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Abstract

Fourteen gentamicin sulfate lots collected from international markets showed high quantities of impugigsdf studied lots:H NMR
spectroscopy as a primary analytical method was applied in order to validate the quantification results obtained from micellar electrokinetic
chromatography method (MEKC). In this study NMR data of 46 gentamicin sulfate drug substance lots were used to classify the lots
by means of principal component analysis (PCA) of-BWNMR-signals in the 5.0-6.0 ppm region. Three main groups could be classified:
high purity (3 lots), average quality (28 lots) and low purity (14 lots); one lot proved to be atypical. The 14 normalized signal heights in the
5.0-6.0 ppm region are predictive for purity quality according to a partial least squares (PLS)-model with sum of all impufitiasaise
(measured by MEKC).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction some minor compounds such as gentamicin C2b, 2-
deoxystreptamine (DSA), garamine (GA), sisomicin and
Biopharmaceuticals, especially the aminoglycoside an- netilmicin, the latter two being antibiotics on their own (see
tibiotics, makrolide antibiotics, e.g. erythromycin, and pep- Fig. 1).
tide antibiotics, e.g. bacitracin, are typically composed of a  The spectra of all components of gentamicin were
couple of main components accompanied by minor compo- assigned in a previous studyt]. Having this informa-
nents and impurities of a level often higher than 0.1% being tion in hands'H NMR spectra can be used to quantify
the limit allowed for a small-molecule drugs. In all cases, the components in the mixture and quantification results
the composition of the antibiotics depends sensitively on the could be confirmed recently by an independent micellar
fermentation conditions and the subsequent purification ap-electrokinetic capillary chromatography (MEKC) method
plied. [2,3].
Gentamicin sulfate consists of four major compo- The aim of the present study is the evaluation of tHe
nents, i.e. gentamicin C1l, Cla, C2 and C2a, and NMR spectra pattern by means of principal component anal-
ysis (PCA), the quality classification of gentamicin sulfate
- lots collected from international markets and the search for
E—Or::ifZ?JZ?!}Z%\?V?;?(S:.-\N@t—onIine.de (W. Winter). quali'ty—m.arker signa_ls in thH N.MR spectrato be usec.i for
1 Presentaddress: ALTANA Pharma AG, Robert-Bosch-Str. 8, 78224 Sin- a calibration model (l'e' correlation of selected NMR-SlgnaIs
gen, Germany. with MEKC'resultS).
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Fig. 1. Structural formulae of the gentamicin components and respective impurities.

2. Experimental
2.1. Gentamicin sulfate samples

Forty-six gentamicin sulfate samples were kindly pro-
vided by the Federal Institute of Drugs and Medical De-
vices (Bundesinstitutir Arzneimittel und Medizinprodukte,
BfArM, Bonn, Germany).

2.2. NMR experiments and data processing

The first set of experiments was performed on a
Bruker Avance 400 MHz NMR spectrometer, operating at
400.13MHz {H), equipped with XWIN-NMR software
(Version 3.0, Bruker Analytik GmbH, Rheinstetten, Ger-
many) running on Microsoft Windows PC. FéH NMR
spectra, about 15 mg of the gentamicin as mixture of com-
ponents was dissolved in 690 deuteriumoxide. The spec-
tral width was 8278 Hz, the transmitter offset at 6.15 ppm,
the flip angle was 30 Using an acquisition time of
3.96s and an additional delay of 1s a pulse repetition
period of about 4.96s results. Prior to Fourier transfor-
mation no zero filling was performed but an appropriate
window function (exponential multiplication with a line

broadening factor of 0.30Hz) and manual phasing was
applied.

2.3. Multivariate analysis

Calculations were performed with the multivariate soft-
ware The Unscrambl&¥ [4]. Spectral data import of 46
samples was achieved in JCAMP-DX format (16,384 data
points per sample); after reduction of the data points by a
factor of 4 and removing the data segment of the HDO-
signal (5.00—4.25 ppm), the remaining 3581 data points per
sample were normalized. The data reduction by a factor
of 4 was selected in view of the preserved resolution of
all NMR-signals; four consecutive data points were re-
placed by their mean value. As normalization procedure the
mean-normalization option of The UnscramBMrwas se-
lected; the sum of all 3581 data points is then the same for
all samples. This data matrix was used for the first PCA
overview.

The second data set was built up by graphical display of
the 5.0-6.0 ppm region for each sample spectrum and measur-
ing the peak heights of 14 signals (see belxvdata matrix:

46 rows = samples 14 columns = signal heights). An expan-
sion of the second data set by an additional column with %
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total impurities (measured by MEKC) &svariable wasused  and the anomeric H-1. Small shifts due to little differences in
for PLS-model building. the experimental conditions like concentration and pH dur-
ing the NMR-measurements are responsible for this loading
plot pattern. All attempts to correct these shifts by means of

3. Results and discussion reducing the resolution were not successful.
3.1. PCA overview of thtH NMR spectra 3.2. PCA of selectetH NMR-signals (5.0—-6.0 ppm
region)

Overlaid line plots of all samplesH NMR spectra are
shown inFig. 2 (solvent signal region 4.25-5.00 ppm re- The problem of signal shifts with very simildH NMR
moved and normalized). spectra (like inFig. 2) and PCA is well known. Since the
The spectra of the 46 gentamicin sulfate samplésgn2 dominating signals ifrigs. 2 and 4re hardly discriminating
may be imagined as a swarm of 46 data points in a 3581- between the gentamicin main components and the impurities,
dimensional space, which can be reduced to a few artificial no attempt was made to correct the signal shifts by recently
latent variables (principal components, PC). The first PCA- proposed methods-8].
result with the full (mean-centered) data sefaf. 2resulted Therefore, the most interesting region of the normalized
in two orthogonal PCs, which explained 84% of the variance 'H NMR spectra, namely 5.0-6.0 ppm with signals of the
inthe 3581-dimensional space; the new sample coordinates iranomeric H20 of the gentamicin components and the signals
the new PC-plane are called scorgs6d the corresponding  for the main impurities (sekig. 5), was used for the assign-
score plot revealed no grouping of the samples, except for thement of 14 peak heights per sample spectrum, i.e. 8 peak
outlying sample G46 (sd€g. 3). heights for the anomeric H20 group, 2 for the JI-20B dou-
The loading plot of the first PC (58% explained variance) blet, 2 for the sisomicin as indicated by the arrow$ig. 5
is shown inFig. 4 and the loadings describe the influence and 2 for the garamin doublet.
of the 3581 NMR-absorption data on the new PC coordinate  The rows in the data matrix were mean-normalized and
system; the loading plot of the second PC (additional 26% the columns mean-centered. Subsequent PCA with the new
explained variance) looks similar fg. 4. 46 x 14 data matrix resulted in a model with three significant
Fig. 4 demonstrates that PCA mainly detects the small PCs and 95% explained variance. The corresponding three-
signal shifts of the dominatingH NMR-signals from the dimensional score plot clearly showed the separation of four
methyl-group H-7, the amino-methyl-groups H-29 and H-9 main “quality groups” 1-4 as indicated Fig. 6.
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Fig. 2. Overlaid and normalizetH NMR spectra of all gentamicin sulfate samples (HOD region between 4.25 and 5.00 ppm removed); numbering scheme of
the highest signals accordingfdg. 1
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Fig. 3. t1/t2-scores scatter plot of the first PCA-model using the compldtdMR spectra data matrix (overview of the samples space).

A two-dimensional bi-plot with 86% explained variance, correlated. Inversely, score points on opposite sides to the
onwhich the scores anflloadings are displayed onthe same loading points inFig. 7 are negatively correlated: for exam-
plot, shows the impact of the various signal heights on the ple, sample G20 shows low signal heights for the gentamicin
sample groupingKig. 7): those sample points — with score component C2 (C2-1 and C2-2kig. 7).
coordinates designated as G01-G46 — which are located near FromFig. 7, a correlation between the gentamicin com-
specific signal heights and loading coordinates designatedponent signals and the impurity signals is also obvious. In
as C2-1, C2-2 or Siso-1, Siso-2, for example, are positively particular, a high proportion of gentamicin component C2 is
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Fig. 4. Loading line plot of the first PC from the first PCA-model using the compl&teMR spectra data matrix (overview of thel NMR-signals importance).
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Fig. 5. 'H NMR spectral zoom-out of an impure gentamicin sulfate sample: selected peak heights for second PCA-model (four doublets from anomeric H-20
of gentamicin C2a +b, C1, C2 and Cla; one doublet from JI-20B (=dihydroxy-gentamicin C2a), H-20 and H-23 from sisomicin and doublet from garamin).
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Fig. 6. Three-dimensional score plot of the second PCA-model with marked quality groups 1-4.
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Fig. 7. Two-dimensional bi-plot of the second PCA-model showing the correlation between variables loadings (i.e. NMR-signal heights) andessnple sc
The marked gentamicin C2 variables are negatively correlated with the impurity variables in the lower left quadrant.

generally indicative for low amounts of impurities; see load- posite sides of the PC2-axis Fig. 7. The 46 gentamicin
ings C2-1/C2-2 in the right lower quadrant Bfg. 7 and sulfate samples may be classified in four main groups (see
loadings for impurity signals GA, Siso and JI-20B in the Fig. 6):

left lower quadrant. The atypical sample G46 is character-

ized by a low gentamicin Cla content, because the scorese high purity and high gentamicin C2 group 1 (3 samples);
of G46 and the loadings of Cla-1/Cla-2 are located on op-e average purity group 2 (28 samples);
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Fig. 8. Measured total impurities by MEKC (in %-axis) vs. predicted total impurities (in %axis).
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e atypical group 3 (1 sample with atypical low content of signal shifts of un-predictive signals. However, the low-field

gentamicin Cla); signals of the anomeric H-20 atoms and some characteristic
e low purity group 4 (14 samples). impurity signals in the 5.0-6.0 ppm region allow the satisfac-
tory classification with PCA in terms of gentamicin sulfate
3.3. PLS calibration model main components and impurities.

The selected signal heights from thé NMR spectra can

In order to test the hypothesis that selected signal heightsbe PLS calibrated against the independently measured per-
in the 5.0-6.0 ppm region of thetd NMR spectrum might  cent total impurities by MEKC and may be used for a rapid
be predictive for the purity of the samples, a multivariate quality classification of new samples.
partial least squares regression model (PLS-model) was es-
tablished with 14 mean-normalized signal height$-iof. 5
as X-variables and the sum of all impurities &svariable Acknowledgements
(mean-centered), measured by the recently published MEKC

method2,3]. PLS models the structure of thevariables and Thanks are due to the Federal Institute of Drugs and Med-
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gentamicin sulfate proved to be unsuitable for PCA due to
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