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Introduction
Octadecylsilane-bonded silica (ODS) columns are the most widely 

used columns for the liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS) analysis of small molecules such as 
pharmaceuticals, but the retention of polar compounds containing 
hydrophilic groups, such as amino groups, on this type of column 
is weak. To achieve adequate retention of polar compounds, ion-
pairing reagents are often added to the mobile phase in reversed-

phase chromatography. Ion-pairing reagents suppress the ionization 
of analyte, particularly during electrospray ionization (ESI), due to 
competitive ionization of the analyte and the reagents. Ion-exchange 
chromatography, hydrophilic interaction chromatography (HILIC) 
and normal-phase chromatography all adequately retain polar 
compounds. However, they are particularly difficult to apply to LC-
MS/MS analysis due to the use of non-volatile buffers and to the loss of 
polar compounds by precipitation. 

Pentafluorophenylpropyl (PFPP) stationary phases [Figure 1] allow 
for dipole-dipole, pi-pi, charge transfer and ion-exchange interactions 
[1-3] and have shown unique retention of small, polar analytes. PFPP 
columns exhibit both reversed- and normal-phase retention of polar 
analytes, depending on the mobile phase composition [2]. PFPP 
columns are able to retain protonated bases in the presence of high 
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Abstract
Pentafluorophenylpropyl (PFPP) stationary phases allow for dipole-dipole, pi-pi, charge transfer and ion-

exchange interactions and have shown unique retention of small, polar analytes. PFPP columns are able to retain 
protonated bases in the presence of high percentages of an organic modifier, which is a suitable condition for 
liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) analysis. Taking advantage of the 
characteristics of PFPP columns, a liquid chromatography-electrospray ionization coupled with tandem mass 
spectrometry (LC-ESI-MS/MS) method was developed to quantify the concentration of a fluorinated phenylalanyl 
derivative compound, GW823093, in human urine. The analyte is retained with great difficulty on an octadecylsilane-
bonded silica (ODS) column, but was strongly retained on a PFPP column in 5 mmol/L ammonium formate buffer (pH 
2.9) even with an acetonitrile concentration as high as 80%; these conditions protonated the analyte and enabled 
higher MS signal intensity. However, the analyte peak shape deteriorated after repeated sample injections when 
urine samples were analyzed under the selected conditions. To solve this problem, an on-line sample clean-up 
process with an ODS column was employed before the sample was introduced to the PFPP analytical column. A 
good peak shape without ion suppression was achieved when using acidified buffer containing 10% acetonitrile as a 
washing solvent for the process, suggesting that components retained by ionic and weakly hydrophobic interactions 
were removed. This method was optimized and was linear in quantitation in the range of 25-5000 ng/mL, with a 
mean coefficient of determination over 0.9998. The validated method was successfully applied to a clinical study of 
GW823093.
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Figure 1: Illustration of the PFPP stationary phase.

Abbreviations: PFPP:Pentafluorophenylpropyl; ODS: Octadecylsi-
lane-bonded silica; HILIC: Hydrophilic interaction chromatography; 
LC-MS/MS: Liquid chromatography coupled with tandem mass spec-
trometry; ESI: Electrospray Ionization; IS: Internal Standard; DMF: 
Dimethylformamide
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percentages of an organic modifier, which are suitable conditions for 
LC-MS/MS analysis [2-6].

The fluorinated phenylalanyl derivative compound GW823093 
is retained with great difficulty on ODS columns. PFPP columns are 
considered to be suitable for the quantitative analysis of this analyte 
using LC-MS/MS techniques. This report describes the characteristic 
features of an analytical column with a PFPP phase applied to the 
determination of the concentration of a fluorinated phenylalanyl 
derivative compound, GW823093, in human urine using an LC-ESI-
MS/MS method.

Experimental
Chemicals and materials

Standard reference materials for GW823093 tosylate [Figure 2] and 
[13C2, 

15N]-GW823093 tosylate, used as an internal standard (IS), were 
obtained from GlaxoSmithKline (London, UK). Formic acid (HPLC 
grade) and ammonium formate (analytical grade) were purchased 
from Wako Pure Chemical Industries (Osaka, Japan). Acetonitrile 
(HPLC grade) and dimethyl formamide (DMF, analytical grade) were 
purchased from Kanto Chemical (Tokyo, Japan). Water purified with 
a Milli-Q gradient-A10 purification system (Millipore, Bedford, MA, 
USA) was used.

Preparation of standard solutions and samples

Each sock solution of GW823093 (1 mg/mL as a free base) or IS 
(1 mg/mL as a free base) was prepared by dissolving the compound 
in DMF. An IS working solution was prepared by diluting the stock 
solution in 5 mmol/L formic acid/ammonium formate buffer in 10% 
acetonitrile (100 ng/mL). A stock solution of the analyte was diluted 
with blank human urine or various mobile phases to meet experimental 
objectives.

LC-MS/MS system

An alliance HT Separation Module 2795 HPLC system equipped 
with a 10-port switching valve (Waters, MA, USA) was used. 
Mass spectrometry detection was performed on a Quattro II mass 
spectrometer (Micromass, Manchester, UK) utilizing electrospray 
ionization (ESI) in the positive mode. The instrument was initially 
tuned to obtain the MS conditions that enabled the highest responses. 
All data were acquired and analyzed using MassLynx version 4.0 
(Micromass).

Quantification procedures

 One hundred microliters of urine samples and 400 µL aliquots of 
IS working solution were mixed, and the mixture was subjected to an 
on-line sample clean-up with an extraction column (TSK guard gel 

ODS-100V, 15 mm length x 3.2 mm id, 5 µm, Tosoh, Tokyo, Japan) via 
a 10-port column switching valve (Waters, MA, USA). Five millimolar 
formic acid/ammonium formate (9/1, v/v) in 10 % acetonitrile 
(extraction solvent) was employed as the mobile phase for the clean-up 
process at a flow rate of 1 mL/min. The mobile phase was introduced 
for an additional 2 minutes after the completion of the sample load. 
The eluate was discarded to the waste. Then, the flow was changed so 
that the extraction column was connected in series with an analytical 
column (Discovery HS F5, 50 mm length x 2.1 mm id, 5 µm, Supelco, 
PA, USA), and 5 mmol/L formic acid/ammonium formate (9/1, v/v) 
in 80% acetonitrile was pumped through the both columns at a flow 
rate of 0.4 mL/min. The column temperature was maintained at 40°C 
[Figure 3].

The method validation

The validation was conducted according to the established 
quantitation method in accordance with the FDA guidance for Industry 
“Bioanalytical Method Validation” issued and enforced in 2001 [7].

Results and Discussion
Ionization

The effects of the pH of the eluent to be used on the MS signal 
intensity and MS spectra were investigated using a mixture of methanol 
and buffer (1:1, v/v) at pH values ranging from 3.5 to 5.2. An analyte 
stock solution was diluted with each eluent prepared (50 ng/mL), and 
each diluted solution was introduced into the MS/MS instrument 
through the ESI ionization interface at 10 µL/min. 

The MS signal intensity of the analyte increased with acidity at pHs 
lower than 4.2. The highest MS signal intensity was obtained at pH 3.5 
[Figure 4]. As the pKa of the analyte is 6.1, the analyte exists mostly in 
the ion form at all pH values studied. However, the MS signal intensity 
did not change at pHs higher than 4.2. This result indicates that the 
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Figure 2: Chemical structure of GW823093

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 

1 

5 mM ammonium formate buffer in 10% MeCN 
Off 

Analytical Column 

Analytical eluents 

MS/MS 

Sampler 

0.4 mL/min  

2 

1 Extraction Column 

Line filter 

Mobile phase C:  

Mobile phase A:  

Mobile phase B: MeCN  

Waste 

1.0 mL/min  
2 Extraction Column 

5 mM ammonium formate buffer in 80% MeCN 

Figure 3: LC-MS/MS system used for validation analysis. Urine sample was 
subjected to an on-line sample clean-up with an extraction column (TSK guard 
gel ODS-100V, 5 µm, 3.2 x 15 mm) via a 10-port column switching valve. 5 
mM ammonium formate buffer in 10 % acetonitrile was employed as the mo-
bile phase at a flow rate of 1 mL/min for 2 minutes after the completion of the 
sample load. Then, the flow was changed so that the extraction column was 
connected in series with an analytical column (Discovery HS F5, 5 µm, 2.1 x 
50 mm) and 5 mM ammonium formate buffer in 80% acetonitrile was pumped 
through the both columns at a flow rate of 0.4 mL/min. The column tempera-
ture was maintained at 40°C.



Citation:  Igarashi H, Mogi S, Wakamatsu A, Minamide Y, Kudoh S (2011) Characteristic Features of an Analytical Column with a Pentafluorophenylpropyl 
Stationary Phase Applied To a Determination of a Fluorinated Phenyl Alanyl Derivative Compound, Gw823093, In Human Urine Using an 
Lc-Esi-Ms/Ms Method. J Anal Bioanal Tech S5:001. doi:10.4172/2155-9872.S5-001

Page 3 of 5

ISSN:2155-9872 JABT, an open access journal LC-MS Drug discovery & developmentJ Anal Bioanal Tech

the highest ionization abundance, with acetonitrile as the mobile phase, 
the analyte was strongly retained on the PFPP column and was not 
eluted with acetonitrile contents as high as 80% (data not shown). To 
elute an analyte from a PFPP column, counter ions are needed because 
the retention of protonated bases at high percentages of organic 
modifier is characterized by strong ion-exchange interactions between 
the analyte and the ionized surface silanol groups in addition to non-
ionic interactions [3]. 

A retention behavior of the analyte on the PFPP column was 
confirmed by varying the mixing ratio of 5 mmol/L formic acid to 5 
mmol/L ammonium formate solution. The rations tested were 9/1, 
8/2, 5/5, 2/8 and 0/10 (v/v), yielding solutions with pHs ranging from 
2.9 to 6.4. The analyte was eluted at all pH values of buffer prepared 
[Figure 5]. The retention was stronger at lower pHs, and the maximum 
retention was observed at pH 2.9, which would enable a higher MS 
signal intensity. Therefore, it was considered that PFPP columns are 
suitable for the quantitative analysis of the analyte using LC-MS/MS 
techniques. 

When varying the acetonitrile concentration from 70 to 99.5% 
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Figure 4: Effect of pH on the MS signal intensity. Analyte solutions, diluted 
with 0.5 mM ammonium formate buffer at pHs ranging from 3.5 to 5.2 in 50% 
methanol, was introduced into the MS/MS instrument at 10 µL/min.
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Figure 6: Effect of acetonitrile composition on the retention time. ODS: Luna 
C18 (2) (5μm, 2 x 50 mm), PFPP: Discovery HS F5 (5μm, 2.1x50 mm), mo-
bile phase: 5mM ammonium formate buffer (pH 2.9) in 70, 80, 85, 90, 95, 
99.5 % acetonitrile, flow rate: 0.2 mL/min, column temperature: 40°C.

ionization of the analyte is influenced by unknown mechanisms in 
addition to dissociation. 

Effect of buffer pH and acetonitrile content

The analyte was retained with great difficulty on an ODS column 
even though buffer pH was 6.5, which keeps the analyte in the 
molecular form. Because PFPP columns are able to retain protonated 
bases even in the presence of high percentages of organic solvent [2-6], 
we reasoned that a PFPP column was likely to be suitable for the LC-
MS/MS analysis of this analyte. 

Using 5 mmol/L formic acid, whose pH was close to the one giving 
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Figure 7: Peak deterioration with varying urine concentrations. Sample: urine percent-
ages from 0 to 5 % in a mobile phase, keeping constant the concentration of the analyte, 
PFPP column: Discovery HS F5 (5μm, 2.1x50 mm), mobile phase: 5mM ammonium 
formate buffer (pH 2.9) in 80 % acetonitrile, flow rate: 0.2 mL/min, column temperature: 
40°C
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Figure 8: Peak deterioration with analyte concentrations. Sample 
amount applied to the PFPP column, Discovery HS F5 (5μm, 2.1x50 
mm) : 0.00002 nmol to 5.66 nmol diluted with a mobile phase, 5mM 
ammonium formate buffer (pH 2.9) in 80 % acetonitrile; flow rate, 0.2 
mL/min; column temperature, 40°C.
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Figure 5: Effect of pH on the retention. PFPP Column: Discovery HS F5 (5μm, 2.1x50 
mm), mobile phase: 5 mM ammonium formate buffer (pH 2.9, 3.1, 3.7, 4.3 and 6.4) in 
80% acetonitrile, flow rate: 0.2 mL/min, column temperature: 40°C.
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in a mobile phase containing 5 mmol/L ammonium formate buffer 
(pH 2.9), the retention ability of the analyte on the PFPP column was 
compared with that on an ODS column (Luna C18 (2), 50 mm length 
x 2 mm, 5 µm, Phenomenex, CA, USA). The analyte was retained on 
the PFPP column at acetonitrile percentages of 85% or below but was 
not retained on the ODS column under any conditions studied [Figure 
6]. At 80% acetonitrile or below, a good peak shape of the analyte was 
obtained. Therefore, 80% acetonitrile containing 5 mmol/L ammonium 
formate buffer (pH 2.9) was selected as the mobile phase for the LC-
MS/MS analysis. Thus, conditions enabling a high ionization efficiency 
and an adequate retention of the analyte were achieved with an acidic 
buffer solution and with high percentages of an organic component, 
which is highly advantageous for the use of a PFPP column with LC-
ESI-MS analysis. 

Remove matrix effect

When urine samples were analyzed under the selected conditions, 
the analyte peak shape deteriorated. It was thought that the peak 
deterioration might be caused by endogenous substances in the 
urine. Samples prepared with varying urine percentages from 0 to 5 
%, keeping constant the concentration of the analyte, were analyzed, 
and the analyte peak shape deteriorated more with increasing urine 
percentages [Figure 7]. In addition, peak shape deterioration was also 
observed in standard samples at high analyte concentrations applied to 
the column [Figure 8]. Based on these observations, we reasoned that 
the peak shape deterioration was caused by the total amount of ionic 
substances applied to the column, which max out the possible sites 
for ionic interaction. Therefore, a process to remove highly ionized 
substances coexisting with the analyte was considered to be necessary 
before the sample was subjected to the PFPP column. When acidified 
aqueous buffer solution was used with a reversed-phase column for 
the process, the analyte peak shape was improved. However, the peak 
area was lower than those of the standard solution, suggesting that ion 
suppression occurred due to the co-elution of endogenous components 
probably participating in weakly hydrophobic interactions (data not 
shown). 

The ion suppression could be avoided by adding acetonitrile to the 
buffer. A good peak shape without ion suppression was achieved with 
5 mmol/L ammonium formate buffer (pH 2.9) with 10% acetonitrile 
content, suggesting that the components retained by the ionic and 
weakly hydrophobic interactions were removed.

Application of the method

The optimized method was validated for assaying the analyte in 
human urine in accordance with the FDA guidelines for bioanalytical 
method validation [7]. The LC-MS/MS system used in the validation 
study is depicted in Figure 3. 

The calibration curves (n=3) were constructed by plotting the 
analyte/IS peak area ratio versus the spiked drug concentration, and 
these curves were linear in the range of 25-5000 ng/mL, with a mean 
coefficient of determination over 0.9998. A typical calibration curve is 
presented in Figure 10.

The intra-day and inter-day variabilities were assessed by analyzing 
QC samples at 5 concentration levels with 6 replicates. The CV and Bias 
of the analyte at all concentration levels were within 4.6% and 5.1%, 
respectively. The comprehensive results for the intra-day and inter-day 
variability assessments are presented in Table 1. 

The validated method was successfully applied to a Phase I study of 
GW823093 in healthy Japanese subjects.

Conclusion
An LC-ESI-MS/MS method to quantify the concentration of a 

Figure 9: Representative chromatograms of analyte (5000ng/mL) and IS in human 
urine.

Figure 10: Typical calibration curve of analyte in human urine in the range of 25-5000 
ng/mL, with a coefficient of determination of 0.9998.

Nominal
Conc. 
(ng/mL)

Intra-day reproducibility (n=6) Inter-day reproducibility (n=3)
Measured 
Conc. 
(ng/mL)

CV (%) Bias (%) Measured 
Conc. 
(ng/mL)

CV (%) Bias (%)

25.3 26.3 4.6 3.8 26.6 3.4 5.1
101.3 101.1 1.7 -0.2 99.3 2.2 -2.0
506.5 507.5 1.2 0.2 505.2 1.4 -0.3
4051.7 4008.2 0.9 -1.1 4030.0 0.8 -0.5
5064.7 4971.8 1.1 -1.8 4972.4 1.1 -1.8

Table 1: Intra-day and inter-day variability assesments
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fluorinated phenylalanyl derivative compound, GW823093, in human 
urine was developed using a PFPP analytical column connected in 
series with an ODS column employed for sample clean-up. The analyte 
was strongly retained on the PFPP column, and a good peak shape 
was obtained without ion suppression. The method was validated and 
successfully applied to a clinical study. 
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