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Abstract The pharmacokinetics and bioavailability of enrofloxacin was compared in Cobb strain
broiler chicken after intravenous and oral administration of enrofloxacin at the rate of 10mg.kg™. The
concentration of enrofloxacin at various time intervals in plasma was determined by HPLC and the
pharmacokinetic parameters were calculated by non compartmental approach. AUC was significantly
high in i.v. route (32.72+1.15 vs 25.3511.92pg.h.mL"1) whereas highly significant increase in MRT
(15.81+0.54 vs 8.8620.23h), Vg aea (4.69+0.16 vs 3.04+0.09 L.kg™) and tyzp (10.57£0.35 vs
6.84+0.15h) were noticed in oral route when compared to i.v. route. The Cp,y Of 1.63J_r0.12;,tg.mL'l
was attained at t,. of 3.58+0.61h and absolute bioavailability was 77.47+5.86% after oral
administration. PK/PD integration revealed that the dose (10mg.kg™) was capable of treating only
moderately sensitive organisms with MIC <0.125ug.mL™ and increase in dosage is needed for less
sensitive organisms.
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1. Introduction

Enrofloxacin, a fluoroquinolone antibacterial developed exclusively for veterinary use is still one of the
highly used antibacterial in poultry to treat outbreaks of various bacterial diseases especially chronic
respiratory disease, mycoplasmosis etc. Overuse of enrofloxacin has resulted in development of
resistant bacterial populations and may also reduce the clinical efficacy (Sumano and Gutierrez,
2001). Though many pharmacokinetic studies were reported for enrofloxacin, the present study was
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conducted in order to assess whether the dosage regimen followed is sufficient to obtain clinical cure
in Cobb strain of broiler chicken reared in and around Namakkal region of Tamil Nadu, India, since
wide variation in pharmacokinetic parameters were noticed between various studies.

2. Materials and Methods
2.1. Experimental Birds

The study was conducted in 24 commercial six weeks old apparently healthy Cobb broiler chicken of
either sex weighing 2 to 2.5kg. The birds were purchased from commercial poultry farm at the age of
four weeks and acclimatized for two weeks period. The birds were reared in individual cages under
standard and uniform conditions with natural day-night cycle and fed ad libitum feed and water free of
antibacterial. The experimental trial on birds was approved by Institutional Animal Ethics Committee,
Veterinary College and Research Institute, Namakkal-2.

2.2. Drug Administration

The birds were divided into two groups of 12 each and enrofloxacin (M/s. Himedia, India) was
administered at the rate of 10mg.kg™ body weight through i.v. and oral route. The drug was dissolved
in 0.1N NaOH to prepare 1.5 per cent solution and further diluted in normal saline and drinking water
for i.v. and oral administration, respectively. The method of drug administration and collection of blood
samples are mentioned in Table 1.

Table 1: Experimental Design

Group Route Method Timing of Blood Collection

| \Y Medial Metatarsal vein 0, 0.08, 0.167, 0.25, 0.5, 0.75, 1.0, 1.5,
2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 24.0,
36.0 and 48.0h

Il Oral Intra crop with semi rigid plastic 0,0.25,0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0,
tube 8.0, 10.0, 12.0, 24.0, 36.0 and 48.0h

Blood sample was collected in heparinised vials and plasma was separated by centrifuging at 950g
for 15 min and stored at -80°C until analysis.

2.3. HPLC Analysis

Plasma samples were assayed for enrofloxacin concentration by reverse phase high performance
liquid chromatography. The HPLC system (Schimadzu, Japan) consisted of an isocratic pump (LC-
10AT double pump), a rheodyne manual injector with 20uL loop, Cy5 column (5u particle size, 4.6 x
250mm length, Lichrosphere, Merck), Column oven (CTO- 10 AS vp) maintained at 40°C, Photodiode
array UV-Vis detector and LC solution chromatopak software.

The plasma samples were extracted as per the method of (Nielsen and Hansen, 1997) and quantified
as per (Kung et al., 1993). The isocratic mobile phase consisted of acetonitrile: methanol: water
(17:3:80, viviv) with 0.4% triethylamine, 0.4% orthophosphoric acid (85%, v/v) and pH adjusted to 3.0
with triethylamine. The scan range was 220 to 400nm and the detection wavelength was 278nm. The
flow rate of mobile phase was 1.0mL.min™" and run time was 10min.

The concentration of enrofloxacin in chicken plasma was obtained from the calibration curve.
Standard curve was prepared for concentrations ranging from 0.01 to 10ug.mL" by spiking
enrofloxacin in drug free chicken plasma and the linearity of the method was examined by linear
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regression analysis of the standard curve. The recovery of enrofloxacin was 97.11 per cent and
coefficient of variation (CV) was 4.22 per cent. Limit of detection and quantification were 0.01 and
0.025ug.mL'l, respectively. The method was found to be linear and reproducible in the concentration
range of 0.025 to 10ug.mL™ for enrofloxacin. The intra- and inter-day assay CV was 3.59 and 4.08
per cent, respectively.

2.4. Pharmacokinetic Analysis

Pharmacokinetic parameters were calculated from the concentration of enrofloxacin detected in
plasma by non compartmental analysis based on statistical moments theory (Singh, 1999) by using
PK functions software.

2.5. Statistical Analysis

The plasma concentration and pharmacokinetic parameters are expressed as mean+SE and between
groups comparison was made by students paired t test (Snedecor and Cochran, 1994).

3. Results and Discussion

The mean (+SE) plasma concentration vs time data of enrofloxacin after single i.v. and oral bolus
dose is presented in Table 2. The mean plasma concentration was 6.01 J_r0.26ug.mL'l at 0.08h after
i.v. administration and the concentration decreased gradually to 1.74+0.15ug.mL™ at 6h until which it
differed significantly from the concentration obtained from oral route. There after no significant
difference in plasma concentration was noticed between i.v. and oral route and concentration was
detected up to 36 and 48h in i.v. and oral route, respectively. In oral route plasma concentration was
detected from 0.25h (0.36+0.04pg.mL™) which increased gradually and reached maximum plasma
concentration of 1.48+0.10ug.mL™ at 4h after which it declined to 0.09+0.01ug.mL™ at 48h. Further,
mean concentration exceeding 0.5pg.mL"l was present up to 12h in both the routes.

Table 2: Comparison of Mean Plasma Concentrations (yG.MI'l) after Single IV and Oral Bolus Dose of
Enrofloxacin in Broiler Chicken

Time (h) Mean£SE
\Y) Oral
0.08 6.01 +0.26 -
0.167 5.64+0.28 -
0.25 5.16**+0.26 0.36+0.04
0.5 4.74%+0.24 0.56+0.02
1 3.96**+0.20 0.87+0.04
15 3.63**+0.20 1.19+0.07
2 3.17*+0.14 1.46+0.11
4 2.54*+0.14 1.48+0.10
6 1.74*+0.15 1.33+0.09
8 1.32™5+0.12 1.11%+0.07
10 0.84%5+0.06 0.90"°+0.07
12 0.54%5+0.04 0.66"°+0.06
24 0.29"5+0.02 0.34%5+0.04
36 0.10™5+0.01 0.16"°+0.03
48 ND 0.09+0.01

— Sample not collected
ND- Not detected

* Significant (p<0.05)
** Significant (p<0.01)
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(Anadon et al., 1995) reported higher concentration of 24.0610.43pg.mL'1 at 10min whereas
(Jakubowski et al., 2010) reported slightly lower concentration of 4.17ug.mL'l at 5min after i.v
administration. Concentration exceeding 0.5ug.mL'l persisted for about 12h in both the studies which
was similar to the present study whereas it was up to 24h in the study conducted by (Silva et al.,
2006). These differences might be due to the difference in the strain and age of bird which emphasize
the need to conduct pharmacokinetic studies in specific species in their own environment rather than
mere extrapolation.

The pharmacokinetic parameters of enrofloxacin are presented in Table 3 for single i.v. and oral bolus
dose. The elimination rate constant was significantly higher (p<0.01) in i.v. when compared to oral
bolus dose which was reflected by significantly lower (p<0.01) half life in i.v. (6.84+£0.15h) than oral
dose (10.57+0.35h). The half life in the present study is lower than reported values of 10.57+0.35h
(i.v.) and 14.23+0.46h (oral) by (Anadon et al., 1995). A comparable t;,,3 of 5.56h (Knoll et al., 1999)
in chicken and 6.64h (Dimitrova et al., 2007) in turkey after i.v. administration had been reported.
(Silva et al., 2006) recorded t;,; of 14h after oral dose in chicken which was higher than the present
study. In all the studies half life after oral dose was comparatively longer than i.v. route suggesting
that the drug is eliminated faster after i.v. route. The half life in both the routes suggests that chicken
eliminate enrofloxacin slowly and hence dosing interval may be prolonged.

Table 3: Comparison of Mean Pharmacokinetic Parameters after Single IV and Oral Bolus Dose of Enrofloxacin
in Broiler Chicken

Parameters Units Mean+SE
Group | Group Il
B ht 0.101**+0.002 0.065+0.002
AUCo. pg.h.mL™ 32.72*+1.15 25.35+1.92
AUMCo.» pg.h>mL? 282.83+15.45 405.06*+43.29
MRT h 8.86+0.23 15.81**+0.54
MAT h - 6.95+0.54
Vd arealF Lkg™t - 6.17+0.38
Vd area Lkg™ 3.0440.09 4.69**+0.16
Clg/F L.hT kg’ 0.41+0.03
Clg L.hlkg™ 0.3140.01 -
tuzg h 6.84+0.15 10.57**+0.35
Crmax pg.mL™ - 1.63+0.12
tmax h - 3.58+0.61
F % - 77.4745.86
*Significant (P<0.05)
**Significant (P<0.01)

The Cpax Obtained in the study was 1.63+0.12pg.mL™ at 3.58+0.61h (tnax) and was concurrent with
the findings of (El-Aziz et al., 1997 (1.69ug.mL'1 at 2.52h); Knoll et al., 1999 (1.9ug.mL'l at 1.5h)
and Silva et al., 2006 (1.5 pg.mL'l at 9h)) in chicken.

The mean AUC value was significantly higher (p<0.05) after i.v. when compared to oral administration
(32.72+1.15 vs 25.35+1.92ug.h.mL™). (Anadon et al., 1995) reported almost similar AUC of
34.51+1.30 and 22.26J_r0.69ug.h.mL'l for i.v and oral administration. (Jakubowski et al., 2010)
reported lower value of 25.09ug.h.mL™ for i.v. and (Silva et al., 2006) reported higher value of
35.00ug.h.mL'l for oral route. The AUC observed in the study are quite high which could be attributed
to longer stay of drug in the body in both the routes and longer absorption phase in case of oral route.
The MRT value was significantly low (p<0.01) in i.v. (8.86+0.23h vs 15.81+0.54h) than oral route
which indicates the absorption phase was longer as evidenced by MAT of 6.95+0.54h in oral route.
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The MRT of (Anadon et al., 1995) was 9.65h for i.v and 15.40h for oral route and (Silva et al., 2006)
reported 15.64h which is almost similar to the present study.

The Vy aea Obtained in this study after i.v. and oral route were 3.0410.09L.kg'1 and 4.6910.16L.kg'1,
respectively which differed significantly (p<0.01). Comparatively higher Vy grea Of 4.31L.kg'l (i.v.) and
5.94L.kg™ (oral) were reported by (Anadon et al., 1995) and 5.0L.kg™ (i.v.) by (Knoll et al., 1999) in
chicken. Drugs with apparent volume of distribution greater than 1L.kg™ were considered to be widely
distributed in the body tissue (Baggot, 1977) and in the present study also enrofloxacin was found to
be widely distributed in the body fluids and tissues of chicken as reflected by higher apparent volume
of distribution.

The mean Clg of enrofloxacin obtained in the present study after i.v. was 0.31+0.01 L.h™ kg™ and was
comparable to (Anadon et al., 1995) (0.29+0.01L.h"kg™) and (Jakubowski et al., 2010) (0.4L.h" kg™
whereas (Knoll et al., 1999) reported higher clearance of 0.62L.h'1.kg'1 for the same dose. After oral
administration the Clg/F was 0.41+0.03L.h"".kg™ which was higher than the clearance reported by
(Anadon et al., 1995) (0.288+0.001L.h™ kg™).

The absolute bioavailability was 77.47+5.86 per cent and was comparable to 80.1 per cent reported
in chicken (Bugyei et al., 1999) and 80.35 per cent in turkey (Tansakul et al., 2005). This value was
higher than the reported bioavailability of 64 per cent (Anadon et al., 1995), 59.6 per cent (El- Aziz et
al., 1997) in chicken, and 69.2 per cent (Dimitrova et al., 2007) in turkey. The results confirmed that
enrofloxacin was well absorbed after oral administration in chicken. However, the bioavailability
calculations are only estimates, since different group of birds were used rather than a crossover
design.

3.1. PK/PD Integration

The ultimate aim of pharmacokinetics study is to suggest appropriate dosage regimen which can
produce clinical cure. Integration of PK variables such as AUC and C,,, obtained in the study with PD
variables viz. MIC (hypothetical values of 0.05, 0.125, 0.25, 0.5ug.mL™) revealed that the AUC/MIC
was 236.37+7.78 and 155.62+9.63 for i.v. and oral route, respectively and C,,,/MIC was 13.00+0.94
for oral route for microorganisms with MIC of 0.125ug.mL™ (Table 4).

Table 4: PK/ PD Integration of Enrofloxacin Based on Hypothetical MIC Values

MIC
(ug.ml™)
AUC.24/MIC 0.05 590.92+ 19.43 389.05+24.08

0.125 236.37+ 7.78 155.62+9.63
0.25 118.18+3.89 77.81+4.82

Ratio 1\ Oral

0.5 59.09+1.94 38.91+2.41

Cmax/MIC 0.05 - 32.50+2.34
0.125 - 13.00+0.94

0.25 - 6.50+0.47

0.5 - 3.25+0.23

In order to maximize clinical efficacy and minimize the development of resistance AUC/MIC>100-125
and C,o/MIC>8-12 should be achieved (Andes and Craig, 2002). In this study i.v route obtained
AUC/MIC of 118.18+3.89 for MIC of 0.25pg.mL'1 but after oral route it was low. Hence based on
AUC/MIC and Cpa/MIC, enrofloxacin @ 10mg.kg™ is sufficient to treat only moderately sensitive

International Journal of Advanced Veterinary Science and Technology 103



IJAVST — An Open Access Journal (ISSN 2320-3595)

organisms with MIC of 0.125pg.mL'l after oral bolus administration whereas i.v route can treat
organisms with MIC <0.25ug.mL™. For less sensitive organisms the dosage of enrofloxacin need to
be increased as per the clinical situation.

4. Conclusion

The present study concludes that the bioavailability of enrofloxacin after oral administration was
77.47+5.86 per cent and desirable pharmacokinetic parameters could be attained. However the dose
10mg.kg™® through oral route is sufficient to treat only moderately sensitive organisms with
MICs0.125ug.mL'1 and dosage need to be increased based on the sensitivity of the microorganism.

Acknowledgement

The authors wish to acknowledge Tamil Nadu Veterinary and Animal Sciences University, Chennai,
India for providing facilities and permission to carry out the research work on part time basis.

References

A., Anadon, M.R.M., Larranaga, M.J., Diaz, P., Bringas, M.A., Martinez, M.L.F., Cruz, M.C,,
Fernandez and R., Fernandez. Pharmacokinetics and Residues of Enrofloxacin in Chickens.
American Journal of Veterinary Research. 1995. 56; 501-506.

D., Andes, and W.A., Craig. Animal Model Pharmacokinetics and Pharmacodynamics: A Critical
Review. International Journal of Antimicrobial Agents. 2002. 10: 261-268.

Baggot, J.D., 1977: Principles of Drug Disposition in Domestic Animals. The Basis of Veterinary
Clinical Pharmacology. W.B. Saunders Co., Philadelphia. 114-145.

K., Bugyei, W.D., Black and S., McEwen. Pharmacokinetics of Enrofloxacin Given by the Oral,
Intravenous and Intramuscular Route. Canadian Journal of Veterinary Research. 1999. 63; 193-200.

D.J., Dimitrova, L.D., Lashev, S.G., Yanev and B., Pandova. Pharmacokinetics of Enrofloxacin in
Turkeys. Research in Veterinary Science. 2007. 82; 392-397.

M.LA., ElI-Aziz., M.A., Aziz, F.A., Soliman and N.A., Afify. Pharmacokinetic Evaluation of Enrofloxacin
in Chickens. British Poultry Science. 1997. 38; 164-168.

P., Jakubowski, J., Jaroszewski, T., Grabowski, W., Markiewicz and T., Maslanka. Determination of
Enrofloxacin in Chicken Plasma by High Performance Liquid Chromatography for Pharmacokinetic
Studies. Acta Veterinaria (Beograd). 2010. 60; 563-572.

U., Knoll, G., Glunder and M., Kietzmann. Comparative Study of the Plasma Pharmacokinetics and
Tissue Concentrations of Danofloxacin and Enrofloxacin in Broiler Chickens. Journal of Veterinary
Pharmacology and Therapeutics. 1999. 22; 239-246.

K., Kung, J.L., Riond, S., Wolffram and M., Wanner. Comparison of an HPLC and Bioassay Method
to Determine Antimicrobial Concentrations after Intravenous and Oral Administration of Enrofloxacin
in Four Dogs. Research in Veterinary Science. 1993. 54; 247-248.

P., Nielsen and N.G., Hansen. Bioavailability of Enrofloxacin after Oral Administration to Fed and
Fasted Pigs. Pharmacology and Toxicology. 1997. 80; 246-250.

International Journal of Advanced Veterinary Science and Technology 104



IJAVST — An Open Access Journal (ISSN 2320-3595)

R.G.D., Silva, F.G.R., Reyes, J.R., Sartori and S., Rath. Enrofloxacin Assay Validation and
Pharmacokinetics Following a Single Oral Dose in Chickens. Journal of Veterinary Pharmacology and
Therapeutics. 2006. 29; 365-372.

Singh, B., 1999: Noncompartmental Pharmacokinetic Analysis of Plasma Level Data through
Statistical Moments Approach: A Worksheet Instance. In: ICAR Short Course on Recent Approaches
in Clinical Pharmacokinetics and Therapeutic Monitoring of Drugs in Farm Animals. Malik, J.K. (ed).
Division of Pharmacology and Toxicology, IVRI, Izatnagar, India. 36-38.

G.W., Snedecor, and W.G., Cochran, 1994: Statistical Methods. 8th Ed. lowa State University Press,
Ames lowa, USA.

L.H., Sumano, and O.L., Gutierrez, 2001: Strategic Administration of Enrofloxacin in Poultry to
Achieve Higher Serum Concentrations. In: Proceedings of the Fiftieth Western Poultry Disease
Conference, University of California, Davis, CA. 45-48.

N., Tansakul, A., Poapolathep, N., Klangkaew, N., Phaochoosak and W., Passudaruk.
Pharmacokinetics and Withdrawal Times of Enrofloxacin in Ducks. Kasetart Journal (Nat. Sci.) 2005.
39; 235-239.

International Journal of Advanced Veterinary Science and Technology 105



