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Introduction

Gangliosides are glycosphingolipids containing
one or more residues of sialic acid, and are
thought to be important in some physiological
functions such as regulation of cell growth. It
has been suggested that they play a key rdle in
the development and in the repair of the
nervous system [2, 3]. Up to now HPLC
methods have not been employed for the
analysis of gangliosides in pharmaceutical
dosage forms [4-6]. Several preparative and
semi-preparative methods by HPLC have been
developed both in normal [7] and reversed-
phase [8] modes but do not provide the
necessary speed with suitable accuracy and
specificity required for routine analysis.

In this paper we report a qualitative and
quantitative analysis of a mixture of ganglio-
sides in parenteral dosage form (Cronassial)
taking account that for this special purpose a
short, sensitive, precise and accurate method is
highly desirable.

Experimental

Materials

Standard gangliosides (GM1, GD1a, GD1b,
GT1b) from Fidia (Abano Terme, Italy);
acetonitrile HPLC grade and Na,HPO,-2H,0

(Merck, Darmstadt, FRG); tetrabutyl-
ammonium hydroxide (Rudi Pont, Parsippany
NJ, USA); Cronassial 100 injectable dosage
form (Fidia, Abano Terme, Italy).

Equipment

Separation and quantitative determination
were performed on a liquid chromatograph HP
1090M (Hewlett Packard, Palo Alto, CA,
USA) equipped with a sample valve (Model
7410 Rheodyne) with a 5-pl loop. The outlet
was connected to an UV-vis diode array
detector HP 1040M controlled by a work-
station HP 9000 model 310.

Analytical conditions

Normal-phase. Separations were performed
using a 125 X 4.5 mm i.d. Hibar Lichrocart-
NH, column (7 pm spherical particles). Elu-
tion was carried out by a gradient with mobile
phase A = acetonitrile—5 mM phosphate
buffer, pH 5.6 (83:17%, v/v) and B = aceto-
nitrile-20 mM phosphate buffer, pH 5.6
(1:1%, v/v) with the following elution profile:
0-5 min A-B (85:15%, v/v); 5-15 min, A-B
from (85:15%, v/v) to (80:20%, v/v); 15-17
min A-B (80:20%, v/v); 17-25 min A-B from
(80:20%, viv) to (70:30%, vi/v); finally a
gradient back to A-B (85:15%, v/v) in 10 min.
The flow rate was 1 ml min~! and the analytes

Abbreviations used: the nomenclature for gangliosides is in accordance with Svennerholm [1].
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were monitored by flow-through detection of
UV absorbance at 215 nm, (bandwidth 4 nm).

Reversed-phase. Separations were per-
formed using a 120 X 4.6 mm i.d. Hypersil Cg
column (5 wm spherical particles). Elution was
carried out by a gradient with mobile phase
A = 5 mM tetrabutylammonium hydroxide in
water (pH 7.2) and B = 5 mM tetrabutyl-
ammonium hydroxide in acetonitrile. The
gradient was as follows: 0—7 min A-B from
(20:80%, v/v) to (25:75%, v/v); 7-10 min A-B
(25:75%, v/v); finally a gradient back to A-B
(20:80%, v/v) in 5 min. The flow rate was 1 ml
min~! and the analytes were monitored by
flow-through detection of UV absorbance at
215 nm, (bandwidth 4 nm).

Standard solution

Normal-phase. Standard solution was pre-
pared by mixing four standard gangliosides in
0.02 M phosphate buffer (pH 7.5) in order to
have the following concentrations: GMI
5.250 mg ml™}; GD1a 10.000 mg ml~'; GD1b
4.000 mg ml™!; GT1b 4.750 mg ml™!. Quan-
titative assays were performed by means of an
external standard procedure, using a calib-
ration curve obtained by dilution of the stan-
dard solutions in the following ratios: 1:3; 1:5;
1:7; 1:10; the detector response was linear in
the range considered. The regression equations
are reported in Table 1. The precision of the
chromatographic procedure was measured by
12 replicate injections of standard solutions
(dilution 1:5). The standard deviations for
GM1, GD1a, GD1b and GT1b were £0.0709,
+0.1203, +0.0761 and +0.1004, respectively.
The minimum detectability of each ganglioside
was: GM1 = 0.43 mg ml~'; GDla = 0.83 mg

ml~!; GDlb= 033mg ml™!; GTlb=
0.39 mg ml~'.
Table 1

Linearity of the analytical procedures
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Reversed-phase. Pure standard GM1, GD]1a,
GD1b and GT1b from Fidia were directly
chromatographed and diluted in order to ob-
tain the calibration curves. Each standard
ganglioside gave two peaks (Cig and Cy
sphingosine) [8], which are the main two
molecular species. For this reason we obtained
eight regression equations for the four stan-
dards reported in Table 1.

Sample preparation
One millilitre of injectable dosage form was
transferred to a tube and diluted to 5 ml with
(0.002 M phosphate buffer (pH 7.5).
Triplicate 5-pl aliquots were directly chro-
matographed.

Results

Initial work was carried out using normal-
phase conditions and by using the gradient
system reported in the Experimental section,
the retention time was considerably reduced in
comparison to the method reported in the
literature [7]. The resolution of standard
gangliosides is shown in Fig. 1.

Twelve injectable dosage forms (Cronassial)
were quantitatively analysed and the average
values obtained were in good agreement with
the stated amounts. A chromatogram of the
injectable dosage form is shown in Fig. 2.

A further investigation was performed in
reversed-phase in order to separate each
ganglioside into its molecular species concern-
ing the different sphingosine portion (C,;g and
Cao)-

The results obtained show that the reversed-
phase is suitable for the separation of the
molecular species. Under these chromato-
graphic conditions the pharmaceutical dosage
form (Fig. 3) shows six peaks instead of eight.

Normal-phase

Reversed-phase

GM1 y = 4.63x — 0.0521; r = 0.996
GDla y = 4.16x — 0.0672; r = 0.993
GDI1b y=237x — 0.0224; r = 0.997
GT1b y =271lx —0.0378; r=0.999

r=0.997

y; = 4.20x + 0.033;

y»= 4.03x — 0.059; r=0.999
y = 136x  +0.36; r=0.999

y, =138x -~ 1.21; r=1.000
y, =165x —4.72; r=1.000
y.= 762x + 0.17; r=0.997
yy = 150x  +2.18; r=0.995
y. = 152x - 1.22; r=1.000

r = Correlation coefficient.
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Figure 1
Chromatogram of mixture of standard gangliosides in normal-phase (conditions in text).
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Figure 2
Chromatogram of the injectable dosage form (Cronassial) in normal-phase.
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Chromatogram of the injectable dosage form (Cronassial) in reversed-phase (conditions in text).
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Figure 4

Superimposition of the chromatograms of each standard gangliosides in reversed-phase.

Figure 4, which is the superimposition of the
chromatograms of each standard ganglioside,
demonstrates that the six peaks are due to the
overlapping of the first peak of GD1b with the
second peak of GT1b and to the overlapping of
the first peak of GM1 with the second peak of
GDl1a.

For this reason the method cannot be used
quantitatively and needs further investigation.
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