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INTRODUCTION |

The advent of antimicrobials had been a landmark

against the infectious diseases. The antimicrobial therapy now
constitutes a major component of modern medical and veterinary
practices. Keeping in view the increasing problem of microbial
resistance against various antimicrobial agents, there is always a need
to have a drug that would be highly effective in combating different
infections. The past decades have witnessed the advent of new series
of antibacterials like fluoroquinolones in the armamentarium of

modern clinicians especially against infectious diseases.

The fluoroquinolones represent a major breakthrough in
the chemotherapy against the microbial infections and they are
playing an important role in medical and veterinary practices.
Unfortunately, these compounds also ha\}e great potential for overuse
and misuse, which in turn, may result in the emergence of resistant

strains which are currently susceptible to quinolones.

The history of the newer quinolones began with the
discovery of nalidixic acid in 1962 as an accidental by-product during
the synthesis of the antimalarial compound, -chleroquine (Lesher et

al., 1962). Nalidixic acid is very commonly used to treat urinary tract
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infections caused by gram-negative aerobic organisms. However, its
use for systemic infections has been limited due to various factors like
modest and variable serum and tissue concentrations; reports of
toxicities (Cahal et al., 1965); clinical failures and development of
resistance (Barlow, 1963). In 1970s, another group of quinolones (eg.
oxolinic acid, pipemidic acid and cinoxacin) was launched, but these
compounds were only marginally better than nalidixic acid. However,
a breakthrough was achieved in early 1980s vyith the development of
fluorinated 4 - quinolones (Wolfson et al., 1985) such as norfloxacin
and ciprofloxacin, since these agents have broad antimicrobial activity
and are effective orally against wide varieties of infectious diseases

with fewer side effects and non- development of microbial resistance.

Pefloxacin, a member of third generation fluoroquinolone
is a broad spectrum, antibacterial agent having potent bactericidal
activity against a wide range of gram- negative and gram-positive
organisms. It is effective against various diseases such as gastro-
intestinal, respiratory, urinary, genital, skin, soft tissues, bone and
joint infections etc. It has excellent bioavailability with superior
pharmacokinetic profiles (better absorption and distribution in body
fluids). It also possesses excellent penetration in tissue macrophages
and body fluids. The drug acts against bacteria even in the presence

of purulent material.
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Pefloxacin is transformed ints several metabolites in the
body (Montay et al., 1983). The main meta.bolites_'are. pefloxacin N-
oxide, desmethyl pefloxacin or norfloxacin and panorﬂoxaein.
Norfloxacin is the main active metabolite. The structure of pefloxacin
differs from that of norfloxacin only in addition of a methyl group to

position 4 of the piperazinyl substituent at position 7.

Pefloxacin like other quinolones has toxic potentials in
the muscle, tendon and synovial membrane (Kashida and Kato, 1997).
One of the most common problems is the gastrcintestinal disturbance
(like nausea, vomiting, diarrhoea etc.) but these are produced at
higher doses and are not serious. Pefloxacin also induces arthropathy
in juvenile animals (Machida et al., 1990). Thrombocytopenia at very
high doses on prolonged administration in human has also been
reported (Chichmanian et al., 1992). Photosensitivity and
photoallergenicity of norfloxacin in some cases of guinea pigs has also

been described (Horio et al., 1994).

Though many reports of pharmacokinetic study of
pefloxacin are available in animals, but the pharmacokinetic studies
of pefloxacin and its active metabolite norfloxacin in goats are
scarcely reported. Further, it seems that there is lack of toxicological

reports in animals including goats.
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Goat is a versatile animal and is mainly reared in tropical
countries like India. Goat farming is an important tool to overcome
poverty and unemployment and for improving socio-economic
conditions particularly for weaker sections of scciety. Hence, it is
essential that proper health coverage should be given to goat
husbandry for optimal economic gain. To use a drug in therapy, it is

essential to study its detailed pharmacokinetic and toxicological

parameters in this species.

Keeping in view the above noted facts, the detailed
pharmacokinetic and toxicological studies of pefloxacin were

undertaken with the following aims and objectives.

1. Estimation of concentrations of pefloxacin at different time
intervals in body fluids following its intravenous administration in

goats.
2. Determination of kinetic parameters of pefloxacin in goats.
3. Calculation of dosage regimen of pefloxacin in goats.

4. Toxicological studies of pefloxacin following its repeated

administration in goats.
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Quinolone carboxylic acid derivatives are synthetic

antimicrobial agents that are becoming more popular in medical and
veterinary practices. Initially, nalidixic acid was used mainly for
treating urinary tract infections, but the use of this drug in clinical
practice greatly reduced due to emergence of resistant organisms. It
led to the introduction of fluoroquinolones in clinical practice. The
use of fluoroquinolone antibacterial agents in veterinary medicine has
increased tremendously in the last ten yeals lt 1S due to the fact that
they are rapidly bacter1c1da.1 against a w1de variety of clinically
important bacterial organisms. Further, they are potent, well
tolerated by animals and have been administered via a wide variety of
routes (orally via tablets and drinking water, subcutaneously,
intramuscularly, and intravenously).

Pefloxacin is one of the derivatives having mega spectrum

bactericidal activity with several advantages over older quinolones.
History

The history of' newer quinolcne égents; begén with the
discovery of nalidixic acid (Lesher et al., 1962). Nalidixic acid was

discovered as an accidental by-product during the synthesis of an




antimalarial compound chloroquine. The initial popularity of nalidixic
acid was rapidly diminished because of some reports of its failure in
complicated urinary tract infections and development of resistant
bacteria (Barlow et al., 1963). A breakthrough was achieved in early
1980s with the development of ﬂuorinated_ 4-quinolones such as
norfloxacin and ciprofloxacin (Wolfson et al., 1985). Since then, a
number of other newer quinolones have been synthesized viz.,
enoxacin,  ofloxacin, enrofloxacin, pefloxacin, ciprofloxacin,
amifloxacin and difloxacin (Harold, 1987). These agents have broad
spectrum of antibacterial activity, fewer side effects and lesser

development of microbial resistance (Andriole, 1988).

Chemistry

The fluoroquinolones have a basic structure of quinolone
carboxylic acid (Figure I). The modifications of basic molecule at N,
Csy C; and C; positions result in major changes in antimicrobial
activity, pharmacokinetic and metabolic properties.
> Addition of ‘F’ atom at Gz enhances DNA gyrase inhititory activity

and extends activity against Staphylococcus spp. also.

> Addition of second ‘F’ atom at C; provides better absorption and

longer half life.
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» Addition of piperazine group at C,; extends antibacterial activity

against Staphylococcus spp. and Pseudomonas spp.

> Substitution of methyl group for piperazine group also results in

better absorption and longer half-life, and

> Addition of cyclopropyl group at N; amino group at Cs and ‘F’ at
Cs extends spectrum against Mycoplasma spp. and Chlamydia spp.

(Neu, 1992).

Fig. I : Structure of Quinolone carboxylic acid
Physico-Chemical Properties of Pefloxacin

Pefloxacin is a yellowish white powder, very slightly
soluble in water, alcohol and chloroform. With methane sulphonic
acid it gives a dihydrated monosalt, pefloxacin methyl sulphonate
dihydrate. This salt is a white crystalline powder, readily soluble in
water, slightly soluble in 95% alcohol and very slightly soluble in
chloroform. The pH of 1% w/v aqueous solution ranges between 3 to

4.5. At physiological pH, it exists as zwitterion.
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When concentrated form of pefloxacin dihydrate is
exposed to light for long periods, it turns slightly pink but its other
physico-chemical properties are similar to those of fresh solution

(Goueffon et al., 1981).

The chemical structure of pefloxacin is shown in figure II.

F COOH

CH;-N N I
/ C;H;

Fig. 11

1-ethyl - 6 - fluoro - 7- (4 - methyl - 1 - piperazinyl) - 4 - oxo- 1, 4 -

dihydro - 3 - quinolone carboxylic acid.

Empirical Formula : C,; Hyy FN; Oy

Molecular weight of pefloxacin methyl sulfonate dihydrate = 465.5
Antimicrobial Activity :

Pefloxacin is a broad spectrum antimicrobial agent active
against a wide range of gram-negative and gram-positive organisms
such as Escherichia coli, Klebsiella pneumoniae, Salmonella spp.,

Shigella spp. (Aldridge et al., 1986), Proteus spp. (Auckenthaler et al.,
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1986), Yersinia spp. (Felmingham et al., 1985), vibric spp. (Wall et al.,
1985), Neisseria gonorrhoeae (Gonzalez and Henwood, 1989),
Neisseria meningitidis, Campylobacter coli and Campylobacter jejuni

(Gonzalez and Henwood, 1989) and Haemophilus influenzae V(Quantin

et al., 1988).

Pefloxacin is also reported to act against gram- positive
organisms such as Staphylococcus aureus (including penicillin and
oxacillin resistant strains), S. aureus (including methicillin resistant
strains) and Staphylococcus spp. (including saprophyticus and
coagulase-negative strains) (Arpi et al., 1987), Streptococcus
agalactiae, Streptococcus faecalis, Streptococcus p.neumoniae and
Streptococcus spp. (including pf-haemolytic viridans st..raivns) (Aldrige
et al., 1986). Pefloxacin is moderately active against Mycobacterium

tuberculosis (Davies et al., 1994).

The therapeutic concentration of pefloxacin for
antibacterial action ranges from 0.03 to 2.0 pg/ml (Gonzalez and
Henwood, 1989; Lightvoet et al., 1985). The minimum inhibitory
concentrations (MIC) of pefloxacin against several susceptible

organisms are shown below.




Organisms MIC {pglml)
Acinetobacter spp. 2.00
Branhamello catarrh 0.10
Campylobacter jejuni 0.30
Citrobacter freundii 0.25
Enterobacter aerogenes 0.20
Enterobacter cloacae 0.50
Escherichia coli 0.06
Haemophilus ducreyi 0.30
Haemophilus influenzae 0.05
Klebsiella pneumoniae 0.25
Morganella morganii 0.25
Neisseria gonorrhoeae 0.30
Neisseria meningitidis 0.06
Proteus mirabilis 0.25
Proteus vulgaris 0.25
Providencia retteri 0.25
Providencia stuartii 0.50
Pseudomonas aeruginosa 2.00
Salmonella typhi 0.06
Serratia marcescens 0.25
Shigella spp. 0.06
Staphylococcus aureus 0.25
Staphylococcus epidermidis 0.03
Staphylococcus faecalis 0.50
Staphylococcus pneumoniae 0.08
Yersinia enterocolitica 0.06

Source : Gonzalez and Henwood (1989).




Mechanism of Action

Primarily, pefloxacin has retained the biochemical
mechanism of quinolone action. It is a bactericidal antimicrobial
agent. It acts by inhibiting the enzyme DNA gyrase, 4 subunits (two
A subunits and two B subunits) of which have been identified
(Higgins et al., 1978; Pedrini et al., 1979). DNA gyrase, an enzyme
found in every organism is responsible for supercoiling of bacterial
DNA strands in bacterial cell (Wang, 1974, 1985). The process of
supercoiling involves firstly, the conversion of double stranded DNA
into two single strand DNA by nicking which is brought about by
subunit A of DNA gyrase. These single strands are then supercoiled
under action of B subunits. The supercoiling facilitates the
compaction of genome in a tiny cell. After supercoiling, the two single
strands are again sealed together by A submit (Smith et al., 1988).
Pefloxacin inhibits bacterial g'rowtﬁ by inhibitin g beé‘n ihe subunits of
enzyme. In additior.'l; bNA Agyrase inﬁibition i2ads to uncontrolled
synthesis of mRNA and proﬁein; ext'en'éive ﬁiamentatio.n' and vacuole
formation, degeneratidn of chromosomai DNA by exonucleases and
hence, a bactericidal aﬁtion is éxhi‘bited. The strﬁctural differences
between bacterial and mammalian DNA gyrase enzyme account for

the selectivity of quinolones for bacterial enzyme.

n

Sy



All fluoroquinolones are bactericidal and this activity is
maximally seen at specified therapeutic plasma coriéentration. The
concentration lower or higher than this range demonstrates reduced
bacterial activity. The paradoxical effect of decreased killing at
greater concentration is most probably caused by a dose dependent

inhibition of RNA and protein synthesis (Corret et al., 1991).

KINETIC STUDIES OF PEFLOXACIN

Kinetic studies of pefloxacin were conducted in man and

animals by different workers and are noted below.

Man

Frydman et al. (1986) studied multiple - dose kinetics of
pefloxacin in young human volunteers by i.v. or oral administration of
400 mg every 12 hourly. The bioavailability of pefloxacin was
complete and plasma concentrations after i.v. and oral administration
were similar. Pefloxacin was rapidly absorbed from the
gastrointestinal tract and reached maximum plasma concentration
about 1 h after dosing. Pefloxacin elimination (f;c-:l,z f) increased from

11.00 = 2.64 h after the first i.v. dose to 13.93 + 3.58 h after the last

1.v. dose . Apparent total body clearance decreased from 148.5 + 47.4
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to 1069 * 39.2 mlkglmin? because of decreased non-renal
clearance. Similar results were obtained after repeated oral dosing.
The results showed that concentration of pefloxacin in excess of
minimum inhibitory concentration for many pathogens could be
achieved in plasma and urine with 4 mg bid regfimen with both i.v.

and oral routes.

Webberley et al. (1987) determined the pharmacokinetics
of pefloxacin in human volunteers following a 400 mg oral dose. The
mean peak serum level of 6.6 pg. ml! was attained rapidly 0.8 h after
administration. Mean elimination half life was 11.6 h. Urinary
recovery of pefloxacin and metabolites was 33.1 % of the dose. The
study suggested that a twice or possibly once daily dosing might be
sufficient to treat systemic infections caused by susceptible

pathogens. Once daily dosing should be sufficient for urinary tract

infections.

Cow .

Patil et al. (1996) investigated pharmacokinetics of
pefloxacin in lactating cows following single intravenous
administration of 5 mg/kg. The therapeutic plasma concentration

(0.03 to 2 pg.ml?) of pefloxacin was maintained upto 4.5 h. Following
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i.v. administration, distribution half life (t,, ), elimination half-life
(t,2 B), total body clearance (Clg) and volume of distribution (Vd) were
0.15 = 0.03 h, 2.53 = 0.09 h , 3.67 + 0.04 ml. min’kg"! and 0.68 +
0.03 L.kg?, respectively. Pefloxacin was detected in milk after 30 min
of i.v. administration. The mean peak milk concentration was 4.14 pg.
ml’. The good diffusion of pefloxacin might be related to its low
molecular weight and to its strong lipophilicity. This could prove

beneficial in the treatment of mastitis.
Crossbred Calves

Srivastava et al. (2000) investigated the disposition
kinetics and urinary excretion of pefloxacin after a single i.v.
administration of 5 mg/kg in crossbred calves. At 1 min after
injection, the concentration of pefloxacin in plasma was 18.95 + 0.892
ng.ml? which declined to 0.13 = 0.02 pg.mi? at 10 h. Pefloxacin was
rapidly distributed from the blood to the tissue compartment as
shown by the high values for the initial distribution coefficient, o
(12.1 + 1.21 h'") and the constant for the rate of transfer of drug from
the central to the peripheral compartment, K, (8.49 + 0.99h!). The
elimination half life and volume of distribution were 2.21 + 0.111 h

and 1.44 + 0.084 L.kg", respectively. The total body clearance (Clg)
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and the ratio to the drug present in the peripheral to that in the
central compartment (P/C ratio) were 0.454 = 0.026 L.kg'.h and 5.52
+ 0.519, respectively. Pefloxacin at the rate of 6.4 mg/kg repeated at

12 h intervals was recommended for most of the drug sensitive

pathogens.
Buffalo calves

Prakash (2003) studied disposition kinetics of pefloxacin
in prepubertal buffalo calves after single i.v. administration of 5
mg/kg . The apparent volume of distribution into periphery (Vd,..,)
was 4.62 + 0.04 L.kg! and the estimate of total body clearance (Cl)
was 20.69 = 2.21 ml.kg'.min. The plasma half life and rate constant
for elimination were 155.93 + 17.33 min and 0.038 min™, respectively.
AUC was 243.22 + 25.08 ug.ml"\.min and the volume of distribution
at steady state (Vdgg) was 4.07 = 0.37 L.kg* Mean residence time was
3.34 * 0.35 h. The drug was recommended to be administered at the

rate of 7.5 mg/kg i.v. repeated at 12 h interval in buffalo calves.

Goat

Ansari et al. (2000) reported pharmacokinetics of

pefloxacin in healthy female goats after single i.v. administration of 4

mg/kg. The peak concentration of 9.06 + 1.30, 4.29 0.32 and 46.45 +

(3]
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2.16 pg.ml! were attained at 5, 45 and 45 mmut es in plasma, milk
and urine, respectively. The therapeutic concentration (> 0.12 pg.ml?)
was maintained upto 8, 8 and 30 h in plasma, wmilk and urine,
respectively. The mean distribution half-life (t,, o), elimination half
life (t;» B) and total body clearance (Clg) of 0.27 + 0.06 h, 3.53 + 0.26 h
and 5.07 + 1.15 mlkg'.min!, respectively vs;ere estimated. A high
Vd,., of 1.59 £ 0.42 L.Kg! and tissue to plasma concentration ratio
(T~P) of 1.46 + 0.26 indicate that the drug is well distributed.

Malik et al. (2002) investigated pharmacokinetics of
pefloxacin in healthy female goats after administration of single i.v.
(10mg/kg) or oral (20 mg/kg) dose. Concentrations of the drug more or
equal to 0.25 pg.ml! were maintained in plasma for upto 6 and 10h
after i.v. or oral administration of peﬂoxaciﬁ, respectively. Plasma
pefloxacin concentrations decreased rapidly during the initial phase
after i.v. injection with a distribution half-life (t,, o) of 0.10 + 0.01 h.
The terminal phase had a half-life (t,, B) of 1.12 + 0.21 h. The volume
of distribution at steady state (Vd,,),mean residence time (MRT) and
total systemic clearance (Cly) of pefloxacin were 1.08 + 0.09 L.kg?,
1.39 = 0.23 h and 821 + 88 mlkglh respectivel;;'. following oral
administration of pefloxacin, the maximum cbncent;ﬂ&ion in plasma

(Crax) Was 2.22 * 0.48 pg.m!! and the interval from administration
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Sheep

Six healthy sheep weighing 53 to 65 kg were administered
intravenously or intramuscularly an aqueoué solution of pefloxacin
(PFL) at 10 mg/kg. After i.v. administration, the mean distribution
and elimination half life were 1.07 = 0.05 and 6.88 + 0.62 h,
respectively. Area under curve was 55.89 + 0.44 pg.ml'.h with total
body clearance of 0.176 = 0.002 L.kg!.h! and mean residual time
(MRT) of 4.63 = 0.23 h. Following i.m. administration, the mean
distribution half life was 0.32 * 0.03 h. Peak serum PFL
concentration occurred at 1.44 = 0.09 h and peak value was 3.58 +
0.10 pg.ml?. The apparent half life was 5.68 =0.14 h with MRT of
8.70 + 0.17 h. The bioavailability was 82.42 = 6.25%. Using MIC,,
concentration of 1.9 pg.ml?, PFL dose of 8 mg/kg body weight

administered i.m. twice daily is recommended for treatment in sheep.

(Moutafchieva and Djouvirov, 1997).

Dog

Montay et al.” (1984) reported pharmacokinetics of
pefloxacin mesylate in female beagle dogs after a single oral dose of
50mg/kg. Mean peak plasma level was 27.5 + 1.0 ug. ml?. Area under

curve (AUC) and elimination half life (t,, B) were 156.4+7.2 pg.mlL.h
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until maximum concentration (T,,,) was 2.3 = 0.7h. The absorption
half-life (t;; Ka), mean absorption time (MAT) and elimination half
life were 0.82 + 040 h, 4.2 = 1.0 h and 2.91 + 0.50 h, respectively.
The oral bioavailability of pefloxacin was 42 + 5.8%. Pefloxacin at the
rate of 20 mg/kg repeated after 8 h intervals or orally twice daily is
suggested for treating infections caused by drug sensitive pathogens

in goats.

Abd El-Aty and Goudah (2002) studied some
pharmacokinetic parameters of pefloxacin in lactating goat following
iv. and im. injection of 10 mgkg The maximum serum
concentration was 8.4 *+ 0.48 pg.ml’, elimination half-life (t,, B) was
1.6 = 0.3 h; total body clearance was 3.6 = 0.3 L.kg'h'; steady
state volume of distribution (Vdss) was 5.14 = 0.21 L.kg! and the
area under curve (AUC) was 2.78 = 0.22 pg.ml'h.Pefloxacin was
absorbed rapidly after i.m. injection with an ;bsorption half-life (t,,
Ka) of 0.32 = 0.02 h. The peak serum concentration (C_,,) of 0.86 +
0.08 pg.ml* was attained at 0.75 h (T,,,). The absolute bioavailability
after i.m. administration was 70.63 + 1.13% and the serum protein-
bound fraction ranged from 7.2 to 14.3%. The drug was detected in

milk and urine for 10 and 72 h, respectively.
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Sheep

Six healthy sheep weighing 53 to 65 kg were administered
intravenously or intramuscularly an aqueoué solution of pefloxacin
(PFL) at 10 mg/kg. After i.v. administration, the mean distribution
and elimination half life were 1.07 = 0.05 and 6.88 * 0.62 h,
respectively. Area under curve was 55.89 = 0.44 pg.ml'h with total
body clearance of 0.176 = 0.002 L.kg'h! and mean residual time
(MRT) of 4.63 £ 0.23 h. Following i.m. administration, the mean
distribution half life was 0.32 + 0.03 h. Peak serum PFL
concentration occurred at 1.44 += 0.09 h and peak value was 3.58 *
0.10 pg.ml!. The apparent half life was 5.68 =0.14 h with MRT of
8.70 = 0.17 h. The bioavailability was 82.42 = 6.25%. Using MIC,,
concentration of 1.9 ug.ml?!, PFL dose of 8 mg/kg body weight

administered i.m. twice daily is recommended for treatment in sheep.

(Moutafchieva and Djouvinov, 1997).
Dog

Montay et al. (1984) reported pharmacokinetics of
pefloxacin mesylate in female beagle dogs after a single oral dose of
50mg/kg. Mean peak plasma level was 27.5 + 1.0 pg. ml?. Area under

curve (AUC) and elimination half life (t,, B) were 156.4+7.2 ug.ml.h
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and 3.21 * 0.14 h, respectively. Plasma protein binding was 19.10 =+
1.10%. Total urinary recovery of pefloxacin and metabolites was 36.3

+ 1.9% of the dose given.

Jayakumar et al. (1995) recorded the mean peak plasma
level of pefloxacin to be 5.1 + 0.60 (at 5 m1n) and 3.71 = 0.71 HE. ml!
(at 2 h) followmg 1.v. and oral dose (20 pg/kg) xeq.pe;:tlvely, in dogs.
Elimination half life was 2.97 and 10.85 h after i.v. and oral dosing,

respectively.
Monkey

Pefloxacin was given orally to male macaca monkeys
weighing 3.2 to 4.4 kg at the rate of 25 mg/kg. The peak pefloxacin
level (C,,,) was 13.8 = 0.6 pg.ml!. Area undt;r curve (AUC) and the
elimination half life (t,,8) was 116 = 16 pg.ml’.h and 5.56 + 2.25 h,
respectively. The principal metabolites in plasma were pefloxacin N-
oxide and norfloxacin. The urinary recovery of pefloxacin and

metabolites was 26.5% of administered dose (Montay et al., 1984).
Poultry

Chousalkar (1995) studied pharmacokinetics of pefloxacin
in chicken following single oral administration of 50mg/kg. Mean

peak serum concentration attained was 8.8 pg.ml?, Distribution half
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life (t,, ) and elimination half life (t,, 8) were 0.55 and 2.2 h,
respectively. Volume of distribution (Vd) and total body clearance

(Clg) were 2.10 L.kg"! and 25.2 ml.kg'.min’}, respectively.

Rabbit

Cochereau - Massin et al. (1991) determined kinetics of
pefloxacin after a single im. dose of 50 mg/kg to albino and
pigmented rabbits. The mean serum AUC was 31.4+1.07 and
29.9+1.54 pgmlth in albino and pigmented rabbits, respectively.
The mean peak level achieved in serum was 8.8% = 0.55 pg.ml!
within 1 h after the injection in albino rabbits and 6.74 = 0.17 pg.ml’
within 1 h in pigmented rabbits. The volume of distribution was
significantly higher in pigmented rabbits (5.25 L.kg!) as compared to
albino rabbits (3.81 L.kg'). The serum half life was significantly
longer in pigmented rabbits (2.61h) as compared to albino rabbits

(2.01h) .

Marrakchi - Benjaafar et al. (1995) assessed the
tolerability, kinetics and efficacy of subconjunctival pefloxacin in
pigmented rabbits. The tolerability of a single subconjunctival
injection of pefloxacin (0.8, 1.6, 8 or 16 mg in 0.2 ml) in the right eyes

of eight pigmented rabbits was evaluated by clinical and
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histopathological examination. The 0.8 mg dose was well tolerated.
Pefloxacin was found in the cornea (maximu}rn concentration, 18.13
pg.ml?, half life, 3.92 h) and in the aqueous humour (maximum
concentration, 3.40 pg.ml', half life, 2.14 h). Pefloxacin did not

penetrate into the vitreous humour by this route.

Rat

Montay et al. (1984) observed mean peak plasma
pefloxacin level in male wistar rat to be 13.0 + 3.4 pg.ml’ following
single oral administration of 50 mg/kg. AUC and t,, B were 56 pg.
mlt.h and 3.3 h, respectively. Mean plasma protein binding was 20.30
* 1.8 % and volume of distribution (Vy) was 4.25 L.kg*. Urinary
recovery of identified metabolites was 37.8%. Biliary excretion was

extensive mainly as glucuronide conjugate of the drug.

Leibovitz et al. (1989) studied the penetration
pharmacokinetics and therapeutic efficacy of pefloxacin in rat abscess
model. Peak pefloxacin concentration in s.erum of the infected
animals was 13 * 2.9 pgml! and peak pefloxacin abscess fluid
concentration after 24 h was 8.9 = 2.2 pgml! (i.e. 68% of the peak
serum concentration). Abscess fluid concentration at 96 h was 4.5 +

1.7 pg.ml™. Pefloxacin persisted significantly longer in the abscess

21,




fluid than in the serum; but failed to sterilize the abscess following a
single  administration;  however, after four consecutive
administrations all abscesses became sterile. It was concluded that

pefloxacin may be suitable for the therapy of closed space infections

-

caused by susceptible microorganisms.

Dworkin et al. (1990) studied pharmacokinetics and
efficacy of pefloxacin in rat model of chronic osteomyelitis. Mean peak
concentration of pefloxacin in plasma and bone was 12.1 and 8.3
ng.ml?, respectively. Half life in plasma and bone was 2.8 and 3.5 h,

respectively.
Mice

Pharmacokinetic study pefloxacin was conducted in male
swiss mice on single oral administration at the dose rate cof 50mg/kg
(Montay et al., 1984). The mean peak plasma concentration (C

llli.lX.) b

area under curve (AUC) and the elimination half life (t,, p) were 5.8

+ 0.3 pg.ml?, 8.8 pg.ml'h and 1.9 h, respectively. Norfloxacin /
pefloxacin ratio was zero and the principal com'pound in the urine was

the unchanged drug.
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GENERAL PHARMACOKINETICS

Pharmacokinetics often referred as disposition kinetics,
which helps in knowing absorption, disiribution, metabolism and
excretion of drugs (Dost, 1953). According to Wagner (1968), the aim
of pharmacokinetics is to study the time concentration course of
drugs and their metabolites in various body fluids, tissues and excreta
and interpretation of such data based on suitable pharmacokinetic

models (compartment models).

The compartment model is a hypothetical structure that
can be used to characterize with reproducibility of behaviour and fate
of drugs in a biological system, when administered by certain route in
a particular dosage from. In pharmacokinetic studies, compartment is
an entity that has a definite volume and in that concentration of a
drug exists at any time. The disposition kinetics of a drug is described
either by one-compartment or multi compartment open models. Body
distributes the drugs in all tissues at widely varying rates and is
therefore, designated as open system. An open compartment model
shows free movement of drugs from one-compartment to another (i.e.

blood to tissue and vice-versa).
One compartment open model
When the distribution of drug from central to peripheral

compartment is very rapid, the drug is said to follow one

compartment open model. Any change in drug concentration in the

=




blood reflects directly the quantitative changes in its tissue levels.
Baggot (1974) reported that the rate of drug elimination from the

body is proportional to the concentration of the drug in blood.

In one compartment open model, if the plasma
concentration time profile is plotted from the peak concentration
onwards on a semilogarithmic scale, a straight line is obtained (Sams,

1978) and the plasma drug levels decline according to following

equation: -
Co=BcPt i, Eq. 1
Where, ¥
C, = Concentration of drug plasma
B = Extrapolated zero time intercept of mono-exponential
curve
B = Over all elimination rate constant
t = Time elapsed after drug administraticn
e = Base of natural logarithm

Baggot, (1977) reported that the one compartment open
model is particularly useful in describing the time course of most
drugs in plasma following extra vascular (oral/i.m/s.c.)
administration.

Two compartment open model

The pharmacokinetics of most of the drugs following i.v.
administration are accurately described by two compartment open

model. Baggot (1974) stated that in two compartmen® open model, the
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drug distribution is instantaneous and homogenecus into the central
compartment (such as blood and other rzadily accessible tissues like
liver and kidney) and more slowly into the peripheral éompartment
(comprising of less perfused organs and tissugs such as muscles and
fat). This indicates tha;c distribution and elimination processes follow
the first order kinetics and elimination takes place exclusively from
central compartment. In two compartment open model,
semilogarithmic plot of plasma drug concentration against time shows
a biphasic curve. The initial steep decline in plasma drug
concentration is mainly due to the distribution of drug from central to
peripheral compartment. Once apparent distribution is established,
the gradual decline is obtained mainly by irreversible elirnination of
drug from the central compartment. -

The drug concentration in plasma is expressed by the
following biexponential mathematical expression as a function of
time: -

Co= A, 4B, Eq. 2

Where,
» = Plasma concentration of the drug,

= Zero time intercept of distribution phase.

Zero time intercept of elimination nhase

= Distribution rate constant.

= Elimination rate constant

= Base of natural logarithm

0 ™ QW O
I

= Time elapsed after drug administration
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The values of A, B, a and B are essential in calculating
other kinetic rate constant (Klz,'K21 a;rld Kel) in two compartment
open model. The values of these rate constants give an idea of relative
contribution of distribution and elimination processes to the drug

concentration time data (Baggot, 1977).
Three or multi compartment open model .

The distribution kinetics of some drugs may also follow
three or multiple compartment model. In three compartment open
model, the semilogarithmic plot of plasma drug concentration against
time shows a triphasic curve. The initial sharp decline in plasma
concentration against time is due to distribution of drug from blood to
highly perfused tissue compartment (Peripherai I). The gradual
decline is because of distribution of drug from central to moderately
blood supplied organs (Peripheral II). The drug concentration in
plasma following single intravenous administration is expressed by
the following triexponential mathematical formuls as a function of

time.
Cp=A;*"+BPtyc;t Eq. 3

The additional constants C and y are calculated by using
residual methods. These constants may be employed to estimate K|,

and K3, (Gibaldi and Perrier, 1975).
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PHARMACOKINETICS OF CLINICAL IMPORTANCE
Clinically, the pharmacokinetic study consists of: -

(a)  Calculation of various kinetic parameters following different

routes of administration.

(b)  Calculation/suggestion of dosage regimen in a particular

species of animals

(c)  Determination of drug withdrawal period of drug residues in
milk and tissues of food producing animals.
SOME IMPORTANT PHARMACOKINE’i‘IC PARAMETERS
1. Absorption rate constant (Ka) and absorption half life (t,,Ka)
These denote the rate of absorption (faster or slower) of a
drug from its site after extra vascular (i.m./s.c./oral) administration.
2. Distribution rate constant (o) and distribution half life (t,,a)

These parameters indicate the rate of distribution (faster
or slower) of a drug from plasma to body fluids and tissues following

1.v. administration.

-

3. Elimination rate constant ( B)

Baggot (1977) and Mercer et al. (1977) stated that the
overall elimination rate constant (B) is the most essential kinetic

parameter since it is employed to determine: -

i The elimination half-life (t,, p)

ii. The volume of distribution by area method (Vd

28] :
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iii.  The total body clearance (Clp)

iv.  The drug withdrawal period for drug residues in milk and

tissues of food producing animals.
4. Elimination half life (t,,B)

Gibaldi and Weintraub (1971) defined that the
elimination half life is the time required to reduce the drug
concentration in plasma or serum to its half during the elimination
phase of the drug concentration time profile. This means that
doubling the dose does not double the duration of action of drug but
increase it by one half life. It is inversely proportional to the overall
elimination rate constant. It is used to calculate the duration of drug
action in the body. The half life of a first order process is independent
of the dose of drug as well as the route of administration. Knowledge
of the half life of a drug is extremely helpful in designing the rational

dosage regimen.

5. Volume of distribution

The apparent volume of distribution is an important
pharmacokinetic parameter used in the kinetjc characterization of a
drug. It is a hypothetical volume of body fluid that would be required
to dissolve the total amount of the drug to attain the same
concentration as that found in the blood. Riegelman et al. (1968)

stated that the calculated value of volume of distribution is not
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dependent upon the method used for its calculation if the drug
distributes truly according to one compartment open model. The
apparent volume of distribution indicates the amount of distribution
of a drug without providing any clue, whether the drug is uniformly
distributed or restricted to certain tissues (Baggot, 1977). A large
volume of distribution (>1 L/kg) indicates wide distribution
throughout the body or extensive tissue binding or rapid excretion of
a drug or combination of all the above. A small volume of distribution
indicates that the drug is restricted to certain fluid compartments like
plasma, water, extra cellular fluid etc. This is due to the high protein

binding or low lipid solubility of a drug.

6. Total body clearance (Cl,)

Another important pharmacokinetic parameter is the
total body clearance (Clg), which is the sum of the clearance of each
eliminating organ, particularly liver and kidney. The half life of a
drug is a complex function which depends upon the process of drug
distribution, bio transformation and excretion. The parameter, body
clearance, on the other hand is independent of these processes and
indicates the rate of drug removal from the body. Unlike B and t,;, B
that are hybrid constants and depends upon K, K,, and Kel. The

total body clearance changes exactly in propoftion to Kel (Jusko and

Gibaldi, 1972; Rowland et al., 1973).
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It is reported that the various constants, namely A, «, B,
B. tw> o ti» B and Vd,,., etc. change disproportionally with the
magnitude of the elimination rate constant from central compartment
(Kel) and hence, should not be employed individually as a direct or

sole measure of a change in drug elimination or distribution (Jusko

and Gibaldi, 1972).
DOSAGE REGIMEN

Dose is a quantitative term estimating the amount of
drug, which must be administered to produce a particular biological
response i.e. to attain optimum effective concentration of a drug in
the body fluids. Maintenance of therapeutic concentration of a drug in
the body requires the administration of maintenance dose at a
particular dose interval after administering the priming or loading
dose, so that plasma drug concentration must be above a minimum
effective level and below a level producing excessive side effects and
toxicity. Thus, the objective of a multiple dosage regimen is to
maintain the plasma concentration of the drug within the limits of
the maximum safe concentration and the minimum effective levels.

TOXICOLOGICAL STUDY OF PEFLOXACIN

Toxicological studies of pefloxacin are mainly reported in

human beings and experimental animals though very few reports are
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also available in domestic animal and it seems that little work has

been done in goats.

Human

Chichmanian et al. (1992) studied dose dependent toxicity
of pefloxacin in human beings. Pefloxacin gave rise to
thrombocytopenia, although the responsibility of the drug could be
difficult to demonstrate in infectious patients and those receiving
other drugs simultaneously. Thrombocytopenia occured from 5 to 19
days after beginning of treatment and resolved between 7 and 12 days
after drug withdrawal. Differential blood c.ounts appeared to be
warranted for patients at risk.

Monkey

Cukierski et al. (1992) reported embryotoxicity of

norfloxacin in cyanomolgus monkeys. They reported norfloxacin to be

embryo lethal but not teratogenic when administered to pregnant

cyanomolgus monkeys prior to gestational day 36 at doses more or

-

equal to 200 mg/kg/day.
Dog

Christ et al. (1988) studied some specific toxicological
aspects of pefloxacin in dog. Arthropathies developed in adult dogs

after 12 months of pefloxacin treatment. At higher doses pefloxacin

[22]




exerted effects on renal function. Pefloxacin caused cataracts in dog

after treatment for 8-12 months,

Stahlmann et al. (2000) studied chondrotoxicity of
ciprofloxacin in immature beagle dogs. Dogs were given orally 30 and
200 mg of ciprofloxacin/kg body weight for 5 days. In control dogs and
in dogs treated with low dose of ciprofloxacin, no pathological changes
were seen. However, cleft formation and erosions were observed in
joint cartilage in two of five dogs treated with 200 mg/kg.

Sridevi et al. (2002) evaluated experimentally induced
pefloxacin toxicity in pups. Twenty four pups were divided into four
groups. Group I served as control. Group II, III and IV were given
orally pefloxacin at the rate at 10, 15 and 20 mg/kg, respectively,
twice daily continuously for 30 days. Two pups in groups IV died
during the first week after exhibiting signs of excitability, abnormal
behaviours and generalized seizures. Pups in group III and IV (those
alive) exhibited slight stilted gait, reluctance to rise and inability to
stand, swollen joints and arthralgia on flexion of stiffle and elbow
joints. The musculoskeletal signs observed could be due to damage to
articular cartilage by pefloxacin as evidenced by hind limb stiffness
and recumbency. It was concluded that pefloxacin at the rate of 15
and 20 mg/kg induced observable toxic symptoms on long term

(4 weeks) use while 10 mg/kg was comparatively safer.
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Broiler chicken

Ashish Sachan et al. (2000) calculated haematological
parameters in clinical toxicity study of pefloxacin in broiler chicken.
Eighty broiler chicks were taken in the study and divided into four
groups. Group I served as untreated control. Groups II, IIT and IV
were given pefloxacin at the rate of 5, 10 and 40 mg/kg, respectively,
per os dissolved in drinking water. The drug-was given for the first
five days of the broiler life and again repeated for five days in the
third week from 21* to 25" day. Blood sample of 7, 28" and 42"
days revealed that all the haematological parameters were in normal

range and there were no significant changes observed in any of the

haematological parameters.

Ashish Sachan et al. (2000) studied acute toxicity of
pefloxacin on day old broiler chicks after an ingreasing dose (600, 700,
800, 900, 1000, 1100, 1300, 1500, and 1600 mg/kg) with pefloxacin
10% in 20 birds in each treatment. LD, value was calculated to be
1025 mg/kg of pefloxacin. It is concluded that pefloxacin has a wide
margin of safety in broiler and the proposed dose is 5-10 mg/kg body

weight daily.
Ashish Sachan et al. (2002) evaluated safety of pefloxacin

in day old broiler chicken. Forty day old broiler chicks were selected
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and divided into four groups. Group I served as control and groups II,
III and IV were given pefloxacin at the rate of 5, 10 and 20 mg/kg,
respectively per os for 5 days. The levels of SGPT, SGOT, BUN and
total bilirubin did not vary significantly in any of the treated groups
from the control. It was concluded that pefloxacin was safe in day-old
chicken without causing hepatotoxicity or nephrotoxicity.
Guinea Pigs

Horio et al. (1994) demonstrated phototoxicity of
norfloxacin in guinea pigs. He examined expeI:imentally phototoxicity
of norfloxacin in an in vivo system using the administration of drug
and subsequent exposure to long-wave ultraviolet (UVA) at a dose of
30 J/cm?®.
Rat

Nordman et al. (1989) investigated the cytotoxicity and
uptake of pefloxacin in primary cultures Qf rat hepatocytes. As
assessed by intracellular enzyme release in culture media, pefloxacin
at concentration of 400 mg/ml was found to be hepatotoxic.

Pino et al. (1991) evaluated DNA damage induced by
norfloxacin in liver and kidney of adult rats and in foetal tissues after

transplacental exposure. After oral administration of single doses
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ranging from 1 to 8 m mole/kg, DNA fragmentation was absent in
liver and kidney both 2 and 6 h after treatment. However, when
administered to pregnant rats, the highest doses produced a
detectable amount of DNA damage to foetal tissues. This damage
appeared to be an aspecific consequence of maternal and foetal
toxicity rather than specific genotoxic effect.

Kashida and Kato (1997) examined the toxic effects of
pefloxacin on the musculoskeletal system in juvenile rats. Single oral
administration of 900 mg/kg pefloxacin was found to induce lesions in
the muscle + fascia, tendon + sheath and synovial membrane in
addition to articular cartilage in the fore and hind limbs. Among all
the lesions, the ankle and elbow showed the- highest incidence and
severity. There was oedema of joints and increase in number of
mononuclear cells, fibroblasts and macrophages. Capillary endothelial
cells were hypertrophied, increased in number and stratified. These
results suggest that pefloxacin have toxic potential in the muscle,
tendon and synovial membrane in addition to articular cartilage and
that local vascular hyper permeabilitiy may contribute to the
development of these lesions.

Mice

Simonin ez al. (1999) estimated the potentially deleterious

effects of a high dose of pefloxacin (400mg/kg) on two main
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constituents of cartilage in mice i.e. proteoglycans and collagen in
mice. Treatment of mice with 1 day of pefloxacin treatment
significantly decreased the rate of biosynthesis of proteoglycan for the
first 24 h. However, no difference was observed after 48 h. On the
other hand, treatment with pefloxacin for 10 days induced oxidative
damage to collagen. It was concluded from the study that pefloxacin
administration to mice leads to modifications in the metabolism and

integrity of extracellular proteins such as collagen and proteoglycans.
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MATERIALS AND METHODS}

Experimental Animals

Five clinically healthy goats of non-descript breed of 1.5

to 2 years of age and weighing between 20-25 kg were used in the
present study. The goats were housed in animal shed with concrete
floor. The goats were maintained on paddy straw, wheat husk and
greens as well as on routine grazing for at least 4-5 hours a day. Clean
drinking water was supplied ad lib. All the goats were kept under
close observation for a week prior to the start. of experiment. During
this period, the goats were examined for internal parasitic infestation;
positive cases were treated with Albendazole, (Analgon® - Wockhardt
Limited, Mumbai). The preliminary health check up was carried out

in each goat prior to the experiment.

Experimental Drug And Dose

The drug used was pefloxacin (Pelox®) infusion (100 ml
plastic bottle), an injectable commercial preparation manufactured by
Wockhardt Limited, Mumbai which contained pefloxacin methane

sulfonate dihydrate equivalent to 4 mg/ml of pefloxacin base in 5%



dextrose (anhydrous) solution. The drug was injected at the dose rate
of 5 mg/kg body weight in each goat for pharmacokinetic study and 10
mg/kg body weight in each goat for toxicological study by intravenous

route to carry out the present study.

Experimental Design

Pefloxacin was studied on a group of five animals for
kinetic studies. Four weeks after conducting kinetic studies, the same
animals were used for toxicological studies. For kinetic studies, the
drug was administered by intravenous (i.v.) route in each goat. For
toxicological studies, the drug was administered intravenously daily

for 7 consecutive days in each goat.
KINETIC STUDY
Collection of biological fluids and their timings

The samples of blood and urine were collected post i.v.
injection of pefloxacin (5 mg/kg) in each goat. The samples of blood
and urine were collected at 0.042, 0.083, 0.167, 0.25, 0.333, 0.50, 0.75,
1, 1.5, 2, 3, 4, 6, 8, 10, 12, and 24 h, while the urine samples were
further collected beyond 24 h at 30, 36 and 48 h post iv.

administration of pefloxacin.
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(A) Blood

Before collection of blood, the sites around the jugular
vein on either side of the neck of the animals were aseptically
prepared. The site was sterilized prior to each collection with rectified
spirit. Blood samples were collected in sterilized centrifuge tubes
containing appropriate amount of sodium oxalate by venipuncture
with disposable 18 G needles at various above noted time intervals
after drug administration. The blood sample were centrifuged at
2500-3000 rpm for 10 min for the separation of plasma. The plasma
samples were then kept in a refrigerator until assay was carried out.
For the preparation of standards normal plasma prior to drug

administration was also collected.
(B) Urine

The wurine samples were collected for analysis by
introducing a sterile Foley’s balloon catheter (No. 12) lubricated with
glycerine through wurethra into the urinary bladder of the
experimental goat with the aid of a flexible metal probe. The balloon
of the catheter was inflated by injecting 20 ml of sterile water through
a syringe to keep the catheter in position. The opening of the catheter

was blocked with a pressure clip to check dripping of urine. Prior to
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drug administration, urine sample was collected in a sterile test tube
for the preparation of standards. After administration of the drug, the
urine sample were collected in sterile test tubes at various above

noted time intervals. The samples were kept in a refrigerator and

were analysed on successive days.

Administration of Drug

The drug Pelox® infusion containing pefloxacin methane
sulfonate dihydrate equivalent to 4 mg/ ml of pefloxacin base in a 5%
dextrose (anhydrous) solution was injected at a dose of 5 mg / kg body

weight by i.v. route in each goat.
Estimation of Pefloxacin by Microbiological Assay
Procedure adopted for the microbiological assay

(I) Sterilization of Glasswares, Needles and Porcelain

Assay Cylinders :

All glasswares and porcelain assay cylinders were washed
properly with detergent solution in running tap water. These were
again rinsed with glass distilled water and finally air - dried. Test
tubes, centrifuge tubes, vials and vial containing porcelain assay

cylinders were plugged with cotton wool. Assay plates, pipettes and

2]




syringes were wrapped with paper. All these materials were sterilized

in hot air oven at 160° C for an hour. For administration of drug and

for collection of blood, sterile disposable needles were used.

(II) Preparation of Media :

(a) Assay Agar : Antibiotic assay media of the following composition

was used for microbiological assay of pefloxacin in blood and urine.

Sl No. Ingredients Grams / Litre water
1 Peptone 6.0
2 Tryptone 4.0
3 Yeast extract 3.0
4 Beef extract 1.5
5 Dextrose 1.0
6 Agar 15.0
Distilled water 1000 ml
Final pH 79 0.1

The media was heated to dissolve and the solution was

transferred into a conical flask, and pH was adjusted. The month of
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the flask was plugged with non — absorbable cotton wool and wrapped
with aluminium foil. Wet sterilisation of media was done by

autoclaving at 15 pound pressure (121°C) for 20 minutes.

(b) Nutrient Broth : Nutrient broth of the following composition

was prepared : -

Sl1. No. Ingredients Grams/Litre water
1 Sodium chloride 5.0
2 Peptone 10.0
3 Beef extract 10.0
Distilled water 1000 ml.
Final pH 74 + 0.1

The media was heated do dissolve completely and pH was

adjusted. Sterilization of the broth was done by autoclaving at 15

pound pressure (121°C) for 20 minutes.
(IIT) Preparation of Assay Agar Plates :

Twenty ml of autoclaved antibiotic assay media, while in
melted condition, was poured gently into each of the sterilized special
assay plate (Borosil®) with the aid of a sterile measuring cylinder.

The plates were kept on a horizontally plane surface in laminar flow
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to get uniform thickness of media. The plates were left at room
temperature for about 1 to 2 h for solidification of agar. Afterwards,
the plates were kept inside the incubator at 37,°C for 24 h to ascertain
any growth, which indicates any microbial contamination. The
growth free plates were then wrapped with sterile paper and stored in

refrigerator until assay was carried out.

(IV) Preparation of Test Organism :

The test organism used for microbiological assay
technique of pefloxacin was Bacillus subtilis ATCC 6633 (Montay et
al., 1984). The culture of B. subtilis ATCC 6633 was obtained from
National Collection of Industrial Micro-organisms (NCIM), Division of
Biochemical Sciences, National Chemical Laboratory, Pune-8. The
test organism was grown on the slant of culture tube containing plain
agar slants at 37° C for overnight. Then, it was stored under
refrigeration. The organism was transferred weekly to fresh media to
maintain its normal activity.

(V) Preparation of Standards in Plasma and Urine :

The drug pefloxacin was dissolved and diluted in sterile
glass distilled water to have different strengths viz. 80, 40, 20, 10, 5,
2, 1 and 0.5 pg.ml. From each standard solution 0.1 ml was added to

a sterile vial containing 0.9 ml of plasma /urine collected prior to drug
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administration. This yielded drug standards of 8, 4, 2, 1, 0.5, 0.2, 0.1
and 0.05 pg.ml! in the above noted biological samples. These
standards were used simultaneously with test samples in the assay

plates for determination of the drug concentration in the test

samples.

(VI) Assay Procedure :

The plasma and urine levels of pefloxacin were estimated
by microbiological assay technique (cylinder plate diffusion method)
using Bacillus subtilis (ATCC 6633) as the test organism (Bennet et

al., 1966).

The test organism was grown in nutrient broth for 2 to 3
h at 37°C until the growth was seen (turbid by naked eye). Pefloxacin
assay plates were flooded with the broth containing the organism and
excess broth was drained out after sometime. The plates were dried in
incubator at 37°C for a period of about an hour. Sterile porcelain
assay cylinder of uniform size were placed at appropriate distance
along the circumference in the inoculated assay plates. 50 pl of
standard solution of plasma and urine of various strengths as well as
test samples of the drug was poured in separate porcelain cylinders in

the assay plate. Such plates were left on the platform of laminar flow
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for about 2 hours and then kept in the incubator at 37°C overnight for
allowing growth of the organism. The mean diameter of the bacterial
zone of inhibition produced by standards as well as test samples of the
drug was measured. The concentration of the drug in different test
samples of a biological fluid was estimated from the standard curve

plotted from the zone of inhibition versus concentration of the drug

on a semilog scale.
Calculation of Pharmacokinetic Parameters

The following pharmacokinetic parameters of pefloxacin
was calculated after its single i.v. administration from semi log plot of
plasma drug concentration versus time curve. The experimental data
was analyzed by using two compartment (for i.v. route) open model as
described by Gibaldi and Perrier (1975) and Notari (1980). For a two
compartment model, the concentration of the drug in plasma at any
time is obtained from the formula: -

Cp=Ac™+ Be™

Where Cp is the drug concentration in plasma at time ‘t’.
The description and calculation of the parameters A, B, a and p used

in the above formula and other kinetic parameters are noted below.

(a) A, the zero time concentration of the drug in plasma and «, the

regression coefficient (distribution rate constant) for
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distribution phase were calculated by the method of residual

yield.

(b) B, the zero time concentration of the drug in plasma and f, the
regression coefficient (elimination rate constant) for

elimination phase were calculated by the method of least

squares.
(c) C7, the theoretical zero time plasma concentration of drug.
C, = A+B (two compartment model)
(d) Distribution half life (t,, a) and elimiﬁation half life (t,, B)
were calculated from the following formula.
tipa = 0.693 / a
tieB = 0.693 /P
where o and p are described above.

(e) AUC, the total area under plasma drug concentration time

curve (mg/L.h).

For two compartment model

A B
AUC= —+ —
04

B

(f) AUMC, the total area under the first moment of plasma drug

concentration time curve (mg/L.h?),
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(g) MRT, mean residential time (h)

AUMC
AUC

MRT =

(h)K;,, rate constant of transfer of drug from peripheral (tissue)

compartment to the central (blood) compartment (h™'):

(i) Kel, the elimination rate constant of drug from central

compartment (h'!)

Kel = a-p
K

() Ky5, the rate constant of transfer of drug from central to
peripheral compartment (h'!)
K;; = a + B -Kel-K,
(k)Fc, the fraction of drug available for elimination from central

compartment.

(1) T~ P the approximate tissue to plasma concentration ratio.

KIZ

TzP: —_—
K2I—B
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(m) Vdg, the volume of distribution based on distribution and

elimination (L/kg)

Vde = 2
Ch

(n) Vdg, the volume of distribution based on elimination (L/kg)
D
VdB = E
(0) Vd,es, the volume of distribution based on total area under
curve (L/kg).

D
AUCS

vd area —

(p) Vdgs the volume of distribution of steady state (L/kg)

21
(q) Clg, the total body clearance (ml/kg/min)

Clg= Vdarea XB

Calculation of Dosage Regimen :

Dosage regimen is generally calculated for an

antimicrobial agent to maintain minimum inhibitory concentration

(MIC) in plasma at desired dosage intervals. Gonzalez and Henwood

(1989) reported the therapeutic plasma level (MIC) of pefloxacin to be
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0.03 — 2.0 pg.ml!. But, most of the pathogens are sensitive at around
0.25 to 1.0 pg.ml? concentration of pefloxacin. Only a few exceptional
organisms are having higher MIC. So, in the present study, dosage
regimen of pefloxacin were calculated at 0.25, 0.50 and 1.0 pg.ml?

levels for the dosage intervals of 8 and 12 hours using the following

formulae (Saini and Srivastava, 1997) :

D* = Cp®(min). Vdarea(e™)
Do =  Cp (min). Vdarea(e™- 1)
Where,
D* = Loading or Priming dose (mg/kg)
D, =  Maintenance dose (mg/kg)
Cp°(min) = Desired minimum plasma concentration
(ug.mlh).
y = Dosage interval (h)

B and Vd,,., are obtained from kinetic study.

TOXICOLOGICAL STUDY

Collection of Biological Fluids and their Timing :

For determining the different haematological values the

blood was collected from the experimental animals from the jugular

vein by venepuncture in small sterile vials having the anticoagulant
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