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Antibiotics-
Aminoglycosides

2.1. AMINOGLYCOSIDES

2.1.1. Introduction

.-.._Anﬁpog_lycoside is a molecule or a portion of a molecule composed of amino-
iﬁ:qulﬁed sugars. It has a hexose ring, either streptidine (in streptomycin) or 2-
'deoxystreptamine (other aminoglycosides), and various amino sugars are

attached to this ring by glycosidic linkages. It is water-soluble, stable in solution,
 and more active at alkaline pH.

' Some of the aminoglycosides (e.g., amikacin, arbekacin, gentamicin, kanamycin,
‘neomycin, netilmicin, paromomycin, rhodostreptomycin,  streptomycin,
tobramycin, and apramycin) are antibiotics and show activity against certain
bacteria types. They are widely used against gram-negative enteric bacteria in

bacteremia and sepsis. Along with vancomycin or penicillin, they are used for
treatment of endocarditis and tuberculosis.

2.1.2. Historical Background

' Waksman discovered streptomycin from the culture of Streptomyces griseus.
 Streptomycin was the first aminoglycoside-amincyclitol antibiotic and was
_effective in the treatment of tuberculosis. For this discovery, Waksman was
 awarded the Nobel Prize in Medicine in 1952.

Aﬁer S years of streptomycin discovery in 1949, Waksman introduced the second
| aminoglycoside antibiotic, i.e., nmeomycin. Toxicity issues associated with
| neomycin and emerging streptomycin resistance led to the discovery of additional
inoglycosides in the 1950s and early 1960s with the group of Umezawa,
orting kanamycin and gentamicin by Weinstein at Schering,
clinical use. Neomycin and kanamycin/gentamicin classes
are the two most common structural
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lﬁu _ RUGS

.1.1.  Introduction

t the late 1950s used the term prodrug to indicate pharmacologically

e compounds that can be used to modify the physical and chemical

rties of a drug to Increase its use and/or to decrease its toxicity: Prodrug is a

alently bonded chemically modified inactive drug precursor. It has a weak

a j?etween drpg and inert chemical that can be broken by enzymatic or non-
ic process in the body to let the drug exert its therapeutic effect.

drugs can falso be termed as proagent, congeners, latentiated and reversible

| ._.,vers:blg.‘ derivatives. The design approach is referred to as drug

tion or latentiation. Prodrug is made up of an active drug and promoiety.

he latter is not required for pharmacological action but is selected carefully so

it offers a desirable property to the drug; thus, the compound exhibits a

rable pharmacological property. The promoiety should be safe and excreted
om the body at the earliest possible time.

.1.2.  Basic Concept of Prodrug
re are many therapeutic drugs with unwanted properties that may become
macological, pharmaceutical, or pharmacokinetic barriers in clinical drug
ion. There are various approaches of diminishing the undesirable drug
ties and maintaining the desirable therapeutic activity; however, the
| approach using drug derivatisation offers the highest flexibility and is an
‘way by which drug efficacy can be improved. The prodrug approacl
eversible derivatives is used for optimising the clinical application
AP ained interest in eacly 1970s for improving drug
: and developed
clinical pl
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S vapour pressure. A liquid with high
dour. For example, ethyl mercaptan is a
n llt?prosy treatment. It is converted to
thioisophthalate with higher boiling point

Improvement of Odour
ound’s odour depends on it
ressure will have a strong o
ing liquid and is used j
ate ester, which is a diethy] dj
odour.

COOH COSC,Hs
+ 2 Csz SH —

COOH . COSC,Hs
Phthalic acid thyl mercaptan Phthalate ester

53.  Change of Physical Form for Preparation of Solid Dosage Forms

S Wh“fh el liquid form cannot be formulated as a tablet, especially if
d_ose is high. Such liquid drugs are converted into solid prodrugs by the
ormation of symmetrical molecule with higher tendency to crystallise. An
example of such a drug is ester of ethyl mercapto and trichloroethanol.

6.1.5.4. Reduction in Gastrointestinal Irritation

veral drugs irritate and damage the gastric mucosa through direct contact
eased stimulation of acid secretion or through interference with protective
osal layer. The NSAID’s (especially salicylates) have such a tendency. They
wer gastric PH and induce ulceration. Examples of prodrug design to
ercome such problems of gastric distress are given below:

Parent Drugs Prodrugs with Enhanced Hydrophilicity
‘Tocopherols Sodium succinate ester
Metronidazole Amino acid esters

.5.5. Reduction of Pain on Injection

ramuscular injections are painful if the injected drug precipitates in the
yunding cell or if the injected solutions are strongly acidic, alkaline, or
For example, low aqueous solubility of clindamycin hydrochloride
solution of phenytoin are the causes of pain on injection. This can be

yre water-soluble prodrug of such agent (like 2-phosphate ester of
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Ribose Ribose s
azacytidine bisulphite (product of azacytidine)

Solubility: Hydrophilic or water-soluble drugs are needgd when parentera] ¢
ophthalmic formulation of such agents is desired. Drugs w_1th hydroxyl funcﬁow
group can be converted to their hydrophilic form by using t.lalf esters such g
hemi-glutarate or hemi-phthalates, the other half of this acid carries sodiu,
potassium, or amine salts, and renders the moiety more soluble.
Parent Drugs Prodrugs Causing Little/No Gastric Distress
Salicylic acid Aspirin
Kanamycin Kanamycin pamoate

6.1.5.8. Prevention of Pre-Systemic Metabolism

Some corticosteroids, e.g., triamcin, undergo first-pass hepatic metabolism, ang
this can be prevented by using their esters or either prodrugs. Frequent dosing is
required for drugs with short biological half-lives. This can be overcome by
1g controlled release and prodrug approaches.

6.1.5.9. Prolongation of Duration of Action

 The rate controlling steps in enhancement of duration of action of drug are:
1) The release rate of prodrug from the site of application or administration in
- the systemic circulation, and
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is 2':'1;;:20% disease affecting huma.ll.s and othel; (amn]llals{;flstin}
- ito-borne infectious disease caused by parasitic l’r‘)t‘:’z"a‘:‘ﬂ_li gglo e l
m?l‘:imcroor isms) of Plasmodium type. The symptoms of this d Seilgellnc ude
;:m 3:miﬁn§al;':ﬁgue, and headache. The symptoms usually begin 10-15 days'_‘
3 : vere cases, the skin becomes yellow, the |

after being bitten by mosquitoes. In se ; paxs
patient ;::geﬁences seizures, goes to coma, or ﬁna]ly_dles. Malaria is tral.mmitted |
by an infected female Anopheles mosquito, which introduces the parasites from |

its saliva into the person’s blood. The parasites reach the liver to mature and
reproduce there. Five species of Plasmodium can infect humans.. P. falczpc{mm
causes most of the deaths; while P. vivax, P. ovale, and P. malariae cause milder

forms of malaria; P. knowlesi rarely cause a disease in humans.

The risks can be reduced by the prevention of mosquito bites by using mosquito nets,
repellents, spraying insecticides, and draining standing water. Many medicines are
available to prevent malaria. Sulfadoxine or pyrimethamine is the drugs indicated in
infants and after the first trimester of pregnancy in areas having high rate of malaria.

Mefloquine, lumefantrine, sulfadoxine, or pyrimethamine is also given. If artemisinin

Elﬂivallab ailable, quinine can be used along with doxycycline.

‘smodium parasite. The infected
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: 'eﬁ'eetwe against Plasmodium falciparum
-&id has very few side effects.

‘Mechanism of Action

Mefloquine causes swelling of the Plasmodium
Jfalciparum food vacuoles. It may form toxic
complexes with free heme that damages the
membranes and interact with other plasmodial

components. Mefloguine

F

Uses

1) Mefloquine is used in the treatment of mild to moderate acute malaria cause
by  mefloquine-susceptible  strains  of Plasmodiun falciparum o
by Plasmodium vivax.

2) t is also used for  the  prophylaxis of Plasmodiun
falciparum and Plasmodium vivax malaria infections, including prophylaxis
of chloroquine-resistant strains of Plasmodium falciparum.

Adverse Effects
Common side effects of mefloquine are stomach upset, stomach pain, nauses
vomiting, loss of appetite, diarrhoea, fever, hair loss, nnglrlg in ears, dizzines;
vertigo, loss of balance, drowsiness, headache, insomnia, cough, muscle pain.
weakness, itching, lightheadedness, loss of coordination, numbness and tingling
of hands or feet, vision changes, unusual tiredness, persistent nausea or vomiting
dark urine, or jaundice.

EGUANIDES AND DIHYDROTRIAZINES

|
|
'
I






Proguanil

i o drofolate reductase of pl
Proguanil inhibits the dihydrofolate : _ .
biosynthesis of purines and pyrimidines, which are ess'enual for DNA synthesj
and cell multiplication. As a result, nuclear division fails to occur at the time
schizont formation in erythrocytes and liver.

Uses : , L :
1 is used for preventing and suppressing malaria caused by varioy

strains of P. falciparum and other species of Plasmodium.

Adverse Effects ‘ '
Proguanil causes nausea, vomiting, abdominal pain, headache, diarrhoes

weakness, loss of appetite, and dizziness.

7.4. MISCELLANEOUS

7.4.1. Introduction
mfoﬂowmg drugs are studied in detail:
1) Pyrimethamine, 2) Artesunate, 3) Artemether,and 4) Atovaquone.

thamine .

asmodia and blocks the










) eproduction, which is divided into the pre-
erythrocytic (or exoerythrocytic) and the erythrocytic phases.

- 7) Sporozoites reach the liver cells (first target) through blood circulation, and

stact dividing and producing schizonts within 6-7 days.
8) In P. vivax and P. ovale, the sporozoites may not follow the reproduction

step and remain dormant in the liver cells; such dormant sporozoites are
called hypnozoites.

- 9) Each schizont further produces numerous merozoites (exoerythrocytic
: schizogony) which are released into the bloodstream.

stage within the RBCs is the ring stage that develops into a
te, which cannot digest the haem so converts it into haemozoin.

stage of sexual reproduction involves parasite differentiation into
male gametocytes. i P,
ale anopheles mosquitoes, the gametocytes igeigo
 and mature into microgametes and macrogametes o
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8.1.1. | Introduction

Tuberculosis (TB) is an infective disease, most commonly affecting the lungs,

and caused by Mycobacterium tuberculosis and Mycobacterium bovis. Since TB
is an airborne disease, it spreads via air in the form of small droplets. Patients
infected with pulmonary TB or laryngeal TB may spread _the infection by
sneezing, coughmg smgmg, or even while talking. The infective droplets, once
released into the air remain there for a few hours due to their very small size.

Tuberculoms can be treated in a long-term, i.e., 8 months to 3 years. p-
Aminosalicylic Acid (PAS) was the first discovered chemotherapeutic agent;
however, later streptomycin, isoniazid, ethambutol, and rifampin were also

discovered. Tuberculosis infection can be cured if proper treatment is g;ven ’

within time. Non-tuberculosis mycobacterial infections are known as M. avium
complex (MAC) as they are caused by M. avium, M. kansaii, M. murinum, and
M. scrofulaceum. These organisms are resistant to the commonly used anti-
~ tuberculosis drugs; thus along with the standard drugs, some newer agents like
fluoroquinolones, amikacin, clarithromycin, azithromycin, or rifabutin are used.

8.1.2. Historical Background
1940 - Development of PAS

’ms stan:_mg point for a history of anti-tubercular drugs is the beginning of S‘eoondu‘

ar. Frederick Bernheim (a biochemist workmg at Duke University in t

ates) believed that this war would result in a massive increase in | '

g sagq deaths from tuberculosis. He carried out a number of e men
aspmn played a vital role in the life cycle oftubetculoﬁs erm.
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ating viral infections. Similar to ﬂﬂﬁbiot{ég.

effective against specific viruses. Antiviral dr
 destroying  their target pathogen, inhibit their development. § .
1viral drugs are harmless to the host, they can be used to treat infeetjlons; g
ould be disti-nguished from viricides that are not medications but destroy virug
particles outside the body. ._ | -

The available antivirals are mostly designed to help against HIV, herpes viruge

 (that mainly causes cold sores and genital herpes; however, can cause various other
diseases), hepatitis B and C viruses (that cause liver cancer), and influenza A and B

iru i i i i t cells, it is difficult tofind targets

10.1.2. Historical Background
F of antiviral drug development has taken many indirect routes ranging
from the discovery and development of the first U.S. FDA approved antiviral
ent, i.e., 5-Iodo-2'-deoxyuridine (Idoxuridi
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10.1.5. Mechanism of Action

Anti-viral drugs (e.g., amantadine and rimantadine) were the first generation of
influenza antiviral agents. They specifically block the ion channel function of
the M2 protein of influenza A virus, thus interfere with corresponding specific
steps in the viral life cycle. Neuraminidase inhibitors are novel drugs that are
designed on the basis of the 3-D structure of influenza A and B neuraminidase2,
The mechanisms of action of the four available specific anti-influenza viral drugg
are summarised in figure 10.6.

Influenza virus

Attachment

Amantadine
disables M2
protein,
preventing viral
uncoating — virus
rendered mert

e —

e

PSS, . NAIs inhibit
» release of
virions and
promote
virion
clumping

A
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Advone Effects
~ The most common side effects of eflornithine include acne, swollen patches um f
sometimes are red and contain a buried hair (pseudofolliculitis barbae), headache,
skin itching, stinging, burning, dry or tingling skin, rash, hair loss, and ingrown

12.2. SUMMARY |

The details given in the chapter can be summarised as follows:
1) Antiprotozoal agents are used in a wide range of diseases caused by protozoa
(one-celled organisms, such as amoebas).

2) Amoebiasis (or amoebic dysentery) is the most common disease caused in
the intestinal tract by Entamoeba histolytica.

' ".3} Anti-amoebic drugs reduce the infections caused by amoeba.

4) The anti-amoebic activity of chloroquine (first used as antimalarial agent)
was reported by Conan in 1948.

5) A systematic search for amoebicidal activity among a series of
haloacetamides led to the introduction of diloxanide in 1956 by Bristow.

6) Metronidazole was synthesised in 1957 in Rhone-Poulenc laboratories, and
was evaluated as an anti-trichomonal agent and as an anti-amoebic agent by
Coser and Juliu in 1959 and 1961, respectively.

7) Metronidazole is a nitroimidazole used for treating amoebiasis, vaginitis,
~ trichomonas infections, giardiasis, and anaerobic bacterial and treponemal
infections.

is a nitroimidazole anti-trichomonal agent that is effective against
nas vaginalis, Entamoeba histolytica, and Giardia lamblia

s a nitroimidazole having a broad spectrum activity against
some anaerobic bacteria.
' anu—pmtoz,oal that is used for treating mfecuonscaused by
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Cm‘i‘nbimamm‘im Chem

16.1. COMBINATORIAL CHEMISTRY

- 16.1.1. Introduction

A wchmque of synthesising large number of molecules (structurally different) ; at

a time is known as combinatorial chemistry. The molecules obtained are
submitted for High Throughput Screening (HTS) assay. The technique of
combinatorial chemistry has been recently developed by the researchers in
pharmaceutical industry, so that the time and labour cost required in the
production of new drugs can be reduced.

However, this technique greatly affects almost all the branches of chemistry,
particularly the drug discovery, as it leads to comparatively faster processing of
blologlcal]y active compounds. Since the technology of combinatorial chemistry
is developing rapidly, screening for novel bioactivities has become possible by
the development of compound libraries.

Combinatorial chemistry technique serves the following purposes in
pharmaceutical companies:
1) Quick discovery of novel drug candidates,

2) Saves significant amount of money in preclinical developments, and
3) Changes the fundamental approach to drug discovery.

16.1.2. History
A study on combinatorial chemistry entitled “Use of Peptide Synthesis to Probe

Viral Antigens for Epitopes to a Resolution of a Single Amino Acid” was first
conducted in 1984 by Mario Geysen.

was amther mventor who mtroduced the pool and-split metllotls ?










































