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Abstract 

 Prostanoids are bioactive substances that contribute to various biological and 

pathological processes. To evaluate both extracellular and intracellular levels of 

prostanoids at the same time, we developed methods for quantification of extracellular 

and intracellular levels of prostanoids, including prostaglandin E2 (PGE2), PGD2, PGF2α, 

6-keto PGF1α, and TXB2, in cultured cells using liquid chromatography/tandem mass 

spectrometry (LC/MS/MS), and we validated the LC/MS/MS methods. A solid-phase 

extraction cartridge was used for extraction of prostanoids. The prostanoids were 

separated by a C18 column with an isocratic flow of acetonitrile/water/acetic acid 

(40:60:0.1, v/v/v). Calibration curves of extracellular measurement for the prostanoids 

were linear in the range from 0.1 to 100 ng/mL (r2 > 0.999), and those of intracellular 

measurement were linear in the range from 0.05 to 50 ng (r2 > 0.999). Validation 

assessment showed that both methods of extracellular and intracellular measurements 

were highly reliable with good accuracy and precision. We also applied the methods to 

human airway epithelial Calu-3 cells and human lung adenocarcinoma epithelial A549 

cells. 
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1. Introduction 

 Prostanoids, including prostaglandins and thromboxane, are important 

bioactive lipid mediators of various physiological and pathological processes [1-4]. For 

example, prostaglandin E2 (PGE2) is involved in inflammation, carcinogenesis, and 

immune modulation. Prostaglandin D2 (PGD2) also contributes to inflammation and 

immune modulation and is involved in induction of sleep. Prostaglandin F2α (PGF2α) 

contributes to induction of parturition and contraction of smooth muscle. Furthermore, 

prostaglandin I2 (PGI2) has platelet anti-aggregating and vascular dilation effects. On 

the other hand, thromboxane A2 (TXA2) has platelet aggregation and vascular 

contraction effects. Since PGI2 and TXA2 have short half-life periods, they are 

non-enzymatically converted into 6-keto prostaglandin F1α (6-keto PGF1α) and TXB2, 

respectively. Prostanoids are biosynthesized from arachidonic acid via the arachidonic 

acid cascade. Arachidonic acid is released from the cell membrane into the cytoplasm 

by phospholipase A2 and then converted into PGH2 by cyclooxygenase (COX-1 and 

COX-2). PGH2 is further converted into PGE2, PGD2, PGF2α, PGI2, and TXA2 by each 

prostaglandin synthase. Prostanoids are secreted from the intracellular space into the 

extracellular space by a specific transport system and exert their biological effects in an 

autocrine or paracrine manner by binding to cell surface receptors. In addition to 

prostanoids synthesis, transport and inactivation mechanisms are thought to be 

important for controlling extracellular levels of prostanoids [1]. Therefore, in addition to 

extracellular levels of prostanoids, examination of intracellular profiles of prostanoids is 

important for understanding the mechanism for control of prostanoid secretion and 

signaling. Horton et al. reported intracellular measurement of PGE2 in mouse fibroblasts 

and macropharges by an enzyme immunoassay [5]. Lin et al. investigated extracellular 
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and intracellular profiles of PGE2 level in mouse embryonic fibroblast cells by an 

enzyme immunoassay and revealed the functional importance of mouse multidrug 

resistance protein 4 (mrp4) in the transport of PGE2 [6]. However, little information is 

currently available on the relationship between extracellular and intracellular 

prostanoids levels. 

 Liquid chromatography/tandem mass spectrometry (LC/MS/MS) is a powerful 

technique because it has high sensitivity and high specificity and enables simultaneous 

analysis. Recently, the LC/MS/MS technique has been used for analysis of several 

eicosanoids including prostaglandins, thromboxane, and leukotrienes [7-19]. Although 

several groups have developed methods for analysis of prostaglandins in cell culture 

media, tissues or biological fluids using LC/MS/MS, to our knowledge, there are no 

reports of examination of both intracellular and extracellular levels of prostanoids using 

LC/MS/MS.  

 In this study, we developed a simple and robust analytical method using 

LC/MS/MS to measure intracellular and extracellular levels of five major prostanoids or 

their metabolites, PGE2, PGD2, PGF2α, 6-keto PGF1α, and TXB2. Using this method, we 

investigated the intracellular and extracellular levels of prostanoids in human airway 

epithelial Calu-3 cells and human lung adenocarcinoma epithelial A549 cells. It is 

reported that these cell lines have ability to produce prostanoids [7, 18] 

 

2. Materials and methods 

2.1 Chemicals 

All prostanoids and deuterated prostanoids (PGE2, PGD2, PGF2α, 6-keto PGF1α, 

TXB2, PGE2-d4, PGD2-d4, PGF2α-d4, 6-keto PGF1α-d4, and TXB2-d4) were obtained 
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from Cayman Chemical Co. (Ann Arbor, MI). A23187 and indomethacin were obtained 

from Sigma Aldrich (St. Louis, MO). All organic solvents and other chemicals were 

purchased from Wako (Tokyo, Japan). Bond Elut® C18 solid-phase extraction (SPE) 

cartridges (100 mg/1 mL) were obtained from Agilent Technologies (Santa Clara, CA). 

 

2.2 LC/MS/MS 

 Chromatographic separation was carried out using a Shimadzu Prominance 

20A System (Shimadzu, Kyoto, Japan). A Shiseido CAPCELL PAK C18 MGII column 

(2.0 × 150 mm, 5 µm) was used with an isocratic flow of acetonitrile/water/acetic acid 

(40:60:0.1, v/v/v) at a flow rate of 0.2 mL/min, and column temperature was maintained 

at 40°C. The injection volume was 10 µL. Negative ion electrospray tandem mass 

spectrometric analysis was carried out using an Applied Biosystems (Foster City, CA) 

API 3200TM LC/MS/MS System at unit resolution with multiple reaction monitoring 

(MRM). MRM was performed by monitoring the transitions summarized in Table 1. 

Parameter settings were as follows: source temperature of 600°C, spray voltage of 

-4500V, curtain gas of 40 psi, ion source gas1 of 40 psi, ion source gas2 of 70 psi, 

collision gas of 5 arbitrary units, and dwell time of 200 ms per ion. Other parameters are 

shown in Table 1. Data were acquired and analyzed using Analyst software (version 1.5) 

(Applied Biosystems). Calibration curves were constructed by plotting peak area ratio 

(standard to internal standard) versus the nominal concentration and were fit using 

least-squares regression with 1/x weighting. 

 

2.3 Standards and calibration curve preparation for LC/MS/MS analysis 

 Standard stock solutions containing mixtures of PGE2, PGD2, PGF2α, 6-keto 
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PGF1α, and TXB2 were prepared in methanol (10, 50, 100, 500, 1000, 5000, and 10000 

ng/mL). The internal standard (IS) stock solution containing 500 ng/mL of PGE2-d4, 

PGD2-d4, PGF2α-d4, 6-keto PGF1α-d4, and TXB2-d4 was made in methanol. All solutions 

were stored at -30˚C. Calibration solutions of prostanoids were prepared daily from 

stock solutions at concentrations of 0.1, 0.5, 1, 5, 10, 50, and 100 ng/mL (0.05, 0.25, 0.5, 

2.5, 5, 25, and 50 ng) in 0.5 mL of blank medium (for extracellular measurement) or at 

concentrations of 0.05, 0.25, 0.5, 2.5, 5, 25, and 50 ng in phosphate buffer described 

below (for intracellular measurement). 

 

2.4 Cell culture 

Human lung adenocarcinoma epithelial A549 cells were kept in Dulbecco's 

modified Eagle's medium (Sigma) with 10% fetal bovine serum (ICN Biomedicals, Inc, 

Aurora, OH) and 1% penicillin-streptomycin (Sigma). Human airway epithelial Calu-3 

cells were kept in DMEM/F12 (Gibco/Invitrogen, Grand Island, NY) with 10% fetal 

bovine serum and 1% penicillin-streptomycin. All cells were grown at 37˚C under 5% 

CO2. A549 cells (2 × 105 cells/well) and Calu-3 cells (1 × 106 cells/well) were seeded on 

6-well plastic plates (Corning Costar Corp., Cambridge, MA). After the cells had grown 

to confluence (4 days for A549 cells and typically 7 days for Calu-3 cells), they were 

incubated overnight in serum-free medium before each experiment. For induction of the 

production of prostanoids, cells were then treated with 1 mL of serum-free medium 

containing 10 µM A23187 for a designated time.  

 

2.5 Sample preparation 

For measurement of extracellular prostanoids, the medium was collected and 
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stored at -80°C until assay. The resulting cell monolayer was harvested for 

measurement of intracellular prostanoids. Sample preparation for extraction of 

intracellular prostanoids was based on the method of Lin et al. with modification [6]. 

Briefly, cells were rinsed twice with ice-cold PBS and scraped into ice-cold PBS. The 

cell suspension was centrifuged at 1,500×g for 5 min at 4°C and the resulting pellet was 

stored at -80°C until assay.  

 

2.6 Solid-phase extraction of prostnoids 

The solid-phase extraction (SPE) cartridge Bond Elut® C18 (100 mg/1 mL) 

(Agilent Technologies) was used for extraction of prostanoids. For extracellular assay, 

to each 500-µL sample of culture medium, 5 µL of a mixture of deuterated prostanoids 

(500 ng/mL each) as internal standards and 5 µL of 10% dibutylhydroxytoluene (BHT) 

in ethanol for preventing peroxidation were added. For intracellular assay, to each 

frozen cell pellet (described above), 5 µL of a mixture of deuterated prostanoids and 5 

µL of 10% BHT were added and suspended in 0.5 mL of 0.1 M phosphate buffer (pH 

7.4, containing 1 mM EDTA and 10 µM indomethacin). The suspension was then 

sonicated for 30 sec at 4°C and centrifuged at 15,000×g for 15 min at 4°C. The 

supernatant was used for measurement of intracellular prostanoids. The sample was 

adjusted to pH 3 with 1 M HCl. Then the sample was added to the SPE cartridge, which 

was preconditioned with 1 mL of methanol, 1 mL of water, and then 1 mL of water (pH 

3). After the sample had been loaded, the cartridge was washed with 1 mL of water and 

then with 1 mL of methanol/water (3:7, v/v). Then prostanoids were eluted with 1 mL of 

methanol. The eluate was dried under a nitrogen gas stream at 25°C and the residue was 

reconstituted in 50 µL of mobile phase. 
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2.7 Method validation 

  Intra-day precision and accuracy were determined by measuring 6 samples 

each at low concentrations (0.5 ng/mL for extracellular measurement and 0.25 ng for 

intracellular measurement), intermediate concentrations (5 ng/mL for extracellular 

measurement and 2.5 ng for intracellular measurement), and high concentrations (50 

ng/mL for extracellular measurement and 25 ng for intracellular measurement) on the 

same day. Inter-day precision and accuracy were determined by measuring on 6 

different days. The relative error (RE %) was calculated as [(found amount – theoretical 

amount)/spiked amount] × 100 (%). For intracellular assay, the RE for analyte which 

contains the analyte endogenously more than the lower limit of quantification (LLOQ) 

was calculated as [(found amount – blank amount - theoretical amount)/spiked amount] 

× 100 (%). LLOQ was defined as signal-to-noise (S/N) ratio of > 10. The precision was 

obtained as the coefficient of variation (relative standard deviation (R.S.D., %)). 

Recovery was measured by spiking known amounts of prostanoids at low (0.5 ng/mL 

for extracellular measurement and 0.25 ng for intracellular measurement), intermediate 

(5 ng/mL for extracellular measurement and 25 ng for intracellular measurement), and 

high concentrations (50 ng/mL for extracellular measurement and 25 ng for intracellular 

measurement) into blank medium (for extracellular measurement) or Calu-3 cell pellets 

(for intracellular measurement), extracting as described above, and comparing with 

unextracted standards that represent 100% recovery. For evaluation of short-term 

stability of prostanoids in medium, we measured remaining amounts after addition of 

prostanoids to the medium at two concentrations (5 and 50 ng/mL) at room temperature 

or 4°C. For evaluation of long-term stability, we measured remaining amounts after 



 9

storing prostanoids in medium (for extracellular measurement) or in Calu-3 cell pellets 

(for intracellular measurement) at two concentrations (2.5 and 25 ng) at -80°C.  

 

3. Results and discussion 

3.1 LC/MS/MS  

 Negative ion full-scan mass spectra (Q1) of prostanoids and internal standards 

indicated the presence of the deprotonated molecules [M-H]- as the predominant ion for 

each compound. Product ion mass spectra of prostanoids and their internal standards 

were obtained. The product ion mass spectra of the prostanoids are shown in Fig. 1. 

Murphy et al. reported the mechanisms of the formation of a product ion of each 

prostanoid in negative ion tandem mass spectrometry [20]. Ion pairs selected for MRM 

and parameter settings are shown in Table 1. The isomers PGE2 and PGD2 showed 

similar fragmentation patterns, indicating that chromatographic separation is required 

for accurate quantification. A Shiseido CAPCELL PAK C18 MGII column was used 

for chromatographic separation. We investigated several mobile phase conditions such 

as pH and organic solvents for simultaneous quantification of the five prostanoids. 

When the mobile phase methanol or acetonitrile in ammonium acetate buffer (pH 8) 

was investigated, the peak of 6-keto PGF1α was very low and broad. On the other hand, 

use of acetonitrile in acidic conditions produced optimal separation with a high degree 

of sensitivity of all prostanoids. Finally, optimal separation with a high degree of 

sensitivity was obtained using acetonitrile/water/acetic acid (40:60:0.1, v/v/v) (Fig. 2). 

The isomers PGE2 and PGD2 were separated by approximately 1 min (resolution Rs = 

3.2). In comparison with previous studies, the separation efficiency was good despite 

simple isocratic separation and the run time was short (12 min) [7, 15].  
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3.2 Calibration curve 

 For extracellular measurement, calibration standards were prepared in blank 

medium. For intracellular measurement, calibration standards were prepared in 

phosphate buffer, the composition of which is described in the Materials and methods 

section, because cells contain several prostanoids endogenously. As shown in Table 2, 

calibration curves of the prostanoids for extracellular measurement were linear in the 

range from 0.1 to 100 ng/mL (r2 > 0.999), and those for intracellular measurement were 

linear in the range from 0.05 to 50 ng (r2 > 0.999). 

 

3.3 Recovery 

A Bond Elut® C18 disk cartridge was used for extraction of prostanoids. Our 

extraction procedure produced excellent clean-up results. The recovery from blank 

medium was measured by spiking known amounts of prostanoids at three different 

concentrations (0.5, 5, and 50 ng/mL) into blank medium and comparing the mean peak 

area ratio with unextracted standards that represent 100% recovery. Since the cells 

contain the prostanoids endogenously, the recovery from Calu-3 cell pellets was 

calculated as [(area ratio of extracted sample – area ratio of blank sample)/area ratio of 

unextracted standards] × 100 (%). The recovery from medium ranged from 74.4 to 

91.1% and that from Calu-3 cells ranged from 74.7 to 84.1%. The results are 

summarized in Table 3.   

 

3.4 Accuracy and precision 

The intra-day precision and inter-day precision as well as accuracy were tested 
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at three different concentrations (0.5, 5, and 50 ng/mL for extracellular measurement 

and 0.25, 2.5, and 5 ng for intracellular measurement). For the extracellular assay, the 

intra-day precision ranged from 2.3 to 6.5% and the relative errors were -4.1 to 5.9%. 

The inter-day precision ranged from 3.2 to 6.8% and the relative errors were -1.2 to 

4.5% (Table 4). For intracellular assay validation, we used Calu-3 cells and A549 cells. 

Calu-3 and A549 cells endogenously contain PGE2, PGF2α, and TXB2. However, the 

amounts of prostanoids in Calu-3 validation samples were smaller than the lower limit 

of quantification (LLOQ). LLOQ was defined as signal-to-noise (S/N) ratio of > 10. 

The intra-day precision ranged from 2.2 to 5.7% and relative errors were -5.8 to 2.3%. 

The inter-day precision ranged from 3.4 to 13.3% and relative errors were -1.2 to 7.3 % 

(Table 5, left). On the other hand, a large amount of PGE2 was detected in A549 cells. 

Although there were detectable levels of PGF2α and TXB2, these amounts of validation 

samples were less than the LLOQ. The intra-day precision ranged from 1.2 to 9.7% and 

relative errors were -3.5 to 14.9%. The inter-day precision ranged from 1.6 to 13.7% 

and relative errors were -1.0 to 10.1% (Table 5, right). These results indicate that the 

method of intracellular measurement is highly reliable with good accuracy and 

precision. 

 

3.5 Stability 

 We examined the stability of prostanoids in cell culture medium or in cell 

samples. For evaluation of short-term stability of the prostanoids in medium, we 

measured remaining amounts after addition of prostanoids to the medium at two 

concentrations (5 and 50 ng/mL). All prostanoids in the medium were stable for at least 

4 hours at room temperature, and all of the prostanoids expect for PGD2 were stable at 
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24 hours (Table 6A). The remaining PGD2 in the medium was less than 50% at 24 hours. 

Instability of PGD2 was reported previously [7]. However, PGD2 was more stable at 

4°C than at room temperature. For evaluation of long-term stability, we measured 

remaining amounts after storing prostanoids in medium (for extracellular measurement) 

or in Calu-3 cell pellets (for intracellular measurement) at two concentrations (5 and 50 

ng/mL for extracellular measurement, 2.5 ng and 25 ng for intracellular measurement) 

at -80°C (Table 6B). The results indicated that all prostanoids both in the medium and in 

Calu-3 cells were stable for at least 4 weeks at -80°C.   

 

3.6 Intracellular and extracellular prostanoids in Calu-3 and A549 cells 

 To test the suitability of the method, we measured prostanoids produced by 

Calu-3 cells or A549 cells under the condition of stimulation by the calcium ionophore 

A23187 (10 µM). In A549 cells, the levels of PGE2, PGF2α and TXB2 were larger than 

LLOQ both in extracellular and intracellular compartments under a non-stimulated 

condition (Fig. 3A and 3B). The results showing that A549 cells mainly secreted PGE2, 

PGF2α and TXB2 were in agreement with the report by Hubbard et al. [21]. In Table 5, 

intracellular levels of PGF2α and TXB2 were smaller than LLOQ. However, the levels of 

PGF2α and TXB2 under a non-stimulated condition were slightly larger than LLOQ in 

Fig. 3. Although the levels of PGF2α and TXB2 were larger than LLOQ in Fig. 3, those 

were close to LLOQ. Furthermore, the passage number of A549 cells used in Fig. 3 was 

different from that in Table 5. Consequently, the endogenous levels of prostanoids 

might be slightly different between the samples of Table 5 and those of Fig.3. A23187 

treatment further increased extracellular levels of these prostanoids, peaking within 5 

min at approximately 12 ng/mL (34 nM) for PGE2, 5 ng/mL (14 nM) for PGF2α, and 0.8 
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ng/mL (2.2 nM) for TXB2 (Fig. 3A and 3B). Considering affinities of receptors, the 

concentrations of these prostanoids in the extracellular space were reasonable [22]. On 

the other hand, the change in intracellular levels by A23187 was moderate in 

comparison to the change in extracellular levels. The results indicate the possibility that 

export of the prostanoids is very rapid. In Calu-3 cells, amounts of all prostanoids were 

smaller than the LLOQ under the non-stimulated condition both in the extracellular and 

intracellular compartments. A23187 treatment increased extracellular PGE2, PGF2α and 

TXB2 levels, peaking at 15-30 min (Fig. 4A and 4B). The results showing that Calu-3 

mainly secreted PGE2, PGF2α and TXB2 were also in agreement with the report by 

Hubbard et al. [19]. The differences between levels of prostanoids produced in A549 

cells and Calu-3 cells may be caused by the expression level of COX-2. The expression 

level of COX-2 in A549 cells was higher than that in Calu-3 cells (data not shown). 

A23187 also increased intracellular PGE2, PGF2α and TXB2 levels. Interestingly, it 

seemed that intracellular PGF2α level relative to extracellular level was lower than those 

of other prostanoids, PGE2 and TXB2, both in Calu-3 cells and A549 cells. The 

differences might be due to differences in membrane permeability among these 

prostanoids. Further investigations to clarify the hypothesis are in progress, and we need 

to accumulate more information on intracellular levels of the prostanoids by 

examination of various other cell lines. Furthermore, we need to clarify the reason why 

the change in intracellular levels of prostanoids was moderate in comparison to the 

change in extracellular levels. 

 

4. Conclusion 

 We developed a method for simultaneous quantification of the intracellular 
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levels of five major prostanoids, PGE2, PGD2, PGF2α, 6-keto PGF1α and TXB2, in 

cultured cells using LC/MS/MS in addition to a method for extracellular measurement. 

Calibration curves of the prostanoids for extracellular measurement were linear in the 

range from 0.1 to 100 ng/mL (r2 > 0.999), and those for intracellular measurement were 

linear in the range from 0.05 to 50 ng (r2 > 0.999). Validation assessment showed that 

the methods were highly reliable with good accuracy and precision. The developed 

LC/MS/MS assay was able to measure prostanoids in A549 cells and Calu-3 cells. To 

our knowledge, previous LC/MS/MS methods have not been applied to intracellular 

measurement. In addition, there are no reports of examination of both intracellular and 

extracellular levels of multiple prostanoids. Our LC/MS/MS methods and results would 

contribute to the elucidation of the regulatory mechanism of prostanoid secretion and 

signaling. We are applying this method to investigate the importance of the export 

process and control mechanism of prostanoids.  
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Figure legends 

Fig. 1 Product ion mass spectra of PGE2, PGD2, PGF2α, 6-keto PGF1α, and TXB2. 

 

Fig. 2 Representative MRM chromatograms of the prostanoids and their internal 

standards (IS). A mixture of PGE2, PGD2, PGF2α, 6-keto PGF1α, and TXB2 standards at 

5 ng/mL containing each IS was extracted using a SPE cartridge and separated by a C18 

column with an isocratic flow of acetonitrile/water/acetic acid (40:60:0.1, v/v/v). 

 

Fig. 3 Effects of calcium ionophore A23187 on extracellular and intracellular amounts 

of prostanoids in A549 cells. (A) A549 cells were treated with 1 mL of serum-free 

medium containing A23187 (10 µM) or serum-free medium containing 0.2% DMSO 

(control) for indicated times (0.5, 1, 3, and 5 min). Each point represents the mean ± 

S.D. of three determinations. ○, Control (extracellular level); ●, A23187 (extracellular 

level); □, Control (intracellular level); ■, A23187 (intracellular level). (B) 

Representative chromatograms in A549 cell samples unstimulated or stimulated with 

A23187 (10 µM) at 5 min. A549 cells mainly produced PGE2, PGF2α and TXB2. 

 

Fig. 4 Effects of calcium ionophore A23187 on extracellular and intracellular amounts 

of prostanoids in Calu-3 cells. (A) Calu-3 cells were treated with 1 mL of serum-free 

medium containing A23187 (10 µM) or serum-free medium containing 0.2% DMSO 

(control) for indicated times (5, 15, 30, and 60 min). Each point represents the mean ± 

S.D. of three determinations. ●, A23187 (extracellular level); ■, A23187 (intracellular 

level). (B) Representative chromatograms in Calu-3 cell samples unstimulated or 

stimulated with A23187 (10 µM) at 5 min. Calu-3 cells mainly produced PGE2, PGF2α 
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and TXB2 by stimulation with A23187.  



Table 1 MRM parameters for determination of prostanoids 
 

Analyte Precursor ion (m/z) Product ion (m/z) DP (V) CE (V) 

PGE2 351 271 -30 -16 
PGE2-d4 355 275 -30 -16 
PGD2 351 271 -30 -16 
PGD2-d4 355 275 -30 -16 
PGF2α 353 193 -50 -40 
PGF2α-d4 357 197 -50 -40 
6-keto PGF1α 369 163 -40 -38 
6-keto PGF1α-d4 373 167 -40 -38 
TXB2 369 169 -35 -24 
TXB2-d4 373 173 -35 -24 

 
 



Table 2 Calibration curves for the prostanoids 
 
  Extracellular measurement Intracellular measurement 

Analyte Range (ng/mL) Slope Intercept r Range (ng) Slope Intercept r 

PGE2 0.1 - 100 0.398 0.00931 0.9999 0.05 - 50 0.868 0.00113 0.9997 
PGD2 0.1 - 100 0.359 -0.0016 1.0000 0.05 - 50 0.735 -0.00787 0.9996 
PGF2α 0.1 - 100 0.315 0.0255 1.0000 0.05 - 50 0.675 0.0112 0.9998 
6-keto PGF1α 0.1 - 100 0.269 0.0184 1.0000 0.05 - 50 0.590 0.0067 0.9999 
TXB2 0.1 - 100 0.174 0.00677 0.9999 0.05 - 50 0.380 0.00455 0.9999 

 



Table 3 Absolute recoveries of prostanoids 
 

  Medium (%) Calu-3 cells (%) 

  0.5 ng/mL 5 ng/mL 50 ng/mL 0.25 ng 2.5 ng 25 ng 

PGE2 75.8 79.0 80.9 80.5 82.4 79.1 

PGD2 74.4 77.1 78.4 81.5 79.6 74.7 

PGF2α 85.1 81.5 83.9 78.8 84.1 77.7 

6-keto PGF1α 81.0 80.8 83.0 78.6 85.0 81.1 

TXB2 91.1 81.8 85.3 82.2 80.2 76.6 

 



Table 4 Intra-day and inter-day reproducibility of the prostanoids in medium (extracellular measurement) 
 
   Intra-day (n=6)  Inter-day (n=6) 

  
Spiked 

(ng/mL) 
Found 

(ng/mL) 
R.S.D. 

(%) 
R.E. 
(%) 

 
Found 

(ng/mL) 
R.S.D. 

(%) 
R.E. 
(%) 

PGE2 
0.5 0.492  2.5  -1.7   0.515  3.2  2.9  
5 4.90  2.9  -1.9   5.11  5.3  2.2  
50 48.0  3.2  -4.1   51.4  6.2  2.7  

PGD2 
0.5 0.496  6.5  -0.9   0.523  6.3  4.5  
5 4.86  3.5  -2.8   4.98  6.0  -0.4  
50 49.1  2.3  -1.8   51.0  4.9  1.9  

PGF2α 
0.5 0.496 2.9  -0.8   0.506  4.7  1.3  
5 4.95  4.5  -1.0   5.02  5.8  0.4  
50 49.3  4.1  -1.5   51.1  5.9  2.1  

6-keto PGF1α

0.5 0.491  5.6  -1.9   0.504  5.8  0.8  
5 4.82  3.5  -3.5   4.98  3.7  -0.4  
50 48.1  3.3  -3.7   50.9  6.8  1.7  

TXB2 
0.5 0.530  3.4  5.9   0.511  4.5  2.2  
5 4.91  3.7  -1.9   4.94  3.9  -1.2  
50 48.5  3.1  -3.1   51.3  5.1  2.6  

 



Table 5 Intra-day and inter-day reproducibility of the prostanoids in Calu-3 cells or A549 cells (intracellular measurement) 
 

    Calu-3  A549 
    Intra-day (n=6) Inter-day (n=6)  Intra-day (n=6) Inter-day (n=6) 

  Spiked
Found 
(ng) 

R.S.D.
(%) 

R.E. 
(%) 

Found 
(ng) 

R.S.D. 
(%) 

R.E. 
(%) 

 
Found 
(ng) 

R.S.D.
(%) 

R.E. 
(%) 

Found 
(ng) 

R.S.D. 
(%) 

R.E. 
(%) 

PGE2 

0 < LLOQ - - < LLOQ - -  0.817  - - 0.734 - - 
0.25 0.248  2.2  -0.6  0.268  12.5  7.3   1.10  9.7  13.3 0.991 13.7  2.7  
2.5 2.46  2.4  -1.8  2.58  6.4  3.4   3.50  4.6  7.4  3.34  5.9  4.1  
25 24.1  3.1  -3.8  25.1  3.4  0.4   27.3  2.5  6.1  26.7  2.8  4.0  

PGD2 

0 < LLOQ - - < LLOQ - -  < LLOQ - - < LLOQ - - 
0.25 0.247  5.0  -1.1  0.250  13.3  0.1   0.273  4.6  9.1  0.253 1.6  1.3  
2.5 2.43  4.8  -2.9  2.46  6.5  -1.6   2.41  4.6  -3.5  2.48  8.7  -1.0  
25 24.1  5.7  -3.7  24.9  6.8  -0.5   25.9  5.1  3.6  25.6  4.7  2.2  

PGF2α 

0 < LLOQ - - < LLOQ - -  < LLOQ - - < LLOQ - - 
0.25 0.246  4.9  -1.5  0.253  8.8  1.1   0.287  3.6  14.9 0.275 6.9  10.1  
2.5 2.53  2.7  1.1  2.51  7.2  0.3   2.67  2.4  6.7  2.58  4.3  3.0  
25 24.1  5.0  -3.8  24.8  4.8  -0.7   26.0  2.4  3.8  26.1  3.8  4.5  

6-keto PGF１α 

0 < LLOQ - - < LLOQ - -  < LLOQ - - < LLOQ - - 
0.25 0.256  2.5  2.3  0.244  10.1  -2.3   0.272  3.7  8.6  0.256 5.7  2.5  
2.5 2.49  2.5  -6.4  2.505 7.1  0.2   2.65  2.7  6.0  2.62  2.9  4.9  
25 24.0  4.2  -4.2  24.8  4.2  -1.0   25.9  1.2  3.6  26.0  4.5  3.9  

TXB2 

0 < LLOQ - - < LLOQ - -  < LLOQ - - < LLOQ - - 
0.25 0.240  2.3  -4.1  0.256  8.8  2.6   0.272  5.1  8.7  0.266 6.3  6.5  
2.5 2.45  2.9  -2.8  2.52  7.3  0.6   2.53  2.1  1.2  2.54  2.8  1.6  
25 23.6  3.7  -5.8  24.7  4.7  -1.2   25.5  2.2  1.8  25.8  2.7  3.3  

 



Table 6A Short-term stability of the prostanoids in medium at room temperature or 4°C 
 
    Short-term stability (% remaining) 
    Room temperature 4°C 
    5 ng/mL 50 ng/mL 5 ng/mL 50 ng/mL 

PGE2 
4 h 104.2  102.7  93.4  93.5  
24 h 97.0  90.3  104.1  100.1  

PGD2 
4 h 93.9  93.6  91.5  89.3  
24 h 49.3  46.9  85.7  82.9  

PGF2α 
4 h 108.9  103.2  95.3  94.8  
24 h 101.6  97.1  99.6  97.1  

6-keto 
PGF1α 

4 h 103.0  99.9  93.3  90.9  
24 h 106.6  99.5  102.3  97.9  

TXB2 
4 h 102.9  102.4  95.5  94.1  
24 h 110.6  99.4  102.7  98.5  

 
 
Table 6B Long-term stability of the prostanoids at -80°C 
 
    Long-term stability (% remaining) 
    in medium in Calu-3 cells 
    5 ng/mL 50 ng/mL 2.5 ng 25 ng 

PGE2 
2 weeks 95.7  104.4  109.3  109.2  
4 weeks 100.3  104.2  99.7  103.2  

PGD2 
2 weeks 93.6  97.9  110.5  111.8  
4 weeks 94.9  101.1  104.4  105.3  

PGF2α 
2 weeks 93.1  100.5  110.2  109.1  
4 weeks 100.9  105.9  101.5  99.7  

6-keto 
PGF1α 

2 weeks 93.4  101.4  110.9  111.4  
4 weeks 95.4  102.7  102.2  101.4  

TXB2 
2 weeks 98.5  104.4  107.3  108.1  
4 weeks 97.9  104.3  99.1  100.5  
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