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Formulation dependent pharmacokinetics, bioavailability and renal toxicity
of a selective cyclooxygenase-1 inhibitor sc-560 in the rat.
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ABSTRACT. Purpose: To delineate formulation depen-
dent pharmacokinetics and bioavailability of SC-560, a rel-
atively new cycloooxygenase-1 (COX-1) specific inhibitor,
in the rat and examine its influence on the renal tubular
enzyme, N-acetyl-beta-D-glucosaminidase (NAG), and
urinary electrolytes. Methods: The pharmacokinetics of
SC-560 was studied in Sprague-Dawley rats (» = 5 pet
group) after a single intravenous (iv) and oral dose (10 mg/
kg) in polyethylene glycol (PEG) 600 and a single oral dose
(10 mg/kg) in 1% methylcellulose (MC). Setial blood sam-
ples were collected via a catheter inserted in the right jugu-
lar vein and serum samples were analysed for SC-560 using
reverse phase HPLC. After oral administration of SC-560
in PEG, urine was also collected for 24 h and analysed for
urinary sodium, chloride, and potassium as well as NAG.
Results: After an iv dose (10 mg/kg) of SC-560, serum
AUG, ty/,, CL and V4 were 9704 +4038 ng h/mlL, 5.4 +
0.8 h, 1.15 £0.46 L/h/kg and 9.1 £4.6 L/kg (mean +/
- SD, # = 5), tespectively. Oral administration of 10 mg/kg
SC-560-PEG and MC (n=5 rats) yielded serum AUC,
Cinas tmax a0d t;/, of 1203.4 £130.3 and 523 £208 ng h/
mlL, 2185 * 86.9 and 119.8 + 155 ng/mL, 1.00 * 1.8
and 2.0+ 0 h, 3.7 £1.6 and 2.7 £1.7 h (mean +/- SD, »
= 5), respectively. A single oral dose 10 mg/kg of SC-560
in PEG resulted in an increase in NAG excretion in urine
and a reduction in 0-24 h urinary sodium, potassium, and
chloride excretion. Conclusions: SC-560 extensively dis-
tributes into rat tissues, and has a CL approaching hepatic
plasma flow. The drug displays low <15% and formulation
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dependent bioavailability after oral administration and
demonstrates kidney toxicity.

INTRODUCTION

The discovery of two isoforms of cyclooxygenase (COX)
has led to the development of selective inhibitors of each
isoform. SC-560  (5-(4-chlorophenyl)-1-(4-methoxyphe-
nyl)-3-(trifluoromethyl)-1H-pyrazole) (Fig. 1) is a diaryl
hetorocycle selective inhibitor of COX-1 (1).
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Figure 1: The Chemical Structure of SC-560.

The fifty percent inhibitory concentrations (ICsy) values
for SC-560 are 9 nM and 6.4 UM for COX-1 and COX-2,
respectively using human recombinant enzymes (1). SC-
560 has been suggested to be orally active in the rat, as 10
mg/kg completely abolishes the ionophote production of
thromboxane B, in whole blood (2). SC-560 is being
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extensively used in pharmacological and toxicological
studies as a selective COX-1 inhibitor (3, 4, 5, 6, 7). How-
ever, the use of this compound in previous investigations
has been undertaken with a complete absence of knowl-
edge of its pharmacokinetics. SC-560 is structurally related
to celecoxib, a selective inhibitor of COX-2. Similar to
celecoxib, SC-560 has poor aqueous solubility and thus its
pharmacokinetics and in particular, its oral bioavailability
may be an important determinant of its onset and duration
of action (8). Interestingly, some investigators administer
this compound in hydroxypropylcellulose, 5% gum arabic,
0.25% or 1% methylcellulose, without the knowledge of
the impact of these dosage forms on the extent of oral
bioavailability or pharmacodynamic effects (4, 5, 6). In
addition, there is no information on whether the experi-
mental disease states that SC-560 is administered in can
also affect the pharmacokinetics of this compound.

In order to elucidate and understand pharmacokinetic /
pharmacodynamic relationships of this COX-1 inhibitor,
knowledge of its pharmacokinetics are of considerable
importance. To our knowledge, no study has been pub-
lished characterizing the pharmacokinetics of SC-560 and
the oral activity of this drug on the renal tubular enzyme
N-acetyl-beta-D-glucosaminidase (NAG) and urinary elec-
trolytes. The present paper describes the pharmacokinetics
of SC-560 in rat after oral and intravenous administration.
In addition, the impact of oral SC-560 on renal tubular
enzyme (NAG) and urinary electrolytes was evaluated.

METHODS AND MATERIALS
Chemicals

SC-560 was purchased from Cayman Chemicals (Ann
Arbor, MI. USA). HPLC grade methanol, acetonitrile, and
water were purchased from J. T. Baker (Phillipsburg, NJ,
USA). Testosterone 17-propionate, methylcellulose, blood
urea nitrogen (BUN), and creatinine kits were obtained
from Sigma Chemicals (St. Louis, MO, USA). Polyethylene
glycol (PEG) 600 was purchased from Union Carbide
Chemicals (Danbury, CT, USA). Rats were obtained from
Charles River Laboratories. NAG kits were purchased
from Boehringer Mannheim Biochemica (Shionagi & Co.
Ltd. Osaka, Japan).

Animals and Surgical Procedures

Male Sprague-Dawley rats (170-200g) were used in these
studies. Animal ethics approval was obtained from the

Institutional Animal Care and Use Committee at Washing-
ton State University. Rats were housed in temperature-con-
trolled rooms with a 12 h light/dark cycle. The day before
the experiment, the right jugular veins of the rats were
catheterized with sterile silastic cannulae (Dow Corning,
Midland, MI) under halothane anaesthesia. The animals
were transferred to metabolic cages and were fasted 12 h
and allowed free access to water before and during the
pharmacokinetic study.

Dosing and Sampling Collection

On the morning of study, SC-560 was weighed and dis-
solved in PEG 600 or suspended in 1% methylcellulose
MC) (~0.5 mL). The formulations were used for dosing
rats orally, via gavage needle, or intravenously (iv). Rats
received 10 mg/kg (N = 5) of SC-560 (PEG) iv. Five rats
received oral doses of 10 mg/kg of SC-560 in PEG or MC.
Saline was used to flush the cannulae immediately after
injection of the drug (~0.25 mL) and after each collection
of blood. Blood (250 UL) was collected pre-dose through
the catheter and at 2, 10 min, and 0.5, 1, 2, 4, 8, 12, and 24
h after iv dosing and at 0.25, 0.5, 1, 2, 4, 8, 12, and 24 h
after oral dosing. In a separate study, five rats received
~0.5 mL of vehicle or 10 mg/kg of SC-560 in PEG orally
and urine was collected for 24 hours and volume mea-
sured. All specimens were kept at -70° C until analysis.
Urine was thawed at room temperature and vortexed for
30 seconds and a sample of 0.05 mL was used in each anal-
ysis according to manufacturer’s instructions. 3-Cresolsul-
fonphthalenyl-N-acetyl-B-D-glucosaminide, sodium salt
is hydrolysed by NAG with the release of 3-cresolsulfon-
phthalein, sodium salt (3-cresol purple), which is measured
photometrically at 580 nm.

Assay

A validated HPLC procedure was used for assay of SC-560
in rat serum (9). To serum samples (0.1 ml) was added 50
W of internal standard solution of testosterone 17-propi-
onate, (10 pg/ml) and 1 mL ice-cold acetonitrile. The
mixture was vortexed for 1 min (Vortex Genie-2, VWR
Scientific, West Chester, PA, USA), and centrifuged at
15000 rpm at 4° C for 5 min (Beckman Microfuge, Beck-
man Coulter, Inc., Fullerton, CA, USA USA). The super-
natant was collected and evaporated to dryness using a
Heto Vac concentrator (Heto-Holten, DK-3450 Allerad,
Denmark). The residue was reconstituted with 100 ul of
70% methanol (v/v), vortexed for 1 min and centrifuged
at 8000 rpm at 4° C for 5 min, and 40 Wl of the superna-
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tant was injected onto the column. The HPLC system used
was a Shimadzu HPLC (Kyoto, Japan), consisting of an
LC-10AT VP pump, an SIL-10AF auto injector, an SPD-
M10A VP spectrophotometric diodearray detector, and an
SCL-10A VP system controller. Data collection and inte-
gration were accomplished using Shimadzu EZ Start 7.1.1
SP1 (Kyoto, Japan).The analytical column used was Beck-
man ultrasphere octyl column (150 X 2 mm LD., 5-um
particle size, Beckman Instrument, Fullerton, CA, USA)
equipped with a pre-column (7.5 X 2 mm LD, 5 pm) of
the same packing material. The mobile phase consisted of
methanol and water (7:3, v/v), filtered and degassed under
reduced pressure, prior to use. Separation was carried out
isocratically at ambient temperature (25 * 1°C), and a
flow rate of 0.25 mIL./min, with UV detection at 240 nm.
For all runs, quality control samples were incorporated to
ensure integrity of the results. Standard curves were linear,
and bias and precision data were less than 10% at high
(5000 ng/mL) and low (20 ng/mL) drug concentrations.
The accuracy was estimated based on the mean percentage
error of measured concentration to the actual concentra-

tion (10).

Pharmacokinetic Analysis

The elimination rate constant (A,) was estimated by linear
regression of the serum concentrations in the log-linear
terminal phase. Peak concentrations of SC-560 in the

serum (C,,,) and the corresponding T, were estimated

max
for each rat from the serum concentration profile using
WinNonlin® (version 1.0). In order to estimate serum
concentrations (Cy) immediately after injection of iv SC-
560, compartmental models were fitted to the serum con-
centration versus time data using WinNonlin® (version
1.0). The estimated C,, was then used in conjunction with
the actual measured serum concentrations to determine
the area under the plasma concentration-time curve
(AUC). The AUC,,, was calculated using the combined
log-linear trapezoidal rule for data from time of dosing to
the last measured concentration, plus the quotient of the
last measured concentration divided by A,. Non-com-
partmental pharmacokinetic methods were used to calcu-
late clearance (CL) and volume of distribution (V) after iv
dosing. The oral bioavailability (FF) was calculated as fol-
lows:

F =100 x Dose iv X AUC po
Dose po x AUC iv

Urine Electrolytes

Urine samples (0.05 mL) were assayed for potassium, chlo-
ride and sodium using commercially prepared reagents
obtained from Beckman Coulter Inc. a Beckman, Syn-
chrome, and EI-ISE, Electrolite system (Beckman Coulter
Inc. Brea, CA USA).

Statistical Analysis

Statistical analysis of the pharmacokinetic data was per-
formed using Student’s t-test for unpaired samples.
Microsoft Excel 97 (Microsoft, Redmond, WA, USA.). A p
value of less than 0.05 was considered statistically signifi-
cant. Statistical analysis was performed using Summary
data were expressed as mean *standard deviation (SD).

RESULTS

Multi-exponential decline was noted in the serum concen-

tration versus time profiles after iv administration (Fig, 2).
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Figure 2: Concentration time profile of SC-560 following
iv and oral administration of SC-560 (10 mg/kg) to rats
(mean +SD, n = 5).

Non-compartmental analysis was employed in all pharma-
cokinetic analysis. Mean extrapolated AUC after each iv
and oral dose was less than 20%. The mean V4 of SC-560
was 9.1 £4.6 L/kg after iv administration. The mean t;,
of SC-560 was ~5 h (Table 1). After oral dosing, of the
PEG formulation in each of the rats there were measur-
able amounts of drug in serum at time (15 min) of the first
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post-dose blood sample (Fig. 2). The t,,, ranged from 0.5
to 4 h, and C_,,, ranged from 150 to 316 ng/mlL (Fig. 2,
Table 1). After oral dosing, of the MC formulation in each
of the rats there were measurable amounts of drug in
serum at time (15 min) of the first post-dose blood sample
(Fig. 2). The mean t,,, was 2 h, and C,,, ranged from 102
to 132 ng/mL (Fig. 2, Table 1). Comparing the AUC of the
iv dose with that obtained after oral dosing of PEG and
MC, the mean oral bioavailability of SC-560 in the rat
(Table 1) was estimated to be 15 and 5%, respectively.

max

Table 1: Pharmacokinetics data of SC-560 after iv and
oral administration in rats (mean x SD, n=5).

Parameter 10 mg/kg iv 10 mg/kg oral-PEG 10 mg/kg oral-MC
AUC guins 9704 + 4038 1203 + 130 523 £208

(ng h/mL)

Aa(h™) 0.13£0.02 0.20 £0.07 0.3£0.17

ty (h) 54108 37t1.6 27+1.7

Cl (L/h/kg) 1.15£0.5

Vvd (L/kg) 9.114.6

Trrax (h) 1.00+1.8 2.0+0.0

Cinax (ng/mL) 218.5186.9 119.8+15.5

There were no significant differences observed in the ter-
minal phase t,/, between the oral and iv doses. The urinary
NAG amount increased after a single oral dose of SC-560
10 mg/kg in PEG compated to the control group over 24
h (Fig, 3).
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Figure 3: NAG Activity in International Units Per Total
Urine Volume Collected over 24 hours following a single
oral dose of SC-560 in PEG 10 mg/kg (N=5, Mean +/-
SD).

SC-560 also produced a significant reduction in urinary
sodium, chloride and potassium excretion over 24 h com-

pared to controls (Fig. 4). No significant changes in serum
creatinine or BUN concentration were apparent between
SC-560 treated and control group. (data not shown)
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Figure 4: Urinary sodium (top), chloride (middle) and
potassium (bottom) after a single oral 10 mg/kg dose of
with SC-560 in PEG in uMol/min (N=5; Mean +/- SD).

DISCUSSION

As suggested by its large Vy (mean 9.1 £4.6 L/kg), which
greatly exceeds body water composition, SC-560 is highly
distributed into the rat tissues. The pharmacokinetic
parameters of SC-560 in the rat are similar to celecoxib,
which similarly possess a large Vy (11). SC-560 is a very
lipophilic drug, and is sparingly soluble in aqueous buffers.
This physiochemical property is likely a contributor to its
large Vd, as it would promote uptake of drug into tissues
of high lipid content, such as adipose and brain.
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Causes of low oral bioavailability include high first-pass
metabolism by the liver and/or incomplete transfer of
drug from the gastrointestinal tract to the portal vein. In
the rat, mean hepatic blood flow is 3.3 L/h/kg with a
hematocrit of 0.48; this yields a mean hepatic plasma flow
of ~1.74 L/h/kg (12). Therefore, the serum clearance of
SC-560 after 10 mg/kg of 1.15 * 0.46 L/h/kg is
approaching the mean hepatic plasma flow in the rat
Some involvement of incomplete transfer from the gas-
trointestinal tract is apparent as SC-560 bioavailability in
PEG increased 3 fold compared to the MC suspension.

Previous pharmacodynamic and pharmacological studies
of SC-560 i/ vivo have administered this compound intra-
venously and orally in various formulations without any
knowledge of its pharmacokinetics (1, 2, 3, 4, 5, 6, 7). The
current studies suggest that SC-560 undergoes route of
administration and formulation dependent pharmacoki-
netics.

Furthermore, inflammation may reduce clearance of drugs
cleared in the liver (13) and SC-560 administration in ani-
mal models of disease that involve the liver (i.e. cirrhosis)
may demonstrate altered pharmacokinetics (14, 15, 16).

In agreement with previous studies, we found that SC-560
is orally active (1, 5). SC-560 induced a significant increase
in NAG activity per total urine volume collected over 24 h.
NAG is a lysosomal enzyme found in the renal tubules
with a molecular weight of 150,000 daltons and thus its
large size prevents it from reaching the nephron lumen
because it cannot undergo glomerular filtration. NAG has
been suggested to be a specific marker of renal tubular
damage (17, 18). Furthermore, a significant decrease in uri-
nary sodium, potassium, and chloride excretion was evi-
dent. The decrease in electrolyte excretion may be related
to constitutive COX-1 inhibition in the kidney. Interest-
ingly, treatment with SC-560 did not produce any signifi-
cant changes in either BUN level or serum creatinine after
a single dose. We have found that serum creatinine and
BUN are relatively insensitive measures of renal toxicity in
the rat after administration of single therapeutic doses of
non-steroidal anti-inflammatory drugs and various other
COX inhibitors (19). The only other study on the pharma-
codynamic effects of SC-560 on renal function was under-
taken in rats with cirrhosis and ascites, which also
demonstrated a significant decrease in urinary sodium and
a significant reduction in glomerular filtration rate, renal
plasma flow, and renal prostaglandin E, after a 20 mg/kg

iv dose (16). It is noteworthy that in cirrhotic rats the
effects of selective COX-1 inhibition on furosemide-
induced diuretic and naturetic response with SC-560 were

dose-dependent (16).

In summary, SC-560 is a lipophilic drug characterized by a
clearance approaching hepatic plasma flow, a high V; and
a low and formulation dependent bioavailability. A single
oral dose of 10 mg/kg demonstrated an ability to reduce
urinary electrolytes and induced renal tubular damage, as
measured by an increase in NAG. This study is the first
report regarding the pharmacokinetics and bioavailability
of SC-560 and its effects on NAG excretion and renal elec-
trolytes in animals without disease. Further studies charac-
terizing the pharmacokinetic/pharmacodynamic
relationships of selective COX-1 inhibition ate currently in
progress.
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