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Abstract

The present study was designed to assess the comparative bio-equivalence of Lincopharm 800® and Lincoyosr® in healthy broiler chick-
en after oral administration of both products in a dose of 20 mg lincomycin base/kg b.wt. Twenty four broiler chickens were divided into
two groups. The first group was designed to study the pharmacokinetics of Lincopharm 800®, while the 2" group was designed to study
the pharmacokinetics of Lincoyosr®. Each broiler chicken in both groups was orally administered with 20 mg lincomycin base/kg b.wt.
Blood samples were obtained from the wing vein and collected immediately before and at 0.08, 0.16, 0.25, 0.5, 1, 2, 4, 8, 12 and 24
hours after a single oral administration. The disposition kinetics of Lincopharm 800® and Lincoyosr® following oral administration of 20
mg lincomycin base /kg b.wt, revealed that the maximum blood concentration of lincomycin [Cmax] were 4.81 and 4.62 pug/ml and at-
tained at [tmax] of 1.36 and 1.35 hours, respectively. In conclusion: Lincoyosr® is bioequivalent to Lincopharm 800® since the ratios of
Cmax, AUCo-24 and AUCo-- (T/R) was 0.96, 0.92 and 0.91 respectively. These are within the bioequivalence acceptance range.
Lincoyosr® and Lincopharm 800® are therefore bioequivalent and interchangeable.
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1. Introduction

Lincosamides is a group of monoglycoside antibiotics containing amino-acid like side chain. It is a miscellaneous group of protein inhib-
iting antimicrobials with activities similar to members of the macrolide group of antibiotics. Lincomycin is a member of the lincosamide
antibiotics, mainly active against Staphylococci, Streptococci and anaerobic bacteria including Bacteroides fragilis (Giguére, 2006). It is
used alone or in combination with other drugs in poultry for oral treatment of bacterial enteric infections, control of respiratory infections
and growth enhancement.

The pharmacokinetics of lincomycin have been determined for a variety of animals including sheep (Ziv and Sulman, 1973), dogs
(Brown et al., 1975), calves (Burrows et al., 1983; Gouri et al., 2014), pigs (Chaleva and Nguyen, 1987), chickens (Amer, 1987; Soback
etal., 1987), and cats (Albarellos et al., 2012).

Lincomycin is used in chickens either alone or in combination with other antibiotics (e.g. lincomycin-spectinomycin) for the treatment of
air-sacculitis caused by either M. synoviae or M. gallisepticum and complicated chronic respiratory diseasecaused by E. coli and M. gal-
lisepticum (Abu Basha et al., 2007).

The bioavailability and bioequivalence studies play an important role in determining therapeutic efficacy to register the generic drug
products according to the Food and Drug Administration (FDA) regulations (Chen et al., 2001). Bioavailability is defined as the rate and
extent to which an active drug ingredient is absorbed and becomes available at the site of drug action. In case of bioequivalence it is de-
fined as statistically equivalent bioavailability between two products at the same molar dose of the therapeutic moiety under similar ex-
perimental conditions (Chen et al., 2001; Toutain and Bousquet-Melou, 2004). The drug products are said to be bioequivalent if they are
pharmaceutical equivalents or pharmaceutical alternatives and if their rate and extent of absorption do not show a significant differences
statistically according to the FDA regulations (Chen et al., 2001).

The aim of this study is to evaluate bioequivalence of two oral lincomycine water soluble powders (Lincopharm 800® and Lincoyosr®)
after oral administration of a single dose in broiler chickens.

2. Materials and methods

2.1. Drugs

Lincopharm 800® was obtained from Bayer Australia (it was used as reference product) and Lincoyosr® was obtained from Boston Com-
pany, Elyoser Division, Egypt (it was used as test product). Both are formulated as water soluble powders for use in drinking water and
each one gram contains 800 mg Lincomycin base (as lincomycin hydrochloride).
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2.2. Broiler chickens and experimental design

Twenty four healthy broiler chickens (30 days old and weighing 1.60 — 1.85 kg) were obtained from Benha private poultry farm, Egypt.
They were kept individually in cages, within a ventilated, heated room (20°C), and 14 hours of day light. They received a standard com-
mercial ration free from any antibiotics before starting the experiment to insure complete clearance of any anti-bacterial substances from
their bodies. Water was offered ad-libitum.

2.3. Bioequivalence study

Broiler chickens were used to study the bio-equivalence of Lincopharm 800® and Lincoyosr® after oral administration. Broiler chickens
were divided into two groups. The 1%t group (12 broiler chickens) was used to study the pharmacokinetics of Lincopharm 800®. The 2
group (12 broiler chickens) was used to study the pharmacokinetics of Lincoyosr®. Broiler chickens in the 1% group were administered
orally (in drinking water) with Lincopharm 800® in a dose of 20 mg lincomycin base/kg b.wt, while broiler chickens in the 2" group
were administered orally with Lincoyosr® in a dose of 20 mg lincomycin base.

2.4. Blood samples

Blood samples were obtained from the wing vein (1 ml) and collected in test tubes immediately before and at 0.08, 0.16, 0.25, 0.5, 1, 2,
4, 6, 8, 12 and 24 hours after a single oral administration (groups 1 and 2). Samples were centrifuged at 3000 rpm for 10 minutes and the
obtained sera were used for the estimation of lincomycin concentration. The serum samples were stored at —20°C until drug assay.

2.5. Analytical procedure

Lincomycin was assayed in serum of chickens by modified spectrophotometric method (Rajeevkumar and Subramanian, 2010) by using
a double beam UV- visible spectrophotometer (T60U, United Kingdom). A stock solution (100 pg / ml) of lincomycin in distilled water
or serum (antibiotic free) of normal chickens were prepared. Standard concentrations were obtained by further dilution to obtain concen-
trations varying from 1.25, 2.5, 5, 10, 25, 50 to 100 pg lincomycin per milliliter-distilled water or serum. Optical densities of the drug
molecule of different concentrations were read at 196 nm, using a quartz cuvette by a double beam UV- visible spectrophotometer. Con-
centrations of the drug at different time intervals were obtained and then plotted against optical densities on a graph paper to obtain
standard curves.

2.6. Pharmacokinetics analysis

Serum concentrations of lincomycin versus time data obtained during the study were utilized for calculating various pharmacokinetic
variables using a compartmental and non-compartmental analysis using computerized program, WinNonline 4.1 (Pharsight, USA).

The peak concentrations, Cmax and time to peak, Tmax Were obtained from the serum concentration-time data directly. The areas under the
serum concentration of lincomycin time curves from time 0 to the last sample collected (AUCo-24) were calculated using linear trapezoi-
dal method (Baggot, 2001). While AUCo-» was derived from AUCo-24 + AUC24-, Where AUCa24-- = C24/R. For bioequivalence evalua-
tion, the ratios of Cmax (T/R), AUCo-24 (T/R) and AUCo-» (T/R) were calculated. Values within the bioequivalence acceptable range at
90% confidence interval, 0.80 — 1.25 were considered for accepting the null hypothesis of bioequivalence between the reference and the
test brands (EMEA, 2002, 2006).

3. Results

The mean serum concentrations of lincomycin in Lincopharm 800® and Lincoyosr® following oral administration of 20 mg lincomycin
base/kg b.wt, in broiler chickens are shown in (Table 1 and Figure 1).

Table 1: Mean (X + S.E) Serum Concentrations (mg/ml) of Lincomycin in Lincopharm 800® and Lincoyosr® Following Oral Administration of 20 mg
Lincomycin Base/kg b.wt In Broiler Chickens (N = 12)

Time post Administration (hour) IAlGE S G et (i)

Group 1 Lincopharm 800° (Reference) Group 2 Lincoyosr® (Test)

0.45+0.04 0.38+0.02
0.08 1.03+0.09 0.94+0.04
025 2444013 2372011
05 3.67+0.14 3.530.14
: 5.19+0.23 5.01£0.21
421 4.34+0.21 4.11+0.18
6 3244012 3.1040.12
?2 2.28+0.03 2.12+0.06
24 1.67+0.02 1.52+0.05

1.07+0.01 0.96+0.04

0.53+0.01 0.50+0.01
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Fig. 1: Semilogarthimic Plot Showing the Serum Concentrations-Time Profile of Lincomycin in Lincopharm 800® (o) and Lincoyosr® (m) Following Oral
Administration of 20 mg Lincomycin Base/kg b.wt In Broiler Chickens (N = 12).

The mean pharmacokinetic parameters of lincomycin in Lincopharm 800® and Lincoyosr® after oral administration of 20 mg lincomycin
base/kg b.wt, in broiler chickens are shown in (Table 2).

Table 2: Mean (X + S.E) pharmacokinetic parameters of lincomycin in Lincopharm 800® and Lincoyosr® following oral administration
of 20 mg lincomycin base/kg b.wt in broiler chickens (n = 12)

Parameter Unit Lincopharm 800® (Reference) Lincoyosr® (Test)
Kap ht 1.95+0.06 1.91+£0.04

Kl ht 0.068 £ 0.001 0.070 £ 0.001
t1/2(ab) h 0.35+0.01 0.36 £ 0.01

ti2en h 10.09 £ 0.34 9.87 +0.33

Crnx g mlt 4.81+0.15 462 +0.17

(b h 1.36 £0.03 1.35+0.03

AUC g miiht 47.82 +2.47 43.95 +2.11
AUMC pg mlh2 587.63 + 34.63 519.65 +33.87
MRT h 12.28 £0.47 11.82 £0.43

kab; Kei absorbtion and elimination rate constant after oral administration; Ty absorbtion half life after oral administration; Ty elimination half life
after oral administration; Crnax maximum plasma concentration; Ty time to peak plasma concentration; AUC; area under serum concentration-time
curve; AUMC area under moment curve; MRT mean residence time.

The disposition kinetics of lincomycin in Lincopharm 800® and Lincoyosr® following oral administration of 20 mg lincomycin base/kg
b.wt, revealed that the maximum blood concentration [Cmax] were 4.81 and 4.62 pg/ml and attained at [Tmax] of 1.36 and 1.35 hours, re-
spectively. The mean ratio of Cmax and AUC of the reference and tested formulations were within bioequivalence range and summarized
in Table 3. All the experimental chickens remained healthy during and after the study.

Table 3: Bioequivalence between Lincopharm 800® (Reference) and Lincoyosr® (Test) Formulations

Bioequivalence Crmax AUCo-24 AUCo-»
Lincopharm 800® (Reference) 4.81+0.15 40.10£2.05 47.82+2.47
Lincoyosr® (Test) 4.62+0.17 37.25+1.73 43.95+2.11
Point estimate 0.96 0.92 0.91
Acceptable range 0.80-1.25 0.80-1.25 0.80-1.25
Conclusion BE BE BE

BE-Bioequivalence.
4. Discussion

Antibiotics are widely used as veterinary drugs or as feed additives to promote growth (Yoshida et al., 1971; 1973; Yoshimura et al.,
1991).

The effectiveness of a drug is partly dependent on its formulation, route of administration and metabolic pattern. These factors determine
the serum concentration-time profile of the drug.

Qualitative and quantitative differences in dosage might be attributed to these differences in results. These variations in pharmacokinetic
parameters were relatively common and frequently related to method used, healthy status of animal and specific interspecies variation
(El-Sayed et al., 1989).

Following administration of a single oral dose of lincomycin to healthy broiler chickens, therapeutic concentration were achieved 5
minutes post administration in all the chickens. The concentration was detected up to 24 hours in the serum of chickens and exceeds the
MIC of lincomycin against Mycoplasma synoviae= 0.50 pg/ml; Kreizinger et al., 2017).

In the present study, Lincomycin reached its maximum plasma concentration (4.81 and 4.62 pg/ml for both Lincopharm 800® and
Lincoyosr®, respectively. This Cmax was higher than recorded in chickens (1.62 pg/ml; Amer, 1987) and nearly similar to that of pigs (5
pg/ml; Nielsen and Gyrd-Hansen, 1998) and (5.15 pg/ml; Fan et al., 2012). On the other hand, it was lower than reported in cat (22.52
pg/ml; Albarellos et al., 2013) and in healthy chickens (10.72 pg/ml; Abo Sreea, 2014).

The present results revealed that lincomycin reached its maximum plasma concentration after maximum time (tmax) of 1.36 and 1.35 h for
both Lincopharm 800® and Lincoyosr®, respectively. This result was lower than reported in fasted pigs (2.9 h; Nielsen and Gyrd-Hansen,



International Journal of Pharmacology and Toxicology 63

1998), while it was higher than that recorded in healthy chickens (0.80 h; Amer, 1987) and (0.76 h; Abo Sreea, 2014) and in cats (0.80 h;
Albarellos et al., 2012).

Lincomycin was eliminated with the elimination half-life (tuzer) of 10.09 and 9.87 h for both Lincopharm 800® and Lincoyosr®, respec-
tively. This result was higher than that recorded in healthy chickens (3.35 h; Amer, 1987), cats (4.12 h; Albarellos et al., 2013), and in
healthy chickens (1.74 h; Abo Sreea, 2014).

Bioequivalence study is a test to assure the clinical efficacy of a generic versus brand drugs (Chen et al., 2001). Bioequivalence refers to
a comparison between generic formulations of a drug, or a product in which a change has been made in one or more of the ingredients or
in the manufacturing process, and a reference dosage form of the same drug. This study shows that the bioequivalence ratio for mean
AUCo-24, AUCo- and Cmax (T/R) of Lincoyosr® versus the reference products (Lincopharm 800®) were 0.96, 0.92 and 0.91 respectively.
These values were within the recommended range at the level of 90% confidence interval, 0.80-1.25 (U.S. Food and Drug Administra-
tion, 2003).

5. Conclusions

Based on the above pharmacokinetic and statistical results that calculated in the current study, we concluded that Lincoyosr® which man-
ufactured by Boston Company, Elyoser Division, Egypt was bioequivalent to Lincopharm 800® which manufactured by Bayer, Australia
and both products can be used as interchangeable drug in veterinary medicine practice especially in poultry.
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