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Highlights 

 An LC/MS/MS method for the quantification of GW9508 in rat plasma 

 Pharmacokinetics of GW9508 was investigated 

 Oral bioavailability was 54.88% 

 Metabolites of GW9508 were characterized by LC-Q-Exactive-Orbitrap-MS 

 Hydroxylation and glucuronidation were the primary metabolic pathways 
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ABSTRACT 

In this study, a simple, fast and sensitive LC/MS/MS method was developed and validated for the 

determination of GW9508 in rat plasma. The sample was precipitated with acetonitrile and 

subsequently separated on ZORBAX Eclipse XDB C18 column (50 mm × 2.1 mm, 5 μm). Mobile 

phase was composed of 0.1% formic acid in water and acetonitrile with gradient elution, at a flow 

rate of 0.4 mL/min. The analyte and internal standard were quantitatively monitored with precursor-

to-product transitions of m/z 348.2→183.1 and m/z 397.2→260.2, respectively. The linearity of the 

assay was evident in the range of 1-1000 ng/mL with correlation coefficient more than 0.998. The 

validation parameters were all within the acceptable limits. The validated method has been 

successfully applied to the pharmacokinetics study of GW9508 in rat plasma, and our results 

demonstrated that GW9508 showed low clearance, moderate half-life and ideal bioavailability 

(54.88%). Furthermore, metabolites stemmed from rat plasma, rat hepatocytes and human 

hepatocytes were analyzed by an LC-Q-Exactive-Orbitrap-MS assay, resulting in the identification 

of seven metabolites based on the accurate mass and fragment ions. Acylglucuronide conjugate (M6) 

was found as the most abundant metabolite in all tested matrices. The metabolic pathways were 

proposed as hydroxylation and glucuronidation. This study provided an overview of disposition of 

GW9508, which is highly instructive for better understanding the effectiveness and toxicity of this 

drug. 

Keywords: GW9508, pharmacokinetics, metabolism, rat hepatocytes, human hepatocytes 
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1. Introduction 

Type 2 diabetes mellitus, a metabolic syndrome, is characterized by insufficient insulin secretion, 

which has been emerging as one of the serious health problems [1, 2], as it can result in cardiovascular 

complications, renal failure, and other complications [3-5]. Free fatty-acid receptor 1 (FFAR1), 

known as human GPR40 receptor (GPR40), has been emerging as one of the antidiabetic targets [6-

8]. A number of GRP40 agonists have been developed as therapeutical agents for type 2 diabetes 

mellitus, such as TAK-875 and AMG-837 [9-14]. Although numerous GPR40 agonists were 

discovered, a majority of these agonists were failed in developmental stage due to the concerns about 

liver injury [15, 16]. GW9508 is a potent and selective GPR40 agonist with EC50 of 7.32 nM, which 

was developed by GlaxoSmithKline as a therapeutical agent for type 2 diabetes mellitus [17]. 

GW9508 can regulate insulin sensitivity and glucose homeostasis by activating Atk/GSK-β pathway 

and reducing fetuin-A levels [18, 19]. It also can inhibit insulin secretion by activating ATP-sensitive 

potassium channels in rat pancreatic β-cells [20, 21]. 

Drug metabolism and pharmacokinetics (DMPK) is an integral part in drug discovery and 

development. In some cases, DMPK property affects a drug’s in vivo exposure and in turn, the efficacy 

and toxicity and numerous examples demonstrated that DMPK property is one of the determinants of 

drug success [22]. From the point view of chemical structure, GW9508 involves a phenylpropanoic 

acid in the molecule, which is vulnerable to glucuronidation to form acyl glucuronide. In addition, 

phenylpropanoic acid is also readily subjected to β-oxidation [23]. As far as we know, the detailed 

DMPK profiles of GW9508 remain unknown. LC/MS has been becoming as an indispensable and 

reliable tool for DMPK study because of its high sensitivity and selectivity; especially the high 
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resolution LC/MS can provide the accurate structural information of drugs and their metabolites; in 

addition, the concept of mass defect filter (MDF) can automatically remove the interfering peaks, 

which facilitates the characterization of the metabolites [24]. 

Therefore, the current study aimed at 1) developing and validating an LC/MS/MS assay for the 

measurement of GW9508 in rat plasma; 2) investigating the pharmacokinetics of GW9508 in rat 

plasma after oral and intravenous administration; 3) identifying the metabolites from rat plasma, rat 

hepatocytes and human hepatocytes; and 4) proposing the metabolic pathways of GW9508. This 

study is the first report on the pharmacokinetics and metabolism of GW9508, which would be helpful 

in understanding the effectiveness, toxicity and safety. 

2. Materials and methods 

2.1. Chemicals and reagents 

GW9508 (purity: 99.73%) and PF-04620110 (purity: 98.47%, internal standard, IS) were purchased 

from Selleck Chemicals (Shanghai, China). Cryopreserved male Sprague-Dawley rat hepatocytes (n 

= 12) were obtained from BD Gentest (Woburn, MA). Cryopreserved male human hepatocytes (n = 

10) were supplied by the Research Institute for Liver Diseases (Shanghai) Co., Ltd. (Shanghai, China). 

HPLC-grade acetonitrile was purchased from Merck (Darmstadt, Germany). Deionized water was 

prepared by a Milli-Q Water Purification System (Millipore Corp., MA, USA). All other chemicals 

and reagents were of analytical grade and obtained from Sinopharm Chemical Co. Ltd (Shanghai, 

China). 

2.2. Animals, drug administration and sample collection 

Twelve male Sprague-Dawley rats with body weight of 220 ± 20 g were provided by the Animal 

Experiment Center of Maternal and Child Health Care Hospital of Zaozhuang (Zaozhuang, China). 
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The rats were kept in an environmentally controlled breeding room (temperature 25 ± 5 oC, humidity 

55-65%) with food and water being freely available. The rats were acclimated to the facilities and the 

environment for 5 days before experiments. Before experiments the rats were fasted for 12 h but free 

access to water. The animal experiments were approved by the Review Committee of Animal Care 

and Use of Maternal and Child Health Care Hospital of Zaozhuang (Zaozhuang, China). GW9508 

was prepared in 0.5% DMSO-0.5% carboxymethyl cellulose sodium salt-99% saline for dosing. The 

solution was stirred at room temperature until use. For oral administration (n = 6), GW9508 was given 

to rat via gavage at a single dose of 1 mg/kg; for intravenous administration (n = 6), GW9508 was 

administered to rat via tail vein at a single dose of 1 mg/kg. The blood samples (~120 μL) were 

collected into clean tubes containing EDTA-Na2 at pre-dose, 0.083, 0.25, 0.5, 1, 2, 4, 8, 12, and 24 h 

post-dose. The blood samples were immediately centrifuged at 4000 rpm for 5 min, and the resulting 

plasma samples were transferred into clean tubes and then stored at -80 oC until analysis. 

2.3. Plasma sample preparation 

To prepare the plasma sample, an aliquot of 50 μL of rat plasma was placed in a 1.5-mL centrifuge 

tube. An aliquot of 5 μL of IS working solution (400 ng/mL) was spiked followed by adding 250 μL 

of acetonitrile. After being thoroughly mixed by vortexing, the mixture was then centrifuged at 15000 

rpm for 10 min, and the resulting supernatant was transferred into another tube and then blown dry 

with nitrogen gas. The residue was then re-dissolved with 100 μL of acetonitrile-water solution (v:v, 

1:9) and 2 μL of the solution was injected into LC/MS/MS system for analysis. 

To detect and identify the metabolites present in rat plasma, the plasma samples were pooled 

according to AUC rule [25, 26]. A total of 0.6 mL of pooled plasma sample was mixed with 2.4 mL 

of acetonitrile and then the sample was centrifuged at 15000 rpm for 10 min to remove the denatured 
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protein. The supernatant was dried with nitrogen gas and the residue was re-dissolved with 100 μL of 

acetonitrile-water solution (v:v, 1:9). An aliquot of 2 μL of the supernatant was injected into LC-Q-

Exactive-Orbitrap-MS for analysis. 

2.4. In vitro metabolism 

A stock solution of GW9508 (10 mM) was prepared in DMSO and then diluted with 50% acetonitrile 

solution and Williams’ E medium to yield the working solution (50 μM). Cryopreserved hepatocytes 

(rat and human) were stored in liquid nitrogen before use. Thawing was carried out according to the 

manufacture’s instruction, after which the hepatocytes were suspended in Williams’ E medium to 

yield a cell concentration of 1.25 million cells/mL. The viability, determined using the trypan blue 

exclusion method, was found to be > 85.8%. Subsequently, an aliquot of 200 μL of hepatocytes 

suspension was added into 24-well plate followed by adding 50 μL of GW9508 working solution. 

The organic solvent in the incubation system was < 0.2% (v/v). The total incubation volume was 250 

μL. The hepatocyte density was 1 million cells/mL and the concentration of GW9508 in incubation 

system was 10 μM. The incubations were conducted in a humidified CO2 incubator at 37 oC. 

Incubations without GW9508 served as blank controls. After incubation for 2 h, the reactions were 

stopped by adding 1.0 mL of ice-cold acetonitrile. The samples were transferred into tubes and then 

centrifuged at 15,000 rpm for 10 min. The supernatants were evaporated to dryness under nitrogen 

gas. Each residue was dissolved in 100 μL of acetonitrile-water solution (v/v; 1:9) and an aliquot of 

2 μL of each sample was injected into the LC-Q-Exactive- Orbitrap-MS system for analysis. 

2.5. Instrumentation and conditions 

2.5.1. LC/MS/MS 

The LC/MS/MS system was composed of a Thermo Dionex Ultimate 3000 LC system (Thermo 
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Fisher Scientific, USA) equipped with a binary pump, sample manager and column manager and a 

TSQ Vantage triple quadrupole tandem mass spectrometer equipped with an electrospray ionization 

(ESI) interface (Thermo Fisher Scientific, USA) operated in positive ion mode. LC separations were 

achieved on a ZORBAX Eclipse XDB C18 column (Agilent Technologies, 50 mm × 2.1 mm, 5 μm) 

kept at 35 oC. The mobile phase was made up of water containing 0.1% formic acid (A) and 

acetonitrile (B) with gradient programs as follows: 10% B at 0-0.2 min, 10-45% B 0.2-0.8 min, 45-

90% B at 0.8-1.3 min, 90% B at 1.3-1.6 min, and 10% B at 1.6-2.0 min. The flow rate was maintained 

at 0.4 mL/min. The auto-sampler was kept at 10 °C. The injection volume was 2 µL. 

Source parameters were optimized as follows: spray voltage 3.0 kV, vaporizer temperature 200 

oC, capillary temperature 250 oC, sheath gas 40 arb, and auxiliary gas 10 arb. Quantification was 

performed by using selected reaction monitoring (SRM) mode. The precursor-to-product quantifier 

transitions were optimized to be m/z 348.2→183.1 and m/z 397.2→260.2 for GW9508 and IS, 

respectively. The precursor-to-product qualifier transitions were m/z 348.2→288.1 and m/z 

397.2→138.0 for GW9508 and IS, respectively. The collision energy was 25 eV for GW9508 and 45 

eV for IS. The dwell time was 100 ms for each transition. Data acquisition and processing were 

accomplished with Xcalibur software (Version 2.3.1, Thermo Fisher Scientific, USA). 

2.5.2. LC-Q-Exactive-Orbitrap-MS 

For metabolite identification, a Waters ACQUITY H-class LC system (Waters Co., Milford, MA, 

USA) coupled with Waters ACQUITY BEH C18 column (100 × 2.1 mm, 1.7 µm) was employed for 

LC separation. The column was kept at 35 oC. The mobile phase was composed of 2 mM ammonium 

acetate solution (A) and acetonitrile containing 0.2% formic acid (B), which was delivered at a flow 

rate of 0.4 mL/min. The gradient program was set as follows: 0-1 min 10% B, 1-5 min 10-50% B, 5-
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13 min 50-90% B, 13-16 min 90% B and finally the column was reconditioned with 10% B for 2 min. 

The injection volume was 2 µL. 

High resolution mass detection was achieved on a Q-Exactive-Orbitrap mass spectrometer 

(Thermo Fisher Scientific, USA) equipped with an ESI interface operated in positive ion mode. 

Source parameters were optimized as follows: spray voltage 3.0 kV, capillary temperature 300 oC, 

sheath gas 40 arb, and auxiliary gas 10 arb. Mass scans were acquired in the m/z range of 100–1000 

Da in centroid mode with a mass resolution of 70000 FWHM. MS/MS spectra were recorded with 

dd-MS2 data acquisition mode with higher-energy collisional dissociation at 25 eV. Instrumental 

control and data acquisition were conducted by Xcalibur software (Version 2.3.1, Thermo Fisher 

Scientific, USA). 

2.6. Method validation 

2.6.1. Selectivity 

To investigate the selectivity of the quantitation method, blank rat plasma from six different 

individuals, blank rat plasma spiked with GW9508 at lower limit of quantification (LLOQ) and IS, 

and actual rat plasma after oral administration of GW9508 were prepared and analyzed as above-

mentioned procedures. There should be no interfering peaks at the retention times of GW9508 and 

IS. 

2.6.2. Linearity and sensitivity 

The calibration curves, ranging from 1 to 1000 ng/mL, were constructed by plotting the peak area 

ratio of GW9508 to IS (y) versus nominal concentration of GW9508 (x). The linearity was assessed 

by correlation coefficient (r), which should be > 0.995. The sensitivity was expressed as LLOQ, at 

which the signal-to-noise ratio was >10, with acceptable accuracy and precision. 
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2.6.3. Precision and accuracy 

The intra- and inter-day precision and accuracy of the assay were investigated by analyzing 

sextuplicates of each concentration levels (3, 30 and 750 ng/mL) on three successive days along with 

a freshly prepared calibration curve each day. Precision was expressed as RSD% (relative standard 

deviation) of the QC samples, which should be < 15%, while accuracy was indicated as RE% (relative 

error), which should be within ±15%. 

2.6.4. Extraction recovery and matrix effects  

Extraction recovery and matrix effects were evaluated by QC samples at three concentration levels 

(3, 30 and 750 ng/mL). Extraction recovery of GW9508 was evaluated by comparing the peak areas 

of GW9508 from pre-extracted QC samples with those of samples reconstituted with blank extracted 

plasma (post-extraction) at the same concentrations. The matrix effects were evaluated with six 

different lots of rat plasma. Matrix effects were measured by comparing the peak areas of post-

extraction blank plasma samples spiked with GW9508 with those of standard solutions at the same 

concentrations. The values of matrix effects (ME%) should be in the range of 85-115%. The 

extraction recovery and matrix effects of IS were determined in the same procedure. 

2.6.5. Stability 

The stability of GW9508 in rat plasma was assessed by QC samples at three concentration levels (3, 

30 and 750 ng/mL) in sextuplicates under different storage conditions. Long-term stability was 

performed at -80 oC for 30 days; short-term stability was conducted at 25 oC for 12 h; post-preparative 

stability was carried out at 10 oC for 8 h in auto-sampler; and freeze-thaw stability was performed 

after three freeze (-80 oC)-thaw (25 oC) cycles. All the QC samples were measured by a freshly 
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prepared calibration curve. The determined concentrations should be within ± 15% of the nominal 

concentrations and RSD% should be < 15%. 

2.6.6. Dilution integrity  

The effect of dilution was evaluated by diluting six replicates of QC samples at a concentration 4 

μg/mL with blank rat plasma to yield the final concentration of 1000 ng/mL. The diluted samples 

were processed and determined as above. The accuracy should be within ± 15% of the nominal 

concentration with RSD% < 15%. 

3. Results and discussion 

3.1. Method development 

To accurately quantify GW9508 in rat plasma, the mass spectra of GW9508 and IS were initially 

obtained. Compared with that in negative ion mode, GW9508 showed much higher mass signal in 

positive ion mode. In full-mass scan, GW9508 and IS displayed protonated molecular ions [M+H]+ 

at m/z 348.2 and 397.2, respectively. In product ion scan, GW9508 produced two abundant product 

ions at m/z 288.1 and 183.1; IS resulted in the product ions at m/z 260.2 and 138.0. Further 

experiments demonstrated that transition of m/z 348.2→183.1 was more sensitive than that of m/z 

348.2→288.1; for IS, transitions of m/z 397.2→260.2 and m/z 397.2→138.0 showed the identical 

sensitivity. Therefore, the quantifier precursor-to-product transitions were m/z 348.2→183.1 for 

GW9508 and m/z 397.2→260.2 for IS. For confirmation, qualifier precursor-to-product transitions 

were m/z 348.2→288.1 and m/z 397.2→138.0 for GW9508 and IS, respectively. The source 

parameters, S-Lens voltage and collision energy were further optimized to obtain the optimum 

sensitivity. 
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ZORBAX Eclipse XDB C18 column (50 mm × 2.1 mm, 5 μm) was selected for separation, which 

had a good separation performance, short running time and symmetric peak shape. Methanol and 

acetonitrile were compared, and acetonitrile with gradient elution had better elution ability, which 

guaranteed a thorough separation in such a short running time (2 min). Addition of 0.1% formic acid 

in the mobile was found to facilitate the ionization of the analyte and IS.  

Protein precipitation with organic solvent was frequently used for sample preparation. In this 

study, acetonitrile was employed for plasma pretreatment. Unfortunately, leading peak was found 

when the supernatant was directly injected for analysis. To obtain a symmetric peak shape, the 

supernatant was dried to dryness and the residue was re-dissolved in 100 μL of acetonitrile-water 

solution (v/v; 1:9). 

3.2. Method validation 

3.2.1. Selectivity 

Fig. 1 showed the representative SRM chromatograms of blank rat plasma, blank rat plasma 

supplemented with GW9508 and IS, and plasma samples after oral administration of GW9508. It was 

indicated that GW9508 was well separated and no interfering peak was found at the retention times 

of GW9508 and IS. Under the current conditions, GW9508 and IS were detected at 1.27 and 0.64 

min, respectively. 

3.2.2. Linearity and sensitivity 

The calibration curves were linear in the range of 1-1000 ng/mL, with correlation coefficient larger 

than 0.998 (r > 0.998). The typical calibration curve is y = 0.0062 x + 0.0071, where y is peak area 

ratio of GW9508/IS and x is the concentration of GW9508 in plasma (ng/mL). The sensitivity of this 
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assay indicated by LLOQ was 1 ng/mL, where the RE% ranged from -8.45% to 6.34% and the RSD% 

were less than 8.63%.  

3.2.3. Precision and accuracy 

As summarized in Table 1, the intra- and inter-day RSD% were less than 6.25% and 7.97%, 

respectively; intra- and inter-day RE% were in the range of -2.33-4.80% and -6.70-7.80%, 

respectively. These data suggested that GW9508 in rat plasma can be accurately and precisely 

measured by the developed assay. 

3.2.4. Extraction recovery and matrix effects  

As shown in Table 1, the extraction recovery of GW9508 from rat plasma was more than 84.34% 

and the extraction recovery of IS was 81.02%. The results of matrix effects suggested that the 

developed assay was free of matrix effects. ME% values were in the range of 93.51-103.74%. 

3.2.5. Stability 

GW9508 was stable in rat plasma at -80 oC for 30 days, 25 oC for 12 h, 10 oC for 8 h in auto-sampler, 

and after three freeze (-80 oC)-thaw (25 oC) cycles. The RE% values ranged from -5.33% to 3.67% 

with RSD% < 8.01%. 

3.2.6. Dilution integrity 

The results of dilution integrity indicated that 4-fold dilution of the plasma sample did not 

significantly affect the determination of GW9508, with RE% in the range of -2.33-3.67% and RSD% 

of 3.83%. 

3.3. Pharmacokinetic study 

The validated LC/MS/MS has been successfully applied to the pharmacokinetics study of GW9508 

in rat plasma. Fig. 2 depicted the plasma concentration-time curves of GW9508 in rat plasma after 
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oral and intravenous administration at a single dose of 1 mg/kg. The primary pharmacokinetic 

parameters calculated through non-compartmental analysis using DAS 2.0 software (Chinese 

Pharmacology Society) were summarized in Table 2. After intravenous administration, GW9508 was 

slowly eliminated from the plasma, with half-life (T1/2) of 7.34 h and clearance (CL) of 239.45 

mL/h/kg. The exposure (AUC0-t) was 3791.02 ng·h/mL. When given orally, GW9508 was rapidly 

absorbed into plasma as indicated by the evidence that GW9508 was detectable at 5 min post-dose, 

and reached the maximum plasma concentration (Cmax) at 1.50 h post-dose. The CL was 482.43 

mL/h/kg and the T1/2 was 5.08 h. The oral bioavailability was calculated to be 54.88%. Taken together, 

after oral or intravenous administration, GW9508 showed low clearance, moderate elimination half-

life, high exposure and ideal bioavailability. 

3.4. Metabolism study 

3.4.1. Mass fragmentation of GW9508 

To obtain some structural information, mass fragmentation of GW9508 was initially investigated. In 

positive ion mode, GW9508 showed accurate protonated molecular ion [M+H]+ at m/z 348.1578 (theo. 

m/z 348.1594) with chemical formula being C22H22NO3
+. MS2 fragmentation of this ion resulted in 

four characteristic fragment ions at m/z 330.1470 (theo. m/z 330.1489), 288.1375 (theo. m/z 288.1383), 

183.0799 (theo. m/z 183.0804) and 178.0857 (theo. m/z 178.0863), as displayed in Fig. 3. The 

fragment ion at m/z 330.1470 was from the molecular ion [M+H]+ through the loss of H2O (-18.0108 

Da). The fragment ion at m/z 288.1375 derived from the molecular ion [M+H]+ by the loss of acetic 

acid (-60.0203 Da). The fragment ion at m/z 183.0799 was attributed to the meta-phenoxybenzyl, 

which was formed from molecular ion by the cleavage of para-aminophenylpropanoic acid (-
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165.0779 Da). The fragment ion at m/z 178.0857 derived from the molecular ion by the loss of 

oxydibenzene moiety (-170.0721 Da). 

3.4.2. Structural elucidation of the metabolites 

Comparison of drug-containing samples with those of blank controls resulted in the identification of  

seven metabolites. The MDF chromatograms of the metabolites and parent from rat plasma, rat 

hepatocytes and human hepatocytes were displayed in Fig. 4. In rat plasma and hepatocytes, three 

metabolites (M1, M4 and M6) were detected, while seven metabolites were found in human 

hepatocytes. M2, M3, M5 and M7 were human specific. These metabolites could be classified into 

three types, i. e., hydroxylation, hydroxylation with glucuronidation, and glucuronidation. The 

retention time, measured m/z, theoretical m/z and fragment ions of each metabolite were summarized 

in Table 3. 

Metabolites M1 and M2: M1 and M2 were separated at the retention times of 5.33 and 5.63 min, 

respectively. They had the same protonated molecular ion [M+H]+ at m/z 540.1857 (mass error -1.3 

ppm), with chemical formula being C28H30NO10
+, suggesting that M1 and M2 were hydroxylation 

with glucuronidation of parent. MS2 fragmentation (Fig. 5) of this ion resulted in a diagnostic 

fragment ion at m/z 364.1533, which derived from precursor ion by the loss of glucuronyl (-176.0324 

Da). This fragmentation is a typical neutral loss of glucuronide conjugate. Another characteristic 

fragment ion at m/z 199.0751 indicated that hydroxylation occurred at meta-phenoxybenzyl moiety. 

The other fragment ions at m/z 346.1436, 304.1325 and 178.0859 were identical to those of parent. 

Metabolites M3, M4 and M5: M3, M4 and M5 were detected at the retention times of 5.65, 6.54 

and 6.66 min, respectively. In full-mass scan, they shared the identical protonated molecular ion 
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[M+H]+ at m/z 364.1532 (mass error -3.0 ppm), 15.9938 Da larger than that of parent, suggesting the 

presence of hydroxyl group in the molecules. MS2 fragmentation of this ion yielded four fragment 

ions at m/z 346.1430, 304.1326, 199.0750, and 178.0859, as shown in Fig. 6. The fragment ion at m/z 

199.0750 was 15.9946 Da larger than that of parent (m/z 183.0804), suggesting that hydroxylation 

occurred at meta-phenoxybenzyl moiety. The other fragment ions were identical to those of parent. 

Metabolite M6: M6 was separated at 7.10 min, with a protonated molecular ion [M+H]+ at m/z  

524.1907 (mass error -1.5 ppm, chemical formula C28H30NO9
+), 176.0313 Da higher than that of 

parent, suggesting that M6 was the glucuronide conjugate of parent. MS2 fragmentation of this ion 

(Fig. 7) resulted in a fragment ion at m/z 348.1586, which resulted from precursor ion by the loss of 

glucuronyl (-176.0313 Da). This fragmentation is a typical neutral loss of glucuronide conjugate. The 

other fragment ions at m/z 330.1480, 288.1375 and 183.0798 were identical to those of parent. 

Metabolite M7: M7 was detected at 7.12 min, with a protonated molecular ion [M+H]+ at m/z  

364.1532 (mass error -3.0 ppm, chemical formula C22H22NO4
+), 15.9938 Da higher than that of parent, 

suggesting the presence of hydroxyl group in the molecule. MS2 fragmentation (Fig. 8) of this ion 

resulted in a fragment ion at m/z 183.0801, which was identical to that of parent, suggesting the 

unmodification of meta-phenoxybenzyl moiety. The other fragment ions at m/z 346.1428, 304.1323 

and 194.0801 were 16 Da higher than those of parent, demonstrating the occurrence of hydroxylation 

at para-aminobenzyl moiety. 

3.4.3. Metabolic pathways 

Based on the identified metabolites, the metabolic pathways of GW9508 were proposed, as shown  

in Fig. 9. The metabolic pathways of GW9508 could be mainly concluded as hydroxylation and 

ACCEPTED M
ANUSCRIP

T



glucuronidation. M6 (acylglucuronide conjugate) was the most abundant metabolite in all tested 

matrices. As acylglucuronide is reactive in some cases, and is responsible for some liver injury. 

Therefore, the next works will focus on the safety assessment of this metabolite. 

4. Conclusions 

In conclusion, a simple and reliable LC/MS/MS method combined with protein precipitation  

procedure was developed and validated for the determination of GW9508 in rat plasma. The total 

running time was 2 min and the LLOQ was 1 ng/mL. The newly proposed method has been employed 

to explore the pharmacokinetic profile of GW9508 in rat plasma. Our results revealed that GW9508 

showed low clearance, moderate half-life and excellent bioavailability (54.88%). Furthermore, an 

LC-Q-Exactive-Orbitrap-MS was developed to detect and identify the metabolites of GW9508 

present in rat plasma, rat hepatocytes and human hepatocytes. A total of seven metabolites were 

detected and structurally characterized. Hydroxylation and glucuronidation were demonstrated to be 

the primary metabolic pathways. 
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Figure legends 

Fig. 1. SRM chromatograms of (A) blank rat plasma, (B) blank rat plasma spiked with GW9508 at 

LLOQ and IS, and (C) rat plasma after oral administration of GW9508. GW9508 and IS were detected 

at 1.27 and 0.64 min, respectively. 
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Fig. 2. Plasma concentration (ng/mL) versus time (h) curves of GW9508 after oral and intravenous 

administration of GW9508 at a single dose of 1 mg/kg (n = 6) 
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Fig. 3. MS2 spectrum of GW9508 and its fragmentation pathways 
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Fig. 4. MDF (mass defect filter) chromatograms of GW9508 and its metabolites from rat plasma, rat 

hepatocytes and human hepatocytes. 
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Fig. 5. MS2 spectrum of M1 and M2 along with the fragmentations 
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Fig. 6. MS2 spectrum of M3, M4 and M5 along with the fragmentations 
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Fig. 7. MS2 spectrum of M6 along with the fragmentations 
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Fig. 8. MS2 spectrum of M7 along with the fragmentations 
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Fig. 9. Proposed metabolic pathways of GW9508 in rat plasma, rat hepatocytes and human 

hepatocytes 

 

 

ACCEPTED M
ANUSCRIP

T



 

Table 1. Precision, accuracy, matrix effects and extraction recovery of GW9508 (n = 6) 

Analyte 

Spiked 

Concentration 

(ng/mL) 

Intra-day Inter-day 
Matrix effects 

(%) 

Extraction 

recovery (%) 
Precision 

(RSD%) 

Accuracy 

(RE%) 

Precision 

(RSD%) 

Accuracy 

(RE%) 

GW9508 

3 3.08 -2.33 4.41 -6.7 103.74 ± 3.65 86.83 ± 4.32 

30 6.25 3.60 7.09 7.80 98.45 ± 9.41 84.34 ± 5.89 

750 1.59 4.80 7.97 1.73 93.51 ± 4.55 83.90 ± 6.91 

IS 40     96.95 ± 8.21 81.02 ± 3.21 

Table 2. Pharmacokinetic parameters of GW9508 in rat plasma after oral and intravenous administration at a single dose of 1 mg/kg 

Parameters Intravenous (n = 6) Oral (n = 6) 

AUC0-t (ng·h/mL) 3791.02 ± 444.38 2021.53 ± 213.64 

AUC0-inf (ng·h/mL) 3806.34 ± 452.44 2088.95 ± 217.41 

MRT0-t (h) 4.44 ± 0.65 5.57 ± 0.84 

MRT0-inf (h) 4.68 ± 0.58 6.42 ± 1.19 

T1/2 (h) 7.34 ± 1.33 5.08 ± 1.65 

Cmax (ng/mL) 2292.25 ± 876.03 364.25 ± 69.58 

Tmax (h)  1.50 ± 0.58 

CL (mL/h/kg) 239.45 ± 57.30 482.43 ± 48.32 

Vd (mL/kg) 2551.14 ± 791.07 3427.07 ± 1003.77 
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F%  54.88 

AUC, area under the curve; MRT, mean resident time; T1/2, half-life; Cmax, maximum plasma concentration; Tmax, time to reach Cmax; CL, clearance; Vd, volume of 

distribution. The bioavailability (F%) was calculated as (AUC0-inf, oral)/(AUC0-inf, intravenous)×100% 

 

Table 3. Metabolites of GW9508 present in rat plasma, rat hepatocytes and human hepatocytes 

Met No. RT (min) Formula Change Mass shift Meas. m/z Theo. m/z Error (ppm) Fragment ions Identification Source 

M1 5.33 [M + O + C6H8O6] 192.0263  540.1857 540.1864 -1.3  364.1533, 346.1436, 304.1325, 199.0751, 178.0859 Hydroxylation and glucuronidation R, H 

M2 5.63 [M + O + C6H8O6] 192.0263  540.1857 540.1864 -1.3  364.1533, 346.1436, 304.1325, 199.0751, 178.0859 Hydroxylation and glucuronidation H 

M3 5.65 [M + O] 15.9938  364.1532 364.1543 -3.0  346.1430, 304.1326, 199.0750, 178.0859  Hydroxylation H 

M4 6.54 [M + O] 15.9938  364.1532 364.1543 -3.0  346.1430, 304.1326, 199.0750, 178.0859 Hydroxylation R,H 

M5 6.66 [M + O] 15.9939  364.1533 364.1543 -2.7  346.1430, 304.1326, 199.0750, 178.0859 Hydroxylation H 

M6 7.10 [M + C6H8O6] 176.0313  524.1907 524.1915 -1.5  348.1586, 330.1480, 288.1375, 183.0798 Glucuronidation R, H 

M7 7.12 [M + O] 15.9938  364.1532 364.1543 -3.0  346.1428, 304.1323, 194.0801, 183.0801 Hydroxylation H 

GW9508 8.99 - 0.0000  348.1594 348.1582 3.4  330.1470, 288.1375, 183.0804, 178.0857 Parent R, H 
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