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Goal
To develop a method to determine nitrite in pharmaceuticals
to assess the likelihood of nitrosamine formation formation if a secondary or tertiary amine is present
(Figure 1).819 Therefore, it is important to limit the nitrite and
Introduction amine levels in drug substances and drug products.
N-nitrosodimethylamine (NDMA) is an organic compound
with the formula (CH,),NNO. NDMA is a known carcinogen . .
that is present in some fermented foods."? Since July “0—-N=0 A HO—N=0 AT *N=0
i i itidi —Hz
2018, a few Qrug products including Iosartan., ranitidine, Nitrite ion Nitrousacid Nifrosonium
and metformin have been recalled by the United States ion
Food and Drug Administration (FDA) due to the presence of
) i ' ' HsC-< -H* H4C.
NDMA Th'erefore, thg FDA has provided |n('justry Igwdanoe 3 “NH . N=0 3 SN=N=0
for controlling NDMA in human drugs.®® This has increased H5C H3C
interest in understanding the potential of NDMA formation Dimethylamine  Nitrosonium NDMA
during pharmaceutical manufacturing. The use of nitrite in ion
a manufacturing process can represent a risk for NDMA Figure 1. NDMA formation
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While there are wet chemical methods for determining
nitrite, ion chromatography (IC) is the typical method.

IC involves separation with an ion-exchange column and
conductivity, electrochemical, UV absorption, or mass
spectrometry detection. IC is especially valuable to the
pharmaceutical industry for ionic analytes in products
containing non-ionic components. |C-based methods
are included in several USP monographs and have

been applied to all aspects of pharmaceutical product
manufacturing, including the determination of active

ingredients, degradation products, and impurities. For most

pharmaceutical samples, little or no sample preparation
is required, and analyte derivatization is unnecessary.
The determination of amines in pharmaceuticals by IC
was discussed in TN74093." For nitrite, the separation
is achieved by anion-exchange chromatography and
detection by UV absorbance at 210 nm. We used a high
capacity Thermo Scientific™ Dionex™ lonPac™ AS19-4um
column, and due to the nature of many pharmaceutical
samples, UV absorbance at 210 nm detection rather
than suppressed conductivity detection. The high
column capacity allows the separation of nitrite even
when the sample contains high amounts of a counter ion
such as chloride. The UV absorbance detection allows
the sensitive and selective detection of nitrite without
interference from high amounts of chloride. The method
uses a Reagent-Free™ (RFIC™) ion chromatography system
with electrolytically generated KOH eluent. This system
requires only deionized water to produce the eluent. The
method was validated and successfully applied to seven
pharmaceutical samples, including metformin, losartan,
ranitidine, and diphenhydramine.

Experimental

Equipment

e Thermo Scientific™ Dionex™ ICS-6000 HPIC system
including:

— Thermo Scientific™ Dionex™ ICS-6000 DP Pump
module

— Thermo Scientific™ Dionex™ ICS-6000 DC Detector/
Chromatography module with Conductivity Detector

— Thermo Scientific™ Dionex™ AS-AP Autosampler with
sample tray cooling, 250 uL sample syringe
(P/N 074306), 1,200 pL buffer line (P/N 074989), and
10 mL vial trays

e Diode array detector (Thermo Scientific)

e Thermo Scientific™ Chromeleon™ Chromatography Data
System (CDS) Software, version 7.2.10

Consumables
e Thermo Scientific™ Dionex™ EGC 500 KOH Cartridge
(P/N 075778)

e Thermo Scientific™ Dionex™ CR-ATC 600 Continuously
Regenerated Anion Trap Column (P/N 088662)

e Thermo Scientific™ Dionex™ ADRS 600 Anion Dynamically
Regenerated Suppressor, 2 mm (P/N 088667)

e Thermo Scientific™ Dionex™ AS-AP Autosampler Vials
10 mL (P/N 074228)

e Fisherbrand™ Narrow-Mouth field sample bottles, high
density polyethylene (HDPE), 125 mL, 250 mL sizes for
storage of standards and samples (Fisher Scientific
P/N 02-895A, B)

e Thermo Scientific™ Nalgene™ Syringe Filter 0.2 um PES
(Fisher Scientific P/N 09-740-113)

Reagents and standards
¢ Deionized (D) water, Type 1 reagent grade, 18 MQ-cm
resistivity or better

e Sodium and potassium salts, A.C.S. reagent grade or
better, for preparing anions standards

e Sodium nitrite, 99% (Sigma-Aldrich P/N 13447-1KG-R)
e | osartan potassium (Sigma-Aldrich P/N PHR1602-1G)

e Metformin hydrochloride (Sigma-Aldrich P/N PHR1084-
500MG)

Samples
Pharmaceutical samples used in this study are listed in
Table 1.
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Table 1. Pharmaceutical samples

Losartan potassium Substance Sigma
2 NA Metformin hydrochloride Substance NA Sigma NA
8 Nytol™ QuickCaps™ Diphenhydramine HCI Product 25 OoTC Sleep aid
4 Benadryl™ Diphenhydramine HCI Product 25 OTC Allergy
5 Metformin Metformin hydrochloride Product 500 Rx Diabetes
6 Losartan Losartan potassium Product 50 Rx High blood pressure
7 Rantidine Ranitidine hydrochloride Product 300 Rx Diabetes
0TC = Qver-the-counter
Rx = Prescription
Chromatographic conditions
Dionex lonPac AS19-4pum Guard Detection/suppressor 50 °C
Column, 2 x 50 mm compartment
Columns (E/N 083225) Cell temperature 35°C
Dionex lonPac AS19-4pum
Analytical Column, 2 x 250 mm Background <0.5 uS/cm
(P/N 083223) conductance
20 mM KOH from 0 to 8 min System backpressure | ~3000 psi (100 psi = 689.5 kPa)
Eluent 20-60 mM KOH from 8 to 10 min, Noise <1 nS/cm
60 mM from 10 to 15 min, 20 mM . .
i Run time 30 min
from 15.1 to 30 min
Detection 2 UV 210 nm

Eluent source

Dionex EGC 500 KOH cartridge
with Dionex CR-ATC 600

Flow rate 0.25 mL/min
Injection volume 25 pL in Push-Full mode
Column temperature | 30 °C

Detection 1 Suppressed conductivity
Dionex ADRS 600 (2 mm)
Suppressor Suppressor, recycle mode,

38 mA

Pump

System preparation and setup

Figure 2 shows the flow diagram of the IC system with
sequential suppressed conductivity and UV detection.
The Dionex ICS 6000 HPIC system is configured as a
RFIC system using eluent generation following the Dionex
ICS 6000 HPIC Installation and Operator’s Manual.'”

The suppressor is installed in the recycle-mode.
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Figure 2. Flow diagram for a RFIC configuration with sequential suppressed conductivity and UV detections
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Preparation of solutions and reagents

Common anions stock standard solutions

Stock standard solutions (1,000 mg/L) can be prepared by
dissolving the appropriate amounts of the required analytes
in 100 mL of DI water (Table 2).

Table 2. Masses of compounds used to prepare 100 mL of 1000 mg/L
ion standards

Amount
Analyte Compound
-_

Fluoride Sodium fluoride (NaF) 221.0
Chloride Sodium chloride (NaCl) 164.9
Nitrite Sodium nitrite (NaNO,) 150.0
Bromide Sodium bromide (NaBr) 128.8
Nitrate Sodium nitrate (NaNO,) 1371
Sulfate Sodium sulfate (Na,SO,) 147.9
Phosphate Potassium phosphate, monobasic 143.3

(KH,PO,)

Nitrite stock standard solution
Nitrite stock standard solution (1,000 mg/L) can be prepared
by dissolving 150 mg of sodium nitrite in 100 mL of DI water.

Preparation of pharmaceutical samples

Two drug substances and five drug products (Table 1) were
used as samples in this study to demonstrate the nitrite
separation in pharmaceuticals. Prepare drug substance
samples at 1 mg/mL by dissolving 50 mg of powder in

50 mL of DI water. Prepare drug products samples by
dissolving the whole pill into 50 mL or 10 mL of DI water

to yield a 2.5-10 mg/mL solution based on the active
pharmaceutical ingredient (API) weight. Sonicate the pill with
water until dissolved and centrifuge the sample extract at
8,000 x g for 15 min. Dilute the sample solution to 1 mg/mL
with DI water and filter the solution with a 0.2 um PES filter.
Nitrite is fully soluble in water. The filtrate particles are likely
to be insoluble matters and excipients.

Separation

The determination of common anions, including nitrite and
nitrate, is usually achieved by coupling an anion-exchange
separation with suppressed conductivity detection (CD).

In hydrochloride drug products, chloride is the counter ion
and present at a very high concentration. The integration
of a small nitrite peak in the presence of a large chloride
peak can be challenging when the detection is suppressed
conductivity. In this study, we chose UV absorbance
detection to achieve sensitive and selective detection for
nitrite as chloride is not detected. We chose the Dionex
lonPac AS19-4um column for this analysis as it is a high
capacity and high-resolution column, which are critical
factors for determining low pg/L concentrations of nitrite
in samples containing high concentrations of other anions.
Figure 3 shows that nitrite was resolved from six other
common anions within 30 min using this column. The

top chromatogram displays the separation of the seven
anions with suppressed conductivity detection. The bottom
chromatogram shows that only the three analytes that
have UV absorbance at 210 nm are detected. A delay
time of 0.25 min was applied to the two chromatograms
to match the detection time because the conductivity and
absorbance detectors are connected in series.

100 - 2 Peak  Analyte Conc(mg/L) CD
1 Fluoride 2
6 7 2 Chloride 10
e 3 Nitrite 10
2 3 4 Bromide 10
2_ 1 4 5 5 Nitrate 10
6 Sulfate 10
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600 - UV 210 nm
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Figure 3. Separation of seven common anions using a Dionex lonPac AS19-4pm column



Limit of detection (LOD)

The determination of LOD was based on the signal-to-
noise (S/N) ratio. Determination of the S/N ratio is
performed by comparing measured signal from a standard
with a low concentration of analyte with those of blank
and establishing the minimum concentration at which the
analyte can be reliably detected. A S/N = 3 is used for
estimating LOD and a S/N = 10 is used for estimating the
quantification limit (LOQ)."? In this study, the baseline noise
was first determined by measuring the peak-to-peak noise
in a representative 1 min segment of the baseline where no
peaks elute, but close to the peak of interest. The signal
was determined from the average height of three injections
of nitrite standard (1 pg/L). The calculated LOD of nitrite

in sample solution was 0.918 pg/L, which corresponds to
0.918 pg/g (ppm) of the API as the pharmaceutical
samples were prepared at 1 mg/mL based on the active
pharmaceutical ingredient (API) weight.

Calibration

The linearity of nitrite UV response to concentration was
investigated in the concentration range of 5 to 500 pg/L.
Figure 4 shows the calibration curve; the coefficient of
determination (r?) is 0.9999 using linear fitting.

Sample analysis

The amount of nitrite in the three recalled prescription drug
products (losartan, metformin, and ranitidine) can provide
some information for scientists investigating the formation
of nitrosamines. Therefore, the three drug products and

Area mAU-min

two of the corresponding drug substances (losartan
potassium, metformin hydrochloride) were included as
samples in this study. Two common over-the-counter
(OTC) drug products (Benadryl and Nytol) were also
included as samples to evaluate if this method can be
applied to other amine drugs. These seven samples were
previously evaluated for their dimethylamine content."

The amounts of nitrite in the seven pharmaceutical
samples are summarized in Table 3. Nitrite was detected

in all samples except sample 1 (losartan potassium drug
substance). The highest nitrite amount, 95.8 ppm (ug/g),
was detected in sample 7 (ranitidine). Nitrite is detected in
samples 2—-6 in a range of 4.47 to 27.4 ppm. Figure 5
shows the determination of nitrite in metformin drug product
(S5). The top chromatogram displays the CD detection, and
the bottom chromatogram displays UV detection. The high
chloride concentration in the hydrochloride drug product
strongly affects nitrite detection by suppressed conductivity.
However, with the UV detection, chloride does not interfere
with nitrite quantification. We found this method was
applicable to the other six pharmaceutical samples

(Figures 6-11) and believe it should be applicable to
additional pharmaceutical samples. This analysis, together
with an analysis for dimethylamine or other amines, allows
the analyst to determine the possibility of nitrosamine
formation in the drug substance or drug product. This
nitrite determination method could also be used for other
components of a pharmaceutical formulation (e.g., an
excipient).
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Figure 4. Nitrite calibration



Table 3. Amount of nitrite in pharmaceutical samples, ppm (ug/g API)

1 <LOD NA
2 27.0 2.3
8 17.6 2.0
4 16.2 2.3
5 6.86 2.8
6 4.45 2.9
7 95.5 1.4
257 cD
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Figure 5. Nitrite in metformin drug product (S5) using a Dionex lonPac AS19-4um column
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Figure 6. Nitrite in losartan potassium (S1) using a Dionex lonPac AS19-4pum column
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Figure 7. Nitrite in metformin hydrochloride (S2) using a Dionex lonPac AS19-4pm column
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Figure 8. Nitrite in Nytol QuickCaps drug product (S3) using a Dionex lonPac AS19-4um column
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Figure 9. Nitrite in Benadryl (S4) using a Dionex lonPac AS19-4pm column
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Figure 10. Nitrite in losartan drug product (S6) using a Dionex lonPac AS19-4um column
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Figure 11. Nitrite in ranitidine drug product (S7) using a Dionex lonPac AS19-4pm column

Method accuracy and precision Table 4. Spike recovery of nitrite in pharmaceutical samples

MNP AROATORAANUIIMMAIII  cmoic S | Recouwory () | ASD (r=6) |

studies. Nitrite was spiked into each sample solution at

e 1 96.6 1.2

10 pg/L. The recovery for nitrite in the seven samples

ranged from 96.3 to 101% (Table 4). Method precision was 2 96.9 21

determined by injections of the 50 pug/L nitrite calibration & 111 i

standard on three separate days. The peak area precision 4 100 2.7

was 0.56%, and retention time precision was 0.10%. 5 100 2.6
6 98.1 2.6
7 100 21
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Conclusion

A method was developed for the determination of nitrite

in pharmaceuticals by coupling IC with UV absorbance
detection. The LOD of nitrite in a pharmaceutical sample is
0.918 ppm (ug/g API). The method is accurate and precise
due to the high reproducibility of the Reagent-Free ion
chromatography system. This method should be applicable
to the determination of nitrite throughout the manufacturing
process of a drug product to assess the likelihood of
nitrosamine formation.

Find out more at thermofisher.com/ic
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