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Abstract

Trimethoprim is an anti-infective agent used in the treatment of urinary and respiratory tract infections and mild to moderate pneumocystis
carinii pneumonia. Trimethoprim is also a selective in vitro inhibitor of cytochrome P450 2C8 and may have utility as an in vivo inhibitor
of this enzyme. A simplified high performance liquid chromatography (HPLC) method was developed to determine trimethoprim in human
plasma. Samples are processed by protein precipitation with perchloric acid and chromatographic separation is achieved on a Synergi Polar-RP
column (4 micron, 150 mm 4.6 mm) using a mobile phase consisting of 50 mM ammonium formate-acetonitrile-methanel 4 90:6:4
(v/vlv)). Detection is monitored at 280 nm. Intra- and inter-day precision ranged from 1.1 to 1.9 and 0.9 to 4.1%, respectively. The assay is
simple, economical, precise, and is directly applicable to human studies involving steady state trimethoprim pharmacokinetics.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In addition to its therapeutic applications, trimethoprim
is a selective in vitro inhibitor of cytochrome P450 (CYP)
Trimethoprim Fig. 1), a dihydrofolate reductase inhibitor, 2C8 (K; = 32pM; 1 pM = 2903 ng/l) [5], and may be
is an anti-infective agent used predominantly in the treatment useful as an in vivo inhibitor of this enzyme. Peak plasma
of urinary and respiratory tract infectiorj§]. Trimetho- concentrations after trimethoprim 200 mg given twice daily
prim is also used in combination with sulfamethoxazole or are approximately 2QM [6]. Wen et al.[5] predicted based
dapsone to treat mild to moderate cases of pneumocystison expected plasma concentrations, that in vivo inhibition of
carinii pneumonia (PCPJ2]. Treatment of PCP requires CYP2C8 would be approximately 80% assuming that hep-
trimethoprim doses of 15-23 mg/kg/day, which yields mean atic trimethoprim concentrations would be approximately
plasma concentrations of 6.7-18.g¢/ml (23.1-63.4.M) 130pM, which is based on the liver to plasma partitioning
[3,4]. The frequency of severe adverse effects including neu- ratio of 6.5:1 observed in monkey8g]. These observations
tropenia and thrombocytopenia increases when trimetho-suggest that trimethoprim may be useful as a selective en-

prim plasma concentrations exceedd@ml [4]. Trimetho- zyme inhibitor in vivo, but further study is required.

prim is well-absorbed after oral administration (bioavailabil-  There is a need to measure trimethoprim in plasma to en-
ity ~95%) and achieves peak plasma concentrations 1-4 hsure effective concentrations are achieved in patients being
after single dose administration. It has a half-life~af0 h, treated for PCP and also to aid in the evaluation of trimetho-

protein binding of 44%, a volume of distribution ranging prim as an in vivo inhibitor of CYP2C8. Thus, a simple, effi-
from 70 to 1001, and it is extensively eliminated in the urine cient method for determination of trimethoprim in plasma is
as unchanged drud]. desired. Several methods for the determination of trimetho-
prim in human plasma have been repofi@el3]. In general
* Corresponding author. Tekt 1-352-392-8551: they. require large (1 ml) s.ample vqumES*rl(_)], involve a
fax: +1-352-392-9388. multi-step, lengthy extraction process or solid-phase extrac-
E-mail addressfrye@cop.ufl.edu (R.F. Frye). tion [11,13] or require the use of an ion-pairing agent for
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(A) Ny -NH, sion 3.1 (Waters, Corp., Milford, MA, USA). Separation was
\ Y achieved with a Syner§iPolar-RP 4 150 mmx 4.6 mm
=N column (Phenomenex, Torrance, CA, USA) heated toG30
NH and an isocratic mobile phase of ammonium formate (pH

3.0; 50 mM)-acetonitrile (ACN)-methanol (MeOH) (90:6:4

-0 O-ch (viviv)), delivered at a flow rate of 1 ml/min. The monitoring
s 0 3 wavelength was set at 280 nm, with a run time of 14 min.
CH,
2.3. Standard preparation
(B) CH,
‘c‘> N { _ Trimethoprim stock solution_ was prepared at_a concentra-
H2N4©—ﬁ—”—</ tion of 1 mg/ml in methanol. Dilutions prepared in methanol
o] N= at concentrations of 250 and p@/ml were used to pre-
CH, pare calibration standards and quality control (QC) samples.

The internal standard (IS) sulfamethazine was dissolved in
methanol to prepare a p@/ml stock solution. Standards

and QC samples were prepared at the beginning of the vali-
suitable chromatography with a;&£column[12]. A large  dation experiment by spiking batches of blank human plasma

sample volume (e.g., 1 ml) is a problem in certain popula- and dispensing into 2@ aliquots. Aliquots were stored at
tions such as pediatric AIDS patients requiring trimethoprim _—20°C until analysis was performed.

therapy for PCR11]. Ronn et al. improved the applicability
to special populations by decreasing the sample volume t02 4. Plasma sample preparation
125pl, but the sample preparation involved multiple steps

including protein precipitation, transfer of supernatant and  Aliquots of plasma (20Q.) were placed in microcen-
subsequent dilution with mobile phafEl]. Therefore, the  trifuge tubes, IS (1@l or 500 ng) was added, and the tubes
goal of this work was to establish a method that uses awere briefly vortexed. Perchloric acid (2% was added to
small sample volume and an efficient, economical extraction each sample, which was then vortexed for 2 min, and cen-
method. In this paper, we introduce an HPLC method with trifuged at 3000x g for 10 min. The supernatant was trans-
simplified sample processing and ultraviolet wavelength de- ferred to HPLC vials, and capped. A gbaliquot was in-
tection to determine trimethoprim in human plasma. The jected onto the HPLC system for analysis.

method was used to determine steady-state trimethoprim

plasma concentrations in healthy human subjects. 2.5. Calibration and linearity

Fig. 1. (A) Trimethoprim and (B) sulfamethazine (internal standard).

Calibration curves consisted of seven non-zero stan-

2. Experimental dard concentrations of trimethoprim in human plasma: 0.5,
1, 2.5, 5, 7.5, 10, 2ig/ml. Duplicate calibration curves
2.1. Chemicals were assayed daily for 3 days, with the lowest concentra-

tion (0.5ng/ml) prepared in triplicate. For each curve, the

Trimethoprim &98%) reference standard and sulfameth- trimethoprim to IS peak height ratios were calculated and
azine &99%) (internal standard, IS) were purchased from plotted against the nominal trimethoprim concentration.
Sigma—Aldrich (St. Louis, MO, USA). Acetonitrile and Calibration curves for trimethoprim were constructed by
methanol were obtained from Fisher Scientific (Pittsburgh, weighted (1y2) linear regression analysis.
PA, USA). Perchloric Acid was purchased from J.T. Baker
(Phillipsburg, NJ, USA). Ammonium formate and formic 2.6. Precision and accuracy
acid were obtained from Sigma—Aldrich (St. Louis, MO,
USA). Blank human plasma was purchased from the Central  Precision and accuracy were determined by the analysis
Blood Bank of Pittsburgh (Pittsburgh, PA, USA). Deionized of trimethoprim QC samples spiked at concentrations of 2,
water was obtained from an in-house Millipore (Billerica, 8, and 16.g/ml. Replicate QC samples & 12) were ana-

MA, USA) water system. lyzed on Day 1 to determine intra-day precision and accu-
racy. Inter-day precision and accuracy was determined from
2.2. HPLC separation replicate QC samples analyzed on Daynl= 12), Day 2

(n = 6), and Day 34 = 6) for a total of 24 QC samples
The HPLC system consisted of a Waters 2695 separa-at each concentration. Mean, standard deviation and rela-
tion module and a Waters 486 Tunable Absorbance Detectortive standard deviation (R.S.D.) were calculated from the
(Waters, Corp., Milford, MA, USA). Detection and quan- QC values and used in the estimation of intra- and inter-day
tification were performed using Milleniuth software ver- precision. Accuracy (bias) is expressed as the percent devia-
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tion between the mean concentration relative to the nominal 0.03-
concentration. 1

2.7. Selectivity and stability o.oz—-

Selectivity was analyzed by processing six different
sources of blank plasma. Blank plasma samples were pro-
cessed in duplicate and compared to plasma spiked with the
lowest trimethoprim standard. Sample carryover was deter- l
mined by inserting vials of blank mobile phase in various 0.00+———F—FF——F 777
positions throughout the third validation run. Batches of 2
high and low QC samples were prepared and subjected to (A)
three freeze-thaw cycles prior to processing and analysis.

After each freeze thaw cycle, aliquots were extracted and
analyzed and determined acceptable at >95% peak height

of control samples not exposed to the freeze-thaw cycles. ; 2
The stability of processed samples was determined by re-
peated analysis of high and low QC samples for over 24 h
post-extraction. The limit of quantitation (LOQ) was de-
fined as the lowest standard value having a signal to noise
(S:N) ratio of at least 10:1 and acceptable precision and
accuracy (i.e., within 15%). The limit of detection (LOD)
was defined as the smallest detectable peak having a S:N 0.00-1—, '

ratio of at least 3:1. O 2 4 6 8 10 12 14

(B) Time (min)

Response (AU)

0.014

Time (min)
0.03

0.02

Response (AU)

0.014

2.8. Extraction efficiency
Fig. 2. Representative chromatograms of (A) extracted double blank

. . . plasma (- - -) and plasma sample spiked (—) with trimethoprimu@/snl
Extraction recovery of trimethoprim was calculated by (LOQ) and IS. (B) Subject plasma sample after administration of trimetho-

comparing the response obtained from_ extre_lc_ted _QC samplegrim 200mg twice daily at steady state (concentration of a.genl).
versus the response observed after direct injection of refer-Peaks are (1) trimethoprim and (2) IS.

ence samples. Reference samples consisted of water spiked
with appropriate amounts of trimethoprim standards. Re-

sponses obtained from the reference samples were defined-©CQ) and IS.Fig. 2B shows a subject plasma sample
as 100%. obtained at steady-state during trimethoprim 200 mg twice

daily administration. Retention times were approximately
7.1 and 12.2 min for trimethoprim and IS, respectively. The
peaks of interest were well separated and free from inter-

Trimethoprim pharmacokinetics were determined in eight ference with endogenous peaks. Sulfamethoxazole eluted at

healthy volunteers. The protocol was approved by the Uni- appro>_<imately 9 mir_l (data not shown) and did not interfere
versity of Pittsburgh Institutional Review Board and signed With éither peak of interest.

informed consent was obtained from each subject. Trimetho-

prim, 2 x 100 mg tablets (Watson Pharmaceuticals, Corona, 3.2. Precision, linearity, and accuracy

California, USA), were administered every 12 h for a total of

5 days. Multiple plasma samples were collected for 48 h af-  Linear calibration curves were obtained for trimethoprim

2.9. Application to plasma sampling

ter reaching steady state on Day 4 and stored24t°C until over the concentration range of 0.542@/ml; the mean re-
analyzed. Plasma trimethoprim concentrations were deter-gression equation wag: = 0.2083+ 0.0013x + 0.0033+
mined as described above. 0.0002. The correlation coefficients calculated for each run

were >0.999. Response remained linear at all concentrations
with no saturation of signal. Intra- and inter-day precision
3. Results were withint-5% and accuracy was withif6.25% (Table J).

3.1. Chromatographic separation 3.3. Selectivity, stability, and recovery

Representative chromatograms of plasma samples are No endogenous interference with trimethoprim or IS was
shown inFig. 2 Fig. 2A depicts a double-blank sample observed in six extracted blank plasma samples and there
(no IS) and a sample spiked with trimethoprim Qdg/ml was no evidence of sample carryover. The signal to noise



304 M.W. Hruska, R.F. Frye / J. Chromatogr. B 807 (2004) 301-305

Table 1 4.5-

Intra- and inter-day precision and accuracy of trimethoprim in human 1

plasma Q ]

o 3.54

Concentration igg/ml) R.S.D. (%) Deviation (%) é ]

Spiked Observed (mea# S.D.) S 251

Intra-assay precision quality controls § 1
2.00 2.15+ 0.04 1.7 7.5 % 1.54
8.00 7.52+ 0.14 1.9 —-6.0 o ]

16.0 15.34+ 0.2 1.1 —4.4 s
O 0.54
Inter-assay precision quality controls y
— 77—
2.00 2.12+ 0.04 1.9 6.0 0 3 6 9 12
8.00 7.64+ 0.19 2.4 —-4.5 Ti h
160 153+ 04 2.7 —4.4 ime (hour)

Standards Fig. 3. Meant S.D. concentration-time data at steady-state (Day 4) from
0.50 0.50+ 0.01 14 -0.0 eight subjects after administration of trimethoprim 200 mg twice daily for
1.00 1.01+ 0.02 2.0 1.0 5 days.

2.50 2.55+ 0.04 1.6 2.0
5.00  4.99+0.08 16 -0.2 [12,13] Use of the phenyl Polar-RP column with a mo-
13\30 16421 8-27 g-g —02~30 bile phase containing a mixture of organic solvents yielded
0.0 195+ 0.8 a1 30 separation from endogenous interference and symmetrical
i B ' i peaks without the need for an ion-pairing agent. Further,
Table 2 sulfamethoxazole, an agent commonly co-administered with

trimethoprim, does not interfere with either peak of interest,

Extraction recovery of trimethoprim in human plasmea= 3) . 2o .
so with modification this method could be used for pharma-

Spiked concentrationug/mi) Recovery (%) RSD. (%) cokinetic studies involving the combination product. This
2.0 80.5+ 0.9 1.14 method allows unbiased detection of trimethoprim and is di-
8.0 76.9+ 0.7 0.96 rectly applicable to trimethoprim steady-state pharmacoki-

16.0 79.6+ 1.1 1.41

netic studies.

Trimethoprim is most commonly administered in combi-
ratio of trimethoprim at 0.5.g/ml and IS at 5Qug/ml were nation with sglfamethoxazole (e.g., Bactr.im): but th(_a single
greater than 10:1. The LOQ was @.§/ml and the LOD dr_ugformulatlon is used for selected appllcatlons._Trlmetho-
was 0.lpg/ml with a S:N ratio of 5:1. Trimethoprim and prim z?md s_ulfgmethoxazole have been shov_vr_l In vitro to
the IS were stable in processed samples at room temperaturé_e'ec“\/e'y inhibit CYP2C8 and CYP2C9 activity, respec-

for at least 24 h prior to analysis. Samples subjected to threellV€!Y: however, sulfamethoxazole loses selectivity and in-
freeze-thaw cycles showed no sign of degradation. Extrac_mblts CYP2CS8 activity at_ reIanver high concentrat|q5§. .
tion efficiency determined at the three QC concentrations Therefore, to evaluate trimethoprim as a CYP2C8 inhibitor

was approximately 76—-80%4ble 2. '

in vivo, the trimethoprim only formulation must be ad-
ministered. The trimethoprim only formulation is also used

in combination with dapsone as an alternative treatment
for PCP in patients who can not tolerate sulfamethoxazole.
Monitoring plasma concentrations of trimethoprim during
PCP treatment may be helpful to verify therapeutic concen-
trations or to help avoid severe concentration-related adverse
events, since increased neutropenia, thrombocytopenia, and
severe adverse events has been associated with plasma con-
centrations greater thanu&/ml [4].

In summary, the method presented here uses a simple
extraction method, has consistent recovery efficiency, and
is applicable for analyzing trimethoprim plasma concentra-
tions in steady-state pharmacokinetic studies or patients re-
ceiving high dose trimethoprim therapy.

3.4. Application to plasma sampling

Eight healthy subjects received trimethoprim 200 mg
twice daily for 5 days. The mean (S.D.) steady-state con-
centration versus time profile for all eight subjects on Day 4
is depicted irFig. 3. The concentrations observed were sim-
ilar to those reported previously in HIV-infected subjects
receiving trimethoprim 200 mg twice dailt4].

4, Discussion

The method presented provides simplified and econom-
ical detection of trimethoprim in small volumes of human
plasma, using protein precipitation coupled with ultraviolet A cknowledgements
detection. We used protein precipitation to extract trimetho-
prim, which is less time consuming than liquid—liquid ex- This project was supported in part by NIH Research
traction [8] and less expensive than solid phase extraction Grant RO1 MH63458, funded by the National Institute of
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