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TABLE 1. Recovery of ammonia, chloride, and sulfate in adenosine.

Precision
The precision of an analytical procedure is usually expressed as the relative standard 
deviation of a series of measurements. It is determined by assaying a sufficient 
number of aliquots of a sample that have been carried through the complete analytical 
procedure from sample preparation to final test results. The International Conference 
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 
Human Use (ICH) guidelines recommend that repeatability should be assessed using 
a minimum of nine determinations covering the specified range for the procedure (i.e., 
three concentrations and three replicates of each concentration). 

For ammonia, the retention time RSDs were <0.1% and the peak area RSD ranged 
from 0.01–2.3%, and for the two anions, the retention time RSDs were <0.2% and the 
peak area RSDs ranged from 0.25 to 1.3% (Table 2). With manually prepared eluents,
the precisions, especially retention time precision, may not be as low as with 
electrolytically generated eluents.

TABLE 2. Precision.

Linearity
The ICH/USP recommendations for establishing linearity of an impurity in a drug 
substance or a finished product are (i) a minimum of five concentrations, and (ii) 
concentrations ranging from 50% to 120% of the acceptance criteria.

Ammonium: Linearity was investigated in the range of 0.025–10 mg/L (0.025, 0.05, 
1.0, 2.0, 4.0 6.0, and 10.0 mg/L). The highest concentration investigated was 2.5× the 
acceptance criteria (no more than 4 mg/L) for ammonia in adenosine. Weak bases, 
such as ammonium, are partially dissociated and thus give a nonlinear response as 
the concentration increases. The coefficient of determination was 0.9993 using a 
quadratic curve fitting function for ammonium in the range of 0.025–10 mg/L. For a 
narrow range (0.025–2 mg/L), response can be considered to be linear and the 
coefficient of determination for a linear fit is 0.9984. Linear response can be extended 
by converting the weak base to the fully ionized salt form using a Thermo Scientific 
Dionex SC-CSRS 300 Salt Converter-Cation Self-Regenerating Suppressor 
(coefficient of determination 0.9989 over a concentration range of 0.025–50 mg/L). 

Chloride: Linearity was investigated in the range of 0.2–5 mg/L (0.2, 0.6, 1.0, 1.4, 2.0, 
and 5.0 mg/L). The highest concentration investigated was 3.6× the acceptance 
criterion (NMT 1.4 mg/L) for chloride in adenosine. The coefficient of determination for 
chloride was 0.9992.

Sulfate: Linearity was determined in the range 0.1–20 mg/L (0.1, 1.0, 2.0, 5.0, 10.0, 
and 20.0 mg/L). The highest concentration investigated was 5× that of the acceptance 
criterion of NMT 4 mg/L. The coefficient of determination for sulfate was 0.9999.
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Overview
We developed ion chromatography (IC) assays for ammonia, chloride, and sulfate in 
adenosine. The assays require <5 min per sample and accurately determine the ions 
by suppressed conductivity detection. These IC-based assays meet the analytical 
performance characteristics outlined in U.S. Pharmacopeia (USP) General Chapter 
<1225>, Validation of Compendial Procedures and can replace that monographʼs 
visual-comparison-based methods.

Introduction
Adenosine, a small-molecule drug, is used for treating surgical pain and irregular 
heartbeat, and for controlling blood pressure during anesthesia/surgery. 
FIGURE 1. Adenosine.

Adenosine is biochemically produced by the condensation of ribose and adenine or by 
fermentation. Possible ionic impurities in adenosine preparations are ammonia, 
chloride, and sulfate. The adenosine monograph in the U.S. Pharmacopeia/National 
Formulary (USP-NF) currently has color comparison assays for these ions. 

Current USP Monograph
i. ammonia is measured by comparing the color of an adenosine sample and a 0.4 

mg/L ammonium chloride standard solution after the addition of an alkaline 
mercuric–potassium iodide solution to each. The acceptance criteria is, ʼadenosine 
sample solution does not exhibit a more intense color than the standard solution 
(not more than [NMT] 4 ppm ammonia)ʼ.

ii. for measuring chloride, the sample and the standard solutions are treated with nitric 
acid and silver nitrate, and their turbidities are compared. The acceptance criterion 
is ʻsample solution is not more turbid than the standard solution, (NMT 0.007% 
chloride)ʼ. Similarly, for sulfate the sample solution and a standard solution are both 
treated with barium chloride and hydrochloric acid, and their turbidities compared. 
The acceptance criteria for sulfate is also a visual comparison, ʼsample solution not 
more turbid than standard solutionʼ. This correlates to NMT 0.02% sulfate in an 
adenosine test solution. These assays are imprecise, subjective, and expose the 
analyst to hazardous chemicals. 

In the spirit of monograph modernization, we developed IC assays for these ions that 
meet the monograph requirements.

Experimental
SAMPLE PREPARATION
Ammonia Assay
In the current USP monograph for ammonia assay in adenosine, sample preparation 
steps are (i) suspend 0.5 g in 10 mL of water, (ii) stir for 30 s, (iii) pass through a 
coarse filter, (iv) dilute the filtrate to 15 mL, and use the filtrate for the assay. 

For this IC-based method, adenosine samples were prepared according to the USP 
monograph steps above except that the filtrate was not diluted to 15 mL, but was 
directly injected into the IC system.

Anion Assay
In the current USP monograph, sample preparation steps are (i) suspend 0.2 g in 10 
mL of water, (ii) stir for 30 s, (iii) pass through a coarse filter, (iv) and use filtrate for the 
assay. The sample preparation for the sulfate assay in the same monograph is the 
same as for chloride, except 0.75 g is suspended in 15 mL of water.

For the IC-based methods presented here, a single preparation of adenosine 
(prepared as per the steps for the chloride assay in the USP monograph) was used for 
assaying both chloride and sulfate. The acceptance criterion for chloride is 0.007%, 
i.e., 1.4 ppm, and for sulfate is 0.02%, i.e., 4 ppm.
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Results
SEPARATION
Ammonia Assay
For determining ammonia in adenosine, a sample not expected to have high cation
concentrations, a medium-capacity cation-exchange column designed for fast, 
isocratic separation of common cations (Dionex IonPac CS12A-5 µm) was selected.

FIGURE 2. A) Mix of six cations and B) adenosine (50 mg/mL) separated on the 
Thermo Scientific™ Dionex™ IonPac™ CS12A-5µm column.

Figure 2A shows separation of ammonium in a mix of six cation standards and 
adenosine (50 mg/mL) using the Dionex IonPac CS12A-5µm column set. Ammonia 
elutes at 2.1 min, with a peak resolution value of 2 (relative to sodium) and peak 
asymmetry value of 1.2. The total run time is 5 min, which enables high sample 
throughput. Figure 2B shows the determination of ammonia in an adenosine sample 
prepared as described in the current USP-NF except that the final dilution step was 
omitted. The filtrate was directly injected into the IC system. The amount of ammonia 
in the adenosine sample (Figure 2B) is 0.04 mg/L, well under the limit of 4 mg/L. 

Anions Assay
The anions in adenosine were separated on a high-efficiency, anion-exchange column 
(Dionex IonPac AS18-4µm) designed for fast, isocratic separation of common anions. 
FIGURE 3. A) Separation of chloride and sulfate and B) an adenosine sample 
(20 mg/mL) on the Dionex IonPac AS18-4µm column.

Figure 3 shows separation of chloride and sulfate standards and an adenosine sample 
(20 mg/mL). Chloride elutes at 3.6 min and sulfate elutes at 5.9 min. Carbonate elutes 
at 4.8 min between the chloride and sulfate peaks. Chloride and sulfate both have a 
peak asymmetry value of 1.2. The total run time is 8 min using a flow rate of 0.8 
mL/min (backpressure ~2800 psi) and an eluent concentration of 28 mM KOH. We 
measured the method accuracy, precision, detection limits, linearity, and robustness 
using these conditions (referred to as standards conditions). Increasing the eluent 
concentration to 40 mM KOH, chloride and sulfate elute at 3.09 and 4.76 min, 
respectively, with a total run time of 5 min (data not shown). The amounts of chloride 
and sulfate in the adenosine sample (Figure 3B) are 0.06 and 0.1 mg/L, both well 
under their respective limits of 1.4 and 4 mg/L in the USP monograph. 

Fast Anion Assay
We can achieve an even faster separation by increasing the flow rate to 1.5 mL/min.
The increased flow rate results in increased backpressure due to the smaller resin 
particles used in the Dionex IonPac AS18-4µm column (compared to the traditional 
AS18 column). We can achieve this faster separation because the ICS 5000+ system 
is capable of operating at higher backpressures than traditional IC systems. An eluent 
concentration of 40 mM KOH was used for additional run time reduction. This yields a 
separation of chloride and sulfate with a total run time of 3.5 min (Figure 4) and a 
backpressure of 4500 psi. Chloride elutes at 1.69 min, sulfate elutes at 2.09 min, and 
both have a peak asymmetry value of 1.2. Compared to the same eluent concentration 
(i.e., 40 mM) at 0.8 mL/min, there is a 45% reduction in run time for this analysis. 
Method robustness was also measured using the above fast separation conditions.

FIGURE 4. A) Fast separation of chloride and sulfate and B) an adenosine 
sample (20 mg/mL) on the Dionex IonPac AS18-4µm column.

Detection Limit
The limit for ammonia in adenosine in the current monograph is NMT 4 ppm (i.e.,
mg/L) of ammonia. For this IC method, the limit of detection (LOD) and limit of 
quantitation (LOQ) for ammonia in adenosine, i.e., concentrations that resulted in 
peaks that were 3× and 10× of the noise are 0.001 and 0.004 mg/L, respectively. 
Figure 5A shows the chromatogram of a low concentration ammonia standard (0.025 
mg/L). The DI water blank for this analysis showed a background level of ~0.008 mg/L 
ammonia (Figure 5B).

The limits for chloride and sulfate in adenosine in the current monograph are NMT 
0.007% and 0.02% ppm, respectively. In our test solution this correlates to 1.4 mg/L 
chloride and 4 mg/L sulfate. The LOD and LOQ for chloride in adenosine were 0.005 
and 0.02 mg/L, respectively. For sulfate, the LOD and LOQ, were 0.013 and 0.04 mg/L, 
respectively. Low LOD and LOQ levels indicate that these IC methods exceed the 
sensitivity required for determining the ionic (ammonia, chloride, and sulfate) 
impurities in adenosine.

FIGURE 5. Chromatogram of A) 0.025 mg/L ammonia standard, and B) DI water 
blank.

Accuracy
Method accuracy was verified by determining recoveries of ammonium in spiked 
adenosine samples over three consecutive days (Table 1). The amount of ammonium 
in the adenosine sample was 0.034 mg/L. The samples were spiked with 0.05, 1 and 
2.5 mg/L ammonium. The average recovery of ammonium ranged from 88–116%.

Similarly, method accuracy was verified by determining recoveries of chloride and 
sulfate in spiked adenosine samples over three consecutive days (Table 1). The 
amounts of chloride and sulfate in the adenosine sample were 0.06 and 0.1 mg/L, 
respectively. The samples were spiked with 0.5 mg/L chloride and sulfate. The 
average recoveries of chloride and sulfate ranged from 96 to 104%.

Robustness
General Design of Robustness Study
The robustness of an analytical procedure is the measure of its capacity to remain 
unaffected by small variations in the procedural parameters. Variations in the following 
were tested: (i) mobile phase concentration (±2 mM MSA); (ii) flow rate (±10%); 
(iii) column temperature (±2 °C); and (iv) column-to-column (two production batches).

A 1 mg/L ammonium standard was used as the check standard. The resolution of 
ammonia from sodium in adenosine solution ranged from 1.96–2.32 under the 
different conditions, indicating these intentional variations did not compromise the 
separation. The peak asymmetry value for ammonia ranged from 1.3–1.4 in the 1 mg/L 
standard, and 1.2–1.25 in the adenosine solution. The retention time RSD was <0.2% 
and the peak area RSD ranged from 0.17–1.8%. These low RSDʼs suggest that the IC 
assay for ammonia in adenosine is robust.

A mix of standards (chloride at 1.4 mg/L and sulfate at 5 mg/L) was used to measure 
the robustness of the standard method. For the fast method, the same mix of 
standards and an adenosine sample was used. The ranges of peak asymmetry 
values for chloride (1.2) and sulfate (1.0–1.2) and of the resolution between chloride 
and sulfate (3.6–6.5) in the adenosine solution, under the different conditions indicate 
that the IC assays for the anions are robust.

Conclusion
The methods outlined here enable fast determination of ammonia, chloride, and 
sulfate in adenosine, with detection limits well below the limits set in the monograph.

 A column with a small diameter resin (Dionex IonPac CS12A-5µm) enables a fast 
(<5 min) isocratic method for the determination of ammonia in adenosine.

 The anion assay requires 8 min per sample, and an even faster separation (3.5 min) 
can be achieved when smaller resin particles (4 µm) are in the column, which is 
run on a high-pressure IC system. A run time of 3.5 min allows for high sample 
throughput.

 The precision (retention time RSD < 0.1%, peak area RSD < 2%), accuracy 
(average recovery 88–117), linearity, detection and quantitation limits, and 
robustness for the assays meet the analytical performance characteristics 
suggested by USP General Chapter <1225>, and are consistent with the USPʼs 
desire to modernize monographs to eliminate hazardous reagents and ambiguous 
assays.

 These IC-based assays could also be extended to other compounds which currently 
use color- or odor-based assays for ionic analytes. For example, the fast method 
developed for assaying ammonia in adenosine would be a good candidate to 
modernize the current ammonia tests in benzethonium chloride, methylbenzethonium
chloride, racemethionine, choline bitartrate, and choline chloride.
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Ammonia Chloride Sulfate
Measured 

(mg/L)
Recovery 

(%)
Measured 

(mg/L)
Recovery 

(%)
Measured 

(mg/L)
Recovery 

(%)

Day 1
0.0927 110 0.5513 99 0.5895 99
1.0261 99 0.5562 100 0.5890 99
2.2556 89 0.5502 99 0.5814 98

Day 2
0.0885 101 0.5513 99 0.5895 99
1.0726 104 0.5562 100 0.5890 99
2.3463 92 0.5502 99 0.5814 98

Day 3
0.0919 108 0.5607 102 0.5769 96
1.0747 104 0.5530 100 0.5904 99
2.3333 92 0.5722 104 0.6103      103

Analyte Sample
(mg/L)

Retention
Time 
RSD

Peak Area 
RSD

Ammonia

  1 0.09 0.88
  4 0.09 0.01
10 0.09 0.24

Adenosine Solution     <0.01 2.27

Chloride      0.2 0.11 0.25
     0.6 0.05 0.67

Sulfate      0.1 0.12 1.26
  1 0.04 0.71
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TABLE 1. Recovery of ammonia, chloride, and sulfate in adenosine.

Precision
The precision of an analytical procedure is usually expressed as the relative standard 
deviation of a series of measurements. It is determined by assaying a sufficient 
number of aliquots of a sample that have been carried through the complete analytical 
procedure from sample preparation to final test results. The International Conference 
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 
Human Use (ICH) guidelines recommend that repeatability should be assessed using 
a minimum of nine determinations covering the specified range for the procedure (i.e., 
three concentrations and three replicates of each concentration). 

For ammonia, the retention time RSDs were <0.1% and the peak area RSD ranged 
from 0.01–2.3%, and for the two anions, the retention time RSDs were <0.2% and the 
peak area RSDs ranged from 0.25 to 1.3% (Table 2). With manually prepared eluents,
the precisions, especially retention time precision, may not be as low as with 
electrolytically generated eluents.

TABLE 2. Precision.

Linearity
The ICH/USP recommendations for establishing linearity of an impurity in a drug 
substance or a finished product are (i) a minimum of five concentrations, and (ii) 
concentrations ranging from 50% to 120% of the acceptance criteria.

Ammonium: Linearity was investigated in the range of 0.025–10 mg/L (0.025, 0.05, 
1.0, 2.0, 4.0 6.0, and 10.0 mg/L). The highest concentration investigated was 2.5× the 
acceptance criteria (no more than 4 mg/L) for ammonia in adenosine. Weak bases, 
such as ammonium, are partially dissociated and thus give a nonlinear response as 
the concentration increases. The coefficient of determination was 0.9993 using a 
quadratic curve fitting function for ammonium in the range of 0.025–10 mg/L. For a 
narrow range (0.025–2 mg/L), response can be considered to be linear and the 
coefficient of determination for a linear fit is 0.9984. Linear response can be extended 
by converting the weak base to the fully ionized salt form using a Thermo Scientific 
Dionex SC-CSRS 300 Salt Converter-Cation Self-Regenerating Suppressor 
(coefficient of determination 0.9989 over a concentration range of 0.025–50 mg/L). 

Chloride: Linearity was investigated in the range of 0.2–5 mg/L (0.2, 0.6, 1.0, 1.4, 2.0, 
and 5.0 mg/L). The highest concentration investigated was 3.6× the acceptance 
criterion (NMT 1.4 mg/L) for chloride in adenosine. The coefficient of determination for 
chloride was 0.9992.

Sulfate: Linearity was determined in the range 0.1–20 mg/L (0.1, 1.0, 2.0, 5.0, 10.0, 
and 20.0 mg/L). The highest concentration investigated was 5× that of the acceptance 
criterion of NMT 4 mg/L. The coefficient of determination for sulfate was 0.9999.

Ion Chromatography Assays for Ions in Adenosine: Possible Replacement for Visual Comparison Based Assays
Lipika Basumallick, Jeffrey S. Rohrer, and Brian De Borba; Thermo Fisher Scientific, Sunnyvale, CA, USA

Overview
We developed ion chromatography (IC) assays for ammonia, chloride, and sulfate in 
adenosine. The assays require <5 min per sample and accurately determine the ions 
by suppressed conductivity detection. These IC-based assays meet the analytical 
performance characteristics outlined in U.S. Pharmacopeia (USP) General Chapter 
<1225>, Validation of Compendial Procedures and can replace that monographʼs 
visual-comparison-based methods.

Introduction
Adenosine, a small-molecule drug, is used for treating surgical pain and irregular 
heartbeat, and for controlling blood pressure during anesthesia/surgery. 
FIGURE 1. Adenosine.

Adenosine is biochemically produced by the condensation of ribose and adenine or by 
fermentation. Possible ionic impurities in adenosine preparations are ammonia, 
chloride, and sulfate. The adenosine monograph in the U.S. Pharmacopeia/National 
Formulary (USP-NF) currently has color comparison assays for these ions. 

Current USP Monograph
i. ammonia is measured by comparing the color of an adenosine sample and a 0.4 

mg/L ammonium chloride standard solution after the addition of an alkaline 
mercuric–potassium iodide solution to each. The acceptance criteria is, ʼadenosine 
sample solution does not exhibit a more intense color than the standard solution 
(not more than [NMT] 4 ppm ammonia)ʼ.

ii. for measuring chloride, the sample and the standard solutions are treated with nitric 
acid and silver nitrate, and their turbidities are compared. The acceptance criterion 
is ʻsample solution is not more turbid than the standard solution, (NMT 0.007% 
chloride)ʼ. Similarly, for sulfate the sample solution and a standard solution are both 
treated with barium chloride and hydrochloric acid, and their turbidities compared. 
The acceptance criteria for sulfate is also a visual comparison, ʼsample solution not 
more turbid than standard solutionʼ. This correlates to NMT 0.02% sulfate in an 
adenosine test solution. These assays are imprecise, subjective, and expose the 
analyst to hazardous chemicals. 

In the spirit of monograph modernization, we developed IC assays for these ions that 
meet the monograph requirements.

Experimental
SAMPLE PREPARATION
Ammonia Assay
In the current USP monograph for ammonia assay in adenosine, sample preparation 
steps are (i) suspend 0.5 g in 10 mL of water, (ii) stir for 30 s, (iii) pass through a 
coarse filter, (iv) dilute the filtrate to 15 mL, and use the filtrate for the assay. 

For this IC-based method, adenosine samples were prepared according to the USP 
monograph steps above except that the filtrate was not diluted to 15 mL, but was 
directly injected into the IC system.

Anion Assay
In the current USP monograph, sample preparation steps are (i) suspend 0.2 g in 10 
mL of water, (ii) stir for 30 s, (iii) pass through a coarse filter, (iv) and use filtrate for the 
assay. The sample preparation for the sulfate assay in the same monograph is the 
same as for chloride, except 0.75 g is suspended in 15 mL of water.

For the IC-based methods presented here, a single preparation of adenosine 
(prepared as per the steps for the chloride assay in the USP monograph) was used for 
assaying both chloride and sulfate. The acceptance criterion for chloride is 0.007%, 
i.e., 1.4 ppm, and for sulfate is 0.02%, i.e., 4 ppm.
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Results
SEPARATION
Ammonia Assay
For determining ammonia in adenosine, a sample not expected to have high cation
concentrations, a medium-capacity cation-exchange column designed for fast, 
isocratic separation of common cations (Dionex IonPac CS12A-5 µm) was selected.

FIGURE 2. A) Mix of six cations and B) adenosine (50 mg/mL) separated on the 
Thermo Scientific™ Dionex™ IonPac™ CS12A-5µm column.

Figure 2A shows separation of ammonium in a mix of six cation standards and 
adenosine (50 mg/mL) using the Dionex IonPac CS12A-5µm column set. Ammonia 
elutes at 2.1 min, with a peak resolution value of 2 (relative to sodium) and peak 
asymmetry value of 1.2. The total run time is 5 min, which enables high sample 
throughput. Figure 2B shows the determination of ammonia in an adenosine sample 
prepared as described in the current USP-NF except that the final dilution step was 
omitted. The filtrate was directly injected into the IC system. The amount of ammonia 
in the adenosine sample (Figure 2B) is 0.04 mg/L, well under the limit of 4 mg/L. 

Anions Assay
The anions in adenosine were separated on a high-efficiency, anion-exchange column 
(Dionex IonPac AS18-4µm) designed for fast, isocratic separation of common anions. 
FIGURE 3. A) Separation of chloride and sulfate and B) an adenosine sample 
(20 mg/mL) on the Dionex IonPac AS18-4µm column.

Figure 3 shows separation of chloride and sulfate standards and an adenosine sample 
(20 mg/mL). Chloride elutes at 3.6 min and sulfate elutes at 5.9 min. Carbonate elutes 
at 4.8 min between the chloride and sulfate peaks. Chloride and sulfate both have a 
peak asymmetry value of 1.2. The total run time is 8 min using a flow rate of 0.8 
mL/min (backpressure ~2800 psi) and an eluent concentration of 28 mM KOH. We 
measured the method accuracy, precision, detection limits, linearity, and robustness 
using these conditions (referred to as standards conditions). Increasing the eluent 
concentration to 40 mM KOH, chloride and sulfate elute at 3.09 and 4.76 min, 
respectively, with a total run time of 5 min (data not shown). The amounts of chloride 
and sulfate in the adenosine sample (Figure 3B) are 0.06 and 0.1 mg/L, both well 
under their respective limits of 1.4 and 4 mg/L in the USP monograph. 

Fast Anion Assay
We can achieve an even faster separation by increasing the flow rate to 1.5 mL/min.
The increased flow rate results in increased backpressure due to the smaller resin 
particles used in the Dionex IonPac AS18-4µm column (compared to the traditional 
AS18 column). We can achieve this faster separation because the ICS 5000+ system 
is capable of operating at higher backpressures than traditional IC systems. An eluent 
concentration of 40 mM KOH was used for additional run time reduction. This yields a 
separation of chloride and sulfate with a total run time of 3.5 min (Figure 4) and a 
backpressure of 4500 psi. Chloride elutes at 1.69 min, sulfate elutes at 2.09 min, and 
both have a peak asymmetry value of 1.2. Compared to the same eluent concentration 
(i.e., 40 mM) at 0.8 mL/min, there is a 45% reduction in run time for this analysis. 
Method robustness was also measured using the above fast separation conditions.

FIGURE 4. A) Fast separation of chloride and sulfate and B) an adenosine 
sample (20 mg/mL) on the Dionex IonPac AS18-4µm column.

Detection Limit
The limit for ammonia in adenosine in the current monograph is NMT 4 ppm (i.e.,
mg/L) of ammonia. For this IC method, the limit of detection (LOD) and limit of 
quantitation (LOQ) for ammonia in adenosine, i.e., concentrations that resulted in 
peaks that were 3× and 10× of the noise are 0.001 and 0.004 mg/L, respectively. 
Figure 5A shows the chromatogram of a low concentration ammonia standard (0.025 
mg/L). The DI water blank for this analysis showed a background level of ~0.008 mg/L 
ammonia (Figure 5B).

The limits for chloride and sulfate in adenosine in the current monograph are NMT 
0.007% and 0.02% ppm, respectively. In our test solution this correlates to 1.4 mg/L 
chloride and 4 mg/L sulfate. The LOD and LOQ for chloride in adenosine were 0.005 
and 0.02 mg/L, respectively. For sulfate, the LOD and LOQ, were 0.013 and 0.04 mg/L, 
respectively. Low LOD and LOQ levels indicate that these IC methods exceed the 
sensitivity required for determining the ionic (ammonia, chloride, and sulfate) 
impurities in adenosine.

FIGURE 5. Chromatogram of A) 0.025 mg/L ammonia standard, and B) DI water 
blank.

Accuracy
Method accuracy was verified by determining recoveries of ammonium in spiked 
adenosine samples over three consecutive days (Table 1). The amount of ammonium 
in the adenosine sample was 0.034 mg/L. The samples were spiked with 0.05, 1 and 
2.5 mg/L ammonium. The average recovery of ammonium ranged from 88–116%.

Similarly, method accuracy was verified by determining recoveries of chloride and 
sulfate in spiked adenosine samples over three consecutive days (Table 1). The 
amounts of chloride and sulfate in the adenosine sample were 0.06 and 0.1 mg/L, 
respectively. The samples were spiked with 0.5 mg/L chloride and sulfate. The 
average recoveries of chloride and sulfate ranged from 96 to 104%.

Robustness
General Design of Robustness Study
The robustness of an analytical procedure is the measure of its capacity to remain 
unaffected by small variations in the procedural parameters. Variations in the following 
were tested: (i) mobile phase concentration (±2 mM MSA); (ii) flow rate (±10%); 
(iii) column temperature (±2 °C); and (iv) column-to-column (two production batches).

A 1 mg/L ammonium standard was used as the check standard. The resolution of 
ammonia from sodium in adenosine solution ranged from 1.96–2.32 under the 
different conditions, indicating these intentional variations did not compromise the 
separation. The peak asymmetry value for ammonia ranged from 1.3–1.4 in the 1 mg/L 
standard, and 1.2–1.25 in the adenosine solution. The retention time RSD was <0.2% 
and the peak area RSD ranged from 0.17–1.8%. These low RSDʼs suggest that the IC 
assay for ammonia in adenosine is robust.

A mix of standards (chloride at 1.4 mg/L and sulfate at 5 mg/L) was used to measure 
the robustness of the standard method. For the fast method, the same mix of 
standards and an adenosine sample was used. The ranges of peak asymmetry 
values for chloride (1.2) and sulfate (1.0–1.2) and of the resolution between chloride 
and sulfate (3.6–6.5) in the adenosine solution, under the different conditions indicate 
that the IC assays for the anions are robust.

Conclusion
The methods outlined here enable fast determination of ammonia, chloride, and 
sulfate in adenosine, with detection limits well below the limits set in the monograph.

 A column with a small diameter resin (Dionex IonPac CS12A-5µm) enables a fast 
(<5 min) isocratic method for the determination of ammonia in adenosine.

 The anion assay requires 8 min per sample, and an even faster separation (3.5 min) 
can be achieved when smaller resin particles (4 µm) are in the column, which is 
run on a high-pressure IC system. A run time of 3.5 min allows for high sample 
throughput.

 The precision (retention time RSD < 0.1%, peak area RSD < 2%), accuracy 
(average recovery 88–117), linearity, detection and quantitation limits, and 
robustness for the assays meet the analytical performance characteristics 
suggested by USP General Chapter <1225>, and are consistent with the USPʼs 
desire to modernize monographs to eliminate hazardous reagents and ambiguous 
assays.

 These IC-based assays could also be extended to other compounds which currently 
use color- or odor-based assays for ionic analytes. For example, the fast method 
developed for assaying ammonia in adenosine would be a good candidate to 
modernize the current ammonia tests in benzethonium chloride, methylbenzethonium
chloride, racemethionine, choline bitartrate, and choline chloride.
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Day 1
0.0927 110 0.5513 99 0.5895 99
1.0261 99 0.5562 100 0.5890 99
2.2556 89 0.5502 99 0.5814 98

Day 2
0.0885 101 0.5513 99 0.5895 99
1.0726 104 0.5562 100 0.5890 99
2.3463 92 0.5502 99 0.5814 98

Day 3
0.0919 108 0.5607 102 0.5769 96
1.0747 104 0.5530 100 0.5904 99
2.3333 92 0.5722 104 0.6103      103

Analyte Sample
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Time 
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RSD

Ammonia

  1 0.09 0.88
  4 0.09 0.01
10 0.09 0.24

Adenosine Solution     <0.01 2.27

Chloride      0.2 0.11 0.25
     0.6 0.05 0.67

Sulfate      0.1 0.12 1.26
  1 0.04 0.71
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TABLE 1. Recovery of ammonia, chloride, and sulfate in adenosine.

Precision
The precision of an analytical procedure is usually expressed as the relative standard 
deviation of a series of measurements. It is determined by assaying a sufficient 
number of aliquots of a sample that have been carried through the complete analytical 
procedure from sample preparation to final test results. The International Conference 
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 
Human Use (ICH) guidelines recommend that repeatability should be assessed using 
a minimum of nine determinations covering the specified range for the procedure (i.e., 
three concentrations and three replicates of each concentration). 

For ammonia, the retention time RSDs were <0.1% and the peak area RSD ranged 
from 0.01–2.3%, and for the two anions, the retention time RSDs were <0.2% and the 
peak area RSDs ranged from 0.25 to 1.3% (Table 2). With manually prepared eluents,
the precisions, especially retention time precision, may not be as low as with 
electrolytically generated eluents.

TABLE 2. Precision.

Linearity
The ICH/USP recommendations for establishing linearity of an impurity in a drug 
substance or a finished product are (i) a minimum of five concentrations, and (ii) 
concentrations ranging from 50% to 120% of the acceptance criteria.

Ammonium: Linearity was investigated in the range of 0.025–10 mg/L (0.025, 0.05, 
1.0, 2.0, 4.0 6.0, and 10.0 mg/L). The highest concentration investigated was 2.5× the 
acceptance criteria (no more than 4 mg/L) for ammonia in adenosine. Weak bases, 
such as ammonium, are partially dissociated and thus give a nonlinear response as 
the concentration increases. The coefficient of determination was 0.9993 using a 
quadratic curve fitting function for ammonium in the range of 0.025–10 mg/L. For a 
narrow range (0.025–2 mg/L), response can be considered to be linear and the 
coefficient of determination for a linear fit is 0.9984. Linear response can be extended 
by converting the weak base to the fully ionized salt form using a Thermo Scientific 
Dionex SC-CSRS 300 Salt Converter-Cation Self-Regenerating Suppressor 
(coefficient of determination 0.9989 over a concentration range of 0.025–50 mg/L). 

Chloride: Linearity was investigated in the range of 0.2–5 mg/L (0.2, 0.6, 1.0, 1.4, 2.0, 
and 5.0 mg/L). The highest concentration investigated was 3.6× the acceptance 
criterion (NMT 1.4 mg/L) for chloride in adenosine. The coefficient of determination for 
chloride was 0.9992.

Sulfate: Linearity was determined in the range 0.1–20 mg/L (0.1, 1.0, 2.0, 5.0, 10.0, 
and 20.0 mg/L). The highest concentration investigated was 5× that of the acceptance 
criterion of NMT 4 mg/L. The coefficient of determination for sulfate was 0.9999.

Ion Chromatography Assays for Ions in Adenosine: Possible Replacement for Visual Comparison Based Assays
Lipika Basumallick, Jeffrey S. Rohrer, and Brian De Borba; Thermo Fisher Scientific, Sunnyvale, CA, USA

Overview
We developed ion chromatography (IC) assays for ammonia, chloride, and sulfate in 
adenosine. The assays require <5 min per sample and accurately determine the ions 
by suppressed conductivity detection. These IC-based assays meet the analytical 
performance characteristics outlined in U.S. Pharmacopeia (USP) General Chapter 
<1225>, Validation of Compendial Procedures and can replace that monographʼs 
visual-comparison-based methods.

Introduction
Adenosine, a small-molecule drug, is used for treating surgical pain and irregular 
heartbeat, and for controlling blood pressure during anesthesia/surgery. 
FIGURE 1. Adenosine.

Adenosine is biochemically produced by the condensation of ribose and adenine or by 
fermentation. Possible ionic impurities in adenosine preparations are ammonia, 
chloride, and sulfate. The adenosine monograph in the U.S. Pharmacopeia/National 
Formulary (USP-NF) currently has color comparison assays for these ions. 

Current USP Monograph
i. ammonia is measured by comparing the color of an adenosine sample and a 0.4 

mg/L ammonium chloride standard solution after the addition of an alkaline 
mercuric–potassium iodide solution to each. The acceptance criteria is, ʼadenosine 
sample solution does not exhibit a more intense color than the standard solution 
(not more than [NMT] 4 ppm ammonia)ʼ.

ii. for measuring chloride, the sample and the standard solutions are treated with nitric 
acid and silver nitrate, and their turbidities are compared. The acceptance criterion 
is ʻsample solution is not more turbid than the standard solution, (NMT 0.007% 
chloride)ʼ. Similarly, for sulfate the sample solution and a standard solution are both 
treated with barium chloride and hydrochloric acid, and their turbidities compared. 
The acceptance criteria for sulfate is also a visual comparison, ʼsample solution not 
more turbid than standard solutionʼ. This correlates to NMT 0.02% sulfate in an 
adenosine test solution. These assays are imprecise, subjective, and expose the 
analyst to hazardous chemicals. 

In the spirit of monograph modernization, we developed IC assays for these ions that 
meet the monograph requirements.

Experimental
SAMPLE PREPARATION
Ammonia Assay
In the current USP monograph for ammonia assay in adenosine, sample preparation 
steps are (i) suspend 0.5 g in 10 mL of water, (ii) stir for 30 s, (iii) pass through a 
coarse filter, (iv) dilute the filtrate to 15 mL, and use the filtrate for the assay. 

For this IC-based method, adenosine samples were prepared according to the USP 
monograph steps above except that the filtrate was not diluted to 15 mL, but was 
directly injected into the IC system.

Anion Assay
In the current USP monograph, sample preparation steps are (i) suspend 0.2 g in 10 
mL of water, (ii) stir for 30 s, (iii) pass through a coarse filter, (iv) and use filtrate for the 
assay. The sample preparation for the sulfate assay in the same monograph is the 
same as for chloride, except 0.75 g is suspended in 15 mL of water.

For the IC-based methods presented here, a single preparation of adenosine 
(prepared as per the steps for the chloride assay in the USP monograph) was used for 
assaying both chloride and sulfate. The acceptance criterion for chloride is 0.007%, 
i.e., 1.4 ppm, and for sulfate is 0.02%, i.e., 4 ppm.
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Results
SEPARATION
Ammonia Assay
For determining ammonia in adenosine, a sample not expected to have high cation
concentrations, a medium-capacity cation-exchange column designed for fast, 
isocratic separation of common cations (Dionex IonPac CS12A-5 µm) was selected.

FIGURE 2. A) Mix of six cations and B) adenosine (50 mg/mL) separated on the 
Thermo Scientific™ Dionex™ IonPac™ CS12A-5µm column.

Figure 2A shows separation of ammonium in a mix of six cation standards and 
adenosine (50 mg/mL) using the Dionex IonPac CS12A-5µm column set. Ammonia 
elutes at 2.1 min, with a peak resolution value of 2 (relative to sodium) and peak 
asymmetry value of 1.2. The total run time is 5 min, which enables high sample 
throughput. Figure 2B shows the determination of ammonia in an adenosine sample 
prepared as described in the current USP-NF except that the final dilution step was 
omitted. The filtrate was directly injected into the IC system. The amount of ammonia 
in the adenosine sample (Figure 2B) is 0.04 mg/L, well under the limit of 4 mg/L. 

Anions Assay
The anions in adenosine were separated on a high-efficiency, anion-exchange column 
(Dionex IonPac AS18-4µm) designed for fast, isocratic separation of common anions. 
FIGURE 3. A) Separation of chloride and sulfate and B) an adenosine sample 
(20 mg/mL) on the Dionex IonPac AS18-4µm column.

Figure 3 shows separation of chloride and sulfate standards and an adenosine sample 
(20 mg/mL). Chloride elutes at 3.6 min and sulfate elutes at 5.9 min. Carbonate elutes 
at 4.8 min between the chloride and sulfate peaks. Chloride and sulfate both have a 
peak asymmetry value of 1.2. The total run time is 8 min using a flow rate of 0.8 
mL/min (backpressure ~2800 psi) and an eluent concentration of 28 mM KOH. We 
measured the method accuracy, precision, detection limits, linearity, and robustness 
using these conditions (referred to as standards conditions). Increasing the eluent 
concentration to 40 mM KOH, chloride and sulfate elute at 3.09 and 4.76 min, 
respectively, with a total run time of 5 min (data not shown). The amounts of chloride 
and sulfate in the adenosine sample (Figure 3B) are 0.06 and 0.1 mg/L, both well 
under their respective limits of 1.4 and 4 mg/L in the USP monograph. 

Fast Anion Assay
We can achieve an even faster separation by increasing the flow rate to 1.5 mL/min.
The increased flow rate results in increased backpressure due to the smaller resin 
particles used in the Dionex IonPac AS18-4µm column (compared to the traditional 
AS18 column). We can achieve this faster separation because the ICS 5000+ system 
is capable of operating at higher backpressures than traditional IC systems. An eluent 
concentration of 40 mM KOH was used for additional run time reduction. This yields a 
separation of chloride and sulfate with a total run time of 3.5 min (Figure 4) and a 
backpressure of 4500 psi. Chloride elutes at 1.69 min, sulfate elutes at 2.09 min, and 
both have a peak asymmetry value of 1.2. Compared to the same eluent concentration 
(i.e., 40 mM) at 0.8 mL/min, there is a 45% reduction in run time for this analysis. 
Method robustness was also measured using the above fast separation conditions.

FIGURE 4. A) Fast separation of chloride and sulfate and B) an adenosine 
sample (20 mg/mL) on the Dionex IonPac AS18-4µm column.

Detection Limit
The limit for ammonia in adenosine in the current monograph is NMT 4 ppm (i.e.,
mg/L) of ammonia. For this IC method, the limit of detection (LOD) and limit of 
quantitation (LOQ) for ammonia in adenosine, i.e., concentrations that resulted in 
peaks that were 3× and 10× of the noise are 0.001 and 0.004 mg/L, respectively. 
Figure 5A shows the chromatogram of a low concentration ammonia standard (0.025 
mg/L). The DI water blank for this analysis showed a background level of ~0.008 mg/L 
ammonia (Figure 5B).

The limits for chloride and sulfate in adenosine in the current monograph are NMT 
0.007% and 0.02% ppm, respectively. In our test solution this correlates to 1.4 mg/L 
chloride and 4 mg/L sulfate. The LOD and LOQ for chloride in adenosine were 0.005 
and 0.02 mg/L, respectively. For sulfate, the LOD and LOQ, were 0.013 and 0.04 mg/L, 
respectively. Low LOD and LOQ levels indicate that these IC methods exceed the 
sensitivity required for determining the ionic (ammonia, chloride, and sulfate) 
impurities in adenosine.

FIGURE 5. Chromatogram of A) 0.025 mg/L ammonia standard, and B) DI water 
blank.

Accuracy
Method accuracy was verified by determining recoveries of ammonium in spiked 
adenosine samples over three consecutive days (Table 1). The amount of ammonium 
in the adenosine sample was 0.034 mg/L. The samples were spiked with 0.05, 1 and 
2.5 mg/L ammonium. The average recovery of ammonium ranged from 88–116%.

Similarly, method accuracy was verified by determining recoveries of chloride and 
sulfate in spiked adenosine samples over three consecutive days (Table 1). The 
amounts of chloride and sulfate in the adenosine sample were 0.06 and 0.1 mg/L, 
respectively. The samples were spiked with 0.5 mg/L chloride and sulfate. The 
average recoveries of chloride and sulfate ranged from 96 to 104%.

Robustness
General Design of Robustness Study
The robustness of an analytical procedure is the measure of its capacity to remain 
unaffected by small variations in the procedural parameters. Variations in the following 
were tested: (i) mobile phase concentration (±2 mM MSA); (ii) flow rate (±10%); 
(iii) column temperature (±2 °C); and (iv) column-to-column (two production batches).

A 1 mg/L ammonium standard was used as the check standard. The resolution of 
ammonia from sodium in adenosine solution ranged from 1.96–2.32 under the 
different conditions, indicating these intentional variations did not compromise the 
separation. The peak asymmetry value for ammonia ranged from 1.3–1.4 in the 1 mg/L 
standard, and 1.2–1.25 in the adenosine solution. The retention time RSD was <0.2% 
and the peak area RSD ranged from 0.17–1.8%. These low RSDʼs suggest that the IC 
assay for ammonia in adenosine is robust.

A mix of standards (chloride at 1.4 mg/L and sulfate at 5 mg/L) was used to measure 
the robustness of the standard method. For the fast method, the same mix of 
standards and an adenosine sample was used. The ranges of peak asymmetry 
values for chloride (1.2) and sulfate (1.0–1.2) and of the resolution between chloride 
and sulfate (3.6–6.5) in the adenosine solution, under the different conditions indicate 
that the IC assays for the anions are robust.

Conclusion
The methods outlined here enable fast determination of ammonia, chloride, and 
sulfate in adenosine, with detection limits well below the limits set in the monograph.

 A column with a small diameter resin (Dionex IonPac CS12A-5µm) enables a fast 
(<5 min) isocratic method for the determination of ammonia in adenosine.

 The anion assay requires 8 min per sample, and an even faster separation (3.5 min) 
can be achieved when smaller resin particles (4 µm) are in the column, which is 
run on a high-pressure IC system. A run time of 3.5 min allows for high sample 
throughput.

 The precision (retention time RSD < 0.1%, peak area RSD < 2%), accuracy 
(average recovery 88–117), linearity, detection and quantitation limits, and 
robustness for the assays meet the analytical performance characteristics 
suggested by USP General Chapter <1225>, and are consistent with the USPʼs 
desire to modernize monographs to eliminate hazardous reagents and ambiguous 
assays.

 These IC-based assays could also be extended to other compounds which currently 
use color- or odor-based assays for ionic analytes. For example, the fast method 
developed for assaying ammonia in adenosine would be a good candidate to 
modernize the current ammonia tests in benzethonium chloride, methylbenzethonium
chloride, racemethionine, choline bitartrate, and choline chloride.
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Ammonia Chloride Sulfate
Measured 
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Recovery 
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Day 1
0.0927 110 0.5513 99 0.5895 99
1.0261 99 0.5562 100 0.5890 99
2.2556 89 0.5502 99 0.5814 98

Day 2
0.0885 101 0.5513 99 0.5895 99
1.0726 104 0.5562 100 0.5890 99
2.3463 92 0.5502 99 0.5814 98

Day 3
0.0919 108 0.5607 102 0.5769 96
1.0747 104 0.5530 100 0.5904 99
2.3333 92 0.5722 104 0.6103      103

Analyte Sample
(mg/L)

Retention
Time 
RSD

Peak Area 
RSD

Ammonia

  1 0.09 0.88
  4 0.09 0.01
10 0.09 0.24

Adenosine Solution     <0.01 2.27

Chloride      0.2 0.11 0.25
     0.6 0.05 0.67

Sulfate      0.1 0.12 1.26
  1 0.04 0.71
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TABLE 1. Recovery of ammonia, chloride, and sulfate in adenosine.

Precision
The precision of an analytical procedure is usually expressed as the relative standard 
deviation of a series of measurements. It is determined by assaying a sufficient 
number of aliquots of a sample that have been carried through the complete analytical 
procedure from sample preparation to final test results. The International Conference 
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 
Human Use (ICH) guidelines recommend that repeatability should be assessed using 
a minimum of nine determinations covering the specified range for the procedure (i.e., 
three concentrations and three replicates of each concentration). 

For ammonia, the retention time RSDs were <0.1% and the peak area RSD ranged 
from 0.01–2.3%, and for the two anions, the retention time RSDs were <0.2% and the 
peak area RSDs ranged from 0.25 to 1.3% (Table 2). With manually prepared eluents,
the precisions, especially retention time precision, may not be as low as with 
electrolytically generated eluents.

TABLE 2. Precision.

Linearity
The ICH/USP recommendations for establishing linearity of an impurity in a drug 
substance or a finished product are (i) a minimum of five concentrations, and (ii) 
concentrations ranging from 50% to 120% of the acceptance criteria.

Ammonium: Linearity was investigated in the range of 0.025–10 mg/L (0.025, 0.05, 
1.0, 2.0, 4.0 6.0, and 10.0 mg/L). The highest concentration investigated was 2.5× the 
acceptance criteria (no more than 4 mg/L) for ammonia in adenosine. Weak bases, 
such as ammonium, are partially dissociated and thus give a nonlinear response as 
the concentration increases. The coefficient of determination was 0.9993 using a 
quadratic curve fitting function for ammonium in the range of 0.025–10 mg/L. For a 
narrow range (0.025–2 mg/L), response can be considered to be linear and the 
coefficient of determination for a linear fit is 0.9984. Linear response can be extended 
by converting the weak base to the fully ionized salt form using a Thermo Scientific 
Dionex SC-CSRS 300 Salt Converter-Cation Self-Regenerating Suppressor 
(coefficient of determination 0.9989 over a concentration range of 0.025–50 mg/L). 

Chloride: Linearity was investigated in the range of 0.2–5 mg/L (0.2, 0.6, 1.0, 1.4, 2.0, 
and 5.0 mg/L). The highest concentration investigated was 3.6× the acceptance 
criterion (NMT 1.4 mg/L) for chloride in adenosine. The coefficient of determination for 
chloride was 0.9992.

Sulfate: Linearity was determined in the range 0.1–20 mg/L (0.1, 1.0, 2.0, 5.0, 10.0, 
and 20.0 mg/L). The highest concentration investigated was 5× that of the acceptance 
criterion of NMT 4 mg/L. The coefficient of determination for sulfate was 0.9999.

Ion Chromatography Assays for Ions in Adenosine: Possible Replacement for Visual Comparison Based Assays
Lipika Basumallick, Jeffrey S. Rohrer, and Brian De Borba; Thermo Fisher Scientific, Sunnyvale, CA, USA

Overview
We developed ion chromatography (IC) assays for ammonia, chloride, and sulfate in 
adenosine. The assays require <5 min per sample and accurately determine the ions 
by suppressed conductivity detection. These IC-based assays meet the analytical 
performance characteristics outlined in U.S. Pharmacopeia (USP) General Chapter 
<1225>, Validation of Compendial Procedures and can replace that monographʼs 
visual-comparison-based methods.

Introduction
Adenosine, a small-molecule drug, is used for treating surgical pain and irregular 
heartbeat, and for controlling blood pressure during anesthesia/surgery. 
FIGURE 1. Adenosine.

Adenosine is biochemically produced by the condensation of ribose and adenine or by 
fermentation. Possible ionic impurities in adenosine preparations are ammonia, 
chloride, and sulfate. The adenosine monograph in the U.S. Pharmacopeia/National 
Formulary (USP-NF) currently has color comparison assays for these ions. 

Current USP Monograph
i. ammonia is measured by comparing the color of an adenosine sample and a 0.4 

mg/L ammonium chloride standard solution after the addition of an alkaline 
mercuric–potassium iodide solution to each. The acceptance criteria is, ʼadenosine 
sample solution does not exhibit a more intense color than the standard solution 
(not more than [NMT] 4 ppm ammonia)ʼ.

ii. for measuring chloride, the sample and the standard solutions are treated with nitric 
acid and silver nitrate, and their turbidities are compared. The acceptance criterion 
is ʻsample solution is not more turbid than the standard solution, (NMT 0.007% 
chloride)ʼ. Similarly, for sulfate the sample solution and a standard solution are both 
treated with barium chloride and hydrochloric acid, and their turbidities compared. 
The acceptance criteria for sulfate is also a visual comparison, ʼsample solution not 
more turbid than standard solutionʼ. This correlates to NMT 0.02% sulfate in an 
adenosine test solution. These assays are imprecise, subjective, and expose the 
analyst to hazardous chemicals. 

In the spirit of monograph modernization, we developed IC assays for these ions that 
meet the monograph requirements.

Experimental
SAMPLE PREPARATION
Ammonia Assay
In the current USP monograph for ammonia assay in adenosine, sample preparation 
steps are (i) suspend 0.5 g in 10 mL of water, (ii) stir for 30 s, (iii) pass through a 
coarse filter, (iv) dilute the filtrate to 15 mL, and use the filtrate for the assay. 

For this IC-based method, adenosine samples were prepared according to the USP 
monograph steps above except that the filtrate was not diluted to 15 mL, but was 
directly injected into the IC system.

Anion Assay
In the current USP monograph, sample preparation steps are (i) suspend 0.2 g in 10 
mL of water, (ii) stir for 30 s, (iii) pass through a coarse filter, (iv) and use filtrate for the 
assay. The sample preparation for the sulfate assay in the same monograph is the 
same as for chloride, except 0.75 g is suspended in 15 mL of water.

For the IC-based methods presented here, a single preparation of adenosine 
(prepared as per the steps for the chloride assay in the USP monograph) was used for 
assaying both chloride and sulfate. The acceptance criterion for chloride is 0.007%, 
i.e., 1.4 ppm, and for sulfate is 0.02%, i.e., 4 ppm.
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Results
SEPARATION
Ammonia Assay
For determining ammonia in adenosine, a sample not expected to have high cation
concentrations, a medium-capacity cation-exchange column designed for fast, 
isocratic separation of common cations (Dionex IonPac CS12A-5 µm) was selected.

FIGURE 2. A) Mix of six cations and B) adenosine (50 mg/mL) separated on the 
Thermo Scientific™ Dionex™ IonPac™ CS12A-5µm column.

Figure 2A shows separation of ammonium in a mix of six cation standards and 
adenosine (50 mg/mL) using the Dionex IonPac CS12A-5µm column set. Ammonia 
elutes at 2.1 min, with a peak resolution value of 2 (relative to sodium) and peak 
asymmetry value of 1.2. The total run time is 5 min, which enables high sample 
throughput. Figure 2B shows the determination of ammonia in an adenosine sample 
prepared as described in the current USP-NF except that the final dilution step was 
omitted. The filtrate was directly injected into the IC system. The amount of ammonia 
in the adenosine sample (Figure 2B) is 0.04 mg/L, well under the limit of 4 mg/L. 

Anions Assay
The anions in adenosine were separated on a high-efficiency, anion-exchange column 
(Dionex IonPac AS18-4µm) designed for fast, isocratic separation of common anions. 
FIGURE 3. A) Separation of chloride and sulfate and B) an adenosine sample 
(20 mg/mL) on the Dionex IonPac AS18-4µm column.

Figure 3 shows separation of chloride and sulfate standards and an adenosine sample 
(20 mg/mL). Chloride elutes at 3.6 min and sulfate elutes at 5.9 min. Carbonate elutes 
at 4.8 min between the chloride and sulfate peaks. Chloride and sulfate both have a 
peak asymmetry value of 1.2. The total run time is 8 min using a flow rate of 0.8 
mL/min (backpressure ~2800 psi) and an eluent concentration of 28 mM KOH. We 
measured the method accuracy, precision, detection limits, linearity, and robustness 
using these conditions (referred to as standards conditions). Increasing the eluent 
concentration to 40 mM KOH, chloride and sulfate elute at 3.09 and 4.76 min, 
respectively, with a total run time of 5 min (data not shown). The amounts of chloride 
and sulfate in the adenosine sample (Figure 3B) are 0.06 and 0.1 mg/L, both well 
under their respective limits of 1.4 and 4 mg/L in the USP monograph. 

Fast Anion Assay
We can achieve an even faster separation by increasing the flow rate to 1.5 mL/min.
The increased flow rate results in increased backpressure due to the smaller resin 
particles used in the Dionex IonPac AS18-4µm column (compared to the traditional 
AS18 column). We can achieve this faster separation because the ICS 5000+ system 
is capable of operating at higher backpressures than traditional IC systems. An eluent 
concentration of 40 mM KOH was used for additional run time reduction. This yields a 
separation of chloride and sulfate with a total run time of 3.5 min (Figure 4) and a 
backpressure of 4500 psi. Chloride elutes at 1.69 min, sulfate elutes at 2.09 min, and 
both have a peak asymmetry value of 1.2. Compared to the same eluent concentration 
(i.e., 40 mM) at 0.8 mL/min, there is a 45% reduction in run time for this analysis. 
Method robustness was also measured using the above fast separation conditions.

FIGURE 4. A) Fast separation of chloride and sulfate and B) an adenosine 
sample (20 mg/mL) on the Dionex IonPac AS18-4µm column.

Detection Limit
The limit for ammonia in adenosine in the current monograph is NMT 4 ppm (i.e.,
mg/L) of ammonia. For this IC method, the limit of detection (LOD) and limit of 
quantitation (LOQ) for ammonia in adenosine, i.e., concentrations that resulted in 
peaks that were 3× and 10× of the noise are 0.001 and 0.004 mg/L, respectively. 
Figure 5A shows the chromatogram of a low concentration ammonia standard (0.025 
mg/L). The DI water blank for this analysis showed a background level of ~0.008 mg/L 
ammonia (Figure 5B).

The limits for chloride and sulfate in adenosine in the current monograph are NMT 
0.007% and 0.02% ppm, respectively. In our test solution this correlates to 1.4 mg/L 
chloride and 4 mg/L sulfate. The LOD and LOQ for chloride in adenosine were 0.005 
and 0.02 mg/L, respectively. For sulfate, the LOD and LOQ, were 0.013 and 0.04 mg/L, 
respectively. Low LOD and LOQ levels indicate that these IC methods exceed the 
sensitivity required for determining the ionic (ammonia, chloride, and sulfate) 
impurities in adenosine.

FIGURE 5. Chromatogram of A) 0.025 mg/L ammonia standard, and B) DI water 
blank.

Accuracy
Method accuracy was verified by determining recoveries of ammonium in spiked 
adenosine samples over three consecutive days (Table 1). The amount of ammonium 
in the adenosine sample was 0.034 mg/L. The samples were spiked with 0.05, 1 and 
2.5 mg/L ammonium. The average recovery of ammonium ranged from 88–116%.

Similarly, method accuracy was verified by determining recoveries of chloride and 
sulfate in spiked adenosine samples over three consecutive days (Table 1). The 
amounts of chloride and sulfate in the adenosine sample were 0.06 and 0.1 mg/L, 
respectively. The samples were spiked with 0.5 mg/L chloride and sulfate. The 
average recoveries of chloride and sulfate ranged from 96 to 104%.

Robustness
General Design of Robustness Study
The robustness of an analytical procedure is the measure of its capacity to remain 
unaffected by small variations in the procedural parameters. Variations in the following 
were tested: (i) mobile phase concentration (±2 mM MSA); (ii) flow rate (±10%); 
(iii) column temperature (±2 °C); and (iv) column-to-column (two production batches).

A 1 mg/L ammonium standard was used as the check standard. The resolution of 
ammonia from sodium in adenosine solution ranged from 1.96–2.32 under the 
different conditions, indicating these intentional variations did not compromise the 
separation. The peak asymmetry value for ammonia ranged from 1.3–1.4 in the 1 mg/L 
standard, and 1.2–1.25 in the adenosine solution. The retention time RSD was <0.2% 
and the peak area RSD ranged from 0.17–1.8%. These low RSDʼs suggest that the IC 
assay for ammonia in adenosine is robust.

A mix of standards (chloride at 1.4 mg/L and sulfate at 5 mg/L) was used to measure 
the robustness of the standard method. For the fast method, the same mix of 
standards and an adenosine sample was used. The ranges of peak asymmetry 
values for chloride (1.2) and sulfate (1.0–1.2) and of the resolution between chloride 
and sulfate (3.6–6.5) in the adenosine solution, under the different conditions indicate 
that the IC assays for the anions are robust.

Conclusion
The methods outlined here enable fast determination of ammonia, chloride, and 
sulfate in adenosine, with detection limits well below the limits set in the monograph.

 A column with a small diameter resin (Dionex IonPac CS12A-5µm) enables a fast 
(<5 min) isocratic method for the determination of ammonia in adenosine.

 The anion assay requires 8 min per sample, and an even faster separation (3.5 min) 
can be achieved when smaller resin particles (4 µm) are in the column, which is 
run on a high-pressure IC system. A run time of 3.5 min allows for high sample 
throughput.

 The precision (retention time RSD < 0.1%, peak area RSD < 2%), accuracy 
(average recovery 88–117), linearity, detection and quantitation limits, and 
robustness for the assays meet the analytical performance characteristics 
suggested by USP General Chapter <1225>, and are consistent with the USPʼs 
desire to modernize monographs to eliminate hazardous reagents and ambiguous 
assays.

 These IC-based assays could also be extended to other compounds which currently 
use color- or odor-based assays for ionic analytes. For example, the fast method 
developed for assaying ammonia in adenosine would be a good candidate to 
modernize the current ammonia tests in benzethonium chloride, methylbenzethonium
chloride, racemethionine, choline bitartrate, and choline chloride.
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Ammonia Chloride Sulfate
Measured 

(mg/L)
Recovery 
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(mg/L)
Recovery 

(%)

Day 1
0.0927 110 0.5513 99 0.5895 99
1.0261 99 0.5562 100 0.5890 99
2.2556 89 0.5502 99 0.5814 98

Day 2
0.0885 101 0.5513 99 0.5895 99
1.0726 104 0.5562 100 0.5890 99
2.3463 92 0.5502 99 0.5814 98

Day 3
0.0919 108 0.5607 102 0.5769 96
1.0747 104 0.5530 100 0.5904 99
2.3333 92 0.5722 104 0.6103      103

Analyte Sample
(mg/L)

Retention
Time 
RSD

Peak Area 
RSD

Ammonia

  1 0.09 0.88
  4 0.09 0.01
10 0.09 0.24

Adenosine Solution     <0.01 2.27

Chloride      0.2 0.11 0.25
     0.6 0.05 0.67

Sulfate      0.1 0.12 1.26
  1 0.04 0.71
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TABLE 1. Recovery of ammonia, chloride, and sulfate in adenosine.

Precision
The precision of an analytical procedure is usually expressed as the relative standard 
deviation of a series of measurements. It is determined by assaying a sufficient 
number of aliquots of a sample that have been carried through the complete analytical 
procedure from sample preparation to final test results. The International Conference 
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 
Human Use (ICH) guidelines recommend that repeatability should be assessed using 
a minimum of nine determinations covering the specified range for the procedure (i.e., 
three concentrations and three replicates of each concentration). 

For ammonia, the retention time RSDs were <0.1% and the peak area RSD ranged 
from 0.01–2.3%, and for the two anions, the retention time RSDs were <0.2% and the 
peak area RSDs ranged from 0.25 to 1.3% (Table 2). With manually prepared eluents,
the precisions, especially retention time precision, may not be as low as with 
electrolytically generated eluents.

TABLE 2. Precision.

Linearity
The ICH/USP recommendations for establishing linearity of an impurity in a drug 
substance or a finished product are (i) a minimum of five concentrations, and (ii) 
concentrations ranging from 50% to 120% of the acceptance criteria.

Ammonium: Linearity was investigated in the range of 0.025–10 mg/L (0.025, 0.05, 
1.0, 2.0, 4.0 6.0, and 10.0 mg/L). The highest concentration investigated was 2.5× the 
acceptance criteria (no more than 4 mg/L) for ammonia in adenosine. Weak bases, 
such as ammonium, are partially dissociated and thus give a nonlinear response as 
the concentration increases. The coefficient of determination was 0.9993 using a 
quadratic curve fitting function for ammonium in the range of 0.025–10 mg/L. For a 
narrow range (0.025–2 mg/L), response can be considered to be linear and the 
coefficient of determination for a linear fit is 0.9984. Linear response can be extended 
by converting the weak base to the fully ionized salt form using a Thermo Scientific 
Dionex SC-CSRS 300 Salt Converter-Cation Self-Regenerating Suppressor 
(coefficient of determination 0.9989 over a concentration range of 0.025–50 mg/L). 

Chloride: Linearity was investigated in the range of 0.2–5 mg/L (0.2, 0.6, 1.0, 1.4, 2.0, 
and 5.0 mg/L). The highest concentration investigated was 3.6× the acceptance 
criterion (NMT 1.4 mg/L) for chloride in adenosine. The coefficient of determination for 
chloride was 0.9992.

Sulfate: Linearity was determined in the range 0.1–20 mg/L (0.1, 1.0, 2.0, 5.0, 10.0, 
and 20.0 mg/L). The highest concentration investigated was 5× that of the acceptance 
criterion of NMT 4 mg/L. The coefficient of determination for sulfate was 0.9999.

Ion Chromatography Assays for Ions in Adenosine: Possible Replacement for Visual Comparison Based Assays
Lipika Basumallick, Jeffrey S. Rohrer, and Brian De Borba; Thermo Fisher Scientific, Sunnyvale, CA, USA

Overview
We developed ion chromatography (IC) assays for ammonia, chloride, and sulfate in 
adenosine. The assays require <5 min per sample and accurately determine the ions 
by suppressed conductivity detection. These IC-based assays meet the analytical 
performance characteristics outlined in U.S. Pharmacopeia (USP) General Chapter 
<1225>, Validation of Compendial Procedures and can replace that monographʼs 
visual-comparison-based methods.

Introduction
Adenosine, a small-molecule drug, is used for treating surgical pain and irregular 
heartbeat, and for controlling blood pressure during anesthesia/surgery. 
FIGURE 1. Adenosine.

Adenosine is biochemically produced by the condensation of ribose and adenine or by 
fermentation. Possible ionic impurities in adenosine preparations are ammonia, 
chloride, and sulfate. The adenosine monograph in the U.S. Pharmacopeia/National 
Formulary (USP-NF) currently has color comparison assays for these ions. 

Current USP Monograph
i. ammonia is measured by comparing the color of an adenosine sample and a 0.4 

mg/L ammonium chloride standard solution after the addition of an alkaline 
mercuric–potassium iodide solution to each. The acceptance criteria is, ʼadenosine 
sample solution does not exhibit a more intense color than the standard solution 
(not more than [NMT] 4 ppm ammonia)ʼ.

ii. for measuring chloride, the sample and the standard solutions are treated with nitric 
acid and silver nitrate, and their turbidities are compared. The acceptance criterion 
is ʻsample solution is not more turbid than the standard solution, (NMT 0.007% 
chloride)ʼ. Similarly, for sulfate the sample solution and a standard solution are both 
treated with barium chloride and hydrochloric acid, and their turbidities compared. 
The acceptance criteria for sulfate is also a visual comparison, ʼsample solution not 
more turbid than standard solutionʼ. This correlates to NMT 0.02% sulfate in an 
adenosine test solution. These assays are imprecise, subjective, and expose the 
analyst to hazardous chemicals. 

In the spirit of monograph modernization, we developed IC assays for these ions that 
meet the monograph requirements.

Experimental
SAMPLE PREPARATION
Ammonia Assay
In the current USP monograph for ammonia assay in adenosine, sample preparation 
steps are (i) suspend 0.5 g in 10 mL of water, (ii) stir for 30 s, (iii) pass through a 
coarse filter, (iv) dilute the filtrate to 15 mL, and use the filtrate for the assay. 

For this IC-based method, adenosine samples were prepared according to the USP 
monograph steps above except that the filtrate was not diluted to 15 mL, but was 
directly injected into the IC system.

Anion Assay
In the current USP monograph, sample preparation steps are (i) suspend 0.2 g in 10 
mL of water, (ii) stir for 30 s, (iii) pass through a coarse filter, (iv) and use filtrate for the 
assay. The sample preparation for the sulfate assay in the same monograph is the 
same as for chloride, except 0.75 g is suspended in 15 mL of water.

For the IC-based methods presented here, a single preparation of adenosine 
(prepared as per the steps for the chloride assay in the USP monograph) was used for 
assaying both chloride and sulfate. The acceptance criterion for chloride is 0.007%, 
i.e., 1.4 ppm, and for sulfate is 0.02%, i.e., 4 ppm.
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Results
SEPARATION
Ammonia Assay
For determining ammonia in adenosine, a sample not expected to have high cation
concentrations, a medium-capacity cation-exchange column designed for fast, 
isocratic separation of common cations (Dionex IonPac CS12A-5 µm) was selected.

FIGURE 2. A) Mix of six cations and B) adenosine (50 mg/mL) separated on the 
Thermo Scientific™ Dionex™ IonPac™ CS12A-5µm column.

Figure 2A shows separation of ammonium in a mix of six cation standards and 
adenosine (50 mg/mL) using the Dionex IonPac CS12A-5µm column set. Ammonia 
elutes at 2.1 min, with a peak resolution value of 2 (relative to sodium) and peak 
asymmetry value of 1.2. The total run time is 5 min, which enables high sample 
throughput. Figure 2B shows the determination of ammonia in an adenosine sample 
prepared as described in the current USP-NF except that the final dilution step was 
omitted. The filtrate was directly injected into the IC system. The amount of ammonia 
in the adenosine sample (Figure 2B) is 0.04 mg/L, well under the limit of 4 mg/L. 

Anions Assay
The anions in adenosine were separated on a high-efficiency, anion-exchange column 
(Dionex IonPac AS18-4µm) designed for fast, isocratic separation of common anions. 
FIGURE 3. A) Separation of chloride and sulfate and B) an adenosine sample 
(20 mg/mL) on the Dionex IonPac AS18-4µm column.

Figure 3 shows separation of chloride and sulfate standards and an adenosine sample 
(20 mg/mL). Chloride elutes at 3.6 min and sulfate elutes at 5.9 min. Carbonate elutes 
at 4.8 min between the chloride and sulfate peaks. Chloride and sulfate both have a 
peak asymmetry value of 1.2. The total run time is 8 min using a flow rate of 0.8 
mL/min (backpressure ~2800 psi) and an eluent concentration of 28 mM KOH. We 
measured the method accuracy, precision, detection limits, linearity, and robustness 
using these conditions (referred to as standards conditions). Increasing the eluent 
concentration to 40 mM KOH, chloride and sulfate elute at 3.09 and 4.76 min, 
respectively, with a total run time of 5 min (data not shown). The amounts of chloride 
and sulfate in the adenosine sample (Figure 3B) are 0.06 and 0.1 mg/L, both well 
under their respective limits of 1.4 and 4 mg/L in the USP monograph. 

Fast Anion Assay
We can achieve an even faster separation by increasing the flow rate to 1.5 mL/min.
The increased flow rate results in increased backpressure due to the smaller resin 
particles used in the Dionex IonPac AS18-4µm column (compared to the traditional 
AS18 column). We can achieve this faster separation because the ICS 5000+ system 
is capable of operating at higher backpressures than traditional IC systems. An eluent 
concentration of 40 mM KOH was used for additional run time reduction. This yields a 
separation of chloride and sulfate with a total run time of 3.5 min (Figure 4) and a 
backpressure of 4500 psi. Chloride elutes at 1.69 min, sulfate elutes at 2.09 min, and 
both have a peak asymmetry value of 1.2. Compared to the same eluent concentration 
(i.e., 40 mM) at 0.8 mL/min, there is a 45% reduction in run time for this analysis. 
Method robustness was also measured using the above fast separation conditions.

FIGURE 4. A) Fast separation of chloride and sulfate and B) an adenosine 
sample (20 mg/mL) on the Dionex IonPac AS18-4µm column.

Detection Limit
The limit for ammonia in adenosine in the current monograph is NMT 4 ppm (i.e.,
mg/L) of ammonia. For this IC method, the limit of detection (LOD) and limit of 
quantitation (LOQ) for ammonia in adenosine, i.e., concentrations that resulted in 
peaks that were 3× and 10× of the noise are 0.001 and 0.004 mg/L, respectively. 
Figure 5A shows the chromatogram of a low concentration ammonia standard (0.025 
mg/L). The DI water blank for this analysis showed a background level of ~0.008 mg/L 
ammonia (Figure 5B).

The limits for chloride and sulfate in adenosine in the current monograph are NMT 
0.007% and 0.02% ppm, respectively. In our test solution this correlates to 1.4 mg/L 
chloride and 4 mg/L sulfate. The LOD and LOQ for chloride in adenosine were 0.005 
and 0.02 mg/L, respectively. For sulfate, the LOD and LOQ, were 0.013 and 0.04 mg/L, 
respectively. Low LOD and LOQ levels indicate that these IC methods exceed the 
sensitivity required for determining the ionic (ammonia, chloride, and sulfate) 
impurities in adenosine.

FIGURE 5. Chromatogram of A) 0.025 mg/L ammonia standard, and B) DI water 
blank.

Accuracy
Method accuracy was verified by determining recoveries of ammonium in spiked 
adenosine samples over three consecutive days (Table 1). The amount of ammonium 
in the adenosine sample was 0.034 mg/L. The samples were spiked with 0.05, 1 and 
2.5 mg/L ammonium. The average recovery of ammonium ranged from 88–116%.

Similarly, method accuracy was verified by determining recoveries of chloride and 
sulfate in spiked adenosine samples over three consecutive days (Table 1). The 
amounts of chloride and sulfate in the adenosine sample were 0.06 and 0.1 mg/L, 
respectively. The samples were spiked with 0.5 mg/L chloride and sulfate. The 
average recoveries of chloride and sulfate ranged from 96 to 104%.

Robustness
General Design of Robustness Study
The robustness of an analytical procedure is the measure of its capacity to remain 
unaffected by small variations in the procedural parameters. Variations in the following 
were tested: (i) mobile phase concentration (±2 mM MSA); (ii) flow rate (±10%); 
(iii) column temperature (±2 °C); and (iv) column-to-column (two production batches).

A 1 mg/L ammonium standard was used as the check standard. The resolution of 
ammonia from sodium in adenosine solution ranged from 1.96–2.32 under the 
different conditions, indicating these intentional variations did not compromise the 
separation. The peak asymmetry value for ammonia ranged from 1.3–1.4 in the 1 mg/L 
standard, and 1.2–1.25 in the adenosine solution. The retention time RSD was <0.2% 
and the peak area RSD ranged from 0.17–1.8%. These low RSDʼs suggest that the IC 
assay for ammonia in adenosine is robust.

A mix of standards (chloride at 1.4 mg/L and sulfate at 5 mg/L) was used to measure 
the robustness of the standard method. For the fast method, the same mix of 
standards and an adenosine sample was used. The ranges of peak asymmetry 
values for chloride (1.2) and sulfate (1.0–1.2) and of the resolution between chloride 
and sulfate (3.6–6.5) in the adenosine solution, under the different conditions indicate 
that the IC assays for the anions are robust.

Conclusion
The methods outlined here enable fast determination of ammonia, chloride, and 
sulfate in adenosine, with detection limits well below the limits set in the monograph.

 A column with a small diameter resin (Dionex IonPac CS12A-5µm) enables a fast 
(<5 min) isocratic method for the determination of ammonia in adenosine.

 The anion assay requires 8 min per sample, and an even faster separation (3.5 min) 
can be achieved when smaller resin particles (4 µm) are in the column, which is 
run on a high-pressure IC system. A run time of 3.5 min allows for high sample 
throughput.

 The precision (retention time RSD < 0.1%, peak area RSD < 2%), accuracy 
(average recovery 88–117), linearity, detection and quantitation limits, and 
robustness for the assays meet the analytical performance characteristics 
suggested by USP General Chapter <1225>, and are consistent with the USPʼs 
desire to modernize monographs to eliminate hazardous reagents and ambiguous 
assays.

 These IC-based assays could also be extended to other compounds which currently 
use color- or odor-based assays for ionic analytes. For example, the fast method 
developed for assaying ammonia in adenosine would be a good candidate to 
modernize the current ammonia tests in benzethonium chloride, methylbenzethonium
chloride, racemethionine, choline bitartrate, and choline chloride.
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Ammonia Chloride Sulfate
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Day 1
0.0927 110 0.5513 99 0.5895 99
1.0261 99 0.5562 100 0.5890 99
2.2556 89 0.5502 99 0.5814 98

Day 2
0.0885 101 0.5513 99 0.5895 99
1.0726 104 0.5562 100 0.5890 99
2.3463 92 0.5502 99 0.5814 98

Day 3
0.0919 108 0.5607 102 0.5769 96
1.0747 104 0.5530 100 0.5904 99
2.3333 92 0.5722 104 0.6103      103

Analyte Sample
(mg/L)

Retention
Time 
RSD

Peak Area 
RSD

Ammonia

  1 0.09 0.88
  4 0.09 0.01
10 0.09 0.24

Adenosine Solution     <0.01 2.27

Chloride      0.2 0.11 0.25
     0.6 0.05 0.67

Sulfate      0.1 0.12 1.26
  1 0.04 0.71
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