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ABSTRACT 

During LC-MS quantitation of drugs for pharmacokinetic assessment, usually metabolites are not quantified due to the 
unavailability of reference standards. If a metabolite is quantified without a reference standard, then it is assumed that 
the LC-MS response to a drug is similar to that of its metabolite and the standard curve, of the parent compound, is used 
to quantitate the metabolite. This approach could result in an over or underestimation of the metabolite. To evaluate the 
impact of mobile phase composition on LC-MS response, the mobile phases were interchanged between methanol, ace-
tonitrile and a 50/50 mixture of methanol/acetonitrile. UHPLC flow rates were varied from 200 - 500 μL/min, with and 
without the addition of reverse composition of mobile phases, at the parent drug retention time. This change was neces-
sary to achieve uniform MS responses for drugs and their metabolites. In this study, HRMS data, obtained using orbi-
trap, resulted in a linear response over a wider dynamic range than that obtained using the linear ion trap. Overall, the 
parameters, required for achieving standard free quantitation, are dependent upon the mobile phase composition and LC 
flow rates. 
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1. Introduction 

A major component of bioanalys involves the quantita-
tive estimation of a drug and its metabolites in biological 
matrices, such as plasma and urine [1,2]. When a drug is 
administered, mainly the enzymes, present in the liver, 
metabolize the drug into more polar forms to facilitate 
the excretion in urine or feces. The parent compound is 
converted into more polar forms by oxidation, reduction 
and hydrolysis in the phase 1 reaction and by acetylation, 
methylation, sulfonation and conjugation with glucuron- 
ide, sulfate, glutathione or amino acids in the phase 2 
reaction [3]. The quantification of these metabolites is 
extremely important as sometimes the metabolites may 
be more pharmacologically active than the drug or at 
times may exert toxicity. These metabolites might be 
present in at extremely decreased concentrations in some 
cases. Hence, many analytical techniques with high sen- 
sitivity, accuracy and robustness have been developed 
[3-8]. 

Liquid chromatography coupled with mass spectrome-

try has emerged as a powerful analytical technique to 
detect, characterize, and quantify drug metabolites [5,7, 
8]. To obtain quantitative information using LC-MS 
techniques, reference standards, of analytes, are required 
so that LC-MS responses from drugs and/or metabolites 
of unknown quantities are referenced back to LC-MS 
responses obtained using known quantities of drugs 
and/or metabolites [9]. Usually a standard curve must be 
generated and interpreted for each and every analyte 
quantified. Although a standard curve can be easily gen- 
erated for the parent drug, it is often impossible to do the 
same for metabolites for which reference standards and 
internals standard are not available. Standard curve of a 
drug cannot be used to quantify its metabolite(s) due to 
the structural differences of the drug and its metabolite 
and a standard curve of a metabolite cannot be used to 
quantify another metabolite from the same drug because 
structural alterations, by metabolism or biotransforma- 
tion, lead to unpredicted changes in ionization efficien- 
cies, extraction efficiencies (SPE, liquid-liquid, etc) and/ 
or highly variable interferences from endogenous matrix *Corresponding author. 
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ions [9]. However, several groups have made the simple 
assumption that ionization efficiencies, extraction effi-
ciencies and LC-MS responses of a parent drug and its 
metabolites are similar and reported quantification of 
metabolites without reference standards [10-12]. On the 
other hand, several alternate LC-MS response corrections 
or response normalization methods have been explored to 
obtain standard free quantitation of metabolites [13,14]. 
Recently introduced regulatory guidances, related to me-
tabolite in safety testing (MIST) [15], have further 
sparked interest in developing and evaluating standard 
free quantitation methods for quantifying metabolites 
[16-25]. 

Previously Ramanathan et al. [9] demonstrated equal 
responses of both drug and metabolite using response 
normalized liquid chromatography in combination with 
nanospray ionization. The authors introduced a second- 
dary HPLC system post column with exact reverse com-
position gradient to accomplish delivery of parent and its 
metabolite under an isocratic mobile phase condition into 
the mass spectrometer. These results showed an equal 
response of the drug and metabolite. However, this re- 
sponse normalization method, in combination with nano- 
spray ionization, lacked practical aspects for routine ap- 
plications in the drug metabolism laboratories. Later, the 
same group showed the utility of micro flow ionization 
techniques, captive spray ionization (CSI), for achieving 
equal responses for drugs and associated metabolites and 
reported on an option for achieving standard free quanti-
tation [13,26]. Practical nature of the CSI-based approach 
allowed several groups to evaluate this technique for 
standard free quantitation [17,19,27]. Although Schadt et 
al. [19] and Ranasinghe et al. [27] showed that decreased 
flow based ESI techniques can be used for standard free 
quantitation, Dahal et al. [17] evaluated the inaccuracies 
associated with using LC-CSI-MS responses of the par- 
ent drug for quantifying metabolites. The standard curves 
of a parent and its metabolites, formed via O-demethyla- 
tion, N-demethylation, aromatic hydroxylation and ben- 
zylic hydroxylation, were statistically different in 18 of 
the 20 parent-metabolite pairs regardless whether ions 
were formed using conventional electrospray ionization 
(ESI) or low-flow captive spray ionization (CSI) methods. 
The researchers also showed that the signal response of 
the drug and the metabolite is often found in four-fold 
differences. 

Schmidt et al. [28] studied the impact of mobile phase 
on MS response. Using ESI-MS/MS, infrared multi- 
photon dissociation (IRMPD) and hydrogen-deuterium 
exchange (HDX), the authors also observed that when 
water and methanol were used as mobile phases, p- 
Aminobenzoic acid was protonated at the N-terminal end 
whereas when water and acetonitrile were used as mobile 
phases, then 70% of the protonation was observed at the 

C-terminal end and 30% of the protonation was seen at 
the N-terminal end. Thus, in this study, it was shown that 
when the mobile phase composition is changed, the ioni-
zation site changes. The change in site of ionization with 
changes in mobile phase composition provides additional 
credence for the normalized response approach first re- 
ported by Ramanathan et al. [9]. Most recently, Chang et 
al. [29] showed that post-column infusion techniques are 
utilized to verify whether co-administrated drug induces 
any changes in matrix that affect the quantitation of a 
parent or its metabolites. 

To further understand the impact of mobile phase and 
LC flow rates on MS response, experimental data were 
obtained using ultra high pressure liquid chromatography 
coupled with high resolution mass Spectrometry (UHPLC- 
HRMS). Due to the high pressures achieved using 
UHPLC system, the submicron particle size columns 
afford faster and more efficient separation of a drug and 
its metabolites. When using HPLC-based methods, dras- 
tic changes in mobile compositions are required for 
chromatographic separation of drugs from its metabolites. 
On the other hand, under UHPLC conditions, the mobile 
phase changes, required for separation of drugs from its 
metabolites, are minimal and possibly minimize mobile 
phase induced changes in ionization sites. This, in turn, 
could provide an option for quantification of metabolites 
without reference standards. 

Equimolar concentrations of dextromethorphan, tol- 
butamide, caffeine, primaquine and associated known 
metabolites, dextrorphan, 4-hydroxytolbutamide, 1,7-di- 
methylxanthine, 2-methylquinoxaline, respectively were 
used in this study (Table 1). A generic gradient method 
was developed to separate the drugs and its metabolite in 
plasma. To evaluate the parameters, such as site of ioni-
zation and mobile phase composition that could affect 
the standard free quantitation, different flow rates and 
mobile phase compositions were used. Simultaneous in- 
fusion of the reverse composition of mobile phases, in- 
troduced via ESI source auxiliary inlet, was also used to 
evaluate the UHPLC-MS signal responses between drugs 
and associated metabolites. 

2. Experimental 

2.1. Materials 

HPLC grade water, acetonitrile, and methanol were pur- 
chased from Pharmaco-Aaper (Brookfield, CT) and ace-
tic acid from Sigma-Aldrich (St. Louis, MO). Dextro-
methorphan, dextrorphan, tolbutamide, caffeine, 1,7- 
dimethylxanthine (Paraxanthine), primiquine, and 2- 
methylquinoxaline were also purchased from Sigma- 
Aldrich. 4-hydroxy tolbutamide was purchased from 
Cayman Chemicals (Ann Arbor, MI). All drugs were 

btained in powder form. Stock solutions were made at  o 
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Table 1. List of Pharmaceuticals, metabolites and corresponding UHPLC retention times, exact and mass defect information. 

Analyte Name Structure 
Elemental  

Composition 
Exact Mass of Monoisotopic 

[M+H]+ (Da) 
UHPLC Retention 

Time (min)a 

Dextromethorphan 

O
CH3

NCH3

H

 

C18H26NO 272.2008 10.3 

Dextrorphan 

OH

NCH3

H

 

C17H24NO 258.1852 9.2 

Caffeine 
N

N

N

N

O

O

CH3

CH3
CH3  

C8H11N4O2 195.0876 7.2 

Paraxanthine 
N

N

N

N
H

O

O

CH3

CH3

 

C7H9N4O2 181.0720 8.6 

Tolbutamide 

CH3

S
N
H

N
H

CH3

OO O

 

C12H19N2O3S 271.1111 9.8 

4-hydroxytolbutamide 

C
H2

S
N
H

N
H

CH3

OO O

OH
C12H19N2O4S 287.1060 8.6 

Primaquine N

O
CH3

NH
NH2

CH3

 

C15H22N3O 260.1757 7.1 

2-methylquinoxaline 

N

N

 

C9H9N2 145.0760 9.2 

Fluoxetine (IS) 

ON
H

CH3

F

F F
 

C17H19NOF3 310.1413 11.2 

a: Mobile phase A = Water (0.1% formic acid) and Mobile phase B = 50/50 methanol/acetonitrile (0.1% formic acid); UHPLC flow rate = 200 µL/min; IS = 
Internal standard. 

 
equal mg/mL concentrations with equal amounts of 
DMSO and acetonitrile. Standards were made at different 

concentrations ranging from 2500 ng/mL to 1 ng/mL. A 
50:50 (v/v) mixture of aqueous and organic mobile 
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phases, rat, dog and human plasmas were used to prepare 
standards. All plasma samples were purchased from 
Bioreclamation, Inc (Westbury, NY). 

2.2. Sample Preparation 

To minimize matrix-related interferences, a liquid-liquid 
extraction procedure was used to extract the drug and 
associated metabolites enriched in plasma. To 100 µL of 
drug and metabolite 50 µL of internal standard (fluoxet-
ine) was added. After 5 minutes of equilibration time, 50 
µL of Ammonium bicarbonate and 500 µL of Ethyl ace-
tate were added. All tubes were shaken for 15 minutes 
and centrifuged for 5 minutes at 2000 ×g rpm. The or-
ganic layer was separated and evaporated to dryness. To 
these tubes, 150 µL of 70:30 mixtures of water and ace-
tonitrile were added and centrifuged for 5 minutes. To 
check for recovery of extraction, samples, from pre- 
spiked and post-spiked aliquots, were injected into 
UHPLC; LC-UV and LC-ESI-MS responses were com-
pared for semi-quantitative estimation of extraction re-
coveries for the analytes listed in Table 1. 

2.3. LC-ESI-LTQ-MS (or LC-ESI-LRMS) and 
LC-ESI-HRMS 

All experiments were performed using a Thermo Scien-
tific LTQ-Orbitrap Discovery mass spectrometer (San 
Jose, CA). The spectrometer was equipped with an elec-
tro spray ionization source operated in the positive ioni-
zation mode. The entire UHPLC eluent, from the column, 
was introduced into the IonMax ESI source, interfaced 
with an LTQ-Orbitrap. All mass spectra were acquired in 
the full-scan mode from m/z (mass/charge ratio) 100- 
1100 using the Windows-based Thermo Fisher Xcalibur 
software platform. For all experiments, the default data 
acquisition parameters (i.e. automatic gaincontrol) were 
used. All LTQ mass spectra were recorded with unit 
mass resolution (LRMS = low resolution mass spectra) 
across the m/z range; all orbitrap spectra were recorded 
with 30,000 resolution at m/z 400 (HRMS). The Spray 
voltage and ion transfer capillary temperature were set at 
4.5 kV and 350˚C, respectively. Sheath and auxiliary 
nitrogen were supplied at a flow rate of 45 and 25 arbi-
trary units, respectively. For each set of the drug and 
metabolite, a UHPLC flow rate (200 - 500 uL/min) ESI 
source and MS conditions (mainly tube lens, sheath gas, 
auxiliary gas) were optimized, using the corresponding 
drug. The source conditions were not optimized for the 
metabolites. 

All plasma extracts and standards were analyzed using 
an Accela HPLC system (Thermo Fisher, San Jose, CA) 
consisting of a quaternary pump, a degasser, column 
oven and an autosampler. Chromatographic separation-
swere achieved using an Acquity BEH C18 (100 mm × 

2.1 mmi.d., 1.7 µm) (Waters Corporation, Milford, MA) 
analytical column. The column was maintained at room 
temperature. For all extracted plasma samples, the auto-
samplertray temperature was maintained at 4˚C. HPLC 
water, with 0.1% formic acid, was used as the aqueous 
mobile phase, and organic mobile phases were varied 
between 100% acetonitrile, 100% methanol, 50:50 (v/v) 
mixture of acetonitrile, and methanol with 0.1% formic 
acid. A 20 µL aliquot of sample was injected for all 
analyses. The HPLC gradient, used for all the experi-
ments, is shown in Table 2. Following LC-MS analysis, 
all raw data files were processed using Xcalibur; proc-
essing was based on the integrated area of the each 
chromatogram, which was exported to excel sheets and 
created a processing method with batch reprocessing 
sequences. All calibrations were plotted using excel. 

2.4. Reverse Composition of the Mobile Phases 

The reverse composition addition method has been de-
scribed in some detail [9]. Briefly, for each set of the 
drug and metabolite, the mobile phase composition was 
calculated at the parent drug’s elution retention time. 
Through the infusion syringe or using a separate HPLC 
pump, the reverse composition, of these mobile phases, 
was introduced into the the ESI source via the sheath of 
the mass spectrometer. 

3. Results and Discussion 

The first set of experiments involved evaluation of vari-
ous UHPLC columns and mobile phase compositions 
necessary to optimally separate the 9 pharmaceuticals 
listed in Table 1. Calculated mass values are listed in 
Table 1, and all HRMS based mass measurements were 
routinely within +/− 5 ppm without using any internal 
calibration. External calibrations were performed as 
needed (once a month) by infusing a mixture containing  
 
Table 2. UHPLC gradient and mobile phase compositions 
used for evaluation of standard free quantitation. 

Time 
(min)

Mobile Phase A 
(Water with 0.1% formic acid) 

Mobile Phase B Acetonitrile 
or Methanol or 50/50  
Methanol/Acetonitrile 

(with 0.1% formic acid) 

0.00 99 1 

0.10 99 1 

5.50 85 15 

11.00 5 95 

13.40 5 95 

13.50 99 1 

15.00 99 1 
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caffeine, L-methionyl-arginyl-phenylalanylalanine acetate 
(MRFA), and Ultramark 1621 was purchased from Ther- 
moFisher. Since analyte m/z values were not prese- 
lected, the accuracy and precision of HRMS for quanti- 
fication depended on the mass tolerance or the extracted 
ion chromatogram window. Tightening the mass extrac- 
tion window (MEW) from 50 to 10 ppm improved the 
signal-to-noise (S/N) ratio and allowed filtering of most 
of the endogenous/matrix ions. This ratio improved the 
accuracy and precision for detecting theanalyte of inter- 
est. In a recent publication Xia et al. [30] systematically 
evaluated thedependency of MEW on mass resolving 
power and discussed the merits and limitations associated 
with acquiring HRMS data using profile- and centroid- 
modes. Among the findings reported, a mass resolution 
of >20,000 and a MEW <20 ppm were reported to be 
sufficient for detecting pharmaceuticals present in 
plasma. In the current experiment, a mass resolving 
power of 30,000 at m/z 400 and a MEW of 10 ppm fil- 
tered the majority of the endogenous signal in an effort to 
improve S/N ratio. This adjustment was necessary in the 
selectivity and specificity for the detection and quantifi- 
cation of pharmaceuticals present in water. For all LTQ 
experiments or low resolution mass spectrometry (LRMS), 
unit mass resolving power was used.  

Since all the pharmaceuticals and associated metabo- 
lites listed in Table 1 ionized well in the positive ioniza- 
tion mode, mobile phase compositions, suitable for posi- 
tive ionization mode,were selected. In this study, the 
aqueous mobile phase was water with 0.1% formic acid 
for all the experiments, while the organic mobile phase 
(mobile phase B) was varied as shown in Table 2. 
Valaskovic et al. [31] showed that differences in ioniza-
tion efficiencies and LC-MS responses, among various 
analytes,were minimized by reducing the flow rate below 
10 nL/min. Other research groups have shown that 
equimolar response is achievable even at micro flow 
ranges [26]. Since both micro- and nano-flow LC separa- 
tions are still unacceptable as main stream methods, 
anevaluation of the impact with regard to conventional 
LC flow rates on MS response was made via varying the 
UHPLC flow rate from 200 µL/min to 500 µL/min. Since 
the mobile phase compositions and LC flow rates were 
varied, the elution times or retention times, of the ana- 
lytes,varied between mobile phases and flow rates. In 
Table 1, UHPLC retention times, obtained using 200 
µL/min LC flow rate and 50/50 methanol/acetonitrile, are 
reported as a point of reference.  

As shown in Figures 1(a)-(c), standard curves were 
generated for dextromethorphan and its metabolite dex- 
trorphan. To evaluate the method, standards, prepared 
with the mobile phases, were analyzed by HRMS. While 
maintaining the aqueous mobile phase the same (water 
with 0.1% formic acid), the organic mobile phase was 

changed from 100% acetonitrile to 100% methanol, and 
finally to a mixture of 50/50 methanol/ acetonitrile. In 
addition to changing the organic mobile phase, the LC 
flow rate was varied from 200 µl/min, 300 µl/min, 400 
µl/min, and 500 µl/min. Similar types of experiments 
were performed using other three sets of drugs, tolbu- 
tamide, caffeine, primiquine and corresponding metabo- 
lites respectively 4-hydroxytolbutamide, 1,7 dimethylx- 
anthine, and 2-methylquinoxaline. Since no metabolites 
for primiquine were commercially available, a derivative 
of primiquine, 2-methylquinoxaline, was used. The stan-
dard curves for all drugs and metabolites generally 
showed higher signal responses at lower flow rates when 
compared to that of the higher flow rates. This is most 
likely due to the fact that higher flow rates require more 
sheath and auxiliary gas supply as well as higher spray 
voltage to minimize downstream MS contamination. 
Higher flow rates tend to dilute the number of ions en- 
tering the mass spectrometer ion transfer region and de- 
crease the sensitivity. However, in the evaluation of the 
slope ratio, between a parent and a metabolite, a similar 
approach is described by Dahal et al. [17], e.g., at a flow 
rate of 500 µL/min, the slope ratio is closer to 1. As the 
slope ratio, between a drug and its metabolite, deviates 
from 1, it is quite difficult to achieve normalized or equi- 
molar response. Results, from this evaluation, suggest 
that at higher LC flow rates (500 µL/min), the mobile 
phase composition, under which a parent (dextro- 
methorphan) and a metabolite (dextrorphan) elutes are 
not similar. While at lower flow rates (200 µL/min), lim- 
ited variation in the mobile phase composition resultsin 
limited variation in ionization leading to similar MS re- 
sponses between a parent (dextromethorphan) and its 
metabolite (dextrorphan). Additionally, the deviation 
between dextromethorphan and dextrorphan slopes was 
greater when a mixture of 50/50 acetonitrile/methanol 
was used as the organic mobile phase and closer to 1 
when 100% acetonitrile or 100% methanol is used as the 
organic mobile phase. Once again supporting the obser-
vations by Schmidt et al. [28] with respect to the impact 
of mobile phase on MS response, in this case, a mixture, 
of 50/50 acetonitrile/methanol from mobile phase B and 
water from mobile phase A, most likely shifts the dex- 
tromethorphan and dextrorphan ionization sites and pos- 
sibly shifts the interactions between the analyte and ma- 
trix ions. Another explanation is that at higher flow rates, 
the presence of higher amounts of solvent molecules re- 
duces the total available surface area and the time for an 
analyte to diffuse to the surface will be increased. This 
change in flow rate causes changes in the LC-MS re- 
sponse of a drug and its metabolite when present in- 
equimolar amounts. 

To extend the observations from standards in mobile 
hase to in vivo study samples, rat, dog and human plas- p 
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Figure 1. Standard curves of sextromethorphan and dextrorphan for all the four flow rates (a) 100% acetonitrile organic 
mobile phase; (b) 50:50 (v/v) acetonitrile and methanol organic mobile phase; (c) 100% methanol organic mobile phase. 
 
ma were fortified with compounds listed in Table 1 and 
analyzed. For rat plasma samples, both linear ion trap 
(LRMS) and orbitrap (HRMS) were evaluated. Under 
LRMS full scan MS conditions, quantitation was not 
achievable, and non-linear standard curves were ob- 
served (Figures 2(a) and (c)). On the other hand, under 
HRMS conditions, standard curves were linear over a 
wider concentration range and the sensitivity and sig- 
nal-to-noise ratio improved. Therefore, further sets, of 
experiments with dog and human plasma samples, were 
only evaluated using the orbitrap.  

The organic mobile phases were varied to investigate 
the ionization efficiency and to possibly modify the sites 
of ionization. For choosing mobile phase composition, 
which achieves equal signal response, the difference be- 
tween slopes, among the drug and the metabolite for each 
standard curve was calculated. In addition, all three or- 
ganic mobile phase compositions in rat, dog and human 
plasmas were calculated as well. Ideally, the drug 
showed equal signal response to that of the metabolite 
and the difference in slope between them should result in 
zero. As shown in Figure 3(a), for dextromethorphan, 

and caffeine and associated metabolites dextrorphan, and 
1,7 dimethylxanthinere spectively, the overall difference 
in signal response is less in 100% methanol organic mo- 
bile phase composition when compared to that of the 
100% acetonitrile and 50:50 (v/v) acetonitrile and me- 
thanol. Hence, these two drugs showed a trend toward 
equal signal response at 100% methanol organic mobile 
phase composition. Additionally, marked differences, in 
MS response and slopes, were observed for dextro- 
methorphan and dextrorphan in rat plasma in comparison 
to both being present in dog and human plasma. Exami- 
nation, of the full scan HRMS data, showed absence in- 
terfering rat plasma matrix around the UHPLC elution 
times of dextromethorphan and dextrorphan and the lar- 
ger differences in the slope was attributed to the poor 
extraction of dextrorphan from rat plasma. 

Similarly, for primiquine and tolbutamide and associ- 
ated metabolites/derivatives 2-methylquinoxaline, and 
4-hydroxy tolbutamide respectively, slope differences 
occur lesser in 100% methanol when compared to that of 
the other two organic mobile phase compositions. The 

etabolic pathways, for these series of drugs and associ- m 
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Figure 2. Comparison of linear ion trap (LRMS) and orbitrap (HRMS) standard curves for all three mobile phases at flow 
rate of 200 µl/min: (a) standard curves obtained from linear ion trap for dextromethorphan and dextrorphan; (b) Standard 
curves obtained from orbitrap for dextromethorphan and dextrorphan; (c) Standard curves obtained from linear ion trap 
for caffeine and 1,7 dimethylxanthine; (d) Standard curves obtained from orbitap for caffeine and 1,7 dimethylxanthine. 
 
ated metabolites, included emethylation and hydroxyla- 
tion. Both dextromethorphan and caffeine undergo de- 
methylation to form dextrorphan and 1,7 dimethylxan- 
thine pathway. As with dextromethorphan, oxygen is 
made available for ionization as well as interactions with 
solvent and matrix molecules; in caffeine, a nitrogen is 
exposed for similar interactions. In primiquine, the 
molecule is cleaved and with tolbutamide a hydroxyl 
group is added. Although ionization efficiencies of the  

drug and metabolites might be dependent on the meta- 
bolic pathway from which they were formed, all bio- 
transformation modifications investigated, showed equal 
trends toward signal responses at 100% methanol organic 
mobile phase composition. 

Reverse Composition 

To achieve equal signal responses, the mobile phase  
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(a) 

 
(b) 

Figure 3. Comparison of all three organic mobile phases in 
rat, dog and human plasma extracts: (a) Difference in slope 
for dextromethorphan and dextrorphan; (b) Difference in 
slopes for caffeine and paraxanthine. 
 
compositions, at the drug retention times, are monitored. 
While the mobile phase compositions are reversed, an 
infusion occurs through the sheath liquid inlet of the 
mass spectrometer. Mixing of the UHPLC mobile phase 
with a reverse composition provides analytes with iso- 
cratic mobile phase conditions throughout the entire 
UHPLC run time. The reverse gradient approach was 
recently described by Chang et al. [29] and previously by 
Ramanathan et al. [9]. Slope differences, between the 
drug and metabolite, were calculated for all three organic 
mobile phase compositions among all sets of drugs and 
associated metabolites. As shown in Figure 4, results 
from reverse gradients were compared to the slope dif- 
ference obtained using conventional non-reverse gradient 
methods. Slope differences, for the reverse phase com- 
position, were less when compared to that of the conven- 
tional mobile phase method. Hence, showing that infu- 
sion of reverse composition of the mobile phases can be 
used to obtain equal molar signal responses even at flow 
rates as high as 200 μL/min.  

4. Conclusion 

The LC flow rate and mobile phase composition have an  

 

Figure 4. Infusion of reverse mobile phase composition for 
all three organic mobile phase compositions for evaluation 
for dextromethorphan and dextrorphan calibration slopes. 
 
impact on the ionization efficiencies of the drug and as- 
sociated metabolites. Hence, by altering these parameters, 
equal signal responses of the drug and the metabolite can 
be achieved. These parameters are linked to biotransfor- 
mation modifications of the drug to its corresponding 
metabolite. This study provides additional understanding 
about the quantitation of metabolites in the biological 
matrices during early stages of drug development when 
reference standards of the metabolites are unavailable. 
Better results were obtained using HRMS due to its 
higher sensitivity and resolution than that of the linear 
ion trap. Through the reverse composition of the mobile 
phases at the parent drug retention time, the difference in 
signal responses of the drug and metabolite can further 
be decreased.  
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