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ABSTRACT

High-performance liquid chromatography (HPLC) was used to determine the impurity profile of y-cyclodextrin (y-CD), a compound
used as a stabilizer in pharmaceutical formulations. An HPLC assay was developed which separated y-CD from potential impurities
which included 7 linear (glucose to maltoheptaose) and 2 unbranched cyclic (z- and §-CD) glucose polymers. The method employed a
mobile phase consisting of acetonitrile—water (73:27), a Whatman 5-pm Partisil PAC column (250 x 4.6 mm 1.D.), refractive index
detection, and achieved a resolution (R) 2> 1.5 for all impurities in the presence of y-CD.The method presented provided improvements
over existing methods by achieving a rapid separation (<25 min) of compounds not previously reported using moderate temperature
control and quantitated impurities at the 0.1-1.2% (w/w) level of sensitivity.

INTRODUCTION

y-Cyclodextrin (y-CD), a cyclic octamer of D-glu-
cose with a-(1,4)-linkages, is a water soluble com-
pound which can form reversible complexes with
poorly water soluble molecules resulting in soluble
molecular inclusion complexes. This “host—guest”
relationship can substantially increase the aqueous
solubility of many pharmaceuticals [1-3], and act as
a stabilizer by reducing rates of oxidation, decom-
position, disproportionation, polymerization, and
autocatalytic reactions [4]. CardioTec, a kit for the
preparation of the radiopharmaceutical myocardial
imaging agent Tc®>*™ teboroxime, contains y-CD to
improve the stability of the formulation. It was
necessary to establish the impurity profile of y-CD to
monitor both the quality and the manufacturer to
manufacturer equivalence of the material.

Commercially, y-CD is produced from the en-
zymatic digestion of starch. The y-CD is selectively
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purified from the crude digest containing linear
glucose polymers, a- (cyclic hexamer), - (cyclic
heptamer), y- and higher cyclodextrins [5]. An
analytical method was needed to determine the level
of potential linear and unbranched cyclic polymeric
glucose impurities in y-CD. Chemical structures for
y-CD and some potential impurities are shown in
Fig. 1.

Various high-performance liquid chromatograph-
ic (HPLC) methods have been applied for carbo-
hydrate analysis using such columns as uBondapak-
carbohydrate [6-9], aminopropyl-bonded [10-12],
aminocyano-bonded [13], specialized Cg and C,g
[14-18], silica [19,33], and ion exchange columns
[20-32], with some investigators using a mobile
phase amine modifier to affect separation [8,19,33].
Several means of detection have been employed
including refractive index [6—16,19,24,30,34], pulsed
amperometric[17,32], and indirect UV-vis detection
with micro HPLC[18]. Koizumi et al. [34] compared
four different amino bonded columns to successfully
separate some, but not all, of the components
addressed in this study, and needed highly elevated
temperatures (75°C) to eliminate anomeric peak
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Fig. 1. Structures for y-CD and some potential synthetic pathway impurities.

splitting on one of the columns. Rabel et a/. [13]
contended that the mode of separation for carbo-
hydrates using polar bonded phases such as Partisil
PAC is normal-phase partition chromatography
since retention times are decreased by increasing the
water content of the mobile phase. Historically, the
most useful polar bonded phases for normal-phase
separations have been ether, cyano, and amino [13].
Partisil PAC, consisting of alkyl groups containing

amino-cyano groups, provides a combination of
these features and was chosen as the optimal mate-
rial for our analysis.

This paper details the separation of 7 linear
(glucose to maltoheptaose) and 3 unbranched cyclic
(a-, - and y-CD) glucose polymers in less than
25 min at 45°C and reports limits of detection,
response factors and quantitative impurity results
obtained utilizing refractive index detection.
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EXPERIMENTAL

Materials

7-CD was obtained from Advanced Separation
Technologies, Astec (Whippany, NJ, USA), Ameri-
can Maize-Products Company, Amaizo (Hammond,
IN, USA) and Fluka Chemika-BioChemika (Buchs,
Switzerland). «- and $-CD and linear glucose poly-
mers were obtained from Fluka, and Sigma Chemi-
cal Company (St. Louis, MO, USA). The aceto-
nitrile was HPLC grade from Baxter Scientific
Products (McGaw Park, IL, USA). The water was
HPLC/organic free from the NANOpure II system
from SYBRON/Barnstead (Boston, MA, USA).

The HPLC/data collection system consisted of a
Spectra-Physics Model 4270 integrator, Model 8800
pump, and Model 8780 autosampler with a 10-ul
(nominal) fixed loop injector all on Spectra-Physics
LABNET from Spectra-Physics (Piscataway, NJ,
USA), a Fiatron Model CH-30 column heater from
Rainin Instrument (Woburn, MA, USA), and a
Hewlett-Packard Model 1047A refractive index de-
tector from Hewlett-Packard (Piscataway, NJ, USA)
maintained at 45°C. A Whatman Partisil 5 PAC,
5 pum, 250 mm x 4.6 mm 1.D. column from Baxter
maintained at 45°C was used with a mobile phase
consisting of acetonitrile-water (73:27) pumped at a
flow-rate of 1.0 ml/min.

Methods

Prior to use, the column was conditioned by
pumping mobile phase at 1.0 ml/min for 24 h. A
solution containing 1 mg/ml each of y-CD and
maltohexaose in warm (50°C) acetonitrile~water
(60:40) was injected for system suitability. The
resolution, R, = 2(t, — 1,)/(W + W3), between the
peaks should be >1.5.

For impurity determination, stock sample solu-
tions (100 mg/ml) were prepared in warm (50°C)
water. Working sample solutions (40 mg/ml) were
prepared in warm (50°C) acetonitrile-water (60:40)
and injected as soon as possible to prevent precipita-
tion.

Samples were injected in duplicate and the %
impurity index was calculated on an area % basis.

RESULTS AND DISCUSSION

A chromatogram of an injection of y-CD and nine
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possible impurities (5 mg/ml) produced baseline
resolution of all the components, R; > 1.5 (Fig. 2).
The resolution between y-CD and maltohexaose, the
closest eluting component, was 2.2. This separation
represents a notable improvement over a compara-
ble separation reported by Koizumi et al. [34],
wherein resolution between y-CD, maltopentaose,
maltohexaose and «- and -CD was inadequate or
unreported. Relative response factors, limits of
detection (S/N = 2), and retention times are given in
Table I. Relative response factors were equivalent
and limits of detection were <0.3 (% w/w) for the a-,
B- and y-CD. However, the response factors for the
linear glucose polymers increased with increasing
retention time and limits of detection were the most
sensitive for the fast eluting, sharp peaks (i.e.,
glucose, maltose) and were least sensitive for the
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Fig. 2. Chromatogram’ of y-CD and nine potential synthetic
pathway impurities (10.0 ul injection containing 5 mg/ml each)
using a Partisil PAC column (45°C), acetonitrile-water (73:27) at
1.0 ml/min, and refractive index detection (45°C).
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TABLE1 .

HPLC REFRACTIVE INDEX DETECTION PARAMETERS
FOR y-CD AND IMPURITIES

Compound Relative Detectable Limit of Retention
response weight on  detection time
factor® column (% w/w)° (min)

(ug)

Glucose 1.30 0.3 0.1 5.7

Maltose 1.35 0.6 0.2 6.9

Maltotriose 1.39 1.2 0.3 8.6

Maltotetraose 1.62 1.3 0.3 10.9

a-CD 1.00 0.6 0.2 12.2

Maltopentaose 1.87 2.5 0.6 13.9

p-CD 1.03 1.3 03 15.7

Maltohexaose 2.28 4.9 1.2 17.7

»-CD 1.00 1.3 0.3 19.8

Maltoheptaose 2.97 4.8 1.2 22.5

¢ Relative to y-CD as (compound concentration/compound
area)/(y-CD concentration/y-CD area).

® When signal-to-noise ratio equals 2 (S/N = 2).

¢ Relative to maximum injectable amount of 400 ug y-CD on the
column.

long eluting, broad peaks (i.e., maltohexaose, malto-
heptaose). Although refractive index detection lacks
the sensitivity of techniques such as pulsed ampero-
metric detection [32], the level of sensitivity was
sufficient (0.1-1.2% w/w) to provide a satisfactory
impurity profile of the nine potential components of
interest.

TABLE 11

POTENCY AND IMPURITY INDEX RESULTS FROM
TWO MANUFACTURERS OF y-CD

Sample  Manufacturer Potency Impurity Impurities
number (% anhy.) index (%) found

1 I 100.0. 0.00 None

2 I 99.4 0.00 None

3 I 101.0 0.00 None

4 8| - 0.65 a-, p-CD
S I 97.8 0.00 None

6 11 98.6 0.52 o-, f-CD
7 11 99.6 0.00 None

8 i 102.0 0.00 None

9 I 100.1 0.00 None

10 I 101.1 0.00 None
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To show applicability of the method, multiple
samples of y-CD raw material from two manufac-
turers (I and 1I) were assayed for total impurity
index (Table IT). Of 10 lots assayed, none showed
any of the linear glucose impurities; however, two
lots contained small amounts (< 1% w/w) of a- and
p-CD impurities. The practical application of the
method is graphically displayed in Fig. 3, showing
overlaid chromatograms of y-CD raw materials
containing (A) «- and f-CD impurities at a level
(0.65% impurity index) near the detection limit and
(B) no impurities. In addition, the method was
utilized to determine the potency of the 10 lots of
y-CD (Table II).

The sensitivity and accuracy of the method was
demonstrated using a-CD (relative response fac-
tor = 1) as a model impurity. A 102% recovery of
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Fig. 3. Chromatograms of y-CD raw materials containing (A) o-
and B-CD impurities (at 0.65% impurity index) and (B) no
impurities, using Partisil PAC column (45°C), acetonitrile-water
(73:27) at 1.0 ml/min, and refractive index detection (45°C).
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a-CD was obtained when y-CD was spiked with 1%
(w/w) a-CD.

The highest concentration of y-CD in acetonitrile—
water (60:40) injected was 40 mg/ml. Higher concen-
trations produced solubility problems. Acetonitrile—
water (60:40) was chosen as an intermediate solvent
between water and the mobile phase [acetonitrile—
water (73:27)]. The injection solution, column, and
detector were maintained at 45-50°C to enhance and
stabilize the chromatography as well as to maintain
the solubility of y-CD. The optimized chromato-
graphic conditions utilizing moderate temperature
control and a mobile phase of high organic/aqueous
ratio (= 3:1) produced Gaussian shaped peaks and
eliminated anomeric peak splitting, a concern with
other methods [34].

Ruggedness testing indicated that after approxi-
mately 250 injections were made on the column over
a period of 16 days, column performance was
reduced. The use of a short water rinse time (10 min)
for column clean-up is recommended to eliminate
possible column voids or channeling due to dissolu-
tion of silica. The use of a silica saturator column
may also be employed.

In conclusion, this HPLC method provides a
profile of 7 linear (glucose through maltoheptaose)
and 2 unbranched cyclic (a- and S-CD) glucose
polymer impurities in the presence of y-CD. The
method is rapid (< 25 min) and sensitive for quanti-
tating impurities at the 0.1-1.2% (w/w) level, and is
also suitable for use as a raw material potency assay
due to its ability to eliminate potential impurity
interferences. In addition, the method potentially
can be used to monitor the quality of y-CD used as a
mobile phase additive for chiral separations.
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