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SERUM OXYTETRACYCLINE CONCENTRATIONS IN AFRICAN
ELEPHANT (LOXODONTA AFRICANA) CALVES AFTER
LONG-ACTING FORMULATION INJECTION

M. Bush, D.V.M., D.A.C.ZM., M. K. Stoskopf, D.V.M., Ph.D., D.A.C.Z.M., J. P. Raath, B.V.Sc.,
and M. G. Papich, D.V.M., Ph.D., D.A.C.V.C.P.

Abstract: Serum oxytetracycline pharmacokinetics were studied in 18 African elepbaxtdonta africana) calves.
Each elephant received separate injections of oxytetracycline at approximately 18 mg/kg i.m. and 8 mg/kg i.v. in a
cross-over study. Blood samples were drawn at 0, 24, 48, 72, and 96 hr postinjection. An additional sample was drawn
110 hr before the animals were reinjected in the cross-over study and a final blood sample was drawn 48 hr after the
second dose. No lameness or stiffness was observed following i.m. injections. Serum oxytetracycline concentrations
>0.5 ng/ml were present 48 hr after initial dosing for all elephants (i.m., i.v., high or low dosage). Only elephants
given the high i.m. dosage (18 mg/kg) maintained levels5 pg/ml 72 hr postinjection. No significant difference in
serum oxytetracycline concentration with time was observed between the groups given different i.v. dosages. These
studies demonstrated that quantifiable serum oxytetracycline concentrations can be maintained in young African ele-
phants with a low-dosage multidose i.m. regimen.
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INTRODUCTION metabolism is further complicated because although

Tetracyclines are bacteriostatic, with bactericidd'® main route of excretion of oxytetracycline in
effects at high concentration. They have broad afnammals is through renal glomerular filtration, the

tivity against gram-negative and gram-positive badlrug is also excreted through bile. o
teria, mycoplasma, chlamydia, borrelia, many rick- In this stgdy, we examlned.the p.harmgcoklnetlcs
ettsia, and ameb Tetracyclines have large vol- ©f long-acting OTC formulations in African ele-
umes of distribution and a relatively long half-lifePhant calves following single injections.

of elimination, and they diffuse into most body flu- MATERIALS AND METHODS

ids and tissue%.These characteristics, combined S OTC ph Kineti tudied in 18
with relatively low cost, have made them highly erum pharmacokinetics were studied in

attractive for therapeutic use in wildlife. ProperAfrican elephant calves helq_for atqbercylo_sis sur

dosing is important, however, because of the potex‘-ay and_encephalomyocardltls_ vaccine ""'?" in Kru-

tial for development of microbial resistang@142 ger National Park, South Africa.The estimated
Dosages of oxytetracycline (OTC360 mg/cm weights of the elephants were 600—980 kg, based

of combined length and girth measurement, deli2n shoulder height data collected for several years

ered i.m. or i.v., provide therapeutic serum concer” Kruger National Par!< from e!ephant calves that
trations for at least 48 hr in adult male African elV¢'€ subsequ_ently weighed (F'g'_ 1, Raath, unpub.
data). The animals were housed in groups of three

ephants l(oxodonta africana), and the drug is . b tructed of steel cabl d fed
therefore potentially useful in that species. Dosag;% omas constructed or steel cables and were fe

comparable to those established for cattle and ho _l(che(rjnI(_ebhay and fresh local browse cut daily and
es have been recommended for young elephan@ ad ub. . .
Each elephant was assigned to a group in no par-

but 25-50% lower dosages have been recommend- . . .
; 9 t?cular order and received long-acting OTC injec-

ed for adult elephan®8.The issue of appropriate .
P pprop ons (200 mg/ml, Tetravet 20% LA, Kruger-Med

scaling of drug dosages for elephants remains co .
troversial, particularly for young animaisis*The harmaceutical Ltd., Park Central 2001, South Af-
' i,ca) at either 18 mg/kg i.m. or 8 mg/kg i.v. The

use of routine approaches to scaling by weight 2 .
P i 9 c|§.v. doses were administered via 16-ga catheters

. _ (Intracath, Deseret Co., Sandy, Utah 84070, USA)
From the Conservation and Research Center, Natlorml an ear vein. The i.m. injections were made main-
Zoological Park, Smithsonian Institution, Front Royally in the tricebs anc.i Qluteal muscles using a 7.6-

Virginia 22630, USA (Bush, Stoskopf); the Environmental .
Medicine Consortium, College of Veterinary Medicine,_Cm 18-ga needle. No more than 15 ml were injected

North Carolina State University, 4700 Hillsboroughi" @ Single site.

Street, Raleigh, North Carolina 27606, USA (Stoskopf, Blood samples were drawn from the ear vein pri-
Papich); and the National Parks Board, Kruger Nation&r to drug administration and at 24-hr intervals over
Park, Skukuza 1350, South Africa (Raath). 96 hr. At 96 hr, all serum OTC levels were expected
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Figure 1. Semilog plot of weight (kg) measured for young African elephants (Loxodonta africana) from Kruger
National Park versus their shoulder height measured in centimeters. Each point represents a single measurement.

to be below levels of possible quantitation. A cross-
over study design was employed. An additional
sample was drawn at 110 hr as a baseline, and the
animals were reassigned to groups in no particular
order and reinjected with OTC, again either 18 mg/
kg i.m. or 8 mg/kg i.v. A final blood sample was
drawn for analysis 48 hr after the second antibiotic
injection.

The elephant calves were anesthetized for the an-
tibiotic injections and for the serial blood collec-
tions. Anesthesia was induced using etorphine HCI
(M99, 9.8 mg/ml, C-Vet, Minster House, Bury St.
Edmunds, Suffolk, UK; 1.5 mg i.m.) combined
with azaperone (Stresnil, Wildlife Pharmaceuticals,
Fort Collins, Colorado 80524, USA; 20 mgi.m.) in
a 3-ml plastic dart with a 2-mm-diameter, 60-mm-
long noncollared needle delivered by compressed
CO, rifle (Dan-inject, Wildlife Pharmaceuticals).
The three calves in a boma were anesthetized at the
same time, and usually showed signs of anesthetic
effects within 10 min of injection and lateral re-
cumbency within 15 min. The antibiotic injections
were given with the calves in lateral recumbency,
but most blood samples were obtained from stand-
ing narcotized calves, prior to recumbency. After
al three calves in a boma were treated or sampled,
each was given naltrexone HCI (Trexonil, Wildlife
Pharmaceuticals, 60 mg i.v.) to reverse the narcotic
effects, and each returned to normal activity within
5-10 min. No mortality or morbidity was associ-
ated with the seven anesthetic procedures per-
formed on each calf.

Blood samples were cooled on ice (4°C) and cen-
trifuged within 4 hr of collection, and the serum
was separated and stored at —70°C until assayed.
Serum concentrations of OTC were determined by
high-performance liquid chromatography using a
method developed for tetracyclines and modified
for analysis of elephant serum.*® Calibration curves
were prepared daily and were linear with an r2 val-
ue of at least 0.99, with back calculation of cali-
bration standards within 15% of true value. Ten dif-
ferent concentrations (0.25-100 pg/ml) of OTC in
serum from untreated elephants, prepared using a
stock solution of 1 mg/ml OTC in distilled water,
were used to establish the calibration curve. Un-
treated elephant serum served as the blank. Injec-
tion volume was 50 pl. The limit of detection was
0.125 pg/ml, and the limit of quantitation (LOQ)
was 0.25 pg/ml.

Pharmacokinetic parameters were calculated us-
ing the following formulas:**° t,,, = 0.693/B, where
t,, is the disposition half-life and B is the slope of
the disposition curve; dose = clearance X AUC,
where AUC is the area under the serum concentra-
tion curve; Vd,., = dose/AUC X B, where Vd,, is
the volume of distribution calculated by the area
method and B is the slope of the elimination phase
of the disposition curve; and F = AUC,,/AUC,,
X dose,/dose .., where F is the availability. Data
from both i.m. and i.v. administrations were fitted
using a one-compartment model characterized by
the exponential equation C = Ce*, where C isthe
concentration, C, is the extrapolated zero-time se-
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Figure 2. Semilog plot of serum concentration of oxytetracycline in African elephant calves (Loxodonta africana)
administered approximately 8 mg/kg (n = 4) or 18 mg/kg (n = 5) oxytetracycline i.m. versus time (hr). Minimum
concentration expected to have therapeutic potential is 0.5 pg/ml.

rum drug concentration intercept, e is the natura
log, B is the slope of the disposition curve calcu-
lated using the serum OTC concentrations obtained
from the 24-, 48-, 72-, 96-, and 110-hr samples.

RESULTS AND DISCUSSION

All of the elephants used in this trial were well
within the appropriate size range for young calves.
Calculations of the animas weights based on a
semilog plot of shoulder height to weighted mass
of other animals (Fig. 1) showed that the calves
placed in the high-dosage i.m. trials were signifi-
cantly larger than those in the other treatment
groups. This difference in weight had no obvious
impact on the results of the study because each an-
imal was dosed based on individualy estimated
weight, and pharmacokinetic calculations were per-
formed for each elephant, reducing the impact of
actual dose variahility.

Some error between actual and estimated dose
based on weight is expected when morphometric
estimators are used. Although the actual delivered
dosage in high-dosage trials was remarkably the
same for both thei.m. and thei.v. groups, the actual
dosages used in the low-dosage trials were not
equal. A higher i.v. dosage was administered. This
difference was also taken into account by calculat-
ing the pharmacokinetic parameters of each indi-
vidual animal based on actual dose administered
and then evaluating the means of those values to
assess the treatment of the group.

No lameness or stiffness was observed in ani-

mals administered i.m. injections nor was there any
evidence of muscle swelling or local heat at thei.m.
injection sites when examined at 24-hr intervals
through 96 hr postinjection. The detected serum
concentrations of OTC, plotted against time for i.v.
and i.m. routes, are shown in Figures 2 and 3, re-
spectively. Pharmacokinetic parameters are report-
ed in Table 1.

The minimum inhibitory concentration (MIC) of
OTC varies for different target organisms and can
change over time because of local antimicrobial
drug utilization,»? but studies in Nigeria and Zim-
babwe suggest that strains of common pathogenic
bacteria isolated from African animals are more
sensitive to OTC, having lower MICs than found
for the same bacteria species in more developed
countries such as the United States or Australia.®®
Serum OTC concentrations > 0.5 g/ml are routine-
ly considered therapeutic for a range of bacteria,
including E. coli, Bacillus spp., and Acintobacter
spp.; however, higher MICs are routinely found
even in Africa for Pasteurella hemolytica and
Staphylococcus spp.6” In our study, serum concen-
trations >0.5 p.g/ml were present 48 hr after initial
dosing for all elephants (i.m., i.v., high or low dos-
age). Only elephants given the high i.m. dosage
maintained levels >0.5 pwg/ml at 72 hr postinjec-
tion. No difference in serum concentration with
time was observed between low and high i.v. dos-
ages.

The LOQ in elephant serum in this study was
0.25 pg/ml. Serum concentrations in al elephants
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Figure 3. Semilog plot of serum concentration of oxytetracycline in African elephant calves (Loxodonta africana)
administered approximately 8 mg/kg (n = 4) or 18 mg/kg (n = 5) oxytetracycline i.v. versus time (hr). Minimum
concentration expected to have therapeutic potential is 0.5 pg/ml.

in the i.m. trials and those in the high-dosage i.v.
trials remained above the LOQ for 110 hr. This
would have been expected to contribute to elevated
levels in the second injection trial; however, mean
serum concentrations 48 hr after the second injec-
tion for each dosage and administration route never
exceeded those detected 48 hr after the first injec-
tion. Mean serum concentrations 48 hr after second
OTC injection for 8 mg/kg i.m., 18 mg/kg i.m., 8
mg/kgi.v., and 18 mg/kg i.v. were 87%, 82%, 84%,
and 60.5%, respectively, of mean serum concentra-
tions 48 hr after the first injection.

A dlight upturn in the serum OTC concentration

curves at the 110-hr time point was consistent
among all four groups of elephants. In the case of
thei.v. high-dosage group, this increase brought the
values above the LOQ, suggesting that the effect
may not be simply a coincidental error caused by
random noise in the assay of very low serum con-
centrations of drug. This slight upturn may be due
to late release of drug from a minor depot site. Al-
ternatively, it may reflect enterohepatic recircula-
tion from the fraction of drug being excreted in the
bile into the gastrointestinal system.

The differences observed in clearance between
treatment groups were not statistically significant,

Table 1. Pharmacokinetic parameters (X = SD) of oxytetracycline administration in African elephant (Loxodonta

africana) calves.

Dose (mg/kg)
Intramuscular Intravenous
Parameter 8.6 18.2 9.2 18.2
n 4 4 4
Shoulder height (cm) 1585 + 5.6 171.2 = 5.6 165.0 = 3.7 1615 = 59
Estimated weight (kg) 718 + 76 904 + 56 819 + 55 756 + 78
B (hrb) 0.028 + 0.013 0.023 + 0.002 0.036 + 0.001 0.039 + 0.003
ty, (hr) 28.8 = 9.9 309 = 2.7 19.2 = 0.3 18.1 =+ 1.3
AUC, .. (p.g-hr/ml) 135 + 57 181 + 21 106 + 18 183 + 33
Clearance (ml/min/kg) 75.8 = 31.42 101.8 = 12.32 89.2 + 18 102.8 = 16.8
Vd (ml/kg) 3,556 + 2,218° 4,566 + 879 2,481 + 538 2,686 + 475
F (%) 136.2 98.9

aValues are for comparison purposes only. Because absorption after i.m. administration cannot be considered complete these values

cannot be accurately calculated.
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athough there was more variability in the group
receiving the i.m. low dosage. These values were
calculated for comparison only, because absorption
after i.m. administration cannot be considered com-
plete and the site of injection can dramatically af-
fect data. The calculated volume of distribution was
most variable in the i.m. low-dosage group and
generaly more variable in the i.m. trials, whereas
actual clearance values were significantly lower in
thei.v. trials. This result was expected, considering
the potential effect of administration of the drug
into more or less vascular sites and an expected
delay in transition from deep muscle tissue to the
vascular compartment. However, bioavailability
from i.m. injection appeared to be essentially com-
plete.

Drug scaling between calves and adult elephants
is an important issue. Unfortunately, the only sim-
ilar work in adult African elephants reported OTC
doses in relationship to length plus girth measure-
ments in centimeters, with no relationship to mass
or body weight determined.* In this study, shoulder
height was used as a mass estimator with the cor-
relation to body mass provided in Figure 1. There-
fore, careful assessment of scaling issues between
calves and adults is not possible. However, serum
OTC values 48 hr postinjection did not vary with
dose in either this study or the earlier study with
adult elephants. The 48-hr serum values from
calves receiving OTC i.v. in this study were ap-
proximately double the values seen in adult ele-
phants administered an unknown i.v. dose. A trend
toward differences in serum OTC values related to
dose may be present in i.m. trials in adult ele-
phants,* but the range is narrow and the small num-
ber of elephants involved precludes conclusive in-
terpretation. In this study a dose-dependent differ-
ence in serum OTC values was apparent in calves
administered the drug i.m., and those values ranged
around the values reported in the previous work
with adult elephants.

These studies demonstrated that serum OTC con-
centrations can be maintained at quantifiable levels
in young African elephants with a multidose low-
dosage i.m. regimen. At no time in this study, how-
ever, was a serum concentration >4 pg/ml, as rec-
ommended by the National Committee for Clinical
Laboratory Standards, detected. It will be extreme-
ly important to examine the efficacy of OTC
against specific pathogens isolated from elephants,
because the range of susceptibility to tetracycline
varies greatly among genera, species, and strains of
bacteria36222 |ncreasing the i.v. dosage more than
two-fold in these studies did not increase serum
concentrations of the drug. The elimination half-

lives determined for the two different i.m. dosage
trials were statistically indistinguishable. These val-
ues were nearly double the half-lives calculated for
the i.v. trials, which were also apparently indepen-
dent of dosage in the range examined in this study.

Acknowledgments: We thank the National Parks
Board, South Africa, for assistance and support, the
technicians, field assistants, and rangers of Kruger
National Park for their participation, Delta Plum-
mer for her assistance performing the chromatog-
raphy assays, and Friends of the National Zoo for
financia support.

LITERATURE CITED

1. Baggot, J. D. 1977. Drug distribution. In: Principles
of Drug Disposition in Domestic Animals: The Basis of
Veterinary Clinical Pharmacology. W. B. Saunders Co.,
Philadel phia, Pennsylvania. Pp. 48-72.

2. Barragry, T. B. 1994. Tetracyclines, choramphenicol
and quinolones. In: Veterinary Drug Therapy. Lea and
Febiger, Malvern, Pennsylvania. Pp. 264—-275.

3. Burrows, G. E., A. Mauromoustakos, S. L. Burrows,
E. Stair, and J. Tasler. 1995. MIC's for selected antimicro-
bials against Escherichia coil recovered from various an-
imal species in Zimbabwe compared with isolates from
Australia and the United States. Bovine Pract. 29: 110—
113.

4. Bush, M., J. P Raath, V. de Vos, and M. K. Stoskopf.
1996. Serum oxytetracycline levels in free-ranging male
African elephants (Loxodonta africana) injected with a
long-acting formulation. J. Zoo Wildl. Med. 27: 382—385.

5. Chopra, |. 1985. Mode of action of the tetracyclines
and the nature of bacterial resistance to them. In: Hlavka,
J. J.,, and J. H. Boothe (eds.). The Tetracyclines. Springer-
Verlag, Berlin, Germany. Pp. 317-392.

6. Egwu, G. O., L. T. Zaria, P A. Onyeyili, A. G. Am-
bali, S. S. Adamu, and M. Birdling. 1994. Studies on the
microbiological flora of caprine mastitis and antibiotic in-
hibitory concentrations in Nigeria Small Ruminant Res.
14: 233-239.

7. Fraser, C. M., J. A. Bergeron, A. Mays, and S. E.
Aiello (eds). 1991. Merck Veterinary Manual, 7th ed.
Merck, Rahway, New Jersey.

8. Hunter, P, S. P Swanepoel, J. J. Esterhuysen, J. P
Raath, R. G. Bengis, and J. J. van der Lugt. 1998. The
efficacy of an experimental oil-adjuvanted encephalomyo-
carditis vaccine in elephants, mice and pigs. Vaccine 16:
55-61.

9. Kapusnick, J. E., M. A. Sande, and H. E Chambers.
1996. Antimicrobial agents. In: Gilman, A. G., J. G. Hard-
man, L. E. Limbird, P B. Molinoff, and R. W. Ruddon
(eds.). Hardman and Gilman's The Pharmacological Basis
of Therapeutics. McGraw-Hill, New York, New York. Pp.
1124-1130.

10. Kirkwood, J. K., and M. A. Widdowson. 1990. In-
terspecies variation in the plasma half-life of oxytetracy-
cline in relation to bodyweight. Res. Vet. Sci. 48: 180—
183.



46 JOURNAL OF ZOO AND WILDLIFE MEDICINE

11. Klein, N. C., and B. A. Cunha. 1995. Tetracyclines.
Antimicrobia therapy II. Med. Clin. North Am. 79: 789—
801.

12. Kobayashi, H., N. Sonmez, T. Morozumi, K. Mi-
tani, N. Ito, H. Shiono, and K. Yamamoto. 1996. In vitro
susceptibility of Mycoplasma hyosynoviae and Mycopla-
snza hyorhinis to antimicrobial agents. J. Vet. Med. Sci.
58: 107-111.

13. Kordick, D. L., M. G. Papich, and E. B. Breit-
schwerdt. 1997. Efficacy of enrofloxacin or doxycycline
for treatment of Bartonella henselae or Bartonella clar-
ridgeiae infection in cats. Antimicrob. Agents Chemother.
41: 2448-2455.

14. Levy, S. B. 1984. Resistance to the tetracyclines.
In: Bryan, L. E. (ed.). Antimicrobial Drug Resistance. Ac-
ademic Press, Orlando, Florida. Pp. 191-240.

15. Limpoka, M., P Chai Anan, S. Sirivegjpandu, R.
Kanchanomai, S. Rattanamonthianchai, and P Puangkum.
1987. Plasma concentrations of oxytetracycline in ele-
phants following intravenous and intramuscular adminis-
tration of terramycin/LA solution. Acta Vet. Brno 56:
173-179.

16. Lodwick, L. J., J. M. Dubach, L. G. Phillips, C. S.
Brown, and M. A. Jandreski. 1994. Pharmacokinetics of

amikacin in African elephants (Loxodonta africana). J.
Zoo Wildl. Med. 25: 367-375.

17. Ory, E. M. 1980. The Tetracyclines. In: Kagan, B.
M., (ed.). Antimicrobial Therapy. W. B. Saunders Co.
Philadel phia, Pennsylvania. Pp. 117-126.

18. Page, C. D., M. Mautino, M. S. Hartmut, D. Der-
endorf, and J. P Anhalt. 1991. Comparative pharmacoki-
netics of trimethoprim-sulfmethoxazole administered in-
travenously and orally to captive elephants. J. Zoo Wildl.
Med. 22: 409-416.

19. Rowland, M., and T. N. Tozer. 1989. Clinical Phar-
macokinetics, Concepts and Applications. Lea and Febi-
ger, Philadelphia, Pennsylvania.

20. Schmidt, M. J. 1986. Elephants. In: Fowler, M. E.
(ed.). Zoo and Wild Animal Medicine, 2nd ed. W. B.
Saunders Co., Philadelphia, Pennsylvania. Pp. 709—752.

21. Speer, B. S., N. B. Shoemaker, and A. A. Sayers.
1992. Bacteria resistance to tetracycline: mechanisms,
transfer, and clinical significance. Clin. Microbiol. Rev. 5:
387-399.

22. Ziv, G., R. O. Cohen, M. Winkler, and A. Saran.
1996. Antimicrobial susceptibility of Escherichia coil and
Streptococcus sp. recovered from the uterus of dairy cows
with post parturient metritis. Isr. J. Vet. Med. 51: 63-66.

Received for publication 7 December 1998



