
 Copyright © 2009 John Wiley & Sons, Ltd. Biomed. Chromatogr. 2010; 24: 528–534

Research Article

Received 4 July 2009, Accepted 21 July 2009 Published online in Wiley Interscience: 30 September 2009

(www.interscience.wiley.com) DOI 10.1002/bmc.1322

Sensitivity enhancement and matrix eff ect 
evaluation during summation of multiple 
transition pairs—case studies of clopidogrel 
and ramiprilat
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ABSTRACT: Sensitivity enhancement via summation of multiple MRM transition pairs is gaining popularity in tandem mass 
spectrometric assays. Numerous validation experiments describing the assays for two model substrates, clopidogrel and 
ramiprilat, were performed. The quantitation of clopidogrel was achieved by the summation of transition pairs m/z 322.2 to 
m/z 212.0 and m/z 322.2 to m/z 184.0, while that of ramiprilat was achieved by the summation of transition pairs m/z 389.2 
to m/z 206.1 and m/z 389.2 to m/z156.1. The use of summation approach achieved sensitivities of >2 fold for both compounds 
as compared with the reported single MRM transition pair assays. The validation experiments addressed some important assay 
development issues, such as: (a) lack of impact of matrix eff ect; (b) unequivocal verifi cation of the percentage contribution of 
each MRM transition pair towards sensitivity; (c) sensitivity enhancement factor achieved by summation approach of MRM 
transition pairs; and (d) accurate prediction of quality control samples using summation approach vs a single MRM transition 
pair. In summary, the appropriateness of using two MRM transition pairs for quantitation was demonstrated for both clopi-
dogrel and ramiprilat. Additionally, pharmacokinetic application of the MRM transition pair assays using a summation 
approach was established for the two compounds. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

The innovative use and versatility of tandem mass spectrometric 

assays has been confi rmed by some recent publications that 

have adopted the summation of transition pairs to increase the 

sensitivity of the assay for a number of compounds (Srinivas, 

2009a). Therefore, a higher sensitivity has been achieved for 

several important compounds and/or metabolites such as cap-

saicin (Beaudry and Vachon, 2009), torcetrapib (Trivedi et al., 

2008), bulaquine and primaquine (Nitin et al., 2003), midazolam 

and 4-hydroxymidazolam (Link et al., 2007), and rivastigmine 

(Bhatt et al., 2007) by the application of the summation of 

response of multiple transition pairs. In an elegant overview on 

this topic, several important considerations during the validation 

of assays involving summation of transition pairs have been dis-

cussed. Such considerations include: (a) appropriate selection of 

stable transition pairs; (b) thorough evaluation of matrix eff ect 

for the individual transition pair; (c) correlation and/or contribu-

tion of the transition pairs towards the quantitation of the 

compound(s) in question.

Several methods are available for the determination of clopi-

dogrel (Shin and Yoo, 2007; Nirogi et al., 2006; Lainesse et al., 

2004) and ramiprilat (Zhu et al., 2002) using tandem mass spec-

trometry. Both compounds produce stable and intense multiple 

MRM transition pairs as evidenced by the positive ion mass spec-

tral data and therefore are amenable for the proposed summa-

tion approach of multiple MRM transition pairs to improve 

sensitivity. The selection of clopidogrel and ramiprilat (Fig. 1) as 

substrates for this case study provided a contrast in that clopido-

grel was the parent entity converting into an active metabolite, 

while ramiprilat was an active metabolite formed from the parent 

ramipril.

While establishing quantitative LC/MS/MS assays for clopido-

grel and ramiprilat, the application of multiple transition pairs for 

the enhancement of sensitivity of the chosen compounds was 

considered. In this paper, we report the various validation experi-

ments employed (a) to tease out the matrix eff ects at each 

transition pair; and (b) to confi rm sensitivity enhancement with 
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percentage contribution established from each of the two transi-

tion pairs towards the sensitivity. To the best of our knowledge 

such validation experiments have not been reported earlier and 

therefore our work may provide some future directions on this 

important validation aspect of LC/MS/MS assays that use multiple 

transition pairs. The two model compounds, clopidogrel and 

ramiprilat, chosen in our bioanalytical investigation provided the 

opportunity to utilize two stable MRM transition pairs for a sum-

mation approach and the existence of literature LC/MS/MS data 

for a single transition pair for each of the two compounds enabled 

us to compare the sensitivity data obtained from our work.

Methods and Materials

Chemicals and Reagents

Clopidogrel and deuterated clopidogrel (internal standard) were 

purchased from Vardha Biotech (Mumbai, India). Ramiprilat and 

enalaprilat (internal standard) were obtained from Actavis 

Pharma (Hafnarfi rdi, Iceland). Solvents such as methanol and 

formic acid were purchased from Spectrochem (Mumbai, India), 

acetonitrile was obtained from J.T. Baker (Phillipsburg, USA) and 

ethyl acetate and n-hexane were purchased from Merck (Mumbai, 

India). Drug-free plasma samples were obtained from Lotus 

Laboratories (Bangalore, India).

Extraction, Chromatographic and Mass Spectrometric 

Conditions

Two independent tandem mass spectrometric assays were 

employed for the determination of both clopidogrel and 

ramiprilat from plasma samples. The conditions for the extrac-

tion, separation, detection and quantifi cation for the two com-

pounds are discussed below.

Instrumentation

• Chlopidogrel—chromatographic separation was carried out 

using Agilent1200 HPLC. Mass spectra were obtained using a 

Sciex API 4000 mass spectrometer. Analyst 1.4.2 software was 

used for data acquisition.

• Ramiprilat—chromatographic separation was carried out using 

Agilent1100 HPLC. Sciex API 3000 mass spectrometer 

(ramiprilat) equipped with a turbo-ion spray. Analyst 1.4.1 soft-

ware was used for data acquisition.

Sample preparation. Clopidogrel was extracted by liquid–

liquid extraction (LLE) using an ethyl acetate–n-hexane mixture. 

Ramiprilat was extracted using solid-phase extraction (SPE) with 

Oasis 1 cm3 cartridges. The organic phase after either LLE or SPE 

was subjected to dryness under a gentle stream of nitrogen and 

dissolved in mobile phase. A 25 μL aliquot of clopidogrel or 5 μL 

aliquot of ramiprilat was injected on to the column.

Chromatography. The separation of clopidogrel and its deuter-

ated internal standard was achieved using a mobile phase com-

prising a mixture of 2 mM ammonium acetate–acetonitrile 

(30 : 70, v/v) using a Ascentis C18 analytical column (4.6 × 50 mm, 

5 μm, Waters Corporation). In order to achieve an optimal separa-

tion the mobile phase fl ow rate was kept at 0.5 mL/min. Under 

these conditions, the elution of clopidogrel and internal standard 

was achieved within 5.5 min.

The separation of ramiprilat and its internal standard, enalip-

rilat, was carried out using a mobile phase comprising of a 

mixture of 0.1% formic acid–methanol (20 : 80, v/v) using a 

Discovery C8 analytical column (150 × 50 mm, 5 μm; Supelco). 

The separation was found to be optimal at a mobile phase fl ow 

rate of 0.8 mL/min. The retention times of both ramiprilat and 

enalaprilat were within 4 min.

Mass spectrometer related transition pairs for quantita-

tion. A turboionspray platform, employing a positive mode, was 

used for ionization and detection of clopidogrel and ramiprilat, 

and their respective internal standards. Using a dwell time of 

approximately 200 msecs, multiple transition pairs for each 

analyte were followed for quantifi cation. The transition pairs fol-

lowed for clopidogrel included: m/z 322.2 to m/z 212.0 and m/z 

322.2 to m/z 184.0 and for ramiprilat were m/z 389.2 to m/z 206.1 

and m/z 389.2 to m/z156.1. d3-clopidogrel and enalaprilat were 

used as internal standard for the quantifi cation of clopidogrel 

and ramiprilat, respectively. The transition pair used for d3-clopi-

dogrel was m/z 326.1 to m/z 215.1and for enalaprilat was m/z 

349.3 to m/z 206.1.

Validation Parameters

Sensitivity enhancement. The relative sensitive enhancement 

was calculated using the response factor obtained for the stan-

dard representing lower limit of quantitation for clopidogrel 

(1.007 pg/mL) and ramiprilat (0.150 ng/mL) using the following 

general equation:

 

% enhancement two MRM pair summation factor
single MRM respo

=
nnse factor

Relative contribution of each transition pair. The contribution 

of each transition pair towards the concentration(s) of quality 

control samples for both clopidogrel (5.099, 14.243. 989.102, and 

1978.204 pg/mL) and ramiprilat (0.152, 0.421, 7.020 and 

17.550 ng/mL) was evaluated separately. Additionally, calibration 

standard data were inspected for the relative contribution of 

each MRM transition pair over the studied calibration curve 

ranges for both clopidogrel and ramiprilat.

Matrix eff ect evaluation. The matrix eff ect was evaluated by 

using six independent lots of matrix of same source. Analyte 

detector responses in matrix samples spiked post extraction 

were compared with detector responses observed in unextracted 

standard prepared at similar concentrations (Hubert et al., 1999).

Correlation between each MRM transition pair versus 

summed MRM transition pairs. Separate regression lines were 

computed for both clopidogrel and ramiprilat using the indi-

vidual response factor for each MRM transition pair and com-

pared with the regression line obtained from the summation 

factors for the two transition pairs. The concentration of the QC 

samples for both clopidogrel and ramiprilat was additionally pre-

dicted using the regression lines for each MRM transition pair for 

comparison with predictions made by the summation approach.

Results

The positive Q1 mass spectrums of clopidogrel/ramiprilat and 

the respective associated product ion mass spectrum of both 

clopidogrel and ramiprilat are shown in Figs 2 and 3. The regres-
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Figure 1. Structures of clopidogrel and ramiprilat.

Figure 2. Mass fragmentation patterns for the display of transition pairs for clopidogrel (positive mode) with the molecular ion.

sion lines computed using the response factors of the summed 

MRM transition pairs and response factors from the two indi-

vidual MRM transition pairs for clopidogrel (summation: y = 

0.00063x + −0.000145, r2 = 0.9988; MRM1 = y = 0.000368x + 

−0.000158, r2 = 0.9989; MRM2 = 0.00026x + −0.000119, r2 = 0.9987) 

and ramiprilat (summation: y = 0.0822x + 0.00179, r2 = 0.9982; 

MRM1 = y = 0.0532x + 0.00131, r2 = 0.9968; MRM2 = 0.029x + 

0.000719, r2 = 0.9983) are provided in Figs 4 and 5, respectively.

Regardless of clopidogrel or ramiprilat, the summation 

approach of two transition pairs resulted in better sensitivity as 

compared with the reported assays that utilized a single transi-

tion pair for quantitation (Table 1). The increased sensitivity 

observed for clopidogrel and ramiprilat was due to an enhance-

ment factor of at least 1.70 obtained for each transition pair 

(Table 2). As depicted in Tables 3 and 4, validation of quality 

control samples for both clopidogrel and ramiprilat suggested 

that both transition pairs contributed almost in similar propor-

tions across the concentration ranges (i.e. approximately 58–65% 

from MRM1 pair and approximately 35–40% from MRM2 pair). 

The relative contribution of the MRM pairs in the calibration stan-

dards for either clopidogrel or ramiprilat appeared to be consis-

tent over the applied calibration curve ranges (data not shown). 

The validation for possible matrix eff ects at each of the two MRM 

transition pairs showed negligible impact for either clopidogrel 

or ramiprilat (Tables 5 and 6). Further validation of the summa-

tion approach vs the use of single MRM transition pair suggested 

consistent prediction of the QC concentrations regardless of the 

use of transition MRM pairs either alone and/or in combination 

for clopidogrel and ramiprilat (Tables 7 and 8).

The pharmacokinetic application of summation approach of 

MRM transition pairs is depicted for clopidogrel and ramiprilat in 

Figs 6 and 7, respectively. The pharmacokinetic profi les obtained 

for either clopidogrel or ramiprilat was consistent with reported 

literature values. The Cmax, Tmax, AUCinf and t½ were 705.01 pg/mL, 

1.67 h, 2226.71 pg h/mL and 3.41 h, respectively for clopidogrel 

and the corresponding values for ramiprilat were 5.65 ng/mL, 

5.00 h, 255.51 ng h/mL and 74.64 h, respectively.

Discussion

The use of both clopidogrel and ramiprilat as model substrates 

provided us an opportunity to evaluate several aspects of the 
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Figure 3. Mass fragmentation patterns for 

the display of transition pairs for ramiprilat 

(positive mode) with the molecular ion.

Figure 4. Regression lines of the summation transition pairs and indi-

vidual MRM transition pairs for clopidogrel.

Figure 5. Regression lines of the summation transition pairs and indi-

vidual MRM transition pairs for ramiprilat.

Table 1. Comparison of lower limit of quantitation—Summation of transition pairs vs individual MRM transition pair

Compound Literature Reference Summation approach 
(current method)Authors MRM transition pair LOQ

Clopidogrel Shin and Yoo (2007)
Nirogi et al. (2006)

322.2 → 211.9
322 → 211

10 pg/mL
5 pg/mL

1 pg/mLa

Ramiprilat Zhu et al. (2002)
Lu et al. (2006)

389.2 → 206.1
389.2 → 206.1

0.5 ng/mL
0.25 ng/mL

0.15 ng/mL

a One precision and accuracy batch was performed.

Table 2. Sensitivity enhancement factor at LOQ—comparison of response factors of the summation of MRM transition pairs 

versus single MRM transition pair

Compound Response of MRM transition 
pair (summation)

MRM 1 MRM 2
Response Enhancement factor Response Enhancement factor

Clopidogrel 2336.5 1365 1.71 851.5 2.74
Ramiprilat 1197 768.2 1.71 441.8 2.71

Enhancement factor = response of summation transition pairs/response of individual pair. 5
3

1
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Table 3. Percentage contribution by the individual MRM transition pairs for the various quality control samples of clopidogrel

Concentration 

(pg/mL)

N Summation of MRM transition pairs MRM 1 MRM 2

322.2 to (212.0 + 184.0) 322.2 to 212.0 322 to 184.0

(average area 100%) (%) (%)

5.099 6 2336.5 1365 (58.4%) 851.5 (36.5%)
14.243 6 6462.3 3762.2 (58.2%) 2569.5 (39.8%)
989.102 6 450,632.5 264,792.3 (58.7%) 185,569.3 (41.2%)
1978.204 6 888,054.6 521,094.2 (58.7) 366,069 (41.2)

Table 4. Percentage contribution by the individual MRM transition pairs for the various quality control samples of ramiprilat

Concentration 

(ng/mL)

N Summation of MRM transition pairs MRM 1 MRM 2

389.2 to (206.1 + 156.1) 389.2 to 206.1 389.2 to 156.1

(average area 100%) (%) (%)

0.152 6 1197.0 768.2 (64.2%) 441.8 (36.9%)
0.421 6 3213.5 2073.8 (64.5%) 1171.2 (36.4%)
7.020 6 56710.7 36,180.5 (63.8%) 20185.5 (35.6%)
17.550 6 145158.2 93,842.0 (64.6) 51,339.0 (35.4)

Table 5. Contribution of MRM transition pairs on matrix eff ects—clopidogrel

Matrix lots Matrix factor Matrix factor Matrix factor
Summation MRM 1 MRM 2

322.2 to (212.0 + 184.0) 322.2 to 212.0 322.2 to 184.0

Lot 1 1.001 1.027 0.989
Lot 2 1.028 1.045 0.990
Lot 3 1.004 1.005 1.006
Lot 4 1.018 1.024 1.027
Lot 5 0.968 0.983 0.957
Lot 6 1.025 1.069 0.970
Average 1.0038 1.0168 0.9938

Table 6. Contribution of MRM transition pairs on matrix eff ects—ramiprilat

Matrix lots Matrix factor Matrix factor Matrix factor
Summation MRM 1 MRM 2

389.2 to (206.1 + 156.1) 389.2 to 206.1 389.2 to 156.1

Lot 7 0.983 0.975 0.937
Lot 8 0.909 0.868 0.923
Lot 9 0.858 0.875 0.856
Lot 10 0.919 0.904 0.881
Lot 11 0.915 0.868 0.890
Lot 12 0.864 0.869 0.844
Average 0.9168 0.898 0.897

summation approach of multiple MRM transition pairs now 

being increasingly considered in the LC/MS/MS analysis to 

increase the sensitivity of many compounds (Beaudry and 

Vachon, 2009; Trivedi et al., 2008; Link et al., 2007; Bhatt et al., 

2007; Nitin et al., 2003).

Interestingly, for both compounds, one of the MRM transition 

pair (i.e. m/z 322.2 to m/z 212.0 for clopidogrel and m/z 389.2 to 

m/z 206.1 for ramiprilat) contributed more signifi cantly for the 

summed response factor. It was not surprising that these single 

transition pairs have been considered for the quantifi cation of 

the two compounds (Shin and Yoo, 2007; Nirogi et al., 2006; Lu et 

al., 2006; Zhu et al., 2002). However, the other lesser contributing 

MRM transition pair (i.e. m/z 332.2 to m/z 184.0 for clopidogrel 

and m/z 389.2 to m/z 156.1 for ramiprilat) appeared to be equally 

accurate and precise for the prediction of the QC samples across 

the chosen range for both compounds.

Although the two IS (d3-clopidogrel and enaliprilat) for the 

assays provided us with the opportunity to use a summation 

approach for quantifi cation of the levels of the internal standard, 

we used a single transition pair for determination of the IS to 

avoid the additional complexities for the assay.

The evaluation of matrix eff ects specifi cally performed for each 

transition pair suggested consistent eff ects between the transi-

tion pairs for either clopidogrel or ramaprilat. The matrix eff ect 
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Table 8. Relationship of ramiprilat QC samples assayed by individual MRM transition pair versus the summation approach

Nominal 

concentration 

(ng/mL)

MRM 1 MRM 2 Summation of MRM 

transition pairs
389.2 to 206.1 389.2 to 156.1 389.2 to (206.1 + 156.1)

Found (ng/mL) %CV Found (ng/mL) %CV Found (ng/mL) %CV

0.152 0.14 14.30 0.15 8.31 0.14 10.25
0.421 0.41 7.29 0.42 11.48 0.41 4.45
7.020 7.18 2.77 7.25 2.42 7.29 2.72
17.550 18.85 0.99 18.64 0.82 18.86 0.79

Average of six determinations.

Table 7. Relationship of clopidogrel QC samples assayed by individual MRM transition pair versus the summation approach

Nominal 

concentration 

(pg/mL)

MRM 1 MRM 2 Summation of MRM 

transition pairs
322.2 to 212.0 322.2 to 184.0 322.2 to (212.0 + 184.0)

Found (pg/mL) %CV Found (pg/mL) %CV Found (pg/mL) %CV

5.099 5.61 5.23 5.03 7.05 5.41 2.80
14.243 14.64 3.63 14.19 4.13 14.49 2.45
989.102 977.73 0.44 970.39 0.64 972.61 0.49
1978.204 1947.51 0.46 1937.77 0.34 1940.27 0.30

Average of six determinations.

Figure 6. Plasma curve profi le for clopiclogrel (single subject only).

for clopidogrel appeared to be negligible with a slight positive 

bias of one MRM pair cancelling the slight negative bias for the 

other MRM transition pair. Interestingly, the matrix eff ect 

observed for ramiprilat suggested a slight suppression (approxi-

mately 10%) and appeared to be similar for both MRM transition 

pairs. Nevertheless, the performance of the assay for ramiprilat is 

accurate in predicting the concentrations of QC samples, sug-

gesting negligible impact of the matrix eff ects. As suggested by 

Srinivas (2009b), the existence of matrix eff ects should not pose 

an issue as long as it is fully understood and comprehensively 

validated not to impact the bias of the quantitative determina-

tion of the analyte in question.

The prediction of QC samples using the individual MRM transi-

tion pairs which exactly overlapped with those predicted by the 

summation approach provided strong evidence for interchange-

able use of either of the two transition pairs, if it became neces-

sary, for the determination of clopidogrel and ramiprilat 

concentrations from pharmacokinetic samples.
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Figure 7. Plasma curve profi le for ramiprilat (single subject only).

Conclusions

The present work confi rmed the enhanced sensitivity achieved 

by the summation of multiple MRM transition pairs of both clopi-

dogrel and ramiprilat in comparison to assays that employed 

single MRM transition pair. Our approach, of conducting a series 

of validation experiments to support the summation approach 

of multiple MRM transition pairs, should provide an initial frame-

work for the development of assays based on summation 

approach of MRM transition pairs for other compounds.
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