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Abstract

Cyclodextrins (CDs) can be synthesized from starch by cyclodextrin glycosyltransferase (CGTase). This enzyme
produces a-, B- and y-CDs in varying proportions. In the production of cyclodextrins, purity as well as yield are
important factors. A precise and reproducible method was developed and validated for the simultaneous determina-
tion of a-, B-, and y-CDs. Optimum separation between the three CDs was achieved using a Finepak amino column
with a mobile phase consisting of acetonitrile-water (70:30, v/v) at a flow rate of 1 ml/min. Detection was carried out
using a differential refractive index detector. The developed method gave good chromatographic resolution of the
three components with retention times of 13.16, 16.83 and 21.74 min for a-, f- and y-CDs, respectively. The
polynomial regression data for the calibration plots exhibited good linear relationship (coefficient of correlation
r=0.9987 for a, r=0.9986 for p and r= 0.9998 for y-CDs) over a concentration range of 2—10 mg/ml. Statistical
analysis proves that the proposed LC method is precise, reproducible and accurate for the estimation of a-, B- and
v-cyclodextrins. The method can be employed for determination of percent purity as well as estimation of process
yields of the cyclodextrins during the enzymatic production. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction [1-3]. The most remarkable molecular feature of
the CDs is their ability to form inclusion com-
Cyclodextrins (CDs) are cyclic and non-reduc- plexes with numerous guest molecules without a
ing oligosaccharides joined by a-1,4 glucosidic covalent bond being formed [4]. Many organic
linkage and designated as o-, - and y-cyclodex- compounds form inclusion complexes with the
trins according to the number of glucose units CDs, modifying properties and making them
valuable for pharmaceutical research and industry

[4-11].
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created a need to study and understand the enzy-
matic conversion. This has necessitated the devel-
opment of a suitable method for the analysis of
CDs during the course of their enzymatic synthe-
sis. Various chromatographic methods for the
separation of CDs are already cited in literature
such as adsorption chromatography on charcoal
[13], Sephadex G-15 [14], gel chromatography on
polyacrylamide [15], TLC method [16] and LC
method [17,18].

The objective of the present work was to de-
velop an online and simultaneous LC method for
the separation and analysis of CDs in the reaction
mixture. The method employed for synthesis of
CDs involved enzymatic conversion of starch with
simultaneous separation of the products using an
ultrafiltration system (molecular weight cut
off-20 kDa) to avoid interfering effects of various
other byproducts of the process in detection of
CD:s.

2. Experimental

2.1. Materials

Cyclodextrin glycosyltransferase and glucoamy-
lase were gifted by Amano pharmaceutical, Japan.
o-, B- and vy- cyclodextrin were gifted by Nihon
Shokuhin Kako, Japan. B-D-Glucose was pur-
chased from Ranbaxy Chemicals, India. HPLC
grade solvents were purchased from Spectrochem,
India. All other chemicals used were of analytical
grade and demineralised, double distilled water
was employed.

2.2. Instrumentation

The liquid chromatograph comprised of a
Jasco-PU 980 pump (Jasco, Japan) and a differen-
tial refractive index detector (Perkin Elmer LC-25,
USA) with a sensitivity of 5 x 10> RIU. Data
integration was done using Borwin Software
package V1.21 for LC integration. The column
used was a Finepak-NH, (5 um, 250 x 4.6 mm)
(Jasco, Japan). Injections were carried out using a
20 ul sample loop at 25°C.

2.3. Optimization of the solvent system and
separation of CDs

Varying compositions of acetonitrile-water viz.
60:40, 65:35, 70:30, v/v were evaluated as mobile
phase to achieve good resolution of o-, B- and
v-CD. The pH of the above solvent systems was
found to be between 5.5-6.0.

2.4. Validation

Evaluation of the LC method was based on
proportionality (linearity assay), precision and ac-
curacy, limit of detection, limit of quantitation
and ruggedness.

2.4.1. Linearity

Standard a-, f- and y-CDs were separately run
on the amino column, using acetonitrile-water
(70:30, v/v) as the solvent system. The retention
times of all the three CDs and glucose were
determined. These CDs were then run as mixture
and the base-line separation of the peaks of all the
three CDs was obtained. A set of mixtures of CDs
containing 2—10 mg of each CD was prepared in
water. Each mixture was run and the chro-
matograms were obtained. A correlation between
the peak-area and concentration of CDs was es-
tablished and the calibration curves were ob-
tained. The calibration curve for glucose was not
determined as it was not significant in this study.
The concentrations of unknown samples of CDs
were determined from these calibration curves
using model y =mx + c.

2.4.2. Precision and accuracy

A standard solution of 4 mg/ml, within the
linearity range, was selected and analysed six
times. This assay was repeated six times.

2.4.3. Limit of detection and limit of quantitation

In order to determine the limit of detection and
limit of quantitation demineralised, double dis-
tilled water was injected six times. The noise level
was determined. The limit of detection was esti-
mated to be three times the standard deviation
and limit of quantitation was ten times the stan-
dard deviation value.
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2.4.4. Ruggedness

Ruggedness of the proposed method was car-
ried out by using reagents from different lots and
different manufacturers.

2.5. Application of validated method for
determination of cyclodextrins in continuous
process

2.5.1. Production of Cyclodextrins

It is reported that during batch production the
CDs formed insitu inhibit the enzyme cyclodex-
trin glycosyltransferase (CGTase) [19] and this
necessitates the continuous removal of CDs from
the proximity of the enzyme as soon as they are
formed. Moreover, the determination of the pro-
cess yields of CDs in the reaction mixture during
the course of production is difficult due to the
numerous byproducts, in the form of linear dex-
trins of variable lengths and the enzyme present in
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Fig. 1. Schematic representation of ultrafiltration unit for the
production of cyclodextrins.

the reaction mixture. CDs were produced in three
distinct steps viz. liquefaction of starch with CG-
Tase to reduce the viscosity of the solution, con-
version of liquefied starch to CDs and
simultaneous separation of these CDs from the
reaction mixture through ultrafiltration unit. The
ultrafiltration system comprised of a cross-flow
module, the schematic representation of the ul-
trafiltration unit is depicted in the Fig. 1. The
ultrafiltration unit was modified by using a low
molecular weight cut off polysulfone membrane
(20 kDa) to avoid as many impurities (linear
dextrins) as possible from passing through it. The
filtrate thus obtained was a mixture of the three
CDs, glucose and various other linear dextrins
(those which were small enough to permeate
through the ultrafiltration membrane).

2.5.2. Sample preparation

The filtrate obtained from the ultrafiltration
unit was then treated with glucoamylase to con-
vert the linear dextrins into glucose. This was then
filtered through a 0.45 pm cut-off microfilter (Mil-
lipore) and injected (sample-loop size =20 ul) in
the LC system to determine concentrations of o-,
B- and y-CDs.

3. Results and discussion

3.1. Optimization of solvent system and
separation of CDs

When acetonitrile-water in 60:40, v/v and 65:35,
v/v proportions were employed as the mobile
phase, poor resolution of CDs was obtained. The
mobile phase consisting of acetonitrile-water
(70:30, v/v) was found to be a suitable solvent
system for developing the chromatograms of CDs.
The retention times of glucose, a-CD, B-CD and
v-CD significantly differed from each other and
the samples containing these compounds could be
effectively separated under the conditions used
(Fig. 2). The elution sequence of CDs was; o-
followed by B-, followed by y-CD, respectively.
The retention times of glucose and CDs are given
in Table 1.
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Fig. 2. LC chromatogram of the separation of glucose and cyclodextrins after the ultrafiltration and glucoamylase treatment. Key:
1, solvent peak; 2, glucose (15 mg/ml); 3, a-CD (8 mg/ml); 4, B-CD (6 mg/ml); 5, y-CD (4 mg/ml).

3.2. Validation

3.2.1. Linearity

Three standard curves for a-, B- and y-CDs
were prepared by plotting the peak area versus
the individual cyclodextrin concentration. The
polynomial regression for the calibration plots
showed good linear relationship over a concentra-
tion range of 2—10 mg (Table 2). The mean values
of intercept, slope and correlation coefficient were
151.79 £ 0.420, 124753.0 +£0.246 and 0.9987 +
0.0024 for «-CD; 1261.16 +0.234, 10246.69 +
0.742 and 0.9986 + 0.032 for B-CD;
639.028 +0.222, 13927.72 4+ 0.178 and 0.9998 +
0.0010 for y-CD (each concentration of the mix-
ture was injected six times) over the concentration
range studied.

3.2.2. Precision and accuracy

Precision and accuracy were tested at 4 mg/ml
level for all the three CDs. The relative standard
deviations were found to be 1.33, 1.21 and 1.27%
for a-, B- and y-CD, respectively.

3.2.3. Limit of detection and limit of quantitation

The limit of detection for -, B- and y-CDs was
found to be 0.0249 mg/ml, 0.0462 mg/ml and
0.0258 mg/ml, respectively. The limit of quantita-
tion for a-, B- and y-CDs was 0.083 mg/ml, 0.154
mg/ml and 0.086 mg/ml, respectively.

3.2.4. Ruggedness

The analytical method was found to be rugged
with respect to the solvents employed from differ-
ent lots and manufacturers. The RSD for preci-
sion was found to be 1.23, 1.08 and 1.43% for o-,
B- and y-CD, respectively, and RSD for accuracy

Table 1
The retention time of glucose and CDs

Components Retention time (min)
Glucose 6.02 +0.070
a-CD 13.16 + 0.045
B-CD 16.83 +0.070
v-CD 21.74 4+ 0.060
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Table 2
A correlation between concentration of CDs and peak areas

Concentration of CDs (mg/ml)*

Peak area (average + S.D.)

a-CD

B-CD y-CD

[ e NI NI O]

—_

29609.60 + 112.3

53946.60 + 242.50
85625.20 £ 266.20
111214.30 +467.80
137857.00 +451.84

24067.375 £ 364.12
40923.80 £ 177.30
64874.70 + 143.95
82032.35 +243.66

104597.65 + 221.63

25370.00 £+ 95.5
53832.60 + 168.90
74662.40 + 234.24
103917.80 + 356.32
126027.60 + 667.96

“ Each of the concentrations of each CD was injected six times.
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Fig. 3. LC chromatogram before the ultrafiltration and glucomaylase treatment. Key: 1, solvent peak; 3, glucose; 7, a-CD; 10, B-CD;
11, y-CD; 2; 4; 5; 6; 8; 9, linear dextrins impurities. The sample injected was from the reaction mixture after 4 h of enzyme addition

without ultrafiltration and glucoamylase treatment.

of a-, B- and y-CD was found to be 1.65, 1.52 and
1.23%, respectively.

3.3. Application of validated method for
determination of cyclodextrins in continuous
process

In the continuous process, in order to avoid the
product inhibition of the enzyme it is necessary to
know the amount of CDs present in the proximity
of the enzyme. The applicability of the proposed

LC method finds extensive importance in the
analysis of the CDs during the continuous pro-
duction of CDs. The chromatogram in Fig. 3
shows the interference of the linear dextrins when
the sample was not pretreated by ultrafiltration
process and glucoamylase enzyme treatment, in
the detection and estimation of the CDs. The
interference of the linear dextrins in the chro-
matogram was eliminated by using ultrafiltration
and glucoamylase treatment of the reaction mix-
ture as can be seen in Fig. 2. The process yields of
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Table 3
The percent yields of cyclodextrins

Cyclodextrin (CD) Percentage yield of cyclodextrins

o 14.56
B 30.41
v 9.72

CDs formed in the continuous process were opti-
mized by using the proposed LC method. The
results are depicted in the Table 3. Periodic analy-
sis of the reaction mixture during the course of
continuous production of CDs is of immense
value with respect to the optimization of the rates
of the reaction. The sensitivity of the presented
method enabled the periodic quantification of the
synthesised CDs within 30 min of the reaction.

4. Conclusion

We have described a rapid, precise and reliable
method for the estimation of a-, B-, and y-CDs.
The chromatographic method described here pro-
vides the method for the analysis of the CDs
obtained during their enzymatic synthesis from
starch. The data based on process yields can be
effectively utilized for the optimization of batch
and continuous processes of CD production. LC
method provides a better resolution, accuracy and
precision for the identification and estimation of
CDs. The simplicity of the technique should make
it the method of choice for routine analysis.
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