Antibiotic and chemotherapeutics agent
Introduction and history:-

An antibacterial is a compound or substance that kills or slows down the growth of bacteria. The term is often used synonymously with the term antibiotic(s); today, however, with increased knowledge of the causative agents of various infectious diseases, antibiotic(s) has come to denote a broader range of antimicrobial compounds, including antifungal and other compounds. 

The term antibiotic was coined by Selman Waksman in 1942 to describe any substance produced by a microorganism that is antagonistic to the growth of other microorganisms in high dilution. Many antibacterial compounds are relatively small molecules with a molecular weight of less than 2000 atomic mass units.

With advances in medicinal chemistry, most of today's antibacterials chemically are semi synthetic modifications of various natural compounds These include, for example, the beta-lactam antibacterial, which include the penicillin's (produced by fungi in the genus Penicillium), the cephalosporins, and the carbapenems. Compounds that are still isolated from living organisms are the aminoglycosides, whereas other antibacterials—for example, the sulfonamides, the quinolones, and the oxazolidinones—are produced solely by chemical synthesis. Accordingly, many antibacterial compounds are classified on the basis of chemical/biosynthetic origin into natural, semisynthetic, and synthetic. Another classification system is based on biological activity; in this classification, antibacterial are divided into two broad groups according to their biological effect on microorganisms: bactericidal agents kill bacteria, and bacteriostatic agents slow down or stall bacterial growth.

The term antibiosis, meaning "against life," was introduced by the French bacteriologist Vuillemin as a descriptive name of the phenomenon exhibited by these early antibacterial drugs. Antibiosis was first described in 1877 in bacteria when Louis Pasteur and Robert Koch observed that an airborne bacillus could inhibit the growth of Bacillus anthracis.[11] These drugs were later renamed antibiotics by Selman Waksman, an American microbiologist, in 1942. 

Antagonistic activities by fungi against bacteria were first described in England by John Tyndall in 1875. Synthetic antibiotic chemotherapy as a science and development of antibacterial began in Germany with Paul Ehrlich in the late 1880s Ehrlich noted that certain dyes would color human, animal, or bacterial cells, while others did not. He then proposed the idea that it might be possible to create chemicals that would act as a selective drug that would bind to and kill bacteria without harming the human host. After this initial chemotherapeutic compound proved effective, others pursued similar lines of inquiry but it was not until in 1928, that Alexander Fleming observed antibiosis against bacteria by a fungus of the genus Penicillium. Fleming postulated that the effect was mediated by an antibacterial compound named penicillin, and that its antibacterial properties could be exploited for chemotherapy. He initially characterized some of its biological properties, but he did not pursue its further development. 

The first sulfonamide and first commercially available antibacterial antibiotic, Prontosil, was developed by a research team led by Gerhard Domagk in 1932 at the Bayer Laboratories of the IG Farben conglomerate in Germany. Florey and Chain succeeded in purifying the first penicillin, penicillin G procaine in 1942, which was not widely available outside the Allied military's needs before 1945. Purified penicillin displayed potent antibacterial activity against a wide range of bacteria and had low toxicity in humans. Furthermore, its activity was not inhibited by biological constituents such as pus, unlike the synthetic sulfonamides. The discovery of such a powerful antibiotic was unprecedented, and the development of penicillin led to renewed interest in the search for antibiotic compounds with similar efficacy and safety. For their discovery and development of penicillin as a therapeutic drug, Ernst Chain, Howard Florey, and Alexander Fleming shared the 1945 Nobel Prize in Medicine. 

A-Natural products. A number of natural products, penicillin for example, have been discovered that are antibiotics suitable for therapy. They were originally discovered as secretions of fungi or soil bacteria. Soils are complex ecosystems, and it is not surprising that its inhabitants have evolved chemical defenses against each other. 

	The photo (courtesy of Merck & Co., Inc.) shows how the growth of bacteria on the agar in a culture dish has been inhibited by the three circular colonies of the fungus Penicillium notatum. The antibiotic penicillin, diffusing outward from the colonies, is responsible for this effect. Today, penicillin is made from cultures of Penicillium chrysogenum that has been specially adapted for high yields.
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B-Semi-synthetic products. These are natural products that have been chemically modified in the laboratory (and pharmaceutical facility) to 

· improve the efficacy of the natural product 

· reduce its side effects 

· circumvent developing resistance by the targeted bacteria 

· expand the range of bacteria that can be treated with it

C-Completely synthetic products. The sulfa drugs are examples.

Sulfa Drugs and Folic Acid Analogs
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Sulfa Drugs

Sulfanilamide was the first antibacterial agent. Many other sulfa drugs (such as sulfamethoxazole) have since come into use. 

Both bacteria and their human hosts require folic acid for 

· nucleic acid synthesis (it is converted into purines and thymidine) as well as 

· protein synthesis (precursor of the amino acids methionine and glycine)

Sulfanilamide, and the other sulfa drugs, are analogs of PABA; they compete with PABA and, when chosen, block the synthesis of folic acid. Mammals ignore PABA and its analogs and thus can tolerate sulfa drugs. 

Folic Acid Analogs

These synthetic molecules block the final step in the conversion of PABA to folic acid so they, too, block nucleotide and protein synthesis in bacteria but not in mammals. 

Trimethoprim is one of several in current use. These folic acid analogs are often used in combination with a sulfa drug. 

The Beta-Lactams
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The beta-lactams get their name from the characteristic ring structure — shown here in blue — that they all share. (The green arrow shows the bond that is broken by the beta-lactamases that are synthesized by many penicillin-resistant bacteria.) 

They include the 

· penicillins such as 

· penicillin G (a natural product) produced by the fungus Penicillium chrysogenum 

· ampicillin (a semi-synthetic) 

· amoxicillin (semi-synthetic)

· cephalosporins There are over two dozen of them in current use. Most are semi-synthetics derived from the secretion of the mold Cephalosporium. Some examples: 

· cephalexin (e.g., Keflex®) 

· cefaclor (e.g., Ceclor®) 

· cefixime (e.g., Suprax®)

· carbapenems such as 

· meropenem (Merrem®) 
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The beta-lactams all work by interfering with the synthesis of the bacterial cell wall — a structure that is not found in eukaryotes. The walls of bacteria are made of a complex polymeric material called peptidoglycan. It contains both amino acids and amino sugars. The amino sugars are of two kinds 

· N-acetylglucosamine (NAG) and its close relative 

· N-acetylmuramic acid (NAM).

Aminoglycosides

These are products of actinomycetes (soil bacteria) or semi-synthetic derivatives of the natural products. 

Examples are: 

· streptomycin 

· kanamycin 

· neomycin 

· gentamycin

The 70S bacterial ribosome differs in several ways from the 80S eukaryotic ribosome. The aminoglycosides bind to the 30S subunit of the bacterial ribosome and 

· interfere with the formation of the initiation complex 

· cause misreading of the mRNA.

Although the eukaryotic ribosome in the cytosol is relatively unaffected by these drugs, ribosomes in the mitochondria are 70S and sensitive to their effects. 

Tetracyclines

These are natural products derived from soil actinomycetes or their semi-synthetic derivatives. Examples: 

· chlortetracycline (trade name = "aureomycin") 

· oxytetracycline (trade name = "terramycin") 

· doxycycline

Tetracyclines bind to the 30S subunit of the bacterial ribosome. They prevent the transfer of activated amino acids to the ribosome] so protein synthesis is halted. 

Macrolides, Lincosamides, Streptogramins

All these antibiotics bind to the 23S rRNA molecule in the large (50S) subunit of the bacterial ribosome where they block the elongation of the growing peptide chain. Because of their similar action, the development of antibiotic resistance to one usually extends to all the others. 

Macrolides

Macrolides are also products of actinomycetes (soil bacteria) or semi-synthetic derivatives of them. 

Erythromycin, azithromycin (Zithromax®), and clarithromycin (Biaxin®) are a commonly-prescribed macrolides. 

Lincosamides

The first member of this group was also isolated from a soil actinomycete (found near Lincoln, Nebraska). A semi-synthetic derivative, called clindamycin (Cleocin®), is now widely used against Gram-positive bacteria. 

Streptogramins

Quinupristin and dalfopristin are examples. As of 1 October 1999, they will be sold as a mixture under the trade name Synercid. Combined, they show great promise in treating certain infections resistant to vancomycin — currently the antibiotic of last resort for some hospital-acquired infections. 

Fluoroquinolones

Ciprofloxacin (Cipro®), levofloxacin and norfloxacin are examples. Cipro is the preferred antibiotic for people who have been intentionally exposed to anthrax, although some other 

Polypeptides

The most common of these are the polymixins. 

They behave as detergents, increasing the permeability of the membranes that encase bacteria and causing the contents of the bacterial cell to leak out. 

Rifampin

This semi-synthetic antibiotic binds to the bacterial RNA polymerase and prevents it from carrying out its role in transcription. Its affinity for the equivalent eukaryotic enzyme is much lower. Rifampin is also known as rifampicin. 

Mupirocin

This antibiotic blocks the action of the bacterial isoleucine tRNA synthetase, the enzyme responsible for attaching the amino acid isoleucine (Ile) to its tRNA in preparation for protein synthesis, so protein synthesis is inhibited. It spares the equivalent eukaryotic enzyme. 

Cycloserine

Cycloserine inhibits synthesis of the bacterial cell wall but by a different mechanism than the beta-lactam antibiotics discussed above. Cycloserine is an analog of D-alanine and blocks the incorporation of D-alanine into the peptide bridges in the bacterial cell wall It is derived from an actinomycete. 

Aminocyclitols

These products of another actinomycete achieve their effect by interfering with the 30S subunit of the bacterial ribosome. Spectinomycin (trade name = Trobicin®) is an example. It is particularly effective against the gonococcus, the bacterium that causes the sexually-transmitted disease (STD) gonorrhea. 

Glycopeptides

Glycopeptides also interfere with the synthesis of the bacterial cell wall but by a different mechanism than the beta-lactams. 

Vancomycin is a widely-used glycopeptide in the U.S. It binds to the D-alanines on the precursors of the peptidoglycan cross bridges preventing their cross-linking (It has become the antibiotic of last resort as resistance to the other antibiotics has become more and more common. 

Oxazolidinones

The first of these new antibiotics, linezolid (Zyvox®), was approved by the U.S. Food and Drug Administration on 19 April 2000. It is effective against many Gram-positive bacteria that have developed resistance to the older antibiotics. 

Lipopeptides

These are natural compounds derived from a species of Streptomyces. The one now in clinical use is daptomycin (Cubicin®). It is effective against Gram-positive bacteria. It attacks another previously-unexploited chink in the bacterial armor — the integrity of its cell membranes. 

So far there is no evidence of bacteria developing resistance against it. 

Resistance to Antibiotics

None of the antibiotics discussed above is effective against all bacterial pathogens. 

Intrinsic resistance

Some bacteria are intrinsically resistant to certain of the antibiotics. Example: Gram-positive bacteria are much less susceptible to polymixins than Gram-negative bacteria. [The "Gram" designations refer to the behavior of the bacteria when stained with the Gram stain; this behavior is a reflection of the very different organization of their cell walls.] 

Acquired resistance

Many bacteria acquire resistance to one or more of the antibiotics to which they were formerly susceptible. 

Bacteria develop resistance by acquiring genes encoding proteins that protect them from the effects of the antibiotic. In some cases the genes arise by mutation; in others, they are acquired from other bacteria that are already resistant to the antibiotic. The genes are often found on plasmids which spread easily from one bacterium to another — even from one species of bacterium to another. 
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Measuring Antibiotic Resistance
The figure illustrates the simplest method of the several available for measuring antibiotic resistance. 

· A suspension of the bacteria to be tested (e.g. cultured from the infected patient) is spread 
· over the surface of a petri dish containing a solid culture medium. 

· Disks of several different antibiotics are pressed on the surface of the agar. The concentration of antibiotic in each type of disk is standardized. 

· Incubate overnight. 

· . 

A-Broad-spectrum antibiotic

A broad-spectrum antibiotic is likely to destroy the pathogen, but it is also likely to destroy other microorganisms A broad-spectrum antibiotic is an antibiotic that destroys many types of bacteria, such as both gram-positive and gram-negative bacteria . This could cause an imbalance with competing microorganisms, resulting in a competitor being killed. This in turn enables the surviving microorganism to become an opportunistic pathogen. The increased growth of opportunistic pathogens is called superinfection. Microorganisms that develop resistance to the antibiotic also cause a superinfection by replacing the antibiotic-sensitive strain.The number of different types of pathogenic microorganisms that an antibiotic can destroy is called the spectrum of antimicrobial activity. These are referred to as broad-spectrum antibiotic or narrow-spectrum antibiotic . 

B- Narrow-spectrum antibiotic

A narrow-spectrum antibiotic is an antibiotic that destroys a few types of bacteria, such as only gramnegative bacteria. The deciding factor in the spectrum of antimicrobial activity is porins in the lipopolysaccharide outer layer of gram-negative bacteria. A porin is a waterfilled channel that forms in the lipopolysaccharide outer layer, enabling substances

on the outside of the cell to enter the cell. In order for an antibacterial drug to destroy the bacteria the drug must enter the bacteria cell through the porin channel. However, to do so, the drug must be relatively small and hydrophilic. 
Hydrophilic means that the antibacterial drug has an affinity for water, which is contained in the porin channel. Some drugs are relatively large or are lipophilic. Lipophilic means that the antibiotic has an affinity for lipids and is attracted to the lipopolysaccharide outer layer of the cell (rather than the water in the porin channel).

An antimicrobial drug uses one of two strategies to combat a pathogen. These are bactericidal or bacteriostatic. 

1-The bactericidal strategy is a direct hit, killing the pathogen and preventing it from spreading. 

2-Baceriostatic prevents the growth of microorganisms. 

3-In bacteriostasis,

the host’s immune system fights the pathogen through phagocytosis and the production of antibodies. One of the first targets of attack of the bacteriostatic strategy is the cell wall of the pathogen. The objective is to weaken the cell wall, causing the cell to undergo lysis. The key to this attack is the structure of the cell wall itself. Bacteria cell walls are comprised of a network of marcromolecules called peptidoglycan. Certain antibiotics inhibit the making of peptidoglycan (synthesis), thus weakening the cell wall. Antibiotics that affect the synthesis of the cell wall of bacteria are bacitracin, vancomycin, penicillin, and cephalosporins. Another target of attack of the bacteriostatic strategy is the pathogen’s capability to make protein. Protein is necessary for both eukaryotic and prokaryotic cells. If the antibiotic can inhibit protein synthesis, then the cell dies. The problem is for the antibiotic to identify only prokaryotic cells (bacteria) and not eukaryotic, which includes human cells. 

The solution lies within the structure of ribosomes in eukaryotic and prokaryotic 
Antimicrobial drugs are classified by their antimicrobial activity. 

a- Cell wall inhibitors. 

b- Protein inhibitors. 

c- Plasma membrane inhibitors. 

d- Nucleic acid inhibitors. 

e- Antimetabolites. 

f- Antifungal drugs. 

g- Antiviral drugs. 

h- Enzyme inhibitors. 

i- Antiprotozoan drugs. 

j- Antihelminthic drugs. 
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