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Abstract: Fluoroquinolones are one of the most promising and vigorously pursued areas of contemporary antiinfective chemotherapy depicting broad spectrum and potent activity. They have a relatively simple molecular
nucleus, which is amenable to many structural modifications. These agents have several favorable properties
such as excellent bioavailability, good tissue penetrability and a relatively low incidence of adverse and toxic
effects. They have been found effective in treatment of various infectious diseases. This paper is an attempt to
review the therapeutic prospects of fluoroquinolone antibacterials with an updated account on their development and usage.
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piratory tract infections (RTI), sexually transmitted
diseases (STD) and skin infections (5, 6). They are
primarily used against urinary tract infections and
are also clinically useful against prostatitis, infections of skin and bones and penicillin resistant sexually transmitted diseases (4). These agents are also
employed against bacterial enteric infections, prophylaxis in the immuno compromised neutropenic
host. New quinolones provide a valid alternative
antibacterial therapy, especially in areas where the
prevalence of pencillin resistant and macrolide
resistant organisms exist (7).

Antiinfective chemotherapy is the science of
administering chemical agents to treat infectious
diseases. This practice has proven to be one of the
most successful of all pharmaceutical studies (1).
Historically, the use of anti-infective agents can be
credited with saving more human lives than any
other area of medicinal therapy discovered to date.
Antibacterial chemotherapy accounts for the majority of antiinfective agents in comparison to antifungal, antiviral and antiparasitic agents. It is a highly
valued medical science, which has shaped modern
humanity in a phenomenal fashion (1, 2). Ehrlich
successfully developed the first purely synthetic revolutionary antimicrobial drug salvarsan in 1910 (2).
Afterwards, beta-lactam antibiotic penicillins and
sulfonamides have been the most promising or dominating drugs in clinical usage (3).
Quinolones and fluoroquinolones are a relatively new class of synthetic antibiotics with potent
bactericidal, broad spectrum activity against many
clinically important pathogens which are responsible for variety of infections including urinary tract
infections (UTI), gastrointestinal infections (4), res-

Historical background
The first clinically useful quinolone was
naldixic acid, discovered by Lesher and co-workers
in 1962, which was generated from chloroquine, an
antimalarial agent (3). It was active against some
Gram negative bacteria and had limited usefulness
because of its high protein binding (approximately
90%) and little half life (about 1.5 h) (8).
Unfortunately, bacteria could develop a rapid resistance to this agent (9, 10).
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In 1968, Kaminsky and Melfezer discovered an
oxolinic acid, which was lately approved by the
United States Food and Drug Administration
(USFDA) (9). Since then, extensive efforts has been
undertaken for the development and to derive an
array of significantly active drugs of this class.
Molecular modification for the lead optimization by
bioisosteric replacements, homologation of side
chain or branching of side chain, stereochemistry
and other useful techniques of analogs design and
development of fluoroquinolones have given rise to
agents with broad spectrum activity and minimum
toxic or side effects. Development of new antibiotics has been achieved from derivatives of known
antimicrobial agents or by identification of novel
agents active against previously unexploited targets.
The development has been focused on the following
aspects (3):
Increasing activity against resistant strains of
microbes, anaerobes and atypical organisms.
Reducing rate of emergence of resistance.
Improving pharmacokinetics and pharmacodynamic profile.
Targeted towards selectivity of drugs.
Flumequine was the first fluoroquinolone
which was patented in 1973, after that many fluoro-

quinolones have been patented and are still used
today, including norfloxacin (1978), pefloxacin
(1979), enoxacin (1980), fleroxacin (1981),
ciprofloxacin (1981) and ofloxacin (1982) (3). An
advantage of these compounds over previous ones is
their broad spectrum. A big revolution was made in
1980ís when an analog of naldixic acid, enoxacin
was derived with significantly increased spectrum of
activity against Gram negative or Gram positive
bacteria (2).
The most successful and widely used fluoroquinolone, ciprofloxacin was marketed in 1986, and
since then the value of fluoroquinolones for the
treatment of a wide range of infections have become
widely recognized (3, 11). This class of compounds
has enhanced pharmacokinetic properties as well as
extensive and potent activities against various parasites, bacteria and mycobacteria, including resistant
strains as compared to previously existing bactericidal drugs (11, 12).
Classification
Fluoroquinolones are classified (Table 1) on
the basis of their spectrum of activity and their pharmacokinetic profile (13).
Structure-activity relationships (SAR)
Essential structural features
All clinically important compounds of fluoroquinolone class are synthetic fluorinated analogues
of naldixic acid, a 1,8-naphthyridine and possess a
4-quinolone nucleus (14).
In general, pharmacophore required for significant antibacterial activity is 4-pyridone-3-carboxylic

Table 1. Classification of fluoroquinolones

Generation

Drug

Characteristic features

First

Naldixic acid
Oxolinic acid
Pipemidic acid

Active against some Gram negative bacteria.
Highly protein bound drugs.
Short half life.

Second

Norfloxacin
Enoxacin
Ciprofloxacin
Ofloxacin
Lomefloxacin

Protein binding (50%).
Longer half life than previous agents.
Improved activity against Gram negative bacteria.

Third

Temafloxacin
Sparafloxacin
Grepafloxacin

Fourth

Clinafloxacin
Trovafloxacin
Moxifloxacin
Gatifloxacin

Active against Gram negative bacteria.
Also active against Gram positive bacteria.
Show extended activity against both strains of bacteria.
Active against anaerobes and atypical bacteria.
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acid with a ring at 5 or 6 position (Fig. 1). Now considerable information is available about the effects of
modifications on nucleus. Although various alterations were done to improve antibacterial activity (3,
4, 15-31), two major pathways of lead optimization
of original 1,8-naphthyridine nucleus were pursued.
Both the strategies are based on modification of 6fluoro and 7-piperazinyl quinolone (6).
It is pertinent to mention here that a similarity
is seen in many fluoroquinolones with beta lactams,
wherein a reciprocal relationship is seen in both the
classes where an increase in Gram positive activity
is associated with a decrease in Gram negative activity (3).
The first route of lead optimization involved
replacement of nitrogen atom by carbon atom at
position-8, as well as other side chain modifications,
resulting in fluoroquinolones such as 1-cyclopropyl
(ciprofloxacin) and 1,8-cyclo compounds such as
ofloxacin and levofloxacin (6). Additional molecular substitution at 6-fluoro, 7-piperazinyl yielded
second generation agents with improved activity and
pharmacokinetic profile, such as sparfloxacin and
clinafolxacin (6, 32). These compounds demonstrated greatly improved activity against many Gram
positive species without compromising on their
activity against Gram negative bacteria, contrary to
the earlier agents of this class (3).

The second major route of chemical modifications retained the naphthyridine core, yielding
agents such as enoxacin and tosufloxacin (32). The
7-azabicyclo evolutionary modification lead to third
generation molecule of trovafloxacin, which
showed, increased spectrum of antibacterial activity
and also improved potency (6, 33).
Dynamic approach towards optimization
The essential features for improving lead compound of fluoroquinolone class (Fig. 2) are summarized below:
4-Oxo group is essential for the activity (9).
Reduction of 2, 3- double bond eliminates the
activity (4).
Position 1 (nitrogen in ring A): The side chain
attached to ring nitrogen significantly affects the
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Figure 1. Required pharmacophore of quinolone

Figure 2. Basic quinolone nucleus for SAR

potency of the drug. The earlier compounds such as
naldixic acid, pipemidic acid, norfloxacin,
enofloxacin, cinoxacin, rosoxacin etc. had an ethyl
group as side chain at the nitrogen atom (9). So the
optimal substituent at position one appeared to be
ethyl, but cyclopropyl and difluorophenyl have
resulted in increased potency (3). Addition of some
small group at cyclopropyl, as fluorine in case of
fleroxacin, results in overall improved activity
against Gram positive bacteria. Replacement of
cyclopropyl group of ciprofloxacin by an oxetane
(compound A) had increased Gram positive activity
relative to ciprofloxacin. Connecting the methoxy or
hydroxy group at carbon-8 atom to a dimethylamino
group at nitrogen-1 atom (compound B) displayed
superior in vitro and in vivo antibacterial activity as
compared to ofloxacin and ciprofloxacin in addition
to having good bioavailability (94%) and half life of
4.6 h (6).
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activity markedly, while other substituents result in
improved activity, such as methyl and amino substituents in case of grepafloxacin and sparfloxacin,
respectively (3, 17).

Position 2 and 3: One part of the molecule
where modifications are rarely attempted is at positions 2 and 3 (1, 3). The carboxylic moiety at position 3 is believed to be the portion of the pharmacophore that binds to the DNA gyrase of the bacterial cell, and thus it is important do not interfere with
the stereochemistry around this area (3). Generally,
modification of the 3-carboxylic acid group produced compounds with decreased activity.
However, some attempts have been made where
incorporation of an aldehyde (formaldehyde) group
at carbon-3 position, as well as certain labile carboxylate esters afforded derivatives, which displayed antibacterial properties, but the activity was
due to their conversion (in vivo) to corresponding
carboxylic acids. Replacement of 3-carboxyl group
with isothiazole group produced the most potent
isothiazquinolone (1), which have 4 to 10 times
greater in vitro antibacterial activity than
ciprofloxacin, but it appeared to suffer from some
undesirable properties such as insolubility and mammalian toxicity (9).

Isothiazquinolone derivative
Position 5: Improved antibacterial activity has
been reported against Gram positive strain by modifying or substituting this position (3). It has been
found that bulky substituents at this position reduce

Position 6: fluorine atom seems to be essential
as it helps in binding with DNA topoisomerase
enzyme of bacteria (9).
Position 7: The evolution in quinolones mainly
arises from the modification at this position of the
basic molecule. This is the position where modification can bring about the major changes in potency.
Attachment of heterocyclic nitrogen containing
rings results in improved activity and it also affects
the pharmacokinetics of the compound (34, 35).
Some examples of the earlier compounds with such
modifications using unsubstituted piperazine are
pipemidic acid, norfloxacin, enoxacin, and
ciprofloxacin, which have shown good activity
against Gram negative strain of viable bacteria.
Substitution with a methyl group at position 3 or 4
of piperazine leads to improved pharmacokinetics.
Amino pyrrolidines also possess good activity. The
other unusual type of the side chain at position 7 is
a bicyclic ring system such as in trovafloxacin, moxifloxacin etc. (3).
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Position 8: Modification at this position affects
the in vivo properties and antibacterial activities,
particularly against anaerobes (11). A fluorine or
chlorine substituent at this position provides potentially active compounds. Methoxy group at this
position confers good anaerobic activity, for example in gatifloxacin and moxifloxacin. This carbon
atom can be replaced with nitrogen atom with retention of activity (3).

The stereochemistry of methyl group in the
third ring of ofloxacin exhibits a significant affect
on the antibacterial activity (2). The (S)-enantiomer
is significantly 10 folds more potent than (R)-enantiomer and is rather more water soluble than the
racemate (9).

The quinolones show amphoteric nature due to the
presence of both basic (tertiary nitrogen) and acidic
(carboxylic acid) group(s) in their pharmacophore.
Their solubility is low, except between pH 6 to 8.
Within this range, they have low water solubility
and are prone to precipitation under more acidic
conditions. Due to this property crystalluria, as an
adverse effect has been observed (10).
Mechanism of action
Pharmacology
Fluoroquinolones inhibit the replication and
transcription of bacterial DNA, which eventually
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culminate in cell death (36, 37). They either inhibit
the activity of DNA gyrase, an essential adenosine
triphosphate-hydrolyzing topoisomerase II enzyme
or/and prevent the detachment of gyrase from DNA.
The topoisomerases exert their bactericidal activity
by interacting with the DNA (38). During the
processes of replication and transcription, enzymes
called helicases unwind/uncoil the DNA double
helix leading to excess supercoiling of the remaining
DNA double helix. A tension is created in this
remaining double helix which must be relived in
order to continue the process. The topoisomerase II
enzyme allows the relaxation of supercoiled DNA by
breaking both strands of DNA chain, crossing them
over, and then resealing them (Fig. 3). Bacterial
gyrase is different enough from mammalian topoisomerase so that quinolones and fluoroquinolones
show about 1000 fold selectivity towards bacteria
over the corresponding enzyme in humans (2).
Fluoroquinolones have also been found to
inhibit the in vitro activities of topoisomerase IV,
having structure similar to DNA gyrase (4). This
enzyme has an important role in partitioning of
chromosomal DNA during bacterial cell division
and may be the primary target of fluoroquinolone
activity in Gram positive bacteria. This mechanism
is consistent with apoptosis rather than necrosis (6).
Medicinal chemistry
Inhibition of DNA synthesis occurs by the formation of a ternary complex involving the drug, the
enzyme and bound DNA segment. Fluoroquinolones bind with DNA in a stacking arrangement such
that their aromatic ring is coplanar and the bonding
interactions also take place between the substituents
at the first position (2). The carbonyl and carboxylate groups of fluoroquinolones bind with DNA by
hydrogen bonding, while the fluoro substituent, substituent at carbon-7 and carboxylate ion are involved
in binding interactions with the enzyme (Fig. 4). The
resulting complex is stable and so the activity of fluoroquinolones arises. Chemical modifications for
improvement of activity and pharmacology of this
class of the drugs are mainly focused over the stacking domain and the binding sites to enzyme and
DNA (20).
ACQUIRED RESISTANCE
Resistance against antibiotics is a worldwide
problem. In recent years, the rate of emergence of
resistance has outpaced the development of new
agents (39). The complacency associated with infectious diseases in the 1960ís and the general confi-

Name

Norfloxacin

Enoxacin

Lomefloxacin

Ciprofloxacin

Ofloxacin

No.

1

2

3

4

5

Compound

-do-

-do-

R1

-do-

-do-

-do-

-do-

R2

Structure

-do-

R3

Table 2. Structure, pharmacokinetics and important clinical indications of fluoroquinolones.

-do-

X

7.67

2.56

9.84

4.36

1.77

5.32

4.16

7.73

3.54

3.7

0.87

0.56

1.06

0.66

0.33

AUC
t1/2 life (h) Cmax (mg/L)
(mg/h/L)

Pharmacokinetic
average
References

Complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections,
sexually transmitted diseases, anthrax.

Complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections,
sexually transmitted diseases, anthrax.

62, 63, 123-127

50, 63, 121, 122

Uncomplicated urinary tract infections. 62, 63, 119, 120

Uncomplicated urinary tract infections. 10, 62, 63, 116

Uncomplicated urinary tract infections. 62, 112-118

Clinical indication
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Sparfloxacin

Gatifloxacin

8

9

10 Grepafloxacin

Amifloxacin

-do-

Levofloxacin

7

11

-do-

Trovafloxacin

6

R1

Name

No.

Compound

Table 2. Cont.

-do-

-do-

R2

Structure

-do-

R3

-do-

X

5.57

3.43

7.87

8.35

9.33

11.91

4.14

11.53

7.46

20.06

6.78

9.66

1.14

0.32

0.9

0.34

0.24

1.23

AUC
t1/2 life (h) Cmax (mg/L)
(mg/h/L)

Pharmacokinetic
average

6, 62, 128-130

6, 62, 121,
131, 132

6, 62, 63,
133-136

62, 63, 111,
137-141

6, 53, 101,
121, 142, 143

9, 62, 144, 145

Community acquired pneumonia,
complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections.
Community acquired pneumonia,
complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections.
Community acquired pneumonia,
complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections.
Acute exacerbation of chronic
bronchitis, community acquired
pneumonia, uncomplicated gonorrhea,
urethritis, cervicities.
Genitor urinary, respiratory,
gastrointestinal, skin and soft tissue
infections.

References

Intra abdominal infections, acute
exacerbation of chronic bronchitis,
community acquired pneumonia,
uncomplicated gonorrhea, urethritis,
cervicities.

Clinical indication
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Moxifloxacin

Balofloxacin

Gemifloxacin

Pefloxacin

Rufloxacin

15

16

17

18

19

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

Difloxacin

14

-do-

-do-

-do-

Tosufloxacin

R2

13

R1

-do-

Name

12 Temafloxacin

No.

Compound

Table 2. Cont.

Structure
R3

-do-

-do-

-do-

X

39.43

29.97

3.02

8.55

30.8

27.8

2.62

8.45

34.25

14.63

6.65

7.8

9.6

25.7

4.02

8.55

0.99

1.44

0.56

1.08

3.1

1.04

0.34

0.74

AUC
t1/2 life (h) Cmax (mg/L)
(mg/h/L)

Pharmacokinetic
average
References

6, 10, 63,
111, 137

Community acquired pneumonia,
complicated urinary tract infections,
gastroenteritis with severe diarrhea
prostatitis and nosocomial infections.

Acute exacerbation of chronic
bronchitis, community acquired
pneumonia, uncomplicated gonorrhea,
urethritis, cervicities.

Acute exacerbation of chronic
bronchitis, community acquired
pneumonia, uncomplicated gonorrhea,
urethritis, cervicities.

Community acquired pneumonia,
acute exacerbation of chronic
bronchitis.

63, 160-163

62, 159

154-158

Uncomplicated urinary tract infections. 63, 142, 153

9, 62, 152

Genitor urinary, respiratory,
gastrointestinal, skin and soft
tissue infections.

Respiratory and urinary tract
infections, sexually transmitted diseases, 9, 62, 149-151
skin and soft tissue infections.

Respiratory and urinary tract
infections, sexually transmitted
9, 62, 146-148
diseases, skin and soft tissue infections.

Clinical indication
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62, 121, 169, 170
Urinary tract infections, sexually
transmitted diseases, skin and soft
tissue infections.
0.34
11.02
18.13

62, 167, 168
Acute exacerbation of chronic
bronchitis, community acquired
pneumonia, uncomplicated gonorrhea,
urethritis, cervicities .
0.92
5.4
-do-

5.88

62, 164-166
Acute exacerbation of chronic
bronchitis, community acquired
pneumonia, uncomplicated gonorrhea,
urethritis, cervicities.
0.72
5.74
5.34

AUC
t1/2 life (h) Cmax (mg/L)
(mg/h/L)

-do-

-do-

-do-

Name

Clinafloxacin

Sitafloxacin

Fleroxicin

No.

20

21

22

Compound

Table 2. Cont.

R1

R2

Structure

R3

X

Pharmacokinetic
Average

Clinical indication

Reference s
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dence in existing antibiotics resulted in a lag in
production of new classes of antimicrobial
agents. The danger of new and reemerging infections is compounded by the increase in antibiotic
resistant bacteria (40). Drug selection for treatment of infections are increasingly limited and in
some cases it has become nonexistent. Although
defining the precise public health risk of emergent antibiotic resistance is not simple, there is a
little doubt in that the problem is global in scope
and is very serious (41).
With increasing utilization of fluoroquinolones in both human and veterinary medicines, emerging resistance for these agents is also
a growing concern. These findings ponder upon
the need for the continued monitoring of
quinolone resistance among bacterial pathogens
(41). The mechanism of acquired resistance to
the fluoroquinolones is consistent among currently available drugs of this class and is expected to be similar for new and developing agents as
well (40). Resistance to this class of agents
occurs primarily via two fundamental processes.
First, by spontaneous mutations at various locations on the gyrase enzymes subunit A, which
lower the affinity of the drug at the gyrase DNA
complex. Mutations of subunit A are found in
both Gram negative and Gram positive strains
and involve amino acid alterations (42). These
alterations are clustered between amino acid 67
and 106 in the amino terminus of subunit A,
which is near the active binding site of the
enzyme. For example, the substitution of leucine
or tryptophan at the place of serine 83 is the most
commonly observed alteration (43) and causes a
largest increase in resistance. Similar alterations
have been seen in topoisomerase IV. Combination of both alterations results in fluoroquinolone resistance in S. pneumonae (44-47).
Second mechanism that entails resistance to
the fluoroquinolones is slow to appear, but when it
appears it is mainly due to the efflux mechanism,
which pumps the drug back to the cell (2, 6). This is
due to the mutation in the genes that code for
porins, which are membrane proteins by which
quinolones enter Gram negative cells (4). These
mutations raise tolerance limit of antibiotics to four
folds and result in either reduced production of
outer membrane proteins or stimulated cell efflux
system, which lead to active drug expulsion. This
type of resistance has been described in both E. coli
and P. aeruginosa. Similar evidence of enhanced
quinolone efflux has been found in S. aureus, which
lacks an outer cell membrane (42, 47).
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Figure 3. Schematic representation of mechanism of action of fluoroquinolones

Figure 4. Complex formed between DNA, topoisomerase and fluoroquinolones

These mutations also account for the cross resistance common with these agents. On the contrary, clinical resistance is rarely encountered in some families
of microorganisms (such as the Enterobacteriaceae)
(6) which are innately highly susceptible to
quinolones. For example, resistant mutants of P.

aeruginosa and S. aureus are selected far more frequently than resistant E. coli mutants (6, 48).
A problem associated with first and second
generation fluoroquinolones is that they generally
show moderate activity against S. aureus, with resistance being rapid to arise and only marginal inhibito-
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ry activity is shown against anaerobes and S. pneumoniae. To overcome these issues, third generation
fluoroquinolones were developed in 1990ís (2).
Because of unique mechanism of action of fluoroquinolones, plasmid mediated transferable resistance probably does not occur and is rarely observed
with them (49).
DRUG INTERACTIONS
Potentially hazardous interactions, which have
been documented only in human studies of fluoroquinolones are limited. Absorption of fluoroquinolones by oral route of administration is drastically decreased by antacid containing magnesium,
aluminum and other agents such as sucralfate (10).
Without exception, all of the new compounds interact with multivalent cation-containing products.
Ranitidine does not alter the oral absorption of
ciprofloxacin, but it decreases the oral bioavailability of enoxacin, suggesting that the gastric pH affects
the oral absorption of the some fluoroquinolones,
perhaps through alteration in dissolution (50). These
interactions of fluoroquinolones with antacids might
be hazardous during the treatment of serious infections (8).
A more disturbing interaction occurs between
the fluoroquinolones and theophylline or other
methylxanthines such as caffeine. This interaction
involves isoenzyme 1A2 of the cytochrome P-450
pathway and appears to be most pronounced with
ciprofloxacin, norfloxacin and grepafloxacin, the use
of which can raise serum theophylline concentration
to much greater extent. Clinical consequence of this
interaction requires dose reduction and serum concentration monitoring of the xanthines. The interaction is
not clinically significant when occurs between theophylline and sparfloxacin, trovafloxacin, levofloxacin
or third generation fluoroquinolones (6, 51).
Concurrent administration of the non-steroidial
anti-inflammatory agent fenbufen with enoxacin has
been associated with seizures in humans. Patients
given other fluoroquinolones concurrently with non
steroidal anti-inflammatory agents except fenbufen
did not develop seizures (10).
Some other significant drug interactions of fluoroquinolones are as follows:
● Elevated serum levels of cyclosporine have
been reported with concomitant use of fluoroquinolones.
● Serum concentration of antineoplastics
decrease due to the interaction with ciprofloxacin (50).
● Ciprofloxacin and norfloxacin serum concentrations increase and decrease in their clearance as
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observed in these drugs by significant interaction with
azlocillin, cimetidine and probenecid (8, 50, 51).
● Drugs, such as sodium bicarbonate, carbonic anhydrase inhibitors and citrates which cause the
urine alkaline, reduce the solubility of norfloxacin
and may increase the possibility of crystalluria (8).
PHARMACOKINETICS
AND PHARMACODYNAMICS
Pharmacokinetic and pharmacodynamic properties of different antimicrobial compounds depend
on the dosage form and dose of drug required for
inhibiting the viability of pathogens. This difference
in absorption, distribution, metabolism and excretion of quinolones may affect the endophthalmitis
(ocular complication) incidences after cataract surgery (52). Fluoroquinolones, however, kill
pathogens in a concentration dependent manner.
Consequently, it is their peak concentration that is
important and not the time above the minimum
inhibitory concentration. In general, the pharmacokinetic profile of newer analogs of fluoroquinolones
is considerably improved over the older agents of
this class. Their longer serum half life permits the
once daily dosing and greater maximum plasma
concentration offers more extensive coverage above
the minimum inhibitory concentration. Also, the
increased volume of distribution improves their tissue penetration (53-60). Important pharmacokinetic
parameters of some fluoroquinolones are summarized in Table 2. Fluoroquinolones are distributed
rapidly (61) and extensively in tissues except for the
brain. It was hypothesized that P-glycoprotein at the
blood brain barrier may play a role in this fact (62).
Adsorption
Fluoroquinolones are readily absorbed but
their complete absorption is not always achieved
following oral administration (10). The oral
bioavailability varies with the individual compounds of the class. The bioavailability of new fluoroquinolones after oral doses is equal to or greater
than that of ciprofloxacin, ranging from a low of
70% with grepafloxacin to a high of 99% with levofloxacin. Although drug food interactions may prolong the time required to reach maximum plasma
concentration (tmax) and thus affect the area under
the concentration-time curve, this does not significantly alter the bioavailability of the drugs (6).
Distribution
Distribution of fluoroquinolones to tissues is
superior to that of most other drugs because there is
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little binding to plasma proteins (4). After oral
administration, fluoroquinolones have good penetration into various fluids and tissues of body except
central nervous system (CNS). The newer fluoroquinolones achieve a higher serum concentration
well in excess than that of required for efficacy
against infections (62, 63). A remarkable drug level
is achieved in kidney, prostate gland, liver and lung.
The penetration into the cerebrospinal fluid is poor,
except when the meninges are inflamed. Their urinary drug concentration is higher than minimum
inhibitory concentration and thus fluoroquinolones
are mainly used in urinary tract infections (13).
Metabolism and elimination
The fluoroquinolones differ greatly in the
degree to which they are eliminated by metabolism
in liver or by renal excretion. Their metabolism is
inactivating and is primarily by glucuronides conjugation at the 3-carboxylic group. The piperazine
ring is readily metabolized resulting in decreased
antimicrobial activity (4). Elimination occurs by
both renal and nonrenal routes but the primary route
of elimination of most of fluoroquinolones is
through kidney by glomerular filtration and tubular
secretion. Thus, in patients with renal impairment
and in geriatrics, dosage adjustment is required. The
secondary route of excreation is via the lever. They
are poorly cleared by both peritoneal dialysis and
hemodialysis (13).
Some change in pharmacokinetics is observed
in disease conditions (10), although, diarrhea or
cutaneous infections in human beings does not alter
the oral absorption of fluoroquinolones. In the case
of bacteriaemia, serum concentrations remain sufficient for effective treatment of Gram negative infections, although differences can be observed in different analogs. Metabolism of ciprofloxacin to oxociprofloxacin is reduced in hepatic cirrhosis. In a
study conducted on healthy volunteers, pharmacokinetics and lung disposition of danofloxacin were not
altered when compared to pneumonic claves
although the volume of distribution was somewhat
larger in case of pneumonic claves (64, 65).

eral, these agents have an excellent activity against
Enterobacteriaceae, fastidious Gram negative bacteria and Pseudomonas aeruginosa, moderate activity
against staphylococci, mycobacteria, chlamydia,
mycoplasma and ureaplasma, less activity against
streptococci (particularly group D. streptococci),
and anaerobic bacteria. The term ìpost antibiotic
effectî describes the continuous suppression of an
organismís growth after short exposure to an antibacterial agent such that there is an inhibitory effect
in the absence of the antibiotic. Such an effect of fluoroquinolones has been shown to be of 4-8 hours
against E. coli, Klebsiella, Serratia and Pseudomonas aeruginosa (10, 66).
Activity against Gram positive organisms
Streptococcus pneumoniae is the commonest
cause of community-acquired respiratory tract infection (RTI) and strains resistant to penicillins and
macrolides have become increasingly prevalent in
all parts of the world (6). Activity against pneumococci was lacking in the early 4-quinoloes and was
only marginal in the first generation of fluoroquinolones. Their activity has improved steadily
with the newer compounds such as trovafloxacin
and moxifloxacin (67-74). Bauernfeind observed
that the enhanced activity of the newer fluoroquinolones against Gram positive cocci is limited to
agents whose chemical structure at position 7 of the
basic ring contains an azabicyclo, a 3-amino-pyrolidinyl, or a 3-methyl-piperazinyl ring (6).
Fluoroquinolones are bactericidal compounds
and a number of studies have shown their ability to
kill pneumococci at concentration about 2 to 8 times
higher than their minimum inhibitory concentration
(MIC). Although resistance to this class of antibiotics in pneumococci is rare, however, recent reports
indicate that resistance to ciprofloxacin and
ofloxacin is increasing (75, 76).
The newer compounds have greatly improved
activity against Streptococcus pyogenes (77, 78).
The activity of earlier fluoroquinoloes is only modest against methicillin-sensetive S. aureus and
Staphylococcus epidermidis strains, with minimum
inhibitory concentration 0.5-1.0 mg/l (3).

ANTIMICROBIAL SPECTRUM
Many studies have been reported on the activity of the fluoroquinolones (3, 6, 10). The newer and
developmental fluoroquinolones are distinguished
by their enhanced spectrum of antimicrobial activity
against clinically important pathogens such as S.
pneumoniae, Enterococcus spp, S. pyrogenes, S.
aureus, and multidrug resistant isolates (6). In gen-

Activity against Gram negative organisms
In the development of newer analogs of fluoroquinolones, research work has been primarily
focused on improving their potency against Gram
positive organisms while retaining the favorable
activity against Gram negative organisms (6).
Resistance to ciprofloxacin has been most often seen
in strains of Escherichia coli, Enterobacter, and
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Klebsiella spp and also observed in some members
of Enterobacteriaceae (3).
Infectious Gram negative pathogens are mainly
P.
aeruginosa,
Acinetobacter,
Alcaligenes,
Stenotrophomonas and Burkholderia species. The
activities of different fluoroquinolones considerably
vary, particularly among strains of P. aeruginosa.
Ciprofloxacin is generally more active than the newer
analogs of this class against most species of P. aeruginosa. However, clinafloxacin and sitafloxacin have
activity that is equal to or better than ciprofloxacin.
Species of non fermentative Gram negative rods are of
increasing importance in the hospital settings (78-80).
Haemophilus influenzae and Moraxella
catarrhalis species are both highly susceptible to
most of the fluoroquinolones. Ciprofloxacin (50)
and ofloxacin have demonstrated excellent activity
and lower minimum inhibitory concentrations
against these Gram negative bacteria (39). Newer
agents gatifloxacin and moxifloxacin offered no
apparent advantages over ciprofloxacin and levofloxacin, however, this activity has been retained in
newer compounds (72).
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compared to the beneficial features they exhibit.
Toxicity is mild at therapeutic doses, and is generally
limited to gastrointestinal disturbances such as nausea,
vomiting and diarrhea (10). Recently, ciprofloxacin has
been reported to be an effective therapeutic for anthrax
(97, 98); however, a large dose is needed due to blood
brain barrier (BBB) and heavy use of ciprofloxacin in
such cases has been suspected to induce aseptic meningitis (61) and arthritis damage (99) and hence there is a
need to increase uptake by the brain (63). These drugs
are still effective as antibiotic prophylaxis for prostate
biopsies but there is an increase in infective complications and fluoroquinolones resistance (100). Newer
drugs of this class have greater epithelial toxicity than
do the previous fluoroquinolones. In addition, there can
be a significant difference in toxicity between any two
newer fluoroquinolones.

Activity against atypical pathogens
A notable improvement in most of the newer
analogs of this class is their enhanced activity against
atypical respiratory tract pathogens such as
Mycoplasma pneumoniae, Chlamydia pneumonia,
and Legionella pneumophila. These agents also show
their significant activities against most of genital
pathogens. The findings regarding the performance
of the new quinolones in clinical studies of respiratory tract infections involving atypical pathogens have
generally been favorable (53, 79, 83-96).

Some focused adverse events
● Skin photosensitivity reactions have been
reported during treatment with fluoroquinolone
antibiotics. The incidence and severity of such reactions, however, appear to differ between different
drugs (6, 13).
● The greatest concern with ciprofloxacin use
in children is potential bone and joint damage (50).
● CNS effects are second most common type
of adverse events associated with quinolone therapy.
Dizziness, insomnia, and mood alterations have frequently been observed during treatment with fluoroquinolones. Seizures or hallucination have also been
described (6, 10, 13, 63).
● Unpleasant taste was reported fairly by greapafloxacin treated patients during the clinical trials
but at a much lesser extent (101).
● Rarely, anaphylaxis and agranulocytosis
have been reported (13).
● These drugs have been associated with
potentially life threatening dysglycemic reactions
(102, 103).
● The use of these drugs to treat multidrug
resistant tuberculosis in children has led to the emergence of invasive pneumococcal diseases (104).
● Prolongation of the QT interval in electrocardiogram (ECG) is another serious adverse event
reported with sparfloxacin and grepafloxacin but not
with the levofloxacin and trovafloxacin. Although
this effect has not been found to be associated with
arrhythmia (101, 105, 106).

TOXICITES AND ADVERSE EVENTS

CLINICAL AND THERAPEUTIC ROLE

With few exceptions, the adverse effects of fluoroquinolones are not too severe consequences when

Numerous factors govern the selection of a specific antimicrobial agent, including severity of infec-

Activity against anaerobic pathogens
Until the introduction of newer analogs of fluoroquinolones, the more serious deficiency of the
quinolones was their lack of anaerobic activity. The
limited anaerobic activity was shown by the second
generation of fluoroquinolones (81). The activity of
these agents against important anaerobic species,
such as the Bacteroides fragilis group, species of
Fusobacterium, Prevotella, Porphyromonas and
Clostridium was only marginal and variable. Activity
of most of the newer fluoroquinolones against
Clostridium difficile is good, showing improvements
in potency relative to ciprofloxacin (82).

600

PRABODH CHANDER SHARMA et al.

tion, likely pathogen or pathogens, pharmacokinetic
profile, safety, dosing convenience, cost, and increasing patterns of antimicrobial resistance in particular
community or hospital setting. Fluoroquinolones
have many favorable properties including broad spectrum of activity (107), excellent bioavailability when
given orally, good tissue penetrability and a relative
low incidence of adverse and toxic effects (6).
Although fluoroquinolones have several clinical applications, yet few of important indications are
as below:
● In the treatment of urinary tract infections
and prostatitis (108).
● The ideal treatment of Neisseria gonorrhoea
infections should be safe, effective, affordable and
available as a single dose regimen for which fluoroquinolones are appropriate (109).
● Effective against bacterial enteric infections,
prophylaxis in the immuno compromised neutropenic host (13).
● They have been used in treatment and prophylaxis of ocular infections (110).
● Some fluoroquinolones are the drugs of first
choice in prevention and treatment of diarrheal disease (63).
The fluoroquinolones are presently found to be
effective in tuberculosis, primarily in cases involving
resistance or intolerable to first line antituberculosis
therapy. However, there is concern about the development of fluoroquinolone resistance in Mycobacterium
tuberculosis, particularly when administered as
monotherapy or as the only active agent in a failing
multidrug regimen (111). Important fluoroquinolones
along with their structures, pharmacokinetics and indications have been summarized in Table 2.
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