyo- 
trophic Lateral Sclerosis (ALS), also epilepsy and stroke. 
It is thought that GLT1 protects against toxicity of 
glutamine released into the synaptic cleft. B lactams can 
enhance the activity of GLT1, as seems to be no increase 
in its synthesis. In a study of transgenic mice with famil- 
ial ALS Ceftriaxone administration for 5 weeks resulted 
in less loss of neurons and muscle strength compared 
with those receiving placebo (sialine treated) [6]. It has 
been shown that cephalosporin analog Cefodyzime has 
the effect on phagocytic activity of granulocytes and 
oxygen-dependent bactericidal activity of neutrophils. 
Cefodyzime applied in in vitro studies stimulated prolif- 
eration of T and B lymphocytes [7]. 

3. MACROLIDES (FIGURE 2) 

A family of different antibiotics produced by Strepto- 
myces and some bacteria such as Arthrobacter sp con- 
taining one or more deoxy sugars (cladinose and desosa- 
mine). Their construction is based on the macrolacton 
ring which determines the different properties of mac- 
rolides. Lactone ring usually consist of 14 - 15 or 16- 
membered rings containing carbon. To macrolides which 
have 14-membered ring include: erythromycin, clarithro- 
mycin, dirithromycin, oleandomycin, roxithromycin, the 
16-membered ring: josamycib, midecamycin, micamycin, 
spiromycin. Azithromycin is an azalide with 15-mem- 
bered ring. 

 

 

 

Figure 2. Chemical structure of 14-membered macrolides anti-
biotics. 
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Ketolides are also 14-membered ring as telithromycin 
and cetromycin. The mechanism of macrolide antibacte- 
rial action involves binding to the 50 S ribosome subunit, 
resulting in inhibition of protein synthesis at the ribo- 
somal level [8,9]. Both macrolides and ketolides bind to 
the domain V of 23 S ribosomal RNA (rRNA), which is 
part of the 50 S subunit of the bacterial ribosome. Only 
14- and 15-membered macrolides have the effect on cy-
tokine secretion and pro-inflammatory effect and thus 
their antibacterial activity is irrespective of the inflam- 
matory processes [10]. It has been proven that mac- 
rolides inhibit the production and secretion of IL-1β and 
TNF-α in monocytes [11], and IL-1β, IL-6, TNF-α and 
GM-CSF in mast cells [12], and IL-8 protein epithelial 
neutrophil activating (ENA-78), macrophage inflamma- 
tory protein (MIP-1) in macrophages and leukocytes [13]. 
It was also shown that clarithromycin inhibits the pro- 
duction of IL-6 and IL-1β by fibroblast-like cells of the 
synovial membrane [14]. Erythromycin and clarithromy- 
cin decrease the expression of IL-8 on mRNA level in 
bronchial epithelial cells of patients with chronic in- 
flammatory airway disease. Erythromycin also affects 
the migration of neutrophils, cell proliferation [15] and 
differentiation of monocytes. Erythromycin and roxitro- 
mycin exhibit antioxidant properties and prevent the ac- 
tivation of NF-κB. They also inhibit the release of eosi- 
nophil-chemotactins, cytokines RANTES and eotaxin in 
lung fibroblasts [16]. Immunomodulatory effect of mac- 
rolides has been documented in the treatment of rheu- 
matoid arthritis (RA), still’s disease in adults and in- 
flammatory bowel diseases as well as in adjuvant arthri- 
tis. In the case of RA the efficacy of roxithromycin and 
clarithromycin was demonstrated. The use of roxithro- 
mycin (300 mg 1 time per day for 3 months) in patients 
with early rheumatoid arthritis (eRA), with no other dis- 
ease-modifying therapy (DMARD) showed statistically 
significant higher efficacy compared to placebo [17]. 
This study involved a small group of patients (16 treated 
with roxithromycin and 15 in the placebo arm), so the 
results require confirmation in a larger population of 
patients. Roxithromycin has inhibitory effects on angio- 
genesis through the vascular entothelial growth factor 
(VEGF)-induced TNF-alpha [18]. Similarly good results 
in patients with early RA and DMARD treatment were 
achieved without the use of clarithromycin (500 mg 1 
time daily for 6 months) in the group of 81 patients. In 
the clarithromycin-treated group compared to placebo 
ACR 20.50 and 70 (percentage of improvement in tender 
or swollen joint counts) vs. reached turn 59. 33%, 34% 
vs. 10% and 20% vs. 3 and these differences were statis- 
tically significant. [19] Thus, antibiotic macrolides may 
become a new therapeutic option in the treatment of 
early RA. In Still’s disease onset in adults clarithromycin 
has proved to be highly effective (500 mg 2 times daily) 

in patients who do not respond to standard treatment of 
the disease, i.e. glucocorticoids combined with meth- 
otrexate. In all patients a reduction occurred until the 
normalization of TNF-α and IL-6 [20,21]. In vivo studies 
demonstrated the efficacy of azithromycin and erythro- 
mycin for the treatment of adjuvant arthritis. It has been 
shown that these antibiotics reduce the activity of circu- 
lating lysosomal enzymes [22]. It has also been demon- 
strated that azithromycin derivative CSY0073 has no 
antibacterial activity but had the immunoregulatory ef- 
fect in experimental Inflammatory Bowel Disease as in 
rheumatoid arthritis patients [23]. Pimecrolimus and tac- 
rolimus can be named mong novel macrolide derivatives 
without direct antibacterial activity. They act in the cyto- 
plasm of the target cell with a specific receptor protein 
called macrophilin-12, referred to as tacrolimus binding 
protein-FKBP (FK506 binding-protein). Tacrolimus/pime- 
crolimus-macrofilin-12 blocks calcineurin complex. Tac- 
rolimus is an immunosuppressive drug the activity of 
which is similar to that of cyclosporine. Calcineurin in- 
hibition leads to the lack of expression of the genes of 
many mediators of inflammation. Another drug of mac- 
rolide construction if sirolimus (rapamycin), acting in a 
complex with cytosolic protein FK-BP 12 and causing 
inhibition of TOR (target of rapamycin), and thus inhib- 
iting the intracellular signal pathway [24]. It acts on T 
cells and influences angiogenesis by reducing the pro- 
duction of VEGF. The new derivatives of macrolides are 
used in the treatment of psoriasis and other skin diseases, 
but also in transplantation, interventional cardiology 
(stents coated) [24]. The study on the effect of macro- 
lides (rapamycin) on the phenomenon of apoptosis may 
open the possibilities to treatment of such diseases as pro- 
geria [25]. Therefore, research is carried out on new drugs 
with the structure of 14 member lactone ring, which are 
devoid of antibacterial properties while maintaining immu-
nomodulatory effect. Immunoregulatory properties of mac-
rolides undoubtedly require a separate monograph. 

4. RIFAMPICINE (FIGURE 3) 

Macrocyclic antibiotic produced by a strain of Strepto- 
myces meditarranei and acts by primarily inhibition of 
production nucleic acids, therefore has antibacterial and 
tuberculostatic activity. In many countries rifampicine is 
reserved for the treatment of tuberculosis. It affects the 
suppression of T-cell activity. Calleja et al. drew the at- 
tention to the possibility of rifampicine activating the 
human glucocorticoid receptor, however other works have 
not confirmed such opportunities of rifampicin [26,27]. 

5. TETRACYCLINES (FIGURE 4) 

Tetracyclines are a group of bacteriostatic antibiotics that 
inhibit bacterial growth by binding to the bacterial 30 S 
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Figure 3. Rifamycin structure. 
 

 

Figure 4. Tetracycline structure. 
 

ribosomal subunit. Currently, next to the oldest group of 
natural tetracyclines discovered in 1948, the second-ge- 
neration drugs can be distinguished-semi-synthetic: doxy- 
cycline and minocycline, and third-generation, chemically 
modified, which includes tigecycline discovered in the 
90’s. They are broad-spectrum antibiotic, including gram 
positive, gram negative bacteria, chlamydia, rickettsia and 
spirochetes [2,28]. Golub et al. in 1983 found that the 
apart from antimicrobial properties, tetracyclines are able 
to inhibit the activity of metalloproteinases [29]. Thus, 
novel applications of this group of drugs in various dis-
eases, using the anti-inflammatory, immunomodulatory 
properties and their and effect on cell proliferation, an-
giogenesis and apoptosis [28]. Anti-inflammatory ef- 
fects of tetracyclines based on the inhibition of neutron- 
phil migration and chemotaxis, inhibiting the activity of 
a group of enzymes called matrix metalloproteinases 
(MMPs), numbered from 1 to 28. These include, among 
others, collagenase (MMP-1, MMP-8, MMP-13), gelati- 
nases (MMP-2, MMP-9), stromelysin (MMP-3, 10), meta- 
loelastase (MMP-12) involved in the metabolism of 
connective tissue and in the process of cell formation. Me- 
talloproteinase activity is inhibited due to the ability of 
tetracyclines to chelate metal ions. Block Zn2+, which is 
necessary to maintain biological activity, causes a de-
crease in enzyme activity metaloproteines, which can be 
used in the treatment of connective tissue diseases, coro- 
nary heart disease and cancer [1,2,28,29]. Tetracycline 
were used for the first time in the treatment of rheuma- 
toid arthritis in the 50’s. It was justified by the theory 

that the disease is caused by organisms such as My- 
coplasma. Subsequent studies have shown that hardly 
and rather their anti-inflammatory and immunomodula- 
tory effects than antibacterial effects had influence on the 
course of rheumatoid arthritis. Immunomodulating ef-
fects of tetracyclines, consisting in the inhibition of T- 
cell activity and a decrease in levels of proinflamma- 
tory cytokines IL-2, TNF, IL-1 [2,29,30], in combination 
with anti-inflammatory effect, which inhibits the activity 
of matrix metalloproteinases, and also collagenases in 
the synovium [30-32] allows for its use in patients with 
rheumatoid arthritis. A randomized study conducted us-
ing the tetracycline in the treatment of RA, as compared 
with placebo or disease-modifying drug, showed that 
medications, especially minocycline, significantly reduce 
the activity of RA [33-36]. Currently, rheumatologists 
put special emphasis on early treatment and good control 
of the disease. A randomized study using Minocycline in 
patients with rheumatoid arthritis, HIV positive, suffer- 
ing from <1 year showed significant improvement com- 
pared to placebo and group treated with hydroxychloro- 
chine [34-37]. It was demonstrated on animals (dogs) 
with osteoarthritis (OA) of the knee the increase of col- 
lagenase activity in cartilage extracts and positive effect 
on dogs treated with doxycycline indicates the potential 
use of this class of drugs for the treatment of OA [38,39]. 
In spite of improved treatments, cancer is the second, 
after cardiovascular disorders leading cause of death in 
many countries. As many as 90% of deaths in the course 
of cancer are caused by a previously treated metastatic 
cancer. Over the past 20 years, it turned out that the met- 
alloproteinases, particularly gelatinase A (MMP-2) and B 
(MMP-9), play a key role in the early stage of develop- 
ment and the growth of metastatic tumors—this concerns 
mainly prostate, breast, and lungs [38,40]. Based on 
pre-clinical studies of models of prostate cancer in ani-
mals, it was found that chemically modified tetracycline 
(CMT) with antibacterial properties is effectively inhib- 
iting the development of bone metastases and metastatic 
tumor growth [39]. Using prostate cancer cell lines 
showed that among the eight chemically modified tetracy- 
clines (CMTS), CMT-3 is the most specific inhibitor of 
the proliferation of tumor cells [40,41]. These observa- 
tions have initiated pre-clinical studies in patients with 
advanced stages of breast, prostate and lung cancer as 
well as osteosarcoma [39,40]. Gelatinases (MMP-2 and 
-9) are also involved in the development of cardiovascu- 
lar diseases such as atherosclerosis, hypertension, heart 
failure and ischemic heart disease [41-43]. Randomized 
studies have shown that the use of low doses of doxycy- 
cline in patients with ischemic heart disease significantly 
reduce CRP, interleukin-6 and MMP-9 in the course of 6 
months of treatment. The high activity of MMPs has also 
been shown in patients with inflammatory diseases such 
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as heart and Kawasaki disease and viral myocarditis. 
Metalloproteinase activity also increased in patients with 
sepsis, that is why different models of septic shock 
doxycycline were tested as a potential therapeutic agent 
[43,44]. Disorders of apoptosis, the programmed cell 
death, leading to disturbances in homeostasis, underlie 
cancer and neurodegenerative disorders. The apoptotic 
process is influenced by inter proteolytic enzymes-cas- 
pases—(cysteinyl aspartate specific proteinases). It has 
been shown in experimental trials that Caspase-1, also 
known as interleukin-1β, is an important cytokine that 
participates in the process of neuronal cell death after 
experimental brain injury in mice [45]. Minocycline in- 
hibiting Caspase-1 may protect nerve cells from death, as 
shown in experimental samples after brain injury [46]. 
The neuroprotective and anti-inflammatory effect, espe- 
cially of minocycline, may also result from its inhibition 
of microglial activation, as shown by experimental stud- 
ies in rats [47]. In animal models neuroprotective and 
immunomodulating effect of minocycline are also ob- 
served in brain neurodegenerative diseases such as mul- 
tiple sclerosis [5,48], Huntington’s disease, amyotrophic 
lateral sclerosis (ALS) [5]. Analgesic effect of mino- 
cycline is noteworthy, as it has been shown that it inhib- 
its both nociceptive pain and neurogenic inflammation 
[49]. Tetracyclines, especially doxycycline and mino- 
cycline are effective in the treatment of sarcoidal granu- 
loma in the skin and eye muscles as thanks to the inhibit- 
tion of protein kinase C the formation of granulomas 
does not occur [50,51]. After 13 months of treatment 
with minocycline in a dose of 200 mg/d obtained regres- 
sion of formations of sarcoidal granulomas in limb mus-
cle was obtained as well as a decrease in angioten- 
sin-converting enzyme (ACE), interleukin 12, and inter- 
feron-induced protein 10 (IP-10, intenferon-inducible 
protein-10) [51]. Both IL-12 and IP-10 produced in in- 
flammatory sites, are produced by macrophages of granu- 
lomas which suggests that minocycline inhibits their 
growth in the mechanism of anti-inflammatory and not 
anti-bacterial. This mechanism may also confirm the ob- 
served relapse of changes after discontinuation of treat- 
ment [44,50]. For many years, tetracycline was used in 
dermatology for the treatment of acne and acne rosacea- 
especially during inflammation thanks to antibacterial 
effect against Propionibacterium acnes. Currently, an im- 
portant role is attributed to the mechanisms of anti-in- 
flammatory cytokines and the inhibition of MMP-9. 
However, the efficacy of treatment of rosacea with tet- 
racycline is associated mainly to the inhibition of angio- 
genesis [28]. 12- month uncontrolled study of 11 patients 
with minocycline therapy for early generalized sclero- 
derma showed a good response in the skin lesions in 4 
patients [52]. Observation by Singer and Rotenberg po- 
lyuria in patients treated with demeclocyclin for skin dis-

eases contributed to attempts to use tetracyclines for pa- 
tients with SIADH (inappropriate secretion of vasopressin), 
resulting in a low molarity plasma and hyponatraemia [53, 
54]. 

6. QUINOLONES (FIGURE 5) 

Quinolones—by inhibiting gyrase and topoisomerase IV 
they inhibit the replication of bacterial DNA. The first 
quinolone with antibacterial activity was nalidixic acid 
synthesized in 1962. It is a representative of the first 
generation quinolones, which include oxolinic and 
pipemidinic acid as well as cinoxacin. This group is used 
for the treatment of urinary tract infections with Gram- 
negative organisms. The introduction of fluorine into the 
molecule of quinolone significantly changed its proper- 
ties. In 1980 norfloxacin—the first fluorinated quinolone 
was allowed to be used in treatment. Since then the era 
of second-generation fluoroquinolones began—such as 
ofloxacin, ciprofloxacin, pefloksacin, temafloksacin, third 
generation—levofloxacin, grepafloxacin gatifloksacin, 
sparfloxacin and fourth generation of moxifloxacin and 
trovafloxacin. New groups have improved in comparison 
with not fluorinated quinolone activity against Grampo- 
sitive and Gram-negative bacteria. It was demonstrated 
that fluoroquinolones have modulating effect on cytokine 
production by monocytes. Kahn et al. [55] have demon- 
strated that trovafloxacin at therapeutic doses suppress 
the production of cytokines (IL-1α, IL-1β, IL-6, IL-10, 
granulocyte-macrophage colony stimulating factor 
(GM-CSF) and tumor necrosis factor alpha (TNF-α)) se- 
creted by lipopolysaccharide (LPS)-stimulated mono- 
cytes or pansorbin. Immunosuppressive effect depends 
on the concentration of cAMP in monocytes. Fluoroqui- 
nolones induce the formation of prostaglandin E2 in the 
presence of monocytes, independently of interleukin 18 
by strengthening cyclooxygenase-2 (COX-2) expression. 
In this way, the increase of intracellular cAMP, which 
results in inhibition of TNF production, enhances the 
production of IL-6 but does not affect the production of 
IL-1α and IL-lβ. Pefloxacin and ciprofloxacin at doses 
<100 mg/L reduces the production of IL-1, ciprofloxacin 
and ofloxacin at concentrations >25 mg/L reduces the 
synthesis of TNF-α in monocytes stimulated with LPS. 

 

 

Figure 5. The basic structure of all 
quinolones. 
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Grepafloxacin also inhibits the production of IL-8 in 
cells stimulated by TNF-α, because it uses a level of tran-
scription of the gene so that it inhibits the expression of 
mRNA of IL-1α, IL-1β, TNF-α, IL-6 and IL-8 [55]. Im-
munomodulating effect of ciprofloxacin has been shown 
in work of Lahat et al. performed on mice with induced 
inflammatory bowel disease (TNBS colitis)—it was dem-
onstrated that the inhibition of CIP significantly beyond 
antimicrobal inflammatory effect, decreased the levels of 
TNF and IL 1β and had an impact on the level of IL 8 by 
inhibiting the activity of neutrophils. It also reduced the 
level of NF-κB, the central transcription factor of macro- 
phages and lymphocytes [56]. Moxifloxacin had an impact 
on monocytes stimulated by zymogen A S. aureus—in the 
first phase it increased the release of NO and hydrogen per- 
oxidate, in the next (after 4 pm) it influenced the release of 
lysosomal enzymes, lipid peroxydaction and inhibited the 
release of pro-inflammatory cytokines.Such action not only 
raised the efficiency of antimicrobial effect,but also led to 
the extinction inflammatory response [57]. In therapy for 
relapsing remitting multiple sclerosis-(RRMS) immu- 
nomodulating effect of laquinimod, whichis a new Qui- 
noline-3-carboxamide was observed in animal models. 
Laquinimod shows immunomodulatory effects, probably 
through Th1/Th2 shift, but does not lead to immunosup-
pression. It has also been demonstrated in animal models 
of multiple sclerosis and autoimmune encephalomyelitis 
(EAE), including inhibition by LAQ Th1 and Th17 and 
regulatory T cells increase (Treg), and a reduction in the 
activity of inflammation in the CNS [58]. 

7. LINCOSAMIDES (FIGURE 6) 

Their mechanism of action is based on a combination of 
the bacterial 50 S ribosomal subunit as macrolides and 
inhibition of protein synthesis in the bacterial cell. They 
exhibit a bacteriostatic effect. In particular, clindamycin 
is used in combination with penicillin for the treatment 
of severe infections of Streptococcus pyogenes. It is be- 
lieved that clindamycin inhibits the synthesis of bacterial 
toxins, but also has an effect on the inhibition of bacterial 
protein M. The use of clindamycin in combination ther- 
apy increases the possibility of bacterial phagocytosis 
and hence the effectiveness of antibiotic [59]. 

 

 

Figure 6. Lincosamides structure. 

8. OXAZOLIDONES (FIGURE 7) 

Linezolid (LNZ) is a new drug registered for the treat- 
ment of gram-positive infections also resistant to van- 
comycin therapy. It is uses also in the treatment of mul- 
tidrug-resistanttuberculosis. LNZ is an inhibitor of mono- 
amnino oxidase (MAO) and it exhibits potential adrener- 
gic action. Simultaeous application of both serotonergic 
and LNZ preparations can lead to serotonin syndrome. 
LZN effect on the inhibition of IF γ and TNF α secretion 
as also observed [60,61]. Among others, it has also been 
shown that linezolid, clindamycin, trimethoprim/co-tri- 
moxazole have an influence on the inhibition of the pro- 
duction by PBMC (peripheral blood mononuclear cells) 
stimulated by S. aureus toxine-pro-inflammatory cyto- 
kines such as TNF-α, IL6, IL1, IL8. In Pichereau et al. 
paper also highlights the new drug from the group of 
glicylcyklines-tigecycline and its effect on the inhibi- 
tion of the inflammatory response in severe infections [62]. 

9. AMINOGLYCOSIDES (FIGURE 8) 

Antibiotics blocking bacterial protein synthesis by bind- 
ing to the 30 S ribosomal subunit. Their bactericidal 
properties work only on gram-negative aerobic bacteria. 
Due to its toxicity (nephro and ototoxicity) their wider 
use is limited to serious infections. They are known for 
their effect on neuromuscular muscle—it is a serious side 
effect of this class of drugs. In animal studies the impact 
of aminoglycosides on presynaptic release of acetylcho- 
line (Ach) and internalization of calcium in the presyn- 
aptic part of the axone was demonstrated. They can also 
weaken the postsynaptic receptor response to Ach. There 
are works demonstrating the impact of aminoglycosides, 
gentamicin in particular, on the regulation of CFTR gene 
mutations which may have clinical importance for the 

 

 

Figure 7. Linezolid (oxazolidones) structure. 

 

 

Figure 8. Streptomycin structure. 
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treatment of patients with cystic fibrosis (CF) [1,2]. Re- 
search has also shown that aminoglycosides have an in- 
fluence on the chemotaxis of polymorphonuclear leukocytes, 
but there is no clarity as to their anti-inflammatory activity. 

10. SULFONES AND SULPHONAMIDES 
(FIGURE 9) 

Chemotherapeutic agents structurally related to p-ami- 
nobenzoic acid needed for bacterial synthesis of folic 
acid, and in this way inhibitor of bacterial synthesis of 
folic acid. Some of their activities, beyond antimicrobial 
properties of sulfonamides, have been used in medicine 
as a hypoglycemic effect (sulfonylureas-sulfonyloureas) 
in the treatment of diabetes and inhibition of carbonic 
anhydrase in the acetolazamid. The effect of the diuretic 
is used in the treatment of glaucoma. It is known that 
sulfones block neutrophil functions, such as chemotaxis 
and oxidant production, the impact on myeloperoxidase 
(MPO) and the formation of the inactive form of lower 
prostaglandin E2 synthesis in neutrophils. Sulfonamides 
and their derivatives also cause inhibition of phagocyte- 
sis of phagocytic cells. It is suggested that the inhibition 
of nuclear factor NF-κB, sulfonamides, such asfor exam- 
ple sulfasalazine, have anti-inflammatory effect. Hence, 
they are used in the treatment of autoimmune diseases 
such as RA and Crohn’s disease [2,5]. 

11. BENZYLPYRIMIDINES 

Benzylpyrimidines also act by inhibiting the synthesis of 
folic acid. They inhibit dihydrofolic acid reductase. 
Among these compounds trimehtoprim (TMT) is widely 
used in the treatment of infectious diseases, in combina- 
tion with sulfomethoxazole-synergism occurs through 
inhibition of purine to the bacterial cells. TMT also in- 
hibits neutrophil chemotaxis, reduces the formation of 
free radicals and impair the function of the cytoplasmic 
membrane. In combination with sulfametoxazole it was 
also used in the treatment of non-infectious diseases such 
as ANCA depends granulomatosis (Wegener’s granulo- 
matosis), particularly for the disease limited to the upper 
aerodigestive tract [63]. 

12. PEPTIDE ANTIBIOTICS 

Peptide antibiotics have diverse mechanisms of action of  
 

 

Figure 9. Sulfonamide 
group structure. 

the cytoplasmic membrane dysfunction as polymyxin, 
inhibition of cell wall synthesis (bacitracin, glycopep- 
tides, lipoglicopeptides) or inhibition of protein synthesis 
as streptogramins, well known polymyxin B compound 
is affecting the protein kinase C (inhibition), which sti- 
mulates monocytes, synthesis of cytokines such as IL 1, 
IL 6, GM CSF, stimulates the production of proteins of 
the complement system. Bacitracin in vitro inhibits the 
phagocytic activity of leukocytes and macrophages [64]. 
Used in severe infections, vancomycin and teicoplanin at 
high concentrations (toxic to the human body) reduce the 
activity of polymorphonuclear leukocytes and increase 
the synthesis of proinflammatory cytokines by mono- 
cytes. 

13. FUSIDIC ACID 

Chemotherapeutic inhibiting bacterial translation process. 
In studies on mice it was found that fusidic acid has ef- 
fect on the inhibition of TNF and INFγ release, and inhi- 
bition of enterocyte damage by bacterial LPS and staphy- 
lococci toxin A. The impact of the fusidic acid on the 
reduction of the polymorphonuclear leukocytes activity 
is also possible. The properties of fusidic acid are also 
compared with the action on the immune system of cyc- 
losporin A [65]. In an experimental model of acute pan- 
creatitis (AP) Osman et al. demonstrated the effect of 
fusidic acid on the decrease of TNF and IL-8 concentra- 
tion and related reduction in mortality and the occurrence 
of ascites in AP [66]. 

14. FOSFOMYCIN 

(1-cis-1,2-epoxypropylphosphoric acid) inhibits bacte- 
rial cell wall synthesis by acting on the enzyme phos- 
photransferase phenyl pyruvate phosphate. In vitro stud- 
ies have confirmed its effect on the activity of T and B 
lymphocytes and reduced secretion of inflammatory me- 
diators such as histamine. In the phagocytes it reduces 
TNF α and IL-1, IL as well as increases the concentra- 
tion of IL 6 [67]. Different effects on IL 6 described by 
Zeitlinger et al., suggest that the immunostimulatory 
effect of fosfomycin is rather based on the impact of fos- 
fomycin on the reduction of trancription than on pro- 
inflammatory cytokine release [68]. Fosfomycin has an 
effect on the immune system, however, it requires further 
investigations. 

15. CONCLUSIONS 

In clinical practice antibiotics are increasingly used be- 
cause of their other than simply antibacterial actions. Yet, 
at present, only particular of the described antibiotic class- 
es find such application. 

New macrolides and their derivatives are used in 
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interventional cardiology for coating stents (rapamycin) 
and their ability to block calcineurin allowed for their use 
in transplantation (tacrolimus, pimecrolimus). The use of 
macrolides in the treatment of RA and inflammatory 
bowel disease, although proved effective in studies on 
humans, needs further clinical tests and statistical data 
before these conditions become indications for macrolide 
use. 

The second class of antibiotics with clinically docu- 
mented extraantibiotic properties-tetracyclines-also finds 
presently limited use in clinical practice: doxycycline 
and minocycline are indicated for use in dermatology to 
treat acne, due to their other than strictly antimicrobial 
activity. Other tetracyclines, minocycline in particular 
with its use in RA, need further clinical testing before 
their extraanitbiotic properties find wider clinical use. 

Finally, the sulfonamides and also their derivatives 
find clinical use in the treatment of various diseases such 
as: RA (SSZ), diabetes (sulfonylureas) and glaucoma 
(acetozalamide) due to their non-antibiotic actions. 

As for the other antibiotic classes, the data from ani- 
mal models concerning their immunological properties is 
contradictory and despite steadily widened knowledge of 
the effects of antibiotics on the immune system, it does 
not allow for their wide non-antibiotic application. 

Limitations arise both from their side effects including: 
the risk of allergic reactions (b lactams, sulfonamides), 
the potential toxicity (e.g. nephro- and ototoxicity of ami- 
noglycosides), influence on cardiovascular system (e.g. 
quinolones) or on neuromuscular conduction (aminogli- 
cosides, tertracyclines, clindamycin). The situation is 
further complicated by contraindications for use in chil-
dren (e.g. tetracyclines or quinolones) and restricted ap-
plicability during pregnancy (only few antibiotic classes 
can be used during pregnancy e.g. macrolides, β lactams 
without clavulanic acid). Furthermore long term use of 
many antibiotics bears a risk of development of antibi- 
otic resistance. Hence, the search for new compounds 
pharmacologically belongs to antibiotic classes, yet hav-
ing no antibiotic properties, while presenting influ- ence 
on the immune system. 

Summarizing conclusions—the knowledge of the ef- 
fects of antibiotics on the: immune response, the synthe- 
sis and secretion of pro-inflammatory cytokines allows 
us to see the drugs known for years in a new light. This 
includes finding for them new applications beyond the 
infection treatment. Yet, undoubtedly, this line of drug 
development needs further research. 
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