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Abstract

Hydrophilic Interaction Liquid Chromatography (HILIC) combined with Evaporative Light Scattering Detector
(ELSD) enables for the separation, detection, and quantitation of both anionic and cationic pharmaceutical
counterions. This method further demonstrates a single method could be used to separate the active

pharmaceutical ingredient (API) free base from the salt counterions.

Benefits

A single HILIC method for the analysis of anionic and cationic pharmaceutical counterions
in drug substance

Introduction
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It has been reported that roughly 50% of drugs are attached to some form of salt.” Many APIs lack the solubility
needed for therapeutic bioavailability.>® Therefore, the insoluble APIs are combined with soluble salts to increase
the bioavailability and decrease the amount of API needed for therapeutic effect. The identification and
quantification of free base and salt counterions is critical for quality control in the pharmaceutical industry.* Due
to chemical differences between APIs and their salts, multiple methods such as reversed phase and ion-
exchange, are used to identify and quantify a final drug product. This challenge could be remedied using HILIC, a
technique that works inversely to traditional reversed phase chromatography. In HILIC, the aqueous mobile
phase is the strong solvent, and the organic mobile phase is the weak solvent. The mixed aqueous-organic
mobile phase forms a water layer around the polar stationary phase. This allows for analytes to partition between

the aqueous and organic layers based on the polarity of the analyte.

HILIC stationary phases can also be modified with different functional groups which increase the selectivity of
the technology. The zwitterionic HILIC stationary phase used here contains a sulfobetatine functional group that
features a negatively charged sulfonate group and a positively charged quaternary ammonium group.® This will
allow the retention and separation of cations and anions in the same method. Another challenge when analyzing
a drug product is some components may lack chromophores. Using a universal detector can mitigate this hurdle.
And therefore, in this work, the use of ELSD was utilized. ELSD is a technique that works by nebulizing mobile
phase with analytes leaving the column. The volitive mobile phase evaporates leaving the dry solute particles
behind. These dry particles flow into the ELS detector and scatter a beam of light. The amount of scattered light
is measured and correlated to the concentration of eluting material.® The combination HILIC and ELSD provides

a strategic approach to separating and quantifying pharmaceutical counterions from the free base APIs.

Experimental

Method of Separation Sample Description

The salts used in this study were potassium chloride, sodium sulfate, calcium nitrate, potassium phosphate, and
magnesium chloride were purchased from Sigma-Aldrich (Allentown, PA). These various salts were prepared as
separate stock solutions at a 1 mg/mL concentration in 50% acetonitrile. Then, the stock salt solutions were
combined and diluted to a 0.1 mg/mL concentration using 60% acetonitrile to make a dissolved counterions

standard. Solutions were stored at 2 °C-8 °C and equilibrated to ambient room temperature prior to analysis.
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Linearity Sample Description

The salts used in the linearity portion of this study were sodium sulfate, magnesium chloride, and potassium
phosphate were purchased from Sigma-Aldrich (Allentown, PA). These various salts were prepared as separate
stock solutions at a 100 mM concentrations in 60% acetonitrile. Then, the stock salt solutions were individually
diluted into various calibration standards, ranging from 1to 100 mM in 60% acetonitrile from which three
different linear curves were prepared. Solutions were stored at 2 °C-8 °C and equilibrated to ambient room

temperature before dilution or injection.

LC Conditions

LC system: ACQUITY™ Arc™ Premier LC System

Detection: Waters™ 2424 Evaporative Light Scattering
Detector

Column(s): Atlantis™ Premier BEH™ Z-HILIC, 4.6 x 100 mm, 2.5
pgm

Column temperature: 40 °C

Sample temperature: Ambient

Injection volume: 10 uL

Flow rate: 1.4 mL/min

Mobile phase A: Acetonitrile

Mobile phase B: Deionized Water (DI Water)

Mobile phase C: 200 mM Ammonium Formate

Mobile phase D: 2% Formic Acid
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Gradient Table

A B oD
Initial 1.4 80.0 10.0 5.0 5.0 Initial
10.00 1.4 10.0 80.0 5.0 5.0 6
12.00 1.4 10.0 80.0 5.0 5.0 6
12.10 1.4 80.0 10.0 5.0 5.0 6
16.00 1.4 80.0 10.0 5.0 5.0 6
Data Management
Chromatography Software: Waters Empower™ 3 Software Build 3471

Results and Discussion

Method of Separation Results

The methodology developed with the Atlantis Premier BEH Z-HILIC Column can separate a variety of different
counterions with good retention, resolution, and reproducibility. The ELS detector was chosen due to the lack of

chromophores present within the counterion structure.

The analysis of the counterions standard showed reproducibility. Over the course of ten injections 5% RSD for
both area and retention time was observed (Figure 1a, Table 1, and Table 2). Potassium, phosphate, and
magnesium ions fell within a 5% RSD for retention time and 6% RSD for area (Table 1). These %RSDs are

expected when using nebulizer based methods of detection, such as ELSD.
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Figure 1a. Overlay of ten chromatograms for the counterions standard mixture.

Area summarized by name

9.00 950 1000

‘ Nitrate ‘ Potassium ‘ Sodium ‘ Chloride ‘ Phosphate | Magnesium ‘ Calcium
(uV*sec) (uV*sec) (uV*sec) (uV*sec) (uV*sec) (uV*sec) (uV*sec)

1 11202 66827 22044 81075 5895 15130 1985

2 11596 73040 21399 76746 6615 14313 2099

3 12158 74254 2201 85090 6898 16927 2200

4 1703 76019 21548 77038 6357 17129 2228

5 11062 79606 21567 84985 6127 16963 2163

6 10593 75686 21432 76238 6513 16483 2150

7 10534 70677 21758 82166 6344 16920 1921

8 11511 76823 22204 84018 6708 16258 2024

9 11278 76390 21523 85719 5567 16070 1987

10 10687 80723 22545 81766 6110 16745 2099
Mean 11232.5 75004.5 21802.6 81481.2 6313.4 16293.8 2085.7

Std. Dew. 528.8 4090.8 3821 3652.7 399.8 913.5 102.5

% RSD 4.7 5.5 1.8 4.5 6.3 5.6 4.9

Table 1. Table containing the %RSDs for the area counts from the counterions standard mixture.
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Retention time summarized by name

Potassium ’ Sodium ‘ Chloride ‘ Phosphate | Magnesium ‘ Calcium

(min) (min) (min) (min) (min) (min)

1 2175 2.947 3.150 3.360 4,406 5.656 6.128

2 2175 2.952 3.152 3.362 4,418 5.664 6.130

3 2.176 2.953 3.154 3,365 4.427 5.661 6.129

4 2176 2,950 3.151 3.366 4,426 5.662 6.126

5 2176 2.953 3.150 3.363 4,417 5.662 6.122

6 2077 2.951 3.149 3.365 4,422 5.658 6.122

7 2177 2:953 3452 3.362 4,415 5.660 6.128

8 2.178 2.950 3.152 3.365 4,422 5.659 6.127

9 2.178 21952 3.154 3.365 4,425 5.661 6.120
10 2.180 2.952 3.152 3.364 4,421 5.665 6.125
Mean 2.2 3.0 3.2 3.4 4.4 5.7 6.1
Std. Dev. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RSD 0.1 0.1 0.1 0.1 0.1 0.0 0.1

Table 2. Table containing the %RSDs for the retention from the ten counterions standard injections.

Further, this method was shown to be capable of separating the counterions, but it also can separate the API

freebase from their salts and quantify the salts. Naproxen sodium, metformin hydrochloride, and losartan

potassium were prepared at various concentrations in 60% acetonitrile. The peaks were aligned against the

counterions standard to identify the separated ion from the free base of the drug salt (Figures 2a through 2d).

Method for the Analysis and Quantitation of Pharmaceutical Counterions Utilizing Hydrophilic Interaction Liquid

Chromatography




80.00 4 A -
[Te]
q ~ P
e & 8 Counterions standard
& 4000 4 2 © 3
2 g4 /\ = g 8
20.00 4 15 3 5% > V>
o - :
. b L L L.
80.00 4 B
60.00 1 Naproxen sodium — 3 mg/mL
ﬁ 40.00 ] | RT | Area |He‘ghl |Amount |Units|
[3.144] 544171 | 224007 | 16.397 [ mm |
2000
0.00
80004 C
60.00 ] Metformin hydrochloride — 0.5 mg/mL
ﬁ — [ r7 [ Area [ Heignt [Amount [units]
[3371] 50031 | 22362 | 2.788 [ mm |
20.00 \
0.00
80.00 4 D
60.00 4 Losartan potassium — 10 mg/mL
ﬁ 40.00 [ RT [ Area [ Heignt [Amount [units|
[2.957 1266737 | 593230] 21.205 [ mm |
20.00 4
0.00 +

040 0,‘6(] 0;30 1;)0 1‘20 1:10 1230 1;30 2;]0 2‘20 2:10 2,;50 2;}0 3;]0 3‘20 3:10 3;30 3'80 4;]0 4‘20 4‘40 4,230 4;30 5;)0 5'20 5:10 5;50 5;30 6;]0 6'20 6,:10 6;50 6;30 7.00
Minutes

Figure 2a. An ELSD Chromatogram of the counterions standard (black). The specific peaks in the chromatogram are Nitrate (1), Potassium

(2), Sodium (3), Chloride (4), Phosphate (5), Magnesium (6), and Calcium (7). This is used as a known counterions reference to be

compared to the drug samples in Figure 2b, 2c, and 2d. The known counterions are designated by an arrow that extends from Figure 2a to

the respective ion in the drug samples (Figure 2b, 2c, and 2d).

Figure 2b. An ELSD chromatogram of the drug Naproxen Sodium prepared at 3 mg/mL (red). The Naproxen free base is visible at
approximately 0.6 minutes and the sodium ion is visible at approximately 3.1 minutes. This sodium peak lines up with the known sodium

peak in Figure 2a. The sodium ion was quantified at 16.397 mM.

Figure 2c. An ELSD chromatogram of the drug Metformin Hydrochloride prepared at 0.5 mg/mL (orange). The Metformin free base is visible
at approximately 1.7 minutes and the chloride ion is visible at approximately 3.4 minutes. This chloride peak lines up with the known

chloride peak in Figure 2a. The chloride ion was quantified at 2.788 mM.

Figure 2d. An ELSD chromatogram of the drug Losartan Potassium prepared at 10 mg/mL (blue). The Losartan free base is visible at
approximately 0.7 minutes and the potassium ion is visible at approximately 3.0 minutes. This potassium peak lines up with the known

potassium peak in Figure 2a. The potassium ion was quantified at 21.205 mM.

Linearity Results

The various salts were prepared as a 100 mM stock, then all were screened from the ranges of 2.5 mM to 100

mM. Based upon the solubility of the salts and detector capacity, the linear ranges were individually recalculated
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for each salt. The specific linear ranges for each counterion are displayed in the Table 3 below:

Table 3

. Linear range Linear range
Counterion ‘ (mM) 9 ‘ (pg/mL)g
Potassium 8to 40 312.6 t0 1562.9

Sodium 41060 92.41t01385.8
Chloride 2to0 20 71.5t0715.0

The linearity for each counterion was calculated using a linear log/log fit as recommended in the ELSD
Operator's Guide.® Curves were generated in Empower 3 (Figures 3a through 3c). These linear curves were used

to quantify the ions in the drug samples presented in Figure 2.
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Figure 3a. The calibration curve for sodium between the concentrations of

4 mM to 60 mM.

Figure 3b. The calibration curve for chloride between the concentrations
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of 2 mM to 20 mM.
Figure 3c. The calibration curve for potassium between the concentrations

of 8 mM to 40 mM.

The R? values for the counterion curves are >0.997. This demonstrates that the concentration of counterions can
be calculated accurately using ELSD in combination with HILIC, and therefore provide a solution for the

quantitative analysis of pharmaceutical counterions.

Throughout the study, some recommend courses of action were taken to keep the system data reproducible.
After approximately 100 injections, the ELSD was cleaned by sonicating the nebulizer and flushing the drift tube
as detailed in the ELSD operator's manual.® Since most of the common counterions are non-volatile salts, they

may accumulate and precipitate in the ELSD.

Also, aqueous mobile phases were prepared weekly and test blank injections are recommended to ensure a

smooth baseline before injection.

Conclusion

In the pharmaceutical industry, quality and efficiency of methodologies are essential. In this study, the use of
Waters Atlantis Premier BEH Z-HILIC Column in combination with ELSD was shown to be successful at
retaining and separating various counterions in salts, as well as separating counterions from their associated free
base API. Further, the dynamic linearity of this method provides accurate quantification of counterions. Results
were shown to be reproducible and provide a method for the challenges of counterions analysis in drug

substances.
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