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ABSTRACT

Disposition and urinary excretion of levofloxacin following a single intravenous administration of 4 mg/kg
body mass were investigated in six febrile crossbred calves. The drug levels in plasma and urine were estimated
by microbiological assay. Levofloxacin was rapidly distributed from the blood to the tissue compartment, as
evidenced by the high values of the distribution coefficient (9.93 + 0.73 h'). The high AUC (11.5 + 0.95
png/mL/h) indicated good antibacterial activity of levofloxacin in calves. The elimination half-life, volume of
distribution and total body clearance were 2.22 +0.07 h, 1.18 £ 0.15 L/kg and 0.36 + 0.03 L/kg/h, respectively.
About 37.7 per cent of the administered dose of levofloxacin was eliminated in urine within 24 h. An appropriate
intravenous dosage regimen for levofloxacin would be 5.0 mg/kg, repeated at 12 h intervals for the treatment of
bacterial infections, manifested with fever in calves.
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Introduction

Fever is one of the most common manifestations of all bacterial infections and is
known to induce several biochemical and physiological alterations in cells (VANMIERT,
1987; LOHUIS et al., 1988). Febrile conditions have been reported to markedly alter the
disposition of antibacterials in bovines (DUMKA et al., 2000; CHAUDHARY et al., 2002;
DARDI et al., 2005). Levofloxacin possesses excellent activity against gram-positive,
gram-negative and anaerobic bacteria (DAVIS and BRYSON, 1994; NORTH et al., 1998) and
has pronounced bactericidal activity against resistant organisms, such as Pseudomonas,
Enterobacteriaceae and Klebsiella (KLESEL et al., 1995). Levofloxacin has been found to
be very effective in the treatment of infections of the upper and lower respiratory tract,
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genitourinary system, skin and soft tissue (DAVIS and BRYSON, 1994). About 80% of the
administered dose of levofloxacin in man was found in urine as the unchanged drug and
<5% as inactive metabolites (LANGTRY and LAMB, 1998). The disposition of levofloxacin
has been investigated in man (CHULAVATNATOL et al., 1999), rabbits (DESTACHE et al.,
2001), calves (DUMKA and SRIVASTAVA, 2006; DUMKA and SRIVASTAVA, 2007), rats
(ITO et al., 1999) and guinea pigs (EDELSTEIN et al., 1996). However, information on the
disposition of levofloxacin in cattle species under febrile conditions is completely lacking.
In view of the paucity of pharmacokinetic data of levofloxacin in febrile conditions in
cattle, the present study was undertaken to determine the disposition, urinary excretion
and an appropriate dosage regimen of levofloxacin during E. coli endotoxin-induced
fever, in cross bred calves following its single intravenous administration.

Materials and methods

Experimental animals and induction of fever. The experiments were performed on 6
healthy male cross bred calves (Holstein Friesian x Sahiwal) of 1-1.5 years with an average
body mass of 87.8 + 13.1 kg. The animals were dewormed and kept under observation for
two weeks of acclimatization before the commencement of the experiment. During the
experimental period, the animals were maintained on concentrate and free grazing. Water
was provided ad libitum. The experimental protocol followed the ethical guidelines on
the proper care and use of animals. Fever was induced by a single intravenous injection
of freshly prepared 1% E. coli endotoxin solution in sterilized normal saline, at a dose
rate of 1 pug/kg body mass. E. coli endotoxin (lipopolysaccharide, serotype 055:B5) was
purchased commercially from Sigma Chemicals Co., USA. The rise in body temperature
was monitored by frequent recording of rectal temperature.

Drug administration. After induction of fever, levofloxacin [Tavanic (0.5%
Levofloxacin), Hoechst Marion Roussel Ltd., India] was administered at a dose rate of 4
mg/kg body mass into the left jugular vein. The dosage level of levofloxacin employed
in the present study was comparable to the intravenous dose of the drug used by previous
workers in rabbits (DESTACHE et al., 2001) and man (LANGTRY and LAMB, 1998) to study
the pharmacokinetics of levofloxacin.

Blood and urine sampling. To conduct the disposition study, the animals were kept in
metabolic stalls of standard size, designed in such a way that the entire quantity of urine
excreted naturally by the animals within a certain period was automatically collected,
without contamination or spillage, in containers placed beneath the stalls. Blood samples
(5 mL) were withdrawn from the contralateral jugular vein into heparinized glass
centrifuge tubes before and at 1,2.5, 5, 7.5, 10, 15,20,30 minand 1, 1.5,2,2.5,3,4,6, 8§,
10, 12, 16 and 24 h after administration of drug. Plasma was separated by centrifugation
at 1300 g for 15 min at room temperature and kept at -20 °C until analysis, which was
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usually on the day after collection. Urine samples were also collected simultaneously
from the same animals at various predetermined time intervals of 2, 4, 6, 8, 10, 12, 16 and
24 h after administration of the drug. At the end of the given time interval, the volume of
total urine voided and collected in the container, was measured for each animal and after
filtration, 10 mL samples were taken for analysis.

Analytical procedure. The concentration of levofloxacin in plasma and urine samples
was estimated by microbiological assay, using Escherichia coli (ATCC 10536) as the test
organism. The test organism was cultured on antibiotic medium no. 1 at 37 °C for 24 h and
a suspension was prepared in sterile normal saline. 20 mL of molten seed layer containing
bacterial suspension was poured onto a Petri dish, with the help of a Cornwell Continuous
Pipetting Device (Becton Dickinson, New Jersey, USA). Preliminary experiments were
conducted to determine the actual amount of bacterial suspension to be used in the
preparation of the seed layer. After solidification of the media, six wells were punched
at equal distances with the help of a punching device. The samples were thawed at room
temperature and suitably diluted with phosphate buffer. The alternate three wells were
filled with one plasma or urine sample and the remaining three wells with a standard
reference solution of levofloxacin (0.2 pug/mL). These assay plates were incubated at
34 °C for 7 h. At the end of incubation, the diameter of the zone of inhibition of each well
was measured with a Fisher Lilly Antibiotic Zone Reader (Fisher Scientific Company,
New Jersey, USA). For each sample, 9 replicates were analysed and correlated with the
zone of inhibition of standard reference solution. The concentration of levofloxacin in the
samples was calculated as pg/mL of plasma or urine. This method estimated the level of
parent drug and its active metabolites having antibacterial activity. The assay could detect
a minimum of 0.1 ng/mL of levofloxacin.

Calculation of disposition parameters. Various disposition parameters were calculated
manually by the least-squares regression technique (GIBALDI and PERRIER, 1982). The
mean pharmacokinetic variables were obtained by averaging the variables calculated for
drug disposition after intravenous drug administration to each animal.

Results

After a single intravenous injection of E. coli endotoxin (1 pgkg™), fever was
induced within 60-90 min and persisted up to 12 h. During the experimental period, the
body temperature of febrile animals ranged between 39.0 + 0.11 °C to 39.8 + 0.05 °C.
The mean plasma concentrations of levofloxacin in febrile calves, as a function of time
on a semilogarithmic scale, are presented in Fig. 1. At 1 min, the mean plasma drug
concentration was 15.8 + 0.55 ng/mL which rapidly declined to 5.61 = 0.18 pg/mL at 10
min and then declined gradually to 0.16 + 0.01 pg/mL at 12 h. Evaluation of the results
revealed that the disposition pattern of levofloxacin was best fitted into a 2-compartment
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open model, and it was adequately described by the bi-exponential equation: C = Ae-*' +
Bet, where, Cp is the plasma level of levofloxacin at time t and e represents the base of
natural logarithm. A, and B are the extrapolated zero-time intercepts of the distribution
and elimination phases, respectively. o and B are the distribution and elimination rate
constants, respectively.

100 -

1
§ o [ A=113
: b
-
g Fe

L ]
8 bd—— B=3.26
[ L]
]
] $
H
-
-
EEN by
=
-9

@=993 p=0314

: i

4
3 ]

0.1 . . . . , . .

] 2 4 (-] B 10 12 14

Time (h)

Fig. 1. Semilogarithmic plot of plasma concentration-time profile of levofloxacin following
its single intravenous injection of 4 mg/kg body mass in febrile cross bred calves. Values are
presented as mean + SE of 6 animals. The data were analyzed according to the two-compartment
open model. Distribution (o) and elimination (3) phases are represented by least square regression
lines. The calculated points (o) of distribution phases were obtained by the feathering technique.
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Various disposition parameters, describing the distribution and elimination pattern
of levofloxacin in febrile calves, were calculated and presented in Table 1. The mean
cumulative amount and per cent of total dose of levofloxacin excreted in urine at different
time intervals, are shown in Table 2. Using convenient dosage interval and the values of 3
and Vd__ from Table I, the priming (D) and maintenance (D’) doses of levofloxacin were
calculated from following equations:

D = C (min) oc Vd () D'= Cp (min) o« Vd (ef*-1)
where, Cp (min) oc is the minimum therapeutic concentration of levofloxacin, Vd is

the apparent volume of distribution, B is the elimination rate constant and t is the dosing
interval (BAGGOT, 1977).

Table 1. Disposition of levofloxacin in febrile calves (n = 6) following single intravenous dose of

4 mg/kg body mass

Parameter Unit Mean + SE
Cp° mg/mL 14.6 £0.69
A mg/mL 11.3+0.44
B mg/mL 3.26+0.39
o h'! 9.93+£0.73
B h'! 0.314 +0.009
ton h 0.07 £0.01
ton h 2.22+0.07
K, h'! 6.43 +0.49
K, h! 2.51+0.32
AUC mg/mL/h 11.5+0.95

d__ L/kg 1.18£0.15
Cl, L/kg/h 0.36 +0.03
K, h'! 1.30+0.08
MRT h 2.85+0.03
td h 11.8+0.37
P/C ratio 320+0.41
Ve L/kg 0.28 £0.01
AUC/MIC ratio 114.5+9.49

Cp’ = plasma drug concentration at time zero after intravenous dose; o. and A = distribution rate constant from
central to peripheral compartment and the zero time intercept of distribution phase, respectively; B and B =
zero time intercept of the elimination phase and elimination rate constant, respectively; t, , = distribution half
life; t, s elimination half life; K , and K, are rate constants of drug transfer from central to peripheral and
from peripheral to central compartment, respectively; K ; = rate constant for elimination of drug from central
compartment; AUC = area under the plasma-concentration time curve; Vd, = apparent volume of distribution;
Cl, = total body clearance of drug; MRT = mean residence time; td = total duration of pharmacological effect;
P/C = ratio of drug present in peripheral to central compartment; V¢ = volume of central compartment; MIC =

minimum inhibitory concentration of levofloxacin.
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Table 2. Urinary excretion of levofloxacin in febrile calves following single intravenous dose of 4

mg/kg body mass

Per cent of Cumulative Cumulative per

Time Amount total dose Time amount cent of total dose
interval (h) | excreted (mg) excreted interval (h) | excreted (mg) excreted

0-2 40.8 +7.65 12.2+1.69 0-2 40.8 £7.65 12.2+£1.69
2-4 51.4+15.1 14.5+3.19 0-4 70.0 +13.4 20.2 £2.90
4-6 254 +£1.69 8.17+1.54 0-6 954 +12.7 28.4+3.33
6-8 18.5£2.10 5.19+£0.93 0-8 110.9 +14.7 32.7+3.23
8-10 5.60+0.91 1.62 +0.35 0-10 115.5+14.9 34.1+3.23
10-12 4.46+0.39 1.37+0.18 0-12 120.0 £ 14.9 35.4+3.23
12-16 4.26 £0.94 1.16 £0.26 0-16 123.5+15.7 36.4+£3.30
16-24 423+ 1.11 1.30+0.33 0-24 127.8+15.6 37.7+3.31

The values given at different time intervals are mean + SE of the results obtained from 6 animals

Discussion

In accordance with our findings, the disposition curve of levofloxacin and other
fluoroquinolones, pefloxacin and enrofloxacin, after intravenous administration, have
been reported to follow two-compartment open model in healthy and febrile calves
(DUMKA et al., 2000; DUMKA and SRIVASTAVA, 2007; AHANGER and SRIVASTAVA,
2000; SRIVASTAVA et al., 2000). An average plasma concentration of 0.008-0.125
mg/mL has been reported to be the minimum inhibitory concentration (MIC) of
levofloxacin against most gram-positive, gram-negative and atypical bacteria,
including Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus spp.,
Corynebacterium spp., Bacillus spp., Pseudomonas aeruginosa, Escherichia coli,
Klebsiella pneumoniae, Proteus mirabilis, Proteus vulgaris, Providencia rettgeri,
Enterococcus faecalis, and Haemophilus influenzae of human and animal models of
infection (DRAGO et al., 2001; HO et al., 2004; GRIFFITH et al., 2006; DUGGIRALA et
al., 2007). In this discussion, an average MIC,, of 0.1 mg/mL of levofloxacin has
been taken into consideration. At 1 min of injection, the plasma level (15.8 + 0.55
mg/mL) was approximately 158 fold higher than the MIC of levofloxacin and the
drug was detected in plasma up to 12 h of administration. Levofloxacin was rapidly
transferred from the central to peripheral compartment in febrile calves, as is evident
from the high values of distribution rate constant (9.93 + 0.73 h) and K, (6.43 +
0.49 h). Comparable values of distribution rate constant (12.2 h) and K, (7.43 h)
were reported after a single intravenous injection of levofloxacin in healthy calves
(DUMKA and SRIVASTAVA, 2007). The high value of P/C ratio (3.2 = 0.41) and apparent
volume of distribution reflected that levofloxacin penetrated well into various body
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fluids and tissues. The value of Vd_  established in the present study (1.18 + 0.15
L/kg) is in agreement with the findings of LANGTRY and LAMB (1998) and DUMKA
and SRIVASTAVA (2006), who reported the volume of distribution of levofloxacin to
be 0.94 L/kg in man and 1.02 L/kg in calves, respectively. However, the volume of
distribution of another fluoroquinolone used in veterinary medicine, enrofloxacin,
was 0.4 L/kg after intravenous administration in calves (AHANGER et al., 2003).
Consistent with the high AUC (11.5 £ 0.95 mg/mL/h) in the present finding, high
values for AUC of levofloxacin have been reported in man (55.3 mg/mL/h), rabbits
(29.7 mg/mL/h) and calves (12.7 mg/mL/h) (LANGTRY and LAMB, 1998; DESTACHE
et al., 2001; DUMKA and SRIVASTAVA, 2007). High values of AUC have also been
reported after intravenous administration of other fluoroquinolones used in veterinary
medicine: marbofloxacin (7.7 mg/mL/h) in cattle and enrofloxacin (17.8 mg/mL/h)
in calves (AHANGER et al., 2003; THOMAS et al., 1994). The total body clearance of
levofloxacin in the present study was 0.36 + 0.03 L/kg/h. This finding is in agreement
with the values of Cl reported for levofloxacin (0.32 L/kg/h) and enrofloxacin (0.28
L/kg/h) in healthy calves and marbofloxacin (0.3 L/kg/h) in cattle after intravenous
administration (DUMKA and SRIVASTAVA, 2007, AHANGER et al., 2003; THOMAS et
al., 1994). The elimination half-life of levofloxacin in febrile calves calculated in this
study (2.22 £ 0.07 h) was shorter than 5.7 h for marbofloxacin in cattle (THOMAS et
al., 1994) but longer than the t,, of 1.61h for levofloxacin and 0.95 h for enrofloxacin
in healthy calves (DUMKA and SRIVASTAVA, 2007; AHANGER et al., 2003) indicating
rapid elimination of the drug during fever in calves.

The amount of levofloxacin-equivalent inhibitory units excreted in the urine of febrile
calves was very high (4.23 + 1.11 mg), even 24 h after administration. Approximately
37.7 per cent of the microbiological activity of the administered drug was recovered in
the urine of calves within 24 h, which was greater than the 27.3 % urinary recovery of
levofloxacin after intravenous administration in healthy calves (DUMKA and SRIVASTAVA,
2007). These findings suggest that levofloxacin may be an appropriate drug for treating
urinary tract infections in cattle.

The objective ofthe pharmacokinetic study was to determine an appropriate intravenous
dosage regimen of levofloxacin during fever in calves. On the basis of the present study,
the loading and maintenance doses of levofloxacin, at a dosage interval of 12 h, were
calculated to be 4.92 and 4.8 mg/kg, respectively, or under field conditions, for most
bacteria sensitive to levofloxacin, the most appropriate dosage regimen for levofloxacin,
would be 5 mg/kg at 12 h intervals for the treatment of bacterial infections manifested
with fever in calves. This dosage was higher than the intravenous dose of 3 mg/kg at 12
h intervals suggested for levofloxacin in healthy calves (DUMKA and SRIVASTAVA, 2007).

Vet. arhiv 83 (4), 371-380, 2013 377



V. K. Dumka and A. K. Srivastava: Levofloxacin disposition in febrile calves

References

AHANGER, A. A., A. K. SRIVASTAVA (2000): Pharmacokinetics of enrofloxacin in febrile
crossbred bovine calves. Ind. J. Pharmacol. 32, 305-308.

AHANGER, A. A., A. K. SRIVASTAVA, R. RAINA (2003): Disposition kinetics of enrofloxacin in
crossbred calves. J. Vet. Pharmacol. Toxicol. 3, 16-20.

BAGGOT, J. D. (1977): Principles of pharmacokinetics. In: Principles of Drug Disposition in
Domestic Animals. W.B. Saunders Co., Philadelphia. pp. 144-189.

CHAUDHARY, R. K., A. K. SRIVASTAVA, S. RAMPAL (2002): Pharmacokinetics and dosage
regimen of ceftizoxime in normal and febrile calves. Ind. J. Anim. Sci. 72, 133-135.

CHULAVATNATOL, S., B. CHINDAVIJAK, A. VIBHAGOOL, W. WANANUKUL, C.
SRIAPHA, C. SIRISANGTRAGUL (1999): Pharmacokinetics of levofloxacin in healthy Thai
male volunteers. J. Med. Assoc. Thai. 82, 1127-1135.

DARDI, M. S., S. K. SHARMA, A. K. SRIVASTAVA (2005): Pharmacokinetics and dosage
regimen of ceftriaxone in E. coli lipopolysaccharide induced fever in buffalo calves. J.
Vet. Sci. 6, 147-150.

DAVIS, R., H. M. BRYSON (1994): Levofloxacin. A review of its antibacterial activity,
pharmacokinetics and therapeutic efficacy. Drugs 47, 677-700.

DESTACHE, C. J., C. B. PAKIZ, C. LARSEN, H. OWENS, A. K. DASH (2001): Cerebrospinal
fluid penetration and pharmacokinetics of levofloxacin in an experimental rabbit meningitis
model. J. Antimicrob. Chemother. 47, 611-615.

DRAGO, L., E. DEVECCHI, B. MOMBELLI, L. NICOLA, M. VALLI, M. R. GISMONDO

(2001): Activity of levofloxacin and ciprofloxacin against urinary pathogens. J. Antimicrob.
Chemother. 48, 37-45.

DUGGIRALA, A., J. JOSEPH, S. SHARMA, R. NUTHETI, P. GARG, T. DAS (2007): Activity of
newer fluoroquinolones against gram-positive and gram-negative bacteria isolated from ocular
infections: An in vitro comparison. Ind. J. Ophthalmol. 55, 5-6.

DUMKA, V. K., A. K. SRIVASTAVA (2006): Pharmacokinetics, urinary excretion and dosage
regimen of levofloxacin following single intramuscular administration in cross bred calves. J.
Vet. Sci. 7, 333-337.

DUMKA, V. K., A. K. SRIVASTAVA (2007): Disposition kinetics, urinary excretion and dosage
regimen of levofloxacin formulation following single intravenous administration in cross bred
calves. Vet. Res. Commun. 31, 873-879.

DUMKA, V. K., S. P. S. SAINI, A. K. SRIVASTAVA (2000): Plasma levels, pharmacokinetics
and dosage regimen of pefloxacin in E. coli endotoxin induced febrile cross bred calves.
Ind. J. Anim. Sci. 70, 1223-1225.

EDELSTEIN, P. H, M. A. EDELSTEIN, K. H. LEHR, J. REN (1996): In vitro activity of
levofloxacin against clinical isolates of Legionella spp., its pharmacokinetics in guinea pigs,
and use in experimental Legionella pneumophila pneumonia. J. Antimicrob. Chemother. 37,
117-126.

378 Vet. arhiv 83 (4), 371-380, 2013



V. K. Dumka and A. K. Srivastava: Levofloxacin disposition in febrile calves

GIBALDI, M., D. PERRIER (1982): Methods of Residuals. In: Pharmacokinetics. 2" edn. Marcel
Dekker, New York. pp. 433-444.

GRIFFITH, D. C., E. CORCORAN, D. LOFLAND, A. LEE, D. CHO, O. LOMOVSKAYA, M. N.
DUDLEY (2006): Pharmacodynamics of levofloxacin against Pseudomonas aeruginosa with
reduced susceptibility due to different efflux pumps: do elevated MICs always predict reduced
in vivo efficacy? Antimicrob. Agents Chemother. 50, 1628-1632.

HO, P. L., K. H. CHOW, G. C. MAK, K. W. TSANG, Y. L. LAU,A. Y. HO, E. L. LAL S. S. CHIU
(2004): Decreased levofloxacin susceptibility in Haemophilus influenzae in children, Hong
Kong. Emerg. Infect. Dis. 10, 1960-1962.

ITO, T., I. YANO, S. MASUDA, Y. HASHIMOTO, K. INUI (1999): Distribution characteristics of
levofloxacin and grepafloxacin in rat kidney. Pharmacol. Res. 16, 534-539.

KLESEL, N., K. H. GEWENIGER, P. KOLETZKI, D. ISERT, M. LIMBERT, A. MARKUS, G.
RIESS, H. SCHRAMM, P. IYER (1995): Chemotherapeutic activity of levofloxacin (HR 355,
DR-3355) against systemic and localized infections in laboratory animals. J. Antimicrob.
Chemother. 35, 805-819.

LANGTRY, H. D., H. M. LAMB (1998): Levofloxacin: its use in infections of the respiratory tract,
skin, soft tissues and urinary tract. Drugs 56, 487-515.

LOHUIS, J. A. C. M., J. H. M. VERHEIJDEN, C. BURVENICH, A. S. J. P. A. M. VANMIERT
(1988): Pathophysiological effects of endotoxin in ruminants. Vet. Quart. 10, 109-125.

NORTH, D. S., D. N. FISH, J. J. REDINGTON (1998): Levofloxacin, a second-generation
fluoroquinolone. Pharmacotherapy 18, 915-935.

SRIVASTAVA, A. K., V. K. DUMKA, S. S. DEOL (2000): Disposition kinetics and urinary
excretion of pefloxacin after intravenous injection in crossbred calves. Vet. Res. Commun.
24, 189-196.

THOMAS, V., J. DELEFORGE, B. BOISRAME (1994): Pharmacokinetics of marbofloxacin
in pre-ruminant and ruminant cattle. Proc. 6" Cong. Eur. Assoc. Vet. Pharmacol. Toxicol.,
Edinburgh, Scotland, pp. 60-61.

VANMIERT, A. S. J. P. A. M. (1987): Fever, anorexia and forestomach hypomotility in ruminants.
Vet. Res. Commun. 11, 407-422.

Received: 6 February 2012
Accepted: 17 April 2013

DUMKA, V. K., A. K. SRIVASTAVA: Raspodjela levofloksacina i njegovo izlu¢ivanje
mokrac¢om u febrilne kriZane teladi. Vet. arhiv 83, 371-380, 2013.

SAZETAK

Istrazena je raspodjela levofloksacina i njegovo izlu¢ivanje mokra¢om nakon jednokratne intravenske
primjene u dozi od 4 mg/kg tjelesne mase u Sestero febrilne krizane teladi. Razine lijeka u plazmi i mokra¢i bile
su procijenjene na osnovi mikrobioloskog postupka. Levofloksacin se brzo prosirio iz krvi u tkiva §to je vidljivo
po visokim vrijednostima koeficijenta raspodjele (9,93 £ 0,73 h). Visoki AUC (povrsina ispod krivulje) (11,5
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+ 0,95 ng/mL/sat) upucuje na dobro antibakterijsko djelovanje levofloksacina u teladi. Poluvrijeme eliminacije

iznosilo je 2,22 + 0,07 sati, volumen raspodjele 1,18 + 0,15 L/kg, a ukupni klirens 0,36 + 0,03 L/kg/sat. Oko

37,7% primijenjene doze levofloksacina bilo je tijekom 24 sata izlu¢eno putem mokrace. Kod bakterijskih

zaraza $to se o¢ituju vrué¢icom levofloksacin treba primijeniti u dozi od 5,0 mg/kg u razmaku od 12 sati.
Kljucéne rijeci: telad, raspodjela, vruéica, levofloksacin
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