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ABSTRACT 

In this study, residues of cefepime in different rabbit tissues (liver, kidney, thigh muscle and 
pectoral muscle) were analytically determined after intramuscular administrations.  A total of 24 
healthy New Zealand rabbits were divided into two groups.  The first group (n=3) remained untreated 
for use as control, while the second group (n=21) was administered with 75 mg/kg cefepime for five 
consecutive days.  The liver, kidney, thigh muscle and pectoral muscles were collected after the 1st, 
3rd, 5th, 7th, 9th, 14th and 21st day post cefepime hydrochloride administration.  Cefepime residues were 
extracted from the relative tissue and analyzed using HPLC equipped with a UV detector at 256 nm.  
The results indicated a widespread distribution of cefepime in most of the tested tissues.  However, it 
remained detectable within the liver and kidney till the 7th and 9th day, respectively, after the last 
administered dose.  On the other hand, the drug levels within the thigh and pectoral muscles were not 
detectable after the 3rd day of administration.  Accordingly, it may be concluded that a 9-day period 
was a safe period to ensure the complete disappearance of cefepime from the examined tissues and to 
render the animal safe for human consumption.  
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Introduction 

Penicillin and cephalosporin are two related classes of β-lactam antibiotics (Legrand et al., 
2016). However, unlike penicillin, cephalosporins are considered effective broad-spectrum 
bactericidal antimicrobial agents used against both gram-positive and gram-negative bacteria (Patil 
and Jacob, 2012).  In addition, they are considered more effective and safe for use for both humans 
and animals due to their minimal side effects.   

Clinically, Cephalosporins are classified as first-, second-, third- or fourth-generation (Hornish 
and Kotarski, 2002).  This classification reflects the relative in vitro spectrum of activity of 
compounds (narrow, expanded, broad and extended, respectively), structural similarities and the time 
were introduced into the market.  In addition, the fourth generation was deemed to have an enhanced 
activity versus the gram-positive bacteria.  However, their use has been very limited in animals 
compared to humans (Hornish and Kotarski, 2002).  In addition, while the period of administration of 
Cephalosporins for food animals’ treatment is shorter than that for humans, a withdrawal period must 
be observed and calculated following the last treatment before the animal, or its produce, can be 
presented for human consumption. 

Cefepime is a fourth-generation cephalosporin antibiotic that was developed in 1994 (Huang et 
al., 2007; Lacy et al., 2012).  The chemical structure of Cefepime (C19H24N6O5S2, Mwt: 480.56 
g/mol) is shown in Figure 1.  Cefepime (aka Maxipime) is unique from other cephalosporins because 
of its broad spectrum of activity against gram-positive cocci, enteric gram-negative bacilli, and 
Pseudomonas (Papich, 2002).  Cefepime has been successfully used for the treatment of infections 
resulting from Staphylococcus aureus, Enterobacteriaceae and Streptococcus pneumoniae bacteria.  It 
is also effective against some extended-spectrum ß-lactamase (ESBL) producing strains of Klebsiella 
and E. coli that have become resistant to other ß-lactam drugs and fluoroquinolones.  

Several studies have been conducted to determine the extent and evaluate the effect of 
cephalosporin antibiotic and their residuals upon different organs and tissues such as lungs, kidney, 
bones, and liver (Mitropoulos et al., 2007; Lacy et al., 2012).    
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Fig. 1: Chemical Structure of Cefepime 

 
The use of Cefepime has been limited in veterinary medicine, several methods have been 

developed for its detection and determination in different human and animal blood and serum 
matrices.  These included the use of HPLC (Chang et al., 2001; Varaprasad et al., 2017; Rani and 
Mounika, 2018), LC-MS/MS (Zandera et al., 2015; Naik et al., 2018), Microbiological Assay 
(Kessler et al., 1985; Rani and Mounika, 2018), Polarographic Techniques (Ozkan et al., 2002), 
Spectrophotometry (Elazazy et al., 2003) and Capillary Zone Electrophoresis (CZE) (Hao and 
Sunderland, 2004).  However, there is still  need to determine and calculate the withdrawal period and 
evaluate the residues of Cefepime in food animals before food animals can be presented for human 
consumption in Egypt. 

In view of this, the present study aims at determining the residual Cefepime in the different 
tissues (liver, kidney, thigh and pectoral muscles) of rabbits after intramuscular administrations using 
HPLC technique.  Another objective is to estimate the withdrawal time for Cefepime from the tested 
subjects and thereby setting a recommendation for a safe period before the consumption of animals. 
 
Materials and Methods 
 
Chemicals and reagents: 

Cefepime and Cefepime hydrochloride standard reagents were purchased from Sigma, Aldrich 
(Germany).  HPLC grade methanol and other chemicals were purchased from Fischer Scientific Ltd ; 
UK.  Purified water was purchased from Millipore, Milford, MA, USA.  

  
Experimental Animals: 

A total of 24 healthy male New Zealand white rabbits with body weight ranging from 2 to 2.5 kg 
were used in this study. The animals were housed in batteries at the Reference Laboratory for Quality 
Control on Poultry Production, Ministry of Agriculture, Giza, Egypt. The rabbits were fed on an 
‘antibiotics-free’ diet during the experiment. The animals were divided out into two groups as follow: 

  
Group (A): included n = 3 rabbits which were used as the control for the preparation of blank and 
spiked samples (method validation). 
 
Group (B): included n = 21 rabbits.  Each rabbit was weighed and intramuscularly administered 
Cefepime at a dose of 75 mg/kg body weight for 5 successive days.  Three rabbits were slaughtered 
after the 1st, 3rd, 5th, 7th, 9th, 14th and 21st day following antibiotic dose administration.  

Organs and tissue samples (liver, kidney, thigh muscle and pectoral muscle) of the slaughtered 
animals were collected and were kept frozen at temperature of -18°C.  Prior to analytical 
determinations, the samples were partially thawed at room temperature (23°C) for 30 min, then 
homogenized and blended using food processor for 20-30 seconds at high speed in preparation for the 
stage of residue extraction.  

 
Sample Extraction and Clean-up: 

Cefepime residues were extracted from the tissue samples according to the method of Chung et 
al. (2007). 4 mL of extracting solution (0.4% dithioerythritol (w/v) in borate buffer pH 9) was added 
to 1 g of each animal tissue (liver, kidney, thigh muscle or pectoral muscle).  The sample was blended 
and homogenized well with extracting solution and then incubated at 50°C  for 15 min. 1.5 mL of 
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extract was mixed with 0.5 mL of 14% iodoacetamide in phosphate buffer and the mixture was 
incubated for 30 minutes in the dark.  The suspension was adjusted to pH 2.5 using phosphoric acid 
and the mixture was centrifuged at 3500 g for 25 min at 4 °C.  The supernatant was collected and 
loaded onto a preconditioned C-18 Solid-phase extraction (SPE) cartridge (500 mg, 6 mL - Bond 
Elution, Varian, Les Ulis, France) for sample clean-up prior to the introduction into HPLC instrument. 
SPE was applied according to Chung et al. (2007). 

 
Quantification of Residual Cefepime in tissues: 

Analysis and quantification of antibiotic residues was carried out according to the method of 
Palacios et al. (2005) with appropriate modifications using HPLC Agilent 1200 Series equipped with 
a UV/Vis detector and a C18 column (4.6 mm, i.d. 250mm, 5μm).  All residual determinations were 
carried out using isocratic elution with phosphate buffer (10 mM; pH 7) ,  Methanol (75:25, v/v), 
column temperature 25°C  , 20 µL-injection and a flow rate of 1 mL/min (Palacios et al., 2005).  
Cefepime residues were detected at 256 nm (Figure 2).  Prior to each analytical run, a suitable 
standard and blank were run through the instrument to insure the system stability before any 
measurements were carried out.  The residual Cefepime concentration in the tested samples was 
calculated by Chemstation software® package installed within HPLC from the extrapolated area 
under curves. 

 
Instrument Calibration and linear response: 

Method linearity using HPLC conditions were assessed prior to the analytical determination of 
Cefepime.  A calibration curve was prepared using a stock solution of Cefepime of 1000 µg/mL 
concentration and its dilutions as in the following method.  Standard solutions of (0.025. 0.05, 0.1, 
0.25, 0.5, 1.0, 2.5 and 10 µg/g) Cefepime were injected into the homogenized muscles/ tissues of the 
control animals (blank samples) and the residues were extracted according to the above mentioned 
procedure.  Calibration curves were plotted from the corresponding peak responses (area under peak).  
All solutions were freshly prepared prior to use. 

 
Statistical analysis of Data: 

Data expressed as (calculated, mean ± standard deviation) were statistically analyzed using the 
Hierarchical Clustering (Ward’s method) to express the relationship between organ and tissue 
residues of cefepime post intramuscular administration. Comparison of the mean values was 
performed and differences were considered statistically significant when P < 0.05. 
 
Results and Discussion 
 
Validation of the method of analysis: 

In order to optimize the method adopted for the determination of Cefepime in kidney, liver and 
muscles, it was validated in terms of linearity, range, accuracy, precision, recovery %, limit of 
detection (LOD) and limit of quantification (LOQ).  Method validation was performed according to 
ICH (International Conference Harmonization, Q2 (R1)) to ensure that the performance and 
characteristics of the method met the ICH requirements for the intended analytical application (ICH, 
2005). 

 
Linearity, Precision and Accuracy:  
 
Linearity:  

Linearity of the applied method was evaluated by analyzing 8 standard solutions with different 
Cefepime concentrations (calibration standards).  A plot of the peak areas versus. the concentration 
was linear within the range of 0.025 -10 µg/mL with a correlation coefficient (R2) of 0.9999, which 
supports linearity.  A summary of the results is provided in Table 1 accordingly. 

 
Precision:  

Six replicates of Cefepime standard solutions were used to attest the analytical method’s 
precision, and for the system/ HPLC instrument precision, 6 replicates of toluene standard solutions 
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were used. Acceptance criteria used was that Relative standard deviation (RSD) did not exceed 1% 
according to ICH (2005).  The results shown in Table 2 indicated that both the method applied and 
HPLC system employed were precise.  The RSD% for the method was 0.17% for intraday precision 
(repeatability), 0.23% for interday precision (reproducibility), and 0.21% for HPLC system precision.  
The results are in agreement with those obtained by Abdel Aziz et al. (2017) who investigated the 
residues of Ceftiofur- a third-generation cephalosporin- in rabbit tissues.  

 
Table 1:  Linearity parameters for the determination of Cefepime using HPLC 
Parameters Value 
Linearity range 0.025 – 10 µg/mL 
Correlation coefficient (R2) 0.9990 
Slope  0.0119 
Intercept 1.5073 
Regression equation Peak area (y) = 0.01191 × standard concentration + 1.5073383 

 
Table 2: Precision data and parameters for Intraday and Interday determinations of Cefepime using 

HPLC 

No. 
Concentration 

(µg/mL) 
Peaks areas obtained during the same 

day 
Peaks areas obtained 

during six days 
1 0.25 4.462 4.472 
2 0.25 4.456 4.475 
3 0.25 4.449 4.453 
4 0.25 4.452 4.457 
5 0.25 4.471 4.449 
6 0.25 4.461 4.464 

Mean ± SD 4.4585 ± 0.007918 4.461667 ± 0.010463 
RSD% 0.1775 0.234 

 
Accuracy:  

The accuracy of a method was determined by the spike and recovery method.  Blank tissues  
from control animals were spiked with known quantities of Cefepime and then analyzed against 
Cefepime standards of same concentrations.  The recovery% of the spiked samples ranged between 
96-104% (Table 3), which is within the acceptable range of 80-120%.  Similarly, Abdel Aziz et al 
(2017) indicated that the rate of recovery of Ceftiofur, a third-generation cephalosporin- from rabbit 
tissues ranged between 95-102 %.  On the other hand, Morshdy et al. (2014) have reported rates of 
recovery % from rabbit meat, kidneys and liver spiked with a tetracycline antibiotic to be 102%, 92% 
and 86%, respectively, which is in agreement with the current results.   
 
Table 3: Spike and Recovery % of Cefepime in control animal tissue as determined by HPLC 

technique 
Spiked Cefepime 

(µg/g) 
Recovered Cefepime 

(µg/mL) 
Recovery % Mean SD RSD% 

0.025 
0.0245 98.0 

0.02503 0.000681 2.72 0.0248 99. 2 
0.0258 103 

0.05 
0.0480 96 

0.0517 0.003517 6.80 0.0521 104 
0.0550 110 

0.1 
0.0980 98 

0.09897 0.003647 3.687 0.0959 95.9 
0.1030 103 

 
Method Selectivity: 

Method selectivity was verified by comparing the instrument response to the spiked-recovered 
Cefepime extracted from tissue samples relative to the standard drug.  The absence of interference 
between the instrument responses when applying calibration standards, relative to other interfering 
substances such as extraction solvents, or background noise was used as the acceptance criteria 
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according to ICH (2005).  Figures 2 and 3 show the chromatograms obtained for both standard 
Cefepime (0.25 µg/mL) and drug extract from a control sample spiked with 0.25μg/g Cefepime.  No 
matrix interferences were noted in both chromatograms as well as there were no interfering peaks 
present and the Cefepime peak retained (2.918 min) as the retention time.  

 

 
Fig. 2.  HPLC Chromatogram for standard Cefepime (0.25 µg/mL). 

 

 
Fig. 3. HPLC Chromatogram for Cefepime recovered from control sample tissues spiked with 0.25 

μg/g. 
 
Limit of detection (LOD) and Limit of quantification (LOQ): 

The LOD and LOQ for the applied method in liver, kidney, and muscles were 0.006 and 0.03 
µg/mL, respectively. 

 
Cefepime residues in Tissues: 

The residual Cefepime in slaughtered healthy rabbit tissue post intramuscular administration of 
75 mg/kg body weight once daily for 5 consecutive days are displayed in Table (4). The results 
obtained  revealed that mean concentration of cefepime on the 1st day post administration in kidney, 
liver, thigh muscles and pectoral muscles was 1.893 ± 0.31 µg/g, 1.337 ± 0.023 µg/g, 0.559 ± 0.005 
µg/g, and 0.686 ± 0.001 µg/g, respectively. Cefepime remained detectable in kidney samples (0.140± 
0.04 µg/g) till the  9th day post administration, 7th day in liver (0.119±0.03 µg/g), and  3rd  day in thigh 
and pectoral muscles (0.181 ± 0.002 µg/g and 0.187 ± 0.002µg/g), respectively.     
The current study showed that highest concentration of Cefepime was found in kidney and that this 
organ had the longest drug withdrawal time. Complete disappearance of the drug was observed on the 
5th day of post administration in muscles but it was detectable in kidney (0.871±0.01 µg/g) and liver 
(0.547±0.01 µg/g).  Cefepime was finally eliminated from the liver on the 9th day after administration 
and on the 14th day from the kidney.  This is agreement with the findings of Abdel Aziz et al. (2017) 
during the study of Ceftiofur in rabbit tissues who indicated the retention of drug residue in animal 
tissues was in kidney > liver > lung > muscle.   

A number of studies were conducted to investigate the residual concentrations and biochemical 
alterations of Cefepime.  Most of these studies found that the highest concentrations of cefepime 
residues were present in the kidney and liver which may be attributed to the excretion of 
cephalosporins mainly through kidney.  Conclusively, extraction of high doses of Cefepime through 
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the liver after intramuscular injection was indicated to be responsible for histopathological changes in 
rats’ kidney (Elsayed et al., 2014).  

 
Table 4: Residual Cefepime (µg/g) in tissues of slaughtered rabbits at various intervals after last 

intramuscular administration (75 mg/kg b.wt once daily for 5 consecutive days) 
Days post 

intramuscular 
administration 

Concentrations of cefepime (µg/g) 

1stday 3rdday 5thday 7thday 9thday 
14th - 

21stday 
Liver 1.337±0.023 1.062±0.057 0.547±0.021 0.119±0.038 ND ND 

Kidney 1.893±0.31 1.364±0.07 0.871±0.109 0.583±0.05 0.140±0.04 ND 
Pectoral Muscle 0.686±0.001 0.181±0.002 ND ND ND ND 

Thigh Muscle 0.559±0.005 0.187±0.002 ND ND ND ND 

 
The rate of Cefepime elimination in tested rabbit tissues: 

Cefepime and cephalosporins are known to be associated with a potential toxicity of their 
degradation products, nephrotoxicity and acute proximal tubule necrosis in both experimental animals 
and human.  Abdel Aziz et al. (2017) indicated that the rate of elimination of Ceftiofur – a third 
generation cephalosporins - was muscle > liver > kidney after repeated intramuscular injections.  In 
this study, Table (5) shows the kinetic order and rate of Cefepime elimination from the tested tissues.  
From the results, it can be seen that the drug elimination from both muscles followed first order rate, 
which may be indicative that they represented the point of introduction and accumulation.  As for the 
liver and kidney, the rate of elimination was zero order reflecting the fact that these organs were 
responsible for the drug extraction.   
 
Table 5: Kinetics of the elimination of Cefepime in tissues of slaughtered rabbits  
Tissue Rate order Rate of Cefepime elimination R2 
Liver Zero order 0.2085 µg/day 0.9873 
Kidney Zero order 0.2142 µg/day 0.9902 
Pectoral muscle 1st order 0.4310 µg /day 0.9976 
Thigh muscle 1st order 0.3470 µg /day 0.9999 

 
In a previous study, it was indicated that Cefepime elimination followed linear kinetics after 

intramuscular or intravenous administration and shows rapid and complete absorption following 
intramuscular administration (Barbhaiya et al., 1990).  As well, it was indicated that Cefepime had an 
average (±SD) half-life of 2 (±0.3) hours before being metabolized in liver to give 2-[[(2-amino-4-
thiazolyl) (Z-methoxyimino) acetyl] amino] acetoaldehyde and intermediate N-methylpyrrolidine 
(NMP), which is rapidly converted to the N-oxide (NMP-N-oxide).  Generally, it was concluded that 
the main route of elimination drug degradation products and un-metabolized cefepime from body was 
via renal excretion (Nye et al., 1989; Sprauten et al., 2002; US FDA, 2012).  

 
Conclusion 

In the present study, all tested tissues have shown high concentrations of Cefepime after the first 
day of administration. Cefepime concentration decreased and became un-detected in the 5th day in 
pectoral and thigh muscles but remain detected till the 7th in liver (0.12 µg/g) and till the 9th in the 
kidney (0.14 µg/g).  In light of this, the safe or withdrawal period to be recommended for the safe 
consumption of rabbit’s muscles and organs intramuscularly treated with Cefepime is 5th and 9th day.  
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	In this study, residues of cefepime in different rabbit tissues (liver, kidney, thigh muscle and pectoral muscle) were analytically determined after intramuscular administrations.  A total of 24 healthy New Zealand rabbits were divided into two groups.  The first group (n=3) remained untreated for use as control, while the second group (n=21) was administered with 75 mg/kg cefepime for five consecutive days.  The liver, kidney, thigh muscle and pectoral muscles were collected after the 1st, 3rd, 5th, 7th, 9th, 14th and 21st day post cefepime hydrochloride administration.  Cefepime residues were extracted from the relative tissue and analyzed using HPLC equipped with a UV detector at 256 nm.  The results indicated a widespread distribution of cefepime in most of the tested tissues.  However, it remained detectable within the liver and kidney till the 7th and 9th day, respectively, after the last administered dose.  On the other hand, the drug levels within the thigh and pectoral muscles were not detectable after the 3rd day of administration.  Accordingly, it may be concluded that a 9-day period was a safe period to ensure the complete disappearance of cefepime from the examined tissues and to render the animal safe for human consumption. 



