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INTRODUCTION

The U.S. Food and Drug Administration (FDA)
protects the consumer by ensuring that product quality
and safety are maintained. To achieve this objective, the
FDA requires that prescription drugs be produced only
according to approved procedures and that the manufac-
turing equipment meets cleanliness requirements. To
conform to these FDA requirements, pharmaceutical
companies need to ensure that their product was manu-
factured according to approved methods and that it
meets certain specifications. The authenticity can be
determined by testing the final product; however, if a
problem is present it then needs to be traced, possibly
even back to contaminants in the ingredients.

In addition to ensuring that the drug has been manu-
factured according to approved procedures, the pharma-
ceutical companies must also certify that the equipment
used during the manufacturing processis not only cleaned
of the residues from the previous production batch, but
that the cleaning solutions have also been rinsed away.

lon chromatography isawell established and popular
technique for the analysis and quantification of charged
species. Although reversed-phase chromatography is the
most commonly used chromatographic method for the
analysis of drugs in the pharmaceutical industry, ion
chromatography serves as an alternative method for
ionic speciesthat is often used to provide confirmation
for the analysis of drugs, including sulfadrugs. This
application note describes the use of ion exchange
chromatography and ion exclusion chromatography
in the pharmaceutical industry for the determination
of counterions and excipientsin “off-the-shelf” drugs.
The topic of cleaning validation is also discussed as
it appliesto charged species.

EQUIPMENT
A Dionex chromatographic system consisting of
Gradient Pump
Chromatography Module
Conductivity Detector
Absorbance Detector
Eluent Organizer

PeakNet Chromatography Workstation

REAGENTS AND STANDARDS
Deionized water, 17.8 MQ-cm resistance or better

Anion Analysis
Sodium hydroxide, 50% w/w (Fisher Scientific)

Sodium chloride

Sodium phosphate, dibasic
Acetonitrile

Methanol

Cation Analysis
Methanesulfonic acid (Fluka Chemika-BioChemika)

Organic Acid Analysis
Perfluorobutyric acid (Fluka Chemika-BioChemika)

Tetrabutylammonium hydroxide (Dionex)



PREPARATION OF SOLUTIONS AND REAGENTS
100 mM Sodium Hydroxide

Weigh 992 g (992 mL) of 17.8-MQ deionized water
into an eluent reservoir bottle. Degas the water for
approximately 10 minutes. Tare the bottle on the scale
and add 8.00 g (5.25 mL) of 50% sodium hydroxide
directly to the bottle. Quickly transfer the eluent bottle
to the instrument and pressurize it with helium.

5.00 mM Sodium Hydroxide

Weigh 999.6 g (999.6 mL) of 17.8-MQ deionized
water into an eluent reservoir bottle. Degas the water for
approximately 10 minutes. Tare the bottle on the scale
and add 0.400 g (0.262 mL) of 50% sodium hydroxide
directly to the bottle. Quickly transfer the eluent bottle
to the instrument and pressurize it with helium.

1.00 M Sodium Chloride

Weigh 58.45 g of sodium chloride and place into a
1-L volumetric flask. Add approximately 500 mL of
deionized water and swirl until the chloride is dissolved.
Dilute to the mark and mix thoroughly.

1.00 mM Sodium Phosphate

Weigh 0.142 g of sodium phosphate and place into
al-L volumetric flask. Add approximately 500 mL of
deionized water and swirl until the phosphate is dis-
solved. Dilute to the mark and mix thoroughly.

100 mM Methanesulfonic Acid

Weigh out 9.61 g of methanesulfonic acid (MSA).
Carefully add this amount to a 1-L volumetric flask con-
taining about 500 mL of deionized water. Dilute to the
mark and mix thoroughly.

0.400 mM Perfluorobutyric Acid

Perfluorobutyric acid (heptafluorobutyric acid) is
supplied by FLUKA in 10.0-mL bottles. Dilute the
entire contents of one 10.0-mL bottlein 1 L to obtain
a0.0772 M stock solution. Dilute 5.20 g of the stock
solution in 1 L to obtain the 0.400 mM working €luent.

5 mM Tetrabutylammonium Hydroxide

Dilute 200 mL of the Dionex 0.1 M TBAOH ion-
pairing reagent (P/N 35360) to 4 L with water. Alter-
natively, dilute 10 mL of 55% tetrabutylammonium
hydroxidein 4 L of water.
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Figurel  Typical anion exchangeresin.

RESULTS AND DISCUSSION

The FDA ensures that product quality and safety
are maintained by requiring that drugs are manufac-
tured according to approved procedures, and that the
equipment is clean. To comply with these FDA require-
ments, most pharmaceutical companies test samples
of the finished product for authenticity, and clean and
test equipment for cleanliness following the manufac-
turing process. If a problem is detected in the final
product, the source of the problem must be identified.
The problem could range from incorrect concentra-
tions of the various ingredients to the presence of con-
taminants introduced from impure ingredients.

lon exchange chromatography is awell established
technique for the analysis of charged species such asthe
strong acid anions, fluoride, chloride, sulfate, and phos-
phate. The exchange functional group in anion exchange
chromatography is generally a quaternary ammonium
base, asillustrated in Figure 1. Separation occurs as a
result of the different affinities of the analytes and
counterions for the fixed charge. In cation exchange
chromatography, the functional group is usually a
sulfonate or carboxylate ion, but the separation mecha-
nism is analogous. Uncharged species are unretained.

The mechanism of retention in ion exclusion chro-
matography isillustrated schematically in Figure 2.
Inion exclusion chromatography, uncharged species
are proposed to be separated as aresult of three mecha
nisms: (1) Donnan exclusion, (2) adsorption, and
(3) steric exclusion processes. Charged species pass
through the column unretained. Thus, this technique
iswell suited for the separation of weakly charged
species such as weak carboxylic acids. The Donnan
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Figure2  Mechanism of separation with ion exclusion
chromatography.

membrane can be envisaged to be an invisible shell
around the resin particle that allows the passage of
neutral species, but prevents the passage of negatively
charged species. Using this separation mechanism,
weakly ionized acids are separated based on differences
intheir pK_s. Strong inorganic acid anions are not
retained by the stationary phase but are eluted in the
void volume of the column. Uncharged species will
cross to the resin and be separated by adsorption and
steric exclusion processes. Theion exclusion columns
used for the separation of organic acids contain high-
capacity, macroporous, sulfonated cation exchange
resinsasillustrated in Figure 2.

After separation, the nonchromophoric ions are
detected using suppressed conductivity detection. A sche-
matic diagram of an anion suppressor with sodium
hydroxide as the eluent is shown in Figure 3. The
suppressor serves two purposes: (1) to lower the back-
ground conductivity caused by the eluent, and (2) to in-
crease the conductivity of the analyte. In this example,
the sodium counterion from the eluent is exchanged for
ahydronium ion. Asaresult of this exchange, the sodium
hydroxide is converted to water, which has a much lower
conductivity. Simultaneously, the sodium counterion
associated with the analyte is also exchanged for a
hydronium ion. Since the hydronium ion has a higher
conductivity than the sodium ion, the analyte will have
an overall higher response. The net result of suppres-
sion, therefore, is ahigher analyte signal against alower
eluent background.
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Figure3  Schematic diagramillustrating the mechanism of
suppression.
Columns:  lonPac AS11, AG11, ATC-1
Eluent: 10 mM Sodium hydroxide for 2.5 min, then linear
gradient to 35 mM Sodium hydroxide by 8 min
Flow Rate: 2 mL/min
Inj. Volume: 25 pL
Detection:  Suppressed conductivity, ASRS, recycle mode
_ Peaks: 1. Fluoride 8.0 mg/L 5. Maleate 5.0
4 2. Chloride 5.0 6. Sulfate 10.0
1 3. Nitrite 5.0 7. Phosphate  50.0
4. Bromide  20.0 8. Citrate 50.0
us
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Figure4  Separation of eight standard anions by anion
exchange chromatography.

Figure 4 shows the separation of six standard anions
and two organic acids that might be found in pharmaceu-
tical formulations by anion exchange chromatography
using the lonPac® AS11 column. Using a hydroxide
gradient ensures that all eight peaks are eluted within 8
minutes. Reproducihbility for this method is on the order
of 0.5% or better for retention times and 2% or better
for peak areas.
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Linearity isgood over the range tested (1.5 orders of mag-
nitude), with a coefficient of determination of r2=0.999
for most of the analytes.

Figure 5 shows the use of a different anion exchange
column, the OmniPac® PAX-100, for the separation of a
series of aromatic acids. Sodium hydroxide was added
to the eluent system to maintain a high pH for the ion-
ization of the acids. Acetonitrile was added to modify the
selectivity. The Cl-/OH- ratio was kept constant through-
out the gradient to minimize the reequilibration time.
Because the analytes are chromophoric, they were
monitored using absorbance detection at 254 nm.

Figure 6 shows the separation of six standard cations
by cation exchange chromatography using the lonPac
CS12A column with suppressed conductivity detection.
This column was devel oped for use with methanesulfonic
acid or sulfuric acid, giving similar selectivity with either
eluent. A suppressor was used to lower the conductivity
of the eluent by removing the methanesulfonate ions
from the eluent stream before they reached the detector.

Figure 7 shows the separation of several weak organic
acids by ion exclusion chromatography. The lonPac
ICE-AS6 column is an ion exclusion column designed
for the efficient separation of low molecular weight ali-
phatic organic acids, such as hydroxy-substituted organic
acids, as well as species such as aliphatic alcohols and
glycals.

Column:  OmniPac PAX-100
Eluent: 20% Acetonitrile, isocratic
50 mM Sodium chloride, 0.2 mM Sodium hydroxide
to 400 mM Sodium chloride, 1.6 mM Sodium hydroxide over 20 min
Flow Rate: 1 mL/min 1
Inj. Volume: 20 pL
Detection: UV, 254 nm 10
Peaks:

1. Benzoate
. Benzenesulfonate 5 8 13
. Toluenesulfonate
. p-Chlorobenzenesulfonate
. p-Bromobenzoate
. 3,4-Dinitrobenzoate
. Phthalate 7
. Terephthalate 2 u 1

9. p-Hydroxybenzoate
10. p-Hydroxybenzenesulfonate 3
11. 2,5-Dihydroxybenzoate

4
12. 1,3,5-Benzenetricarboxylate

13. 1,2,4,5-Benzenetetracarboxylate
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Figure5  Separation of standard aromatic acids by anion
exchange chromatography.

The standard eluent for use with the lonPac ICE-AS6
is0.4 mM heptafluorobutyric acid (perfluorobutyric acid).
Other monoprotic acids can be used; however, the back-
ground conductivity will be higher.

IC can be used to help the pharmaceutical industry
check the quality of the ingredients. Ingredients range
from the chemicals used as active ingredients or excipients
to pharmaceutical grade water and water for injectables.

Columns:  lonPac CS12A, CTC-1
Eluent: 20 mM Methanesulfonic acid
Flow Rate: 1 mL/min
Inj. Volume: 25 pL
6 — Detection:  Suppressed conductivity, CSRS,
recycle mode
Peaks: 1. Lithium 1.0 mg/L
4 2. Sodium 4.0
6 3. Ammonium  10.0
2 5 4, Potassium  10.0
5. Magnesium 5.0
us 113 6. Calcium 10.0
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Figure6  Separation of standard cations by cation exchange
chromatography.

Columns: lonPac ICE-AS6

Eluent: 0.4 mM Perfluorobutyric acid

Flow Rate: 1 mL/min

Inj. Volume: 25 pL

Detection:  Suppressed conductivity, AMMS-ICE
Regenerant: 5 mM Tetrabutylammonium hydroxide

Peaks: 1. Oxalate 5.0 mg/L 6. Lactate 10.0
2. Tartrate 10.0 7. a-Hydroxyisobutyric acid ~ 30.0

3. Citrate  15.0 8. Acetate 25.0

4. Malate 20.0 9. Succinate 25.0

5. Formate 10.0 10. Fumarate 35.0

11. Proprionate 50.0

0 5 10 15 20 25 30 35
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Figure7  Separation of standard organic acids by ion
exclusion chromatography.
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Columns:  lonPac CS12, CG12, CTC-1 Columns:  lonPac AS11, AG11, ATC-1

Eluent: 20 mM Methanesulfonic acid Eluent: 10 mM Sodium hydroxide for 2.5 min,

Flow Rate: 1 mL/min then linear gradient to 35 mM Sodium

Inj. Volume: 25 i hydroxide by 8 min

Detection: ~ Suppressed conductivity, CSRS, Flow Rate: 2 mL/min

03— recycle mode Inj. Volume: 25 pL
' Peaks: 1. Sodium Detection:  Suppressed conductivity, ASRS, recycle mode
2. Potassium 4 Sample: 1gin 10 mL DI water
3. Magnesium Peaks: 1. Chloride
4. Calcium 70 — 2. Bromide
3. Phosphate
4. Citrate
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Figure8 A chromatogram showing the separation of cations Figure9  Separation of anionsin an analgesic/decongestant

in a solution of water for injectables by cation exchange chroma-
tography is superimposed on a water blank.

Figure 8 shows the separation of cationsin a solu-
tion of water for injectables. The lower trace shows a
water blank with very low levels of sodium and cal-
cium. The upper trace shows the water for injectables.
Low levels of potassium and magnesium are apparent in
the water for injectables in addition to higher levels of
sodium and calcium.

IC also can be of usein the analysis of the final for-
mulation. Since the FDA requires drugs to be produced
only according to approved procedures, they often con-
firm authenticity by testing the nature of the excipients
or fillers. Since manufacturing processes use distinct
excipients such as phosphate or citrate buffersin injec-
tables, or sorbitol, calcium sulfate, or dibasic calcium
phosphate asfillers, |C provides asimple approach.

Figure 9 shows the separation of anionsin an anal-
gesic/decongestant using anion exchange chromatog-
raphy. A guard column was used to protect the analytical
column and extend its lifetime. An anion trap column
was used to prevent contaminants in the hydroxide elu-
ent from reaching the analytical column. This particular
formulation had listed as its active ingredients dextro-
methorphan hydrobromide (HBr) and pseudephedrine
hydrochloride (HCI). As can be seen in the chromato-
gram, both of these counterions give fairly large peaks.
Also listed as inactive ingredients were citric acid and
tribasic calcium phosphate, both of which appear as
peaksin the chromatogram. Note that there are no inter-
ferences from the uncharged ingredients.

by anion exchange chromatography.

Columns:  lonPac CS12A
Eluent: 20 mM Methanesulfonic acid
Flow Rate: 1 mL/min
Inj. Volume: 25 pL
Detection: ~ Suppressed conductivity, CSRS,
recycle mode
Sample: 0.6 g in 50 mL DI water
— Peaks: 1. Sodium
450 2. Magnesium
3. Calcium
3
us
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Figure10 Separation of cationsin an antihistamine/
decongestant by anion exchange chromatography.

Figure 10 shows the separation of cationsin an
antihistamine/decongestant using cation exchange
chromatography. In this formulation, no counterions
were detected because they are anionic. However,
the inactive ingredients included calcium sulfate and
magnesium silicate, as well as several uncharged
bindersand fillers.
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Figure 11 shows the use of ion exclusion chromatog-
raphy to monitor the presence of organic acids without
interference from the strong acid anions. All the strong
acid anions are eluted together as a single peak at the
beginning of the run and do not interfere with the rest of
the separation. The only identified organic acid present
iscitric acid.

Finally, IC isof usein the area of cleaning valida-
tion. There are two common ways to test that the equip-
ment has been rinsed clean. One is to monitor for the
last rinsable component, while the other is to test for the
most toxic. Samples are typically collected by swabbing,
or by using a known volume of water to rinse the surface
of the equipment. The problem with the first approachis
that generaly swabs are taken from hard-to-reach places
where chemicals tend to accumulate, thus resulting in
falsely high readings. The problem with the second
approach is that the chemicals that tend to accumulate in
hard-to-reach places are often missed. To overcome
these problems, both approaches are often used and both
results are considered.

Figure 12 shows the separation of dimethylbenzene-
sulfonate (DBS) from the other ingredientsin MICRO®,
a solution used by some pharmaceutical companies for
cleaning equipment. DBS isionic and therefore can be
retained on an ion exchange resin. Since it absorbs UV
light, it can be monitored with UV detection. The mini-
mum quantifiable limit, that is the signal at 10X the
baseline noise, is 0.1 mg/L.

CONCLUSION

lon Chromatography is a simple and accurate tech-
nique for the analysis of ions in ingredients and final
products. In addition, it can be used to help with cleaning
validation whenever the cleaning solution contains
charged species.

LIST OF SUPPLIERS:

Fisher Scientific, 711 Forbes Ave., Pittsburgh,
Pennsylvania, 15219-4785, USA.
Tel: 1-800-766-7000

Fluka, Industriestrasse 25, CH-9471 Buchs, Switzerland.
Tel: 48175525 11

Column;
Eluent:
Flow Rate:
Inj. Volume:
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1 Regenerant:
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0.4 mM Perfluorobutyric acid

1 mL/min

251

Suppressed conductivity, AMMS-ICE
5 mM Tetrabutylammonium hydroxide
0.6 gin 5 mL DI water
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2. Citric acid
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Figure1l Analysisof an analgesic by ion exclusion

chromatography.

Columns:  OmniPac PAX-100

Eluent: 5 mM Sodium chloride
0.2 mM Sodium hydroxide
32% Acetonitrile

Flow Rate: 1 mL/min

Inj. Volume: 25 pL

Detection: UV, 220 nm

Peaks: 1-4.Unidentified
5. Dimethylbenzenesulfonate

0.014 —

AU

Minutes

Figure12 Chromatogram of a 1in 360 dilution of a 2%

solution of MICROP.

lonPac and OmniPac are registered trademarks of Dionex Corporation.
MICRO is a registered trademark of International Products Corporation.
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