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Enrofloxacin (ENRO) is a second generation fluoroquinolone that was specially
developed for clinically use in veterinary practice. Most of the previous studies on the
pharmacokinetics of antibiotics have emphasized that the optimal therapeutic dosage
of imported drugs should be determined in the local target species. So the present
study was designed to determine the disposition kinetics of ENRO in healthy adult
female goats under local environment. The ENRO was injected at 5 mg/kg through
intramuscular route. After ENRO administration, blood samples were collected at
different time intervals and analyzed through HPLC. Kinetic parameters were
determined by subjecting the plasma concentration to the two compartment open
model. The value of C,. and T were 1.03+£0.101 pg/ml and 1.474+0.14 hours,
respectively. The values of A and B were (1.46+0.25 and 0.99+0.10 pg/ml),
respectively. The mean half-life values of absorption (t;, abs), distribution (t;,0) and
elimination (t;,p) were 0.88+0.19, 0.69+0.10 and 2.84+0.30 hours, respectively. The
values (meantSE) of V4 and Clg were 3.96+0.66 l/’kg and 0.96+0.10 1/hr/kg,
respectively. The priming and maintenance doses of ENRO after intramuscular
administration based upon the minimum effective concentration C°Py were
determined. The calculated priming dose for goats, at C°P(yin) 0.05 pg/ml, was 4.49
mg/kg for 8 hour dosing intervals while the maintenance dose for corresponding
dosing intervals was 4.29 mg/kg.
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INTRODUCTION

was specially developed for clinical use in veterinary
practices. It is a broad spectrum antibacterial drug, having

Most of the developing countries like Pakistan are
importing raw active substance or finished drugs for
human as well as veterinary clinics. Pre-clinical and
clinical drug development studies are carried out in drug
exporting countries where environmental conditions and
genetic make-up of animals and human beings are
different than their local counterparts where drugs are to
be employed clinically. These differences are manifested
through the characteristic biochemical and physiological
parameters which ultimately affect the bio-disposition and
fate of drugs in a population. Several studies have shown
that the disposition kinetics and dosage regimen of the
investigated drugs in local animals under indigenous
conditions were comparatively different from the
literature values (Javed et al., 2003; Javed et al., 2009).
As a consequence of genetic and environmental
variations, the optimal therapeutic dosage of imported
drugs should be determined in the local target species.
Enrofloxacin is a third generation of fluoroquinolones that
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activity against both of the gram-positive and gram-
negative bacteria (Elsheikh et al., 2002; Sanjib et al.,
2005; Narayan et al., 2009; Bimazubute et al., 2010). The
synergistic effect of enrofloxacin and trimethoprim was
observed against the P. hemolytica and S. typhimurium
(Choi et al., 2011). Enrofloxacin has greater activity
against the Anaplasma marginale than that of
oxytetracyclin, so it is more effective for the treatment of
bovine anaplasmosis (Facury-Filho et al, 2012).
Moreover, ENRO is effective against the pathogens that
are resistant to the other antibacterial drugs such as
tetracyclines, aminoglycosides and 3 lactam (Shoorijeh et
al., 2012).

Keeping in view the above mentioned particulars the
present study was designed to investigate the disposition
kinetics and dosage regimen of ENRO in local, adult,
clinically healthy and non-lactating female goats under the
indigenous environmental conditions for establishing the
optimal dosage regimen in local goats.



MATERIALS AND METHODS

Experimental animals and methodology: A total of 8
healthy and dry Beetal goats were used. All the animals were
kept under similar conditions at the Department of Clinical
Medicine and Surgery, University of Agriculture, Faisalabad,
Pakistan. Before initiation of each experiment, all the animals
were weighed and properly restrained. For collection of the
blood samples at different time intervals, the right jugular
vein of each animal was cannulated with plastic cannula No.
90 (Protex Ltd., England) under strict aseptic conditions. A
commercial injectable preparation of ENRO, ENROTIL
10% injection®, lot No. J5073, (Dae Sung Microbiological
Labs. Seoul, Korea), was used in these experiments. Drug
was administered through intramuscular route, in the neck
region at 5 mg/kg BW. An antiseptic solution was applied
on the neck region of each animal before drug
administration. Before the drug administration, blank blood
samples were collected in each experiment. Blood samples
were collected in heparinized plastic centrifuge tubes. After
drug injecting, the blood samples were collected at 0.25, 0.5,
1.0, 1.5, 2, 3, 4, 6, 8 and 12 hours. Blood samples were
centrifuged with centrifuge machine (80-2 Centrifugal
Machine, China), plasma was separated and stored at -20'C
for analysis. The ENRO concentration in plasma was
determined by using High Performance Liquid
Chromatographic (HPLC) method (Iodowu and Peggins,
2004).

Calculations of pharmacokinetic parameters and dosage
regimen: Meant+SE of each concentration and parameter
was calculated. Kinetic parameters were computed by using
two compartment open model with the computer program
MW/PHARM version 3.02 by F. Rombout, in cooperation
with University Centre for Pharmacy, Department of
Pharmacology and Therapeutics, University of Groningen &
Medi/Ware, copy right 1987-1991. Based wupon the
pharmacokinetic parameters, the dosage regimen of ENRO
was investigated in adult female goats (Baggot, 1977).

RESULTS

Plasma concentrations: As presented in Table 1, the plasma
(mean+SE) values of ENRO in 8 goats was 0.4020.05 pg/ml
at 0.25 hours which reached maximum to 1.26+0.19 pg/ml at
1.5 hours and then declined to 0.08+0.02 pg/ml at 12 hours
post intramuscular medication.

Pharmacokinetics: Pharmacokinetics of ENRO was
determined in healthy adult female goats following a single
intramuscular administration. Pharmacokinetic parameters
(mean+SE) of ENRO in goats are presented in Table 2. The
time at which the maximum concentration of ENRO was
attained in the plasma of goats was presented in Table 2. The
values of half-life for absorption, t;, abs (0.88 hours),
distribution half-life, t;,a (0.69 hours) and elimination half-
reflecting good pharmacokinetic characteristics of the
fluoroquinolones. The higher value of volume of distribution,
V4, (3.96 Vkg) recorded in present study showed a typical
characteristic of the fluroquinolones antibacterial agents. The
greater values of the total body clearance Clg (0.96 1/hr/kg) of
ENRO in this study showed the higher clearance rate of
ENRO in local goats life t,f (2.84 hours) were also

294

Pak Vet J, 2014, 34(3): 293-296.

Table I: Mean#SE plasma concentration (ug/ml) of enrofloxacin following
single intramuscular administration at 5 mg/kg body weight in healthy adult
female goats (n=8)

Time(hours) Mean+SE
0.25 0.40+0.05
0.5 0.69+0.09
1.0 1.19+0.20
1.5 1.260.19
20 0.97£0.11
30 0.73£0.07
4.0 0.55+0.06
6.0 0.36+0.05
80 0.23+0.04
12.0 0.08+0.02

Table 2: MeantSE pharmacokinetic parameters of enrofloxacin after

intramuscular administration at 5 mg/kg body weight in adult goats (n=8)

Kinetic Parameters Units MeanSE

Croax ug/ml 1.0310.101
T onax Hr 1.47+0.135
Kbs hr! 0.96+0.12

T 12abs Hr 0.88+0.190
A pg/ml 1.46+0.25

o hr! 1.1710.17

Tina Hr 0.69+0.10

B pg/ml 0.99+0.141
] hr! 0.39+0.133
Tinp Hr 2.84+0.295
\2 L/kg 2.25+0.287
Vy L/kg 3.96+0.660
Ko hr! 0.44+0.033
Ky hr! 0.30+0.082
Ky, hr! 0.69+0.107
Clg I/hrikg 0.96+0.099

presented in Table 2. The value of t;, was longer than the
most literature values.

Dosage Regimen: The optimal dosage regimens of ENRO
based upon the pharmacokinetic parameters were calculated
in healthy adult goats. The calculations of priming and
maintenance doses of ENRO after intramuscular
administration were based upon the minimum inhibitory
concentration (MIC or C°Pgyiny ) of ENRO in blood. The
C°Pminy values of ENRO 0.02, 0.05, 0.08, 0.1, 0.25, 0.5, 0.75
and 1.0 pg/ml have been used in the calculations for each
dosing interval.

In this study, the priming and maintenance doses for
ENRO in mg/kg BW for 8 hours interval in healthy goats
have been presented in Table 3. The calculated priming dose
for goats, at 0 C°Pgminy 0.05 pg/ml, was 4.49 mg/kg for 8
hour dosing intervals while the maintenance dose for
corresponding dosing intervals was 4.29 mg/kg.

DISCUSSION

Plasma concentrations: During the course of antimicrobial
therapy an antibiotic must maintain a certain therapeutic level
or MIC in plasma or serum. During present investigations
MIC 0.02-0.05 pg/ml of ENRO (Saini and Srivastava, 2001)
in goats was maintained throughout its sampling time i.e up
to 12 hrs after the drug administration. In present study Cmax
of 1.26 pg/ml was attained at Tmax of 1.5 hours after
intramuscular administration of ENRO. Almost similar value
of Cmax for ENRO in goats, 1.07 pg/ml, has been reported
by Rao et al. (2001). Higher values of Cmax of ENRO in
goats have been reported as 2.80 pg/ml (Rao et al., 2002);
1.33 pg/ml (Elsheikh et al., 2002), 2.16 pg/ml and 2.73
pg/ml after its administration alone and with diclofenac
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Table 3: Dosage regimen for enrofloxacin to maintain the minimum effective concentrations in adult goats at 8, 12 and 24hrs following a single

intramuscular dose at 5mg/kg body weight

Species C, (min) (u/ml) Priming Dose (mg/kg) Maintenance Dose (mg/kg)
8hr 12hr 24hr 8hr 12hr 24hr

Goats 0.02 1.80 10.70 1153.06 1.72 10.60 1152.96
0.05 4.49 26.75 2882.65 4.29 26.50 2882.40
0.08 7.18 51.41 5541.95 6.86 50.94 5541.47
0.10 8.98 4271 4603.36 8.58 4232 4602.97
0.25 2244 106.79 1150841 21.45 105.80 11507.42
0.50 44.89 213.57 23016.82 42.90 211.59 23014.84
0.75 67.33 32036 34525.23 64.36 317.39 34522.25
1.00 89.77 427.15 46033.63 85.81 423.18 46029.67

sodium, respectively (Narayan et al., 2009). Higher serum
concentrations of ENRO were also reported in febrile dogs
(Dimitrova et al., 2011).

Pharmacokinetics: Kinetic parameters of ENRO were
described by two compartment open model as described in
sheep and goats (Ovando et al., 2000; Elsheikh et al., 2002;
Aboubakr et al., 2013) and in cow calves (Singh and
Srivastava, 2000). In local goats, the absorption of ENRO
was quick from the site of intramuscular administration. The
value of mean t;pabs in the present study (0.88 hours) was
found higher than 0.15 hours of ENRO investigated in two
different groups of goats following 5 mg/kg intravenous and
intramuscular injections (Al-Nawazi, 2005). The t;,abs of
ENRO was reportedly longer in febrile dogs than the healthy
ones (Dimitrova et al., 2011). This difference might be based
on the variation in genetic and environmental conditions. In
present study the mean value of t;,a (0.69 hours) for ENRO
in local goats was almost similar to the value, 0.62 hours,
investigated by Elmas et al. (2001) in angora goats after its
intravenous administration. The distribution half-life (0.69
hours) for ENRO in goats of present investigations have been
found higher than the most respective literature values, 0.56,
0.30 and 0.073 hours recorded by Al-Nawazi, (2005);
Elsheikh et al. (2002) and Rao et al. (2002), respectively.
This indicates better absorption as well as good penetration
of ENRO in indigenous goats.

The elimination half-life of a drug is a derived parameter
that changes as a function of both clearance and volume of
distribution (Booth and McDonald, 1988). In the present
study the value of elimination half-life of ENRO in local
goats was 2.84 hours which was greater than the most
literature values, 1.39 hours and 0.74 hours after a single
intramuscular administration (Rao et al., 2001, Rao et al.,
2002), 1.14 hours after intravenous administration and 1.42
hours and 1.63 hours after subcutaneous administration
(Raina et al., 2008; Narayan et al., 2009). However,
elimination half-life of present investigations (2.84 hours)
remained comparable with the values of 2.78 hours (Ovando
et al., 2000, Elsheikh et al., 2002) and 2.62 hours (Javed et
al., 2009) in goats. Higher values for elimination half-life of
ENRO were also reported in goats, 3.98 hours (Elmas et al.,
2001), 4.7 hours and 4.41 hours, after intravenous and
intramuscular administration, respectively (Al-Nawazi, 2005)
and 5.19 hours (Aboubakr et al., 2013). These differences
might be due to variation in mode of drug administration and
values of elimination rate constants in reported studies. The
mean value for volume of distribution of ENRO (3.96 1/kg)
in local goats was comparable to 3.80 l’kg in goats after
intravenous administration (Al-Nawazi, 2005), 3.76 1/kg for
ciprofloxacin in local goats after intramuscular
administration (Javed et al., 2009) and 3.37 lkg for

ciprofloxacin in goats after intravenous administration
(Ovando et al., 2000). Narayan et al. (2009) recorded the
higher value of V4 5.26 1/kg in lactating goats following a
subcutaneous administration at 5 mg/kg. However, the
values of V4 Of ENRO recorded in goats, 1.94 I/kg (Elsheikh
et al., 2002); 1.42 I/kg ( Rao et al., 2001); 1.28 kg ( Rao et
al., 2002); 1.5 Vkg (Griffith et al., 2010) and 1.22 kg and
1.51 Vkg after intravenous and intramuscular administration,
respectively (Elmas et al., 2001) were also lower than the
value of V4 (3.96 I/kg) in the present study. Besides intra
species biological variations, a possible explanation for the
higher value of V4 in present study may be linked to the
lower extrapolated zero time drug concentration (B, 0.99
pg/ml) as compared to its higher values in above cited
studies. Another study showed that in alloxan diabetic dogs
osmotic diuresis lead to water loss or dehydration
accompanied with higher value of B and decrease in V,
when compared with normal dogs (Nawaz, 1983). Higher
value of Vy indicates the better penetration of the drug into
the tissues (Baggot, 1977). This assumption is also favored
by the fact that the concentrations of fluoroquinolones in
most of the tissues or fluids are normally higher to those
reported in plasma. Further, fluoroquinolones are lipid
soluble drugs and their typical V4 varies between 2 and 4 I/kg
(Brown, 1996). Nevertheless, apparent volume of
distribution of a drug is a function of the volume of tissues in
which drug distributes, partition coefficient of drug between
tissues and circulatory blood, the blood flow to the tissues
and binding of drugs to the plasma and tissue proteins.

The value of total body clearance (Clg) in the present
study (0.96 V/hr/kg) was almost similar to the Clg value of
ciprofloxacin in goats; 0.98 I/hr/kg, Raina et al. (2008), 1.09
I/hr/kg, Javed et al., (2009) and 1.18 I/hr/kg, Ovando et al.,
(2000). Some higher values of the Clg for ENRO have been
investigated in goats; 1.33 Vhr/kg (Rao et al., 2002), 2.58
I/hr/kg (Narayan et al., 2009). However, the lower values of
Clg for ENRO, in goats; 0.47 I/h/kg (Griffith et al., 2010),
0.613 I/h/kg (Guo et al., 2010), 0.70 I/hr/kg (Elsheikh et al.,
2002), 0.81 Vhr/kg (Rao et al., 2000) and 0.80 I/hr/kg (Rao et
al., 2002 have also been reported. A higher total body
clearance (Clg) may be related to the higher value of
respective V4 (Javed et al., 2009). However, the total body
clearance depends upon blood flow to the organ, fraction of
unbound drug in blood and maximal ability of the organ to
remove the drug. Most of these factors are under genetic
control.

Dosage Regimen: Analysis of unsuccessful antibiotic
treatment has shown that inadequate antibiotic concentration
in tissue is the frequent cause of ineffectiveness (Kiss et al.,
1976). The susceptibility of bacteria to the action of ENRO
varies not only between species but also between strains



within the same species resulting in a very wide range of
C°Pminy or minimum inhibitory concentration (MIC) against
the susceptible microbes. For the majority of the organisms
that are susceptible to ENRO reported MIC values are 0.02-
0.05 pg/ml (Saini and Srivastava, 2001). During the course
of therapy, plasma level of an antibiotic should not fall below
a minimum inhibitory concentration at the end of a certain
dosing interval (Baggot, 1977). The dose recommended by
the manufacturer of the pharmaceutical preparation of ENRO
(5 mg/kg/24 hours) failed to maintain the therapeutic
concentrations for 24 hours in goats of present study. In view
of the specificity of disposition kinetics of drugs under
indigenous conditions, it is obvious that the dosage regimen
needs to be defined under the conditions in which it is to be
used in clinic.

Based on therapeutic plasma levels of ENRO, the
present study demonstrates that the optimal dosage regimen
for 8 hours dosing interval in the adult healthy goats should
be 4.49 and 429 mg/kg BW as priming and maintenance
dose, respectively.

The results in the present study demonstrate that ENRO
in local goats has shown the general pharmaco-kinetic
characteristics of a typical fluoroquinolone anti-bacterial
agent i.e. good tissue penetration, 2-4 l/kg volume of
distribution and 2-4 hours terminal half-life (Brown, 1996).

Conclusion: Based on pharmacokinetic data of ENRO in
local goats, the dosage regimen was recommended as 4.49
mg/kg BW as priming dose and 4.29 mgkg BW as
maintenance dose to be repeated after 8 hours dosing
interval.

REFERENCES

Aboubakr MH, 2013. Evaluation of bioequivalence of two enrofloxacin
formulations after intramuscular administration in goats. Korean ] Vet
Res, 53: 77-82.

Al-Nazawi MH, 2005. Kinetics of enrofloxacin in goats following intravenous
and intramuscular administration. Sci ] King Faisal Univ, 6: 153-162.
Baggot D, 1977. Principles of Drug Disposition in Domestic Animals: The
Basis of Veterinary Clinical Pharmacokinetics. WB Saunders Co,

Philadelphia.

Bimazubute M, C Cambier, K Baert, S Vanbelle, P Chiap, A Albert, JP
Delport and P Gustin, 2010. Penetration of enrofloxacin to the nasal
secretions and relationship between nasal secretions and plasma
enrofloxacin concentrations after intramuscular administration in
healthy pigs. | Vet Pharmacol Ther, 33: 183-188.

Booth NH and LE McDonald, 1988. Veterinary Pharmacology and
Therapeutics, 6™ Ed, lowa State University Press, Ames, lowa, USA,
pp: 829-830.

Brown SA, 1996. Fluoroquinolones in animal health. ] Vet Pharmacol Ther,
19: 1-14.

Choi M), SB Yohannes, §) Lee, D Damte, MA Reza, MH Rhee, TH Kim and
SC Park, 2011. The invitro activity of enrofloxacin-trimethoprim
combination against five bacterial species. Pak Vet J, 32: 363-366.

Dimitrova D, L Borissov, TS Chaprazov, T Georgieva, S Yanev and B
Pandova, 2011. Pharmacokinetics of enrofloxacin in dogs with
experimental staphylococcal infection. Bulgaria ] Vet Med, 14: 158-164.

Elmas M, E Yazar, B Tras, AL Bas and A Eryavuz, 2001. Pharmacokinetics
and oral bioavailability of enrofloxacin in faunated and defaunated
Angora goats. Rev Med Vet, 151: 507-510.

296

Pak Vet J, 2014, 34(3): 293-296.

Elsheikh HA, AA Taha, Al Khalafallah and IA Osman, 2002. Disposition
kinetics of enrofloxacin (Batryl 5%) in sheep and goats following
intravenous and intramuscular injection using a microbiological assay.
Res Vet Sci, 73: 125-129.

Facury-Filho EJ, AU Carvalho, PM Ferreira, MF Moura, BC Apolinario, LPH
Santos and MFB Ribeiro, 2012. Effectiveness of enrofloxacin for the
treatment of experimentally-induced bovine anaplasmosis. Rev Bras
Parasitol vet, 21: 32-36.

Griffith J, DLK Higgins, M Krockenberger and M Govendir, 2010.
Absorption of enrofloxacin and marbofloxacin after oral and
subcutaneous administration in diseased koalas (Phascolarctos
cinereus). ] Vet Pharmacol Ther, 33: 595-604.

Guo Q-}, LL Huang, K Fang, YL Wang, DM Chen, YF Tao, MH Dai, ZL Liu,
DP Peg and ZH Yuan, 2010. Population pharmacokinetics of
enrofloxacin and its metabolite ciprofloxacin in chicken based on
retrospective data, incorporating first-pass metabolism.] Vet
Pharmacol Ther, 33: 84-94.

Idowu OR and JO Peggins, 2004. Simple, rapid determination of Enrofloxacin
and Ciprofloxacin in bovine milk and plasma by high-performance
liquid chromatography with fluorescence detection. ] Pharm Biomed
Anal, 35: 143-153.

Javed |, | Zahid, ZU Rahman, MZ Khan, F Muhammad, B Aslam, MA Sandhu
and I Sultan, 2009. Disposition kinetics and optimal dosage regimen of
ciprofloxacin in healthy domestics ruminant species. Acta Vet Brno,
78: 155-162.

Javed |, M Nawaz and FH Khan, 2003. Pharmacokinetics and optimal dosage
regimen of kanamycin in domestic ruminant species. Vet Archiv, 73:
323-331.

Kiss JI, E Fasago, | Juhnasz, S Bacca and E Fabian, 1976. Investigation on the
serum and liver tissue level of rifampicin in man. Int ] Clin Pharmacol
Biopharm, |3: 42-47.

Nawaz M, 1983. Some physiological factors affecting disposition of
sulphadimidie in sheep during summer and winter. Pak Vet J, 3: 137-
140.

Narayan JP, N Kumar, N Jha and C Jayachandran, 2009. Effect of probencid
on kinetics of enrofloxacin in lactating goats after subcutaneous
administration. Indian ] Exp Biol, 47: 53-56.

Ovando GH, N Gorla, G Poloni, N Trotti, G Prieto and C Errecalde, 2000.
Intravenous pharmacokinetics of ciprofloxacin in goats. Int |
Antimicrob Agents, 15: 77-79.

Raina R, S Prawez, D) Dimitrova, NK Rankaj and PK Verma, 2008.
Disposition kinetics and urinary excretion of ciprofloxacin in goats
following single intravenous administration. ] Vet Sci, 9: 241-245.

Rao GS, S Ramesh, AH Ahmad, HC Tripathi, LD Sharma and JK Malik, 2000.
Effects of endotoxin-induced fever and probenecid on disposition of
enrofloxacin and its metabolite ciprofloxacin after intravascular
administration of enrofloxacin in goats. | Vet Pharmacol Ther, 23: 365-
372.

Rao GS, S Ramesh, AH Ahmad, HC Tripathi, LD Sharma and JK Malik, 2001.
Pharmacokinetics of enrofloxacin and its metabolite ciprofloxacin after
intramuscular administration of enrofloxacin in goats. Vet Res
Commun, 25: 197-204.

Rao GS, S Ramesh, AH Ahmad, HC Tripathi, LD Sharma and JK Malik, 2002.
Pharmacokinetics of enrofloxacin and its metabolite, ciprofloxacin in
goat given enrofloxacin alone and in combination with probenecid. Vet
J, 163: 85-93.

Saini SPS and AK Srivastava, 2001. The disposition kinetics, urinary excretion
and dosage regimen of ciprofloxacin in buffalo calves (Bubalis bubalis).
Vet Res Commun, 25: 641-649.

Sanjib I, CB Chandana, M Pritam and B Mohan, 2005. Pharmacokinetics
studies of enrofloxacin in Yak after intramuscular
administration. Iranian | Pharmacol Ther, 4: 91-94.

Singh K and AK Srivastava, 2000. Plasma levels, pharmacokinetics, urinary
excretion and dosage regimen of ciprofloxacin in crossed bred cow
calves. | Punjab Acad Sci, 2: 105-107.

Shoorijeh §, A Tamadon, M Vahedi and MA Behzadi, 2012. Hematological

and biochemical alterations due to over dosage of enrofloxacin in cats.
Pak Vet }, 32: 73-76.



