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PREFACE

In the last two decades, the phases of ever-growing volume and ever-changing nature of
the drug information in the field of antibiotics, antibacterials and antifungal agents are
witnessed. This is mainly due to an increase in the rate of introduction of new drugs and an
increase in the number and depth of published work on both, new as well as existing drugs.

Above facts necessitated addition of all recent information wherever it deserves, while
presenting the first edition of this book.

The book was appreciated in all comers of the profession. It has now attained the
-eputation as a class-room text book Jor undergraduate and post-graduate students of pharmacy.
fowever, our aim remains the same as to present a review of basic principles of medicinal
hemistry and to explain the effects of structural modifications of the lead nucleus on the
lectivity of action, duration of action and on the intensity and frequency of adverse-effects.

Each chapter is revised thoroughly to meet the needs of future facts and fantacies. Since
is book is written basically for degree students, a backbone understanding in basic disciplines
assumed.

I wish to place on record my sincere thanks to the publisher Mr. D. K. Furia for his kind
peration. I am greatly indebted to my colleagues for their generous help and criticism. I also

1 fo acknowledge indebtedness to all who have assisted for the completion of the book.

Suggestions from all corners of the profession are welcome. I am responsible for any

iencies or errors that might have remained and would be grateful if readers would call them

'attention.

Author
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antifungal antiblotics: Arn_phntedmn*B, Nystatin, Natamycin, Griseofulvin, Synthey
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etronidazole*, Tinidazole, Ornidazole, Diloxanide, lodoquiny
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rbamazine citrate®, Thiabendazole, Mebendazole®, Albendazgq

Antheimintics: Diethylca
Niclosamide, Oxamniquine, Praziquantal, Ivermectin,
Sulphonamides and Sulfones

Historical development, chemistry, classification and SAR of Sulfonamides: Sulphamethizolg
Sulfisoxazole,  Sulphamethizine, Sulphapyridine, ~ Sul simethoxaci?
Sulphadiazine, Mefenide acelate, Sulfasalazine.

Folate reductase Inhibltors: Trimethoprim®, Cotrimoxazole.
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UNITV
Introduction to Drug Design

Various approaches used in drug design.
emical parameters used in quantitative structure activity relationship (QSAR) suct
fts steric parameter and Hansct

Physicoch
as partition coefficient, Hammet's electronic parameter, Ta
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Pharmacophore modeling and docking techniques.
Comblinatorial Chemistry: Concept and applications chemistry: solid phase and solutior

phase synthesis of combinatorial
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ANTIBIOTICS
e —— L S

¢+ SYNOPSIS «
1.1 INTRODUCTION
12 CLASSIFICATION 1.6 AMINOGLYCOSIDE ANTIBIOTICS
1.3 B-LACTAM ANTIBIOTICS 1.7 BACTERAL RESISTANCE AND RECENT
14 HYPERSENSITIVITY OR ALLERGIC TRENDS IN DRUG DESIGN OF AMINO
REACTIONS GLYCOSIDE ANTIBIOTICS
15 CEPHALOSPORINS 1.8 TETRACYCLINE ANTIBIOTICS

[1.1 INTRODUCTION

The term chemotherapy can be defined as 'the treatment of diseases caused due to
infective parasites or organisms without causing destruction of their animal host'. Modern
chemotherapy began with the work of Paul Ehrlich (1854 - 1915). Due to his pioneer
discoveries in this field, he is regarded as "Father of Chemotherapy".

The second phase of revolution emerged in the 1930's (following the discovery of the
British bacteriologist Alexander Fleming when he tested the filtrate of a broth culture of a

penicilium mold for its antibacterial activity.

The term antibiotic has its origin in the word antibiosis (i.e. against life); the latter being
first time used by Vuillemin in 1889 in an attempt to describe the concept of survival of the
fittest. Although the discovery of penicillin is named after Sir Fleming in 1928, it was not until
1940 at Oxford that Florey and Chain and their associates isolated it and described its
properties in detail, and thus turning Fleming's discovery to practical significance.

Among the many attempts to define the term antibiotic, the most appropriate one may

be stated as "An antibiotic is a chemical compound derived from or metabolically produced
by microorgénism and that ip__lii—gfh dilution antagonizes the growth and/or the survival of
one or more species ©of microorganisms”. The probable points of differences amongst the
antibiotics may be physical, chemical and pharmacological properties, antibacterial spectra

and mechanism of action.

(1.1)
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) Anllhlollr_n
1.2 CLASSIFICATION e N
| (i) Depending upon clinical effectiveness, spectrum of ncti\{aty :m;ll fif:J(f:rfurf;fa;Lflctw.t,
those inhibiting only one group of microorganism are call«:q a5 l;d(”:e ;r; -S-electim‘ );Otflc;
e.g. nystatin and bacitracin. These antibiotics Q)’.hibll. a high ("‘J';r;dlor b intr)(;;c;|| F‘w
antibiotics inhibit both gram-positive and gram-negative bacteria ¢ 2 ular

hiotics lorampheni
organism may be termed as broad spectrum antibiotics €.9. ch phenicol ang
tetracyclines.

(i) Depending upon the sources from which antibiotics are obtained they can pe
classified as follows:

(a) Natural: These antibiotics are obtained from the I'arge scale fermf)nta-\lt;‘on F,f
microorganisms. e.g. bacitracin and polymixin are obtz‘nned from some bacilli while
streptomycin, tetracyclines etc. from streptomyces species.

(b) Semisynthetic: The observation that 6-aminopenicillanic acid can be obtained from
cultures of P. chrysogenum that were depleted of side chain precursors led to the
development of this class. For example, during the commercial production of benzyl

penicillin (Penicillin G), phenylacetic acid is added to the medium in order to achieve
predominance of the product.

(c) Synthetic: This class includes antibiotics which are having purely synthetic origin.
For example, Chloramphenicol, a broad spectrum antibiotic initially isolated from 2
fermented media in 1947 and later was

produced synthetically on a commercial
basis.

W

(iii) The third basis of classification involves the differences in mechanism of action
accordingly these agents can be divided as:

(@) Drugs that interfere with the bio

Cephalosporins, Cycloserine, Bacitra

(b) Drugs that interfere in the functionin : i
g of cyto lasmic .a. Polymixins,
Amphotericin B and Nystatin. ¢ membrane e.g. Poly

(c) Drugs that interfere with the T .
_ Protein biosynthesis e - Lincomycins
Tetracyclines, and Chloramphenicol and 9. Erythromycin, Lincomy

synthesis of bacterial cell-wall e.g. Penicillins,
cin and Vancomycin,

the ic acid ki , _ . .
and Rifampin, nucleic acid biosynthesis €.9. Actinomycin GriseofulV

I

(V) Antibiotics can be in general classified as:

(A) B-lactam antibiot:

O 7e ,a"“b".’t'cs B) Aminoglycoside antibiotics
€lracycline antibiotics (D) Peptide antibiot

(E) Macrolige antibiotics ot

(F) Lincomyci
(G) UnCIaSSiﬁEd antibiotics mYCInS
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73 B-LACTAM ANTIBIOTICS
(0 Penicillins:
Even though penicillin had been discovered in 1928, and is a member of B-lactam
antibiotics, the term P-lactam antibiotics had to wait till 1942 to get registered in the
dictionary of medicinal chemists. Thanks to Prof. Howard W. Florey and Dr. Ernst B. Chain,
working at that time at the William Dunn School of Pathology, Oxford with their sincere
efforts, isolated and characterised the basic structure of the penicillins. This work was
supplimented by the efforts of the chemists Dr. Abraham and Dr. Heatley. The clinical
effectiveness of penicillin was first tested on 12 February, 1941 in the form of a sodium salt.

Thus, long after the antibiotic projected its appearance on the screen of research, the
structure of penicillin was determined.

- 0
. |
- X R—C—

Penicillins
The penicillins can be considered as the amido derivatives of the 6-aminopenicillanic

acid. ‘ )
' H S ’ J]\-—) dic J,EU'/. e
|/ \_CH, e
Ly HN—C—CH C g Q- L
| B | A | “CH,
C —N——CH— COOH
O/f

6-Aminopenicillanic acid (6-APA)

In the basic skeleton, a thiazolidine ring (A) is fused with a beta-lactam ring (B) which is a
four membered cyclic amide. The penicillins differ from each other in antibacterial and
pharmacological characteristics due to variation in the structure of acid moiety of the amide
side-chain at C - 6. For example, penicillin G (where, R = CgHsCH, -) after about 45 years of
clinical use, remains an extremely effective and is the only natural penicillin used clinically.
Acylation of 6-APA with appropriate carboxylic acids resulted in new penicillins, some of
which are broad-spectrum antibiotics.

Degradation Products of Penicillins:

Natural penicillins are acid and base unstable. Instability in acid media logically
precludes their oral administration due to the highly acidic pH in stomach. At acidic pH, a
sort of molecular rearrangement results. The compound is known as penillic acid and has no
activity. Similarly at basic pH, penicillin molecule gets converted to penicilloic acid which is
again an inactive form. '

Certain strains of microorganisms can destroy beta-lactam antibiotics enzymatically. The
enzymes are more popularly known as penicillinases or f-lactamases can open the p-lactam
bond. The difference in the susceptibility to the B-lactamase enzymes depends upon the
nature of the amide side-chain at C - 6. It also depends upon the bacterial strain involved.
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7 AL )
‘ R—C—NH—CH_(¢ \C/CHa
C Hl\ll NG
Y — CHCOOH
0/ N OH
ﬁ) Penicilloic acid
R—C—NH—CH— (IJ
C! —N HOOC
0" - S
Penicillin /C\ /7 \\ _CH,
N CH C\ ‘
Il | | cH
R—C ——N—CHCOOH
Penillic acid
0
i N cH, g
R—C—NH—CH—CH & B-lactamase | Product
l | | “CH, (No Antibacterial Activity)
//C —— N ——CHCOOH
0
Penicillin
O o) S
Il AN ,CHs  Amidases Il _/CH,
R—C—NH—CH—CH C\ #* R—C—H + H,N—CH—CH C\
I CH, | | | “CH,
//C —— N ——CHCOOH - _ /C —N — CHCOOH
0 (0]
Penicillin - 6-Aminopenicillanic acid
O S
[ /" \_,CHj
. : | CHj
G — N——CHCOOH
, O/
Benzyl Penicillin
3
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Antlbiotics

SAR of p-lactam Antibiotics:
All B-lactam antibiotics contain a four membered f-lactam ring which is fused through

_—

the nitrogen and tetrahedral carbon_alom.to a second heterocyclic_ring. Difference in the

structure of this second heterocyclic ring Jeads to sub-divisions of fi-lactam antibiotics.
For example, ' '

(A) Penicillins consist of B-lactam ring fused with thiazolidine._
(B) Thienamycins consist of -lactam fused with pyrroline ring.

(C) Clavulanic acid consists of B—lactam fused with oxazolidine ring and
——— ~— .

s o e

(D) Cephalosporines consist of f-lactam fused with a six membered dihydrothiazine

\

ang. -
A carbonyl group attached to the lactam nitrogen is a common feature of all above

classes.

Since, penicillin after its clinical application in second world war proved to be a wonder

drug in healing the wounds and preventing the infections, extensive chemical studies were
undertaken either individually or through co-operation of both, industrial as well as
government laboratories. Soon after, the scientists seemed disappointed due to relative
unstability of natural penicillin in acidic or basic medium. For example, benzyl penicillin was
found to be a relatively narrow spectrum antibiotic. It is susceptible to degradation under
acidic or basic conditions; certain strains of microorganisms carry B lactamase enzymes that
inactivate the drug by hydrolysis, and many patients may allergic to it. Many analogues had
been synthesized in order to overcome these clinical deficiencies prevailing in natural
penicillins. The main principles behind this drug design was the manipulation of polar amide
side-chains. Variations in this moiety resulted in differences in antibiotic potency and in
chemical-physical properties including stability.

Introducing chemical inducers in the culture medium by varying the nutritional
composition of the growth medium, by including mutational change in the strain of
microorganism are but few tools employed to increase both quality and quantity of
antibiotics.

e.g. (1) 6-Aminopenicillanic acid is produced in large quantities with the aid of an
amidase from Penicillium chrysogenum and the culture medium is fed with the chemical
inducers (e.g. Phenylacetic acid) in order to achieve the predominance of the desired
antibiotic. |

(2) The stability of benzyl penicillin can further be increased by substitut'ton of an
alectron withdrawing group at o-position of benzyl penicillin. e.g. the q—ammobenzy\.
x-halobenzyl and phenoxy-methylpenicillin  are significantly more  stable than
»enzylpenicillin towards acid catalysed hydrolysis.

(3) Some bacteria, for example, many species of gram negative bacilli are paturally
esistant to the action of penicillins. Other normally sensitive species are capal?le of
eveloping penicillin resistance. This resistance is mainly arising due to thg production of
_lactamase. After the commercial production of 6-APA began, synthesis of numerous
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semumynthetic penicillins were undertaken by manipulating the struc-ture of polar amide
chain at C-6. The 5AR studies of these analogs revealed that (a) Increasing the steric
hindrance at the a-carbon of the acyl group increased the resistance to Staphylococcal
[i-lactamase with quaternary substitution leads to ma)iiﬁrp‘u::m. feSIstance, (b) an aromatic
(pheny’ or naphthyl) or heteroaromatic (e.9. 4 - isoxazoyl) systems can be Incorporated
etiizing a-acyl carbon as a part of this ring system. (c) the ring substitution at the ortho
pesions (methacillin) or at 2 position in 1-naphthyl system (nafcillin) confer increased
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onentes 10 increase the steric hindrance of the acyl group indicates the possibility of the
sice chain amide carbonyl oxygen atom participation in B-lactam ring opening to form
pemicilienic acid. This fact is confirmed by the presence of bulky substituents in oxacillin,
cioxacilin, fluoxcillin which require substituents at both 3 and § positions for effectiveness
gainst fi-lactamase producing Staphylococcus aureus.

(4j The incorporation of an ionized or polar group or an acidic substituent at the
G-position of the side chain benzyl carbon atom of benzyl penicillin imparts clinical activity
BLBINS! gram-negative bacilli. Carbenicillin is found to be effective against both B-lactamase
P*oducing and non-f-lactamase Producing strains of gram-negative bacteria.
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P ———
— 1.0 — _Anliblotig,
s o —
R— C — NH Y
CH,
N
) cCOOH
Ponicillin
(1) Ampicillin == R = @—?H—
HH,
(2) Amaricillin —= R = HO-®-?H—
1iH,
(3) Carbenicilin —=R = O—'C‘:H_‘
COOH

ere undertaken by manipulating the structure of polar amide
chain at C-6. The SAR studies of these analogs revealed that (a) increasing the steric
hindrance at the u-carbon of the acyl group increased the resistance to Staphylococc
fi-lactamase with gquaternary substitution leads to maximum resistance, (b) .an arormatic
(phenyl or naphthyl) or heteroaromatic (e.g. 4 - isorazoyl) s'ystems can pe incorporated
utilizing u-acyl carbon as 2 part of this ring system. (c) the ning substitution at t'he ortho
- sns (methacillin) or at 2 position in 1-naphthyl system (nafcillin) confer increases

mase resistance due to increased steric hindrance of acyl group. All these effors
-2d to increase the steric hindrance of the acyl group indicates the possibility of the
~e chain amide carbony! oxygen atom participation in fi-lactam ring opening 1o form

penicillenic acid. This fact is confirmed by the presence of bulky substituents in oracilin

. e - oness
cloxacillin, fluoxicillin which require substituents at both 3 and 5 positions for effectiven

against B-lactamase producing Staphylococcus aureus.

(4) The incorporation of an ionized or polar group of an acie buent o
a-position of the side chain benzyl carbon atom of benzyl penicillin imparts clinica! 2 v
against gram-negative bacilli. Carbenicillin is found to be effective against !:oth p-lact2
producing and non-B-lactamase producing strains of gram-negative bacteria.

(5) All of the natural penicillins are strongly dextrorotatory.

(6) The free penicillin not suitable for oral of parenteral administr
nence in the form of their sodium and potassium salts. for the depot pre_ "
penucilling are treated with organic bases like, procaine, benzathine of hydrabam'ﬂe- '
organic salts have limited water solubility and hence can release the drug over 3 Iongmrcu?'

(7) Alongwith the older ring systems, some new basic skeletons have appeafed
farmentation screening programms.

semisynthetic penicillins w

cidic substituent at the

¢
ation. They aré ui.! 1
para%-o

ugdlclmICIwmlllry-lll [ ——

nﬁ_T = CHCH O
C—N N
COOM

Clavulanic aclds

MM r||

CHy — CH— € — €
s — H——  — COO}

il G — COOH

€~ CH,CH NHR

Amtiplotcs

(i) Qracilin K=

(i) Claracilin ft =

e

|
PN — rJ:H rin,\F/

; — M — € OO
e H

Y Hecardicins |
Thisnamycins
Table 1.1 ) S
R € — MH = \cu,
CH,
i
o COOM
[ ~ Name Nature of Sub ot
™ p.nk“"m,.-s,,,“pm;;_. o ubstituent, R Penicillinase
Penicillins:
— CHy
(1) Penicillin G
Mo
(Bonzy)
(i) Penicillin v —CH,—0
Mo
e —_— — (ph'n’)"{ﬂmlhyu
r:':l;ff
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(0]
I CH,
R—C—NH
J CH;, (i) Oxacillin; R=
~ “COOH ~o” 2 CH,
Penicillins
H
N\ e
Hz? —(f C = CHCH,OR (i) Cloxacillin; R =
/C — N—l\
& COOH
Clavulanic acids OH
|
' cl)H T T/ O\ RNH — (I: cI:Hz
CHa—CH-—f—(lz ﬁ—CHZCHzNHR |
7 H
//C —N—C — COOH 0]
© Nocardicins
Thienamycins
Table 1.1
1
R—C—NH- CH,
CH,
/'—'N
0 COOH
—_— Name rm RGSiStanCe to
(A) Penicillinase- -Susceptible ituent, R Pe"Iicillinas
Penicillins: e
N ~CH,
() Penicillin G
(Benzy) No
(i) Penicillin v
- CH.‘, -0
\ No
s (Ph




Medicinal Chemistry-Iii 1.8 Antibiotic,

(B) Penicillinase-Resistant Penicillins: H,CO
(i) Methicillin Yes
H,CO
RZ
- y
(i) Oxacillin (R; = R; = H) ' / \ es
—C
llin (R, = H: R, = Cl) !l | — Yes
(i) Cloxacillin (Ry = H; R, = R
1 H3C/ \O/ 1 Yes

(iv) Dicloxacillin (R; = R, = Cl) .
es
(v) Floxacillin (R; = F; Ry = Cl)

H;C,0
Yes
a- (vi) Nafcillin @O
(C) Aminopenicillins:
(i) Ampicillin (Ry = H) _?H‘©—R1 No

(ii) Amoxicillin (R; = OH) NH, No
0
@_ Il H / CH,
CH-C-N—
i I CH,
(iii) Bacampicillin NH,  J—N co0R No
0 1
i
R, = --c|:|-|—o--c—o--czH5
CH,
— j//
(D) Carboxypenicillins:
() Carbenicillin (R, = H) (I:H_ No
(i) Carfecillin (R, = - phenyl) COOR,
(iii) Indany| carbenicillin No

(Ri= 5-indanol) — (|3H No
(V) Ticarcill; COOH “ ﬂ |
* S /

I Canfd-'
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" (ET brefdopenicillins: 7

() Azlocillin
(i) Mezlocillin

(i) Piperacillin

1.9 - _Anllbiollcs

\_/ No

(i) Quinicillin

(i) Azidocillin

(iv) Talampicillin

(F) Miscellaneous Penicillins:

(i) Amidinopenicillins (Mecillinam) O: —CH=N— No

/ND
HOOC \N Yes

N
nm e No
—NH—C—CH

ak OJ-_'N COOR No
R, =
O
1 0
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Following the realization that the presence of phenylacetic acid in th:cfizf;ﬂemﬁt'on le
to predominance of the product, benzylpenicillin, wide variety of c'nherthetic W:: .Ial.dd‘.edt
the growing culture. Thus, the second generation known as ‘semi-syn penicilling' y,

g
born. The proper design of the side - chains thus accessible has seNeébf:i’t o:%t? Z\f!?rcome
many of the drawbacks of the early penicillins (like enzyme 5““9'?;'_ ]tl' ); T:ul -~ 'll'ty ang
lack of oral activity) but also helped to develop broad spectrum anti '°b'c d @ invo Verf!em
of acyl carbon of the side - chain in the hydrolytic clevage of f-lactam bond was recognge,

f ; ic hindrances to thi
Improvement in clinical qualities was then achieved by creating steric h this aq,

carbon, thus making it less reactive. The fact was attested by .auach:ri\t;eiztﬁ:sf ml:r?nmatic o
heterocyclic ring directly to the amide carbonyl, thus affording an Creaseq

penicillinase resistance e.g. Methicillin, oxacillin family and nafcillin.

One of the most successful penicillin candidates : l:)mgicil::a;fzcz r':lpzttti:‘;)tfset:; ;hi.m

i —lactamn antibiotics, It is characterised by inc . i
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oral activity turned to be an inspiration behind its d'evelopment. Thus, af i :?l:sto :In amulnc
group to benzylpenicillin also leads to broade.n'm'g of spectrum 'o.".ac vuylr f;:ngfw,m
increased oral activity. The next congener is Amoxicillin. The aminopenicillins sp :fu e_r rom
the major drawback, i.e. susceptible to B-lactamas-e enzymes and thus a;e ineffective f?r
most staphylococcal infections. In an attempt to improve further, the pharmacodynami
characteristics, prodrug development program of Ampicillin was undertaken. As a resylt

bacampicillin, hetacillin and talampicillin appeared on the screen,

The fourth generation of fi-lactam adds to the list of chemotherapeutic agents in t.h
rm of carborypenicillins. Carboxylic acid group if introduced into the primary arn_uru
ciety of ampicillin and other aliied skeleton may significantly affect the biologics

‘pectrum of the lead, was noted seriously and served as an impulse in the generation of th;
class. The examples are carbenicillin family and Ticarcillin,

A parallel observation is also registered stating that acylation of the amino group ¢
ampicllin broadens the antimicrobial spectrum of the prototype drug. Azlocillin is ¢
front-line drug in this series which was named under ureidopenicillins, Recently, nes

impetus has been added to the chemotherapy by the discovery of new ring systems i
fermentation liquors.

New ureidopenicillin derivatives show an erpanded gram-negative spectrum a%
increased potency again
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emis : \ y gastric acid
Medicinal Ch d stability of penicillin is increased, the drug is not destroyed by gastri
ids
when the acl

lly administered. In general, the acid stable penicillins ‘are less a‘f,!l‘:‘:
and thus can o y:han benzylpenicillin. The penicillinase resistant penicillins are f _;..
agents on w/wW bafr-,zymes produced by Staphylococcus aureus and her.\ce they are
hydrolySEd o th‘:reat the infections caused by resistant strains of microorganisms.
B s hanisms of Bacterial Resistance to fi-lactam Antibiotics: .
Bio-ch:mi::l ::’:oted that penicillin resistance may not always be d;;e t;::?:g:a;z

Sacion i. Certain other mechanisms of resi .
Jction, even among the Staphylococci.
E::r’ative, like

. . _ ) _ .
(a) A change in antibiotic target site, which may not be vital for microbial survival, thu
a -

resulting into drug resistance.

(b) Inability of the agent to penetrate to its site of action.
(c) A reduction in cellular permeability to the antibiotic.

(d) The antibiotic agent, instead of attacking the microorganisms, may be utilized to
antagonize a biochemical intermediate released by microbes.

(e) A sensitive strain may undergo mutational change and thereafter acquire resistance
to antibiotic agent,

Thus, penicillin resistance developes into sensitive strains of microbes due to a single or
sometimes due to overlapping of one or mare mechanisms mentioned above.

1.4 HYPERSENSITIVITY OR ALLERGIC REACTIONS - l

Hypersensitivity reactions may occur with any dosage form of penicillin. In
the reaction is mild and disappears even while the use
reactions may persist for 1 or 2 weeks
reactions include immediate or delayed
sickness and anaphylactic reactions.

some cases,
of drug is continued. While in others,
or longer after therapy has been stopped. These

type skin allergies, fever, bronchospasm, serum

These manifestations may be due to the following reasons:

() A breakdown product, penicilloyl moiety res

‘ sults due to opening of f-lactam ring
This fraction is considered to be the maos

st important antigenic intermediate of
penicillins,

(b) Certain other contaminants (mycelial residues) of high molecular we
from fermentation process may serve as

ight originating
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() A non-protein polymer of unknown orig

-prot in may also be present in penicillin and ma:
be antigenic. '

(d) The degradation products, penicillanic acid and / of peni
sulfhydryl / amino groups present in vital tissue proteins
May serve themselves as penicillin antigens. Thus
responsible for releasing foreign proteins in the bo
generation of allergic reactions to penicillins.
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oral activity turned to be an inspiration behind its development. Thus, addm.or'w of an amj,
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increased oral activity. The next congener is Amoxicillin. The aminopenicillins sFrH suffer frg,
the major drawback, i.e. susceptible to B-lactamase enzymes and thus are ineffective f,
most staphylococcal infections. In an attempt to improve further, the pharmacodynan;
characteristics, prodrug development program of Ampicillin was undertaken. As a resy) St
bacampicillin, hetacillin and talampicillin appeared on the screen. 7
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form of carboxypenicillins. Carboxylic acid group if introduced into the primary amin
moiety of ampicillin and other allied skeleton may significantly affect the biologic re
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A parallel observation is also registered stating that acylation of the amino group ¢
ampicillin broadens the antimicrobial spectrum of the prototype drug. Azlocillin is :
front-line drug in this series which was named under ureidopenicillins, Recently, nes
impetus has been added to the chemotherapy by the discovery of new ring systems i
fermentation liquors.
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When the acid stability of penicillin is increased, the drug is not destroyed by gastric acid
and thus can be orally administered. In general, the acid stable penicillins are less active
agents on W/W basis than benzylpenicillin. The penicillinase resistant penicillins are not
hydrolysed by the enzymes produced by Staphylococcus aureus and hence they are
effectively used to treat the infections caused by resistant strains of microorganisms.
Bio-chemical Mechanisms of Bacterial Resistance to p-lactam Antibiotics:

It should be noted that penicillin resistance may not always be due to penicillinase
production, even among the Staphylococci. Certain other mechanisms of resistance can be
operative, like

(a) A change in antibiotic target site, which may not be vital for microbial survival, thus

resulting into drug resistance.

(b) Inability of the agent to penetrate to its site of action.

(c) A reduction in cellular permeability to the antibiotic.

(d) The antibiotic agent, instead of attacking the microorganisms, may be utilized to

antagonize a biochemical intermediate released by microbes.

(e) A sensitive strain may undergo mutational change and thereafter acquire resistance

to antibiotic agent.

Th}Js, penicillin resistance developes into sensitive strains of microbes due to a single or
.sqmetlmes due to overlapping of one or more mechanisms mentioned above.
1.4 HYPERSENSITIVITY OR ALLERGIC REACTIONS | -\

Hypersensitivity reactions may occur with any dosage form of penicillin. In some cases,
the reaction is mild and disappears even while the use of drug is continued. While in others,
reactions may persist for 1 or 2 weeks or longer after therapy has been stopped. These
reactions include immediate or delayed type skin allergies, fever, bronchospasm, serum
sickness and anaphylactic reactions.

These manifestations may be due to the following reasons:

(a) A breakdown product, penicilloyl moiety results due to opening of p-lactam ring.
This fraction is considered to be the most important antigenic intermediate of

penicillins.
(b) Certain other contaminants (mycelial residues) of high molecular weight originating
from fermentation process may serve as a cause of manifestations.

(c) A non-protein polymer of unknown origin may also be present in penicillin and may

be antigenic.
(d) The degradation products, penicillanic acid and / or

sulfhydryl / amino groups present in vital tissue prot
may serve themselves as. penicillin antigens. Thus above mentioned re

responsible for releasing foreign proteins in the body which ultimately |
generation of allergic reactions to penicillins.

penicilloate may interact with

eins. The resulting complexe
actions ar

eads to th
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environments rich in bacteri.a. :
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w ant
A species of Cephalosporium isolated near a sewage outfall of the Sarg:
>IOtICs which weyg Y Broy
am

died at Oxfor
(1) Cephalosporin N: It has a penicillin like structure bejn o
6-aminopenicillan g an.qgri\laﬁv:: tr:

ic acid.
(2) Cephalosporin p: An ac
—

idic antibiotic, which is steroidal in nature

(3) Cephalosporin c: 1t is a true cephalosporin and is a deriva.tive f
rved as a lead nucleus for the d:"elz amip,

ment

t

cephalosp_o_rapff'a’cid. The latter sé
tot"él’lfnew series of compoundS, Cephalosporins.
: O
Widespread clinical acceptancé continues to be e I
alosporins and the field is ° —C_?H_(CHz)aCONH__R
"NH,

accorded to the ceph
drugs adding

extremely active in searc
better oral activity and bro

(i) In cepha!osporin C ’
| _s
O cH,

& _ cn,0c0CH,

hing for new
Generalised formula for cephaléspo-n-
L

ader antimicrobial activity.

R= —(IJH—('J
C—-_N\cyé

O/ |
COOH

(i) In cephalosporin N, .
S
R= - Gt |
. CH3 i
COOH
H

2—N

o)
Penicillanic acid
Cephalosporin_C_contains side-chain derived HSC_C,—CH:‘
from D-o-aminoadipic acid, which is attached to CH
7.amino cephalosporanic acid or chemical name - a
S — COOHKL
C

d.i.h}_a_'r_—q__t_h—_iazi_ne:ﬁéjt;é:?_léwqt_amﬁri ng system. Regardless
of the structure of the side-chains, cephalosporins are
relatively more acid-stable and penicillinase resistant
than Penicillin family. A compound structural'ly similar
to cephalosporin P is fusidic acid, an antibiotic
produced by the mould Fusidium coccineum. Fusidin
is the sodium salt of fusidic acid. Both the an'tibiotics

i.e. cephalosporin P and fusidic acid are steroidal in
Fusidic acid

structure.
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Classification of Cephalosporins:

Options are open to classify cephalosporins on the basis of their chemical structure,
clinical pharmacology, antimicrobial spectrum or penicillinase resistance. The one suggested
by O' Callaghan in 1979 is based upon the clinical pharmacology of cephalosporins. Thus,

they are classified as:
(a) Orally administered: Cephalexin, cephradine and cefaclor.

(b) Parenterally administered: Cephalothin, cephapirin, cephacetrile, cephaloridine and
cﬂq_z_edo_ne. These agents are sensitive to f3 - lactamase. |

(c) Resistant to [p-Lactamase and parenterally administered: Cefuroxime,
cefamandole, cefoxitin.

(d) Metabolically unstable: Cephalothin and cephairin.

Table 1.2: Clinically used cephalosporins

, R, .
’ R1 _ ﬁ _ NH+_(?/ 2
C—N 2
o O/s 5 4/ R,
COOH
Cephalosporins
Plasma | Protein | % meta- |Lactamase
Name R R, Ry | halflife | binding | bolism | susce-
Pl - ) | % ptibility
(A) First Generation Cephalosporins: u,p"\‘d—wul o wp had ek

(i) Cephaloridine "CHz—N/ \ H| 1-15 |10-30| 5-10 | Yes
S CHZ_ e

(i) Cephalothin o~ CH,— —CHz—O—C\CH H{05-07| 65 |3035| Yes
3

Yes

/ /
(iii) Cephapirin NC}S‘CHZ' -—CHz—-O—-C\CH u o507 4550 | 40
3

(iv) Cephalexin O‘?H_ ) -CH; H| 1.0 10-15 | 5-10 No
d NH,

Contd...




Medicinal Chemistry-Ill 1.14 — w
i 0 N
_ 1.5 | 1525 | 90
(v) Cephaloglycine Q?H — CH,—0—C—CHs H Ng
NH2 [ — H
p B 20| 20 5-10
(vi) Cefadroxil HO'@?H - CHa H 122 Ny
; NH st —
2 4___________-4——-——--“'_'___‘ \ -
6-20 5-10 '
(vii) Cephradine O ?H - ~CHa H| 08 No
NH, I
N— N—" -
: 5-10
wii) Cefazolin || C\N - CH, - ,“\ /it H (1820 8 Yes
g N=N/ - CH2 -S S CH3
e —
(B) Second Generation Cephalosporins: I _—
() Cefamandole @—CH NI"‘_T 06 : |
| cH _S/I\N) H | o | 70 | 510] N
OH ; z |
CHs ﬁ
| ,lfii) Cefoxitin “ || | _CH,0CONH, |-OCHs[ 0.8 |70-75| 5-10 | Mo \
|
(iiiy Cefuroxime , l
o INe_ — CH,OCONH, H 1-2 | 50 | 510 | No
Il
N i OCH3
ol H 0.6- 25 30 No
iv)~Cefaclor CH—
) | 0.9
NH, -
HO._ O
HN <
c T y—8 HiC
I "o )/"— COOH
l | N N—
o )V CH, /lﬁ\ )‘\/5\/
COOH H,C - _4 S™H,cO ﬂ
Calofatan Cefmetazole
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Cefprozil: It is a second generaction cephalosporin used to treat bronchitis, ear infection
and skin infections. -

O
I H s
HO C—C—N
O | _1}_L
NH, & &~ CH = CHCH,
COOH
(C) Third Generation Cephalosporins:
H
N
S
R,-CO” \_(
/)—N AR
o 2
COOR,
Compound R, \ R2 \ Ra \
: | , N—~N
Cefmenoxime c \r&

! H
~ s
NH,
Cefoperazone (l:H Q O N—‘ﬁ
| i AN
unoc-N  N=CHs| —CH/—S "N H
Ho‘©/ N/ é’»Ha
CH,—

Cefotiam 2 N——-N
\\ CH,
N \
\fN —CH,—S N~ CH - 0C00 '
|

c . +//
eféulodlne CH— —CH, - N \ C - NH,
|- =/ |\ H
SO, ©
Ceftazidime Ny N
r_;—( N N—O?(CHQZ TN/
S. N H
\( COOH

NH,
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E:;-—/ c'; I ¥
Ceftizoxime [:__-__——I/ NOCH, " 0o
e '
NH, —
Cx
Ceftriaxone |—___—:]/ S NOCH, )QN 0 H
_CH,S
e
NH, S
!
Cefpirome If_—_-l/ %NOCHa )= H
S\(N - C;H2 - N\ /
NH, .
.
Cefixime r—-r_-_- N NOCH,COOH .
' -CH=CHz
S\(N
NH,
I
Cefpodoxime r_r Cx NOCH, CH,8
S %N — CHz - OGHs —CH-OCOOCH(CH,
NH,
I
Colstamet. I——-r___ “S nock,
S \(N ~CHs; CH-O-00C(CHE
NH,
<|:00Na OCH,
Moxalactam HO—@— CHCONH ° N—-f‘il
l
o7 NN e, - s/“\ N
COONa (I:Ha
L T (Total structure)
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d Table 1.3: Cephalosporins
i
S
R—C— NH—CliH—-CI:e/1\2(|3H2
5 40“—N§\?gc —R,
COOH
Cephalosporins
[ /""Name R Ry
(A) Oral Cephalosporins:
. . CH—
(i) Cephalexin Q | - CH;
NH,
(i) Cephradine @_
CH—
| - CH;
NH, _
CH—
(iii) Cefaclor Q— I -Cl
(iv) Cephaloglycin @-CH—
I — CH,0COCH;
(B) Parenteral Cephalosporins:
(i) Cephalothin S - CH,0COCH;
(i) Cephapirin — - CH,0COCH;
®
| (iii) Cephaloridine s :—J\—

- (C) Resistant to B-lactamase: (Parenteral Cephamycin)

T s |
~
(i) Cefoxitin @ CH,CONH — c|;——c|:ﬁ (|3H2
S SN Ao CH,OCONH,
g l
COOH

(D) Metabolically Unstable:

e.g. Cephalothin and Cephapirin
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] 0
HN = NZF N ﬁ ”OH N #NHz
N
‘:_>_ N—C—-C—<\
S H N~
Ceftobiprole
Hac\/O\
N K s \
o 5 \j/ s/\>__@N——CH3
” —N O ) N /LkN =
HO — P —nNH 7N s
| COOH
OH Ceftaroline fosamil
e fosa —

SAR of Cephalosporins:

The low potency of cephalosporin C soon made it clear that the naturq! product itself
unsuitable as a clinical antibiotic, The structure would have to be modified in the laboraty
to give a more potent semi-synthetic_analog. The semi-synthetic CePha|OSP'O’rins are
obtained by attaching a side-chaipns to Z_-élyrh-ij(i_c;mcepha!IO,S,p_Q,[@Q_iS,ﬁqg.j”St as penicillins arg

made from_6-aminopenicillanic acid. Hence, the SAR among the cephalosporins appear t,
remain parallel with those among the penicillins in as far as the acyl group is concerned,

The basic skeletons involved in cephalosporin chemistry are:
(1) CeEhalo§p_orins X=-H ,(2) Cephamycins X = - OCH;,

L N
s _l/ __'/
RCONH — C-—tlz/ \fﬁz _ N I
E—Ne C—chH R o o CH,OC — CH,
Vi e #
0] I COOH
COOH Cepham Cephalosporanic acid

1. The cephalosporins are considered as broad Spectrum antibiotics with patterns of
antibacterial effectiveness similar to ampicillins,

2. (féphalosporins éfe‘si_gﬁn_iﬁgq_rliy_ less sensitive tha
to hydrolysis by the enzymes from Staphylococcus qureys and Bacillus subtilis. This
may be due to the bjczclic cepﬁ_grp ring system rather than the a'cy'['gr‘OUp. .

3. Drug design in cephalosporin series followed the Prominant footprints marked in

penicillin evolution. Cefadroxyl is an example, The design of thi
! — ~~ this dr
derived from the succcss of amoxycillin. ' U9 seems to have

0O
Orpbop
HO CI',‘H —C— NHJ—:]/
NH, N

Cefadroxyl COO0H

n B - lactamase resistant penicillin
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4. Similar to penicillin series, p!]grly_lrg[yc_ing.moiety if attached to 7 - amino cephalo-

sporanic acid, affords a compound with increased oral activity; example is.cephalo-

glycin. .

The allylic ac'etqu‘gjggp at C - 3 is apparently not necessary for antibiotic activity
eg. 'c_ep_h\a_[‘e‘xmhcephradine do not contain this group.

A_p_ng_ngusLtoaazlocillin - mezlocillin, acylation of the amino group of 2 - phenyl-
glycine containing cephalosporins (e.g. cephaloglycin) is consistent with anti-
pseudomonal activity e.g. cefoperazone.,

A _sulfon.ic acid moiety if present in acyl side-chain, confers antipseudomonal activity
to certain penicillins. The analogy works with cephalosporins as well, resulting into

Cefsulodin.

While screening for B-lactam antibiotic stable to B-lactamases, a strain of
Streptomyces lactamdurans is found to release certain agents containing 6 - o -
mejdl_qu‘gmup whose electronic and steric properties protect the antibiotic from
énzymatic attack. This generates a new series of compounds, known as

‘cephamycins’, Cefoxitin is one of the clinically useful agents from this class.
A b
Several cephalosporins penetrate into CSF.in sufficient concentration to be useful for

the treatment of meningitis. For example cefuroxime, cefotaxime and moxalactam.

10. Cephalosporins are still useful as alternatives to penicilfins for a variety of infections
in patients who cannot tolerate_penicillins. These include Streptococcal and

Staphylococcal infections.

Other B-lactam Antibiotics:

The story of B-lactam antibiotics which began in 1929, had propogated through two
distinct phases, one marked by penicillin analogs and second phase dominated by
cephalosporin family. The day to day research is still adding new entities to antibiotic field
and exposing one or more clinical deficiencies perceived in existing drugs. The new basic
skeletons encountered would either reach the market place or add to the volumes of dead
stock in the literature is yet uncertain. Recently three new classes of B-lactam antibiotics

have come up. They are (1) Thienamycins, (2) Nocardicins and (3) Clavulanic acid.

'1) Thienamycins:

The research groups at Merck were the first, to isolate and characterize this anti_biotic
rom Streptomyces cattleya. Like penicillins and cephalosporins, it contains a fuseFl blsycllc
ing system containing B-lactam and a 3-carboxylic group but instead of B-acylamido side -

hain, it has a-1 hydroxyethyl group.
Two distinct features of thienamycin and cephalosporins are its brc'>ad
ctivity and its B-lactamase resistant property which make it effective against

ssistant to pencillins and cephalosporins.

spectrum of
many strains
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OH .S CH, /=\
3 \\\‘ 'C/C\C"-S_—CHchzNHJ OZ——-N 2 N
é_—rsll—-—-c —C00 O//c\ O'Na
& Tazobactam sodium
Thienamycin
OH
OH +
. o | SCH,CH,NHCH = NH,
RNH — c——t|3H2 H,C —HC ’u\
'c— N——C — COOH 7—N coo
Vi H 0]
0 Imipenem S—
Nocardicins —_—

(2) N:.:cardlcms. o . 1c Nocardia species. Here g

It is a group of about seven antibiotics isolated from varlou:s ' lactam antibiotic
do not observe a fused bicyclic ring-system which is characteristic of 5_ ' ctill remar S.
Nocardicin A is a narrow spectrum antibiotic and their status in future clinic sti IS to
be established.

(3) B-lactamase inhibitors:

These agents exhibit weak broad spectrum antibacterial activity and therefore are not
entitled to be used as effective antibiotics. However, they have an affinity for B-Iactaméﬁeg
and serve as potent irreversible inhibitors of many B-lactamases produced by gram-positive
and gram-negative bacteria.

Due to these pharmacological features, they are not used as primary antibiotics but are
combined usually with the conventional B-lactam antibiotics that are substrates for these
enzymes. This usually results into potentiation of activity of B-lactam antibiotics.

Examples from this category are:

(@) Clavulanic acids: These are produced by Streptomyces clavuligerus. (The same
actionomycete which produced cephamycin).

(b) Salbactam: Similar in structure to clavulanic acid.
(4) Imipenem:

Itis the N-formimidoy! derivative of thiena

_ mycin, It is having a B- .
Very resistant to most of the f-lactamases, 9 @ B-lactam structure and i

[ ———

& :llr;c::::::pc:'nms;und t hand ﬁ OCH,

Oxygen atq 5 ..S' at one hand as the R—C — NHH 0

introducﬂom unstabilizes the molecule, the \r N—N
Compensat?am 7 o-methoxy group works as g e N o | L’I
this class is ant;r';ﬂa(:ixalactam, an example from M= S T/
B-lactam resistancq ;‘:2‘;}:;31 antibiotic, haying 1 OxaCe;zo Sh,

‘ ms
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{
(IJH
CON(CH,)
H,c— O\ = CHEH,0R e (: )
P —N—-C\,
Clavulanic acid
Meropenem
O O
\ # OH
57 cH, |
2N N /"—"'N /
d COO Na o’
. / -
Salbactam sodium O/ \0
Biapenem
CH, CH
3
Ho— Q/\ NHSO,NH, Ho—(
~S
).—N Y S N/
o7 4
COOH COOH
Doripenem Faropenem
COOH
Ho-—<
Y m
O/
COOH
Ertapenem

(6) 1-Carbapenems:

They are structural analogs of penicillins where

Olivanic acids stand as example of this class. They are

from Streptomyces olivaceus.

4

N

1-Carbapenems

sulphur atom is replaced by carbon.
broad spectrum antibiotics isolated

NCOOH
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(7) Monobactams: )

These are monocyclf‘c B-lactam antibi.oticsf isolated from Chromobacterium Violgc,
The basic nucleus is 3-aminomono bactamic acid (3 - AMA).

S H
2 A Ny O
H,N” Sy l _]

N [ e
o 02 N‘SO;,
I

CHS—-C': — COOH
CH,
Azactam

Azactam is an example of this class which is active against the most of the gram NeGative
bacteria and resistant to the most of the B-lactamase enzymes.

S
HN- X\~ Nc - co- NH——_f%T'?Ii
'u\o e
ClincOO_Na+

Tigemonam disodium

Aztreonam: It is a synthetic monocyclic B-lactam antibiotic with the skeleta|
(monobactam) isolated from Chromobacterium violaceum.

S 0
HzN—<\ , Q %—N/SO:’H
N

e

I H
o

Hac—l—COOH

CH,

CH,

Cilastatin: It is a dipeptidase inhibitor that specifically inhibits dehydrodipeptidase 1, a
renal membrane bound glycoprotein involved in the hydrolytic metabolism of penem and
carbapenem B-lactum antibiotics. It maintains the antibiotic activity of ifnipenem through
inhibiting dipeptidase activity.

(1:6 AMINOGLYCOSIDE ANTIBIOTICS (Aminacyclitol Antibiotics) |

This series includes streptomycin, genta
amikacin, netilmicin, spectinomycin and framyc
glycosides. They are all mixture of water soluble

m}/Cfn, neomycin, kanamycin, tobramycin,
etin. These consist of aminosugars linked as
, basic carbohydrates that are closely related
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Antibiotics

chemically. They inhibit the growth of gram-positive, gram-negative and mycobacteria.
Except for the gentamycins, all are the products of species of Streptomyces. They are
characterized by the presence of atleast one aminohexose but some prefer pentose lacking
an aminogroup (e.g. Streptomycin). A highly substituted 1, 3-diaminocyclohexane central
ring (aminocyclitol) is present in the form of deoxystreptamine in all members except

streptomycin and dihydrostreptomycin. Both contain streptidine, whereas spectinomycin is
also an aminoglycoside but has no amino sugar.

The aminoglycosides are used primarily in infections caused by gram-negative bacteria.
They are mostly ineffective against anaerobic bacteria, fungi and viruses. These are very
poorly absorbed if given orally. The systemic use is also restricted due to oto - and
nephrotoxicity. Serious toxicity is the major limitation where each member measures same
spectrum of toxicity. The development of strains of Enterobacteriaceae resistant to
aminoglycosides led to detailed study of mechanisms of resistance.

Atleast nine different aminoglycoside inactiviating enzymes are identified which differ
from each other due to

(a) Having different target functional groups (sites of attack) in aminoglycosides and
(b) Steric factors.

Examples of such enzymes are acetylase, adenylase and phosphorylase.

Table 1.4

hsl;. Antibiotic Source ln:j:;:’:ion
1. | Streptomycin Streptomyces griseus 1944; Waksman
2. | Neomycin S. fradiae 1949; Waksman
3. | Kanamycin S. kanamyceticus 1957; Limezawa
4, | Gentamicin | Micromonospora purpurea 1964

5. | Tobramycin (nebramycin) | S. tenebrarius 1967, Higgins

6. | Framycetin, (soframycin) | S. decaris

7. | Paromomycin S. rimosus formoparamomycinus 1959

3. | Amikacin Semisynthetic product from kanamycin | 1972; Kawaguchi
9. | Sisomicin M. inyoensis 1980

10. | Netilmicin Semisynthetic product from sisomicin | 1963; Weinstein

| (N-ethyl sisomicin)
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: ide Antibiotics:
SAR of Aminoglycos! . i .
onsist of two or more aminosugars joined in glycoside link,

lohexane (aminocyclitol) centrally placed ring. Th;c ’inz

The aminoglycosides c. ‘
a highly substituted 1, 3-diaminocyc

is 2-deoxystreptamine in all am
where it is streptidine.

inoglycosides except streptomycin and dlhydrostreptomycin

&
H,N NH
HO O}c-I)H Streptidine
HZNY 0
NH
CHO L-Streptose
H,C
HO 0
HO 0 N-Methyl-L-
7;2,\, HCH, Glucosamine N 2-Deoxystreptamine
HO
OH Kanamycins
Streptomycin
Hy ©™\CH,
OHH
HN 0 OH
H NHCH, |
OH NH, |
CHR
H,N 0O 0
H " I
Gentamicins H;N |
|
Thus, !
(1) In Kanamycin and gentamicin families t ' :
. two amin '
streptamine, Osugars are attached to 2-deoxy-:
. - }
(2) In Streptomycin, two aminosugars are attached t Strept_-d' I‘
' _ Idine,
(3) In Neomycin family, there are three aminOSUgars.atta hed )
) C _ .
Soin summary, the aminoglycoside antibiotjeg contaj o deoxystreptamme.
((12) Aminosugar portion and 4N two important structural features: s
) Centr '
ally placed heyose ring either 5. 3'

d .
€OXystreptamine or streptidine. )

i

.y
I
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(1) SAR of aminosugar portion:
() The amino function at C-6 and C-2 serve as major target sites for bacterial

inactivating enzymes.
(ii) Methylation at C-6 position does not decrease the activity; instead increases enzyme
resistance.
(iii) Clevage of 3-hydroxyl or the 4-hydroxyl
or both groups does not affect the
activity. '

H,NH,

HO

H NH,

(2) SAR of centrally placed hexose ring (aminocyclitol ring):
NH,

(i) Various modifications at C-1 amino E
group have been tested. The acylation Amino—0C
(e.g. amikacin) and ethylation (e.gq. 1-N-  Sugar ~i-NH,
HO
: 0O

ethylsisomicin) though not increases the activity,
helps to retain the antibacterial potency.

Amino Sugar

(i) In sisomicin series, 2-hydroxylation and 5-deoxygenation results in increased

~inhibition of bacterial inactivating enzyme systems.

| Thus, very few modifications of the central ring are possible which do not violate the
- activity spectrum of aminoglycosides.

Biological Evolution of Aminoglycosides:
(1) Streptomycin and dihydro-streptomycin:

‘The organism Streptomyces griseus was isolated in 1943 by Waksman et al as a result of
~ a well - planned scientific research covering more than ten thousand organisms. Other
substances like, hydroxystreptomycin, mannisidostreptomycin and cycloheximide are also
released by the organism but do not reach upto the required activity/potency level. The
development of resistant strains of bacteria and chronic toxicity constitutes major drawbacks

of these category.
(2) Neomycins:

Neomycin,  kanamycin, gentamycin  and
paromomycin are among the most stable
antibiotics known. Neomycin is a group of six
antibiotics (A, B, C, D, E, and F) which are produced
by certain strains of Streptomyces fradiae. While

Neomycin A is a degradation product of

Neomycin B and C, Neomycin B is still utilized as
topically employed antibiotic. 1t has a broad
spectrum of activity. However, it causes severe
renal toxicity and ototoxicity when administered
parenterally. It is also known for its effect on the

bowel flora.

CH,NH,
—0
OH

HO

HO

NH,

CH,NH,

OH

0

NH,

NH, -

0

Neomycin B

NH,

OH

OH
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(3) Kanamycins: w

It is p.rOdUCEd by S. kanamyceticus and has i
;rrgptorgyccn:lr:ni neomycin. The mixture consists of thrz;oij:[e; e oms e
, B a : . ' ' e fhag o
A B/an0 C Toe Kanamycsdo ot posss 0.1 oty s, oo
and to systemic infections which YEINS Is restricted to infectio, D-_e.sent_ vestna! 12
| are not responding to oth ot r e o |
and development of resistant strains of bacteria kanarr;yceiramlb.mics. e e
' NS are largely replac®

newer agents from this class.
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4 by the

(4) Gentamicins:
These'are the metabolic products of gram-positive bacteria, Micromonospord purpurea
and constitute a group of closely related broad spectrum aminoglycosides (Cu G and ()
that have structures simillar to those of neomycins and kanamycing gz:lﬁ:ﬁcinl'is S active in
the treatment of various skin infections and urinary tract infe;tions caused by grem -
negative bacteria. The high potency, relatively low toxicity and 2 virtual absence of resistan:
strains highlight the clinical utility of these agents. It works by binding the 30S subunit of the

bacterial ribosome, interrupting protein synthesis.

(5) Paromomycins:
The isolation of drug was first reported in 1956. Paromomycin is similar to neomyci

ains D-glucosamine instead of the 6-amino - 6 deoxy - D - glucosamine
found in neomycin B. In addition to inhibiting gram-positive, gram-negative and myco-
bacteria, it is very active against Entamoeba histolytica. The antibiotic mixture consists ¢f
Paromomycin I and Paramomycin II. It is employed in the treatment of amoebic dysenter,

‘and for the elimination of tapeworms.

Novobiocin: It was isolated from Streptomyces species and was reported in 1995 &s:
product of S. spheroids and s niveus. Currently, it is produced from cultures of both. [z
chemical identity was established by Shunk et al and Hoeksema et al and was confirmed?
Spencer et al. It has a unique structure possessing a glycosidic sugar moiety. Its action :
largely bacteriostatic. It inhibits bacterial protein and nucleic acid synthesis. It binds ©0 e
subunit of DNA gyrase and interferes with DNA super coiling and energy transductio””’
bacteria. Its effectiveness is confined to gram-positive bacteria. Its low activity against g

negative bacteria is due to poor cellular penetration.

except that it cont

(6) Semisynthetic aminoglycosides:
Introduced into clinical practice in the 1970's these antibiotics are categorised iM%

synthetic aminoglycosides. Biologically derived as one of several components of 2 «’

of aminoglycoside mixture released by Streptomyces tenebrarius, chemically tobra™"”

characterised as 3'-deoxykanamycin B.
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) structures ie. kap.
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streptomycin and neomycin. The mixture consists of thr I,

A B. and C. The kanamycins do not possess D-ribose molea.JIe thf:)fn': z;e;eentir:?e:: My,
and paromomycins. The use of kanamycins is restricted to mfed"bioﬁcs Oue 1o thlna,
and to systemic infections which are not responding to o:he'r anti . ély feplac ¢ tQ'f'r.
and dex-élopnwent of resistant strains of bacteria, kanamycins are 1arg &d by,
newer agents from this class.

(4) Gentamicins:

" ia, Micromonospora py,,
These are the metabolic products of gram-positive bacteria Purp,

and constitute a group of closely related broad spectrum amiﬁoglycos'de% (.Cli Ci an,d7
that have structures similar to those of neomycins and kanamycins. gentamlcm 5 effeth-,
the treatment of various skin infections and urinary tract infec-tlons caused by gr.ar,
negative bacteria. The high potency, relatively low toxicity and a v!rtual absence of r.eSIS?‘_-:
strains highlight the clinical utility of these agents. It works by binding the 305 subunit g,
bacterial ribosome, interrupting protein synthesis.

(5) Paromomycins:

The isolation of drug was first reported in 1956. Paromomycin is similar to neom
except that it contains D-glucosamine instead of the 6-amino - 6 deoxy - D - glucosam;
found in neomycin B. In addition to inhibiting gram-positive, gram-negative and myc
bacteria, it is very active against Entamoeba histolytica. The antibiotic mixture consist;,

Paromomycin I and Paramomycin 11 It is employed in the treatment of amoebic dysent:
"and for the elimination of tapeworms. ‘

Novobiocin: It was isolated from Streptomyces species and was reported in 1995
product of S. spheroids and S. niveus. Currently, it is produced from Cultures of both! |

nd Hoeksema et al and was confirmed: |

l

ol ‘ d as
char:arzr jJUcostdr mixture releage, Y Strept o o several “omponents of a comp
AT ced as, 3. . . om Ces
A N JCes tenebrariys chemically tobramycin'
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CH,OH
O—NOH ) CH,OH
OH ' OH
N o H NH,CH,CH,CHOH
‘ H NH; (IZHN of 4
OH g OH NH,
OH
K CH,NH,
HoN o O
\
OH
OH
NH,
- OH OH
Tobramycin Amikacin
HoN - H,C NH,
2 OH NHC,Hs
| H OH
0
H NH, .
HO ,/—0O
NHCH; |
H,C
OH
Netilmicin

It resembles the gentamicins in its activity and toxicities. Amikacin, on the other hand,
has a substituted amino-butyrylin the C-1 amino group and is considered as a derivative of
Kanamycin. It was identified by Kawaguchi et al in 1972. Netilmicin is a semisynthetic
N- ethylsisoniicin. | '

1.7 BACTERAL RESISTANCE AND RECENT TREND

AMINO GLYCOSIDE ANTIBIOTICS
tural features an antibiotic shares, these are grouped as

S IN DRUG DESIGN OF

Based upon the common struc

under:
(1) Streptomycin family: It includes streptomycin and dihydrostreptomycin.

(2) Neomycin family: It includes neomycins and paramomycins.

(3) Kanamycin family: It includes kanamycin A, kanamycin B, amikacin and tobramycin.

(4) Gentamicin family: It includes gentamicins (Cy, Ca and Cy), sisomicin and netilmicin.

A new wave of hope propagated in medical profession with the introduction of amino-
jlycoside antibiotics. They have broad spectrum of activity. They are featured by projection

5 polar groups (like hydroxyl or amino groups) upon a basic carbohydrate skeleton. These
ructural features unfortunately then served as a platform for enzymatic deactivation of
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1.8 TETRACYCLINE ANTIBIOTICS .

A clear cut division of work is observed amongst previous two cIaSSE? of ar?tlblotiu
penicillins being active against gram-positive organisms while Streptomycin family Deing
incharge of gram-negative affairs. Generation of the tetracyclines was the result of a neeq
develop such antibiotics which can effectively cover both microbial faculties.

The series consists of about eight members: 7-chlortetracycline discovered in 1948 by
Duggar. They are obtained either as metabolic by-products from various species ¢f
Streptomyces or as semisynthetic derivatives of the natural products. Tetracyclines are
yellow amphoteric compounds forming salts with either acids or bases. They exist as zwitte
ions at pH 7. Although they are not completely absorbed from GIT, tetracyclines are knowr
for their oral use. Exception is rolitetracycline which is given parenterally. Epimerization &
C-4 is witnessed with tetracyclines in the solutions of Intermediate pH range

Epitetracyclines, as these isomers are known by, exhibit much less activity than the neutrz
Isomers.

uch antibiotics in which target st '

ically hindered. Examples can be quoteq, i
ter tes at which streptomycin aqd kanamycinz
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f microbial enzymes. In this case e
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ucture-Activity Relationship in Tetracyclines: ~tbloties

The tetracyclines are truely broad - spectrum
antibiotics with the broadest spectrum than any
of the presently available antibiotics. The basic
nucleus common to all tetracyclines is a
polycyclic naphthace-necarboxamide which is
comprised of four fused, six-membered rings A,

. C and Tetracyclines
, C and D. The group name tetracycline thus describes the pattern of backbone
skeleton. A tetracyclic backbone skeleton is essential for activity.

The enc?lized system present at carbons 1 to 3 must be intact for good activity.
The amide function at C-2 is essential for the activity.

Epitetracyclines are very much less active than neutral isomers.

Substitution at C-6 decreases chemical stability e.g. oxytetracycline is chemically less
stable than doxycycline.

In general, C-6 methylated analogs achieve higher blood levels.

C-7 substitution results in increased potency and the drug may sometimes be active
against resistant microbial strains.

Strong acid dehydrates tetracyclines utilizing a 6-hydroxyl group and the 5a-hydrogen.
This route led to development of 6-deoxytetracycline.

A cis type fusion between A/B with an a-hydroxyl group at 12a is necessary for
retention of activity.

Electron withdrawing groups and electron donating groups both are equally effective at
C-7, eg. chlortetracycline contains an electron withdrawing group at C-7 and
minocycline possesses an electron releasing (dimethyl amino) group at C-7.

The SAR of 8 - substituted analogs is yet not documented.

The SAR of positions 5, 6, 7 and 9 can be modified by various substituents resulting into
retention and in some Cases, improvement of antibiotic activity.

6-thiatetracyclines in a preliminary report are showing excellent superior pattern of
activity. They contain @ sulphur atom at C - 6. A recent derivative thiacycline, is found to
be more active than minocycline against tetracycline - resistant bacteria.

Tetracyclines have low solubility in water which may be overcome by amingalkylation at
carboxamido group using Mannich reaction. The clinically effective m'anmch bases are
rolitetracycline (pyrrolidinomethyitetracycline), Iymec.ycline (Tetracychne-L-metherne-
lysine) and clomocycline (N-methylol-7-chlortetracyclme).
Semisynthetic analogs have also been obtained il:‘l an at.temp e
chemotherapy. Methacycline, doxycycline and minocycline are some results of suc

efforts. For example, chlortetracycline through a catalytic dehalogenatioh canlh?ls
converted to tetracycline. Methacycline is obtained from oxytetracycline W

' [ line.
hydrogenation of methacycline offers doxycy¢ | N |
Minocycline is 3 tetracycline group of antibiotic with lgood Qeal of anti-inflammator
activity. It is therefore considered to be the drug of choice for inflamed acneé.

t to achieve advances in
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Name

o
|

7‘Ch|0rtetracyc|ine ?
| OxytEtracycline

 Tetracycline

|

|

| Demeclocycline
|

|

| Methacycline

Doxycycline
| Minocycline
Ro]itetracycline
| Lymecycline

| Sancycline

| Clomocycline

Tetracyclines

In rolitetracycline X = — CHZN: ,

| In lymecycline Y = —CH,NH — ?H

- (CH2)4 - NHz

COOH

R | R, [ Ry Rs Rs Source f \(l:at:t
CI | CHs | OH H S. aureofaciens x}j
H CH; | OH | OH S. rimosus 193,
H CH; | OH H Semi-synthetically
from chlortetracycline 19,
ql H | OH | H H | Mutant strain of
S. aureofaciens 105
H =CH; | OH H | Semi-synthetically
' from oxytetracycline 19
H CH; | H OH H Semi-synthetically
from Oxytetracycline 1965
N(CH), | H H H H Semi-synthetically
from Oxytetracycline 197
H CHy | OH | 4 | X Semi-synthetically
from tetracycline
H CHy | oH | H - Y| Mannich base of
i tetracycline
H H H H H
cl CHs | oW | 4 CH,0H Semi-synthetically
| \}__________ | from chlortetracycline S
\

o)
* ‘.
L0 o'
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@MACROL!DE ANTIBIOTICS

Tr.ue r?sear-ch gl'amogr created by the discovery of penicillins still, continued its way
resulting into identification of a totally new class i.e. macrolide antibiotics. Isolated from

actinomycetes, it is a group of chemically related compounds distinguished by three
common structural features as:

1

J

1. amany membered large lactone ring (hence the name, macrolide)
2. various ketonic and hydroxyl functions and

3. glycosidically linked 6-deoxy sugars.

More often the lactone ring has 12, 14, or 16 atoms in it and is partially unsaturated with
the presence of a double bond in conjugation with a ketone function. At present more than

70 such antibiotics are reported. The presence of a dimethylamino group on the sugar
moiety imparted basic properties to the macrolides.

These antibiotics are called as penicillin substitutes. Members of this class are
azithromycin, clarithromycin, carbomycin, erythromycin etc. They are employed to treat
infections due to penicillin resistant organism or where patient feels allergic towards
penicillin analogs. They are, generally effective against gram-positive bacteria, both cocci
and bacilli. They exhibit low spectrum of activity against gram-negative organisms.

They are not influenced by penicillinase enzymes but organisms may develop resistance
by other route. Examples and their microbial source are quoted in the following table.

_ Table 2.1 |
Sr.No.| Antibiotic Microbial Source | Sr. No. Antibiotic | Microbial Source
1 Carbomycin A | Streptomyces s Josamycin S. kitasatoensis
2 Chalcomycin | halstedii 6. Leucomycin Ay | S. kitasatoensis
3. |Erythromycin | S. bikiniensis 7. | Tylosin S. fradiae
4 | Oleandomycin | S. erythreus 8 Spiramycin 1 S. ambofaciens

(1.1)
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(1) Erythromycin:

macrolides. Its isolatio
It received the widest clinical acceptance amongst t';;eus. It is treated as 5 d:
reported by McGuire et al in 1952 from Strepton.vyces ef:/;d - ft - tissue infections
choice for ;he treatment of variety of upper respiratory
gram-positive bacteria.

‘J":‘

Ugr
d“e;

i arbohydrate
The aminosugar, desosamine is attached to C - 5 while lar;:’;:eer ;tructuge " k:‘;zi‘etf,
i.e. cladinose is -Iinked glycosidically to C - 3. The large ain ve been isolatoy ;?_:
erythronolide. Two structures closely related to erythr0m1)_/;e B analog does not o o
S. erythreus. They are identified as Erythromycins B :jmd C. promycin A, Erytty ssg,t,‘
C-12 hydroxyl group and is more stable but less actlv.e than em]‘nical arade erythromy{','
C lacks cladinose methoxy group and is equipotent with A, The cli myc

' ith minute quans: '_
contains 90% erythromycin A and about 10% erythromycin B with quantit .
analog C.

Erythromycin is active against - Neisseria, H. influenzae and Legionella pneumophi, b

not against the Enterobacteriaceae; its activity shows pH dependence, INCreasing
PH upto about 85,

A number of derivatives are designed to improve: .

1. eitherits water or lipid solubility necessary to develop more acceptable dosage fom

2. its acid stability to increase oral absorption, and
3. the acceptance by masking its bitter taste.
The basic nature  of  the (|:|)
dimethylamino group of the desosamine A— oc
moiety was utilized to Prepare its acid Hac""?"' s
selts, like the lactobionate, H— (lz — 0 —| HaC\__on
glucoheptonate and the stearate, ang HiC—C —H o)
esters of the 2' - hydroxy| group of the - q CH
desosamine, including  the ethy -?-0 Cladi 3
Carbonate, ethyl  succinate and  the H:']C—-—(l:__OH - mose
estolate €.9. Erythromycin estolate being ?HZ
;nborre ta'CId I[:;'table, Promotes higp oral H;;C-—C|:H H' N(CH,),
sor ) )
1 ~'Plion. Due to gooq water solubility, O=C
attobionate and gucOheptonate f | O|l--|1 A
2r€ used in Parenlcrals Th ofms HC‘-CH3 3G
such d T8 2-esterg as !
! © MOt pogsess Itibiotic acyjyiq d "o~ ? —H "
a
1ence efficacy o Paticular agye g yan HO— ¢ _ oy Desosamine
upon the n-viyg fate of SPends ' 3
to release the free . base ester l‘Ydrolysis ch:\_O
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Bacterial resistance gradually develops to erythromycin. In resistant strains. the affinity of

drug to bagterual ribosomal binding sites is modified towards negative side. The latter then
no longer binds erythromycin. -

(2) Oleandomycin:

It bearsisrmilar structural features as that of erythromycin and stands as an alternative t
erythrgmycn? for limited indications. It was obtained from . antibioticus by Sr:Jb]n et ai ;jt
!OS_ES Its Cla”_ﬂ 'N gram-positive bacterial treatment due to a bitless activit an;j hnl h
incidence of side effects. It differe chemically from erythromycin in having: / ’

(a) L-oleandrose instead of cladinose moiety, and |

tﬂ A 14-mg;1bered lactone ring possessing an exocyclic y H.
methylene epoxide on C-8, designated as oleandolide i f
| , 2 e instead of 'gh
erythronolide, e .
| The posjtion of linkage of both the sugars remain same o "
i.e. desosamine at C-5 and L-oleandrose at C-3. .

. L L-Oleandrose
The triacetyl ester derivative, 2 more preferred form of oleandomycin is prepared by

acetylating jthree hydroxyl groups one in each of the sugars and one in the oleandolide. The
preferelj\ce is due to (a) retention of in-vivo antibiotic activity, (b) superior pharmacokinetic
properties and (c) its tasteless nature.

(3) Spiramycin and Josamycin:

They are well established clinically in Europe and Japan and now are clinical newcomers
in United States.: They are mainly indicated for the gram-positive bacterial infections. Both
have similar range of activity as erythromycin but are less active. Resistance develops very
gradually. However cross - resistance among above four discussed members is reported.

To overcome the drawbacks of erythromycin, a number of semisynthetic macrolides
have been produced of which Roxithromycin, Clarithromycin, Azithromycin are some of the
examples. ' :

(a) Roxithromycin: It is a semisynthetic long acting acid stable macrolide whose
antimicrobial spectrum resembles closely with erythromycin.

(b) Azithromycin: This new azalide congener of erythromycin has an expanded
spectrum, improved pharmacokinetics, better tolerability and drug interaction profiles. It is
more active than other macrolides against H. influnenzae but less active against gram
positive cocci. :

The improved pharmacokinetic properties are. acid stability, rapid oral absorption,
marked tissue distribution, and intracellular penetration. Due to higher efficacy, better
gastric tolerance, it is now preferred over erythromycin in many infections like pneumonia,
trachomatis, tonsillitis, sinusitis and pharyngitis. ‘

(c) Clarithromycin: It is a semisynthetic macrolide antibiotic derived from erythromycin.
It exerts bactericidal effect by inhibiting bacterial protein synthesis. It is used to treat throgt
infection, pneumonia, skin infections and H. pylori infection. It can also be used in
combination with anti-ulcer medications to treat certain types of stomach ulcers. It s!wquld
not be used to treat viruses such as common cold. Side effects include nausea, vomitting,

diarrhea and stomach pain.
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The antibiotic Lincomycin 15 qbtalned ) | 3 L
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derivative clindamycin in 1967. Latter has an Imp-rovgd pyrrolidine H »SCH,
antibacterial and pharmacokinetic profile. Lincomycins, 1IN H OH
Woeneral, possess similar topological, antibacterial Lincomycin: R = — OH

“bacterial-resistance and cross resistance with that of ClindamyCIn:R =-Cl

d Erythromycin anélogs. They exert bactericidal action on gram-positive bacteria particularly
Staphylococcus aureus. The activity shows concentration dependence pattern.
Variation of the substituents on pyrrolidine portion and C - 5 side-chain affects the
activity. e.q. , o
(1) N-demethylation imparts activity against gram-negative bacteria.
(2) Increase in chain length of the propyl substituent at 4 position in pyrrolidine moiety
upto n-hexyl increases in-vivo activity about 1.5 times than parent compound

(3) The thiomethyl ether of a-thiolincosamide moiety is essential for activity

(4) Structural modifications at C - 7, like introduction of 7S chloro or 7R - OCH; changes
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the physicochemical parameters of th i
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These ant1baotic§ retain their reputation in the chemotherapy, though do not retain
common structural features with any other antibiotic. Due to their high clinical utility, they
deserve special attention, ' ' -

(1) Chloramphenicol:
i 323;23:{ lsolated. frqm Streptomyces venezuelae by Ehrlich et al in 1947, chloram-
phe oromycetin) is now produced totally by a synthetic route. It contains chlorine

and is obtained fr.om an actinomycete and thus named as chloromycetin.
Chloramphenicol has a spectrum of activity NRGOCHC,

H
resembling that of the tetracyclines except that it exhibits OzN‘Q‘é—é—CH OH
2
|

2 bit "?SS activity against some gram-positive bacteria. It \
is specifically recommended for the possesses treatment OH' H

f sios econs caved by g s, Siorls 9K
ae and Neisseria meningitidis. It is marked effectiveness against

several Qfam-negative bacterial and also exhibits antirickettsial activity. Its ability to

penetrate into CNS presents an alternative therapy for meningitidis.
SAR of chloramphenicol can be studied under the following headings:

(1) SAR of p-nitrophenyl group:

(a) Replacement of the nitro group by other substituents leads to reduction in activity.

(b) Shifting of the nitro group from the para position also reduces the antibacterial activity.

(c) Replacement of phenyl group by the alicyclic moieties results in less potent compounds.

(d) The p-nitrophenyl group may be replaced by other aryl structires without appreciable
loss of activity.

(2) SAR of dichloracetamido side-chain:

(a) Other dihaloderivatives of the side - chain are less potent though major activities are
retained.

(b) While in case of trihaloderivatives, Hansch et al in the light of QSAR calculations claimed
that the 2 NHCOCF; derivative would be about 1.7 times as active as the

chloramphenicol.
(3) SAR of 1, 3 - propanediol:

The primary alcoholic group on C - 1 atom if modified, results in a decrease in activity
hence the alcoholic group seems to be essential for activity.

Of the four stereoisomers of chloramphenicol the antibacterial activity resides in only
D-threo compound. Other isomers are inactive compounds.

Chloramphenicol is a broad-spectrum antibiotic. Unfortunately instances of serious
hematological abnormalities resulting in aplastic anemia occurred which established the
needs to reaudit the clinical position of it. The nitrobenzene moiety of the chloramphenicol
molecule is supposed to depress the bone marrow and to affect the elements of blood

resulting into a fatal outcome.
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3.6 MECHANISMS OF ACTION of COMBINATIONS
ANTIBIOTICS 3.11 SUPRAINFECTION (SUPERINFECTION)
3.1 INTRODUCTION | - , B

The term chemotherapy can be defined as ‘the treatment of diseases caused due to
infective parasites or organisms’ without causing destruction of their host cells. Modern
chemotherapy began with the work of Paul Ehrlich (1854 - 1915). Due to his pioneer
discoveries in this field, he is reqarded as 'Father of Chemotherapy'.

The second phase of revolution emerged in the 1930's following the discovery of the
British bacteriologist, Alexander Fleming when he tested the filtrate of a broth culture of a
penicillium mold for its antibacterial activity.

The term antibiotic has its origin in the word, antibiosis (i.e. against life); the latter being
first time used by Vuillemin in 1889 in an attempt to describe the concept of survival of the
fittest. Although the discovery of penicillin is named after Sir Alexander Fleming in 1928, it
was not until 1940 at Oxford that Florey and Chain and their associates isolated it and
described its properties in detail and thus turning Fleming's discovery to practical
significance. Among the many attempts to define the term, antibiotic, the most appropriate
one may be stated as "Antibiotic is a chemical agent derived from or metabolically produced
by microorganism and that in high dilution it antagonizes the growth and/or the survival of
one or more species of microorganisms." The probable points of differences amongst
antibiotics include physical, chemical and pharmacological properties, antibacterial spectra
and mechanism of action.

(3.1)
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Table 3.1: Landmarks in thew \
_ Perio
Scientists : DW 1854 - 1915 !
1. Paul Ehrlich Father of chemotherapy 1929 "
2. Sir Alexander Fleming. | Penicillin . 1932 - 1935
3. Domagk Prontosil and sulphon"’"mdeS 1939
4. Florey Penicillin isolation 1'944
5. Waksman Streptomycin 1956
6. Steinberg Amphotericin B 1958
7 Gentiles Grise\ofulvin | B - 1959
8. Prusoff Clinical use of iodoxuridine
. L 1962
9. Bauer Clinical use of B-isatin :
thiosemicarbazone —

Park et al in 1952, reported the isolation of first nucleotide linked PF-E.CUFSOr ¢
peptidoglycan from Staphylococcus aureus grown in the preseice of benzylpenicillin, The
were later identified as uridine diphosphate-acetylmuramyl pentapeptide and its bfeakdovn
products like uridine-5'-pyrophosphate and N-acetylmuramic acid. Park nucleotides as the,
are known, were already shown to be an integral part of the bacterial cell-wall structy;
This key observation by Park, led the foundation of the concept that penicillin interfers in th

biosynthesis of bacterial cell-wall.

In all bacteria, the cell-wall offers protection to the cytoplasmic membrane againg
changes in osmotic pressure. The cytoplasmic membrane is a fragile structure and is the st
of most of the biological processes of the cell. Any defect in the cell-wall, therefore, mg
cause the lysis of cytoplasmic membrane and will indirectly i i o o

. impair i
bacteria. Y Impair protein synthesis it

Lipopolysaccharide
Lipoprotein link

Peptidoglycan

Cytoplasmic membrang |

Cytoplasm .

Gram-posltive bacterla
Gram-negative bacteria

Fig. 3.1.
g.3.1: Bacteri) cell-wajy
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Table 3.1: Landmarks in the field of antibacterial agents

Scientists Discovery Period
paul Ehrlich Father of chemotherapy 1854 - 1915
Sir Alexander Fleming. | Penicillin 1929
Domagk ' Prontosil and sulphonamides 1932 - 1935
Florey Penicillin isolation 1939
Waksman Streptomycin 1944
Stéinberg Amphotericin B 1956
Gentiles Griseofulvin 1958
Prusoff Clinical use of iodoxuridine 1959
Bauer Clinical use of p-isatin 1962

thiosemicarbazone

Park et al in 1952, reported the isolation of first nucleotide linked precursor ¢

»ptidoglycan from Staphylococcus aureus grown in the presence of benzylpenicillin. The
fied as uridine diphosphate-acetylmuramyl pentapeptide and its breakdow
roducts like uridine-5'-pyrophosphate and N-acetylmuramic acid. Park nucleotides as the
n, were already shown to be an integral part of the bacterial cell-wall structur
ed the foundation of the concept that penicillin interfersin tr

ere later identi

re know
his key observation by Park, |
siosynthesis of bacterial cell-wall

In all bacteria, the cell-wall offers protection to the cytoplasmic membrane again
changes in 0SMOLIC pressure. The cytoplasmic membrane is a fragile structure and is the
of most of the biological processes of the cell. Any defect in the cell-wall, therefore, m:
cause .the lysis of cytoplasmic membrane and will indirectly impair protein SYnthesis
bacteria.

. - ____-_._———
Lipopolysaccharide
Lipoprotein link

Peptidoglycan

Cytoplasmic membrane —|

Cytoplasm

Gram-positive bacte.ria

Gram-negative bacteria

Fig. 3.1: Bacterial cell-wall
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The walls of all bacteria contain peptidoglycan as their main structural components, This
cell-wall polymer protects the bacterium from the lysis in a hypotonic environment. In gram-
positive bacteria, peptidoglycan is the major constituent of the cell-wall and may account for
as much as 80% of total weight of the wall, However, in gram negative bacteria, it represents
only a minor component of the cell-wall, Peptidoglycan is thus a vital component of
bacterial cell wall which offers a network of high tensile strength and rigidity. It is formed

through the cross-linking of the glycan chains. Some glycan chains may remain uncross-
linked and may get interspread through the peptidoglycan network.

Due to the simplified structure

the action of B-lactam antibiotics
bacterial cell-lysis occurs due

of gram-positive bacteria, they are highly susceptible to
due to the freely permeable nature of their cell-wall. The

to the activation of autolytic peptidoglycan hydrolases, by
B-lactam antibiotics. In gram-negative bacteria, however, above the peptidoglycan, a

complex outer membrane is Present which contains lipoproteins (linked covalently with the

peptidoglycan), phospholipids, lipopoly-saccharide and other components. Through its
selective permeable nature, the

periplasmic fluid that lies betwee

_ ne greatly varies among gram-negative bacteria, being
generally high in Neisseria, intermediate in Enterobacteriaceae and very low in

Pseudomonads. Periplasmic fluid is the main site where the B-lactamase enzymes are
present in the higher concentration and they decrease the ability of B-lactam antibiotic to
enter the gram-negative bacteria. Thus, the selective permeability of the outer membrane

and the presence of B-lactamases in the periplasmic fluid are the main factors that lower the
effectiveness of B-lactam antibiotics against gram-negative microorganisms.

3.2 PENICILLIN-BINDING PROTEINS (PBP)

The bacterial cell wall consists of specific binding sites for B-lactam antibiotics. These
membrane-associated binding sites for antibiotics are known as penicillin-binding proteins.
These are nothing but the enzymes (i.e, transpeptidases and carboxypeptidases) which are
actually involved in the terminal stages of peptidoglycan bios
enzymes occurs mainly th'rough the formation of
immediate biochemical defects in the synthesis of

ynthesis. Inactivation of these
penicilloyl ester linkages. This results into
cell-wall peptidoglycan.

In gram-negative bacteria, penicillin binding proteins are présent
Due to the high concentration of B-
B-lactam antibiotic to bind with these

in the periplasmic fluid.
lactamases in this region, it becomes difficult for

proteins and to produce biochemical defects in the

(e.g., bacitracin, vancomycin, etc.) which o
bacteria due to their poor penetration ability,
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Gram-positive ba Crobacter [;pec[es
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(1) Bacillus spectes Entero . .
(2) Clostridium perfringens Escheﬂd"a co‘ll .
(3) Staphylococcus aureus Ha emophilus influen
(4) -Staphylococcus epidermidis Neisseria onorrho.eae
(5) Streptococcus faecalis pseudomon as species
(6) Streptococcus pyogens “calmonel la species
| (7) Streptococcus pneumoniae

ese enzymes hydroly;, |

Most of the bacteria produce p-lactamase .enzyrr.ies. T:njci!lins e CephalospOr;:E
fastam ring. of ciffecent flactam Sntbic '”d”-d'”gmzt is probably important i, _
i inolves the formation of an acylenzyme i.ntEI’mf c[{3,-E]lt'ieitamases have implicated a serine:
B-lactamase reactions. Studies with several qlfferen o occurs to release hydl’OIyzEd
residue as a site for acetylation. After some time, deacety
- | B-lactamase enzyme.
p-lactam molecule and a r-1c.Jrrna .B . ‘ ot varies between 10° to 10 .

The number of penicillin-binding proteins Pre's roteins can be brg :
bacterial cell. Depending upon the molecular weight, these p ad)
catagorised as:

(i) abundant but relatively low molecular weight penicillin-binding proteins, and
(ii) less but relatively high molecular weight penicillin-binding proteins.

3.3 BACTERIAL RESISTANCE TO THE ANTIBIOTICS '

The emergence of microbial strains that are resistant to the antibacterial agent
obviously limits therapeutic value of these agents. Various mechanisms have been put
forward to explain the development of resistant strains of microorganisms.

binding proteins present in
(b) Resistance to th
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(c) The penetration of the antibiotic in the bacterial cell is governed by permeability of
the cell-wall and energy supplied for the transportation. The transport of antibiotic may be
hampered due to lack of energy. This may be induced by mutational or a plasmid coded
product that interferes in the synthesis of ATP. Moreover alterations in the structural
features of the antibiotic result into reduced transportation and decreased affinity of
antibiotic to its binding sites. This specifically is reported to occur with aminoglycosides.

Nalidixic acid group and polymyxins are the only exceptional examples of antibacterial
agents to which plasmid resistance is not reported to develop.

(d) Sometimes the microorganisms may acquire resistance to the action of antibiotic by
developing a totally separate pathway resistant to the attack of antibiotic. Thus, resistance
develops due to bypassing the antibiotic-sensitive metabolic step. In these bypass
mechanisms, a plasmid provides a cell with an eniyme that is refractory to the action of
antibiotic. Fpr example, E. coli when treated, with trimethoprim develops resistance due to
designing of an altered dihydrofolate reductase enzyme.

In certain cases resistance may be acquired by reducing the demand of the metabolite
which is influenced by the anti-bacterial agent. For example, sulphonamide-resistant strains
of Neisseria require less thymine than the sensitive strains.

(e) The antibiotic agent, instead of attacking the microorganism, may be utilized to
antagonise a biochemical intermediate that is released by microorganism itself.

Table 3.3: Pathogenic microorganisms causing infections in humans

T

- Microorganism ! Possible infection

(A) Gram-positive cocci 1|

1. Staphylococcus aureus | abscesses, bacteremia, cellulitis, endocarditis,
meningitis, osteomyelitis, pneumonia etc.
2. Streptococcus bovfs baCteremia, endocarditis i
3. Streptococcus pyogenes ' bacteremia, cellulitis, erysipelas, otitis media,
pharyngitis, acute pneumonia, scarlet fever, |
| sinusitis etc.

. ' bacteremia, meningitis, septicemia etc. |
4. Streptococcus agalactiae | _ g - P |
' bacteremia, endocarditis and urinary tract

Streptoco is (Enterococcus) )
p ccus faecalis ( LinfectIOHS

| i
‘ bacteremia, endocarditis :
|

Strept iri " N " .
PUEROCEDS fndans arthritis, endocarditis, meningitis, otitis media, |

Streptococcus pneumontae | pneumonia, sinusitis etc.

| ' bacteremia, endocarditis, localized abscesses,

; 8. Streptococcys (anaerobic) | sinusitis etc.
S ,
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(B) Gram-negative cocci
1. Neisseria gonorrhoeae

2. Neisseria meningitidis
(meningococcus)

(C) Gram-positive bacilli

Bacillus anthracis

Clostridium botulinum

Clostridium perfringens (welchit)

Clostridium tetani

Corynebacterium diphtheriae
. Listeria monocytogenes

(D) Gram-negative bacilli

1. Aeromonas hydrophilia

.| 2. Bacteroides species

3. Bacteroides fragillis

OV bE W

Bordetella pertussis

Brucella abortus

Campylobacter fetus

Citrobacter species

Enterobacter aerogenes

. Escherichia coli

10. Flavobacterium meningosepticum

NG

11. Fusobacteriae

12. Haemophilus ducreyi
13. Haemophilus influenzae

14. Haemophilus vaginalis
15. Klebsiella pneumonia
16. Pasteurella muitocida
17. Proteus mirabiis

18. Providencia

19,
Pseudomongs aeruginosa

| 20, Salmoney(q typhi

: a!monella species

gonorrhea and other infections of genitay, Y

bacterimia, meningitls

anthrax, pneumonia
botulism

gas gangrene
tetanus

diphtheria 3 o
bapcteremia endocarditis, meningitis

osteomyelitis, septicemia, wound infectiong "

otitis media, sinusitis; oral infections etc,

bacteremia, endocarditis and :tlssue absceg
n brain, intra-abdominal region n

[

mainly i

lung E

whooping cough

brucellosis r

bacteremia, enteritis C

infections of respiratory and urinary tracts,

urinary tract infections ' C

bacteremia, urinary tract infections ¢

meningitis 4
a

eémpyema, genital infections, lung absce b
ulcerative pharyngitis etc.

chancroid d
;;othitis, meningitis, otitis media, pneumoni tl
L.ISI-I'I.S, réspiratory tract infections etc. b
vaginitis, urethritjs . [
3

neu i '
Pneumonia, urinary tract infections.

bact '
- eremia, abscesses, meningitis etc
nary tract infections | ;

infections of uri m
uring ,
bacteremia and Y and respir atory tracts

: infect; ; (
eSpiratory tracts fections - of urinary & th

typhOld fe\ler Sk
bacteremia hl

: + gastro it
wﬂw' Paratyphoid fe"* b
: : ar
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”23. Shigella species
23. Vibrio cholerae

3.7 Modes of Action of Antibiotics

gastroenteritis

24, Yersinia pestis ol |
25. Treponema pallidum plaggg |
(E) Acid - fast bacilli syphils |
/ 1. Mycobacterium leprae leprosy L

2. Mycobacterium t
)% uberculoseae renal, meningeal, miliary and pu|m0nary\‘

. tuberculous infections.
(F) Miscellaneous organisms |

1. Borrelia recurrentis
2. Actinomyces israelii
3. Chalamydia trachomatis

relapsing fever
abdominal, cervicofacial and thoracic lesions

inclusion conjunctivitis, pneumonia, trachoma |
y and urethritis !.
4. Mycoplasma pneumoniae atypical pneumonia |

5. Urea plasma urealyticum urethritis - |

3.4 PATHOGENIC MICROORGANISMS S |

o In 1877: Pasteur and Joubert reported for the first time the pathogenic potential of
microorganisms. Thereafter the era of chemotherapy began. The term chemotherapy, first
coined by Paul Ehrlich, can be defined as "treatment of infection caused by pathogenic
microorganisms leaving the host unaffected." Microorganisms may gain entry to the tissues
of the body; may release poisonous substances (toxins); may establish themselves in the
organ and may alarm fatal reactions in the host. The whole process can be described as an
infection. From the sites of initial infections, organisms may pass into the circulating blood
and accommodate themselves at suitable places to release their next generations. The anti-
bacterial agents were thus desired which will be selectively toxic against microorganisms but
with much reduced toxicity towards the host. People tried to find out the biochemical
differences between the infective organism and the host. Selective toxicity of the chemo-
therapeutic agents against pathogenic organism could be achieved by just then exploiting

these differences.

3.5 CLASSIFICATION OF ANTIBIOTICS \

which antibiotics can be classified. The probable points of
antibacterial spectra and

|

There are various ways by ' i
differences regarding chemical and pharmacological properties,

mechanism of action serve as the basis of classification.
(i) Depending upon clinical effectiveness, spectrum of activity and degree of selectivity,

the antibiotics that inhibit only certain groups of micro-org'anisms are c.al!ed. as nhg;;ritt)v\af
spectrum antibiotics’. Examples include nystatin z?nd bacitracin. Th.ets.e antldblot;cni _c:; g;ative
high degree of selectivity. Many antibiotics inhibit bf)th gram-posntwe an'brg;d bectru
bacteria and/or other intracellular organisms, which are called as

antibiotics'. Examples include chloramphenicol and tetracyclines.
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Medicinal Chemistry-ll ntibiotics are derived, they can

b

which @
(ii) Depending upon the sources from

categorised as follows:
(a) Natural:

These antibiotics are naturally © I
organisms. For example, bacitracin and PO Yriseus
streptomycin is obtained from Streptomyces g

ale fermentation of Mi,

large SC )
e d from some bacill; Wh;
1

, th
btained from e obtaine

mixin ar

d can be obtained from the cultyrg,
lass. For example, during the commey
added as the side-chain precursoy,

(b) Semisynthetic: .
The observation that 6-aminope”id"an'c 'ac::
P. chrysogenum, led to the development of this

production of benzyl penicillin, the pher?ylacetic act:d lsroduct_
the medium in order to achieve predominance of the p

(c) Synthetic: . .
i . Chloramphenic

This class includes antibiotics which are of purely SBf”thet:'ng:;g;:d later wzs progt fo

example, initially was isolated from a fermented media In Cg

synthetically on the commercial basis. .
ifferent categories of ap

(iii) The general scheme of classification include following d
biotics: '

(a) B-lactam antibiotics

(b) aminoglycoside antibiotics

(c) tetracycline antibiotics

(d) peptide antibiotics .

(e) macrolide antibiotics

(f) lincomycins, and

(g9) unclassified antibiotics

Meal |2

- M

— A

(iv) The fourth basis of classification of antibiotics is their mechanisms of actior

Accordingly these agents can be categorised as:

(a) Drugs that interfere with the biosynthesis of bacterial cell-wall. Examples includ:

penicillins, cephalosporins, cycloserine, bacitracin and vancomycin

(b) Drugs that interfere with the functioning of cytoplasmic membrane of bacteria ¢

P : :
ungi. Examples include polymyxins, amphotericin B. colistin and nystatin

e n.ucleic acid biosynthesis in
ulvin and rifampin, and

Mmicroorganisms. Exampl¥
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3.6 MECHANISNS OF AcTioN OF aNTiBIOTICS |

additions are also bright. The new N ally availa.t';!e and future prospects about new
frame of classification because N ?d.dn.'ons b .be Stcomtrodatest it the: prasent
antibacterial activity. All Dreson“anhb'.oms fo||9\-.; certain common tracks to exert their

€ntly available antibiotics can be classified according to the

target sites they prefer to eyert thei . )
" ) o ( eir action. Following are | whic
antimicrobial activity is exerted. ing are major routes through which

Today hundreds of antibiotice are clinic

(a) Inhibition of cell-wall synthesis,

(b) Inhibition of protein biosynthesis,

(c) Cisorganisation of cytoplasmic membrane

(d) Interference in nucleic acid biosynthesis, and

(e) Inhibition of biosynthesis of tetrahydrofolate.

(a) Inhibition of Bacterial Cell-wall Synthesis:

() UDP-acetylmuramyl - pentapeptide - UDP - N-acetylmuramic acid - (amino acid)s is

called as 'Park nucleotide’.

The benzyl penicillin induced accumulation of Park nucleotides in the growth medium of
staphylococcus alongwith the presence of shorter peptide chain indicated that penicillin
affects state IV (i.e., cross-linking) of bacterial cell-wall synthesis. This results due to the
inhibition of transpeptidation reactions. The cell-wall network loses its rigidness and the cell
ruptures by osmotic lysis. |

The cell-wall is essential for the growth and survival of bacteria. Rigid stability of cell-wall
is provided by a highly cross-linked lattice like structure, composed of peptidoglycans. There
is a close structural similarity between penicillins or other f-lactam antibiotics and the
D-alanyl-D-alanine end of the polypeptide side-chain of peptidoglycan.

-~ S. ,CH, H — NH————CH,
- CH, 7~ NH CHj
COOH o

COOH

D-alanyl-D-alanine

Penicillins

The labile CO-N bond in the B-lactam ring of penicillin lies in the same position of
ptide bond involved in transpeptidation. Due to this similarity, penicillin binds to the
ranspeptidase enzyme through covalent bonding instead of D - alanyl - D alanine e?nd_ of
polypeptide, Thus, the enzymes necessary for transpeptidation reaction (or for cross-linking
of polypeptides) are occupied by the antibiotic. This irreversible inactivation of efwz'ymes by
penicillin results into the formation of faulty and weak cell-wall. Bacteria fail to divide. They

may swell and then rupture with exudation of the cell-contents.
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biotics are derived, they can

(i) Depending upon the sources from which anti

categorised as follows:
(a) Natural:
These antibiotics are naturally obt

organisms. For example, bacitracin an
streptomycin is obtained from Streptomyces

ained from the large scale fermentation of micrq.

d polymixin are obtained from some bacilli whj,

griseus.

(b) Semisynthetic:
The observation that 6-aminopenicilla
P. chrysogenum, led to the development ©

production of benzyl penicillin, the phenylacetic a
the medium in order to achieve predominance of the product.

nic acid can be obtained from the cultures o

f this class. For example, during the commercig|
cid is added as the side-chain precursor

(c) Synthetic:
This class includes anti
example, initially was isolated from a

synthetically on the commercial basis.
ification include following different categories of anti.

biotics which are of purely synthetic origin. Chloramphenicol, for
fermented media in 1947 and later was produced

(iii) The general scheme of class
biotics:
(a) p-lactam antibiotics
(b) aminoglycoside antibiotics
(c) tetracycline antibiotics
(d) peptide antibiotics
(e) macrolide antibiotics.
(f) lincomycins, and
(g) unclassified antibiotics
(iv) The fourth basis of classification of antibiotics is their mechanisms of action.
Accordingly these agents can be categorised as:
(a) Drugs.; .lhat interfere with the biosynthesis of bacterial cell-wall. Examples include
penicillins, cephalosporins, cycloserine, bacitracin and vancomycin.
(b) Drugs that interfere with the functioning of cytoplasmic membrane of bac
fungi. Examples include polymyxins, amphotericin [3, colistin and nystatin.

teria of

c ‘ : L
(c) Drugs that interfere with the protein biosynthesis in microorganisms. Examples

in T !
clude erythromycin, lincomycins, tetracyclines and chloramphenicol.

d i .
(d) Drugs that interfere with the nucleic acid biosynthesis in microorganisms. Examples

include actinomycin, griseofulvin and rifampin, and

(e) Drugs tha i :
9 t antagonise the essential metabolic processes in microorganism

Examples in . .
ples include sulphonamides, trimethoprim and most of anticancer drugs.

___Modes of Action of Antiblotics

hun ioti o
Tf)day dreds 9f antibiotics are clinically availabl
dditions are also bright. The new i able and future prospects about new
of classificatio _ S can easily be accommodated in the present
'rar";ecterial activit :”befause antibiotics follow certain common tracks 'to m:t tr(:r
. e 1€
anti :Sites o ):efe tpresently available antibiotics can be classified according to the
wrge. . V p ‘ r 1o exert their action, Following are ma S ‘
am,m;croblai activity Is exerted, » jor routes through which
(a) Inhibition of cell-wall synthesis
(b) Inhibition of protein biosynthesis
(c) Cisorganisation of cytoplasmic membrane
(d) Interference in nucleic acid biosynthesis, and
(e) Inhibition of biosynthesis of tetrahydrofolate
(a) Inhibition of Bacterial Cell-wall Synthesis:
(i) UDP-acetylmuramyl - penta i
peptide - UDP - N-acetylm i - i
I lpoaibpiinitiniind, ylmuramic acid - (amino acid)s 15
t ':’:ule benzyl pE:nlCi"if'f induced accumulation of Park nucleotides in the growth medium of
:;:ct: ::;ft;\s, ?.c;ngwnth tlhe presence of shorter peptide chain mc:ca‘led that penicillin
e, cross-linking) of bacterial cell-wall o th
SHRSES i - synthesis. This results due to the
inhibition of transpeptidation reactions. The cell-wall network loses its rigidness and th ]
ruptures by osmotic lysis. s
Th - i |
. mv(.edce;jlibwall H.; essential for the growth and survival of bacteria. Rigid stability of cell-wall
: p |' ed by a highly cross-linked lattice like structure, compaosed of peptidoglycans. There
Daa]ac olse struc'tural similarity between penicillins or other -lactam antibiotics and the
nyl-D-alanine end of the polypeptide side-chain of peptidoglycan

R— NM I S CH, H — NH— CH,
CH, 7 MNH CH,
COOH 8]
COOH
Penicillins D-alanyl-D-alanine

pep;zi: l;bife FO-N borld in the B-‘lactlam ring of penlciIFin lies in the same position of
transpe .ond involved in transpeptidation. Due to this similanty, penicillin binds to the
DOlypi P?ldase enzyme through covalent bonding mstgad pf D - alany! - D alanine end of
of pol Dllde', Thus, the enzymes necessary f‘or_transpe'pudanc‘m rgacnon (or for cross-linking

ypeptides) are occupied by the antibiotic. This irreversible inactivation of enzymes by

Penic; . .
- icillin results into the formation of faulty and weak cell-wall. Bactena fail to divide. They
Y swell and then rupture with exudation of the cell-contents,
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n complex undergoes an irreversib|e Chang 4
Ve

. - .
The reversible enzyme-penlcnllu _ 2
bond. T ereafter the enzyme s releaseq 4 o Sy

- can no
from the inactive penicilloy! complex, and _ ' ong
(i) The pehtidogwcan hydrolase (BUtOIYSInS) E_H'Z)fm.e.s play a key role in n
i reported 0 decrease the availability of the inhibitors of e,
bacteria. Penicillins are a0

. H . . u
The uninhibited enzyme then performs Its duty without any hesitation, Howeye, toj,

. ] aut |

. — teria. For example, Staphylococcus auy 0,

are not necessarily present in all bac eus angy %
ige lack these enzymes.

| the cell-membrane is generally present inside the Cell-ygg|
meability of the cell membrane, leaving the C.GHSQ
ystatin and polymyxins interfere with the inte‘:

‘ - n .
the opening of the p-lactal t carry out Its essigneg s
|

v

coccus pneumon
(iii) In bacterial cel
antibiotics may change of alter the per

undisturbed. For example. novobiocin, n .
and functioning of cell membranes of microorganisms.

(iv) Unlike penicillins, vancomycin and ristocetin form the stable 1 : 1 complexe,
ypeptide and interfere in- the peptidoglycan synt,.

D-alanyl-D alanine end of pol .
brane lipid pyrophosphate protein of peptidoglycan ;

Bacitracin complexes with mem
interferes in cell-wall synthesis.

(v) L-alanine is converted to D-alanine by the action of alanine racemase. Suchy

molecules get condensed to form D-alanyl-D-alanine by the action of D-alanyl-D-ala:
synthetase enzymes. The substances which are unique to cell-wall of bacteria and ot
microorganisms include diaminopimelic acid, muramic acid, teichoic acid, amino sug
emino acids, carbohydrates and lipids. Amino acids that are important for the cell
synthesis include L-alanine, D-alanine, D-glutamic acid, L-lysine, meso-diamin-opimelic ac
glycine, L-serine, L-threonine and D-aspartic acid. Due to the close structural similarity Wi
D-alanine, D-cycloserine competitively inhibits both, alanine racemase and D-alanyl
2lznine synthetase enzymes. This results into impairment in the synthesis of cell-wall.

0 -
| e o0 R
-_C_-NH—fH_c/ ) R—C —NH—CH—CH ’

c Chs | ] CHs
V. -——N COOH //’(,: ,l\l COOH
H
H

' Transpeptidase

Penicilloyl - transpeptidase
. complex
(irreversible nature)

{

f

i

1

| ° X x
.'

]‘I Penicillin

|

Flg. 3.2: Inactivation of transpeptidase enzymes

—
———
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(b) Inhibition of Bacterial Protein Synthesis:

- Protein biosynthesis is perhaps one of the important processes that provide peptides.
These may be assembled as per the needs of the organism, in the proper sequence to
biosynthesis various enzymes and/or nucleic acids.

The important events in the protein biosynthesis can be outlined as:

(i) amino acid activation (ii) formation of aminoacyl-t-RNA

(ili) peptide bond formation (iv) translocation.

The antibacterial activity results due to the attack of the drug on one or more of the
above events occurring on the ribosomal (r-RNA) surface.

The bacterial ribosomes differ from mammalian ribosomes. The difference has been
figured out by their sedimentation coefficients. For example, bacterial ribosomes have the
sedimentajclon coefficient of 70 (70 S) with two subunits 30 S and 50 S. While the mammalian
cytoplasmic ribosomes are 80 S and give rise to 40 S and 60 S subunits. Mitochondria
contain similar (but not identical) ribosomes to that of the bacterial ribosomes. Hence the
degree of selectivity of an antibiotic will define its clinical effectiveness. For example,
erythromycin does not bind to the mammalian ribosomes. It selectively inhibits bacterial
protein synthesis by binding to the 50 S ribosomal subunits of sensitive strains of
microorganisms. Protein synthesis in microorganisms is affected by many antimicrobial as
well as anticancer agents. Chloramphenicol, macrolides and lincomycin bind to 50 S
ribosomes while tetracyclines block the reaction between amino acid -t-RNA and ribosome
on m-RNA. All these antibiotics destabilize ribosomes by inhibiting transpeptidation on
polyribosomes by inducing conformational changes in ribosomes. They also interfere with
translocation reactions. ‘

It seems that the antibiotic bound ribosomal subunit still can offer the space and activity
sufficient to produce small chain peptides. Thus, the ribosome cycle continues but poly-
peptide elongation is prevented. Similarly tetracyclines and streptomycin also bind to and
inhibit the attachment of the 30 S subunits to the m-RNA.

(c) Disorganisation of the Cytoplasmic Membrane: _

Next to the cell-wall, cytoplasmic membrane serves the purpose of protecting the vital
bacterial cell constituents from damage. If this membrane is disorganised due to any reason,
it results into rapid killing of that microorganism. In contrast to bacteria, the fungal
membrane contains sterol as the membrane constituent, which is mainly ergosterol.

Antibiotics like polymyxins, may damage the integrity of the cytoplasmic membrane by
disorienting the lipophilic groups present in the membrane. This leads to the leakage of
intracellular components. Amphotericin B and nystatin have a high affinity for sterols present
in fungal membrane. Hence, these antibiotics possess a potent antifungal activity. They
combine with the membrane sterols and thus create pores or channels in the fungal
membranes. They are ineffective against bacteria since bacteria do not have sterols as their
membrane constituents. '

Unfortunately mammalian cell membranes also consist of sterols. This is the reason why
the margin of safety of antifungal antibiotics is quite narrow.
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(d) Interference in the Bacterial Nucleic Acid SY"t!‘es';r agents. Nucleic acids (i-e,,b

Nucleic acid synthesis is affected mainly by ?ntlcir © A governs both the quai; )
and RNA) are the vital ingredients of the microblal ce .that read out the message g &
quantity of RNA synthesis, while RNA is a key instructor escary for overall rowy X
the synthesis of various proteins and enzymes, ne .
microorganism depends. | ¢ ibonucleo

RNA molecules are synthesized by the polymerization © DNA template serve,
under the influence of DNA-dependent RNA polymerase enzyme. ¢ peptides in RNA ba'SE
platform upon which the transcription occurs. Thus, the sequencé .O IPr ORlA - temp|atem=
synthesized, is nothing but the copy of the sequence in that part.ICU atd biosynthesis fo
which, RNA has been synthesized. Antibiotics may affect the nucleic acl ynd N ty,
different ways: _ | '

() By interacting specifically with the enzyme (i.e, DNA dependent RNA - po ymerag,

which catalyses the polymerization of ribonucleoside triphosphates.
(i) Or by interacting with the DNA template and thus disturbing the whole process,

Rifampicin represents an example of drugs acting through first mechanism. If it is addeg
 to the culture medium where the enzymes are synthesizing RNA chains, the enzyme proces;
is not immediately inhibited. The bio-synthesis of new chains stops but partly formed RNy
chains continue the process till completion. In brief, rifampicin does not interfere in chain
elongation and termination but inhibits the chain initiation processes. Such sense ¢f

side triphOSphat

RNA synthesis.

Pteridine __ Inhibited by
pyrophosphate + PABA e sulphonamideg
" intermediate f

—_— — —p — Dihydrofolate

Tetrahydrofolate <¢— T 4/

\\
: “~.{_ Trimethoprim
Synthesis of purine bases

needed in nucleic acig synthesis

Fig. 3.3: Antagonism of essential metabolic processes in bacteria_ FIN

 —_—
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(e) Inhibition of the Tetrahydrofolate Biosynthesis:

Sulphonamides are structural analogs of para-amino benzoic acid which is an essential
metabolite in the bacterial cell and acts as a precursor of folic acid. Both in the host cells and
microorganisms, the tetrahydrofolate serves as an essential co-factor in the transfer and

reduction of 1-carbon fragment and for the production of nucleic acid via synthesis of
methionine, thymine and other purine bases.

Due to the structural similarity with PABA, the sulphonamides interfere with the reaction
between pteridine pyrophosphate intermediate and PABA. While trimethoprim selectively

attacks and inhibits dihydrofolate reductase enzyme that catalyzes the reduction of
dihydrofolate to tetrahydrofolate product.

The dietary folic acid is sufficient to meet the metabolic demands for tetranydrofolate in
the case of mammalian cells. Micro-organisms, however, are unable to utilize preformed

folic acid and have to rely upon their own machinery to biosynthesize it from pteridine
pyrophosphate intermediate and para aminobenzoate.

3.7 NEPHROTOXIC REACTIONS OF ANTI-MICROBIAL AGENTS }

In the earlier paragraphs, we have discussed some important mechanisms of action by
which antimicrobial agents bring about their therapeutic effectiveness. In many drugs, the
adverse effects associated with the clinical use can be explained by considering them as the
extension of their therapeutic effects, Nephrotoxicity is the main adverse effect associated
with the use of most of antimicrobial agents. It occurs mainly due to the mechanism of
action of these drugs and due to the fact that the urinary excretion serves as the dominating

route for the elimination of major fraction of administered dose. The prominant nephrotoxic
reactions of antimicrobial agents include:

(a) Hypersensitivity induced glomerular damage: It is reported to occur with
penicillins, sulphonamides, amphotericin etc.

(b) Tubular necrosis at proximal tubule: It is caused by cephalosporins, polymyxins,
aminoglycosides etc.

(c) Distal tubular damage is characterised éither by distal tubular acidosis
(e.g. amphotericin) or hypokalemic alkalosis (e.g. penicillins, carbenicillin, ticarcillin).

(d) Renal blood vessel damage is characterised either by decreased renal blood flow

(e.g., amphotericin) or due to anaphylaxis reaction caused by penicillins,
cephalosporins or sulphonamides.

(e) Interstitial nephritis: It is reported to occur with penicillin or cephalosporin
administration.

(f) Obstruction in collecting duct is induced by sulphonamides while demethyl
chlortetracycline causes nephrogenic diabetes insipidus.
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[3.9 -LACTAMASE INHIBITORS —

th The emergence of antibiotic-resistance strains of microorganisms proved to be a majgr
¢ limitation to the clinical utility of antibiotics. B-lactamases can hydrolyze the B-lactam ring of
" ifferent B-lactam antibiotics including penicillins, cephalosporins, carbapenems ang
»onolactams. Various measures were then undertaken to develop such inhibitors that

bind or inactivate B-lactamases present in the microorganisms.
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Table 3.4: Non-classical p-lactam antibiotics

Examples Year of introduction

1 70"meth0Xycephalosporins(cephamycins) : . 1971

2. Amidinopenicillins 1972,

3. Nocardicins 1976

4, Clavulanic‘acid 1976
5. Carbapenems

(a) Olivanic acids ‘ 1976

(b) Thienamycins 1978

(c) Epithienamycins 1977

(d) Asperenomycins , 1982

(e) Pluracidomycins 1982

(f) Carpetimycins 1981

6. Oxacephems 1978

| 7. Carbacephems ' ! 1984

8. Monobactams ' , 1981

Examples of clinically used B-lactamase inhibitors include clavulanic acid, sulbactam,
olivanic acids and halogenated sulfone derivatives. These inhibitors in general possess weak
antibacterial activity of their own.

3.10 SYNERGISTIC ANTIBIOTIC COMBINATIONS

Many antibiotics are effective only against gram-positive microorganism. Some agents
show antibacterial activity only against gram-negative pathogens. Such a narrow spectrum
of activity exhibited by these agents imposes limitation to their clinical utility. Moreover the
emergence of antibiotic resistant strains of microorganisms has had a marked influence on
chemotherapy. In certain cases, relatively high concentrations are required when a single
antibiotic is used. Such high concentrations of the qrug expose the patient to the high risk
of serious adverse effects. All the above circumstances emphasizes the need of using the
combination therapy of such antibiotics having synergistic anti-bacterial activi.ty.‘ When used
concurrently, antimicrobial drugs may exhibit additives, antagonistic or synergistic effects.

The combination antibacterial therapy not only broadens the antibacteri-ai spectref but
also reduces the probability of emergence of antibiotic - resistant strains of mlcroorgan.ls!m-
The combination therapy provides such a useful approach for both - to enhance the c!mlcal
- efficacy of the antibiotics and to lower down the risk of serious adverse effects of the drugs

at the same time.
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1940s, various microbial infections caysg

i i i icillins in the early

With the introduction of penici > oarly crob
due to strains of staphylococci, streptococcl, H. influenzae and Nezssen_a gonorrhoeae Were
soon brought under control. However, in the past several decades resistance to B"a“amg

has become an increasingly serious problem of conce'rn. To deal with the‘p.rol?]e,-n of
p-lactamase enzymes, attempts were made to synthesr_ze new B-Iactén_l :fntll:motlcs with
increased stability to this enzymatic hydrolysis. The classic B-lactam éntlblotncs mclu'de two
prominant classes like penicillins and cephalosporins. The ann-cIassnc p-lactam antibiotjc,
are mostly derived after 1970. The prominant members of th.lS category a‘n.f re'poned in the
table 3.4. Carbapenems possess a potent broad spectrum antibacterial actjwty in addition o
B-lactamase inhibitory activity. They exhibit 2 high degree of activity against Gram-positiye
and Gram-negative bacteria but lack significant activity against Pseudomonas aeruginosa,
Oxacephems result due to substitution of sulphur atom in dihydrothiazine nucleus by a,
oxygen atom while carbacephems were developed by replacing sulphur atom in dihydro-

thiazine nucleus by a carbon atom.
3.9 -LACTAMASE INHIBITORS ]
The emergence of antibiotic-resistance strains of microorganisms proved to be a major
limitation to the clinical utility of antibiotics. p-lactamases can hydrolyze the B-lactam ring of
different P-lactam antibiotics including penicillins, cephalosporins, carbapenems and
monolactams. Various measures were then undertaken to develop such inhibitors that will
bind or inactivate B-lactamases present in the microorganisms.
In a microorganism, f-lactamases may be present at extracellular as well as intracellular
sites. These enzymes when released into external environment, will prevent the access of
antibiotic towards the microorganisms by rapidly inactivating the drug. The membrane

bound intracellular B-lactamase will protect the organism from the residual antibiotic that
escapes from the attack cf extracellular enzyme.

Inactivation of P-lactam antibiotics is brought about by these enzymes through the |

cleavage of CO-N bond present in the B-lactam ring. Enzymes form a sort of irreversible

complex with the carbonyl group. Studies with several different P-lactamases have |

implicated a serine residue as acylation site. Regeneration of the active enzyme from this
complex then occurs through hydrolysis of the acyl linkage.

By providing false substrates having very high affinity for p-lactamase enzyme with long
term occupying capacity (i.e. very slow rate of deacylation), we can effectively increase
pogency of B-lactamase sensitive antibiotics. Such substrates are known as fp-lactamase
inhibitors. However, such agents must be able to inhibit not only extracellular f-lactamases
put also should penetrate the bacterial cell-wall at adequate concentration to inhibit
;3ntlraacct:lrl:::; sﬁ-!actam?ses. They should also have the broad spectrum of activity covering

present in both, gram-positive and gram-negative bacteria.
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- Twnicai B-lactam antibiotics
Examples Year of introduction
1. 7 a-methoxy cephalosporins (cephamycins) 1971
2. Amidinopenicillins 1972
3. Nocardicins 1976
4. Clavulanic acid 1976
5. Carbapenems
(a) Olivanic acids 1976
(b) Thienamycins 1978
(c) Epithienamycins 1977
(d) Asperenomycins 1982
(e) Pluracidomycins 1982
(f) Carpetimycins 1981
6. Oxacephems 1978
7. Carbacephems 1984
8. Monobactams 1981

Examples of clinically used p-lactamase inhibitors include clavulanic acid, sulbactam,
olivanic acids and halogenated sulfone derivatives. These inhibitors in general possess weak
antibacterial activity of their own.

(310 SYNERGISTIC ANTIBIOTIC COMEINATIONS B

Many antibiotics are effective only against gram-positive microorganism. Some agents
show antibacterial activity only against gram-negative pathogens. Such a narrow spectrum
of activity exhibited by these agents imposes limitation to their clinical utility. Moreover the
emergence of antibiotic resistant strains of microorganisms has had a marked influence on
chemotherapy. In certain cases, relatively high concentrations are required when a single
antibiotic is used. Such high concentrations of the drug expose the patient to the high risk
of serious adverse effects. All the above circumstances emphasizes the need of using the
combination therapy of such antibiotics having synergistic anti-bacterial activity. When used
concurrently, antimicrobial drugs may exhibit additives, antagonistic or synergistic effects.

The combination antibacterial therapy not only broadens the antibacterial spectra but
also reduces the probability of emergence of antibiotic - resistant strains of microorganisms.
The combination therapy provides such 2 useful approach for both - to enhance the clinical
efficacy of the antibiotics and to lower down the risk of serious adverse effects of the drugs

at the same time.
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Table 3.5 So

f OOH
- ° / [ Yearg
_________—9——r/ R Intrg. |
: ductig '
Ry n
/ tame 5°“’L CHA)OH - SCH2CH2NH2 11?9
-CH 79 |
1. Thienamycin S. caftleya (61 _ ScHZCHzNHZ 9 ’\
2. Northienamycin | S. cattleya o _g0CH= |
’ o . - C(CHa)z - CHNHCOCH3 1980
3. CarpetimycinA [ S. griseus CH,080H |- SOCH = : 1
4. Carpetimycin B S. griseus - C(CHalz 0sOH |- SOH 1982 ‘
5. Pluracidomycin A | S. sulfonafaciens ~ CH(CH,) 503H _ SOCH,COOH 198
6. Pluracidomycin B | S. pluracidomyceticus |~ CH(CH;)O 3H — SOCH(OH): 1987
7. Pluracidomycin C | S. pluracidomyceticus | = CH(CH.'!)OSOC:  GOCH = CHNH COCH; 1o
8. Asparenomycin A | S. tokunonensis = C(CHB)(C:J:ZOH " 0CH,CHNHCOCH; 18 |
| o Asparenomycin B | S. argenteolus = C(CH3)Ch, H |
| - C(CHCH,OH |~ SOCH = CHNHCOCH; 1982 |
| 10. Asparenomycin C | S. argenteolus | = C(CHy)CH; _ —

a Table 3.6: Some exam

(i) Carbapenem:

(ii) Meropenem:

(iii) Imipenem: Ri=— fH —CHy Ry=—s—(cH

(iv) Ertapenem:

ples of non-classical p-lactam antibiotics derived after 1970

R3

R1—’_ﬁ RZ
J_ COOH

0
(Ry=Rp=R3=-H)

H
: N (|3|—N(CH3)2
{ )
R1=‘—"('3H—-CH3; R,=—§

OH

OH H

COOH
’ R3 = - CH3
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—
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ﬁ OCH, 0 OCH,
a) R,—C— S |
@ R —C NH-lj/ (d) R,—C—NH—
|-—._[\] I
o’ Z CH;R, o/’ "N CH:R,
COOH OOH
Cephamycins Carbacephems
ﬁ OCH,
b) R, —C — NH— 0O O
e ——N:L
o) ZZNCH,R, o R,
COOH
Oxacephem Clavam
i o X
(c) R,-—-C—-NH—-—I OH )  R,—C—NH
W) NSO
COOH
Nocardicins Monobactam

Many newer B-lactam antibiotics are commonly used in combination with monogly-
coside to provide a broader spectrum of antibacterial activity. In this, B-lactam antibiotics
probably facilitate the penetration of monoglycosides in the bacteria.

Other examples of effective antibiotic combinations include gentamicin and
cephalosporin in the treatment of gram-negative bacteremic shock and carbenicillin with
gentamicin to delay the emergence of resistant strains in tuberculosis and in severe
pseudomonas aeruginosa infection. '

Such antibiotic combinations comprised of
(i) drugs having similar mode of action, and
(i) bactericidal drug and bacteriostatic drug should never be used.

Several classes of agents are available for the treatment of bacterial infections (Fig. 3.4).
These include the B-lactams and the glycopeptides which target the peptidoglycan cell wall,
the tetracyclines and macrolides, which target bacterial protein synthesis and the quinolines
whose mode of action is to bind the complex formed between DNA gyrase and DNA,
thereby forming a bactericidal ternary complex.
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Plasma membrane

« Polymyxins
* Polymyxin B
» Colistin -
, * Lipopeptide Ribosomes
Cell wall Daptomycin * 30 S subunit
f-lactams * Aminoglycosides
Penicillins * Tetracyclines
Cephalosporins
Monobactams

* 50 S subunit

* Macrolides

* Lincosamides

* Chloramphenicol
. Oxazolidinones

* Carbapenems
| * Glycopeptides
- * Vancomycin

* Bacitracin

DNA Synthesi|s
. Fluoroquinolones
’ . Ciprofloxacfn
’ . Levoﬂoxacin
! * Moxifloxagin

Metabolic pathways

* Folic acig synthesis
Sulfonamides

. Sulfones

| RNA synthesg|s Trimethoprim .

| ifamycing yeolic acid synthesis
| * Rifampin SOniazig
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PRODRUGS
e
¢ SYNOPSIS +»

4.5 DRAWBACKS OF PRODRUG APPROACH
4.6 SOFT DRUG CONCEPT

4.1 PRODRUG DESIGNING
4.2 TYPES OF PRODRUG
4.3 CARRIER-LINKED PRODRUGS

E-l PRODRUG DESIGNING

Prodrug is a chemically modified form of a drug which has a superior delivery property.
The term prodrug was coined by Albert.

In 195.8' another similar term ‘'drug latentiation' proposed by Harper (1959) is defined as
thg chemical -modiﬁcation of a biologically active compound to form a new compound
which, upon in-vivo enzymatic attack, will liberate the parent compound. It refers to a
pharmacologically inactive compound that is converted to an active drug by a metabolic
biotransformation at appropriate time and place in the body without substantial direct
elimination or untoward metabolism. This activation may occur at any time during
absorption, distribution or metabolism. For instance, castor oil is a laxative because it is
hydrolyzed intenstinally to the active, ricinoleic acid. Another classical example is conversion
of prontosil to sulfanilamide. a

Prodrug thus may be considered as drug containing specialized non=toxic protective
jroup utilized in a transient manner to alter or eliminate undesirable properties in the

>arent drug.

Prodrug designing is required to overcome many formulation, pharmacokinetic or
yharmacodynamic drawbacks. The prominent drawbacks include:

()  unpleasant taste or odour (gastric irritation),

(i) awide range of adverse effects,

(i) shorter duration of action,

(iv) instability.

(v) site non-specificity,

(vi) poor absorption or distribution,

(vii) poor water solubility,

(vii) some compounds are more active but unable to reach the site of action

(e.g., GABA).
(4.1)
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[4.2 TYPES OF PRODRUG

(a) Non-intentional prodrug:
Sometimes, after administration of the drug the

nature of drug. It becomes accidentally evident that t "

metabolite and not because of the parent drug. Examp

agent, sulindac.

(b) Carrier-linked prodrug: ' 1o a carrier group that can be
dtisa compound that contains an active drug linked Z to an active carboxylic aci(;
removed enzymatically, such as an ester which is hydﬂ?lyse d biologically inactive Whe,
containing drug. The carrier group must be non-toxic a”the active drug to be releaselj
detatched from the drug. It should be removed easily tq a”f’W f carrier-linked prodrugs ;
efficiently in-vivo. The most common reaction for activation 0 §

metabolic studies indrc'ateb the Prod,
he activity of a drug is because \

he anti-inflammg,.
ncludes t o,

: at e d € ra
A simple hydrolysis reaction cleaves the transport molety t
(e.g., progabide, bacampicillin).
drug are the outcome g

Targetting of Drugs: The side effects associated with a _
: delivery not
non-specific distribution of the drug administered. Targetted drug ry only

decreases the side effects but also helps to lower down the therapeutfc dose of the dru'g by
enhancing the selectivity of attack. This can be achieved by selecting pharmacologicall,
inert, ready to degrade and non-immunogenic carriers to convey the. drug molecules
selectively towards their target cells. The link between the drug and its carrier should remai
inert and stable in the blood stream and extracellular spaces but should be sensitive to the
enzymes present in or around the target sites. Nanoparticles, microspheres, lisosomes
glycolipids, antibodies and peptide hormones are being evaluated as carriers for a variety of
medicinally active agents. At present targetted drug delivery systems have been utilized for
the chemotherapy of cancer and protozoal diseases. It may also be extended in the
chemotherapy of intracellular infections such as those caused by protozoa and viruses.

(c) Bioprecursor: .

The bioprecursor does not contain a temporary linkage between the active drug and
carrier moiety, but design.ed from a molecular modification of the active principle itself.
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4.3 Prodrugs
B — '
\< —T= /N
* Ney, —>
Cl =0 3 X = H; Alprazolam
Cl =N X = Cl; Triazolam
x J
0
t
HC | HC”
\ H 0 + 3
c” —(—l-b Sulphone ——(H—lp- c” &
A @‘]
F CH,COOH F CH,COOH
Sulindac

Active sulphide metabolite
CH,

T |
0O
N |L P
() — X Seweco-oi
cl = cl =0 I
((I3Hz)4

Fig. 4.1: In-vivo Conversion of Diazepam Prodrug to Diazepam

Similarly, pyrrolines are the bioprecursors of GABA and its analogs. N-alkylaminobenzo-
phenones are designed to get in-vivo benzodiazepines by N-dealkylation of tertiary amine

and ring closure. The linkage between the drug substance and the transport moiety is
usually a covalent bond.

Sulindac, a non-steroidal anti-inflammatory bioprecursor, gets converted to the sulphide
metabolite (active drug) via sulphone.

4.3 CARRIER-LINKED PRODRUGS

Alcohol-containing drugs can be acylated with aliphatic or aromatic carboxylic acids to
decrease water-solubility (increase lipophilicity) or with carboxylic acids containing amino or
additional carboxylate group to increase water solubility. Conversion to phosphate or
sulphate esters also increase water solubility. Thus, by changing the degree of water-
solubility, we can impart desirable absorption and distribution properties' to the drug
molecule. Succinate esters can be used to accelerate the rate of hydrolysis by intramolecular
Catalysis. If a hydrolysis is too slow, addition of electron withdrawing groups on the alcohol
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wer rate of ester hydrolysis is deSired lga'

' Q"ﬂ!

—

part of the ester can increase the rate. If a slo

in aliphati i i ters can be used.
chain aliphatic or sterically hindered es . ' '
amines or amides of amino acigs N

; i ally of low basicity € m,
Activated amides, generally bamates (R NHCO,Ph) can also p, Usr“
a enzymes.

susceptible to enzymatic cleavage. Phenyl car 5‘!1;

.t ops asm
prodrugs because of their susceptibility to the attack of pl

The anticonvulsant agent progabide is a pr'oqrug
form of y-aminobutyric acid, an important inhibitory
neurotransmitter. Its lipophilicity helps it to c-ro§s
blood-brain-barrier. Once it enters the CNS,' it is -
hydrolyzed to GABA. Some drugs may contain an
aldehyde or ketone functional group. The carbf)nyl
group may be converted to Schiff base, oxime, |
acetal (ketal), enol ester, oxazolidine or thiazolidine. ]

(a) Prodrugs for increased water solubility: . " _

The hydrophilic characteristic of a drug can be improved yh. c;]rmat,c,n :
hemisuccinates, hemiglutarates, hemiphthalates or metasulphobe?nzoates which then Ser,
as a site of formation of water soluble sodium, potassium or aminé salts. l.?hosphat.es hay ¢
been used to prepare the hydrophilic carrier prodrugs in the fields of sterqlds and vitan,
Water solubility of 1, 4-benzodiazepines may be elevated by the formation of a'pEptic,.
bond between the drug and L-lysine. Similarly, B-glycosidation helps to get a non-lrritating
water-soluble derivative of menthol.

Prednisolone and methylprednisolone are poorly water soluble corticosteroid drug
Prednisolone phosphate (PO,Na,) is a water soluble prodrug for prednisolone that ;
activated in-vivo by phosphatases. Methylprednisolone sodium succinate is a water solub
prodrug of methylprednisolone. Since, amidase catalyzed hydrolysis occurs rapidly in humz
serum, water soluble amide prodrug forms of benzocaine can be prepared with vario:

amino acids.

(b) Prodrugs for improved absorption and distribution: (¢
‘ Drugs applied to the skin are poorly absorbed. Corticosteroids for the topical treatme:

of inflammatory, allergic and pruritic skin conditions can be made more suitable for topic |

absorption by esterification or acetonidation. Once absorbed through the skin, an esterss f¢
can release the drug. -

and is used in the treatment of glaucoma, S |

Imilarly, estradiol-3-pbe . o 9

ether was desugneq ;or 4 sustained release formuylation of oestradio| Nzoate-17-cycloocten N
0 : , '

| ) () Epinephrine: R = H o

R i i Ipi '
o~ CH~CH,—NHeh, () Dipivefrin: R=(CHy),cco be
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(@]
O_CO-CO—{CH,)M-CH3
Estradiol-3-benzoate-17-cycl I 0-CO-{(CH,)(s=CH,
Y OOCleny| ether H.CO O
<]

' Naproxen - 2- glyceride
- - Fig. 4.2: Lipophilic c(|98? gastric irritation and higher plasma level)
Snmllarly. gmpmillin, when ‘admineteros arrier Prodrugs
Hence, ampicillin, when presented in theref orally only about 40% of dose is absorbed.
e.g. bacampicillin, pivampicillin. orm of its esters, has increased oral absorption,

(0] .
l i
CH‘&‘NH S lol
r'uH 1:(2( & EH (I'JH—C-NH 5
2 N CO,-CH, |2 NH, c;-:N(\z( 0O
COZ‘?“ 0 El"Oc'sz
| CH,

© -o-lé-(];-cH3
CH,
Pivampicilline Bacampicilline
H
i .
192039
F—N~L o. C
0 “ﬁ/ >
, o N
CH,4

(c) Prodrugs for site specificity:

The designing of centrally acting drugs nee
approach is based on attaching a lipophilic carriertot
form. The complex releases hydrophilic drug in the CNS.

For example, B-lactam antibiotics may be used in th
Since, the B-lactam antibiotics are hydrophilic, they ente
actively transported back into the blood. Bodor an
dihYdrOpyridine-penicillin prodrugs that deliver p-lactam

into the brain.

The phosphoamidases are abund
cyclophosphamide is developed by P
be hydrolysed in tumour cells by the enzyme P

d ability to cross the blood-brain-barrier. The
he hydrophilic drug in a loosely bound

e treatment of bacterial meningitis.
r the brain very slowly, but they are
d co-workers have synthesized
antibiotic in high concentrations

normal cells and hence,

ant in neoplastic cells than in
ustard. The drug might

hosphorylating the nitrogen m
hosphoamidases.
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HO, " (L!’ GH, — CHp — ?H — COOH .
HO /"C ooH E
/’ DOpamiﬂQ ;
DOP A_decarboxylase ' ;
tm 1

-glutamy! transpep
nzymes, V-9t '
high concentration of two fese)ll1t in the kidneys leads to the de"EIODrn:-'
The i

lase P
amino acid (DOPA) dec!a::tt)ic\jzyrenal vasodilator.
-DOPA as a selé
y-glutamyl-D

' of

ample is progabide which is prﬁ:;itégﬁn

’_"”9”_‘” " neurotransmitter, GABA. ’Oxyp e

R mrilbl'tso?x’ bowel sterilant that is active onlyi iy
. t:II | itven. An orally active prodrug can bg des grug
{;C =y gCH3CO) which releases an active )

oxyphenisatin, in the intestine through hydrolysis. b

RO,

Rey

Another approach for site specific drug delivery is .tO dETSlgn a Pr odr UQ that g
activation by an enzyme found predominantly at the desired site of action. Dlethylstllbes
diphosphate (R = PO;”) was designed for site-specific delivery of dlethylstilbestm
prostatic carcinoma tissues, since tumour cells were found to have higher concentratio,
phosphatases and amidases than the normal cells.

Yet another example of site-specific delivery

C2H5
prodrug  design is the conversion of dopamine to RO 'é_c -
L-dopa and preparation of aliphatic and steroida esters ) '
of GABA.

l
C?_HS

udies of restricts ¢
the fug resistant to frrst-pass Metaboljs ) drUgS Fovide Such clues as how toms
Or  example, he Major  metap Tland o s oral effectlveness
ongﬁ[ino,o' "ere found 1 aprcc):'tf: IOf
-0-glucuran:
P-hyd -romde (R‘l = -, OR2 = QIUCUF:' r"o ° O
it Y r,OAY-Propranolol R, = -oH R :mde), NHCH(CHy)
5 0-glucuron: » Ty = '
Henceg oru!mmde- * = ~OK; OR, = gzlucur )'and ek
SUCcina;te d admmistration of pro r onide).
ele Ry = 4, R, = Co Pranolo| hem.
: Yates plasma levels o 2 CH, COOH R,
times, Propranclo) 1 Propranolol
d Out Rl - H H
2"—7
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Sin'u'larly, naltrexone R = 1 4.7 Prodrugs
extensive first-pass metabolism W:' undergoes —CH,—{
analogs, namely anthranilate (R.— Cc\)En 't:\l ester OH

- -0- NO,Ph)
2

and the acetylsalicylate (R = C
. oy 2 cans = (O -o-
the bioavailability of naltrexone \zasAfCOPh) used,
increased t0 45 and 28-times rESPECtivzlund to be
() Prodrugs for slow and prolonged r:l one RO 0 O
e:

It can best be achiey .
hydrolyze slowly. This priendcigl):e T‘ak'”g a long chain aliphatic ester because these esters
normone derivatives e.g: progest as been well elaborated in the drug designing of sex
R = CO(CH,)CH,] which wl? S Ins or androgens. Examples include haloperidol decanoate
3 &n injected intramuscularly as a solution in sesame oil, its

activity lasts for about ,
similarly, another anti:: ec:] onth in comparison to haloperidol (R = H) as such (2-6 hrs).
ychotic agent, fluphenazine enanthate [R = CO(CH,).CH,] and

decanoate [R = CO(CH,),-CH.] h , .
g~-M3] have duration of acti : :
i fluphenazine (6-8 hrs) action of about a month in comparison 10

F‘@'@WN: XOH: Q[;‘D\/_Ef{
Cl

When a glycine conjugate (R = NH CH,COOH)
of anti-arthritis drug, tolmetin sodium (R=0-Na¥) ﬂﬂ_ C[?
is used, both potency and duration of action are HC C CH,—C—R
prolonged because of the slow hydrolysis of the '

prodrug amide linkage.
Among local anaesthetics, procaine is a
esterases. By conversion of the ester into an amide (lidocaine),

increased by several folds.
(f) Prodrugs to lower toxicity profile:
Examples include the use of prodrug dipivaloylepinephrine (R =

epinephrine (R = H) in the treatment of glaucoma.

Similarly, the side effects associated with the COOR

use of aspirin are gastric irritation and

bleeding. Esterification of aspirin (R = alkyl) O—ﬁ—CHg

greatly suppresses , gastric ulcerogenic
activity,

oO—=

, Hy
Tolmetin

n ester, and is therefore easily hydrolyzed by
the duration of action is

Me3CCO) instead of

Aspirin (R = -H)
(9) Prodrugs to improve patient acceptance:
is not well accepted by children. It was found

Clindamycin (R = H) has a bitter taste, so it : !
that by incrgasing the chain-length of 2-acyl esters of clindamycin, the taste improved from
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. i results
bitter (acetate ester) to a non-bitter faste (_palml.tate Z?ttfr:'t:sl:ttzerrect:::tteor in the tfcr>?1rh
compound dissolving in the saliva and interacting with 8 STHer 182 2 220 resulting .-
Esterification with long-chain fatty acids ma!ces the drug t:j ramphenicol palmitate iny
non-bitter taste. Yet another example from this category i1s chlo P .

CH,
hoH

H )=l
C—
ﬁ" HO/—Q
O SCH,

H H

OR
Clindamysin; R=-H
Thus in summary, prodrug concept may be utilized to improve the undesiry,
properties of the drug. Such undesirable properties may include,

(a) Physico-chemical properties: e.g. poor solubility, instability, unpleasant tast,
odour.

(b) Pharmacokinetic properties: e.g. poor bioavailability due to incomplete absorpy
or shorter duration of action due to high rate of metabolism.

(c) Toxicities or side-effects: e.g. gastric irritation. Sometimes drug may be
active but unable to reach its site of action. In other cases, due to large volume
distribution, drug may get distributed to other sites alongwith its site of action. This leag
appearance of side-effects, because of drug concentration of unintended sites. In all g
Cases prodrug concept can be applied. However toxicity testing of prodrug is also necess;

Oxidation in liver

Terbutaline - Bambuterol (Prodrug)
i
H _CH .
. 0 G aro
H,C\H Il ' C\/C\CH3 OH
H.C/CVC-O HO
: Hydrolysis
In cornea
C=0 -
| =
CH, CH,
NHCH, '\'JHCHa

Diisovaleroyl

adrenolone \ / Adrenolone
Adrenaline

| Fig. 4.3: Ophthalmic Delivery of Drugs (Adrenaline Diesters)
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Table 4,1; Clinically used Prodrugs
\ ——
Prodru . '
— 9 . Active form Prodrug Active form
rodopa .

J‘fﬁo P Dopamine Proguanil Proguanil triazine
alapril .

,_E_nf P Ena|ap”|at Prednisone Prednisolone

Alpha methyl do .

P yldopa | Alpha Bacampicillin Ampicillin
A methylnorepinephrine

Dipivefrine i :

r_p Epinephrin Sulfasalazine 5-ASA |
lindac : ) ,

Su Sulfide metabolite Cyclophosphamide | Aldophosphamide, ;
Phosphoramide |
mustard, Acrolein |

'Hy <.:iri‘32|de (MAO Hydrazide derivative Primidone, Phenobarbitol

inhibitor) phenobarbitone |

Mercaptopurine Methylmercaptopurine | Bambuterol Terbutaline 3

ribonucleotide i

Valaciclovir Aciclovir Dipyridamole Adenosine

Psilocybin Psilocin Fosphenytoin Phenytoin

Heroin Morphine Midodrine Desglymidodrine ;

Nabumetone 6-MNA Melagatran Ximelagatran

Lovastatin and Active-hydroxyl Alatrovafloxacin Travafloxacin

simvastatin derivatives

Phenacetin Acetaminophen Famciclovir 6-deoxypenciclovir

Chloramphenicol Chloramphenicol Tenofovir Tenofovir '

palmitate disoproxilfumarate |

Azathioprine Mercaptopurine Dipivefrin Epinephrine

Bacampicillin Ampicillin Enalapril Enalaprilat

Benonrylate Aspirin + Paracetamol | Levodopa Dopamine

 Cortisone Hydrocortisone Proguanil Proguanil triazine

Cyclophosphamide | Aldophosphamide Sulindac Sulfide metabolite

Sulfasalazine 5 Aminosalicylic acid Zidovudine Zidovudine

i triphosphate
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Prodrugs are des; .
€signed in

. SUCh a wa I T ——

Y that the act; . ———
, ctive drug is generstpd ;

Ctively elimin J 15 genersted by «
'Cu[ ‘ ate some toxicities 'r;/ protecting vre
arly those occurring in GJT prior to znd r'

-
o ATV
-

absorption or po : _
concef)t of 'so?t -‘;{Sg’s'dyrmg the first Passage through the liver. The arefisee p

) o IS Necessary to overc Ver The applicstion of the
insufficiencies, (b) transportability, and () site Sp:crinfi:;t?,nd to improve (3) phzrmacorines -

The soft drugs are defined as therapeutically beneficial ,
redictable and controll in-vi / Denelicial sgents chz
pre : | controllable in-vivo metabolism to non-toxic moieties, zfter they
thEI.I' therapeutic role. The sn.te—speciﬁc delivery via chemical modifications involyes
design of a soft drug from an inactive metabolite. The designed drug is then trznsformed by

& Zriys

facile and predicted routes of metabolism ultimately resulting in the delivery of the zc =
drug at the expected sites of action.

1

i e

= o

¥ ITialko
-

S
N
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W
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Des.

the site of action, very less dose will be required, which will not cause unexpected tor'ci

For example, increased separation of activity from toxicity (i.e. improved selectivity) mzy
ke hydrocortisone,

-spirothiazolidine derivative of hydrocortisone. Unli '

be achieved by using 3 : ‘
’ ’ ffinity properties, even if it is zbsorbed

it lacks specific hydrocortisone binding and a
systemically during topicaladministratlon. e .
i ] vative wnicn Is

.. 3-ketone group is absent in this geriva )

This is because, the 4, 5-unsaturated . i e gom o en
slowl in dermal cells by stepwise hydrolysis of thiazolidine ftng to deliver the
owly generated in derm ch, an antiacne topical progesterone

. PR a

active 3- _ Using similar appro o e e

p:‘;lve 3' keto CZmPC'Juﬂ:d Contéﬁniﬂg the cystein 3,20-bisthiazolidine derivative of proge
Paration was develop

"iefone. | CH,OCOCH,
i
c=0
——OH

HO

HN

/[>\/ "
ROOCC Pt SH

. S50 be applied to develop selective and safer ocular
" concept of ‘soft drug’ M3 ¢ of glaucoma, ocular inflammations and infections It

UNJr
J de' . . atmen » .
.2 Belivery yctems for the tre hat diester derivatives of adrenolone haye 3 high leve| of
the conversion of former tg adrenaline yjg
d

¢ in the eyes.
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. tively in the iris-ciliary tissye

Usi . was qenerated selec : SY
ng same approach, tertbutaline was 9 cursors of tertbutaline.

the action of reductases and esterases on ketone-diester Pre
OCOR OH
OCOR OH
—_—p
Cll =0 CllH —OH
CH,NHCH, CH,NHCH,
g, e

Similarly propranolol is generated at the iris-ciliary body by the

reductases on the topically applied keto-oxime derivative of propran aCt",O n of esterases and

olol,
| e HCH(CH),
SO
et

ti-allergic agent.

abonat
e, a . :
t but systemically safe. ‘topical antl

inflammatory and an
It is locally poten

o 00
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ANTIMALARIALS

¢ SYNOPSIS o
5.1 INTRODUCTION 5.4 CLASSIFICATION OF ANTIMALARIAL
5.2 ANTIMALARIAL DRUGS . AGENTS
5.3 CHEMOTHERAPY OF MALARIA 5.5 DRUG RESISTANCE
[5.1 INTRODUCTION =~ ‘ - |

Atleast 45,000 species of protozoa have been described, out of which many species are
parasitic. Examples of such parasitic species include, a single celled protozoa, amoeba;
helminthes etc. Parasitic infections pose a major world-wide health problem. Moreover, the
development of resistance by these parasites to drugs and of mosquitoes to the insecticides,
make the problem more complicated. Many factors contribute towards the spread of these

parasitic diseases. _

Infections with helminthes and protozoa are the most common causes of human
diseases. The occurrence of these infections is much more in the poor, undeveloped or
developing countries than in developed countries. Population crowding, poor sanitation and
negligence to provide health education are some of the important causes behind it. These

diseases are prominently seen in tropical countries.

@ANTIMALARIAL DRUGS —,
In developing countries, the paramount needs are still related to nutrition,
COmmunicable diseases and poverty. The messianic call for "health for all by the year 2000",
however emotionally attractive, is very difficult to achieve, in the surroundings of hard
ealities. Unhealthy economic system influences the standards of both, health and education
in the country, Malaria is one of such diseases whose appearance may be related to the
“cio-economic status of the society. It is mainly a disease of tropic and sub-tropic
Ountrigg. Though on large scale malaria eradication programme was initiated since from
‘1)257, this disease still affects about 200 million people and causes atleast 2 million deaths
Myear,

Malaria in humans is caused by the infection with protozoan parasites 5

i f the
phase in a man and a sexya| genus,

Plag

,‘no'“Odium_ These parasites spend an asexual
Pheles mosquitos.-Out of several hundred k

lnan.
(5.1)
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tine diloxanide:
e i mycin, Nimorazole

M.
Metronidazole, tetracycl | ‘

7. Balantidiasis Balantidium col

dazole nimorazole, quinacring,
: Metron !
. i lia ,
F. Giardiasis \Glardza lamb nidazole
4’_,__—-4 . um
- ricine B, sodiu .
) . : : vali Amphote ] o
A Leshmenss LLEI'SZm?):iZf;:;ca stibogluconate, meglumine antimoniate,
e pentamidine
. : . 1 e,
5. Malaria Plasmodium falciparum Amodnaqyme, c'h|0rgLfan|d
Plasmodium vivax chloroquine, pnmaggme, .
Plasmodium malarige | pyrimethamine, quinine, sulfadiazine,
Plasmodium ovale sulfisoxazole

\6. Enterobiasis \ Mebendazole, piperazine, pyrantel,

Pyrvinium pamoate, thiabendazole
Pyrimethamine, sulfadiazine,
sulfisoxazole, trimethoprim-

sUfamethoxazole pentamidine
\8. Trichomoniasis Trichomonas vaginalis M
\i Trypanosomiasis

azole, nimg e
. ' razo
Trypanosoma cruzi le, tinidazole
suramin sodium  Pentamidine
10. Ascariasis

7. Pneumocystosis | Pneumocystis carinii

cne e ]
Pyrante| p at end?zole' Piperazine,
|EVamisg| e, th|abe

e ndazole,
These include:  _/

1. Plasmodium falciparum:

™
It causes malignant tertian or subtertian forn,

invading the CNS. About half of the cases of X
type, the attacks are more severe e

m
and relapses ¢, noto € Caugey b ay. Cause death by
c

'S Species, In this
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The parasitic diseases ar A
Table 5.1 illustrates commonly o€

wg ¥ . es
only occurring parasitic diseas

. m )
Table 5.1: Com tfective drugs used
. Parasitic protozoa | ~~ ——— i
1. Amoebiasis Entamoeba hlStO,Vf diiOdOhydroxquine' mEtrOnldaZOle,
dehydroemetine, diloxanide,
tetracycline, paromomycin, nimorazole,
tinidazole.
2. Balantidiasis Balantidium coli Metronidazole, tetracycline,
paromomycin ‘
3. Giardiasi iardi ‘ : C .
iasis Giardia lamblia Metronidazole, nimorazole, quinacrine,
- tinidazole
4. Leishmaniasis Leishmonia donoval;
ovali e .
Leishmonia tropic :xt?;;;htl:tencme B, sodium
9 u.cc‘)nate, meglumine ant; iat
pentan-"dlne moniate,
5. Malaria Plasmodium falciparym
alciparum M
Plasmodium vivay ch|0rila3_ume- C_hlorguanide
Plasmodium malarige PYrimq lne,. ”maquine !
Plasmodium ovale sulfi ethﬂmm&. qu‘.nine '
6. Enterobiasis T ————SOxazole ’Sulfadlazine,

Mebeng
az0le p;
7. Pneumocystosis Pneumocystis carin;; Pyrimen Pamoate, thiat; Pyrante|,
®thamip, €ndaz
. e ol
SUIf's°vao|e t'_:‘"acl' : e
: e
€thoyg ole th

8. Trichomoniasis Trichomonas vaginalis

9. Trypanosomiasis | Trypanosoma cruz;

10. Ascariasis -

These include:

1. Plasmodium falciparum:

It causes malignant tertian or subtertian form of Mmalarig
invading the CNS. About half of the cases of Malaria are

é severe and rel 5 Causeq a
type, the attacks are more sever apses do not accur. Y thi. “Usa

5 N this
e n—— i ".-
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2. Plasmodium vivax:
It causes benign tertia ia i ' o
third day. Abogt oty 0'; t::ls:sa in \ffuhrc,h fever revisits patient every 48 hours or on the
] es o i ' '
3. Plasmodium malarige: Malaria are caused by this species.
;tzl; ; iSrI;OIf;SiISbLe fq,rdthe occurrence of quartan malaria in which fever repeats after every
. : o milder form of infection. Plasmodium falciparum and P. malariae do not
persist within the liver cells after erythrocytes have become infected.
4. Plasmodium ovale:
Itis respons:b!e for the mild tertian malaria which is most commonly seen in West Africa.
Except P. falciparum, all three species of Anopheles have a secondary exo-erythrocytic
stage. Plasmodium vivax and P. ovale do persist within the liver cells even after
erythrocytes become infected and may produce true relapses months or even years

after.

Life-cycle of Malarial Parasite:
The female Anopheles mosquito feeds on vertebrate blood. Malaria infection is initiated

through the bite of infected female Anopheles mosquito which releases motile sporozoites
into the human blood stream. Within 1 - 2 hours the sporozoites get entry into the
parenchyma cells of the host liver. Through repeated nuclear divisions sporozoites multiply
and develop into schizonts. After the period of 10 - 16 days, liver cells rupture due to
multiple repeated divisions of schizonts. This results in the release of approximately 20,0Q0
merozoites into circulation. This stage is known as. pre-erythrocytic or exo-erythrocytic

phase of infection.

sec
sc\‘\'\zo
» .
£ : ) Invasion of erythrocytes
=
[} . s * o
§ Merozoites (liver) <€ / @./vvx.. l
_ . ' Multiplication and
Primary schizonts Merozoites
(iiver) raisaEs > — Erythrocyte rupture
]
| | /
§ | @-/\N‘-vMare gametocytes Female gametocytes
- Sporozoites |
& | (salivary glands of msecl)’
E * - AW -4~ -

Sexual reprod
Gut wall PloGucticn

anAnnAno0™S
Oocyslsﬁ_ ‘—__ Zygotes

(1) No drug is effective, (2) P rimaquine and Pyrimethamine, (3) pri L
(4) Chloroquine, amidoquine and sulphonamides, (5) Pr(igr),:(;'tl':;aequ'ne

———___Fig. 5.1: Diagrammatic representation of life cycle of plasmogi
ium

2ty
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; tes. Some m :

ter into the circulation and invade er)’thr(r):);nvaded y m:rozones
ites now en _ es a rozes

inval::: rfcr)ezsc.)r]\t:eiver cells and repeat erythrocytic cycle. Erythrocyt Oiteg

for the following reasons: .

‘ i source of several aming 5.

(1) The plasma constituents and haemoglobln serve as a Cids

necessary for the survival of the parasite.

Medicinal Chemistry-lll

(2) For rapid multiplication of merozoites, the purine bases (i.e, adenine and 9uaning
are obtained from erythrocytes which are then utilized to synthesize Parasitic DNp
and RNA molecules.

(3) Pentoses and phosphates are necessa
Parasites do not have an

who is going to suffer.

ry for nucleic acid synthesis. The Protozog|
Yy means to.get these raw materials. Obviously, it is the host

: infected p,
: : ms (i.e, ga etoc =C Ood whenp in
Pf the: insect. The resulting Zygote, through Val‘ioitES) Undergq rep OdUCtion " hQESted b
infective sporozoite. The latter gets localized iy, S stages of develg me Ithin the gut
the host blood circulation when the infec he s

alivary g Nt gives rise to the

ted mosquitg pire: 03NS Of the |

Osquitg bites 5 healthy peri,c;rrlsii,t °nd enters
" 'Ne story thys

goes on repeating.
Symptoms of Malaria:

The life-cycle of malarial Protozoa is d4e
where the parasite undergoes main

Pendent o
however, are reported to occur a

the
Morpholgg; €rythro
bout 12.- 15 4 92 chapgg rtes of

pre-erythrocytic phase is free of an SYmpte S after ¢ e?h:)s e huor?an host
responsible for the Occurance of Varioys SYmp’t“S. It s the Quit te. mean Malaria
grouped together as: Oms of ma|aria thrOCytic Pha S th'at the
(1) Symptoms like nausea, vomiting, severe cpy - Thes m Which js
every 3 to 4 days depending upon the Speé-ls' deliriu,n 3 Can pe
of malaria. O Protggqe fever may rea
(2) As the erythrocytic p.hase Continues, increge: qQand ce popnpe after
destruction, resulting into severe oy of ane;:i“g Mimpe, the type
(3) To provide necessary amino acids fo, , g “Vthrocyy
undergoes breakc.lgwn.process. If this Process t'p!'cation ergo
of accumulated bilirubin, Contip -it|0 Parasite, .
t Jaundicén;globl-n
e ause
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Two different att
After studying the 'ifzt:i)tlse hﬂf\/e begn made.to design new or modern antimalarial drugs.
their target selectivit yle o malarlal.ParaSIte in human, many drugs were designed and
y was tested for various phases of plasmodium life-cycle. For example
(a) Drugs effective against primary tissue schizonts: '

These drugs are '
o  drug X .also known as prophylactic agents. Since no drug is effective at this
stage, true prophylaxis does not exist for malarial parasites.

(b) Drugs active against erythrocytic phase:

These dru ' . . . _—
. gs are c::ﬂSO known as schizontocidal agents. Examples include, amodiaquine,
chloroquine, mefloquine, quinine, pyrimethamine etc.

(c) Drugs active against all malarial parasites:

ples include primaquine.
d, even after
dly killed by

These drugs are also known as gametocytocidal agents. Exam
Gametocytes of P. falciparum may remain in the circulation for prolonged perio
the patient receives the treatment with chloroquine. These gametocytes are rapi
a single dose of 79 mg of primaquine phosphate.

In second approach, the host-parasite relationship was thoroughly examined to point
out biochemical differences. For example, mammalian cells are capable of utilizing
preformed folates while bacteria and protozoa are unable to do so. Hence, they must
synthesize folates of their own. Hence, such drugs that selectively inhibit folate biosynthesis
in the protozoa by blocking the enzymes involved therein, can be used for suppression or.

radical cure of malaria.
arial drugs are not capable of destroying plasmodium merozoites. They

just inhibit the erythrocytic stage of development of malarial parasite and thus prevent the
onset of symptoms. The treatment with such drugs is known as suppressive treatment. It
may be used to prevent maturation of the erythrocytic infection but it may not have any
effect on the stages in liver cells. It serves as a prophylactic measure before entering the area
susceptible to malarial infection. Drugs commonly employed in suppressive treatment are
chloroquine, amodiaquine, pyrimethamine and proguanil. Some antimalarial drugs
completely destroy the plasmodium merozoites and thus terminate the malarial attack. Such

agents are said to provide clinical cure of the disease.
e, and amodiaquine. However, the patients treated with

these agents may show the relapse of the disease due to the presence of gametocytes in the
circulation for prolonged period even after the drug treatment. Radical cure is the third
category in which a combination therapy is generally used to eradicate both, the developed
parasites and those still developing in the erythrocytes and other tissues. Generally

primaquine is used in combination with chloroquine or amodiaquine.

Certain antimal

Examples include chloroquin

-
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7 CLASSIFICATION OF ANTIMALARIAL AGENTS

Early discoveries of Paul Ehrlich with organic dyes and organoarseniczls gave ra,
mensions to the traditional methods of treating malaria. Presently zvailable var

M=
SV IOy
-

~timalarials are the direct outcome of Ehrlich outstanding pioneering efforts. On +
hemical basis, antimalarial drugs are classified as:

1) Quinolines
(a) Cinchona alkaloids,
(b) 4-Aminoquinolines, and
(c) 8-Aminoquinolines
(2) 9-Aminoacridines
(3) 2, 4-Diaminopyrimidines
(4) Biguanides
(5) Sulfones and sulphonamides, and
(6) Miscellaneous agents.
(1) Quinolines:
(a) Cinchona alkaloids:

Cinchona bark contains a mixture of more than 20 alkaloids. Four mzjor zlkz!
isolated from it, which are effective against erythrocytic merozoites and constitut
<uppressive treatment of malaria. All four are derivatives of 4-quinolinemethaz

f ~ked with a substituted quinuclidine moiety.

| H
|
/ Ho—Cc—L—N
' R, x R,

|

- - =l
o 1

Cinchona alkaloids

1. Quinine:
R, = — OCH3; R,=-CH= CH; (=) isomer
2. Quinidine:

Ry =-— OCHs; R, = — CH = CH:; (+) ijsomer

3. Cinchonine:
R, =-H R,= —CH= CH, (+) isomer

4, Cinchonidine: |
R, =-H R2= ~ CH = CHz (-) isomer
1~ '
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5.4 CLASSIFICATION OF ANT c dyes and organoarseniczls ga,
. . aul Enriich with organic Cyes 2nc Organoarsenic s
Early discoveries of Pzul Enriic s of tresting mzlana. Fresenly zvzizgie .
P e elols ol o e c- T
dimensions to the traditional me"mu,i : ich outstanding pioneering effortz o, .
C} rmich ousizngl - = - = 4R
antimalarials are the direct outcome of :q’; -
chemical basis, antimalzrizl drugs zre clzssified 2s:
(1) Quinolines
(a) Cinchona glkzloids,
(b) 4-Aminoquinolines, z2nd
(c) B-Arninoquinolines
(2) 9-Aminoacridines
(3) 2, 4-Diaminopyrimidines
(4) Biquanides
(5) Sulfones ang su!phonamides. and
(6) Miscelizneoys égents,
(1) Quinolines:
(a) Cinchona alkaloids:
~ Cinchonz barg contains 2 mixtyre of more than 20 zlk=t
Isolated from it, which are effective 2zinst erqs O’yfr “irdicids. Four Mjor zlezloids 22
. e TPt mergzanea. =t . .
?UF:P;ess.;\;e tre'atn?snt of mazlzriz All four are C'eri‘.r,-,-:”g.:‘ > Z0rteg 2ng CG!‘:S‘_.:_::-:— z oz of
Inked with a sup inuclid; . T 4-Quinalia .
stituted Quinuciidine Moiety ' 4-quingj; €methanol which i
H
|
P HO—¢ ”\
NF
Cln';f'jgn;_ -t .
1. Quinine: T
R =—OCH3:P\ = - = \ ¢
1 B 2 CH CH, (~) isome;
2. Quinidine;
R :—OCH;:R'=- = - .
1 . Z CH Hd (4—} 'Som‘;"f
3. Cinchonine;
Ri=-HR;= -CH= CH; (4) 1SOme,

4. Cinchonidine:

Ri=-HR:= -CH =y, ) icome,
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Quinine and its d-isomer, quinidi
uinine is the Mer. quinidine are the only d i '
r%ghest c:oncentr?a(:?cgnafttamtef1 antimalarial ingredientyof ?ﬁzoc?sc?\'ﬁflg;riu;fg t!y ot
cor P. vivax and P. malar?azm?tm' of about 5.0%. It is schizonticidal and gan:setzrciizzrd:;
dihydrochloride may be used.for - orally active in the form of sulfate while quinine
mainly associated with the |al:Norcl)r:trt::wenous administration. The antimalarial activity is
stration is not usually recommended di:’?:; lf:c:r:l-"tiss:xt;c;;?::go:s or Inramuscar 2dmine

SAR of quinolines:

Quinoline compounds have long been use
studies of quinine led to the potent and inexpen
search of highly active drug agonist chloroquine-resis
development of mefloquine. Most of these quinolines retain the
but vary in the length and nature of their basic amono side-chain.

SAR studies of quinine nucleus revealed the importance of secondary alcohol group in
the structure. The methoxy (Ry), vinyl (R;) moieties were found to be not necessary for

antimalarial activity.
It is extremely useful in
doses of quinine may produc

vasodilation and may cause hy
on the skeletal muscles by exertin
symptomatic relief of nocturnal musc
quinine may induce abortion. It has analg

Due to its low therapeutic index, qui
primaquine, pyrimethamine or a sulphonami

(b) 4-Aminoquinolines:

During the period 1940-19 . un
market. They weré associated with a high toxicity profil

overcome this situation, 4-aminoquinolines Were investi
research programme: Chloroquine, hydroxychloroqume an

important members of this series.

d for the treatment of malaria. The SAR
sive 4-aminoquinolines (chloroquine). The

tant strains of P. falciparum led to the
7-chloroquinoline nucleus

nt P. falciparum infections. High
nt effect on the heart. It causes
he actions of physostigmine

g curare-like effect, it may be beneficial in the
le cramps Of myotonia congenita. Toxic doses of
esic, antipyretic and local anaesthetic properties.

nine is not used alone. It can be used alongwith

de in the combination therapy.

treating chloroquine resista
e a quinidine like depressa
potension. Since it antagonises t

mber of antimalarials were available in the
e and a low therapeutic index. To
gated in United States through a
d amodiaquine are the most

44, a limited nu

R1
\R
W

R; N

4 - aminoquinalines
(ii) Amodiaquine:

(i) Chloroquine:
CH; C,Hs
R =-"NH"‘éH-’(CH2)3"'N\ .R,=~-CI; R; —NH OH
! C2H5 R="H CH ‘R. =
cH,—nT 2=-_|?'
C,Hs
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Chloroquine is found to be concentrated in parasitized red cells where it bings .
double-stranded DNA. This results into inhibition of the functions of DNA and py,
polymerases. It inhibits several enzyme systems and binds to lysosomes resulting into the.
stabilization. This exerts an inhibitory influence on the cell growth of bacteria and protoz:
However erythrocytes affected by chloroquine-resistant strains of plasmodium, are le;
permeable to the drug. Hence chloroquine is accumulated less readily and to a lesser exter

in such parasitized erythrocytes.

Chemically chloroquine is 7 = Chloro-4 (4-diethylamino- 1-methylbutylamino) quinolin:
Due to the presence of asymmetric carbon in the side — Chain it exists as isomers. Tr:
chemical name of amodiaquine is 7 - chloro- 4 - (3-diethylamino- 4 - hydroxyaniling)
quinoline. Both these drugs are effective against a sexual erythrocytic form of all four

plasmodium species.

SAR studies indicated that 7 — Chloro group, the tertiary ‘amine and diaminoalky! side
chain are the essential features for antimalarial activity. Principal metabolites include

desethyl = Chloroquine, bisdesethyl — Chloroquine and a carboxylic acid analog which are
excreted in the urine along with 52-53% dose in unchanged form.

Chloroguine and amodiaquine have some depressant effects on the bone marrow. Both
these agents, cause hemolysis in patients with glucose-6-phosphate dehyd . >
deficiency- The toxicity profile of these agents is less severe and includ eny rogg >
headache, blurred vision and dermatitis. Chloroquine is more prone to sa:ause:, :on'r;lt:;i,c

se photoallé

dermatitis since it accumulates in the skin to a greater extent than — :
must be used with caution in children. amodiaquine. Hence: "

Chloroquine also has anti-histaminic and anti-inflammatory
hepatic amebiasis, rheumatoid arthritis, discoid lupus erythe pro
urticaria and polymorphous light erruptions. It is a drug o;natOI:.ls, Cutanea tarda, s0¢
prophylaxis and for the treatment of acute clinical attacks j choice for the sup ressive
chloroquine-resistant falciparum strains. For the treat in all types of malar p oot
falciparum malaria, a combination therapy comprisin ment  of chloro laria e.x ’
sulfadiazine may be given. The combination of a 2-da g of Quining, Dyri quine-resista
of mefloquine is even more effective. Y course of quin yrimethamine an

e and a single dost |

In chloroguine sensitive strains, res i |

_ » response In adults j .y |

given over 2 days. If parenteral administration is reCIuisr '; raplc! when 15 |

preferred. However, to prevent relapsing malaria, a ? flthe intramys g of chIOquuine is |
' single

_ Cula
phosphate may also be given to the patient, Amodiaqui dose of 79 Froute shouyld be
Primaquiné

chloroquine sulfate are other clinicall ne h 9 of
effects similar to chloroquine. ¥ used members of this grou);d;OChIOFide and
aving |, hydroxy
Seg and
adversé

perties. It is used to tred'

(¢) 8-Aminoquinolines:

Primaquine was the first s i
ynthetic antimalari
O . arial
pra.ctfc.e in 1929. Principal agents from thj al ag‘Ent to be int
quinocide. ‘ s class Include rod'-‘ctidi t
Primaqu; © th
ne € clinical |
i pam leca

a .
Quine and | |




Medicinal Chemistry-1n

TR \ N B Iy
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‘ ' ' Gz ed colls where it bingde
Chloroquine is found 1o be concentrated in parasitized s

I RN;
" . inde SOSOMES TesUlng intg 4y,
W inhibits several enzyme systems and binds to lysc the;

i - ) f bactena and prota.
stabilization. This exerts an inhibitory influence on the cell growth of by Protog,

”

, Aral it plasmodium, gre
However erythrocytes affected by chloroquine-resistant strains ot pk are

e | ated less readily and 1o a lesser oy,
permeable to the drug. Hence chloroquine is accumulated less readily < ‘ OXtery
nsuch parasitized erythrocytes,

2

. - AMINO) qQuinal;
Chemically chloroquine is 7 - Chloro-4 (A-diethylamino- 1—nu‘lh_\'““'_“i"‘"‘: ‘i‘ )1“\:""0%@_
. . ain it exists as isome
Due to the presence of asymmetric carbon in the side - Chain .|t u\l‘ th ,d,»o\US‘-'-The
, , 4. .
chemical name of amodiaquine is 7 - chloro- 4 - (3-diethylamino yaroxyaniling,

quinoline. Both these drugs are effective against a sexual erythrocytic form of all fq,
plasmodium species.

SAR studies indicated that 7 = Chloro group, the tertiary amine and diam!noal!\'yl side
chain are the essential features for antimalarial activity. Principal metabolites Include

desethyl - Chloroquine, bisdesethyl - Chloroquine and a carboxylic acid analog which

excreted in the urine along with 52-53%

are
'o dose in unchanged form.

Chloroquine and amodiaquine have some depressant effects on the bone marrow. Both
these agents, cause hemolysis in patients with glucose-6-phosphate dehydrogenase

deficiency. The toxicity profile of these agents is less severe and include nausea, vomiting
headache, blurred vision and dermatitis. Chloroquine is more prone to cause photoallergic
dermatitis since it accumulates in the skin to a greater extent than amodiaquine. Hence, i
must be used with caution in children.

Chloroguine also has anti-histaminic and
hepatic amebiasis, rheumatoid
urticaria and polymorphous lig
prophylaxis and for the treatm
chloroquine-resistant falciparum = strains. For the t

falciparum malaria, a combination therapy comprising of quinine, pyrimethamine an
sulfadiazine may be given. The combination of a 2-d

Ay course of quinine and a single dos
of mefloquine is even more effective,

In chloroquine sensitive str
given over 2 days. If parenteral
preferred, However, to preven

anti-inflamm
arthritis, discoid lupus e

ht erruptions. 1t is a dr
ent of acute clinical att

atory properties. It is used to trea!
rythematous, cutanea tarda, solar
ug of choice for the suppressivé
acks in all types of malaria excep
reatment of chloromline-resistaﬁf

ains, response in adults is fapid when 1.5 g of chloroquing i
administration is required, the intramuscular route shou!d‘b:‘
t relapsing malaria, a single dose of 79 mg of p,.-,maqusm
Phosphate may also be given to the patient. Amodiaquine hydrochloride and hyd®
chloroquine sulfate are other clinically used members of this group having uses and adve”™
effects similar 1o chloroquine.

(c) 8-Aminoquino|ines:

Primaquine was the first synthetic antimalari
practice in 1929, Principal

. . linc
al agent to be introduced into the ¢
agents from this

quinocide,

N A\
. . ¥ e -
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H300

R

o . 8 - Aminoquinolines
(i) primaquine:
R = — NH
—CH—
- CH3
(ii) Pamaquine:
R =—NH-——(|:H_(CH2')3_N

(iii) Quinocide:
R=—NH — (CH,); — CI7H— NH,
CH,

.merglzofgr;trf:tf :;2 t:]-ammoqumohnes, these agents lack activity against erythrocytic
' o gamétoc‘da| 1 'e.y attack both, the pre-ferythrocytic phase of the disease and also
' ed 1 ida a.cttwty to some extent. Obviously then, if used alone, they can only be

or prophylactic purposes. They produce radical cure of vivax malarias when they are

used alongwith chloroquine.

.= felatTethir Fox_ic effects are much more Severé tha
{ ausea p\:‘”c'_P_a”y to the central nervous system
; 9|0biném-0mltmg' anorexia, headache, hemolytic an€
! of this 'a. Because of its relative safety and. lower toxicity, primaquin
oo series which is clinically used.
p n the f ‘ . .
* Tapidly met:t;m_Of its diphosphate, primaquine is
desmethw pri;':-ed. to various metabolites that inc
g a".appea,- in the quine and 3'(3-Carboxyl-1-methy| propylam
+ PiMaquine i nOtUﬂne along with small amount of unchang€
{ avai _
:".’ SyﬂtheSis
;,f"“Su

n those of 4-aminoquinolines and are
and circulatory system. These include,

mia, leukopenia and methemo-
e is the only member

y absorbed by oral
lude 5-hydroxyprimaquine, §-hydroxy-6-
ino)-6-methoxyqum

d drug. The

. ot interfere y .
to its abilty O he parasites: Itis

ntim . . .
alarial activity of primaquine is due lism In

g e metabo 15 /
hollpfl hioro uine) 10 P’e‘enl

rela?J”sy given g Or?; m\;s and with erythrocyte phosp
Chigy NP, vivg ith a 4-aminoquinoline schizontocld€ ==
oqu;i Vax and P. ovale i _ hances 0
Yihye e resistant stra: ale infections and to reduce  against P
' ‘ . - g
 Posgeg, 7 < forms of ins of plasmodium. It may als0 °° used 7 fial excitabl!y an
e P. fal ocar
ciparum. Besides this, it als0 depresses my

| €S anti
i tlarrhythmiﬁ-“ctions
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Amlnoquino[ines

() primaquine:

R =
—CH —
| (CHZ)J—- NH,

) pamaquine: CH;,
R =
— NH — .
?H — (CH); —N /C2H5
(iii)Quinocide: CH, C,H;
R=—NH—
(CH2)3 - cl:H —_— NH2
CH,

P

In contrast to 4 :

) -aminoquinoli

merozoites. In fact, they attack bciltr;]es, these agents lack activit i

show gametocidal activity to so , the pre-erythrocytic phase 03; agalr?st erythrocytic

wed for prophylactic purposes ”{_'; extent. Obviously then, if used alothe d}:sease and also
. . M ' ne] t

used alongwlth chloroquine ey produce radical cure of vivax malariasexhcantf\nly o

' en they are

Their toxic effe
elated principally fésti;e cr:,-:JtCh| more severe than those of 4-aminoquinoli
nausea, vomiting, anorexia hra nervous system and circulatory system T;wr:i E‘md i
tlobinemia. Because of i I ‘eadache, hemolytic anemia, leukopenia and L
of its relative safety and lower toxicity primaquine is tﬁ:onlr;:r;:rtl)z;

of thi i ichi
s series which is clinically used.

In th \ .
‘apidlynf fOFm.Of its diphosphate, primaq
dosmeth ‘I?tat?ollzed to various metabolites t
3 appeayr Pprimaquine and 8-(3-carboxyl-1-met
Mimagui in the urine along with small amount

Th ne is not available.

€ antj - . i
malarial activity of primaquine is due to its ability to interfere with proteln
the parasites: Itis

SIS, Wi N

“Sually giveth enzymes and with erythrocyte phospholipid metabolism In
n along with a 4-aminoquinoline schizontocide (e.g chloroquine) 10 prevent
|opment of

re]a
Pseg

inpP vi
.{oroquine . vivax and P. ovale infections an duce the chances of deve! e
o | - - i rima
~Mrocytic freS'STant strains of plasmodium: e used -693{“ftexfzitabimy B
O¢ : . . |1a
"USSesseg A of P. falciparum. Besides this es myocar
antiarrhythmic actions.

uine is completely absorbed by oral route. It is
hat include 5-hydroxyprimaquine, 5-hydroxy-6-
hyl propylamino)-6-methoxyquinoline. They
of unchanged drug. The parenteral form of

d tore
[t may also b
it also depress
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(2) 9-Aminoacridines:

Quinacrine, acriquine and aminoacrichin are the clinically useful agents from this ¢|,.,

R9
H,CO N R,
N7 Cl

9 - Aminoacridines

(i) Quinacrine:

CH
‘ | /Csz
(i) Ry=—H;Ry==NH-CH-(CH,);-N
\Csz
(ii) Acriquine:
. C2H5
(i) Ryp==H,Ry=- NH—(CH2)4-N<
C,Hs
(iii) Aminoacrichin:
/Csz

(i) Ry==NH,;Rg==NH-CH=(CH,);-N
| AN
CH,

Quinacrine is the most active compound of the series. In general, these derivatives pc
a high degree of risk with low activity profile. Hence after the development
4-aminoquinolines, they are used rarely for the treatment of malaria.

Yellow pigmentation of the skin and yellow colour appears in the urine during t
treatment with quinacrine. These signs disappear with the discontinuation of therg
Nausea, vomiting, headache, convulsions, aplastic anemia and psychotomimetic reactio
are the adverse effects associated with these drugs.

CHs

(3) 2, 4-Diaminopyrimidines:

In this series, pyrimethamine and trimethoprim are the effective antimalarial agen
After establishing itself as a good antibacterial agent, trimethoprim secured a place in t
chemotherapy of malaria. These derivatives are effective against both the exo-erythrocy
and erythrocytic phases of the disease.

3. /NH, NH, OCH,
)\ )
HzN—< ? Cl H2N—</ \ —CH, OCH,
N— —
1 N
CH,CH, | OCH,

Pyrimethamine Trimethoprim
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(2) 9-Aminoacridines: ful agents from this clas
Quinacrine, acriquine and aminoacrichin are the clinically usetutz

RE)
H,CO S O R,
I N7 cl
9 - Aminoacridines

(1) Quinacrine:

CH, C.H
NH‘CH (CH,) -N/ o
/ (i) Rp=-H, Rg=—NH- 23 N H,
S
ii) Acriquine:
(i) /Csz
(i) Ry==-H;Rg=—=NH-(CH,), - N\
CZHS
y (iii) Aminoacrichin:

/C2H5
C,H
CH3 2'7'5

Quinacrine is the most active compound of the series. In general, these derivatives pose
a high degree of risk with low activity profile. Hence after the development of
4-aminoquinolines, they are used rarely for the treatment of malaria.

Yellow pigmentation of the skin and yellow colour appears in the urine during the
treatment with quinacrine. These signs disappear with the discontinuation of therapy
Nausea, vomiting, headache, convulsions, aplastic anemia and psychotomimetic reaction
are the adverse effects associated with these drugs.

(3) 2, 4-Diaminopyrimidines:

In this series, pyrimethamine and trimethoprim are the effective antimalarial agen®
After establishing itself as a good antibacterial agent, trimethoprim secured a place in the

- . . ‘c
chemotherapy of malaria. These derivatives are effective against both the exo-efythrocw
and erythrocytic phases of the disease.

3y NHz ’ NH, OCH;
HN— \gs 7\
g cl HzN—< —CH, OCH,
, —
N

Pyri i
yrimethamine Trimethoprim
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pedi

atment of chloroquine-

IS also used of toxoplasmosis and

pneumocystosis. Diaminopyrimidines, biguanides
we designed through the studies of biochemical di

Tetrahydrofolate (FAH,) i

certain amino acids (needed for protozoal DNA synthesis). It is obtai
gihydrofolate (FAH,) catalyzed by the €nzyme, dihydrofolate reducta

Pyrimethamine inhibits malarial dihydrofolate reductase at concentration far lower than
needed to inhibit the mammalian enzymes.

Due to the structural similarity with part of FAH, structure, pyrimethamine competitively

es to block the action of dihydrofolate reductase enzyme. However, parasites can deve_lop

“ug resistance due to utilization of alternative metabolic pathways. Sulphonamides inh{bit

e conversion of folinic acid to dihydrofolate. Hence, the combination of pyrimeth_amme

Wth 3 long acting sulpha drug (e.g., sulfadoxine, sulphamethoxaz_ole etc.) gn{es a

“radditive therapeutic effect and reduces the chances for developmg.drug—resrstant

*Vains Pyrimethamine s more potent antimalarial agent than chloroguanide and has a
onger duration of action because of its slow rate of excretion.

SAR Studies found an increase in antimalarial activity if:

L L
: An electron releasing substituent is present at position six.
3' Chloring atom is present at para position.

©rings are Not separated by carbon or other atom.

. . im is
to 1o s If life, trimethopri
gy Us n°"“S€|ectlv1ty in bacterial enzyme inhibition and shorter ha

. i+l another

g : , : ombined with

rm’“alarialag °Ne in  the treatment of malaria. It is usually ¢
ent,
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H
N N
N SN CH, — NH-@—C — NH — CH — (CH,); — COOH
OH

—

- S —

S~

cid
Pteridine nucleus PABA Glutamic a
Dihydrofolic acid (FAH,)

)
/N\ ‘ . N N NH
HN = ? ? = NH H, % l 2
- | | N _N
A ?‘H Invivo ><
- H,C~ "CH,
HC Metabolism 3 _
¢ 7N Cl :
H,C CH, |
Chloroguanil Cycloguanil
(Proguanil)

—
(4) Biguanides:

A large number of biguanides and dihydrotriazines have been synthesized and testeq ,
their antimalarial activity. Biguanides are largely prodrugs and are not active until they &,
metabolized in-vivo to the_dihydrotriazine derivatives. Proguanif was first synthesized i

Britain in 1945, Chloroguanil is metabolized to the active triazine ring Compoung
cycloguanil which is responsible for its antimalarial activity.,
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H \
N N
HzNYf | :L o ?OOH
I — COOH
__CH—(CHz)2
N W CH, — NH_Q—C _NH—C 2
P—— w__/ 1 acid
EARA Glutamic

Pteridine nucleus
Dinydrofolic acid (FAHZ)

N

|
AN oY

. '!'H ’LH Invivo N><N
‘ O P!'C Metabolism @*;C CH,
7 4 ¢ H,c/ cH, cl |
‘ > Chloroguanil Cycloguanil
_— (Proguanil)

(4) Biguanides:

ber of biguanides and dihydrotriazines have been synthesized and tested f,

anides are largely prodrugs and are not active until they ar
vatives. Proguanil was first synthesized i

o the active triazine ring compoung

NH,

A large num
their antimalarial activity. Bigu
metabolized in-vivo 10 the dihydrotriazine deri
Britain in 1945. Chloroguanil is metabolized t

cycloguanil which is responsible for its antimalarial activity.
is due to its structural and functional similarity

The antimalarial activity of cycloguanil
the parasites that are resistant to the action of

with pyrimethamine. Due to this similarity,
to the action of chloroguanide. It inhibit

o exhibit resistance
¢ acid metabolism. This leads to

d interferes in the foli
tes. Cycloguanil has a duration of action cf

hey fail to complete their cyclein

pyrimethamine, als
dihydrofolate reductase enzyme an
inhibition of nuclear division in malarial parasi

several weeks. The drug damages gametocytes so that t

mosquito.

Chloroguanide acts slowly
However, the development of drug resistant strains limits its ¢
hydrochloride, it is used orally, while in the form of cycloguanil embonate or pamoate, itis

used intramuscularly. It provides a longer duration of action.

Chrof:-lzus;u?res‘ reve‘aled the importance of halogen atom in the phenyl ring. An additi
stitution in the proguanil structure (chloroproguanil) increases activity vt

simultaneous increase in toxicity.

and is effective against susceptible strains of plasmodium.
linical utility. In the form of

onal

Antimalarials
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5) :
( hough the antimalarial poyg,,
Vv e
eglected because of the; Y of sulph, .
ere . . ) eir |0|~ "OnaM\d
:;'llﬂfo uineé resistant strains of P ; / fapeutic inl‘.‘lc:;s l‘_”as proved long back in 1943, they
g . . A - la = !
com ination with Pyrimethamine Of'par,_,m' long ac?it:r vnrdus o ie deveiopment of
rimetham'f‘e can also be effectivel, " timethoprim g sulphonamides were tried in
py'stam strains of malarial paras; -f Used ag 5 - Dapsone, in combination with
res! sites. Effective mem; emoprophylactic agent against drug-
"EmDbers of this class in :
clude

o)
[ !
HZN-Q—S —NH—(/ } 0
|
0I ‘<J—— Hi“‘@*i—@—nuz

Sulphadiazine
Dapsene

CH,CON
SOE‘@-rmC%m

Diacetyl gapson

w300

a sbne is found to pos ; .
0 pamides and sufphznessesesuem ”ad t Oxicity and prolonged duration of action. Both
Ctive only against erythrocytic stages of malarial

sulphon )
They are ineffective in the treatment of £ yiyay infecti
: ctions.

parasite.
(6) Miscellaneous agents:
a) Mefloquine: It bears
is @ (4-)CIUinOlir\E-Carbinolamin;O:?sd;?,:i:tzzs_““cr:u'al similarity with quinine. Chemically it
; . ) in the form of it tr o
form is more ac . ) its racemic mixture where the
; t:::!ol About 95 - Bt;S\i’/e t:fan Ihf.e?-lmmef. Itis an orally active derivative of 4-quinoline -
n‘;e o~ hz;lf-life of 17-da o ; .at%mmlstered dose is bound to the plasma-proteins. It has a
pias ys. Principal metabolites include, 2, 8-bis-trifluoromethylquinoline -

4- methanol and a carboxylic acid analog. They are excreted in the faeces. Presence of
udes the

triflUOFORT'EthYI moiety at position 2, lowers down the rate of metabolism and precl
phototoxic effects com monly associated with other carbinolamines.

Very little is known about its mechanism of action. It is H
predicted that it may be acting at erythrocytic stage in the life- .
cycle of plasmodium. It may affect the ring stages of ﬁ
P. falciparum and P. vivax by inducing morphological changes. x
To potentiate its spectrum of activity it may also be used in _
combination with pyrimethamine, trimethoprim or sulfadoxine. N CFs
d in infants, children and during, CFy
Mefloquine

However, it can not be use

pregnancy.
It can be used in both, chemosuppressive and radical cure '
es. Adverse effects 2ré mild and mainly include its effects on

ure of infections caused Dy
CVS

resistant strains of parasit
and pulmonary systems.
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weré 7 : Se of the;
,oroqulne resistant Straing eir Iowthenpe :
of p apeutic indey.
. Later on, due to the development
, due » cleve nt of

wmbmatlor? with Pyrimethayir. fﬂlcipm-m,
imethamine can also aMine g trim;'uiongl acting sulphonamides were tried in
sed g ‘:PCT"‘m. Dapsone, ‘in combination with
ctive memberemoprf)phylac'nc agent against drug-
s of this class include:

HnNQ Il N
S—N
i~ } . f
sulphadiazine 0
Dapsone

O NHCOCH,

Diacetyl dapéone

sone is

Dapson found to possess mild toxicit : :

S;ujphonam|des and sulphones are acti city and prolonged duration of action. Both,
. . o ctive only against i i

parasne. They are ineffective in the treatment of z. w'aax infeigcti:gocytlc stages of malarial

(6) Miscellaneous agents:

a) Mefloquine: It be ~ |

. (4-qum0|inc(|e-carbino| aff some degree of structural similarity with quinine. Chemically it
| hro form is more t.amlne, Itis mE'lrketed in the form of its racemic mixture where the
é ; active than threo-isomer. It is an orally active derivative of 4-quinoline -

methanol. About 95 - 98% of administered dose is bound to the plasma-proteins. It has a
2, 8-bis-trifluoromethylquinoline -

plasma half-life of 17 days. Principal metabolites include,
4j methanol and a carboxylic acid analog. They are excreted in the faeces. Presence of
trifluoromethyl moiety at position 2, lowers down the rate of metabolism and precludes the
phototoxic effects com monly associated with other carbinolamines.
Very little is known about its mechanism of action. It is ’ H
predicted that it may be acting at erythrocytic stage in the life- Y
gcle of plasmodium. [t may affect the ring stages of H
P. falciparum and p. vivax by inducing morphological changes. A
To potentiate its spectrum of activity it may also be useq in ; P
combination with pyrimethamine, trimethoprim or sulfadoxine. 3
s, children and during CF,
: ' Mefloquine

However, it can not be used in infant

pregnancy.
nfections caused by

ive and radical cure of i
n CVS

h, chemosuppress . |
are mild and mainly include Its effects O

It can be used in bot
Adverse effects

resistant strains of parasites:
and pulmonary systems-
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S - d only in combin Sthe,

Lumefantrine: It is an antimalarial use -

Y . mether’.
combination is often referred to as 'co-arte

b
b

I
HC c

HO — CH — CH, — N (C4Ho)2

biquinone with antipneumocystic ey .
u

. Y.,
Atovaquone: It is an analogue of f malaria. ¢

0o ' treatment 0
combination with proguanil, it may be used in the "

- i hena ,

Halofantrine: It is an antimalarial drug containing a substltuteedS i : : h;;hrene. i

Structure is related to quinine and lumefantrine. It binds to plasmpesin, moglq;
degrading enzyme unique to malarial parasites,

(b) Other antibacterials like tetracyclines, clindamycir?, .Ilncomyc-ir?
- chloramphenicol are found to possess antimalarial activity. A combination of quinine

tetracycline has been used to treat clinical attacks of chloroquine-resistant P. falcip,
infection. However, the use of antibiotics

if continued for long-term.

an
én

n.n'n
produces antibiotic-resistant pathogenic bacter,

Shortly after the discovery of mefloquine, a new drug,
as a promising alternative to mefloquine.

halofantrine has been develops




. responsible for aboyt 859

wg-resistance in Plasmodiu
ew synthetic antimalarig|s.

overburde X gressive evelopment of
€ research pr f@Mmes tq yield
Beside the chloroquine "esistant g, ns, |
_ ‘ ‘ S, ingj
thamine sulfadoxine comblnatlons are also a¢ e e
| C
opearance of multl-drug €sis

tant ° {Mulating,
. " n straing .
e-exhibit its clinical Potenc are the DrobI:f P. fOlCtparum and ¢
mefloquine should be resery
should not be over Xposed. The Parasites
mefloquine-resistant strains, if Mis

CH,COOCH,

CH,COO0H
(i) Tosylation

I i) Hydrolysis *

Cl NH, CH, Cl ril (ii) Hydrolysis ~ N

; |
0S0; CH,

(i) Cyclization
(i) Detosylation
L

P
CZHS

HN~CH—CH2—CH2—CH2—N/

CZHS

0
i
Y \ N HN - CH - CH, - CH, - CH, - N(C,H,),
‘ NZ H:OH / Nal / 160°C 9 N
) . )
] ch“"oqu]n (l) CS . 7 -chloro-4 - 0Xx0 - ? 2,3,
e (i) NaOH tetrahydroquinoline
st
e
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. responsible for about 859,
drug-resistance in Plasmodium :tse§ of |
new synthetic antimalarials. A

Wwma i i
o n malaria). The progressive development of
verburden the research programmes to yield

geside the chloroquine resistant
sthamine sulfadoxine combinations o
. a
earance of multi-drug resistant )
s

insl In i H
0 cidences of resistance development to pyrim-
C i :
cumulating. The increased number of cases of

L .. trains :
e-exhibit 1ts clinical potency are the o of P. falciparum and failure of quinine to
ems of severe concern. It i '
) s for this reason,

mefloguine should be reserved o
should not be over exposed ;r:); for the treatment of multi-drug resistant strains and it
. et : i parasi )
 efloquine-resistant strains, if misuse ofthistjf would not need much time to develop
ug is permitted.

Unfortunately the underlyin .
ying principles of acquired resistance to antimalarial drugs still

emain unclear and demand further investigatio
ns.

/'-—____

Synthesis

i) Chloroquine:

(IZOOCH3 CH,COOCH,
y | CH,COOH
i (i) Tosylation J
ol NH, cp,  C N (ii) Hydrolysis  Cl N
! |
0SO; CH,

(i) Cyclization
(i) Detosylation

CHj ‘
HN — CH — CH, - CH, —CH N Cals v
— - 2" 2 2 \C2H5 ]

CH,
I

N (i) CgHsOH / Nal/ 160°C cl r~11 .
i 7 - chloro - 4 - 0X0 = 1 & =

o Naor ‘ tetrahydroquinoline

Chloroquine
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(i) Pamaquine:

Conc. H,S0, H,C = CH — CHO

| | Dehydration
OH OH Propene aldehyde
Glycerol
(b) NO, - NO, T NO,
NH N
2 H,C = CH — CHO /©/Nj H,SO, -
— —_—
H,CO Propene aldehyde H,CO OH Z OCH,
_ _
2-Nitro-4-methoxy
aniline H,
| 0
HN [ N
N \]/\/\ N(C,Hs), /C\/\/ N(C,H;s), N
o~ CH H,C A
3 -
4 OCH, F OCH,
Pamaquine

-

& * )
..0 0.0 e
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6.1 INTRODUCTION
6.2 FIRST LINE AGENTS 6.3 SECOND LINE AGENTS
| = 6.4 ANTI-TUBERCULAR ANTIBIOTICS

* SYNops)s ,

6.1 INTRODUCTIgN ——

[’W j

- |
: : diseases ¢ i ; :
is caused b_y either Mycobacterium tubercy] aused by Mycobacteria species. Tuberculosis
animals) while leprogy €rculosis (in

: man) or by Mycobacterium bovis (in
'S Caused by Mycobacteriym leprae,

disease of respira
h the environme

Tuberculosis js 4

comes in contact wit tory transmission. A person gets infected when he

Nt contaminated with viable tubercle bacilli. These

sufficient extent, a
lymphocytes, Tubercles (
at the site of infection.

n antigen-antibody interaction is
Ghon foci) are then formed due to

phages containing
active bacilli. The released microorganisms from the foci are circulated through lymph and

blood to different parts of the body and infect (i) reticuloendothelial system (e.g., liver,
spleen and lymph nodes), (ii) serosal surfaces and (iii) sites with high oxygen pressure
(e.g. apices of lungs, renal cortex and epiphyses of growing bones). Due to the multiplicatio_n
of microorganisms at these sites, numerous small foci develop throughout the body. This

type of wide-spread infection is known as ‘miliary tuberculosis’.

In some patients, the formation of Ghon foci leads to temporary suppression of the
infection Microorganisms may still be present in the foci. During coughing, the caseous
Material containing live microorganisms is expelled out leaving cavities in the lungs.

(6.1)



S ——— Anti-tubercura, ]
6.2 A

MedIcinal chemistry-lll
Medicindl > —=———"-

These active bacilli may the ction of his alimentary tract, or

) swallowed by the same patient resuiting tion of his trachea larynx or broy,

. healthy adult resulting in an infec ding and poor Persony

(i) inhaled by a hea'thy & +ions of overcrowdii's o

Such cases are more possible in the condtions { tracheobronchial tree respond fgiy, :

uc : and trac : .

public hygiene. Infections of oroph.arynx,' lar}"’_”‘ ointestinl tract, urinary tract o "/frn;,-.
to anti-tuberculosis therapy while infections in gastr

nodes respond partially to the drug-treatment. e course 0 ¢ the disease, Heﬂcer .

Tubercles are formed in the infected organs during gh, tachycardia, cyanogs, ¢

e : cou .
disease is known as 'tuberculosis’. The main symptolms i”: sease is known as:
respiratory failure. Depending upon the site of infection,the

(i) pulmonary tuberculosis (respiratory tract),
(i) genitourinary tuberculosis (genitourinary tract),
~ (i) tuberculous meningitis (nervous system), and

(iv) .mthary.tubercu!osas (a w:de‘ fpread mfectlon) iment of tuberculosis EffOrts

A wide variety of drugs are clinically available for the treatm T )
began in 1938 when sulfanilamide and dapsone did not satisfy the clinical requirements 9f
antituberculosis therapy. The major breakthrough was given by Waksman and hjs
co-workers by the introduction of streptomycin in 1944. This was followed by the
introduction of p-amino salicylic acid, isoniazid, ethambutol and rifampin.

Chemotherapy of tuberculosis faced some special problems because of slow growth rate
of mycobacteria and their intracellular location. Since, the disease is chronic by jts nature,
the therapy needs to be continued for atleast about 1 - 2 years in most of the cases. In such
a chronic treatment, i_f c_)nly single drug is used, the risk of development of drug-resistant
strains of !vlycobaciéerra Is always high. This is coupled with the risk of drug toxicity due to
high doses of a single drug needed. The obvious solution to this problem IS to use
combination therapy. When two or more effective drugs are used in co bination, reci
will not develop. However drugs with similar toxicoloai | les o nation, resistance
together. ' cgical profiles should net be used

n either be: '
Iting into infe

isoniazid and rifampin. The choice is depend
related factors, Pendent upon the type of

For the sake of clinical conven;
| nience, these drugs i '
(i) First-line agents: et e
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The above scheme cl

S ﬁu..q_e:,a__
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Anti-tubercular Agents

» , : king Into
ccount efficacy, organie assification of antituberculosis agents 15 ‘made by taxing
a Tab'm Susceptibility and spectrum of adverse reactions of the drug.
s "“hzl»:.lf_g““__'{ally use;l _anti-tubercul_o_sis ageflt_i___ e
Drug adminls:r::;o Plasma Plasma Principal | Prominan +
N1 protein half-life metabolites ‘ adverse effects |
() Firstlineagents; ———L-Pound (%) | howy | | J{
1. Isoniazid orally _ ]
parenteral Nil 1-15 | Acetylisoniazid, | Hepatitis, |
y isonicotinic acid | peripheral |
and its glycine \' neuropathy and |
conjugate, | hypersensitivity |
isonicotinyl ‘ 1
hydrazones, and |
o Streptomycin iAo —— N-methylisoniazid
. plomy ntramuscularly | 50 g 5-7  |Nilmetabolism | Ototoxicity and |
| intrathecally x yend |
3. Ethambutol orally 2030 | nephrotoxicity |
- 3-4 An aldehyde and | Optic neuritis and |
dicarboxylic acid | hypersensitivity |
R derivative \ |
. Rifampin ll
: P orally 90 35-40 |25-0-desacetyl- | Hepatitis, faver, |
rifamycin and thrombo- '1
— . _ 3-formyl-rifamycin | cytopenia
(Il) Second-line agents: \
1. p-{!\mmo salicylic | orally 60 1.0 N-Acetyl derivative | Gl-intolerance, |
acid hepatotoxicity, |
nypersensitivity, |
fluid retention |
2. Kanamycin intramuscularly 1-3 2.5 Nil metabolism Ototoxicity and |
nephrotoxicity |
3. Ethionamide orally 10 1-15 | Carbomoyl, Glintolerance, |
: thiocarbomoyl and | hepatotoxicity |
5-oxocarbomoyl | and ]_
derivative hypersensitivity
4. Pyrazinamide orally 50 - 60 9-10 |Pyrazinoicacid | Hepatotoxicity
: and 5-hydroxy- and
‘ . . . . .
| pyrazinoic acid hyperuricemia
e . - = i lism | Rash, seizures,
{5. Cycloserine orally Minor metabolis nd peychoses
: . - - Minor metabolism | Ototoxicity and
6. Capreomycin intramuscularly nephrotoxity
Sy 15 . ; = - Minor metabolism | Ototoxicity and
7. Viomycin intramuscularly nephrotoxicity
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A
[6.2 FIRST-LINE AGENTS ' %
(a) Streptomyecin: | \l
ntibiotics which are hay
cobacterium tuberculog. ;\\g
A

Amikacin, kanamycin and streptomycin are aminoglycoside a
in-vitro bactericidal and in-vivo bacteriostatic activity against My
these agents exhibit more or less similar pharmacological and ™ , :
Streptomycin reported in 1944, was the first clinically effective antl-tut?ercuIOSI_s agent, |,
introduction radically changed the handling and prognosis of patients \.N‘Ith th.ese dlse.ases_
is administered by LM. route and occasionally by intrathecal route. Initially, 1t was givgy, i
large doses. The development of drug-resistant strains and incidences of s‘eve're aqVErge

presently, it.is given in .
tment of tubercu;OUS

d toxicological Properg

—
—

effects then aroused the awareness about its dose-calculations.
the trea
ess the disease but o,

combination with other drugs. It is a more preferred agent in
meningitis than that of pulmonary tuberculosis. It helps to sUppre Jisease
not help to eradicate it. This preventive action may result due to its inventory N on the

sias in patients. Its potentia| 4
f the treatment. Streptomyci,

bacterial protein synthesis.
velops to kanamycin the,

It may cause nephrotoxicity, ototoxicity and blood dyscra

cause these adverse effects is related to dose and duration O
resistant strains are usually treated with kanamycin. If resistance de

viomycin may be tried.
(b) Isoniazid: _ o
Introduced in 1952, isoniazid is an extremely effective and sgfe O = C — NHNH,
antimycobacterial agent. Chemically it is a hydrazide of isonicotinic =
acid. It exhibits bacteriostatic action on the resting bacilli. Though iFs &
single agent therapy is approved, rifampin-isoniazid combination Is N
Isoniazid

the most favoured anti-tuberculosis therapy.
It is an orally active agent and its oral absorption is reduced by the presence of food and

antacids. It does not bind to plasma proteins. It has a plasma half-life of 1-1.5 hours. It is well
distributed to different body tissues and fluids including cerebrospinal fluid. Because of its
wide-spread distribution in the body, it is equally effective against all types of tuberculosis. It
undergoes significant first pass hepatic metabolism. The principal metabolites include
acetylisoniazid, isonicotinic acid and its glycine conjugate, isonicotinyl hydrazones and
N-methyl-isoniazid. They are excreted in the urine alongwith 10 - 25% dose in unchanged

form.
Mechanism of Action:

Isoniazid inhibits mycolase synthetase, an enzyme necessary for the biosynthesis of
mycolic acids. The latter are the important constituents of mycobacterial cell-wall. Since,
mycolic acids are present only in mycobacteria, isoniazid exhibits such a high degree of anti-

mycobacterial action.
Because of its ability to complex essential metals such as copper or iron present in
me systems requiring pyridoxal
d

mycobacterial enzyme, it interferes with various enzy
vhosphate as a cofactor. This results in changes in the m ' inid :

e etabolism o n
-arbohydrates. Nucleic acid synthesis is also affected. f Ipids, protéins 2
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adverse Effects:

most of the isoniazid |,

Nder
stter depends on the transfe, ngsthEtabOIism by N-acetylation process in the liver. The
yi'group from coenzyme A by an N-acetyl-transferase.

since the rate of acetylation

acetylatorvs and rapid acetylat;;rsuTder genetic control, patients may be categorised as slow

resulting into more prolongeg .|n slow acetylators, the rate of isoniazid metabolism is slow

slow acetylators are more sys Plasma levels of isoniazid than in rapid acetylators. Hence
ceptible to the adverse effects than do rapid acetylator;. |

The most common ad
vers S
& effects of isoniazid include dryness of mouth, epigastric

distress, allergic reactions, per;
. + Peripher it o =
.nd hepatotoxicity. Pheral neuritis, mental abnormalities, methaemoglobinemia,

The most significant
a N
hyd cazine, a toxic metab::i:erse l'eactlo'n is hepatotoxicity that may -arise due to acetyl-
weakness, anorexia, fever aithoflacewllsomazid. It is characterized by fatigue, malaise,
. ! ralgias ; . . .
Transaminase (SGOT) level, g and increased Serum Glutamic-Oxaloacetic acid

acetT:‘aet ;riu; ?tS::JC;TIY sPECIfICa.lly is seen in malnourished patients, chronic alcoholics or slow
¥ y vally ch‘.urs in the form of peripheral neuritis which is characterized by
numbnejss and tingling in lower extremities and paresthesias in the hands and fingers.
A supplimentary dose of pyridoxal phosphate (vitamin Bg) of 10 mg daily (for 50-100 mg

isoniazid dose) corrects the neurotoxic effects of isoniazid.

(c) Ethambutol:

It is an orally effective bacteriostatic
. : _ CH,OH CH,OH
agent active against most strains of M. | .4 ‘
tuberculosis, M. kansas and M. marinum. CgHs — CH ~ NH - CH - CHp — NH = CH = Cfis.
Ethambutol

However, M. avium and M. intracellulare are

usually resistant to its action.

t is ethylene diamino-di-1-butanol. Activity is stereospecific. Dextro isomer is
cterium activity. Upon oral administration, it is well
sues and fluids except cerebrospinal fluid. Because of
he function of slow drug releasing depots.

" Chemically i
having the maximum antimycoba

distributed in most of the body tis

drug-retention. ability, erythrocytes may serve t
About 20 - 30% administered dose is bound to the plasma-proteins. It has a plasma half-life

of about 3 - 4 hours. Major metabolites include an aldehyde and a dicarboxylic acid
derivative which are excreted in the urine alongwith about 70% dose in unchanged form.
SAR studies indicated that the nature of branching, distance between two nitrogen and

extent of N-alkylation aré the activity governing factors.

out its mechanism of action. It pr -
ng as an antimetabolite. Its complex forming ability |

ostatic activity.

Little is known ab obably interferes in the synthesis of
s also

proteins and nucleic acids by acti
a contributing factor to its bacteri
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Medicinal Chemistry-lil 6.6 - optic neuritis, headacy, %,
part dizziness, c°nf' d_’u._

. mina| .
Adverse effects include nausea, vomiting, ab_d_o ruritus, joint paims FrEeEE Sy
fever, malaise, diminished visual activity, dermatitis, P nancy and in childre, by J

; in preg
. . T indicated in P 0,
hallucination and peripheral neuritis. It is contrain nts is necessary: '

. hly eye-examination of patie ‘
13 years of age. Monthly ey ton therapy wit

It is the most favoured drug used in comb!lJ g
against streptomycin-resistant strains of tubercle bacilll.

h rifampin or is°”ia
i

|

(d) Rifampin: 4o of rifamycin B, a macrc;c _
It is an orally active bactericidal semi-synthetic deerfaf;V:bsorPtion is impaired i, m‘
antibiotic produced by Streptomyces mediterranei. Its O-buted to almost every body tiSSuE
presence of food and p-amino salicylic acid. It is weg d:s;rl istered dose is bound to b
and fluid including cerebrospinal fluid. About 90% 2 mThe principal metabolites inclyg,
plasma-proteins. It has a plasma half-life of 3.5 - 4'-0 }-!ours.- ), They are excreted in the Urin\
25 desacetylrifamycin (active) and 3-formylrifamycin ('”ad“;(y' dose appears in the faece
alongwith 7-10% dose in unchanged form. About 60-657% _ g
through the bile circulation.
Mechanism of Action: | NA synthesis. Rif
. s . Rifamp;
DNA - dependent - RNA polymerase is an enzyme ngcessary forlR my hipiint inampm
acts on B-subunit of this enzyme resulting into formation of Ftab e complex. ¢ aft tum,
causes inhibition of bacterial RNA synthesis. However, mammalian enzymes are not affecteg

by this drug.

Adverse effects include nausea, vomiting, headache, erythema, nervousness, restlessness
emotional disturbances, tremors, pulmonary edema, hyperglycemia, hypokalemia, Increaseq
- cardiac output and cardiac arrythmias.

Rifampin is a first-line agent. Since bacterial resistance develops rapidly if rifampin is
taken alone, its combination Wwith either isoniazid or ethambutol are preferably used.
However, combined use of isoniazid and rifampin may increase the risk of hepatotoxicity.

/6.3 SECOND-LINE AGENTS

mycobacterial activity,

Ethionamide was synthesizeq in 1956 with
aim to improve further antimycoba ol

. Cterj .
the thioureas and thiosemicarbazg al activity of

nes, - .
is 2-ethylthioisonicotinamide. " iSSaChemncaH. it P
analoge of isoniazid. thioamige N\ ’
N Csz \N o
37

Prothionamide
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. ora”y eff . 6 - ?--‘\..'\
it is an ective X4 .
agent, H Anti-tubercular Agents ?::{.

e form of enteric-co_:_,ted OWEVer t -
) C oOm H voon
juding cerebrospinal fi,jg az:)“'eS. It is well Cli?sltm'bze mucosal irritation, it is usually given
. It has a plas . >trbuted to various b ' [

Protelr:bomoyl ang S-(Ta half-life of 1. 1% administered dose is boﬁ?\)c/j t‘tssufrfeandl o,

tioc‘? : XOCarbOmoyl -2 hours, Principal metabolites i bomor]

e 'n unchanged form, analogs whict i Z abolites include carbomoyl,
excreted in the urine alongwith < 1%

ochanism of Action:

(i) It may interfere in pe
incorporation of sy|f

in
inC

ptide Synthesis

by acti , .
M-Containing am; Y acting as antimetabolite and inhibiting the

v) It may form a substitye o
dependent systems, d isonicotinic acig derivative that may interfere with NAD-

+ Vomiti o _
sth “9' anorexia, diarrhoea, headache, skin rashes,

’ e .
nia, olfactory disturbances, restlessness, tremors,

. " . . - * B i [ i [ .
acetylatlon oT Isoniazid by acting as altern:tc' i iy
Ive substrate for acetylation

It is used in combination with
. other anti i |
pulmonary tuberculosis resistant to isoniazi::i T ot I the S &

(b) p-Amino Salicylic Acid:

'Because B _'ts sour tasFe and irritant properties, this drug is mainly used in the form of its
sodium, p.otassr.um or calcium salts. In the salt form, it is more water-soluble and less irritant
0 gastromtestlnal mucosa. Moreover, aluminium hydroxide is usually included in its
formulation to further reduce GIT-irritation caused by the drug. It is also available in the
form of its phenyl and benzoyl esters.

It is an orally active and is widely distributed in various body tissues and fluids. About
60% administered dose is bound to the plasma-proteins. It has a plasma half-life of

10 hour. The principal metabolites include acetylated derivative, free and acetylated p-
roxy benzoic acid which are excreted in the urine alongwith

amino salicyluric and 2, 4-dihyd
orm. Probenecid prolongs its duration of action by inhibiting

about 40% dose in unchanged f
s tubular excretion.

Adverse effects include nausea, abdominal dis
ukopenia, agranulocytosis, thrombocytopenia, he
(ystalluria may develop due to poor solubility of free drug .ar‘md
Uiine. In children, it develops acidosis because of its strongly acidic |jlature. | |

Its structural similarity with PABA suggests its possible -role in folate biosynthesis. It

i ' [ ' [ ly certain
Merferes wj ¢ of one carbon unit It however is effective against only -
G s isoniazid metabolism by competing for hepatic

Mcobacteria. L ‘onamide, it inhibit
eria. amide, 1t _ N
“Wymes invilv'—e”c;eir:e ti::c'aon?azid acetylation. Hence: + elevates the serum isoniazid level when

tress, diarrhoea, anorexia, eosinophilia,

molytic anemia and allergic reactions.
its metabolites in acidic
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ly administered. It also delays |
concomittantly s _

streptomycin and isoniazid. ' .
zinamide: , . of low i

oy pyrazine analog of nicotinamide. It :moanirsl;gmultiple NN~y

potency and constitutes part of shor.t term (.SIX oo, Almost all E\ j

drug therapy alongwith streptomym.n and ison e decrease .

structural modifications of pyrazinamide resulted in B i

in the activity.

ini ose is bound to the Plag,.
Itis an orally effective agent. About 50 - 60% administered d m

incir tabolites include PYrazi.
proteins. It has a plasma half-life of 9 - 10 hours.. Pnnclpa:nf:ealongwith 4 - 14% doszci!
acid and § hydroxypyrazinoic acid. They appear in the ur
unchanged form, | |
Ad\'irse effects include Nausea, vomiting, urinary retention, anorzxna, ;dt);sillz ;E:g rag
fever, malaise, arthralgias, jaundice, hepatic necrosis and de.crease ur y n. T,
Pyrazinoic acid metabolites decrease the renal tubular excretion of- u-rate and may '”dyc|
hyperuricemia and acute gouty arthritis. The concomittant administration of P-amin

salicylic acid was fourig to prevent or delay the appearance of hyperuricemia. The drug

(d) Thiacetazone (Amithiozone):
Based upon some éncouraging resylts with

HzN"—'C'-'S H
sulphonamides and sulphones, Domagk ang co- | |
workers designed this drug in 1948, ¢ was found HN\ /CQ NHCOCH,
to be effective in tuberculous  laryngitis and N ‘
enteritis but not in acute miliary or meningea| .
Thia
tuberculosis, *elazone

Chemically, it is a thiosemicarbazone. Because of

heterocyclic sulphonamides, it may have sulphonamige Ii::(l;easttir;:tulral SiMilarity with

complex that interferes with the biochemical carriers for Opper in MyCc;ba Ofms 2 copper
It is orally effective and is excreted primarily in the urine, A Verse off Ctetrla.

romiting, skin rashes, leukopenia, hemolytic anemia, thn::mbocytopeniaer:ts Nclude Nausea,

i e Totoxicity and

It is now rarely used to treat pulmonary tuberculos;s and ¢

. . : . e
owever effective in delaying the emergence of IsOniazig resistang t

Qi 'E‘pr _
inati i Osy. It is
50 be used in some combination regimens for leprosy. The drug +  Percl baw Y

S Qi
d then;

* 50 mg which may then gradually be increased t0 300 mg ap
onths.
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reptomycin and isoniazid.

c) Pyrazinamide: 5
< It is @ ovrazine analog of nicotinamide. It is 3 drug of low I
a , S » ths) multiple N~_-C —NH,
yatency and constitutes part of short term (six mont ” z ,
- ) ) . . ® - -.. 1 |
grug therapy alongwith streptomycin and isoniazid. Almost 2 “
n the decrease N

+ural modifications of pyrazinamide resulted |
Pyrazinamide

| -ally effective agent. About 50 - 60% agministered dose is bound to the plasme.
proteins. 1 has 2 piasma half-life of 9 - 10 hours. Principal metabolites include pyrazinoi
o - | . | . r .

the urine alongwith 4 - 14% dose i~

Aac'-.c' and 5 hydroxypyrazinoic acid. They appear in

unchanged form. | |
adverse effects include nausea, vomiting, urinary retention, anorexia, dysuria, drug rash

hralgias, jaundice, hepatic necrosis and decreased urate excretion. The
ites decrease the renal tubular excretion of urate and may induce

arthritis. The concomittant administration of p-amin?
ia. The drug s

fever, malaise, ant
pyrazinoic acid metabol

h\.pemricemia and acute gouty
calicylic acid was found to prevent or delay the appearance of hyperuricem

sraindicated in patients with gouty conditions or hepatic dysfunction.

+s mechanism of action is still unclear. It acts probably by suppressing bacterial prote/
synthesis. Pyrazinamide is reserved mainly for the treatment of resistant strains of tuberci
pacilli, where it is used alongwith isoniazid.

con

(d) Thiacetazone (Amithiozone):

Based upon some encouraging results with HN—C=S H
sulphonamides and sulphones, Domagk and co- | |

workers designed this drug in 1948. It was found HN C‘@‘ NHCOCH:
N

t0 bg effective in tuberculous laryngitis and
enteritis but not in acute miliary or meningeal
tuberculosis.

Thiacetazone

Chemically, it i : .
heterocyclic :ui;;:\ol:aniidte:m?f rnlcarb:zone' Because of the structural similarity wit
: « It may have sulphonamide i . of
mpl : . amide i
complex that interferes with the biochemical carriers for c0ppI:: action. It forms a CoPf

I‘t 'is orali‘y effective and is excreted primarily in the uri
vomiting, skin rashes, leukopenia, hemolytic anemia. th rine. Ad
renal damage. . thrombo

in Mycobacteria.
2

verse effects include nausé 4
cytopenia, hepatotoxicity °

It is now rarely used to treat pulmon |

N ) ary tuberculosis : "

however effeFt:ve in delayapg the emergence of isoniazid rez?sct’ tuberculoid Iep'rQS)Ift- a2

also be used in some combination regimens for leprosy. The drua”_t tubercle baCl”I.'l Lo

of 50 mg which may then gradually be increased to 300 mg and tgh:esngi':en T- thedd:‘;:’m n
continue

months.
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0 (e) Cycloserlne. Anti-tubercular Agents

it is an analog of D-a|an;
. T ne h .
hibits t} aving br
pofile. It inhit '€ grow Oad spectr ST
ative bacteria, th of some grag_pog?i‘vea'::;llcrobnal
gram-  H,N —HC——CH,

It is obtained from §
treptomyces orchidaceys Chemically itis D - 4
. itis D -

_amino - 3 - isoxazolidone It is o C o]
' - ra|ly effectiy - V4
e drug. 1 i
g. It is widely 0 \'/

gistribu 10Us body tissues ang fl,igs includi b
, ing cerebrospinal

d. It is excreted i i
fluid. I In the form of its Metabolites and 509 unchanged H
_ (¢}

drug in the urine.
Cycloserine

. Adverse effects include head _
¢ | depression, confusion, tremors and ache, visual disturbances, nervousness, irritability,
g, (100 Mg three times g day) redUcersl?i/choses. Th.e.concomittant administration of vitamin
| Because of structural similarity Wi:‘h”euroto'mcuty. |
cross-linking dipeptide which IS necessa -D'alanlne, cycloserine prevents the synthesis of
‘ Cycloserine is now rarely used in th ry in the formation of bacterial cell-wall.
‘ { rreatment and long-term SUPpressi;nt; treatment of tuberculosis. It is however used in the
(f) Capreomycin and Viomycin: T o
! T
) Both these antibiotics are strongly basic peptides having close structural resemblance.
Capreomycin-is produced by Streptomyces capreolus while viomycin is produced by Strepto-
myces pumiceus. Both share similar pharmacological and toxicological properties.
Capreomycin Is more potent but less toxic antimycobacterial agent than viomycin. The crude
capreomycin is a mixture of four cyclic polypeptides, IA, I8, iA and 1IB. The clinically used
drug consists mainly IA and IB. |
Like all other polypeptide antibiotics, these agents are given parenterally. Injections of
| these drugs are painful. Adverse effects include skin rashes, drug fever, blood dyscrasias,
ototoxicity, nephrotoxicity and severe pain at the site of injection. Nephrotoxicity is
characterized by pyuria, proteinurea, hematuria, nitrogen retention, and electrolyte

disturbances. Viomycin is rarely indicated in children.
Both these agents act by binding to both 30 S and 50 S ribosomal subunits resulting into

inhibition of bacterial protein synthesis.
Capreomycin is mainly used in combination with ethionamide or ethambutol against
Streptomycin resistant strains of M. tuberculosis. Sometimes isoniazid or amino salicylic acid

may also be used in the combination with capreomycin.

6.4 ANTI.-TUBERGULAR ANTIBIOTICS

(i) Rifampicin L : RS -
It is an orally active bactericidal semi-synthetic derivative of rifamycin B, a macrocy:]lc
TR ' 3 tion is impaired in the

antibiotic d by Streptomyces mediterrane. Its o.rall absorp |

e gy $ licylic acid. It is well distributed to almost every body tissue

Presence of food and p-amino sa ut _
and fluid includin cgrebros;pinal fluid. About 90% administered dose Is bognd to the
y half-life of 3.5 - 4.0 hours. The principal metabolites mclqde

. They are excreted in the urine

géasma-proteins. A plasmad 3-f Irifamycin (inactive)
desa ' in (active) and 3-tormy '
aIO”QWiEEt);lillfgg/:yggs(e in unchanged form. About 60-65% dose appears In the faeces

thrnz.f-'- Y O - S ‘-:-rll"_'!*inn
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%
Mechanism of Action:

DNA - dependent - RNA polymerase is an enzyme necessary for RNA Synthesis._ Rifampy,
acts on B-subunit of this enzyme resulting into formation of stable complex. This i, ty

. r
causes inhibition of bacterial RNA synthesis. However, mammalian enzymes are not affecte,

by this drug.
Adverse effects include nausea, vomiting, headache, erythema, NervOUsNess, restlesgpe,

emotional disturbances, tremors, pulmonary edema, hyperglycemia, hypokalemia, increag,
cardiac output and cardiac arrythmias.

Rifampin is a first-line agent. Since bacterial resistance develops rapidly if rifampiq
taken alone, its combination with either isoniazid or ethambutol are preferably use
However, combined use of isoniazid and rifampin may increase the risk of hepatotoxicity.
(ii) Rifabutin (1992):

Rifabutin is a bactericidal antibiotic drug used to treat tuberculosis in tho'se who can
tolerate rifampin. For active tuberculosis it is used with other antimyc_:obacternal mgdication
It is used as first line treatment for latent (drug-resistant) tuberculosis. Common side effec
include nausea, abdominal pain, headache, muscle pain and low blood neutrophil levels.
(iii) Cycloserine:

It has already been discussed on page 6.9.

(iv) Streptomycine:

It has already been discussed in chapter 1 under aminoglycosides, page no. 1.23.
(v) Capreomycin sulphate:

It has already been discussed on page 6.10.

Synthesis

(i) Isoniazid:
CH,

CN CONH, CONHNt
Z ]+ e, V,05/ CrO, / ALO; Z | Ag.NaOH & NH,NH,, H,0 &
X Air oxidation X Reflux "
N N N

x
. . N
4-Methyl pyridine 4-Cyano pyridine Isoniazid
(ii) Para amino salicylic acid:
NO, NH, NH
Pd - [H)

K,CO,, CO,

-_—
—
OH H,0 HCI " under pressure

OH

. COOH
m-a
minophenol P-amino salicylic acid

m-nitrophenol

__-—-"""

e s
ot
.
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Mechanism of Action:

sary for RNA synthesis, Rifap,..

. Pin

S . ‘

2se is an enzyme nece f stable complex. This in ty,
lymer

DNA - dependent - RNA po

to formation

. lting in a
acts on B-subunit of this enzyme resu g mamm

. ever,

Causes inhibition of bacterial RNA synthesis. HOW

by this drug. 00 headache, eryt
Adverse effects include nausea, vomiting, he hyperg

emotional disturbances, tremors, pulmonary edema, ) P .

cardiac output and cardiac arrythmias. _ istance develops rapidly if rifampjn is
Rifampin is a first-line agent. Since bacterial r.eSIS a thambutol are prefer ably Useq,

taken along, its combination with either isoniazid or e

. - risk of hepatotoxicity,
However, combined use of isoniazid and rifampin may increase the
(ii) Rifabutin (1992):

n,
lian enzymes are not aﬁected

hema, NErVOUSNESs, resﬂesmess
lycemia, hypokalemia, iNCreageg

is in those who can hot
Rifabutin is 5 bactericidal antibiotic drug used to treat tuberC_UIOSIS tlygcterial medication,
tolerate rifampin. For active tuberculosis it is used with other antimyco -

Itis used a fir tfor latent (drug-resistant) tuberculosis. Common side effects

! st line treatmen i level
'nclude nauseq, abdominal pain, headache, muscle pain and low blood neutrophil levels,

(iii) Cycloserine:

It has alread

y been discussed on page 6.9,
(iv) Streptomycine: ‘

It has already been discussed in chapter 1 under aminoglycosides, Page no. 1,23,
(v) Capreomycin sulphate:

It has already been discussed on page 6.10.

Synthesis
(i) Isoniazid:
CH, CN CON,
V20s/CrOs 1A0; ) Aq.Naow A : CONHNH
~ J + wrp 20 B0, | Refiix >| || Naw, H,0 2
= Air oxidation \N \N ==
N
idi 4-Cyano pyridine AL ,
4-Methyl pyridine "
(ii) Para amino salicylic acid: SOniagi
NH,
NO, N, ’
Pd - [H] K2CO,, co,
g ——2 0
H20 HCI OH Uﬂderpressme |
A OH
m-aMinophenol P-amip, sca|oioH
m-nitrophenol ' Yl
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URIN
ARY TRACT ANTL.INFECTIVE

AGENTS
— \

7.1 INTRODUCTION ¢+ SYNOPS|S ,
—_— _ 7.2 QUINOLONES ANTIBIOTICS
7.4 INTRODUCTION ——————
— \\
Many drugs are used to cop .
trol urina . : . L
develop concentration in urinary bia ry tract infections mainly because of their ability to

rganisms. Examples  inc| dder, adequate to inhibit the growth of infective
org . . > Nt ude nitrofurantoin, nalidixic acid, oxolinic acid, resoxacin,
sorfloxacin,  cinoxacin  an

. rofloxacin. amif] _ d methenamine. Several other four-quinolones, such as
-iprotioxacin, amitioxacin, enoxacin etc, are under clinical investigations.

(a) Nltl:ofurantoin: It is an orally active nitrofuran antibacterial agent effective against
arious strains of E. coli, Klebsiella, Proteys species and S. faecalis. Chemically it is N-(5-nitro-
-furfurylidine) - 1 - aminohydantoin.

The antibacterial activity is due to the presence of 5-nitro group which helps to generate
1e superoxide and other toxic oxygen compound by undergoing conversion to nitro anion.
1e latter undergoes interaction with molecular oxygen leading to formation of superoxide
1d the original nitro group. The former interferes with the carbohydrate metabolism in
icteria. It does not affect the functioning of human cell because of its low serum
)ncentration and rapid rate of drug metabolism in liver. Antibacterial activity can be
ytentiated in acid pH range. Alkalinization of urine enhances the rate of excretion in urine
d also lowers down its antibacterial efficacy. It is a bacteriostatic in low concentrations
ile exerts bactericidal effect at higher concentrations.

It exhibits antibacterial activity against most of the organisms that cause lower urinary
ictinfections. It may also be used to prevent recurrences of these infections. It may also be
ed to prevent bacteriuria after prostatectomy. Resistance in bacteria may develop during
2 treatment. This may be because of formation of nitroso and hydroxyamine metabolites
lich act as mutagens. It is contraindicated in children of below one month of age and in
tients with pregnancy or renal dysfunction.

(7.1)
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Table 7.1: Drugs used in the treatment of urinary ns\ |

able /7.1.
’ COOH '

H
i H,C N fil

07___
O:N :0: CH= N— N\AO CZHS

. Nalidixic acid

7.2

Nitrofurantoin
(@]
COOH

< ’ COOH < ) L

"
C.H
C,Hs | 2Hs
Oxolinic acid Cinoxacin
0
F I COOH
Sy
|
N C,Hs
Norfloxacin
("JHOH
COOH
Mandelic acid

bacteria and < '
“0me shigellae. Hence, it js use .
!

urinary tract infectiong cau
> Caused by
DNA - er_asg €nzyme that js res};mlr’]sti?)e above
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About 93 - 97% of adminis 7.3 .
o of 8 hours. Active h tereq rinary Tract Antl-Infective Agents

.f o .
A . ydr Jose s b
riné alongwith 2 . 30, Oxynalldixic aci ound to the plasma-proteins. It has a plasma-

unc and n;e‘ab()lite is excreted as conjugated form in
ged form. About 4 - 5% dose also appears

h
t':fch‘.,nged in the faeces, ¢ Qose jp

dverse effects include gy,
nsitivity, headache, Vertigo e3, Vomiting,

: abdomi : " . i -
sZ”ucinationS, hemolytic anem; dizziness dominal pain, urticaria, eosinophilia, photo-
13, | '

h e weakness, drowsiness, visual disturbances
", ¢ants under 3 mon ukopeni : ,
'”,mf ficiently ths of age becayse 0? anq fhrombocytoper_ﬁa. It should not be used
aC'd e ' their inability to metabolize or excrete nalidixic

1t may also be useful in the t
.. reatment .
cinoxacin Is an orally active an of mild to moderate forms of gastroenteritis.

- tib ' . »
scid: About 63% of administered g acterial agent having structural similarity with nalidixic
ife of 1.5 hours. About 60% dose ase N bof’nd to the plasma proteins. It has a plasma-half-
Jose as inactive metabolites, PPears in urine in unchanged form alongwith 30 - 40%

oXolinic acid is yet anoth .
extensively metabolized in the Ii\e/r 4-qu|r.10|0ne having potent antibacterial activity. It is
er. Inactive metabolites in the form of glucuronides 2ppear

i the urine alongwith 5% dose in unchan :
o o
gmilar to those of nalidixic acid. ged form. Adverse effects and therapeutic uses aré

Table 7.2: Effective antibacterial quinolone derivatives

0 .
RenF# | | COOH
R Xy T
F"1
—
Name X R¢ Ry R,
L_ .
Nalidixic acid N H CH,CH; - —CH; - .
H—N N
. _ ) CH _ e
Enoxacin N F CH,CH; N\ /
L
H—N N
- CH,CHs - -
Pipemidic acid N H /
I B
— ///” Contd....
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H—N

CH CHJ
’ ’// H,C — N/\\N
| CH,CH3 \\/ h
Pefloxacin | CH
! ™
| | H—N N<
. | —
' Ciprofloxacin . CH ——
| | {1\

|

—
- Amifloxacin ! CH {
i | |
.I | ) : N
| Rosoxacin CH H ' _
| —\
i \ ’
| H.C —N N~
l - F 3
AM - 833 CH ; ' crich
CH,

Sparfloxacin —CF— F j B N\_<NH

I
l
J
I
l
1
|
l
I
|

Lomefloxacin

|

Fleroxacin

|
|
[
I

1 Tefloracin
]

\
-——..__—-*._—-__.--....—!




Gatiﬂoxacin &
—_— - Urlna
(AM-1155) “OCH, _ H“““;Wﬂsﬂug
F | o
CH, |
{/——\ T i wm
i |
F— |
! AM - 1174 I |
1 —
| F - N— |
!/-f CH:D g
| clinafloxacin — | NH,
[| ~—CCl— |
P F e
’ | | — | <] | - NG/ NH, |
sitafloxacin - ——— |
a — _—
| F . )
i |
pazufloxacin CH— : c—0 |
:CHa NH; ‘.
@UINOLONE ANTIBIOTICS _
HaC
\(\o ’/\ N - CHs /©
l N N\) NCD— NH,
HOOC F HOOC / F
I .
Trovafloxacl
(withdrawn due to hepatotoxlcny)

Levofloxacin
(s-enantiomer of ofloxacin)

nd norfloxacm are

(a) Ciprofloxacin an

antibacterial agents used in the treatment of urinary trac

member of same class but it is not used in the treatment of urinary tract in
enicillin- _resistant strains and IS preferred int

extremely effective against P
gonorrhoea.

orally active quinolone
acm is the

he treatment of
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(b) Nadifloxacin: It is a topical fluorod

skin infectio
ns. 0 COOH

F | |

N N
HO CHs : ial agent useq :
antlbacterl ed iy

inoloné .
(€) Enoxacin: It is an oral broad-spectrum fluorogu! It s active aga:nst many gram.
the treatment of urinary tract infections and gonorrhea- omerase 1v. The inhibition of
o ) ) . 0 . .
Positive bacteria, It inhibits bacterial DNA gyrase and t'gtion repair and recombination,

th - .
©5€ enzymes prevent bacterial DNA replication, transcr icularly  gastroenteriti
Enoxacin can pe used ariety of infections: partl . " '

sed to treat a v y tections. [nsomnaia 15 a commop

respi : . . i
Piratory tract infections, gonorrhea and urinary tract in

adverse effect. '
f 50% levofloxacin (the

(d) Ofloxacin: I T i ists O
: It occurs as a racemic mixture, which cons i
@ d in 1980, ofloxacin s

:'OIOQ_iCa”y active isomer) and 50% of dextrofloxacin. First reported In .
sed in the treatment of a number of bacterial infections. Common side-effects include

fausea, vomiting, diarrhea, headache and insomnia.
- t(:) Lomefloxacin: Approved in 1989 for medical use, lomefloxacin is a fluoroquinolone

:r IOtIC' ‘used to treat bronchitis and urinary tract infections. It is associated with
Phototoxicity and CNS-related adverse effects.

(f) Sparfloxacin: Approved for medical use in 1993, sparfloxacin is indicated for treating
acute sinusitis," chronic bronchitis and community acquired pneumonia Phototoxicity and
Insomnia are the most common adverse effects. . , yan

(h) Gatifloxacin: It is an antibiotic of the fourth generation flygr
Approved for medical use in 1999, gatifloxacin is banned in Indjs in 2o
adverse side-effects. 0

(i) Moxifloxacin: Approved for medical use in 1999, it is an a
pneumonia, endocarditis, sinusitis, conjunctivitis and tuberculosig
intravascular route and as an eye drop.

quinolone family.
11 because of its

ntil?iotic Used to treat
Itis yseq by an ora|

SAR of Quinolones:

With the introduction of nalidixic acid (the first clinically yseq d
ru

series) : i
Pharmacophore led to introduction of ‘fluoroquinolones’ in 1975 Position C6 of th
O L] & . e
inial indication of nalidixic acid was a co
The narrow clinica NSquence of a

achieved after oral administration and (b

i ion
sue concentratio |
g o the Enterobacteriaceae.

) narrow, SPect 20" Serym and
restricted primarily t rum

, ars, the iti : :
in 1962, almost after 10 ye addition of 3 ﬂuorlne'at _"Om quinolone |
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. over 10,000 flygy,
ui

t comPOUnds
g, ' . havin 8 u
antlbaCte”al activity, im g brOad e SYNthae: finary Tract Antl-infective Agents
+h least advers Prove er ®sizeq
wit @ effects, Pharm. SPectrym t‘; . 9
Okj ¢]
. Net; f COOH
The important SAR tic profi) ‘0
POints I
() A cyclopropyl mo;e, to QUinolope - HyC 1\2. N 2
ool 1t Vi . Inc| .
ignifical activity againg; : Ude: C,Hs
Nalidixic acld

: J CiProfloyac:
confers increased activity , AM-nega floxacin ang
9ainst 3y, Sparfloxacin) at position 1 imparts

i) At POSitio a acteria. i
(i) N2 a hydr robes. Imilarly the 2, 4-difluoropheny! group

indrance to the binding in
ith pacterial DNA bases

Ogen

teraction, -y - Pt

o mal,

S of position 3 Any large moiety may create a steric
and 4 (i.e. carboxylic acid and oxygen)

iorofloxacin
(cipro ) and excellent 6 leads to broader spectrum of activi
(ofloxacin). i B

: v .Attaching a five or a six-membered pj
a;s;?;;:'fz)licaﬁtnzoinltggj led to potent i:i;:ﬁ?ﬁ n hetero cycle (like aminopyr rolidines or
whereas piperazine moie}; yts;ds to. confer better (ajc;:)ttil\m;n;::izrsr:acokinetic.f_eatures. The
(vii) The replacement of ;S :'mpr-o.ve activity agai“St9fam-negg;:::gg§2\r,;- e
-CCl (sparﬂoxacin) or by -COCH; mpoc?jt:o,r; d8 by -CH (CFproﬂoxacin), ~CF (lomefloxacin),
anaerobic bacteria. to marked improvements in activity against

Miscellaneous:

| (a) Methenaljrllne (Hexamine or hexamethylenetetramine): It is an orally active
urinary tract antiseptic agent used in the form of either mandelate or hippurate If
administered in the form of normal tablet, a considerable amount (about 10—30%)- of
methenamine decomposes in the stomach due to acidic pH. Hence, it is to be supplied in
the form of enteric coated tablet. In circulation it remains unmetabolized. In acidic urine of

pH = 5.5 or lower, it spontaneously decomposes 1o ammonia and formaldehyde. The latter
agent (alkylating agent) denatures bacterial protein a ecific antibacterial

nd acts as a non-sp
agent effective against both gram-positive and gram-negative bacteria. Acidic urine is must
for the liberation of formaldehyde, However, some bacteria (e.g., Proteus species) prevent

onia from urea. Hence methenamine is usually

normal urinary acidification by releasing amm rea. H he |
hippuric of ascorbic acid to impart acidic pH to the uriné.

of mandelic,

administered as a salt .

Beside this function, all these acids also exert antibacterial property
Adverse effects include nausea, stomach upset: epigastric distress, bladdc.er irrllt-ation, Skl.n
crystalluria and painful and frequent micturition. It 15

ra . .
sh, pruritus, albuminurea, .
C b5 ) L
Ontraindicated in renal msufﬂcnency'
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foctive ants-snff:’r.tiw, '\qt‘
roup at 5 position an

tf .

b _
in tfie)cruran derivatives: Nitrofurazone (Furacin) is the most ef
enami ass. The essential features of this class include @ nitro 9 e
Negroup at 2 position. The effective members of this class inc

ozm/[J\CH =N—R

H O
: | . R=—OH
1. Nitrofurazone; R= — N — g — NH, 2. Nifuroxime: R o

4. Nitrofurantoin:

3. Furazolidone; R = — N)I\O ' \_—é
/

(0

. ) . m of a 0.2% Crezn
First studied in 1 i i d topically In the for . PR
944, nitrofurazone is used top urgical dressings. It is high;

solution, ointment and powder on superficial wounds and for s oy
e . : ' m-po '
effective in the treatment of burns. It is effective against 2 wide variety of gram-p Sitive zn.

gram-negative bacteria and some protozoa. It lacks fungistatic properties.
The bactericidal action of these furan derivatives may be due to:
(i) cessation of cell-division due to the blockage of energy transfer processes,
(i) inhibition of bacterial respiratory enzymes.
Nitazoxanide: It is a nitrothiazolyl salicylamide derivative used as antiprotozoal agent
OCOCH, S NO,

(c) Aldehydes: Several aldehydes possess hactericidal, sporicidal iruci e
Following are some of the examples of effective anti-infective agents and virucidal activities

HCHO
Formaldehyde (CHzo)n
Paralormaldehyde
(CH N,
Methenami
4 C'i{ aming
T 0
HC 5 _-CH, ?l)
. H—
Trioxymethylene C— CH2 ~—CH %l)
a2 2™ CH2 S C — H
Glutaraldehyde




SR, -
e
g 2
A b e e T

IS use

Because cciafai:s? vapour or as a aqueous solution in the

antiseptic, He:;man-t rjatu.re and poor penetrability in the

00ms can b C?’_ it is widely used as 2 disinfectant for
@ sterilized by the use of formaldehyde gas.

Concentration range of 1 - 109,
jissues it can not be used as ap
rface sterilization. For example |

The mechal?ism of action involves ¢
atoms in amino, carboxyl, hydroxy oena.turation of proteins by the replacement of labile
ide also acts as anti-infective ageni Fbthlzl groups of component amino acids. Ethylene
[hloride to form ethylene glycol ang et}llq | e same mechanism. It reacts with water and
cause of its explosive nature, ethylen y Etne chlorohydrin. Both are active germicic{es.
o 3%. It is mainly used f f ox"de should not be used in the concentration
3bOY .~ and >ea for sterilization of plastic equipments it is mutagenic,
faranoger?lc ot CaU'Ses Irmtation to eyes and mucous membrane;s Glutaraldehyde
(Glutffa') is effective dialdehyde against almost all microorganisms wher{ its 2% aqueous
golution buffe.rerq at pH - 7.5 - 8.0 is employed. It has the broad spectrum antimicrobial and
sF,oricid&‘l aCt'V"f"-‘S- It s mainly used to sterilize equipments, surgical instruments and
qurfaces contaminated with hepatitis virus. Beside this, succinic dialdehyde is also sometimes

ysed as @ disinfectant.
- - —
Synthesis

() ciprofloxacin

co0C,

H
FKICOCI , 5 CHCl,4
+ ' —
CH TEA CH
F F l’l\l/ ’ F F l?l/ ? Cyclo-
propylamine
CH,

CH;
'  J

Amino acrylate _
0 0 o) 0
Kco; T 0C,Hs

F OC,Hs |
“DMF LN

F . N F | A

0

2,4, 5-trifluoro
benzoyl chloride

0

Il
F C —OH
Piperazine HCI
(\N N HCI . H,0
N A

Ciproﬂoxacln Hydrochloride
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(ii) Nitrofurantoin
A
A,

140°C / HCI 1 HzO
NH,CH,COOH + NH, CONH, N

NH,

4-aminohydantoin
I

O,N CH= l]l
:N\fo CH,COOH / Hz5%%s / €O <’

O »
Nitrofurantoin C .
O,N :O CHO

LD
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:1INTRODUCTION
ol

Viruses represent a separate and unique class of infectious agents. The smallest viruses

xssess @ diameter of not more than 20 mm while in the large viruses, diameter may go

spto 300 mm. The conﬁtitution of a virus is much more simple as compared to the bacteria.
yccording to Lwoff, an infectious agent:

1. possesses simple chemical composition.
2. lacks the metabolic enzyme machinery.
3. lacks the protein-synthesizing system.
<
5

. contains only one type of nucleic acid (i.e,, either DNA or RNA), and
. Possesses a host-cell dependent machinery of multiplication can be named as virus.

Unlike bacteria, viruses do not possess cell-wall. Viruses consist of one or more strands
of 2 linear or helical strands of either DNA or RNA enclosed in a shell of protein known as
the capsid. The capsid is composed of several sub-units known as capsomeres that decide
ie shape of the capsid. Though often be spherical, capsid may possess different shapes. In
@rtain cases, capsid may be surrounded by an outer protein or lipoprotein envelope. This
circling membrane may be called as an ‘envelope’.

Since  the biology of .viral replication is
pendent on the host cell metabolic machinery
€9, protein synthesis, various enzyme systems),
“nlike bacteria, viruses will not grow on the Emvelope
Wlrignt media. They can replicate only in the
(‘:ﬁl ;ell which may be a bacFeria, animalb?_r z:zrrl; Nucleic 40 Capsid
" "eNce, viruses are considered as oblig (Either DNA or RNA)
'.”“facellular parasites that utilize many of
S‘Oche,nica| machinery and products of host cell Fig. 8.1: Virus B
P SUstain their viability.

(8.1)
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o ies, poliomy
Viral diseases include, influenza, smallpox, raboles,
Psittacosis and lymphogranuloma venereum.

The viral replication may be outlined as under:
1. Adsorption:

e € he capsid firmly p;
The virion invades the host cell-membrane. The 'reacnve'snte's Z:Ctapsmaﬁed 5 hgst icr;(:I
with their complimentary sites on the host cell. The viral particle Is

Cytoplasm, forming a vacuole.
2. Uncoating:

elitis, yellow fever, ornithogi&

The genetic material o viral genome (DNA or RNA) passes int? the host-cell, |eavmg th.e
€apsid covering outside the host cell. Sometimes uncovering of viral genome occurs W'th'ﬁ
the host-cell. This step is referred to as penetration into host cell. Only‘the viral genome IS
infectious to the host cell and the capsid of the protein coat determines the‘sne of the
attacks of virus within the host. The viral genome is different from the host nucleic acids ang
hence it is infectious. Sometimes due to its proteineous nature, capsid contents may turn to
be antigenic to the host cell and initiates a number of immunological reactions to the host.
3. Synthesis of viral components:

Viral genome enters the cytoplasm or nucleoplasm and directs or utilises the host
nucleic acid machinery for the synthesis of new viral protein and the production of more

viral genome. Thus, it not only consumes the actual material for its own use from the host-
cell but also enjoys the services of the biochemical s

this material into the several proteinous subunits nee
4. Release of the virus:

ystems of the host to get incorporated
ded for its replication.

Viral nucleic acid and capsid protein materials are
host cell by the host-cell ribosomes. The m-RNA is syn
host cell machinery, however, fails to differentiate betw
large number of newly synthesized viral particles th
assembling into new virions. The latter are released fr

synthesized in different parts of the
thesized from the viral genome. The
&en viral and cell directed orders. The

(B) RNA viruses: This class includes, arboviruses Myxoviruses, picornaviruses 2
rhinoviruses.
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mf‘i[—//__ﬁ_ﬁ__:__—*——-———.*__ﬁia Antiviral Agents
4.2 DES IGN OF ANTIVIRAL AGENTS
[ Ly ———

o |

e . . . T )
“viral chemotherapy is stiil in the phase of in

eases.
viruses are essentially intracellular Parasites. Unlike bacteria

| gependent upon the €Nergy, proteins and enzymatic machine
| wave self contained biosynthetic machinery. Hence, the drug
. anjoy the advantage of selective attack on bacteria due to man
gfferences between the pathogen and the host cell. Since viruses literally take over the
metabolic machinery of the infected human cell, a close relationship exists between the
| nultiplying virus and the host cell. Virus replication is intimately dependent upon the host
!cell metabolism. This fact severely limits the usual opportunities to design antiviral agent

naving selective effect on the viral cell. Attempts to inhibit viral growth without damaging
' the host-cells became fruitless.

the viral replication is totally
ry of the host cell. Bacteria
in bacterial chemotherapy
y metabolic and molecular

When the host cell is infected by a virus, its presence is felt so late that extensive viral
'multiplication and tissue damage has been already occurred. The late diagnosis and
recognition of the disease state projects almost negligible chances for effective therapy. The
drugs become useless, even if they are made available.

The important key events in the viral replication are diagrammatically shown in the
| Fig. 8.2.
' ltis apparent that various steps involved in the viral replication could be successfully

futilized as the basis of designing antiviral agents. For example, the following sites in viral
replication offered promising points for the attack of antiviral agents.

1. Adsorption of virus on the host cell.
2. Penetration of virus in host cell, and
3. Synthesis of viral genetic material.

Amantadine hydrochloride inhibits viral penetration and prevents influenza while
Methisazone and idoxuridine inhibit viral DNA synthesis. Due to one or more reasons
g, narrow activity spectra or toxicity) not a single drug in th'is' area, gnjoyed clm{cal
Ppularity, The development of antiviral agent having selective tgmcnty to viral cells leaving
Ot cells unaffected still remains a dream for the medicinal chemists.

Antiviral agents have often been proved to be disappointing due to the following
_ Poblems in their development:
L lack of satisfactory experimental models.

use of wrong virus in the laboratory.

e ——————————

2
3. narrow spectrum of activity.

4. limitations on uses due to their toxicity.
S. difficulties in their clinical assessment.
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These disappointing features of antiviral therapy force us to accept vaccines as the begy
'Prophyiactic agents in the treatment of viral diseases. There are four forms of antigen Useg
IN vaccines. These include,

(a) attenuated living

(b) killed by the chemicals, such as formalin,

(c) toxoids (i.e., toxins which through the application of heat or formalin are converteg

to non-toxic).
(d) subunits prepared by purifying important antigens of microorganisms.

Vaccination can be effectively used to prevent measles, rubella, mumps, poliomyeliti
yellow fever, smallpox and hepatitis B. They have only prophylactic utility. They remai,
ineffective once the infection has occurred and spreaded within the host.

VIRUS

!

Attachment to the host cell

!

Adsorption to the cell surface

!

Amantading--—--=-======-==-- > Penetration
Uncoating ------cceeeoo__ » DNA Virus 1
RNA Virus l - ‘
(Single stranded) Transcription ‘
Transcription l
Jv Synthesis and binding of Vigas'
Methisazonge ====-—-—~- » Synthesis and binding of viral MRNA to host cell ribosom
mRNA to host cells ribosomes l
J’ Synthesis of viral DNA and |
Interferons —====-- » Synthesis of viral RNA and capsid proteins capsid proteins i
& Ribavirin 'l' i A
Vo
I
Encapoidation € - === ——— - ___ b
|
" Acycloguanosing
Release of mature virions after host cell lysis and Idoxuridiné

Fig. 8.2

/
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e currently available antiviral drugs can pe chemically class;
) purine nucleosides and nucleotides

) Pyrimidine nucleosides and nucleotides

(€) Thiosemicarbazones

fied as:

(0) Benzimidazoles

(f) Adamantane amines

(F) Interferons

(6) Miscellaneous agents

() Purine Nucleosides and Nucleotides:
Acyclovir triphosphate (Acycloguanosine):

Itis a synthetic purine nucleoside analog in which a linear side-chain (i.e., -CH,OCH,CHs,)
sattached at 9-position instead of the cyclic sugar present in the guanosine molecule.

Acyclovir undergoes phosphorylation process with the help of viral thymidine kinase
fzymes to form acyclovir triphosphate. The latter selectively inhibits herpes virus DNA
wlymerase. The faulty transcription in viral DNA leads to inhibition of virus replication
focess. The affinity of viral thymidine kinase enzymes for acyclovir is about 200 times
feater than that of mammalian enzymes for the drug. This explains the selectivity of attack
nthe viryses,

It can be used orally, topically and intravenously. About 15% of administered dose lis
g to the plasma proteins. It has plasma half-life of about 2.5 hours. It is excreted in
Vine Mostly in unchanged form alongwith minor amount of inactive metabolite, 9-carboxy

"thoxy methylguanine.

Adverse effects include nausea, headache, amnesia, hypot.ension, trfamors.and coma.
0| Iritation, ulceration and burning may occur when it is applied to genital lesno?s. |
herpes zoster infections and infections

It s . : i infections
] Effectlve against herpes virus infections, treatment of
‘eused by varicella goster and cytome._:;aloviruS. It may be used orally for the

A . t may be used
i ital herpes. A 3% acyclovir ointmen

; 13 - f genital herp gt o be
vy l'and recurrent episodes of g erpes keratoconjunctivitis. It may als

| B
d e f”trave,\oUS'y in the treatment of herpes simp

i ion and h
ey ¢ treatment of ocular herpetic infection lex encephalitis. However, development

Sstance to acyclovir may limit its clinical utility.
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(B) Pyrimidine Nucleosides and Nucleotides:

(i) Idoxuridine: It was discoverred [
agent chemically related to trifluridine an
- - . irus, po
dorabies, B. virus, myxoma vird S
virus, pseudorab ” imilar to thymidine, a compound which in the normg| ¢
ridine is chemi very sl ! )
A eﬁ”c? 4 Z then get incorporated into DNA molecule. Due tq the
r < h | ;-‘Ion an s . .
undergoes p osprorf‘a; thymidine, with the help of thymidine kinase and thymigi
*riictura "7‘. ':" NItN \vmiai ' . . )
monophosphate kinase enzymes, Co , . b i
The !,-:‘c-r blocks DNA polymerase enzyme resulting Into interference ‘m nucleic acid ang
e synthesis in DNA-viruses. It also prevents the assembling of viral components by
oylivicola ) ) . !
nhibiting the synthesis of a protein required for their assembling. Since the host celI. DNA
synthesis is also affected, it produces host cytotoxicity. Hence, its systemic use is npt
recommended. It is thus usually given topically. Hence, serious side-effects rarely attend its
use.

lyoma virus and some papovaviruses,

[ &)

3
(&)
L
(3]
=

I Iz zvailzble in the form of ophthalmic ointment (0.5%) and ophthalmic solution (0.1%)
It gets rzpidly inzctivated by deaminases or nucleotidases into 5-iodouracil and inorganic

-
sTells
) =

ocides. Acverse effects include pain, irritation, pruritus, inflammation or edema of
conjunctiva 2nd eyelids, corneal vascularization, lacrimation, stomatitis, neutropenia and

tnrombocytopenia. It is effective in the treatment of herpes simplex infections of eyelid
conjunctiva and cornea.

(i) Trifluridine: It is a halogenated thymidine analo

Is effecti

g used as a topical antiviral agent !
/€ 2gzinst herpes simplex virus, vaccinia and adenovirus, It is converted to the acti?
5-monophosphate form. Due to the structural similarit
Instead of thymidin

ErIpress

y with thymidine, it gets incorpOfated'
e phosphorylated form, into replicating viral DNA. This results into wrod
'on of genetic information due to abnormal base pairing.

Table 8.1: Currently used antiviral agents

__,/‘
NH2
N7

i
I

o 3y } .
.' } N N O ﬁ v
poyclovir: R = —CH,0CH CH,on HOCHZ\(y @L\EN -NH-C7
X
)

Ganciﬁ"ifif : R;—' - CHZOCH(CHZOH)z
penciclovir | R = — CHECHZCH(CHon

Methisazone; R = C:
FarﬂC'Cro jriR=— CHZCHZCH{

2 . . , . . zone-
CH,0cocH Zalcitabine : X = c lsatin-p - thiosemicarbd

32 Lamivydine ' X=§ R=H )

-

n 1959 by Prusoff. It is a topically used 2Nty l,
d is effective against vaccinia and herpes Simple,



. R,OH,C
HOHC 0 2¥MLL 0 HOH :
/_TS:-:7 H TN e o
) H
H H H H A )

H N
Id x:f:ine X=1 Zisdovud‘me VI'-IO ) HO H Didanosine
0 ) : _
Trifluridine ; X = CF idarabine Cytosine
(Ry =R, =H) arabinoside
Fludarabine;
Ry=F;iR,=HOPO,
i
N_I.rc — NH, Amantadine; R = NH,
‘ CH
R 3
kN’N ﬁ 0 Rimantadine; R = — CH <
NaQ — P — C// NH,
| \ONa
HOH,C o ONa
1-Adamantyl; /NHZ
H H Foscarnet sodium guanidine R=—C \
NH
HO OH
Ribavirin

It also blocks thymidylate synthetase and deoxythymidine kinase enzymes in the viruses.
he overall biological effects may get reflected into:

() increased number of errors in viral protein synthesis,
(i) increased rate of mutation, and

(iil) inhibition of viral replication process. .

In the form of 1% ophthalmic solution, it is used to treat certain o.cular 1nfe::;]2f:e
F&g,, ocular kercititis and keratoconjunctivitis). It exhibits effectiveness In cases
Yoxuridine treatment fails.

(i) Vidarabine (Adenine arabinoside)

(Ara - A): ptomyces
IeUkemia'
yiral DNA
able host

he bacteria, Stré

Itis a purine nu i i iviral agent is isolated from t
p cleoside. This antiviral ag o treatment of

a”FibiOticus. It is an analog of adenosine originally developed f°r_t veps in
Uis converted in-vivo enzymatically to ara-ATP. The latter impairs e:a.rly 5 :si der
SYnthesis, Presumably by inhibiting viral DNA polymerase. It exhibits €0
toxicity due to part inhibition of cellular DNA polymerase enzymes.

el
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It is effective against vaccinia, herpes simplex virus, cytomegalo virus, varicella ZOstg
Pseudorabies and myxoma virus. It may be used topically as a 3% ophthalmic ointment g, ar,
LV. infusion. About 20-30% administered dose is bound to the plasmaproteins. It ha,
plasma half-life of 1.5 hours. In the cornea and in the plasma, it metabolizes
arahypoxanthine (active: half-life is 3.3 hours) by xanthine oxidase enzyme through a Proces,
of deamination.

It is used to treat herpes simplex infections in neonates. It is also used to treat herpes
simplex encephalitis and herpes zoster infections in immuno compromised patients. It May
have activity in cytomegalovirus infections and in type B virus hepatitis. In the form of 3y
ophthalmic ointment, it may be used topically to control recurrent epithelial keratitis anq
kerato-conjunctivitis. However, it remains ineffective against bacterial, fungal and adenovirys
infections. Its antineoplastic potential is under investigations .

Vidarabine-5'-monophosphate and vidarabine hypoxanthine-5' monophosphate are the
vidarabine derivatives that are currently under investigation for their utility in antiviral
therapy.

(iv) Ribavirin: It is a synthetic nucleoside chemically related to inosine, guanosine and
xanthosine. It is a broad spectrum antiviral agent effective against nearly all major viruses,
It has virustatic properties. It is in-vivo converted to ribavirin-5'-monophosphate which acts
as a competitive inhibitor of inosine 5' monophosphate dehydrogenase. This results into
inhibition of guanine monophosphate synthesis, followed by inhibition of viral RNA
synthesis. It has a plasma half-life of 9 hours. It is extensively metabolized in the liver.

' Principal metabolites include mono, di and triphosphate derivatives, tricarboxylic acid analog
and 1, 2, 4-triazole carboxamide metabolite. Deribosylation and breakdown of triazole ring is
also reported to occur.

It is an investigational antiviral agent used in the treatment of infections due t
respiratory viruses. It is used in the form of aerosol to treat severe lower respiratory tract
infections due to respiratory syncytial virus (RSV). It is also undergoing evaluation in the
treatment of human immunodeficiency virus (HIV) infections, like AIDS.

Adenine arabinoside and cytosine arabinoside are other examples from this categon

Cytosine arabinoside (cytarabine) is effective against herpes viruses. It is presently used in
cancer chemotherapy.

(C) Thiosemicarbazones:

. In 1947, Domagk (sulfonamide fame) reported that some derivatives of benzaldehyde
thlosemicarbazone protected laboratory animals against tuberculosis. This initiated 2
extensive investigation of the thiosemicarbazones during which the activity of methisazone
(N-m.ethylisatin - B thiosemicarbazone) was discovered. it is effective against a variety d
poxviruses and some RNA viruses.

. e . . - !
The antiviral action of thiosemicarbazone is perhaps due to the formation of met?

ch : H . . . 1
elate with various metal ions including Cu, Zn, Ni, ferrous and manganese. Methisa®"

. : _ in
thus acts by interacting with metalloenzymes that are necessary for the replication of cert?
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o, hiosemicarbazones may ajcq re - 4 -
) My E The t act directly ang specifically with vira nucleic
:!‘-r '.'-'
ST I ne prevents replication of Vaccinia yi i
a | -,le!hlS"’;glic pathways include d(:-methylart“a WUST& oy o e e o oral coute
L, _ 'ON, replacement of I Y ox
_ , metd , P ent of sulphyr by oxygen in the
SR hydroxylation in the aro e ol : ‘ _ /9 -
: ,t‘ e in and. y h:lf the activ matic ring. Isatin - 3- thiosemicarbazone IS the active
b | re retaining € activity of parent drug,
ML °
A~ a prophylactic agen i :

pe. | pisused as @ prophy agent agaunst' Small pox and for the Prevention and treatment
& Leralised vaccinia or vaccinial €ncephalitis.
N3, | 28"

% |, genzimidazoles:

% | a :

Y mpound ‘ i - P

"9 | ¢ollowing two comp s of this family are found to show Promising results in trials.
"
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Both these agents do not interfere with the viral adsorption, penetration and uncoating.
| ey appear to act by inhibition of vira| R

NA synthesis.
f) Adamantane Amines:
Amantadine hydrochloride:

It was first reported by Davies et al in 1964. It is a S
winst infections caused by influenza A viruses including H
“higher concentrations, it is also effective against influenz

ynthetic antiviral agent effective
3Nz, Hsw 1IN, and HiN, subtypes.
a B, rubella and other viruses,

- Amantadine allows viral adsorption to the host cell but inhibits the uncoating of the
"enza virys and prohibits penetration of viral genome into the host cell. Because the

o remains adsorbed to host cell surface, it becomes susceptible to attack by host
lbodies

Besides it antiviral potential, it may also be employed in the therapy of parkinsonism,

. Fimantadine

is the better tolerated and less toxic analog of amantadine which is
“ent|

y Undergoing clinical evaluation. It has similar actions and uses,
I"terfe""ﬂs (Antiviral Proteins):

: in 1957 by scientists lssaes and
.. e pr i was first reported in _ ,
Tl Presence of -|nterfero.n5 for Medical Research, UK. The term is applied to a C|‘.IE-!»
'y e Hatiomel instiiige o from about 20,000 to 50,000. Each contains
5, OProtej cular weights fro ' o hen It is
.Dproi(imate'y r;.SSOo;an?::eacids Interferons are produced from the host cell whe
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infected or is exposed to an inactive virus, The endogenous gynthesis of‘interferons is Under
the control of host cell RNA. There are three major types of human interferons that arg
.n specifications. The preferred abbreviation g

designated «, [} and v according to antige

interferon is IFN. Interferons can also be designated as per the source. For example, humap
(Hu IFN), bovine (Bov. IFN), murine (Mu IFN), etc. Currently major source of human
interferons is from white blood cells that have been cultured and then exposed tq
after their release, they may sttach to surface receptors of the

duction of additional interferons.

Viruses differ in their ability to induce the synthesis and /or liberation of InterferQns, The
Il or the full infected condition of the host cell induces
f immunization process. The release

ttack of viral infection. Generally,
e against other viral infections,
facted cells, it can induce the
t the transcription of

appropriate viruses. In body,
adjacent cells and initiate the pro

adsorption of a virus to the host ce
the formation and release of interferons. This is a sort 0

of interferon imparts resistance to the person against the 2
develops a resistanc

a person once infected with one virus,
This phenomenon is known as viral interference. In non-in
formation of second inhibitory protein which has an ability to preven

any viral m-RNA that might subsequently be produced in that cell.
Interferons are characterized by the following features:

1. non-toxic substances to the host cell.
2 exhibit antiviral activity in extremely low concentrations, and

3. do not possess antigenic activity.

Interferons appear very s00n and sometimes within seconds after the viral attack.
However, they lack specificity. Once released from the infected host cell, interferons induce
the synthesis of translational inhibitory proteins in other non-infected cells. These proteins
impair the translation of viral m-RNAs and thus interfere in the viral replication. The
synthesis of viral RNA polymerase and viral thymidine kinase is inhibited. The transcription of
viral genome is also found to be inhibited.

Interferon p.re.paratto.n.s m.ay 'contam more than one type. These exhibit a unique broad
spectrum of antiviral activity (n-vitro and show promising effects when used in combination
with vidarabine. In ions i : : . .
o mc:; hf;olr;e;fgodqt.pre.parat:on, are effective against infections caused by varicella

ster, ence yocarditis virus, vesi itic vi :
P / irus, vesicular stomatitis virus, rabies, vaccinia, influenza B and

cytomegalovirus.

Interferons are not orally absorbed. They are usually given by LV. infusion and have

plasma half life of about 15 - 20 minute i :
known. s. Metabolic pathways for interferons are not still

Adverse effects mainly i
se effacts y include fever, reticulo i
/ ) e . -cytopenia i ’
penia. They are cli - . , neutropenia and mbocyto
cytomngalr){/iral infn::iC:;I-:y effectl\{e against chronic active hepztitis " V'i‘gr'oinfect);on,
Interferons are alsc; sh‘o’\a,ricongemta-I .rubella infections and respiratory viral infection®
ng promising results in the' therapy of sry | like
ome cancers y
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, multiple myeloma, o e
_anoma lt. <o . (S.“‘m-w”'( arcoma, certain leukemias :
" se inoraan transplantation is alsq b, extenci “ukemias and breast cancer,
el 0 extensively studied.

feron synthesis and liberation in an:
pterferon y and liberation i animals can be induced by:

Biologi“‘[ inducers:

. " rd .
These include human leukocytes, fibroblasts or lymphoblastoid cells, and
] LI PR #

chemical inducers: These inclyde:;

(a) PO'_);,':.)GI:S;I:ICStPO'Y'“')OCYtidi.Iic acid which is a complex of polyinosinic and poly-
;};;\' Ic - tructurally, this complex s synthetic analog of double stranded

(b) A new group of 6-phenylpyrimidine deriy i
interferons, and vatives inducing the host cell to produce

(c) Tilorone hydrochloride.

Al these interferon inducers including viral infections produce diminished response
soon re-exposure. It was proved difficult to make interferon in sufficient quantities for trials
e to limitations of human tissue culture techniques. Recently recombinant DNA
technology has been employed as an alternative method of producing large quantities of
nterferon in prokaryotic (bacteria) cells. In this technique, genes for human interferon are
nserted into E. coli genome. The interferon thus produced could be used to perform
aensive clinical trials against a variety of human viral infections.

The major drawbacks of interferon therapy are:
(1) Interferon will have to be obtained from human subjects if it is to be used in the

treatment of human viral disease.

() In human subjects, its serum half-life, is not more than 15 - 20 minutes. The brief
survival of interferon in body may be attributed to its rapid distribution and

excretion from the body.
(3) Numerous clinical trials of interferon utility suggested that it is not as useful in the

therapy of viral infections as initially suspected.

6) Miscellaneous Agents:
() Ureas and thioureas: Members of this class exhibited good antiviral activity but they

uld not be evaluated further because of their immunosuppresive side effects.

ii idines: idine hydrochloride shows selective inhibition
(i) Guanidines and biguanidines: Guanidine | kb
of enteroviruses and more specifically polio viruses. But probably due to'uts r?pncilvl;;lnthrz
Yretion, the drug failed to achieve a clinical status. The mode of action invo h
®ketive inhibition of viral RNA polymerase

%oing on,

ni | :
s. An extensive investigation in this class is st

o
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(iii) Heteroc
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: i iviral potential j
yclic dyes: The members of this series having antiviral p NClyg,

. . : % solution of thege
'Nn and neutral red. The herpetic lesions are painted with (::|l| Oht for. 15 minute. dT S
and then the Painted area is exposed to 16 - 30 W fluorescent lIght 1 - Thi

g

: ainted area m ,

results in breakdown of viral DNA and death of the virus. The p Y by
ré-exposed to the light at the interval of 6 - 8 hours.

. " tion of th
(iv) Gamma globulin Immuno globulin): It is ihe antibody ntcoh ;rcatcbly prew-::ti?alasma
which contains a variety of antiviral antibodies and is thought 9 the

‘ _ ) ingle injection, it
Penetration of viryus into the host cell. It is orally ineffective. After a sing Ji Offarg
Protection against viral infection for about 2 - 3 weeks.

cells in ve
These immunoglobulins are derived from p |ymphocyt.es- fmd plasr:aSized b I'y.low
amounts. Usually only one class of immunoglobulins is initially synthe Y a given

immunocyte and a clone of immunocytes synthesizes a specific type of immuno globuling,

Details about the fate of immuno

globulins are not available. Liver serves as a Major site
where

they are degraded. Rarely immunoglobulines are eliminated through the urine.

(v) Antibiotics: A number of antibiotics of diversified structures have demonstrateq

antiviral activity to less or more extent. Extensive studies in this regard are yet to be madein
this field. Examples of antibiotics possessing signifi

cant antiviral activity include rifamycin,
bleomycin, gliotoxins and clistamycin A. However, the doses for antiviral activity of these
antibiotics are usually higher than the dose needed for antibacterial activity. Hence, the use
of these drugs as antiviral agents is always accompa

nied by the high risk of adverse effects.
The antiviral activity of these antibiotics may be due to their ability to inhibit:

(2) assembling of particles into a mature virion, and
(b) viral envelope formation.

Various polymerase enzymes involved in eithe
the principle target sites of action of these antibioti

(vi) During the next decade, in 1959 Idoxu
by Prusoff and actively used against vaccines

r RNA and DNA synthesis in viruses are
cs.

ridine, another antivira| agent was discovered
Herpes virus,

In the form of solution in dimethy| syl ide i
. _ Phoxide, idoyyri:
be effective by topical application, 1. Cutane horon, zxcl)JSrtldme Penetrates the skin and ¢3"
~ ) . . er.

(\m)_ Other m\fsjstlgatlonal antivira| agents: Thege incl i
bromovinyldeoxyuridine, 2 - (3, 4 _ dichloro-phenox ) " Ude phosphonoformic aci
dichloroflavan. The former twq agents are foung ty _— Nitrobenzenitrile and 4, 6
infections while the latter twq are effect; © be effe; : inss

Ctiv . Ctive 3 es V!
rhinoviruses. € against Infectig SSL Degp

[
S Caused by enteroviruses ¢

gy
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") Thioser™
1
| ;
@:{NNH'C‘NW
N~ X0

0 genzimidazole:
2-(a-hydroxybenzyl benzimidazole) or HBB

OO

H
Hydroxybenzyl benzimidazole (HBB)

HBB has no effect on virus adsorption, penetration and uncoating. The primary site of
zction of this antiviral agent appears to be inhibition of viral RNA synthesis.

Itis interesting that 5, 6-dichloro-1-B-d ribofuranozyl benzimidazole is an enhancer of
nterferon induction, a possible result of inhibition of interferon RNA synthesis and of the shut
off of interferon production. The benzimidazoles have varying degrees of immuno
uppressant activity.

3) Urea and Thioureas:

Mechanism of action is same as that of benzimidazole.
0 1. Ry =H, R; =4-NO,C¢Hs

S .
. I NHy?NHRz 2. Ry = 5 6diCH; R; =1-CyoH,
{ These are 1-(Benzothiazol-2-yl)-3-substituted ureas.

“)Guanidines and Biguanides:
Guanidine HCI .
? ® O
\c = NH,Cl
H;N/ o
e initiation of viral RNA chain s blocked by the
n viral RNA polymerase and guanidine.
ynthesis of viral RNA polymerase.

& They Inhibit the viral RNA Synt.hesiS- tThee
“Poung possibly by the interaction betw

inhibi the s
" compound is a specific inhibitor of
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(5) Adamantane Amines and Related ComPOU"ds' is active

Amantidine is clinically active antiviral Qrug. s
against number of RNA and DNA viruses in-Vitro. roup

Its major effectiveness is against influenza A-g
viruses. .

Amantidine and related compounds prevent the V.Il'al
nucleic acid from initiating new viral growth by preventlnﬁ
penetration of sensitive strains of influenza virus into the ce
or by inhibiting the uncoating of the virus particle.

The recently described homo-iso-twistane derivatives,
appear to have good potential as antiviral agents.
(6) Pyrimidine Nucleosides and Nucleotides:

(i) Halogenated 2'-deoxy pyrimidine nucleoside:

IDU and BDU are sterically very similar to thymidine. These
nucleosides enter into and affect a number of biochemical
reactions. In both, virus infected and non-infected cells they
are phosphorylated to their mono, di and triphosphate forms,

and they interact with the thymidine kinase, thymidylate
kinase and DNA-polymerase.

The principal basis of antiviral activity of IDU s
incorporation into viral DNA. Replacement of DNA thymidine

by IDU results in the formation of either no protein or an
inadequate one.

(ii) 5-Alkyl and Other-S-Substitute

d-2-deoxy-
pyrimidine Nucleosides:

The compound is an inhibitor of DNA-synthesis

(iii) Pyrimidine Arabino-nud

The anticancer drug ara-C B
Cisinvolved in severg| bioche

€osides:

2 A strong jnpipig
Mical pr

The nucleoside js a stron
triphosphate has been shown tq
ara-Cinto both DNA ang RNA has als

0

Antiviral o e

81—

been Obseryeq A polym

\g\

~R,
N, -HC
R;

R1 =H; R2 =H
Amantadine

HO H
R =I; (IDU)

R = Br; (BDV)

0O

HN |5R

o

HOH,C o

N

HO H
R=—CH, CH,

S - ethyl - 2' deoxyuridine

g
and RNf both DNA ang RNA and the
erase, Incorporation ©
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. pzuridine, which inhibits seyera| DNA and RNA viruses

HNH
o~

HO OH
6-azaridine

Conversion of this nucleoside to the S-monophosphate, which inhibits the orotidylic acid

decarboxylase.  Inhibition of this route of biosynthesis of uridine-S-monophosphate'
presumably interferes with format

ion of viral RNA during the replicative cycle of sensitive
virus.
(v) Deaza Pyrimidine Nucleoside:
OH NH,
@ Jﬁ
0" ™y SN
HOH,C ¢ l HOH,C ¢ ‘
OH OH OH OH
3-Deazauridine 3-Deazacytidine

They inhibit the replication of RNA of several viruses in-vitro,
) Pyrimidine Heterocycles: .

HN l

H N X Cl

2 - amino - 4, 6 - dichloro pyrimidine |
They inhibit mbly of polyvirus proteins in procapsid, subseq:,uently preventing
IDIt asse > Pr¢ _ Sy
cOating of available infectious viral nucleic acid to form mature virus parti

Puri ; ucleotides: - . is

.unne.NucleDSIdes and N ide and arabinonucleotides: The cl|n|cglly active cz;UgD
Ara.(l) P;:'“eafabi“o '::luc"zos'being deaminated to its hypoxanthin form

€ compound |

rabin‘J\‘uranosyl- hypoxanthin).
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(5) Adamantane Amines and Related Compounds: - '

Amantidine is clinically active antiviral drug. It is active
against number of RNA and DNA viruses in-vitro.

Its major effectiveness is against influenza A-group
viruses,

Amantidine and related compounds prevent the V_'ral
nucleic acid from initiating new viral growth by preventing
Penetration of sensitive strains of influenza virus into the cell
or by inhibiting the uncoating of the virus particle.

The recently described homo-iso-twistane derivatives,
appear to have good potential as antiviral agents.

(6) Pyrimidine Nucleosides and Nucleotides:

() Halogenated 2'-deoxy pyrimidine nucleoside:

IDU and BDU are sterically very similar to thymidine. These
nucleosides enter into and affect a number of biochemical
reactions. In both, virys infected and non-infected cells they
are phosphorylated to their mono, di and triphosphate forms,

and they interact with the thymidine kinase, thymidylate
kinase and DNA-polymerase,

The principal basis of antiviral activity of 1Dy s

(ii) 5-Alkyl and Other-5-Substituted-2-deoxy-
pyrimidine Nucleosides:

The compound is an inhibitor of DNA-synthesis

(iii) Pyrimidine Arabino-nycle
The anticancer drug ara-c has
Cis involved in several biochemiCa; pr

The nucleoside js a strong ip
triphosphate has been shown
ara-C into both DNA and RNA

Osides:

hibt’tor of th
to inhibjt both Zsynthesg-s

as alsg been observed

3

/R1
N\ - HC)
R,

Ri=H;R,=H
Amantadine

NH,
NZ R

A

HO O

H

HO H
R=TI; (IDU)

R = Br; (BDU)

0
HN)U? R
OJ’\

N

HOH,Cc o ’ :

HO H
R = — CH2 CH3
S - ethyl . o' . deoxyuridiné

e
NA ang R/?Jf both D4 and RNA and thf

Polymerqgse Incorporation ¢
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"~ (iv)Azapyrimidine Nucleoside. Antiviral Agents
6-A

zuridine, which inhibits S€veral DNA and RNA v;
Ifuses,

HO OH

6-azaridine
Conversion of this Nucleoside t

decarboxylase. Inhibition of thi
presumably interferes with forma

(v) Deaza Pyrimidine Nucleoside:

OH NH,
0) )
0

N ) N

HOH,C :o: . HOH,C o l

OH OH OH OH
3-Deazauridine 3-Deazacytidine

They inhibit the replication of RNA of several viruses in-vitro.

) Pyrimidine Heterocycles: cl

HN |

2 - amino - 4, 6 - dichloro pyrimidine

. . t'n
Th bly of polyvirus proteins in procapsid, subseq:Jently preventing
% _inhibit SSRSHION i i ture virus particles.
anting of available infectious viral nucleic acid to form ma P

1 5 . 's
pUrine Buclaosices and NUdEOtIc:]es rabinonucleotides: The clinically active drug |
. . a
(i) Purinearabino nucleoside an

1 g'ﬁ'D
The m in deaminated to its hypoxanthin form (
Ara‘ ' compound is being

"abl'“ofuranosyl- hypoxanthin).
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),

bino nucleoside may e i

: | hypoxant ine-
arabinofuranosy yP oken down to the inae
ivity. "

Ara-Hx may itself b€ b‘r‘
ntly retain @ degree of antiviral act

inhibitory 10 the hypoxanth,

g

unds aré

onophosphare dehydrogenase. The antiyiy..
I . 3

yme that result (1 inhibition of viral ucle

The hypoxanthine ara
monophosphate (9-3-D
diphosphate or triphosphate.

hypoxanthine. Ara-Hx does appare
de: These compo

rase and inosin m

(ii) Dezapurine nucleosi
bition of latter enZ

guanine phosphoribosy! transfe
activity is thought to be by inhi

acid.
Compounds:
nterfere with converston of inosin-s.

(9) Azole nucleosides and Related
dis rt

to nucleic acid.

tary RNA synthesis ofanin

lypeptide synthesis.

Most significant compoun povirin. 1t may i
monophosphate on the pathway
It inhibits the viron and complemen
n also inhibits virus induced po

fluenza-A virus.

Riboviri
tilorone HCl) is an oré!

ituted Polycyclic Aromatic Com
oxy) 9-fluoreno
d effective against
ges the physicochemical properties of D
h DNA stabilizes the double helical structuré indicatin
de of binding of tilorone. The complex of ti

d that act as an interfero

It in modified nucleic aci
e function in DNA and RNA polymerase reactions.

ne dihydrochloride (
DNA and RNA virus.
NA. The interaction of

g the possibility of
lorone with double
n inducer. In

(10) Subst
2,7-bis (2-dimethyl aminometh
inducer of interferon production an

This compound chan

tilorone wit
intercalation as the mo

stranded DNA may resu
addition, it inhibits DNA templat

(11) Polynucleotides and Other

A number of polynucleotides h
wide variety of virus in cell culture and in animals which usually is €

The observation was that a double strande

Polymers:
ave demonstrated considerable antiviral activity agains
rrelated with stimulation

0
d RNA was effective & an

es as possit?

of interferon production.
ducer, promoted the investigation of synthetic POlynucleotid
d that certain double stranded nucleotides were

interferon in
inducers of interfer

especially effective.
double stranded homopolymers include polyinosinic acid, polycytidylic
rnating

Effective
[ pPoly C) and polyguanalic acid and polycytidylic acid (Poly G Poly C). Alte
C acid"

(Poly
 as Poly (inosinic acid cytidyl
as Poly (inosinic acid cytidylic acid) and poly (adenylic acid uridycl

copolymers suc
also induce interferon formation.

acid, ma*

y

Other significant interferon inducers |

; . iy include pol : .

hvdride-divinyl eth polycrylic acid :
szyor:gtrab;:ngfﬁiacir (\z{m[:r? ) copolymer and chlorite OXidis;d.ozt)lyme;thacry:.c h have ha®
lised Prophylactically against b fmy ose ™ dICR i
- oth DNA an

on and it was foun
acic

infections.
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The
" cins: It is isol
0 rifamy ated from the fermentation broth of Streptomyces mediterranei

.c.mycins, the streptovarici -
rifamy pt Icins and the dissamycin.

._1c to the polymerase mol [
f binds ecule in the RNA leukemia vi
g " inhibiting DN ' _ ia virus as well as to the nucleic
i emplet i anga . tA synthesis of DNA tumor virus. The non-polar side-chain of
it /1 i ' -

5'x:IbI0t1C may : Pe - e. ezg'ent guahty. Rifampin appears to interfere with assembly of
il components resufting in rormation of abnormal viral particles

L .

Tilorone

aricins are other members of ansamycin antibiotics,

i
Streptomyces, Streptovaricins spectabills.

(ii) Streptovaricins: The streptoy
Mtained from the fermentation strains of

dent RNA polymerase but because of the formation
has lower efficacy than rifamycin.

S

;‘ffeptovaricins inhibit the DNA - depeng
Unstable complex with RNA polymerase, it

™ (iii) Gliotoxin: It is a fungal metabolic product.

¢ compound s thought to inhibit Viré! RNA- N B

Ce . .
h:?‘?.ﬁdent RNA polymerase and particulerly 1t Lo 15-8)_cn,
"10its the synthesis of viral RNA
CH,OH

Gliotoxin
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) . ; v, it interactie i ,
(iv) Distamycins: The mode of action of Distamyan A Involves | f ;in o Yiry
Orase
ONA This am DIOUC also inhibits the RNA dependent DNA polymerase o '“A-T'Jrflo,

Viruses
e an isolate frorr
(V) 9-Methyl streptimidone: © methylstreptimdone 15 an isolat ' the Cultypg
hitrate of a streptomyces species It acts as an inducer of interferon.
(vi) Bleomycin: Bleomyain A, is one of the members of the group of 9|7C0pept;de
antibiotic

] c | A6 - ¥ 1
It inhibits the synthesis of the viral nucleic acid. Thus, it causes breaks in cellyl
DNA

(13) Miscellaneous Compounds:

(i) Phosphonoacetic Acid: It is active against several viruses. It selectively inhibits the
viral DNA-synthesis and it is a specific inhibitor of DNA polymerase.

(i) Kethoxal: 3-Ethoxy 2-oxobutyral-dehyde hydrate (kethoxal) has antiviral activity
against several RNA and DNA viruses in-vitro.

The compound is potent inactivator of extracellular virus but also exhibits an inhibitign
of intracellular virus multiplication.

(iii) Decalin derivatives: Several compounds having structure based on the transdeczlin

nucleus are inhibitory to certain selected influenza viruses. They act by blocking penetration
of virus into cell.

Table 8.2: Reverse transcriptase inhibitors

(A) Nucleoside Reverse Transcriptase Inhibitors:
NH, 0
*/ | HN | Sy
O™ ™ QJ'\N
HOH,C o HOH,C o
Zalcitabine ; X = CH, —
Lamivudine : X = g Stavudine

(B) Non-nucleoside Reverse Transcriptage Inhibitors:

H,CO
H 74

Atoviradine C?"|5
—“._\—_

———
T ————

——— Nevirapine
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Synthesis
acyclovir:

Q
cocl
+ HO—CH,—CH,—OH — O(CH,),0H
TEA
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(h
OH
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9.1 INTRODUCTION
9.2 CLASSIFICATION

[2.1 INTRODUCTION

itic relationship results in mycotic illness
kin or the mucous membranes of b
large while others are minu

Fungus is a parasite. The human fungi paras

the majority of which involve superficial invasion of s

orifices. Fungi have different shapes and sizes. Some are

parasitic and saprophytic cells. They differ from

— algae by lack of photosynthetic ability.

protozoa by the lack of motility, possession of chitinuous cell-wall and ease |

culture on simple media.

_  bacteria by greater size and having certain intracellular structure like mitochond’
and nuclear membrane.

Depending upon some basic differences, fungi may be classified as:

(@) Phycomycetes (algae like)

(b) Ascomycetes (sac like)

(c) Basidiomycetes (mushrooms), and

(d) Dueteromycetes.

In addition, the 'higher bacteria’ lik i |
e
with the fungi. Actinomyces and Nocardia are sometimes grov"

Fungal diseases are generall
- y called as °
defined groups: the superfici > Nycoses’, F i ;
be categorised broadly as: the deep seated myCOSegs T}'.lnfectlons i .tW‘S’m :
itego . Ihese ici jons
) Dermatophytoses (skin infecti myconeinies
phytgn: Microsporum and Epiderm o
i:zi’un:gd tissues- like, stratum corzz:
:s,f_ inea unguium, Tinea versicoy I, hair, nails ¢
superficial fungal infections, Ag 5 | lt::r, Tineq nigrg g
: ule, t
' e lesj

tc. T L ,
inea capitis, Tinea corpo™ ' i
hes ek

. Nd candidiac:
o andidiasis are all grOuped UTF"
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1o treat deeper infectiong syst
e topical antifungal agents. B

9.2

soil.
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Topical antify
IC al"itifungal (

Nusua| ability t

o di :
Ngal agents ar 'gest keratin,

e effective here.

(il f : and m

" These infections mainly dey Ucous membra
;Wcén:‘ctions. They may sometime €lop in the mouth, bowel c?f g sed by Candids
al inf€ s become Systemic and co o e are called as

Table 9.1: Drugs of choice i the treatme ntagious
A o ht of systemic fungal infections
g, Disease Fungus
wmgs " Effective antifungal agents
| Actino Clinomyces jsraelii s .
/ﬁsis ) i:____'aem Penicillin G, cephalosporin, tetracycline
) |Asperg Spergillus fumigatus Amphotericin B, rifampin
| Aspergillus niger

/ .
3| Blastomycosis (North Blastomyces dermatidis Amphotericin B, rifampin and

American type)

hydroxystibamidine, itraconazole

4 |Blastomycosis

Blastomyces brasiliensis

Amphotericin B, miconazole

(South American type)
5. | Candidiasis Candida albicans Amphotericin B, nystatin, flueonazole
f. | Chromoblastomycosis Cladosporium Flucytosine, amphotericin B,
potassium iodide
I. | Coccidioidomycosis Coccidioides immitis Amphotericin B, fluconazole
miconazole, ketoconazole
hotericin B, flucytosine, fluconazole
L | Cryptococcosis Cryptococcus g
~ neoformans e
Uy , sulatum Amphotericin B, -
* | fistoplasmosis Histoplasmé P hydroxystilbamidine. rifampin
P s
T — : Amphotericin B,
‘0' Phycomycosis - | Mucor species hydroxystilbamidine —
\Mg[rnicosis) _ Amoxicillin, cotrimoxazole,
1 Norarr S Jia asteroides dline
Yardiosis Nocar | minogycine___———————""]
s0le, amphotericin
N eracoccidio i g’ M
| \ ﬁdlolldomycoj'_s____ Sporoffit schencki - leiinB
o ichosis _F . ole, itraconazole
N FUSariosis / Ketaconazo=:
T : holerin B
'-\Se“‘m\a"esd\eriosis
EZ "] -
| \-\.yggm . /
\\@_Sl_s . _______._—-f'" — I,l,_-_—Nf)l:l","- -.‘JY:‘,
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Antifungal p eny
1

ic mi i ach possessi
Itraconazole is a 1: 1: 1: 1 racemic mixture of 04 diastereomers, € possessing thre,
chiral centers.

o] Cl

CH,0 —QN‘\_/N—@—N/:(N ~CH-CH,

—N
\
I
O  CH,

_CH,
W2

./

Itraconazole

(Janseen, 1992)

(iif) Systemic fungal infection (see Table 9.1), is the third major category that involves
fungal infections of bones, viscera, lungs and meninges. Many fungal infections occur either
on skin (a vascular region) or in poorly vascularized area (e.g., nails and hair). At such places,
the drug cannot build up its therapeutic concentration necessary to exhibit antifungal
activity. Besides this, clinical utility of many drugs is hampered mainly because of poor
solubility and poor penetration ability. Currently there exist neither clinically available
vaccines nor effective antisera for mycotic diseases. Due to various reasons (e.g., differences
in solubility, diffusibility or inactivation by serum components), the agents showing excellent
antifungal activity in-vitro studies, disappointed us when tested in-vivo. For example,
miconazole and clotrimazole are inactivated by phospholipids and triglycerides. To cover
such a broad range of systemic fungal infections, very few antifungal agents are available.

These include polyene antibiotics (e.g,, amphotericin B, nystatin), antimetabolites
(e.g., flucytosine), griseofulvin and imidazoles (e.qg., ketoconazole, miconazole and
clotrimazole).

Regardless of the type of fun
difficult because fungi, like ma

gus that is causing an infection, treatment is extremely
especially the cel| membranes, ar

mmalians, are eukaryotes. Many biochemical structures

e nearly identical, as are many biochemical reactions.
In human cells, the sterol i

In the membrane is cholester
ce ol
ergosterol. This difference amou

0 the mer . In fungi, the sterol i
. nts to the only sourc vi i "
g ;oomerol. This y e of selectivity that we have in treating
Table 9.2: Some clinjcall i

e : y used antifun
). gal agents -

H

NO _o GH,

T 7
NH,
S-Fluorocytosine Tolnaftate i
“_—*._._ﬁ‘—._‘ 'l !
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Clotrimazole

\J

Cl

OH

@N CH, — s CH, N\/—_\
; N
L

|
CHz

0
'HC—C—N {_}-oc}i2 o

] Ketoconazole (1981, Janssen)

O-CH CH //“
NH2

Fluconazole (1 091, pfizer)
Cl

Hydroxystilbamidine

2 /R
NZ" “NCH,CHSCH, \

¥

Cl —

Cl
Suleonazole

CH,0 — CH— CH, — N
=y,

Cl

Cl
Miconazole

N\
QNCHZ\
¢ = NOCH; c

Cl cl

Cl
I

Oxiconazole

OCHs

OCH; ||
CH,O' i :
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9.2 CLASSIFICATION

rll§5‘\NCH2 Oj" ’ \—’/ CH— CHj
/
N

0 CH,
" Cl Terconazole
K‘*:\ Cl
l‘\% Cl
CH —___——<
CH, i .
|
0 .
i — o
CH—CH,—N CH— CH, — N N
N Cl
9 [ N
Z CH4 H,NCH,CH,0H
o ci o |
{ Econazole Tioconazole Ciclopirox olamine

On the chemical b
(a) Fatty acids
(b) Pyrimidine derivativec
(c) Imidazoles

(d) Allylamines

(e) Amidines

(H Antifungal antibiotics
(9) Miscellaneoys agents,

asis, currently used antifungal agents can be categorised as:

| Due to diversified structures of various antifun
failed, In such cases, in

— . gal agents, atte R also
Interpretation of the activing mpts to define SA _
Parameters projects bette

(a) Fatty Acids:

1939, Peck re .
Ingredients of perspi?:t?oendhtaiart\;xie:; :1: Sd gr:':!:;‘]”t?‘al Properties. The antifungal activity of
Is attributed to the p, . ' the pH of the percpiras: ctivity
and sodium caprylatpee:re:(;effzftfany ac.lds and their salts, Prop?oen?cp:::é°n azd tf:een?c acid
and Candida albican The c avg ‘agamst infections due to trichoph .~ un er oron
mainly in the f Sodium o 2ntion of their antifungal activiey | o O ) ¢

yIn the form of sodium ang zinc salts, f > oCtvity led to their clinical v
and propionic acid may be yse or eXampl

, , d in the treatment of P& the mixture of sodium pfopjonj.:f
Zinc undecylenate, in the form of Mixture, are off NGwWorm while undecylenic acid "
' ecti '

1 . il
V€ against fingworm and mo™
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ctiveness increases when zj ed i
”'d . Effe zinc salts of these acids are used. They ar€ applied I
eyes, ears,

T . :
,,r:o"rm of an omtmzr;t,n:otlon or dusting powder. However, their application to
o other. are?:lf-a UCOl'JS' membrane should be avoided. Their antifunga! activity 1S
£20 . their ability Fo Prt.eapltate the fungal proteins. Heavy metal ions like Ag*, Ha* "
L+ an n*’ co.mbme.wuth the functional groups present on the surface of enzymes.
en combined with an organic molecule, they potentiate the antifungal activity of

midine Derivatives:
fiuorouracil and

f 5-F|t10"0§)ft°5_me |sda fludor!nated pyrimidine and is related in structure 10
souridine” F"rSt |ntrc.)r uced in 1957, it failed to build up its career s 20 effective
U™ jastic drug. Teén years thereafter when tested for antifunga! activity,

eo

eﬂun . . e . )

potennal against Candida species and Cryptococcus neoformans infections.
NH,

=z F
N I Cytosine HN F
OJ\ deaminase )\ |
N o
H H

5-Fluorouracil
(An active metabolite)

it proved its

5-Flucytosine

is attributed to the formati
=

the antifungal activity of 5-fluorocytosine
osine deaminas

s fluorouracil (an active metabolite) from the drug by fungal cyt

The active metabolite is further converted to 5 - fluro - 2' - deoxyuridylic
nterrupts the fungal DNA synthesis by inhibiting thymidylate synthetase enzym
nsmmalian cells do not contain cytosine deaminase, their function is not affected Dy
fuytosine. Besides this, it is also suspected to interfere in protein synthesis.

Itis not used topically. When used orally, abou
dasma-proteins. It has a plasma half-life of 4.2 - 4.5 hours. It is rapidly geaminate
els to the antimetabolite, 5-fluorouracil. About 80% dose appears In the urine in

inchanged form.

Adverse effects include nause
%ertigo, anemia, sedation, hepatomegaly, he
trombocytopenia.

TFlucytOSine is effective against infections caused by G pecfarmam C. albicans
gfﬂbrata and S. SCheanii- lt iS {}‘SO (‘”(‘(—“\'(‘ oh_]-‘i”‘si

acia wnicn

7]

Ly
4
-
(8]
v

t 4% of administered cose is bound to the
d in fungal

a, vomiting, diarrhoea, enterocolitis, headache. s\n rasf
patic necrosis, leukopenia, agranulocytosis and

chromomycosis caused Dy
»

e b v . v ,
th amphoterndin

It s used in combination wit

|
(a‘ifstizrium species a|_1d ph.ialophora species |
' e yeast treatment of infections due 10 yeasts and ymut like funai. Amphotencin renders
! cell-membrane more permeablc to flucytosine. Hence both drugs are used in the
pulmonany and unnary tract

| L'thm . .
‘ '"‘E'ti:m of cryptococcal meningitis, Candida endoc arditis
.
| n.

It
May also be used in the treatment of chromoblastomycasis
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Voriconazole: It is a triazole antifungal agen

(c) Imidazoles:

. tic fields. Some hay
Imidazole derivatives are associated with many therapeu ¢ bEn

- ivities are also obs .
employed as anthelmintics. Antibacterial and ?n“pr(f)wz‘l)iilicé;cltuse (as a topical ag:nrvt?d m
some analogous. The first azole to become available or c It was followed in 19 W
chlormidazole, introduced by Chemie Gruenenthal in 1958. aunched by | 69 by
Janssen's miconazole and Bayer's clotrimazole, and econazol:e was ¢ tomical };hanssen i
1974. Even today, the latter three agents remain the mainstay o PI _tNerapy f,
many dermatophytoses. Miconazole, clotrimazole, ketoconazole, econazole, |tracopazole_
fluconazole, tioconazole, bifonazole and terconazole are some currently us‘ed antifungy
imidazole derivatives. They all have activity against a broad rarwge of MICroorganism
including both fungi and bacteria. Clotrimazole, econazole and tioconazole are effec
against superficial fungal infections while bifonazole and terconazole are effective i

vulvovaginal candidiasis. Other imidazoles like, ketoconazole and miconazole are effective
against both, superficial and systemic infections.

Imidazole derivatives act by damaging the fungal cell-membrane. They enhance the

membrane permeability by inhibiting the synthesis of ergosterol which is the primary cellul
sterol of fungi.

Clotrimazole shows poor oral absor
inactivated by cytochrome P-450 enz
agent having fungistatic activity a
S. schenckii and B. dermatitidis. It is ys
vaginal preparation to treat

ption. Whatever amount absorbed, gets rapidy
ymes in the liver. It is a broad spectrum antifungd
gainst dermatophytes, C albicans, C. neoformans

ed topically in 1-29 concentration as cream, lotion am
Cutaneous candidiasis,

salscs L _ : s
1 4;?(;2:1;;2;’:;;t*fzbl'OSYltheSIs of er y inhibi:'ungfl cell-membrane. Thes; dtr:so!
. Oles t HN AT N . ]
accumulation of 14 a-mEth;Il:tler:jhlblt demethylation at Cg Lé?g'al cytochrome Pb45causir;
This mode of action, while |eaqi - o O'S that disrupt 1 varion a?OStle;O' thereDy ecd
S sterol functions In .

leadin
fungal cell death. Hence, the g ' c
istatic gal cell growth, does not re-

Qostero| p

to inhibijt;
azoles are fung 'on of fyn
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..:'fofm of 3 2?6 vaginal cream o
:,;ma at bed time for 7 days an
::}}tme”t is usually advised.

parenterally, 't‘dfn_ag]’ be Us?d to control systemic fungal infections like, coccidioido-
2yC0SIS ParaCOCC! '101dOMycosis, cryptococcosis, systemic candidiasis and mucocutaneous
ndidiasis- In patients with COCCIFIioidaI meningitis and urinary bladder infections, the LV.
ute must be supplemented by intrathecal and intrabladder irrigation routes respectively.
s free base may also be used topically to treat ophthalmic mycoses. Ketoconazole is an
saly active, broafi .Spectrum antifungal agent that is chemically related to miconazole.
wout 99% of administered dose is bound to the plasma proteins. It has a plasma half-life of
.4 hours. It is extensively metabolized in the liver primarily by oxidative 0-dealkylation and
somatic hydroxylation to various inactive metabolites that are excreted (85 - 90%) in the
.z It is effective antifungal agent in the treatment of mucocutaneous candidiasis, vaginitis,
v thrush, blastomycosis, coccidioidomycosis, non-meningeal cryptococcal disease,
stoplasmosis and some dermatomycoses. It may also be concomittantly administered with
ytosine in the treatment of cryptococcal meningitis.

Econazole nitrate is used topically for the treatment of superficial fungal infections of the
(. While tioconazole is used in the treatment of dermatophyte infections and candidiasis.

from the many series of azoles that have been reported by diverse groups, several
ammon structural features emerge: an imidazole or triazole heme-coordinating group, a
dosubstituted aromatic ring separated from the azole moiety by two atoms, and a side

7eén. The latter represents the feature of greatest diversity across the family.

Variable length of the side chain explored by various groups suggests that thi%'. part of
- pharmacopiore may extend beyond the substrate binding site, perhaps into the

%h
Slrate access channel.

r 10 .
din ?hmg SUppositories. The latter may be applied deep in
® case of 200 mg vaginal suppositories, a three day

I Allylamines: , ,
Th - minent of a number of antifungal classes that exert their
.. allylamines are the most P cellular accumulation of squalene that

Wity by o betces idase; the intra
"y by inhibition of squalene epoxuse of the fungicidal consequences of exposure to the

s ; ca : - ich i
" T:ethouc?ht to bethe pr[l;naorl)‘/this |ass of antifunga agents is terbinafine, which is one
.~ '@ predominant exampl€ tosis.
" ) matOPhy '
*Main drugs for the treatment Of der ersible and non-

he ; : by the allylamines is rev
._\Tne Inhibition of squalené epoxndassH gnd FAD, and the agents h

'.-.:Etitive with respect to Squal_e'ne' hetic pathway-
" #1Zymes in the ergosterol biosynt

ave no effects on

LAl
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H,C
I

NM/

H,C

nafine
Terbinafine e

C(CH,)3

The structural requirements for potent activity are represented in tvhe bro-adeslt senIS%a by
two lipophilic domains linked to a central polar moiety by spacer.of apP-ropnate. ength; _fO'
good activity, the polar moiety is a tertiary amine, and one of the lipophilic domains consists

of a bicyclic aromatic ring system such as naphthalene or benzo [b] thiophene.
(e) Amidines:

In this category, hydroxystilbamidine and stilbamidine represent the examples of
effective antifungal agents. These agents are active against fungi and protozoa. Generally,
they are used in the treatment of cutaneous blastomycosis, actinomycosis and crypto-
COCCOSIS.

Hydroxystilbamidine disethionate is administered only by LV. route. Nothing is known
about its bio-transformation and excretion. Adverse effects include nausea, vomiting,
diarrhoea, anorexia, rash, fever, chills, anaphylaxis, headache, malaise, fainting, hypotension,

dizziness, pancreatitis, hypoglycemia and hepatotoxicity. It is used in the treatment of
cutaneous and pulmonary blastomycosis and visceral leishmaniasis.

A solution of 225 mg in 200 ml of 5% dextrose water is freshl te A
P re
1.V. infusion over a period of 2-3 hours every 24 hours. y prepared and is given by

(f) Antifungal Antibiotics:
Griseofulvin:

It is isolated in 1939 by Oxford, Raistrick and Si
s is ' imon i i t - '
bacteria, its appearance on the clinical screen was delayeijrtl; > Tlee {fnas ineffective agaiﬂSt

: : , o y almost

du.e to an ignorance fabout its antifungal activity. It is obtained fr about 20 years .n'!elrelY

griseofulvum. Gentles in 1958, first reported its antifungal activit om the yeast, Penicillu”
C?r!seofulv-in affects only fungi with chitinious cell-wall. T Y-

he drug is fungistatic rather thal

fungal cells.
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etabolite s 6-me ; T
Major ™M '.' methyl-griseofulvin that is excreted in tt '
, appears une hanged in the faeces. Besider ° *d In the urine. Some fraction

' vits effectiveness - _
) . " el ; - 5 1IN mycotic infe i
Lwed promi ing results in lichen planus, anginal attacks and Ra naéd- dLctnons, it also
H o . \

polyene antibiotics: y s syndrome.
[

) O5()e ) o )

In the carly 19505, [)()W(‘I\(\ antibiotics were first identified. As the name implies. th

- - . - - - . . Ies' ese

.\‘“‘i“‘“'“i“ contain, unsaturated carbon rings or chains. About 60 pol)/enepant'b' ti
araduced by actinomycetes . . ibiotics

all produced b) ycetes) have been reported in the literature.

]hl‘\'.l-‘”-“'s "“‘f“‘“‘”"’d by the presence of a large ring containing a lactone group
(ie. macrocyclic lactone) and a hydrophobic region coupled with conjugated polyene
qstem of four to seven double bonds. Many of them, contain a glycosidically linked amino
waars. For example, an aminodesoxy hexose (i.e. mycosamine) is present in amphotericin
§ and nystatin. The polyene antibiotics are poorly soluble in water. The number of double
honds present in the skeleton serves as a basis of classification of polyenes. For example,
they may be categorised as tetraenes (nystatin), pentaenes (filipin), hexaenes (endomycin)
:nd heptaenes (amphotericin B). The most important polyenes are amphotericin B and
nystatin. The former being an important therapeutic agent against most of the systemic
antifungal diseases. Depending upon the concentration employed, polyene antibiotics exert
either fungistatic or fungicidal effects.

These polyene macrolides preferentially bind ergosterol, the predominant fungal sterol,
resulting in @ permeable plasma membrane and rapid cell death. However, amphotericin
2150 binds to cholesterol of mammalian cytoplasmic membrane. This results in alteration of
mammalian cytoplasmic membrane and may explain the severe nephrotoxicity

accompanying the use of amphotericin B.
Amphotericin B:

Amphotericin is a mixture
nodosus, a soil actinomycete reporte

of two compounds A and B, obtained from Streptomyces
d in 1956. As the name suggests, amphotericins are

amphoteric in nature. Amphotericin B is more potent and it possess'e?c» g broad s.,pectrum' of
activity, It is effective against Aspergillus fumigatus, B. ‘dﬁrmant:dzs,. Candida slf.eczets,
C neoformans, H. capsulatum, Coccidioides immitis, M. au.q'omnu, Par.acocadtodesr Qrz: ::}r::;
Rhizopus species, Rhodotorula species, Sporothrix sc.hencku, Tgrulops:s ?flabtrztgiw :ecn 51 e
‘Pecies and Mycobacterium leprae. It exerts maximum antifungal efrec

ange of 6.0 - 7.5. . ral absorption

It is available in the form of mixture, lozenges and o:n.tr:er:.t. :,tsh?scﬁ)fdc;; g aspergiﬁOSiS.
Pattern, It is effective against @ number Of. fl.JngaI‘ . eIcsl?nosis sporotrichosis and
blastornycosis candida infections. leishmaniasis, hlstclbp :cular i;qfections (ie. mycotic
CUCcidioidom);cosis. It is used topically to treat externa s a cream,

; : tration @
..~ i available in a 3% concen ¢ of
©njunctiviti ical use, amphotericif Bis 2 . ctivally in the treatmen
ntiin :::;Itle.s)t' Fortoﬁlﬁay be used intravenously of subconjunctivally
ointment.

e it bined

inaitis, 1L 1S usually com
it tococcal menngt e o intra-articularly

Wm?a; cﬂorneal u|c§rs 0: er;etpa synergiStiC action. It may als g

-fluorocytosine 10

TR siS.
“pecially i : i cidioidomyco
Spec,a"y in sporotnchosns and cocC
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weline or rifampin m_ fact may }be .qued tn .

in many occasions, flucytosine nm.‘.\:k:':'.mr*aa! concentration of amp ‘O':e”c”‘ B. 50,

e M - q.'.m.\!; '.'L;bt:ﬂ agents which is in use tod"’:,: € reducyg,

o iettar s ane of tha tost ok m.,k,‘..: rove the patient comfo.rt. /'\mfp otericin g pq,,

e s ot atungl cty bt s beierphamacokntic (e, oy
f;l* "‘»L:‘:(r::;q‘-‘f:":o 1*\(:' L:‘ecauso O‘ its ability to cause FREERECRR

Nystatin:

& .

. i in 1951 by Hazen and Brown. The Name g

L 1s first isolated from Streptomyces ncurfe trom where it was discovered. [t s onn
this antibiotic was derived from New York e rc:aeat light and air. It exerts no effecy .
slightly soluble in water and is unstable to A statin may sometimes be COmbings
bacteria, protozoa or viruses. When used topically, nystatin may &
with iodochlorhydroxyquin . - |

It is effective specifically against Candida, Microsporum, Trichophyton, LEISFWmanna
B. dermatitidis, C. neoformans, H. capsulatum, T. vaginalis and dermatophytes.. It is Ofte."
combined with gentian violet, procaine hydrochloride, antibiotics |or hydr'ocorflsone and-\;s
used topically in the treatment of candidiasis of skin, mouth, intestine, conjunctival 'sac. na's
and vagina. It may be given as aerosol or instilled into conjunctival sac. However, it shoulc
not be used parenterally due to severe systemic toxicities,

Natamycin is yet another tetraene antifun ptomyces
natalensis in 1958, It is a broad spectrum anti
occular infections caused by Fusarium solani an i gi. It is used to treat fung2
keratitis, fungal blepharitis and fungal conjunctivitis, It may also be inhaled into th
respiratory tract to cure broncho~pu|monary as illosi

ndida albicans.
candidiasis.

(9) Miscellaneous Agents:
Tolnaftate:

It is a topical antifungal agent available as
concentration. It is a thiocarba ¢

. Mate derjyati
mycoses or ringworm infectio live

rea : .ol 1%
anr:;' Solution ang Powder and aerosol in **
i
remains ineffective. Used a

. U}
gain ® Used in the treatment of cutane® it
st other fungal of bacterial infection®
Like the allylamines, iy I3 non-com
selectivity for the fungal eNZymes oyer ;
Itis topically applied 1o th
| e aff
cessation of therapy. “cted areq y
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Jamine:
iroX o
Ld

) topically used broad spectrum fung

[y
)’It '?unga' activity may be related to its abjj

icidal agent effective against dermatophytes.

ty to interfere in uptake of

' ' . ' _ Precursors needed
nsa"te gynthesis of prOtEIl?S and nu.clelc acid core. Adverse effects are few and include
or " "4 burning at the site of application.

+ic an
ru{ltls a . . .
P Amoﬂ"ﬁ“e: It is a morpholine antifungal drug that depletes ergosterol.
CH, H,C
CH,
CH
? ’ CZHS
A
H,C

potassium iodide:

In the form of saturated solution of 1 g/ml
qtifungal agent in the treatment of cutaneous
aused by S. schenckii. 1t is excreted in the urine. It

fingus cell membrane. Adverse effects include nausea, vomiting, diarrhoea, heart-burn,

seezing, shedding tears, metallic taste, acneiform skin lesions and swelling of parotid gland.
lodism is frequently encountered during the therapy.

Table 9.3: Clinically used antifungal agents

, it may be used orally as an effective
and lymphatic forms of sporotrichosis,
probably acts by iodination of proteins in

Drug Uses Possible mechanism of action
1. | Polyene antibiotics Candidiasis, Histoplasmosis, interacts with fungal membrane sterols and
Blastomycosis, Sporotrichosis | change the selective permeability of fungal
membrane.,
2 | Griseofulvin T. capitis, T. circinata, T. pedis, | interacts with fungal micro-tubules and
Onochomycosis prevents cell division.
3. | Imidazole derivatives | Cryptococcosis, inhibits ergosterol synthesis in fungal cell
Histoplasmosis, Mucormycosis | membrane resulting into leakage of cell
| constituents.
| 4 Flucytosine Candidiasis inhibits the formation of fungal nucleic acids.
| Aspergillosis |
1 : Tolnaftate Cutaneous mycoses inhibits transport of precursors for proteins and
| nucleic acid in fungi.
%1 Cyclon inhibi eded for the
Yclopirox S Mycoses inhibits transport of precursors ne led :
’: P Cutaneous my synthesis of proteins and nucleic acid in fungi.
n . g o the i X brane.
‘ . ; f proteins in fungal cell-mem
L Potassiym iodide Sporotrichosis lodination of p 9 > )
whitﬁeld, .
X S ointment:

icyli id (keratolytic
- istati t) and salicylic acid (
COnta; . i d (fungistatic agen _
\ Al nzoic acl m corneum.
Tg?ht_ > @ mixture ?f benzo lic acid helps for desquamation of stratu rneun.
; ' Y keratOIytic action of sallcylc' fungus resulting into better penetratio
&”t"fun °Motes the removal of offending g

al agent,
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e e s in the fUHQE‘. C. ' 'rpholggi(au
ed biosynthesis is essential fOrgr )

: raget
The cell-wall is one of the most attractive targ

: : ntinu .
defines and protects the cell from lysis and its €O olysaccharides; B-1, 3-glucan
and survival. It is composed primarily of three P

- se).

. ol a-1, 6-manno

(8-1, 4-N-acetylglucosamine) and mannoprotein (larg yz e involved in their biosyy.
None of the major components of the cell-wall or enzy g

occur in mammalian cells.
Table 9.4: Some Organic Antifungal Agents

f
Qvat

mm

Cl
OH
NH, O—CHz—-CsC_.| |
N <
N7 OH cl
CH, — (CH,); CH, Cl |
Acrisorcin Haloprogin
(CHy); —N N —(CHy), ﬁ)
\[:::L\ C—NH—<::3>
C Cl
OH Z
Salicylanilide A | :
N
©ON — (CH,),CcP OH
uin
Gentian violet lodoiféﬂg;{ﬁ;%wq
COOH OH NH,
OH
3 N
Cl |
Salicylic acid p-Chlorometaxyleno | H |
le Aminacrin
N CH,
CH ReCaN N\ NS e
: - N = CH2 —CH, — \
H5C2 2 0 S CH3
m-Cresyl acetate
Duamethazole dihydrochloride
Hs?g . |
CH;(CHz)3 —CH. _N
1Y *
N~scqy, |

Chlordanloin /
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mmajor systemic —

Emerging Targets
antifu"ga's

i brane
lasmic mem
CY'%P erol binding
r? ene macrolides
| Pogy amphotericin B
; ey
! Ergosterol biosynthesis
-azoles
e.g. flucon

Cell wall biosynthasis

-chitin e.g. Nikkomycin Z
-glycan e.g. Echinocandin B
-manoprotein e.g. Pradimycin A

DNA topoisomerases
-topoisomerase |
-lopoisomerase ||

Protein synthesis
-elongation factor 3
-sulfur fixation

ucleic acids
gyrimidine salvage pathway

_5-flurocytosine

Fig. 9.1: Targets of known and emerging antifungal drugs

o
Antibiotics: B

Many antibiotics like, minocycline, tetracyclines, penicillines and rifémp|C|n may .be
,dministered concomittantly with antifungal agents. They do not have ant.lf.ungal potential.
However, they may enhance the activity of antifungal agent (e.g. amphotericin B) when used
n combination. Beside them, pyrrolnitrin, variotin and siccanin are other examples of

antibiotics used in mycotic diseases.

Plant Products:

Many workers have described the plant products as effective antifungal agents 'in tr.me
reatment of skin disorders. However, the reports over antifungal properties of essential oils

re quite meagre and fragmentary.

Other Organic Compounds: ,
. : ol, salicylamide,
Salicylic acid, aminacrine, acrisorcin, halopragin, p-chloro rT]Etaxr{:s?dantoin ygention
' i H C ’
licylanilide iodochlorhydroxyquin, m-cresyl acetate, d‘amemaiic;er;itrate thymol and zinc
"let, pecilocin, di-iodohydroxy quinoline, iodine, phenyl mercu '

Withione Possess significant antifungal activity.

: nt i
Most of them may be used in the tre:t:ihlorophenol available as a 1% cream. Itz'/s

. . \ . | . . _
¥oin, Haloprogin is a synthetic iadipate infections of the skin. Thymol in 1 - 2%

. . : orm . ial. Zinc
ective against various candidial and ringw ¢ to enhance its antifungal potent

L le
(o . ‘tfield's ointmen ityrosporum ova

n.ce”tratton may be added to Whlt-ﬂ to control infections due to the Pltrenicpacid in the
y”thlone may be used as 1% solution

X ilide may be used alongwith undecy
d Tinea versicolor. While salicylantl

f . tivity.
Orm of 5o ointment to exhibit antifungal ac y

of ringworm infections of scalp, feet and



Medlclnnl Chemislry Ul - . 9.15

orfirme Bectluce: A m
The various fungal ougamsms produce antlbacterlal g th

pEs
2 and natamycin. ¢
ann -fungal antibiotics include pyrrohutrm vanotnn siccanin ¢ y —
Q t J Source : Pseudomonas fluoroscence
P o
yrrolnitrin a
P
i) CHi——CH»——CHq——CHq—C_CH=C—CH =CH—CH=CH—C —
‘ ) : T [
0
Variotin .
Source : Paecilomyces variotii
O
OH ) CH,
iit) CH,
Source : Helminthosporium siccans
H,C o
CH,
Siccanin

V) NH,— ﬁ T NH(CHy)s — CH0H — CH — Ny — ¢

| ~ (CHy)s —NH —c — NH,
NH (CH,); NH, |l

Eulicin

Synthesis —

(i) Tolnaftate:

LA — ooy

Cl
2-Naphthol| Thiophosgene

O-naphthalen- 2-yl

Carbon
CH3 ochlorldothloate
sepa Moy
met
Tolnaftate hy!- ~3-tol ludine



¥ i
.

g1 Chemist L 9.16
F.gd"' le: Antifungal Agents
. nazo e. B

Cl
NaBH,

Reduction
Cl
CH,Br _
— OH —
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11.1 INTRODUCTION

‘ mommon disease in Many tropicy ang

11.1 INTRODUCTION = = .c‘ystc

Infestation with the parasitic worms IS tht? m old the intestinal mucosa and Nt
subtropical countries. These parasitic worms firmly tic to man can be categoriseg . 2
their reproduction by egg production. Worms pna(;atsremato des (flukes). Anthelmintis
cestodes (tapeworm), nematodes (round worms) fn e these parasitic worms. fron .

thel agants wikch are: ised 1o destroy.or & .o the worms so that such worms coulg
gastrointestinal tract. They act by killing or paralyzing

e impair the egg productjy,

. tic agents also | i N
be easily expelled out of gut. Some anthelmin -t o o
process in worms. Depending upon the action; anthelmintic agents are categorised into:

(i) vermifuges or drugs that expel the worms from the body, and
(i) vermicides or drugs that kill the worms in the body.

—i (&
Table 11.1: Clinically used anthelmintic agents i
sr. | Worm infection - Drugs commonly used
No. ‘ ur
1. | Ascariasis Mebendazole, piperazine, pyrantel, bepheniun | ;.
2. | Cestode infection Paramomycin .
3. | Cutaneous larva migrans Thiabendazole ¢
4. | Dracunculiasis Niridazole
- w
5. | Enterobiasis Pir ;
Perazine, pyran =
6. | Filariasis Diethyc bPY tel, pyrvinium
arbamazi
7. |Fascioliasis Bithio h mazine A
nol, .
8. | Nematode (round worm) Bepher exylresorcing| Q
infection €nium, me
. résorcing) benda20|e pyrantel, hexyl
9. | Onchocerciasis D
————— | Dieth : -
charbamaz,,,le g ,
| + SUramin o



Schistosomiasis
S, paematobium
S, mansont

S, japom'cum

Strongyloidiasis
trematode (fluke) infections

—
™~

14, Trichuriasis

15. Trichiniasis

11.2

' U

Prazi iri

P fquantei, niridazole, tartar emetic
yrvinium, thiabendazole

Bithionol

Mebendazole

Mebendazole, corticosteroids

E E SSEEE=—=
N

e' n
' |

1.2 CLASSIFICATION VR R ' |

presentl availa inti
y ble anthelmintic agents are structurally diversified. On the chemical basis

they can be classified as:

(a) Phenols (b) Chlorinated hydrocarbons

() Antimonial compounds (d) Dyes -
() Heterocyclic compounds

(e) Piperazine analogs
and (h) Miscellaneous agents

(9 Alkaloids and plant extracts,
(@) Phenolic Anthelmintic Agents:

(i) Hexylresorcinol:

It is an orally active broad spectry
s particularly effective

ic.ItisP
in patients with pepti

ginally introduced as an

m anthelmintic agent, ofi
is. It causes tissue

in the treatment of trichurias
¢ ulcer. Adult oral dose i 1000 mg once 2 day.

ii) Dichloro hen: | : |
(r ! ’ worm infections. It detaches

i nthelmintic age

Adult oral dos€ i
A saliné cathart'lc S

cysticercosis-

Cl
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rocarbons:

(b) Chlorinated Hyd

(i) Tetrachloroethyle
It is an unsaturate

hm

ne:
hydrocarbon. It is not used as an anthelmintjc ;
it is used only in vetg:- "
lnaf’;

d chlorinated
f historical importance only. Presently,

resently and is now © | | :
gractice and in the treatment of fluke infections in humans.

¢) Antimonial Compounds: .
(€) s anthelmintics because of their high toxicity

ents are now less favoured a _ gh 1
difﬁ::l(:;eo?idministration. They exert anthelmintic activity by selectively mhi.bltmg schish;_
somal phosphofructokinase. This enzyme is necessary to ca{alyze the conversion of fructy,,
- 6 - phosphate to fructose-1, 6-diphosphate. Examples mc!ude 'potassu.u'm and Sodiun;
antimony tartarate. Stibophen is a trivalent effective antimonial leishmanicidal agent Wit
less intensity of adverse effects. _

Adult intramuscular dose is 100 mg every second day for 1 -3 weeks.

(d) Individual Anthelmintic Agents:

(i) Thiabendazole:
It is an orally active, broad spectrum anthelmintic agent, effective against a wide rap :

of nematodes. It exerts vermicidal activity specifically against Strongyloides stercoraj
Trichinella spiralis and Trichiuris trichiura. It acts by deforming the worm-eggs. However, t,
egg count returns to normal if therapy is discontinued. It has no effect on filariasis. It hs;
plasma half-life of 1.2 hours. It is excreted in urine mainly as 5-hydroxy thiabendazole eithe
in the form of glucuronide or sulfate. Adverse effects include nausea, vomiting, epigasti;
distress, anorexia, diarrhoea, numbness, skin rash, hyperglycemia, crystalluria and transier

leukopenia.
Table 11.2: Some clinically used anthelmintic agents

l
[ H,c—co0 ‘

NN HO 2
—C—C00 nc—N  Ne—d_n

—/ | _
H,C — COO \—/ C,H;

— -J 2 ' :
Pi ine ci ' |
perazine citrate Diethylcarbamazine |

ST e

CH,
0

Pyrantel )
Praziquante Thiabendiv




s
ra

Levamisole NJL NHCOOCH]

P N
T o Moo cel, @ | ]
NO,
Cl

Metrifonate

NiClOSamide

| 0 NH — (CHz)z - N(C2H5)2

o OO0

CH,
Niridazole Lucanthone

coo
' ¢ CH, )
H :=<
3 \N ~ r H
H3C/ | Ol? 2
Nf CH=CH—\ )
3 !
' I D coo0

CH, Il
ini te
E Pyrvinium pamoa
| ‘ co0°
-
i Bephenium hydroxynaphthoate




\Aﬁmﬁ—\g

11.5 Wy, | o ~ ‘
Nl \
_l\jggle_'i'i'-@ﬂ‘iﬂ-, t of A. duodenal (common hOOkW ‘.:d iidaz

. tive in the treatmen o ' oy |¥ it
Thiabendazole IS erf:cA lumbricoides (round worm) and S. stercoralis '”fecuons ‘ M)N .

. . . - . hF.
£. vermicularis (P17 ‘;c;;mln early trichinosis, treatment may be continued for 2.3 addig, 1| 1 1t

' r e ontinued for atlea Oyt es
oral dose is 2 GIP ated Strongyloidiasis, treatment may be ¢ Sts day, :ant wor!
days while in dissemin inea
s bamazine: . ) - f de
B Dlethyl‘-'a'”a active agent belonging to piperazine category. It arc]ts by ;Se.nSIt|z|ng | U?S it

. a " . . 3
| It is an :0r thyat they become plagocytozed by fixed tissue m.acrop tzg:)esr tis Orally ey Ilmaﬂe
m'cmgfznznd has a plasma half-life of 8 - 12 hours. Upon extensive me : o] |sr:|jr a Vafiety il d t 1
SOTOE : : ' 0 e as unchange .
;::?;Ve metabolites are excreted in the urine alongwith 10% dos 9ed dryg, | chistos or
L

LR
drug of choice for the treatment of filariasis due to Tetrapetalonema Perstang I
ru

. . . oge I | . a
Tetrapetalonema streptocerca. It may also be used in tropical eosinophilia ang Ascr, | It1S

. H ] t
infections. Adult oral dose is 2 mg/kg body weight three times a day after Meals for.yeatmens
;mefaece

It is used to treat infections caused by W. bancrofti, W. malayi and O, volvulys, y; ic . | i Niclo!
|

1-3 weeks. ,
(iii) Lucanthone: Copis

It is an orally active antischistosomal agent derived from a yellow dye and is EffECtiveLEgiasiS (F
against S. haematobium. 1t acts by preventing helmintic ova production or its release, This ,{e'm,iculai
results in the destruction of the parasite. It is less favoured clinically because of its advers Factive ¢
effects. Hycanthone is a hydroxymetabolite of lucanthone. It possesses marked schisto. |
somicidal activity. Adult oral dose is § mg/kg two to three times a day for 5 - 10 days in the
treatment of schistosomiasis.

(iv) Mebendazole: (viii) Ox

It is a benzimidazole derivative having broad spectrum anthelmintic activity. It is poorty | Itis :
absorbed orally. About 78 - 80% administered dose is bound to the plasma-proteins. It has: methyl te
plasma half-life of 2.5-5.5 hours. About 95% dose is excreted unchanged or as 2 - amino - nd has

- benzoy! - benzimidazole (primary metabolite) in the faeces, Upto 2 - 5% dose appearsin | Xcarboy
the urine unchanged or as Primary metabolite. tose) of

in the treatment of ascariasis, trichuriasis, ang hookworm infections in the It is

Adult
may beg

i e
given. After 2 weeks, second dose of 100 mg may be given e N ¢
(v) Metrifonate: Ction

Ady|

Adverse effects Include n ‘ B
ausea, vomiting colic, abdominal pai o, lasst? N,
ec;‘:ased sperm count and some Intestinal Nématodes P mie e ssed n t
IS used for the treatment of ;
urina i o : °
Adult ey s v, ry schlstosomlaSIS and of S. haematobium infecti (x) S( \
9/kg body weight 3 timeg after every 2 weeks s
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' Niridazole: A
i . (vi) . | ' ——thelmintics L
’h_ it is an orally active nitrothiazole derivative having anthetminti
Ic and antip
acterial =

aCf.'V't'es- It also has ?moebicidai and schistosomicidal activities. It i
gumea worm (D. medinensis) infestation. -1tis also effective againgt
- S

R
It undergoes an extensive first pass hepatic metabolism. 1-Thiocarb
. 1 . . . r \ " .
dinone is the active metabolite. The metabolites appear both, in urine anda;'nol"z-lmldazm"_
' aeces,

'It is usgd in the treatment of D. medinensis. It may also be used
schistosomiasis due to S. japonicum. for the therapy of

.
Ll)'t;
isi
'y (vii) Niclosamide:
Al . - e
™ is a salicylanilide derivative having anthelmintic activity. It is effectiv :
f intestinal cestodes. Its oral absorption is poor. Major dose is exc?eto "::‘]‘-:n "
ed through

yllobothriasis (Diphyllobothrium latum), Hymeno-
and Dipylidiasis (Dipylidium conium). Entercbium
n of tapeworm, niclosamide is the most

"used in the treatment of diph

" |epiasis (H. nana), Taeniasis (7. saginata)

¢ yermicularis is also susceptible. For destructio

% offective and safe drug.
Adult oral dose is 500 mg usually in the fasting condition 3 - 4 times a day. Antiemetic

may be given one hour before and purgative about 2 hours, after the treatment.

(viii) Oxamniquine:
It is an orally active yellow dye having anthelminti

methyl tetra-hydroquinoline derivative. It is especially effective against Schistosoma mansoni
life of 1 - 2.5 hours. Principal metabolites include 6-carboxyl and

h are excreted in the urine alongwith traces (04 - 1.9%

¢ activity. Chemically, it is 2-amino

ny
15
.; and has a plasma half-

. 2-carboxylic acid derivatives whic
dose) of parent drug.
# It is an effective schistosomicid
5 used in combination with metrifonate
infections.
Adult oral dose is 15 - 60 mg/k

histosoma mansont and is also

ainst S¢
d haematobium

al agent used ag
t of mixed mansoni an

in the treatmen

s a single dose given at bedtime.

g of body weight 2

d. Major portion

' orally absorbe
o ) few and include

ne H . _*
(ix) Pyrvinium Pamoate:
s are

I
: - nti :
v It is an organic dye used as anthelmin! the faeces adverse effect . G
-~ of administered dose appears unchaﬂged n - diarrhoed, cram and skin rash. t{
Qastric irritation hoto—sensitization. nausea voriting E vermicularis): Adult oral dose =
ge /P . d p|n worm (&
' Used in the treatment of enterobiasls caused bY
Smg (base) / kg body weight per day-

'
.

5
| ) Suramin:
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ctivity. Freshly prepared solutig, )
administered dose is boung t oy

does not undergo Sigm?. the
‘CQn
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It is a dye derivative havin
always be used for LV. admini
plasma-proteins. It has a plasma half-
metabolism. About 60% dose appears U .

It is used in the treatment of African trypanosomias

i ve i ro
or with arsenical therapy. It is effective In the prop

trypanosomiasis. . .
nd 21 that is slowly injected in the forp, of 105
%

Adult LV. dose is 1 g on days 1,3, 7, 14.an€ &= 75 © ° L
solution. The therapy may be continued for additional 5 weeks.

g trypanocidal a

stration. About 99%
life of 48 - 49 days. It

nchanged in the urine.
is and for onchocerciasis €ither ;
0

hylaxis of Rhodesian ang Gamb-ne |
ian

It is an orally active anthelmintic agent . : !
form. It is effective against Ascaris lumbricoides and Enterobium vermicularis (OXVUriasis)

Major dose fraction appears unchanged in the urine.

It is used in the treatment of oxyuriasis, a single daily dose of 65 mg/kg of body weigh
may be given for a week. The dose-schedule may be repeated after 15 days. It may alsg pe

used in the treatment of combined ascariasis and oxyuriasis.
(xii) Bephenium hydroxynaphthoate:
Itis a quaternary ammonium salt previously designed to treat hookworm infections Itis

poorly absorbed from GIT. It is used to treat infections caused by Ascaris lumbricoiges
Trichostrongylus orientalis and ternideniasis. It is excreted in urine only in trace amounts.

Adult oral dose is 5 g twice a day with empty stomach for 3 - 7 days.
(xiii) Bithionol: |
It . :
t is phenolic anthelmintic agent used for the treatment of paragonimiasis and

fascioliasis. Adver '
: se effects include na miti '
usea, : : I
photodermatitis. vomiting, diarrhoea, colic, urticaria and

Adult oral dose is 50 m .
g/kg of body weigh
(xiv) Chloroquine: °Y Weignt every second day for ten doses.

(xv) Pyrantel palmitate:

Itis a poor or
. ally abso
agent. It is effectiye againStr bed broad-s ckind

60 - 70%
6 dose appears in the deces in unch
Nchange
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| with Trichuris trichiura. Adult oral dose is 11 mg/kq t
' may be repeated, if necessary after an interval of tw

|
|

. . activi X
? poth, gastrointestinal tract and the parasitic worms. T tivity by Praducing toxic effecs
- which is followed by their tonic paralysis. Thereaft
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{
grine alongwith 10 - 20% dose in unchanged m'&n%

3 and in children less than 2 years of age.

It is effective in the treatment of ascariasis

| : . . enterobiac;
| gmericanus and Trichostrongylus. It may be used alg Obiasis, ancylostq
|

Ngwith oxantel tq treat m;

0 a maximum of 1g per
0 weeks, -

In general, various anthelmintic agents exert their

M3, Necator
ed infacs

day. Trear

IQns
Mant

hey induce contraction of the o

er the worms ara remo
helps to excrete out these
or of cholinesterase enz*yrr;es. produy

as:es in the worms. Of course, thoddncies
olmesterase-inhibiton/activity. Y

Warms
ved by the
parasites in

peristaltic movement of smooth muscles of GIT that
e faeces. Metrifonate, an organophosphorys inhibit
apid and almost complete inhibition of cholinester
0 a certain extent, also affects the host due to its ch

Depending upon the type of worm involved
Combination with each other. For example, in ta

choice. In nem_atode Infections, piperazine, mebendazole and pyrantel palmitate are s

pecause of their br_oad’spec'fl'um of anthelmintic activity. For filaria, diethylcarbamaii::eid
generally used, while in trematode infections, niridazole, bithionol and oxamniauinelhari
¢ffective agents. . o

» anthelmintic agents are ysed alone or in
peworm infections, niclosamide is a drug of

(xvi) Albendazole: Developed in 1975, it is used for the treatment of a variety of
parasitic worm infestations. The most common side-effects include headache and abnormal
iver function. Albendazole induces degenerative alterations in the intestinal cells of the
worm by binding to the colchicine-sensitive site of PB-tubulin, thus inhibiting its
polymerization or assembly into microtubules. At higher concentrations, aibendazgie inhibits
metabolic enzyme, such as, malate dehydrogenase and fumarate FEC?L.JCIB.SE. This leads to
oroduction of less energy (ATPs) by Krebs cycle resulting into immobilization and death of

the parasites. o

H
c—C—C—S N \\c——OCH3
Hs H, H, >—N/

R

N

dical use in 1982, praziquantel is used in the
e ections, hydatid diseases and other

|: Approved for m “
s by increasing the permeability of

(xvii) Praziquante .
a lonorchiasis,

“sment of schistosomiasis: ¢ + action 0

e infections. The drug induces o rards calcium i

the : ome CE”S tow . tin is us
‘Membranes of schistos . 1. ivermec

ed for medica

. .. Ccommon Si
' nasis_ CO .
phaiic flllao Jntinematod
tin is @'

tapeworm inf
f parasite

ns.
© ed to treal head

: o red eyes. dry
(XViii) e Appmv de"‘-'ffe“; '”d":; inst pinworm
. e drug
"e SCabies, trichuriasis and lym
"Mand burning skin. Jvermec
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Synthesis
(i) Mebendazole:

o) 9 i
0
NH, H/U\NH Cul Na,CoO, N
2 ——
O O 4 * NH3"H,0, 100°C._ 107 />~~u_
Br N '

0
o H ]

o
| CH,—0—C—cqi
NCN OCH, o _°

O O />_ N Cul KOH, DMF
a

Mebendazole

(i) Diethyl Carbamazine Citrate;

H 0 H
N ] N
’: j (C;Hg),N—C —j ( j
— —

1, 2—diaminoethane

N
C.H
Piperazine 0= !3"‘”/ o
\czH5
1 HCHO / HCOOH
CH,
[ CH,COOH ?Ha
N ' e . N
E j HO——C’Z — COOH Citric acig . E j
N
" cm H,C — CooK \ C.H;
O=C—p o=c—n{
e, NeH
Diethyi Carbamazine Citrate

e
| e
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) ' i meas '
Amoeba is a shapeless moving mass of protoplasm which usually ures 20 - 4

It contains a nucleus and food vacuoles in a granular

endoplasm, surrounded by , d

ectoplasm. The food vacuoles may contain red cells. '
membrane of the large intestine Whe

Amoebiasis is an infection of the mucous . . |
m occurs in the intestine in

Entamoeba histolytica is the causative organism. This organis
form of trophozoites and cysts. In most infections, t,-ophozm' ,
feed on intestinal bacterial flora and multiply in the colonic lumen without causing
symptoms. But under certain circumstances, trophozoites may g€

intestinal mucosa, causing tissue lysis and producin
unfavourable atmosphere however, trophozoites are enc

Hm,
By

tes (vegetative form) appeary,

t activated and invade the

g dysentery or diarrhoea. Ung,
ysted and the cyst form is excrete

Mmﬂ\‘““
[ mvaswe intestinal Moy,
pebic YSEOLEry with o, 1
am tI,”.ougf‘l portal vein and
|ve uce amoebic liver abSCQSS T
r'f-;cl.'on to adj?cenlt organs, It r:‘
' ¢ perforation, insidigyg o/ b
col® moebic abscess of tpe E"
Jasive amoebiasis. It may :
|rld hep,atomegaly. In the mily
h appear due to invasign, of ?m '
re form other vital organ, ¢ Intes
d. This constitutes the

y . —_— Agl!prolb
—=TUprotozoal Agents
! Troffwn a mild cere
Phozaites m
. rnmrmebir_ hepatit
-OmMplicateq by ru
oem:mh chronic co)
mogs | 9ranuloma.
‘ a.';:»rnrmm extra-intestin
je F(iommal Pain, anorey
sym s
wall by?tim; 21® mainly of intestinal origin
© Multiplying trophozoites, tn more

" lungs,
e of & . » Dfain, ang .
EXra-intesting| symptomsg Enitourinary tract may get

N ite .

Its YMptome
N the “tog S
3N acute 5

May b

Mness 1o severe
3y spread 1o the
'S or may encyst and
Plure of estension of
onic dysfunction, acute

3l manifestation of
13, fever, weight loss

2
whic

Caus

heir <ites of actions, For example,
) Luminal amoebicides:
These drugs are effective agai

{hem owe t‘heir eff.ectiveness due trc‘aSttht:i
more time in the intestine. They are ;
carriers. Exam ples include, diloxanide
pentamidine Isethionate: The term
chain aliphatic carboxylic acids (C; - Cia)
or salts there of such as ammoniym

re:(:g:f::: p;resen; in thg bowel lumen. Most of
ghly effers a vsorp_tlo_n. T.hls helps the drug to stay
roate, o ve in eh_mmgtmg Cysts in asymptomatic

- '0doquinal, cliequinol etc.
|§ethionates refers to a group of esters of long
with |§ethionic acid (2-hydroxyethane sulfonic acid)
Or sodium isethionate. They have good detergent

the

C
y activity.
Pentamidine isethionate, an aromatic diamidine, is an antiprotozoal agent effective

against Pneumocystis carinii pneumonia. 1t may be given in combination with

co-trimoxazole.
(i) Luminal trophozoitocidal agents:

in the faeces. In majority of cases,

excrete both cysts and trophozoite
ineffective and the infection is acquired by ingestion O

contaminated due to handling by such asymptomatic i
liberate trophozoites in the intestine and continue the proce OsE.
ons and inadequate sanitation.

f amebic cysts in food or

the infected persons do not show any symptoms ay
s in the faeces. The cyst form of the organism i

nfected person. Ingested gyt
ss in the new host. The infectio

These age‘nts mainly attack intestinal trophozoites and are effectively used to treat
invasive intestinal amoebiasis. Examples include metronidazole, tinidazole, paromomycin,

tetracycline and erythromycin,

(ili) Systemic amoebicides:
As the name indicates, these drugs are not acting locally in the intestine. When

trophozoites spread into liver, brain or lungs, these drugs may be used to treat extra-

Walg

usually prevails in the areas of poor hygienic conditi
i e attacks of acute dysentery which sf . . A i
Amoebic dysentery: Amoeba can cause 3 ¢ nal pai intestinal manifestations of invasive amoebiasis. Examples include metronidazole. nm@a;ole.
chioroquine and dehydroemetine. Metronidazole and tinidazole thus not only eliminate
o effective at extra-intestinal sites.

characterized by presence of blood and mucous in the stools and severe abdomi
This occurs when the amoebae invade the wall of intestine, multiply and caus
damage, often forming layer, ulcers. Later amoebae may invade the blood vessels

carried to the liver and even to brain. Death can occur from liver abscess whlc.
perforate into the lung and elsewhere. Of the several species of amoebae that occur!

wuman intestinal tract, only Entamoeba histolytica is pathogenic.

(10.1)

e tiss

trophozoites present in the intestine but are als | i
In addition to the chemotherapeutic measures, the large liver abscesses may DE
aspirated percutaneously for better results.

(@) Diloxanide furoate: dichloroa
! . -toxic dic
It is a cheap, relatively non is less effective in the treatment

treatment of chronic amoebiasis. It

and &
h o

{he | |
n cetamide derivative, mainly used in th

of acute intestin

-

| 9
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amoebiasis. Studies of diloxanide ester showed that, in the form of furqat_e, the dru'g is s B
soluble and hence more effective locally. This ester undergoes hydrqu&s 'n UF;p.er Intesgy, B
to release diloxanide which is then absorbed. Major amount of drug is excreted in thq uri

in the form of its inactive glucuronide. About 4 - 10% dose appears unchanged in the faecy

0
" | ﬂ. é! -0 N'— COCHCI,
0 |

CH,

S

Diloxamine furoate Yo Ewii
Adverse effects include vomiting, abdominal cramps, flatulence, diarrhoea, urticaria, gy,

pruritus. It is contraindicated during pregnancy and in children under 2 years of age,
Little is known about its mechanism of action. It appears to mterfere. with protg, |
synthesis and with the activity of some essential enzymes of protozoa. It = ‘US‘_éd in the o
treatment of cyst-passing patients. In the treatment of extraintestinal amoebiasis, it may be
used along with a systemic amoebicidal agent. b
Teclozan and etofamide are other effective amoebicidal members of dichloroacetamide
series.

(b) 8-Hydroxyquinolines:

e I

X X

I N/ I N/
, OH - OH
~ Diiodohydroxyquin  (iodoquinol), lodochlorhydroxyquin (clioquinol),  dibromogquin
chiniofon and chloroquinaldol are examples of halogenated  derivatives of
8-hydroxyquinoline having luminal amoebicidal activity. '

They are used alone in the treatment o}

2 g daily for 20 days, minal amoebicide, it js used in the dose of
(¢) Nitroimidazole derivatives:
First report of study on

nitroimidazole derivatj
: vatives 3 Fior d
coworkers. Four such actiy PPeared in 19 an
fi | ; € members of the series inc| >> by Nakamura
Imorazole and ornidazole, Clude, Metronidazole tinidazolé
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2
i) Metronidazole T
R,=-CH ;R 1

2==C i T
(iii) Timorazole HZCHQOH (i) Tinidazole

R =
1==CH,:R. -
2R, =- CH,CH,S0,C H.

NO,

R1 = H ’ R2 - C
OB
N _R
:ally ornid T e
Chemlcaly aZOIQ IS a nltTOimidaZO|e der Ornidazole
ervative, It is a ite aac nd
- n antibiotic highly effective

o anaerobiC Micro organisms ,
B ons. It is an effective drug to tre

nMetronidazoIe was introduced in 1959
fectin® .Of.Unn(.)ger'ﬂtal tract. It has eXhibitedfor the systemic treatment of trichomonal
m-chomonlaSIS, giardlasis, balantidiasis and d a high Qegree of activity against amoebiasis,
[sremely broad spectrum of both, antibacteriaqaac:gimtl?ms' ft ha been found 10 pesses
Its effectlvenes§ is due to the presence of ni?réprortozoal ac'tlvmes. - |
pogenous reduction reaction as an elect group which participates In the
. ) >l ctron acceptor. Since it has a redox potential lower
fn the pr.oteln, ferredoxin, which is found in anaerobic organisms, its nitro group is
«duced. This reduced form of metronidazole then causes interference 'in the carbohydrate
«iabolism and nucleic acid synthesis. It also binds with the cytoplasmic proteins of
ssceptible cells.
Metronidazole is an orally active drug. About 10% of administered dose is bound to the
fima proteins. It has a plasma_half-life of 85 to 100 hours. The 2-hydroxy methyl

wabolite and several inactive metabolites appear in the urine in the form of their
doronides. Adverse effects include nausea, vomiting, anorexia metallic taste, stomatitis,

isits vertiqo, dizziness, flushin neutropenia and thromboplebitis. B
D 9 eatment of amoebiasis, giardiasis and trichomoniasis.

It i ‘ tr i i
§ Biiectyey used in te not always eradicate the intestinal phase. Hence, It

oS imetronicizot alone, T minal amoebicide) in order to prevent recurrence.
ia (e.g. Bacteroides, Eubacterium,

¢ be given alon ' hdiloxani e(alu
y wi ic bacteria
faﬂaemb' d with other

lSal|50 effectiv'e against a num otc) It may sometimes be use A
fidium, Fusobacterium. tococcus aer obic microorganisms. Itis contralndlcaged
holic drinks (because of its disulfiram like

§biotics ¢ ofactions ¢

o control the infect!© b alc , .
. tients with blood dySCfaSias . Ivgsspension of benzoy! metronidazole 1S usually
’ ora

nd parasitic ;
IC Infecti :
at both, intest; ctions. It is used to treat protozoan

5. In chi tasteless
Yorreq children, 2 0000t 5N
Ni : ' SV”thetic NN
. oxanide: It 1 e Jsed 2 H

Wy ey
y rh a20ly| salicylamide der”
0203 agent.
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(d) Antibiotics: severe Cases of amqy., .

. . . . Iasis‘
Tetracycline, chlortetracycline, oxytevécydme' atment of amoebiasis. Sincg . " i, | et cline_of Peromomy; . W;”’Ettne 'S Useq ;
examples of antibiotics which can be used in thtleI tfesed in combination with Ot:ha Ocy ! 5y oS pfa t'?ms With Seve . dehydro:d ! “Ombinatig, ith
action is ' i ivi usually u . . er . U imistration of either " amoer. et s
not their main activity, they are stages of intestinal amo&bia; p"n{i:‘ min drugs Moeb;e
15, M

. : o n e )

amoebicidal agents in the treatment of mild to severe ’ octing 9astrointestinal g e e ecﬁcdlysem‘e ' metinuese'd for 12pid relef of
he intestinal ‘ 3 S not

Most of the trophozoites present in the lumen: feed on't bacteriy) 2 safe drug,

s tine is less toyi. Sl SUperyis
L r ' as eh)’droeme €ss toxic than jir' Cardig, Pervision, A numb,

then multiply. Except paromomycin, rest of the antibiotics exc:;:: anr ;rlwi?;rec.t troph 20t g ) miscellaneous agens, EMetip 3sCulay Systems are ’ep:r:e; a:};:r.:; :ffﬁfs
action by destroying the enteric bacteria necessary for amoeb)] F::s It r:atlon' _Paro N ('dif )
is an aminoglycoside antibiotic obtained from Streptomyces rm'IJODSNA Nas adirgy e’hyﬁq

the amoebae present in the lumen. It interferes in the protozoal - Zn.d RNA sy”thesjqo“
it is generally used as a supplementary therapy '"_amoeb'aS'S dan N the trey esard
various tapeworm infections, Adverse effects include diar rhoea and anorexia, "y

N
\

erythromycin and paromop, .

Antl, rolozoal Agents

either chloroquine,

0!'3

e Oebjg '
clinically used agents g ICida) activity When |
ether, phanquone ang teclozap, ;hor ®lamide, lose: el Important examples of

B - These 5 :

' .
eg €noxamine, chlorphenoxamine
as luminal amoebicides,

nts are yg

(e) Carbarsone: d b the hﬁ o
_infected by biting the Mans by the bitec of —
re-In 9 the cats, go or ro Y the bites of infecteq female flies which are

ending upon the protozg, : nts, the non- ‘
th?’ze different types. 7 Involved and the organn:;‘fef‘::rza? mammalian reservoirs.
€d, leishmaniasis may be of

) visceral leishmaniasis.

It is an example of organic arsenicals. It may be used ,'"lcomb’”éti‘_’" With o, F

amoebicides in the treatment of both acute and chronic mtestlfnz amoebiasis, They e )

no value in the treatment of systemic amoebiasis. Examplgs of drugs include carba,muf
acid) and diphetarsone. They a1 eﬁ%f’!

glycobiarsol (a bismuth salt of phenylarsonic — ‘
antiamoebic agents due to the presence of arsenic In their structures. Arsejc exe;

amaebicidal effect by non-specifically inactivating the enzymes containing sulfhydry) N |

They are less favoured due to severe toxicity associated with their use.

(f) Chloroquine: (b) Cutaneous leishmaniasis;

It is an effective agent in the treatment of systemic amo_ebia!sis. It is used only j, e
cases where other drugs either fail or are contraindicated. It is highly effective drug whe

used alongwith quinine, in the treatment of hepatic amoebic abscesses or amoebic hepy
because of its preferential localization in the liver. To achieve complete cure it is given yiy,

It is caused by Leishmania brailiensic 14 ;
: : s and involves ulceratio [ i
skin lesions. It is a form of localized ang non-systemic infection o e ermaton o

(c) American leishmaniasis:

It is caused by Leishmania tropica. The infection is characterized by the ulceration of

with intestinal amoebicide.
mucous membranes of nose, mouth and pharynx, Skin lesions may also appear.

It is not much effective in the treatment of colonic amoebiasis in which its only functiy
Of all the types, visceral leishmaniasis (kala azar) is the commonly occurring form of

is to prevent development of liver abscesses.
(g) Ipecacuanha alkaloids: infection while other two forms are rare. The occurrence of localized or systemic (kala azar)
. . ) . ) form of disease depends on the type of the infecting protozoa and the host immunological
These include emetine and dehydroemetine. The latter is a synthetic analog of emetr: system
an alkaloid obtained from the roots of ipecac plant (Cephaelis ipecacuanha). Emetine s ) ) ,
P P (Cep P Leishmania species occur intracellularly in the amastigate form in MPS (mononuclear
ainly in those of spleen, liver, bone marrow or lymph

highly effective agent in systemic amoebiasis but it fails to act as luminal amoebic !

because of poor concentration of the drug in that area. However it may be used as umid DhagoFytlc system) cells of the host, m

amoebicide in the form of emetine bismuth iodide which contains about 25% anhygus|  "odes in the visceral disease (kala-22ar) 3nC 7
the cutaneous diseases (tropical sore chiclero ulcer, etc).

emetine and 20% bismuth. It releases emeti . . . |
A, more organisms. The cytoplasm of organism may t?e
s in cytoplasm of host cell or simply in

and mainly in the skin and/or mucous membranes in

Dehydroemetine is a better chemotherapeutic agent than emetine. Both ar ™ One cell may contain 10 or -
Vacuolated and the organism may occur!

effective against motile trophozoites than cysts. They affect protein synthesis by inhibiré &
the translocation of peptidyl-t RNA on ribosomes ing i inhibiti olypes* © continuity of cytoplasm.
chein slonastion resulting in the inhibition of po¥

n vacuole
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t of leishmani

Most of the drugs used in the treatmeﬂt.bog'uconate
imoni i sodium sti L
antimonial category. These include ~d meglumine

ntimonate (i.e, p_
stibamine, dihydroxy stibamidine isethionate 2 T get in-vivo S toN |
glucamine antimonate). These pentavalent antimonials 9 tr

i enzyme that catal
antimonials. The latter then inhibits phosphofructokllnaz: ;:owthyis dependentyzes
limiting step in glycolysis. Hence, the organisms Who Pon

ro . ! \

m ; th lack of energy source. Begjg "
i i f ose, can not survive wi -
anaerobic metabolism of gluc it several enzyme systems of the protozoa, I

Wnllc'ﬁr—"%

’cHzOH CH,0m
iHO"' iﬂow
HO\ / Ho
[ _Ssb—0—gp_ | )
(0] CHo
(IJH / \ ' Na 2
cHO ?Ho
'009 cod® OH
0

these agents were also reported to inhib - i<h .
y visceral leishmaniasis is e

effectiveness of sodium stibogluconate In the treatment of due to it

ability to concentrate in liver and spleen.

Orginally developed as an antimalarial
Pneumocystosis infections as an alternative to

to structural similarity, it acts as an antimetabolite t :
in microorganisms.

of the mitochondrial electron transport chain i .
. . .. i tic, it is used now alsg

Miltefosine: Originally developed as antineoplastic, : Falso a5,
B gina’y P treatment for leishmaniasis,

antiprotozoal drug. It is currently the only effective oral
0]

agent, atovaquone is mainly used agaiy
trimethoprim/ sulfamethoxazole therap, :
o ubiguinone 6, an essential comF’Onerﬁ

CHa(Cn,nga)_ o— p— O\/\ N(CH )
3/2:

I
0
Miltefosine

Table 10.1: Clinically used agents in the treatment of leishmaniasis

H Y NH
e Vo—cn-m-an—o{_ Y-
H N/
2

N\ NH,
Pentamidine

OH

I
=

[

0

Phenyl stibonic acid

OH

I
0

Stibamine

OH HO,
H
N
DOl
H,N

Stilbamidine Isethionate

CH,0H
i H0

CH,SO,H
2

NH
7
\NH2

o] Sog
- idi isethi T Sboguconate Alovaquone
ntamidine isethionate ; :
pe IS a poor orall

. and fungici - _
ant,protozoaI. < ngicidal activities. About gg%ab:orbeq aromatic diamidine having
P|asn‘1a proteins. iL1s excreted unchanged in the OF administered dose is bound to the

. urine
adverse effects include nayses vomiting at much slow rate.
|eukope"i3- thrombocytopenia, dizziness, confys;

leishmaniasis and in pneumonia due to p
acquired immuno deficiency syndrome (AIDS)

Amphotericin B is also reported to be effective i . ,
,esponding to other drugs. ve in the cases of leishmaniasis, not

Table 10.2: Clinically used agents in the treatment of Trypanosomiasis

S
Ha NHCH,CONH,
S—CH,
O]
— \s-CH—c:H,ou
Melarsoprol HO ﬁs ONa
Tryparsamide

H,N — CH,CH,CH, — cl: —C00
+
NH,
Eflornithine

ON’ :o: X

Ethidium bromide

Nifurtimox




\\'W\h
ONH 80
fi - HyC B Na |
NaO,S§ NH—C y
l‘ldH

NH

| co Na
Na0,S SO4Na

SO,Na

- O
@NHCOMH

Suramin sodium

Py

; i hosts -
Trypanosomes are mobile protozoan parasites that req:lre :A::: the bl;’;‘:Udlng Man
. . ites may be oun and Spin ‘
te) and insect (invertebrate). The paras . N SPing
gggeir:hz)infeqed person. Some trypanosomes are non-pathogenic and live silently ;
uid o 3

. N the
. s on the species of t an
body of the host. Trypanosomiasis is of two types based up yp 0S0mg,
involved.

(a) African trypanosomiasis:

It is caused by the bite of the fly belonging to Glossina spgc;(es. The ;r;f;ctw
either T. gambiense or T. rhodesiense. The disease caused is known : e.e
which is characterised by fever, headache, lymph node en1argef'nent. rowsj
weakness and mental disturbances. Since, the protozoan enter into the cere
and CNS, the signs of mental disturbances are seen.

(b) American trypanosomiasis (Chagas disease):

Itis caused by T. cruzi and is transmitted by kissing bugs.
(i) Suramin sodium:

€ protozg, is
PINg sickney,
ness, lethargy,
brospinal fi

concentration for several months, it can be
Prophylaxis and treatment of African trypanosomiasis.

Because of its anionic nature, it binds with
enzymes in glycolytic Pathways and inhibits thei
lack of energy source. It does not readily pe

selectivity of action, It is effective in treatm
arsenicals angd

is also effective in
trypanosomiasis.

the cationic sites Present in proteins and
r functioning. Protozoa may die due to the
netrate mammalian cells. This explains its
ent of onchocerciasis either alone or along w,ﬁh
he  prophylaxis of Rhodesian and Gambia"

_ e oo

-
o — .

G
) melarsoprol:

{tisa dimercapro| derivatiye of m
- * Of may
is8 g s?:';bl::::vat”e % efarmﬂ"}l ki 35 antiprotozoal
IC L sl T
s due to - SENIC contgn, Wwhich b h May be 1584 . .
| mes ThIS Inhlbitory achqn Qf i ity ”‘n_ %wnha‘
el’lzy ere d . r,n_,-“._ i3 of -
(plains the severe adverc, effar Bseginy O -Spacif
fpmtozna are less Permeaniq 10 the 4. od with the
0 °
Itis mar.ket.eli.ﬂ as a'3.6% iy Sterile-se e
m,pgnommraﬂs Involving Cg S/MBtoms =N Propylene glyeol
ﬁii)Tryparsamide:

T Afpromamnal Agents

agert T"-v-qi"un
5('-!‘."] TL.. Mty
'=U~""-/rjr/l

and non-gal
use of

Qroup co'u'.;'urg
ectrve nature which
this drug. Drug-resistant stran

It s used to trea Africon

in the reatment of advance cases of

be used along with suramin in the
5@ of drug-indiceg optic nerve damage, 1t

Adverse effects include Nausea, Vomiting, headache, weight loss, suphoria, tremors.
insomnia, drowsiness, psychic disturbances and periphera neuropathy

rted to nitro anign radical in the presence of

Superoxide by reaction with molecular oxygen,
This superoxide then may interfere with the
of protozoal enzymes.

Nitrofurazone is a topical antibacterial agent effective against many gram-positive and
gram-negative bacteria and some Protozoa. It is used to treat special cases of Amencar;
trypanosomiasis which are resistant to other drugs. The adult oral dose in t:.e !reatm:n;h c:s
trypanosomiasis is 500 mg daily for 3 days and therT 500 mg every 8 hours for a week.
dose schedule may be repeated thrice with a week's interval each time.

resulting into regeneration of nifurtimox.
synthesis of proteins and in the functioning

i ible for
Eflornithine acts by inhibiting ornithine decarboxyllase. afn e@meﬂ:;pﬁon:nde o
biosynthesis of polyamines essential for the regulation :Os:mimssy .
proliferation in microorganisms. It is used to treat African trypa '

sﬁ;l’Rl,CI'IOIIOH, 1ASIS o protipaal parasites. Most of thedi 2. nan-
: i flagellated protoz
Trichomonas are unicellular,

; ; tal tract.
h In humans, the pathogenic parasites resudermfo::s 9:::3:;;‘ a

Pathogenic in nature. In J nalis in man and T i .

The Pagthogenic species include Trichomonas vagina

R
e

2
K
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e often de

velop severe vaginitis ang ., iy

Males are asymptomatic carriers but femal free urethritis while in femalg, it it

T. vaginalis infection in male appears as a symPtO'“;low discharge. Age of the fep, ”Ctu,x

as vaginitis which is characterised by a frothy pale ¥¢ re some of the factors that aﬁe, PH

vaginal region and period of her menstiual cycle @ of disease s effected due loe b,

susceptibility to the infection. Since the transmrssro_n Jltaneously to prevent occy, Sy
contacts, the male sexual partner should be treated siM fence

of
relapses in the female.
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furazolidone and nifurtimox are the agents which .

i nts, metronidazole, p; h

be used in the treatment of vaginitis. Alongwith these Tgee,; E antbiotics et ::m_ofaz%
tinidazole, arsenicals, 8-hydroxyquinolines and certain poly , aricin g

i idazole or tinj
hachimycin) can also be used. A single dose of 29 of either metron! or tinidazg hag

been shown to be effective, if the patient is not reinfected.

{40.6 GIARDIASIS

Giardiasis is an intestinal protozoal infectio : ot :
conditions, low socio-economic status and homosexuality areé SOme Tactors that contyip,,,

into the spread of giardiasis. The asymptomatic patients may release .proto?oal Parasites i,
the form of cysts in the faeces. Transmission then occurs.after |ngest|on.of cysts iy
contaminated food or water. The main symptoms include diarrhoea, anorexia, bloating,

Aminitrozole, niridazole, acetarsol,

¥

n caused by Giardia lamblia. Unhygiemc

flatulence and weight loss.
Though all amoebicidal drugs can be used in the treatment of giardiasis, metronidazge

tinidazole and quinacrine are more preferred agents.

(a) Quinacrine:

Though it is no longer used in the prophylaxis and treatment of malaria still it is used as
an important agent in the treatment of giardiasis. It is an orally active, long acting acridine
derivative which is very slowly excreted in the urine. The metabolic pathways for quinacrine
are poorly understood.

Adverse effects include nausea, vomiting, anorexia, diarrhoea, headache, ocular toxicity,
discoloration of nails, dizziness, anxiety, restlessness, blood dyscrasias and psychosis. It i
contraindicated during pregnancy and in patients receiving antimalarial therapy with
primaquine.

. !}zatt?;nds t: p?r\':;A through an intercalation mechanism, and strongly inhibits DNA

I I I . s

p n an transcription process. It also interferes with protein synthesis and

functioning of various enzyme syste i
ms. It is used as anti i in cases
It exerts quinidine like effects on the heart. eonvulsant agent in certaln

It . ,
. ': rzeczrzgdc;; cff::ncse -m7t!;e treatment of giardiasis ang is used orally in dose of 1008
ays. The dose-schedyle can be repeated, if necessary abot!

2 weeks later. Besides this furazoli
olidone .
of giardiasis. and paromomycin can also be used in the treatm®"

: ——_ Antiprotozoal Agents
— |

or ingestion of cyg affects 7318 of T Plasmg gong
i . “-ed ondii fr
oxoplasmosts and congenit,| OkOplagr . "ot Active oeyiar e e Of infected
¥Masis (i, newk ocular toxoplasmosis, systemic

infection.

prugs like -pyrimethamine, sul
used alone or in .combinatiOn wit
(Leukovorin calcium) may pa .
mmimize the adverse effects of D

ar:
7Ms) are the important types of this

fadiayi
Zine, and .
h COﬂiconero.de'ramycm (8 macrolide antibiotic) can be
S 10 the treatment of infection. Foline acid

OnCOmitta "

n

Yl'imetham tly adm.mstered 6|0ﬂgwrth pyrimethamine to
Ine on falie acid metabolism N

N e AT

This intestinal infection js caused
igs. Trophozoites may induce githe,
and submucosa of large intestine, 1y
yomiting abdominal pain, diarrhoea o
The infection can be treated by

lodoquinol, 650 mg 3 times a day is also effective in the treatment of balantidiasis.

severe dysentery.

Othe.r patzogemc mtest'mal grc?.tgzoan infections include isosporiasis (/sospora- belli and
| hominis) and Pneumocystis carinii infection. Both are treated with either pyrimethamine-

By Balantig;
25 erﬁ’;ﬂd{um CO(I. 'ﬁh:(h IS norma”y a pal'asﬂe of
Pericial necrosis or a deep wiceration in mucosa

giving tetracycline, 500 mg four times daily for 10 days.

| § T ————

sulphonamide or co-trimoxazole combination preparations. Pentamidine can be given intra-

muscularly to control pneumocystosis.
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the modern chemotherapy and the concept of prodrug was e

ccessfully utilized with the introduction of sulphonamides. They were

s :
5tEnf|lirz:H:ffEthe chemotherapeutic agents to be employed
paul Ehrlich (1854 ; 1915) is regarded as the father of modern HO —As — ONa
semotherapy due to his pioneering work in this fild. He synthesized .
ond successfully used Atoxyl in the treatment of sleeping sickness. Aroxyl
The next major achievement in the field of chemotherapy is credited to Gerhard

pomagk, 2 research director of Bayer laboratories, who in 1932, recagnized the antibacterial
sctivity of an azodye, Prontosil Red. It was found to be effective in the treatment of
hemolytic streptococcal infections in the mice. For this work, he was awarded Nobel prize in
Medicine in 1938. Though synthesized first in 1908, sulphaonamides did not receive muc

attention till 1937 when it was proved by some workers at Pasteur Institute in France that
pronlcsil is a prodrug and the active drug, sulfanilamide gets released into the body after

in-vivo cleavage of the azo linkage.

This discovery led to the synthesis of atleast 5500 congeneric substan _
known as ‘sulphonamides’. However, only few of them have retained the place In
therapeutics. Sulphonamides are all white crystalline powders, mostly poorly 5olubtg In
water. Their sodium salts are usually used because of aqueaus solubility. The solubility
parameter is greatly influenced upan by the nature of the substituents on = SO,NH; group-
These substituents modify the chemical features of the molecule. Hence, the‘j play an
important role in governing the rates of absorption and excretion of sulphonamides.

ces which are

(12.1)
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The term sulphonamide is usually empruyed‘ ot
para-amina benzene sulphonamides. Sulphonamides are b-:;':’:::: J:n ﬂtg:nu
rare circumstances where bacteria are exposed to thMIHP e su-:t;:ssﬁji m
bactericidal, Sufanilamide is the basic skeleton of this category. e

l}
of this iead nucleus opened up new avenues in the_ ﬁefd of rhemg:herag. Presence of
amino group (-NH,) is essential for antibacterial activity. However, it can feplacey an. e

lam'%

groups which can be reconverted in body to free amino group. Examples I‘"‘T![Ul:l'ﬁ' ace lfby
(- NHCOCH,): succinylamido and phthalylamido groups. The compounds in e,
groups are present. may undergo metabalism to regenerate free amino functiong) grULlp_ES'
Pharmacologically, all sulphonamides exert similar actions. quever. they diffe, A
one another in solubility, rates of absorption, distribution, metabolism and excretion 5 °in1
Kk |

protein binding behaviour. These differences served as the basis ‘Df their P
classification. For example, relatively insoluble sulphonamides largely remain Unabse,y, “al

GIT after oral administration. Hence, such agents may I:.:e qf value in the treatm
GiT-infections, while the sulphonamides with rapid excretion feature may be used ip \,
o

i

treatment of urinary tract infections.

Sulphonamides are less potent antibacterials than most antibiotics. Their anzibacleﬁal

patential gradually drops by the presence of pus, tissue fluids and such drugs which ¢, ontaip
Ver ma

para amino benzoic acid (PABA) as a basic skeleton (e.g, local anaesthetics). Moreg .
ghly resistan, 1;

staphylococci, enterococci, clostridia and pseudomonas species remain hi
the sulphonamide action. The popularity of sulfonamides as antibacterial agents d‘-‘flineﬁ

after 1945 because of
(a) Publications of reports regarding sulphonamide toxicity in some patients.
(b) Development of sulphonamide-resistant bacterial strains, and

{c) Introduction of clinically more effective antibiotics.

However, the impression as the ‘wonder drugs' created by penicillins
maintained. Many factors contributed

in their early days
for their clinical
ngst such facygrs

~ unfortunately could not be
instability and microbial resistance were important amo
ties thus began in 1957 after

devaluation. Acid-
Ath-emprs to synthesize new sulphonamides with improved quali
realising clinical deficiencies associated with the use of antibiotics. The high clinical Mmerits
combination of trimethoprim and sulphamethoxazole reawakened the
mployed in the treatment of various bacteria

Issociated with the
'erest in sulphonamides. Many are still e

0toz0al and vira/ infections,

N-‘-N‘Q—NH-‘ NH: NH_-
H,N Mezaboiic NH,
cleavage -
SO.NH, NH.

Sulphanilamide
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FONside,
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J SU'IDhan hE de'-

lhl‘md ] W
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:#‘”.;l scterid 3‘( of g
J”E!bn-!wd a5 N while ”ff!n::w namide:
d;i_'gn.![ed as NY Most o the . O par.
3&3;55 af Nl-subﬂitu[ed 5“'51':::.
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A sd A diaminogpp e o i
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SoM'H,
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where the basic

he term, Sulphones
d

B than SWehanitami e.

H.y
NH,

4, ".u!_a .

5u|th:'amide_s can pe da“iﬁt‘d . p"“ﬂ:l."phanq
i of their classification, These " in Veriny, WaYS, Many oo

(a) On the basis of Dharmacoilnel:?c& A b i

ents which "Oper;

0] ':f eteinic surl:: fapidly absorp :s:hw May be classified as:
mf?\;r;‘ridme SUfPhadiaIﬁ't:mmmﬂ Example inc!u;" ﬂridlr it i i
wlfa ' | ine, 2 Sulphamethoxazole, sulfisoxazale,

(i) Agents Which are pooy .\

e use : intended tg i Ior::| a;;r:;:r:; G:rr; They are known 25 lacally acting drugs
tastinal diS€ase or to reg i E1ect in bow i J
include sulphasalazine, phthalylsulfa;h'raz;et?: nd infection after colon surgery. Examples

iif) Agents which ar )
(i Ag ¢ émployed YoPcally: They are applied only in conjunctival sac,
Mections, They may also be used topically to abolish

otic canal and vagina to trea Lacterial inf,
; lonizati i
pacterial colonization of byrne Examples inclyde mafenide, sodium sulphacetamide and

silver sulphadiazine.
(b) On the basis of chemica| nature, they may be classified as:
(i) Agents carrying substituents on amino group: These are N*-substituted
sulphonamides which undergo metsbolism in body to release free amino group. Hence, they
may be considered as prodrugs. Examples include, prontasil, solucopticin,

(ii) Agents having substituents on amido group: These are N‘-suhﬂit“‘;-'d
sulphonamides. Most of the clinically used sulphonamides belong to this categery. Examples

include, sulphadiazine, sulphacetamide, sulphadimidine etc.

- H . I
(iii) Agents having substituents at both, amino and ?n‘llda nltrugerIS- Tlh':‘b;;fi': :055:
known as N: INi-disubstituted sulphonamides. Examples include succinyl sulp '

phthalyl sulphathiazole, etc



N

. . ”3, / ’ , 24 st.r_lr.ill‘mnnnwhﬂ'.._!L.lcl ﬂu"
N ' the benzene nucleys. 5, ™
| J;/ I () Agents missing the ansing fumctions) gmup'lf;ﬂ:': mafenide. e Th'-‘!ra '
‘ i/ also known as non-anilino sulphonamides. Example Inchy be cat n
J. J’ . : ,ﬂﬂl\r'"}'- sufphonamidﬂs can oe ca !goﬂ:ed Bes
! (c) On the basis of pharmacologica - Iohacetamide 5:
7./ (i) Antibacterial agents: Examples include sulp : 5“"Fhad.',ﬁn T h._ toyt
o | e a S 1 g
i’ f sulphisovazole etc. ) e s | — :
! / (i) Oral hypoglycemic agents: Example include, roltfulam N . 2 /.—;:j‘;;; pyridine i SN “‘-.'._ -—x,x“‘i
'J / (i) Diuretics: Examples include, furosemide chlarthalidone, bun 1? nide etc, ! : i - e
," (d) On the basis of duration of action sulphonamides can lbt' classified as: : . ~X | e .i
/ / () Long-acting sulphonamides: They have plasma half-life grea ter than 24 hours sulphathiazole ~ T--——-- —
I' ll have a qreater ﬂbfl'ﬂ}' to cause hyper-sensl.l'l:w'fy rt"ﬂtﬁoﬂs. Exarnpl'gs inl:l'udey 2 H l—.._‘_‘_-‘-‘- anc, fat yemd
/ ! sulfamethoxypyridazine, sulphamathoxy diazine, sulfadimethoxine. . e - :-a-...___t____________-_‘k
(ii) Intermediate - acting sulphonamides They have plasma half-jife betwe, of  — \
?" | 10- 24 hours. Examples include sulphasamizole, sulphamethoxazole. ! hacetimi3 "%::
{ (i) Short-acting sulphonamides: They have plasma half-life less than 15 hour, 3 sulp B \\ -y
| Examples include sulphamethizofe, sulphasomidine, sulfisoxazole etc. . ]
/ fiv)  Ultra-long-acting  sulphonamides:

P i |
/ ; sulphadiazine Ophthaimalogical
| These agents have plasma half-life greater than

== A # use N
[ 50 hours. Examples include sulfalene, sulpho- .l SONH—N ey —
| rmethoxine. sulphasalazine, sulfa-methopyrazine, < 2 \ CH, e _‘\H‘\- —Q} in meningitis
K sulfadoxine. (plasma half-life = 150 hours). These Hzc) N 5. sulphadimidine ; ““"E-——-____
agents should never be used in patients with

. ;i Sulphaclomide
renal insufficiency.

Recently, a new broad spectrum sulpha drug, sulphaclomide has been introdyc
found to achieve higher serum level than all presently available sulpha drugs.

ﬁZ.S PHARMACOKINETIC FEATURES OF SULPHONAMIDES

All sulphanamides in systemic use are well absorbed primarily in small intestine Upon
absorption, they are widely distributed to all organs and to pleural, peritoneal and a
sody fluids. They can also cross placental barrier. They are also found to appear in
erebrospinal fluid These agents vary in their ability to bind with p!asma-proreins,
r example, sulphadiazine is poorly bound (20%) while sulphamerazine is 85% bound to the
Isma-proteins. Usually acetylated derivatives are extensively bound to Plasma-proteins
tein binding of sulphonamides s directly proportional to plasma albumin concentration,

ce renal adw,frse effects are more pronounced in patients having hypoalbuminea dye to
*l concentration of free drug in the plasma.

'€ Main metabolic pathways for sulphonamides include acetylation and oxidation
#ted metabolites do not re |

tain antibacterial activity. They are usuall more toxi
‘er-soluble than the paren Y 4 Y oxic and

t drugs. The extent of acetylation for any sulphonamide ;
2nal to the duration of Stay of that agent in the body. i i

ed. It js

=
(]
=
5
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COMPOUNDS UsEp 1

1. Sulphaguanidine

rticular

2. Succinylsulphathiazole

3. Phthalylsulphathiazole 0

same as above

HO—
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o Sulphonamides any o e . \
—14 By i ONG ACTING 8 M
o Medicine t_.'nmug__________—--i'!’! ~Ony, 'if ﬂFﬁL-E-—ﬂ_"'_———H—sH;_FHA B 2y %-l g N
el - — - - — &
fr o mqgrﬂqnﬂaﬂi@{ﬁffgﬂ!ﬁ_‘_,___-— —y—N Used in Urinapy, . Pras .
; 1 Sulphamethizole / H i infectiop, ray
4 { _ C— CHy 5

! 2 Sulphasomudine

."- ' 3 Sulfisoxazole / H
4 i
4 Jf '

Used in Uring
infectiops

{
,"i J {c) INTERMEDIATE ACTING SULPHA DRUGS
i’ f/ 1 Sulphasomizole H H?—f-— CHy
I - N u
2 Sulphamethoxazole H HC==C —CH, SU’Phaqam'dE being an import IDES .
[ | , o investigated for thej, activi 4t chemicy) Class, ¢ E
_CVO pi'if‘!d next to am_fbitllfc;_ Nmeri;un infective °"gani5r:mal theusand sulphenamides had
iR of sulphonamides inclyge, — c*" Prefer e o antibacterial therapy, they are
(D) LONG ACTING SULPHA DRUGS (a) Sulphanilamide skeleton ; the latter. The major features of
oLy i5 the min:
1 Sulphamethoxy H tivity- minimum strycty _
| . .
pyndazine / / OCH, (b) Sulfur atom shoulg —_— ral requirement for antibacterial
= \ ectly )i
s () {Z N e stued su'ﬂhor:»amjjrd:m > the benzene ring.
R 3 | " aC i -‘ " s
2 Sulphamethoxydiazine H N at a.ml y groE.rp. With Substituents, Ry varies with the nature of the substituent
—\{ OCH, pacteriostatic activity increases 4 Imparting electran rich character to SO, group
| [ W / sulphonamides: that contain singt!zmb? cic substituents lead to highly potent derivatives
3 Sulphadimethoxine H OCH oxic than heterocyclic ring analogs, Nzene ring at Ni-position, are considerably more
— ! (d) The free aromatic aming group sh ;
ubstitution at ortho iy p should reside para to the sulphonamido group. Its
\ N ¥ Or meta position results j :
\ Y, (&) The presence of free s LS in compounds devoid of antibacterial activity.
: CH, of amino group either resul amino group is very essential for the activity. Any substitution
Sulphaphenazole 5 in prodrug nature or in the loss of activity.

(f) The active form of sulphonamides is the ionized form. Maximum activity is observed
petween the pKa values 6.6 1o 7.4,

HEN—O—SG,NHI — HEN—O— s0,—RH + I

Unlonized lonized |
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Q) Substitutions fn the benzrene nng ompounds
SrOmpts anded up in the formation of inactive ¢ H) group for sulphonam;
c acid (- SO
(h) Substitution of free sulfonic acid { ! SOuH) anu dtwr].rlruh':l'm
"tylay

A j acid group (-
: destroys the activity but replacement by a sulfinic
} Ni-position retains the activity

Sulphonamig,, fng

28
—_— il
have als
ng of sulphonamides hav @ been . o,

FII

oy, o

(125 ADVERSE EFFECTS P
The toxicities of suiphonamides vary considerably and may have little rgj

' the dase of the dry
volved For example,

} (2) Gastro-intestinal tract- Adv

diarrhoea hepatitis atc.

(&) Urinary tract: Mare effecti

Moreover. acetyiated metabolites of most of
This leads to the deposition of crystalline aggregates of parent drug and/or its mey,

in the kidney, ureters or bladde

thus result Such damage
obstruction of kidne Y.

{ example, sulfamethoxazole {o

urine of the patient.

of erystalluria may be minimized

The smoath excretion of dru
.'f The water solubility of drug can be ensured by adjusting its

typically about 6 many suipha dru

Crystal formation is dependent upon the solubility of sulphonamide,
Hence, patient undergoing sulphonamide
adequate fiuid so as to produce atleast 1.5 litres of urine per day.

tfuns

] / i I
g. Adverse effects of sulphonamides may be studied a5 Per pn Wiy
"3
n
erse effects include nausea, ""Om"lf'ngl
ﬂﬂren,a

ve sulphonamides are usually less soluble jp, acidi ,
the sufphonamides are sparingly water. Il-lrrqE

rs. Oliguria, crystaliuria and other renal mmp“faﬁans
c2n result in epithelial irritability, bleeding and/or com

g is possible only when it is water soluble (ionizeg fo
r

pKa. Because yrjpe ML

Is

gs are designed to have pKa, closer to the pH of Urin, ¢
* Top

Ka = 6.1), sulfadiazine {pKa = 6.5) etc.
FH and VD]LHT[E a
therapy shoylq Onsyn,

Chances of deve’upmw
by t

(i) Increasing the fluid intake.

(i) Keeping the pH of the urine
(eg. sodium salts of bicarbonate, lactate,

in alkaline range by using a!kah’nizing agents
acetate or citrate), However, alkalin 5

also lower down plasma sulphonamide concentration by enhancing its rena| excretion

(c) Nervous system:

(d) Hematopoijetic system:

agranulocytosis and marked decrease
acute hemolytic a
deficiency in

Sulphonamidas Cause
Teh ydrogenase enzyme

(e) Hypersensmw‘ty reactions;
‘e, headache, vascytar lesions angd
\Indications to Withdraw the drug i

! thrombocytopenia,
in erythrocytes and haemoglobip contents,
nemia in patients with glucose-6 phosphate
their erythrocytes,

These include, skin and mucoys membrane eruptions,

serum_ sickness, Jaundice, hamaturia Or sore throat are
Mmediately,

e,
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A} is essential in the biosynthesis chari:;u fm 40 tht g Para-aming benzoic acid
;miran'iy '-_'-'"th PABA results g co:‘npe:ti:;at? Ehnzyme-" 3nd cofactors. The structural
ccroorganisms by sulphonamiges s”]phﬂni;mid in |Ib|.:.'un of take-up of PABA in
jjﬁ}rdmptemic acid which js 5 Precursor pf foy % inhibit the Incorporation of PABA in
warbon fragments. Thys b : ¢ 2ad ”EE‘_’Ed for the synthesis of DNA and
v J 2cting a5 entimetabolite, sulphonamig the
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J . < having PABA a5 & ne . . Clione = Princinal .. Y. topically ar
;’i r:;?:::;-gﬁ e _ optect in the body. They possess a wig, ra 2 estmar infections: e g, SUlphag,,, Y323 of sulphanamides:
' " Sulphonamides exert only bacter jostati f:-w and gram-negative bacteria. Thag, in"ﬁe o |; I (halmic infections:e g o - Nidine
u . =pOSITH . . - q,
anrr‘mrcmbfa!ac!l'vfﬂfﬂg"’"’rbom g’am;:ambe, Hoemophilus mﬁ”ngf' C"-"'Jfﬂ?ba ﬁ".m‘- 3 oe" sive calitis: e.g, saj; pnaceta’"iﬂe
Strep. pred . 1ococci, etc. Sulphonamides theyay, Erilsn, cerat! fﬁf'aZusu[fa .
Meningoca™"" Ore hy atic fever: eg, sulfagi.. "fdina
" heu™ +*Hadiazin, o)
SOxazgle

y y l'aﬂ's!

{ pycobactenium (berui - .

/ diphtheria, Nocardia, Actinamyces f :f:;nﬁﬁs septicaemia, Pneumonia, menjno
traatment © ' nfactions of urinary tract. “Ocey

/ applications in the -
” meningitis, bacillary dysentery and a ’T:mbj;:-:;-;ydrofoﬁc acid is catalyzed by the
! - ul - ro 2 En
g/ conversion of dihydrofolic acic : by th

/ dfhydrrzjofare reductase. Trimethoprim is a potent and srf;e:f;;i :;:;ﬂst;t;';?b?f:ibnur of h};I

i t that exe Cteria) -
e. It appears to be the most active agent . i,

enzym PP ha drug. Combination of sulpha drug with other bacteﬁ-us ;t'l"

when combined with a sulp o g . °
tetracycline) may also give synergistic effect, while in antimalari| rhErap:lc
¥,

bination yields synergistic effect.

diosis: €.9. sulfadiazin
ocal © Sulfizg
1a16lp

4
5
b oid (@ veneral infecy:
e 7 cnanct is: won ca.us‘?dby\'laem )
. Tl:l,(gpl.asrr*n::-m : e..g.. Sulpha drug wirh oy ophilys ducreyiy: sulfasalazine.

Re;piratc-ry tract infections: €q. Cotr Methamine.
L e ) Moxazg|

ol diarsulpha ; 2,

10 otitis me Pr drug is Used jn COMbinatign ...

permatitis herpetiformis. ¢ sulfapyrig; N with engthromycin

¥ ) l lne .

agent (e.g.
pyrimethamine and sulpha com
[12.7 BACTERIAL RESISTANCE R 22 vaginal infections: sulfisoxazeye dieth
Wide andl non-selective use of sulpha drugs lead to the development of dfug-resa'sfam fj nfected burns: e.q, silver éulfadiazm:nur e
e s, Meningococcal meningitis; €. sulfadiazine,

bacterial strains. First seen in N. gonorrhoeae, resistance to sulpha drugs thep 2
developed in the variety of staphylococci, hemolytic streptococc, meningaco,,;
)

pneumococci and shigellae.
The bacterial resistance may be:

{1) Natural {intrinsic) resistance or

(2] Acquired resistance.
Bacterial resistance develops mainly due to mutation process. Bacterial plasmids
cause production of altered enzyme that can bypass the due affinity for su.‘phnnamj;an

es.

Other possible mechanisms of bacterial resistance include:
(2) an increased production of PABA in the bacterial cell,
(b) an increased ability of bacterial cell to destroy or inactivate the sulpha dr
(€) production of sulpha drug antagonist by the bacterial cell ug’
(d) decreased bacterial permeability to sulpha dru ‘
€) a production of an altereqd dihydrofolate red :
uctase,

5 choma and inclusio -
5. Tra N conjunctivitis: sulﬁsoxamie. sulfadiazine, sulfacetamid

These agents are rapidly absorhed jnq i
the circulatio :
; rente : 4 n when given orally. They can also
e gwenDza EndinraHj ;hey ?re rea:fl:t)' excreted from the bodygby the thf’lc-,en-_yexqet-mn
grocess. Uep g upon their duration Of action, they can be further sub-divided into:

(i) short-acting sulphonamides,
(i) intermediate-acting sulphonamides, and

(ii} long-acting sulphonamides.
ﬂf!gng with the therapy of systemic sulphonamides, an adequate fluid intake is necessary
lwminimize the risk of crystalluria. In certain cases, urinary alkalinizer may also be tried to

'elp rapid excretion of the drug and/or its metabolites.
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{a) Sulfisoxazole: ¢ examples of |
If / It 15 an example of short-acting sulphonamide. ﬁ:i::ne. sulrr:omidm:': o
sulfamethizale, sulfacetamide. suifan1t'"f""ne' T:J:::"o; sulfamerazine, qura:: ity
All have an ability to cause crystaliuria A mi\ isutfapyrimidine. It has 4, " thay
sulphacetamide is marketed under the name of trt a

low potential to cause crystalluria,

. 91 - 93% of administerpy
Sulfisoxazole is an orally effective agent. Ab‘;u' D Mo, About i 0ta i
to the plasma proteins. It has a plasma haIf-hpe (&) iated o % dos, ;
unchanged in the urine along with 20-30% dose in acety :

int ia, diarrhoea, dizzin
Adverse effects include nausea, vomiting, anarexia, di ess, h}'PErs
reactions crystalluria and blood dyscrasias.

It is available in a fixed dose combination fsu!ﬁsa.feazofe. 500 mg at'ld Phena,
50 mg) form which is used in the treatment of urinary tract infections Causey
susceptible strains of £ coli. Klebsiella, S. aureus, P. mirabilis and Proteus vulgay
be used alongwith erythromycin ethyl succinate in the treatment of otitis meg; a, !
in children. Sulfisoxazole and sulfadiazine may be used pruphy!acticauy
streptococcal infections in rheumatic fever patients who are hypersensitive 1o p
may be used as alternative drug for the treatment of meliodiosis caused by P
pseudomalle and for the infections caused by nocardiae. It may also be useq ¢
10 % cream in the treatment of infections of eye, ear, nose or vagina.
(b) Sulphadiazine:

e
Aicil);
eudp, ::'u!r
OPicalyy, .

B:a

It is an orally active sulphonamide used in the treatment of nocardiosis and
infections caused by Chlamydia and Toxoplasma gondii. Optimal antibacteria| activjs
probably achieved in 1908 with the introduction of this agent. About 54
administered dose is bound to the plasma proteins. It has a plasma half-life of 7-

About 30 - 40% dose is acetylated during metabolism, It is excreted in the urine aj
about 55 - 0% dose in unchanged form. Its relative insolubility in acidic urine ex

patient to the high risk of crystalluria. Hence, adequate sodium b
alkalinizer) may be given.

the,

of
10 hoy,

. POses the
icarbonate (a Uring

It may be used intravenously in the therapy of meningitis and for prophylaxis

meningococcal meningitis if Neisseria are the basic cause. It is also used as an anti

against
agent when given in combination with pyrimethariine.

malari|

Ay

. These agents are poorly absorbed from GIT when they are given orally. Hence they are
Intended to be used for exerting local sterilizing effect on

the bowel. Examples of sych
agents include, phthalylsulfathiazole, succinyl sulfathiazole, phthalylsulfacetamide and
salicylazosulfapyridine, All these are the examples of N\, N*-disubstituted sulphonamides in
vhich an organic acid i conjugated at N* |

(12.10 LOCALLY ACTING SULPHONAMIDES

-position,

n “"h.]

"11!. L]
"'ﬂma W,

htiur

Pp.. "

iy,
ll-'.|
Yy

l::":""I'dr'!,lt.
Y thy

: e f
I:b"lﬂr and cause either alkalog aci o
b
405iS: intense pain at the sita of ap
£

y over burnt skin till desjreg
noval of debris is necessary.

wudomonas species. Silver salts are highly
rolonized form. It may be used topicaly
gwth of most bacteria, yeast form of i
oreat extensive burns and burn infections,

pemistryiil__

o= T
, ||cﬂ“°’“"'l-"rﬂdh ~
/ '“nof have Nk, .["“"
t’daeﬁ eylic acid Moiatj, ria)
;ﬂ"sfﬂtlfr is excreted jn ol
flrjl':zoreduﬂEISEﬁ, a"“idam. e,
-‘Ld"' . itiS effective jn inflan, q
.H,nzﬂ-ammatory effects o simatgr
’ﬁl" ] effects ﬁntlune n
3 ftdwge. rashes, fever, artheaye
rrjcheﬁedive in the fung_tem"
Fii enteriliS. IT.. may 3’5:.
d.cﬂﬂ ,:g:ﬁ' meningitis, n

. |
L , ion ':irdm,.
rln:fffeal me'Ctl caused I:'"-" Ha

"
|

‘;’I

*‘1

e
ir,‘

e,
=0 o
i T STRSS IS gt
"';-a_".g.,‘ — Nributed
it Bl

5 Pancreatsy
"'—‘l"-cb!rua

5 ;Tin,ufg_.r 3teiie
1

calitis ang
mal .
k.| QT.E, ‘::’}‘Jﬂttw.'.r

ntis '
3 Ind chanerpig

s agents are extremel "
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F‘d.lz wpicaliy ttll .E‘VE' ear
i"Flijiazf”E' sulfapyridine, syy;
#Lﬂ‘. Mafgni'd& acetate; |
" nas aeruginosa, ap ] mid

ﬁiud;r:Dof necrotic tissye 5 amsm. co|z,..:m|bam
‘ﬁ:ria- It is partly absorbeq ¢ te.-:? Inhibitg

Jfa;bnﬁrbenzene sulphonamide . v,

he .
- Bacterjy) .
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n“bal:'&:;,a s Zation pf ourne
L

oAy
SOxazgle )
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amida,
e the Ei'rrager'll eﬁ-zrc:.ge against
o glarn-pqg‘.ls' It is effective in the
pon toica iy -L::we and gram-negative
Xetate il-nl-n. 2ton and is converted 1o

* 'V M2y act a5 carhgnic anhydrase

lly

) dosis,
sdverse effects include skjp ras

hes, &
" SCIEME, Yrtiear o
Plication ang ¢y 23, exoliztive dermatitis, metabolic

3nCes of superinfection with Candida,

mafenide and is apolied once or twice 2
ed. Qccasignal cleansing of wound and

tis available as a cream cone

3ining 85 my/q of
résponse is obtain

(b) Silver sulphadiazine: Silver one 2

¢ especially effactive against Gonecocci and

germicical. Silver sulphadiazine is available in
in the form of cream (10 mg/g) to inhibit the
fungi and herpes simplex. It is effectively used

Sulfapyridine is relatively toxic and less effective antibacterial agent. It may be of some
aue in the treatment of dermaitis herpetiform's. While in the form of eye-drops, sodium
Jphacetamide may be used to treat blepharitis and conjuctivitis, and may also be used in
rephylaxis against trachoma and inclusion conjuctivitis. I

1high concentration. Hence, itis suitable for local management of ophth

penetrates into the ocular tissues
almic infections,
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aclan. Bath, sulphon-
Malarial garasite. They

Q
Tnmethopnm Empmmmhm“m“ 5“'Phaclam., H"’Q'?I\
nme : ; h .
\ he combination of trimethoprim ang 4 L/—*m
The synergistic effect achieved by the fiald of chemotherapy. SUlph, cH o :
oxazole is recognized as the major advance in the IieX hibition of two prom: e, ® Cacarrg
Bacteriostatic activity is observed due 1o e trr'esis SqulnmEﬂGmmE” St 8o,
bacterial enzymatic pathway involved In fn.'JIE; syn i1‘le Itrimethcl)pr' Oxazg|g Pt iy & "o
Ay T T 3] . . s -, foatE.W I |ml ; 4
milation of PABALln e Tpmetet ?r: td':}::;loyzes the conversion of di;;ﬁ F'Utent T'T: elis found 10 possesg mild “‘"ﬁﬂaﬁh‘
selective inhibitor of the enzyme [ha ; - ofgy.. 4 o Shomes ar r e
sy i t is observed du ate $ d sulp ® actiy and
t " Thus, a synergistic antimicrobial effec € to v [ and SY & ony o 2 gy,
f!\mhydmfﬂ;a"? i }' = hE daublz Iﬂ"'de:ﬂechve in the treatmEm Df p u{_vugallﬂ“ . TE::jduratnn D‘.
in L "fECliu C Slages
ns, = of

sequential effects on the bacterial metabolism. .
trimethoprim has also show, o

Originally, introduced as antimalarial agent, ot giis
bacteriostatic activity. It is effective against most of the gram-positive and 9ram.n, Car,
Qay),

8

organisms with exceptions of P. aeruginosa and 5. faecalis. |
Sulphamethoxazole is selected from systemic sulphonamide clalss_on the basijs that ;
similar pharmacokinetic features (ie, rates of absorption and elimination) tg that Uy,
methoprim, It is hence coadministered with trimethoprim in a fixed dose ratig pf 5.,
dose ratio yields a fairly constant plasma concentration of sulphamethoxazgle - lril éThls
prim as 20: 1 ratio which is found to be the most effective concentration range tq @xhi;:n'
synergistic effect against most of the pathogenic microorganisms, ity
Co-trimoxazole is thus effective against most gram-pasitive cocci and 9ram-negy,
bacteria. Neisseriz meningitidis and gonococci are also susceptible. It is yseq ; tiv
treatment of infections of urinary, intestinal and lower respiratory tracts. It is also effect), t|"&e
the treatment of acute otitis media, chronic bacterial prostatis, meningococcal infecti: in
gonorrhea, nocardiosis and antibiotic resistant salmonellae and shigellae infectiong, ”5'
This combination preparation is preferably used in the treatment of acute angd recurren;
urinary tract infections, typhoid fever, brucellosis, endocarditis, salmonella sepsis, acute

bacterial exacerbations of chronic bronchitis and pneumocystis.

Adverse effects of this combination arise as the summation of adverse effecys of
individual companents. However, most of the adverse effects of cotrimoxazole are mainly
due to sulphamethoxazole moiety. Trimethoprim just helps to intensify some of thess

(e.g., hematologic adverse effects) toxicities.
112.13 SULPHONES

Though the antimalarial potency of sulphonamides was proved long back in 1943, they
were neglected because of their low therapeutic index. Later on, due to the development of

—

chloroquine resistant strains of P falciparum, long acting sulphonamides were tried in
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There aré several aF_}DrDat‘:hES wh?ch can be employed for lead identification. In order to
iy 3 !eac-l nucleus In a given Series, the whole series should be analysed for 2 particular
ygical activity. Once the lead is identified, it can be structurally modified to improve the
sey. There Is @ difference between the terms, activity and potency. Activity is the
Zular pharmacological activity while potency is the strength of that effect. Following are

seof the im portant methods which can be used for lead identification.

/fandom screening: , : d f
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There 2re several 3[5“3”'“3‘;“?5 which can bhe employed for lead identification. In aorder
i.;lenﬂf‘." a leacli Puc!eus In a given jsrs-fie's. the whole series should be analysed for a particy
biolﬂgifal activity. Dncg the lead is identified, it can be structurally modified to improve
tency. 1here 15 a d'_”'-’-"E”CE between the terms, activity and potency. ACtivity 1S
part'ltma" ph:':lrmacnlﬂglcai activity while potency is the strength of that effect. Following
ome of the important methods which can be used for lead identification.

(3) random screening:

In this method, all compounds (including synthetic chemicals and natural produ
plant, marine and microbial origin) from a given series are tested. Inspite of budgeta
manpower Overuse, this method may be used to discover drugs orf leads the
unexpected activities. Antibiotics like, streptomycin and tetracyclines were found ou
method.

A successful random search for antibacterial action was conducted by
pharmaceutical companies in the 1950s. They tested soil samples from all over !
(13.1)

(38 ﬁl‘"’ 310LOGICAL ACTIVITY
OH_uHEAH RELATIONSHIP BETWEEN
13_9 LOG P AND BIOLOGICAL ACTIVITY
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ovel structures and som

which resulted in the discovery of rﬂaml" 25
groups of antibiotics, notably the tetracyc e obial mutants has been done -

1 micr
Recently, the large scale automated te.stmg :}f <peed up the efficient diSCUVeW In
combination with recombinant DNA techniques 10 P ang

production of new antibiotics.

e spectacularly USEfN |
u

. ing:
(9] Dlorrn el e screening which was developed because of budget,

It is a modified form of random 2ving similar
and manpower restrictions. In this method, only such compounds having Structyry

skeletons with that of lead, are tested.
(c) Drug metabolism studies: N

Metabolism of drug occurs as an attempt by' met.abah?:mg EM}'};"? ts_ cut short pefiod
of stay of the drug in the body. Structural mod|ﬁ_catrons (|‘.e. meta. olic .not;ansformatmn)
are done in drug molecule by the enzymes to Increase its polarity. I.t is rougl_nt. aboyt
" regardless of whether the resulting drug metabolite possesses more activity or toxicity. The
discovery of sulfanilamide is reported through the metabolic studies of prontosil.

The antipyretic action of acetanilide was discovered by chan'c‘e when a nurse by mistae
dispensed acetanilide to a patient. Due to its toxicities, acetanilide could not stand in the
market. Metabolic studies showed that the toxicities are due to its in-vivo metabolitg
p-aminophencl. These observations led to development of phenacetin and paracetamol.

(d) Clinical observations:

Many times the drug possesses more than one pharmacological activities. The main
activity is called as therapeutic effect while rest of the actions are known as.side-effects of
the drug. Such drug may be used as lead compound for structural modifications to improve
the potency of secondary effects,

Sulphonamide oral hypoglycemics arose directly from the clinical observation, in 1942,
that a sulphathiazole derivative, which was being used specifically for treatfng typhoid,
lowered the blood sugar drastically. The pronounced hypoglycemia exerted by 5 - isopropy!
- 2 sulphanilamido - 1, 3, 4-thiadiazole indicated that an arylsulponyl thiourea moiety
(ArSC,-NH~C (= N)-S) present in thiadiazoles is responsible for their blood glucose

lowering effect. This observation led to the

development of carbutamide by Franke and Fuchs HEN‘Q—SOZNHCONH—nC‘I-g
through opening of thiazole ring to give a thiourea

moiety in which = S was then replaced by = Q. Tolbutamide

-Iln order to nullify the toxicity and antibacterial :: |
activity of the 4-amino group, it was replaced by other HaC-@— SO,NHCONH—N

substituents resulting into tolbutamide

chlorpropamide and tolazamide, Tol id
| clazamiae
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i Rational approaches to lead discovery:
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ehylamino group by piperidino exploits the decreasing vs{lenFy ang.;lt:1 at trlme tertiary
iy of the basi group to anionic sites might be improved.

gen of the latter sO that access ior tranquilizers, local anaesthetics,

s modification leads to0 the o altered pharmacokinetic
ics. Inco d lipophilicity of the

{i”"hiﬂﬂminics and spasmolyt itered pKa
4 pharmacodynamic features to alte

. .

. ) . . nce in |dentlflfa

) This approach is of greater jmporta Most disease

iR . icease.
of signs and symptoms d

n drug
Keletons having exact t
higher selectivity and less @

i an important role i
mformationally bioactive s
‘weptor. Greater potency,

of the amine an

nucleus. It involves the

ion of lead
in part, arise from an

s, atleast
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eveloping oral contraceptiveg T;e
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from the Ielad nucl,u_s, seroton;,
diator of inflammation.
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imbalance of particular endogenous bio
may be corrected by agonism or antagonism .D .
enzyme. Once the real site of such imbalance IS !
endogenous substance may be used as a lead nucleus.d
progesterone and 17 pB-estradiol were used for O€
development of an anti-inflammatory drug, indometl‘.lacm
resulted at Merck with a belief that serotonin is a PUSS'bie me

f successful therapas:
e . velopment O , PeUticg
Medicinal chemistry has many examples of thzsdi'erhe tfeatment of diabetes mellityg, for

based on an exploration of endogenous compounas. ’ hormone that is functiong;
example, is based upon the administration of msulm,_thE O eate s Hased 1 ally
deficient in this disease. The current treatment of Park[nsons lsf:leﬂciency of dopon .the
observation that the symptoms of Parkinson's disease aris€ from a ot be oi Pamine
an endogenous molecule within the human brain. Since, dopaming caniiot B¢ SIVen as ;
drug, since it fails to cross the blood-brain barrier and enter the 2:3':&"':; biosynthet;,

precursor, L-DOPA, has been successfully developed as an anti-Parkins _ |
isease arise from a relative deficiency ¢

Analogously, the symptoms of Alzheimer's d :
for Alzheimer's-type dementia are base

acetylcholine within the brain. Current therapies ,
upon the administration of cholinesterase enzyme inhibitors that prolong the effective ha|

life of remaining acetylcholine molecules within the brain.
Paul A. J. Janseen developed meperidine derivatives by replacing methyl group ¢
piperidine nitrogen by alkyl aryl keto groups. While searching for a better substituent -

* replace carbethoxy group, tertiary alcohol group was finally selected.
| \\
A COOC,H,

~N

I
(CHz}a . CO—@

Substitution of the aryl nucleus by halogens and pseudohalogens (F,C) demonstraf
;hat fluorine para to the ke“:_’ group was optimal for neuroleptic potency. Out of sev
undred-s of analogs.‘haloperldol was selected in 1958 finally for clinical trial. Haloperi
was subjected to various molecular modifications to enhance neuroleptic ar.:tivitypat.

expense of analgetic properties. For example, t i
* ! Et - . "
used to replace piperidine ring. ° rahydropyridyl and piperazinyl rings w

o N —CH, CzHs

Do
!
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p ce test, num

) In? chanir'itﬁ'rmE!tzliate "ng on the tongue was eye

|;,|il3|*“'"3l an ot Tocal'an in th.e synthesis of g;amin;"_[r;?d by 2-dimethylamning-2-aceto-
W s 10 9 aesthetics. The pre 2. This led to the synthesis of various

r\i" thE e . 3Bnce Df W o .
o protect anilide linkage from hydrolysis anijoi sterically hindering ortho methy!

rou i [ i ' - 7
%oca ne. This principle was extended further to ¢ nerease the duration of action of
I evelop mepivacaine and dimethisoquine

ostwar France, the Berthi

nP o orclic rthier Pharmaceutical Company in G

geliné proJ producing soothing liquid bi y in Grenoble began to pursue 2
° atisfied with the commonl gd quld bismuth preparations for acute tansillitis. B2ing
iss e acid as a solvent for tirr'] usec oils, they elected to use the physiologically inen
alp eir bismuth compounds. Valproic acid is now used in te

' (hell plant and which has been used for centuries for the tr

"r -
estment of epilepsy and (migraine),

962, Pierre E

I:Eﬁin. Khellin is in;?;? @ graduate student at the University of Lyon, synthesized a series
of ogically active substance that occurs in the fruit of the wild Arzbian
: eatment of kidney ston . When
agtempts.to produce a solution of these Khellin compounds faileed.t;u‘i(:ehtu;iouegsh:from
H. Meymer. of the nearby Laboratory, Berthier. In the view of Berthier's recent interest in
V'alprc:!c ECl-d as a non-toxic inert solvent, Eymard's Khellin derivatives were dissolved in
valproic acid and they were studied for anticonvulsant activity. These preliminary studies
revealed profound anticonvulsant activity. The antiepileptic action of valproic acid was thus
discovered completely by accident with the first successful clinical trial occuring in 1883

Rromine was discovered in seawater in 1826. Recognizing its chemical similarity 10
iodine, French physicians immediately exploited it as an iodine alternative for the treatment
of numerous conditions, including syphilis and thyroid gaiter. Although no peneficial effects
were reported for either bromine or its potassium salt, their widespread use eventually
helped to recognize the depressant effect of potassium bromide on the nervous systém.

In 1857, Sir Charles Locock, the physician, with the view that epilepsy arose from
excessive sexuality. ntroduced bromide to suppress the supposed hypersexuality of
epileptics. The bromide salts (e.g., potassium bromide, sodium bromide) were administered
in subétantial doses ranging from 0.3 g/day in children to a staggering 14 g/day in adults.
Although side effects had been considerable (and included psychoses and serious skin
cashes), bromides were successful in 13 of the 14 patients treated. On 11 may 1857, at @
meeting of the Royal Medical Society, Lucock proudly ‘reported his success in treatinc
"hypersexual" epilepsies with bromides.

Bromides were @ major step forward in the treatment of epilepsy and their use persiste
until the introduction of Phenobarbital in 1912.
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13.2 OPTIMIZATION OF THE LEAD __ W

: | . 3
Once the lead nucleus is identified, it is easy 1 & rove the desired pharmaCO'UQ?ht
forward. Various approaches are employed in order tO'IrI;F:e A
properties of the lead nucleus. Important amongst tﬁe? re)r'
(a) Identification of the active part (the pharmacopP ° :essentiﬂl parts. Essential pa, .
Any drug molecule consists of both, essential and nO" |

5

‘ i roperty whil
. _ . . ] tor interactions) p € Nop,.
important in governing pharmacodynamic (drug recep evant groups on @ molecyle thzt

essential part influences pharmacokinetic features. T':%;zl groups. They are résponsibje ¢,
1] - H i I 1 I r
interact with a receptor are known as.bioactive fu::e of such bioactive functional 9roups

the activity. The schematic representation of nat hore
along with their interatomic distances is known a5 pharm_aCOP o a's va-friclacular ffame

A pharmacophore was first defined by Paul Ehrlish in -153.0“:J > L activiy”. I 19??wm.k
that carries the essential features responsible for a drug bllof agtures 3 molecule t&; th{s
definition was updated by Peter Gund to "a set of structura e] 's biological activity” .
recognized at a receptor site and is responsible for tht m?lecude lectronic features ti.] Th.e
IUPAC definition of pharmacophore is "an ensemble of §t2r|c an e it atis
necessary to ensure the optimal supra molecular interactions with a sp gical target

and to trigger (or block) its biological response”.

In 1958, Daniel Koshland suggested a modification t
enzymes are rather flexible structures the active site is con
with the substrate as the substrate interacts with the enzy
change until the substrate is completely bound, at which point the final shape and charge is
determined.

The active site geometry of a protein com
changes induced by the bound ligand.

Once such pharmacophore is identified, structural modifications can be done to improve
pharmacokinetic properties of the drug. For example, the presence of a phenyl ring,
asymmetric carbon, ethylene bridge and tertiary nitrogen are found to be minimum
structural requirement for a narcotic analgesic to become active. Similarly, the presence of
two anionic sites and one cationic site must be present in cholinergic agent. Morphine, the
prototype narcotic agent has a pentacyclic structure. The complexity of structure leads to
appearance of several adverse effects. Hence, the pharmacophore of morphine has been
recognized through molecular dissection and was used to develop still simpler and even
acyclic analogs. For example, methadone is as potent as analgesic as morphihe.

@‘ 5.6 A? @ ]
R—N—R '

G —CH,

O
/

Fig. 13.1: Pharmacophore for Narcotic Drug

o the lock and key model. Since
tinually reshaped by interactions
me. The active site continues to

plex depends heavily upon conformational

Fig. 13.2: Pharmacophore for Cholinergic Drud__
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IMOUD 16 give tofloran of carbutamide

give tolbutamide (antidiabetic

I“ﬁcel‘ . ent) was repl Effects,[: _
Hfa r;a' ag _ Placed Or exa

" |
fjnﬂ'

]
SO, — NH—=C Ca
—_ tbutarni
H’O NH— Gy, omoes R=NH
- 3

- removal of sulfonamide side
chain of chlorothiazide (an antihypertensive drug

1
i
|
g™ vity) hel
9™ e activity) he ped to design diazayi

9n diazoxide (an antihypertensive drug without diuretic

gl
N

)
Cﬁw C| ' - N
H,NO,S o N
Q-")" xX - - NH

0 . Cl s

0% o

Chlorothiazide -
Diazoxide

- euroleptic activit
gee @ 1 y runs parallel with th

alpha adren ; e a-adrenoceptor blockin activity,
oxan, an 2P oceptor blocking agent was chosen as a lead to get pen?amoxani

;Lg z . a a
d high neuroleptic activity in animal studies

ihil.'.h Shnwe

OEIQ . @/1/}

Pentamoxane
nd the modification of the basic side-

ne is thought t0 enhance neuroleptic
acilitated.

Piperoxan
CF, in ring position 2 2

moiety In chlorpromati

The replacement of -Cl by
§N5~entw of the drug is f

iin to include a piperaziné
ency by increasing lipophilicity SO that
relations
mical constitution. This
. e the interpretation of
es. SA , .
SAR stud g molecule. Generalised conclusions then
f drug analogs. For example,

d antidiabetic activities in

' f its che

i} Structure-activity
involv

The physiological 3
eation is the basis O
f“'vity in terms of the structural 1€ )
“‘ﬂ be madé after examining UfﬁChEnt
‘thonamides are found t©



™~

Introduction to Dry,
——4g D '

MedIcinal Chemistry-lll 13.8

addition to their antibacterial activity. The generalised str

activity are represented below.
H |
. H'@_ SOENH-—T*—N\H |

H2N~©— SONHR S -

Antidiabetic sulphanamide

(X=0,SorN)

uctures needed for indiyi, |
ual |

Antibacterial sulphonamide

N

NH
H,NO,S sg

07 o
Diuretic sulphonamide

Because of hepatotoxic side-effects of hydrazines and hydrazides, structurally diversifieq
compounds were synthesized resulting into the introduction of pargyline and trany|.
cypromine. Tranylcypromine was developed as a structural analog of amphetamine and is
used as an anti-depressant agent. Due to pronounced effect on blood pressure, the former
was used as an antihypertensive agent, Further structural modification of pargyline skeleton
resulted into cyclogyline.

CH,
Pargyline _ Clorgyline
P
Cyclogyline

(d) Homologation:

The variation in the substituent can be used to increase or decrease the polarity, alter
the pKa, and change the electronic properties of a malecule, Exploration of homologous
series is one of the most often used method to induce these changes in a very gradual
manner. A homologous series is a group of compounds that differ by a constant unit,
generally a CH, group. Usually, increasing the length of a saturated carbon side-chain from

one (CH,) to 5 to 9 atoms (pentyl to nonyl) produces an increase in pharmacological effects.

Further increase results in a decrease in the activity. This is probably either due to increase in
lipophilicity beyond optimum value (hence decreased absorption and distribution) or
decrease in concentration of free drug (i.e, micelle formation). For example, maximum
hypnotic activity is seen from 1-hexanol to 1-octanol. Thereafter activity decreases for higher
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0 cH,
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S
S
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A_. CH N
i CH, 2= CH, — CH, —

MN— CH,

(iv) Prochlomerazi
Cyclization of e

G 70T the side chain

logs. Similarly, in a serie "
'ﬂmiiﬂill clinically used to ics EUf 4-alkyl substituted resorcino| derivatives, 4
fsu-r antibacterial o a.r‘EESthEtiC in throat 'lozen ves, dnhe
qmum 2ntl ia .actle(y. While in a series of mandel ) s g 10 Pose
asimum antispasmodic activity. In t elate esters, n-nonyl ester has

he same seri :
ivitys probably due to interferenc 7= tranching Jeeds tg decreise n the

e with receptor bindi -
i i . ng. For ex i
an antimalarial agent) is much more potent than its Semndawgrteﬁiarya:;ﬂzmpgf;maqume

) Cyclization of the side-chain:

Change_ln the potency or change in the activity spectra can be brought about by
ransformation of alkyl side-chain into cyclic analogs. For example, chlorpromazine (i) has
more neuroleptic activity than its cyclic analog (ji). Similarly the compound (jij) has anti-
gepressant (imipramine: like) activity than neuroleptic activity. While in compound (iv) the
sntiemetic activity is greatly enhanced.

Sometimes bridging of two carbon atoms (secondary cyclization) also leads to an
increase in potency or change in activity spectrum. Examples include thebaine (oripavine)
derivatives, atropine, bridged piperazine derivatives of phenothiazines etc.

(f) Bioisosterism:

The purpose of molecular modification is usually to improve potency, selectivity,
duration of action and reduce toxicity. The physicist Langmuir introduced the term,
isosterism in 1919. The term, bioisosterism, introduced by Friedmen in 1951. Bioisosters are
substituents or groups that have similar physical or chemical properties and hence similar
biological activity pattern. [sosteric groups, according to Erlenmeyer's definition are
isoelectronic in their outermost electron shell. Bioisosteric replacement may help to decrease
toxicity or to change activity spectra. It may also alter the metabolic pattern of the .dltl.lg..ThE
parameters being changed are molecular size, steric shape (bond angles, hbelFIIIatIDH).
electron distribution, lipid solubility, water solubility, the pKa, the chemical reactivity to cell

A

LS
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ceptor interaction). Even

o H-bonding {I.ft‘ i, |
(CI for CH, or vice Versa *’*hqn: '
hydroxylation, whereas CH, may be bio-oxidized and the c‘.:lmPUU”d m"’? ':“"—' H?ﬂﬂer haty.

life. For example, tolbutamide (R=CH,) has shorter hall-life than ¢ G;F ;"P:mlde [p‘*ch,
Erlenmeyer defined isosters as atoms, ions or ﬁ.fncticrlnal groups in wk:uwt ® Periphe,
layers of electrons can be considered to be identical. These are N as clagg,,

bioisosters. While non-classical bioisosters do not.have the s.za*ﬂ’h;.'1 numbzr 2" E"'-:ll.‘nsd ang 4
not fit the steric and electronic rules of classical isosters, but they produce a similary, .

biological activity.
[13.3 APPLICATIONS OF BIOISOSTERISM IN DRUG-DESIGN N,
m catecholamine series is phenylephrine in Which

H-bonding with biocactive site on the receptor, Tha

other group having ability to undergo H'bﬂﬂding
o retain activity. :

f phenylephrine was found t
OH

* F
CH—CH,—NH
RO,SHN |

components, -and the capacity to underg ). Cl may block mey

bioisosteric replacement 1S relatively minor

(a) An important compound fro
phenolic hydroxyl group takes part in
hydroxyl group can be replaced by
Hence, alkylsulphonamido derivative 0

HO
Phenylephrine Alkylsulphonamido derivative
(b) A classic example of ring versus non-cyclic structure is diethylstilbestrol ang
17 B-estradiol. ' '
OH

] o8
HO HO

* Trans-Diethyl stilbestrol
Diethylstilbestrol has about the same potency as that of naturally occurring estradiol,
The central double bond of diethy! stilbestrol is highly important for the correct orientation

of the phenolic and ethyl groups (trans) at the receptor site.
(c) Bioisosteric analogs in neuroleptic category include

R
— (CHZ)y — X—@
\

N ' ﬁ' |
where, X= ,C. or CHCN
7\

17-B-estradiol
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b?omgical actio[; i:‘:dUTES Involved in drug design, the fi .
o lar manipulation group of compounds so a5 t e ¢ first step i the detection of
ﬂolea:ﬂ th s Increase or modify the '?’J-NE 35 3 lead, This is followed b
dePE" s upon the consideration of the fUHDwing .BC;II'.FII],’. Identification of 2 lead nucleus
0 molecular structure of the drug, points:

(i behaviour of the drug in the biophase
(i) geometry of the receptor,
(iv) drug-receptor interaction,

(v) changes in the structure on binding, and

(vi) the observed biological response.

After following such a tedious process, only fewer drugs can reach to the level of clinical
applicability. Such compounds have to be given extensive trials before they are tried ON
humans. This adds to the cost of research for new drugs. Broadly, this means that if the
dgevelopment of new drugs is to remain economically feasible, the ratio of output 10 input
must be increased.
The lead is @ prototypé compound that has the desired biological or pharmac_olcg‘{cai
activity but may have many undesirable characteristics, €.9+ high roxicity, other bloh?gicai
| activities insolubility Of metabolic problems. garly SAR ctudies (prior 10 1960s), §1mp1}'
| ' : logues as ossible of the lead and their testing to
| involved the synthesis of as many anaiod P )  emica
| d o the effects of structuré on activity. Attempts were made 10 tnter;?ret chemica
| etermmem terms Of physical and chemical properties, transport and distribution of a drug
! !‘itructu're eal muiticompaﬂmem system, the affinity of the drug to @ complementary
in a biologies receptor and the interaction of the drug with its receptor. Corwin
wn- . .
Stmdu\':a"yl l:: tnu?ork which appeared in 1964 can be taken as turning point in the study of
Hansch's class!

ical SARS : ‘ v
chermie i structure-actiuity relationships has developed extensively OVer the

vailable to predict activities ©f

with rf isti hniques @
very powe 4l statistical tec

past decades: it : S

- 1gsigned: but yet unsynthesmed compounds.
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Between 1858 and 1861, three chemists: Archibald, Freidrich August Kekyle vor
Strandonitz and Aleksandr Mikhailovich Butleroy independently irf"c’d”.":e'd ““—‘.QEHEraI FUleg

of valence for organic chemistry and the first written structure mvlolwnglchalns of carpy,
atoms drawn as 'Bonds' to substituent atoms and groups. The term '‘Chemical structyrg: Waq
[

first used at this time. _
The first recorded use of physical molecular model in organic chemistry was done
August Wilhelm Hoffmann in 1865. He used the metaphor of croquet baITSJmped by stici
to describe methane, chloroform and other compounds. Hoffmann established coloy,
\ drogen, black for carbon, red for

scheme which is still widely used today: white for hy
oxygen, blue for nitrogen and green for chlorine. |
n 1964 enabled medicinal chemists to f"—"“"IUIatEi

The introduction of the Hansch model i ne
their hypotheses of structure-activity relationships in quantitative terms and to check theg,
y

hypotheses by means of statistical methods. From such Quaraitieltiw.-IStruu::'cl.mz-‘;*!iu:tivith
Relationships (QSAR), it is possible to elucidate the influence of various physiologicy)|

i ‘ ivi ves for new compounds within certajq |
properties on drug potency and to predict activity val P ain|

limits.
QSAR techniques employ powerful computers, molecular graphics and sophisticateq |

softwares; they may be of enormous assistance to those trying to generate the large datj | |
|

bases resulting from the massive efforts in drug research.
The goals of Quantitative Structure Activity Relationship studies were first proposed |

about 1865 to 1870 by Crum-Brown and Fraser who showed that the gradual chemical |
modification in the molecular structure of a series of poisons produced some important | |

differences in their action.
They observed that a series of quaternized strychnine derivatives could be prepared |

which, to a varying degree depend on the quaternary substituent, possessed activity similar |
to curare in paralyzing muscle. In their paper (1868), they proposed the equation shown |

‘below, in which f is a measure of biological activity (Physiological action) and C is a measure | |
of chemical structure (Chemical constitution). b

F=f(C

Qverton related tadpole narcosis (induced by a series of non-ionized compounds added |
to the water in which the tadpoles were swimming) to the ability of the compounds to | |
I

partition between oil and water.
Testing of 51 compounds including alcohols, ethers and amides as narcotics on tadpoles |

yielded the following equation.
Log (1/C) = 094 log P + 0.87
r =09andn=51
Thus, the strong correlation between the biological activity and partition coefficient
supports the proposed mechanism.
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13.5 QSAR-PARAMETERS S - ]

Physmcall organic chenl‘nstry deals with characterization of the structure and prediction of
the properties, the descriptors for which, are usually found experimentally. If some property
depends on the set of selected descriptors, the ordering of the structure will paraliel the
ordering of the properties. In other words, the structural information is coded in these
properties. Therefore, good correlation of physico-chemical properties with a particular set
of indices may help in understanding the contribution of these invariants in determining the

property.

Studies of Meyer and Overton suggested, inter alia, correlations between insecticidal
activity and boiling points and narcotic activity with surface tension. This revealed that the
biological activity of a drug is a function of chemical features (i.e, lipophilicity, electronic and

nd the skeleton of 2 drug molecule. For example,

steric properties) of the substituents 2 : :
ing transport distribution and metabolism of drugs i

lipophilicity is the main factor governin : _ .
biological systems. similarly, slectronic and steric features influence the metabolism an
ric crowding of substituents leads to

pharmacodynamic processes of a durg. For example. .ste : s
lower the predicted activity and co-operative binding to rece!:utor le:ac.!s to increase in ¢ e
PTEdiCTEﬁ activity. An" optimum was observed for antibacterial activity and dissociation

constant (pKa) in sulphonamide ceries. Thus, @ cubstituent may affect activity by altering the
w:al as well as the chemical properties of a skeleton.
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physico-chemical properties of the bioa.;ti.,E
compounds. Enantiomers are related physico-chemically very closely. They only diffe,
sterically but are usually identical with respect to lipophilicity, polarity, charge.dlstnbutiun
etc. A major problem in QSAR studies arises because the hydrophobic, electronic and ste.
effects overlap and can not be neatly separated. The parameters which are used 1o obtgj,

such correlations can be divided into:
() Those which describe mainly the physical properties of a ske !
solubility, partition coefficient, chromatographic Ry values, molecular weight, surface

tension etc. |

(i) Those which describe the chemical properties such as dipole_ moment, charge |
densities, electron donar-acceptor properties, Hammett's electronic constants, Taft'c

steric constants etc. (see Table 13.1). . -
Various QSAR methods are developed with an assumption that the bfu!ﬂglC3| F“"E*P_Erties,i

of organic compounds are a direct consequence of their chemical and physical properties. |

Medicinal Chemistry-lll
Biological activity reflects the fundamental

leton, such as wate,

Table 13.1: Physico-chemical Parameters used in QSAR |
] ‘ Physico-chemical parameters | Symbol :
(I | Hydrophobic parameters:
(i) Partition coefficients . log P, (log P)?
(ii) Pisubstituent constants T, T2
(iii) Ry - chromatographic parameter log Ru
o

(iv) Solubility _
(v) Elution time in HPLC log K'

(vi) Parachor [P]
(II) | Electronic parameters:
(a) | Experimental parameters:
(i) Ionization constants , pKa, A pKa
(i) Sigma substituent constants ' 6,656, 6% ol o*
(iii) Spectroscopic chemical shift A Fr, ppm
(iv) Resonance effect
(v) Field effect F
(vi) Ionization potential
(b) | Theoretical quantum mechanical indices -
(MO-indices):
(i) Atomic charge densities e
(i) Atomic net charqge
(i)} Super detocalizaiiiity o ,?a' ?Uf F?n* o
(iv) Energy of molecular orbit - 5,; >
ELEMD: EHDMO

-_ﬁ%
— 1 N, N, 1’N_NH_FAL EA)




iz

ric parameters:

chemlst =il .
rjcm
.-’1
f

I Z:e Taft's steric substituent cé”"stant niroduction to bryg Design
I[m \van der Waals radij ‘. 1
(i) Inter atomic distances ..{ \l
(i) Molar refractivity ‘L L\
) Molar volume . _ MR

@ETHQDS S . MV \l

duction of Ha .

antitative terms. Duringn;:t"llethnd I 1964 enabled chemists to describe SA . L

! empirical discipline to more aec; des, QSAR started to develop from aemer:rt‘um?m

" nd more advanced state. In a given series of ¢ ‘ mtum;e
: 3 ompounds,

t a quantitative information

1o 98 nformation about S i .

fgmplL‘l)’Ed? AR, either of following approaches can be

|
() One may use QSAR .

‘ Q methods based on linear free-energy relationships which relate

+» biological activi i
he ?l*; -c?\emicacltw‘ty of a molecule with contributions from various free-energy related
ohys parameters of the substituents, the constants associated with each

:phySICO'Chem'C3| parameter being generated by regression analysis for the biologically
| ested compounds.

(b) In' statistical approach mathematical models rather than linear free-energy
relationships are used to express the dependence of biological activity on the nature and
location of the substituents.

Various methods used in QSAR analysis can be summarised as follows:

Table 13.2: QSAR Methods

(1) Free Energy Models:
(a) Hansch Method: linear free energy relationship

(b) Martin and Kubinyi: non-linear free-energy relationship
(c) Free-Wilson Mathematical Model:

(1) Other Statistical Methods: . . | |

(a) Discriminant analysis | |
(b) principal component analysis
(©) Factoranalysis

(d) Cluster analysis |
(e) Combined multivariate analysis

Mechanical Methods
Modelling

—
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[13.7 SUBSTITUENT CONSTANTS ' l

During its journey from the site of administfation to the site of aa;t:on;]taf;E:f:geﬂj;ﬂecu[e
undergoes continuous changes in conformation. Ea‘ch corformaticlnm o EaEL'C fr:ee
energy as per its specific enviranment. Thermndynammal_ly, “he wte:| e of thg
binding, transport and metabolism of the drug occur, is di'rectly t us y fp A on t.he
associated change in free energy. The change in free energy is determined from the relative
probability of finding the system in a given state.

The pharmacokinetic and pharmacodynamic properties are governed lb}' lipophifi
(log P), electronic (a) and steric feature (Es) of the drug molecule. The Bl?fﬂglca Ac-t“”t’:{ (BA)
in a given series is influenced by the lipophilicity, electronic and steric proparties of 4,
substituent at given position

log (BA) = alog P + bg + cEs + d |
where 3, b, c and d are the numerical values,

A non-polar d rug and a hydrophobic region of a receptor are surrounded by a layer of
water molecules which are more or less ordered and therefore in a lower state of energy |
than in free solution. When such a drug molecule contacts receptor, it results in the
displacement of water layers and an increase in entropy. This gain in the free energy js |
proportional to the number of water molecules changed from an ordered to a disordered
state, i.e,, proportional to the surface area of the non-polar part of the drug and receptor,

Lipophilicity (hydrophabicity) of a drug can be measured readily by disribution of the
compound between an aqueous and non-aqueous, water immisible solvent. The non-
aqueous solvent usually chosen is 1-octanol. The octanolwater partition coefficient s

designated as P and the Hansch value T is the effect of a given substituent on log P of the |

basic skeleton. '

Largely with the initiative of Hansch, n-octanal now seems to be the organic solvent of
choice. n-octanol has, a long saturated fatty alkyl chain, hydroxyl group for H-bonding and

J

dissolves water to the extent that saturated octanol contains 1.7 M water. This combination

of lipophilic chains, hydrophilic hydroxyl
n-octanol, properties very close to those of natural membranes and macro-molecules,

Disordered water molecules

co, °°o

5 CO0O0CooO
0 0
0053 Jo

: _. .

Receptor
Fig. 13.3: Increase

group and water molecules appears to give |
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alu ,
alues of the substituents, the log P value of
m lon,

p= 2 T (additi
log t (additive free energy)

For example, propranolol.
(i
OCH,CH(OH)CH,NHCHMe,

L

log P (naphthalene) = 3.37

m—-OCH,- = = 0.02 (from anisole)

ni-CH- = 050
n-0H = -139 (from 2-butanal)
- CHNHCH- =~ 0.17 I(from N-methylbutylamine)
2x-mCH; = 1.00
Ambranch = - 020

log P proprancioh  ~ 3.09
= 333)

(log P exp.

i

. 2 log P _+2ﬂl’.IH3
(n) 'IUg PCGHSCHQCHQCBHS g CEH:

n

Expt.log P = 4.7 . - erties

i f bstituent nas @ significant influence on its chemical pr‘oP ti

Theenranier 18 o tributions May be observed for the same substituen in
n

and therefore different activity €0 : 1 % andent, It means
different.positions of a molecule. The values of mare ﬂaiélymp;:tgf;af:aiosm0n.
the Tt value of a given substituent will not be same for ortn®
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Examples:
() Calculate log P value for an anticancer drug, diethylstilbestrol (DES).

The structure of DES is as follows:
CEH5

HOQéz ?—Q_DH

CQHE
2m CH, + 2n CH, + 1 CH,= CH + 2 log PhOH — 040

Hence, log P(DES) =
= 2(0.50) + 2 (0.50) + 0.69 + 2 (1.46) - 0.40
= 5.21 (Expt.log P = 5.07)
1
Here nCH = CH=E[T{CH=CH—CH=CHJ

To account for two branching points, — 0.40 is added in the equation.
(b) Calculate log P value for anti-histamine, diphenhydramine.
The structure of diphenhydramine is as follows:
NG /
/CH—OCHZ—CH?_—-N .
C.Hs \CH;

CH3

Hence, .
2nPh + niCH + mOCH, + niCH, + nNMe,

2(2.13) + 0.30 - 0.73 + 0.50 - 0.95
= 3.38 (Expt. log P = 3.27)
Here 2.13 is log P for benzene; 0.30 is T CH (0.5 — 0.2 for branching); — 0.73 is obtained
by subtracting 1.50 (2rnCH, + mCH,) from log PCH;CHEOCHICHa (= 0.77); and = 095 is the

value for m N(CH,),.

A negative value of T implies that the substituent prefers an aqueous phase while a
positive ‘value implies that an organic (lipoidal) phase is favoured by the drug for
distribution.

ta.a LINEAR RELATIONSHIP BETWEEN LOG P AND BIOLOGICAL ’

log P

ACTIVITY

The first linear rélationship was observed by Meyér and Overton who found that the
narcqti.c activity of various organic compounds paralleled their oil-water partition
‘;:;fxi?ts. ixactly linear re'fationship between lipophilicity and biological activity (log 1/¢) is
Unspec'ry 0 :.aerued. espegally for.the binding of drugs by proteins, for drugs: eliciting

i toxi anaesthetic, bactericidal, fungicidal, narcotic or hemolytic properties. The

straight fine obtained (y =
Yy=mx + ¢
by following equation ) when log P and log 1/c are plotted, can be represented

logl/c=alogP + b



p"T ted by the followi - the lipophilicity |
esen Wing equati bstity philicity increases.
o' g quitmn, ted phenethylamines which can be
?r
Y CH
. CH—CH,—N /7
X = H FC|,Brl, CH3 CH,
Y =

H, F, Cl, Br, I, CH,.
log 1/c = 115 (£ 0.19) m~1.47 (£ 038) 5 + 7.82

This is an example of multi
i s Parameter i : : .
ipophilicity () and electronic (o) prUPErti.e; linear relationship between activity (log 1/c),

Similarly, corrrelation analysis indi
' s ind : g e .
inearly dependent on Tt y icated that ascites cell respiration inhibition (pls) is

Plyy = 0.46 (£ 0.11) w + 3.22

13.9 NON-LINEAR RELATIONSHIP BETWEEN LOG P AND BIOLOGICAL|
T ACTIVITY. A i e £

Linear relationship between lipophilicity and biological activity only apply to certain
range of lipophilicity. If lipophilicity exceeds a definite limit, a more or |less sharp decrease of
biologica! activity results for each series of compounds and each type of biological activity.
In linear equations, the lipophilicity limits are still beyond the ranges of optimum
lipophilicity. If there were no optimum lipophilicity in each series, compounds with infinite
biological activity would result if only their lipophilicity were high enough.

In series of compounds, where biological activity is dependent mainly upon lipophilicity,
one can not go on increasing the biological activity indefinitely by increasing lipophilicity of
the compound. Activity rises 0 a maximum (log Po) and then declines.

!

1
log g \

L —>
log Py log P

Fig. 13.4: parabolic Relationship Between Biological Activity
} N (log 1/¢) and partition Coefficient (log Po)
b Po = The optimum value for the partition coefficient in the congeneric series unde

nvestigation. This remains constant for that particular series.
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The main reasons for the decrease in the biological activity beyond a certain Fange of
lipophilicity, include:

(i) Because of the high lipophilicity of the drug molecule, the comp{ound becorlnes "
lipid-soluble that it no longer can circulate in the blood stream but merely becomes glueg:

to the first lipid membrane or macromolecule with which it comes in contact. Highly pgly,
compounds are so insoluble in organic phases that they can not cross lipid membranes and

will remain in the first aqueous phase. Hence, only CDﬂ?PDU"dS of inter'mediate |ip0phi|idty
will be able to cross lipophilic as well as hydrophilic barriers to reach .then target.

(i) Micelle formation at higher concentration of thg drug, may be res.puqsibt‘e for non.
linear lipophilicity-activity relationships. While drug in dilute aqueous solution is dissolved ag

monomers, an increase in the concentration may lead to formation of rnul:ellar aggregates,
consisting of some hundreds or thousands of molecules. Hence, the effective concentration,

of monomers being capable of interacting with the biological system is significantly lowereq
down, resulting into a decrease in the biological activity.

13.10 ORTHO EFFECT ' LR il

The log P contribution by the substituent at ortho position is difficult to measure due tg
the following reasons:

(i) Mutual electronic interaction may occur between the substituents.

(i) When there are two substituents ‘ortho’ to each other, in body fluids both such
groups compete for the same layer of water molecules which forms an envelope of ordered
structure around the receptor. Therefore, when an ortho disubstituted compound moves
from an aqueous phase to lipid phase, the total gain in entropy of aqueous phase is less
than its isomeric disubstituted compound. There occurs overall reduction in expected log P
and Tt values. This effect is known as ortho effect.

By subtracting the value of m for para substituent from the value of T of ortho
substituent, one may get an approximate estimation of the ortho effect. Thus,

Ortho effect (Am ortho) =  O-substituent — t P-substituent

Besides this, the partition coefficient of drug is affected by pH and temperature of the
system. In addition to the complications arising from dissociation of acids and bases and

from temperature dependence, partition coefficients of charged species can be significantly
affected by the formation of ion pairs.

Single parameter is satisfactory for the quantitative description of unspecific biological
activities or for small sets of congeneric compounds. However, a single parameter can not
be used to describe the biological effects of a larger group of structurally diversed

compounds. In such cases, electronic or steric parameters also may influence the biological
activity.

log (1/c) = a (lipophilic parameters) + b (electronic parameters)

+ C (steric parameters) + d
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rug, and (i) the
. shown in the
hysical Organic Chemistry” in
e of the electronic effects of

whiﬁh he introduced X constants as 5 o
- ptituents of aromatic rings on ¢ Quantitative measr

! ; eaction ra -
 glectronic effect of a set of substituents on cﬁs and equilibria. Hammett postulated that the
selected substituted benzoic acid ferent organic reactions should be similar H;

. s X-CH.-C :
merical & constant scale, 615"COOH a5 the standard system to develop the

The most comsmonly
used e :
lectronic parameter is Hammett substituent constant 'c’

which can be obtained from the dissociati
ISSOC
COOH and Ph-COOH respectively. lation constants KX and KH of the benzoic acids X-Ph-

¢ = log K,-log KH = log(K,/K,) = pKa, - pKa,

The substituent constant g is |i
‘h - is linearly depend .
arising due to dissociation of benzoic aci)::is, pendent on AG, the change in the free energy

The rea}:'.on for using the logarithm of biological response has thermodynamic origins.
L0 :
Here log K. is used instead of free energy change because equilibrium constants are

logarithmically related to free energy (AG) change through the Van't Hoff equation and
therefore additive.

Hammett proposed that an electron withdrawing group, attached to aromatic ring of
benzoic acid would increase the acid strength of the carboxyl group and the greater the
electron withdrawing power, the greater will be an increase in the strength. Thus electron
withdrawing groups have positive values, electron donating groups have negative values

and hydrogen has a zero value.
Table 13.3: Electronic Parameters

Farameters Comments
Om Hammett constant for meta substituent derived from ionisation of benzoic
acid.
Op Hammett constant for para substituent derived from ionisation of benzoic
acid.
- Hammett constant used when there is direct conjugation between
< substituent and reaction centre; derived from anilines and phenols.
+ H.C. Brown constant derived from solvolysis of dimethylphenyl-carb‘my\
A | % chlorides.
=3 Contd...
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o1 Constant describing solely polar effects. \\
OR Constant describing solely mesomeric effects.
o* Taft's polar substituent constant derived from hydrolysis of aliphatic estarg
o Homolytic constant for substituent interacting with a free radical reaction, |
Fand R Field and Resonance components derived from linear combination ‘k
of om and op values.

Polarizability (¢ plays an important role in the interaction of small molecules wit

proteins. In 1880, Lorenz-Lorenz derived the following equation from the electro magnetic |
theory of light.

_ _gn?-le
R=a = (n?+2)d
where,
n =

refractive index of visible light,

M = molecular weight,

d

I

density (at the temperature quoted for n, usually 20°C).

Since linear correlations are found to exist between o and NMR shifts (*H, 13C, 15F, 15N
etc.), molar IR extinction coefficients or IR frequencies, the latter parameters may also be
used as indicators of electronic properties of the substituents instead of & value. Since, pKa

value shows variation with temperature, the standard temperature chosen for determination
of pKa value is 37°C. The pKa value is determined by potentiometry.

The pKa values for acids or bases can also be calculated from the o substituent constant
by using the following equation, because of its additive nature,

pKa = 420-100Y o
This equation is known as Hammett's equation.

Problems: .
(1) Calculate pKa value for 4-methyl -3, 5-dinitrobenzoic acid using Hammett equation
(6,NO, = 0.71; 6, CH, = - 0.17)

Solution:

COOH
0, NO,
CH,
pka = 420-100¢g

420-1.00(2 071 - 0.17)
2.95 (predicted); 2.97 (exptl)

P



.f |(Jhr3l““1”‘t -
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dict the pKa value for 3. Int
mEtth}, roduction 1o pry Design

ra Pr’e
o | 0 (0,mOCHs =014 0, -4-h
_ Lﬁrlﬂ”‘( m p~OH = -0.37) ydroxy benzoic acid usi
Frufi"": using Hammett
f COOH
OCH,
oKa = 420-1003 0 OH

4.20 -1.00 (0.14 - 0.37)
4.43 (predicted); 4.50 (exptl)

The negative o value indi
and R values indicate the sigtrfa;?t,hthe electron teleasing natdre’af the subEttuant. T
N By & e charge which the substit ing. F F
_ by both resonance and f stituent places on the ring. For
| ield effects makes the ring more negative and

n

pence both its F and R values are negative
1312 STERIC SUBSTITUENT CONSTANTS i
eractions reflecting the

Steric f;etures of the drug_markedly affect the drug receptor int
change in the onset and duration of biological action. For example
c drug than morphine, is expected to enter the CNS rapidly.

buprenorphine, 2 MOre

|ipoph'|]i
Thus, it is expected to exert rapid onset and

shorter duration of action. However, because of
it needs time to get

?H
GC— C(CHa)3

bulky substituent at nitrogen,
oriented in @ favourable conformation. The bulky
substituent also delays the detachment of drug 'l
; , CH,
from the receptor. This leads to late onset and HO 5 0CH,
Buprenorphine

teric effects of

long duration of action.
mmett, a numerical scale Es for the s

ft in 1956,

features of the subs
d hydrolysis of aliphatic esters.

On the guidelines provided by L.P Ha
substituents was proposed by Hammett's student, Ta
re used to describe the steric

| Various parameters @ . ‘
common is Taft Es constant . 1 is derived from the acl
log (K/Kg) = Es

where _
cid hydrolysis of substituted ester

K = rae of a
rent ester

- rate of hydrolysis of pa
teric effects, particularly 1

Ko
This parameter is useful for studying intramolecular s
e the substituent is near the reaction centre. Other parameters like, molz
d molecular connectivity index 0

molecular weight an

sactions |
r . (MR), van der Waals radii,
of the substituents.

d to express steric features

tituents. The most
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Normally, Es is standardised to the methyl group so that Es for CH; group is equal 1,
zero. However, it is possible to standardize this parameter to hydrogen i.e. Es (H) = 000 ang
there after adding 1.24 to every additional methyl group. Greater the positive value of g5
greater is the steric effect affecting intramolecular and/ or inter-molecular hindrance 1,

drug-receptor interactions.

Other steric parameter is molar refractivity. Greater the value of the MR, larger is the
steric contribution of the substituent. For liquids, the MR value can be calculated in units g¢
volume using the Lorentz-Lorentz equation,

MW (n?-1
MR = ‘m(;er)l(cmeol)

where, MW = molecular weight

n = index of refraction at 20°C
d = density at 20°C

The third steric parameter is molecular connectivity index (x). It indicates the degree of
branching in a given structure. Since, branched isomers of molecule differ in their properties,
the arrangement of substructure in the given molecule must be responsible for it. Molecular
connectivity describes molecular substructures in topological terms. Correlation of the
physical properties with the variation in the structure depends not only on number of atoms
in the structure but also upon arrangement of these atoms. Since size and shape of the
molecule determines many of the physical parameters that govern the biological activity of

drug, molecular connectivity index helps to quantify the effect of size and shape on the
biological response.

13.13 ACHIEVEMENTS OF QSAR ! : ) —]

QSAR helps to understand the forces that govern the activity in a congeneric series of
compounds. It thus helps to reduce the empiricism in drug-design and ensures that every

drug synthesized and pharmacologically tested is as meaningful as possible, The main area
where QSAR provides insight include:

(a) Forcasting of Biological Activity:

Innumerable applications of QSAR have been reported where successful prediction of
biological activity played an important role. Through the regression analysis, parameters or
nature and position of substituent which may increase the activity can be guessed. The
advanced techniques using computerised programmes even give the structural features of
the most possible active compound from the series, However, QSAR is not the final answer
to drug discovery, It may be considered as one of the refined tools for drug development.

(b) Selection of Proper Substituents: |

Proper selectior i :
of su .
e, | bstituents to develop a series leads to a decrease in the average

dramm::aagalogu?s re'quired. to investigate the refationship between substituent
nd the biological activity. Batch selection and cluster analysis are the examples
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0 prug-receptor interactions:

sosterism:

In a congeneric series of compounds ,
e forces involved in the drug-rece to; ‘-QSAR St.UdIE? help to predict in quantitative terms
e;gentia\ 267t the g ol P mterac.tlons if the substitutions are made in non-
- g molecule. Such studies have been reported for the d h
-ibit mammalian and bacterial dihydro ° or the g
! st - rial dihydrofolate reductase. It is possible to derive @
quantitatl e.;:j”e ation t.JEtween the strength of binding and the number and types of
boﬂ-d'S possible. If SEIECtIC_m of parameters is proper, QSAR may also suggest at which
positions of the receptor, increased lipophilicity of drug increases binding, how changes in
the strength of potential H-bonds affect binding, etc. The three dimensional feature of
receptor and minimum energy active conformational forms of the drug molecules can also

be predicted through QSAR-studies.

(e) Pharmacokinetic information:
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absorption of substances from the
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13.14 LIMITATIONS OF QSAR =)

Even though the applications of QSAR analysis may result in statistica!ly valid equationg
it is often difficult to interpret the relationship in biochemical termrf. Failure of regressin
analysis in the prediction of biological activity of analogues results mainly due to:

(a) A poorly designed series or ambiguous regression analysis.

(b) An extrapolation outside the range of the physical properties represented by origin,,
substituents,

(¢) Improper conditions of the biological testing and
(d) Multiple modes of action.

The most serious problem in QSAR is the lack of fundamental understanding of how to
quantitatively describe substituent effects on non-covalent :ntermolec.ular (e.-g., drug-
receptor) interactions. Hence, the knowledge about the sort of interactions ang
quantification of substituents effect (parameter) on the interactions is essential.

A successful QSAR can provide only indirect (in terms of Es, MV or MR) information
about the three dimensional aspects of drug-receptor interactions. However, mutyal
conformational adaptation of drug and receptor may also occur after interactions. Since, no
specific parameter has yet been developed for the description of the variation in
conformation, conformational flexibility or three dimensional aspects of the drug, it imposes
limitations on the success of QSAR analysis.

Other effects (like electronic or steric) have their own influences on the overal
lipophilicity of the molecule. This may result in the wrong correlation and interpretation of
activity in a series that mainly depends upon lipophilicity for biological action. Electronic
effects of a substituent may change both, the degree of ionization and the charge
distribution. The former may affect the amount of active species available to the receptor
while the latter may affect the strength of the drug-receptor interaction.

Since, the biological activity is susceptible to considerable experimental variations, a
non-linear scatter may be observed during correlation of biological activity with physico-
chemical parameters. QSAR fails to explain this built-in scatter mathematically.

Although a variety of linear parameter (about 41) descriptors of electronic features of a

substituent are available, several workers have found that quite often in a particular case one
electronic parameter has worked while others did not.

Similarly, physiologically active compounds on their way from the site of administration
to the target sites, are known to undergo diverse chemical and biochemical transformations.
Itis likely that they act differently on different bio-targets to exert same kind of activity.

In summary, if the problem is to learn more about the mechanism of action of
congeneric series of compounds or to design a more active drug from the information
available, Hansch or Free-Wilson approach may be useful. Best results with the Free-Wilson

P
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Nun-covalent Reactions:
[nteractions between @ charge

called jon-dipole interactions. lons can also interact wit

moment. For example, the permanent dipole moment of CC
syrnmetrical location of all four chlorine atoms at the four corners of 2 tetrahedron.

However, @ charge if placed near d cCl, molecule, will distort the electronic distribution and
the CCl, molecule becomes polarized, Interactions between 5 charged ion and such

polarized molecules aré called charge-induced dipale interactions.
A molecule with no permane i instantaneous dipole

nt dipole moment may acquire an i
moment due 10 fluctuations in the electronic distributions. This instantaneous dipole may
hbouring neutr

induce a dipole in 3 neig al molecule. Interactions between such dipole-
induced dipoles are called London interactions. London interaction is always present In all
kinds of molecules and is the only attractive force acting between identical rare 9as atoms.

van der Waals interactions are another most common type of interactions. It includes
permanent dip0|e~induced dipole

ermanent dipole-permanent dipole
nd steric repulsions. The London-Van der Waals interactions are uysually non-
te to the energies of all reactions.
A hydrogen atom while remaining covalently bonded to oné oxygen or nitrogen may
form @ weak hydrogen bond to another oxygen or nitrogen. The hydrogen bond plays an
| structures of proteins and nucleic acids.

|
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|, molecule is zero because of
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Hydrophobic (fear-of-water) Interactions:

The molecules of water form a mobile network through hydrogen bonds with foy,
tetrahedrally oriented neighbours. The network is not a rigid one and change of neighbours
occurs rapidly because of thermal motions. A hole is created due to insertion of any other
molecule into this network. Some hydrogen bonds in the original network are broken,

When two such hydrocarbon groups aré inserted into water, each will lead to ap
unfavourable free energy change. If the two groups cluster together, the disruptive effect on

the solvent network will be less than the combined effects of two separate groups. Hence,
the clustering of such groups will be thermodynamically favoured. The clustering of the
r but because they are both disliked by water. The

groups is not because they like each othe
ase in the overall free energy of the system in

clustered arrangement results in a decre
f unlike molecules. Hydrophobic interactions are

comparison with the separate dispersion o
characterised by low enthalpy (energy) changes and are entropy (conformations) driven.

Partial Charges and Dipole Moments:

A molecule is an arrangement of nuclei surrounded by electrons. The electron
distribution determines the partial charge on each atom. The electron wave function for all
of the electrons in @ molecule tells us the electron density at every point in space. The
interactions of the assigned bond dipoles produce a net dipole for 2 molecule. Then, by
using the co-ordinates of the nuclei of the atoms, one can estimate the dipole moment,

Thermodynamics deals with interchange among different forms of energy. Interactions
between ligand and receptor involve physical contact which if exceeds for a certain time

period, results in an attractive force. In general, these interactions mainly depend on the
concentration of reactants and salt in the solution.

Bond Stretching and Bond Angle Bending:
Bond stretching and bond angle bending can be treated as if the atoms are connected
by springs. The energy of moving the atoms so as to stretch or compress a bond or to

change a bond angle depends on the square of the change in bond length or the square of
the change in bond angle.

u = K (r-ry)?

u = K, (68-8)
the difference between the perturbed bond length and the equilibrium
bond length, and 6 - 8,, is the difference between the perturbed bond angle and the
equifibrium bond angle, The constants K, and K, are positive which means the energy
increases when the bonds are perturbed from their equilibrium positions.

Stretching and compressing @ bond requires a large amount of .energy. For
changing the bond length of a single bond by 0.1 A° requires about 10 kJ mol-! while

double bond requires about twice as much energy.

;2.
"y
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NMR derived information directly concerns with conformations of the molecules in

solution.

Computer-aided drug design may either ligand-based design or the de novo design
on the 3D structure of the macromolecular target site. The latter are usually derived
by X-ray crystallography. Solved structures are available free of charge on the Brookhaven
protein Data Bank (PDB, http:// www.pdb.bnl.gox) site financed by the US government. This
mber of structures obtained by 2D-NMR spectroscopy. These NMR
measurements are useful to derive solution structures or structures of proteins which can
not be crystallized for X-ray analysis. As the membrane bound proteins are difficult to
crystallize, structural information on these proteins can be obtained using electron
diffraction techniques Of electron Cryomicroscopy: In the absence of experimental data,
macromolecular structures can be explored by homology modelling. This method utilizes
the knowledge of certain degree of similarity between the primary sequences of unknown
protein and the protein whose 3D structure s known. The primary seq.uence of all the
structurally known proteins may be derived from Genbank at ncbi.nim.nih.gox, the EMBL
server at ftp.embl heidelberg.de and the Swiss Prot seVer at www.expasy.ch.

Substrate conformations can also be obtained using X-ray diffraction studies and NMR
experiments. The Cambri ural Database is the most rele.vant .source of TahD
ctructures of small molecu m neutron and X-ray.dlffractmn data. | e

R conformational space of the cubstrate can be explcred by the theoretical mfl:thnds as well.
. Site-directed de novo drug design is based on th_e compiement?my betweerwfr:fjh;.
L nerated ligand and its site. It can be achieved by searching for the ppsable structure

relying

site also contains a nu
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a database of structure fragments which will maximally fit and satisfy the local constraints of
the site. Three-dimensional database searching enables the identification of compounds that
match the pharmacophoric distances or shape and electrostatic complementarity,
Alignments are generated by random rotations and translations of one structure relative to
the other, followed by minimization of the alignment function for each overlay. If we have n
fragments and each fragment can be connected to its neighbour by m different ways, there

is a possibility of mN different combinations of fragments. Ranking according to an energy
of interaction between the ligand structure and receptor site may then be used as a basis to
pick up the final few combinations. Softwares commonly used in De Novo Drug Design
methods include DOCK, GRID, CAVEAT, LEGEND, LUDI, SPROUT, NEWLEAD etc.

In general, for larger sites, structure generation is so diverse that detailed inspection of
each structure becomes impracticable. In order to reduce the number of combinations and
to potentiate the specificity of resulting combinations, larger target sites may be divided into
subsets. These subsets include hydrophobic regions, hydrogen-banding region and dividing
the electrostatic potential to regions of maxima and minima. These subsets can also be
surveyed energetically by a program such as GRID to identify favourable interaction sites for
a large variety of functional polar groups. The software DISCO allows automatic
computation of hydrogen bond accepting and bond donating sites. The combinations
developed at each subset, then can be connected to generate the drug structure.

Structure-based Lead Generation:

The de novo (computational model) structure-based design is also possible where the
structure of the target enzyme or receptor is known. In this case, lead generation may be
done both through the application of 3D searches to identify existing compounds and by
the de novo design of novel structures including automated structure generation. Various
element, substructure or distance range keys (based on single atoms from the functional
groups or centroids, lines, planes or excluded volumes derived from the functional groups)
are used in 3D searching to screen out rapidly unsuitable structures. These keys act as a very
fast filter to eliminate all structures that could not possibly fill the query.

Modelling describes the generation, manipulation, and/or representation of three-
dimensional structures of molecules and associated physico-chemical properties. As
computers are becoming even more powerful, new methods enabling the modelling of
molecular realities have been described.

(a) Molecular structure building:

One of the simplest and most reliable ways is to use libraries of typical organic
fragments and the Cambridge X-ray Crystallographic Data Base, which contains about
1,25,000 structures. Several common building functions are involved in these operations,
make-bond, break-bond, fuse-rings, delete-atom, add-atom-hydrogens, invert chiral center
etc. The molecular structures are generated in a 3-step process. First, molecular
connectivities and atom information is entered using either an interactive cornpu'ter graphics
template program or a user written non-graphics program. Second, EMBED, a distance
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FOTpL:;at:.EzL T:';’“SW TEChniques are now used routinely to simulate chemical and
: m-ad p pde o computer prior to synthesis. The accuracy of these calculations is
sighly depen nt on the accuracy of the parameters employed, the solvation model used or
he completeness of the conformational search.

The tra.ditional force .ﬁeids used for structural predictions, are formulated on the basis of
yast experimental tliata (i.e. bond lengths, bond angles and other structural/energetic data)
able for organic and inorganic molecules in the form of typical small fragments.
 utilize force fields to reproduce molecular

barriers, inter- and intramolecular interaction
gas-phase and condensed

avail
Emperical molecular mechanics calculation
geometries, conformational energies, torsional
energies, vibrational frequencies, heats of formation and other
(ie. solid and liquid) phase properties.
Molecular mechanics consists of

molecular geometry, energy, vibrationa
anomeric and Bohlmann effects) properties.

Molecular mechanics (emperical force field) expresses the potential energy mainly in
terms of three main groups. non-bonded energy, electrostatic energy and intramolecular
energy. The potential energy reflects the energy necessary to stretch bonds, to distort bond
angles and to generate strain in the torsion angles by twisting around the bonds.

Energy terms (Pérameters] of molecular mechanics can be classified as follows:

nteractions: Stretching, bending, and torsional.
Dispersive attractions (Van der Waal's), dipole-dipole

3 series of mathematical steps used to calculate
| spectra and other chemical (e.g. electronegativity,

(a) Bonding i

(b) Non-bonding interactions:
and charge-charge interactions.
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spectroscopy provide stretching and bending force constants while NMR measurements are
helpful to describe torsional profiles. Among non-bonding interactions, atomic radii and g
values characteristics of hardness/softness are typical van der Waal's parameters, while
electrostatic interactions are usually represented by atomic charges or bond dipoles.

(A) Non-bonded energy describes the energy of interaction between two non-bonded
-atoms. At long distance the atoms attract each other owing to dispersion forces, whereas at
short distances, there is a strong repulsion due to overlap of the atom's electronic clouds,
Between the two regions there is a minimum.,

Restricted rotations of molecular fragments connected through covalent bonds are
qualified by torsional barriers. Dispersive attraction is usually formed between particles
which do nat have a dipole moment or a charge. Here the induced dipole moments are
created by the distortion of electron distribution.

The electrostatic interactions depend mainly on atomic charges, the interatomic distance
and a dielectric constant accounting for environmental effects. Atomic charges can be
calculated by ab initio or semiempirical calculation, In addition to charges obtained from
Mulliken population analysis or natural bond orbital analysis (NBO), ESP charges derived
from electrostatic potential are also available. Conformational dependence of atomic
charges, however, would make the calculation of electrostatics rather complicated and
therefore in most force fields, this conformational effect is neglected.

In the long-range region, even electroneutral molecules exert attractive forces on each
other. These forces are function of the intermolecular distances as well as of the elecronic
structures. London proposed this theory of attractive forces in 1930. At any given moment,
instantaneous dipoles are created because of nuclear and electronic fluctuations. These
fluctuating dipoles induce dipoles in other atoms and the interaction of these two dipales

creates a net attraction.
The short-range forces are repulsive forces. When atoms are close, there is considerable
overlap of their electronic clouds and these clouds are distorted owing to the Pauli exclusion

principle. The net effect is a repulsion between the two atoms.

(B) Electrostatic energy mainly exists, due to the presence of highly polar groups. In
such groups, the Coulomb or dipole-dipole forces are more important. They must be taken
into account in conformational calculations where dielectric constant is used to explain the
effect of solvent in attenuating the electrostatic interactions of charged groups in an
agueous environment.

The most widely used method for obtaining partial atomic charges is by performing a
quantum mechanical calculation and doing a Mulliken population analysis. Partial atomic
charges are derived by fitting to quantum mechanically calculated electrostatic potentials.
i-::nrcg:_n'[s:::; E;QTCCQ:CUHUU;CE s a collection of atoms held together by elastic or harmonic

bond lenigth, bou ;z”]E: escribed by potentlall energy functions of strucFura] feature like
. Potential energy functgj} : ‘ﬂﬂn-bonded m_teractiun and so on. The combination of these
on Is the ‘force field'. Molecular force fields help to calculate

)
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e 100 i orce.ﬁeld. The most extensively tested force fields are MM2

drocarbons pius 2 imited SE.lECtIDH of simple heteroatom functional groups), AMBER and
(HARMM (peptides and nucleic acids) and ECEPP (peptides). MM2 is current standard for
small-molecule work, AMBER and CHARMM force fields are similar and are the standard for
macromo1ecu|es.

Since the development of MM2, the first high-performance molecular mechanics force
reld in 1977, several general and specialized force fields have been published.

MM4 was obtained by the complete reparameterisation of MM3 to reduce the error that
comes from the neglect of inductive and hyperconjugative effect.

General force fields are meant for handling a structurally diverse set of molecules and
are therefore of limited accuracy as it would require careful parameterisation based on a
very large set of reference molecules. Designing of specialized force fields is promoted for

the accurate calculation of a chemical limited class of compounds. The limited diversity of
structural units allows precise parameterisation for structura

| building blocks. This concept
has been used in the development of the AMBER force filed by Kollman et al in 1985.
CHARMM is parameterized for hig

h-quality computations of a limited set of molecules
on the similar lines of AMBER. Although the first version was

only parameterized for amino
acids and proteins, CHARMM was finally reparameterized in Hyperchem package to yield the
BIO + force field. The other force

field include, OPLS, ECEPP and the Merck force field
(MMFF 94). The MMFF 94 is one of the most recent molecula

r mechanics force field
developed by Tom Halgren at Merck to handle most types of structures represented in the
Merck Index.

The concept of the force field originated in the first half of the twentieth century from
vibrational spectroscopy, which considered the forces acting between every pair of atoms in
the molecule, or in a lattice in the case of ionic crystals. A formulation which later had a
ignificant effect on molecular modelling Was that of Urey and Bradley, in which they wrote
Juadratic Hooke's Law potential equations t0 describe some of the harmonic vibrations in

‘mple molecules, but found the Morsé potential
pond stretching.

give the best fit to empirical data for
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Class 2 Force Fields, which contain anharmonic potentials, and utilize explicit off-

diagonal terms form the force constant matrix.
The Class 3 Force Fields will be able to model the influence of chemical effects,

electronegativity, and hyperconjugation on molecular structure and properties.
(c) Molecular dynamics:

Originated in 1957, molecular dynamics simulations were first used for the study of a
simple fluid made of two-dimensional hard disks and to evaluate relaxation phenomena and
transport properties in liquids.

Molecular dynamics is a method of studying the motions and the configurational space
of the molecule in which the time evolution or trajectory of a molecule is described by the
classical Newtonian equations of motion.

The molecular dynamics method directly simulates the motions of all the molecules in
the system. The system is started in an arbitrary arrangement at a temperature near absolute
zero; the atoms are nearly stationary. The velocities of the atoms are then allowed to
increase so that the average kinetic energy of the system is increased to correspond to the
temperature of interest, such as 300 K. At this temperature, the motion of all the atoms in
the system is simulated. A great deal of computer power is needed to simulate the motion
even for a few nanoseconds. The simulation studies help us to understand fluctuations in the
shape of the molecule and molecule-solvent rearrangements occuring to facilitate binding
of a substrate. The analysis of the motions of all the molecules can provide the free energy
of the system.

Molecular dynamics aims to reproudce the time-dependent mational behaviour of a
molecule. In molecular dynamics simulations, the system is first partially minimized to relieve
strain in the system. Then by taking small time steps and integrating the equations of
motion, new farces and accelerations are calculated.

The interactions of large molecules may be understood by simulating their motions on a
computer. The entropy requires knowledge of how many ways the system can change
without affecting the energy; the more rearrangements (conformations) that are possible for
the system, the higher the entropy and the lower the free energy. There are two methods for
calculating entropy and free energy for a system by simulating the motion of the molecules:
Monte Carlo and Molecular dynamics. Both are effective methods used to calculate the
energies of different possible conformations of the molecule. Consider two molecules
having. same rninimum energy. If changes in the conformations do not raise the energy
:nL;h. it is flexible molecule, (?n t!}e other h_ar?d, if any change _|n‘the conformation raises the

"9y greatly, the molecule is said to be rigid. It means the rigid molecule will have always
a higher free energy than the flexible molecule.

mayT:;:;:fisr;Lzolecular simulations (behaviour of molecule mode| as 3 function of time)
(@) Monte Carlo Method.

(B) Mgl .
ecular dynamics method: It produces trajectories in the configurational space

and lead;j
| ®ading to both statjc and dynamic properties.
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predict how changes in the chemical structure of a drug will change the equilibrium
constant for binding to a receptor if a high resolution structure of the original drug-receptor

complex is available.

Molecular dynamics produces a great many molecular conformations. Through docking
studies, one can know about the number of unfavourable conformations of the drug which
do not fit the receptor. This number may be drastically reduced by inserting a methy|
"blocking" group or a ring constraint in the structure to prevent too much conformational
freedom. The most favourable drug conformation chosen through the results of a dynamics

may be subjected to molecular mechanics.

(d) Quantum mechanics:

Molecules are made of electrons and nuclei. The nuclei attract the electrons but, of
course, the electrons repel each other and the nuclei repel each other. The electrons move
relative to the nuclei. The balance of the forces determines the structure and the chemical
reactivity of each molecule. The nuclei and electrons arrange themselves to obtain the
lowest-energy possible. This produces the bonding and the electron distribution of the
molecule in its most stable form. Higher energies correspond to excited states of the
molecule caused by molecular collisions or by photoexcitation; these states are important in
the reactions of molecules. The energies of molecules are quantized.

Quantum mechanics is necessary to describe quantized energy levels and to understand
bonding and electronic orbitals of atoms and molecules. Quantum mechanics was
introduced during 1930s to describe molecular and subatomic behaviour.

To understand reaction mechanisms and molecular interactions, one should know in
detail about bonding, orbitals, electron distribution and charge densities. Quantum
mechanics explain molecular interactions in terms of electron distribution and motion.

The nuclei of atoms may be treated as particles with wavelengths that are very much
shorter than those of the lighter and faster electrons. The Schrodinger equation may be
solved by using widely available ab initio, programs and an ever increasing computation
power. The Schrodinger equation assigns an amplitude y to the electron wave which is
known as the wavefunction of the system. It helps to calculate the average position of the
electron and its energy in each electronic state. The energy of the electron tells us whether
the molecule is stable and what is stable bond distance is. From the wavefunctions,
measurable properties can be calculated. These properties are functions of the positions and
moments of the electrons and nuclei in the molecule. The electron distribution determines
what is the most stable configuration or geometry. of the molecule besides bond lengths,
force constants and bond angles.

Calculation of electronic properties implicated in physical and chemical reactions of
drugs with their biological environment can only be done using quantum mechanical
!'nethod.s. In addition, calculation of energy conformational profiles and intermolecular
tn‘Eerafct|ons in a variety of contexts are best done using quantum mechanical methods. In
Principle, the exact solution of the Schrodinger equation, where H is the Hamilltonian
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; ych easier 01 entify failings of t :

s 2150 s tent and even-hand X hese methods and improve them i
el consisten anded way. In semi-empirical method, on! o
| e o . , on

’ipns e explicitly included, some integrals are neglected and others are appff’;ie:cg
‘ﬁamﬂte"s derived from_ experiment. The selection of the most appropriate ah\‘3
o ¢ not only on the size of molecule but also on the type of molezular N
. ‘ : _ rope
F’lﬂnformation. electron density, electrostatic potential, frontier orbitals etc.‘:| th[:trtii

420,
Quantum me

yrodinger equa
omiC and molecular systems.
pesides the classical Schrodinger equation method, certain semi-empirical methods may

o be used 1o calculate the wavefunctions of valence electrons only. These include,
(3) Extended Hucke! Method.
(o) Complete Neglect of Differential Overlap (CNDO) Method.
(c) Intermediate Neglect of Differential Overlap (INDO) Methad.
(d) Modified Intermediate Neglect of Differential Overiap (MINDO) Method.
(e) Neglect of Diatomic Differential Overlap (NDDO) Method.

(f) Modified NDDO (MNDO) Method.
h as AMI, MNDO, CNDO,

chanics defines the behaviour of nuclei and electrons. The gquantum
s?d on th‘e Schrodinger equation. The wavefunction derived from
tion, contains all the information needed to describe the properties of

INDO, EHT, MINDO, PRDDO and
lar semi-empirical programs, whereas the GAUSSIAN and
rams. AMPAC and MOPAC are QCPE packages that

include the AMI, MNDO and MINDO programs. Along with GAUSSIAN series these aré
among the most popular programs for quantum mechanical calculations. Quantum chemical

calculations can provide detail insight into the electronic nature of the molecular structure.
uch better descript

Semi-empirical treatments suc
PCILO are some of the most popu
HONDO series are typical ab initio prog

Quanwm mechanics offers a M jon of electronic structure than
hest occupied molecular orbital

molecular mechanics can ever do. Energy of the hig
represents charge distributions in a molecule. Quantum mechanics helps in the electrostatic

potential energy evaluation directly using the wavefunction as opposed to using the point
charges extracted from the wavefunction. if one computes this energy at the points
generated from a molecular surface calculations: the resulting colour-coded surface can be
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o displayed. The surfaces of drug and receptor protein can be visually compared ang
J evaluated. The optimal docked orientation will be that in which the two surfaces are

optimally complementary in shape and charge distribution.

' (e) Conformational analysis:
’ The energy treatment in this approach to QSAR resembles a linear free energy model of

Free-Wilson analysis; the added feature is the geometric constraints durir_‘:g th? ﬁtti"g ‘_}f the
data so that the ultimate outcome is a geometric interpretation of the blologlc.?1 activity. In
the distance geometry approach, one constructs a geometry of the receptor S'fe.ffom the
drug molecular structure and subsequently evaluates the intera.ctit?n energy matrix so that
the given binding mode for each molecule is its optimal binding mod.e.- The method
generally focus on the comparison of chemically similar analogues, where it is clear that a
substantial subset of the atoms of one drug molecule match corresponding subsets in the
other molecule. In reality, however drug molecules bind in whatever orientation and internal
conformation will minimize the drug-receptor-solvent system. The distance geometry
calculations directly simulate this search for the most favorable binding mode and rather

similar compounds may bind quite differently.

Starting from an arbitrary initial conformation, a specified number of attempts, N, are
made to generate a random ligand conformation. In each attempt, all rotatable bonds are
subjected to a quasi-random change in torsion angle. The possible values for change in
torsion angle about a bond are based on the total number of rotating atoms.

The initial docking of the ligand is obtained by alignment of the principal axes of the
ligand to the principal axes of the site. There are four possible orientations to be considered.
There are two energy terms in the expression for the dock energy, internal energy of the
ligand and the interaction energy of the ligand with the protein. The interaction enerqy is
taken as the sum of the Van der Waals energy and elecrostatic energy.

The RMS calculation takes topological symmetry into account and automatically
associates atom pairs between the X-ray structure and the docked structure to report the
best RMS for all possible topologically equivalent pairings.

(f) Physical properties:

Thearetical calculations can provide a number of indices that may not be directly related
to experimental data but that can be very useful since they carry high physical information
z::-ntent. For e:f:amp!e, electron densities are useful because they provide a good basis for the

ereoelectronic Properties of either isolated or interacting molecules. Molecular

ed from the partial atomic charges derived from a
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r ' ecule and
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gdoss_pea f ! ed into distance constraints, Dist rom NMR data, for
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ificial constraints,
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’ FAOACHES TO MOLECULAR DOCKING —__~
» complementarity Methods: — e

ghaP
| : '
metric matching/shape  complementarity  methods ‘include  molecul
ceicc}mp\ementary surface descriptors. In this case, the receptor's molecular S;r:;'-;ff
is

iped in terms of its solvent-accessible surface area and the ligand's molecular surface i

i;:ribed in terms of its matching surface description. Another approach is t?n?;::r'bic:r:s

dmphobic features of the protein using turns in the main-chain atoms Whereias thz
tarity based approaches are typically fast and robust, they'cannot u;ualiy

tape complemen
ents or dynamic changes in the ligand/protein conformations accurately,

odel the movem
fhough complementarity methods are much more amenable to pharmacophore based
d optimal binding.

,pproaches, since they use geometric descriptions of the ligands to fin

0 simulation Processes.
the protein and the ligand are se
to the protein’s ac

parated by some physical distance,
tive site after a certain number of
body transformations such

In this approach,

nd the ligand finds its position in
'moves"” in its conformational space. The moves incorporate rigid
ns and rotations, as well as internal changes to the ligand's structure including

of these moves in the conformation space of the ligand
ence after every move the total energy of
pens in reality, when the

35 translatio
lorsion angle rotations. Each

nduces a total energetic cost O
the system is calculated. This process
protein and ligand approach each other after mole

The success of a docking program depends ©
and the scoring function.

f the system, and h
is physically closer to what hap

cular recognition.

n two components; the search algorithm

(1) The Scarch Algorithm:
d conformations of the protein
| possible distortions of each

ations of the ligand relative to

possible orientations an
volve enumerating 2
d translational orient
red to as Pose.

The search space consists of all
paired with the ligand. This would in
molecule and all possible rotational an
wne protein. Each "snapshot” of the pair is refer

AN
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(IV) The Scoring Function: o im’aﬁ
The scoring function takes a pose as input and return'5 a number indicating the § )
likelihood that the pose represents a favourable binding interaction. 7 1

Most scoring functions are physics based molecular mechanics force fields that estimate ;f" (
the energy of the pose, a low (negative) energy indicates a stable system and thus a ]Ilt‘al:,f # ¢

: ot
binding interaction. I

Global energy optimization can be accomplished using simul'ated annealing', 'the d.a;iﬂ
Metropolis algorithm and other Monte Carlo methods or using dl_ffe-renjt deterministjc ¢
methods of discrete or continuous optimization. The main aim of optimization methods s ;“;c
finding the lowest energy conformation of a molecule or identifying a set of Iuw-energy ,43{&
comformers that are in equilibrium with each other. The force field represents only the

) s : B
enthalpic component of free energy, and only this component is included during energy ;0
minimization.

el

A

. : e

Other applications of MM include potential energy mapping and ligand docking ™
simulations. o€

MM implements more 'static’ energy minimization methods to study the potential jl
energy surfaces of different molecular system. However, MM can also provide important the
dynamic parameters, such as energy barriers between different conformers or steepness of 3 it ¢
potential energy surface around a local minimum. MD and MM are usually based on the

fort
same classical force fields. But MD may also be based on quantum chemical methods like The
DFT. | .
13.17 MOLECULAR SIMILARITY 1IN DRUG DESIGN = A T Y J lows

Drug Design is a multifaceted discipline where molecular sim
to dig out new ideas for design. Molecular similarity involves t
features of similarity in a set of flexible and dissimilar acti
informtion to design novel drug molecules, Similarity, ma
patterns, atomic positions, conformations, el
of molecule or molecular properties, The
coefficient, A least-square fit method js used

acceptable combination. Apparently a lower r
structures so matched

ilarity is one important tool %<0
he process of searching the o
ve molecules and use that tra
y be searched for bonding e
ectrostatic potential, shape and spatial display Di

result is usually expressed by a similarity
to find the optimal superimposition for each
0ot mean square (rms) deviation between the
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@ able bonds. Rotation and translation of one mol e,
molecule relative
to the other is

e

o, [ 1ot

hisl softwares are developed th

p e ~Many rchure fdp at B':|0w electrostatic potential compari

f aﬁnnany frozen s Of drugs containing bioisosters parisons of

he e o curresponden{:es or functional group similariti

fhe aare usually expressed as points in space with :;::::Ei TE‘;Ealed thr.DUQh similarity
"te l,.ﬂill‘is'. constructed between the points, Alternatively, a nwEla: properties. ~ BiStncS
ty P,trl-" 0 qstructed through a space filling network of bonds o ot Wlt'h et Shope
o ¢ hs to create molecular skeletons wi h-mh app_rt_:pnate angles and

engt . s without atomic identities. Rotation and
yion of one molecule relative to the other is performed. This matrix we call an
o ope I which struc.turaﬂy diverse ligands can be generated. Automated structure
y Leration 18 Jlso possible if the matrix with complementary shape and electrostatic
€ orties 15 generated. .Amms may then be incorporated into this network to create
y ":||ECU|ES with the desired similar properties. The optimization can be achieved by
1e2ling an atom placement procedure from a small library of acyclic and aromatic pieces
[Dmbinations of atoms from the set. Not all the molecular surface of the ligand is
activation of the receptor site. Hence, optimization of the 'active' surface is

e

3 :
,,mwed in

| stical to yield a novel drug structure.

t  The properties of 2 molecule are intimately linked to the 3D structures or conformations

I pat it can adopt. Consideration of the conformational properties (i.e. the energy of a given

! tgnformatican} of a molecule is therefore essential in any drug design method.

The hypothesis, 'similarity in behaviour implies similarity in structure' highlights the

mportance of the comparison of structural characteristics in QSAR. Computer graphics

] Jlows automated detection of the degree of overlap between given molecular shapes and

he common patterns. If molecules to be compared are not closely related, it sometimes

secomes difficult to decide how to superimose such ligands to identify common binding

interactions with the receptor involved. Molecular similarity studies are also useful to screen
large 3D databases in the search of leads containing desired structural features.

Detection and evaluation of the similarity between vstructural shapes”  (steric
shapes” (electronic characteristics such as electrostatic

complimentarity} and "electronic
structural similarity in realistic

potential or electron distribution) are more useful than

comparison of chemical or biological activity.

steric fit plays an important role in recognizing "lock-and-key" models of molecular

interactions involved in pharmacophore identification. Encoded or coloured surfaces with
reference 1© t'r\e value of property such as electrostatic potential and hydrophobicity may be
used 1© [c::';a;rlw a betfcer insight to judge chemical complementarity. The Van der Waal's
_‘.' r volume) gives a good estimate of the molecular shape for small molecules.
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13.18 PH A S
=22 PHARMACOPHORE MAPPING =~ ' %

The Pharmacophore is often described only by a set of distance constrajns, bety, -
atom centers of centroids of a defined environment (normally hydrogen :En
acceptor/donar, acidic, basic, aromatic ring / hydrophobic centroid). A pha'macaph;d
e

highlights the set of "features” 3 tOmpound must have to elicit a certain biologica| activi,

The program DOCK, developed at the U'n'i'versity of California, San Francisco ideﬂliﬁes
molecules that are complementary in shape and chemical interactions to a “Se"suppried
receptor structyre.

The hardest task to ask of a docking computation is to predict the best bindin
geometry of a ligand, for this involves assessing ‘the relative free energy of Severy
alternative binding modes,

Many  structure based approaches involve the combination of developing a
pf?amacophore hypothesis and then searching 2D or 3D databases. The Pharmamphme
may be derived from Crystallographic  information of the binding site or from
superimposition of a Jead molecule on the NMR structures of peptides in solution. Varigty of
-programs including Chem DBS-3D, ALLADIN UNITY, MACCS-3D, CATALYST, CAVEAT &)
(Cambridge Structyral Database), etc. are used for quick searching of a database of D)
structures,

Both known and novel binding sites can be identified through automated Procedures
such as negative imaging approach used with DOCK. The potential Pharmacophore paint

data on the number, types and interpoint connectivity (formula keys) may be used as
guidelines for pharmacophore mapping. Pharmacophore mapping attempts to find featurec
important for receptor binding. Tracing' of pharmacophore pattern in large, more
complicated structure can be done by investigating the full structure part by part
Alternatively, the use of structurally rigid molecules (i.e. conformationally restrained
analogues) is preferred to probe requirements for receptor binding. Occassionally, there
may be several binding modes with similar energy that may be difficult to distinguish.

Pharmacophore mapping may be used for de novo compound design. In the program
NEWLEAD, key fragments from bioactive conformations are jeined with spacers to generate
Neéw structure to fit the model. While the program SPROUT helps to join the tem plates, such
as five and six-membered rings and acyclic fragments to mimic pharmacophore model.

QSAR analysis is applied to structure-activity data sets only in such cases wher
molecular geometry of a common receptor s unknown. If the receptor geometry is know
intermolecular locking is usually performed to the exclusion of a QSAR analysis.
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o Jiple |inear regression analysis, QSAR helps to develop functional relations

/N “ghwg‘lca| activity and 2D0/3D physico-chemical molecular properties

| r'"n e of tWO molecules t:a; form a non-covalent complex is described by the

” ;,nge o the free energy of the system. The system consists of the molecules and
¢ lex formation) and the complex and solvent. Free energy is the total

£ pefor® 4 :
: it (ft'ﬂé gystem and includes both enthalpy and entropy.
0
’l:fe types of inter in drug (ligand)-receptor interactions

action energies important

mramoiecu\ar ligand conformational energy.

@ :
0 Ligand colvation energy. .
moleculal receptor conformational energy.

@ receptor solvation energy.

(e) solvent reorgan’mzation energy.

ecular ligand-receptor energy.

y of binding can be calculated separately and they

(0 Intermol

Al above contributions 10 free energ

bove

i additive.
Any 2D/3D QSAR will not be meaningful unless it accommodates or represents all a
ypes of interaction energies.
-GOMBINATORIAL CH T s A
bfield of Chemistry with the goal of synthesizing

a new Su
entities by condensing a s
ven reaction sequence.
f three discrete steps, each
oying one type of each reagent
1+1=3 total reactions. While
000,000 products worth
d maximizes

eagents together

mall number of r
trix’

It is also referred as 'ma
employing Oné

Combinatorial Chemistry 1S
umber of chemical
nations defined by @ gi
Chemistry. If @ chemical synthesis route consists ©
class of reagent 10 sccomplish the conversion, then empl
class will yield 1 % 1x1l=1 product as the result of 1 +
conceptually simple, considerable strategy, is required tO identify 1,
making and to carry out their synthesis in a manner that minimizes jabour an
the value of the resulting organ’mzed collection, called a 'chemical library'-
Combinatorial Chemistry or ‘molecular diversity’ Was first popu!arized by Merrifield in
the 1960s who raceived a Noble prize for his work on colid-phase peptide synthesis (SPPS).
The 1970s visualized the emergence of solid phase non-peptide synthesis. It was in the
1980s, primarily peptides of oligonucleotides and recombinant protein of nucleic acid based

technologies developed. The need for Combinatorial Chemistry is underscored by the high
cost, long time frame an ure in research and development for new drug:

oday, the preferred methods for arallel synthesis. split synthesis and

very large n
in all combi

d high rate of fail
building libraries are p
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a combination of the two. Parallel synthesis is in essence an automated form of thg,*i
traditional 'one at a time' approach. It can use either solution or solid phase Chemistry. For
split synthesis a range of synthons or reactants are used at each step, in principle, giving a
library in which every possible compound from every possible combination of serial step
using these synthons, is created.

() Solid Phase Synthesis:

In this method, the reacting molecules are covalently bound on a solid support material.
The starting material is protected at all reactive functional groups. The product is
synthesized step-by-step in a single reaction. The order of reactions can be controlled by the
order of deprotection of reactive functional groups. This method is used for the synthesis of
pepides. The advantages of solid phase synthesis include the ability to use excess reagents ’
to push reactions to completion and the easy purification of the resin bound product !
through filtration and washing.

(ii) Solution Phase Synthesis: !

Because of the often tedious isolation and purification, the main problem of solution !
phase combinatorial synthesis is to obtain pure products. !

When designing a combinatorial mixture library for lead identification, it is desirable that !
the compounds within the library can be as diverse as possible, to fully explore the scope of
activity against the target. However, the design of a library should take into account many
other factors, not least among them is the effort needed to deco volute the mixtures, once
hits are obtained. Factors such as cost and availability of reagents or the range of physical
properties of library products may also require optimization. Furthermore, in the design of a
mixtures, the combinatorial constraint always applies, that is, every subsistent at each
position will occur in combination with every subsistent at all other positions. Each of these
additional considerations may mean that a certain amount of possible diversity in a library
has to be sacrificed.

Library Size, Design and Selection:

Compound libraries need to serve two distinct functions in the drug discovery process,
lead identification and lead optimization, which dictate their size and composition. Thus,
when a lead has been identified from screening, rapid analog synthesis is performed to
provide optimization of both potency and selectivity. Ideal libraries to address this lead
optimization phase will invariable be smaller in size than libraries used for lead identification
and consists of individual components (< 1000 discrete), and can be prepared by paraliel
synthesis around the lead.

The realization that analog library synthesis impacts the time for the lead optimization

phase of drug discovery, is now being extensively exploited by medicinal chemists. Industries
such as Pfizer and Lilly have described their capability to optimize lead structure in 6-12

a a v %X = W



Ine libraries . . i - 2
encouraged man ity 'drve.rse _b'°‘°9lcal activities were discovered and this

Synthetic librarjes that h
receptor or enzyme, by in
available. One such an exam

ave been targeted more specifically at a particudar family of
cor?oratmg a key recognition element for binding, are also
Ple is the hydroxamate libraries of metalloproteinase inhibitors,

In a new approach, the concept of libraries for information was proposed, wherein the
informatory molecules, used to provide finger print of the structural requirement of the
target, have been designed on Promiscuity rather than diversity. The overall description of 2
promiscuous molecule is its proven ability to interact with 3 wide range of targets,
Subsequent libraries are designed and synthesized to allow the separation and identification

. of the specific binding characteristics that are relevant to a particular target under study and
i this is achieved by an iterative but convergent approach using experimental design and
. testing.

| Library Diversity: One approach to produce diverse library products has been to ensure
| that the set of precursors used to construct the library are as diverse s possible. If 2 the
suitable precursors for a given diverse site are grouped on the basis of some desifabie
features, such as distribution of potential pharmacophoric points, then selecting no more
than one from each group should ensure that the set is diverse. To produce 2 diverse lorary,
tis therefore desirable to assume that every precursor is taken from different group.

A recent study has suggested that maximizing diversity among the precursor set may

B : ible set of library products. An alternative is 10
"ot necessarily give the most diverse possible :
“nsider the diversity among the library products themselves. This may be t:":': et
fumerating the library products and either dustenf!g them and W = aaitund
“Mpounds as possible from each duster or using 2 cell-based partitionng
Mtempting to pick as few compounds as possible from each cell.
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volution. These
' A number of solutions have been suggested to the problem of dii:-lf:: readabile febals
! include tagging beads with various types of chemically a‘n_d spectrosiol;:.' be determined by
1- or producing libraries on silicon chips whose identities can late
radiofrequency scannings.

. ounds i
Once this information is known, selective synthesis i-:'ind trzs-tmg f—ff E:j:;:z E:::pthis wnr;
the library with that molecular weight will be re-quired: S:r.1ce, itis desnrathe e mallest pozsibia
to @ minimum, it is sensible to design a combinatorial library to have e of the required
: number of compounds of any one molecular weight, given the cor}stramnumber of library
size of the library and the availability of the precursor. F.or a _QWE"‘ - lified further it
products all having the same molecular weight, deconvolution u.nil be simp
substituents used at the diversity sites have different molecular weights.

 CEPETHEEEO®

" Initial ‘deconvolution’ step .
Most active 'hit pool' is resynthesized
as 10 pools of 10 compounds each

Final ‘deconvolution’ step

Most active ‘hit pool' is resynthesized
as 10 pools of 1 compounds each

OO0 O __
OOOOY

13.5: Example of deconvolution process;

hit pools results in the identification of the

It is therefore desirable to minimize the substi
2ach given prodyct

tuent molecular wei ies for
molecular weight, In 5 'mi TN g
ynthesis, the pool

X and split' - -
s of compounds that result fro b strategy for combinatoria

re often not mixed, Since, these pools zre Eit M the addition of the final diversity sites

‘Lead' identified

Fig.

repeated resynthesis of subsets of

active compou nd(s) in a mixture

Pplies to each subpool se - ed individu.a[[y the deconvolution problem

parately, A Jib, - onp
‘99€est pools within €ach of which th ar}’. o4 >13tegy must therefore be able to
olecular Weight redyn °1e Is the

dancy, minimum Products and substituent
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that can be reasonably be used.
€ search spaces, the size of
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Hence,
which are best

J0" prary, WO sites of diversity were available, there

@ . compatible with the chemistry for were 360 commercially available
0

R, and 259 for R, Th
i . . . Ihere are therefore, 92, 240
e iprary product compounds. The design of this library requires production of 10000

iple | . .
Fo,iflpnuﬂds by combining 100 R;s with 100 Rys. The number of ways of selecting k objects

an= n!f(n..k) [ kl,
And so the number of libraries is

' 350[:100'259{:190 = 25x1014

73.21 ADVANGES IN COMPOUND LIBRARY PRODUCTION

Library design is complex problem, requiring the optimization of a number of often
competing factors, over a vast search space. Genetic algorithms have been successfully
applied to a wide range of such problems in both chemical and non-chemical domains.

A genetic algorithm is a computational technique that mimics the process of Darwinian
evolution. A potential solution to a problem is encoded in a representation termed as

chromosome. This is typically a string of bits, integers, real numbers or symbols each of
which is termed as gene.

A genetic algorithm operates on a population of these chromosomes that are generated
by assigning values to the genes in chromosomes, often at random. A fitness function
measures how well adapted each chromosome is to its environment. ”

There are two pre-requisites to being able to apply a genetic algorithm to 2 problem.
The first is to choose a representation that allows every possible solution to the problem to
be encoded in a chromosome. The second is that it must be possible to write a fitness

function to decode the chromosome and produce a score that reflects the quality of that
solution.

A most promising new approach to drug discovery concerns the synthesis in one-pot
reaction, without isolation or purification and the reaction mixture is screened using a
competitive binding assay based on pulsed ultrafiltration, electrospray mass spectroscopy

(PUF/ESMS) which tentatively identify those derivatives having the highest affinity for the
target receptors.

As a modg\ system to test this approach, a synthetic scheme designed to prepare a
series of analogs of the adenosine deaminase inhibitor, erythro-g-(Z-hydroxy-B-nonyl)
adenine (EHNA), as diastereomeric mixtures, was carried out. Pulsed ultrafiltration screening
ﬁflt'ﬁh‘é crude reaction mixtures against controls without protein, detected protonated
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molecules corresponding to EHNA-type derivatives and three of its fin
It did not show protonated molecules for an isobytyl or benzy
suggesting the latter was inactive.

esis of compounds on solid

r library construction. The
| starting substrate tq

but capable of facile

An important feature of combinatorial chemistry is the synth
support allowing "split and pool" methodology to be employed fo
method involves the use of an appropriate linker to tether the initia
solid support. The linker needs to be stable during the synthesis phase,
cleavage to free up the final product.

The ideal linker would be one capable of product release with formation of a carbon-
hydrogen bond in place of resin attachment, thus leaving behind no memory of the site of

attachment on the solid phase support.

Classes of potential drugs synthesized recently by using solid phase techniques incIL{de

1,4-dihydropyridines and polyisoxazolines. A more general separation technique, which
introduces the concept of third phase, the so called fluorous phase relies on the preferential
partitioning of heavily fluorinated substrates into fluorinated solvents such as FC-72, which
can then form a third phase separable from both, the aqueous phase and common organic
solvents.
In library synthesis, either reactant or product can constitute the pre-fluorinated
substrate which then is separated from organic or inorganic contaminants by liquid-liquid
extraction via the fluorinated solvent. Thus spectroscopy and chromatography can be used
to both, monitor analytical purity and as a preparative tool to isolate purified product.

In conclusion, the synergy of structure-based design with combinational synthesis is an
obvious marriage in enhancing all technologies. As can be seen, there are many design
strategies for lead generation libraries. All share certain aspects in common, notably the
desire to reduce the physical size of the library while maintaining or enhancing the

information content.

L )
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