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Is the current dose of a conventional oxytetracycline formulation adequate
for the management of infections in sheep?

M G Snyman®, V Naidoo”, C de Bruin® and G E Swan®

ABSTRACT

In the veterinary industry, short-acting or conventional oxytetracycline formulations are
recommended for use once a day for 4 days, at a dose of 10 mg/kg. With the large degree
of antimicrobial resistance reported, the efficacy of this dose was assessed using
pharmacodynamic modelling. The specific parameters evaluated were based on the time-
dependent activity of the tetracycline class of antimicrobials according to the total time
above minimal inhibitory concentration (T > MIC) and the ratio of the total exposure
in 24 hours, represented by area under the curve (AUC24), to the minimal inhibitory
concentration (AUC24:MIC). The current pharmacokinetic study examined whether
the prevailing antimicrobial resistance could be overcome by doubling the recommended
conventional dose. Using reported MIC data for South Africa and elsewhere, modelling
indicated the presence of a large degree of resistance. In general, doubling the dose only
overcame resistance of 2 bacterial species in South Africa.
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INTRODUCTION

Antimicrobials of the tetracycline group
including oxytetracycline (45,4aR,55,5aR,
6S,12aS-4-dimethylamino-1,4,4a,5,5a,6,
11,12a-octahydro-3,5,6,10,12,12a-hexa-
hydroxy-6-methylene-1,11-dioxonaph-
thacene-2-carboxamide;58-hydroxytetra
cycline) are amongst the most widely
used antimicrobials in production animal
medicine, as a result of their broad spec-
trum and favourable pricing in the mar-
ket"”". As a class the tetracyclines impede
bacterial protein synthesis at the 30S sub-
unit of the ribosome, are generally consid-
ered bacteriostatic agents and function in
a time-dependent manner’. Tetracyclines
are only effective in stopping bacterial
multiplication via protein synthesis inhi-
bition if the total period of exposure is
sufficient’.

At present 2 types of over-the-counter
(OTC) formulations (conventional and
long-acting) are available for use in South
Africa. For the conventional formulations
the recommended dose is 10 mg/kg for a
minimum of 4 days while the long-acting
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formulations are used at 20 mg/kg as a
once-off treatment. One of the problems
with this dosing regimen is the historic
nature of the dose. In the past, a serum
concentration of 0.5 ug/m was generally
accepted as the minimum inhibitory con-
centration (MIC) of oxytetracycline**".
This historic breakpoint MIC fails to
consider the degree of resistance in South
Africa, which is unfortunately largely
unknown. If the recent survey by van
Vuuren et al.”? is any indication, a large
degree of resistance is already present. It
was reported that only 8, 10.5 and 30 % of
Escherichia coli, Salmonella enterica and
Enterococcus faecium, respectively, were
responsive to a MIC of 0.5 ug/m oxytetra-
cycline® This implies that a large propor-
tion of animals may be exposed to
ineffective therapy.

It is therefore necessary to ascertain
whether the current dosage regimen of
oxytetracycline is still effective. Instead of
performing clinical studies, it has become
more common to examine the pharma-
cokinetic-pharmacodynamic (PK/PD)
relationship asa means of establishing the
optimum treatment regime. In this
method the in vivo pharmacokinetics (PK)
achieved following dosing is related to
the MIC obtained in vitro’. For the tetra-
cyclines the major pharmacodynamic
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(PD) parameter that correlates clinical/
bacteriologic efficacy is the AUC,;:MIC
ratio (AUC,, represents a 24 hour area
under the serum drug concentration
curve) and the time above the MIC (T >
MIC). The primary objective of this study
was to compare the serum concentration
profiles of a single dose of a conventional
oxytetracycline formulation (reference
dose) with a double dose (test dose) of the
same formulation and to determine
whether a better PK/PD relationship can
be achieved at the higher dose to over-
come resistance.

MATERIALS AND METHODS

Pharmacokinetic study

Animal husbandry and treatment. Ten
healthy, 3-year-old Dohne-Merino wethers
(45.5 to 62 kg) were used.

Experimental animals were subjected to
clinical and clinical pathological examina-
tion in order to ensure that only healthy
animals were used in the study. Animals
were allowed an adaptation period of
2 weeks in 2 separate roofed pens of
approximately 8 m* each, prior to the start
of the study. Animals were maintained on
commercial grower pellets (Monti Foods
complete ruminant feed; Registration
No. V11966) confirmed free of oxytetracy-
cline, with water being available ad lib.

The study was performed using a
randomised, 2-treatment, 2-sequence
cross-over experimental design, with a
washout period of 7 days between the
phases. Animals were treated with oxytet-
racycline (Ecomycin Dual Purpose 13.5 %
m/v, Afrivet) in 2 groups (1 = 5) at a dose
of 10 and 20 mg/kg. Blood samples were
collected from the jugular vein into 10 m
lithium heparinised glass vacutainer
tubes with 19 G disposable needles prior
todosingand at0.25,0.5,1,2,4,6,9,12,24,
36, 48, 72 and 96 hours (h) after dosing.
After collection, samples were centri-
fuged for 15 minutes at 3000 rpm. The
plasma was subsequently separated from
the cellular component and stored at
—15 °C until analysed.

Analysis of oxytetracycline concentrations
in plasma. For the analysis, 1000 ul samples
were pipetted into micro test tubes with
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100 ul of doxycycline as internal standard.
To this mixture, 250 ul of 15 % tetrachloro-
acetate was added and the sample
vortexed for 15 seconds. The tubes were
then incubated in an ice bath. The
supernatant was used in all subsequent
analyses.

A Beckman System Gold HPLC consist-
ing of an autosampler module 508,
programmable solvent module 126, diode
array detector module (DAD) 168, and
System Gold™ software package, was
used (Beckman Instruments, Fullerton,
California, USA). Separation was achieved
with a Lunar column. The mobile phase
consisted of 600 m 0.05 M potassium
di-hydrogen phosphate, 200 m methanol
and 200 m acetonitile. One hundred
microlitres of the samples were injected
onto the HPLC column at 1 m /min in an
isocratic run. Detection of oxytetracycline
and doxycycline (internal standard) was
carried out at 365 nm. The total runtime
per sample was 10 minutes. Control values
showed regression coefficients greater
than 0.99 for each analytical run. The
lower limit of quantification (LLQ) was
established at 300 ng/m and a linear
relationship between concentration and
peak area was demonstrated for the total
concentration range between 0.1 and
20 pg/m .

Pharmacokinetic model. Non-compart-
mental analysis of the plasma concentra-
tion versus time data of oxytetracycline for
extravascular input (Model 200) was per-
formed using WinNonLin Version 5.1
(Pharsight corporation). The area under
the plasma concentration versus time
curve (AUC, zero-moment) and the 1st
non-normalised moment (AUMC) were
calculated according to the trapezoidal
method from time zero to the last sample
time’. Extrapolation of AUC to infinity
(AUC,) was performed using the slope
of the terminal phase (8). The mean
residence time (MRT, 1st moment) was

Concentration (mcg/ml)
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Fig. 1: Mean oxytetracycline plasma levels generated by the intramuscular injection of a
conventional oxytetracycline formulation at 10mg/kg (reference dose) and 20mg/kg (test

dose) in sheep.

derived from AUC/AUMC. Maximum
plasma concentration (Ci.) and time to
Crax (Tmax) Were read directly from the
individual plasma concentrations.

Pharmacodynamic analyses

To ascertain the efficacy of the product,
the ratio of AUC truncated to the first 24
hours (AUC,,) to MIC was also established,
as recent reports suggest that a ratio of
AUG,;:MIC above 25 is indicative of effi-
cacy of tetracycline’. For the purpose of
comparison the South African and inter-
national MICs were used®”. The time
above MIC (T > MIC) was also deter-
mined. Although not specifically used as
a parameter for the tetracyclines evidence
tends to suggest that the tetracyclines
have a similar PK/PD relationship to the
penicillins’. For purposes of efficacy it has
been established that the T > MIC needs
to be maintained for 50 % of the dosing
interval’.

RESULTS AND DISCUSSION

The mean oxytetracycline plasma con-
centration versus time profile and mean
pharmacokinetic parameters for the
10 mg/kg and 20 mg/kg doses are presented
in Fig. 1 and Table 1, respectively.

The AUC,, AUCpy and C,. for the
20 mg/kg dose were approximately twice
that of the 10 mg/kg dose, indicating
linearity in the extent of absorption and
an expected greater exposure to oxytetra-
cycline at the higher dose. Furthermore,
the similarity in the terminal half-life
between the doses suggests that the rate
of absorption was not affected by the
larger dose volume associated with the
higher dose.

When the T > MIC was determined
against the historic plasma concentration
of 0.5 ug/m, the 10 mg/kg dose would
have a duration of action of at least
24 hours, while at 20 mg/kg dose the dura-
tion will be 38 hours. For time-dependent

Table 1: Individual and mean pharmacokinetic results of the reference (10 mg/kg) and test (20 mg/kg) treatments administered intra-

muscularly in sheep.

Animal AUCin: (Hg/m *h) AUC,as: (Hg/m *h) Chmax (Hg/m ) Tmax (h) TY24 (h)
10mg/kg 20mg/kg 10mg/kg 20mg/kg 10mg/kg 20mgkg 10mg/kg 20mg/kg 10mg/kg 20 mg/kg
1 78.67 133.20 53.90 107.20 2.94 6.63 2.00 2.00 38.60 36.17
2 65.97 130.90 57.66 125.90 3.89 6.75 4.00 2.00 18.69 15.04
3 78.88 99.90 53.62 92.02 3.82 5.96 2.00 2.00 45.60 45.68
4 62.49 108.50 56.91 100.40 4.70 6.19 4.00 2.00 54.23 31.52
5 95.77 133.80 70.70 122.00 3.36 6.29 0.50 2.00 33.09 30.14
6 84.37 153.70 66.08 124.20 3.2 7.62 4.00 4.00 51.37 43.93
7 87.23 138.30 76.91 109.70 3.18 6.52 2.00 4.00 23.22 32.89
9 55.09 110.50 51.12 103.50 3.88 6.25 1.00 2.00 15.48 30.03
10 59.69 114.50 53.68 107.30 2.79 7.65 1.00 2.00 24.96 40.56
12 59.96 112.40 54.08 107.00 4.17 6.21 6.00 2.00 14.15 26.73
Mean 72.81 123.57 59.47 109.92 3.78 6.61 2.65 2.40 31.94 33.27
SD 13.92 16.80 8.70 10.96 0.63 0.59 1.76 0.84 14.89 8.99
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Table 2: South African MIC,, values of susceptible strains of pathogenic bacteria compared with the T > MIC".

Pathogenic bacteria MICgo (g/m ) T>MIC AUC:MIC
10 mg 20 mg 10 mg 20 mg
Escherichia coli 128 0 0 0.34 0.62
Salmonella enterica 64 0 0 0.67 1.23
Salmonella typhimurium 128 0 0 0.34 0.62
Mannheimia haemolytica 64 0 0 0.67 1.2
(MICgo = 1)

Staphylococcus aureus 2 10 18° 215 39.5%
Beta-haemolytic streptococci including 2 10 18° 215 39.5%

S. agalactiae and S. dysgalactiae

2 Represents species that are considered responsive to oxytetracycline according to current pharmacodynamic rules.

Table 3: Pharmacodynamic parameters compared with the MIC as published in Antimicrobial Therapy in Veterinary Medicine’.

Bacteria T>MiC AUC..:MIC
MIC* 10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg

Actinomyces spp. 1 18° 247 43" 79°
Arcanobacterium pyogenes 16 0 0 2.6875 4.9375
Bacillus anthracis 4 0 7 10.75 19.75
Clostridium perfringens 32 0 0 1.34375 2.46875
Corynebacterium renale 4 0 7 10.75 19.75
Campylobacter fetus 2 8 172 21.5 39.5°
Campylobacter jejuni >64 0 0 <0.66 <1.22
Clostridium spp. 8 0 0 5.375 9.875
Corynebacterium pseudotuberculosis <25 >24 >24 >172 >316
Erysipelothrix rhusiopathiae 0.25 48° 72% 1722 316°
Escherichia coli >64 0 0 <0.67 <1.23
Fusobacterium necrophorum 4 0 5 10.75 19.75
Histophilus somni 2 8 172 21.5 39.5°
Leptospira spp. 4 0 5 10.75 19.75
Listeria monocytogenes 1 18% 242 43° 79°
Mycoplasma ovipneumoniae 0.5 28° 48° 86" 158%
Mannheinemia haemolytica >16 0 0 <2.68 <4.93
Mycoplasma agalactiae 0.5 28° 48° 86" 158%
Salmonella spp. >16 0 0 <2.69 <4.94
Staphylococcus aureus >64 0 0 <0.67 <1.23

*The MIC listed are not specific to sheep, but represent reported MIC to oxytetracycline.

#Represents species that are considered responsive to oxytetracycline according to current pharmacodynamic rules.

antimicrobials this would relate to a above MIC levels for 50 % of the dosing CONCLUSION

higher efficacy. These results indicate that
at a microbial sensitivity of 0.5 ug/m , the
recommended dose of 10 mg/kg once a
day for 4 days would be adequate and
that at the higher dose of 20 mg/kg, only
2 treatments with an interval of 48 h
would most likely suffice.

However, the MIC of 0.5 ug/m plasma
for oxytetracycline is historic and fails to
consider current levels of resistance. Table
2 shows South African MICy values of
susceptible strains of pathogenic bacteria
compared with the T > MIC".

Using actual MIC values, both E. coli
and Salmonella spp. showed complete re-
sistance, while the MIC required for
mastitic strains of staphylococci and
streptococci shows efficacy against these
bacteria of 10 and 18 hours for the 10 and
20 mg/kg doses, respectively (Fig. 1). With
the tetracyclines being similar to the peni-
cillins in PD responsiveness, the plasma
concentrations achieved needed to be

interval. If this were so the double dose
would be able to overcome the resistance
shown by the latter organisms if adminis-
tered daily, while the 10 mg/kg dose
would be ineffective. A similar trend was
seen when evaluating the AUC,;:MIC.

Table 3 shows the MICs published for
other organisms, and the pharmacokinetic
parameters of both the 10 mg/kg and
20 mg/kg doses are compared with these
MICs.

When evaluating efficacy values for
other organisms, a large degree of resis-
tance is once again evident for the
10 mg/kg dose, with only Erysipelothrix
rhusiopathiae, Listeria monocytogenes,
Actinomyces spp. and Mycoplasma spp.
being responsive. It is evident regarding
the South Africa strains that increasing
the dose increases efficacy marginally viz.
the increase in dose would allow for
additional efficacy against Campylobacter
fetus and Histophilus somni.
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Based on drug plasma concentrations,
the results of this study show that the
20 mg/kg dose would be more effective
than the 10 mg/kg dose. For the specific
organisms discussed above, resistance
may be overcome by increasing the dose
of oxytetracycline. A change in dose of a
drug when used in production animals
represents extra-label use, and conse-
quently a new withdrawal period will
have to be set by the clinician.
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