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Abstract

Investigation the infl uences of vitamin (vit) E over a period of 5 days on the pharmacokinetics of fl orfenicol 
after single and multiple oral administrations in broiler chickens. Total of 12 broiler chickens had been taken single 
and multiple oral administrations of fl orfenicol (30 mg/kg) alone or pre-treated with vit E (2 mg/kg). The serum 
concentrations of fl orfenicol were determined using microbiological assay with Bacillus subtilis (ATCC 25922) 
as a tested microorganism. The mean serum concentrations of fl orfenicol alone were markedly lower when 
compared with fl orfenicol pre-treated with vit E after single and multiple dosing. The peak serum concentrations 
(Cmax) were 5.9±0.46, 7.48±0.3 ug/ml, absorption half-life (t0.5ab) of 0.51±0.06, 0.71±0.1 h and elimination half-
life (t0.5el) of 2.72±0.34, 3.34±0.5 after single fl orfenicol alone and fl orfenicol pre-treated with vit E respectively. 
While, after multiple dosing, (Cmax) were 7.4±0.3, 8.04±0.3 ug/ml, (t0.5ab) 0.82±0.04, 0.81±0.04 h and (t0.5 el) 
3.77±0.2, 4.52±0.7 h after multiple dosing of fl orfenicol alone and fl orfenicol pre-treated with vit E respectively. 
In conclusion Vit E alter the disposition kinetics of fl orfenicol after single and multiple oral administrations as, 
vit E allows prolongation of the duration of action for more 24 and 48 h of the drug concentration in the serum 
indicated by prolonged elimination half-lives and MRT refl ecting the importance of this combination for the drug 
duration in serum but the increase in the serum concentration of fl orfenicol increasing its effi cacy not toxicity as 
fl orfenicol of wide safety margin so, it’s advisable for poultry farms owners to use this combinations.
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Introduction
Florfenicol is only used in veterinary medicine and has been approved by the 

Committee for Veterinary Medicinal Products (the European Agency for the Evaluation of 
Medical Products-EMEA). It is a potent agent used as an alternative to chloramphenicol. 
It was introduced for the treatment of susceptible bacterial diseases in cattle, ϐish, pigs 
and chickens in the mid-1990s [1]. The pharmacokinetic studies of florfenicol have 
been conducted in cats, dogs [2], rabbits [3], alpacas [4], and chickens [5] However, 
in our knowledge there is no information available on the influence of vit E on the 
pharmacokinetic behavior of florfenicol in animals. The Pharmacokinetic interactions 
occur when one drug alters the delivery of another to its target besides drugs may 
alter the absorption, distribution, or elimination of one another [6]. A particular drug 
may have no action on a targeted tissue whatsoever but may modify another drug’s 
inϐluence by varying its concentration available to produce an effect. This interaction 
may result either in diminished effects or drug potentiation [7]. In poultry farms, the 
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drug combinations are usually used. In these farms drug interactions may occur. Theses 
interactions have been studied in chickens [8-11]. For instance, the coccidiostatics 
and the nutritive antibiotics may signiϐicantly alter the pharmacokinetics of several 
antibacterial drugs (tylosin, sulfadimidine and apramycin) when administered 
together. The simultaneous administration of antibiotics and vitamins is routinely 
used. Ascorbic acid inϐluences metabolic pathways in the organism and may thus affect 
oleandamycin body disposition [12].

Antibiotics constitute a family of drug, which taken as a group, represents one of 
the most frequently prescribed around the world. Thus, not surprisingly antibiotic 
list on the top of causes of drug induced many side effects [13]. Supplementation 
of antioxidants can be considered as the alternative method for chelation therapy 
besides many studies indicate to protective effects of vitamins A, C and E against many 
alteration caused by organophosphate insecticides and some medicines that induced 
hepatotoxicity [14,15]. In our knowledge no data were available in the literature related 
to the effect of vit E on the disposition kinetics of ϐlorfenicol. The aims of this study 
were to evaluate if vit E affects or change any of the pharmacokinetics of ϐlorfenicol 
after single and multiple oral administration in broiler chickens at dose of 2 mg/kg 
b.wt. (vit E) and 30 mg/kg b.wt. (ϐlorfenicol).

Materials and Methods
Chickens and husbundry

The work had been experimented on 12 broiler chickens with an average body 
weight from 1.280 to 2.00 kg and 45 days old, birds divided into four groups. These 
birds were obtained from a special poultry farm in Beni-Suef Governorate. The chickens 
were fed on balanced commercial ration and water ad-libitum. They were kept under 
good hygienic conditions and left without treatment for 15 day before the experiment 
for acclimatization and ensuring complete clearance of any antibacterial drugs. The 
experiments were carried out according to the National regulations animal welfare and 
institutional animal Ethical Committee (IAEC) of Beni-Suef University which approved 
for animal uses.

Drugs

Florfenicol: was kindly provided by Pharma-Swede company, Egypt as a 
white powder (98%), highly soluble in N, N-Di methyl formamide according to the 
manufacture instructions.

Vitamin E: Vit E supplemented as a white powder in the form of α-tocopherol 
acetate 50% with target amount of 2 mg dI α-tocopherol acetate/kg of body weight, 
throughout the remainder of this manuscript α-tocopherol will be referred as Vit E. It 
was obtained kindly from Pharma Swede Pharmaceutical Company.

Experimental design

Single dose study: -12 apparently healthy broiler chickens had been divided into 
two (2) groups, the ϐirst group administered ϐlorfenicol 30 mg/kg b.wt [16]. As a single 
oral dose and the second group were given vit E (2 mg/kg b.wt.) ϐirstly 2 h before 
starting ϐlorfenicol administration then ϐlorfenicol 30 mg/kg b.wt. Had been given later 
as a single oral dose (intra-crop route). Blood samples (1ml each) were taken from 
wing vein just after 5,10,15,30 minutes, 1,2,4,6,8,12,24,48,72 and 96 hours post drug 
administration. All blood samples were left to clot for 30 minutes, centrifuged at 3000 
r.p.m. for 15 minutes and the obtained clear serum was transferred to eppendorff’s 
tubes and kept in deep freeze (-20oC) till assayed.

Multiple doses studies: This study was performed on the same single dose 
administered group, as (6 birds) had been given ϐlorfenicol (30 mg kg-1 b.wt) daily 
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for another 5 consecutive days (intra-crop route) whereas, the other (6 birds) that 
previously administered single oral dose had been given vit E (2 mg/kg b.wt.) ϐirstly 
2 h before starting ϐlorfenicol administration then ϐlorfenicol (30 mg kg-1, b.wt) daily 
for another 5 consecutive days (intra-crop route). In both groups the blood samples 
had been collected at the last day of drugs dosing (5th day). Blood samples (1ml each) 
were taken from wing vein just after 5,10,15,30 minutes, 1,2,4,6,8,12,24,48,72 and 96 
hrs post-drug administrations. Also all blood samples were left to clot for 30 minutes, 
centrifuged at 3000 r.p.m. for 15 minutes and the obtained clear serum was transferred 
to eppendorff’s tubes and kept in deep freeze (-20oC) till assayed.

Assay for fl orfenicol

Florfenicol concentrations in plasma were evaluated by a microbiological agar plate 
assay using Bacillus subtilis (ATCC 25922) as the test organism [17]. Standard curve of 
ϐlorfenicol in healthy broiler chickens were linear over the range of 0.02-25 μg/ml. The 
diameter of the inhibition zones (mm) were linear when plotted against of concentration 
of ϐlorfenicol (μg/ml) with correlation coefϐicient of 0.995 in normal chicken serum, 
0.995 in distilled water. Estimation of protein binding tendency of ϐlorfenicol was 
carried by preparing a standard solution in distilled water and also in normal antibiotic 
free chicken›s serum at concentrations of ϐlorfenicol 0.02,0.04,0.09,0.1,0.3 (reference 
concentration), 0.6, 1.75, 3.125 , 6.25, 12.5, 25μg/ ml. The differences in the diameter 
of inhibition between the solutions of the drugs in the distilled water (buffer) and that 
in serum of the chickens were used to calculate the percentage of protein binding of the 
tested antibacterial according to the following equation [18].

Protein binding %  =   Zone of inhibition in buffer-Zone of inhibition in serum       x100

                                                                Zone of inhibition in buffer

Pharmacokinetic analysis

Serum concentrations of ϐlorfenicol versus time curve were formed and best ϐitted by 
the aid of computer poly-exponential curve stripping program. Data from each chicken 
were ϐitted individually and the pharmacokinetic variables were calculated by the aid 
of the software programs. The hybrid rate constants of distribution and elimination 
phase (α and β), the ϐirst order absorption and elimination rate constants(Kab and Kel) 
and corresponding extrapolated zero time intercepts(A and B), absorption, distribution 
and elimination half-lives t0.5(ab), t0.5(el), the area under the curve from zero to inϐinite 
time (AUC 0-œ), mean residence time (MRT), maximum serum concentration (Cmax) 
and time to be achieved (tmax) were calculated. The results were expressed as Mean±S.E 
and the obtained data statistically using Student”t” test [19].

Results
Single oral administration of fl orfenicol alone or pre-treated with vit E 
(fl orfenicol-vit E combination): (Effects of vit E on the disposition kinetics of 
fl orfenicol after single oral administration)

The mean serum concentrations of ϐlorfenicol alone or pre-treated with vit E after 
single oral administration in healthy broiler chickens at different time intervals at a 
dose of 30 mg/kg b.wt. Are shown in table 1, ϐigure 1. The mean serum concentrations 
of the drug are markedly lower in single ϐlorfenicol alone as compared with ϐlorfenicol 
pre-treated with vit E at the corresponding time intervals. The maximum concentration 
of the drug in serum was 6.46 ug/ml in ϐlorfenicol alone whereas 7.48 ug/ml in 
ϐlorfenicol pre-treated with vit E. The all pharmacokinetic parameters are recorded in 
table 2 showed that the serum concentrations were higher after ϐlorfenicol pre-treated 
with vit E when compared to the ϐlorfenicol alone.

Multiple oral administration of fl orfenicol alone or pre-treated with vit E 
(fl orfenicol-vit E combination): (Effects of vit E on the disposition kinetics of 
fl orfenicol after repeated oral administration)

The mean serum concentrations of ϐlorfenicol alone or pre-treated with vit E after 
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multiple oral administration in healthy broiler chickens at different time intervals at 
a dose of 30 mg/kg b.wt. (ϐlorfenicol) and 2 mg/kg b.wt. (vit E) are shown in table 3, 
ϐigure 2. The mean serum concentrations of the drug are markedly lower in multiple 
ϐlorfenicol alone as compared with ϐlorfenicol pre-treated with vit E after repeated 
dosing at the corresponding time intervals. The maximum concentration of the drug 
in serum was 7.47 ug/ml in ϐlorfenicol alone whereas, 8.38 ug/ml in ϐlorfenicol pre-
treated with vit E. The pharmacokinetic parameters are recorded in table 4) showed 
that the serum concentrations were higher after ϐlorfenicol pre-treated with vit E when 
compared to the ϐlorfenicol alone.
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Figure-1: Semilogarithmic plot depicting the time-course of florfenicol ( ) and 
florfenicol-vit E ( ) combination in serum after single oral administration of 2 

mg/kg b.wt.(vit E) and 30 mg kg-1 b.wt.(florfenicol).

Figure 1: Patient 24, varying maximum activity in visual comparison of I-131 scintigram (1a) with the Tc-99m-O4
- 

scintigram (1b). Grid image in Figure 1a highlighted by the use of a high-energy collimator.

Table 1: Mean Serum concentrations of fl orfenicol alone or pre-treated with vit E (ug/ml) in healthy broiler chickens 
after single oral administration of 30 mg/kg (fl orfenicol) and 2 mg/kg. b.wt (vit E) (n=6).

Time
Mean±S.E

fl orfenicol fl orfenicol-vit E
5 min - 0.61±0.14***

10 min 0.73±0.11 0.87±0.1**

15 min 1.66±0.32 1.56±0.28*

30 min 2.94±0.32 2.97±0.4
1h 6.46±0.70 5.39±0.4**
2 h 5.19±0.65 7.55±0.3***
4 h 3.62±0.64 6.14±0.4***
6 h 2.02±0.45 4.72±0.4***
8 h 0.99±0.22 2.35±0.3***

12 h 0.34±0.06 0.94±0.1**
24 h 0.16±0.02 0.39±0.11**
48 h 0.18±0.03***

Signifi cant at: ***P≤0.001, ** P≤0.01, *P≤0.05

Table 2: Pharmacokinetic parameters of fl orfenicol alone or pre-treated with vit E in healthy broiler chickens following 
a single oral administration of 30 mg/kg and 2 mg/kg b.wt. (vit E) (n=6).

kinetic parameters1 Unit fl orfenicol fl orfenicol-vit E
A ug/ml 10.30±2.8 11.9±1.6**

K(ab) h-1 1.28±0.33 0.98±0.14*
t0.5 ab h 0.51±0.11 0.71±0.1*

B ug/ml 9.8±2.9 11.9±1.6***
Kel h-1 0.26±0.03 0.16±0.02*

t0.5 el h 2.72±0.34 4.34±0.5***
tmax h 1.40±0.09 2.42±0.19**
Cmax ug/ml 5.9±0.46 7.48±0.3***
AUC μg.h.ml 31.3±3.1 55.9±5.3***

AUMC μg.h2.ml-1 32.9±3.2 66.7±7.5***
MRT h 4.95±0.89 5.57±0.7**

1kab fi rst-order absorption rate constant; Kel elimination rate constant; Cmax maximum serum concentration; tmax time to 
peak serum concentration; t0.5(ab) absorption half-life; t0.5(el) elimination half-life; MRT mean residence time; AUC area 
under serum concentration-time curve.
Signifi cance:***P≤0.001, **P≤0.01, *P≤0.05
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Florfenicol alone after single and multiple oral administrations in broiler 
chickens

The mean serum concentrations of ϐlorfenicol at different time intervals following 
single and multiple oral administration of 30 mg/kg b.wt. in (12) broiler chickens were 
presented in table 5 and depicted in ϐigure 3. The drug was ϐirstly detected 0.73±0.11, 
0.62±0.12 ug/ml after 10 and 5 min and the maximum serum level 6.46±0.70 and 
7.47±0.45 ug/ml was reached at 1 and 2 h after single and multiple administrations. 

Table 3: Mean Serum concentrations of fl orfenicol alone or pre-treated with vit E (ug/ml) in healthy broiler chickens after 
multiple oral administration of 30 mg/kg b.wt. (fl orfenicol) and 2 mg/kg b.wt. (Vit E) (n=6).

Time
Mean±S.E

fl orfenicol fl orfenicol-vit E
5 min 0.62±0.12 0.74±0.07**

10 min 1.04±0.31 0.93±0.06*
15 min 1.72±0.26 1.74±0.31
30 min 2.83±0.24 2.90±0.2*

1h 5.22±0.43 5.63±0.5**
2 h 7.47±0.45 8.38±0.3***
4 h 6.3±0.42 6.81±0.3**
6 h 4.56±0.48 5.19±0.10***
8 h 2.34±0.21 3.17±0.11***

12 h 1.06±0.14 1.45±0.1**
24 h 0.37±0.09 0.37±0.1
48 h 0.13±0.03 0.16±0.04
72 h - 0.06±0.02***

Signifi cant: ***P≤0.001, **P≤0.01, *P≤0.05.
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Figure-2: Semilogarithmic plot depicting the time-course of florfenicol ( ) and 
florfenicol-vit E ( ) combination in serum after multiple oral administration of 2 

mg/kg b.wt.(vit E) and 30 mg.kg-1 b.wt.(florfenicol).

Figure 2: Mean serum concentrations of fl orfenicol alone or in combination with vit E (ug/ml) in healthy broiler 
chickens following multiple oral administration of 2 mg/kg.b.wt. and 30 mg/kg.b.wt. (n=6).

Table 4: Pharmacokinetic parameters of fl orfenicol alone or pre-treated with vit E in healthy broiler chickens following 
repeated oral administration of 30 mg/kg b.wt. and 2 mg/kg b.wt. (n=6).

kinetic parameters1 Unit fl orfenicol fl orfenicol-vit E
A ug/ml 13.3±1.23 13.4±2.1

K(ab) h-1 0.83±0.04 0.85±0.04*
t0.5 ab h 0.82±0.04 0.81±0.04

B ug/ml 12.75±1.14 12.9±2.1*
Kel h-1 0.18±0.01 0.16±0.02*

t0.5 el h 3.77±0.2 4.52±0.7***
tmax h 2.3±0.1 2.5±0.05*
Cmax ug/ml 7.4±0.3 8.04±0.3***
AUC μg.h.ml 54.4±2.2 63.5±1.9***

AUMC μg.h2.ml-1 64.6±4.5 78.29±2.4***
MRT h 5.13±1.1 6.9±1.8***

1kab fi rst-order absorption rate constant; Kel elimination rate constant; Cmax maximum serum concentration; tmax time to 
peak serum concentration; t0.5(ab) absorption half-life; t0.5(el) elimination half-life; MRT mean residence time; AUC area 
under serum concentration-time curve. 
Signifi cance: ***P≤0.001 , **P≤0.01 , *P≤0.05
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The pharmacokinetic parameters are tabulated in table 6. The peak concentration 
(Cmax) was 5.9±0.46, 7.4±0.3 ug/ml and the calculated value of tmax was 1.4±0.09, 
2.3±0.1 h respectively. The absorption half-life (t0.5ab) was 0.51±0.11, 0.82±0.04 h and 
eliminated with a mean half-life (t0.5 el) of 2.72±0.34, 3.77±0.2 h after single and multiple 
administration respectively.

Florfenicol pre-treated with vit E after single and multiple oral administrations 
in broiler chickens

The mean serum concentrations of ϐlorfenicol pre-treated with vit E at different 
time intervals following a single and multiple oral administration of 2 mg/kg b.wt. (vit 
E) and 30 mg/kg b.wt. (ϐlorfenicol) in (12) broiler chickens were presented in table 7 
and depicted in ϐigure 4. The drug was ϐirstly detected 0.61±0.14, 0.74±0.07 ug/ml after 
5 min and the maximum serum level 7.55±0.3; 8.38±0.31 ug/ml was reached at 2 hour 
after the drug administration. The pharmacokinetic parameters of are tabulated in 
table 8. The peak concentration (Cmax) was 7.48±0.3, 8.04±0.3 ug/ml and the calculated 
value of tmax was 2.32±0.15, 2.5±0.05 h. The drug was absorbed from healthy broilers 
gut with absorption half-life (t0.5ab) of 0.71±0.1, 0.81±0.04 h and eliminated half-life 
(t0.5el) of 4.34±0.5, 4.52±0.7 h after single and multiple dosing respectively.

Discussion

Following a single oral administration of ϐlorfenicol alone at a dose of 30 mg/kg 
b.wt. The drug was detected in serum 10 min post-administration (0.73 ug /ml). It 
was continued to increase gradually till reach its maximum concentration 6.46 ug/ml 
and Cmax 5.9 ug/ml at 1 h post-oral administration and decreased gradually till reach 
its lower level (0.16 ug/ml) at 24 h. This result (Cmax) is similar to that reported for 
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Figure-3: Semilogarithmic plot depicting the time-course of florfenicol in serum 

after single ( ) and multiple ( ) oral administration of 30 mg.kg-1 b.wt.

Figure 3: Mean serum concentrations of fl orfenicol alone (ug/ml) in healthy broiler chickens following a single and 
multiple oral administration of 30 mg/kg. (n=6).

Table 5: Mean Serum concentrations of fl orfenicol alone (ug/ml) in healthy broiler chickens following a single and 
multiple oral administration of 30 mg/kg b.wt. for 5 successive days (n=6).

Time
Mean±S.E

Single multiple
5 min - 0.62±0.12***

10 min 0.73±0.11 1.04±0.31**
15 min 1.66±0.32 1.72±0.26*
30 min 2.94±0.32 2.83±0.24*

1h 6.46±0.70 5.22±0.43***
2 h 5.19±0.65 7.47±0.45***
4 h 3.62±0.64 6.3±0.42***
6 h 2.02±0.45 4.56±0.48***
8 h 0.99±0.22 2.34±0.21***

12 h 0.34±0.06 1.06±0.14***
24 h 0.16±0.02 0.37±0.09*
48 h 0.13±0.03***

Signifi cant: ***P≤0.001, **P≤0.01,*P≤0.05.
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Table 6: Pharmacokinetic parameters of fl orfenicol alone in healthy broiler chickens following a single and multiple 
oral administration of 30 mg/kg b.wt. (n=6).

Kinetic parameters1 Unit Single Repeated
A ug/ml 10.30±2.8 13.3±1.23***

K(ab) h-1 1.28±0.33 0.83±0.04**
t0.5 ab h 0.51±0.11 0.82±0.04**

B ug/ml 9.8±2.9 12.75±1.14***
Kel h-1 0.26±0.03 0.18±0.01*

t0.5 el h 2.72±0.34 3.77±0.2**
tmax h 1.40±0.09 2.3±0.1***
Cmax ug/ml 5.9±0.46 7.4±0.3***
AUC μg.h.ml 31.3±3.1 54.4±2.2***

AUMC μg.h2.ml-1 32.9±3.2 64.6±4.5***
MRT h 4.95±0.89 5.13±1.1*

1 kab fi rst-order absorption rate constant; Kel elimination rate constant; Cmax maximum serum concentration; tmax time 
to peak serum concentration; t0.5(ab) absorption half-life; t0.5(el) elimination half-life; MRT mean residence time; AUC area 
under serum concentration-time curve. Signifi cance: ***P≤0.001, **P≤0.01, *P≤0.05.

Table 7: Mean Serum concentrations of fl orfenicol pre-treated with vit E (ug/ml) in healthy broiler chickens after 
single and multiple oral administration of 2 mg/kg and 30 mg/kg b.wt. (n=6).

Time
Mean±S.E

Single Repeated
5 min 0.61±0.14 0.74±0.07

10 min 0.87±0.1 0.93±0.06
15 min 1.56±0.28 1.74±0.31*
30 min 2.97±0.4 2.90±0.2*

1h 5.39±0.4 5.63±0.5*
2 h 7.55±0.3 8.38±0.3**
4 h 6.14±0.4 6.81±0.3**
6 h 4.72±0.4 5.19±0.10**
8 h 2.35±0.3 3.17±0.11***

12 h 0.94±0.1 1.45±0**
24 h 0.39±0.11 0.37±0.1
48 h 0.18±0.03 0.16±0.04
72 h 0.06±0.02***

Signifi cant: ***P≤0.001, ** P≤0.01, *P≤0.05.

ϐlorfenicol in broiler chickens [16] 7.2 ug/ml [20], 6.79 ug/ml and [21] (6.8 ug/ml), but 
slightly lower that that reported by [22] 7.9 ug/m in infected broiler chickens and this 
discrepancies attributed to that differences in the method of ϐlorfenicol measurements 
as HPLC used in that study. The drug was rapidly absorbed with an absorption half-life 
(t0.5ab) 0.51 h. Our ϐinding is similar to that reported for the drug in broiler chickens 0.5 
h [22] and 0.37 h. [21] But, slightly different from that reported in foals [24] (0.29 h), 
this discrepancies may be attributed to species and dose differences and eliminated 
with elimination half-life (t0.5el) was 2.72 h., similar to that reported for ϐlorfenicol in 
broiler chickens by [22], 2.25 h but lower than that reported by [21], 3.8 and higher 
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Figure-4: Semilogarithmic plot depicting the time-course of florfenicol-vit 

E combination in serum after single ( ) and multiple ( ) oral 
administration of 2 mg/kg b.wt.(vit E) and 30 mg kg-1 b.wt.(florfenicol).

Figure 4: Mean serum concentrations of fl orfenicol pre-treated with vit E (ug/ml) in healthy broiler chickens following 
a single and multiple oral administration of 2 mg/kg b.wt.(vit E) and 30 mg/kg. (n=6).
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than [25] t0.5el 1.41 h., that’s may be attributed to the difference in drug formulation. 
The in-vitro protein binding tendency of ϐlorfenicol in serum is 13.00 %, similar to that 
reported by [5] 16.8 % in broiler chickens but slightly lower than that reported by [16] 
18.6 % that may be due to different drug formulation.

The results obtained showed lower plasma concentrations of ϐlorfenicol alone as 
compared with ϐlorfenicol pre-treated with vit E following the drug administration at 
different time intervals as, ϐlorfenicol pre-treated with vit E was detected in serum 5 
minutes post-administration (0.61 ug/ml), It was continued to increase gradually till 
reach its maximum concentration (Cmax) 7.55 ug/ml at 2 h post-administration and 
decreased gradually till reach its lower level 0.18 ug/ml at 48 h. These results explained 
on that increasing the absorption rates and serum accumulation of ϐlorfenicol pre-treated 
with vit E [4], who informed that ϐlorfenicol accumulated after multiple administration 
leading to increase in the maximum serum concentration than the single ϐlorfenicol 
alone, as Cmax was higher in ϐlorfenicol pre-treated with vit E than single ϐlorfenicol alone 
in broiler chickens in addition, absorption half-life (t0.5ab) in ϐlorfenicol pre-treated with 
vit E was 0.71 h where as in ϐlorfenicol alone was 0.51 h, vit E helps rapid absorption 
of ϐlorfenicol besides, increasing the absorption rate and serum concentration might 
be due to binding of vit E with part of plasma proteins lead to high concentration of 
free drug in the serum so increasing its serum level in addition, vit E decrease the renal 
excretion on binding proteins through renal inϐiltration that’s may bind with part of 
the drug leading also to increase its serum concentration as reported by [26] about 
effects of vit E on renal function in rats in addition [21], found that vitamins as vit C 
increasing the serum concentrations of antibiotics when combined with them. Vit E 
combination with ϐlorfenicol leads to more prolonged (t0.5el) of 4.34h in the body than 
single ϐlorfenicol (2.72 h) alone leading to more prolonged effects of ϐlorfenicol in the 
serum that’s may attributed to that the majority of ϐlorfenicol excretion and its highly 
accumulate mainly in kidney and liver [21] after repeated dose of ϐlorfenicol and [28], 
whose informed that ϐlorfenicol accumulated rapidly in the kidney and liver besides 
the main elimination route of vitamins through the kidney and the liver [29,30], so the 
capacity of the eliminated organs might be saturated at the elimination of vit E ϐirstly 
which might lead to accumulation of part of the ϐlorfenicol more prolonged in the body 
till be eliminated so increasing its elimination half-lives besides the hepatoprotective 
effect of vit E [31,32]. The combination of ϐlorfenicol with vit E allows a prolongation of 
the dosage intervals in broiler for 24 hours so this important combination allows the 
interval to be prolonged to more 24 h indicated by long elimination half-life (t0.5el) and 
MRT in ϐlorfenicol pre-treated with vit E 4.34, 5.57 h as compared to 3.8, 4.95 h in the 
single dose administration of ϐlorfenicol alone.

Following multiple administration of ϐlorfenicol alone, the drug reach its maximum 
concentration (7.47ug/ml) at 2h post-administration, this result is higher than 

Table 8: Pharmacokinetic parameters of fl orfenicol pre-treated with vit E in healthy broiler chickens following a single 
and multiple oral administrations of 2 mg/kg.b.wt and 30 mg/kg b.wt. (n=6).

kinetic parameters1 Unit Single repeated
A ug/ml 11.9±1.6 13.4±2.1***

K(ab) h-1 0.98±0.14 0.85±0.04*
t0.5 ab h 0.71±0.1 0.81±0.04*

B ug/ml 11.9±1.6 12.8±2.1***
Kel h-1 0.16±0.02 0.16±0.02

t0.5 el h 4.34±0.5 4.52±0.7***
tmax h 2.42±0.19 2.5±0.05***
Cmax ug/ml 7.48±0.3 8.04±0.3***
AUC μg.h.ml 55.9±5.3 63.5±1.9***

AUMC μg.h2.ml-1 66.7±7.5 78.29±2.4***
MRT h 5.57±0.7 6.9±1.8***

1kab fi rst-order absorption rate constant; Kel elimination rate constant; Cmax maximum serum concentration; tmax time to 
peak serum concentration; t0.5(ab) absorption half-life; t0.5(el) elimination half-life; MRT mean residence time; AUC area 
under serum concentration-time curve. Signifi cance: ***P≤0.001, **P≤0.01 , *P≤0.05
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the single ϐlorfenicol alone administration. This result explained on that increasing the 
absorption rates and serum accumulation of the drug after multiple dosing leading to 
increase in the maximum serum concentration than the single one [4] indicated by the low 
absorption half-life (t0.5ab) 0.51 h in single dosing as compared to 0.82h in multiple dosing 
chickens, ϐlorfenicol was rapidly absorbed with an absorption half-life (t0.5ab) of 0.82 h which 
was higher than the result reported for single administration 0.51 h which also indicates 
accumulation of part of the drug in the serum [4]. Florfenicol was eliminated at slower rate 
(P<0.05) in multiple dosing than single administration as indicated by long elimination half 
-life (t0.5(el)) and residence time (MRT) in repeated dosing 3.77 and 5.13h compared to 2.71 
and 4.95 h in the single dose administration, repeated dosing allows a prolongation of the 
dosage intervals in broiler for 24 hours these results similar to that reported by [21] of 
ϐlorfenicol in broiler chickens. In addition [28,33], informed that ϐlorfenicol accumulated 
rapidly in the kidney and liver and its main elimination route through the kidney and the 
liver so after repeated dosing of ϐlorfenicol and its accumulation in the serum, the kidney 
capacity for elimination would decreased till complete elimination so lead to prolonged of 
the elimination rates.

Following multiple oral administration of ϐlorfenicol pre-treated with vit E the drug 
was detected in serum 5 minutes post oral administration (0.74ug/ml). It was continued 
to increase gradually thereafter to reach its maximum concentration (Cmax) 8.38 ug/ml at 
2 h post-admimstration and reached its lower level (0.16 ug/ml) at 48 h. This result (Cmax) 
was higher than single dose administration of ϐlorfenicol pre-treated with vit E (7.48 ug/
ml) indicates serum accumulation of part of the drug in the serum [4]. Vitamins play a role 
in increasing the serum concentrations of antibiotics [27]. This result explained on that 
increasing the absorption rates and serum accumulation of the drug after vit E combination 
with repeated dosing leading to increase in the maximum serum concentration than the 
single dose administration of ϐlorfenicol-vit E alone as indicated by the absorption half-
life (t0.5ab) after repeated dosing 0.81h was slightly higher than ϐlorfenicol-vit E single 
administration 0.71h that’s may due accumulation of parts of the drug after absorption in 
organs and in serum [20]. The drug was rapidly absorbed after oral administration with 
an absorption half-life (t0.5ab) 0.82h which is higher than single ϐlorfenicol pre-treated 
with vit E indicates that vit E after multiple dosing increase the absorption rates than 
single dose administration. ϐlorfenicol pre-treated with vit E after multiple dosing lead to 
prolonged (t0.5el) of 4.52 h than single ϐlorfenicol-vit E (4.34h) leading to more prolonged 
effects of ϐlorfenicol in the serum that’s may attributed to the hepatoprotective effect of 
vit E [31,32] and renal and hepatic elimination of both drugs that’s interfere with their 
elimination [29], besides the serum accumulation of part of the drug in the serum and the 
vit E effects on plasma protein excretion [4,21]. The combination of ϐlorfenicol and vit E 
with multiple dosing allows a prolongation of the dosage intervals in broiler for 24 hours 
so this important combination allows the interval to be prolonged to more one day of the 
drug to be effective, so ϐlorfenicol eliminated at slower rate (P<0.05) pre-treated with vit E 
after multiple dosing than given single dose indicated by long elimination half -life (t0.5(el)) 
and residence time (MRT) in ϐlorfenicol pre-treated with vit E (multiple dosing) 4.52 and 
6.9h compared to 4.3 and 5.5 h in the single dose administration of ϐlorfenicol pre-treated 
with vit E. We conclude that ϐlorfenicol pre-treated with vit E either after single or multiple 
oral administrations leading to increase in the serum concentration of ϐlorfenicol for 24 and 
48 h respectively than single and multiple oral administration of ϐlorfenicol alone indicated 
by longer elimination half-life and mean residence time (MRT) which increase the tissue 
and serum concentrations of the drug leading to increase its efϐicacy but not toxicity as 
ϐlorfenicol of wide safety margin and of low toxic level.
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