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Abstract

In the course of development and validation of a gas chromatography—mass spectrometry (GC-MS) method for ramipril and its biologically
active metabolite ramiprilat, evidence was found for an unknown interfering metabolite. Sample treatment included isolation from plasma or
urine by solid-phase extraction, methylation with trimethylsilyldiazomethane and acylation with trifluoroacetic anhydride (TFAA). When liquid
chromatography was used to fractionate plasma extracts prior to derivatization, the alkyl, acyl-derivative of ramipril was obtained fronate/o separ
LC fractions. Electrospray ionization mass spectral data, together with circumstances for the derivatization, were consistent with thé aresence o
N-glucuronide of ramipril. Interference from the metabolite was eliminated by including a wash step after extraction/alkylation, prior ta.acylatio
The final assay had a lower limit of quantification at 1.0 nmol/L and a linear range of 1-300 nmol/L. Intra- and inter-batch precision for ramipril
and ramiprilat in plasma or urine were better than 10 and 5% at 2 and 80 nmol/L, respectively.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Ramipril; Ramiprilat; Metabolite; Glucuronide; Interference; Gas chromatography; Liquid chromatography; Mass spectrometry

1. Introduction by using GC with mass spectrometry (MS) detection for the
T determination of related ACE-inhibitors in human plasma and

Ra:’mpnll G::g'l D, ;—[N—é(;)-zl-ethg.x yc;larb; gy(l)—3-phenyé— urine[4-10]. Recently liquid chromatography—mass spectrom-
propyl]-L-alanyl}-(Is, ' )-2-azabicyclo[3,3 0Joctane-3- etry (GC-MS) has been employed for the determination of

carboxylic acid, is since a number of years used as a drug quamipril and ramiprilat without derivatizatiof 1].

treatmenj[ O.f hypertension and related 'cardiovascglar diseases Inthis paper, we describe a method based on GC with selected
[1]. Ramipril is the prodrug for the major metabolite formed
by ester hydrolysis, ramiprilaf(g. 1), which is a highly active plasma and in urine after solid-phase extraction followed by

inhibitor of the angiotensin-converting enzyme (ACE). Analyt- methylation of the carboxylic acid functions and trifluoroacety-

ical methods using enzyma}tlc asgdyand radio IMMUNOassay |5ion of the amino group. Validation of the method revealed
[3] were early on described, where the concentration o

oril timated as the diff bet A at in certain plasma samples an unknown metabolite was co-
ramiprit was estimated as the dilference between two assays Jtermined and contributed to the measured amount of ramipril.

ramiprilat, bef(_)re _anq after hydroly3|§. Gas _chromatograph)ﬁ_hese findings demonstrated, as emphasized by others before
(GC) after derivatization reactions using a nltrqggn S.(aleCt.'VjilZ—M], that validation of bioanalytical methods should include
detector has been reported for ra‘.rT“F’“' and ramiprilat in UMN&ests on authentic samples in order to detect potential interfer-
[2] but the methoq lacked se'n'smwty for Iq\{v_concentratlpn nces from major metabolites. A study was undertaken to obtain
plasma samples. Higher selectivity and sensitivity was Obtalneﬁmre information on the metabolite and to eliminate the inter-
ference in the assay. The final analytical method was used for
* Corresponding author. Tel.: +46 31 776 1327, fax: +46 31 776 3760. numerous plasma samples and also for urine samples in clinical
E-mail address: bengt-arne.persson@astrazeneca.com (B.-A. Persson). Studies.

ion monitoring for determination of ramipril and ramiprilat in

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Structural formula for ramipril (upper left) and ramiprilat (upper right) and their deuterated internal standards (lower left and right).

2. Experimental respectively. The mass numbetg 316 and 330 gave the most
intense ions for ramiprilat and ramipril, respectivehkid. 2).
2.1. Chemicals and materials The open-split and connection-line temperature was’800

Ramipril and ramiprilat were obtained from Hoechst > 3 Anaiytical procedure
AG (Frankfurt, Germany). Ramipril-p and ramiprilat-Q

(Fig. 1) were used as internal standards and were supplied Thawed plasma samples were mixed and centrifuged for
by AstraZeneca R&D, Nindal, Sweden. Standard solutions 5 min before extraction. The SPE tubes (500 mg, 6 mL) were
were prepared in 0.1 mol/L sodium dihydrogenphosphate solugctivated by addition of 5mL methanol followed by 5mL,
tion adjusted to pH 4.0. Methanol, 2-propanol, hexane ang o1 mol/L HCI containing 1% methanol. One milliliter plasma
dichloromethane from Rathburn Chemical Ltd. (Walkerburn,yas transferred to centrifuge tubes, volume adjusted to 1.0 mL
Scotland), all glass-distilled grade were used without furtheiith blank plasma if needed. One hundred microliters internal
purification. Ethyl acetate, distilled grade from Rathburn Chem-tgndard solution (600 nmol/L) was added and 2BQphos-

ical Ltd., was purified by distillation and stored in a refrigerator. phoric acid solution 1 mol/L. After mixing, the mixture was
1-Butanol p.a. from E. Merck (Darmstadt, Germany) was puritransferred to the top of the SPE column and was allowed
fied by distillation. Trifluoracetic anhydride (TFAA) purumfrom g ejute by gravitational flow. After washing with 5mL HCI
Fluka AG (Buchs, Switzerland) was stored in a refrigerator.g 01 mol/L containing 15% methanol, followed by 4 mL hex-
Trimethylsilyldiazomethane was obtained as a solution in hexzne containing 5% 2-propanol the analytes were eluted with
anes (2mol/L) from Aldrich-Chemie GmbH & Co. (Steinheim, 15 m|_ dichloromethane containing 5% methanol. The resulting
Germany). Gg Bond Eluf® SPE columns (500 mg, 6 mL) were ejyate was evaporated to dryness at room temperature under a

obtained from Varian (Harbor City, CA, USA). gentle stream of dry nitrogen and the residue was redissolved
in 100pL of methanol. Alkylation was performed by adding
2.2. Gas chromatography-mass spectrometry 25p.L or more of the trimethylsilyldiazomethane solution until

the solution remained yellow. After 20 min at room temperature

Chromatographic experiments were performed using &he reaction mixture was evaporated to dryness at room tempera-
Hewlett-Packard 5890 gas chromatograph equipped with ture under a gentle stream of dry nitrogen as above. The residue
split/splitless capillary inlet system and a Hewlett-Packard 7673vas dissolved in 6.0 mL hexane and 2 mL 5% sodium hydro-
autosampler. Separation was made in a 10 m long fused siliaGgencarbonate solution was added. After shaking for 10 min and
capillary column 0.25 mm i.d. with methyl phenyl silicone (SE- centrifugation (5 min at 2500 rpm), the hexane phase was trans-
54) stationary phase (0.18n film thickness) with helium as ferred to another tube and evaporated to dryness as above. The
carrier gas at an inlet pressure of 0.5 bar. The injector was operesidue was dissolved in 2@Q ethyl acetate, 10QL trifluo-
ated in the splitless mode at 280. The column temperature roacetic anhydride was added and the mixture was heldd 60
was held at 120C for 1 min, rose at 20C/min to 260°C where  for 20 min. This reaction mixture was then evaporated to dryness
it was held for 4 min and further raised at 30/min to 300°C  and the residue dissolved in pQ 1-butanol and 3.L of this
where it was held for 4 min. The retention times for ramipri- solution was injected into the gas chromatograph. Urine sam-
lat and ramipril were about 8.8 and 8.9 min, respectively. Theples were treated exactly as described for plasma above except
Hewlett-Packard 5970B mass-selective detector was operatedfior 0.5 mL sample volume, blank urine added up to 0.5mL if
the selective-ion monitoring (SIM) mode afz 316, 320, 330 needed, was mixed with 1 mL 0.25 mol/L citric acid solution.
and 334 for ramiprilat, ramprilat-) ramipril and ramipril-0, Plasma standards and urine standards for daily calibration were
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Fig. 2. Electron impact mass spectra for the derivatization products of ramipril (A), ramip(B)Dramiprilat (C) and ramiprilat-p (D).

prepared from 10Q.L working standard solution and 9QQ
blank plasma or 40QL blank urine, respectively, and were run
in parallel to the authentic samples.

—— ramipril

3. Results and discussion I

ramipril D4

3.1. Extraction of ramipril and ramiprilat

Ramipril is a peptidomimetic compound with one carboxylic
group and one secondary amino group, wiky palues of 3.1
and 5.5, while ramiprilat has an additional carboxylic group
and K5 values of 2.2, 3.4 and 8.[L5]. Both ramipril and
ramiprilat are zwitterionic compounds not easily isolated from
agueous media by liquid-liquid extraction. SPE was therefore
a natural choice and one parameter to consider was pH of
the applied sample. According to th&pvalues given above
ramipril should have a net charge of zero at around pH 4.0
while for ramiprilat this should occur at around pH 2.5. Since
ramiprilat is more hydrophilic and is expected to be less easily
retained than ramipril during solid-phase extraction, we chose to
adjust the sample to pH 2.5-3.0 with a phosphate buffer before
application to the SPE cartridge. The extraction recoveries for
ramipril and ramiprilat were determined at concentrations abOVﬁig. 3. Amounts ofO-methyl, N-trifluoroacetyl derivatives of ramipril (solid
3 umol/L using liquid chromatography and UV-detection. They line) and added internal standard (dashed line) measured by GC-MS after solid-
were found to be >90% for ramipril and >80% for ramiprilat, phase extraction, LC fractionation and two-step derivatization of an authentic
when compared with direct injection of reference solutions. human plasma sample.

GC/MS peak area, €6 cps

15

LC fraction
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3.2. Derivatization 3.3. Characterization of interfering metabolite

Initially, methylation of the free carboxylic groups of ramipril ~ An early version of the method was intercalibrated with a
and ramiprilat was carried out using diazomethane as alkylatinGC—MS method in another laboratory. While fortified blank
agent. In order to avoid the hazards of diazomethane, whichlasma samples showed good agreement between methods,
is both highly toxic and unstable, we employed trimethylsi-authentic plasma samples taken after administration of ramipril
lyldiazomethane, a thermally stable reagfr&,17] which is  to healthy volunteers revealed a discrepancy between the meth-
commercially available as a hexane solution. Theu25vol- ods, our method yielding significantly higher concentrations of
ume of reagent solution used was in general enough for conramipril and a tendency to higher concentrations of ramiprilat,
plete reaction and we checked that the reaction mixture stayad samples taken shortly after administration. This indicated the
yellow and no more reagents was needed. The final acylgresence of conjugates that were at least partially extracted and
tion of the amino function was readily accomplished with thereafter transalkylated or transacylated to yield the same final
TFAA. The ruggedness of the acylation procedure was optiderivatives as the analytes. Such conjugates had not been found
mized by varying the reaction time and using different mixturesn animal plasma or uring 8] and were not anticipated in human
of ethylacetate and hexane for the reaction at a temperature pfasma at this stage. Glucuronide conjugates were later identi-
60°C. We chose 1-butanol as reconstituting solvent for the finafied in human uring19,20] One difference between the two
extract since this was found to dissolve the evaporation residumethods was that the method giving lower results for ramipril

easily. included a washing step after alkylation prior to acylation, the
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Fig. 4. Alkylation (1) and acylation (2) of ramipril (left), ramipiV-glucuronide (centre) and ramiprilat (right).
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other one did not. This washing step seemed to help removingariation was 5.6 and 3.4% for ramipril and 3.6 and 2.9% for

the interfering metabolite. ramiprilat at 4 and 160 nmol/L. Inter-batch variation, obtained
An attempt was made to gain proof of the existence and iderfor quality control plasma samples run at 37 occasions, was 7.0

tity of an interfering ramipril metabolite. A single therapeutic and 2.2% for ramipril and 5.9 and 2.5% for ramiprilat at 2 and

dose of 15 mg ramipril in tablets was given to a healthy male85 nmol/L.

volunteer and two 3 mL blood samples were taken (30/60 min

after dose). The samples were carried through the initial solid4. Conclusions

phase extraction step and then subjected to LC separation on an

octadecyl silica column (Supelcosil C18 DB 4.6 nani 00 mm) A ramipril metabolite was found in human plasma giving the

using a formic acid/ammonium acetate buffer/acetonitrile grasame final reaction product as ramipril after alkylation and acy-

dient. Flow rate was 1.00 mL/min. Three percent of the flowlation. Electrospray mass spectra indicated a glucuronic acid

was used for mass spectrometric monitoring using a Sciex APleonjugate. The fact that the metabolite could be removed by

3 triple quadrupole mass spectrometer with electrospray iotiquid—liquid extraction after alkylation, prior to acylation, indi-

source (ESI-MS)Kig. 3). The remainder of the LC effluent was cated conjugation at the amino group and not at the carboxylic

collected in 1-min fractions. One set of fractions was carriedgroup. By introducing a wash step in the sample treatment proce-

through the remaining steps of the sample treatment procedudtire, the GC—-MS assay was made selective against glucuronide

and each fraction was analyzed by GC-MS. A duplicate semetabolites, and adequate accuracy and precision was obtained

of fractions was collected for further ESI-MS measurementsover the analytical range, 1-300 nmol/L.

The derivatives of ramipril and the internal standard ramipril-

D4 were found in fractions 10 and 11 by GC-MS. Furthermore Acknowledgement
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3.4. Quantification
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