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Introduction

Methodology

Poloxamers are nonionic triblock copolymer surfactants 
composed of a central hydrophobic chain of polyoxypropylene 
oxide fl anked by two hydrophilic chains of polyoxyethylene 
oxide (Figure 1). Due to poloxamers’ amphiphilic structure and 
absence of toxicity, they serve as excellent vehicles for drug 
delivery and are used extensively in pharmaceutical, biological 
and cosmetic industries. Poloxamer 188, with the average 
molecular weight of 8400 Da, is approved by the Food and 
Drug Administration (FDA) as a pharmaceutical ingredient. LC-
ELS (evaporative light scattering) assays have been used for the 
quantitation of poloxamer 188 in biological matrices, but they 
exhibit poor sensitivity, non-linearity and low selectivity. Here, 
we developed a simple, fast, robust and specifi c LC-MS/MS 
assay to quantify poloxamer 188 in rat plasma.

Results

Conclusion
A selective, fast and robust assay quantifying poloxamer 188 in rat 
plasma was developed using a protein precipitation extraction and an 
LC-MS/MS analysis method which used the sum peak area from three 
separate MS/MS transitions. 

METHOD DEVELOPMENT

1. MS tuning
 Unlike small molecules, poloxamer has no unique molecular 

weight (MW), but rather, a distribution of MW. Under Q1 full 
scan, a cluster of mass spectra was observed (Figure 2) due to 
the MW distribution and multiple charge states of poloxamer, 
making MS tuning challenging. Additionally, different 
precursors produce the same product ions (Figure 3). Because 
the distribution of MW depends on the way the polymer is 
produced, three representative transitions were monitored 
and the sum of the peak areas was used for quantitation to 
minimize the MW distribution variability from lot to lot. 

METHOD PERFORMANCE

The method performance was evaluated through the determina-
tion of linearity, reproducibility, accuracy and precision, and selec-
tivity of this method. 

1. Selectivity
 No interferences were detected in blank rat plasma at the 

retention time of 1.92 min for all three analyte transitions 
(Figure 7), and there is no contribution between the analyte 
and the IS (Figure 8). Representative chromatograms for rat 
plasma samples containing 1.00 µg/mL (LLOQ) and 100 µg/mL 
of Poloxamer 188 are presented in (Figure 9).

2. Optimization of LC-MS conditions
 During method development, challenges that were 

encountered and overcome included poor chromatography 
and carryover. In order to achieve acceptable chromatography, 
various mobile and stationary phases were screened, and 
it was determined that iso-propanol is a necessary mobile 
phase component to obtain symmetrical peaks (Figure 4). 
Various HPLC columns were also screened (Figure 5); and 
only phenyl-hexyl columns provided acceptable resolution 
and peak shape. Carryover from injector and column were 
observed during method development; in order to minimize 
the injector carryover, different needle wash solvents were 
compared, and a mixture of water:MeCN:IPA:Acetone was 
chosen. Column carryover was minimized by forward fl ushing 
the column with mobile phase at 0.800 mL/min. A variety 
of extraction techniques including PPE, LLE and SPE were 
screened to maximize recovery, and it was determined that PPE 
was the best sample clean-up procedure. Because poloxamer 
188 is primarily used as a vehicle or surfactant, concentrations 
in matrices are expected to be relatively high, thus this method 
did not pursue a low LLOQ. 

3. Suppression of IS instrument response from poloxamer 188
 The phenomenon of ionization suppression under ESI conditions 

was observed. Specifi cally, high concentrations of poloxamer 
188 suppressed the instrument response of the IS (Figure 6), 
resulting in increased quadratic behavior of the calibration 
curve. However, suppression of the IS from poloxamer 188 was 
minimized when the appropriate amount of IS was used (Figure 
11&12) and did not adversely affect the quantitative accuracy of 
the method.

Figure 1: Chemical Structure of Poloxamer 188

Figure 2: Q1MS Full Scan of Poloxamer 188

Figure 4: Mobile Phase Comparison 

Figure 6: Ion Suppression of IS from Poloxamer 188

Figure 11: Typical Poloxamer 188 Calibration Curve

Figure 7: Chromatogram of Extracted Blank Rat Plasma

Figure 10: Chromatogram of Extracted Blank 
Rat Plasma after ULOQ

Table 1. Back-Calculated Concentrations of Calibration Standards

Table 2. Accuracy and Precision of Quality Control Samples

Figure 8: 
Chromatograms of 
IS Only and Analyte 
Only Samples 

Figure 9: 
Chromatograms of 
LLOQ (1.00 µg/mL) and 
ULOQ (100 µg/mL)

Figure 12: Typical Internal Standard Response Plot

Figure 5: LC Column Comparison 

Figure 3: Product Ions from Three Different Precursor Ions of 
Poloxamer 188 (m/z 1004.9, 960.9 and 793.3) 

Note: the average molecular weight of poloxamer 188 is 8400 Da.

The left and right fi gures show poloxamer 188 analyzed on phenyl-hexyl column 

without and with IPA in mobile phase. Chromatograms I, II and III represent 

transitions 1004.9/177.2, 960.9/177.2 and 793.3/177.2.

Chromatograms I, II and III represent transitions 1004.9/177.2, 960.9/177.2 and 

793.3/177.2.

Note: the sum of three represent transitions was used here.

1. LC-MS/MS
 Mass Spec:  AB Sciex® API 5000 
 Source and Ionization: ESI
 Column: Phenyl-Hexyl
 Low Rate:  0.400 mL/min
 Mobile Phase:  A: mixture of FA, ammonium 
   acetate and water
  B:  mixture of IPA and MeCN 
 LC Program:  Gradient
 Source Temperature:  500°C 

 MS Monitoring Parameters:

Analyte MS/MS transition tR (min)

Poloxamer 188 793.3g177.2 1.92
Poloxamer 188 960.9g177.2 1.92
Poloxamer 188 1004.9g177.2 1.92
Internal Std (IS) 809.7g756.5 1.77

2. Protein Precipitation Extraction (PPE)
 Aliquot:  50.0 µL Rat Plasma K2EDTA
 Buffer: Ammonium Acetate
 Precipitation Solvent: mixture of MeCN and MeOH
 Dilution Solvents:  water:MeCN(60:40 v/v)

2. Carryover
 A carryover test was executed and no instrument 

response was detected at the expected retention 
time in a processed blank plasma sample injected 
after a poloxamer 188 ULOQ sample, indicating 
no apparent carryover in the method conditions 
(Figure 10).

3. Linearity, precision and accuracy
 The calibration curves were successfully 

validated over the concentration range of 
1.00 –100 µg/mL in rat plasma (Figure 11). 
Correlation coeffi cients for all calibration 
curves were greater than 0.99. The deviations 
of the back-calculated concentrations from 
their nominal values were within ± 15% and 
the relative standard deviations were below 
10% (Table 1). Inter-day accuracy (% bias) 
and precision (% CV) at the LLOQ were 
9.00% and 10.7%, respectively. The intra- 
and inter-day precision and accuracy of 
the method were determined through the 
analysis of six replicates of QC samples at four 
different concentrations, and the results are 
summarized in Table 2. Intra-day accuracy (% 
bias) and precision (% CV) ranges for three 
runs at the LLOQ were 2.00% to 9.00% and 
3.90% to 10.7%, respectively. These results 
demonstrated that the method is reliable and 
reproducible as the %RSD was below 15% 
for all concentrations evaluated. The ability 
to dilute was evaluated by preparing QC 
samples containing analyte at a concentration 
greater than the ULOQ. Dilution linearity was 
also assessed with the same QC samples in 
order to determine the uppermost limit for 
reporting diluted study sample concentrations 
above the ULOQ. The dilution test samples 
were analyzed after dilution with blank 
control matrix to a quantifi able level within 
the calibration curve. The results indicated 
that the assay can reliably quantitate samples 
above the ULOQ with DF=10 up to a 
concentration of 400 µg /mL.


