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The disposition of tetracycline (T C) in sheep

S.M. Faghihi¥*

SUMMARY

The absorption, distribution and excretion of tetra-
cycilline were studied in sheep. The drug was adminlstered
via 1ntravenous and oral routes, blood and urine samp.ies
were coiiected at specific times foiiowing drug adminilis-
teration. The concentrations of tetracycline 1n piasma
and urine were determined by high performance ligquid
chromatographic coiumn (HPLC) .

Foiiowing intravenous adminlstration of tetracyciilne,

pirasma concentrations of the drug exceeded 4 ug/mi for

12 hours. The fraction of the i1ntravenous dose excreted
unchanged in urine was 54.86%. No metabolites of tetracy-
cilne were detected 1n piasma and urine sampies. About
50% of the drug eiliminated in urine was excreted during
the first 60 hours. The remainder of the drug remailning
to be eliminated in urine was excreted during the next
252 hours. The proionged urinary excretion of a smalil
fraction of the intravenous dose suggested that some of

the drug was sequestered 1n deep tissues or was invoived
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in enterohepatic recycling.
Tetracyclilne was siowly and incomplietely absorbed by
sheep foilowling oral administration. The concentrations
of tetracyciine in the plasma of sheep receiving the
drug orally were much ilower than those obtained when a
tenfold smaller dose was administered intravenousiy. A

A two—compartment model was used tc describe the pharma-

coklnetic behavior of tetracycline 1n sheep.

INTRODUCTION

Subtherapeutic concentrations of antibacterial drugs
have been added to animal feeds to increase rate of gain,
improve feed efficiency, and control disease.Quite often,
drugs consumed by animals are retained in blood and tis-
sues for variable periods of time. If the animals are
slaughtered for food before drugs are cleared from the
tissues the antibiotics enter the human food chain (5).
To prevent the concentration of human food with harmful
concentrations of antibacterial substances the United
States Food and Drug Administration(FDA) establishes
dosage regimens and drug withdrawal periods which, 1f
followed, insure the absence of antimicrobial substances
in meats (1&1l2;. ‘

Antibiotic residues in meats may constitute a human
health hazard since continuous or intermittent exposure
to these drugs may produce hypersensitization.In addition,
there has been growing concern that the consumption of

meats containing subtherapeutic concentrations of anti-
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microbial drugs may select for microbial populations con-
sisting primarily of drug resistant mutants(5,6,7,8,10&12)

The feasibillty of using the concentration of antibio-
tics 1in animal plasma to predict coexistent concentrations
of the drugs 1n tissues have been demonstrated elsewhere
(2,3&13). These findings have practical utility since the
Food and Drug Administration has attempted to develop ac-
curate and economical methods to routinely monitor the
concentrations of antibiotics in animals being siaughter-
ed for human consumption.

The purpose of this study was to collect prelimilinary
information concerning the disposition of tetracycline
in sheep foilowing intravenous and oral administration.
The i1nformation provided by this study will form the
baslis for a second study designed to establish the feasi-

bility of using piasma concentrations of tetracycline to

predict coexistent concentrations of the drug in the

tissues of sheep.

MATERIALS AND METHODS
A.Experimental animals

S1x suffolk ewes weighing 42.2-53.0 Kg were used in

this study.The animals were rested for two weeks prior to

the 1nitiation of the study.Two days prior to dosing, the

animals were weighed, sheared around the jugular veins,

. . | . _ .
fitted with Foiey urinary retention catheters and assig-

1- Bardex Foliey Catheter,16 French,C.R.Bard,Inc.,Murray
Hiii, NJ.
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ned to i1ndividual slot-floored metabolism cages.The urin-

ary catheters were connected to 4-iiter polyethylene bot-
tles. Control blood and urine samples were collected

prior to drug administration.

B. Drug administration and sample collection

Aqueous solutions of tetracycline hydrochloride,U.S.
1 L
P. (TC) containing 50 mg TC/mi or 100 mg TC/ml were pre-

pared.

2. Intravenous drug administration

A solution containing 50 mg TC/ml was administered
to each animal(ll mg TC/Kg b.w.) by rapid intravenous
injection via the right jugular vein. Followling drug
administration, blood and urine samples were collected
from the left jugular vein 1n heparinized syringes at
o,.5, 1, 2, 3, 4, 6, 8, 10, 12, 18, 24, 30, 36, 48, and
each twelve hours thereafter. Blood sample collection was
terminated at the 120-th post-dosing hour. Urine samples
were collected for 312 hours foilowing drug administra-
tion. The volume of urine voided during the interval be-
tween sampies was recorded. Following collection, blood
samples were centrifuged at 650 xg for about 7 minutes,
the plasma was transferred to screw cap tubes and stored

O . . :
at 4 C until assayed. Urine samples were stored 1n plas-

. O
tic botties at -20 C.

1- American Cyanamid Co., Lot.No. 48355-597.
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3. Oral study

Following the completion of the intravenous study,
the six ewes were rested for two weeks prior to the 1ini-
tiation of the oral dosing study. Two days prior to dos-
ing, the animals were reweighed, fitted with Foley urina-
ry catheters, and returned to the sjlot-floored metabolism
cages. Feed was withdrawn and control blood and urine
were collected 24 hours prior to dosing.

Each animal was dosed orally with 110 mg TC/Kg body
welight. The drug was administered via a stomach tube as
a solution (100 mg TC/ml). Blood and urine samples were
collected for 1068 and 444 hours following dosing,respec-
tively. These samples were collected, handled, and stor-

ed 1n the same manner as described »n the intravenous

study.
C.Analytical method

The concentrations of tetracycline in plasma and

urine were determined by the method of internal standards
utilizing the extraction method (1ll) .Prior to extraction,
l mi of oxytetracycline solution (4 ug/ml internal stan-
dard) was added to each glass tube containing 2 ml of
plasma or urine. Phenylbutazone (20%), sodium barbital
(0.8 N), calcium chloride solution (4%) and ethylacetate
(0.15, 1, 1, and 8 ml, respectively)were added to the
tubes containing fortified plasma or urine. The tubes
were agitated for 4 minutes and then centrifuged for 10

minutes at 1000g. The ethylacetate layers (6.5 ml) were
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subsequently transferred to tubes containing 0.5 mi of

phosphoric acid (L N). The tubes were agitated for 2

minutes and then centrifuged for 5 minutes at 1000g. The
ethylacetate layer was discarded and the acid layers

were injected (2 or 5 or 10 ul) on the octadecylsilane

coiumn of the high-performance iiquid chromatograph.Each

analysis was performed 1n duplicate. The heights of the

recorded peaks corresponding to tetracyciine and oxviet-—

racycline were measured.

RESULTS AND DISCUSSION
1. Intravenous drug adminlstration

The average concentrations of tetracycilne 1n piasma
coiiected at various times following the intravenous ad-
ministration of the drug to sheep are presented graphic-
ally 1n Figure 1. An average plasma tetracyciine concen-
tration of 13.10 ug/mi was present 1in sampleS coliected
0.5 hours foliowing 1lntravenous drug administration. No
tetracycilne was detected i1n plasma sampies coliiected
after the gg-+h post-dosing hour.

The average rates of tetracycliine excretion and the
average cumulative amounts excreted 1n urine are 1nciuded
in Figures 1 and 2, respectively.

As shown 1n Figure 2, about 50% of the tetracyciilne
injected intravenously was excreted i1n urine during the
60 hours following dosing and an additionali 4.42% was
excreted via this route during the next 252 hours.

Trace amounts of tetracycline were detected 1n urine
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collected 312 hours following drug administration. The
prolonged urinary excretion of tetracycline folliowlng an
intravenous dose suggested that some of the drug was ini-
ttally sequestered in a deep tissue compartment and then
slowly released into body fluid.

No metabolites of tetracycilne were detected i1n plas-
ma or urine, but 54.86% of the intravenous dose of tetra-
cycline was recovered in urine. Since no metabolites were
found, the remainder of the i1ntravenous dose may have
been excreted in the bile. Elimination of the drug 1in
the bile and its subsequent reabsorption from the intes-
tinal tract into blood provided an alternate explanation
as to why trace concentrations of the drug were excreted

in urine for a prolonged time period.

2. Oral drug administration

The average concentrations of tetracycline in plasma
of sheep at specific times following the oral administra-
tion of the drug are presented graphically 1in Firure 3.
These data indicated that tetracycline was slowly absor-
bed following oral administration since the average peak
plasma concentration of the drug(2.98ug/ml)was not achie-
ved until the 24-th post-dosing hour.No drug was detected
in plasma after the 120-th post-dosing hour. The peak
concentrations of tetracycline in the plasma of sheep

receiving the drug per os were lower than those obtain-

ed when a smaller dose(l0 x)was administered intravenous-

ly.



Gitﬁb “"OAS..?..JL) ""A..L?u 170—\Yo

The average rates of tetracycline excretion and the
average cumuliative amounts of the drug excreted in urine
are presented graphically in Figures 3 and 4,respectively.
An examlnation of tables 3 and 6 indicated that tetracy-

cilne was detected in urine for a longer time period fol-

lowing oral drug administration(444 hours)as compared to

intravenous administration(312 hours) .However,the percen-

tage of dose of tetracycline recovered in urine following
oral administration was much less(7.30%)than that obtain-
ed following intravenous drug adminilistration (54.86%).
The difference 1n drug recovery 1n urine following oral
and intravenous administration was significantly differ-

ent as determined by student's t test(o=.05).Significant

differences(a=.05)were also noted i1n the arcas under plas-

ma concentrationetime curves (AUC'S)of the oral and intra-

venous studies as determined by gravimetric procedures.

The rates of the percentage of tetracyciline excreted
in urine foliowing orai and intravenous administration
was 0.133 which indicated that 13.3% of the orai dose
was absorbed by sheep. The reduced drug bioavaiiabiiity
assoclated with orai dosing may have been the result of
dijiution or degradation of the drug in the rumen.

The biphasic shape of the tetracycilne piasma disap-
pearance curve (Figure 1) suggested that a model contain-
1ng two compartments woulid be required for a proper ma-
thematicai description of the data (4 and 9). Subsequent-
ly, the two-compartment open model presented in Figure

5 was proposed to describe the pharmacokinetic behavior
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Flgure 1
Average plasma concentrations and rates of urlnary excre-
tion of tetracyciine following the intravenous administra-

tion of 11.0 mg of the drug/Kilogram of body welght to

sheep.
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Figure 2
Average cumulative excretion of tetracycline 1n the urilne

of sheep following the intravenous administration of 11.0

mg of the drug/kilogram of body weight.
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Figure 3
Average plasma concentrations and rates of urilnary excre-
tion of tetracyciine followlng the orai administration ot

110.0 mg of the drug/kilogram of body weight to sheep.
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Figure 4
Average cumuiative excretion of tetracyciine 1n the urine

of sheep foiiowing the orai administration of 110.0 mg of

the drug/kiiogram of body weight.
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of tetracycline in sheep. In this modei the eilimination
of tetracycline was assumed to be a first-order process.
The biologic half-1life following intravenous administra-
tion was 11.2 hours. The apparent volume of distribution
of tetracyciine following intravenous administration
approximated 62% of the body weight of sheep. (Table 1)
On the baslis of results obtalned i1n this study,tet -
racycline appeared to behave as follow:upon entering the
circulation, tetracycline distributed into two major com-
partments, a central compartment containing the plasma
and rapid.iy perfused tissues, and a peripheral compart -
ment of more slowly perfused tissues.Immediately follow-
ing intravenous drug injection,there was a rapid initial
decrease 1n plasma concentrations of th= drug, the so-
caiied distributive phase. The rapid decrease continued

untll an approxlmate equliibrium between the two compart-

ments was achieved. The distributive pnase lasted about
3 hours (Figure 1). Disappearance of the drug from the
central compartment was the result of distribution into
the less perfused peripheral compartment and excretion

of tetracyciline 1n urine.
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Figure 5
The two-compartment open modei describing the

disposition of tetracyciine (TC) 1in sheep.
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