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ABSTRACT

Propylene glycol (PG), a simple alcohol, is a commonly used vehicle for

aerosol dosage formulations. Quantification of PG in plasma and lung

tissue is, therefore, important for new drug development. We describe a

highly sensitive and selective method for the quantitative determination of

PG in rat plasma and lung tissue, using liquid chromatography (LC) with

positive atmospheric pressure chemical ionization (APCI) tandem mass
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spectrometry (MS) detection. Propylene glycol and the internal standard

(IS) 1,4-butanediol were derivatized with benzoyl chloride under alkaline

conditions to enhance the sensitivity of detection. Ionization efficiency

was improved following derivatization. The limits of detection (LOD) for

rat plasma and rat lung tissue were 0.269 mg=mL and 1.12 mg=g, respec-
tively. The LOQs for rat plasma and lung tissue were 0.448 mg=mL and

1.62 mg=g, respectively. Calibration curves were linear from 2 to

4000 mg=mL for rat plasma (r¼ 0.9990) and from 2 to 2400mg=g for

rat lung tissue (r¼ 0.9985). The assay showed intra-assay and inter-assay

precision (%RSD) of 3.8–4.8% (n¼ 6) and 4.2–6.6% (n¼ 18) for rat

plasma, 3.8–4.0% (n¼ 6) and 6.5–7.4% (n¼ 18) for rat lung tissue,

respectively. The percent inaccuracy for inter-assay results in rat plasma

were 2.5–4.7% and in rat lung tissue were 1.3–6.8% for different

concentrations. All plasma and lung tissue samples demonstrated accep-

table freeze=thaw stability, bench stability, and prepared sample stability

over a 24 hours period. An alternative derivatizing method using

perfluorooctanoyl chloride with negative APCI=MS detection was inves-

tigated. Although strong fragment ions of the derivatives could be

detected, the feasibility of this method was limited by sample preparation.

Additionally, fragment ions produced from the perfluorooctanoyl moiety

lacked selectivity. The benzoyl chloride method is proved to be more

sensitive, selective, and robust.

Key Words: LC=MS=MS; Derivatization; Benzoyl chloride; Aerosol;

Perfluorooetanoyl chloride; APCI.

INTRODUCTION

Propylene glycol (PG), is a commonly used vehicle in many modern

pharmaceutical formulations to enhance the absorption of drugs. The degree

of enhancement appears to be related to the percentage of PG in the dosing

solution.[1] Lakind reviewed the mammalian toxicity of PG and ethylene

glycol using oral, inhalation, and dermal routes of exposure[2] and concluded

that PG is safer than ethylene glycol. Even though PG is generally considered

safe for use in medication, patients with renal failure may suffer PG intoxica-

tion, with symptoms of lactic acidosis and severe nervous system depres-

sion.[3,4] Consequently, accurate and precise quantification of PG in plasma

and tissues is important for new drug development. Generally, the quantitative

tests required for human plasma have been in the mg=mL to mg=mL range. A

more sensitive method may be needed, however, to detect PG in lung tissue

and plasma. To our knowledge, no extensive study about PG absorption in

lung tissue following inhalation has been reported.[2] Because of the lack of

information about PG absorption and kinetics in the lung, a sensitive method

3414 Gao et al.
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needed to be established. This work is, therefore, intended to provide a more

sensitive method for determination of PG in plasma and lung tissue at the sub-

ng level following exposure to PG via inhalation.

Few methods have been developed for the determination of PG in plasma

and serum. In most methods, PG was described as an interference in the

analysis of other glycols.[4–6] Although, ion-exclusion chromatography with

refractive index detection,[7] gas-chromatography (GC) with flame ionization

detection,[8,9] have been reported for analysis of PG in pharmaceutical

intravenous solutions or plasma sample, the limits of quantification generally

were at concentrations of 2 to 10 mg=mL. Moreover, no methods have been

established for determination of PG in lung tissue.

In recent years, the powerful usefulness of liquid chromatography

(LC)=mass spectrometry (MS) has been demonstrated in determination of

many compounds in biological matrices. However, poor atmospheric pressure

ionization (API) using either electrospray ionization (ESI) or atmospheric

pressure chemical ionization (APCI) has been noted for the analysis of polar

and nonpolar compounds with relatively low molecular weights[10,11] and were

continued for PG in preliminary experiments. Sensitivity may be low for PG

using ESI because of the absence of a readily ionizable functional group, and

limited sensitivity with APCI may be due to poor proton transfer. We

established an approach for the analysis of PG using pre-column derivatization

with benzoyl chloride to perhaps improve proton transfer for PG. In order to

facilitate extraction, the derivatizing reagent and extraction solvent were added

to the sample together. A benzoyl ester derivative was formed directly in

plasma or lung tissue via the Schotten-Baumann reaction[12] and was detected

by LC=APCI=tandem MS with positive detection mode.

An alternative APCI=MS, using negative mode based on an electron

capture mechanism, was also investigated following derivatization of PG with

perfluorooctanoyl chloride.

EXPERIMENTAL

Chemicals

Rat plasma and rat lung tissue were obtained from Charles Rivers UK

Limited (Margate, Kent, CT9 4LT, UK). Propylene glycol USP=FCC was

obtained from Chrysalis Technologies Incorporated (Richmond, VA). 1,4

butanediol internal standard (IS), Glycine (sodium salt), the two derivatizing

reagents–benzoyl chloride and perfluorooctanoyl chloride, were purchased from

Sigma Aldrich Chemical Co. (Milwaukee WI 53233). Methanol was HPLC

grade and was purchased from Rathburn Chemicals Limited (Walkerburn,

Determination of PG in Rat Plasma and Lung Tissue Using HPLC 3415
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Peebleshire, EH43 6AU, UK). Pentane (HiperSolv Grade) and Sodium hydro-

xide pellets (AnalaR Grade) were purchased from BDH Chemical Limited

(Poole, Dorset, BH15 1TD, UK). Formic Acid (Certified Grade) was obtained

from Fisher Chemicals (Loughborough, Leicestershire, LE11 0RG, UK). Water

was purified by a Milli-Q system (18.2MO cm).

The benzoyl chloride and pentane mixture was prepared by adding 125 mL
benzoyl chloride to 10mL of pentane.

LC=MS Instrumentation and Conditions for Derivatization of

PG with Benzoyl Chloride

The liquid chromatography-mass spectrometry (LC=MS) system con-

sisted of a Perkin Elmer Series 200 HPLC pump (Beaconsfield, Buckingham-

shire, UK), a Perkin Elmer Series 200 autosampler (Beaconsfield,

Buckinghamshire, UK), an Applied Biosystems API365 tandem mass spectro-

meter (Warrington, Cheshire, UK), and an Applied Biosystems data handing

system Analyst Version 1.1 (Warrington, Cheshire, UK). All separations for

the derivative of PG and benzoyl chloride were performed using a

2.1� 100mm Waters Symmetry Shield RP-18, 3.5 mm column (Watford,

Hertfordshire, UK). The flow rate was 0.25mL=min. The mobile phase

consisted of methanol : water 78 : 22, both with 0.1% formic acid (v=v). The
injection volume was 10 mL. The parameters for the MS=MS system were set

as follows: Ion Spray Voltage (IS) 4500Volts; Declustering Potential (DP) 1V;

Focusing Potential (FP) 120V; Entrance Potential (EP) �2.5V; Collision

Entrance Potential (CEP) 8.57V; Collision Energy (CE) 13V; and Collision

Exit Potential (CXP) 16V. APCI probe temperature was set at 450�C. Turbo

gas flow rate was 7000mL=min. The ions at m=z 285.1 and 299.0 were used

as precursors and the ions at m=z 163.2 and 177.2 as product ions for PG and

the IS, respectively, in the MS=MS mode.

LC=MS Instrumentation and Conditions for Derivatization of

PG with Perfluorooctanoyl Chloride

The liquid chromatography-mass spectrometry system consisted of two

Shimadzu LC10ADvp high pressure pumps (Columbia, MD), a Shimadzu

DGU-14A solvent degasser (Columbia, MD), a Shimadzu SCL10Avp system

controller (Columbia, MD), a Shimadzu SIL10Advp autosampler (Columbia,

MD), a Micromass Quattro Triple mass spectrometer (Manchester, UK), and a

MassLynx 3.4 Micromass data acquisition system. Separations for the deri-

vative of PG and perfluorooctanoyl chloride were performed using a

2.1� 50mm Waters Symmetry Shield RP-18, 3.5 mm column (Milford, MA

3416 Gao et al.
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01757). The flow rate was 0.5mL=min. The mobile phase consisted of

methanol : water 80 : 20. The injection volume was 1 mL. The parameters for

the MS=MS system were set as follows: corona 3.50 kV; cone 12V; extractor

2V; source temperature 120�C; APCI probe temperature 350�C. The desolva-

tion gas flow was 150 L=hr. Ions were scanned in negative APCI mode.

GC=MS Apparatus and Conditions for Derivatizing Efficiency

of Perfluorooctanoyl Chloride

The gas chromatograph-mass spectrometric (GC-MS) analysis was car-

ried out using a Model 5890 Hewlett-Packard (Palo Alto, CA) GC coupled

with a 5971A mass-selective detector. The column used for PG and the

derivative of PG and perfluorooctanoyl chloride was a DBWAX,

15� 0.25mm I.D. capillary column (Agilent Technologies). The initial oven

temperature for the perfluorooctanoyl chloride derivative was 60�C, the

temperature was then increased to 180�C at 15�C=min, and subsequently

increased to 240�C at 40�C=min and kept for 1min. Injector temperature and

detector temperature were 230�C and 290�C. The mass spectrum was scanned

from m=z 50 to m=z 650. The solvent delay was set to 2min.

Standards and Controls

Rat plasma was spiked with PG to obtain standards of 2.0, 4.0, 20.0,

40.0, 200.0, 400.1, 1000, 2000, 4001 mg=mL and controls of 8.0, 160.5,

3210 mg=mL. Standard and control samples of lung homogenate were prepared

as mg PG=g lung tissue. Rat lung was spiked with PG to obtain standards of

2.0, 4.0, 5.0, 10.0, 40.0, 100.0, 400.0, 1000, 2000, 2400 mg=g and controls of

8.0, 160.0, 1900 mg=g. When PG standards or controls were prepared in lung

tissue, lungs were weighed (about 0.6–0.8 g) and placed in a 20� 150mm-

culture tube. The final volume to be added was approximately four times

the weight of the tissue. To achieve the final volume, PG stock solution and

additional water were added. After homogenization for 45–60 seconds on

high speed, samples were extracted. Working standards and controls were

stored at �80�C.

Quality control samples of 12,000 mg=mL and 4000 mg=g were prepared

as dilution controls for rat plasma and rat lung tissue sample, respectively.

After dilution control samples were diluted 10 fold with aliquots of the matrix

to bring the determined concentration of PG within the linear range, they were

processed as quality controls were.

Determination of PG in Rat Plasma and Lung Tissue Using HPLC 3417
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Extraction and Derivatization of PG with Benzoyl Chloride in

Rat Plasma

A 50 mL volume of rat plasma sample was mixed with 10 mL of 50 mg=mL

IS and 50 mL of 4M NaOH. After 1mL of the benzoyl chloride=pentane
mixture was added, each specimen was vortexed for 30min. A 25 mL volume

of 1% glycine solution was then added to stop the reaction and the solution

was vortexed for 15min followed by standing at room temperature for 45min.

The mixture was centrifuged at 4000 rpm for 5min and 100 mL of the pentane

layer was transferred to a disposable conical screw cap tube. The sample was

dried under dry nitrogen at 40�C and the residue was reconstituted with

1000 mL of methanol.

Extraction and Derivatization of PG with Benzoyl Chloride in

Rat Lung Tissue

A 100 mL volume of rat lung homogenate was thoroughly mixed with

10 mL of 100 mg=mL IS. All samples were equilibrated for 30min at room

temperature, vortexed thoroughly, then centrifuged at 4000 rpm for 10min.

50 mL of the supernatant of each sample was then transferred to a clean

eppendorf tube, and 50 mL of 4M NaOH was added to the sample. After the

1mL benzoyl chloride and pentane mixture was added, each specimen was

vortexed for 30min. A 25 mL volume of 1% glycine solution was then added

and all tubes were vortexed for 15min, followed by standing at room

temperature for 45min. The mixture was centrifuged at 4000 rpm for 5min

and 100 mL of the pentane layer was transferred to a clean test tube. The

samples were dried under dry nitrogen in a Turbovap1 evaporator at 40�C for

�5min. The residue was reconstituted with 200 mL of methanol.

Assay Validation

The calibration curve for rat plasma ranged from 2.0 to 4000.0 mg=mL

and was constructed using least-squares regression of the ratios of the PG peak

area to that of the IS plotted versus PG concentration. The calibration curve for

rat lung tissue ranged from 2.0 to 2400.0 mg=g and was constructed similarly

to the plasma curve. The intra-assay precision and accuracy in rat plasma or rat

lung tissue were studied by determining three quality control and dilution

control samples within the same day (n¼ 6). The inter-assay precision and

accuracy for the samples were detected on three different days (n¼ 18).

Analytical relative recovery was determined by comparison of the peak area of

PG extracted from water versus the areas of PG controls in the same analytical

3418 Gao et al.
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run. The same procedure was used to establish the relative recovery of the IS

(1,4-Butanediol). Freeze=Thaw stability was evaluated over three freeze=thaw
cycles (from �80�C to room temperature). Bench stability was also deter-

mined by removing samples from �80�C storage, thawing to room tempera-

ture, and incubating on the benchtop 4 hours prior to starting analysis. After

prepared samples were stored 24 hours on the autosampler at ambient

temperature, stability was tested by comparison with fresh samples.

Extraction and Derivatization of PG with Perfluorooctanoyl

Chloride in Rat Plasma

A 50 mL sample of rat plasma (1mg=mL PG) was mixed with 50 mL of

acetone. The sample was vortex-mixed and then centrifuged at 13000g for

5min. The supernatant was evaporated to dryness under dry nitrogen with the

temperature not more than 45�C. 50 mL of perfluorooctanoyl chloride was

added to the residue. After incubation at 60�C for 25min in a heating block,

the reaction mixture was evaporated under dry nitrogen and the dry residue

reconstituted with 50 mL of methanol for LC=MS analysis.

Derivatization Efficiency Experiments

A 50 mL perfluorooctanoyl chloride was added to 1mg PG. After

incubation at 60�C for 25min in a heating block, 1mL of methanol was

added to the mixture to quench the reaction by reacting with the excess

derivatizing reagent. The reaction mixture was incubated at 60�C for 10min,

then injected into GC system. Derivatization efficiency was estimated by

comparing the peak area of PG after the derivatization reaction versus PG peak

area before derivatizing reaction.

RESULTS AND DISCUSSION

Generally, electrospray ionization is used for compounds with high

polarity, while APCI is applicable to compounds with low polarity.[13] Direct

analysis of PG using ESI or APCI lacked sensitivity due to poor ionization

efficiency. Introduction of proton-affinitive atoms, such as oxygen and nitro-

gen, has been shown to improve the capability of transferring protons for

several compounds.[13,14] Benzoyl chloride, a derivatization reagent for

hydroxyl groups and amine groups in HPLC=UV detection,[15,16] can offer a

proton-affinitive group from its benzoyl moiety. Sunner has discussed the

relationship of detection sensitivity and gas-phase basicity of compounds

Determination of PG in Rat Plasma and Lung Tissue Using HPLC 3419
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using APCI.[17] The detection sensitivity for most of oxygen bases increased

with gas-phase basicity. After introduction of proton-affinitive atoms to the

structure, it is very possible that the gas-phase basicity of a compound is

increased. Although the gas-phase basicity value for PG and its benzyol

chloride derivative couldn’t be obtained directly, we expected that the

introduction of the benzoyl moiety also would improve the gas-phase basicity

and proton transfer for PG when considering the gas-phase basicities of methyl

benzylketone (PhCOMe) and methanol, which are 195 and 172Kcal=mol,[18]

respectively. The formation of derivatives can also effectively shift the

analytical mass range to a high mass field, therefore decreasing the noise in

the background and improving the detection sensitivity.

The molecular ion of the PG derivative at m=z (MþH)þ 285 was detected

in the positive ion mode (Fig. 1). A base peak was observed at m=z 163, and
represented the ion formed by loss of a benzoyl acid group from the molecular

ion. Similarly, amolecular ion (MþH)þ at m=z 299 and an abundant fragmental

ion at m=z 177 could be observed for the IS due to loss of benzoyl acid.

Tandem MS=MS is useful in the detection of known or targeted com-

pounds to give a combination of high sensitivity and high selectivity.[19] Based

on the intensity of ions and fragmentation pathways of the derivative of PG and

the IS, the best precursor and product ion pairs for quantitation could be defined

in the MRM mode. The ions at m=z 285.00 and 299.00 were used as precursor

ions and the ions at m=z 163.00 and 177.00 as product ions for PG and the IS,

Figure 1. Atmospheric pressure chemical ionization mass spectrum of the benzoyl

chloride derivative of PG.
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respectively. Chromatograms for PG and the IS are shown in Fig. 2. The

retention time for PG was 3.5min; and the retention time for the IS was 4.4min.

The assay in plasma was linear over the concentration range of 2.0 mg–
4000 mg=mL with a correlation coefficient of 0.9990, when weighted

Figure 2. Chromatogram of PG sample in rat plasma using the multiple reaction

monitoring detection mode. (a) Blank with IS; (b) Blank with PG. For each pair of

pictures, the upper one shows the chromatogram of PG, the bottom one shows the

chromatogram of IS.

(continued )
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1=concentration2. The linear equation was produced as: peak ratio¼

�0.000965þ 0.0222� concentration; and the concentration residuals were

within 9.0%. The precision and accuracy of the method were calculated as the

relative standard deviation (%RSD) and the percent difference from nominal

(%DFN), respectively. Table 1 summarizes the precision and accuracy of the

quality control samples. The assay demonstrated inter-assay precision (%RSD)

in rat plasma between 4.2 and 6.6% (n¼ 18), and the percent inaccuracies of

inter-assay data in rat plasma was between 2.5 and 4.7%. The precision

Figure 2. Continued.
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(%RSD) and the accuracy of the dilution control were 5.8% and 2.0%,

respectively (n¼ 6).

The assay for lung tissue was linear over the range 2.0 mg–2400 mg=g,
with correlation coefficient r¼ 0.9985. The linear equation was: peak

ratio¼ 0.000159þ 0.000624� concentration; and the concentration residuals

were within 10.3%. The inter-assay precision for PG in rat lung tissue was 6.5–

7.4% (n¼ 18) and the percent inaccuracies of inter-assay data in rat lung were

between 1.3 and 6.8%. The precision and accuracy of the dilution controls

were 3.7% (%RSD) and 5.0% (% DFN) (n¼ 6). These data show that this

method is reliable for quantitation in the concentration range studied.

The detection limits of the assay for rat plasma and rat lung tissue were

0.269 mg=mL and 1.12 mg=g, respectively, based on three times the standard

deviation of the blank. The limits of quantitation were 0.448 mg=mL for rat

plasma and 1.62 mg=g for lung tissue based on five times the standard

deviation of the blank. When the dry residue after derivatization was

reconstituted in 50 mL of methanol instead of 1000 mL, the limit of quantitation

for rat plasma was lowered to 0.25 mg=mL with the %DFN at 4.1%.

Samples were considered to be stable if the mean difference between

initial to final result was less than 15%. All samples demonstrated acceptable

three times freeze=thaw stability, bench stability, and prepared sample stability.

Derivatization with benzoyl chloride is a Schotten-Baumann reaction,

which is known as acylation of alcohols or amines with acyl halides in

aqueous. In the published methods,[12,15,16] a small amount of benzoyl

chloride (20–50 mL) was added to the sample directly, followed by vortex

and extraction. Since benzoyl chloride is insoluble in water, the reaction takes

place only at the phase boundary, therefore, the speed of reaction and

derivatization efficiency is lowered. We modified this method by combination

of the derivatization step and extraction step together. Adding benzoyl chloride

with solvent pentane to the sample, not only made the reactants mixed well,

but also reduced the de-esterification of the derivative in aqueous alkali by

transferring the derivative to pentane. The extraction=reaction efficiency,

therefore, was increased 16 times based on increasing of peak area of PG.

Extraction solvents like pentane, hexane, and n-butyl chloride were

studied to optimize extraction recovery and selectivity. Pentane was chosen

as the extraction solvent in this experiment, because pentane did not extract the

amides formed with benzyl chloride and the biological matrix as readily.[15]

The derivatization and extraction were processed simultaneously, moreover, no

primary standard of the derivative of PG was available; therefore, only relative

recovery could be determined. Recovery was determined by comparing the

peak height of PG extracted from water versus that of PG controls in the same

analytical run. The same procedure was used to establish relative recovery of

the IS. Relative recovery in these experiments could be regarded as to the
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derivatization efficiency and extraction efficiency combined. Relative recovery

of both PG and the IS for rat plasma were 27.8% and 47.1%, respectively. The

relative recovery of PG in rat lung tissue was 31.3%, while the relative

recovery of the IS was high, 355.0%. This is probably due to the increased

solubility of the IS in the lung matrix versus water. Both PG and the IS were

recovered consistently, as demonstrated by calibration and control results.

Ferral et al. reported the carry-over of PG in a GCmethod.[8] We, therefore,

investigated carry-over in this method. Although there was no carry-over for rat

lung tissue, a slight carry-over for rat plasma sampleswas observed.We detected

blank samples in matrices following the injection of samples at the upper limit of

linearity. The mean detector response for PG in a rat plasma sample was 35.7%

of the detector response for an LLOQ standard. Therefore, running a blank

matrix sample after a high concentration sample, was carried out to prevent

misquantification of subsequent low concentration samples.

After electron capture negative chemical ionization (ECNCI)=MS was

introduced into gas chromatographic detection by Hunt and co-workers in

1976,[20] it became a method of choice for the analysis of many drugs and

biomolecules at trace concentration. G. Singh applied electron capture

APCI=MS with a LC interface to establish an attomole sensitivity for steroids,

prostaglandins, and DNA-adducts. He postulated that the low-energy electrons

generated in the APCI source could potentially ionize suitable analytes

through dissociative electron capture. The sensitivity of detection was

enhanced by tagging analytes with an electron-capturing group.[21] Therefore,

in addition to the benzoyl chloride method, the possibility of analyzing PG by

ECAPCI after derivatization with perfluorooctanoyl chloride, an electron

capturing derivatizing reagent,[22] was investigated.

Gas-chromatography=mass spectrometric was used to evaluate derivative

formation, and two new peaks were observed in a GC=MS total ion

chromatogram after derivatization of PG with perfluorooctanoyl chloride

(Fig. 3). A very small peak corresponding to PG could be observed with a

retention time at 5.2min. The peak at 4.3min is likely to be mono-derivatized

PG, because the ion with the highest mass to charge detected was at m=z 457.
This could be the fragment ion produced after loss of a methyl group from the

molecular ion. The strong fragment ions at m=z 31, 45, and 59 could be

explained as the CH2CH(CH3)OH group in mono-derivatized PG. Moreover,

the retention time of mono-derivatized PG became shorter and could be due to

the derivatization of the hydroxyl group and the decrease of its interaction with

the polar column. We speculate that the peak at 6.2min is PG with both

hydroxyl groups derivatized, unfortunately, we could not observe this mole-

cular ion at m=z 868 because the scan range of the HP 5971 GC=MS is limited

to m=z 650 da. The proposed mass spectral fragmentation pattern, which is

consistent with the di-derivatized product of EG,[22] is shown in Fig. 4.
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Figure 3. Total ion chromatogram and mass spectra of the perfluorooctanoyl chloride

derivatives of PG using GC=MS. (A) Total ion chromatogram of 1 : 1000 dilution of

derivatives.
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Although the formation of the derivatives was demonstrated, no signal

was detected by LC=MS following the rat plasma sample preparation step

described previously in the section of extraction and derivatization of PG with

perfluorooctanoyl chloride in rat plasma. It was hypothesized, that there were

two possible reasons for this result, poor recovery efficiency or poor ionization

efficiency.

Poor recovery efficiency was demonstrated after the remaining PG was

detected for each sample preparation step. About 40% of PG was lost in the

protein precipitation step, and less than 10% (about 8.65%) of PG remained

after the evaporation of the supernatant. Derivatization efficiency was esti-

mated using the peak area of PG before the derivatization reaction to that of

peak area after the dervatization. The derivatization efficiency was 94.5%,

although the derivatization efficiency decreased significantly with the addition

of water (Fig. 5). While the evaporation step was necessary for sample

preparation prior to derivatization, it became the major limitation of this

Figure 4. Proposed fragmentation pattern of the perfluorooctanoyl derivative of PG.

Figure 5. Derivatizing efficiency of PG with PFOCL. Experiment 1: 1mg PG;

Experiment 2: 1mg PG with 1mg H2O; Experiment 3: 1mg PG with 25mg H2O.
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Figure 6. Chromatography and mass spectra of derivatives of PG and perfluoroocta-

noyl chloride using LC=MS. Excessive perfluorooctanoyl chloride was evaporated after

the derivatization reaction. (A) Total ion chromatography; (B) Mass spectrum of

derivative 1 (Rt¼ 0.48min); (C) Mass spectrum of derivative 2 of PG (Rt¼ 4.01min).

3428 Gao et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



analytical method. When pure PG was derivatized and analyzed by LC=MS,

two derivative peaks could be observed with the current conditions (Fig. 6).

No molecular ions were detected, but two intense ions were observed at m=z
369(�CF2(CF2)5CF3) and m=z 413 (�OCOCF2(CF2)5CF3) for each peak. The

fragmentation pathway is different from the proposed mechanism of electron

capture APCI, in which the molecular ion is formed by the loss of the electron

capturing group radical.[21] Fluorine atoms in the compound may have made

the negative fragment ions stable, resulting in two intense peaks in the negative

ion detect mode. This, however, also made this method not very selective,

since other intense ions came from perflurooctanoyl moiety.

CONCLUSION

A short-chain alcohol with poor intrinsic MS ionization efficiency in the

API mode, PG, was subjected to the Schotten-Baumann reaction with benzoyl

chloride, resulting in a derivative having high APCI detection sensitivity. The

ionization efficiency of the benzoic acid derivative was increased due to the

introduction of the benzoyl moiety, which may have resulted in improved

proton transfer for the PG derivitive. Validation for the method was established

in a wide linear range for rat plasma and lung tissue with an LOQ suitable for

analysis in rat plasma and rat lung tissue. This method may be adoptable to

detect other alcohols in complex matrices.

Derivatization with PFOCL could improve detection sensitivity for PG

using the negative ion MS detect mode, however, the sample preparation step

was a critical weakness of that method. About 90% of PG was lost during the

evaporation step, which was necessary for sample preparation prior to

derivatization. Additionally, intense ions resulting from the derivatization

reagent resulted in a lack of selectivity.
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