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HPLC Assay and Renal Excretion Characteristics of
Theophylline and Its Metabolites in Rat

Hyo-Jeong Kuh, Chang-Koo Shim', Min-Hwa Lee and Shin-Keun Kim
Department of Pharmaceutics, College of Pharmacy, Seoul National University
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A high-performance liquid chromatographic (HPLC) method was developed for the simultaneous
determination of theophylline(TP) and its metabolites, 1-methyluric acid (1-MU) and 1,3-dimethyluric
acid (1,3-DMU), in rat plasma and urine. An 100 @ aliquot of a plasma or urine sample was mixed
with 250 w/ of acetonitrite and vortexed. After centrifugation, 200 W (plasma) or 20 W (urine) aliquot
of the supernatant was dried by N, stream and redissolved in 100 p/ (plasma) or 200 w (urine)
of the mobile phase. A 20 u of the mobile phase solution was injected onto a C;s reversed-phase
column. The column was maintained at 45C by the aid of electric heating jacket. The mobile phase
was a 3%(v/v) methanol solution in deionized water which contains sodium acetate (100 mM) and
tetrabutyl ammonium hydroxide (4 mM). pH of the mobile phase was adjusted 4.5 by the addition
of acetic acid. Detection limits for TP, 1-MU, and 1,3-DMU in plasma were 0.2, 0.1 and 0.1 pg/ml,
respectively and the corresponding values in urine were all 5 pg/ml. Inter- and intra-day variability
of the assay for all compounds in the plasma samples was less than 55 and 3.8%, respectively.
The retention times for 1-MU, 1,3-DMU, and TP were approximately 7, 8.5 and 18 min, respectively.
Sample preparation procedure used in this method was simple, rapid and reproducible. Renal
clearance of TP and its metabolites in rats showed plasma concentration dependency indicating
renal tubular secretion and reabsorption of them.

Keywords— HPLC, theophylline, l-methyluric acid (1-MU), 1,3-dimethyluric acid (1,3-DMU),
nonlinear renal clearance, renal tubular secretion
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Figure 1-—~Chromatograms of: (A) blank rat plasma; (B)
rat plasma spiked with theophylline and its metabolites;
(O) rat plasma spiked with theophylline, its metabolites
and dyphylline as an internal standard.

Peaks: 1=1-MU; 2=1,3-DMU; 3=Theophylline; 4=
Dyphylline.
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Figure 2~ Chromatograms of: (A) blank rabbit plasma;
(B) blank human plasma.
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Figure 3—Chromatograms of: (A) blank rat urine; (B)

rat urine spiked with theophylline and its metabolites.

Peaks: 1=1-MU; 2=1,3-DMU; 3=Theophylline.
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Figure 4—Chromatograms of: (A) blank rabbit urine;
(B) blank human urine.
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Figure 5—The relationship between peak height and
plasma concentration of (O) 1-MU, (2) 1,3-DMU, and
() theophylline in the rat.
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Figure 6—The relationship between peak height and
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(03) theophylline in the rat.
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Table 1—Extraction récovery and sensitivity limits of the
assay in plasma.

Concentration Recovery®  Sensitivity
Compound

added(ug/m)) (%)  limit(ug/ml)
1-MU 500 4975+ 058 0.1
1,3-DMU 500 7451+ 131 01
Theophylline 1000 6849+ 160 02

“Meant S.E. of triplicate samples.

Table 11— Extraction recovery and sensitivity limits of the
assay in urine.

Compound Concentration Recovery” Sepsitivity
added(ug/ml) (%) limit(ug/mi)
1-MU 100.0 Not determined 5.0
1,3-DMU 100.0 98.69+ 2.06 5.0
Theophylline 200.0 103.64+ 2,52 5.0

“Mean* SE. of triplicate samples.
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#E Table I 2 IIo] VepAITh EgAIg9] 3
89 Kester 59 AF=EV0] 9tEH 7 = €9

H21(8.12 pg/ml) : 76.0%, 1-MU(3.12 ug/ml) : 77.9

SenEgHe Ach % 2 1,3-DMU(6.10 pg/ml) : 74.2%<} v)58 3
AZVPETNA WRol HE B © woln  UEhAh
AT A EAe) Fel 2 Bl TAT Y EE QUUEF 4P A5l ve I3
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Table II—/nterday variability of the assay in plasma samples.
Compound Standard 1 Standard 2
P Concentration® CVs Concentration® Cvt
(pg/mi) (%) (pg/mi) (%)
1-MU 0.52+.016 3.09 253+ 0.11 425
1,3-DMU 048+ .015 3.07 3.92+£0.19 477
Theophylline 2.95%.099 3.36 2467+ 1.35 546

‘Meant SD. of five replicates.

*Coefficient of variation.
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Table IV—/ntraday variability of the assay in plasma samples.
Compound S.tandard 1 Standard.2 \
Concentration® cv? . Concentration® C.V.
(pg/mi) (%) (pg/ml) (%)
Day 1
1-MU 052+ .018 3.50 251+ .040 1.60
1,3-DMU 043+ .023 472 3.87+ 047 121
Theophylline 2.97+ .056 1.87 2421+ .31 1.28
Day 2
1-MU 0.53+.010 1.89 2,65t .022 84
1,3-DMU 049+ .011 217 411+ 025 .60
Theophylline 3041 047 155 26.19+ .17 64
Day 3
1-MU 050+ .010 2.01 244+ 087 358
1,3-DMU 046+ 012 2.69 3.74+ .14 371
Theophylline 2.84+ .096 .. 338 2361+ .89 3.77
“Meant SD. of five replicates.
éCoefficient of variation.
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Figure 7—Plasma concentration versus time profiles of
TP of (m) 1,3-DMU (@) and 1-MU (A) after an i.v. bolus
administration of theophylline 6 mg/kg, to a rat.
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Figure 9— Relationship between the renal clearance and
plasma concentration of 1,3-DMU. (@)=Rat A; (O)=
Rat B; (a)=Rat C; (@)=Rat E.
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Table V—Relationship between the renal clearance and
plasma concentration of 1-methyluric acid.

Rat Plasma Concentration CL,
(ug/mb) (ml/hr)
C 0.291 159.41
0.286 241.15
0.265 225.31
0.107 292.93
E 0.406 34.90
0.380 68.14
0.348 78.72
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