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Abstract

A HPLC method was developed for determination of cimetidine in human plasma and urine. Plasma samples were alkalinized followed
by liquid extraction with water-saturated ethyl acetate then evaporated under nitrogen. The extracts were reconstituted in mobile phase and
injected onto a G reversed-phase column; UV detection was set at 228 nm. Urine samples were diluted with an internal standard/mobile
phase mixture (1:9) prior to injection. The lower limit of quantification in plasma and urine were 100 ng/ml agfiilprespectively; intra-
and inter-day coefficients of variation wetd.2%. Advantages of this validated assay include a readily available internal standard, simplified
plasma extraction and urine dilution methods, and applicability to clinical studies investigating the renal handling of cimetidine.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Most methods utilized either solid-phase extraction or
liquid-phase extraction techniques. Limitations of these
Cimetidine (N"-cyanoN-methylHN'-[2-[[(5-methyl-1H- methods include the requirement to extract large volumes

imidazol-4-yl) methyl]thio]ethyl]-guanidine) is a histamine of plasma (0.5-1.0 mI}8-10], low or inconsistent recov-
H(2)-receptor antagonists that is used widely to treat gastricery in plasma[11,12] use of an internal standard that is
and duodenal ulcerfd,2]. Cimetidine is excreted predom- either not commercially availabld0,13] requires an addi-
inantly unchanged by the kidneys (approximately 70%) tional protonation step using hydrochloric adit¥], lack
and undergoes extensive tubular secretion with renal clear-of urine analysis capabilitief2,14,15]or requirement of
ance values approximately four-fold greater than creatinine solid-phase or liquid-liquid extraction methods for urine
clearance[3,4]. Cimetidine has also been identified as analysiq1,8,16,17] This report describes a validated HPLC
a substrate for P-glycoprotein (P-GP), an MDR-encoded method for determining cimetidine concentrations in plasma
membrane transporter that is expressed in normal tissueghat incorporates a simplified procedure for urine sample
including kidney proximal tubulef5—7]. Thus, evaluation  analysis.
of renal P-GP probe compounds, such as cimetidine, is
critical in order to identify potential renal drug interac-
tions, prevent drug toxicity, and optimize drug therapy in 2. Experimental methods
patients.
Several HPLC methods for the determination of cime- 2.1. Reagents and chemicals

tidine in human plasma and urine have been reported.

Cimetidine, famotidine, heptanesulfonic acid, sodium

* Corresponding author. Teks1-410-706-6590; acetate .and sodium carbonatg were 'purc.hgsed from Sigma
fax: +1-410-706-6580. (St. Louis, MO, USA). The purity of cimetidine and famo-
E-mail address: tdowling@rx.umaryland.edu (T.C. Dowling). tidine standards was-99.0%. HPLC grade acetonitrile,
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ethyl acetate and sodium hydroxide were purchased fromthe determined quantity of stock solution to drug free plasma
Fisher Scientific (Pittsburgh, PA, USA). Deionized distilled and urine stored at20°C in aliquots. Plasma QC sample
water was obtained from a Picopure (Hydro-Picosystem concentrations were 300, 800 and 2100 ng/ml and urine QC
Plus, Rockville, MD). Drug free human plasma was ob- sample concentrations were 20, 80 and Lg@hnl.
tained from the University of Maryland Medical System
Blood Bank. Drug free urine was obtained from laboratory 2.4. Preparation of plasma samples
personnel.
Plasma (25@l) was combined with 3@l of 2 M NaOH,
2.2. Equipment/instrumentation 250l saturated sodium carbonate solution, anduBO
of internal standard (famotidine, »@/ml) in a 4.5ml
The HPLC system consisted of a Waters 2690 separationpolypropylene tube. The sample was vortexed briefly, fol-
module (Waters Millipore, Millford, MA), and a model lowed by addition of 3 ml water-saturated ethyl acetate. The
2487 dual wavelength absorbance detector set at 228 nmtubes were capped and shaken at low speed (120 cycles/min)
The chromatographic data was collected and analyzed us<or 10 min and then centrifuged for 10 min at 200@. The
ing Millenium Chromatography Manager (version 3.2). upper organic layer was transferred to a clean glass tube
Separation was achieved at ambient temperature with a Pheand evaporated to dryness at°® under a steady stream of
nomenex (Torrance, CA) C18.@imm x 250 mm), Prodigy nitrogen. Following reconstitution of the residue in 300
5um ODS (3), 100 A reversed-phase HPLC column pre- of mobile phase, the mixture was transferred to a WISP
ceded by a guard column (Alltech, Deerfield, IL) packed microinsert and 5Q.1 was then injected onto the column.
with C18 Bondapak/Corasil 37-%0n. The mobile phase
consisted of acetonitrile and heptanesulfonic acid (2.5g/l) 2.5. Preparation of urine samples
in an aqueous 20 mM sodium acetate buffer (23:77). The
mobile phase was adjusted to pH 4.7 with 12M HCI, de-  In a 2.0 ml microcentrifuge tube, urine samples were pre-
gassed and passed through a Q45 filter. The mobile pared by adding 5Ql of urine (standard or QC), 50l of in-
phase was delivered at an isocratic rate of 1.0 ml/min with ternal standard (5@g/ml) and 40Qul of mobile phase. After
a pump pressure of approximately 1900 psi. Total run time capping, each tube was vortex-mixed briefly. An aliquot of
for plasma and urine samples was 10 min. 100pl of each sample was transferred to a WISP microin-
sert and 5Qul was then injected onto the column.
2.3. Preparation of stock solutions and spiked standards
2.6. Calibration and linearity
Stock solutions (in methanol) were prepared at 0.1, 1.0
and 10 mg/ml for cimetidine and 3(/ml and 1 mg/ml for Assay performance was determined in accordance with
famotidine (internal standard). Solutions were stored°’@ 4 the FDA Guidance for Bioanalytical Methods Validation
and were used to spike plasma and urine samples. Standard®r Human Studie$18]. Standard curves were constructed
and quality control (QC) samples were made by addition of using six standard concentrations in plasma and urine

Table 1
Intra- and inter-day precision and accuracy for cimetidine in plasma
Concentration (ng/ml) CV (%) Percentage of deviation
found vs. added
Added Found (meag- S.D.) ( )
Intra-assay reproducibilify
Quality controls 300 306.6- 8.0 2.6 2.2
800 796.8+ 13.7 1.7 -0.4
2100 2073.0+ 55.1 2.7 -1.3
Inter-assay reproducibiliy
Quality controls 300 308.1+ 3.0 1.0 2.7
800 807.0+ 6.6 0.8 0.9
2100 2147.6+ 9.9 0.5 2.3
Standards 100 98.¢ 2.1 2.2 -1.2
250 262.5+ 9.3 3.6 5.0
500 489.9+ 20.4 4.2 -2.0
1000 995.3+ 28.0 2.8 -0.5
2000 2002.0+ 35.3 1.8 0.1
4000 3991.3+ 87.6 2.2 -0.2

a Six quality control samples per concentration.
b Eighteen quality control samples or two standards per day per concentration for 3 days.
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Table 2
Intra- and inter-day precision and accuracy for cimetidine in urine
Concentration i(g/ml) CV (%) Percentage of deviation
found vs. added
Added Found (meag: S.D.) ( )
Intra-assay reproducibilify
Quality controls 20 20.8t 0.22 11 4.1
80 82.6+ 0.49 0.6 3.3
175 175.8+ 1.59 0.9 0.4
Inter-assay reproducibilify
Quality controls 20 20.9t 0.06 0.3 4.7
80 83.5+ 0.25 0.3 4.4
175 177.0+ 0.37 0.2 1.2
Standards 10 10.£ 0.90 0.9 1.0
25 24.7+ 0.29 1.2 -1.2
50 48.1+ 0.42 0.9 -3.9
100 100.6+ 0.83 0.8 0.6
150 153.3+ 1.57 1.0 2.2
250 254.6+ 1.99 0.8 1.6

a Seven quality control samples per concentration.
b Twenty-one quality control samples or two standards per day per concentration for 3 days.

that were processed separately and run in duplicate daily2.7. Precision and accuracy

for three consecutive days. Drug concentrations were re-

ported as the ratios of peak height for cimetidine to the  Standards and replicate QC samples of plasma and urine at
internal standard (famotidine). In plasma and urine, the each concentration were analyzed on three consecutive days,
standard concentrations ranged from 100 to 4000 ng/ml after which inter- and intra-day means, standard deviations
and 10 to 25@ug/ml, respectively. Calibration curves were (S.D.), and coefficients of variation (CV%) were calculated
generated using weighted least squares regression analyby standard method48].

sis and obtained over the respective standard concentra-

tion range. Individual standard concentrations in plasma 2.8. Sability and recovery

and urine are shown iifables 1 and 2respectively. All

standards and QC samples were stored-20°C until Low and high QC for both plasma and urine were tested
analysis. in duplicate for stability over three freeze/thaw cycles and
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Fig. 1. Representative chromatograms of (A) blank plasma; (B) plasma standard (1000 ng/ml); (C) human volunteer plasma (844.2ng/ml); (D) blank
urine; (E) urine standard (1Q@/ml); and (F) human volunteer urine (72.8/ml). CIM, cimetidine; IS, internal standard.
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at room temperature for 24 and 48 h (processed and unpro-Table 3
cessed). Recovery was determined for cimetidine and famo-List of medications demonstrating no interference with cimetidine or
tidine from plasma low QC (300 ng/ml) samples. famotidine in plasma and urine samples

Albuterol Enoxaparin Metformin
Allopurinol Ferrous sulfate Methadone
3. Results Amiodarone Fluticasone Metolazone
) Aspirin Furosemide Metoprolol
Atorvastatin Glimepiride Nadolol
Representative chromatograms of plasma and urine sam-Bumetanide Glyburide Nitroglycerin
ples are shown irFig. 1 Retention times for cimetidine  Buspirone Heparin Nitroprusside
and famotidine were approximately 6.8 and 7.9 min, respec- Celecoxib Insulin - Pantoprazole
tively. The plasma standard curve for cimetidine was found Clonidine Ipratropium Potassium chioride
’ Clopidogrel Irbesartan Prednisone

to be linear in the range of 100-4000 ng/ml with a slope cqichicine

Isosorbide Salmeterol
(reported as meatt SD.) of 49 x 104+ 1.9 x 107, a Dalteparin Levothyroxine Simvastatin
correlation coefficient of ®98+ 0.001, andy-intercept of ~ Digoxin _ Lisinopril Spironolactone
—0.002+ 6.5 x 10~4. The urine standard curve for cime- DPiphenhydramine Losartan Vitamin B complex
L . . Docusate Megestrol Warfarin
tidine was found to be linear in the range of 10—2&@ml Enalapril Metaxolone

with a slope of 0042+ 0.005, a correlation coefficient of
0.9994 1.15 x 10~* and y-intercept of —0.024 + 0.002.
The intra- and inter-day precision and CV for cimetidine taking medicines shown ifiable 3were analyzed with no

in plasma Table ) and urine Table 2 were <4.2%. At interferences observed at retention times for cimetidine or
the LOQ in plasma and urine, the signal to noise ratio famotidine.

was greater than 5:1, and inter- and intra-day CV was less

than 2.2%. Low and high QC sample (plasma and urine)

values were unchanged (average differerd®%) during 4. Discussion

freeze/thaw and room temperature stability tests. The vari-

ability (CV%) between samples during the three freeze/thaw The assay described herein is a modification of a previous
cycles for plasma and urine ranged from 2.6 to 6.3%. The assay we developed for famotidine with a lower detection
variability between samples during the stability testing for wavelength (228 nm) and a single-step extracfit®]. Ad-
processed and unprocessed plasma and urine samples at 48ditional advantages of this method include small sample
(room temperature) ranged from 3.8 to 6.7%. The recov- volume, excellent extraction recovery from plasma, simpli-
ery of cimetidine and famotidine in plasma was®4 2.2 fied urine sample processing, and a readily available internal
and 620+ 3.4%, respectively. Blank plasma and urine sam- standard. A mobile phase with pH 4.7 was chosen based
ples obtained from 14 patients with congestive heart failure on previous success and to minimize column degredation,
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Fig. 2. Plasma cimetidine concentrations (mea8.D.) obtained following administration of intravenous bolus (0.2 mg/kg) and 0.6 mg/min continuous
infusion in healthy volunteers:(= 8) on day 1 (baseline) and day 5 (post-itraconazole dosing).
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although a lower pH (4.2) may also be utilized without continuous infusion of 0.6 mg/min is shown Kig. 2 In
analytical interferences. Use of heptanesulfonic acid as thethis study evaluating a drug interaction with itraconazole
ion-pairing agent improved the peak shape and height for (200 mg daily), the renal secretory clearance values ranged
both famotidine and cimetidine compared to standard aque-from 300 to 568 ml/min, which is consistent with previous
ous:organic mobile phases. We chose ethyl acetate as th@gharmacokinetic evaluatiorig,17].
extraction solvent based on previously observed excellent In summary, the rapid and reproducible analytical method
recovery for both famotidine and cimetidine, with min- reported here can be utilized to study the pharmacokinetics
imal extraction of endogenous compounds. Alkalinizing of cimetidine, renal drug handling mechanisms and drug
agents (NaOH and N&Oz3) were used for extraction based interactions in phase I/l clinical pharmacology trials.
on previous studies showing that this markedly improves
the extraction of cimetidine and minimizes extraction and
interference from endogenous compoufitig. References
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