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An evaporative light scattering detection (ELSD) based high-
performance liquid chromatography (HPLC) method is developed for
the determination of polysorbate 80 (tween 80) in therapeutic
protein formulations. The method is simple and overcomes the diffi-
culties associated with specificity and sensitivity. The method is
suitable for the quantitation of polysorbate 80 in the usual formula-
tion range (0.01–0.1%) as well as in trace amounts �13 mg/mL.
The analysis is based on the removal of protein first by solid-phase
extraction using Oasis HLB cartridges followed by HPLC analysis
using Inertsil ODS-3 C 18 column (4.63150 mm, 5 mm) using
reversed-phase conditions. The detector response changes expo-
nentially with an increase in polysorbate concentration. A very
good linear fit of log ELSD response against log polysorbate 80
concentration is observed. The specificity, sensitivity, precision,
and accuracy of the method are suitable for the quantitation of
polysorbate 80 in protein formulations.

Introduction

Polysorbate 80, also commonly known as Tween 80, consists of

a heterogeneous distribution of polyoxyethylene sorbitan

monooleate structures (see Figure 1). The hydrocarbon chains

and the ethylene oxide groups provide respectively, the hydro-

phobic and hydrophilic character to the polysorbate 80 mol-

ecule. Polysorbate 80 is used as a non-ionic water soluble

surfactant and emulsifier in the food industry. Polysorbate 80 is

also used as a good formulation excipient for a number of

therapeutic protein solutions as it makes proteins more soluble

and, hence, increases the solution stability. Polysorbate is

known to inhibit self-association of proteins by competing

with the air–water interface. Polysorbate 80 is found to cause

no observable adverse effects to humans up to a daily dose of

1.85 mL per kg of body weight (1).

In order to evaluate the quality and stability of therapeutic

formulations, a reliable analytical method to quantify polysor-

bate 80 is needed. Since polysorbate 80 does not have

sufficient chromophores to absorb UV radiation, UV-based

high-performance liquid chromatography methods become

unsuitable. The analytical methods based on derivatization fol-

lowed by colorimetric determination of polysorbate 80 are not

only time consuming but also considered less specific (2–5).

Indirect methods based on chemical transformation of polysor-

bate 80, such as the alkali (0.3–1 M) induced hydrolysis into

oleic acid are reported (6, 7). These methods are laborious and

time consuming, involving 6–18 h of digestion at an elevated

temperature of 40–608C. These methods may also exhibit

higher baseline noise due to the very low wavelength of less

than 200 nm needed to achieve the required sensitivity for

detection. A size exclusion chromatography based method using

charged aerosol detection (CAD) has also been reported for the

detection of polysorbate 80 (8). The CAD based method requires

the analyte polysorbate 80 in the mobile phase so as to keep the

eluting analyte above its critical micellar concentration (CMC) in

order to be detected as a peak. This method suffers mainly from

inadequate selectivity and sensitivity as a result of poor peak

shape. The use of HPLC coupled with mass spectrometry (MS)

for the determination of polysorbate 80 has also been reported

(9, 10). MS-based assays generally work well for a limited number

of samples with low concentrations of proteins. Maintaining

good precision and stable sensitivity for a prolonged period of

time remains as the major challenge for the MS-based methods.

Direct analysis of polysorbate 80 using an ELSD-based HPLC

method has also been reported (11, 12). Although these direct

methods are quick, the presence of protein in the sample makes

them less selective and less sensitive. In the direct ELSD-based

HPLC methods, the chromatographic separation of proteins from

polysorbate 80 is critical. In order to achieve the required separ-

ation, often sensitivity is compromised. Additionally, as more and

more injections of protein samples are made, more frequent

cleaning of the detector becomes essential to keep the noise

level low. To overcome the difficulties associated with the

reported methods, a new HPLC method using an evaporative

light scattering detector has been developed. The new method

is based on the separation of protein from polysorbate 80 as well

as the concentration of polysorbate 80 using solid-phase extrac-

tion (SPE), followed by HPLC analysis. The removal of protein

from the sample before HPLC analysis increases the specificity of

the chromatographic separation. Therefore, suitable chromato-

graphic conditions can be used to elute the polysorbate 80 peak

early and make the peak sharper. The sharpness of the peak

(higher signal to noise ratio) and the concentration of the

sample involved in the SPE step are expected to increase the

overall sensitivity of the method. The suitability of the new

method for the determination of polysorbate 80 in therapeutic

protein formulations has been evaluated by testing its specificity,

linearity, precision, sensitivity, and accuracy.

Experimental

Materials

Polysorbate 80 used in this study was purchased from Sigma

Aldrich (St. Louis, MO). The nebulizer gas, nitrogen (�99.99%,
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UHP), was purchased from Airgas (West Chicago, IL).

Acetonitrile (HPLC grade) was purchased from EM Science

(Gibbstown, NJ). Oasis HLB 1 cc cartridges for SPE were

obtained from Waters (Milford, MA). Monoclonal antibody

(MAb) drug sample and monoclonal antibody drug buffer as

available in the lab were used in the method development and

evaluation.

SPE

The sample preparation involved the extraction of polysorbate

80 from sample and standard with Oasis HLB SPE cartridges.

For this purpose, the SPE cartridge was attached to a vacuum

(–5 to –10 mm Hg) manifold and washed with acetonitrile by

adding 1 mL acetonitrile at the top of the cartridge and apply-

ing vacuum for � 20 s to remove acetonitrile. The acetonitrile

washing was repeated twice. After the acetonitrile wash, 1 mL

water was added to the SPE cartridge, and the vacuum was

turned on to remove the water. With the vacuum turned off,

1 mL of sample or standard was added at the top of the cart-

ridge, and the vacuum was turned on until the solution was

drained off completely. The cartridge was then rinsed twice

with 1 mL water followed by applying vacuum to remove the

water. The elution of polysorbate 80 was achieved by inserting

a new collection tube into the SPE cartridge and adding 0.5 mL

acetonitrile to the SPE cartridge. The vacuum was turned on

again to collect the sample solution as much as possible. The

collected sample solution was transferred to an HPLC vial and

stored at 48C for analysis.

HPLC conditions

Polysorbate 80 was analyzed using a Waters 2695 HPLC

coupled with a Sedex 75 evaporative light scattering detector.

The separation of polysorbate 80 from other analytes was

achieved using Inertsil ODS-3 (C18), 100Å, 150�4.6 mm, 5 mm

column (GL Sciences) with a mobile phase consisting of aceto-

nitrile and water. Throughout the analysis, the column was

kept at room temperature, and the mobile phase flow rate was

maintained at 1.0 mL/min. The chromatographic run was

started by injecting 50 mL of sample solution. During the first

5 min of the run, the acetonitrile was maintained at 0%. The

acetonitrile was increased linearly to reach 60% at 6 min and

80% at 10 min. After maintaining 80% acetonitrile from 10 to

15 min, the mobile phase was changed back to 0% acetonitrile

at 15.1 min, and the column was equilibrated until 20 min.

The ELSD was maintained at 458C throughout. The nebulizer

(nitrogen) gas pressure was set at 2.8 bar and the detector gain

was set at 9.

Results and Discussion

Specificity

The specificity of the chromatographic separation was first

tested by injecting acetonitrile and 0.01% polysorbate 80 in

acetonitrile directly into the column (see Figure 2). The overall

specificity of the method was also tested by injecting monoclo-

nal antibody drug formulation buffer and monoclonal antibody

in the formulation buffer each containing 0.01% polysorbate 80

after SPE with the HLB cartridge. Chromatograms exhibiting

the good selectivity of the method are shown in Figure 2.

Polysorbate 80 elutes at � 8.6 min. No other peak was found to

elute at or near the retention time of polysorbate 80.

Occasionally peaks eluting in the void volume (,3 min) corre-

sponding to buffer components were found in some chromato-

grams. These early eluting peaks were not found to have any

effect on the specificity or accuracy of the method.

Linearity

After SPE, Polysorbate 80 standard solutions of 0.002, 0.005,

0.01, 0.05, and 0.1% (v/v) in monoclonal antibody buffer were

injected into the HPLC. The ELSD response increased with an

increase in polysorbate 80 concentration in a non-linear

manner (see Figure 3A). However, the plot of log ELSD

response verses log polysorbate 80 concentration showed a

linear relationship (Figure 3B), and the data fit well into the

equation of the type:

y ¼ mx þ b (Eq: 1Þ

where: y ¼ log (polysorbate 80 peak area), x ¼ log [concentra-

tion of polysorbate 80 (ppm)], b ¼ y-intercept, and m ¼ slope

of the line.

The linearity of the method as well as polysorbate 80 recov-

ery (mass balance) from the SPE clean-up were tested by

injecting two sets of polysorbate 80 standards. The first set of

standards was prepared in acetonitrile and injected into the

HPLC without SPE clean-up (mass balance control set). The

second set of standards was prepared in monoclonal antibody

drug buffer and subjected to SPE clean-up before injected into

the HPLC (mass balance test set). The log-log linearity plots

corresponding to the final concentration in the solution for

both sets of standards are shown in Figure 4. The data obtained

from both sets of standards fit well into the linear equation 1,

which gives coefficients of variation (R) � 0.999. If the SPE

clean-up step is not efficient and results in the loss of polysor-

bate 80, the ELSD response for the standard prepared from the

SPE clean-up is expected to be considerably lower than for the

standard prepared without SPE clean-up. The ELSD responses

for the two sets of standards for any given polysorbate concen-

tration in the injected solutions were found to be similar. The

closeness of the slope values as well as the intercept values

obtained from both sets of standards indicate that the SPE

clean-up step does not result in any significant loss of polysor-

bate 80. The intercept values obtained for both sets of stan-

dards correspond to ELSD responses for polysorbate 80

concentration of � 1 ppm. It should be noted that only for the

purpose of mass balance evaluation, the log-log linearity plots

were obtained with x-axis coordinates corresponding to final

polysorbate 80 concentrations in the solutions. In regular

Figure 1. Structure of polysorbate 80 (tween 80).
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analysis, generally the x-axis coordinates correspond to initial

concentrations of polysorbate in the solutions as shown in

Figure 3B. However, both types of the calibration curves as

shown Figures 3B and 4 can be used for the quantitation of

polysorbate 80, provided appropriate concentration factors are

used in the respective calculations.

Precision

The repeatability of injection, separation, and detector response

was evaluated by replicate injections of one 0.01% polysorbate

80 standard after SPE clean up. Using the ELSD detector

response for the individual injections, average response, stand-

ard deviation, and relative standard deviation were calculated.

The relative standard deviation of 1.1% obtained with this test is

an indication that the ELSD response is reproducible. In order to

evaluate the repeatability of the overall method, six 0.01% poly-

sorbate 80 standards were prepared separately in monoclonal

antibody drug buffer, and all were subjected to SPE using HLB

cartridges. The resulting six standard solutions were injected

into the HPLC for analysis. The chromatograms of six 0.01%

polysorbate standards prepared separately in monoclonal anti-

body drug buffer after SPE clean up were found to be reprodu-

cible. Using the ELSD detector responses for all the 0.01%

polysorbate 80 standards average response, standard deviation,

and relative standard deviation were calculated. The relative

standard deviation of 3.9% obtained for the six replicate SPE

sample preparations is an indication that the overall method

precision (repeatability) is good.

Accuracy

To evaluate the accuracy of the method two sets of calibration

curves were generated. One calibration curve (A) was

generated using a set of polysorbate standards prepared in

acetonitrile, which were injected into the HPLC without SPE

clean up (see Figure 4). A second calibration curve (B) was

generated using another set of polysorbate standards prepared

in monoclonal antibody drug buffer, which were injected into

the HPLC after the SPE clean up (see Figure 4). A set of six

replicate test standards of 0.01 % polysorbate 80 were prepared

and injected in to the HPLC after SPE. The concentrations of

polysorbate 80 in each of the six test standards were deter-

mined using both the calibration curves generated by two dif-

ferent sets of standards. The accuracy expressed in terms of %

recovery was calculated using the equation:

%Recovery ¼ Calculated Polysorbate 80

Spiked Polysorbate 80
� 100% (Eq: 2Þ

The recovery values obtained using the two different calibra-

tion curves (A and B) for the six test standards are listed in

Table I. It is apparent from the good recovery data listed in

Table I that the method is suitable for the determination of

polysorbate 80 in protein formulations. The accuracy of the

method was also evaluated by spiking the monoclonal antibody

drug sample with polysorbate 80 at 0.005, 0.01, and 0.015 %

(v/v) level. The spiked samples after SPE clean up were

injected into the HPLC, and the recovery values were calcu-

lated by using a calibration curve (B) obtained by standards

prepared by following the similar SPE clean-up are listed in

Table II. The recovery values of 92%, 88%, and 93% were

obtained for polysorbate 80 spiking concentrations of 50, 100,

and 150 ppm, respectively. The recovery of 88% obtained for

polysorbate 80 spiking concentration of 100 ppm is consider-

ably lower than the previously obtained average recovery of

102% for the six replicate spikings at the same level. However,

Figure 2. Chromatogram of (A) acetonitrile, (B) polysorbate 80 in acetonitrile without SPE, (C) monoclonal antibody drug buffer after SPE, (D) 0.01% polysorbate 80 in
monoclonal antibody drug buffer after SPE, and (E) monoclonal antibody formulated bulk drug substance containing 0.01% polysorbate 80 after SPE.
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considering the complex nature of therapeutic protein matrix

and the lower spiking concentration range (50–150 ppm),

88%–93% recovery values indicate the suitability of the

method.

The good recovery data indicate that the loss of polysorbate

80 in the SPE clean-up step is minimum. Although the SPE

clean-up procedure mentioned in this paper worked well for

monoclonal antibody drug formulation, to apply this method to

other protein formulations may need adjustments in the SPE

clean-up step procedure. This will include SPE cartridge

volume/capacity, sample load volume, polysorbate 80 elution

volume, etc. The adjustment in the SPE step will depend upon

Figure 3. (A) Dependence of ELSD response on polysorbate 80 concentration and (B) log-log linear relationship between ELSD response and polysorbate 80 concentration.

Figure 4. Log-log linearity plot of polysorbate 80 in acetonitrile with no SPE
clean-up (dashed line) and in buffer with SPE clean-up (solid line).

Table I
Recovery Values for Six 0.01% Polysorbate 80 Test Standards After SPE Clean-up Calculated

Using Calibration Curves A and B

SPE % Recovery % Recovery
Preparation # using curve A* using curve B†

1 97.5 102.0
2 97.4 102.0
3 95.4 100.0
4 92.7 97.0
5 100.7 105.0
6 99.4 104.0
Average 97.2 101.7
Std Dev 2.9 2.9
%RSD 2.9 2.8

* Calibration curve A: calibration standards prepared in acetonitrile and injected in to HPLC without SPE

clean up (y¼ 1.42 xþ 2.26). As standards did not undergo SPE clean-up, and only samples underwent

SPE clean-up, no common blank could be used for blank subtraction in the processing method. Therefore,

data were processed without blank subtraction and the results were later corrected for blank contribution.

The signal in the blank corresponding to standards preparation (acetonitrile) was below quantitation limit.

The signal in the blank corresponding to SPE clean-up procedure was measurable.
† Calibration curve B: calibration standards prepared in monoclonal antibody drug buffer and injected in to

HPLC after SPE clean up (y¼ 1.33 xþ 2.50). Spiked samples also underwent SPE clean-up. One

common blank was used for blank subtraction in the processing method.

24 Nayak et al.



the types and concentrations of proteins and buffer compo-

nents. For the determination of polysorbate 80, especially at

lower concentrations (�100 ppm), blank subtraction is

recommended.

Sensitivity

The sensitivity of the method was evaluated by measuring the

heights of signal and noise of the chromatogram of 0.002%

polysorbate standard. Using the heights of signal and noise, the

limit of detection corresponding to a signal-to-noise ratio of 3

and a limit of quantitation corresponding to a signal-to-noise

ratio of 10 were calculated. The calculated limit of detection of

6 ppm and limit of quantitation of 13 ppm are indications that

the method is sensitive to determine polysorbate at trace levels

in protein solutions. Because the ELSD response increases

exponentially with an increase in analyte concentration, to

reach the LOQ signal level corresponding to 3.3�LOD signal

level, the required concentration becomes much lower than

3.3�LOD concentration. In the case where detector response

increases linearly with an increase in analyte concentration,

the ratio of the LOQ concentration to LOD concentration is

3.3. In the current method involving the use of ELSD, the ratio

of LOQ concentration to LOD concentration is found to be 2.2.

Besides enhancing the specificity of the method, the other

main advantage of SPE step is that the sensitivity of the method

can be increased further if needed as it offers concentration of

analyte of interest. Under the described chromatographic

separation and detection conditions of this study, the sensitiv-

ity of the method is attributed to the ratio of sample load

volume to polysorbate elution volume in the SPE step (i.e., 2).

Higher sensitivity can be achieved by making adjustments in

the SPE step so as to increase the ratio of sample load volume

to analyte (polysorbate 80) elution volume.

Conclusion

In this paper, an HPLC method using evaporative light scatter-

ing detector for the determination of polysorbate 80 in protein

samples is reported. The analysis is based on the removal of

protein by SPE using Oasis HLB cartridges followed by HPLC

analysis using Inertsil ODS-3 C18 column under reversed-phase

conditions. As the sample injected into the HPLC does not

contain proteins, resolution between polysorbate 80 and

protein is no longer an issue. Hence suitable chromatographic

conditions are chosen to elute the peak early and make the

peak sharper. The method is suitable for the quantitation of

polysorbate 80 in the usual formulation range (0.01–0.1%) as

well as in trace amounts � 13 mg/mL. The higher sensitivity of

the method is attributed to the sharpness of the peak (higher

signal to noise ratio) and the concentration of the sample

involved in the SPE step. As the evaporative light scattering

detector response increases exponentially with an increase in

analyte concentration, both the sharpness of the peak and the

sample concentration make the method reliable to quantitate

polysorbate 80 even at trace levels. The method has been

successfully used for the determination of polysorbate 80 in

therapeutic protein formulations. The method is simple and

overcomes the difficulties associated with specificity and sensi-

tivity associated with reported methods. A very good linear fit

of log ELSD response against log polysorbate 80 concentration

is observed. The specificity, sensitivity, precision, and accuracy

of the method are found to be suitable for the quantitation of

polysorbate 80 in protein formulations.
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Table II
Recovery of Polysorbate 80 Spiked in Monoclonal Antibody Drug Substance Sample at Three

Levels*

Spiked Sample Theoretical Conc. Experimental Conc. %Recovery
# (v/v %) (v/v %)

1 0.005 0.0046 92.0
2 0.010 0.0088 88.0
3 0.015 0.0130 93.3

*Both sample and standard preparations involved SPE clean-up step
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