ORIGINAL ARTICLES

Department of Pharmaceutical Sciences!, University of Tennessee Health Science Center; Department of Chemical
Biology and Therapeutics?, St. Jude Children’s Research Hospital, Memphis, TN, USA

Pharmacokinetic profile of spectinomycin in rats

D. B. MADHURA ', R. LEE2, B. MEIBOHM'

Received January 03, 2013, accepted February 01, 2013

Bernd Meibohm, PhD, FCP, Department of Pharmaceutical Sciences, University of Tennessee Health Sciences Center,

881 Madison Ave, Suite 444, Memphis, TN 38163, USA
bmeibohm@uthsc.edu

Pharmazie 68: 675-676 (2013)

doi: 10.1691/ph.2013.3501

Following intravenous (1V) administration, the pharmacokinetics of spectinomycin in rats was found to be
on par with its profile in other mammalian species including humans with respect to its overall excretion and
half-life at effective concentrations. This study, however, indicates that a small fraction of the spectinomycin
dose is retained in peripheral tissues for a prolonged period of time at low concentrations.

1. Introduction

Spectinomycin (SPC) is an aminocyclitol antibiotic with broad
spectrum antibacterial activity isolated from bacterium Strepto-
myces spectabilis that selectively targets bacterial ribosomes and
remains important in both clinical and veterinary use (Davies
et al. 1965). It is active against gram-negative bacteria and
has been used for many years for the treatment of uncom-
plicated anogenital gonorrhea in humans (Novak et al. 1990)
as well as bacterial respiratory and enteric infections in vet-
erinary medicine (Ellis and Livingston 1994). SPC is only
available in parenteral formulations due to a lack of appre-
ciable oral bioavailability. More recently, it has also gained
interest as natural product starting material for the synthesis
of new semisynthetic antibiotics with increased target activ-
ity and improved pharmacokinetic properties. For example,
trospectinomycin, an analog of spectinomycin, is more active
than spectinomycin against numerous bacterial species, includ-
ing staphylococci (MIC 8-32 wg/mL vs. 32->256 pwg/mL for
SPC), streptococci (MIC 1.0 wg/mL vs. 16 pg/mL for SPC),
Haemophilus influenza (MIC 2.0 pg/mL vs. 16 pg/mL for SPC),
Neisseria gonorrhoeae (MIC 2.0 pg/mL vs. 32 pg/mL for SPC),
and Chlamydia trachomatis (MIC 3.51 pg/mL vs. 250 pg/mL
for SPC) (Zurenko et al. 1988).

The rat is widely used as the first preclinical animal model for
evaluating and comparing pharmacokinetic profiles of potential
drug candidates (Ward and Smith 2004). So far, however, the
pharmacokinetic profile of SPC is only available in chicken,
sheep, pigs and cattle as well as humans, but has not been
reported for the rat. Thus, the purpose of the present study
was to evaluate the pharmacokinetics of spectinomycin in rats
after intravenous administration as reference point for further
development activities on SPC derivatives.

2. Investigations, results and discussion

After IV administration of 10 mg/kg SPC plasma concentrations
followed a tri-exponential disposition function that was best
described by a three-compartment model with a peak plasma
concentration of 37.8 wg/mL and a systemic exposure (area-
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under the curve AUCy ) of 15.7 pg h/mL. Between-animal
variability in exposure was low with a coefficient of variation of
<15% for AUCy.. The average measured and model estimated
SPC plasma concentration-time profiles are shown in the Fig.,
and the corresponding mean pharmacokinetic parameters are
listed in the Table. The relatively rapid initial decline of concen-
tration in the a-phase of the concentration-time profile with a
half-life of 0.24 his representative of rapid distribution to periph-
eral compartments from the systemic circulation, followed by
a slower (3-phase characterized by distribution and elimination
with a half-life of 0.75h, and a prolonged y-phase with a half-
life of 19.5 h representing the slow redistribution of SPC from
peripheral compartments. The two first phases represent 98% of
the AUCy . indicating that the y-phase does not significantly
contribute to the overall drug exposure. The rapid elimination of
most of the drug from the body is also reflected by the short mean
residence time of 1.1 h. Since plasma concentrations in the +y-
phase were 103-10* times lower than the peak concentrations and
substantially lower than the minimum inhibitory concentration
for the targeted microorganisms, this phase does not contribute
to the antibiotic efficacy of SPC. Hence, the B-half-life is the
therapeutically relevant half-life for SPC. The average volume
of distribution of 0.75 L/kg suggests that distribution is largely
limited to the extracellular body water. This observation is sup-
ported by the low binding to plasma proteins of only 13.0%.
The observed disposition behavior with a prolonged retention
of a small proportion of the dose in the body is a common dis-
position pattern for aminoglycosides and many other amines
(Mingeot-Leclercq 1990) and is likely related to slow leakage
of compound from deep tissue compartments. The underlying
mechanism is likely lysosomal trapping and/or complexation
with membrane phospholipids (De Broe 1999).

Renal excretion is a major elimination pathway for SPC.
Following IV administration, approximately 55% of the drug
was excreted into the urine in unchanged form, indicating an
approximately equal contribution of renal and non-renal elimi-
nation pathways. This is in agreement with previous reports that
after IM administration of radiolabelled SPC (5 mg/kg/day) to
rats, the majority of the radioactivity was excreted in the urine
(54-73%), with the remainder (1-24%) in the feces (Novak
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Fig.: Measured and model-predicted plasma concentration-time profile (mean £
standard deviation) of spectinomycin following intravenous administration of
10 mg/kg in rats.

et al. 1990; Abu-Basha et al. 2007; Ziv and Sulman 1973;
Cuerpo and Livingston 1994). The renal clearance CL ¢ Was
1.31 mL/min (0.359 L/h/kg) and the non-renal clearance was
1.03 mL/min (0.290 L/h/kg). The resulting renal excretion ratio
(Eratio) of SPC was 1.0, suggesting that glomerular filtration
without net re-absorption or net secretion is the primary renal
elimination process.

With its short 3-half-life and rapid elimination from the body, the
observed pharmacokinetic profile of SPC in rats is comparable
to the data reported for other species. Following single dose
intramuscular administration, the overall elimination half-life
of SPC was 1.2h in cattle, 1.0h in sheep, 1.0h in pigs, 1.65h
in chicken and 1.85 h in humans, which is comparable to our 3
half-life of 0.75h (Abu-Basha et al. 2007). In our study in rats,
however, SPC exhibited a tri-exponential distribution pattern
with prolonged tissue distribution phase (y-phase) compared
to bi-exponential concentration-time profiles described for the
other species. The lack of reports for a prolonged y-phase in the
other species is likely the consequence of a lack of sufficiently
sensitive analytical methodology used in some of the previous
reports and/or shorter plasma sampling periods.

3. Experimental

Catheterized male Sprague-Dawley rats (femoral vein for drug administra-
tion and jugular vein for blood sample collection) weighing approximately
200-225 g were obtained from Harlan Bioscience (Indianapolis, USA). Ani-
mals were kepton a 12-hour light/ dark cycle with access to food and water ad
libitum. The study protocol was approved by the institutional animal care and
use committee of the University of Tennessee Health Science Center. SPC
drug solution (10 mg/kg, Sigma Aldrich, USA) was prepared in physiologic
saline solution, sterile filtered (0.2 micron syringe filter), and administered
intravenously to rats (n=>5). Serial blood samples (approx. 250 pL) were
collected pre-dose, and at 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 12.0,
24.0, 36.0 and 48.0 h post-dose. Plasma was separated immediately by cen-
trifugation (10,000 x g for 5 min at 4 °C) and stored at -80 °C until analysis.
Urine samples were collected at an interval of 0-6, 6-12, 12-24, 24-36 and
36-48 h post-dose and stored at -80 °C until analysis.

Plasma and urine samples were analyzed for drug concentrations by an
LC-MS/MS assay after protein precipitation with methanol. Chromato-
graphic separations were carried out with a Phenomenex® HILIC, 5 pm
C18, 100 x 4.6 mm column (Phenomenex, Torrance, CA) and a gradient of
methanol and 10 mM ammonium formate buffer pH ~2.75 at a flow rate of
0.4 mL/min. Detection was performed with an API 3000 triple-quadruple
mass spectrometer (Applied Biosystems ABI/MDS-Sciex, Foster City, CA)
with electrospray ionization in multiple reaction monitoring mode, using
the for SPC characteristic mass transfer of m/z 365.1—333.2. A calibration
curve was constructed by spiking SPC into 50 wL of blank rat plasma or
urine, using a structurally similar analogue as internal standard. The peak
area ratios of analyte to internal standard were linear over a concentration
range of 1.5-50,000 ng/mL, with a coefficient of variation of < £3% for
accuracy and < 2% for precision. Plasma protein binding was determined
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Table: Pharmacokinetic parameters (mean + standard devi-
ation) of spectinomycin from non-compartmental and
compartmental analysis after intravenous administra-
tion of 10 mg/kg to rats.

Parameter Non-compartmental analysis ~ Three-compartmental modelin g#

Co (pg/mL) 443 +4.1 37.8+10.9
AUCyo (pgh/mL) 16.8+1.8 15724
vd (L/kg) 0.756 +0.342 0.747 +£0.218
CL (L/h/kg) 0.602 +0.069 0.649 +0.103
MRT (h) 0.757 £ 0.664 1.11£0.50
ti o (h) - 0.237 +0.069
ty2 B (h) - 0.754 +0.372
tip vy () - 19.54+9.0

Je 0.553+0.144

CLenar (L/h/Kg) 0.359 +0.086

Eratio 1.00 £0.29

#The individual volumes of distribution for the three compartments of the model were 0.278 4 0.059
L/kg,0.057 £0.033 L/kg, and 0.412 £ 0.149 L/kg, with distribution clearances among the central and
the two peripheral compartments of 0.078 £ 0.023 L/h/kg and 0.013 & 0.004 L/h/kg, respectively.

by equilibrium dialysis at 37°C using the RED device (Thermo Scientific,
Rockford, USA).

The experimental plasma concentration-time profiles were analyzed by a
standard non-compartmental analysis as well as amodel-based compartmen-
tal analysis using Phoenix-WinNonlin 6.2 (Pharsight Corporation, Mountain
View, CA). The fraction (f;) of the test compound excreted in urine was
calculated as the cumulative amount of dose excreted unchanged in urine
divided by the dose of the test compound administered. Renal clearance
(CLyrena) Was assessed as product of total clearance (CLo) and f;, and the
renal excretion ratio (E;ao) as the ratio between the product of CLyep, and
fy divided by the glomerular filtration rate in rats (1.31 mL/min; Davies and
Morris 1993).
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