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Introduction

The United States Food and Drug Administration (U.S.
FDA)'= and the regulatory agencies in other countries
require that pharmaceutical products be tested for
composition to verify their identity, strength, quality,

and purity. Recently, attention has been given to inactive
ingredients as well as active ingredients. Some of these
ingredients are nonchromophoric and cannot be detected
by absorbance. Some nonchromophoric ingredients, such
as carbohydrates, glycols, sugar alcohols, amines, and
sulfur-containing compounds, can be oxidized, and
therefore can be detected using amperometric detection.
This detection method is specific for those analytes that
can be oxidized at the selected potential, leaving all other
nonoxidizable compounds transparent.** Amperometric
detection is a powerful detection technique with a broad
linear range and very low detection limits.

This application note describes the use of three different
anion-exchange columns with amperometric detection to
analyze common simple sugars, sugar alcohols, and
glycols in pharmaceutical formulations. Two oral,
over-the-counter medications were selected as representa-
tive pharmaceutical products. A cough suppressant and a
multisymptom cold/flu medication were chosen because
they contain a complex mixture of simple sugars, glycols,
and sugar alcohols. These carbohydrates and glycols are
also commonly found in other medications. Furthermore,
these formulations contain inorganic and organic anionic
ingredients that have been analyzed using the Thermo
Scientific Dionex IonPac AS14 and AS11 anion-exchange
columns with suppressed conductivity detection.®

In the methods outlined in this Note, the selectivities of
the Dionex IonPac™ ICE-AS1 ion exclusion, Thermo
Scientific Dionex CarboPac PA10, and CarboPac MA1
anion-exchange columns for the analysis of carbohydrate
and glycol ingredients in pharmaceutical formulations are
compared. The Dionex IonPac ICE-AS1 resin bead is a
completely sulfonated polystyrene/divinylbenzene polymer
with a capacity of about 27 meg/column and with
moderate hydrophilic characteristics. The retention
mechanisms possible in this column include ion exclusion,
steric exclusion, and adsorption. Weakly-ionized acids are
separated by pKa differences, size, and hydrophobicity.
This column is ideal for the determination of aliphatic
organic acids and alcohols in complex or high-ionic
strength samples.

The Dionex CarboPac™ PA10 column packing consists of
a non-porous, highly crosslinked polystyrene/divinylben-
zene substrate agglomerated with 460-nm diameter latex.
The Thermo Scientific Dionex MicroBead latex is
functionalized with quaternary ammonium ions, which
create a thin surface rich in anion-exchange sites. The
packing is specifically designed to have a high selectivity
for monosaccharides. The PA10 has an anion-exchange
capacity of approximately 100 ueqg/column.

The Dionex CarboPac MA1 resin is composed of a
polystyrene/divinylbenzene polymeric core. The surface is
grafted with quaternary ammonium anion-exchange
functional groups. Its macroporous structure provides an
extremely high anion-exchange capacity of 1450 peq/
column. The Dionex CarboPac MA1 column is designed
specifically for sugar alcohol and glycol separations. The
ICE-AS1 and PA10 columns, but not the MA1 column,
are compatible with eluents containing organic solvents,
which can be used to clean these columns.



Expected detection limits, linearity, selectivity, accuracy,

and precision are reported for the CarboPac MA1

column. The performance of the CarboPac PA10 column
for monosaccharide analysis is presented in Technical

Note 40.7

Equipment

Thermo Scientific Dionex DX-500 system consisting of:
GP40 Gradient Pump, with degas option

Reagents and Standards

Reagents

Fisher Scientific sodium hydroxide, 50% (w/w)

Fisher Scientific perchloric acid, 70% (w/w)

Deionized water, 18 MQ-cm resistance or higher

Standards

ED40 Electrochemical Detector
LC30 or LC25 Chromatography Oven
AS3500 Autosampler

Propylene glycol, anhydrous (Sigma-Aldrich®, St. Louis, USA)

Glycerol (EM Science®, Billerica, USA)

Sorbitol (Eastman™ Chemical Company Kingsport, USA)

Thermo Scientific Dionex PeakNet Chromatography Workstation

Mannitol, ACS grade (J.T.Baker®, Mansfield, USA)

Maltitol (Sigma-Aldrich)

Glucose, reference grade (Pfanstiehl® Laboratories)

Fisher Scientific sucrose, ACS certified

Conditions
System 1 System 2 System 3

Columns: Dionex lonPac ICE-AS1 Analytical Dionex CarboPac PA10 Analytical Dionex CarboPac MA1 Analytical

(P/N 43197) (P/N 46110) (P/N 44066)

NG1 Neutral Guard Dionex CarboPac PA10 Guard Dionex CarboPac MA1 Guard

(P/N 39567) (P/N 46115) (P/N 44067)
Flow Rate: 2.0 mL/min 1.5 mL/min 0.4 mL/min
Injection Volume: 10 pL 10 pL 10 L
Oven Temperature: 30°C 30 °C 30 °C

40.0 91 9

Detection (ED40): Integrated amperometry, Integrated amperometry, Integrated amperometry,
platinum electrode gold electrode gold electrode
Waveform for ED40: Time Potential  Integration Time Potential  Integration Time Potential  Integration
() ) (Begin/End) | (s) ) (Begin/End) | (s) V) (Begin/End)
0.00 +0.30 0.00 +0.05 0.00 +0.05
0.05 +0.30  Begin 0.20 +0.05 Begin 0.20 +0.05 Begin
0.25 +0.30  End 0.40 +0.05 End 0.40 +0.05 End
0.26 +1.40 0.41 +0.75 0.41 +0.75
0.60 +1.40 0.60 +0.75 0.60 +0.75
0.61 +0.10 0.61 -0.15 0.61 -0.15
1.00 +0.10 1.00 -0.15 1.00 -0.15
Eluent Components: A: 100 mM Perchloric acid A: Water A: Water
B: 200 mM Sodium hydroxide B: 1.0 M Sodium hydroxide
Eluent Concentration: 100 mM Perchloric Acid 18 mM Sodium hydroxide 480 mM Sodium hydroxide
Method: Time A Time A B Time A B
(min) (%) min) (%) (%) (min) (%) (%)
0.0 100 0.0 91 9 0.0 52 48
End 100 11.0 91 9 60.0 52 48
111 0 100
17.6 0 100
17.7 91 9




On-line degassing is necessary because the amperometric
detector is sensitive to oxygen in the eluent. High flow
rates of 2 mL/minute, such as those used in the Dionex
ICE-AS1 system, require more frequent on-line degassing
intervals (every 5 minutes) to eliminate cyclic baseline

drift.

Preparation of Solutions and Reagents
Perchloric Acid Eluent

100 mM Perchloric acid

Degas 1983 mL of deionized water for 20 min and mix
with 17.1 mL 70% (w/w) perchloric acid. Connect the
eluent reservoir to the instrument and pressurize with
helium.

Sodium Hydroxide Eluents

200 mM Sodium hydroxide

It is essential to use high-quality water of high resistivity
(18 MQ-cm) as free of dissolved carbon dioxide as
possible. Biological contamination should be absent.
Additionally, borate, a water contaminant that can break
through water purification cartridges (prior to any other
indication of cartridge depletion), can be removed by
placing a Thermo Scientific Dionex BorateTrap column
(P/N 47078) between the pump and the injection valve. It
is extremely important to minimize contamination by
carbonate, a divalent anion at high pH that binds strongly
to the columns, causing a loss of chromatographic
resolution and efficiency. Commercially available sodium
hydroxide pellets are covered with a thin layer of sodium
carbonate and should not be used. A 50% (w/w) sodium
hydroxide solution is much lower in carbonate and is the
preferred source for sodium hydroxide.

Dilute 20.8 mL of a 50% (w/w) sodium hydroxide
solution into 1980 mL of thoroughly degassed water to
yield a 200 mM sodium hydroxide solution. Keep the
eluents blanketed under 5-8 psi (34-55 kPa) of helium
at all times.

1.0 M Sodium hydroxide

Follow the same precautions described above for the
200 mM sodium hydroxide eluent. Dilute 104 mL of a
50% (w/w) sodium hydroxide solution into 1896 mL of
thoroughly degassed water to yield 1.0 M sodium
hydroxide. Keep the eluents blanketed under 5-8 psi
(34-55 kPa) of helium at all times.

Stock Standards

Solid standards were dissolved in purified water to 10 g/L
concentrations. These were combined and further diluted
with purified water to yield the desired stock mixture
concentrations.

For determinations of linear range, combine 10 g/L
solutions of propylene glycol, glycerol, sorbitol, mannitol,
glucose, maltitol, and sucrose to make a 1.0 g/L standard
mix solution. Dilute with water to concentrations of 800,
600, 400, 200, 100, 80, 60, 40, 20, 10, 8,6,4,2,1, 0.8,
0.6, 0.4, 0.2, and 0.1 mg/L. Maintain the solutions in a
frozen state at —20 °C until needed.

Sample Preparation

Dilute viscous products with water on a weight per weight
(w/w) basis. Combine 1 gram of medication with 9 grams
of water to obtain a 10-fold dilution. Further dilute the
medication to yield 100- and 1000-fold dilutions on a
weight per weight (w/w) basis. Determine product
densities by measuring the weights of known volumes.
Calculate the final concentrations based on the densities
of these medications. The ingredients of each medication
are presented in Tables 1 and 2. The ingredients noted in
bold-face type can be analyzed by anion-exchange
chromatography with amperometric detection. Many of
the other ingredients listed below can be analyzed using
the Dionex IonPac AS14 and AS11 columns with sup-
pressed conductivity detection.’

Any purified water used for dilutions should be tested for
trace carbohydrates prior to its use. Test the sample
containers for residual carbohydrates prior to use by
adding pure water, shaking or vortexing, and then testing
the liquid. Prerinsing the vials with purified water can
eliminate artifacts and erroneous results.

Table 1. Cough suppressant ingredients

Dextromethorphan Hydrobromide Active
Citric Acid Inactive
FD&C Red 40 Inactive
Flavors Inactive
Glycerin (glycerol) Inactive
Propylene Glycol Inactive
Saccharin Sodium Inactive
Sodium Benzoate Inactive
Sorbitol Inactive
Water Inactive




Table 2. Multisymptom cold/flu ingredients

Although not presented here, nearly a dozen over-the-
counter medications have been analyzed using the Dionex
ICE-AS1 and MA1 columns with amperometric detection.
These medications include both solid and liquid formula-
tions such as nasal and oral decongestants, astringents,
antacids, enemas, sleep aids, analgesics, cleaning and
disinfecting solutions, antihistamines, and allergy syrups.
In most cases, the known carbohydrate ingredients in each
formulation were separated from each other using the
MAT1 column without any apparent interference.

Pseudoephedrine Hydrochloride Active
Acetaminophen Active
Dextromethorphan Hydrobromide Active
Citric Acid Inactive
FD&C Yellow #6 Inactive
Flavor Inactive
Glycerin (glycerol) Inactive
Polyethylene Glycol Inactive
Propylene Glycol Inactive
Purified Water Inactive
Saccharin Sodium Inactive
Sodium Citrate Inactive
Sucrose Inactive

Discussion and Results

Selectivity

Figure 1 shows the separation of sorbitol, glycerol, and
propylene glycol standards using a 100 mM perchloric
acid eluent with the Dionex IonPac ICE-AS1 analytical
column and the NG1 guard column. The separation was
isocratic, which decreases injection-to-injection run times
and increases sample throughput. Glycerol, propylene
glycol, and sugar alcohols were determined within 10
minutes. Sucrose, maltitol, and mannitol were not well
resolved by this method (results not shown). Oxygen is
reduced using the same waveform used to detect sugar
alcohols. Oxygen dissolved in the sample eluted at the
total permeation volume, and appeared as a dip in the
baseline at just before 8 minutes. Use of the NG1 neutral
guard column increased the total permeation volume and
moved the oxygen dip away from the analytes. Without
the NG1, sucrose, sorbitol, maltitol, and mannitol were
slightly better resolved, but the oxygen dip encroached on
the propylene glycol peak. An alternative way to reduce or
eliminate the oxygen dip is to degas the sample prior to
injection.

The Dionex CarboPac PA10 column separated propylene
glycol, glycerol, sorbitol, mannitol, maltitol, glucose, and
sucrose using an isocratic sodium hydroxide eluent
(Figure 2). Propylene glycol and glycerol eluted near the
void and were not baseline-resolved.

Propylene glycol, glycerol, sorbitol, mannitol, maltitol,
and sucrose were completely resolved when analyzed on
the Dionex CarboPac MAT1 (Figure 3). Shorter run times
are possible for both the PA10 and MA1 methods by
adjusting the eluent strength, but resolution may be lost.

Column:  Dionex lonPac ICE-AST,
NG1 Guard
Eluent: 100 mM Perchloric acid
Flow Rate: 2.0 mL/min
Inj. Volume: 10 pL
Detection:  Integrated amperometry,
platinum electrode
Peaks: 1. Sucrose 1 mg/L
500 — 2. Sorbitol 1
3. Glycerol 1
3 4. Propylene glycol 1
nC 2
4
1
0
I I I I ]
0 2 4 6 8 10
Minutes
13154

Figure 1. Separation of common glycols, sugar alcohols, and
carbohydrates in pharmaceutical formulations on a Dionex lonPac
ICE-AS1 column.

Column:  Dionex CarboPac PA10 and Guard
Eluent: 18 mM Sodium hydroxide
Flow Rate: 1.5 mL/min
Inj. Volume: 10 pL
Detection:  Integrated amperometry,
120 — 4 gold electrode
3 Peaks: 1. Propylene glycol
2. Glycerol
3. Sorbitol
4. Mannitol
5. Maltitol
2 6. Glucose
nC 7. Sucrose
1 5 6
WL I
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I I I I I I ]
0 2 4 6 8 10 12 14
Minutes
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Figure 2. Separation of common glycols, sugar alcohols, and
carbohydrates in pharmaceutical formulations on a Dionex CarboPac
PA10 column.



Figures 4 and 5 compare the selectivity of the Dionex
ICE-AS1 and MA1 columns for the analysis of a cough
suppressant. Figure 5B is an expanded view of Figure SA
to better reveal the minor peaks. In general, peak elution
order from the Dionex ICE-AS1 column is the reverse of
that of the MA1 column. The early eluting peaks for sugar
alcohols and carbohydrates were not resolved on the
Dionex ICE-AS1 column. Propylene glycol and glycerol
eluted later and were completely resolved on this column.
Figure 6 shows the analysis of a multisymptom cold/flu
medication using the MA1 column.

Column: Dionex CarboPac MA1, MA1 guard
Eluent: 480 mM Sodium hydroxide
Flow Rate: 0.4 mL/min
Inj. Volume: 10 pL
90 — Detection:  Integrated amperometry,
gold electrode
2 Peaks: 1. Propylene glycol 10 mg/L
2. Glycerol 10
3. Sorbitol 10
4. Mannitol 10
5. Maltitol 10
6. Sucrose 10
nC
3 4
5
1 6
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0 10 20 30 40 50
Minutes
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Figure 3. Separation of glycols, sugar alcohols, and carbohydrates

using the Dionex CarboPac MAT column.
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Figure 5. Separation of sugar alcohols and glycols in cough
suppressant using the Dionex CarboPac MAT column.

Column: Dionex CarboPac MA1, MA1 guard
Eluent: 480 mM Sodium hydroxide
Flow Rate: 0.4 mL/min
Inj. Volume: 10 pL
2500 — Detection:  Integrated amperometry,
gold electrode
2 Sample: 100-fold dilution (w/w)
Peaks: 1. Propylene glycol 1.3 g/L
2. Glycerol 0.3
3. Unidentified —
4. Sucrose 15
nC
1
4
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Column: Dionex lonPac ICE-AS1, NG1 Guard
Eluent: 100 mM Perchloric acid
Flow Rate: 2.0 mL/min
Inj. Volume: 10 pL
Detection:  Integrated amperometry,
platinum electrode
Sample: 100-fold dilution (w/w)
Peaks: 1. Mannitol
800 — 2. Sorbitol
3. Glycerol
4. Propylene glycol
nC
0
I I I I I I I I I 1
0 1 2 3 4 5 6 7 8 9 10
Minutes
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Figure 4. Separation of sugar alcohols and glycols in cough suppressant
using the Dionex lonPac ICE-AS1 column.

Figure 6. Sugar alcohols, glycols, and carbohydrates in multisymptom
cold/flu medication.



The selection of the best method depends on the analytes
tested. If a rapid analysis of sugar alcohols and simple
sugars is needed, with little interest in propylene glycol

or glycerol, the Dionex CarboPac PA10 column is the best
choice. If a rapid analysis of glycerol and propylene glycol
is desired, with little interest in carbohydrates, the Dionex
TonPac ICE-AST1 is the best choice. If the analysis of all of
these compounds is required, a Dionex CarboPac MA1 is
the best choice.

Method Detection Limits

The method detection limits (MDL) for a 10-uL injection
of common pharmaceutical constituents using the MA1
column are shown in Table 3. The MDL is defined as the
minimum concentration required to produce a signal-to-
noise ratio of 3. The MDL can be further decreased by
increasing the injection volume above the 10-uL injection
volume used in this application note, and by using
smoothing algorithms available in PeakNet software.”

Linearity

Propylene glycol, glycerol, sorbitol, mannitol, glucose,
maltitol, and sucrose standards ranging from

0.1-1000 mg/L (1-10,000 ng) were injected (n = 2 to

3 per concentration) onto a Dionex CarboPac MA1
column. The method was found to be linear for propylene
glycol, sorbitol, mannitol, glucose, maltitol, and sucrose
over this range (r* > 0.999). Glycerol was linear over

the range of 0.1-200 mg/L (1-2,000 ng per injection;

r? = 0.999). For the range of 0.1-1000 mg/L (1-10,000 ng),
glycerol deviated from linearity (r? = 0.995). Using a
second order polynomial regression, the r? for glycerol
was 0.9998 over the range of 0.1-1000 mg/L (1-10,000 ng).
For all analytes, linearity was demonstrated over at least
three orders of magnitude. Broad linear ranges help
eliminate the need to repeat sample analyses when
components vary greatly in concentration.

Calibration curves for the MA1 column are presented in
Figure 7.

Precision

The peak area and retention time RSDs for 10-mg/L
injections of standards (10 uL per injection, 12 injections)
run on the MA1 are presented in Table 4. RSDs varied
from 2—4% at this concentration. Precision is affected by
concentration; RSD values increase as the concentrations
approach the MDL. RSDs increase near the MDL because
peak integration becomes less precise from the contribu-
tion of variation in baseline noise from run-to-run.

Recovery from Sample Matrix

To assess the accuracy of this method, evaluate both
medications by the method of standard addition. Combine
each 1000-fold (w/w) diluted formulation with an equal
weight of a 100-mg/L mixture of propylene glycol,

Table 3. Estimated detection limits using the Dionex CarboPac MA1

| ng | Hg/L
Propylene glycol 4 400
Glycerol 0.7 70
Sorbitol 1 100
Mannitol 1 100
Glucose 1 100
Maltitol 2 200
Sucrose 7 700

Table 4. Peak area and retention time precision

RSD (%)
Area Retention Time (min)
Propylene glycol 2.4 0.0
Glycerol 3.0 0.2
Sorbitol 2.9 01
Mannitol 29 01
Glucose 2.7 01
Maltitol 2.6 01
Sucrose 3.7 01

Table 5. Recovery of carbohydrates in medications

Percent Recovery
Multisymptom
Analyte Cough Cold/Flu
Suppressant Medication
Propylene glycol 96 1
Glycerol 98 109
Sorbitol 87 105
Mannitol 99 105
Glucose 101 104
Maltitol 103 106
Sucrose 103 114

glycerol, sorbitol, mannitol, maltitol, sucrose, and glucose
to yield a 50 mg/L spiked solution [2000-fold dilution
(w/w)]. Subtract the amount of each analyte measured in
the sample before it was spiked from the total amount of
each analyte measured in the spiked sample to yield the
amount of spiked analyte recovered. The amount of
spiked analyte recovered relative to the known amount
added then yields the percent recovery.



Figure 5 shows the separation of carbohydrate and glycol
ingredients in cough suppressant using the MA1 column.
Figure 6 shows the separation of carbohydrates and
glycols in a multisymptom cold/flu formulation. The
percent recovery after standard addition [50 mg/L spike,
2000-fold dilution, (w/w)] is presented in Table 5. Percent
recovery ranged from 87-114% for the glycols, sugar
alcohols, and carbohydrates tested.

Table 6. Concentration of carbohydrates in medications

Concentration (g/L)
Cough Multisymptom
Suppressant Cold/Flu Medication
Propylene glycol 184* 215*
Glycerol 144~ 56*
Sorbitol 288" 01
Mannitol 13 15
Glucose 0.2 0.2
Maltitol 0.2 Not Detected
Sucrose Not Detected 459*

* Ingredients that are listed on the product containers.

Concentration of Known Ingredients in
Pharmaceutical Products

Ingredients in pharmaceutical products that could be
identified by retention times are listed in Table 6. Their
respective concentrations were determined and also
presented in Table 6. The ingredients listed on the product
container are marked with an asterisk (*). It is not the
normal practice of drug manufacturers to state the
concentrations of inactive ingredients on their product
labels; therefore, the accuracy of these formulations
against the stated label concentrations could not be
evaluated.

In addition to the labeled content of the pharmaceutical
products, other carbohydrate or glycol ingredients may
be present. Unlabeled ingredients are not marked with an
asterisk. Trace levels of unlabeled carbohydrates were
determined by injecting less dilute samples [1000 and
100-fold dilutions (w/w)]. Expanding the chromatogram
for the cough suppressant (Figure 5B) reveals the presence
of minor peaks. Besides sorbitol, which is a labeled
ingredient of the cough suppressant, the unlabeled
ingredients, mannitol and maltitol, were also identified
based on their retention time. Mannitol and maltitol are
probably trace impurities of sorbitol. Seven other peaks
were detected in the cough suppressant (Figure 5B), but
were not identified. The multisymptom cold/flu medica-
tion contained one unidentified minor peak (Figure 6).
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Figure 7. Method linearity for Dionex CarboPac MA1 with amperometric detection.




Conclusion

Pharmaceutical formulations can be analyzed for both
glycols and carbohydrates using the Dionex CarboPac
MA1 column with amperometric detection. The MA1
resolves glycols such as propylene glycol and glycerol.

It also resolves sugar alcohols such as sorbitol, mannitol,
maltitol, and carbohydrates such as sucrose and glucose in
the same injection. The Dionex CarboPac PA10 also
resolves sugar alcohols and carbohydrates, but is not
suitable for glycols such as propylene glycol and glycerol.
The Dionex IonPac ICE-AS1 with the NG1 can be used to
rapidly separate propylene glycol and glycerol, but is less

effective for many carbohydrates and some sugar alcohols.

The Dionex ICE-AS1 reverses the elution order of glycols
and carbohydrates when compared to the Dionex
CarboPac columns.
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All of these columns use isocratic eluents, which simplify
analysis. The MA1 is a high-capacity column and
generally has longer run times than the PA10 and the
Dionex ICE-AS1. Amperometric detection eliminates
potential interferences from the nonoxidizable ingredients
in the formulation and provides a sensitive means to
detect nonchromophoric analytes. Carbohydrates, glycols,
and sugar alcohols can be detected at the 70-700 ug/L
levels using the Dionex CarboPac MA1 column with
amperometric detection. The three classes of compounds
tested were linear over more than three orders of
magnitude using this system. The recoveries from
pharmaceutical formulations were greater than 87%
based on the method of standard addition. This method
can also be used to evaluate trace levels of carbohydrate,
glycol, and sugar alcohol contaminants.
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