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Abstract

The pharmacokinetic behaviour and bioavailability of
doxycycline were determined in experimentally B, aflatoxicated
Baijin ducklings and in healthy ones following a single intravenous
(i.v) , intramuscular (i.m) and oral administration of 20 mg/Kg
bodyweight of doxycycline hyclate . Tissue residues of the tested
drug after an oral dose of 20mg/Kg bodyweight given twice daily
for 5 consecutive days were also estimated . Moreover, its effects
on body weight and serum liver enzymes were also studied . B,
aflatoxicosis resulted in a significant decrease in doxycycline serum
concentration in aflatoxicated Baijin ducklings than those recorded
in healthy ones following a single i.v , i.m and oral administration.
Following a single i.v injection, the concentration time curve was
fitted to follow the three compartments open model with
elimination half lives (tos g8.24+ 0.04 and 7.32+ 0.07 hours) in
healthy and aflatoxicated Baijin ducklings , respectively. Higher
volume of distribution at steady state (Vds) and total body
clearance (Cl () were recorded in aflatoxicated Baijin ducklings
(2.22+£0.10 L/Kg and 0.25+0.001L/h/kg) than healthy ones
(1.5+0.36L/kg and 0.14+0.008L/h/Kg). Lower values of systemic
bioavailability were observed in aflatoxicated Baijin ducklings
(72.7+2.1 %and 45.93+3.2%) than healthy ones (92.5+4.0%and
50.3+4.1%) after oral and intramuscular administration,
respectively. After single oral administration , the absorption half
life (tosce) @and elimination half life (tys.e)were longer in healthy
ducklings (0.64+0.01 and 11.09+0.84hour) than in aflatoxicated
ones (0.45x0.03 and 7.73%0.87hour). The maximum serum
concentration of the drug was higher in healthy ducklings than
aflatoxicated ones. The highest concentrations of doxycycline were
present in kidney and liver, and the lowest concentrations were
present in heart and muscles. The drug was completely
disappeared from all edible tissues 7 days after the last dose of
repeated oral administration. So, the administration of the drug
must be discontinued for at least 7 days before slaughter .

INTRODUCTION

Doxycycline (a- deoxy- 5- hydroxytetra- cycline) is a tetracycline derivative with
broad spectrum activity against Gram positive and Gram negati\}e aerobic and anaerobic
bacteria. Spirochetes, Mycoplasma , Chlamydia and Rickettsia species also demonstrate
high susceptibility . It has advantages over the older tetracyclines, higher lipid solubility ,
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complete absorption , good tissue distribution , longer elimination half-life and lower
affinity for calcium (Dorrestein et a/. ,1991).

Aflatoxins, a group of extremely toxic chemicals, are produced by certain species of
fungi in the genus Aspergilius, and often appear as natugal contaminants in poultry feed
. The major types of aflatoxins are By,B,,Gy,G;in addition-to two metabolic products
M;and M,. Aflatoxicosis is of great concern as it causes hepatotoxicity, nephrotoxicity
and gastroenteritis (Calnek, 1997). Occurrence of infection is a major concern during
aflatoxicosis resulting in large economic losses to poultry industry worldwide. The
inflammation of the different organs affects the absorption, distribution, metabolism and
excretion of drugs. (Baggot, 1980).

Several authors have studied the pharmacokinetics of doxycycline in healthy
chickens (Laczay et al, 2001). However, no published information is available on the
effect of aflatoxicosis on disposition kinetics of doxycycline in ducklings . Thus, the aim
of the present work was to investigate the pharmacokinetics of doxycycline in
aflatoxicated Baijin ducklings, as well as its residues in their different tissues. Its effects
on body weight and serum liver enzymes were also estimated

METERIALS AND METHODS

Drug

Doxycycline was obtained as capsules of 100 mg doxycycline hyclate from Pfizer
Pharmaceutical Company, Cairo, Egypt . The drug was dissolved in sterile saline or
distilled water to a volume of 0.5 or 2 ml prior to injection or oral administration.
Ducklings

Eighty, eight weeks old (1.5—-2 kg weight) Baijin ducklings were obtained fram a
private farm . The system of light, temperature and humidity were adjusted as
recommended for ducklings production. Birds were fed on antibacterial and aflatoxin
free balanced ration, and water was offered ad-/ibitum.
Grouping of Ducklings

The ducklings were classified into two main groups (40 ducklings each). The first
group was fed on a balanced ration free from antibacterials and aflatoxins, and the
second one was kept on ration contaminated with aflatoxin B, equivalent to 20pg/kg
ration according to Allcroft (1965) for two weeks before the experiment, and this
continued until the termination of experiment. Body weight in grams and activity of
serum aspartate aminotransferase (AST) termination serum alanine aminotransferase
(ALT) according to White et al. (1970) were recorded through this time of aflatoxin
exposure.
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Experimental design
Single dose study
Twenty ducklings from each group (healthy and aflatoxicated) were injected

intravenously into the left wing vein with a single dose (20 mg/Kg b.wt.) of
doxycycline (Davis et. al, 2006) . Blood samples were collected from the right wing
vein at 5,10,15 and 30 minutes, and 1,2,4,6,8,12 hours post-injection . The birds
were left for two weeks to ensure complete excretion of the drug from their
bodies.The ducklings in each group were divided into two subgroups of 10 ducklings
each . The first two subgroups were injected intramuscularlil with a single dose (20
mg/Kg b.wt.) of doxycycline. Blood samples were collected from each bird as
mentioned above . Sera were separated by centrifugation and stored at — 20 °C until
assayed for doxycycline concentrations.
Multiple dose study

Two groups of 20 duckiings each were given doxycycline orally at a dose of
20 mg Kg b.wt. twice daily for.ﬁve consecutive days . Three ducklings from each
group were slaughtered at 12 hours , 1,2,3,5 and 7 days after the last dose . Blood
and tissue samples (liver, kidney, lung, spleen, heart, and breast muscles) were
collected from each carcass and stored at — 20 °C until assayed for determination
of doxycycline concentrations. i
Assay of samples

Doxycycline concentrations in  serum and tissues were assayed by
microbiological method (Arret et al, 1971) using Muller Hinton medium ( Difco
Laboratories , Detroit, MI,USA) and Bacillus cereus Var mycoides ( ATTCC,11778) as
test organism . Six wells of 100ul volume were cut at equal distances into a standard
Petri-dish (120 mm) containing 25ml of seeded agar. The minimum inhibitory
concentration which can be determined using this test organism is 0.25-8 Mg /ml.
Pharmacokinetic analysis

The pharmacokinetic parameters were analyzed according to Baggot (1978).
The coefficients (A, B) and rate constants (a, B) were calculated from the
experimental data by least squares regression analysis. They were used to calculate
the actual pharmacokinetic rate constants (Ky,, Ky, and Key).
Vc = Apparent volume of central compartment. It was obtained from the equation:

Dose (ug/ kg)
Ve = o = (mg/ kg)
C® (ug./mi)

Where C°is the drug concentration at zero time (immediately) after intravenous

dose.
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Clearance of drug, which may be considered in terms of the volume of blood,
cleared of the drug by the various elimination processes (biotransformation and
excretion) per unit time, which represents the sum of all clearance processes.

Bioavilability (F %) = AUC (oral or i.m) X 100
AUC iv
where AUC is the area under the serum concentration time curves
Statistical analysis
The results obtained were statistically analyzed as explained by Petri and Watson
(1999) and using SPSS ver. 15 computer program.

RESULTS

Table 1. Pharmacokinetic parameters of doxycycline in healthy and aflatoxicated
Baijin ducklings following a single i.v dose of 20 mg/Kg body weight

(n=20).
Parameter upit H A
cpo Hg.mf 71.69+0.27 45.360.25%%*
=T
A pg.mi 60.68+1.3 38.81+0,11%%%
-1
a h 4.57+0.35 3.21£0.14%*
o h 0.15:£0.005 0.21:£0.01%%*
T
B Hg.mi 11.01+1.00 6.54+0.35%%*
- :
B L 10.33£0.98 6.2440.42%*
Tosi J 8.24+0.04 7.32£0.07%%+
o
K> h 3.39£0.22 2.20£0,10%%*
T
Kos h 0.77+0.03 0.54£0.01%%*
T
Ke h 0.48+0.07 0.56+£0.03
Lkg™?
Ve 0.28+0.003 0.44+0.01%%
. -
Vdss Lkg 1.50+0.36 2.22+0.10
=1 -1 .
b o L.h"kg 0.14+0.008 0.25:£0.001%%*
I -T
AUCousy | M9™ M 19067435 53.41£0.12%%
AUC(0.i0n ug.ml‘lh“ 140.9742.4 79.82+0.24%**
MRT h 11.42+1.08 10.24+0.19
**Gjg, at P < 0.01 **xGjg.t at P < 0.001

H: Healthy A : Aflatoxicated
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Table 2. Pharmacokinetic parameters of doxycycline in healthy and aflatoxicated Baijin
ducklings following a single i.m dose of 20 mg/Kg body weight (n=10).

Parameter unit H A
Kap h? 0.89+0.08 1.02+0.07
to.5ab) h 0.78+0.05 0.68+0.03
tosken h 4.03+£0.2 3.3740.05%*
(o pg.mi? 5.02+0.70 3.26+0.20*
T h 2.29+0.06 1.97+0.05%*
AUC(g-1asy pg.mit.h? 63.48+3.3 33,7542, 4%
AUC(.inf) pg.mi.h? 71.04+2.6 36.67+1.5%%x*
MRT ht 5.82+0.45 5.05+0.12
F % 50.39+4.1 45.93+3.2

*Sig.t at P < 0.05 **Sig.t at P < 0. 01 ***Sjg.t at P < 0.001
H: Healthy A : Aflatoxicated

Table 3. Pharmacokinetic parameters of doxycycline in healthy and aflatoxicated
Baijin ducklings following a single oral dose of 20 mg/Kg body weight

(n=10).
Parameter unit H A
Kab ht 1.07+0.05 1.55+0.51
T 0.50ab) h 0.64+0.01 0.45£0.003***
t 0.5 (ke h 11.09+0.84 7.73£0.87%*
Coax pg.mlt 6.09+0.3 4.64+0.06***
Tinis h 2.81+0.07 1.95:+0.03%%*
AUC(0-1asty pg.mi*.h? 71.18+2.42 37.95:+2.33%%%
AUC-inn pg.mlih? 130.43+5.36 58.04+3.56%**
MRT ht 15.66+1.22 11.36+1.8
F % 92.5+4.00 72.7042,1%*

**Sig. at P < 0.01 ***Sig.t at P < 0.001
H: Healthy A : Aflatoxicated
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Fig. 1. Semi-logarithmic graph depicting the time-concentration course doxycycline in
healthy and aflatoxicated ducklings following single i.v dose of 20mg/kg b.w.
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Fig. 2. Semi-logarithmic graph depicting the time - concentration course of doxycycline
in healthy and aflatoxicated ducklings following single i.m dose of 20mg/kg
b.w.
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Fig. 3. Semi-logarithmic graph depicting the time - concentration course of doxycycline
in healthy and aflatoxicated ducklings following single oral dose of 20mg/kg
b.w.

Table 4. Tissue concentrations of doxycycline (pg/gm) in healthy and aflatoxicated
Ducklings after multiple doses of 20mg/kg” b.wt. twice daily for 5
consecutive days. Mean £SE (n=3)

Time of slaughter after the last dose
Tissue
12h 1% day 2™ day 3% day 5% day | 7" day
H| 2802012 | 2002013 | 180£0.10 | L.10%0.07 | 0.66%0.05 ND
s A * - y & | i ND
erum ) .|
SR 1.90£0.07 | 088%0.11 | 0.760.03
H| 6812013 5622018 | 256025 | 1.70%0.04 | 0.88%0.05 ND
o k% *%k *% *k *%
Liver | Al 410£0.15 330£020 | 1.8040.07 | 1.10%0.06 | 0.560.03 ND
H|  3.6040.11 0.90%0.06 ND ND ND ND
. *XK ET]
Heart | Al 5102012 0.600.03 . ND NB ND
H|  9.74£0.32 6.64£0.40 | 3.70£0.09 | 1.95%0.20 | 1.10£0.07 ND
. *%k EL3 * Xk *
Kidney | A | 52940.20 440015 | 3.10£013 | 1.33+0.06 | 0.70£0.05 N>
W 5302050 | 3.680.09 | 198£0.08 | 1.20£0.07 ND ND
Kk Ak kK *%
lng | A 36040.15 280£0.10 | 1.4020.07 | 0.90£0.03 D ND
H|  4.66£0.30 2.50£0.09 | 1.30£0.09 | 0.86£0.06 ND ND
*% *% *% Kk
Musde | A | 530+0.13 1302010 | 0.80£0.06 | 0.50+0.04 s ND

*Sig. at P < 0.05  **Sig. at P <0.01 ***Sig.tatP < 0.001
H: Healthy A : Aflatoxicated ND:Not detected
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Table 5. Mean value of body weight , serum AST and serum ALT in B1 in
aflatoxicated (20pg/kg ration daily for 14 days) and nonaflatoxicated Baijin
ducklings (Mean< S.E, n= 40)

Age 1% day 1% week 2% week

Bwt. | AST ALT Bwt. | AST ALT B.wt. | AST ALT

Group (gm) | () /) (@m) | (M | @M (@m) | WM |
Non- aflatoxicated 70 10.80 10.2 120.8 103 10.6 320 11 9.8
+ & + + + + ES + +

4.5 0.13 0.35 6.23 0.19 0.65 6.5 0.24 | 0.28

Aflatoxicated 68 10.5 9.8 90.5 78.2 18.5 210 85 19.5
+ + + + + + + + *

3.5 0.25 .0.35 3.93 0.80 0.15 5.13 1.5 0.90

*k *kk ¥k *kk k¥ AR

**Sig. at P < 0.01  ***Sjg.t at P < 0.001

Following i.v administration of the drug at a dose of 20 mg/ Kg body weight, the
drug serum concentrations declined in a biphasic pattern that can be described by a
two-compartments, open model (Fig.1). The kinetic parameters (Table 1) showed
shorter elimination half life (tos ) in aflatoxicated ducklings (7.32+ 0.07 h) than in
healthy ones (8.24+ 0.04h). A higher volume of distribution at steady state (Vds) was
found in aflatoxicated birds (2.22 £0.10 L kg*) than in healthy ones (1.5 £0.36L kg%).

Significantly, lower maximum serum concentrations (Cya.x) and shorter
elimination half life (ty.sue ) Were observed in aflatoxicated birds than in healthy ones.
Following i.m administration (Table 2 & Fig.2) or oral (Table 3 & Fig.3, Fig.1),
signiﬂ'cantly lower systemic bioavailability percent was determined after i.m
administration (45.93+3.2 %) or oral dosing (72..70£2.1 %) in aflatoxicated ducklings
compared with healthy ones (92.5+4.0 and 50.39+4.1 %) , respectively.

Repeated oral administration of the drug at a dose of 20 mg/Kgbody weight
twice daily for 5 consecutive days resulted in significant lower serum and tissue
concentrations of doxycycline in aflatoxicated ducklings than in healthy ones (Table 4).

The significant highest concentrations of doxycycline residues were found in
kidney and liver, and the lowest concentrations were present in heart and muscles. . No
residues could be detected in serum and tissues 7 days after cessation of oral
administration in healthy and aflatoxicated ducklings .

Administration of aflatoxin B; (20 pg/Kg ration )to ducklings for 14 days resulted
in significant decrease in body weight and significant increase in serum aspartate
aminotransferase (AST) and serum alanine aminotransferase (ALT) activities (Table 5).
The clinical signs of living aflatoxicated birds showed off-food, depression ,ruffled
feathers , anorexia and constant diarrhoea. )
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DISCUSSION

The pharmacokinetic parameters of doxycycline in healthy Baijin ducklings
reported in our study following a single i.v , i.m and oral administration of 20 mg/Kg
body weight were similar to other findings in chickens (Laczay et a/, 2001 and Atef ef
al., 2002) .

The obtained results following i.v injection of doxycycline showed significant
lower serum concentration of the drug in aflatoxicated ducklings than in healthy ones.
This finding was consistent with that previously reported for florofenicol in infecte
ducks (EL-Banna, 1998), and for doxycycline in aflatoxicated chickens (Atef et < ,
2002). Additionally , the lower serum concentrations of doxycycline in aflatoxicated
ducklings than in healthy ones were a reflection of large volume of distribution (V i,
2.22+0.10 L/kg versus 1.5+0.36 L/kg),rapid total body clearance ( Cl  ,0.25+0.0C !
L/h/kg versus0.14+0.08 L/h/kg), as well as shorter elimination half life (tos n .
7.32£0.07 hours versus 8.24+0.04 hours)in aflatoxicated ducklings comparable to
healthy ones.

Similar results of large Vds and Ci g values and shorter elimination half life (tg s
) were previously reported for doxycycline in aflatoxicated chickens (Atef et al,
2002). The large volume of distribution reported in aflatoxicated ducklings may be
attributed to high penetration power of the drug to diseased tissues (Baggot, 1980).
The diseases increase the Vd of the drugs by an enhanced capacity for penetration of
cellular membranes . These findings were also confirmed by results of Miller and Wyatt
(1985) who reported that aflatoxicosis lowers the serum concentrations of
chlorotetracycline as a result of decreased binding of chlorotetracycline to serum
proteins and a significant hypoproteinemia in aflatoxicated chickens . The drug was
completely disappeared from all edible tissues 7 days after the Iést dose of repeated
oral administration .

Aflatoxicosis affects the vital organs of the birds as liver, kidney and
gastrointestinal tract resulting in hepatitis, nephritis and gastroenteritis . The significant
increases in the activities of serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) are indicators of hepatotoxic effect of aflatoxin B, due to their
release from the damaged liver cells into circulation . The obtained results were in

agreement with those previously reported by Harvey et al. (1991) in lambs.
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Despite pharmacokinetic and pharmacodynamic relationships are well

established for tetracyclines as antibacterial agents (Agwuh, and MacGowan, 2006). The

inflammation of the different organs of aflatoxicated ducklings affects the absorption ,

distribution and excretion of the drug. Serum concentration of the drug becomes lower

than MIC of the most infective agents, and the medication failure is the consequent

result . . Hence, 12-hourly dosing of doxycycline in the murine model (Kevin et. af.,

2007) is not enough dosing regime as anti-infective agent in aflatoxicated ducklings .

The administration of the drug in healthy and aflatoxicated ducklings must be

discontinued for at least 7 days before slaughter.

10.
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