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Abstract 

The present study was designed to evaluate marbofloxacin residues in different rabbit tissues 
after multiple intramuscular administrations. For that purpose, rabbits were divided into two 
groups; the first group (n=21) administered 2mg/kg marbofloxacin for five successive days, 
while the second group (n=3) were untreated and served as controls. Tissues were collected at 
the 1st, 3rd, 5th, 7th, 9th, 15th and 21stday after the last dose post administration of the drug. Liver, 
kidneys, pectoral muscle and thigh muscles, spleen, heart, blood and lung from each rabbit were 
taken, extracted and marbofloxacin residues were analyzed using high-performance liquid 
chromatographic method with ultraviolet detection. Results indicated a widespread distribution 
of marbofloxacin in the most tested tissues. It remained within detectable level till the 5th day in 
liver and serum while it continues till the 7th in kidneys day following the last dose. Therefore, 
muscles of rabbits treated with marbofloxacin could be consumed safely following the 1st day 
post treatment, while liver and kidneys could be consumed safely in the 3rd day after treatment 
without any hazards on consumers as the residual level below the recommended MRL 
(150µg/kg). 
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Introduction 

The use of antibiotics that might result in 
residues in meat, eggs and milk should not be 
permitted in food intended for human 
consumption. If these antibiotics are necessary 
for treating or preventing animal diseases, a 
withholding period must be observed until 
these residues are negligible or no longer be 
detected. These residues may lead to direct 
toxicity to consumers or alteration of 
microflora causing diseases and possible 
development of resistant strains of 
microorganisms which cause failure of drug 
therapy in clinical situations [1].  

Marbofloxacin is considered the third 
generation fluoroquinolone with broad 
spectrum activity against some gram-positive, 
gram-negative organisms and Mycoplasma [2-
4]. It has bactericidal action by a concentration 
- dependent mechanism [5]. It inhibits 
bacterial DNA gyrase enzyme which is 
responsible for supercoiling of DNA within 
the cells [6]. In fact, marbofloxacin was shown 
to be the most effective drug against bacterial 
strains isolated from rabbits infected with 
upper respiratory tract diseases compared to 

doxycycline, enrofloxacin, danofloxacin and 
tetracycline [7]. Quinolone residues in food 
obtained from animal origin decreased its 
effectiveness in human treatment due to its 
emergence of drug-resistant bacteria [8]. 
Therefore, the analysis of the quinolone 
residues in products of animal origin is very 
important for human health because WHO and 
FAO established tolerances for drugs, 
pesticides and other chemicals in tissues of 
food producing animals. There are few 
experimental data for marbofloxacin residues 
in rabbit tissues so we compared our results 
with other food producing animals and birds. 

Material and Methods 

Animals 

A total of twenty-four healthy male 
NewZealand rabbits ranging from 2-2.5 kg 
body weight were housed in batteries at 
postgraduate research laboratory, Faculty of 
Veterinary Medicine, Zagazig University. 
Rabbits were given ad libitum drug-free 
pelleted diet and water. No clinical 
abnormalities were observed on rabbits. 
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Experimental design 

Rabbits were divided into two groups. The 
first group (n=21) was weighed and 
intramuscularly administered marbofloxacin 
(Marbocyl 10 %®), Vetoquinol, France) at 
dose of 2 mg/kg BW for five successive days 
[9]. The second group (n=3) was kept as 
controls for preparation of blank and spiked 
samples. Three rabbits were slaughtered at the 
1st, 3rd, 5th, 7th, 9th, 15th and 21stday after the 
last dose and samples from blood, heart, lung, 
liver, spleen, thigh muscle. Pectoral muscle 
and kidneys were collected for determining 
marbofloxacin residues. 

Analytical procedures 

High Performance Liquid chromatography 
(Surveyor, Thermo Scientific Company, USA) 
was used for the analysis, Central laboratory at 
faculty of Veterinary Medicine, Zagazig 
University. The collected blood samples were 
left to coagulate and centrifuged at 3000 rpm. 
for 15min. to obtain clear serum which was 
then transferred immediately to sterile tubes 
and stored at -20°C until analysis. Tissue 
samples were blended in a food processor for 
20–30 seconds at high speed and were 
subjected to stirring for a uniform paste-like 
consistency then stored at -70oC until analysis. 

Extraction was carried out according to 
Ding et al. [10]. Frozen samples were thawed 
at room temperature (23°C); 3gm of tissue 
were homogenized and 15 ml extraction 
solution (0.015 mol/L perchloric acid (SD 
fine-chem Limited, Mumbai, India) and 
0.015mol/L phosphoric acid (Sigma Aldrich 
Co, Germany) in water-methanol (Fisher 
Scientific Co., Fairlawn, NJ, UK) (50:50 v/v)) 
was added (5 mL extraction solution was 
added for 1mL of serum) and centrifuged at 
15000 rpm. for 8min. The samples were then 
hydrolyzed in 50°C water bath for 90min., 
cooled to room temperature and centrifuged at 
5000 rpm. for 10 min. The supernatant 
solution (50 µL) was then added to auto-
sampler vial for analysis. 

Liquid chromatographic conditions 

Injection volume: 50 µL, flow rate: 
1mL/min., column temperature: 50oC, UV- 
detector: 295 nm and the mobile phase (12% 
acetonitrile (J.T. Baker Co, Deventer, 
Netherlands): 0.75% formic acid (Merk Co., 

Darmstadt, Germany): 0.4% triethylamine 
(Sigma Aldrich Co, Germany). 

Quantification 

Quantification of the residues was obtained 
and calculated from area under curves 
extrapolated automatically by the software. 

Method validation 

System Precision 

It is conducted by using 5 replicates of the 
toluene standard solution. Acceptance criteria: 
Relative standard deviation (RSD) ≤1% 
according to the International conference on 
harmonization of technical requirements for 
registration of pharmaceuticals for human use 
[11]. 

Linearity and range 

Linearity is performed by preparing at a 
minimum 6 different concentrations of drug 
standard. Linearity is defined by the squared 
correlation coefficient, which should be ≥ 0.99 
(r2) according to ICH, 2005. 

Method Precision 

It is conducted by using 5 replicates of 
marbofloxacin standard solutions. Acceptance 
criteria: RSD ≤ 1% according to ICH, 2005. 

Selectivity and specificity 

Verification of selectivity is conducted by 
evaluating the spiked standard response 
following extraction from different rabbit 
tissues. Acceptance criteria: there is no 
interference between the pure standard and 
peaks of any impurities or extracted solvents 
according to ICH, 2005. 

Accuracy and recovery 

The tissue samples of rabbits are spiked by 
adding known quantities of marbofloxacin. 
Those samples are analyzed against standard 
solutions of the same concentrations. The 
accuracy is then calculated from the test 
results as a percentage recovery [12]. 

Limit of detection (LOD) 

It is the concentration which gives signal to 
noise ratio 3:1 according to (ICH, 2005). 

Limit of quantification (LOQ) 

It is the concentration which gives signal to 
noise ratio 10:1 according to (ICH. 2005). 
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Ruggedness 

It is conducted by analysis of the same 
samples under different conditions such as 
different personnel and different times. 
Acceptance criteria: pooled RSD is not more 
than 6% in every change item. 

Robustness 

It is determined by observing how a method 
stands up to slight variations in normal 
operating conditions. Acceptance criteria: 
pooled RSD is not more than 6% in every 
change item. 

 

 

Results 

Method validation 

The HPLC system was precise as the 
Relative Standard Deviation (RSD) of 5 
replicates of toluene standard solution is 
0.007%. High correlation coefficient was 
obtained that indicating linearity (r2=0.99858). 

The method for marbofloxacin separation is 
precise as the (RSD) of 6 replicates of 
marbofloxacin standard solution was 0.13%. 
There was no interference between the pure 
standard and peaks of any impurities or 
extracted solvents.The retention time (R.T.) of 
marbofloxacin was 14.274 min (Figure 1). 

 

 
Figure 1: Chromatogram of Marbofloxacin fortified muscle at a concentration of 0.5 µg/gm. 

The recovery percentage of marbofloxacin 
spiked samples ranged from 98-101%. The 
LOD for marbofloxacin was 0.003µg/mL, 
while, LOQ was 0.01µg/mL.The pooled RSD 
for marbofloxacin was 2.8% for Ruggedness 
and the Pooled RSD for Robustness was 2.1%. 

Standard curve preparation 

Marbofloxacin standard concentrations of 
0.025, 0.050, 0.100, 0.200, 0.500 and 1 µg/gm 
were prepared in homogenized muscles of 
control rabbits (blank samples) then treated 

according to the extraction procedure and their 
corresponding peak responses are illustrated in 
Table (1) and Figure (2). 

The calibration curve was calculated by 
linear regression equation method as 
y=87.1676184 X x-2.3664147 where y symbol 
refer to the area under peak and x symbol refer 
to the concentrations of marbofloxacin. 
Linearity existed within the range between 
0.025-1 µg/gm with a correlation coefficient 
(r2=0.99858). 

 
Table 1: The concentrations of marbofloxacin spiked tissues (µg/gm) and their corresponding peak response 

automatically using HPLC. 

RT* Level Amount (µg/gm) Area 

14.242 1 0.025 3.56 
 2 0.050 6.346 

 3 0.100 12.89 
 4 0.200 22.432 
 5 0.500 45.861 
 6 1.000 88.915 

*RT: Retention Time 
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Figure 2: Standard curve of marbofloxacin using HPLC. 

Tissue residues  

Marbofloxacin distribution in serum and 
tissues was represented in Table (2). There 
was a widespread distribution of the drug in 
the tested serum and tissues. Marbofloxacin 
concentrations were 0.222±0.016, 
0.306±0.007, 0.077±0.003, 0.0615±0.002, 
0.296±0.01, 0.134±0.008, 0.048±0.002 µg/gm 
and 0.230±002 µg/mL. at the 1st day after the 
last dosage in liver, kidneys, breast muscles, 
thigh muscles, lung, spleen, heart and serum, 
respectively. Marbofloxacin remained within 
detectable limit till the 5th day in liver and 
serum while till the 7th in kidney post drug 
treatment (Table 2). 

 

 

 

Discussion 

Marbofloxacin is a third generation of 
fluoroquinolone with broad spectrum 
antimicrobial activity against some gram-
positive, most gram-negative organisms and 
Mycoplasma [2-4] with a relatively low 
concentration [5,6]. It prevents the bacterial 
DNA replication and synthesis via inhibition 
of the A subunit of the bacterial DNA gyrase. 
Drug residues is defined as the very low 
amounts of drugs remained in animal products 
[13], that may lead to allergy, antibiotic 
resistance, disruption of intestinal flora and 
chronic toxic effects with prolonged 
administration [14]. Fluoroquinolones have 
health hazards as they cause gastro-intestinal 
toxicity, photo irritation and developmental 
alteration with joints inflammation [15]. 

 
Table 2: The concentrations of marbofloxacin in tissues of slaughtered rabbits at various intervals following 

treatment with 2 mg/kg BW once daily for 5 consecutive days (n=3) automatically using HPLC. 

Tissue 

concentration (µg/gm) after marbofloxacin administration 

Mean ± SE 

1st 3rd 5th 7th 9th 15th 21th 

Liver 0.222±0.016 0.062±0.003 0.024±0.006 ND ND ND ND 

Kidney 0.306±0.007 0.095±0.003 0.026±0.004 0.008±0.001 ND ND ND 

Lung 0.296±0.01 0.084±0.009 ND ND ND ND ND 

Spleen 0.134±0.008 0.077±0.005 ND ND ND ND ND 

Pectoral muscles 0.077±0.003 0.019±0.004 ND ND ND ND ND 

Thigh muscle 0.0615±0.002 ND ND ND ND ND ND 
Heart 0.048±0.002 ND ND ND ND ND ND 
Serum 0.230±0.002 0.072±0.002 0.012±0.001 ND ND ND ND 
ND: Not Detected. 
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Figure 3: Chromatograms of marbofloxacin concentration in rabbit liver (a), kidney (b), pectoral muscle (c), 

lung (d), spleen (e), heart (f), serum (g) and thigh muscle and (h) at 1
st
 day following last oral dose (2 mg/kg 

BW) using  HPLC. 

 

High concentrations of marbofloxacin were 
detected after 24 h from the last administered 
dose in both kidneys and liver which were 
much lower than those reported by Anadon et 
al. [16] who mentioned that marbofloxacin 
concentration in both kidneys and liver were 
0.985 and 0.735 µg/gm, respectively in healthy 
Ross male broiler chickens received 
marbofloxacin at dose of 2mg/kg BW for 3 
days. While our results were much higher than 
those reported by Ligabue et al. [17] who 
found that the concentration of marbofloxacin 
in both kidneys and liver were 0.016 ± 0.006 
and 0.032±0.01 µg/gm, respectively in rabbits 
subcutaneously injected with marbofloxacin at 
a dose of 2mg/kg BW for 5 days. Also, our 
results were higher than those reported by 
Ding et al. [10] who mentioned that the 
marbofloxacin concentration in both kidneys 
and liver were 0.26 and 0.1 µg/gm, 
respectively in Mycoplasma gllisepticum 
infected chickens treated with marbofloxacin 

at dose of 5mg/kg BW for 3 days. The 
differences may be attributed to the different 
animal species, route of administration, dose, 
analytical techniques and pathological status 
[18]. 

The results obtained in the present study 
confirmed that the absorption and distribution 
of marbofloxacin administered to rabbits via 
intramuscular injection reach high levels in a 
short time in kidney, liver, lung and muscle 
which were in agreement with the previous 
reports [10,16,17,19]. Marbofloxacin remained 
within the detectable limit till the 5thday in 
most tested tissues, while in kidney it 
remained till the 7th day following last 
administration of the drug. A progressive order 
of marbofloxacin levels was detected in 
muscles, liver and kidneys, respectively. At all 
tested times post-treatment, marbofloxacin 
residues were probably higher in the kidneys 
than other examined tissues. This finding is in 
agreement with Ding et al. [10] and Anadon et 
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al. [16] who reported that marbofloxacin 
concentration in kidney was more than that in 
liver. But is contrast with Ligabue et al. [17] 
and Yang et al. [19] who reported that 
marbofloxacin concentration in liver was more 
than that in kidney.  

Marbofloxacin concentration in muscles at 
the 1st day after injection was lower than that 
in liver and kidney. This finding is in 
agreement with Ligabue et al. [17] who 
reported that marbofloxacin in rabbits’ muscle 
was lower than those measured in the liver and 
kidney after S.C injection at a dose of 2mg/kg 
BW/day for 5 days. We found that 
marbofloxacin residues concentrations in 
muscles at the 1st day and in kidneys and livers 
at the 3rd day were lower than the MRL (150 
µg/kg) recommended by EMEA [20]. 

The withdrawal time for marbofloxacin 
orally administered in broiler chickens was 
ranged between 3 days at a dose of 2mg/kg 
BW for 3 days [15] and Yang et al. [21] 
reported 4 days at a dose of 5 mg/kg BW for 3 
days that supported our results. The 
withdrawal period in rabbits was 2 days after 
S/C injection of marbofloxacin at a dose of 
2mg/kg BW for 5 days as reported by Ligabue 
et al. [17]. The withdrawal period for chickens 
was 3 days after oral treatment of 
marbofloxacin at a dose of 2 mg/kg BW for 5 
days [22]. According to EMEA [20], the 
microbiological acceptable daily intake (ADI) 
of 4.5µg of marbofloxacin/kg BW×60kg 
(standard body weight of human)=268 
µg/person which can be ingested by human 
over a life time without appreciable risk. 

Conclusion 

Marbofloxacin residues were below the 
recommended MRL in pectoral and thigh 
muscle, spleen and heart of rabbits at the 1st 
day post treatment, while in liver, kidney and 
lung at the 3rdday post treatment. Therefore, 
muscles of rabbits could be eaten safely in the 
1stday post treatment, while liver and kidneys 
of rabbits could be eaten safely in the 3rd day 
after treatment without any health hazard on 
consumers. 

Conflict of interest 

None of the authors have any conflict of 
interest to declare. 

Acknowledgment 

My sincere gratitude and deepest thanks to 
staff of Residues Analysis Unit, Reference 
Laboratory for Veterinary Quality Control on 
Poultry Production, Animal Health Research 
Institute, Dokki, Giza and staff of Central Lab 
at the Faculty of Veterinary Medicine, Zagazig 
University for their support and cooperation. 

References 

[1] Nisha, A.R. (2008): Antibiotic residues- a 
global health hazard. Vet World, 1(12): 
375-377. 

[2] Brown, S. A. (1996): Fluoroquinolones in 
animal health. J Vet Pharmacol Ther, 
19(1):1-14. 

[3] Thomas, A.; Nicolas, C.; Dizier, I.; Mainil, 
J. and Linden, A. (2003): Antibiotic 
susceptibilities of recent isolates 
of Mycopasma bovis in Belgium. Vet 
Rec, 153(14):428-431. 

[4] Schneider, M.; Vallé, M.; Woehrlé, F. and 
Boisramé, B. (2004): Pharmacokinetics 
of Marbofloxacin in Lactating Cows 
after Repeated Intramuscular 
Administrations and Pharmacodynamics 
against Mastitis Isolated Strains. J Dairy 
Sci, 87(1):202-211. 

[5] Aliabadi, F.S. and Lees, P. (2002): 
Pharmacokinetics and pharmacokinetic/ 
pharmacodynamic integration of 
marbofloxacin in calf serum, exudate and 
transudate. J Vet Pharmacol Ther, 
25(3):161-174. 

[6] Waxman, S.; Rodríguez, C.; González, F.; 
De Vicente, M.L.; San Andrés, M.I. and 
San Andrés, M.D. (2001): 
Pharmacokinetic behavior of 
marbofloxacin after intravenous and 
intramuscular administrations in adult 
goats. J Vet Pharmacol Ther, 24(6):375-
378. 

[7] Rougier, S.; Galland, D.; Boucher, S.; 
Boussarie, D.; Valle, M. (2006): 
Epidemiology and susceptibility of 
pathogenic bacteria responsible for upper 
respiratory tract infections in pet rabbits. 
Vet Microbiol, 115(1): 192-198. 

[8] Donkor, E.S.; Newman, M. J.; Tay, S. C.; 
Dayie, N. T.; Bannerman, E. and Olu-



45 

Taiwo, M. (2011): Investigation into the 
risk of exposure to antibiotic residues 
contaminating meat and egg in Ghana. 
Food Control, 22(6): 869-873. 

[9] Marin, P.; Alamo, L. F.; Escudero, E.; 
Fernandez-Varon, E.; Hernandis, V. and 
Carceles, C.M. (2013): Pharmacokinetics 
of marbofloxacin in rabbit after 
intravenous, intramuscular and 
subcutaneous administration. Res Vet 
Sci, 94(3):698-700. 

[10] Ding, H.; Wang, L.; Shen, X.; Gu, X.; 
Zeng, D. and Zeng, Z. (2013): Plasma 
and tissue pharmacokinetics of 
marbofloxacin in experimentally infected 
chickens with Mycoplasma gallisepticum 
and Escherichia coli. J Vet Pharmacol 
Ther, 36(5):511-515. 

[11] ICH, 2005: International Council on 
harmonization of technical requirements 
for registration of pharmaceuticals for 
human use. 

[12] Senyuva, H.Z.; Özden, T. and Sarica, 
D.Y. (2000): High Performance Liquid 
Chromatographic determination of 
oxytetracycline residues in cured meat 
products. Turk J Chem, 24(4): 395-400. 

[13] Doyle, M.E. (2006): Veterinary drug 
residues in processed meats—potential 
health risk, FRI briefings. Food Research 
Institute, University of Visconsin, 
Madison, 51:148-196. 

[14] Anadon, A.; Martínez-Larrañaga, M.R; 
Diaz, M. J.; Fernandez-cruz, M. L.; 
Martínez, M.A; Frejo, M.T.; Martínez, 
M.; Iturbe, J. and Tafur, M. (1999): 
Pharmacokinetic variables and tissue 
residues of enrofloxacin and 
ciprofloxacin in healthy pigs. Am J Vet 
Res, 60 (11):1373-1382. 

[15] Stahlmann, R. and Lode, H. (1999): 
Toxicity of Quinolones. Drugs, 58 
(2):37-42. 

[16] Anadon, A.; Martınez-Larranaga, M. R.; 
Diaz, M. J.; Martinez, M. A.; Frejo, M. 
T.; Martinez, M.; Tafur, M. and 
Castellano, V. J. (2002): 
Pharmacokinetic characteristics and 
tissue residues for marbofloxacin and its 
metabolite N-desmethyl-marbofloxacin 
in broiler chickens. Am J Vet Res, 63(7): 
927-933. 

[17] Ligabue, M.; Lucchetti, D.; Catone, T.; 
Fabrizi, L.; Marvasi, L.; Zaghini, A and 
Coni, E. (2005): Rapid depletion of 
marbofloxacin residues in rabbit after 
therapeutic treatment. J Food Prot, 
68(11):2480-2484. 

[18] Said, A. A.; El-Nabtity, S. M.; Mobarez, 
E. A.; Hamed, E. E. and Abdel-Hafeez, 
M. S. (2015): Residues depletion of 
doxycycline in rabbit tissues using 
HPLC. ZVJ, 43(3): 37-45. 

[19] Yang, F.; Li, Z.; Wang, Y.; Liu, B.; Zhao, 
Z.; Zhou, B. and Wang, G. (2016): 
Tissue distribution of marbofloxacin in 
pigs after a single intramuscular 
injection. J Vet Sci (Epub ahead of 
print). 

[20] EMEA (1996): The European Agency for 
the Evaluation of Medicinal Products. 
Marbofloxacin: Summary report. 
MRL/079/96-Final. 

[21] Yang, F.; Yang, Y. R.; Wang, L.; Huang, 
X. H.; Qiao, G. and Zeng, Z. L. (2014): 
Estimating marbofloxacin withdrawal 
time in broiler chickens using a 
population physiologically based 
pharmacokinetics model. J Vet 
Pharmacol Therap, 37(6): 579-588. 

[22] El-Komy, A.; Attia, T.; ElLatif, A.A. and 
Fathy, H. (2016): Bioavailability 
pharmacokinetics and residues of 
marbofloxacin in normal and E.coli 
infected broiler chicken. Int J Pharmacol 
Therap, 4(2): 144-149.  

 
 
 
 
 
 



46 

  العربي الملخص

 تقدیر بقایا الماربوفلوساسین فى أنسجة األرانب باستخدام جھاز الفصل الكروماتوجرافى السائل عالى األداء
  *٢و دمحم أحمد ماھر ٢، عبدالعظیم دمحم عبدالسالم١، سامح دمحم النبتیتى١السید أحمد عبدالعزیز

  صرم-جامعة الزقازیق-كلیة الطب البیطرى -قسم الفارمكولوجیا١
 مصر-الجیزة -الدقى - معھد بحوث صحة الحیوان٢

  
ولھذا . المتعدد العضلى وذلك بعد الحقنن فى األنسجة المختلفة لألرانب ساسیكاستھدفت ھذه الدراسة قیاس بقایا الماربوفلو

بالماربوفلوكساسین  حیوان حیث تم الحقن العضلي للمجموعة األولي ٢١الغرض تم تقسیم األرانب الي مجموعتین، األولي بھا 
. أرانب كمجموعة ضابطة ٣قد تم استخدام عدد أما المجموعة الثانیھ . أیام متتالیة ٥زن األرانب لمدة كجم من و/ مجم ٢بجرعة 

الیوم األول، الثالث، الخامس، السابع، التاسع، الخامس عشر والحادى و العشرین بعد  وقد تم تجمیع األنسجة من الحیوانات عند
ثم فحصھا وقیاس ) الكبد، الكلى، العضالت، الطحال، الرئة، القلب والدم(عة للماربوفلوكساسین وأخذ األنسجة المختلفة آخر جر

مستوى الدواء فیھا بواسطة جھاز الفصل الكروماتوجرافى السائل العالى األداءومن ھذه النتائج نستنتج انتشار الدواء انتشارا 
حتى الیوم الخامس من إعطاء الجرعة  الكبد والسیرمقد تالحظ وجود الماربوفلوكساسین فى . واسعا فى أنسجة األرانب المختلفة

وعلیھ فإن عضالت األرانب . الكلي استمر وجود الدواء بھا حتى الیوم السابع من إعطاء الجرعة النھائیة بینما فيالنھائیة 
دمي من الیوم األول بعد العالج بینما الكبد والكلي بعد الیوم یمكن أن تستخدم بأمان لإلستھالك اآل بالماربوفلوكساسینالمعالجھ 

  .كجم/میكروجرام ١٥٠وھو  MRLالثالث حیث أنھا أقل من المعدل المسموح بھ من 


