
VALUE ADDITION AND SPECIAL EMPHASIS FOR 
CHEMOTHERPY STUDENTS 

 To enrich VCI syllabus content,  special emphasis was given to certain topics necessary for 
basic understanding of molecular and bichemical dynamics of antibiotics( protein synthesis 
inhibitors, fluroquinolones) (ANIMATIONS) 

 Emerging problem of antibiotic misuse leads to development of superbugs, mechanism 
behind antibacterial resistance.(animations) 

CHAPTER-1: HISTORICAL ASPECTS OF CHEMOTHERAPY 

Learning objectives 

 After completion of the class students/learner should have an idea about the history of 
chemotherapy with special reference to Paul Ehrlich , father of chemotherapy who 
introduced chemical approach of killing /inhibiting microorganism from immunological 
approach. 

GENERAL CONSIDERATION 

 Apart from diseases arising as a result of malfunction of some body system or the 
disturbance of a homeostatic control mechanism, they can also be caused by invading micro 
organisms or by aberrant tissue growth. 

 Drug treatment of diseases (chemicals- synthetic /microbial orgin -antibiotics)caused by 
invading organisms is referred to as chemotherapy. 

 Drugs in this class differ from all others in that they are designed to inhibit / kill infecting 
organism and to have no / minimal effect on the recipient. This type of therapy is generally 
called chemotherapy, which has come to mean treatment of systemic infections with specific 
drugs that selectively suppress the infecting microorganism without significantly affecting 
the host. 

 Due to analogy between the malignant cell and the pathogenic microbes, treatment of 
neoplastic diseases with drugs is also called chemotherapy. 

 Antimicrobial drugs are the greatest contribution of the present century to therapeutics, their 
advent changed the outlook of the physician about the power of drugs that can cure the 
diseases. They are one of the few curative drugs. Their importance is magnified in the 
developing countries, where infective diseases predominate. As a class they are one of the 
most frequently used as well as misused drugs. 

ANTIBIOTICS 

 These are substances produced by microorganisms, which suppress the growth of or kill 
other microorganisms at very low concentrations. This definition excludes other natural 
substances which also inhibit microorganisms but are produced by higher forms (e.g. 
antibodies) or even those produced by microbes but are needed in high concentrations 
(ethanol, lactic acid, H2O2). 

 Initially the term chemotherapuetic agent was restricted to synthetic compounds, but now 
since many antibiotics and their analogues have been synthesized, this criteria has become 
irrelevant; both synthetic and microbiologically produced drugs need to be included together. 



However, it would be more meaningful to use the term Antimicrobial agent (AMA) to 
designate synthetic as well as naturally obtained drugs that attenuate microorganisms. 

HISTORY 

 The history of chemotherapy may be divided into 3 phases. 
o The period of empirical use - mouldy curd by Chinese on 

boils, chaulmoogra oil by Hindus in leprosy, chenopodium by Aztecs for 
intestinal worms, mercury by Paracelsus (16th century) for 
syphilis, cinchona bark (17th century) for fevers. 

o Ehrlich's phase of dyes and organometallic compounds (1890-1935) - With 
the discovery of microbes in the later half of 19th century and that they are 
the cause of many diseases: Ehrlich proposed the idea that if certain dyes 
could selectively stain microbes, they could also be selectively toxic to 
these organisms, and tried methylene blue, trypan red etc. He developed 
the arsenicals – atoxyl for sleeping sickness, arsphenamine in 1906 
and neoarsphenamine in 1909 for syphilis. He coined the 
termchemotheraphy because he used drugs of known chemical structure 
(that of most other drugs in use at that time was not known) and showed 
that selective attenuation of infecting parasite was a practical proposition. 

o The Modern era of chemotherapy was ushered by Domagk in 1935 by 
demonstrating the therapeutic effect of Prontosil, a sulfonamide dye, in 
pyogenic infection. It was soon realized that the active moiety 
was paraamino benzene sulfonamide, and the dye part was not 
essential. Sulfapyridine (M & B 693) was the first sulfonamide to be 
marketed in 1938. The remarkable efficacy of modern antimicrobial drugs 
still retains the art of making miracles and considered to be 'Magic bullets'. 

o The phenomenon of antibiosis was demonstrated by Pasteur in 1877: 
growth of anthrax bacilli in urine was inhibited by airborne 
bacteria. Fleming (1929) found that a diffusible substance was 
elaborated by Penicillium mould which could destroy Staphylococcus on 
the culture plate. He named this substance penicillin but could not purify 
it. Chain and Florey followed up this observation in 1939 which 
culminated in the clinical use of penicillin in 1941. Because of the great 
potential of this discovery in treating war wounds, commercial 
manufacture of penicillin soon started. 

o In the 1940s Waksman and his colleagues undertook a systematic search 
of Actinomycetes as source of antibiotics and discovered streptomycin 
in 1944. This group of soil microbes proved to be a treasure-house of 
antibiotics and soon tetracyclines, chloramphenicol, erythromycin and 
many others followed. All three group of scientists Domagk, Fleming-
Chain-Florey and Waksman received Nobel Prize for their discoveries. 

o In the past 40 years emphasis has shifted from searching new antibiotic 
producing organisms to developing semisynthetic derivatives of older 
antibiotics with more desirable properties or differing spectrum of activity. 
Few novel synthetic AMAs have also been produced. 
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MILESTONES IN THE DEVELOPMENT OF CHEMOTHERAPY 

 1929 Penicillin discovered in England 
 1932 Sulphonamide (Prontosil) discovered in Germany 
 1937 1st sulphonamide released 
 1938 Serious infections respond to sulphonamides. 
 1939 Gramicidin discovered in U.S. 
 1940 Florey demonstrated penicillin’s effectiveness. 
 1942 Penicillin introduced in Eng. & U.S. 
 1943 Streptomycin discovered in U.S. 
 1943 Bacitracin discovered in U.S. 
 1945 Cephalosporin discovered in Italy 
 1947 Chloramphenicol discovered in U.S. 
 1947 Chlortetracycline discovered in U.S. 
 1949 Neomycin discovered in U.S. 
 1950 Oxytetracycline discovered in U.S. 
 1952 Erythromycin discovered in U.S. 
 1954 Penicillin-resistant infections become clinically significant. 
 1956 Vancomycin discovered in U.S. 
 1957 Kanamycin discovered in Japan 
 1960 Methicillin introduced in Eng. & U.S. 
 1961 Ampicillin introduced in Eng. 
 1961 Spectinomycin reported in U.S. 
 1963 Gentamicin discovered in U.S. 
 1964 Cephalosporins introduced in Eng. 
 1966 Doxycycline introduced in U.S. 
 1967 Clindamycin reported in U.S. 
 1968 Gentamicin-resistant pseudomonas and methicillin-resistant staphylococcal infections 

become clinically significant. 
 1969 Amikacin discivered 
 1970 In Early 70s, increasing trend of nosocomial infections due to opportunistic pathogens. 
 1971 Tobramycin discovered in U.S. 
 1972 Cephamycins (cefoxitin) discovered in U.S. 
 1972 Minocycline introduced in U.S. 
 1973 Carbenicillin introduced 
 1974 Ampi cillin-resistant infections become frequent. 
 1978 Expanded spectrum cephalosporin Cefoxitin introduced. 
 1979 Oral cephalosporin with improved activity, Cefaclor introduced 
 1981 Anti-pseudomonal cephalosporin Cefotaxime introduced. 
 1981 First oxa-β-inhibitor, Moxalactam introduced. 
 1983 Clavulanic acid-amoxycillin introduced. 
 1985 Norfloxacin introduced. 
 1987 Newer quinolones introduced for systemic use. 
 However some antibacterial agents have been developed specifically for animal health and 

production eg; tylosin,tiamulin,tilmicosin. 

CHAPTER-2: ANTIMICROBIAL RESISTANCE AND ITS IMPACT 

Learning objectives 



 After completion of this chapter, the student/learner should have clear idea about the word 
antimicrobial resistance, super bugs importance of prudent use of antibiotics etc., 

 Anti microbial resistance and its economical importance, how it differs from tolerance 
(development of resistance in higher oranisms) 

 student should know the the ways of judicial use of antibiotics/antibacterials 

RESISTANCE ANS ITS TYPES 

 It is unresponsiveness of a microorganism to an AMA and it is similar to the phenomenon of 
tolerance seen in higher organisms. 

Types of resistance 

 Natural 
 Acquired 

Natural resistance 

 Some microbes have always been resistant to certain AMAs. This is because of the lack of 
metabolic process or the target sites. 

 This is generally group specific. Eg. gram negative organisms are not affected by penicillin 
 M.tuberculosis insensitive to tetracyclines. 
 This type of resistance do not produce any clinical problems 

Acquired resistance 

 It is the development of resistance by an organism(which is sensitive before) due to use of an 
AMA over a period of time (after an exposure). 

 This pose a clinical problem in veterinary practice. 
 Some bacteria acquire rapid resistance. Eg. Staphylococci, Coliforms and tubercle bacilli.   

MECHANISM OF RESISTANCE 

 Mutation 
 Gene Transfer (infectious resistance) 

MUTATION 

 It is a stable and heritable genetic change that occurs spontaneously and randomly among 
microorganisms. 

 It is not induced by the AMA. 
 Any sensitive population with few mutant cells require higher concentration of AMA for 

inhibition, and these are selectively preserved and get a chance to proliferate when the 
sensitive cells are eliminated(lack of competition). After some time sensitive group is 
dominated/replaced by the resistant mutants. Eg. antitubercular drugs is used alone. 

 Mutation may be 
o Single step: A single gene mutation may confer high degree of resistance, it emerges 

rapidly. Eg. Enterococci to Streptomycin. 



o Multistep: A number of gene modifications are involved, developed gradually. Eg. 
Resistance to erythromycin and tetracyclines. 

GENE TRANSFER 

 Gene transfer (infectious resistance) from one organism to another can occur by 
o Conjugation 
o Transduction 
o Transformation 

Conjugation 

 Sexual contact through the formation of a bridge or sex pilus – common among gram 
negative bacilli of the same or another species. This may involve chromosomal or 
extrachromosomal (plasma) DNA. 

 The gene carrying the resistance transfer factor(RTF) is also present. 
 Conjugation frequently occurs in the colon where a large variety of gram negative bacilli 

come in close contact. Even nonpathogentic organisms may transfer R factor to pathogentic 
organisms, which may become widespread by contamination of food or water. 

 Chloramphenicol resistantce to typhoid bacilli, concomittant acquisition of MDR ( multi drug 
resistance) has occurred by conjugation. Thus this is a very important mechanism of 
resistance acquisition. 

Transduction 

 It is the transfer of gene carrying resistance through the agency of a bacterophage. 
 The R factor is taken up by the phage and delivered to another bacterium which it infects. 
 Certain instances of penicillin, erythromycin and chloramphenicol resistance have been 

found to be phage mediated. 

Transformation 

 A resistant bacterium may release the resistance carrying DNA into the medium and this may 
be imbibed by another sensitive organism- becoming unresponsive to the drug. This 
mechanism is probably not clinically significant. 

 Resistance once acquired by any of the above mechanism becomes prevalent due to the 
selection pressure of a widely used AMA, i.e presence of the AMA provides opportunity for 
the resistant subpopulation to thrive in preference to sensitive population. 

Different types of resistance mechanism 

Mechanism of bacteial resistance 

CHAPTER-3: CLASSIFICATION OF ANTIMICROBIAL AGENTS 

Learning objectives 



 After completion of this chapter, the student/learner should know different types of 
classification of Antimicrobials based on chemical moiety, spectrum of activity and 
mechanism of action. 

DIFFERENT METHOD OF CLASSIFICATION 

CLASSIFICATION OF ANTIMICROBIAL AGENTS 

Antimicrobial agents are classified based on mechanism of action, type of organism involved, 

spectrum of activity, type of action. Source of the drugs and chemical nature of the drugs they are 

classified it to many groups according to the convenience. 

Based on chemical nature 

 Sulfonamides and related drugs : sulfadiazine, paraaminosalicylic acid 
 Diaminopyrimidines: Trimethoprim,pyrimehamine 
 Quinolones and fluroquinolones : Nalidixic acid, norfloxacin, ciprofloxacin erc 
 Beta lactum antibiotics : Penicillin, cephalosporins,monobactams,carbapenems 
 Tetracycines, oxytetracyclines,doxycylines etc 
 Nitrobenzene derivate: chloarmphenicol 
 Aminoglycosides : streptomycion, Gentamicin, neomycin etc 
 Macrolide antibiotics; Ertyromycin, roxithromycin.azithromycin 
 Polypeptide antibiotics: polymyxin-B, colistin, bacitracin 
 Glycopeptides; vancomycin.teicoplanin 
 Nitrofuran derivatives : nitrofurantoin,fruazolidone 
 Nitroimidazoles: metronidazole, tinidazole 
 Nicotinic acid derivatives; isoniazid, pyrizinamide 
 Polyene antibiotics: nystatin, amphotericin-B 
 Azole derivatives; Miconozole,ketokonazole.fluconazole 
 Others : Rifambin. Lincomycin spectinomycin, Griseofulvin etc 

Based on the Mechanism of action (see individual agents for detail mechanism) 

 Inhibit cell wall synthesis – penicillin, cephalosporin, cyclosesrine, vancomycin, bactracin 
 Cause leakage from cell membrane: polypeptides and polyenes 
 Inhibit protein synthesis: tetracyclines chloramphenicol,erytromycin,clindamycin 
 Cause misreading of mRNA code and affect permeability : Aminoglycosides 
 Interfere with DNA function : Rifampin, Metronidazole 

 Interfere with DNA synthesis: Idoxuridine,Acyclovir,zidovudine 
 Interfere with intermediary metabolism: sulfonamides,sulfones,PAS, Trimethoprim 
 Inhibit DNA Gyrase : fluroquinolones. 

Type of organism against which primarily active 

 Antibacterials : Penicillins, aminoglycosides, Erythromycin etc 
 Antifungal : Griseofulvin.amphotericin B ketoconazole 
 Antiviral : Idoxuridine,Acyclovir 
 Antiprotozoal ; fluroquinine,pyrimethamine,metrnidaole 



 Anthelmintic ; mebendazole, pyrantal DEC etc. 
 Antituberculosis : isniazid rifampin ethambutol 

Based on Spectrum of activity 

 Narrow spectrum (activity against either gram positive or gram negative organism) - Eg: 
Penicillin and Streptomycin 

 Broad spectrum (Both gram positive or gram negative) - Eg: Tetracyclines, Chloramphenicol 
and Erythromycin 

 But now extended spectrum penicillins, newer cephalosporins, fluroquinolones are now 
available. Some agents capable of acting on bacteria, riketsia and protozoa also. 

Type of Action 

 Bacteriostatic - Sulfonamides, Tertacyclines, Chloarmphenicol, Erythromycin 
 Bactericidal - Penicillins, Aminoglycosides, Polypeptides, Vancomycin and Ciprofloxacin 
 Here also some static drugs may become cidal at high concentrations (urinary tract) 

Nitrofurantoin and Sulfa, and vice –versa. 

Based on the source 

 Fungi - Penicillin, Cephalosporins and Griseofulvin 
 Bacteria - PolymyxinB, Colistin and Bacitracin 

Actinomycetes - Aminoglycosides, tetracycines, Chloramphenicol, Macrolides and Polyenes 

Different site of antimicrobial action 

CHAPTER-4: SULPHONAMIDES 

Learning objectives 

 Learner should know the mechanism of enzyme inhibition 
 To get the idea about the sequential blockade 
 To know about the synergestic effect of antibacterials 

HISTORY, SOURCE AND CHEMISTRY 

 Sulfonamides (U.S) : sulphonamides (U.K) 

History 

 Grehard Domagk 1935- developed sulfa from the prodrug azodye, Prontosil (used to treat 
streptococcal infection in mice. He got Nobel prize for medicine in 1939). 

 Sulfa is a non antibiotic- called as antibacterial. 



Source - Synthetic drugs derived from sulfanilamide 

Chemistry 

 White crystalline powder, insoluble in water, soluble in alkaline PH 
 Sodium salts are soluble in water 
 Weak organic acids. 
 Pka 4.99 t0 8.56 
 Parenteral preparations are alkaline- care should be taken while administration through iv 

route to prevent perivascular damage 
 I/m and S/C preparations should be properly buffered. 
 Sulfacetamide- neutral preparation for ophthalmic use. 

 

SPECTRUM AND ANTIBACTERIAL ACTIVITY 

 Broad spectrum, bacteriostatic but at higher concentration in urine –bactericidal 

Antimicrobial activity 

 Bacteria, Chlamydia, Toxoplasma, Coccidia 

 Bacterial susceptibility 
o Good susceptibility - Actinomyctes, Bacillus, Brucella, Listeria, Streptococci, 

Chlamydia, Cryptosporidium. 
o Moderate susceptibility - Staphylococcus and Enterococcus and some anaerobes. 

 Resistant: Mycobacteria, Mycoplasma, Richettsia, Spirochetes, Pseudomonas 



  

SPECTRUM AND ANTIBACTERIAL ACTIVITY 

 Broad spectrum, bacteriostatic but at higher concentration in urine –bactericidal 

Antimicrobial activity 

 Bacteria, Chlamydia, Toxoplasma, Coccidia 
 Bacterial susceptibility 

o Good susceptibility - Actinomyctes, Bacillus, Brucella, Listeria, Streptococci, 
Chlamydia, Cryptosporidium. 

o Moderate susceptibility - Staphylococcus and Enterococcus and some anaerobes. 
 Resistant: Mycobacteria, Mycoplasma, Richettsia, Spirochetes, Pseudomonas 

MECHANISM OF ACTION AND DRUG RESISTANCE 

 Chromosomal mutation- developes slowly and gradually 
 Plasmid mediated resistance which develops rapidly which limits its usage- Staph, Strepto, 

E.coli and shigella 
 Impaired drug penetration 
 Sulfa resistance DHFS enzyme 
 Alternate metabolic pathway 

 Overproduction of PABA by bacteria 
 Start utilizing preformed FA 
 Resistance can be reduced by 
 Avoiding indiscriminate use of sulfonamides 
 Initiate therapy at the earlist possible, since chronic cases do not respond 
 Maintain adequate bacteriostatic concentration 
 Cross resistance is complete among sulfonamides 



 

CLASSIFICATION 

 Systemic/general purpose - Sulfonamide, Sulfadimidine, Sulfapyridine, Sulfadiazine, 
Sulfamerazine, Sulfathiazole, 

 Gut acting sulfonamides - Phthalylsulfathiazole, Succinylsulfathiazole, Sulfaguanidine, 
Sulfasalazine- poorly absorbed from the GIT,useful in enteric infection. 

 Highly soluble sulfonamides for UTI - Sulfisoxazole, Sulfasomidine – rapidly absorbed and 
excreted through kidney 

 Topical – Silver sulfadiazine, Mafenide - Burn wounds – prevent infection -Effective against 
pseudomonas 

 Ophthalmic – Sulfacetamide 
 Potentiated sulfonamides- Sulfadiazine and 

Sulfadoxine with Trimethoprim in the ratio of 5:1 

 Sulfamethoxazole 
 Triple sulfa - Sulfamerazine+ Sulfapyridine + Sulfadiazine – act additively but excreted 

individually reducing the chance of adverse effect- crystalluria. 

PHARMCOKINETICS 

 Absorption- rapidly absorbed from GIT, except gut acting sulfas 

 Available as bolus, tablets, feed mix, dispersible powder 
 Sulfasalazine is broken to sulfapyridine and 5-amino salicylic acid in colon (25mg/kg TID for 

2-4 wks in dogs) – used to treat chronic colitis 
 I/V- alkaline so slowly administer to prevent shock and perivascular reaction and the I/M, 

S/C preparations – suitably buffered 
 Intrauterine treatment along with urea – increases solubility and inhibits reaction with 

protein and neutralizes antagonists to sulfa 
 Distribution - Exists predominantly in non ionized form in biofluids- diffuses through the 

cell membrane,cellular barriers-widely distributed in CSF, Synovial fluid- variable binding to 
plasma protein albumin- varies with species and compounds. Highly binding increases the 



half life because of acidic nature, low concentration in milk- passive diffusion limited use in 
mastitis 

 Metabolism - Liver - Acetylation - less soluble - deposit in renal tubule, pelvis, ureter cause 
crystalluria. 

 Aromatic hydroxylation and Glucoronide conjucation makes more water soluble 
 Excretion – Kidney glomerular filterate, tubular secretion and reabsorption. Alkalinisation of 

urine increases the solubility and elimination. 

Success of sulfonamide therapy depends on 

o Presense of sensitive organism 
o Adequate concentration in blood and tissue 
o Humoral and cellular defence of host 

PRINCIPLES TO BE FOLLOWED IN SULPHONAMIDE 

 Start therapy at early stage of infection 
 Ineffective in chronic cases 
 In severe infection administer by iv route 
 Administer adequate quantity of drinking water during therapy 
 Alkalinisation of urine prevents crystalluria 
 Treatment should not exceed seven days 
 If no favourable response within four to five days, discontinue the therapy 
 Treatment continued 48 hours after remission to prevent recurrence for some cases 
 Immune response of the host should be well maintained 

Drug interaction 

 PABA antagonizes sulfonamides 
 Calcium and antacids inhibits absorption 
 Pus and tissue debris - rich in thymidine and purines so bacterial requirement of FA is less. 
 Synergistic with diaminopyrimidines - Trimethiprim, ormethoprim, 
 Sulfonamides + chlortetracycline act as Growth promoter prevent clostridial ET. 

TOXICITY AND ADVERSE REACTION 

 Acetylated derivatives of sulpha deposited in renal tubules, pelvis and ureter cause renal 
colic, hematuria, obstruction of renal tubule and increased BUN level. 

 Decreased water consumption and acidic urine precipitate crystalluria . Ensure adequate 
water intake and administration of sodium bicarbonate. Incidence is less with sulfisoxazole. 

 Triple sulfa- sulfamerazine, sulfapyridine sulfadiazine. Therapy not more than seven days. 
 Hypersensitivity reaction- skin rashes due to anaphylactic shock- rare 
 Acute toxic effect- rapid I/V excessive dose – muscle weakness, ataxia, blindness collapse 
 Poultry - decreased egg production and thin shelled eggs 

CLINICAL USES 

 Colibacillosis, pasteurellosis, footrot, coccidosis 



 Poultry - prevention of treatment of coccidosis , infectious coryza pullorum disease, fowl 
typhoid 

 Dapsone - diaminophenyl sulphone, dermatitis herpetiform in dogs, Leprosy in human. 

CHAPTER-5: TRIMETHOPRIM 

Learning objectives 

 After completion of this chapter, the students/learner should have clear idea about sulpha 
and trimethoprim mechanism of action and sequential blockade - important phenomenon 
for bactericidal action. 

INTRODUCTION 

 Eg.Trimethoprim, ormetoprim,Pyrimethamine 
 Weak organic bases, Pka7.6 accumulate in acidic urine, milk and ruminal fluid 
 Trimethoprim- poorly soluble in water 
 Fixed dose combination of sulfamethoxazole + trimethoprim(Co-trimoxazole) 
 Readily absorbed after oral administration except in ruminants – trapped and undergo 

microbial degradation. 
 30 % to 60% protein bound, widely distributed in tissues including prostate. 
 Partly metabolized in liver and excreted in urine by glomerular filtration and tubular 

secretion. 

MECHANISM OF ACTION , RESISTANCES AND CLINICAL USES 

 Inhibits DHFR enzyme – sequential blockade (mechanism already explained with 
sulfonamide) 

 Alone bacteriostatic and combination with sulpha- bactericidal 
 Selective toxicity- 50,000 times more active against bacterial DHFR enzyme. 

Resistance 

 Mutational /plasmid mediated readily develops when used alone. 
 More with enterobacteriaceae combination- slow development 

Uses 

 UTI enteric infection, salmonella and brucellosis 
 Cattle - Salmonellosis, diarrhoea pneumonia 30mg/kg 
 Poultry - E.coli – 30mg/kg/day 

Sequential blockade 

SIDE EFFECTS 

 Swelling at injection site 



 Folate deficiency - megaloblastic anemia administration of folinic acid. 
 Transient arthritis - doberman. 
 Keratoconjunctivitis – reduced lacrimal secrtion. 
 Idiosyncratic thrombocytopenia. 
 Salivation in cats - uncoated oral tab. 
 Generally three days of withdrawal period is needed 

CHAPTER-6: NITROFURANS AND NITROFURANTOIN 

 Broad spectrum bactericidal agents whose action is based on furan ring to which 5-nitro 
group is attached. 

Chemistry 

 Synthetic nitrofuran derivative. 

Mechanism of action 

 Bacterial nitroreductase enzyme degrades nitrofurans to a variety of reduction products -> 
DNA strand breakage -> cidal effect 

 Nitrofurans in the presence of nitrofuran reductase gives rise to reduction product 

Antimicrobial activity 

 Bacteria - Gram positive , Gram negative some protozoa and fungi 
 Moderate -anaerobes, Resistance-Pseudomonas. Activity more in PH < 5.5 and well absorbed 

after oral administration 

Members 

 Nitrofurazone ,Nitrofurantoin, Nifuratel , Furazolidone 

Resistance 

 Chromosomal mutation - Permeability absence of intracellular reductase enzyme. 

Drug interaction 

 Antagonistic – Nalidixic acid 

Pharmacokinetics 

 It is Well absorbed orally , short t½, elimination through kidney. No nitrofuran is effective 
systemically. 

Toxicity 



 Peripheral neuritis, GI irritation, Haemorrhagic diathesis, poor weight gain, mutagenic and 
procarcinogenic effect. CNS involvment (excitement, tremors, convulsions peripheral 
neuritis) , various hypersensitive reactions, depression of spermatogenesis. 

Clinical Application 

 Not useful systemically. Slightly soluble in water, used orally and topically especially in 
uterine infections. 

NITROFURANTOIN 

 To treat UTI by E.coli, S.aureus, S. pyogenes, and A. aergenes. 
 After admnistration PO, nitrofurantoin is rapidly and completly absrbed( the macrocrystal 

form takes longer) and is swiftly eliminated by the kidneys 
 when the PH reaches =5, the drug becomes supersaturated without precipitation and its 

antibacterial action is maximal. 
 can be administered PO or parenteraly. The dosage for dogs and cats is 4.4 mg /kg, TID for 

4- 10 days 
 cause nausea, vomition, and diarrhea etc, polyneropathy is a serious effect seen in humans 
 Animals with decreased renal function have a predisposition for polyneuritis. 
 yellow discoloration of teeth occasionally has beeb reported in very young animals 

CHAPTER-7: NITROIMIDAZOLES 

 Heterocyclic, compounds with 5 membered nucleus similar to nitrofurans 

Mechanism of Action 

 After entry into the cell it undergoes reduction under anaerobic condition to produce 
unstable intermediates which is responsible for antibacterial activity. 

 It causes excessive breakage of DNA strand and inhibit DNA repair enzyme DNA ase - 
bactericidal 

 Reduction system is low in aerobes 
 Resistance is rare. It involves reduced intracellular drug activation. Cross resistance between 

nitroimidazole is complete and some with nitrofurans. 

Pharmacokinetics 

 It is well absorbed in monogastrics and horses from GIT. Highly lipophilic and excellent 
tissue penetration (even into blood brain barrier), oxidised and conjugated in the liver and 
2/3 excreted unchanged in urine. 

Drug interaction 

 No interference with penicillin G, Amoxcillin+Cloxacillin, cefoxitin, clindamycin, 
erythromycin. 

TOXICITY AND CLINICAL APPLICATION 



 High dose- neurotoxicity and reversible bone marrow suppression 
 Carcinogenic- not used in food producing animals in US and not approved by FDA for use in 

cattle. 
 Teratogenic not used in first trimester of pregnancy 
 Dog- nausea, retching and uneasiness 

Clinical application 

 Amoebiasis, Trichomoniasis, Giardiasis, Anaerobic bacterial infection, abdominal abscess, 
peritonitis, empyema, genital tract infection, meningitis and necrotic tissue. 

 Cattle- urethral douche in trichomoniasis 
 Pyometra- mixed infection 
 Swine dysentery - Dimetridazole in feed / water 
 Horses- anaerobic pleuropnemonia,mixed infection of gastrointestinal tract 
 Dogs and cats- acute gingivitis, periodantal disease, Giardiasis, anal sac infection and 

clostridium difficile enteritis 

CHAPTER-8: QUINOLONES 

Learning objectives 

 After brief introduction and explanation about the winding and unwinding of the DNA by the 
action of different enzyme student/learner should understand the mechanism of action of 
fluroquinolones and how it act on the prokaryotes and not affect the higher mamalian cells. 

INTRODUCTION AND HISTORY 

 First entirely man made synthetic antibiotic/antibacterial agents. 

History 

 They were developed from structural, modification of chloroquine (1939) 
 Nalidixic acid was the first quinolones introduced in 1967 for treating GIT and UTI followed 

by its congener’s oxolonic acid flumequine 
 In 1980’s fluorination of quinolone structure at 6th position and addition of piperazine 

moeity led to development of fluoroquinolones 

Limited Use 

 Narrow spectrum - Only Enterobacteriaceae 
 Low potency - Short half life 
 High plasma protein binding - low tissue level 
 Toxicity related to CNS 

Advantage 

 High potency 



 Better tissue penetration 
 Long half life 
 Slow development of resistance 
 Better oral bioavailability 
 Extended spectrum 

MECHANISM OF ACTION 

 Inhibit the activity of DNA gyrase - an enzyme which controls the supercoiling of DNA - 
converts released Covalently closed circular DNA to a superhelical form by energy dependent 
strand breakage and resealing. 

 DNA gyrase - contains two sub units which controls nicking and resealing - necessary to 
prevent excessive supercoiling during transcription and other DNA unwinding process. 

 Fluoroquinolones 

 binds to the DNA gyrase of exonuclease - digests DNA - Bactericidal action. 
 Bactericidal action is rapid and concentration dependent. 

 

  

CLASSIFICATION OF FLUOROQUINOLONES 

First generation Quinolones 

Eg: Nalidixic acid, Oxolinic acid, flumequine 

Second generation Quinolones 

Eg: Ciprofloxacin, Danofloxacin, Enrofloxacin, Norfloxacin 

Chemistry 

 Basic structure of 4- pyridine 3-carboxylic acid moiety 



ANTIMICROBIAL ACTION AND RESISTANCE 

 High activity towards Gram negative aerobes and against Gram positive aerobes 
 The second generation Quinolones are active against Mycobacteria [Ciprofloxain and 

ofloxacin], Mycoplasma, Rickettsia and inactive against anaerobes 

Resistance 

 Resistance development is slow for second generation. Single step mutation at low frequency 
 Mutation in A subunit of DNA gyrase. 
 Efflux pump 
 Plasmid mediated resistance - not described 

PHARMACOKINETICS AND DRUG INTERACTIONS 

 Better absorbed after oral administration in monogastrates, preruminant and absorption is 
poor in ruminants but better in parenteral administration. 

 Lipophilic, low degree of ionisation, well distributed in tissues -Bone, cartilage, prostrate, 
CSF etc. 

 High Concentration - Liver, bile,urinary tract 
 Partially metabolised in liver and excreted in urine and bile. 
 Urinary drug concentration exceeds serum conc, hence low dose is sufficient in UTI 

Drug Interaction 

 Additive effect - lactam, Aminoglycosides, Macrolides 
 Antagonistic - Nitrofurans, Chloramphenicol and rifampin 
 Fluoroquinolones+ Metronidazole - extended spectrum 
 Enzyme inhibitor - interferes with the metabolism of Theophylline, warfarin, cimetidine etc. 
 Food and antacids interfere with the absorption 
 Complex with metallic ions - Fe++, Mg++, Ca++ 

TOXICITY AND ADVERSE EFFECTS 

 Relatively safe drug 
 Human - Nausea, upper gastrointestinal tract discomfort, headaches and dizziness 
 Skin rashes and photosensitivity - less common 
 Neurotoxic - sometimes prone for CNS convulsions 

 Pregnancy - embryonic loss and maternal toxicity 

Dogs 

 Cartilagenous erosion leading to permanent lameness in young animals. Hence not 
recommonded for pups less than 8 months in small breed and 18 months in large breeds 
[some time within 1hr of administration] 

Horses 



 Not recommended because of arthralgic effect 

Administration 

 Monogastrates and preruminants - Oral 
 Ruminants - Parenteral 
 Dose of Enrofloxacin - 2.5 to 5mg/kg x 24hr 

CLINICAL APPLICATION 

 Human- Urinary tract infection, STD, bacterial enteritis, pneumonia, septicaemia due to 
Gram negative aerobic organisms. 

 Also in meningitis, prostatitis, Rickettsia, Mycoplasma and Mycobacteria infections 

 Veterinary - Gram negative infections . 

Cattle, sheep and goat Pneumonia 

 Mycoplasma bovis and pasteurella 
 E.coli and salmonella enteritis 
 E.coli septicaemia 
 Mycoplasma, Rickettsia, chlamydia. 

Swine 

 Swine Pneumonia of various origin 
 E.coli diarrhoea, salmonellosis, Mastitis Metritis Agalactia syndrome. 

Horses 

 Not in young and growing horses. 

Dogs and cats Adult 

 Urinary tract infection, respiratory tract infection, osteomyelitis, skin and wound infection. 

Poultry 

 Enrofloxacin 50 ppm in water - Mycoplasma, E.coli, Fowl cholera, salmonellosis, Erysipelas 
and Bordetella. 

 Enrofloxacin - specific for veterinary use. 
 Weak activity to anaerobes. 

CHAPTER-9: BETA LACTUM ANTIBIOTICS - PENICILLIN 

Learning objectives 



 After completion of this chapter, the student/learner should know about the different beta 
lactum group of antibiotics, and its generations, classifications and side effects. 

HISTORY 

 In 1928, Alexander Fleming observed that a Penicillium mold contaminating a petri dish 
culture of staphylococci colonies was surrounded by a clear zone free of growth. Fleming 
cultured the contaminating mold on a special medium and demonstrated that the culture 
broth contained a potent antibacterial substance that was effective against a variety of gram-
positive organisms and was relatively nontoxic to animals. He named the substance 
penicillin. 

 In 1940, penicillin was isolated in the form of a brown, impure powder and was the most 
powerful chemo-therapeutic agent known at that time. Since then, more than 40 penicillins 
have been identified. Some occur naturally; others are biosynthesized. 

 In 1945, Cephalosporium acremonium was isolated from raw sewage. The first 
cephalosporin, cephalosporin C, was derived from this fungus. All other cephalosporins are 
semisynthetic antibiotic derivatives of cephalosporin C. The first cephalosporin was available 
for clinical use in 1964. 

 Although penicillins and cephalosporins are still the most commonly used β-lactam 
antibiotics, much progress has been made in the development of new β-lactams during 
recent years. Most notably, these include the β-lactamase inhibitors (e.g., clavulanic acid), 
the carbapenems (e.g., imipenem), and the monobactams (e.g., aztreonam). 

UNITS OF PENICILLIN 

 The international unit (IU) for penicillin has been identified as the amount of activity present 
in 0.6 mg of the international pure crystalline standard sodium salt of penicillin G; 1 mg 
contains 1667 Oxford units. The dose of more recent β-lactam antibiotics is expressed in 
milligrams per unit of body weight rather than in international units. 

 The essential penicillin molecule contains a fused ring system, the β-lactam thiazolidine. 
 The physical and chemical properties, especially solubilities, of penicillins are related to the 

structure of the acyl side chain and the cations used to form salts. 
 Hydrolysis is the main cause of penicillin degradation and can take place in the syringe when 

penicillin is mixed with another drug. Some penicillins are rapidly hydrolyzed by gastric acid, 
making them unsuitable for oral administration. Aqueous solutions of the alkaline sodium 
salts of sulfonamides inactivate penicillin. 

 Penicillin is incompatible with heavy metal ions, oxidizing agents, and strong con-
centrations of alcohol. 

MECHANISM OF ACTION 

 Beta-lactam antibiotics exert their bactericidal effects by preventing bacterial cell wall 
synthesis and disrupting bacterial cell wall integrity. 

 Beta-lactams bind to a series of enzymes, known as penicillin-binding proteins, which are 
involved in the final stages of cell wall synthesis. 

 The β-lactam ring is a structural analog to the final peptide bridge (D-alanine-D-alanine) that 
cross-links the peptidoglycan chains that compose the bacterial cell wall. 

 Penicillin-binding proteins vary between bacterial species. The affinity of various β-lactam 
antibiotics for the different penicillin-binding proteins, explain differences in spectra of 
activity of β-lactam antibiotics that are not caused by the presence/absence of β-lactamases. 



 Gram-negative bacteria can have up to seven different penicillin-binding proteins on their 
cell membranes, each of which is involved in different catalytic reaction. The binding of a β-
lactam antibiotic to a penicillin-binding protein leads to the formation of defective cell walls 
that osmotically unstable. 

 Cell death usually results from lysis, which may be mediated by bacterial autolysins. The β-
lactam antibiotics demonstrate a postantibiotic effect against gram-positive cocci but not 
against gram-negative bacilli. 

STRUCTURE OF CELL WALL AND POSSIBLE SITE OF ENTRY 

 

 Click here to view structure of Gram +ive cell wall 
 Click here to view cell wall synthesis step 1 
 Click here to follow cell wall synthesis 
 Click here to follow cell wall synthesis final step 

MICROBIAL RESISTANCE 

http://www.elearnvet.net/moodle/file.php/65/Animation/gram_cell_wall.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Cell_wall_synthesis_step_1.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Cell_wall_synthesis_step_11.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Cell_wall_synthesis_step_.swf


 Three independent factors determine the bacterial susceptibility to β-lactam antibiotics. They 
are 

o Production of β-lactamases 
o Permeability of cell wall, 
o Sensitivity of the penicillin-binding protein. 

 The elaboration of β-lactamases, enzymes that inactivate the drugs by hydrolyzing the β-
lactam ring, is the major mechanism of drug resistance. Different bacteria produce β-
lactamases that differ in physical, chemical, and functional properties. Some β-lactamases 
are specific for penicillins (penicillinases), some are specific for cephalosporins 
(cephalosporinases), while still others have affinity for both groups. 

 There are two mechanisms of β-lactamase production. They are 
o Chromosomal 
o Plasmid. 
o Chromosomally derived β -lactamases are species and genus specific and can be 

induced by the presence of any β-lactam compound. 
o Plasmid-derived β-lactamases can be transferred between bacteria, increasing the 

number of bacteria resistant to the antibiotic. 
 Gram-positive bacteria generally produce chromosomally derived β-lactamases. Those 

produced by gram-negative bacteria are chromosomally derived or plasmid mediated. The 
chromosomally derived β-lactamases produced by gram-negative bacteria are primarily 
cephalosporinases while the plasmid-mediated ones are generally broader spectrum. 

 Gram-negative bacteria secrete small amounts of β-lactamases into their periplasmic space, 
allowing for optimal location of the enzyme to degrade the β-lactam upon entry into the 
organism. Newer agents have increasing resistance to β-lactamases. For example, the 
cephamycins (cefoxitin and cefotetan) are apparently stable to chromosomally mediated β-
lactamases, which may give them their excellent activity against anaerobic gram-negative 
rods. 

 Gram-negative bacteria can produce a cell wall with a modified outer membrane that is no 
longer permeable to β-lactam antibiotics. This mechanism can enhance the resistance 
produced by the elaboration of β-lactamases; But it is not sufficient to markedly increase 
resistance by itself. 

 Bacteria have an intrinsic resistance to β-lactams because of reduced sensitivity of the 
penicillin-binding proteins and failure of the drugs to inhibit the operative pathways of cell 
wall formation. 

GROUPS OF PENCILLINS 

Natural Penicillins 

E.g., Penicillin G, Penicillin V 

Broad spectrum aminopenicillins 

E.g., Amoxicillin, Ampicillin, Hetacillin 

Penicillinase-resistant penicillins have a ring structure attached to the carbonyl carbon 
of the mide side chain. Substituents on the ring protect the lactam ring from β- lac-
tamases. 



E.g., Cloxacillin, Dicloxacillin, Methicillin, Nafcillin, Oxacillin. 

Extended-spectrum penicillins have either a carboxylic acid group or a basic group at 
the α-position at R, which gives these drugs a wider spectrum of activity than the other 
three groups of penicillins. 

E.g., Azlocillin, Carbenicillin, Mezlocillin, Piperacillin, Ticarcillin 

Basic structure of penicillin 

MICROBIAL SUSCEPTIBILTY 

 The natural penicillins are active against many Streptococci spp. and non-penicillinase-
producing Staphylococci spp. They are active against some gram-positive and gram-negative 
bacilli, including Corynebacterium, Listeria monocytogenes, Pasteurella 
multocida, and Haemophilus influenzae. 

 Natural penicillins are active against many gram-positive and gram-negative anaerobic 
bacteria, including Fusobacterium, streptococcus and some strains of Clostridium. 

 Natural penicillins are also active against most spirochetes, 
including Leptospira and Borrelia burgdorferi. Natural penicillins are inactive 
against Pseudomonas, mostEnterobacteriaceae, and penicillinase 
producing Staphylococcus spp. 

Aminopenicillins 

 Aminopenicillins are generally active against the microbes that are susceptible to natural 
penicillins. They are also active against some Enterobacteriaceae, including strains of E. coli, 
Proteus mirabilis, and Salmonella. 

 Aminopenicillins are inactive against Pseudomonas, Bacteroides fragilis, and penicillinase-
producing Staphylococcus spp. 

Penicillinase-resistant penicillins 

 The penicillinase-resistant penicillins are active against many penicillinase-
producing Staphylococcus spp. which are resistant to the natural penicillins and the 
aminopenicillins. 

 Penicillinase-resistant penicillins also have some activity against other gram-positive and 
gram-negative bacteria and spirochetes. However, they are generally less effective than the 
other penicillins. 

Extended-spectrum penicillins 

 Extended-spectrum penicillins have the most activity against gram-negative aerobic and 
anaerobic bacteria of all of the penicillin groups. The drugs are active against many strains of 
Enterobacteriaceae and some strains of Pseudomonas. 

 Carbenicillin and ticarcillin are active against some strains of E. coli, Morganella morganii, 
Proteus spp., and Salmonella. In addition to these organisms, mezlocillin and piperacillin are 
active against some strains of Enterobacter, Citrobacter, Klebsiella, and Serratia. 



 The extended-spectrum penicillins have some activity against gram-positive aerobic and 
anaerobic bacteria but are generally less effective against these organisms than are the 
natural penicillins and aminopenicillins. 

 Extended-spectrum penicillins are generally more active against Bacteroides fragilis than 
are other available penicillins. 

PHARMACOKINETICS 

 Most penicillins are rapidly absorbed when injected in aqueous suspension by the IM or SC 
route. Maximum blood concentrations result in 15-30 minutes. IM injection is the most 
common route of administration. It is necessary to orally administer 5 times the amount of 
penicillin G necessary for IM injections to produce comparable blood concentrations, 
because of inactivation by the gastric acid and enteric bacteria. 

 Absorption of penicillin occurs during the first few hours after intramammary infusion. 
Blood concentrations are consistently higher when penicillin is infused in infected quarters 
than when infused into normal quarters. Serum plays a significant role in transfer of 
penicillin from treated to untreated quarters. There is systemic absorption of sodium 
benzylpenicillin and procaine benzylpenicillin administered intrauterine to horses and cattle, 
respectively. 

 Sodium or potassium penicillin suspended in an inert oil prolongs absorption of penicillin 
from the site of infection for approximately 18 hours. Incorporation of the poorly soluble 
procaine penicillin in oil prolongs absorption for 24 or more hours. Addition of 2% 
aluminum monostearate to a suspension of penicillin in oil produces a gel with a high degree 
of water repellency, which markedly slows absorption of procaine penicillin suspended in the 
medium. Although the use of an oil vehicle helps to prolong the duration of therapeutic blood 
concentrations, undesirable physical properties limit widespread use. 

 Horses may show unfavorable acute and chronic tissue reactions to the parenteral admin-
istration of an antibiotic in an oil vehicle. 

 Procaine penicillin G is a buffered aqueous suspension available for IM injection. Absorption 
of penicillin from this preparation is prolonged. Absorption of procaine may become 
problematic in drug-testing programs used in racing horses. A small amount of sodium or 
potassium penicillin G may be added to establish a therapeutic concentration immediately 
following IM injection. Benzathine penicillin G is a repository salt of penicillin. Absorption of 
this compound may be prolonged for 7 or more days. 

 Diffusion of penicillin into the tissues and fluids occurs as long as the unbound plasma 
concentration exceeds that of the tissues and fluids. High concentrations of penicillins are 
generally reached in kidneys, liver, and lung. 

 Penicillins do not penetrate the CNS to any great extent. Penicillin will diffuse across the 
placenta, into the fetal circulation. Tissue residues of penicillin in slaughtered animals are 
considered a public health hazard because of potential hypersensitivity reactions in people. 

 Penicillin G, penicillin V, nafcillin, ticarcillin, and the aminopenicillins are metabolized to 
some extent by hydrolysis of the β-lactam ring. The metabolites are microbiologically 
inactive. 

 Penicillins and their metabolites are excreted in the urine by tubular secretion. Most of the 
drug is excreted in the urine within 1 hour of IM injection of sodium or potassium penicillin 
in an aqueous solution. 

 Probenecid competitively inhibits renal tubular secretion of penicillins. Penicillin is also 
eliminated in milk. 

CHAPTER-10: PENICILLINS 



Learning objectives 

 After completion of this chapter, the student/learner should have clear idea about the 
components of cell wall and different types of penicillins and its clinical usage. 

COMPOUNDS OF PENICILLIN 

 Natural penicillins 
 Aminopenicillins 
 Penicillinase-resistant penicillins 
 Extended-spectrum penicillins 

NATURAL PENICILLINS 

 

 Penicillin G and penicillin V are currently used clinically. The phenoxy-methyl 
group in penicillin V imparts more acid stability, allowing for oral administration, 
but less antibacterial activity. 

 Penicillin G is commercially available as a benzathine, procaine, potassium, or 
sodium salt. Penicillin V is available as a potassium salt. The potassium and 
sodium salts of the drugs are soluble in water while the benzathine and procaine 
salts are less soluble in water. Penicillin G can be injected IV, IM, or SC. 

 Procaine penicillin G should not be administered IV, because procaine can 
adversely affect the cardiac conduction system. Oral administration of penicillin 
V is more applicable to humans and small animals than to food-producing 
animals. 

 Penicillin is usually not administered orally to herbivores because it suppresses 
bacterial metabolism in the digestive tract. The exception are those herbivores 
that are very young or animals that require suppression of bacterial fermentation 
to prevent bloat. 

 Penicillin is administered via both intramammary and systemic routes to treat 
bovine mastitis. Milk contaminated with antibiotics may cause public health 
problems as well as inhibit the cheese-making process. 

 Penicillin in milk and milk products may sensitize susceptible humans, with 
subsequent penicillin therapy more likely to produce an allergic reaction. 
Recommended withdrawal times must be adhered to. The type of vehicle used in 
intramammary infusion preparation is a factor that also determines time 



required for elimination of antibiotics via the milk. 
 In general, penicillin in fat-soluble ointments or mineral oil vehicles persists 

longer in the bovine udder than penicillin administered in an aqueous vehicle. In 
contrast, aqueous vehicles favor rapid release of antibiotics to attain maximum 
therapeutic concentrations. This information is provided on the label. 
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AMINOPENICILINS 

 Ampicillin and amoxicillin have been used in the treatment of a variety of diseases in 
domestic animals. 

 Half-life of all aminopenicillins is approximately 60-90 minutes. Tissue drug concentrations 
may be higher than serum concentrations. Following oral administration, ampicillin is more 
quickly absorbed when mixed with water or glucose solutions than when added to milk or 
milk replacer. 

 Amoxicillin differs from ampicillin by the addition of a parahydroxy group. It has greater 
resistance to gastric acid and is more completely absorbed than ampicillin. 

 Hetacillin is prepared by a reaction of ampicillin with acetone. When administered as an 
aqueous solution, it is rapidly converted back to ampicillin and acetone. Thus the spectrum 
of activity is identical to that of ampicillin. 

PENICILLASE RESISTANT PENICILLIN 

 Methicillin sodium is a water-soluble penicillinase-resistant penicillin that produces 
therapeutic concentrations in the CNS. Methicillin is primarily used as an antistaphyloccocal 
drug. However, methicillin is a powerful inducer of penicillinase, and staphylococci may 
develop resistance by nonpenicillinase mechanisms. 

 Methicillin is given by the IV or IM route and is usually well tolerated. Occasionally some 
pain may be observed following IM injection. 

 Oxacillin, cloxacillin, dicloxacillin, and nafacillin resist acid hydrolysis and can be 
administered orally. 

EXTENDED SPECTRUM PENICILLINS 

 Carbenicillin and other members of this group have the major advantage that they are 
effective against Pseudomonas, Proteus, and other gram-negative bacteria resistant to other 
penicillins. 

 Carbenicillin has a broad range of antibacterial activity that has been related to the carboxyl 
group substituted on the α-carbon of the benzyl side chain. 

 Carbenicillin is acid labile and must be administered parenterally. Carbenicillin indanyl, the 
indanyl ester of Carbenicillin, is acid stable and suitable for oral administration. It is rapidly 
absorbed from the small intestine and peak plasma concentrations are achieved within 1 
hour of oral administration. 

 Carbenicillin is primarily eliminated by the renal tubules, with approximately 80% of the 
dose appearing in the urine within 9 hours. Peak serum Carbenicillin concentrations 
achieved following oral administrations are low and many infections are not treatable with 
this drug unless confined to the lower urinary tract. 

 Ticarcillin and mezlocillin are not absorbed orally and must be administered IV or IM. 



TOXICITY 

 Penicillins are very safe drugs, with relative few adverse effects reported. Acute 
allergic reactions are the most common untoward effect in people. Acute 
anaphylaxis, collapse, hypersalivation, shaking, vomiting, urticaria, fever, 
eosinophilia, neutropenia, agranulocytosis, thrombocytopenia, leukopenia, 
anemia, and lymphadenopathy can occur in sensitized animals. 

 Coomb's-positive hemolytic anemia has been reported in horses following 
penicillin administration. 

 The IV administration of hypertonic solutions of sodium benzylpenicillin has 
resulted in ataxia and convulsions in cats and dogs. Procaine can also cause 
anaphylaxis and CNS disorders. Guinea pigs, chinchillas, birds, snakes, and 
turtles are sensitive to procaine penicillin. 

 Anorexia, vomiting, and diarrhea can occur when penicillins are given orally. 
Changes in the intestinal flora induced by penicillin administration can also lead 
to diarrhea. 

 Extended-spectrum penicillins have been associated with coagulopathies in 
humans. The incidence of this is unknown in veterinary patients. 
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CHAPTER-11: CEPHALOSPORINS 

Learning objectives 

 After completion of this chapter, the learner/student  should learn the classification, 
advantages of each generation of cephalosporins and difference between penicillins and 
cephalosporins etc.,  

STRUCTURE OF CEPHALOSPORIN 

 These are a group of semisynthetic antibiotics derived from cephalosporin- C obtained from 
a fungus cephalosporium. They are chemically related to penicillins. 

 The nucleus consists of a β – lactam ring fused to a dihydro thiazine ring (Basic structure of 
7- aminocephalosporanic acid ) 

 Broad spectrum, bactericidal antibiotic, weak acid 

Structural Activity 

 In cephalosporins, the beta-lactam ring is attached to a 6-membered dihydrothiazine ring, 
with the effect the cephalosporin nucleus is inherently more resistant to beta-lactamases 
than  the penicillin nucleus 

 The 7- amimocephalosporanic acid molecule also provides more sites than the 
aminopenicillanic and molecule for manipulation in the production of semi synthetic drugs. 

 β lactamase stability, good activity against target proteins PBPs, good ability to penetrate 
bacterial cell walls. 

 Originally introduced for the treatment of penicillinase resistant Staphylococci infection. 
 1964 – Cephalothin first Cephalosporin 



 Cephalosporin –Cephalosporium acremonium from the sewage outfall of sardine 

Structural formula 

 Usually parenteral preparation, short t1/2, relatively nontoxic ,excreted in the urine, can be 
used in Penicillin sensitive individuals, but not in immediate type hypersensitivity reactions 
(Cross sensitivity) 

MECHANISM OF ACTION AND ANTIBACTERIAL SPECTRUM 

 Similar to Penicillin 
 Bind to PBP –inhibit action of transpeptidase 
 Time dependent also need frequent administration 

 No post antibiotic effect 
 Effective in rapidly growing organism 

Antibacterial spectrum 

 Cephalosporin are classified into generations based on antibacterial spectrum and β 
lactamase stability. 

 Nomenclature – Before 1975 - Cephalosporin 
 Later - Cefhalosporin 

GENERATIONS OF CEPHALOSPORINS 

Generation Oral Parenteral 
First Cephalexin 

Cephradine 
Cefadril 

Cephalothin 
Cephapirin 
Cefazolin 
Cephaloridine 
Cephalonium 

Second Cefachlor 
Cefuroxime 
Cefaxetil 

Cefamandole 
Cefoxitin 
Cefuroxime 
Ceftiofur 

Third Cefixime 
Cefdinir 

Ceftriaxone 
Cefotaxime 
Cefoperazone 
Ceftazidime 
Cefsulodine 

Fourth  Cefepime 
 

FIRST GENERATION 

 Antimicrobial activity similar to aminopenicillins with the addition of moderate resistance to 
β lactamase of Staphylococci aureus. 

 Gram negative 
 Proteus, E-coli and Klebsiella 



Route administration 

 Oral - Similar to Penicillin V and amino penicillins. Well absorbed in monogastrates, not 
affected by food except Cepharadine. well distributed, exereted unchanged in urine. 
Absorption is poor in horses and ruminants. 

 Parentral – well absorbed, poor penetration across biological membrane. 
 Cephalothin and Cephapirin are metabolised to less active diacetyl derivative. Others 

eliminated rapidly in urine. 
 Half life is < 1 hour 

Elimination 

 Glomerular filtration, active tubular secretion 

 Probenecid – compete with the elimination and increases half-life. 

SECOND GENERATION 

 Parental administration except Cefachlor – Oral. Absorption is affected by the presence of 
food. 

 Greater stability to β lactamase enzyme. 
 Broader spectrum of activity – include Enterobacteraciea 
 Lower gram positive activity. Higher gram negative activity 

Second generation drugs are 

 Cefamandole,Cefoxitin, Cefuroxine, Cefuroxime, Cefuroxime acetic, Ceftiofur  
o Cefamandole 
o Cefoxitin- Bacteroides fragilis 
o Cefuroxine- Cross BBB, dry cow therpy 
o Cefuroxime acetic- Oral 
o Ceftiofur –Shipping fever –Pasteurella 

 Reserved for life threatening infections caused by Gram negative bacteria especially 
Enterobacteriacea. 

 Meningitis by E.coli and Klebsiella 

Antimicrobial activity 

 Cephalosporins are usually active against beta-hemolytic streptococci and betalactamase 
producing staphylococci, but not against methicillin (oxacillin) resistant Staphylococci 

 Most enterococci are resistant except E-coli and salmonella which are susceptible. 
  Mycobacteria are resistant. 

THIRD AND FOURTH GENERATION 

 Both parentral and oral. Stable to β lactamase of Gram negative bacteria, suitable for oral 
administration. 

 Reduce Gram positive activity to Streptococcus and not Staphylococcus. 



 Extended Gram positive activity including Serratia, Staphylococci enteric organisim 
and pseudomonas. Able to cross BBB. 

Third generation drugs are 

 Ceftriaxone, Cefotaxime,Cefoperazone, Ceftazidimine and Cefixime 
 Ceftriaxone and Cefotaxime - I/M, I/V – Used in Meningitis and Brain abscess. 
 Cefoperazone, Ceftazidimine 
 Cefixime – Oral use 

Fourth generation 

 Extented spectrum Both Gram positive and Gram negative activity 

 Cefepime 

PHARMACOKINETICS 

 Good bioavailability after parentral administration. 
 Oral –food  interferes bioavailability– Cefaclor, Cephradine 
 Poor BBB penetration except Cefotaxime, Ceftriaxone, Cefepine, Cefuroxime, Ceflazidine. 
 Variable plasma protein binding especially Ceftriaxone, 80-95%bound, Cefadroxil - 

20%bound 
 Excretion –Urine 
 Cefotaxime, Cephapirin,Cephalothirn –Desacteyl derative 
 Ceftriaxone, Cefoxitin, Cefoperazone, Cefamaxdole –Biliary excretion 

RESISTANCE PATTERN 

 Constitutive resistance - β lactamase in periplasmic space 
 Aquired resistence –Plasmid mediated –readily acquired in Gram negative organism 
 Chromosomal resistance –  chromosomal mediated β lactamases. 

Mechanism of Resistance to cephalosporins 

The three basic mechanisms of resistance to cephalosporins are 

 PBP modifications - seen in some human pathogens but is not recognized in bacterial 
pathogens of animals. 

  Reduced permeability and increased efflux- Reduced production of porins that beta-lactams 
use to penetrate, also a result of a periplasmic beta lactamase enzyme. 

 Enzymatic inactivation by beta-lactamases - Depends on plasmid copy numbers or the extent 
to which chromosomal enzymes can be induced 

Result 

 Unable to penetrate outer membrane. 
 Altered PBP/ target site 



CLINICAL USES AND TOXICITY 

Clinical uses 

 Limited in Veterinary practice because of cost 
 Cefazolin –Surgical Prophylaxis 
 Cefalexin –dermatitis 
 Ceftiofur –Shipping fever, uriniary tract infection 
 Ceftriaxone, Cefataxime – Meningitis 
 Cefoperazone, Cefsulodine, Ceftazidime –Pseudomonal infection 

Toxicity 

 Generally non-toxic 
 Cephaloridine –Nephrotoxcity 
 I/M –Painful, Repeated I/V –Phlebitis 
 Nausea, Vomition, Diarrhoea - Occasionally 
 Superinfection 
 Anti Vitamin K effect – Cefamandole, Cefoperazone, Moxalactam 
 Hypersensitivity –Acute Pernicillin allergy – Cross reactions may occur. 
 Block 2nd step in alcohol oxidation – accumulation of acetylaldehyde 

CHAPTER-12: BETA LACTAMASE INHBITORS 

Beta lactamases 

 These are the enzymes produced by penicillin resistant bacteria which break beta lactam ring 
of the antibiotic and inactivate it. 

 The two betalactamases are penicillinase and cephalosporinase and are the major factor in 
constitutive and acquired resistance of bacteria to beta lactam antibiotics. 

Beta lactamase inhibitors 

 They irreversibly bind to the beta lactamase enzyme and thus allowing the active beta-lactam 
antibiotic to kill the organisms. 

Clavulanic acid 

 It itself is a beta-lactam compound produced by Streptomyces clavuligerus, but has 
negligible antibacterial activity. 

 During the process of inhibiting the betalactamase it gets inactivated, hence the process is 
called as Suicidal inhibition. 

 It has good affinity for the majority of plasmid mediated beta lactamases and all 
chromosomally mediated penicillinase, but little affinity for chromosomal cephalosporinases. 

 Amoxycillin and ticarcillin are combined with Clavulanic acid in the ratio of 4:1 and 15:1 
respectively and the combinations are bactericidal. 



Clavulanic acid- Amoxycillin 

Susceptibility  

 Excellent susceptibilty of gram positive bacteria including beta lactamase producing S. 
aureus. 

 Fastidious gram negative bacteria and strains resistant to amoxicillin are also susceptible. 
 Eneterobacteriaceae and most anaerobes are susceptible. 

Resistance 

 Some organism like Citrobacter, Eneterobacter, Pseudomonas, Serratia, MRSA are resistant. 

Antibiotic resistance 

 It may induce beta lactamase production in some susceptible organisms. 
 Hyper production of beta lactamase, reduced antibiotic uptake and production of resistant 

betalactamase are the various means of resistance development. 

Pharmacokinetics 

 It is well absorbed after oral administration and pharmacokinetics is similar to amoxycillin. 
 Widespread distribution into extracellular space but penetration into milk and CSF is 

relatively poor, unless inflammation is present. 
 Its elimination half life is about 75 minutes. 
 It is eliminated largely unchanged in urine, with some biliary excretion. 

Toxicity 

 It is well tolerated. Mild gastro intestinal upset has been reported in dogs and cat. 
 The combination should not be used in penicillin or cephalosporin sensitive individuals. 
 It should not be administered orally to herbivores and by injection to horses. 

Clinical application 

 Cattle, sheep and goat: Lower respiratory tract infection, anaerobic soft tissue infections and 
neonatal diarrhea caused by E.coli and Salmonella. 

 To treat clinical mastitis in cattle both parenetral and intramammary administration gives 
good result. 

 Pasteurellosis in sheep 
 Swine: Neonatal diarrhea caused by E.coli 
 Dogs and Cats: Mixed infections, lower respiratory tract infection, anal sacculitis, gingivitis, 

urinary tract infection and peritonitis due to intestinal spillage. 

Clavulanic acid- Ticarcillin 



 It has greater activity against Enterobacter and Pseudomonas aeruginosa and majority of 
ticarcillin resistant organisms. 

 It is available for IV administration and needs frequent dosing at 8 hour interval. 

Sulbactam (Penicillic acid sulfone) 

 It is a synthetic derivative of 6-amino penicillanic acid. 
 It is poorly absorbed orally but its prodrug Sultamicillin is well absorbed orally. 
 It has no antibacterial activity by itself but irreversibly binds to beta lactamases. 
 The affinity of sulbactam is lower compared to clavulanic acid. 
 It is combined with ampicillin because of similar pharmacokinetic properties and also with 

cefoperazone. 

Sulbactam - Ampicillin 

 Antibacterial activity is broader but lower than clavulanic acid- amoxycillin combination. 
 It is poorly absorbed orally and is available as prodrug for oral use. 
 The combination is well absorbed after intramuscular use and is well distributed into 

extracellular space and enters the CSF through inflammed meninges with a half life of 1 hour. 
 Injection may be painful otherwise it is well tolerated. 
 It should not be used in hind gut digesters like horse, rabbit etc., 

Clinical use 

 Bovine respiratory disease 
 Extra label use for salmonellosis 

Tazobactam 

 Its activity is broader than clavulanic acid and sulbactam. 
 It resist hydrolysis by some beta lactamases. 
 It is combined with piperacillin in a ratio of 8:1 (Piperacillin: Tazobactam) and has enhanced 

activity against pseudomonas. 

Piperacillin - tazobactam: 

 It possess brad spectrum of activity against many Enterobacteriaceae and other gram 
negative bacteria. 

 Its also active against anaerobes and gram positive organism. 
 It is used to treat polymicrobial infections and is effective like imipenam or clindamycin- 

gentamicin. 
 Along with aminoglycosides it is used to treat fever in neutropenic patients. 

CARBAPENEM 

Carbapenems 



 Carbapenems are derivatives of Streptomyces spp. They are highly active against a wide 
variety of gram positive and gram negative bacteria and are resistant to many beta 
lactamases. 

Imipenem 

 Imipenem (N-formimidoyl thienamycin) is stable to beta lactamses but is hydrolysed by 
dihydropeptidase in the kidney. 

 The metabolite is nephrotoxic, hence it is combined with cilastatin, a dihydropeptidase 
inhibitor. 
Other semisynthetic carbapenems like meropenem, biapenem resist hydrolysis by 
dihydropepetidase. 

Antibacterial activity 

 Carbapenems are active against almost all important aerobes and anaerobes. 
 Meropenem and biapenem are slightly less active than imipenem against gram positive 

bacteria but better against gram negative bacteria. 

Toxicity and side effects 

 Hypersalivation in dogs after repeated IV infusion. 
Gastrointestinal disturbance, hypersensitivity reactions and seizures are rarely reported in 
human (0.5-4% of patients). 

Drug interaction 

 Synergistic with aminoglycosides. The combination is preferred because of rapid 
development of resistance by Pseudomonas to Imipenem treatment. 

Clinical Application 

 Human- Hospital acquired infection, intra abdominal infection, sever lower respiratory tract 
infection in human. Its use in veterinary is limited 

MONOBACTAM 

 Monobactams possess only monocyclic β lactam ring and there is no thiazolidone ring 

Synthetic- Aztreonam 

 It is a synthetic analogue  isolated from Streptomyces spp. 
 It is stable to most betalactamases. 
 Almost all gram negative bacteria are susceptible where as gram positive bacteria and 

anaerobes are resistant. 
 It is synergistic with aminoglycosides and can be used as a substitute for more toxic 

aminoglycosides in combination therapy. 
 It has low affinity to PBP of Streptococci, Staphylococci. 



Pharmacokinetic  

 It is not absorbed after oral administration whereas well absorbed and distributed after IM 
injection. 

Uses 

 It can be used as an alternative to Cephalosporin in meningitis due to gram negative bacilli   
 Substitute for Aminoglycosides in the treatment of Gram negative infection 
 It can be combined with clindamycin or metronidazole in mixed anaerobic infections or with 

erythromycin in mixed infections with gram positive organism. 
 In Veterinary medicine its use is limited. 
 Low immunogenic potential, can be used in Penicillin sensitive individuals 

 Side effect – Relatively nontoxic 

CHAPTER-13: GENERAL CONSIDERATIONS OF PROTEIN 
SYNTHESIS INHIBITORS 

Learning objectives 

 This chapter aim to give clear differentiation of protein synthesis inhibitors and its possible 
mode of action with special reference to protein synthesis. 

CLASSIFICATION BASED ON MECHANISM OF ACTION 

Aminoglycosides 

 Bind irreversibly to 30s subitunit ribosome. 
 Misreading and prevent transfer of peptidyl tRNA from A site to P site 
 Prevent elongation of polypeptide chain  

Tetracycline 

 Reversible binding to 30s subunit prevent binding of aminoacyl tRNA to site of ribosome – 
inhibit protein synthesis 

Chloramphenicol  

 Irreversible binding to 50s subunit block peptidyl transferase —> Inhibit protein synthesis, 
interfere with the transfer of the elongated peptide chain with the newly attached amino - 
acyl at the A site. 

Lincosamides - Similar action. Inhibit peptidyl transferase enzyme Macrolides 

 Reversible binding to 50’s 
 Inhibit peptidyl transferase enzyme -> prevents elongation of peptide chain. 



 Inhibit peptidyl transferase  and prevent transfer of peptidyl tRNA from A site to P site . Thus 
prevent elongation of peptide chain. 

 Inhibit translocation of peptidyl chain ribosome do not move and next codons are not 
exposed. 

Oxazolidinones  

 Linezolid 
 Binds to 50s unit and prevents binding of it to initiation complex. 

click here to see protein synthesis schematically by simple step animation. 

 Initiation 

 Elongation 
 Termination 

CHAPTER-14: AMINOGLYCOSIDES 

Learning objectives 

 After completion of this chapter, the student/learner should know about the biphasic killing 
and mode of action of aminoglycosides possible side effects etc. 

INTRODUCTION 

 Group of natural and semisynthetic antibiotics discovered as a result of systematic search for 
drug active against gram negative organisms. Routine screening of soil microbe 
Streptomyces led to discovery of streptomycin in 1944 by Waksman. 

 Streptomycin was highly important because of their activity against tubercle bacilli. 
 Later Neomycin (topical), Kanamycin, Gentamicin, Tobramycin, Sisomycin, Amikacin and 

Netilmicin were discovered. 
 Gentamicin  derived from Micromonospora purpurea. 
 Aminoglycosides -  Amino sugar joined by a glycosidic linkage. 
 Aminocyclitols - Amino group is on cyclitol rather than sugar ring eg. Spectinomycin, 

Apramycin. 
 Aminoglycosides are relatively broad spectrum in terms of type of microorganism – active 

against bacteria, mycoplasma and mycobacteria. 
 Bactericidal with activity against gram negative aerobes, newer groups -> active against 

pseudomonas. 

COMMON PROPERTIES 

 They are Polar organic bases, highly active in alkaline medium due to bacterial destruction. 
Presence of  pus and tissue debris  leads to loss of activity. 

 Poor oral bioavailability. Readily ionise hence unable to cross the barriers even in 
inflammation. They are hydrophilic. 

 Available as water soluble sulphate salts, stable in solution. 
 Predominantly gram negative activity, not active against anaerobes. 

http://www.elearnvet.net/moodle/file.php/65/Animation/Initiation.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Elongation.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Termination_of_Protein_synthesis.swf


 Excreted unchanged in urine. 
 Narrow margin of safety. Eighth Cranial nerve toxicity and nephrotoxicity are common even 

with new members. 
 Readily develop resistance, cross resistance is incomplete 

Example of  structure of streptomycin (prototype aminoglycosid 

MECHANISM OF ACTION AND RESISTANCE 

 Enter the bacteria partly by active transport and passive diffusion. 
 Diffuse through porin and enter the periplasmic space by carrier mediated O2 dependent 

process, hence inactive in anaerobes  

Inhibition of protein synthesis 

 Bind to 30s ribosome, misreading of codon -> faulty amino acid is incorporated. 
 Extent of misreading is  varied -> Streptomycin acts at single step whereas others act at 

several sites. Lethal protein gets incorporated in cell membrane -> alter the permeability -> 
death. 

 Aminoglycosides induce concentration dependent killing and hence exhibit post antibiotic 
effect. (View image)  

Biphasic mode of killing 

 Killing is biphasic,  initial rapid killing followed by late slow killing. 
 Those that survive initial killing become resistant to late phase because of decrease in 

permeability. 
 Adminstration of antibiotic during refractory period enhances toxicity. 

Resistance 

 Natural - Streptococcus, Staphylococcus and Pseudomonas. Anaerobes are less sentitive 
because of decreased transport into cytosol. 

 Acquired - Plasmid mediated  enzymes in periplasmic space.  
o Aminoglycoside phosphoryl transferase 
o Aminoglycoside acetyl transferase 
o Aminoglycoside nucleotidyl transferase 
o Inactivated in periplasmic space but not outside the bacteria 

 Chromosomal mutation – Decrease the affinity of ribosomal protein to the binding of 
aminoglycosides. 

(Click here to see the animation) 

http://www.elearnvet.net/moodle/file.php/65/Aminoglycoside/aminogly_mao.jpg
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(Click here to see site of entry and  development of resitance)  

PHARMACOKINETICS AND TOXICITY 

 Poor oral absorption, hence only parenteral well distributes in extracellular fluids but does 
not cross the barriers, low Volume of distribution. 

 T1/2 is short (1-2hrs) only. 
 Excreted unchanged in urine, bind to renal cortex. 

Drug interaction 

 Aminoglycosides +  beta lactam – Additive effect. 

http://www.elearnvet.net/moodle/file.php/65/Animation/amino_resist.swf


 Oral aminoglycosides + sulpha - enteritis. 

Toxicity 

 Acute  anaphylactic response -> nausea, vomition , respiratory distress, coma and death  
 Ototoxicity - drug  found in labyrinth fluid  
 Cochlear toxicity and  Vestibular toxicity  
 Permanent hearing loss, head ache, nausea, vomition, vertigo and loss of balance  
 Reversible on discontinuation 
 Amikacin, Kanamycin,  Tobramycin, Streptomycin - ototoxicity 
 Ototoxicity is potentiated by furosemide, ethacrynic acid and other diuretics.  
 Nephrotoxicity (acute tubular necrosis)  during prolonged therapy 
 Neomycin, gentamicin  - nephrotoxicity 
 High concentration accumulate in renal cortex   
 Toxicity related to dose  
 Tubular casts in urine 
 Reversible on discontinuation 
 Potentiated by cephalosporins, Amphotericin B etc  
  Neuromuscular blockade [Competitive / non depolarising] 
 Reduced Ach release from nerve ending 
 Decreased sensitivity of muscle end plate to Ach 
 Acute muscular paralysis and apnea  
  Iv infusion of calcium, administration of neostigmine(Reversible anti cholinesterase) 
 Potentiated by general anaesthetics and muscle relaxants  
  Rapid I/V -> Slows the heart, and blood pressure  

FDA 

 Because of renal binding they are not approved in food producing animals 
 Exception - Dihydro streptomycin  
  Preslaughter withdrawal time – 30 days  
 To reduce pain - local anaesthetics may be added  
 Long acting aminoglycosides – tipnocaine / procaine -> not for I/V 
 Buffered with magnesium ion complex 
 Chelating property  used to identify tumors – fluorescence delays healing of fractured bones 

Yellow discoloration of teeth – not to be given in pregnancy 

CHAPTER-15: NEOMYCIN 

  Mixture of Neomycin Band C 
 Source - Streptomyces fradiae 

Chemistry 

 White/yellow crystalline powder, soluble in water and most stable 
 Restricted to local use because of toxicity 

Antimicrobial activity 



 Good for Staphylococcus aureus and low for other gram positive bacteria  
 Gram negative organisms susceptible including Pseudomonas 

Kinetics 

 (Pk: Absorbed well after parenteral administration (I/M, I/P) 
 Distributed well –crosses blood brain barrier  
 Low absorption after oral administration 
 Excreted through kidney 

Resistance 

 Plasmid mediated -Common in enteric commensals and pathogens 

Drug interaction 

 Synergistic with β lactams and Bacitracin 

Clinical application 

 Reserved for local use 
 Coliform enteritis, urinary infection, skin, eye and ear infection. 
 Topical Neomycin sulfate + Bacitracin  Solution - for wound dressing, eye and ear infection 
 Dry cow treatment: along with Penicillin G - superior to Streptopenicillin combination. 
 Occasionally combined with fungicidal compounds 

Adverse effects 

 Routine addition of neomycin to milk powder of neonatal calves - increase frequency of 
diarrohea –due to suppression of intestinal micro flora/ irritant effect on mucosa. 

 Routine intrauterine administration of neomycin boluses to postparturient cows increased 
the number of services per conception 

KANAMYCIN 

 Streptomyces kanamyceticus 
 Similar to neomycin but inactive against Pseudomonas 

 Larger therapeutic index 
 Treatement – along with Penicillin  for Pasteurella pneumonia 
 Immediate treatment of Staphylococcus aureus   
 Mycoplasma bovis – Subconjuctival route 
 Its use is replaced by Gentamycin because of wider spectrum of activity 

GENTAMICIN 

 Fermentation product of Micromonosporum purpura 



Antimicrobial activity 

  The most active compound of the Aminoglycosides, broadest spectrum of activity 
 Gram negative rods including Pseudomonas, Enterobacteriacea 
 Many Gram positive bacteria including β hemolytic Streptococcus, Mycoplasma 
 None against anaerobes 
 Bactericidal and penetrates phagocyte cells poorly. 

Resistance 

 Depends on usage 
 Gentamicin resistant strains are resistant to other aminoglycoxides , but resistant 

Pseudomanas are susceptible to Amikacin/Tobramycin. 

Parmacokinetic profile 

 Activity is more in alkaline pH 
 Oral absorption is low 
 Little drug enters CSF, prostrate and eye 
 Excreted through kidney, accumulate in kidney 

Drug interaction 

 Combination with β lactams - effective against gram positive and gram negative infections  
 Comination with pontentiated Sulphonamides – effective against E.coli and  Klebsiella 

infections  

Antagonism 

 Carbenicillin and Gentamicin – Incompatible invitro 

Clinical application 

 Enterobacteriacea and Pseudomonas infection. 
 Respiratory tract infection 
 Urinary tract infection 
 Soft tissue infection 

 Infection of eye and ear – Local application 
 Poultry: 1-3 day old poults for prevention and treatment of E.coli, Pseudomonas and 

Salmonella infection 

Toxicity 

 Major effect -Neuromuscular blockade, Ototoxicity, Nephrotoxicity 
 Indirect toxicity - Exacerbated by Diuretics, Cephalosporin, Amphotericin, Protenuria and 

renal casts 
 Cats: Loss in vestibular function occurs prior to nephrotoxicity. Therapeutic dose is safe. 



 In some cases  respiratory paralysis may occur due to neuromuscular blockade  

TOBRAMYCIN 

 Source - Streptomyces tenebrarius 
 Naturally occurring deoxykanamycin similar to Gentamicin in  antimicrobial 

and kinetic properties. 
 More active against Pseudomonas when combined with antipseudomonal penicillin. Four 

times more active than Gentamicin. 
 Gentamicin resistant Enterobacteraciea are resistant to Tobramycin. 
 Advantages –reduced nephrotoxicity compare to Gentamicin 

SISOMICIN 

 Derivative of Gentamicin 
 Greater activity to Pseudomonas, Proteus, Klebsiella, Serratia. 
 Incomplete cross resistance with Gentamicin and Tobramycin 
 Toxicity is identical to Gentamicin. 

NETILMICIN 

 Derivative of Sisomicin 
 Similar activity like Gentamicin 
 Gentamicin resistant strains like E.coli, Klebsiella and Serratia are susceptible to Netilmicin 

but not Pseudomonas 
 Sisomicin and Netilmicin –not much used because of fewer advantages than Amikacin 

AMIKACIN 

 Derivative of Kanamycin 
 More active than Kanamycin but less than gentamicin and Tobramycin 
 Resistance to enzymes that breakdown gentamicin and Tobramycin 
 Amikacin>Tobramycin=Gentamicin>Neomycin=Kanamycin>Streptomycin 
 Treatment of serious Pseudomonas infection and gram negative infections in 

immunosuppressed humans 

Drug interaction 

 Synergistic with β lactams (esp.for Pseudomanas) 

Clinical application 

 For Gram negative septicemia caused by resistant gram negative aerobes 

Toxicity 

 Nephrotoxicity and otoxicity but comparatively low 



 PARAMYCIN 

 Source: Streptomyces remisus 
 Reserved for local application.   
 In food animals, parenterally for bovine respiratory disease. 

SPECTINOMYCIN 

 Source– Streptomyces spectabilis 
 Lacks most of the toxic effects of amino glycosides but limited use because of ready 

development of resistance. 

Mechanism of action  

 Binds to 30s ribosome and present elongation of the polypeptide chain at the translocation 
step. 

Antimicrobial activity 

 Usually bacteriostatic but bactericidal at higher concentration 
 Limited gram positive activity better of gram negative activity 
 Mycoplasma are sensitive; Pseudomonas are Resistant 

Resistance 

 Natural resistance in many enteric bacteria is wide spread 
 Plasmid mediated resistance – uncommon 
 Chromosomal one step mutation to high level resistance is common similar to streptomycin, 

but do not show cross resistance with amino glycosides 

Drug interaction 

 Mild additive effect with lincosamides – Useful in Mycoplasma, Treponema infections 

Clinical uses 

 Human not used – Resistance 

 Veterinary – Mycoplasma, enterobacteriace, Respiratory tract infection 
 Cattle –Shipping fever, Pneumonia 
 Calves – Mycobacterium bovis, Pneumonia, arthritis 
 Swine – Colibacillosis, Respiratory diseases 
 Dogs – G+ve infection 
 Poultry – Chronic respiratory diseases, infectious synovitis, Salmonellosis, Pasteurellosis 

Toxicity 



 Relatively non toxic; Does not induce ototoxity and nephrotoxicity but cause neuro muscular 
block. 

CHAPTER-16: TETRACYCLINES AND DERIVATIVES 

Learning objectives 

 After completion of this chapter, the student/learner should know mechanism of action, 
clinical use and side effects of tetracyclines. 

TETRACYCLINES 

 The tetracyclines are broad-spectrum antibiotics with similar antimicrobial features, but they 

differ somewhat from one another in terms of their spectrum and pharmacokinetic 

disposition. 

 Classes 

 There are 3 naturally occurring tetracyclines (oxytetracycline, chlortetracycline, and 

demethylchlortetracycline) and several other that are derived semisynthetically (tetracycline, 

rolitetracycline, methacycline, minocycline, doxycycline, etc). Elimination time permit a 

further classification into short-acting (tetracycline, oxytetracycline, chlortetracycline), 

intermediate-acting (demethylchlortetracycline and methacycline), and long-acting 

(doxycycline and minocycline). 

  

 Structure activity relationship of tetracycline 

GENERAL PROPERTIES OF TETRACYCLINES 

  Tetracyclines are broad-spectrum antibiotics with similar antimicrobial features, but they 
differ somewhat from one another in terms of their spectra and pharmacokinetic disposition. 

General Properties 

 All of the tetracycline derivatives are crystalline, yellowish, amphoteric substances that, in 
aqueous solution, form salts with both acids and bases. 

 Tetracyclines are characteristically fluoresce when exposed to ultraviolet light. The most 
common salt form is the hydrochloride, except for doxycycline, which is available as 
doxycycline hyclate. 



 The tetracyclines are stable as dry powders but not in aqueous solution, particularly at higher 
pH ranges (7-8.5). 

 Preparations for parenteral administration must be carefully formulated, often in propylene 
glycol or polyvinyl pyrrolidone with additional dispersing agents, to provide stable solutions. 

 Tetracyclines form poorly soluble chelates with bivalent and trivalent cations, particularly 
calcium, magnesium, aluminum, and iron. 

 Doxycycline and Minocycline exhibit the greatest liposolubility and better penetration of 
bacteria such as Staphylococcus aureus than does the group as a whole. 

CLASSFICATION OF TETRACYCLINES 

 Natural  tetracyclines oxytetracycline,chlortetracycline, and demethylchlortetracycline 
 Semisynthetic tetracyclines  tetracycline, rolitetracycline, methacycline, minocycline, 

doxycycline, lymec ycline, etc 

Based on elimination 

 Short-acting tetracyclines tetracycline, oxytetracycline, chlortetracycline 
 Intermediate-acting tetracyclines demethylchlortetracycline and methacycline 
 Long-acting tetracyclines doxycycline and minocycline 

MODE OF ACTION 

  The exact site involved in the antimicrobial activity of tetracyclines has not been clarified, 
but these antibiotics bind reversibly to bacterial 30 S ribosomes and inhibit protein 
synthesis, perhaps by several mechanisms. 

  The binding of aminoacyl-tRNA to the acceptor site on the mRNA-ribosome complex seems 
to be impaired. This effect also is evident in mammalian cells, although microbial cells are 
selectively more susceptible because of the greater concentrations that are seen. 

 Tetracyclines enter microorganisms in part by diffusion and in part by an energy-dependent, 
carrier-mediated system that is responsible for the high levels achieved in susceptible 
bacteria. 

 The tetracyclines are generally bacteriostatic, and a responsive host-defense system is 
essential for their successful use. At high concentrations, as may be attained in urine, they 
become bactericidal because the organisms seem to lose the functional integrity of the 
cytoplasmic membrane. 

 Tetracyclines are more effective against multiplying microorganisms and tend to be more 
active at a pH of 6-6.5. 



 

The possible site of attachment of tetracycline in ribosomal subunits 

BACTERIAL RESISTANCE AND ANTIMICROBIAL SPECTRUM 

  Impaired uptake into bacteria, seen in mutant strains that do not have the necessary 
transport system, 

  Plasmid-mediated resistance, which confers the property of either diminished uptake or 
active efflux of tetracycline from the bacterial cell. The genomes for these capabilities may be 
transferred either by transduction (as in Staphylococcus aureus ) or by conjugation (as in 
many enterobacteria). 

 Resistance develops slowly in a multistep fashion but is widespread because of the extensive 
use of low levels of tetracyclines. 

Antimicrobial Spectrum 

 Tetracyclines are about equally active and typically have about the same broad spectrum, 
which comprises both aerobic and anaerobic gram positive and gram negative bacteria, 
mycoplasmas, rickettsiae, chlamydiae, and even some protozoa (amebae). 

 Strains of Pseudomonas aeruginosa , Proteus , Serratia , Klebsiella , 
and Corynebacterium spp frequently are resistant, as are many pathogenic E coli isolates. 
Even though there is general cross-resistance among tetracyclines, doxycycline and 
minocycline usually are more effective against staphylococci. 

CHAPTER-17: TETRACYCLINE - ABSORPTION 

 After usual oral dosage, tetracyclines are absorbed primarily in the upper small intestine, and 
effective blood levels are reached in 2-4 hr. 



 GI absorption can be impaired by sodium bicarbonate, aluminum hydroxide, magnesium 
hydroxide, iron, calcium salts, milk, and milk products. For doxycycline and minocycline, the 
latter (milk & milk products) applies only to a lesser extent. 

 Tetracyclines at therapeutic levels should not be administered PO to ruminants; they are 
poorly absorbed and can substantially depress ruminal microfloral activity. 

 Specially buffered tetracycline solutions can be administered IM and IV. 
 Through chemical manipulation (especially choice of carrier and high magnesium content), 

the absorption of oxytetracycline from IM sites may be delayed, which produces a long-acting 
effect. 

 Tetracyclines can cause tissue necrosis at injection sites, in which residues may remain for 
several weeks. 

 Tetracyclines can also be absorbed from the uterus and udder, although plasma levels remain 
low. 

DISTRIBUTION AND BIOTRASFORMATION 

 Tetracyclines distribute rapidly and extensively in the body, particularly after parenteral 
administration. 

 They enter almost all tissues and body fluids; high concentrations are found in the kidneys, 
liver, bile, lungs, spleen, and bone. 

 Lower levels are found in serosal fluids, synovia, CSF, ascitic fluid, prostatic fluid, and 
vitreous humor. 

 The more lipid-soluble tetracyclines (doxycycline and minocycline) readily penetrate tissues 
such as the blood-brain barrier, and CSF levels reach ~30% of the plasma concentrations. 
They also are present in saliva and tears. 

 Because tetracyclines tend to chelate calcium ions (less so for doxycycline), they are 
deposited irreversibly in the growing bones and in dentin and enamel of unerupted teeth of 
young animals, or even the fetus if transplacental passage occurs (see special clinical 
concerns, below). Drug bound in this fashion is pharmacologically inactive. Because of this 
property, they may serve as markers in developing bone or in proliferating bone tissue. 

 Tetracyclines are bound to plasma proteins to varying degrees (eg, oxytetracycline - 30%; 
tetracycline - 60%; doxycycline - 90%). 

Biotransformation 

 Biotransformation of the tetracyclines seems to be limited in most domestic animals, and 
generally about one-third of a given dose is excreted unchanged. 

 Rolitetracycline is metabolized to tetracycline. Doxycycline and minocycline may be more 
extensively biotransformed than other tetracyclines (up to 40% of a given dose). 

EXCRETION AND PHARMACOKINETIC VALUE 

 Tetracyclines are excreted via the kidneys (glomerular filtration) and the GI tract (biliary 
elimination and directly). 

 Generally 50-80% of a given dose is recoverable from the urine, although several factors may 
influence renal elimination, including age, route of administration, urine pH, glomerular 
filtration rate, renal disease, and the particular tetracycline used. 

 Intestinal (biliary) elimination is always significant, commonly ~10-20%, even with 
parenteral administration; for doxycycline and its metabolites, this is the major route of 
excretion. 



 Tetracyclines are also eliminated in milk; concentrations peak 6 hr after a parenteral dose, 
and traces are  present up to 48 hr later. 

 Levels in milk usually attain ~50-60% of the plasma concentration and are often higher in 
mastitic milk. 

Pharmacokinetic Values 

 The plasma half-lives of tetracyclines are 6-12 hr and even longer depending on age (slower 
elimination in animals <1 month old), disease, and the tetracycline itself (see 
Table:Elimination, Distribution, and Clearance of Tetracyclines) 

 In large animals, daily injections of standard dosages usually are sufficient to maintain 
effective inhibitory concentrations. 

 Long-acting formulations of oxytetracycline, when injected IM, generally produce plasma 
concentrations >0.5 µg/mL for ~72 hr. 

 Tetracyclines usually are administered PO every 8-12 hr, or every 12-24 hr for doxycycline 
and minocycline. 

ELIMINATION, DISTRIBUTION AND CLEARANCE OF 
TETRACYCLINES 

Tetracycline Species Elimination Half-
life (hr) 

Volume of 
Distribution (mL / kg) 

Clearance (mL / 
kg /min) 

Oxytetracycline Dogs 6 3000 4.23 

Calves (< 3 
months old) 

10 - 13 1500 - 2400 3.45 

Cattle 7 - 10 800 - 1000 3.33 

Hors 8 - 10 1100 2.89 

Minocycline Dogs 7 2000 3.21 

THERAPEUTIC INDICATIONS 

Therapeutic indications 

 The tetracyclines are used to treat both systemic and local infections. General organ 
infections include bronchopneumonia, bacterial enteritis, urinary tract infections, 
cholangitis, metritis, mastitis, prostatitis, and pyodermatitis. 

 Specific conditions include infectious keratoconjunctivitis in cattle, chlamydiosis, heartwater, 
anaplasmosis, actinomycosis, actinobacillosis, nocardiosis (especially minocycline), 
ehrlichiosis (especially doxycycline), eperythrozoonosis, and haemobartonellosis. 

 Minocycline and doxycycline are often effective to  somewhat a lesser degree against resistant 
strains of Staphylococcus aureus . 

 In addition to antimicrobial chemotherapy, the tetracyclines are used for other purposes. 
 As additives in animal feeds, they serve as growth promoters. 
 Because of the affinity of tetracyclines for bones, teeth, and necrotic tissue, they can be used 

to delineate tumors by fluorescence. 
 Demethylchlortetracycline has been used to inhibit the action of antidiuretic hormone in 

cases of excessive water retention and to ―stretch‖ flexor digital tendons in neonatal foals. 

DOSE RATES OF TETRACYCLINES 
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Tetracycline Species Dosage Route Frequency 

Tetracycline Cats, dogs 7 mg/kg IM or IV Bid 

20 mg/kg PO Tid 

Oxytetracycline Cats, dogs 7 mg/kg IM or IV Bid 

20 mg/kg PO Tid 

Cattle, sheep, pigs 5-10 mg/kg IM or IV Sid 

Calves, foals, lambs, piglets 10-20 mg/kg PO Bid - tid 

Horses 5 mg/kg IV Sid - bid 

Doxycycline Dogs 5-10 mg/kg PO Sid 

5 mg/kg IV Sid 

SIDE EFFECTS AND TOXICITY 

 Because several diverse effects may result from the administration of the tetracyclines, 
caution should be exercised. 

 Superinfection by nonsusceptible pathogens such as fungi, yeasts, and resistant bacteria is 
always a possibility when broad-spectrum antibiotics are used. This may lead to GI 
disturbances after either PO or parenteral administration or to ―persistent infection‖ when 
they are applied topically (eg, in the ear). 

 Severe and even fatal diarrhea can occur in horses receiving tetracyclines, especially if the 
animals are severely stressed or critically ill. 

 High doses administered PO to ruminants seriously disrupt microfloral activity in the 
ruminoreticulum, eventually producing stasis. Elimination of the gut flora in monogastric 
animals reduces the synthesis and availability of the B vitamins and vitamin K from the large 
intestine. With prolonged therapy, vitamin supplementation is a useful precaution. 

 Tetracyclines chelate calcium in teeth and bones; they become incorporated into these 
structures, inhibit calcification (eg, hypoplastic dental enamel), and cause yellowish then 
brownish discoloration. At extremely high concentrations, the healing processes in fractured 
bones is impaired. 

 Rapid IV injection of a tetracycline can result in hypotension and sudden collapse. This 
appears to be related to the ability of the tetracyclines to chelate ionized calcium, although a 
depressant effect by the propylene glycol carrier itself may also be involved. This effect can be 
avoided by slow infusion of the drug (>5 min) or by pretreatment with IV calcium gluconate. 

 The IV administration of undiluted propylene-glycol-based preparations leads to 
intravascular hemolysis, which results in hemoglobinuria, and possibly other reactions such 
as hypotension, ataxia, and CNS depression. 

 Because tetracyclines interfere with protein synthesis even in host cells and therefore tend to 
be catabolic, an increase in BUN can be expected. The combined use of glucocorticoids and 
tetracyclines often leads to a significant weight loss, particularly in anorectic animals. 

 Hepatotoxic effects due to large doses of tetracyclines have been reported in pregnant women 
and in other animals. The mortality rate is high. 

 The tetracyclines are also potentially nephrotoxic and are contraindicated (except for 
doxycycline) in renal insufficiency. Fatal renal failure has been reported in septicemic and 
endotoxemic cattle given high doses of oxytetracycline. The administration of expired 
tetracycline products may lead to acute tubular nephrosis. 



 Swelling, necrosis, and yellow discoloration at the injection site almost inevitably are seen. 
Phototoxic dermatitis may be seen in human patients treated with demethylchlortetracycline 
and other analogs, but this reaction is rare in other animals. Hypersensitivity reactions do 
occur; for example, cats may show a ―drug fever‖ reaction, often accompanied by vomiting, 
diarrhea, depression, inappetence, and eosinophilia. 

 The tetracyclines can inhibit WBC chemotaxis and phagocytosis when present in high 
concentrations at sites of infection. This clearly hinders normal host defense mechanisms. 
The addition of glucocorticoids to the therapeutic regimen would impair immunocompetence 
even further. 

INTERACTIONS 

 The absorption of tetracyclines from the GI tract is decreased by milk and milk products (less 
so for doxycycline and minocycline), antacids, kaolin, and iron preparations. 

 Tetracyclines gradually lose activity when diluted in infusion fluids and exposed to ultraviolet 
light. 

 Vitamins of the B-complex group, especially riboflavin, hasten this loss of activity in infusion 
fluids. 

 Tetracyclines also bind to the calcium ions in Ringer’s solution. 
 Methoxyflurane anesthesia combined with tetracycline therapy may be nephrotoxic. 
 Microsomal enzyme inducers such as phenobarbital and phenytoin shorten the plasma half-

lives of minocycline and doxycycline. 
 Except for minocycline and doxycycline, the presence of food can substantially delay the 

absorption of tetracyclines from the GI tract. 
 The tetracyclines are less active in alkaline urine, and urine acidification can increase their 

antimicrobial efficacy. 

DRUG WITHDRAWAL AND DISCARD TIMES 

 Regulatory requirements for withdrawal times for food animals and milk discard times vary 
among countries. These must be followed carefully to prevent food residues and consequent 
public health implications. 

 The selection of times listed in Table: Drug Withdrawal and Milk Discard Times of 
Tetracyclines serve only as general guidelines. 

DRUG WITHDRAWAL AND MILK DISCARD TIMES OF 
TETRACYLINES 

Tetracycline Species Withdrawal Time (days) 

Oxytetracycline Cattle 15-22 

Pigs 22 

Poultry 5 

Oxytetracycline (long-acting) - 
not use in lactating dairy cows 

Cattle 28 

Chlortetracycline Cattle 10 

Pigs 1-7 
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CHAPTER-18: CHLORAMPHENICOL 

Learning objectives 

 After completion of this chapter, the student/learner should know the mechanism of action, 
clinical uses and side effects of chloramphenicol. 

SOURCE AND CHEMISTRY 

 Initially obtained from Streptomyces venezuelae in 1947.  It was later chemically synthesized 
and the commercial products  now available are only synthetic products. 

 First antibiotic to be chemically synthesized. 

Chemistry 

 Derivative of dichloroaectic acid and contain a nitrobenzene moiety. 
 Natural white/grey/yellow crystalline powder with a bitter taste. More stable in solution but 

need protection from light. Slightly soluble in water, soluble in most organic solvents. 

MECHANISM OF ACTION AND ANTIMICROBRIAL SPECTRUM 

 Bacteriostatic drug- interferes with protein synthesis- irreversible inhibitor of 50s ribosome - 
inhibits the peptidyl transferase enzyme therby preventing the aminoacid transfer to growing 
poly peptide chains - subseqent protein formation responsible for forming peptide bonds 
between the amino acids of elongating peptide chain is also prevented.  

 It also inhibits mitochondrial protein synthesis in mammalian bone marrow cells in a dose 
dependent manner. 

Antimicrobial spectrum 

 Broad spectrum drug, inhibits Gram positive, gram negative, aerobes, Rickettsiae and 
Chlamydia, Mycoplasma –Activity not much in invivo. 



 

RESISTANCE 

 Mycoplasma and Nocardia develop resistance quickly 

Resistance 

 Step wise resistance occurs by chromosomal mutation. 
 Acquired resistance is common among Enterobacteriaceae. Resistance develops 

through plasmid mediated transfer. Chloramphenicol acetyl transferase acetylates the drug 
and hence the drug is unable to bind to 50s ribosome. Enters the cell by passive diffusion and 
facilitated transport. Permeability of the cell to the drug is decreased. 

 Chance for multi drug resistance is more because the plasmid may carry resistant genes for 
other antibiotics. 

Cross resistance 

 With Macrolides, Lincosamides and Tetracycline is passible. 

PHARMACOKINETICS 

 Available as base and esters – Palmitate, Sodium succinate 



Absorption 

 Esters are hydrolyzed into the base before absorption. Well absorbed from GI tract 
of monogastric animals and preruminant calves . 

 In Ruminants – drug inactivated in the rumen. Well absorbed per rectum. 

Distribution 

 It is 45% in bound to plasma protein. Cross all the cellular barrier and high concentration in 
all tissues, CSF, CNS, aqueous humor and placenta. It is not metabolized by the fetal liver. 
Lipophilic and volume of distribution is large. 

Metabolism 

 Metabolized in the liver and conjugated with glucuronic acid- inactive metabolite  

Excretion 

 Through urine and bile –Enter hepatic recirculation. 
 T1/2 - Shorter in horses -1hr 
 Longer in cats – 5- 6hrs 
 Longer in calves because of poor metabolism, compared to adult cattle. The enzyme 

glucuronyl transferase is  formed early in foals  (after one week) and hence shorter half life. 

DRUG INTERACTION AND ENZYME INHIBITION 

 It Should not be combined with drugs especially in immunocompromised patients. 
 Eg.with penicillin G – antagonistic in the treatment of meningitis and endocarditis 

(mechanism not known) 
 with lincosamides and macrolides – antagonistic because of competition for the binding site 

(50s) 
 Ionophores –Severe muscle degeneration in broilers 

Enzyme Inhibition 

 Chloremphenicol is a cytochrome oxidase enzyme inhibitor.   

TOXICITY AND ADVERSE AFFECTS 

 Dose dependent reversible suppression of bone marrow activity; more common in cats and in 
dogs. It can be reversed on withdrawal of the drug. 

 Dose independent irreversible bone marrow depression –aplastic and fatal anemia. This is 
rare and is due to idiosyncratic reaction. Reports of aplastic anemia after exposure to 
chloramphenicol in the form of ophthalmic ointment restricted its use in food producing 
animals. 

 Human beings exposed to small doses through residues in food animals develop aplastic 
anemia. Banned by FDA. 

 Occasionally –Anaphylaxis, vomition and diarorhea in cats and dogs 



 Rapid I/V administration results in hypotension 
 Grey baby syndrome – high doses in infants –unable to undergo metabolism – accumulate- 

stop feeding, vomiting respiration is depressed, cause hypotension, turns grey colour ,coma 
and death. 

CLINICAL APPLICATION 

 Systemic Salmonellosis, infection of deep structures of eye and meningitis (next to Penicillin) 
 It is used to treat prostatitis in dogs 

CHLORAMPHENICOL DOSE 

Species Primary dose Maintenance dose Half life(hrs) 

Ruminants 50 mg/kg 25 mg/kg 8 - 12 

Horses and Foals 50 mg/kg 30 - 50 mg/kg 8 

Dogs 50 - 100 mg/kg 50 mg/kg 12 

Cats 50 - 100 mg/kg 50 mg/kg 12 

Parental 25 - 50 mg/kg 8 - 12 

THIAMPHENICOL AND FLORPHENICOL 

 Derivative of chloramphenicol where NO2 group is replaced by sulphomethyl group – 
CH3S2 . Hence does not cause non-dose related aplastic anemia. But reversible bone marrow 
depression is possible. Spectrum of activity is similar to chloramphenicol. 

 Excreted unchanged in urine and cross resistance with chloramphenicol is complete. 

Florphenicol 

 Analogue of thiamphenicol with increased spectrum of activity than chloramphenicol 

Difference between Chloramphenicol and Thiamphenicol 

 Chloramphenicol is highly active against salmonellae ( now resistant strains) 
 More active against Haemophilus and influenza. 
 Inactive on Entamoeba and plasmodium. 

CHAPTER-19: STRUCTURE OF MACROLIDES 



 

 Characterized by macro cyclic lactone ring attached to two or more sugar moieties. 
 eg.Erythromycin, Tylosin, spiramycin, Tilmicosin, Roxithromycin etc. 

Spectrum of activity 

  Similar to penicillin but wider including mycoplasma, mycobacteria, Chlamydia and 
Rickettsia to some extent; can be readily used in penicillin allergic animals. 

Mechanism of action 

  Reversible binding to 50s ribosome and prevent the translocation of peptidyl tRNA to 'p' site 
and inhibit protein synthesis. Bacteriostatic at therapeutic concentration but bacteriocidal at 
higher concentration. 

Click here to view animation 1 

Click here to view animation 2 

ERYTHROMYCIN 

 Source -Sreptomyces erythreus 

Chemistry 

 Macrocyclic lactone nucleus attached to ketones and amino sugars. It is a base, poorly 
soluble in water and unstable in gastric acid. 

Antimicrobial activity 

http://www.elearnvet.net/moodle/file.php/65/Macrolides/erythromycin.gif
http://www.elearnvet.net/moodle/file.php/65/Macrolides/macrolides_1.gif


 Highly susceptible organism – Gram positive cocci -> streptococci , staphylococci , pneumo 
and enterococci, Gram negative aerobes and anaerobes.  

Resistant 

 Enterobacteriaceae, pseudomonas. 

Resistance 

 Through one-step chromosomal mutation - high level of resistance- unstable and develops 
during treatment. 

 Plasmid resistance – most common 
 Mechanisms - Methylation of ribosomal binding site, Hydrolysis by esterases, Efflux protein 

 Cross resistance - Macrolide  Lincosamide Streptogramin B resistance (MLSBr)  

Drug interation 

 Antagonistic with other 50S binders, and other macrolides. 
 Macrolides+ Penicillin G / Rifampin -effective for Rhodococcus equi infection.  

MECHANISM AND SITE OF ACTION 



  

  click here to view animation step 1 

 click here to view animation step 2 

PHRAMACOKINETICS 

 Erythromycin base is highly susceptible to degradation by gastric acid. 
 To overcome, orally administered Erythromycin requires an enteric coating. 

Absorption 

  Oral administration 
o  Free base - animals absorb more completely than humans. 
o  Stearate - hydrolysed in intestine to base - absorbed 
o Esters(estolate)-absorbed as such – hydrolyzed in the body to base. 

 Parentral injection 
o  Base, gluconate, heptonate or lactobionate 
o Tissue irritation at injection site. 

Distribution 

http://www.elearnvet.net/moodle/file.php/65/Animation/Macrolide_mechanism_action_step_1.swf
http://www.elearnvet.net/moodle/file.php/65/Animation/Macrolide_mechanism_action_step_2.swf


 High intracellular concentration - well distributed in all the tissues –  permeates 
through pleura, peritoneum, placenta but not blood brain barrier. 

Metabolism 

  In liver by Cytochrome oxidase . They are enzyme inhibitors. 

Excretion 

  Through urine and bile - enters enterohepatic circulation 

TOXICITY AND ITS ADVERSE AFFECTS 

 Intramusular injection - pain 
 Intravenous injection  - Thrombophlebitis 
 Dose related GI disturbance - Stimulates Motilin Receptor - colitis. 
 Equines - billiary excretion- destroys intestinal flora - diarrhea 
 Estolate - Cholestatic hepatitis and jaundice with prolonged use in patients with pre-existing 

hepatic disease, which are self limiting; safe in dogs and cats. 
 Rabbits - death due to severe colitis 

CLINICAL AND ITS APPLICATION 

 Drug of choice to treat and prevent diarrhea and abortion caused by campylobacter jejuni. 
 Second choice in the following conditions, alternative to a) Penicillin in penicillin allergic 

animals - Gram positive aerobes b)Clinadamycin - anaerobes  c)Ampicillin / Amoxycillin - 
leptospirosis d)Tetracycline - Rickeltsial infection 

 Cattle, sheep and goat- Respiratory diseases 
 Streptococci  and staphylococci mastitis - Short withdrawal period 
 Swine - little use 
 Equine - alternative to penicillin G / sulpha trimethoprim in streptococci  and staphylococci 

infection and drug of choice for pneumonia in foals caused by Rodococcusequi. 
 Poultry - in water to prevent and treat streptococcal  and staphlococcal infections. Its 

potential for causing diarrhea which limits its use 
 I/m- secure local irritation. 
 Dogs and cats – C.jejuni enteritis and second choice in Gram positive coccal and anaerobic 

infection 

CHAPTER-20: PLEUROMUTILIN - INTRODUCTION 

 Tiamulin is a derivative of pleuromutilin 
 It is obtained from Pleurotus mutilis. 
 Pleuro mutilin was discovered in early 1950’s and are diterpene antibiotics with modest 

activity against Gram positive bacteria. Tiamulin has outstanding activity against anaerobic 
bacteria and Mycoplasma. Exclusively used in animals and largely in swine 

ACTION ANTIMICROBIAL ACTIVITY AND RESISTANCE 



 Bacteriostatic binds to 50s ribosome and causes break in peptide chain and inhibit peptidyl 
transferase enzyme. 

Antimicrobial activity 

 Gram positive anaerobes, Mycoplasma. More active in few Gram negative aerobes 

Resistant 

 Enterobacteriaceae 

Resistance 

 By chromosomal mutation;   Emerges in step wise pattern; but slower compared to tylosin. 
 One - way cross resistance with tylosin 
 Mycoplasma resistance  to Tylosin are resistant to Tiamulin and vice versa. 

PHARMACOKINETICS AND TOXICITY 

 Completely absorbed after oral administration in ruminants and monogastric. 
 It is a lipophilic, weak organic base. Better tissue penetration and concentrates in milk. 

Drug interaction 

 Ionophores in therapeutic dose – myotoxicity in chicken, cats and pigs. 

Toxicity 

 It Should not be fed at therapeutic concentration with ionophores. 
 Intramuscular preparations - irritant but formulation in sesame oil is non irritant. 
 Intravenous injection in calves - neurotoxic and fatal. 
 In pigs - acute dermatitis with cutaneous erythema and intense pruritus following oral 

administration in case of poor hygeine and overcrowding. 
 Reason - Metabolite excreted in urine has an irritant effect. 
 Colic in horses and other herbivores with expanded large intestine - disruption of colonic 

micro flora predisposes to colitis. 

CLINICAL APPLICATION 

 Available as hydrogen fumarate part for administration  in drinking water 
 Extensively used in swine - For Mycoplasma pneumonia, swine dysentry, leptospirosis and 

lesser extent for bacterial pneumonia. 
 Growth promoter in swine. 
 Swine dysentery – 60ppm in water for 3-5 days,10-15 mg/kg single I/m 
 Enzootic pneumonia - 15mg/kg 
 Leptospirosis - 200ppm in feeds for 10 days cured kidney carrier stage. 
 Cattle - Fibrinous polyarthritis and synovitis. 



 Sheep - Infectious rickettsial Keratoconjuctivitis 

CHAPTER-21: LINCOSAMIDES 

Learning objectives 

 The learner/student should know the properties of lincosamides streptogramins and how 
they share the common properties. 

GENERAL PROPERTIES 

 Lincosamides are derivatives of an amino acid and a sulfur-containing octose. 
 They are monobasic and more stable in salt forms (hydrochlorides and phosphates). 

MECHANISM OF ACTION 

 Lincomycin and clindamycin bind exclusively to the 50S subunit of bacterial ribosomes and 
suppress protein synthesis. 

 Lincosamides, macrolides and chloramphenicol, although not structurally related, seem to 
act at the same site. 

 The lincosamides are bacteriostatic or bactericidal depending on the concentration. 
 Activity is enhanced at an alkaline pH. 

BACTERIAL RESISTANCE 

 Resistance to lincosamides appears slowly, perhaps as a result of chromosomal mutation. 
 Plasmid-mediated resistance has been found in strains of Bacteroides fragilis. 
 Cross resistance occur commonly among macrolides, lincosamides and streptogramin group 

B antibiotics(MLSB resistance). 
 Resistance is the result of methylation of adenine residues in the 23S ribosomal RNA of the 

50S ribosomal subunit which prevents drug binding to the target site. 
 This cross resistance is of two types 

o Constitutive resistance (MLSBc), where bacteria show high-level resistance to all 
MSLB antibiotics and 

o dissociated inducible cross resistance(MLSBi), in which bacteria resistant to all 
macrolides but initially fully susceptible to clindamycin rapidly develop resistance to 
lincosamides when exposed to macrolides. 

ANTIMICROBIAL SPECTRA 

 Lincomycin has a limited spectrum against aerobic pathogens but a fairly broad spectrum 
against anaerobes. 

 Many gram positive cocci are inhibited by lincosmides, but most gram negative organisms 
are resistant, as are most mycoplamas. 

 Bacteroides species and other anaerobes are usually susceptible. 
 Clostridium difficile strains appear to be regularly resistant. 

PHARMACOKINETIC PROPERTIES 



Absorption 

 Lincomycin is incompletely absorbed from the GI tract, especially if administered soon after 
feeding; plasma levels peak in 1-2 hr. 

 About 90% of an oral dose of clindamycin is absorbed, and effective plasma concentrations 
are achieved more rapidly than with lincomycin. Absorption is not significantly affected by 
the ingestion of food. 

 Clindamycin palmitate is used PO, and clindamycin phosphate IM; the later reaches peak 
plasma concentration in 1-3 hr. 

Distribution 

 Lincosmides are widely distributed in many fluids and tissues, including bone, but significant 
concentrations are not attained in the CSF even when the meninges are inflamed. 

 They diffuse across the placenta in many species. 
 About 90% of clindamycin is bound to plasma proteins. 
 It also accumulates in polymorphonuclear WBC and alveolar macrophages such that 

concentrations exceed those of plasma 50- fold, but the clinical relevance of this 
phenomenon is unclear. 

Biotransfromation 

 After administration PO approximately 50% of a dose of lincomycin and 80-90% of a dose of 
clindamycin are metabolically altered in the liver. Metabolites often retain activity. 

 Liver disease impairs the biotransformation of lincosamides. 

Excretion 

 Unchanged antibiotic and several metabolites may be excreted in bile and urine. 
 The proportions depend on the route of administration. 
 Levels remain high in faeces for some days, and growth of sensitive microorganisms in the 

large intestine may be suppressed for upto 2 week. 
 Milk is also an important excretory route. 

ADVERSE EFFECTS 

Side effects 

 No serious organ toxicity has been reported, but GI disturbabces do occur. 
 Clindamycin induce pseudomembranous enterocolitis (caused by toxigenic Clostridium 

difficle) is a serious adverse reaction seen in humans. Lincosmides are contraindicated in 
horses because severe and even fatal colitis may develop. 

 Skeletal muscle paralysis may be seen at high concentrations. 
 Hypersensitivity reactions occasionally are seen. 
 Lincosamides should not be used in neonates because of their limited ability to metabolize 

drugs. 

INTERACTIONS 



 Lincosamides have additive neuromuscular effects with anaesthetic agents and skeletal 
muscle relaxants. 

 Koalin-pectin prevents their absorption from the GI tract. 
 They should not be combined with bactericidal agents or with the macrolides. 

THERAPEUTIC INDICATION 

 The lincosamides are indicated for infections caused by susceptible gram-positive organisms, 
particularly streptococci and staphylococci and for those caused by anaerobic pathogens. 

 Clindamycin may be useful in treating Pneumocystis carinii infection in combination with 
primaquine. 

 In swine, lincomycin is used extensively in the prevention and treatment of dysentery and 
sometimes for mycoplasma infections. 

 Sheep - foot rot 
 Cattle - intramammary infusion for mastitis 
 Dogs and cat - treatment of abscess, osteomyelitis, periodontal disease and soft tissue or 

wound infection that involve gram positive cocci or anaerobic infection. 

CHAPTER-22: PEPTIDE ANTIBIOTICS 

Learning objectives 

 The student/learner should know the mechanism of peptide antibiotics with special 
reference to its pharmacodynamic and pharmacokinetics and possible clinical uses. 

POLYMYXINS 

Introduction 

 Of this group of polypeptide antibiotics, polymyxin B and polymyxin E and colistin, are most 
commonly used topically and PO. 

 Antibiotics obtained from Bacillus polymyxa 
 Colistimethate is a form of colistin intended for parenteral administration. 

Mechanism of action 

 polymyxins are cationic, surface- active agents-detergent like action 
 binding is competitive with calcium and magnesium 

 Polymyxins are bactericidal, they interact strongly with phospholipids in bacterial cell 
membranes and radically disrupt their permeability and function. 

Antimicrobial spectrum 

 The polymyxins are more effective aganist gram negative than gram positive bacteria. 
 They are rather narrow spectrum includes Enterobacter, Klebsiella, Salmonella, Pasturella, 

Bordetella and Shigella spp, and Escherichia coli. 
 Most Proteus spp are not susceptible. 



Resistance 

 Although intrinsic bacterial resistance to polymyxins is recognised, resistance is uncommon 
and is chromosome-dependent only. 

Interaction 

 Polymyxins act synergistically when combined with potentiated sulphonamides, 
tetracyclines, and some other antibacterials. 

 They reduce the activity of endotoxins in body fluids and may be beneficial in endotoxemia. 
 Their action is inhibited by divalent cations, unsaturated fatty acids, and quaternary 

ammonium compounds. 

Pharmacokinetic properties 

 Polymyxins are not absorbed after PO or topical administration, plasma levels peak 
approximately in 2 hrs after parenteral administration. 

 Blood levels usually are low because polymyxins bind to cell membranes as well as tissue 
debris and purulent exudates. 

 The polymyxins undergo renal elimination mostly as degradation products, and their plasma 
half lives are 3-6 hr. 

Adverse effects 

 They are notably nephrotoxic and neurotoxic. 
 Neuromuscular blockade can be seen at higher concentrations. 
 Intense pain at sites of injection and hypersensitivity reactions also can be expected. 
 Polymyxin B is a potent histamine releaser. 

Therapeutic indication 

 The main indication for parenteral use of polymyxins is life-threatening infection due to 
gram-negative bacilli or Pseudomonas spp that are resistant to other drugs. 

 Polymyxins are also used PO against susceptible intestinal infections. 
 Topical application is common , eg, for otitis externa. 

BACITRACIN 

 Bacitracins are branched, cyclic, decapeptide antibiotics. 
 polypeptide product of Bacillus subtilis 
 Bacitracin A is the most active of the group and the component of the commercial bacitracin 

preparations that are used either topically or PO. 
 These antibiotics are bactericidal. 
 They interfere with cell membrane function, suppress cell wall formation by preventing the 

formation of peptidoglycan strands, and inhibit protein synthesis. 
 Bactericidal activity requires the presence of divalent cations, such as zinc. 
 The spectrum of bacitracins is similar to that of penicillin G and is mostly limited to gram 

positive and a few gram negative bacteria, as well as some spirochetes. 



 Most gram negative organisms are not susceptible, probably due to lack of penetration of the 
drug through the outer membrane. 

 Resistance is rare. 
 Bacitracins are often used in combination with neomycin and polymyxins to enchance the 

antibacterial spectrum. 
 Bacitracins are not appreciably absorbed from the GI tract and are not used systemically 

because of their pronounced nephrotoxicity. 
 However, they are used locally in topical powders and ointments, dermatologic preparations, 

eye and ear ointments, and as feed additives in swine and poultry rations for growth 
promotion. 

 In antibiotic-associated pseudomembranous colitis caused by Clostridium difficile cytotoxin, 
bacitracin (given PO) is considered an alternative to vancomycin. 

 Hypersensitivity reactions to bacitracins are seen occasionally. 

Mechanism of action and site of entry - see animation 

VANCOMYCIN 

 High molecular weight glycopeptide  
 Source - Sterptomyces orientalis 
 Active against Gram positive organism especially cocci; Bactericidal 
 MOA- Cell wall synthesis inhibitor; bind to D – alanine terminal and inhibit peptidoglycan 

synthesis    
 Parentral -Slow I/V infusion since its highly irritant  
 Last resort drug in human to treat multi resistant gram positive bacteria  
 Combined with aminoglycoside for treament of  enterococcal infections and endocarditis 
 Combined with Rifampin for  Staphyolococcal infections  

CHAPTER-23: CYCLOSERINE 

Source - Sterpomyces orchidaceous 

 Mechanism of action: Cycloserine is an analog of the amino acid D-alanine. It interferes with 
an early step in bacterial cell wall synthesis in the cytoplasm by competitive inhibition of 2 
enzymes, L-alanine racemase, which forms D-alanine from L-alanine, and D-alanyl - D-alanine 
synthetase, which incorporates D-alanine into the pentapeptide necessary for peptidoglycan 
formation and bacterial cell wall synthesis. 

 Oral tuberculostat 
 Slow development of resistance 

 No cross resistance 
 Well distributed, including CSF 
 Side effect  –Accumulates in serum and cause renal insufficiency, CNS disturbance, epileptic 

seizure and peripheral neuropathy. 

IONOPHORE ANTIBIOTICS 

Ionophores 



 Carboxylic ionophore polyether antibiotics are Streptomyces products. Mainly used for feed 
efficiency and anticoccidial activity. 

 Ionophores include Lasalosid, maduramicin,monensin, narasin, salinomycin and 
semduramicin. 

 Behave as alkali metal ionophore and alter the cell permeability. They form a complex with 
sodium ion in the cell membrane and cause passive transport of K+ and replacement by 
hydrogen ions decrease intra cellular pH - cidal to gram positive organism 

 Shifts the rumen microflora towards gram negative  population 
 Shift in volatile fatty acid production - increased propionic acid production—better feed 

efficiency, decreased acetic and butyric acid production leading to decreased carbon- di- 
oxide and methane formation 

Pharmacokinetic 

 Rapidly absorbed after oral administration in monogastric animals . 50% absorbed in 
ruminants. 

 Rapidly and extremely metabolised in liver, excreted in bile and eliminated in faeces. 
 Horses - unable to eliminate rapidly – more toxic 

Toxicity 

 Relative toxicity- salinomycin < lasalocid  < Narasin     <Monensin  < maduramicin. 
 Cause cellular electrolyte imbalance 
 Increase extra cellular potassium, and intra cellular calcium - cell damage and death. The 

skeletal and cardiac muscles are most sensitive 
 Skeletal muscle—dogs, ostriches, sheep 
 Cardiac muscle in cattle 
 Horses are the most susceptible species to toxic effects when accidently exposed to ionophore 

containing feeds. 
 Turkeys are more sensitive than chicken. 
 Tiamulin administration concurrently with monensin caused signs of severe ionophore 

toxicity in chickens and pigs. 

Clinical application 

 Monensin - coccidiosis and toxoplasma infection 
 Monensin influences the production of volatile fattyacids, which promotes growth and feed 

efficiency and helps to prevent bloat and ketosis in cattle. Hence they are administered as 
premixes or medicated feed for growth promotion, feed efficiency 

 Lasolasid - control of coccidiosis in cattle, chicken and sheep. 
 Maduramicin - premix for coccidiosis control in chicken 
 Salinomycin, Narasin and Semduramicin - coccidiosis control in chicken 

STREPTOGRAMINS, FUSIDIC ACID AND HYRDOQUINOLONES 

Streptogramins 

 Streptogramins are a group of  natural (virginiamycin, Pristinamycin) or semisythetic 
(quinupristin/ dalfopristin) cyclic peptides. 



  Inhibit protein sythesis by undergoing strong irreversible binding to the 50S ribosomal 
subunit. 

Spectrum of activity 

 Gram positive aerobes and anaerobes, Gram negative are resistant except leptospira, 
hemophilus 

 Growth promoter in animals 

Fusidic Acid 

 Lipophilic steroid antibiotic, prevents protein synthesis by preventing binding of aminoacyl t 
RNA to A Site. Active against Gram positive bacteria and Mycobacterium tuberculosis.  

 Gram negative organisms are resistant 

Hydroquinolones 

 Not absorbed well after oral administration. 
 Used for the treatment of gastrointestinal tract infection caused by protozoa and giardia. 

ISONAZID AND CARBADOX 

Isonazid 

 Most potent antituberculosis drug , bactericidal , Mycobacterium bovis also susceptible 
 Mechanism of action is unknown 
 Treatment of Johnes disease, useful in Actinomyces bovis – orally well absorbed 
 Readily develop resistance 

Carbadox 

 Quinoxaline derivative used to promote growth and prevent diarrahoea. 
 Inhibits bacterial DNA synthesis and denatures pre-existing DNA. 
 More effective under anaerobic condition 
 Highly effective against clostridia 
 Used as growth promoter in pigs 

RIFAMPIN 

 Bactericidal, synthetically modified member of Rifamycin; First line oral drug for 
tuberculosis 

Mechanism of Action, Spectrum and Resistance 

 Inhibit RNA polymerase, prevents transcription 
 Active against Gram positive bacteria, anaerobes, and Mycobacterium tuberculosis. Has  

antiviral and antifungal activity to some extent 



 Gram negative relateively impermeable to the drug 
 Reistance - chromosomal mutation occurs at a high frequency hence used in combination 

with other antibiotics. No cross resistance 

Pharmacokinetics 

 Good oral absorption in monogastric animals, highly lipophilic, better tissue penetration ( 
Except blood brain barrier- only during infection ) 

 Penetrate phagocytic cells. Metobolite excreted through bile—entero hepatic circulation. 
Metabolite colours urine, faeces and saliva -orange red. 

 Hepatic enzyme inducer 

Drug interaction 

 Along with Trimethoprim- human UTI 
 Along with penicillin G/ Erythromycin - R.equi 
 Along with Amphotericin B - fungal infection 

Clinical application 

 Used in tuberculosis 
 Veterinary usage 
 Macrophage associated bacteria - Brucella, R.equi Pesudotuberculosis, staphylococcus 

aureus in bovine mastitis 
 Streptomycin -isoniazid rifampin- Johnes disease in goats 

Toxicity 

 Immuno allergic reaction 
 May be teratogenic 
 Self limiting hepatotoxicity 

NOVOBIOCIN 

 Streptomyces product 
 Semisynthetic broad spectrum bacterostatic drug occasionally used in local treatment of 

Staphylococcus aureus particularly mastitis in cows. 

Mechanism of Action and Resistance  

 It  inactivate  beta subunit of DNA gyrase and inhibit supercoiling 
 Activity decreased in alkaline PH 
 Chromosomal resistance readily develops 
 Well absorbed after oral administration, moderate distribution and excreted through bile-

entro hepatic circulation 

Toxicity 



 Skin eruption, eosinophilia, thrombocytopenia, leucopenia 
 Mastitis- along with procaine penicillin - dry cow therapy 
 Along with tetracycline it is used in non specific upper respiratory tract infection in dogs. 

CHAPTER-24: ANTI FUNGAL AGENTS - INTRODUCTION 

 Fungi are eukaryotes with membrane bound organelles and have common cellular 
characteristics with mammalian cell. Hence it is difficult to target the fungus specifically 
without host toxicity. 

 In vitro antifungal susceptibility testing differ from that of bacteria because fungi may be in 
the form of yeast or filamentous fungi 

 Yeast – Candida, Cryptococcus neoformans, Malassazia 
 Filaments – Aspergillus, Fusarium, Rhizopus, Microsporum, Trichophyton 
 Mycelial form – Sporothrix 

 Dimorphic fungi – Blastomyces, Coccidioides, Histoplasma 

Drug resistance 

 Drug resistance- Inherent or Acquired – Mutation 
 Decrease the uptake of drug, Efflux, reduced affinity of target enzymes 
 Combination - Reduce the resistance 

Topical and systemic fungal infections 

 Topical infections caused by a variety of fungi 
 Dermatophytes establish on the skin 
 The yeast or opportunistic pathogens also invade the external auditory canal and cornea 
 Systemic infections are life threatening like  a)Aspergillosis – Brooder pneumonia and 

mycotic abortion b)Blastomycosis – Lungs c)Histoplasmosis – Invade macrophages of host 
and disseminate to lungs d)Cryptococcosis – Granuloma of alveoli and urinary tract 

ANTIFUNGAL CHEMOTHERAPY 

Sites of action of antifungal drugs 

 Cell wall - Ecchinocandins - Caspofungin 
 Cell membrane  

o Polyenes - Amphotericin B; Nystatin; Natamycin 
o Azoles - Imidazole - Ketoconazole, Miconazole, Enilconazole, clotrimazole, Triazole - 

Fluconazole, Itraconazole, Voriconazole 
o Allylamines - Terbinafine , Naftidine 

 Nucleic acid synthesis - 5 - Flucytosine 
 Others -Griseofulvin ->inhibit mitosis ->interfere with polymerisation of microtubule and 

disorganise the spindle formation 

ANTIFUNGAL AGENTS 

 Locally active antifungal drugs are used to treat topical infections. 



 The antifungal agents are 

Iodine preparations (Iodophores) Tincture iodine, Potassium iodide 

Copper preparations CuSO4, Cuprimycin 

Phenols Thymol, Hexachlorphene 

Fatty acids and salts Propionates, Undecylenates 

Organic acids Benzoic acid, Salicylic acid 

Dyes Gentian violet, Carbofuschin 

Hydroxyquinolones Iodochlorhydroxyquin, Nitrofurans 

Imidazole Miconazole, Clotrimazole, Thiabendazole 

Polyene antibiotics Amphotericin B, Nystatin, Natamycin 

Miscellaneous Tolnaftate, Haloprogin, Dichlorofen and  
Monosulfiram 

Benzoic acid 

 Bacterostatic and fungistatic organic acid used as food preservative 
 This is effective against trichophyton infection in cattle and man. 

Salicylic acid 

 Antipyretic agent 
 It is having Keratolytic and some fungistatic effect 
 It softens the crust and acts on the organism thus exposed 
 It is suitable for topical ringworm infection. Used as Whitfield’s ointment. 

Undecylenic acid 

 Topical fungistatic effective against Microsporum sp. 
 At higher concentration it is an irritant. Hence used in combination with zinc or copper salts 

to minimise the irritation. 
 Copper is also an antifungal agent 
 It is ringworm fungicidal, because of its astringent and caustic nature. 

CELL WALL SYNTHESIS INHIBITOR 

 Cell wall of fungi is made up of glucosamine polymer and chitin ,a layer of manno protein 
(heavily glycosylated at the outside), a layer of b -1, 3-glucan and b -1, 6 - glucan and a layer 
of chitin 

 Echinocandins are novel lipopeptide antifungal agents which are b -(1,3)- glucan synthase 
inhibitor, preventing formation of b -(1,3)-glucan (polypeptide) in the cell wall. 



o Caspofungin -> first commercially available. 
o Micafungin 
o Anidulafungin 

Spectrum 

 Active against candida including isolates resistant to azoles and amphotericin B. 
o Highly active against Aspergillus sp. 
o Active against Pneumocystis carnie 
o Limited -> C.neoformens, B.dermatitidis, Fusarium np. C.immitis 

PK 

 Only IV-Caspofungin 
o Elimination ->Urine and faeces as metabolites 

Toxicity 

 Phlebitis at infusion site. Fever, nausea well tolerated 

Clinical application 

 Invasive aspergillosis unresponsive to others. 
 Candidiasis ->Similar efficacy like amphotericin B or fluconazole. 

CELL MEMBRANE SYNTHESIS 

 Cell membrane of fungi contain ergosterol instead of cholesterol in mammalian cell 
 Drugs that interfere with ergosterol biosynthesis -> Allylamines, Azoles 
 Drugs that bind to ergosterol -> Polyene antibiotics 

POLYENE ANTIBIOTICS 

Amphotericin B 

 Heptane product of Streptomyces nodosus 

Chemistry 

 It is an amphoteric polyene macrolide, poorly soluble in water and unstable at 37 ° C. 
 Antifungal activity are maximal between pH 6.0 and 7.5 and decrease at low pH. 

I/V 

 Amphotericin B sodium deoxycholate compound with phosphate buffer is more water 
soluble. 



 Lipid formulations or liposomal drugs are less toxic [costly]. 

MOA 

 Binds to ergosterol, the principal sterol of fungal cell membrane , cause leakage of cell 
content. H+ influx and K+ efflux -> internal acidification ->fungicidal effect. 

Spectrum 

 Broad spectrum antifungal antibiotic – fungicidal. Active against blastomycosis, 
Histoplasmosis, coccidiomycosis, candidiasis, cryptococcosis and sporotrichosis. 

 Not effective against ringworm 

PK 

 It is not absorbed on oral administration . The half life is more than 20hrs; binds to plasma 
protein and cellular lipoprotein and released slowly from these sites. Only a small portion is 
excreted in urine. Penetration into CSF is poor. Absorption from lungs following aerosol 
administration, hence useful in pulmonary aspergillosis. 

 Lipid based formulation are taken by the RES. Interaction of amphotericin B with 
mammalian cell -> reduced toxicity. Lipid complex concentrate in lung tissue -> fungal 
pneumonia. 

Drug interaction: 

 Combined with other drugs for synergistic effect and reduced the toxicity. 
 With Flucytosine -> additive / Synergistic ; In Candida Cryptococcus infections 
 Reduces the dose of amphoteicin B and reduces the nephrotoxicity 
 In human used for Cryptococcal meningitis 
 With Azoles -> theoretically antagonism 
 Candidiasis – Fluconazole + Amphotericin ; Better than monotherapy 
 Systemic mycoses in dogs - Can be administered wih ketoconazole 

Toxicity: 

 Renal toxicity-> acute tubular necrosis 
 Thrombophlebitis at injection site, Hypokalemia, cardiac arrhythmia, nausea , malaise and 

depression. In dogs and cats nephrotoxicity develops within 3-4 weeks of starting treatment. 
BUN and creatinine should be monitored to know the extent of renal damage. 

 Lipid based formulations are less toxic. 

Administration: 

 Two basic regimens have been suggested for treatment of systemic mycoses in dogs. 
 For healthy dogs 0.5mg/kg , I/V every 48h with BUN monitoring. On the first day the total 

dose is diluted in 20ml of 5% Dextrose and 5ml is given ; if no anaphylactic reaction is 
observed within a minute the remainder is given over 45 seconds. 



 Thereafter the total dose is given over 1 minute in 20ml of 5% dextrose; Continued for 6-12 
weeks. 

 If BUN exceeds 60mg/dl, dose is discontinued or reduced 25 to 50% of total dose until BUN 
falls below 40mg/dl. Slow I/V infusion, in 1litre of 5% dextrose over 5hrs - less renal damage. 

II regimen 

 In debilitated animals an initial dosage is 0.2mg/kg I/V,increasing by 0.1 mg/kg daily until 
day 4(0.5mg/kg), then use the maintenance dose (0.25mg/kg) every other day. 

Application 

 Inspite of toxicity it is the drug of choice for systemic mycoses caused by dimorphic fungi in 
immune compromised host. 

 In non compromised host the less toxic ketoconazole and necurtriazoles are preferred though 
they are fungistatic. 

 Horses -> Localised cutaneous phycomycoses for 6 weeks. 
 Pulmonary cryptococcosis -0.5mg/kg infusion for a month. 
 Not suitable for local application in mycotic keratitis. 

Natamycin: S.natalensis 

 Effective against a wide range of filamentous and dimorphic fungi and yeasts. 
 Used for local application against ringworm, in the udder for mastitis and on eyes for mycotic 

keratitis. Not effective against deep mycotic infections of eye because of poor penetration. 
 Candida mastitis - 20ml of 2.5% solution (or) 10ml of 5% solution ->I/mammary OID for 

3days 
 Horses -> Filamentous fungal keratitis one drop of 5% suspension every 1 or 2hrs, decreasing 

to 6 or 8 times daily after a few days 
 Can be used Nasal aspergillosis in horses 
 Toxic by oral route. 

Nystatin : S.nouresii 

 Disorganises the membrane of fungi by occupying ergosterol binding site. It is effective 
against candid , Malassia, Cryptococcus and some Dermatophytes. Some Candida are 
resistant and in dogs to treat Malassia infections of outer ear and in horses to treat candid 
metritis. 

 Can be given orally, poor absorption , hence useful in treating GI candidiasis 

ALLYLAMINES 

 Terbinafine - Demarophytes, Malassezia, Sporothrix, Candida, Dimorphic and filamentous 
fungi 

 (oral and topical use) 
 Naftifine (topical) - Dermatophytic infection 
 More effective in systemic treatment of intractable and persistent dermatophyte infection. 

More effective than azoles and griseofulvin. 



MOA 

 Inhibit squalene epoxidase -> prevents the conversion of squalene to ergosterol. 
 Squalene -> alters membrane permeability -> cell death. 

Antifungal activity 

 Dermatophyte, Aspergillus, Sporothrix, Candida, Malassezia, Sporothrix, Dimorphic fungi. 

Resistance 

 Rare. Resistance development is through mutation and efflux of the drug. 

PK 

 Lipophilic, well absorbed, binds strongly to plasma protein. 
 Penetrates keratinized tissues, enters the stratum corneum and sebum by direct diffusion 

through the dermis and living epidermis. 
 Stays in the skin and hair for long time. 
 Excretion through urine (80%) and faeces (20%) 

Drug Interaction 

 Inhibitor of Cytochrome P450 
 Synergistic with Azole -> act at different point 
 + Triazole -> in the treatment of resistant organisms of Candida and Aspergillus 

Toxicity 

 Well tolerated 
 Adverse effects in GI system and skin 
 Abnormalities in liver enzymes and hematological parameters . 

Clinical Application 

 High efficacy, low incidence of adverse reaction , short course -> choice for dermatomycosis. 
 Terbinafine + Triazole -> to treat resistant candida 

 Length of therapy ->33 to 63 days. 
 More active than Griseofulvin against Trichophyton and Microsporum. 

AZOLES 

 Imidazole - Ketoconazole - Oral(O), or Topical(T) , Enilconazole (T), Miconazole (T), 
Clotrimazole (T); 

 Triazole - Fluconazole (O, I/V,T), Itraconazole (O,I/V), Voriconazole (O,I/V) 
 Azoles are fungistatic with long t1/2, increased bio availability following oral administration , 

low toxicity and enhanced activity. 



MOA 

 Inhibit the Cytochrome P450 dependent ergosterol synthesis, leading to disruption of fungal 
membranes and membrane bound enzymes. They are fungistatic but cidal at high 
concentration. 

 Because of static effect treatment should be prolonged in immuno compromised host. 

Ketoconazole 

Chemistry 

 Poorly water soluble, highly lipophilic, weak dibasic compound that requires an acid pH for 
dissolution-> hence absorbed form stomach. 

Antimicrobial activity 

 Broad spectrum -> Yeast, Dimorphic fungi, filamentous fungi including Dermatophytes 
 G+ve bacteria, Leishmania, plasmodium and other protozoa. 

Pharmacokinetics 

 Well absorbed after oral administration, given with food metabolised in the liver and 
excreted in bile with little active drug in urine. 

 Limited distribution. 

Drug Interaction 

 Enzyme inhibitor 
 +Flucytosine->Cryptococcal infection 

Toxicity and adverse effects 

 Nausea,vomiting,dizzineers,itching, increase in liver enzyme especially in human. 
 Dogs -> Inappetance, pruritus, alopecia,reversible lightening of hair. Long term treatment 

(13.6M)- Cataracts, severe hepatitis. 
 Man ->Inhibits mammation P450 responsible for cholesterol, cortisol and testosterone 

synthesis leading to Gynecomastia 
 Teratogenic and embryotoxic 
 Administration 
 Ringworm->5/10 mg/kg Po daily for 4-6wks 
 Systemic fungal infection in dogs and cats -> 10mg/kg 12h 

Clinical Application 

 Triazoles are preferred than ketoconzole. 
 Alternative to amphotericin B in the treatment of systemic mycotic infection (Dimorphic 

fungi, Candidiasis, Cryptococcosis) in immunocompetent animals. 



 Systemic treatment of Malassezia infection , Soft tissue sporotrichosis in humans. 
 Griseofulvin is preferred over ketoconazole in treatment of ringworm. 
 Activity against Aspergillus is questionable 

Itraconazole 

 Less toxic, broad spectrum including aspergillus, available for PO and I/V administration. 
 Horses -> Keratomycosis, mycotic rhinitis. 
 + Enilconazole -> guttural pouch mycosis. 

Fluconazole 

 Inhibits lanosterol 14 a - demethylase, which prevents the formation of ergosterol. 
 Squalene -> lanosterol-> zymosterol-> -> Ergosterol 
 Water soluble, weakly protein bound, well distributed, useful in treatment of yeast infections 

in CSF. 
 With Amphotericin B - Oral and systemic treatment of candidiasis in human 
 Cryptococcal meningitis in AIDS patients. 
 Dogs -> Candida , Coccidioides, Cryptococcus 
 Limited efficiency against Blastomycosis,Aspergillosis. 

Voriconazole ->2 nd generation triazole 

 Very broad spectrum, available in oral and I/V formulation, extensively metabolised in liver, 
high volume of distribution and excellent tissue penetration. 

 Dose related visual disturbance in 20 to 40% of the human patients. 
 Effective in invasive Aspergillosis, Fusarium and flu resistant candida infections 
 Animal studies are limited. 

Topical azoles 

 Ketoconazole, miconazole, Clotrimazole, Enilconazole, Itraconazole, ketoconazole, 
miconazole 

Clotrimazole 

 Clotrimazole is broad spectrum topical antifungal agent. 
 Horses -> Local application in mycotic keratitis, Metritis 

 1% Solution -> Aspergillus infection of cornea 
 Dogs ->Nasal aspergillosis -> intranasal treatment 
 Human -> candida vaginitis 
 Cow -> Mycotic endometritis, infusions of 400-600mg in saline every other day for 12 days. 
 Yeast mastitis ->100-200mg / quarter / day of 1% solution as single daily dose on 4 

occassions. 

Miconazole ->similar to clotrimazole 

 Topical treatment of Dermatophyte, Candida, Aspergillius and Malassezia 



 Miconazole + Chlorhexidine -> Shampoo more effective than selenium sulphide for the 
treatment of seborrhic dermatitis in dogs caused by Malassezia 

FLUCYTOSINE 

Flucytosine or 5-Fluorocytosine 

 Antimetabolite - Pyrimidine synthesis inhibitor 
 Fluorinated pyrimidine, low molecular weight, slightly soluble in water but readily soluble in 

alcohol. 

MOA 

 After permease mediated entry into fungal cell flucytosine deaminated to 5-fluorouracil 
which is incorporated to mRNA and results in faulty protein syntesis. 

 On the other hand 5-fluorouracil is also converted to 5-fluorodeoxy uridine monophosphate 
that inhibit thymilate synthase which is involved in the fungal DNA synthesis and nuclear 
division. 

Anti fungal activity 

 Narrow spectrum -> Candida, C.neoformans, few Aspergillus are susceptible; others are 
resistant. 

 Development of resistance is common , hence used in combination along with Azole / 
amphotericin B -> Crytococcus 

Kinetics 

 Well absorbed from intestine after oral administration in humans. Excellent tissue 
penetration, including CSF. Excreted unchanged in the urine. 

Toxicity 

 Well tolerated. Occasional side effects -> Reversible anorexia, Nausea, vomiting, diarrhoea, 
mild elevation of liver enzymes, bone marrow depression 

 ->leucopenia 

Reversible 

 Skin eruptions characterized by depigmentation, followed by ulceration, exudation & crust 
formation. 

Clinical application 

 Cryptococcal infection in cats + Azoles / Amphotericin B 



GRISEOFULVIN 

Griseofulvin: P.griseofulvum 

 Benzo furan cyclohexane antibiotic, poorly soluble in water. 

MOA 

 Fungistat - inhibits mitosis by interfering with the polymerization of microtubule protein and 
disorganise the spindle microtubules 

 Also affects cytoplasmic microtubules 

Antifungal activity: all dermatophytes 

PK 

 Absorption after oral administration depends on particle size. Enhanced by high fat meal. 
 Metabolised in the liver & eliminated in the faeces. 
 Deposits in the newly formed keratin of hairs, nails and skin and gradually moves to the site 

of infection in the superficial keratinized epithelium, where keratinised cells mature and are 
progressively desquamated. 

 Actively growing fungus are killed whereas dormant cells are only inhibited, so that cure 
occurs only when infected keratinized cells are shed. Hence, treatment is prolonged. 

Toxicity 

 Prolonged mediaction – mild & transient side effects such as mild CNS effects, 
Photosensitivity, GI Disturbances; Teratogenic; Dogs and cats vomit if given in empty 
stomach. 

Administration 

 Drug should be given one or 2 weeks beyond clinical or mycological cure. 
 Single daily dose of 50mg / kg , reduced to 25 mg /kg once clinical response occurs. 

Ring worm infected cattle -> as 10% mycelial mixture, 7.5 – 10 mg /kg for 1-3 weeks 

Clinical Application 

 Dermatophytic infection – ring worm -> PO - 3 - 6 weeks in dogs and cats.230917 

MISCELLANEOUS ANTIFUNGAL AGENTS 

Iodides 

 MOA is poorly understood, probably by enhancement of the inmmune response of the host 
or by spurring the halide peroxide killing system of phagocytic cells. 



 Amphotericin B and Imidazoles also affect the immune system 
 Sodium iodide and Ketoconazole - Additive effect 
 Nasal aspergillosis, ringworm, Sporotrichosis, 

Thiabendazole 

 Useful in topical ringworm infection when dissolved in alcohol. Orally as an adjunct in the 
treatment of nasal aspergillosis in dogs. 

Monosulfiram 

 Insecticide and included in some preparation when fungicidal and miticidal activity is 
required. 

Dichlorofen 

 Taeniacide and fungicide. Available as 2% ointment or alcoholic solution. 
 Effective against Trichophyton and Microsporum. It is also bactericidal. 

CHAPTER-25: ANTIVIRAL CHEMOTHERAPY - INTRODUCTION 

 About 69 percent illness is due to viruses. The conventional approach is to develop effective 
vaccines. So far only around 16 anti viral drugs for animals and human. Their uses in 
Veterinary practice are questionable, because of difference in virus and virus induced 
replication. 

 Virus: Obligate intracellular parasites, need host genetic machinery for replication, narrow 
therapeutic index, lack enzymes that function in energy metabolism. 

 Protein synthesis and cell dependant replication. Hence they multiply only within the cells. 
 Animal viruses may be single stranded or double stranded RNA or DNA viruses 

DNA RNA 

Pox  
Herpes  
Adeno  
Hepadna  
Papilloma  
Parvo 

Rubella  
Rhabdo virus (Rabies) Picorno  
Orthomyxo  
Paramyxo  
Parainfluenza  
Corona 

REASON FOR FAILURE OF ANTIVIRAL THERAPY 

 Drugs that target viral process must penetrate the host cell. 
 Lack of broad spectrum antiviral drugs 
 Lack of in vitro susceptibility testing procedures 
 Narrow spectrum. Drugs target specific enzymes – Polymerase transcriptase involved in viral 

nucleic acid synthesis. Hence development of resistance is easier ( point mutation – 
substitution of single important nucleic acid ) 

 Inhibits only actively replicating virus, unable to eliminate non replicating/latent viral 
infection 



 Mostly virustatic, hence success depends on hosts immune response 
 The most successful use of antiviral drugs is synthetic nucleosides that either inhibit 

DNA/RNA polymerase or act as chain terminators after incorporation into nucleic acids 
 They are effective prophylactically and in early stage. Rapid and early diagnosis is important. 

VIRAL REPLICATION 

 RNA virus: direct, need virion enzyme (viral RNA polymerase) to synthesize mRNA or viral 
RNA serve as mRNA 

 DNA virus: indirect, viral DNA transcribed to host mRNA by host cell RNA polymerase 
 Retro virus: unique, make a copy of DNA from viral RNA with the help of reverse 

transcriptase 
 DNA gets incorporated into host genome  mRNA  viral proteins 

SPECIFIC ANTIVIRAL AGENTS 

 Agents preventing attachment and penetration: Immunoglobulin, Interferon 
 Agents preventing entry: Amantidine 
 Nucleoside analogues: Idoxuridine, Trifluridine (PYRIMIDINE) and Vidarabine (PURINE) 
 Inhibitor of reverse transcription: Zidovudine (AZT), Acyclovir, Gancyclovir, Ribavirin 
 Inhibitor of mRNA translation: Antisense oligopeptides 
 Maturation: Methisazone, 2`Diodyl-d-Glucose 
 Improving host resistance: Interferons, Gamma globulins 
 Improving host immunomodulation: Inosiplex, levamisole, Poly I, Poly C 

AMATINIDE 

 Amantidine and its derivative Rimantidine are synthetic tricyclic amine 
 They lead to inhibition or delay of the uncoating process and also interfere with early stage of 

viral mRNA transcription 
 At usual concentration inhibit replication of different strains of Influenza virus 
 It is used as chemo prophylactic agent 
 Almost completely absorbed from GIT and 90% is excreted unchanged in urine 
 It produces fever, side effects related to CNS. Aerosol administration reduces the toxicity 
 Veterinary uses: Prophylaxis in Equine Influenza 

IODXURIDINE, VIDARABINE AND TRIFLURIDINE 

 Potent inhibitors of DNA synthesis of Herpes virus . Inhibition takes place during synthesis 
of DNA strand. These drugs are incorporated into the growing chain of viral DNA, resulting 
in misinterpretation of genetic code. 

 Inhibit DNA polymerase 
 Defective viral protein 
 Toxicity- Anemia, neutropenia, loss of hair etc.; Because of toxicity reserved for topical 

application. 
 Idoxuridine, Trifluridine - analog of thymidine; Trifluridine is less toxic and better 

penetration than Idoxuridine 
 Vidarabine- analog of adenosine; Acts on Herpes, Pox, Rhabdo, Vaccinia viruses 
 Deaminated to Hypoxanthine arabinoside and 50% excreted in urine 



 Used for the treatment of Herpes simplex, Keratitis, Encephalitis, Mucocutaneous infection 
and Cytomegalo viral infection 

 Used with Acyclovir  in Acyclovir resistant patients 
 Veterinary use: Feline herpes Keratitis, Bovine Vulvovaginitis and Kerato Conjunctivitis, 

local herpes infection 
 Vidarabine: Local bovine herpes, Vaccinia teat lesions. 

ACYCLOVIR and GANCYCLOVIR 

 Synthetic acyclic purine nucleoside analogue of 2`deoxy guanosine. It is selective for viral 
rather than normal cells. 

 Less cytotoxic, breakthrough in antiviral chemotherapy. 
 Acyclovir is not phosphorylated in normal cell because of lack of viral thymidine kinase, non 

toxic to uninfected cell. 
 Valacyclovir, Desiclovir are prodrugs developed because of 90% of acyclovir is excreted in 

urine intact 
 Human - Herpes simplex 1 and 2, Varicella Zoster virus – chicken pox 
 Veterinary Use - Equine herpes in foals 
 Topical - Local herpes, Bovine herpes mammillitis, Equine coital exanthema, Feline 

rhinotracheitis, Viral Kerato conjunctivitis 

Gancyclovir 

 Guanosine analog, more active against Cytomegalo herpes virus than Acyclovir in immune 
compromised patients. 

 Administration through I/V. 
 Neutropenia and thrombocytopenia are adverse effects. 
 Veterinary use: Cytomegalovirus infection  

 



 

RIBAVIRIN AND AZIDOTHYMIDINE/ZIDOVUDINE 

Ribavirin 

 Guanosine analog 
 It is activated by viral phosphorylation and subsequently prevents the formation of mRNA 

and translation of viral genome. Broad antiviral activity against many RNA & DNA virus. 
Resistance is rare. 

 Aerosol- Respiratory syncytial virus broncholitis influenza 
 Veterinary use: Influenza, Parainfluenza, Bovine herpes virus, Canine distemper, Blue 

tongue, Marek's, Feline calcivirus 

 Topical: Local herpes infection (not feline), Vaccinia teat lesions. 
 Inhibitor of Reverse Transcription 

Azidothymidine/Zidovudine 

 Suppress only active viral replication; already infected patients cannot be treated 
 Administration only through I/V 
 Toxicity- Granulocytopenia and Anemia 
 Veterinary Use: Retrovirus, FeLV, FIV, Equine infectious anemia (EIA) 



 In HIV patients - prolongs survival, decrease opportunistic infection, and increases the 
immune function, decrease HIV antigens and RNA (when combined with Didanosine) 

 Inhibitors of mRNA translation 

ANTISENSE Oligonucleotide 

 The sequence of a nucleotide chain containing information for protein synthesis is called 
sense sequence. The complementary strand is antisense sequence. 

 Antisense drugs recognize and bind to sense sequence of specific mRNA 
 Prevent synthesis of specific proteins 
 Destruction of mRNA by ribonuclease in cell 
 Viral genome V mRNA sense strand mRNA drug 
 Inhibit viral mRNA translation 

IMMUNIZATION AND INTERFERONS 

Immunization 

 Passive immunization by im, iv or sc injection with Immunoglobulin can prevent entry of 
virus into cells 

 The proteolytic effect lasts for several weeks but may not be complete. This is useful to 
control CD, Rabies, TVT and Gastroenteritis in swine, Infectious hepatitis, Measles, 
Poliomyelitis, Chicken pox. If hyper immune serum is not available pooled sera from the 
recovered or vaccinated animals may be used. To avoid anaphylactic shock only one injection 
should be given. 

Interferons 

 These are cytokines or interrelated group of proteins released by cells infected by virus. 
Interfrons(IFN) possess antiviral, immune-modulatory and antiproliferative effects. They are 
highly species specific. Three types are recognized 

 INF-α - Leucocytes 
 INF-β - Fibroblasts antiviral action in response to viral infection especially RNA virus 
 INF-Ý or lymphokines - Lymphocytes à antigen/mitogen stimulation, immuno modulation 
 They inhibit all the steps in viral multiplication. Bind to specific cell surface receptors and 

inhibit viral penetration, uncoating, synthesis of mRNA, translation, assembly and release. It 
can be administered s/c, i/m, i/v or locally. It is an important part of defense mechanism. 

 IFN production by Tissue culture is costly 
 Bovine IFN α, γ produced by Genetic engineering 

Interferons inducers/ Host modulators 

 Some fungal metabolites have this activity 
 Induce production of its own interferon 
 High molecular substances like Poly-I, Poly-C, a synthetic poly ribonucleotide also induce 

interferon 
 Partially effective in dogs against viral hepatitis 
 action of interferon 



 

CHAPTER-26: ANTINEOPLASTIC GRUGS 

Learning objectives 

 After completion of this chapter, the student/learner should know 
o Importance of oncogenesis 
o Recent approaches for the treatment of neoplasam 
o Mechanism of action of newer antineoplastic drugs 

INTRODUCTION AND HISTORY 



 Chemotherapy is the use of chemical substance to treat the disease. In modern days it refers 
to cytotoxic drugs used to treat cancer. 

History 

 First drug for cancer chemotherapy was not originally intended for that purpose. 
 Mustard gas was as a chemical warfare during World War I and further studied during World 

War II. During World War I people accidentally exposed to mustard gas were later found to 
have low WBC count. 

 It was reasoned that an agent that damaged the rapidly growing WBC might have similar 
effect on cancer. In 1940, lymphoma patients were given mustard gas by vein and noticed 
remarkable improvement, which in turn lead to drug discovery and development. 

 At present chemotherapy has advanced to targeted therapy resulting in better resolution and 
least side effects. 

DEFINITION AND CELL CYCLE 

Neoplasm 

 Uncontrolled growth of cells coupled with malignant behavior, invasion and metastasis. 

Antineoplastic drugs / cytotoxic drugs 

 It must possess selective toxicity to malignant cells at normal dose than the host cells. They 
react with important substrates of enzymes that are related to DNA or RNA synthesis or 
function. Hence they are selectively toxic to cells that are rapidly dividing or those with high 
mitotic index. 

 Neoplastic cells may be actively proliferating or temporarily quiescent. It is possible for 
tumor cells to reach end stage of cell division when they will no longer divide. 

 Since, Chemo therapeutic drugs are highly active against proliferating cells 
 It is essential to understand cell cycle. The various stages of cell cycle are: 

Cell cycle 

G1 phase 

 Pre replicative period / Pre synthetic period. 
 It lasts for 7-170 hrs where in cell sends growth signals / Mitogens start the process of cell 

division – Protein synthesis and RNA transcription occurs during this stage. 

S phase  

 DNA synthesis period for chromosome doubling. 
 It lasts for 8-30 hrs in preparation for mitosis and is the target for many antineoplastic drugs 

G2 phase 



 DNA Synthesis period; cell activity increases. 
 The duration is 1- 4 hrs during which RNA and protein are synthesized in preparation for cell 

division. 

M phase 

 Mitosis / cell division stage 
 The duration is very short < 1 hr 

Go Phase 

 Non proliferative period. Antineoplastic drugs are rarely effective in this stage. 
 Cells like myocytes and neurons enter Go and rarely / never cycle again 

 possible cell cycle check points  

 

CLASSIFICATION OF ANTINEOPLASTIC AGENTS 

 Alkylating agent 
 Antimetabolites 
 Naturally occurring compounds 
 Hormones and antihormones 
 Miscellaneous 

Alkylating agents 

 Nitrogen mustard: Mechlorethamine, Cyclophosphamide ,Melphalan, Uracil, Mustard & 
Chlorambucil 

 Alkyl Sulfonates: Busulfan 
 Nitrosoureas: Carmustine, Lomustine, Semustine, Streprozocin. 
 Triazene: Dacarbazine 
 These compounds are highly reactive intermediates that are able to transfer alkyl group to 

DNA. 



 Mono functional alkylating agent  Transfer single alkyl group to DNA   Miscoding of DNA - 
Strand leakage or disruption-> Cell death / Mutagenesis/ carcinogenesis 

 Polyfunctional – Cell death 
 Cross resistance between alkylating agent exists. 

Antimetabolites 

 Folic acid analogues: Methotrexate 
 Pyrimidine analogues: Fluoruracil, Cytarabine -> Cytosine arabinoside. 
 Purine analogues: 6 mercaptopurine, 6 thioguanine. 
 Resemble normal cellular metabolites and subvert normal metabolic pathways in a toxic 

manner. Tetrahydrofolate deficiency blocks reaction requiring folate coenzymes and so 
disrupt DNA and RNA synthesis 

Natural products: 

 Vinca alkaloids: Vinblastine, Vincristine - M stage 
 Antibiotics: 
 Dactinomycin [Actinomycin D] - Cell cycle Non specific 
 Arthracychine antibiotics – Daunorubicin, Doxarubicin – Non specific but maximal effect at 

S phase. 
 Glycopeptides – Bleomycin (G2, M phase) , Mitomycin C  
  Enzymes : L-asparaginase obtained from E coli (G1 phase) 

Hormones and their antagonists 

 Adrenocorticosteroids - Glucocorticoid - Non specific 
 Progestin 
 Estrogen 
 Anti estrogen 
 Androgen 

Miscellaneous 

 Cisplatin 
 Mitotane 
 Hydroxyurea 
 Proacarbazine 
 Glutathiamine 

CLASSIFICATION OF ANTINEOPLASTIC 

Cycle specific drug 

 This group act at a certain phase of the cell cycle, usually at S or M phase. The effect of the 
drug is more when the cells are actively proliferating. 

Example 



 Methotrexate 
 Pyrimidine and purine Analogues 
 Hydroxyurea 
 Vinca alkaloids. 
 Cells in the Go phase are troublesome because they are not susceptible to cytotoxic drugs and 

start proliferating once the treatment has been stopped. 

Cycle non specific drugs 

 This group act at all stages except Go phase. Increased drug level kills the cells. 
 These drugs are given in large doses for a short period but capable of causing bone marrow 

suppression. 

Example 

 Alkylating agents 
 Some antineoplastic antibiotics 

Chemotherapy in veterinary practice 

 Cancer chemotherapy can be of most value in three conditions. 
 Lymphosarcoma, Leukemia and Solid tumors where in bulk of tumor has been destroyed by 

surgery, cryosurgery or radiation but the risk of metastasis is high. 
 Considerable care should be taken before starting chemotherapy since they are highly toxic 

CELL CYCLE CHECK POINTS 

  



POSSIBLE SITE AND MECHANISM OF ACTION 

  

GUIDELINES TREATMENT AND SCHEMES 

 A detailed clinical and radiological examination should be made and the tumor should be 
clinically staged. 

 A histological examination is required and prognosis obtained. 
 Full co-operation of the owner is essential 
 Acquire adequate background knowledge before therapy. 

Treatment schemes 

 Chemotherapy may be given with a curative intent or it may aim to prolong the life or to 
palliate symptoms. 

Combined modality chemotherapy/Combination therapy 



 Surgery / Radiation + Chemotherapy - number of different drugs are given simultaneously. 
 Cell cycle specific drugs are given initially followed by cell cycle non specific drugs inorder to 

minimize the chances of resistance and toxicity. 

Neoadjuvant chemotherapy (Preoperative treatment) 

 Aimed for shrinking the primary tumor, thereby rendering local therapy like surgery / 
radiotherapy more effective. 

Adjuvant chemotherapy (Postoperative treatment) 

 Used when there is little evidence of cancer, but risk of recurrence is more. It is useful in 
killing cancer cells that has spread to other parts and also highly effective in newly growing 
tumors, Since they are fast dividing. 

Palliative chemotherapy - given without curative intent, but simply to decrease tumor load and 

increase life expectancy 

TOXICITY AND RESISTANCE 

Toxicity 

 All the actively multiplying cells are affected by these cytotoxic drugs. The common side 
effects are  

  Bone marrow suppression, resulting in leucopenia, increased incidence of infection, 
thrombocytopenia and uncontrolled bleeding.  

  GI disturbances including anorexia, nausea, vomiting, diarrhea, stomatitis and ulcerative 
enteritis. Antiemetics can be administered before the commencement of treatment.  

  Suppression of immune response  
  Alopecia  
  Secondary malignancy due to the use of antineoplastic agent  
  Impairment of reproductive function  
  Tissue necrosis at the site of injection 

Resistance: 

 Resistance occurrence may be due to  
 Pharmacokinetic factors  inability to attain effective concentration of a drugs for a sufficient 

period of time.  
 Cytokinetic factor – includes growth rate and growth fraction of tumor cells.  
 Biochemical factors include  
  Defective transport into cell -> Chemotherapeutic agent often does not reach the core of the 

tumor (solid tumor) where in cells have ceased dividing. P- glycoproteins present in the cell 
act as efflux pump.  

 Impaired drug activation within the cell  
 Increased drug inactivation  
 Increased intracellular nucleopeptide pools  
 Altered patterns of DNA repair  



 Gene amplification and increased RNA coding for necessary enzymes  
 Altered or diminished active sites on target protein 
 Changes in proliferation rate 

DOSE 

 The dose is calculated based on body surface area and expressed as m2. Since 
chemotherapeutic agents are highly toxic to other normal cells and certain parameters like 
BMR, blood volume, cardiac output and renal function were found to correlate better with 
BSA (body surface area) than body weight, the dose for CTA is expressed in m2. 

 SA in m2 = Km x 102/3/104 
 Km factor based on metabolic rate of each species 
 Dog  10.1 
 Cat  10.0 

 W B. wt in grams 

CHAPTER-27: ANTINEOPLASTIC DRUGS 

Learning objectives 

 After completion of this chapter, the student/learner should have clear idea about alkylating 
agents, different mustards,antimetabolites,and their effects and side effects 

 Purine and pyrimidine analogues and their role in neoplastic arrest. 
 Role of hormones and their analogues, natural products as antineoplastic agents 
 Student should know the importance of developing importance of cacer chemotherapy. 

AKYLATING AGENTS 

 These compounds are highly reactive intermediates that are able to transfer alkyl group to 
DNA. They add alkyl / methyl group to DNA. 

Monofunctional Alkylating agent 

  Transfer single alkyl group (7-N guanine residue) 
 Inhibit correct utilization of base pair instead of AT CG 
 Guanine pairs with Thymine 
 Miscoding of DNA 
 Strand breakage or disruption 

 Cell death/ mutagenesis/ carcinogenesis 

Polyfunctional alkylating agents  

 Alkyl group is added to both the strands of DNA 
 Cross linking of DNA strand à prevents uncoiling  
  Inhibition of cell growth, apoptosis - cell death 
 Alkylating agents are activated by CYP 450 and resistance to one alkylating agent induces 

resistance to others. 
 Though not cell cycle specific rapidly dividing cells are more affected. 



Resistance 

 Increased ability to repair DNA lesions 
 Decreased permeability to the drug 
 Increased production of glutathione /Glutathione-s -transferase , which catalyse the 

conjugation of drug to glutathione. 

Side effect 

 Myelosuppression 
 Nausea and vomiting 
 Some degree of GI toxicity 
 Reversible hair loss  

  

NITROGEN MUSTARD 

 Limited use in combination with other agents for Hodgkin’s disease, non-Hodgkin’s 
lymphoma, lymphoreticular neoplasia, pleural and peritoneal effusions, mast cell tumor. 

 Extremely short duration of action since it undergoes rapid chemical transformation in water 
or body fluids. It is a severe vesicant hence should be given carefully through I/V. GI toxicity 
is prominent unlike other alkylating agents. 

 Dogs and cats: 5 mg/M2 as a single treatment or 2-4 divided doses on successive days. 

Cyclophosphamide 



 A broad spectrum anticancer drug given alone or in combination and is widely used in 
veterinary medicine. 

 Indication: Non Hodgkin’s lymphoma, Lymphoreticular neoplasm, sarcomas, carcinoma of 
lung, ovary, mammary gland and multiple myeloma. 

 Can be given orally or parenterally. At normal dose it is cell cycle specific and at high dose – 
Cell cycle non specific 

 Toxicity - Damages the bladder, Necrotising haemorrhagic cystitis (bleeding) 

To overcome the toxicity 

 Withdrawal of therapy 
 Administer free radical scavenger Acetyl cysteine and MESNA (Sodium salt of methyl ethyl 

sulfonate) 
 Concurrent administration of prednisolone 

Melphalan 

 Phenylalanine derivative of Mechlorethamine. Recommended for oral administration before 
food. 

 Widely used for Mammary carcinoma, Malignant melanoma, Multiple myeloma, Ovarian 
carcinoma, Testicular seminoma 

Side effect 

 Anorexia 
 Nausea and vomition 
 Dose limiting Myelosuppression 
 Necrotising haemorrhagic cystitis (bleeding) 

Chlorambucil 

 Slowest acting and least toxic 
 Substitute for cyclophosphamide when haemorrhagic cystitis is exhibited 
 Indications – Chronic lymphoreticular tumors, Ovarian carcinoma 

AKYL SULFONES,NITROSOUREAS AND TRIAZENE 

 Indcation – Chronic granulocytic leukaemia 

 Well absorbed orally and then be given through intravenously 
 Patients should be premedicated with phenytoin. Since it crosses BBB and induces seizures 

Nitrosoureas 

Carmustine or BCNU (IV) 

 Lomustine or CCNU Oral administration – Dog - 100 mg/m2 – Single dose every 6 week 
 Need biotransformation, Highly lipid soluble and crosses the BBB 
 Indication 



 Brain tumours and metastases, Hodgkin’s disease, Cancer of lung, Stomach and Colon. 
 Streptozocin: Malignant pancreatic insulinoma 

Triazene 

Dacarbazine 

 Indication: Malignant melanoma, Soft tissue carcinoma 
 Not much used in veterinary 
 With Doxorubin – treatment of relapsed lymphoma. Given through IV 
 Side effect : Alopaecia, flu like symptom, malaise and myalgia 

ANTIMETABOLITIES 

 Resemble normal cellular metabolites and inturn subvert normal metabolic pathways in a 
toxic manner 

 Tetrahydro folate deficiency blocks reaction requiring folate coenzymes and inturn disrupt 
DNA and RNA synthesis 

 It is cell cycle specific - S phase is most sensitive 
 Side effect: Bone marrow suppression, Severe GI toxicity 
 Possible site and mechanism of action 

FOLIC ACID AND ANALOGUE 

 Folic acid analog used against a variety of neoplasms 
 Inhibits DHFR and prevent the formation of tetrahydro folate and thereby the purine and 

pyrimidine nucleotides 
 It needs intracellular activation to polyglutamate derivation which is selectively retained 

within cancer cells. 
 Administration– Parenteral or intrathecal in CNS neoplasia 
 Excreted in urine and at high dose precipitate in renal tubules. 
 Side Effect: Bone marrow suppression following high dose 
 Treatment: Administration of leucovorin after high dose rescues the cells. 

Resistance 

 Cellular uptake due to  activity of P-glycoprotein 
 Polyglutamate formation 

 Synthetic of DHFR through gene amplification 
 Altered DHFR with reduced affinity for the drug 
 antifolate possible site 



 

PYRIMIDINE ANALOGUE 

 It is converted to active phosphate form and inhibits thymidylate synthase and inturn DNA 
and RNA synthesis. 

 Indication: GI, liver skin and mammary carcinomas 
 Administration: IV as well as topical, Metabolized in the liver and enters into the CSF 
 Side Effect: CNS disturbance -> neurological signs -> seizures and death 
 GI disturbance and oral ulceration. 
 Mild Myelosuppression 
 Contraindicated in cats  unprovoked rage, extreme dementia and sudden death. 

Cytarabine/Cytosine arabinoside 

 Analogue of deoxycytidine and must be activated by conversion to monophosphate 
nucleotide Cytarabine 

 Administration -> IV / SC 
 Indication: Canine and feline lymphomas, Leukemia of both lymphoid and non lymphoid 

type 
 Toxicity: Leucopenia with megaloblastic changes, GI disturbance. 
 With Doxorubicin used in the treatment of leukemia. 



 pyrimidine analogue 

 

PURINE ANALOGUE 

 Sulphydryl Substituted analogue of hypoxanthine 
 Needs intracellular activation and inhibits a number of enzymes of purine nucleotide inter 

conversion leading to inhibition of DNA and RNA synthesis 
 Administration oral, IV. Undergoes rapid degradation and some renal excretion 
 Side Effect: Bone marrow suppression, Nausea and Vomition. 

Indication: 

  Acute lymphocytic leukemia,  
  Granulocytic leukemia 

Thioguanine 

 Similar to 6 – Mercaptopurine 
 Inhibits several enzymes in Purine Nucleotide pathway, inhibition of nucleotide 

interconversion, decreased intracellular guanine and interference with DNA and RNA 
synthesis. 

 Indication: Acute nonlymphocytic leukemia 
 Adult acute leukemia (synergistic with Cytarabine) 



 examples such as 

 

NATURAL PRODUCTS 

Natural Products 

Vince alkaloids 

 mitotic inhibitiors 
 These are large and complex molecules derived from periwinkle plant, Vinca rosea. 
 Vincristine  formyl side chain  active only in M phase 
 Vinblastine  methyl side chain also blocks cells utilization of glutamic acid, inhibit purine 

synthesis (active in other phases also – S phase) 
 Bind to the tubulin and interfere with mitotic spindle formation and thus segregation of 

chromosomes in metaphase is arrested. 
 Administration: IV, metabolised in the liver, partially excreted unchanged in urine. 
 Indication: TVT (Vincristine), Lymphoreticular neoplasm 
 Soft tissue sarcoma - Vincristine + Doxorubicin + Cyclophosphamide 
 Vinblastine – used as a substitute for vincristine when the vincristine-induced neuropathy is 

noted (Slowly reversible sensory motor peripheral neuropathy & muscle weakness) 



 Dose: Vincristine - 0.5 to 0.75 mg/m2 IV once weekly. 

 Antibiotics  

  Dactinomycin / Actinomycin D  fungal product of Streptomyces. Cell cycle non specific 
 Binds with the double stranded DNA – intercalate and blocks the actions of RNA polymerase  

prevent transcription. 
 Administration: IV 
 Indication: Lymphoreticular neoplasm, Testicular carcinoma, Rhabdomyo sarcoma, 

Alternative to methotrexate resistant Choriocarcinoma 
 Highly toxic Potentiates the effect of radiation therapy - radiation recall effect. 

 Anthracycline antibiotics: 

 Doxorubicin / Adiramyan 
 Daunorubicin / Daunomycin 

MOA 

  Blocks DNA and RNA synthesis, strand break  
  Inhibits topoisomerase II  
  High affinity binding to DNA through intercalation  
  Blockade of DNA and RNA synthesis, DNA strand scission.  
  Alteration in cell membranes transport.  
  Generation of semiquinone and oxygen free radicals that cause DNA strand breaks. 

Doxorubicin  

  solid tumors – breast cancer and hematologic malignancies 

Daunorubinin  

  Acute myelocytic leukemia. 
 Cell cycle non specific, Maximum effect during S phase 
 Side effect: Myelosuppression, cardio toxicity and serve vesicant and cause phlebitis and 

urticaria (Should be premediacatd with corticosteroids and antihistamines.) 

Glycopeptide 

  Bleomycin 
 Cell cycle specific (G2 & M phase) 
 MOA – intercalate into DNA, cause chain scission and fragmentation. Also inhibit DNA 

repair enzyme 
 Indication – Testicular tumors, squamous cell carcinoma, lymphoma and seminoma 
 Side Effect – Lung toxicity, Little myelosuppression hence can be combined with other and 

myelosuppresive drugs. 



Enzymes 

 L-asparaginase  enzyme derived from E-coli 
 G1 phase specific 
 Normal cells synthesize asparagine internally which is utilized for protein synthesis. 
 Leukemia cells cannot synthesize and utilize externally supplied asparagines leading to cell 

death. 
 L- asparaginase 
 Asparagine  Aspartic acid 

Indication 

  Lymphoreticular neoplasm 

HORMONES AND THEIR ANTAGONISTS 

 Glucocorticoids -> Cell cycle non specific and often used following induction by another 
agent. 

 Prednisone and prednisolone -> Lymphoreticular neoplasm in combination with other 
chemotherapeutic agent. 

 Dexamethasone, prednisone & prednisolone -> Leukemia and lymphoma of the CNS. 
 Estrogens (Diethyl stilbesterol, Oestradiol): Prostatic hyperplasia, Peri anal glandular 

neoplasm 
 Complications: Life threatening bone marrow suppression and aplastic anemia, Feminization 

and fluid retention. 

Tamoxifen 

 Antiestrogen 
 Occupies the estrogen receptor of estrogen sensitize tumors and block the stimulatory 

activity of hormone in these cells. 
 Indication: Early stage and metastatic breast cancer 
 Chemopreventive agent in women at high risk of breast cancer, Endometrial cancer. 

Progestins ( Megestrol, Medroxy Progesterone) 

 Oppose the effects of hormones in endometrial, prostatic, breast, renal cell and ovarian 
carcinoma 

 Androgens: Breast carcinoma, hypernephroma 
 Antiandrogen (Cyproterone): Prostatic tumor 



 

MISCELLANEOUS AGENTS 

Carboplatin 

 It’s a derivative of platinum, causes inter and intra strand DNA alkylation 
 Cell cycle non specific drug administered iv with mannitol to promote diuresis, since it is 

extremely nephrotoxic 
 Carboplatin is less nephrotoxic and has prolonged half life. 

Mitotane 

 Derivative of DDT and DDD 
 Causes selective destruction of neoplastic adrenal cortical cells. It may act by inhibiting 

ACTH steroid production and causes atrophy of inner zones of adrenal cortex. 

Hydroxyurea 

 Inhibits ribonucleotide reductase, leading to depletion of essential DNA precursors, cells 
accumulate in S phase of cell cycle. 

 Indication: Granulocytic leukemia. 
 Palliative treatment of chronic myelogenous leukemia, management of polycythemia Vera in 

dogs and cats. 



NEWER APROACHES 

 Hematopoietic stem cell transplant for hematologic malignancies like myeloma, lymphoma 
and leukemia. 

 Isolated infusion approaches to overcome toxicity but not useful in metastasis  
  Isolated limb perfusion  
  Isolated infusion into lung and liver for solid tumors 
 Specially targeted drug delivery - vehicle specific and target tumor cells. 
 Nonoparticles - useful vehicle for poorly soluble agents such as Paclitaxel 
 Minicells - bacterially derived minicells of 400nm particles for encapsulation and cancer cell 

targeting of chemotherapeutics and is taken up by endocytosis. 
 High dose of CTA can be administered by these methods and even resistant tumor cells can 

be destroyed. 
 possible signal transduction  

other 

 

  



 



 

CHAPTER-28: ANTHELMINTICS 

Learning objectives 

 After completion of this chapter, the student/learner should know about the mechanism of 
action useful anthelmintics, antitramatodal and cestodal 

 student/learner should aware of spastic and flacid paralysis and mechanism of action of 
different anthelmintics 

 idea about the spectram of activity and species difference in case of levamisole and certain 
unique drugs 

INTRODUCTION 

 Antiparasitics are drugs that reduce the parasitic burden by killing (vermicide) or inhibiting 
their growth (vermifuge). 

 Anthelmintics are drugs or agents that eliminate the worms from gastrointestinal tract. 
 Helminths have a complex body structure and are classified into 3 groups, 

o Trematodes / flukes - Indirect life Cycle 
o Cestodes / tapeworms - Indirect life Cycle 
o Nematodes / round worms - Direct life cycle 



CHARACTERISTICS OF AN IDEAL ANTHELMINTIC 

Broad spectrum of activity 

 Should be active against a large variety of helminths in all animals. Effective against mature 
and immature worms, larval stages. 

o Antinematodal - Effective against hypotactic and migrating larva. 
o Fasciolicide - should kill immature flukes. 
o Anticestodal - should be able to remove the scoleces and not just the strobilae. 

 An ideal Broad Spectrrum anthelmintic should be active against all the three categories. Eg. 
Albendazole, closantel, Netobomin. 

Wide therapeutic index: A safety margin of at least six fold is expected for modern anthelmintics 

Short residence time 

 The drug should not have a tendency to accumulate in tissue or secreted in milk. 
 The withdrawal period should be minimal and those drugs are safer. However in non-food 

animals prolonged persistence may be beneficial by providing extended period of protection 
against reinfection. 

Easy to administer: should be effective on a single dose. 

Economical: Easily available, cheap and stable under normal storage conditions.  

MECHANISM OF ANTHELMINTIC ACTION 

 The mode of action of anthelmintics can be broadly categorised into two types: 
o Interference with parasite energy metabolism 
o Neuro muscular paralysis of the worm. 

Drugs affecting energy metabolism  

 The normal metabolic process is affected. 

Inhibition of fumarate reductase in mitochondria 

 Fumarate -> Succinate 
 Failure to synthesise ATP. In the absence of energy the worms die. Eg 

Benzimidazoles and its pro drugs. 

Inhibition of tubulin polymerisation 

 Binding of drugs with tubulin block polymerisation and microtubule formation. As a 
result inhibition of mitosis, embryonation, egg hatching, secretory function etc. 

 Eg. Benzimidazole (Primary target). 



Inhibition of mitochondrial phosphorylation/uncoupling of oxidative phosphorylation 

 These act as protonophores, allowing hydrogen ions to leak through the inner 
mitochondrial membrane and interfere with ATP synthesis eg. Salicylanilide’s and 
substituted phenols which are mainly flukicides. 

Inhibition of glycolysis 

 Glycolytic enzymes phosphoglycerate kinase and mutase are selectively inhibited 
leading to depletion of energy eg. Clorsulon (flukicide) and Thiacetarsamide (heart 
worm). 

Drugs causing paralysis/Neuro muscular incoordination 

 Interfere with the normal Neuro muscular function of worms and induce spastic or flaccid 
paralysis, the parasites are dislodged from the host and expelled out. The killing is generally 
rapid. 

 The drug categories are: 

Cholinesterase inhibitors 

 Increased concentration of Ach at neuromuscular junction leads to spastic paralysis 
eg. OPC -> coumaphos crufomate, dichlorovos. Trichlorofon, Haloxon etc. 

 [ OPC inhibits AchE by phosphorylating the esteratic site ] 

Cholinergic agonist 

 Act as agonist at nicotinic Ach receptor of nematode à ganglionic stimulation causes 
sustained muscle contraction initially followed by depolarising neuro muscular 
blockade which in turn leads to spastic paralysis. 

 Eg. Imidazothiazole -> levamisole, Butamisole 
 Tetrahydropyrimidines -> Pyrantel, Morantel 

Muscle hyperpolarization 

 Block neuro muscular transmission in parasite by hyperpolarising the nerve 
membrane leading to flaccid paralysis and expelled by peristalsis eg. Piperazine. It 
also blocks succinate production by the worm. It may also act through GABA. 

Potentiation of inhibitory transmitters / GABA agonists 

 Act as agonist at GABA receptor -> Opens chloride channel -> flaccid paralysis. 
 Eg. Piperazine 
 Ivermectin -> Macrocyclic lactones – paralyse the pharynx (unable to feed), the body 

wall and uterine muscles of nematodes. 
 [Glutamate gated chloride channel in arthropod and nematode nerve cell]. It is not 

active against cestodes / trematodes since they do not have receptor at glutamate 
gated chloride channel. 



OTHER MECHANISMS 

 Affecting the permeability of the cell and vacuolation of tegument eg. Praziquantal -> 
Increases the permeability of trematode tegument to calcium and result in spastic 
contraction of muscle. Eg. Diamphenethide 

 Disruption of tegument -> Eg. Bunamidine, Espirantel, Praziquantal. 
 Inhibit glucose metabolism of Fasciola – Diamphenethide, Clorsulon 
 Interferes with Arachidonic acid metabolism of filarial parasite – DEC. 
 Opsonize the parasite for destruction by host immune system. 

ANTHELMINTIC REESISTANCE 

 It is commonly seen in Haemonchus species, Trichostroglyus, Ostertagia, 
Nematodirus and Oesophagastomum. 

 Cross resistance is common between members of the same group. 
 The predisposing factors for development of anthelmintic drug resistance by 

parasites are 
o Use of drug below the therapeutic / recommended dose. 
o Containues use of particular group for a long period. 
o Overuse / unwarranted use 
o Extensive use of anthelmintic with long withdrawal period. 
o Poor management practices 

 Measures to overcome resistance: 
o Rotational use of anthelmintics 
o Avoid Indiscriminate use, follow the dosing schedule 
o Narrow spectrum compound suitable for parasitic stage should be used. 
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CLASSIFICATION OF ANTHELMINTIC DRUGS AND ITS 
SPECTRUM 

Group Drug Anthelmintic activity 

Benzimidazoles Thiabendazole Nematodes 

Parbendazole Nematodes 

Oxibendazole Nematodes 

Flubendazole Nematodes (Pigs) 

Canbendazole Nematodes and cestodes 

Fenbendazole Nematodes and cestodes 

Mebendazole Nematodes and cestodes 

Oxfendazole Nematodes and cestodes 

Luxabendazole Nematodes and Flukes 
(sheep) 



Triclabendazole Trematodes 

Albendazole Adult nematodes and their 
larva, Cestodes, mature 
flukes 

Benzimidazole Pro- drugs Febantel 
(Fenbendazole) 

Nematodes 

Thiophanate 
(Lobendzole) 

Nematodes 

Netobimon 
(Albendazole) 

 

Imidazothiazoles Levamisole  

Butamisole Nematodes 

Tetramisole  

Salicylanilides Closantel Broad spectrum 

Niclosamide Cestodes and Intestinal 
Trematode 

Oxyclozanide Mature flukes 

Rafoxanide Trematode and some 
nematodes. 

Substituted phenols Diamfanetide N,T,C 

Niclofolan Trematode 

Bithionol C&T 

Nitroxymil N&T 

Nitroscanate N & Cestodes (dogs) 

Disophenol Hookworm in dogs &cats 

Clorsulon Adult & immature flukes. 

Tetra hydro pyrimidines Pyrantel Nematode & Horse tape 
worm 

Morantel Nematodes 

Oxantel Nematodes 

Macro cyclic lactones 
(Avermectins) 

Ivermectin  

Doramectin Nematodes & ectoparasites 



Moxidectin  

Milbemyin D  

Milbemycin oxime  

Heterocyclic compounds Piperazine Nematodes 

 Diethyl carbamazine 
citrate (DEC) 

Nematodes (dogs) ,Heart 
Worm, Microfilaria 

Pyrazinoisoquinolones Praziquantal Trematode & cestode 

Benzazepines Espirantel cestodes 

Miscellaneous Phenothiazine Nematodes 

Arecoline Cestodes (dogs) 

Bunamidine Cestodes 

CCl4 Trematodes 

CHAPTER-29: ANTIPROTOZOAL DRUGS 

Learning objectives 

 After completion of this chapter, the learner/student should have an idea about the protozoal 
infections. 

 pharmacodynamic intervention of drugs at various stages.  

INTRODUCTION 

 Parasitic protozoa are responsible for a wide range of diseases in both animals and man, 
diseases which are of world importance but are difficult to eliminate as they are frequently 
transmitted by ticks and fleas. 

Important protozoan diseases and drugs used 

Disease Therapeutic drug 

Anaplasmosis Imidocarb, tetracyclines 

Babesiosis Trypan blue, Acriflavin, Diminazene, Amicarbalide Imidocarb, 
Phenamidine 

Theileriosis Parvaquone, Buparvaqone, Tetracycline, 

Trypnasomiasis Suramin, Trypan blue, Diminazine, Quinapyramine 

Rickettsiae Tetracycline 

QUINAPYRAMINE COMPOUNDS 



Quinapyramine chloride and sulphate 

 There are two quinapyramine compounds of use – the sulphate which is rapidly absorbed 
and mainly trypanocidal with low prophylactic value and the chloride which is more slowly 
absorbed and has a strong prophylactic effect 

 Combined as Antrycide prosalt or Pro-salt R.F.(10% sulphate and 6.67% chloride) and is 
administered by subcutaneous injection at the rate of 0.025ml/Kg body weight. 

 Toxicity is not so important, except in young stock where overdosage may cause trembling, 
sweating and salivation, followed in severe cases, by and increase in respiration, heart rate, 
collapse and death. In normal dosage, symptoms when they occur are only of a mild and 
transitory nature. 

Suramin 

 This is a complex aromatic organic compound. 
 It has marked curative and less useful prophylactic properties against T. evansi in horse, 

camels, cattle and dogs; against T.brucei in horse and dogs and sometimes cattle and against 
T.equinum. 

 Suramin is potentially toxic, because the therapeutic index is very narrow. Horse and 
donkeys are very susceptible, but camels are quite resistant. Symptoms are those associated 
with liver, kidney, spleen and adrenal gland damage. 

AMICARBALIDE ISETHIONATE 

 This compound is a complex urea compound 
 It is active against Babesia divergens, B. bovis, B. bigemina, B. argentina and B. caballi. It is 

used mainly to create premunity by controlling the clinical symptoms but not eradicating the 
infection. 

 Administered through subcutaneous, intramuscular or intravenous route preferably at high 
fever. It can also be added to citrated blood used for transfusion. 

IMIDOCARB DIPROPIONATE 

 It is known chemically ad 3,3-bis (2- imidazolin – 2ly) carbanilidipropionate 
 Mechanism of action: Vacuolization of the cytoplasm and alteration in size of the neucleus. 
 Well absorbed and distributed through out the body 
 Bound to plasma protein and detectable amounts were found in all major tissues up to 4 

weeks after intramuscular administration. 
 Excreted unchanged. Major route – urine, 10% in faeces. 
 Recommended for the treatment and prophylaxis of babesiosis and anaplasmosis. 
 Administered through subcutaneous and intramuscular route but not through intravenous 

route. 
 Dose: 

Babesiosis Cattle 1.2 mg /Kg body weight 

Horse 2.4 mg /Kg body weight 

Dog 6 mg /Kg body weight 



Anaplasmosis Cattle 3 mg /Kg body weight 

 Narrow margin of safety. 10 mg / Kg body weight in cattle, imidocarb can cause death. 

QUINURONIUM SULPHATE 

 The drug is used against babesiosis 
 If it is used in early febrile stages of the disease, clinical cure (not eradicate the infection) 

achieved in 24-48 hours, though a second injection may be needed on the next day or the one 
after. 

 The course of treatment should not be repeated for a period of at least 2 weeks, preferably 3 
months; this is due to occasional development of sensitization, which may result in severe 
shock and death when treatment is repeated. 

 This drug only clinically cures the animals but not eradicate the infection. So on recovery, 
these animals retain a number of organisms in their system which maintains the resistance of 
the animal to reinfection. This phenomenon is known as premunition. 

TRYPAN BLUE 

 This one of the azo dyes and is therefore related distantly to the sufonamides 
 It was one of the earlier agents used against babesiosis, but ineffective against B. equi, B. 

bovis and B. gibsoni. 
 The drug is relatively non-toxic but stains tissues and secretions, including milk, a blue green 

colour which may persist for several weeks. 

HYDROXY NAPTHOQUINNOLONES 

  These drugs are used against Theileriosis 
 Causes marked degeneration of micro schizonts and suppression of parasitemia. 

Parvaquone 

 Most cost effective compound in the series of hydroxynapthoquinnolones. 

Buparvaquone 

 A parvaquone analogue in which cyclohexyl moiety is substituted by an alkyl group, this 
substitution slows down the metabolic degradation of parent compound. 

 Most effective in the hydroxynapthoquinnolone group as active during incubation period and 
also after the out break of bovine theileriosis ( in advaced stage). 

 Pre slaughter withdrawal period for milk and edible tissue is 2 and 42 days respectively. 

CHAPTER-30: ANTICOCCIDIAL CHEMOTHERAPY 

Learning objectives 



 After completion of the class student should have idea about the life cycle of coccidia and 
intervention of drugs at various stages 

 Pharmacodynamic aspect of different drugs 
 Shuttle programme of useage 

INTRODUCTION 

 Coccidiosis was a dreadful disease in 1940`s in the broiler industry leading to bloody 
diarrhea and heavy mortality. 

 It also affects cattle, sheep, goat, pigs, dogs and cats. 
 Two intestinal protozoan parasites of coccidian namely Eimeria and Isospora with numerous 

species have been identified. 
 In broiler E.tenella and E.necatrix are the most commonly encountered protozoans. 
 Solid immunity develops following exposure and it is species and strain specific. 
 Control is possible by continuously feeding a coccidiostat for a prolonged period throughout 

the period with a zero withdrawal drug. 
 In layer immunization procedure would be most suitable eg., administration of coccivac 

containing 7 species of protozoan oocyst. 
 Preventive anticoccidial may be given for 6-22 weeks 
 Such continuous feeding of a static drug has led to the developed starting from 

Sulphonamides in 1940 to Ionophores inearlier to overcome resistance. 
 Two programmes are followed. 

o Shuttle programme– Use of two or more drugs subsequently during the early growth 
period of birds 

o Rotation programme– Use of Pharmacologically different anticoccidials in relation 
one after another in succeeding crops of birds 

LIFE CYCLE OF COCCIDIA 

 Sporulated Oocyst thus gets out from the host in feces hatched out into Sporozoites. From 
sporozoites, tropozoites are formed. This further leads to the formation of 1stgeneration 
Schizont. From this merozoites and further tropozoites are formed. 

 2nd generation Schizonts are formed from which male and female gametocytes are formed. 
Fusion of male and female gametes leads to the formation of Sporulating Oocyst which then 
enters the host. 

 In the life cycle of coccidian, upto the formation of Merozoites from Oocyst belongs to 
1st asxual cycle and again the formation of one merozoite to other merozoite is 2nd asexual 
cycle and the formation of gametocytes from Merozoites is sexual reproduction. 

 Most of the drugs show the greatest activity during 1st or 2nd asexual cycle and some inhibit 
the sexual stage. 

o 1st asexual cycle: Clopidol, Quinolones, Monensin, Robenidine, Amprolium 
o 2nd asexual cycle: Zoalene, Nicarbazine, Sulfonamide, Dinitolmide 

ANTI COCCIDIAL DRUGS 

Clopidol 

 It is a pyridine derivative active only against the sporozoites of Eimeria. Hence it is not 
effective if given after the day of exposure of coccidial oocyst. It is a coccidiostat and does not 
allow natural immunity to develop. 



 Clopidol 100ppm + 8.35ppm Methylbenzoquate à continuously in chicken and turkey. 
 Withdrawal period is about 5 days and not to be mixed with other coccidiostats. 

Quinolones 

 Act on Sporozoite stage and selectively inhibit electron transport and thus respiration in 
coccidial mitochondria, not in the host 

 They are insoluble in water, poorly absorbed hence non-toxic 
 Rapid development of resistance hence used in combination with Clopidol 
 Eg., Decoquinate – not suitable for laying and breeding birds but suitable for calves 
 Methyl benzoate – most potent Quinolones 

Ionophores (Polyethyl antibiotics) 

 Most effective and widely used anticoccidials (growth promoter) 
 They interfere with the transport of ions through membranes, causing an influx of positively 

charged ions. This upsets the osmotic balanceof the cell. Mainly active towards Sporozoites 
and 1st generation Schizonts and Merozoites. Hence it should be fed continuously and not 
recommended for established infection 

Monensin 

 Source: S.cinnamonensis 
 Complex with Na and K ions, affects permeability of membrane 
 Low therapeutic index 
 Highly effective against all species 
 Not recommended for laying hens, equines 
 Withdrawal period is 3 days. 

Laslocid 

 Source: S.lasaliensis 
 Not recommended for other birds and animals except broilers and replacement layers 
 Least toxic at normal dosage but net litter may be a problem because 

Narasin 

 Source: S.aurefaciens 

 Effective against intestinal and caecal coccidian in broiler if administered continuously 
 Not for layers and other animals 

Salinomycin 

 Source: S.albus 
 Similar to Narasin 
 Prophylaxis in broiler 



Maduramycin 

 Source: Actinomadura fumaense 
 Most potent iionophore for broilers. 
 All have a withdrawal period of 5 days 

Robenidine 

 A guanidine derivative inhibits oxidative phosphorylation, primarily coccidiostat against 
parasite up to almost mature first generation schizont and some coccidiocidal effect against 
second generation schizont. 

 Recommended for broiler, turkey and rabbit continuously in feed. 
 Contraindicated in laying hens and not to be combined with other anticoccidials. 
 Withdrawal period: 5 days. 
 Side effect: Unpleasant taste of meat and egg. 

Amprolium 

 It is a thiamine antagonist introduced in 1960. Acts on the early first generation schizonts 
and merozoites. 

 It is used prophylactically in combination with Ethopabate and Sulphaquinoxaline against E. 
Brunetti and E. Maxima inorder to increase the spectrum. 

 It has good activity against E. tenella and E. acervulina. 
 It is used for the treatment of coccidiosis in chicken, turkey and ruminants. 
 The major advantage of this drug is slow development of resistance. 
 Method of administration 
 Broiler and Layer: Continuously in feed. 
 Cattle: Prophylactic / therapy. 
 Layers: contraindicated 
 Withdrawal period: 3 days. 

ANTICOCCIDIAL DRUGS 

Dinitolmide 

 It is a Dinitrobenzamide with greatest activity against asexual stage of coccidia, the 
merozoites 

 Prolonged treatment induces coccidiociddal effect 
 It is highly active against E. tenella and E. necatrix 
 It is also used for treating birds during periods of low exposure risk to coccidian 
 It is contraindicated in layers. 
 Withdrawal period: 3 days. 

Nicarbazin 

 It is a carbanilide, predominantly coccidiocidal, suppressing second generation schizonts 
 It is also used for prevention rather than treatment. Owing to its slow development of 

resistance it is still used in shuttle programme. 



 It can be used to overcome heat stress in broilers if fed during hot climate 
 Contraindicated in layers and with other anticoccidials 
  Withdrawal period is about 7 days 9after egg production and hatchability) 

Sulfonamide 

 More effective against intestinal then caecal species of coccidian 
 They are effective against 2nd generation schizonts. Hence it is effective when clinical signs of 

outbreak are noticed. 
 2nd generation schizonts are important for developing immunity, hence natural immunity 

develops in chicken on sulphonamides prophylactic program 
 Sulphaquinoxaline is used for treatment alone and with amprolium in turkey, chicken and 

rabbit also as prevention in cattle. 
 Sulfaquinoxaline + Pyrimethamine + Ormetoprim 

 Contraindicated in replacement layer birds, stopped before 28 days of coming to lay, 
withdrawal period is about 5 days 

Arprinocid 

 It is a purine analog converted to an acetic 1-N-oxide metabolite. 
 Highly active against the early invasive and intracellular stages of Eimeria and also affects 

sporulation of oocyst 
 Inhibit microsomal metabolism of DNA synthesis in coccidian. 
 Parent compound inhibits hypoxanthine-guanosine transport of E.tenella in vitro. 
 Coccidiocidal on prolonged medication effective against all species of chicken and turkey 

coccidian. 
 Rapid development of resistance and hence confined to shuttle programme. 

Halofuginone 

 It is extracted from plant Hydrangea family 
 Highly toxic to all coccidian of chicken and turkey at just 3ppm 
 It is both static and cidal with activity against early developing stages (asexual) 
 Contraindicated in layers 
 Withdrawal period is about 7 days. 

Toltrazuril 

 Potent coccidiocidal, active against schizogony and gametogany stage especially developing 
aporozoites can be used with interrupted treatment programme of 2-3 days in water rather 
than continuous feeding hence allows strong immunity development. 

 Recommended for Monensin resistant strains. Needs extended withdrawal period. 
 Other species: Sulphonamides, Amprolium and Ionophores are generally used. 

Diclazuril 

 Benzeneacetonitrile derivative, safe and potent coccidiocidal drug compatible with all drugs 
and feed additives and has a zero withdrawal period. Effective against both schizonts and 
gametocytes 



 Of Eimeria tenella, gametocyte of E.brunetti etc. The stage against which it is active is 
species specific. Recommended at the rate of 1ppm in feed for broiler, turkey and rabbit. 

Halofuginone are static as well as cidal others are static 

CHAPTER-31: EXTERNAL ANTIPARASITICS 

Learning objectives 

 After completion of this chapter on ectoparstic drugs student/learner should aware of the 
following concepts 

 Pharmacodynamic and pharmacokinetic aspect of drugs and how they are differ each other 
by the way of mechanism of action. 

 Possible side efffect and line of treatment if toxicosis occurs 

INTRODUCTION 

 Insecticides are used on animals to control mites, fleas,ticks and flies 

Factors affecting the action of insecticides 

 Individual variations in response to insecticides 
 Young animals are most susceptible 
 Stress can increase susceptibility 
 Species variation - horses tend to develop uricaria and hyperthermia 
 Cats are very susceptible to cholinergic stimulants 
 Avoid  applications in extremely hot and humid weather 

organophosphates(OPC) 

 Thio compounds include coumaphos, fenthion,diazinon, ethion, famphur. 
 Oxy compounds include dicholorovos and tetrachlovinphos 

Mechanism of action 

 The OPC insecticides inhibit Ach breakdown by inhibiting ChE irreversibly. 
 Compounds are lipophilic, well absorbed through the skin  
 Metabolism of OPC occurs mainly in the liver. compounds pose no residue problem. 
 Applied to animals topically 

Adverse effects 

 Clinical sign include salivation, lacrimation, urination, defecation, fasiculation ataxia and 
convulsion 

 Chronic toxicity or delayed toxicity seen with some OPC compounds with a delayed onset  of 
paralysis due to progressive demylination of motor nerons. 

 Treatment involves decontamination and administration of atropine sulfate and pralidoxime. 



CARBAMATES and CHLORINATED HYDROCARBONS 

Carbamates 

 Carbaryl  and propoxur. They are  used in the treatment of ectoparasites in small animals  as 
powder, shampoo and collar formulations. 

 Mechanism of action - inhibites ACh esterase via carbamylation. Their effects are more 
reversible than those of OPC since the binding  between carbamates and cholinesterase is 
noncovalent. 

 Adverse effects similar to OPC poisoning. Atropine sulfate is an effective antidote.  
 2-Pam should not be used to treat carbamate poisoning 

o Carbamate binding to cholinesterase is reversible 
o 2-PAM itself inhibits cholinesterase in a reversible manner. 

Chlorinated hydrocarbons  

 Cholrinated ethane derivatives - DDT, methoxychlor are very effective  synthetic insecticides. 
Enviornmental Protection Agency banned these compounds  

 Mechanism of action 

 These insecticides increase intracellular sodium and calcium of exictable cells via two 
mechanisms 

 High sodium cause depolarization and calcium will overstimulate neurotransmission, which 
paralyze the insects. 

 They prevent the closure of sodium channels, leading to an increase in intracellular sodium 
concentration 

 They increase calcium  by inhibiting the uptake of calcium into the endoplasmic reticulum 

Pharmacokinetic properties 

 Highly lipophilic, fat in feed promotes absorption however, obese animals are more resistant 
to insecticide toxicity, because fat adsorbs lipophilic chemicals. 

 DDT is metabolized into DDD and DDE which is water soluble and is excreted in the urine. 
 DDE is permanently stored in the adipose tissue of animals, causing residue problems 

Adverse effects 

 CNS stimulation which may lead to convulsion, cardiac arrhythmia may be induced . 
Phenobarbital  to control convulsions. 

 Egg shell thinning results from the ability of DDT to block estrogen receptors that mediate 
the deposition of calcium into the egg shell 

Lindane 

  It increases excitability of excitable cells by blocking GABA gated chloride channels to induce 
depolarization. 



 Lindane is more toxic than DDT. Young animals, especially, calves and toy breed dogs are 
sensitive to poisoning. 

PYRETHROIDS AND OTHER ECTOPARASITICIDES 

Pyrethroids 

 Allethrin, cypermethrin, fenvalerate,permethrin 
 They are alkaloids of pyrethrum which increases excitability of ectoparasite neurons by 

prolonging the opening of sodium channels, therby causing arthropod paralysis. They are 
generally safe but may cause local irritation hypersalivation and vomition 

 Pyrethroids should not be used in cats 

Other ectoparasiticides 

Amitraz 

 It is a formamidine insecticide for use in dogs, pigs and cattle 
 It activates octopamine receptors in arthropods, which inhibits neurotransmission, resulting 

in flaccid paralysis 
 Amitraz should not be applied to swine before 3 days of slaughter. 

INSECT DEVELOPMENT INHIBITORS (IDIS) 

Diflubenzuron 

 This drug inhibit chitin synthesis in larvae and eggs of insects. They have no effects on adult 
insects. chitin is an important constituent of exoskelton and egg shell.  

Insect growth regulators 

 cyromazine, Pyriproxyfen : They mimic the actions of the juvenile hormones of insects. They 
interfere with reproductive organ differentiation cyromazine is administered orally for 4-6 
wks to control fecal maggots in poultry. It is also used as a spray on to surface of manure. 

Rotenone  

 It is an alkaloid derived from the root of the Derris plant. 
 It inhibits cellular respiratory metabolism by blocking the electron generation results in 

reduced nerve conduction. 

RESISTANCE TO ECTOPARSITICIDES 

 Some arthropodes are resistant to the lethal effects of drugs following continous exposure to 
them. 



Mechanism of resistance 

Behavioral resistance 

 After exposing to a particular ectoparasiticide, the pests would develop the behaviour to 
avoid the agent 

Physiological resistance 

 Decreased penetration into target organism 
 Increased metabolism of ectoparasiticides 
 Decreased sensitivity of the target site. 

Strategies 

 Appropriate selection of ectoparasiticides 
 Reduction in the number of treatments 
 Use of ectoparasiticide rotations and mixtures 
 Limited interactions with agronomical pesticides 
 Resistance monitering 

CHAPTER-32: ANTISEPTICS AND DISINFECTANTS 

Learning objectives 

 Student/learner should know the prime difference between the mechanism of antibiotics and 
disinfectants/antiseptics 

 Difference between disinfectant and antiseptic 
 Various uses to minimise the germ load 
 Multinodal mechanism of action. 

DEFINITIONS 

Sterilization 

 The act or process, physical or chemical, that destroys or eliminates all forms of life, 
especially microorganisms. 

Disinfection 

 The killing of pathogenic organisms by direct application of physical or chemical agents. 
Disinfection processes lack the margin of safety achieved by sterilization procedures, 
particularly concerning their lack of sporicidal  activity. 

Disinfectant 



 An agent, usually chemical, that frees from infection by destroying the disease causing 
microorganism. This refers to substances applied to inanimate objects. 

 High – level disinfectant: active against bacterial endospores. 
 Intermediate-level disinfectant: inactivate tubercle bacilli but not bacterial spores. 
 Low – level disinfectant: rapidly kills vegetative form of bacteria and fungi but not tubercle 

bacilli, endospores and small non lipid viruses. 

Antiseptics 

 A substance that prevents or arrests the growth or action of micro organism on living tissue 
either by inhibiting their activity or by destroying them. 

Germicide 

 An agent that destroys micro organisms, especially pathogenic organisms. 
 Most disinfectants rapidly kill bacteria (with minutes), whereas antibiotics though effective 

at lower concentration may be only bacteriostatic or kill only after several hours after 
exposure. 

 Antibiotics are used systemically,  locally or topically, but antiseptics are intended for use on 
skin or mucous membrane. 

IDEAL PROPERTIES OF ANTISEPTIC 

 It should have a broad spectrum of activity, including bacteria, fungi and virus. 
 It should be rapidly effective and should be germicidal. 
 It should not allow the emergence of resistant pathogens. 
 It should not be inactivated by protein or organic matter or tissue debris. 
 It should be minimally toxic. 
 It should be non-staining, non irritant and non-corrosive or non toxic. 
 It should be odorless and deodorizing. 
 It should have detergent property 
 It should have residual action after rinsing. 
 It should be simple, easily available, stable and economical to use. 

FACTORS AFFECTING THE ACTION OF DISINFECTANTS 

 Type of disinfectant and its concentration. 
 Type of organism, their number, presence of spores and capsules 
 Temperature and pH of solution 

 Presence of organic matter 
 Length of exposure 
 Temperature of room and pressure applied (gaseous disinfectants) 

CLASSIFICATION OF DISINFECTANTS 

 Oxidizing agents 
o The peroxides – H2O2, KMno4  
o The halogens – Chlorine, Iodine 

 Reducing agents - Formaldehyde, Glutaraldehyde, Sulphur dioxide 



 Acids and Alkalis - H2SO4, NaOH, Boric acid, Na2Co3, Benzoic acid, Quick  lime, Salicylic 
Acid 

 Alcohols - Ethyl alcohol, Isopropyl alcohol 
 Phenols and cresols 
 Chloroxy phenols - P- Chlorometa xylenol PCMX, Dichlorometa xylenol 
 Dyes - Acriflavine, Gentian violet 
 Detergents 

o Anionic - soap 
 Sodium lauryl sulphate 
 Ca and Ammonium mandelate 

o Cationic - Quarternary ammonium compounds  
 Cetrimide 
 Benzalkonium chloride   

o Amphoteric - Ampholytic surfactant 
 Biocides 

 Chlorhexidine hydrochloride 
 EDTA  

OXIDIZING AGENTS 

 Two types of oxidising agents are  
o Those which release gaseous oxygen – Hydrogen peroxide 
o Those which cause oxidation without the release of oxygen –KMnO4, The halogens 

Solution of Hydrogen peroxide (3%) -> Intermediate Level Disinfectant 

 Produces nascent oxygen in contact with organic mater, which is partly due to the enzyme 
catalase 

 In turn is responsible for oxidizing effect. 
 Organic matter affects the action 
 Generally available as 20 volume solution . 

Benzoyl peroxide 

 Slowly release oxygen, Oxidizing antiseptic, keratolytic and antiseborrheic – useful in 
pyoderma in dogs. 

 Skin irritation limits its use. 

Sodium perborate 

 White crystalline powder, decompose in solution to give sodium metaborate and Hydrogen 
peroxide which inturn release nascent oxygen. 

Potassium permanganate 

 Dark purple crystals with metallic luster forming pink or deep purple solutions in water. 
 Astringent and antiseptic. 
 1 in 1000 solution is used to clean the wound and as mouth lotion (antiseptic and deodorizer) 
 5% solution is astringent, reduce excess granulation 



 Once the solution turns brown it is inactive. 
 Stains the tissues ( Destainer - Oxalic and sulphurous acid). 

The Halogens 

 Antiseptic halogens 

Chlorine 

 Inexpensive, easily available, bactericidal and broad spectrum. 
 Strong oxidizing agent, Oxidation of peptide links and denaturation of protein. 
 It accumulation inhibits essential enzyme system. 
 It is inactivated in the presence of organic matter. 
 Two derivatives of chlorine are 

o Inorganic compound  
 Eg. Na hypochlorite – Dakin’s Solution ( 0.4 % available chlorine ) 
 It is unstable and releases Cl slowly when exposed to the atmosphere or 

organic material. 
 It can be used as Teat dip at a concentration of 4% available chlorine. 

o Organic derivatives 
 Eg. Chloramines T and Chlorinated lime (Bleaching powder) 
 Chloramines T - slowly release oxygen, disinfection of udder and sanitation of 

dairy utensils. 
 Chloramines releases Cl and HoCl which acts as oxidizing agent. They are 

also used to treat swimming pool and drinking water. 
 Chlorinated lime (Bleaching powder) 
 Mixture of calcium hypochlorite and CaCl2 yields 30 % chlorine and is used 

for disinfection of water supply, live-stock premises, disposal of carcasses etc. 

Iodine 

 Antiseptic wound dressing, but is an irritant and retards wound healing. 
 Interacts with proteins of cytoplasmic membrane. 
 Two forms 

o Those releasing free iodine 
 Lugol’s Iodine 
 Tincture iodine -  Weak and Strong 

o Antiseptic and mild irritant action – weak tincture Iodine (25%) 
o Iodophors - Complex between iodine and a carrier polyvinyl pyrrolidone – povidone 

iodine 
 Increases the solubility of iodine 
 Sustained release 
 Improves the activity of Iodine 

 Use 
o Skin scrub, low Iodine concentration prevent staining hence used in mastitis 

control as teat dip (0.5 % available Iodine) 
 Toxicity: Cutaneous and systemic absorption leads to iodism 
 Resistance is rare.  

REDUCING AGENT / ALDEHYDES 



 Formaldehyde 
 Glutaraldehyde 
 Sulphur dioxide 

Formaldehyde 

 Highly bactercidal and action is not affected by organic matter 
 Formalin – strongly astringent and antiseptic, precipitates protein on the skin and hardens 

it. 
 Foot bath 1 in 10 to give 4 % formaldehyde 
 Fumigation: 
 10% formaldehyde solution is used for room disinfection followed by closing the room for 24 

hrs 
 In combination with KMno4 (3:5 ) or boiling formaldehyde alone 

 It is an irritant and has corrosive action on the skin. The irritant vapours can be neutralised 
with ammonia solution 

Glutaraldehyde 

 Chemo sterilizing agent, less irritant and active against bacteria, fungi, virus, spores and 
biofilms. 

 MOA – Denaturation of protein and is an alkylating agent 
 Contact time: 10 – 30 mts for High Level Disinfection and 6 – 10 hrs for s terilization, 
 Use: Disinfection for lensed clinical equipment (endoscope or cryoscope) and treatment of 

blood products. It is more active at alkaline pH- 7.5 to 8.5. 

Sulphur dioxide 

 Liberates gas when sulphur is ignited, 0.5 kg should be burned / 100 sq.ft. and atmosphere 
should be moist and ventilation should be sealed. 

ACIDS AND ALKALIES 

 Release H+ and OH- ion and denature protein, potent bactericides except mycobacteria. 

Acids 

Boric acid 

 Mild germicidal activity 
 Does not irritate the skin or tissues 
 2% solution is used as collyrium and mouth wash 
 Borax glycerine (12% W/v borax with glycerine) and boro glycerine (31% boric acid in 

glycerine) is used for treating wound lesions. 
 Boric acid (2.5 g) with Salicylic acid (1.5 g) and talc (upto 50 g) is used as dusting 

powder. 

Benzoic acid 



 Along with Salicylic acid as Witfield's ointment it acts as a fungicide on skin 

Acetic acid 

 2-5 % solution is used as antiseptic wound dressing and possess bacteriostatic 
property. 

Alkalies 

Sodium carbonate (Washing soda) 

 4% solution is used as antiseptic cleansing for wound. 

Calcium oxide (Lime) 

 It is used as general disinfectant in farm yard by scattering in the drains or by 
sweeping on the floors. 

Calcium hydroxide (Milk of lime) 

 For disinfecting the areas contaminated with excreta 

ALCOHOLS 

Ethyl alcohol 

 70% is used as skin antiseptic at injection site and as preoperative skin swab. It is virucidal 
and less toxic. 

Isopropyl alcohol 

 50% possess bactericidal action and is used as skin antiseptics. 

Uses 

 Intermediate level disinfectant 
 Alcohol acts by denaturing the protein and i nhibition of cell metabolites 

 It is used alone or in combination with Iodine, Phenol, Chlorhexidine 
 Not active in the presence of physical dirt and not recommended for surgical instruments 

(not sporicidal) 
 Immersion of hand in 65.5 % ethanol for 1mt is as effective as scrubbing for 4 – 7 mts. 

PHENOL AND CRESOL 



Phenols 

 First disinfectant and antiseptic used by Joseph Lister in 1867. 
 Intermediate Level Disinfectant 
 It is coal tar derivative. 
 It acts by denaturing the bacterial protein. It acts as a protoplasmic poison when applied to 

tissues and may even cause necrosis. 
 Act on cytoplasmic membrane and cause leakage. 
 It is mainly used as a general disinfectant(1-2% solution) and chemical sterilizer (5%) 
 Phenol is used as a standard to measure the effectiveness of other disinfectants and 

antiseptics in terms of phenol coefficient. 

Cresol 

 Impure mixture of ortho, meta and para metyl deriatives of phenol and is obtained from coal 
tar distillation 

 It is a better disinfectant and less toxic than phenol 
 2% solution of cresol with soap is commercially available as Lysol and is used as disinfectant 

Toxicity 

o Both phenol and cresol are toxic to dogs and cats hence should not be used to 
disinfect the kennels or cat cages. 

o Cats and dogs should not be bathed with soaps containing carbolic acid. 
o Toxic signs include convulsion, coma and death due to respiratory and cardiac 

failure. 

DETERGENTS 

Detergents 

 These are surface active agents, reduce surface and interfacial tension and act as cleansing - 
emulsifying agents with antibacterial property. They are also called as surfactants and are of 
two types: 

o Ionic - Anionic and Cationic 
o Nonionic - not antibacterial 

 Detergent antiseptics are non irritant and non toxic at the recommended concentration. 
 Their activity is reduced in the presence of organic matter, and have no effect on spores, virus 

and fungi. 

Anionic Detergents 

 Active in mild acid solution and include soaps, calcium mandelate, ammonium mandelate 
and sodium lauryl sulphate. 

 Active only against G+ve organisms 
 Soap emulsifies the grease and cause loosening of keratin, dirt and debris. 
 It is combined with agents such as Phenol, Chlorhexidine, Potassium Iodide and 

Hexachlorophene to increase the antibacterial activity. 



 Hard Soap is o btained by reaction of vegetable oil with Sodium hydroxide and is used as 
emulsifying and dispersing agent in liniment, lubricant enema/ rectal suppository. 

Cationic Detergents 

 Active in alkaline medium and include quartenary ammonium compounds and dyes. 
 Active against G+ve (high cone) and G-ve bacteria, ineffective against spores, virus and fungi 
 Bind irreversibly to phospholipids and proteins of cytoplasmic membrane and impair 

permeability and cause bactericidal effect . 
 Primarily used to disinfect floor, wall and equipment surface 
 It forms a flim on the skin which is strongly antiseptic externally but unreactive internally 

Cetrimide 

o It acts as a foaming agent 
o 1% solution is used for skin cleansing and wound dressing 
o 0.1% solution is used to disinfect dairy equipments, utensils, clothes and hands 
o 0.5% cream is used as a prophylactic agent against mastitis 
o 1% solution containing 0.2% sodium nitrite is used as antirust agent. 

Benzalkonium chloride 

o 0.1% alcoholic solution is used for skin sterilisation 
o 0.01-0.05% solution is used on mucous membrane and to clean deep wounds 

OTHERS 

Amphoteric compounds 

 Amphoteric surfactant biocides have one anionic and one cationic group 
 Anionic at pH above the isoelectric point and cationic at pH below the isoelectric point. They 

are called as Zwitter ions. 
 Shampoos- equal anions and cations, hence they are balanced 

Chlorhexidine hydrochloride 

 Intermediate Level Disinfectant 
 Its a potent bactericidal agent and acts by disrupting the bacterial cell wall 
 Active against both G+ve and G-ve organisms 
 Incompatible with soap and anionic detergents 
 Ineffective against fungi, virus and spores 
 0.5% alcoholic or 1% aqueous solution is used as skin antiseptic 
 1 :5000 solution is used for dairy and 1:1000 is used as eye lotion 
 1g pessary is effective against metritis 
 1% aqueous solution is used as antiseptic teat dip 
 Toxicity is low and irritation is uncommon 
 Useful in prophylaxis and treatment of oral diseases. 



EDTA 

 Tris EDTA acts on cell wall and alter the cell membrane permeability 
 Active against G-ve organisms 
 Potentiates action of chlorhexidine in lavage solution 
 Used as an irrigant in combination with antibiotics in otitis externa, bacterial rhinitis and 

multiple fistula in dogs. 

CHAPTER-33: INDIGENOUS PLANTS 

 Student/learner should know about the importance of alternate medicine esp plant derived 
active principles. 

 Understanding of positive effect of plant preparations 

 Importance of pharmacoeconomics/ animal patient 
 Difference between western/indigenous medicines 
 Student should aqunit with the local name of the plant 
 Different active principles present in the plant in Tamil nadu 

INTRODUCTION 

 Indigenous drugs refer to pharmacologically active principles primarily obtained from the 
medicinal plants with proven therapeutic value. 

 A large number of medicinal plants have been recognized to possess therapeutic value in the 
treatment of a variety of diseases. 

 The medicinal plants contain pharmacologically active principles such as alkaloids, 
glycosides, resins, tannins, fixed oils, volatile oils etc. 

MEDICINAL PLANTS AND ITS PHARMACOLOGICAL ACTIONS 

Rauwolfia serpentine 

Active principle Reserpine 

Pharmacological action Tranqulizer and Antihypertensive 

Vinca rosea 

Active principle Vincristine and Vinblastine 

Pharmacological action Anticancer drug – common used for the treatment of transveneral 
tumour in dogs. 

Withania somnifera 

Active principle Somniferine 

Pharmacological action General tonic and Immunostimulant 

Laptadenia reticulate 

Active pricinple Laptadine 



Pharmacological action Galactagogue 

Gingiber officinalis 

Active principle Gingerol 

Pharmacological action Carminative and Stomachic 

Ricinus communis 

Active principle Ricin 

Pharmacological action Purgative 

INDIGENOUS ANTIBACTERIAL/ANTISEPTIC 
AGENTS 

 Curcuma longa 
 Azadirachta indica 
 Allium sativum 
 Ocimum sanctum 
 Zingiber officinalis 

INDIGENOUS ANTIFUNGAL AGENTS 

 Curcuma longa 
 Pongamia glabra 
 Azadirachta indica 
 Cassia alata 

INDIGENOUS ANTHELMINTIC 

 Areca catechu 
 Azardirachta indica 
 Carica papaya 
 Punica grantum 

INDIGENOUS ARTHROPODE REPELLANTS/ INSECTICIDAL 
AGENTS 

Acorus calamus Repellant of Ixodid ticks 

Azadirachta indica wide range insecticidal 

Curcuma longa Against ticks and mites 

Chrysanthemum indicum Against scabies 

Pongamia glabra Against sarcoptic mange 

Ricinus communis Against mites 



Tinospora cardifolia Against scabies 

PHYSIOLOGICAL BASIS FOR ENDOCRINE 
PHARMACOLOGY 

 The various functions of the body must be able to respond, in a coordinated and appropriate 
manner, to diverse physical and chemical changes arising from both with in and outside the 
body. Such perturbations may act directly upon a responding cell / upon a sensing cell, which 
then transmits the information to effector or target cells. In the nervous system, information 
is gathered, transported, integrated and disseminated by electric nerve impulses via the 
central and peripheral networks. Alternatively, information may be transmitted from sensor 
to effector cells by means of chemical messengers traveling in the body fluids. These 
messengers adjust and correlate metabolic functions by action on heir target cells in various 
ways, including, 

o Activation of intra cellular enzymes 
o Influencing the movement of substance or ions between intra cellular compartments 
o Inducing enzyme synthesis and 
o Changing the permeability of the plasma membrane, there by affecting transport to 

and from the extra cellular space. 
 This type of control is particularly important for the maintenance of homeostasis and the 

regulation of growth and reproduction. 

Ways of cell to cell communication 

 There are three basic ways in which cells communicate 
o They form gap junctions between adjacent cells directly joining the cytoplasm of the 

two cells. This allows small molecules to pass, which couples the cells electrically and 
metabolically. 

o They display plasma membrane bound signaling molecules in the extra cellular 
matrix, which influence neighboring cells. 

o They secrete chemicals that communicate with cells some distance away. This type is 
sub divided as follows 

 Paracrine transmission: diffusion of the messenger through the interstitial 
fluid. Sometimes the messenger affects the cells, which secretes it; this has 
been termed ―autocrine‖. 

 Neurocrine transmission: The messenger travels a short distance from 
neuron to neuron or from neuron to a target cell. Release of transmitter 
occurs as a result of an electrical signal. 

 Endocrine transmission: The messenger termed a ―hormone‖, is secreted 
directly in to and transported by the circulating blood. 

 Exocrine transmission: Whenever the agent is secreted to the exterior of the 
body. Certain G.I. hormones are secreted in to the lumen of the G.I. tract and 
exert a regulating effect on distal cells lining the tract. 

 Another type of exocrine regulation occurs when a chemical substance from 
one individual exerts its effect upon another individual of the same species. 
Such substances, called, Pheromones, are either secreted from an exocrine 
gland or are found in an excretory product such as urine. These regulatory 
agents are most important in insects, but there are several examples of 
mammalian pheromones that affect reproductive function.  

 There are close inter-relationships between the various regulatory components. 
 The nervous system is basically concerned with rapid activities and behavior where as 

humoral control is dominant for homeostasis ands slow, sustained adaptations such as 



growth and reproduction. It is common to find a mixture of control modes and pathways for 
any given function. 

 In addition, a single control pathway may use a mixture of delivery systems. nervous 
stimulation may affect the synthesis, release or effect of a hormonal or para crine agent, and 
humoral regulators have been shown to stimulate / modulate nerve impulses 

  The endocrine cells of the adrenal medulla secrete their hormones in response to nerval 
stimulation. Certain neurons in the hypothalamus have evolved in to neuroendocrine cells in 
which hormone is synthesized in the cell body, transported within the axon, and released into 
the blood stream after nervous stimulation. 

 Another unifying link between neural and humoral control lies the fact that the two systems 
share transmitters. Ex: Many biologically active amines – Epinephrine, Dopamine, 
Serotonin, Histamine and Peptides – Somatostatin, Enkephalin, Thyroid regulating hormone 

HORMONE, DEFINITION AND CHEMISTRY 

 Hormone is classically defined as a compound that is synthesized and secreted by a 
specialized group of cells, is transported via the blood stream, and exerts its regulatory effect 
of a distant group of effector or target cells. 

 Exceptions: Substances generally considered being hormones (Prostaglandins, Somato 
medins, Angiotensin) are not synthesized or secreted by specialized cells or tissues. In other 
instances, (Somatostatin, Glucagon, Epinephrine), secretion may occur from either 
endocrine or non-endocrine tissue. Renin, most often regarded as a hormone, is an enzyme 
that exerts its effect with in the blood stream. 

Hormone Chemistry 

 Hormones can be roughly divided in to two classes according to solubility, target cell 
receptors and mechanisms of action. 

 The protein, polypeptide and amine hormones are water soluble, bind with receptors in the 
plasma membrane of the target cell, and frequently exert their effect by activation of 
intracellular enzymes, or by alteration of membrane permeability. 

 The relatively water-in soluble steroids and iodinated amino acids interact with nuclear and 
perhaps, mitochondrial or cytosolic receptors and affect protein synthesis through 
stimulation of messenger R.N.A. Because of their solubility characteristics, these two classes 
differ in their form of blood transport; those of water soluble class is transported as free 
hormones, where as the insoluble hormones are bound to blood plasma proteins. 

 Free hormones generally have a much shorter ½ life in the circulation.  

RECEPTORS AND MECHANISM OF ACTION 

 Hormone receptors play three important and linked roles in humoral function. 
 Receptors are relatively hormones specific through binding with the specific receptors found 

only in certain cells; the endocrine system is able to elicit bio chemically specific responses 
from cells throughout the body as well as organ- or tissue specific responses. In instances 
where two hormones are chemically related, however, the receptor for one may bind the 
other with markedly less affinity; this is called specificity spill over. 

 The No. and affinity of the receptors that affect the magnitude of the target cell response 
offer an increased concentration of circulating hormone results in decreased receptor 
numbers in target cells. This has been termed as down regulation and results from both 
occupancy of receptor sites and loss of unoccupied receptor sites. Some times increased 
circulating hormone (Ex: Prolactin, Angiotensin) stimulates receptor numbers. It is also 



possible to find hormone regulation of receptor numbers for other hormones. Ex: Estrogens 
increase the no. of oxytocin receptors. Although, less common, receptor affinity may also be 
affected. This is particularly true for receptors that are capable of binding several hormone 
molecules; binding of the 1st molecule changes the conformation of the receptor so that the 
affinity of the remaining sites is changed. Decreased affinity is known as Negative co-
operativity. 

 Hormone receptors are essential in the transfer of information from hormone to target cell. 
All receptors are proteins that contain a site / sites to which the hormone is bound. Binding 
changes the conformation of the receptor, initiating certain intracellular / membrane 
changes that constitute the response of the cell. 

DIFFERENT INSTRUMENTS USED FOR AUSCULTATION 

 The binding of water-soluble hormones to their plasma membrane receptors results in the 
generation of one / more second messengers and in changes in the membrane itself. These 
2nd messengers then regulate the intra cellular events that constitute the target cell 
response. 

 The best-defined and most common 2nd messenger system involves cyclic AMP. 
 The hormone – receptor complex in such a way that, it binds GTP, affects a membrane 

protein known as Guanine nucleotide regulatory protein. 
 The resultant Protein-GTP activates the enzyme Adenylate cyclase, which, inturn, catalyses 

the formation of camp, from ATP. This cyclic nucleotide then activates cAMP dependent 
proteinkinase. There are also examples wherein the hormone-receptor complex inhibits the 
adenylate cyclase. 

 CGMP has also been shown to act as a 2nd messenger. 
 Movement of calcium ions in to the cell cytosol is a common cellular response to external 

stimuli. This calcium is derived either from the ECF or from Ca2+ stores in the mitochondria, 
microsomes, or plasma membrane. Increased cytosolic calcium is very important in the 
cellular response to hormonal stimulation. Although, the Ca2+ itself may activate certain 
enzymes, the biological actions of calcium are usually mediated by an interaction with Ca2+ 
binding proteins such as calmodulin. Ca-calmodulin activates certain metabolic enzymes, 
affects adenylate cyclase, guanylate cyclase, and phosphodiesterase, and participates in the 
control of membrane permeability. 

MECHANISM OF ACTION OF NUCLEAR RECEPTORS 

 Steroid hormones are lipid soluble and able to permeate all cells of the body. 
 For steroids, the receptors are located in the cytoplasm or nucleus of the target cells. 
 In any case, the receptor-hormone complex is then activated and binds with high affinity to 

sites in the nucleus. This binding results in changes in the transcription of genes, which 
initiate the synthesis of specific mRNA and proteins. These proteins produce the desired 
biological effect. 

DIAGNOSIS OF ENDROCINE DYSFUNCTION 

 Based on both physical signs of hormone deficiency/excess 
 Laboratory assay of concentration of hormone or of the concentrations of compounds 

regulated by the hormone involved.  
  Physical signs are usually similar to those observed in experimental animals deprived of a 

certain gland, given hormone antagonist/inhibitors or administered exogenous hormone. 
Laboratory verification of diagnosis is important in that the dysfunction may arise from 



abnormal secretion, an abnormality of regulation, receptor defects or inability of the target 
cells to respond. 

 Concentrations of hormones in body fluid are measured, in virtually, all cases, by some form 
of competitive protein binding assay. 

 A small known amount of labeled hormone is reacted with the binding protein and the 
sample that contains unlabelled hormone. The hormone-protein complex is separated, and 
the amount of bound labeled hormone is measured. The percent of labeled hormone that was 
bound is then compared with a standard curve (prepared with the known amounts of 
unlabeled hormones) to ascertain the concentration of the hormone in the sample since there 
is competition between labeled and unlabeled hormones for binding sites, the percentage of 
labeled hormone i.e. bound will decrease with increasing concentration of unlabelled 
hormone. Blood transport proteins were initially used in these assays and purified specific 
receptor protein is gaining popularity, but the most common binding protein used in these 
assays consists of hormone antibody. 

RELEASING HORMONES/FACTOR 

 Gonadotropin releasing hormone (GnRH) - Decca peptide, stimulates the secretion of both 
FSH & LH from anterior pituitary.  Evidence has been presented that differential secretion of 
FSH & LH is achieved by variations in the frequency and amplitude of Gn-RH pulses. 

 Thyrotropin releasing hormone (TRH/Protirelin) - Tripeptide, stimulates the release of TSH 
from anterior pituitary. When injected this hormone also stimulates the release of prolactin, 
but the physiological importance of this effect is unknown. 

 Corticotropin releasing hormone (CRH) - 41 aminoacid polypeptide, stimulates the release of 
all the peptide components of pro- opio melanocortin. 

 Growth hormone releasing hormone (GHRH/SRH) - 44 aminoacid polypeptide, stimulates 
STH secretion. 

 Melanocyte stimulating hormone releasing factor (MRF) - stimulates the release of a-, b- & g-
melanocyte stimulating hormones from anterior pituitary 

RELEASING INHIBITING HROMONES 

 GH-Release inhibiting factor (Somatostatin/Octreotide/GHRIF)- tetradeca peptide, inhibits 
the STH secretion. This is also found in the pancreas, and G.I.T. where it exerts wide spread 
inhibitory effects. 

 Prolactin release-inhibiting factor (PRIF- probably Dopamine)- inhibits lactotrope secretion 
of PRL and thyrotrope secretion of TSH. 

 MSH release inhibiting factor (MSH-RIF)- inhibits the release of MSH.     
 No hypothalamic hormone for the stimulation PRL secretion has been isolated. There is 

some evidence that vasoactive intestinal peptide may play an important physiological role in 
PRL secretion. 

 The release of releasing hormones from hypothalamus is controlled by various external 
factors like odors, sounds, sights, stress, temperature, photoperiod and internal regulating 
mechanisms viz., feed back mechanism and nervous control. 

 Among the hypothalamic releasing hormones only GnRH is approved for treatment. 
 GnRH is used to treat cystic ovaries in cattle. The dose is 100mcg / cow I.V. or I.M. 
 GnRH injection induces ovarian leutinization by causing LH release similar to the LH spike 

seen at estrus and before ovulation. This injection of GnRH mimics the naturally occurring 
pituitary LH release. 

 Other uses of GnRH could include other species where a surge of LH and pituitary FSH, is 
desired to induce ovulation, aid folliculogenesis, and stimulate leydig cell production of 



testosterone. Unfortunately, the increased output of FSH / LH is of short duration, which 
limits the efficacy of GnRH for its ovulation & Leutinization effects. 

INTRODUCTION 

 The mammalian anterior pituitary produces tropic hormones, which stimulate other 
endocrine glands to release their hormones 

 The other hormones, for example, somatotropin & prolactin have direct actions 
 The release of each of the adenohypophyseal hormones, which are secreted by hypothalamus 

& reach the hypophyseal portal venous system 

HORMONES OF ANTERIOR PITUITARY 

 Adrenocorticotropic hormone (ACTH) 
 Thyroid stimulating hormone (TSH) 
 Follicle simulating hormone (FSH) 
 Luteininzing hormone (LH) 
 Growth hormone/Somatotropic hormone (STH/GH) 
 Prolactin 
 Melanocyte stimulating hormone (MSH) 
 Out of these ACTH, TSH, FSH and LH act to regulate the functions of the endocrine glands 

like the adrenal cortex, thyroid and ovary respectively 
 The GH, prolactin and MSH act directly on target organs 
 The growth hormone regulates growth and cellular metabolism 
 Prolactin helps in the preparation of mammary glands for lactation and maintenance of 

lactation 
 MSH plays a role in control of skin coloration 

HORMONES OF POSTERIOR PITUITARY 

 Antidiuretic hormone (ADH)/Vasopressin 
 Oxytocin 

Hormone Target organ Biologic activity 

Somatotropin General soma Body growth, protein synthesis, 
Carbohydrate metabolism, regulation of 
renal function and water metabolism, 
increases cell permeability to amino acids, 
favours lactation 

ACTH Adrenalcortex Maintenance of structural integrity of 
adrenal cortex, regulation of glucocorticoid 
secretion 

TSH Thyroid Maintenance of normal structure and 
function of the thyroid gland; production of 
thyroxin and analogs 



Prolactin Mammary gland Possibly favours lactation 

Gonadotropins 
FSH 
LH 

 
Ovary 
Testis seminiferous 
tubules 
Ovary 
Testis leydig cells 

 
Growth and maturation of ovarian follicles 
Spermatogenesis 
Synergistically with FSH causes estrogen 
secretion, follicular maturation, and 
ovulation; corpus luteum development in 
some species.  
Stimulation of interstitial tissue, androgen 
secretion 

Melanocyte 
stimulating 
hormone 

Melanophore cells of 
amphibia and reptiles 

Melanophore-expanding activity with 
resultant maintenance of skin colour 

ADH Renal tubules Regulation of water excretion by resorption 
of water, pressor effect only in high doses 

Oxytocin Mammary 
myoepithelium 
Uterine myometrium 

 
Letdown of milk by contraction of 
myoepithelium 
Contraction of uterine musculature to aid 
parturition and sperm transport 

NON PITUITARY GONADOTROPINS 

 Gonadotropins whose sources are not pituitary are 
frequently referred to as anterior pituitary like hormones. 
The two sources of most importance in veterinary 
medicine are 

 PMSG (Pregnant mare serum gonadotropin)/ECG 
(equine chorionic gonadotropin) 

 HCG (human chronic gonadotropin, both of which are 
protein in nature. 

PMSG/ECG 

 It is a glycoprotein that has a mol. Wt. of 68000 and a ½ 
life of 26hrs. 

 Source - Endometrial cups of the pregnant mare’s uterus. 
The hormone is in the blood of pregnant mare between 
40th and 140th days of pregnancy, reaching a peak at 
approximately the 80th day. 

 PMSG activity is primarily like pituitary FSH, but it does 
have some actions like pituitary LH. It has a long period 
of action because it does not pass the renal filter and 
remains in the circulation of the injected animal / in the 



blood of the pregnant mare that has produced it. In the 
pregnant mare’s own body it acts on the maternal 
ovaries, causing follicular development and finally 
multiple ovulations even though the mare is already 
pregnant. This leads to multiple corpora leutea 
formation. 

HCG 

 It is a protein consisting of two peptide chains, 
containing galactose and hexoseamine with a mol.wt. of 
30000 and a ½ life of 8 -12 hrs. This is chemically 
different from pituitary LH. But, its activity is primarily 
LH like, with some efforts similar to those caused by 
FSH. 

 Source- is the cytotrophoblasts of the chorionic villi of 
the human placenta. It appears in the urine a few weeks 
after conception, reaches peak at approximately 50 days 
of pregnancy and decreases their after to negligible 
quantities. This hormone is the basis for the Friedman 
pregnancy test, using the ovulating ability of the 
suspected pregnant women’s urine to cause ovulation in 
rabbits. HCG provides an inexpensive hormone that 
mimics to some extent to the effects of pituitary LH, 
causing ovulation / leydig cell stimulation where 
increased androgen production is desired. 
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HORMONE OF THYROID AND PARATHYROID GLANDS 

 Thyroid gland - Thyroxine (T4) and Tri-iodo thyronine (T3) and Calcitonin 
 Parathyriod gland – Parathyroid hormone (PTH) 

Thyroxine (T4) and Tri-iodo thyronine 
 Thyroid hormones (T4 & T3) and growth hormone appears to have an association since the 

former, especially T3 also induces general protein synthesis with positive nitrogen balance 
through the enhanced gene transcription mechanism; but very high concentration of T3 
appears to have the opposite effect. 

 Thyroid hormones are important modulators of development processes, and even 
intrauterine and neonatal deficiency results in cretinism. These hormones influence the rate 
of general metabolic activity affecting almost all cells of the body. 

 In circulation, they are in equilibrium with tissue levels being continually taken up by the 
latter. Different tissues have different uptake capacity. 

 Liver, kidney and posterior pituitary have highest turn over rate; muscles and intestines have 
less, and brain, spleen and gonads, least. 

 The general metabolic function of these hormones is to increase O2 consumption. 
 The mechanism involves increasing the units of the Na+, K+ ATPase pump present in every 

cell, thereby enabling virtually all cells to possess larger energy from the increased utilization 
of ATP, and the associated O2 consumption via oxidative phosphorylation. 



Calcitonin 

 It regulates the maintenance of steady blood calcium levels and increase c AMP in bone cells 
 It diminishes bone resorption and lowers plasma calcium. 
 It lowers plasma phosphorus by increasing its urinary excretion. 

Parathyroid hormone 

 Parathyroid hormone (Parathormone): PTH prevents hypocalcaemia due to dietary 
deficiency by increasing bone resorption, which releases Ca2+, phosphate ion and organic 
matters of bone matrix. 

 Renal clearance of Ca2+ is also partly inhibited, but that of phosphate is increased, thus 
retaining the necessary proportion of these two so that a supersaturated condition of calcium 
phosphate in blood may not occur. With high blood levels of PTH, urinary excretion of Ca2+ 
may be above normal. 

 PTH also increases the absorption of Ca2+ in the intestine indirectly, reduces its secretion in 
gastric juice and opposes calcitonin from the thyroid gland. 

 The earliest effect of PTH is due to decrease pericellular Ca2+ and increase intracellular 
Ca2+ in bone and kidney cells. 

 At low concentration, PTH has an anabolic effect promoting bone formation as indicated by 
rise in alkaline phosphatase. 

 PTH also inhibits transport of Na+, K+ and HCO3-. 

HORMONES OF ADRENAL GLAND 

 Corticostroids - Glucocorticoids (Cortisone, Corticostrone and 
Hydrocortisone) and mineralocorticoids (Aldosterone). 

Glucocorticoids Maintenance of fluid homeostasis by regulation of 
volume and composition of body fluids and by being 
permissive for essential cellular metabolism; 
increase gluconeogenesis; decrees protein 
synthesis, and increase lipolysis; maintain micro 
circulation, normal vascular permeability, stability 
of lysosomal membranes, suppress inflammatory 
reactions; development of pulmonary surfactant in 
the near-term fetus, allowing an adapt ion to air 
breathing 

Mineralocorticoids Water and electrolyte balance 

Adrenal medulla 

 Adrenaline and nor adrenaline– Although not necessary for maintenance of life 
processes, catecholamines are required for adaptation to acute or chronic stress. 

 The effect of circulating adrenalin and nor adrenalin upon different organs 
throughout the body is similar to that caused by direct stimulation of the 



sympathetic nerve, but their effect has a longer duration. There is some 
difference in degree between the effects of these two hormones. 

 Adrenalin has a greater effect on cardiac output, whereas nor does adrenalin 
cause greater constriction of the blood vessels of muscles, as a result of which the 
arterial pressure is raised higher than is caused by adrenalin. 

 Adrenalin also has much greater effect on tissue metabolism, which includes 
elevated blood glucose level. 

 Increase also occurs in lipolysis with higher supply of glycerol and fatty acids to 
bloodstream. 

 Fatty acids act as a primary fuel for muscular action. This increases the 
availability of glucose to other tissues, especially CNS. 

 Increased glucose metabolism may lead to accumulation of blood lactic acid. 
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HORMONES OF PANCREAS 

 Insulin is secreted from the β cells, Glucagon from α cells, and somatostatin from the δ cells 
of the islets of Langerhans of the pancreas. 

Insulin 

 Insulin plays very important role in the transport of glucose thorough the membrane of most 
cells. Thus carbohydrate metabolism is almost wholly dependent on the availability of 
insulin. 

 However, brain cells and liver cells do not require the presence of insulin for this transport. 
 In the liver, insulin helps indirectly by keeping the cellular concentration of glucose to a low 

level due to the formation of glucose-6-phosphate by hexokinase activated by insulin. 
 Insulin stimulates fat formation from acetyl-CoA and glycerol, supplied by glucose during 

glycolysis. It inhibits lipolysis in the liver and the adipose tissue, thereby decreasing 
circulating FFA. This has an effect on carbohydrate metabolism, since FFA retards glycolysis 
and stimulates gluconeogenesis. 

 Insulin promotes protein synthesis and opposes its breakdown. Entry of certain amino acids, 
movement of Ca2+, K+, nucleosides and inorganic phosphate are all facilitated by insulin. 

 Specific proteins are also synthesized with necessary changes in mRNA under the influence 
of insulin. 

 In this respect, it may be involved in cell division, growth promotion, repair and regeneration 
of tissues as well as in development and differentiation of the foetus.  

Glucagon 

 The function of glucagons is opposite to that of insulin. 
 It acts by binding with specific receptors at the surface of the target cell plasma membrane, 

and activates adenylate cyclase followed by generation of camp, which initiates a cascade 
system, finally activating phosphorylase. 

 Liver is the main site of action of glucagons. Phosphorylase enhances glycogenolysis and 
inhibits glycogen synthetase, reducing glycogenesis. cAMP also activates other enzymes, 
especially phopho-enol-pyruvate carboxykinase, in the pathway for gluconeogenesis, which 
results in the formation of glucose from amino acids. The net effect in liver is increase in 
glucose level, which automatically raises it in circulation. 



 In the adipose tissue, cAMP activates lipase with increased lipolysis. This elevates plasma 
FFA level which may cause the formation of acetoacetic acid and β-hydroxybutyric acid 
leading towards ketosis. 

Somatostatin 

 It has numerous inhibitory effects. Its negative control on the GH has been already stated, for 
which it is also termed GHRIH. By inhibiting glucagons release from the pancreas, it helps to 
counteract ketosis in insulin deficiency. 

 In the GIT, its net effect is reduced uptake of nutrients in the circulation as it slows down 
glucose absorption, delays emptying of stomach, opposes gastric secretion and inhibits 
secretion of digestive enzymes from the pancreas. It also reduces blood flow in the spleen.   

DIFFERENT HORMONES OF THE GONADS 

 The gonads in the males are the testes and in the female, the ovaries. Functionally they are 
involved in the process of reproduction for which each group has a double activity: testes 
produce spermatozoa and the hormone testosterone; the ovaries produce ova and the 
hormones, progesterone and oestrogens. The gonadal hormones are, thus, classed as male 
sex hormones and female sex hormones. Secondary sex characteristics are due to them. 

 The ultimate control of reproduction rests in neural processes. Gn-RH secreted from the 
hypothalamus is transported by the portal system to the pituitary, where it increases 
secretion of the gonadotropins – FSH and LH in both sexes. Frequent administration of Gn – 
RH may result in decreased LH and FSH secretion via down-regulation of pituitary Gn – RH 
receptors. The gonadotropins stimulate the secretion of gonadal steroids (testosterone in the 
male and estrogens and progesterone in the female).  During the estrus cycle ovarian follicles 
produce estradiol, an estrogen, predominantly in response to pulsatile secretion of the 
gonadotropins. Following ovulation mediated by a surge secretion of LH, progesterone is 
secreted from one corpus luteum or several corpora lutea. The CL requires pituitary 
hormones for support. 

 The luteotropic factor – LH and prolactin – and estradiol are species specific. A decrease in 
luteotropic factor secretion will result in decreased CL function and abortion in the pregnant 
animal. The life span of the CL is lengthened with pregnancy, resulting in continued 
progesterone secretion, which is necessary for pregnancy maintenance. Late in diestrus in 
the cycling (nonpregnant) large animal, Prostaglandin F2α (PGF2α) released from 
endometrium mediates CL regression (Luteolysis). Estrus follows CL regression within a few 
days. Such utero-ovarian relationships whereby uterine PGF2α results in luteolysis do not 
exist in the bitch. Gonadal steroids in the female, estrogen and progesterone, have prominent 
stimulatory effects upon the endometrium and the mammary gland, while increased 
circulating concentrations may result in pathological changes in target organs. 

 Gonadal steroids mediate reproductive behaviour and gametogenesis in both sexes. Ovarian 
steroids generally decrease gonadotropin secretion. The exception to this is a positive feed 
back effect of estradiol, in the relative absence of progesterone, upon gondotropin secretion 
immediately prior to ovulation that results in a surge secretion of both gonadotropins. LH 
mediates ovulation. Exogenously administered gonadal hormones may inhibit gonadotropin 
secretion, result in uterine and mammary gland pathology, and interrupt gonadal function. 

 Testosterone in the male mediates behavior and stimulates male sex accessory glands. 
Increased circulating testosterone from either an exogenous or endogenous source may 
result in prostatic hypertrophy and hyperplasia. Additionally, testosterone, administration 
results in decreased gonadotropin secretion and interruption of spermatogenesis. 



USES OF PITUiTARY GONADOTROPINS 

 Gonadotropins are available as a lyophilized powder which is easily reconstituted by addition 
of sterile water, saline or appropriate buffer. Once in the liquid form, they must be stored at 
4oC and not subjected to excessive agitation to prevent denaturation of protein. They are 
generally administered subcutaneously and depending on the dose, will elevate plasma LH & 
FSH concentration. 

 In order to keep LH and/or FSH concentration elevated for more than 8 -12 hrs., 2 -3 
injections of a suitable dose have to be given at appropriate intervals during the 24 hrs 
period. 

 FSH is available from domestic animal pituitary gland standardized (5mg / ml) against 
Armour std. Folliculogenesis and super ovulation in cows may be stimulated by giving FSH – 
P on cycle days 10 – 14 (5mg / each 72hrs for total dose of 40 mg – intramuscularly) and 
40mg of PGF2α - intramuscularly 48 hrs after the first FSH – P injection. 

 LH – is available from domestic animal pituitary glands standardized against an Armour std. 
Recommended doses (I.V.) are: Cattle & Horses – 25mg; sheep – 5 mg; swine – 2.5 mg; dogs 
– 1mg. Dosgae may be repeated in 1 – 4 weeks. 

LH AND FSH 

 To induce ovulation of a mature follicle 
 To leutinize follicular cysts 
 To induce follicular growth and ovulation 

FSH 

 To increase the number of ova shed in cattle for superovulatory purposes 
 Two daily injections of FSH for 3 – 4 days in the leuteal phase, in conjunction with a 

luteolytic injection of PGF2α 
 It could be used in future to increase litter size, by increasing ovulation rate in ewes, cows 

and sows 

USES OF PMSG 

 To induce follicular growth in inactive ovaries in mature animals, after a single s/c injection - 
in cows – estrus and ovulation occurs with in 2 -5 days. 

 To cause super ovulation of donor cows for embryo transfer technology: Inject I.M.ly 
2000units of PMSG once on day 9, 10, 11 or 12 of the estrus cycle. Then 48 hrs later 
administer an I.M. injection 750 – 1000mcg of Prostaglandin. Estrus usually follows about 2 
days later. 

 Estrus induction in the cat has resulted from PMSG injections. 
 Ovaries of the non cycling mare are refractory to ECG in mid winter during the period of 

natural ovarian inactivity. However, in autumn and late winter, PMSG will produce in 5 – 8 
days, followed by ovulation if a follicle of adequate size is palpable in the ovary at the time of 
treatment. 

 Prevention of post weaning anoestrus of sows by I.M. injection of 500 I.U. PMSG on the day 
of weaning.Repeated administration of PMSG may bring about anaphylactic shock. Response 
of the gonads may be of decreasing order of magnitude as a result of anti hormones produced 
against the early injections. 

 Preparations: PMSG is standardized and expressed as I.U. 



 Administration: PMSG can be given I.V. but S.C. injections are preferred. A single injection 
of the hormone seems to be effective as the same quantity given in the divided doses. 

 Dosage 
 Horses and Cattle - 1000 – 2000 I.U. 
 Sheep  - 100 – 500 I.U. 
 Dogs – 25 – 200 I.U. 
 Cats – 25 – 100 I.U. 

USES OF HSG 

 In veterinary medicine, HCG enjoys wide spread use to cause ovulation in mares at the time 
of breeding and as the therapeutic agent to induce leutinization and possibly ovulation of 
cystic ovaries associated with nymphomania of cattle. Cryptorchidism of any species often 
responds to HCG therapy, provided the inguinal canal is patent and therapy commences 
early enough. Dogs – 500I.U. and foals – 100 units injected twice weekly intramuscularly for 
4 – 6 weeks, often respond. Ovarian stimulation may occur in any species, by repeated 
dosage of HCG. Super ovulation is best stimulated with PMSG. 

 Preparations - The I.U. of HCG is 0.1mg of NIH standard. 
 Dosage           
 Horses and Cattle – 2500 units I.V – 10000 Units I.M  
 Sheep - 400 – 800 units 
 Swine – 500 – 1000 units 
 Dogs – 100 – 500 units 
 Cats – 100 – 200 units 
 Intravenous administration is satisfactory when a prompt effect such as ovulation is desired, 

but the intrmuscular route is more desirable when prolonged effect such as leydig cell 
stimulation is desired. Anti hormone production and anaphylactic reactions prevent the 
continued administration.             


