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Circadian variations of sulfamethoxazole pharmacokinetics were studied after a single oral
administration of sulfamethoxazole, 50 mg/kg, to rabbits at 09:00 (a.m.) and 22:00 (p.m.).
The profiles of plasma sulfamethoxazole concentration showed from 6h to 24 h significant
statistical difference (p<0.05) between 09:00 and 22:00. The half-life (t;;) was signifi-
cantly shorter in the morning (11.2 £ 3.2 h) when compared to the nighttime (15.4 £ 3.5
h) (p< 0.05). The AUC was significantly decreased in the morning (1325 % 264 pg/ml-h)
than that in the nighttime (2059 £379 ug/ml-h) (p<0.05). Total body clearance (CL) was sig-
nificantly higher when sulfamethoxazole was given in the morning (6.65 +0.23 ml/min)
versus in the nighttime (4.28 £ 0.20 mi/min) (p<0.05).
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INTRODUCTION

After Radzialowski and Bousguet demonstrated circa-
dian changes in the oxidative metabolism of drugs in 1968,
various physiological processes that govern kinetics of
drug in the body appear to be affected by the change.
For example, temporal variations have been indicated for
drug absorption from the gastrointestinal tract, drug distri-
bution, drug metabolism (temporal variations in enzyme
activity and hepatic blood flow), and renal drug excretion.
The plasma concentrations and the area under the plasma
concentration-time curve from time zero to time infinity
(AUC) of propranolol (Markiewicz, Semenowicz et al., 1980),
vancomycin (Choi, You et al., 1996), aspirin (Markiewicz
and Semenowicz, 1982), midazolam (Klotz, and Ziegler,
1982), nortriptyline (Nakano and Hollister, 1978), indome-
tacin (Clench, Reinberg et al., 1981), antipyrine (Vessel,
Shively et al., 1977), and cyclosporine (Choi and Park, 1999)
were increased, and urinary excretions of the drugs were
decreased in the morning. In addition, the times to reach
a peak concentration and half-lives of clorazepate dipota-
ssium (Hrushesky, W., Levi, F. et al., 1980), theophylline
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(Kyle, Smolensky et al., 1980), valproic acid (Loiseau,
Cenraud et al., 1982) and gentamycin (Choi et al.,1999)
were shortened with administration of the drugs in the
morning, and the urinary excretions of cisplastin (Hrushesky,
Borch et al,, 1982) and acetaminophen (Mattok. and
Mcgilveray, 1973) were increased in the morning.
Sulfamethoxazole is a widely used antibiotics in the
clinical setting. The drug is categorized as an intermedi-
ate-acting sulfonamide, and is a component of Co-tri-
moxazole®. It is almost completely absorbed from the
gastrointestinal tract and widely distributed into most
body tissues (Mandel & Petri 1996). In human, N*-acetyla-
tion, mediated by the polymorphic N-acetyltransferase,
appears to be the primary route of elimination for sul-
famethoxazole (Vree et al., 1979; Levy et al., 1998).
Secondary to the N-acetylation, N*-glucuronide conjuga-
tion in the liver (Vree et al., 1979; Levy et al., 1998) is
also involved in the elimination. In contrast, only 14% of
unchanged sulfamethoxazole is excreted via the kidney
(Mandel & Petri 1996). Consistent with the minor role of
urinary excretion in sulfamethoxazole elimination, it has
been reported (Vree et al., 1981) that the plasma half-life
of sulfamethoxazole was not apparently affected in
patients with impaired kidney function. Since the sulfa-
methoxazole is primarily excreted via drug metabolism
and, in general, circadian change may affect the kinetics
of drug metabolism, pharmacokinetics of sulfamethoxazole
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may be affected by the physiological fluctuation. Unfortu-
nately, it is not known whether a temporal dependency
exists for sulfamethoxazole pharmacokinetics. Therefore,
the purpose of this study is to study the circadian changes
in the pharmacokinetics of sulfamethoxazole after a
single oral administration of the drug to rabbits.

MATERIALS AND METHODS

Chemicals and animals

Sulfamethoxazole and phenacetin (the internal standard
of high performance liquid chromatographic, HPLC assay)
were obtained from Sigma Chemical Company (St. Louis,
MO., USA). HPLC-grade acetonitrile and methanol were
purchased from Merck Company (Darmstadt, Germany).
Urethane was a product from Junsei Chemical Company
(Tokyo, Japan). Other chemicals were of reagent grade or
better, and used without further purification.

Male New Zealand white rabbits (Dae Han Laboratory
of Aminal Research Center, Eumsung South Korea), weigh-
ing 2.0-2.4 kg, were used. The animal was fasted (with
free access to water) at least 24 h before the commen-
cement of the study.

Oral administration

Rabbits were anesthetized with a subcutaneous injec-
tion of 25% urethane, 4 ml/kg. The animal was then sub-
jected to a surgical procedure involving catheterization of
polyethylene tubing (Clay Adams, Parsippany, NJ, USA)
into the right femoral artery and the urethra.

Sulfamethoxazole (sulfamethoxazole powder was sus-
pended in 0.2% carboxymethyl cellulose and mixed for
30 min with a magnetic stirrer), was administered orally
(dose, 50 mg/kg; total volume of administration, 20 mL)
to a.m. (i.e., 9:00 am; n=7) and p.m. (i.e., 22:00 pm; n
=7) groups by intubation. Blood samples (approximately
1.5 mL) were collected via the right femoral artery at 0
(to serve as a control), 0.25,0.5,1,1.5,2,4,6,9,12 and
24 h. Heparinized normal saline injectable solution (0.25
mL; 75 units per mL), was used to flush the cannula after
the blood sampling to prevent blood clotting. Blood
samples were centrifuged immediately at 10000 rpm for
5 min, and plasma samples collected and stored at -30°C
until the analysis of sulfamethoxazole (see below). Urine
samples were collected via the urethra between 0-2, 2-
4, 4-6, 6-12 and 12-24 h after administration of the drug.
After the measurement of the volume of urine collection,
an aliquot of urine sample was stored at -30°C until the
analysis. To compensate the loss of blood, normal saline
was infused via the ear vein at the rate of 1.5 ml/h using infu-
sion pump (Model 341A, Sage Instrument, Cambridge,
MA, USA). Each rabbit was kept in supine position during
the entire experimental period.
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HPLC analysis of sulfamethoxazole

Sulfamethoxazole concentration in the biological samples
was analyzed by the reported HPLC method (Vree et al.,
1994) with a slight modification. Briefly, to an aliquot (0.2
ml) of plasma or urine samples, equal volume of aceto-
nitirile containing 10% of phenacetin (i.e., internal standard)
was added. After vortex-mixing, the mixture was centrifuged
at 10000 rpm for 5 min. and an aliquot (0.2 mL) of the
supernatant was injected directly onto the HPLC column.
HPLC condition was identical to the reported method.

Pharmacokinetic analysis

The total area under the plasma concentration-time
curve from time zero to infinity (AUC) was calculated by
the trapezoidal rule-extrapolation method (Kim et al.
1993); this method employed the logarithmic trapezoidal
rule for the calculation of the area during the declining
plasma-level phase (Chiou 1978) and the linear trapezo-
idal rule for the rising plasma-level phase. The area from
the last data point to time infinity was estimated by
dividing the last measured plasma concentration by the
terminal rate constant.

The maximum plasma concentration of sulfamethoxa-
zole (C..) and the time to reach C,, (Tma) Were obtained
directly from the experimental data. The mean of ter-
minal half-lives was calculated by the harmonic mean
method (Eatman et al., 1977).

Statistical analysis

When it was necessary to compare mean values, the
student’s t-test was used. A P value of less than 0.05 was
considered denoting statistical significance. All data were
expressed as mean * standard deviation.

RESULTS AND DISCUSSION

Temporal dependency in plasma concentration-time
curves of sulfamethoxazole

Mean plasma concentration-time profiles of sulfamethoxa-
zole in rabbits are shown in Fig. 1. After oral administra-
tion, the plasma concentrations of sulfamethoxazole in-
creased; the C,, was reached its peak at 3-4 h, then
declined thereafter in a monoexponential fashion for all
rabbits studied (Fig. 1).

The time of sulfamethoxazole administration appears to
affect the kinetics of the drug significantly. Sulfamethoxa-
zole concentration in the plasma was lower for pm
administration that that for am (Fig. 1). The difference
reached statistically significance (p<0.05) for all plasma
samples collected after 6 h of administration. As a result,
the AUC was significantly decreased for am administra-
tion (1325 £ 264 pg/ml-h) than that for pm administration
(2059 = 379 ug/ml-h) (p<0.05, Table ).
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Fig. 1. The plot of mean plasma concentration (ug/ml) of

sulfamethoxazole in rabbits administered orally at 09:00 (am)
and 22:00 (pm).

Cumulative amount of urinary excretion for orally
administered sulfmethoxazole

Cumulative amount of sulfmethoxazole urinary excre-
tion (in mg) was shown in Fig. 2 for am and pm oral
administration (dose, 50 mg/kg). The amount of excretion
was slightly larger (42.4 + 15.4 mg) for am than that (38.9
1 11.7 mg) for pm; however, the difference was not stati-
stically significant. Since it has been shown that the renal
elimination is not the primary route of elimination for
sulfmethoxazole (Mandel & Petri 1996) and the time of
administration does not affect the extent of urinary
excretion for the drug, non-renal elimination, most likely
hepatic metabolism, may be affected by the time of
sulfmethoxazole administration.

Pharmacokinetic parameter

The list of calculated pharmacokinetic parameters are
summarized in Table 1. In addition to AUC, mean half-life
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Fig. 2. The Plot of Mean Cumulative Urinary Excreted Amounts
(mg) of Sulfamethoxazole in Rabbits Administred Orally at
09:00 and 22:00.

J. S. Choi and E.J. Jung

Table I. Summary of pharmacokinetic parameters of sulfa-
methoxazole with oral administeration in am (9:00) and pm
(22:00) in rabbits.

Parameters a.m. p.m.

Crax (Ug/ml) 70.8 + 16.4* 82.4+19.6
Troax () 2.62+0.32 2.821+0.42
Kih™ 1.19+0.21 1.22£0.20
K(h" 0.062 +0.02 0.044 £ 0.01*
ty2(h) 11.2+3.01 15.4+ 3.53*
CL, (ml/min) 6.65+1.23 4.28 £0.86*
AUC (ug/ml-hn) 1325 %269 2059 £ 388*
AUC ratio (% of am) 100 155.4

#: Mean+S.D. (n=6) *: p<0.05

Coax: peak concentration

Tmex: time to reach peak concentration

CL.: total body clearance

ty2: terminal half-life

K.: absorption rate constant

AUC: area under plasma concentration time-curve
K,: elimination rate constant

of sulfmethoxazole was significantly longer (11.2 3.2 h) for
am than that (15.4£3.5 h) for pm (p<0.05). As expected
from AUC, the total body clearance was significantly
larger (47.9 7.8 ml/min) for am administration than that
(59.8 £8.5 m1/min) for pm administration (35.6% smaller
for pm administration, p<0.05) (Table 1).

In summary, the time of administration affected the
pharmacokinetics of sulfmethoxazole; the total body
clearance was smaller and the AUC higher for pm admini-
stration. Based on the estimation of extent of urinary excre-
tion of sulfamethoxazole, the difference in total body clear-
ance is likely to be related to the difference in hepatic
metabolism of sulfamethoxazole at the time of drug
administration. In this study, we did not attempt to
measure the toxic effect of sulfamethoxazole in the pm
administration. Since sulfamethoxazole is a relatively safe
drug, the pharmacokinetic difference may not be directly
related to sulfamethoxazole toxicity in the clinical setting.
However, the primary pathway for sulfamethoxazole (i.e.,
N-acetylation and N-glucuronidation) metabolism also
represents major route of elimination for other drugs.
Therefore, for drugs that are metabolized by the phase II
metabolism and possess narrow therapeutic indice, the
circadian changes in drug metabolism found in this study
may be clinically relevant.

REFERENCES

Bruguerolle, B., Recent advances in chronopharmacoki-
netics: methodological problem. Life Sci., 52,1809-
1824 (1993).

Choi, J. S., You, J. S., Burm, J. P, and Choi, B. C., Chrono-
pharmacokinetics of vancomycin in normal volunteers.
Kor. J. Clin. Pharm., 2, 1-6 (1996).



Circadian Changes in Pharmacokinetics of Sulfamethoxazole

Choi, J. S., and Park, H. J., Circadian changes in pharm-
acokinetics of cyclosporin in healthy volunteers. Res.
Commun. Mol. Pathol. and Pharmacol., 103, 109-112
(1999).

Choi, J. S., Kim, C. K., and Lee, B. J., Administration-time
differences in the pharmacokinetics of gentamycin
intravenously delivered to human beings. Chlonobio-
logy International, 16, 821-829 (1999).

Chiou, W. L., Critical evaluation of potential error in
pharmacokinetic studies using the linear trapezoidal
rule method for calculation of the area under the
plasma level-time curve. J. Pharm. Sci,, 67, 539-546
(1978).

Clench, J., Reinberg, A. and Dziewanowska, Z., Circadian
changes in the bioavailability and effect of indome-
thacin in healthy subject. Eur. J. Clin. Pharmacol., 20,
359-369 (1981).

Eatman, F B., Colburn, WA., Boxenbaum, H. G., Posmanter,
H. N., Weinfeld, R. E., Ronfeld, R., Weissman, L.,
Moore, ). D., Gibaldi, M., and Kalpan, S. A., Pharmaco-
kinetics of diazepam following multiple dose oral admini-
stration to healthy human subjects. J. Pharmacokinet.
Biopharm., 5, 481-494 (1977).

Hrusheky, W., Levi, F, and Kennedy, B. )., Cis-diamine-
dichloroplatinium(DDP) toxicity to the human kidney
reduced by circadian timing. Clin. Oncol.,, 21:C45
(1980).

Hrushesky, W. J. M., Borch, R., and Levi, F, Circadian
time dependence in cisplastin urinary kinetics. Clin.
Pharmacol. Ther., 32, 330-339 (1982).

Kim, S. H., Choi, Y. M., and Lee, M. G., Pharmaco-
kinetics and pharmacidynamics of furosemide in protein-
calorie malnutration. /. Pharmacokinet. Biopharm., 21,
1-17 (1993).

Klotz, U. and Ziegler, G., Physiologic and temporal
variation in hepatic elimination of midazolam. Clin.
Pharmacol. Ther., 32, 107-112 (1982).

Kyle, G. M., Smolensky, K., Korczynska, )., and Mcgoven,
J. P, In recent advances in the chronobiology of allergy
and immnology, Smolensky, M. H. ed., Pergamon Press,
Oxford, pp. 123-128 (1980).

Loiseau, P, Cenraud, B., Levy, R. H., and Akbaraly, R.,
Diurnal variations in steady-state plasma concentration
of valproic acid in epiletic patients. Clin. Pharmaco-
kinet., 7, 544-552 (1982).

341

Mandel, G. L. and Petri, W. A,, Jr. Nulfonamides, trimetho-
prim-sulfamethoxazole, quinidines, and agents for
urinary treat infestions. In Goodman & Gilmans The
Pharmacological Basis of Therapeutics, Hardman ]G,
Limbird LE, Molinoff PB, Ruddon RW, Gilman AG,
(ed). Ninth edition, New york; McGram-Hill, Health
Professions Division, 1057-1072 (1996).

Markiewicz, A., Semenowicz, K., Korczynska, )., and Boldys,
H., In recent advances in the chronobiology of allergy
and immunology, Smolensky, M. H. ed., Pergamon
Press, Oxford, pp. 185-193 (1980).

Markiewicz, A. and Semenowicz, K., Time dependent
changes in the pharmacokinetics of aspirin. J. Clin.
Pharmacol. Biopharm., 32, 330-339 (1982).

Mattok, G. L. and Mcgilveray, ., The effect of food intake
and sleep on absorption of acetaminophen. Rev. Can.
Biol., 32(Suppl.), 77-84 (1973).

Mollmann, H., Rohdewald, P, Schmidt, E. W., Salomom,
V., and Derendorf, H., Pharmacokinetics of triamcino-
lone acetonide and its phosphate ester. Fur. J. Clin.
Pharmacol.,, 29, 85-96 (1985).

Nakano, S. and Hollister, 1. E., No circadian effect on
nortriptyline kinetics in man. Clin. Pharmacol. Ther,
23, 199-203 (1978).

Radzialowski, . and Bousquet, W., Daily rhythmic varia-
tion in hepatic drug metabolism in rat and mouse. J.
Pharmacol. Exp. Ther, 163, 229-238 (1968).

Reignberg, A. and Smolensky, M., Circadian changes of
drug disposition in man. Clin. Pharmacokinet., 7, 401-
420 (1982).

Vessel, E. S., Shively, C. A., and Passananti, G.T., Temporal
variation of antipyrine half-life in man. Clin. Pharmacol.
Ther., 22, 843-852 (1977).

Vree, T. B., Hekster, Y. A., and Orelly, W. J., Pharmaco-
kinetics of N'-acetyl-and N*-acetylsulfamethoxazole in
man. Clin. Pharmacokinet, 4, 310-319 (1979).

Vree, T. B., Heketer, Y. A, Van Dalen, R., and Friesen, W.
T., Renal excretion of sulfamethoxazole and its meta-
bolite N*-acetylsulphamethoxazole in patients with
impaired kidney function. Ther. Drug Monitor., 3, 129-
135 (1981).

Vree, T. B., Vander, A. J. and Van Galen, P M., Determi-
nation of sulfamethoxazole and metabolites in human
plasma and urine by HPLC. J. Chromatogr, B. 658,
327-340 (1994).



