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Module 7th  

1.TUBERCULOSIS 

 
2. MALARIA 

MALARIA

PROTOZOAL INFECTIONS

 
3. HIV 

HIV is an RNA retrovirus. Two forms are known. HIV-1 is the organism responsible for human 

AIDS. The HIV-2 organism is similar to the HIV-1 virus in that it also causes immune 

suppression, but it is less virulent. HIV-1 is distributed around the world, whereas the HIV-2 

virus is confined to parts of Africa. We will consider them together in this section. 

 In 2004, the World Health Organization estimated that almost 40 million people were 

living with AIDS, and that women and children constituted approximately half that total 

number. During the same year, some 3 million people died of the disease (including 0.64 

million children under 15 years), and there were a further 5 million new cases of AIDS 

infection reported. The epidemic is overwhelmingly centred on sub-Saharan Africa, 

which accounts for two-thirds of the total global number of infected persons, and where 

the adult prevalence is 7.4% (compared with 0.3% in Europe). For a review of the 

pathogenesis of AIDS. 

The interaction of HIV with the host's immune system is complex, and although it involves 

mainly cytotoxic T lymphocytes (CTLs, CD8
+
 T cells) and CD4

+
 helper T lymphocytes (CD4 

cells), other immune cells, such as macrophages, dendritic cells and NK cells, also play a part. 

Antibodies are produced by the host to various HIV components, but it is the action of the CTLs 

and CD4 cells that initially prevents the spread of HIV.  

Cytotoxic T lymphocytes directly kill virally infected cells and produce and release antiviral 

cytokines. The lethal event is lysis of the target cell, but induction of apoptosis by interaction of 

Fas ligand  on the CTL with Fas receptors on the virally infected cell can also play a part. CD4
+
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cells have an important role as helper cells, and it is the progressive loss of these cells that is the 

defining characteristic of HIV infection. Recent work suggests that CD4 cells may themselves 

have a direct role (e.g. lysis of target cells) in the control of HIV replication.  

Once within the cell, HIV is integrated with the host DNA (the provirus form), undergoing 

transcription and generating new virions when the cell is activated. In an untreated subject, a 

staggering 10
10

 new virus particles may be produced each day. Intracellular HIV can remain 

silent (latent) for a long time.  

 The priming of naive T cells to become CTLs during the induction phase involves 

interaction of the T-cell receptor complex with antigenic HIV peptide in association with 

MHC class I molecules on the surface of antigen-presenting cell . Priming also requires 

the presence and participation of CD4
+
 cells. It is thought that both types of cell need to 

recognise antigen on the surface of the same APC.  

 The CTLs thus generated are effective during the initial stages of the infection but are not 

able to stop the progression of the disease. It is believed that this is because the CTLs 

have become 'exhausted' and dysfunctional. Two different mechanisms may be involved, 

and these are summarised in simple terms below.  

o One possible mechanism has been suggested on the basis of recent research into a 

different viral infection. The study shows that the assistance of CD4
+
 cells during 

the initial priming process may be essential for the secondary expansion of CTLs 

on autonomous restimulation. The evidence is that, during priming, CD4
+
 cells 

help determines the development of the relevant CTL memory and the ability of 

CTLs to mount a secondary response. Without this, most CTL cells may, on 

interacting with antigen again, themselves become exhausted and enter apoptosis. 

This throws new light on the role of CD4
+
 cells in the immune response to HIV.  

o Another possible explanation for CD8
+
 T-cell exhaustion, also based on recent 

work with another viral infection, is that these cells overexpress an apoptotic 

gene. Administration of an antibody that blocked the interaction between this 

factor and its receptor restored the ability of T cells to proliferate and kill infected 

cells, thus reducing the viral load. This notion also suggests a novel and 

potentially effective immunological strategy for treatment of chronic viral 

infections such as that caused by the HIV viruses.  

 The HIV virion cannily attaches to proteins on the host cell surface to gain entry to the 

cells. The main targets are CD4 (a glycoprotein marker of a particular group of helper T 

lymphocytes) and CCR5 (a coreceptor for certain chemokines, including monocyte 

chemoattractant protein-1 and RANTES [regulated on activation normal T-cell expressed 

and secreted]). CD4
+
 cells normally orchestrate the immune response to viruses, but by 

entering these cells and using them as virion factories, HIV virtually cripples this aspect 

of the immune response. 
+
 T cell. Infected activated CD4 T cells in lymphoid tissue form 

the major source of HIV production in HIV-infected individuals; infected macrophages 

are another source.  

 As for CCR5, evidence from exposed individuals who somehow evade infection indicates 

that this surface protein has a central role in HIV pathogenesis. Compounds that inhibit 

the entry of HIV into cells by blocking CCR5 are in phase III clinical trials and may soon 

be available commercially.  

 When immune surveillance breaks down, other strains of HIV arise that recognise other 
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host cell surface molecules such as CD4 and CXCR4. A surface glycoprotein, gp120, on 

the HIV envelope binds to CD4 and also to the T-cell chemokine coreceptor CXCR4. 

Another viral glycoprotein, gp41, then causes fusion of the viral envelope with the 

plasma membrane of the cell.  

 
ANTIVIRAL DRUGS 

Because viruses hijack many of the metabolic processes of the host cell itself, it is difficult to 

find drugs that are selective for the pathogen. However, there are some enzymes that are virus 

specific, and these have proved to be useful drug targets. Most currently available antiviral 

agents are effective only while the virus is replicating. Because the initial phases of viral 

infection are often asymptomatic, treatment is often delayed until the infection is well 

established. As is often the case with infectious diseases, an ounce of prevention is worth a 

pound of cure. Antiviral drugs, of which many are available, fall into a few groups with similar 

mechanisms of action and side effects.  classified according to their mechanisms of action, some 

of the diseases they are used to treat and common side effects. 

1.REVERSE TRANSCRIPTASE INHIBITORS 

The main group are nucleoside analogues, typified by zidovudine, all of which are 

phosphorylated by host cell enzymes to give the 5′-trisphosphate derivative. This moiety 

competes with the equivalent host cellular trisphosphate substrates for proviral DNA synthesis 

by viral reverse transcriptase (viral RNA-dependent DNA polymerase). Eventually, the 

incorporation of the 5′-trisphosphate moiety into the growing viral DNA chain results in chain 

termination. Mammalian α-DNA polymerase is relatively resistant to the effect. However, γ-

DNA polymerase in the host cell mitochondria is more susceptible, and this may be the basis of 

some unwanted effects. The main utility of these drugs is the treatment of HIV, but a number of 

them have useful activity against other viruses also (e.g. hepatitis B). 

a.Zidovudine 

Zidovudine (AZT) was the first drug to be introduced for the treatment of HIV and retains an 

important place. It can prolong life in HIV-infected individuals and diminish HIV-associated 

dementia. Given to the parturient mother and then to the newborn infant, it can reduce motherto- 

baby transmission by more than 20%. It is generally administered orally 2–3 times each day but 
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can also be given by intravenous infusion. Its plasma half-life is 1 h, but the intracellular half-life 

of the active trisphosphate is 3 h. The concentration in cerebrospinal fluid (CSF) is 65% of the 

plasma level. Chemically, zidovudine is an analogue of thymidine. Most of the drug is 

metabolised to the inactive glucuronide in the liver, only 20% of the active form being excreted 

in the urine. Because of rapid mutation, the virus is a constantly moving target, and resistance 

develops with long-term use of zidovudine, particularly in late-stage disease. Furthermore, 

resistant strains can be transferred between individuals. Other factors that underlie the loss of 

efficacy of the drug are decreased activation of zidovudine to the trisphosphate and increased 

virus load as the host immune response fails. Unwanted effects include gastrointestinal 

disturbances (e.g. nausea, vomiting, abdominal pain), blood disorders (sometimes anaemia or 

neutropenia) and CNS effects (e.g. insomnia, dizziness, headache) as well as the risk of lactic 

acidosis in some patients, which are shared by this entire group of drugs to a greater or lesser 

extent. Other, currently approved, drugs in this group include abacavir, adefovir dipivoxil, 

didanosine, emtricitabine, entecavir, lamivudine, stavudine, telbivudine and tenofovir. 
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2. NON-NUCLEOSIDE REVERSE TRANSCRIPTASE 

INHIBITORS 

Non-nucleoside reverse transcriptase inhibitors are chemically diverse compounds that bind to 

the reverse transcriptase enzyme near the catalytic site and inactivate it. Most non-nucleoside 

reverse transcriptase inhibitors are also inducers, substrates or inhibitors, to varying degrees, of 

the liver cytochrome P450 enzymes. Currently available drugs are nevirapine and efavirenz. 

Nevirapine has good oral bioavailability, and penetrates into the CSF. It is metabolised in the 

liver, and the metabolite is excreted in the urine. Nevirapine can prevent motherto- baby 

transmission of HIV if given to the parturient mother and the neonate. 
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b.Efavirenz is given orally, once daily, because of its plasma half-life (~50 h). It is 99% bound 

to plasma albumin, and its CSF concentration is ~1% of that in the plasma. Nevertheless, its 

major adverse effects are insomnia, bad dreams and sometimes psychotic symptoms. It is also 

teratogenic if used in early pregnancy. 

Unwanted effects common to both of these drugs include rash (common) as well as a cluster of 

other effects  

3. PROTEASE INHIBITORS 

In HIV and many other viral infections, the mRNA transcribed from the provirus is translated 

into two biochemically inert polyproteins. A virus-specific protease then converts the 

polyproteins into various structural and functional proteins by cleavage at the appropriate 

positions. Because this protease does not occur in the host, it is a useful target for 

chemotherapeutic intervention. HIVspecific protease inhibitors bind to the site where cleavage 

occurs, and their use, in combination with reverse transcriptase inhibitors, has transformed the 

therapy of AIDS. Examples of current protease inhibitors are exemplified by drugs such as 

amprenavir, atazanavir, darunavir, fosamprenavir (prodrug of amprenavir), indinavir, 

lopinavir, nelfinavir, ritonavir, saquinavir and timpranavir. 

c.Ritonavir, a typical example, binds to and thus inactivates proteases from HIV-1 or HIV-2. It 

is often given in combination with other protease inhibitors (e.g. lopinavir) as it potentiates their 

action. Ritonavir is given orally, usually twice a day. It is usual to start at a low dose and increase 

gradually to a maximum over a period of a few days. The plasma half-life of ritonavir is 3–5 h 

but oral absorption may be delayed in the presence of food. The drug is mainly (> 80%) excreted 

in the faeces with some 10% excreted in the urine. A major metabolite accounts for 

approximately one-third of all excreted drug. 

Unwanted effects that are shared among this group include gastrointestinal disturbances (e.g. 

nausea, vomiting, abdominal pain), blood disorders (sometimes anaemia or neutropenia) and 

CNS effects (e.g. insomnia, dizziness, headache) as well as the risk of hyperglycaemia. 

4.DNA POLYMERASE INHIBITORS 

a.Aciclovir 

The era of effective selective antiviral therapy began with aciclovir, a guanosine derivative that 

is typical of drugs of this type. 

Aciclovir is converted to the monophosphate by viral thymidine kinase, which is very much 

more effective in carrying out the phosphorylation than the enzyme of the host cell; it is therefore 

only activated adequately in infectedcells. The host cell kinases then convert the monophosphate 

to the trisphosphate, the active form that inhibits viral DNA polymerase, terminating the 

nucleotide chain. It is 30 times more potent against the herpesvirus enzyme than the host 

enzyme. Aciclovir trisphosphate is fairly rapidly broken down within the host cells, presumably 

by cellular phosphatases. Resistance caused by changes in the viral genes coding for thymidine 

kinase or DNA polymerase has been reported, and aciclovir-resistant herpes simplex virus has 

been the cause of pneumonia, encephalitis and mucocutaneous infections in 

immunocompromised patients. 

Aciclovir can be given orally, intravenously or topically. When it is given orally, only 20% of 

the dose is absorbed. The drug is widely distributed, and reaches effective concentrations in the 

CSF. It is excreted by the kidneys, partly by glomerular filtration and partly by tubular secretion. 

Unwanted effects are minimal. Local inflammation can occur during intravenous injection if 

there is extravasation of the solution. Renal dysfunction has been reported when aciclovir is 
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given intravenously; slow infusion reduces the risk. Nausea and headache can occur and, rarely, 

encephalopathy. 

There are now many other drugs with a similar action to aciclovir including cidofovir, 

famciclovir (prodrug of penciclovir), ganciclovir, idoxuridine, penciclovir, valaciclovir 

(prodrug of aciclovir) and valganciclovir (prodrug of ganciclovir). Foscarnet achieves the same 

effect through a slightly different mechanism as does idoxuridine, which is sometimes used 

topically to treat herpes infections of the skin. 

1. NEURAMINIDASE INHIBITORS AND INHIBITORS OF 

VIRAL COAT DISASSEMBLY 

Viral neuraminidase is one of three transmembrane proteins coded by the influenza genome. 

Infection with these RNA viruses begins with the attachment of the viral haemaglutinin to 

neuraminic (sialic) acid residues on host cells. The viral particle then enters the cell by an 

endocytic process. The endosome is acidified following influx of H+ through another viral 

protein, the M2 ion channel. This facilitates the disassembly of the viral structure, allowing the 

RNA to enter the host nucleus, thus initiating a round of viral replication. Newly replicated 

virions escape from the host cell by budding from the cell membrane. Viral neuraminidase 

promotes this by severing the bonds linking the particle coat and host sialic acid. The 

neuraminidase inhibitors zanamivir and oseltamivir are active against both influenza A and B 

viruses, and are licensed for use at early stages in the infection or when use of the vaccine is 

impossible. Zanamivir is available as a powder for inhalation, and oseltamivir as an oral 

preparation. At the time of writing, governments around the world are stockpiling this latter drug 

in the expectation that it will mitigate the effects of the anticipated ‘swine’ (H1N1) flu pandemic. 

Unwanted effects of both include gastrointestinal symptoms (nausea, vomiting, dyspepsia and 

diarrhoea), but these are less frequent and severe in the inhaled preparation. 

Amantadine,2 quite an old drug (1966) and seldom recommended today, effectively blocks viral 

M2 ion channels, thus inhibiting disassembly. It is active against influenza A virus (an RNA 

virus) but has no action against influenza B virus. The closely related rimantadine is similar in 

its effects. Given orally, amantadine is well absorbed, reaches high levels in secretions (e.g. 

saliva) and most is excreted unchanged via the kidney. Aerosol administration is feasible. 

Unwanted effects are relatively infrequent, occurring in 5–10% of patients, and are not serious. 

Dizziness, insomnia and slurred speech are the most common adverse effects. 

2. DRUGS ACTING BY OTHER MECHANISMS 

Enfurvirtide inhibits the fusion of HIV with host cells. The drug is generally given by 

subcutaneous injection in combination with others to treat HIV when resistance becomes a 

problem or when the patient is intolerant of other antiretroviral drugs. 

Unwanted effects include flu-like symptoms, central effects such as headache, dizziness, 

alterations in mood, gastrointestinal effects and sometimes hypersensitivity reactions. 

Ratelgravir acts by inhibiting HIV DNA integrase, the enzyme that splices viral DNA into the 

host genome when forming the provirus. It is used for the treatment of HIV as part of 

combination therapy, and is generally reserved for cases that are resistant to other antiretroviral 

agents. 

Maraviroc is a chemokine receptor antagonist—a novel concept in HIV therapy  and is the only 

such drug currently available. 

CCR5, together with CXCR4, are cell surface chemokine receptors that have been hijacked by 

some strains of HIV to gain entry to the cell. In patients who are demonstrated to harbour ‘R5’ 



Module 7th, 8th sem(BPHM-804) 
 

ASBASJSMCOP, BELA Page 9 
 

strains, maraviroc may be used, in combination with more conventional antiretroviral drugs. Its 

use in the UK is currently restricted. A similar compound, vicriviroc, is in clinical development. 

3. BIOPHARMACEUTICAL ANTIVIRAL DRUGS 

Biopharmaceuticals that have been recruited in the fight against virus infections include 

immunoglobulin preparations, interferons (IFNs) and monoclonal antibodies. 

a.Immunoglobulin 

Pooled immunoglobulin contains antibodies against various viruses present in the population. 

The antibodies are directed against the virus envelope and can ‘neutralise’ some viruses and 

prevent their attachment to host cells. If used before the onset of signs and symptoms, it may 

attenuate or prevent measles, German measles, infectious hepatitis, rabies or poliomyelitis. 

Hyperimmune globulin, specific against particular viruses, is used against hepatitis B, varicella 

zoster and rabies. 

b.Palivisumab 

Related in terms of its mechanism of action to immunoglobulins is palivisumab, a monoclonal 

antibody directed against a glycoprotein on the surface of respiratory syncytial virus. It is used 

(as an intramuscular injection) in infants to prevent infection by this organism. 

c.Interferons 

IFNs are a family of inducible proteins synthesised by mammalian cells and now generally 

produced commercially using recombinant DNA technology. There are at least three types, α, β, 

and γ, constituting a family of hormones involved in cell growth and regulation and the 

modulation of immune reactions. IFN-γ, termed immune interferon, is produced mainly by T 

lymphocytes as part of an immunological response to both viral and non-viral antigens, the latter 

including bacteria and their products, rickettsiae, protozoa, fungal polysaccharides and a range of 

polymeric chemicals and other cytokines. IFN-α and IFN-β are produced by B and T 

lymphocytes, macrophages and fibroblasts in response to the presence of viruses and cytokines.  

The IFNs bind to specific ganglioside receptors on host cell membranes. They induce, in host 

cell ribosomes, the production of enzymes that inhibit the translation of viral mRNA into viral 

proteins, thus halting viral replication. They have a broad spectrum of action and inhibit the 

replication of most viruses in vitro. Given intravenously, IFNs have a half-life of 2–4 h. They do 

not cross the blood–brain barrier. IFN-α-2a is used for treatment of hepatitis B infections and 

AIDS-related Kaposi sarcomas; IFN-α-2b is used for hepatitis C. There are reports that IFNs can 

prevent reactivation of herpes simplex after trigeminal root section in animals and can prevent 

spread of herpes zoster in cancer patients. Preparations of IFNs conjugated with polyethylene 

glycol (pegylated IFNs) have a longer lifetime in the circulation. 

Unwanted effects are common and include fever, lassitude, headache and myalgia. Repeated 

injections cause chronic malaise. Bone marrow depression, rashes, alopecia and disturbances in 

cardiovascular, thyroid and hepatic function can also occur. 

4. OTHER AGENTS 

Immunomodulators are drugs that act by moderating the immune response to viruses or use an 

immune mechanism to target a virus or other organism.  

Inosine pranobex may interfere with viral nucleic acid synthesis but also has 

immunopotentiating actions on the host. It is sometimes used to treat herpes infections in 

mucosal tissues or on the skin. 

Tribavirin is a synthetic nucleoside, similar in structure to guanosine. It is thought to act either 

by altering virus nucleotide pools or by interfering with the synthesis of viral mRNA. While it 

inhibits a wide range of DNA and RNA viruses, including many that affect the lower airways, it 
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is mainly used in aerosol or tablet form to treat infections with respiratory syncytial virus (an 

RNA paramyxovirus). It has also been shown to be effective in hepatitis C as well as Lassa 

fever, an extremely serious arenavirus infection. 

When given promptly to victims of the latter disease, it has been shown to reduce to 9% a case 

fatality rate previously 76%. 

Antiviral drugs 

Most antiviral drugs generally fall into the following groups: 

• Nucleoside analogues that inhibit the viral reverse transcriptase enzyme, preventing replication 

(e.g. 

lamivudine, zidovudine). 

• Non-nucleoside analogues that have the same effect (e.g. efavirenz). 

• Inhibitors of proteases that prevent viral protein processing (e.g. saquinavir, indinavir). 

• Inhibitors of viral DNA polymerase that prevent replication (e.g. aciclovir, famciclovir). 

• Inhibitors of viral capsule disassembly (e.g. 

amantidine). 

• Inhibitors of neuraminidase that prevent viral escape from infected cells (e.g. oseltamivir). 

• Inhibitors of HIV integrase that prevent the incorporation of viral DNA into the host genome 

(ratelgravir). 

• Inhibitors of viral entry block the use of host cell surface receptors that are used as entry points 

by viruses (maraviroc). 

• Immunomodulators that enhance host defences (e.g. interferons and inosine pranobex). 

• Immunoglobulin and related preparations that contain neutralising antibodies to various 

viruses. 

COMBINATION THERAPY FOR HIV 

Two main classes of antiviral drugs are used to treat HIV: reverse transcriptase inhibitors and 

protease inhibitors. As they have different mechanisms of action they can usefully be deployed 

in combinations and this technique has dramatically improved the prognosis of the disease. The 

combination treatment is known as highly active antiretroviral therapy (HAART). A typical 

HAART 3- or 4-drug combination would involve two nucleoside reverse transcriptase inhibitors 

with either a non-nucleoside reverse transcriptase inhibitor or one or two protease inhibitors. 

Using a HAART protocol, HIV replication is inhibited, the presence in the plasma of HIV RNA 

is reduced to undetectable levels and patient survival is greatly prolonged. But the regimen is 

complex and has many unwanted effects. Compliance is difficult and lifelong treatment is 

necessary. The virus is not eradicated but lies latent in the host genome of memory T cells, ready 

to reactivate if therapy is stopped. Unwelcome interactions can occur between the component 

drugs of HAART combinations, and there may be interindividual variations in absorption. Some 

drugs penetrate poorly into the brain, and this could lead to local proliferation of the virus. So 

far, there is no cross-resistance between the three groups of drugs, but it needs to be borne in 

mind that the virus has a high mutation rate—so resistance could be a problem in the future. The 

AIDS virus has certainly not yet been outsmarted. Even with full compliance—which is often 

not achieved for long periods, given the complexity of the regimen and side effects—the virus 

can only be kept in check, not eliminated. 
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4.AMEBIOSIS 

 

The main organism in this group to concern us here is Entamoeba histolytica, the causative agent 

of amoebiasis, which may manifest as a severe colitis (dysentery) and, sometimes, liver 

abscesses. The infection is encountered around the world, but more often in warmer climates. 

Approximately 500 million people are thought to harbour the disease, with 40 000–100 000 

deaths occurring each year as a result. It is considered to be the second leading cause of death 

from parasitic diseases worldwide. The organism has a simple life cycle, and humans are the 

chief hosts. Infection, generally spread by poor hygiene, follows the ingestion of the mature cysts 

in water or food that is contaminated with human faeces. The infectious cysts pass into the colon, 

where they develop into trophozoites. These motile organisms adhere to colonic epithelial cells, 

utilising a galactose-containing lectin on the host cell membrane. Here, the trophozoites feed, 

multiply, encyst and eventually pass out in the faeces, thus completing their life cycle. Some 

individuals are symptomless ‘carriers’ and harbour the parasite without developing overt disease, 

but cysts are present in their faeces and they can infect other individuals. The cysts can survive 

outside the body for at least a week in a moist and cool environment. 

The trophozoite lyses the colonic mucosal cells (hence ‘histolytica’) using amoebapores 

(peptides that form pores in cell membranes) and proteases or by inducing host cell apoptosis. 

The organism then invades the submucosa, where it secretes factors that modify the host 

response, which would otherwise prove lethal to the parasite. It is this process that produces the 

characteristic bloody diarrhoea and abdominal pain, although in many subjects a chronic 

intestinal infection may be present in the absence of dysentery. In some subjects, an amoebic 

granuloma (amoeboma) may be present in the intestinal wall. The trophozoites may also migrate 

through the damaged intestinal tissue into the portal blood and hence the liver, giving rise to the 

most common extraintestinal symptom of the disease—amoebic liver abscesses. 

 

ANTIAMOEBIC DRUGS 

These are drugs useful in infection caused by the protozoa Entamoeba histolytica. 

 

INTESTINAL LUMEN ULCER 

(Dysentery) which occurs by faecal contamination of food and water. Amoebic cysts reaching 

the intestine transform into trophozoites which either live on the surface of colonic mucosa as 

commensalsform cysts that pass into the stools (luminal cycle) and serve to propagate the 

disease, or invade the mucosa-form amoebic ulcers and cause acute dysentery (with blood and 

mucus in stools) or chronic intestinal amoebiasis (with vague abdominal symptoms, amoeboma). 
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CLASSIFICATION 

1. Tissue amoebicides 

(a) For both intestinal and extraintestinal amoebiasis: Nitroimidazoles: Metronidazole, 

Tinidazole, Secnidazole, Ornidazole, Satranidazole 

Alkaloids: Emetine, Dehydroemetine 

(b) For extraintestinal amoebiasis only: Chloroquine 

2. Luminal amoebicides 

(a) Amide : Diloxanide furoate, Nitazoxanide 

(b) 8-Hydroxyquinolines: Quiniodochlor (Iodochlorohydroxyquin, Clioquinol), 

Diiodohydroxyquin (Iodoquinol) 

(c) Antibiotics: Tetracyclines 

 

METRONIDAZOLE 

It is the prototype nitroimidazole introduced in 1959 for trichomoniasis and later found to be a 

highly active amoebicide. It has broad-spectrum cidal activity against protozoa, including 

Giardia Iamblia in addition to the above two. Many anaerobic bacteria, such as Bact. fragilis, 

Fusobacterium, Clostridium perfringens, Cl. difficile, Helicobacter pylori, Campylobacter, 

peptococci, spirochetes and anaerobic Streptococci are sensitive.  

 

Metronidazole is selectively toxic to anaerobic microorganisms. After entering the cell by 

diffusion its nitro group is reduced by certain redox proteins operative only in anaerobic 

microbes to highly reactive nitro radical which exerts cytotoxicity. The nitro radical of 

metronidazole acts as an electron sink which competes with the biological electron acceptors of 

the anaerobic organism for the electrons generated by the pyruvate : ferredoxin oxidoreductase 

(PFOR) enzyme pathway of pyruvate oxidation. The energy metabolism of anaerobes is, thus, 

disrupted Metronidazole has been found to inhibit cell mediated immunity, to induce 

mutagenesis and to cause radiosensitization. 

Pharmacokinetics Metronidazole is almost completely absorbed from the small intestines; little 

unabsorbed drug reaches the colon. It is widely distributed in the body, attaining therapeutic 

concentration in vaginal secretion, semen, saliva and CSF. It is metabolized in liver primarilyby 

oxidation and glucuronide conjugation, and excreted in urine. Plasma tllz is 8 hrs. 

Adverse effects Side effects to metronidazole are relatively frequent and unpleasant, but mostly 

nonserious.  Anorexia, nausea, metallic taste and abdominal cramps are the most common. 

Looseness of stool is occasional. 

AMIDES 

Diloxanide furoate 

It is a highly effective luminal amoebicide: directly kills trophozoites responsible for production 

of cysts. The furoate ester is hydrolysed in intestine and the released diloxanide is largely 

absorbed Diloxanide is a weaker amoebicide than its furoate ester : no systemic antiamoebic 

activity is evident despite its absorption. It is primarily metabolized by glucuronidation and is 

excreted in urine. Diloxanide furoate exerts no antibacterial action. It is less effective in invasive 

amoebic dysentery, because of poor tissue amoebicidal action. However, a single course 

produces high (80-90%) cure rate in mild intestinal amoebiasis and in asymptomatic cyst passers. 
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5.HEMATOPOIETIC DISORDERS- Anemia’s 

 

Anaemia is characterised by a reduced concentration of haemoglobin in the blood. It may cause 

fatigue but, especially if it is chronic, is often surprisingly asymptomatic. The commonest cause 

is blood loss resulting from menstruation, drug treatment (e.g. with aspirin or other nonsteroidal 

anti-inflammatory drugs; or pathological processes such as colonic carcinoma or (especially in 

developing countries) parasitic infestation. Pregnancy and child bearing are other important 

physiological drains on iron reserves. There are several different types of anaemia and several 

different diagnostic levels. Determining indices of red cell size and haemoglobin content and 

microscopical examination of a stained blood smear allow characterisation into: 

• hypochromic, microcytic anaemia (small red cells with low haemoglobin; caused by chronic 

blood loss giving rise to iron deficiency) 

• macrocytic anaemia (large red cells, few in number) 

• normochromic normocytic anaemia (fewer normal-sized red cells, each with a normal 

haemoglobin content) 

• mixed pictures. 

Further evaluation may include determination of concentrations of ferritin, iron, vitamin B12 and 

folic acid in serum, and microscopic examination of smears of bone marrow. This leads to more 

precise diagnostic groupings of anaemias into: 

• Deficiency of nutrients necessary for haemopoiesis, most importantly: 

– Iron 

– Folic acid and vitamin B12 

– Pyridoxine and vitamin C. 

• Depression of the bone marrow, caused by: 

– Drug toxicity (e.g. anticancer drugs, clozapine) 

– Radiation therapy 

– Diseases of the bone marrow of unknown origin (e.g. idiopathic aplastic anaemia, leukaemias) 

– reduced production of, or responsiveness to, erythropoietin (e.g. chronic renal failure, 

rheumatoid arthritis, AIDS). 

• Excessive destruction of red blood cells (i.e. haemolytic anaemia); this has many causes, 

including haemoglobinopathies (such as sickle cell anaemia), adverse reactions to drugs and 

inappropriate immune reactions. 

HAEMATINIC AGENTS 

It is important to note that the use of haematinic agents is often only an adjunct to treatment of 

the underlying cause of the anaemia—for example, surgery for colon cancer (a common cause of 

iron deficiency) or anthelminthic drugs for patients with hookworm (a frequent cause of 

anaemia. Sometimes treatment consists of stopping an offending drug, for example a 

nonsteroidal anti-inflammatory drug that causes blood loss from the stomach.  

IRON 

Iron is a transition metal with two important properties relevant to its biological role: 

1. Ability to exist in several oxidation states. 

2. Ability to form stable coordination complexes. 

The body of a 70 kg man contains about 4 g of iron, 65% of which circulates in the blood as 

haemoglobin. About one-half of the remainder is stored in the liver, spleen and bone marrow, 

chiefly as ferritin and haemosiderin. The iron in these molecules is available for haemoglobin 
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synthesis. The rest, which is not available for haemoglobin synthesis, is present in myoglobin, 

cytochromes and various enzymes. 

The distribution and turnover of iron in an average adult man are shown in Table 25.1 and Figure 

25.1. The corresponding values in a woman would be about 55% of the values in Table. Because 

most of the iron in the body is either part of—or destined to be part of  

haemoglobin, the most obvious clinical result of iron deficiency is anaemia, and the only 

indication for therapy with iron is for treatment or prophylaxis of iron deficiency anaemia. 

Haemoglobin is made up of four protein chain subunits (globins), each of which contains one 

haem moiety. Haem consists of a tetrapyrrole porphyrin ring containing ferrous (Fe2+) iron. 

Each haem group can carry one oxygen molecule, which is bound reversibly to Fe2+ and to a 

histidine residue in the globin chain. This reversible binding is the basis of oxygen transport. 

 

 

IRON TURNOVER AND BALANCE  

Both the normal physiological turnover of iron and pharmacokinetic factors affecting iron when 

it is given therapeutically will be dealt with here. The normal dailyrequirement for iron is 

approximately 5 mg for men, and 15 mg for growing children and for menstruating women. 
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A pregnant woman needs between 2 and 10 times this amount because of the demands of the 

fetus and increased requirements of the mother. The average diet in Western Europe provides 

15–20 mg of iron daily, mostly in meat. Iron in meat is generally present as haem, and about 20– 

40% of haem iron is available for absorption. 

Iron overload 

Chronic iron toxicity or iron overload occurs in chronic haemolytic anaemias requiring frequent 

blood transfusions, such as the thalassaemias (a large group of genetic disorders of globin chain 

synthesis) and haemochromatosis (a genetic iron storage disease with increased iron absorption, 

resulting in damage to liver, islets of Langerhans, joints and skin). The treatment of acute and 

chronic iron toxicity involves the use of iron chelators such as desferrioxamine. This is not 

absorbed from the gut but is nonetheless given intragastrically following acute overdose (to bind 

iron in the bowel lumen and prevent its absorption) as well as intramuscularly and, if necessary, 

intravenously. In severe poisoning, it is given by slow intravenous infusion. Desferrioxamine 

forms a complex with ferric iron and, unlike unbound iron; this is excreted in the urine. 

Deferiprone, an orally absorbed iron chelator, is an alternative treatment for iron overload in 

patients with thalassaemia major who are unable to take desferrioxamine. Agranulocytosis and 

other blood dyscrasias are serious potential adverse effects. Defasirox, an oral iron chelator, is 

used for selected patients with thalassaemia. 

FOLIC ACID AND VITAMIN B12 

Vitamin B12 and folic acid are essential constituents of the human diet, being necessary for 

DNA synthesis and consequently for cell proliferation. Their biochemical actions are 

interdependent (see below), and treatment of vitamin B12 deficiency with folic acid corrects 

some, but not all, of the features of vitamin B12 deficiency. Deficiency of either vitamin B12 or 

folic acid affects tissues with a rapid cell turnover, particularly bone marrow, but vitamin B12 
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deficiency also causes important neuronal disorders, which are not corrected (or may even be 

made worse) by treatment with folic acid. Deficiency of either vitamin causes megaloblastic 

haemopoiesis, in which there is disordered erythroblast differentiation and defective 

erythropoiesis in the bone marrow. Large abnormal erythrocyte precursors appear in the marrow, 

each with a high RNA: DNA ratio as a result of decreased DNA synthesis. The circulating 

erythrocytes (macrocytes) are large fragile cells, often distorted in shape. Mild leukopenia and 

thrombocytopenia usually accompany the anaemia, and the nuclei of polymorphonuclear 

leukocytes are abnormal (hypersegmented). Neurological disorders caused by deficiency of 

vitamin B12 include peripheral neuropathy and dementia, as well as subacute combined3 

degeneration of the spinal cord. Folic acid deficiency is caused by dietary deficiency, especially 

in settings of increased demand (e.g. during pregnancy—especially important because of the link 

between folate deficiency and neural tube defects in the baby or because of chronic haemolysis 

in patients with haemoglobinopathies such as sickle cell anaemia—see below). Vitamin B12 

deficiency, however, is usually due to decreased absorption. 

FOLIC ACID 

Because several important antibacterial and anticancer drugs are antimetabolites that interfere 

with folate synthesis in microorganisms or tumour cells. Liver and green vegetables are rich 

sources of folate. In healthy non-pregnant adults, the daily requirement is about 0.2 mg daily, but 

this is increased during pregnancy. 

Unwanted effects 

Unwanted effects do not occur even with large doses of folic acid—except possibly in the 

presence of vitamin B12 deficiency, when administration of folic acid may improve the anaemia 

while exacerbating the neurological lesion. It is therefore important to determine whether a 

megaloblastic anaemia is caused by folate or vitamin B12 deficiency and treat accordingly. 

ERYTHROPOIETIN 

Erythropoietin is produced in juxtatubular cells in the kidney and also in macrophages; it 

stimulates committed erythroid progenitor cells to proliferate and generate erythrocytes . 

Recombinant human erythropoietins are used to treat symptomatic anaemia caused by 

erythropoietin deficiency. Darbepoetin, a hyperglycosylated form of epoetin, has a longer half-

life and can be administered less frequently; methoxy polyethylene glycol-epoetin beta is 

another preparation with long half-life. Epoetin and darbopoietin are given intravenously or 

subcutaneously, the response being greatest after subcutaneous injection and fastest after 

intravenous injection. 

Epoetins are reaching the end of their periods of patent protection and the first ‘biosimilar’ 

products have recently been licensed; unlicensed uses include its use in sport (e.g. ‘blood-

doping’ in cyclists) 

Unwanted effects 

Transient influenza-like symptoms are common. Hypertension is also common and can cause 

encephalopathy with headache, disorientation and sometimes convulsions. Iron deficiency can be 

induced because more iron is required for the enhanced erythropoiesis. Blood viscosity increases 

as the haematocrit (i.e. the fraction of the blood that is occupied by red blood cells) rises, 

increasing the risk of thrombosis, especially during dialysis. There have been rare reports of a 

devastating chronic condition known as pure red cell aplasia, connected with development of 

antibodies directed against erythropoietin. 

Clinical use 
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Iron or folate deficiency must be corrected before starting treatment. Parenteral iron preparations 

are often needed. Haemoglobin must be monitored and maintained within the range 10–12 g/dl 

to avoid the unwanted effects 
 


