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ABSTRACT

A rapid, specific and sensitive liquid chromatographi c-tandem mass spec-
trometric (LC-MS/MS) assay for the determination of ramipril levelsin
human plasma has been developed and validated. Enalapril was used as
internal standard (1S). Protein precipitation using methanol in acidic me-
dium yielded clean extracts with a consistent recovery of about 87 %.
Analysis was performed on Waters Atlantis C18 column using a mobile
phase of 0.1% formic acid and methanol (10:90, v:v). The eluent was moni-
tored using tandem mass spectrometry electrospray ionization and mul-
tiple reaction monitoring (MRM) method. The peak height of the transi-
tion for ramipril m/z 417.3 — 234.3 was measured against that of 1S m/z
377.3 - 234.2 to generate the standard curves. The relationship between
ramipril concentration and peak height ratio (ramipril/|S) waslinear over
the range 0.5-80 ng/ml in human plasma. Theintra-day and inter-day coef-
ficients of variation were <7.0 and <10.2, respectively. The method was
applied to assess the stability of ramipril under various conditions gener-
ally encountered in the clinical laboratory. Ramipril in plasmawas stable
for at least 24 hr at RT, 3 months at -20°C, and after three freeze-thaw
cycles. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Ramipril[CAS: 87333-19-5], 2-[N-{ (S)-1-(ethoxy
carbonyl)-3-phenylpropy} -L-alanyl]-(1S, 3S, 55)-2-
azabicyclo(3-3-0)octane 3-carboxylicacid, isaprodrug
inhibitor of angiotens n-converting enzyme (ACE) that
isusedinthetreatment of hypertension and congestive
heart failure™3. Ramipril isconverted to ramiprilat by
hepatic cleavage of the ester group. After the oral ad-
ministration of a single 5 mg dose of ramipril, the
bioavailability of ramipril and ramiprilat are 28% and
44% respectivel y,

Several analytical methods have been reportedin

theliteraturefor thedetermination of ramipril inhuman
plasmaand pharmaceuti calsformul ations such asgas
chromatography- mass spectrometry!>®, high perfor-
mance liquid chromatography!™, atomic absorption
spectroscopy!'?, and voltammetery!™. However, these
methods either required |abor/time-consuming
derivatization or had relatively high detectionlimits. To
overcomethesedifficulties, LC-M Shasbeenused as
an dternativeto HPL C in pharmacokinetic studies*?.
Zhimeng Zhu et a.[*¥ used an LC-M M Smethod for
the determination of ramipril and ramiprilat following
solid phase extraction. Morerecently, Xiao-yang L u,
et al.[™ applied asimple method for the determination
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of ramipril and ramiprilat levels, using peak areasra-
tios. Limited dataon the stability of ramipril in dosage
formareavailableintheliterature®.

Inthispaper, wedescribe asmple, sensitive, and
accurate method for determining ramipril levelsinthe
therapeutic rangein human plasma. Themethod em-
ploysasimpleprotein precipitation technique, separa:
tion by liquid chromatography, and detection by tan-
dem mass spectrometry. The method was applied to
determineramipril stability under various conditions
encounteredintheclinical laboratory.

EXPERIMENTAL

Materialsand reagents

All reagentswereof andytica gradeunlessstated
otherwise. Ramipril USPreference standard waskindly
donated by Algoritham Sa Pharmaceutical, Lebanon.
Endl gpril waspurchased fromMerck Sharpand Dohme
Research Lab., Rahway, NJ, USA. Methanol (HPLC
grade) and phosphoric acid were obtained from Fisher
Scientific, Fairlawn, NJ, USA. Formic acid was pur-
chased from Riedel-de Haen Germany. Drug-free hu-
man plasmawas obtained from the blood bank of King
Faisal Specialist Hospital and Research Center
(KFSH&RC). HPLC grade water was prepared by
reverseosmos sand further purified by passing through
aMilli-Q System (Millipore, Bedford, MA, USA).

Analytical system

Theliquid chromatographic tandem mass spectro-
metric (LC-MSMYS) systemincluded aWater Alliance
2795 separation module (Waters Associates, Inc
Milford, MA, USA) used for solvent delivery and
sampleintroduction system. Micromass Quattro micro
API bench-top triple quadruple mass spectrometer
(Micromass, Manchester, UK) interfaced withaZ-spray
ESl, wasused asdetector. Anaysiswas performed on
areversed phaseAtlantisdC18 column (2.1x100 mm,
3um) equi pped with guard column symmetry C (3.9
x 20 mm, 5um) set at a temperature of 45°C. The
mobilephasecontaining 0.1%formicacid (pH 2.7) and
methanol (10:90, v:v) wasfiltered through a0.22um
membranefilter (Millipore Corporation, Bedford, MA,
USA), degassed before use, and delivered at aflow
rate of 0.25 ml/min. Mass Lynx software (Ver4.0,
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Micromass) working under Microsoft Window XPpro-
fessional environment was used to control theinstru-
ments and for dataacquisition, peak integration, peak
smoothing, and Sgnd- to-noiseratio measurements. The
€l ectrospray ionization sourcewasoperated inthepos-
tive-ion mode at acapillary voltage of 4.0kV and a
conevoltage of 30 V. Nitrogen was used asthe nebu-
lizing and desolvation gasat aflow rate of 10 and 600
L/hr, respectively. Argon was used asthe collisiongas
at apressureof 1.55x10° mbar. Theoptimum collision
energy for ramipril andthelSwas25eV. Theion source
and the desol vation temperatures were maintained at
120 and 300 °C, respectively.

Characterization of theproduct ionsusingtandem
mass spectrometry

Onemicrogram solution of ramipril and ISwere
infused (10ul/min) into the mass spectrometer sepa-
rately to characterized the product ions of each com-
pound. The precursor ions[M+1]* and fragmentation
pattern weremonitored using positiveion mode. The
major peaksobserved inthe MS/M S scan were used
to quantify ramipril and 1S,

Preparation of ssandar dsand quality controls

Ramipril and enagpril (internd standard, 1S) were
separately dissolvedin methanol at 1 mg/ml. Thework-
ingsolutionof ramipril waspreparedin drug-freeplasma
at aconcentration of 100 ng/ml and theworking solu-
tion of ISwas prepared in methanol at aconcentration
of 500 ng/ml. Thecalibration standard solutionswere
prepared by mixing nineagppropriatevolumesof ramipril
working solutionswith 5 ml drug-free plasmato pro-
ducefind concentrationsof 0.5, 1.0, 2.0, 4.0, 8.0, 16.0,
32.0, 64.0, and 80.0ng/ml. Four quality controls: lower
limit of quantification (LOQ), 3x LOQ (3LOQ), 0.5x
upper limit of quantification (0.5U0Q), and0.9x UOQ
(0.9UOQ) were prepared by mixing appropriate vol-
umes of ramipril working solutionswith 50 ml drug-
free plasmato producefinal concentrationsof 0.5, 1.5,
40, and 72 ng/ml. The solutionswerevortexed for one
minutethen 0.25 ml diquotsweretransferredinto 1.5ml
eppendrof miocrocentrifugetubesand stored at -20°C
until used.

Samplepreparation
50ul of the ISworking solution(25ng of 1S) and
e Analytical CHEMISTRY
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50ul of the phosphoric acid (1%) were added to two-
hundred andfifty microlitersof drug-freehuman plasma,
cdibration standards, or qudity control samplesplaced
inal.5ml eppendrof microcentrifugetubes. After mild
shaking, 375ul of methanol wasadded and themixture
was by vortexed for 1 minute. The mixturewasthen
centrifuged at 13200 rpm for 10 minutes. Ten microli-
tersof clear supernatant wereinjected onto theanal yti-
cd column.

Validation

Themethod wasvalidated for selectivity, linearity,
precision, accuracy, recovery and stability. Selectivity
wasstudied using thedrug-free human plasma. Six dif-
ferent batchesof plasmasamplesand eight commonly
used drugswereassessed for potentid interferencewith
the assay. To evaluatelinearity, the calibration curves
were generated by plotting the peak height ratio (peak
height of ramipril/peak height of |S) against the con-
centration of ramipril. A total of eight, 9 non-zero stan-
dard calibration curves were analyzed; the datawas
evaluated by comparing the correl ation coefficient be-
tween theoretica and back-cal culated concentrations
of calibration standards. Precision and accuracy were
determined by replicateanaysisof samplescontaining
known amounts of anal ytes. Recovery of ramipril was
determined by comparing the peak height ratios of ex-
tracted standards in plasmato those of standardsin
mobile phase. Five replicates of 4 quality controls
(LOQ, 3LOQ, 0.5ULQ, 0.9ULQ) were used to cal-
culatetherecovery.

Sability studies

Stability studies were performed as a part of
method validation. A totd of 40 dliquotsof each 3LOQ
and 0.9ULQ were prepared. Five aliquots of each
sample were extracted and immediately analyzed
(basdline), fiveaiquotswere allowed to stand on the
bench-top for 24 hours at room temperature before
being processed and analyzed (counter stability, 24
hoursat room temperature), five aliquotswere stored
at -20°C for three months before being processed and
analyzed (longterm freezer storage stability), and five
aliquotswere processed, and stored at room tempera-
turefor 5 hoursor 24 hoursat -20°C beforeanaysis
(autosampler stability). Findly, fifteen diquotsof each
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samplewerestored at -20°C for 24 hours. They were
then left to compl etely thaw unassisted at room tem-
perature. Fiveadiquotsof each samplewere extracted
and analyzed and the rest returned to -20°C for an-
other 24 hours. The cycle was repeated three times
(freeze-thaw stability). Stock solution stability: Five
diquotsof ramipril sock solutionweredilutedto (100ng/
ml) inmethanol and analyzed at basdline, after storage
for 24 hoursat room temperature, and after storage at
-20°Cfor 3 months.

RESULTSAND DISCUSSION

Mass spectra

Precursor ionsfor ramipril, end april, and their cor-
responding product ionswere determined from spec-
traobtained during theinfusion of standard solutions
into the mass spectrometer using an electrospray ion-
Ization source, operated at positiveionizationmodewith
collisongasargonin Q2 of MS/M S system. Ramipril
and |Smainly produced protonated moleculesat m/z
417.3and 377.3 respectively. Their product ionswere
scanned in Q3 after collisionwithargonin Q2 at m/z
234.3for ramipril and at m/z 234.2for IS. For quanti-
fication, peak heightsof thetransitionm/z417.3—34.3
for ramipril against that of m/z 377.3—234.2for IS
were measured in multiplereaction mode (Figure 1).

Samplepreparation and L C conditions
A solid phase-liquid extraction using OasisHLB
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Figure 1: Chemical structuresand MS-M S spectra of
ramipril and enalapril obtained using electr ospray ion-
ization mode
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Figure2: Arepresentative chromatogram of blank plasma
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Figure3: Arepresentativechromatogram of blank plasma
spiked with enalapril (25 ng)

extraction cartridge reported aramipril recovery from
plasmaof 89 to 102%. However, the procedure was
tediousand time consuming!*®. An assay based on pro-
tein precipitation by methanol reported arecovery of
8310 91% over the concentration range of 0.5 to 50ng/
mi*4, We obtained an average recovery of 80% over
the concentrationrange 0.5 to 72ng/ml using methanol
alone. Therefore we used amixture of methanol and
phosphoric acid; the average recovery over the same
range improved to 87%. For optimum detection and
quantification of ramipril, we used amobile phasecom-
posed of 0.1% formic acid and methanol (10: 90 v/v)
and aflow rate 0.25ml/min. The high proportion of
methanol inthe mobile phasealowed completing the
analysisin 3.5 minutes. Figures 2-5 depictsrepresen-
tative chromatograms: blank plasma(Figure 2), blank
plasmawith IS 25 ng (Figure 3), blank plasmaspiked
withramipril 1.5 ng/ml and 1S 25 ng (Figure 4), and

—= Fyl] Paper

I
|
Ramipril |

Enalapril (IS}

e BE AR AR L ) ey v ¥ e TR i
n.6n (R 1] 150 2un .40 a.nn B0 40

Figure4: Arepresentativechromatogram of blank plasma
spiked with ramipril (1.5 ng/ml) and enalapril (25 ng)
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Figureb: A representativechromatogram ot blank plasma
spiked with ramipril (72 ng/ml) and enalapril (25ng)

blank plasmaspiked with ramipril 72 ng/ml and 1S25
ng (Figure5).

Method validation

The procedures used for validation are according
to the US Food and Drug Administration (FDA)
bioandytical method validation guidance?®.

1. Specificity

To evaluate assay specificity, we screened six dif-
ferent batches of human plasmaand eight frequently
used medi cationsnamely: acetaminophen, ibuprofen,
asprin, ranitidine, nicotinicacid, ascorbic acid, caffeine,
and omeprazolefor potential interference. Nonewas
found tointerferewith the quantification of ramipril or
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TABLE 1: Precision and accur acy of ramipril assay

Intra day (n=10)

Inter day (n=20)

Nominal Found *Precision ** Accuracy Found *Precison **Accuracy
Concentration (ng/ml) Concentration (ng/ml) (CV, %) (ng/ml) (%) Concentration (CV,%) (%)
0.50 0.54 +0.03 7.0 108 0.53+0.05 10.2 105
15 1.58+0.10 6.2 105 1.54+0.12 8.0 102
40 42.99+ 2.80 6.5 107 39.84+3.70 9.3 99
72 77.74+ 3.19 3.2 108 76.13+4.56 6.0 106

* Precision as coefficient of variation (CV, %) = Sandar d Deviation divided by mean measured concentration x 100, ** Accur acy = M ean measur ed concentr ation/ Nominal

concentration

TABLE 2: Sability of ramipril under variousconditions
Stability (%)

* %
Plasma —— #Stock
Unprocessed Processed solution
Thaw
Nominal Cydle 24 3

5
. 24hrs3mons .~ 24hrs
Concentration ™0™ 50~ gr_? 20C 1 2 3 hrs

mons

(ng/ml) RT 20°C
15 104 107 99 100 106109105 98 84
72 97 99 98 97 103107101
thelS.

2.Linearity and limit of quantification

Linearity of ramipril waseva uated by andyzinga
seriesof standardsat ninedifferent concentrationsover
therange of 0.50-80 ng/ml. The peak height ratio and
concentration weresubjectedtoregressveanayss. The
mean equation obtainedwasY = 23.09 X —0.3482, r?
=0.9970 (n = 8). Thelimit of quantification (LOQ)
wasestablished as0.5 ng/ml, and thedetectionlimit as
0.2ng/ml.

3.Accuracy and precision

Accuracy and precision weredetermined by mea-
suringthelevelsof ramipril in spiked plasmasamples.
The spiked quantity of ramipril correspondedto LOQ
(0.5ng/ml), 3LOQ (1.5 ng/ml), 0.5ULQ (40ng/ml),
and 0.9ULQ (72 ng/ml). Theintra-and inter-day pre-
cison and accuracy were determined over threediffer-
ent days. Theintra-day (n=10) precision and accuracy
were < 7.0% and 105-108%, respectively. Theinter-
day (n=20) precision and accuracy were<10.2 % and
99-106%, respectively (TABLE 1).

4. Recovery

Therecovery of ramipril waseva uated at four dif-
ferent concentrations, LOQ, 3LOQ, 0.5 ULQ, and
0.9ULQ in5replicates. Themean recovery of ramipril
was found to be 87%. The recovery of thelS (n=5)
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was 96%.
5. Robustness

Therobustness of amethod isameasureof itsca
pacity toremainunaffected by smdl variationsinmethod
conditions. It providesanindication of therdliability of
themethod during normal gpplications. Therobustness
of the current assay was evaluated by altering the
strength of formic acid (+0.02%), and the amount of
methanol (£2.5 %) inthemobilephase. No significant
effectswere observed.

6. Sability

Thestability of theramipril inplasmaand processed
sampleswasinvestigated. No decreaseinthemeasured
concentration or changein chromatographic behavior
of theramipril or the |Swasobserved. The stock/work-
ing solutions, plasmasamples, or processed samples
were stabl e after being maintained at room tempera-
turefor period of upto 24 hours. Plasmasamplescon-
taining ramipril (3LOQ and 0.9UOQ) stored at -20°C
were found to be stable for at least 3 months and at
least after threefreeze-thaw cycles. TABLE 2 summa
rizestheresultsof stability studiesof ramipril. Smilarly,
thelSstock / working sol utionswerefound to be stable
for 24 hours at room temperature (108% and 104%,
respectively) and two weeks at -20°C (95% and 100%,

respectively).
CONCLUSION

Insummary, the LC-M S/M S electrospray ioniza
tion method for the determination of ramipril described
hereisrapid, sensitive, reliable, and reproducible. It
has been applied for studying ramipril stability under
variousclinical |aboratory conditions. Potentialy, it
could beused for the determination of therapeuticlev-
e sof ramipril insmal volumeof human plasma
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