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Abstract

Beta-2 Adrenergic receptor agonists (BAs) are commonly prescribed medications used to treat Chronic 

Respiratory Diseases (CRDs). BAs have been amongst the top ten prescribed drugs for several years now. Here, 

we developed a method that reproducibly separated several types of BAs and BA impurities in under 14 minutes. 

We investigated the effect of pH on analysis. Further, we demonstrated the high pH stability and batch 

consistency of MaxPeak™ High Performance Surfaces (HPS) Technology.

Benefits

Single method that offers baseline separation of a diverse panel of BAs and their impurities■

Basic conditions used in this method reduce tailing by up to 65%■

Method demonstrates the dependability and reproducibility of MaxPeak™ HPS Technology Columns and 

Systems in high pH conditions

■

Introduction
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Noncommunicable diseases account for 41 million deaths globally. Of that 41 million, 10% are because of chronic 

respiratory diseases (CRDs).1 Asthma and chronic obstructive pulmonary disease (COPD) are recognized as 

CRDs.2 While CRDs are not curable, maintenance medications such as Beta-2 Adrenergic receptor agonists 

(BAs) are available to help improve symptoms.3 Further, there are three classes of BAs: short-acting B2 agonists 

(SABAs), Long-acting B2 agonists (LABAs), and ultra-long-acting B2 agonists (ULABAs). Given the prevalence of 

CRDs it is no surprise that BAs, such as albuterol, have been on the top 10 list of most filled prescription 

medication for several years.4

Some current LC methods for BAs mention noticeable tailing when analyzing these compounds under acidic 

reversed phase conditions.5,6 However, there is evidence that high pH conditions may improve the overall 

chromatography for BAs.7 Further, there is a lack of full panel methods including a variety of BAs. Therefore, we 

developed a high pH reversed phase method for the separation of a BAs panel. The analysis of 6 BAs and some 

of their impurities is complete in under 14 minutes with reproducible, linear, and sensitive results. In addition, 

different column sorbent batches were compared using this method demonstrating the reliable and stable 

performance of Premier Columns and Systems with MaxPeak™ High Performance Surfaces (HPS) Technology, 

especially under high pH conditions.

Experimental

Method of Separation Sample Description

Various BAs were purchased to establish a full panel containing SABAs, LABAs, and ULABAs. Levalbuterol was 

sourced from Sigma Aldrich (Allentown, PA). Pirbuterol was purchased from Toronto Research Chemicals 

(Toronto, ON). Formoterol, Indacaterol, Olodaterol, and Vilanterol were obtained from Cayman Chemical (Ann 

Arbor, MI). Terbutaline was sourced from Santa Cruz Biotechnology (Dallas, TX).

Each standard was weighed into a 20 mL scintillation vial and diluted with Deionized Water: Acetonitrile (95:5). 

Salt factors and purities were taken into consideration. Stock concentrations varied from 0.5 mg/mL to 1 mg/mL, 

depending on standard solubility. Stocks were stored at 2 °C–8 °C and allowed to equilibrate to ambient 

temperature prior to analysis.

Stocks were diluted and combined to make a BAs Mix sample. Each Analyte was at a 100 µg/mL concentration.
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Linearty and Impurities Sample Description

Linearity and Impurities standards were purchased from European Directorate for the Quality of Medicines & 

HealthCare (EDQM) (Strasbourg, FR). The standards purchased were the following: Formoterol, Formoterol 

Impurity I, Salbutamol, Salbutamol Impurity B, Salbutamol Impurity D, Salbutamol Impurity F, Salbutamol 

Impurity G, Terbutaline, and Terbutaline Impurity C.

Each standard was weighed into a 20 mL scintillation vial and diluted with Deionized Water: Acetonitrile (95:5). 

Salt factors and purities were taken into consideration. Stock concentrations varied from 0.1 mg/mL to 1 mg/mL, 

depending on standard solubility. Stocks were stored at 2 °C–8 °C and allowed to equilibrate to ambient 

temperature prior to analysis. Stocks were diluted and combined to make various curve points for each main 

analyte. For impurities analysis, analytes and their respective impurities were combined. Each impurity was at a 

10 µg/mL concentration, while analytes were at a 100 µg/mL concentration.

LC Conditions

LC system: Arc™ Premier LC System

Detection: Waters™ 2998 Photodiode Array Detector, 276 nm

Column(s): XBridge™ Premier BEH™ C18, 130 Å, 4.6 x 100 mm, 

2.5 μm

Column temperature: 40 °C

Sample temperature: Ambient

Injection volume: 10 μL

Flow rate: 1.0 mL/min

Mobile phase A: Deionized Water with 10 mM Ammonium Formate, 

pH 10, adjusted using Ammonium Hydroxide
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Mobile phase B: Acetonitrile

Gradient Table

Data Management

Chromatography software: Empower™ 3.7.0

Results and Discussion

Method of Separation Results

This method was reproducible in the retention and separation of BAs. Over the course of 12 injections of the BAs 

Mix sample, the %RSD for area, retention time, and tailing for each analyte was <1% (Tables 1, 2, and 3). Below, 

an overlay chromatogram of the 12 injections provides a clear picture of the method’s performance (Figure 1).
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Table 1. Table containing data for the area across 12 injections for the BAs Mix sample.

Table 2. Table containing data for the retention time across 12 injections for the BAs 

Mix sample.

Table 3. Table containing data for the tailing across 12 injections for the BAs Mix 

sample. 
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Figure 1. Overlay chromatogram of 12 injections for the BAs Mix sample.

Effects of pH

It is well known that pH has a notable effect on most reversed phase applications.7,8 To investigate its effect on 

BAs we analyzed the same BAs Mix sample using a basic and acidic mobile phase A. The basic mobile phase 

used was deionized water with 10 mM ammonium formate, pH 10, adjusted using ammonium hydroxide. The acid 

mobile phase was deionized water with 10 mM ammonium formate, pH 3, adjusted using formic acid.

Under basic conditions, tailing improves amongst the analytes, and baseline resolution is achieved for 

levalbuterol and terbutaline, the critical pair in the acidic conditions. There is up to a 65% decrease in tailing 

when switching to the basic method. Below is a data table and chromatogram representative of the performance 

of both methods (Figure 2a and 2b, Tables 4 and 5).
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Figure 2a. A representative chromatogram detailing the performance of the basic method conditions for the 

BAs Mix sample.

Figure 2b. A representative chromatogram detailing the performance of the acidic method conditions for 

the BAs Mix sample.

Table 4. Data detailing the improvements in the tailing between the two methods.

Table 5. Data detailing the improvements in the resolution between the two methods.
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Linearty Results

Each of the EDQM analytes were investigated for their linearity. The linearity for each analyte was calculated 

using a linear fit through the calibration features in Empower 3. Below, the quantitative capability of this method 

is clear, suggesting its use in quality control testing (Figures 3a through 3c).
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Figure 3a. The calibration curve for Formoterol spanning from the concentrations of 1 μg/mL to 500 μg/mL.
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Figure 3b. The calibration curve for Salbutamol spanning from the concentrations of 1 μg/mL to 500 μg/mL.

Figure 3c. The calibration curve for Terbutaline spanning from the concentrations of 5 μg/mL to 500 μg/mL.

Impurites Analysis Results

This method was also investigated for its impurities analysis suitability. The EDQM analytes and their respective 

impurities were combined so that impurities were at 10% of the main analyte concentration. Below, this method 

demonstrated its ability to separate analytes from their impurities with baseline resolution and good sensitivity 

(Figures 4a and 4b).

Figure 4a. Representative chromatogram for the separation of Salbutamol (100 μg/mL) and its related 

impurities (10 μg/mL).

Figure 4b. Representative chromatogram for the separation of Terbutaline (100 μg/mL) and its related 

impurity (10 μg/mL).

Column Batch Reproducibility
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To prove the consistency of column batches for the XBridge™ Premier BEH C18 Column, three different 

manufacturing lots were investigated. Each column was examined across 12 injections of the BAs Mix sample. 

The performance across batches is undoubtedly equivalent (Figures 5a through 5c, Tables 6 and 7). The data 

provides a clear image of the reliability of XBridge™ Premier BEH C18 Columns.

Figure 5a. Representative chromatogram for the separation of the BAs mix for column batch A.

Figure 5b. Representative chromatogram for the separation of the BAs mix for column batch B.

Figure 5c. Representative chromatogram for the separation of the BAs mix for column batch C.

Table 6. Table containing average retention time data for the column batch 

reproducibility across 12 injections for the BAs Mix sample.
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Table 7. Table containing average tailing data for the column batch reproducibility 

across 12 injections for the BAs Mix sample.

High pH System and Column Reproducibility

To demonstrate the resilience of Premier Columns and Systems with MaxPeak™ HPS Technology under high pH 

conditions, a fresh XBridge™ Premier BEH C18 Column was installed on the Arc™ Premier LC System. This column 

underwent 300 injections of the BAs Mix sample equating to over 100 hours of run time. The average retention 

time and standard deviation over the course of 300 injections is detailed below (Table 8).

Table 8. Table containing average data for the column and system high pH stability 

across 300 injections for the BAs Mix sample.

Conclusion

Due to the prevalence and mortality associated with CRDs, the quality and efficacy of maintenance drugs such 

as BAs is critical. To support this, we developed a method that can separate a variety of BAs and their impurities. 

Results were reproducible and linear. The basic conditions of this method provided reduction in tailing by up to 

65% and improved baseline separation for some critical pairs. Further, this method demonstrated the 

dependability and reproducibility of MaxPeak™ HPS Technology when exposed to basic pH conditions for an 

extended period of run time. Finally, it was shown that the XBridge™ Premier BEH C18 Column reliably performs 
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across different sorbent lots.
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