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Galanthamine Content in Narcissus Bulbs by 
1H NMR†
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Robert Verpoorte

ABSTRACT:
Introduction – Galanthamine is a benzazepine alkaloid used as a drug to relieve symptoms of Alzheimer’s disease. For phar-
maceutical use this natural product has been extracted from the plant Leucojum aestivum (Amaryllidaceae) or produced 
synthetically. Limited supply of the natural source and high cost of synthetic production has led to a search for alternative 
sources of galanthamine. The bulbs of Narcissus pseudonarcissus (Amaryllidaceae) have been identifi ed as a potential source 
of raw material for galanthamine extraction. Since inconsistent chemical composition can be an issue with medicinal plant 
material, it is of interest to know whether large variations occur between Narcissus bulbs grown in diff erent geographical 
locations.
Objective – To evaluate whether large diff erences exist in the overall metabolic profi les of Narcissus bulbs grown in the two 
most important cultivation regions.
Methodology – 1H NMR and principal component analysis were used for an unbiased comparison of the bulb samples.
Results – Overall metabolite profi les were quite similar, but galanthamine levels could slightly discriminate samples by geo-
graphical region. 1H NMR was used for quantitation of galanthamine, and was found to be comparable to quantitation by 
HPLC. Compared with conventional chromatographic methods, sample preparation for 1H NMR analysis is simple and rapid, 
and only a small amount of plant material is required.
Conclusions – Since useful qualitative and quantitative information about the metabolic state of Narcissus bulbs can be 
obtained by 1H NMR, this method is useful for agricultural applications, and for quality control of raw material used in the 
pharmaceutical industry. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction
Galanthamine is a benzazepine alkaloid produced by some 
members of the Amaryllidaceae plant family (Fig. 1). This natural 
product possesses a number of biological activities (reviewed by 
Bastida et al., 2006) that have been under investigation since the 
1950s (Heinrich and Teoh, 2004). The discovery of its long-lasting, 
selective, reversible and competitive inhibitory eff ect on the 
enzyme acetylcholinesterase has led to its application to 
Alzheimer’s disease (AD) (Moghul and Wilkinson, 2001). In 2004, 
1.5 million people were estimated to suff er from AD worldwide, 
and this number is predicted to increase three-fold in 50 years 
(Forman et al., 2004). Further studies identifi ed other bioactivities 
of galanthamine relevant to AD, such as stimulation of pre- and 
postsynaptic nicotinic receptors and protection against β-amyloid 
toxicity (Arias et al., 2004; Matharu et al., 2009; Scott and Goa, 
2000; Sramek et al., 2000). While there is currently no preventative 
or curative treatment available for AD, galanthamine is used 
therapeutically to provide relief of disease symptoms. It has been 
registered as a drug (Nivalin® and later Reminyl®) since 1996 and 
provides good pharmacological profi les with fewer side eff ects 
than other acetylcholinesterase inhibitors such as tacrine and 
physostigmine (Giacobini, 2000; Heinrich and Teoh, 2004).

The plant Leucojum aestivum was the main source of galan-
thamine for some time (Heinrich and Teoh, 2004). Recently the 

more widespread licensing of galanthamine throughout the 
world has caused a need for alternative sources. Synthetic 
methods have been developed and used to produce galan-
thamine for the pharmaceutical industry (Tiff en, 1997), but high 
costs and increasing demand make extraction from plant sources 
an attractive option. A potential source for large-scale extraction 
of the alkaloid is members of the genus Narcissus. The long tradi-
tion of Narcissus cultivation for ornamental use means that 
extensive knowledge of the cultivation and breeding, as well as 
large stocks of various cultivars is already available (Kreh, 2002). 
Investigations into the secondary metabolites of Narcissus 
species have led to the isolation of almost 100 alkaloids classifi ed 
into diff erent skeletal types, many of which have interesting bio-
logical activities (reviewed by Bastida et al., 2006). Galanthamine 
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can be found in several species, with the bulb usually accumulat-
ing the highest amount of alkaloids (Viladomat et al., 1986). 
Levels of galanthamine vary between species and cultivars, from 
trace amounts to as much as 2.5% of dry weight (Cherkasov and 
Tolkachev, 2002). In addition, levels of alkaloids in plants are 
known to vary during ontogenesis and also among geographical 
location (Elgorashi et al., 2002; Facchini 2001; Li et al., 2006).

Various methods exist for the determination of galanthamine 
levels in plant material. Early methods used enzyme immunoas-
says or radioimmunoassays for the quantitative determination of 
galanthamine in unpurifi ed plant extracts (Poulev et al., 1993; 
Tanahashi et al., 1990). While these methods were very sensitive 
and precise, the need to raise antibodies and the use of radioac-
tive substances make these methods laborious and expensive. 
Chromatographic methods include the use of high-performance 
liquid chromatography (HPLC) with UV detectors (Lopez et al., 
2002; Mustafa et al., 2003; Zhang et al.,1999) and mass spectro-
metric detectors (Ptak et al., 2009). Methods employing gas chro-
matography with nitrogen/phosphorus and fl ame ionisation 
detectors (Bastos et al., 1996), as well as mass spectrometric 
detectors (Berkov et al., 2008; Gotti et al., 2006; Ptak et al., 2009) 
have also been developed. A recent publication describes the use 
of high-performance thin-layer chromatography (HPTLC) for 
determination of galanthamine in plant extracts (Abou-Donia 
et al., 2008). Gotti et al. (2006) used non-aqueous capillary elec-
trophoresis to determine galanthamine levels in plant material. 
While these methods are validated to be precise and accurate, 
and mostly use a small amount of plant material (50–500 mg) for 
analysis, they all have some disadvantages inherent to the 
methods used. The chromatographic methods are not always 
reproducible between laboratories and over time. Extensive 
sample clean-up, long run times and consumption of large 
amounts of solvents can make these methods expensive and 
time-consuming. In addition, all these methods require the use 
of an analytical standard for quantitation.

Raw plant materials used for medicinal products are often 
inconsistent in chemical composition (Khan, 2006). This can have 
implications for the effi  cacy and safety of crude medicinal prod-
ucts, or the consistency of starting material for extraction of 
pharmaceutical products or precursors. Plants contain many 
metabolites (potentially more than 3000 in a single plant) (Lay 
et al., 2006), and various factors are involved in determining the 
metabolic profi le of a particular plant. Apart from its genetic 
profi le, many biotic and abiotic factors can aff ect the metabolism 
of a plant, and thereby its metabolite composition. To under-
stand how a plant responds to all these factors, methods are 
needed that can provide an overview of the full metabolic profi le. 
Metabolomics is a promising approach to deal with quality 
control and other issues related to the agricultural production of 

medicinal plants. The metabolome can be defi ned as the observ-
able chemical profi le of metabolites in an organism (Verpoorte 
et al., 2008), and metabolomics is the qualitative and quantitative 
analysis of the metabolome. The large number of metabolites as 
well as the huge diversity in chemical structures make it diffi  cult 
to detect and quantify all metabolites with a single analyti-
cal method. Several diff erent approaches are currently used to 
analyse plant metabolites. The most common are mass spec-
trometry (MS) or nuclear magnetic resonance (NMR) spectros-
copy-based methods in combination with multivariate statistical 
methods (Lindon and Nicholson, 2008; Sumner et al., 2003).

1H NMR metabolomics has been successfully used in the fi eld 
of medicinal plant authentication and quality control (reviewed 
by Holmes et al., 2006). Crude plant extracts give rise to complex 
1H NMR signals. These spectra can either be analysed in full reso-
lution or can be divided into compartments of specifi c spectral 
intervals in a process called ‘binning’ or ‘bucketing’ (Verpoorte 
et al., 2007). Many spectra can then be used for multivariate sta-
tistical analysis. Unsupervised methods such as cluster analysis 
and principal component analysis can group samples according 
to metabolic similarity, without any prior knowledge of samples. 
Diff erences between patterns of metabolites in samples can be 
recognised in an unbiased way. These methods can for example 
be applied to the authentication of plant species or cultivars 
(Choi et al., 2004; Frédérich et al., 2004) and the classifi cation of 
plant material from diff erent geographical locations (Tarachiwin 
et al., 2008; Wang et al., 2004).

One of the most important advantages of NMR as a metabo-
lomics tool is the ease of quantitation, including the ease of 
quantitation of individual compounds in a crude mixture. 
Quantitative nuclear magnetic resonance (qNMR) has been used 
for the quantitation of natural products in various kinds of bio-
logical matrixes. A review by Pauli et al. (2005) covers more than 
two decades of literature on the topic, and some recent publica-
tions also use this method for plant secondary metabolites 
(Castilho et al., 2008; Li et al., 2009; Nazari et al., 2007; Rivero-Cruz 
et al., 2006; Tatsis et al., 2008). An advantage of qNMR over other 
analytical methods is elimination of the need to use analytical 
standards for quantitation. Also, it is a relatively inexpensive to 
run, fast and non-destructive method requiring only a small 
amount of plant material for analysis. Plant metabolites can be 
directly analysed in a mixture without the need for fractionation 
and isolation. Analysis of a target compound in a mixture also 
provides further advantages as other metabolites (primary 
metabolites, non-active marker compounds) can be analysed 
simultaneously (Rivero-Cruz et al., 2006) for applications such as 
plant identifi cation and quality control.

In this study 1H NMR-based metabolomics methods were used 
to investigate the chemical profi les of Narcissus bulbs. The aim 
was to investigate whether there are diff erences in the metabolic 
profi le patterns of bulbs of the same species and cultivar grown 
in diff erent locations, and, if so, to identify the metabolites 
responsible for the variation. Also, the 1H NMR was applied to the 
quantitation of galanthamine, one of the most bioactive metabo-
lites of Narcissus bulbs.

Experimental
Solvents and chemicals

Methanol-d4 (99.80%) from Cambridge Isotope Laboratories 
(Andover, MA, USA) and the phosphate (KH2PO4) buff er (pH = 6.0) 
in deuterium oxide (CortecNet, Voisins-Le-Bretonneux, France) 

Figure 1. Chemical structures of galanthamine and haemanthamine.
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containing 0.01% trimethylsilylproprionic acid sodium salt-d9 
(TMSP, w/w), as an internal quantitation reference standard and 
calibration of chemical shift, were used for 1H NMR analysis. 
Acetonitrile (HPLC-S grade), trifl uoroacetic acid (TFA, reagent 
grade >98%) and Chromasolv® water for LC-MS were obtained 
from Sigma Aldrich (St. Louis, MO, USA). Galanthamine hydrobro-
mide was also obtained from Sigma Aldrich.

Plant material

Bulbs of Narcissus pseudonarcissus Cultivar ‘Carlton’ (Amaryl-
lidaceae) were obtained from Holland Bio diversity B.V. (Lisse, the 
Netherlands). Bulbs were sourced from growers in two locations 
in the Netherlands (Lisse and Noordwijk) and one location in the 
UK (Lincolnshire). Plant materials were frozen in liquid nitrogen 
and ground with a Waring laboratory blender (Waring Products 
Inc., Torrington, CT, USA). Ground materials were freeze-dried 
for 48 h and kept at −20°C until analysis.

NMR apparatus and measurements
1H NMR spectra were recorded using a Bruker AV 600 spectrom-
eter (Bruker, Karlsruhe, Germany). Freeze-dried bulb material 
(50 mg) was transferred to a 2 mL microtube and vortexed at 
room temperature for 30 s with 1.5 mL of a mixture of the phos-
phate buff er and methanol-d4 (1 : 1). Each sample was ultrasoni-
cated for 30 min, and centrifuged at 13000 rpm for 10 min. An 
aliquot of 1 mL of the supernatant was collected for 1H NMR 
analysis. For each sample, 64 scans were recorded with the fol-
lowing parameters: 0.167 Hz/point, pulse width (PW) = 4.0 µs 
and relaxation delay (RD) either short (1.5 s) or longer (5 s). FIDs 
were Fourier transformed with LB = 0.3 Hz. Manual phase adjust-
ment and baseline correction were applied prior to integration 
of target regions for quantitative analysis.

Data analysis
1H NMR spectra were automatically binned by AMIX software (v. 
3.7, Biospin, Bruker). Spectral intensities were scaled to total 
intensity and the region of δ 0.32–10.0 was reduced to integrated 
regions of 0.04 ppm each. The regions of δ 4.7–5.0 and δ 3.30–
3.34 were excluded from the analysis because of the residual 
water and methanol signal, respectively. Principal component 
analysis (PCA) was performed with SIMCA-P software (version 
11.0, Umetrics, Umeå, Sweden) with Pareto scaling method. The 
original data of binned 1H NMR are provided as Supporting 
Information (TableS. 1, sm001.xls).

HPLC measurements

HPLC analysis was done using a Waters 600E gradient controller 
pump and on-line Waters 991 PDA detector (Waters, Milford, MA, 
USA). The Vydac C18 low-TFA reversed-phase analytical column 
(5 µm particle size, 250 × 4.6 mm i.d.) was equipped with the 
guard column recommended by the manufacturer (Vydac, 
Hesperia, CA, USA). The previous method of Mustafa et al. (2003) 
was followed for HPLC analysis of galanthamine. Freeze-dried 
bulb material (200 mg) and 10 mL of 0.1% TFA (v/v) were added 
to a screw-top glass tube. After vortex mixing for 30 s, samples 
were ultrasonicated for 30 min and left overnight at 4°C. The fol-
lowing day samples were again placed in the ultrasonic bath for 
30 min. A volume of 1.5 mL of sedimented supernatant was 

transferred to a 2 mL microtube, and centrifuged for 10 min at 
13000 rpm. One millilitre of clear supernatant was collected for 
analysis, and 20 µL was injected for analysis. The HPLC mobile 
phase was 10% (v/v) acetonitrile in water containing 0.1% TFA, at 
a fl ow rate of 1.0 mL/min. Galanthamine was identifi ed by com-
parison of its retention time and UV-spectra with galanthamine 
hydrobromide standard. Quantitative measurements were per-
formed at a wavelength of 210 nm.

Extraction recovery

A known amount of galanthamine was added to 50 mg of ground 
and freeze-dried bulb material. This was done by adding precise 
volume of a 1 mg/mL galanthamine-HBr solution in methanol-d4 
to the plant material. After addition, the samples were dried 
under a stream of nitrogen to dry the solvent. Once dry, the 
samples were extracted for NMR analysis as described above.

Accuracy of method

Solutions of galanthamine–HBr were prepared in methanol-d4–
phosphate buff er (1 : 1), as described above, to give a range of 
galanthamine concentrations from 0.039 to 0.390 mg/mL (fi ve 
diff erent concentrations). 1H NMR spectra of these solutions were 
recorded using two diff erent relaxation times. Quantitative anal-
ysis was performed by integration of the area under the target 
signals. Calculated concen trations of galanthamine were com-
pared with the actual concentration in solutions as weighed.

Results and Discussion
Alkaloid content is known to vary between diff erent species of 
Narcissus (Bastida et al., 2006), but it is not known whether the 
same is true for the same species and cultivar grown in diff erent 
geographical locations. In order to investigate the regional meta-
bolic variation, bulbs of Narcissus pseudonarcissus cv. Carlton 
obtained from two locations in the Netherlands, and one location 
in UK were employed. These represent the most important 
regions for large-scale cultivation of Narcissus plants.

To investigate the metabolic profi les of the bulbs, a solvent 
was required for 1H NMR analysis that would be effi  cient at 
extracting a wide range of primary and secondary metabolites. 
A 1 : 1 mixture of methanol-d4 and KH4PO4 buff er in D2O (pH 6) 
was chosen as this has been shown to be suitable for a wide 
range of metabolite extraction (Verpoorte et al., 2007). Since no 
reports exist of galanthamine in this particular solvent, 1H NMR 
measurements of an analytical standard were performed and 
resonances were assigned as indicated in Table 1. The original 1H 
NMR, J-resolved, COSY, and HMBC spectra are shown in the 
Supporting Information, including Fig. S.1–4 (sm002.ppt, sm003.
ppt, sm004.ppt, sm005.ppt, respectively).

Inspection of 1H NMR spectra of bulb material extracted with 
the deuteriated solvent showed that some of the galanthamine 
resonances are detected in a non-crowded region without inter-
ference from other signals in the mixture (Fig. 2). To test the recov-
ery of galanthamine with this extraction method, 1H NMR 
measurements were taken of three bulb samples (in triplicate) 
before and after adding a known amount of galanthamine to 
the plant material. Galanthamine was quantifi ed by integrating 
the area under the singlet methoxy peak (δ 3.89) and using the 
area relative to the known internal standard signal area to calcu-
late the concentration in the sample. The average recovery was 
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calculated as 85.4% with a relative standard deviation (RSD) of 
9.1% (n = 9).

The bulb samples from Lisse and Noordwijk in the Netherlands 
and Lincolnshire in UK were analysed by 1H NMR and the 
recorded spectra were analysed by PCA. Using this unsupervised 
multivariate data analysis technique, major principal compo-
nents (PCs) did not clearly distinguish between diff erent geo-
graphical regions, suggesting that the separation of the regional 
variation is smaller than biological variation. Slight separation 
could be observed between samples from diff erent geographical 
locations only by minor principal components such as PC2 and 
PC4 (Fig. 3A). PC2 separated the samples from Lisse from the 
other two sample groups, and PC4 separated the Lincolnshire 
samples from the Netherlands groups.

Additionally, in order to examine the eff ect of NMR parameters 
on the PCA results, 1H NMR spectra were measured at two diff er-
ent relaxation times, which is one of the most important param-
eters for quantitative features of 1H NMR experiments (Pauli et al., 
2005). It was evaluated whether this parameter would infl uence 
the grouping of samples in PCA analysis. In the PCA results, the 
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Figure 2. 1H NMR spectra (600 MHz, methanol-d4 and KH2PO4 buff er in 
D2O, 1 : 1) of Narcissus pseudonarcissus bulb extracts obtained from Lisse 
in the Netherlands (A), Noordwijk in the Netherlands (B) and Lincolnshire 
in the UK (C) together with reference compound of galanthamine HBr (D) 
in the range of δ 5.9–7.5.

Figure 3. Score plot of principal component analysis using 1H NMR 
spectra (PC2 vs PC4) for all the samples employed (A) and the samples 
obtained from Lisse, the Netherlands using two diff erent relaxation times 
(B). 1, Narcissus pseudonarcissus bulbs obtained from Lisse in the 
Netherlands; 2, Narcissus pseudonarcissus bulb obtained from Noordwijk 
in the Netherlands; 3, Narcissus pseudonarcissus bulb obtained from 
Lincolnshire in UK. S, short relaxation time (1.5 s); L, long relaxation time 
(5.0 s).

Table 1. 1H NMR chemical shifts (δ)a and coupling constants 
(J) of galanthamine in the mixture of methanol-d4 and KH2PO4 
buff er in D2O (1 : 1) (600 MHz)

Position Chemical shift and coupling constant

H-1 4.72 (m)
H-2α 2.21 (ddd, J = 16.3, 5.3, 3.1)
H-2β 2.53 (dt, J = 16.3, 2.5)
H-3 4.28 (m)
H-4 6.07 (dd, J = 10.5, 5.0)
H-4α 6.17 (d, J = 10.5)
H-6 4.26 (dd, J = 15.2, 2.0)
H-6’ 4.70 (d, J = 15.2)
H-7 6.89 (d, J = 8.5)
H-8 6.95 (d, J = 8.5)
H-11α 2.24 (dd, J = 15.5, 3.0)
H-11β 2.04 (dd, J = 15.5, 3.0)
H-12α 3.55 (dd, 13.5, 3.0)
H-12β 3.82 (td, J = 13.5, 1.0)
OMe 3.89 (s)
NMe 2.87 (s)

a Chemical shifts (ppm) were determined with reference to 
TMSP at δ 0.00.
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diff erence between the spectra using diff erent relaxation time 
was found to be less than the variation of the samples, that is, 
the variation between diff erent groups was bigger than the 
variation within groups of samples measured with diff erent 
relaxation times. To confi rm this, PCA analysis was also conducted 
separately with each individual geographical group and no 
separation of samples were seen on the basis of relaxation time 
in any of the groups. In Fig. 3B two kinds of 1H NMR spectra 
obtained from diff erent relaxation times (1.5 and 5 s) are not 
separated at all.

Even though there are only minor metabolic diff erences 
between the samples employed in this study, the metabolites 
associated with regional variation were elucidated by loading 
plot. The 1H NMR signals with the most infl uence were all found 
to be in the range of δ 3.2–3.9, which is the region of the spectra 
mostly crowded with primary metabolites such as amino acids 
and sugars. Interestingly, some aromatic resonances, including δ 
6.84, 7.12, 6.52 and 6.32, together with galanthamine resonances 
were clearly related to the regional variation of the Narcissus 
samples. The original 1H NMR spectra were inspected to elucidate 
the resonances. The data bucket including δ 6.84 contains galan-
thamine signals, as shown earlier with the pure compound. The 
doublet signals at δ 7.13 (J = 8.4 Hz) and δ 6.74 (J = 8.4 Hz) were 
assigned to the phenolic ethylamine tyramine. For the signals at 
δ 6.51 (J = 10.2 Hz) and δ 6.32 (J = 10.2, 5.4 Hz), the splitting 
pattern and two-dimensional correlation were similar to the 
signals of H-4 and H-4a of galanthamine (at δ 6.17 and 6.07), but 
are both more deshielded. Haemanthamine (Figure 1) is the 
second most abundant alkaloid in the Narcissus cultivar Carlton 
(Gotti et al., 2006). 1H NMR spectra of haemanthamine have been 
reported (Bastida et al., 1987; Pabuccuoglu et al., 1989). Diff erent 
NMR solvents were used in those studies so the chemical shifts 
and coupling constants are slightly diff erent than in this study. 
However, the signal patterns are the same, and together with the 
fact that this is the second most abundant alkaloid in this cultivar 
of Narcissus, the above-mentioned signals most likely belong to 
H-1 and H-2 of this alkaloid. The compounds responsible for the 
slight separation seen between the Lisse samples and the others 
were galanthamine and tyramine. These compound signals were 
negatively correlated so that samples with more galanthamine 
contained less tyramine. Since tyramine is one of the biosyn-
thetic precursors of galanthamine (Bastida et al., 2006) this is not 
an unexpected fi nding. Galanthamine content was also observed 
to be negatively correlated to haemanthamine content.

Little variation was seen in the overall pattern of metabolites 
between samples from diff erent geographical locations. However, 
it seemed that galanthamine levels were able to discriminate 
between samples together with other metabolites. The same 1H 
NMR spectra used for the PCA analyses were used for the quan-

titative determination of galanthamine in the bulb extracts. One 
of the galanthamine resonances at δ 6.17 (doublet, J = 10.15 Hz) 
was chosen as the target peak for quantitative analysis. Usually 
singlets are preferred as target peaks for quantitative NMR exper-
iments, but since the methoxy singlet signal of galanthamine 
used previously occurred in a crowded region of the spectra, it 
was not suitable for this purpose. Figure 2 shows the region of 
the 1H NMR spectra of three bulb samples containing the target 
galanthamine peak.

In the previous report Pauli et al. (2005) describe the importance 
of optimising the relaxation delay for qNMR experiments, as insuf-
fi cient relaxation delay can result in inaccurate quantitation. To see 
how relaxation time aff ects quantitation of galanthamine, an ana-
lytical standard was dissolved in methanol-d4 and KH2PO4 buff er 
(1 : 1) at a range of concentrations for qNMR analysis. Final concen-
trations of galanthamine in the samples were from 0.039 to 
0.390 mg/mL. Two measurements were taken at diff erent values of 
d1 (relaxation delay). The ratio of the area under the target signal 
(6.145–6.185 ppm) relative to the area under the internal standard 
peak (TMSP, −0.11 to 0.11 ppm) was used to calculate the concen-
tration of galanthamine. Table 2 shows the diff erence between the 
two measurements, and the longer delay time gave results closer 
to the actual weighed amount of galanthamine. Using the short 
relaxation delay, the results were found to be overestimated. It 
might be due to the fact that the internal standard, TMSP, is not 
fully relaxed with short relaxation delay. The eff ect of relaxation 
delay was not detected in the PCA results because PC scores are a 
relative value, but the absolute quantitation results were largely 
aff ected by this parameter.

Galanthamine was quantifi ed in bulb samples from Lisse and 
Noordwijk in the Netherlands and from Lincolnshire in the UK 
based on four or fi ve replicates. A single 1H NMR measurement 
was taken of each sample using the longer relaxation delay. The 
same bulbs samples were also extracted in triplicate and anal-
ysed using the HPLC method of Mustafa et al. (2003). The results 
are shown in Table 3, where the galanthamine levels of the 
samples are quite similar to those determined by HPLC. To assess 
whether there was any statistically signifi cant diff erence between 
these results, a paired Student’s t-test was performed comparing 
the 1H NMR results with the HPLC results. A p-value of 0.066 
meant there was no statistically signifi cant diff erence between 
the results (p > 0.05). Both in 1H NMR and HPLC results, 
the samples obtained from Noordwijk, the Netherlands 
showed the lowest level of galanthamine when compared 
with other samples. This is in accordance with the results 
obtained with PCA.

1H NMR measurements together with multivariate data 
analysis were used to obtain a global view of metabolite 
profi les of N. pseudonarcissus cv. Carlton bulbs grown in diff erent 

Table 2. Galanthamine content of standard solutions quantifi ed by 1H NMR, using two diff erent relaxation delays (d1), and per-
centage diff erence (±) between weighed and calculated galanthamine amount

Galanthamine 
(mg)

Calculated galanthamine 
(mg) by d1 = 1.5 s

Percentage 
diff erence

Calculated galanthamine 
(mg) by d1 = 5 s

Percentage 
diff erence

0.390 0.495 26.922 0.382 1.92
0.234 0.292 24.999 0.232 0.64
0.156 0.195 24.999 0.150 3.85
0.078 0.090 15.383 0.075 3.85
0.039 0.045 15.383 0.037 3.85
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geographical locations. The results showed that there were no 
big diff erences between the overall metabolic profi les. Samples 
grown in diff erent locations could be slightly distinguished on 
the basis of galanthamine content. 1H NMR was used to quantify 
galanthamine in Narcissus bulb material, and was shown to be an 
accurate and precise method. Compared with other methods, 
sample preparation is simple and rapid, and only a small amount 
of plant material is required. A further advantage is the possibility 
of detecting and quantifying other metabolites besides the 
target alkaloid, such as primary metabolite precursors or other 
alkaloids. Quantifying haemanthamine in plant material usually 
requires analytical standards (Bastos et al., 1996; Lopez et al., 
2002) and decomposition of the alkaloid may occur in some 
methods (Gotti et al., 2006; Kreh et al., 1995). This 1H NMR method 
can potentially quantify the second most abundant alkaloid, hae-
manthamine, using small amounts of plant material and requir-
ing no analytical standards. This method can provide useful 
qualitative and quantitative information about the metabolic 
state of Narcissus bulbs. The same 1H NMR spectra can be used 
for quantitation as well as for use in multivariate data analysis 
such as PCA. The method may be useful for agricultural applica-
tions, and for quality control of raw material used in the pharma-
ceutical industry.

Supporting information

Supporting information can be found in the online version of this 
article.

Acknowledgements

Jos Zuidgeest of Holland Biodiversity B.V. is gratefully acknowl-
edged for help with sourcing bulbs from diff erent locations. 
Holland Biodiversity is also acknowledged for fi nancial support 
of A. Lubbe and B. Pomahačová.

References
Abou-Donia AH, Toaima SM, Hammoda HM, Shawky E. 2008. New rapid 

validated HPTLC method for the determination of galanthamine in 
Amaryllidaceae plant extracts. Phytochem Anal 19: 353–358.

Arias E, Ales E, Gabilan NH, Cano-Abad MF, Villarroya M, Garcia AG, Lopez 
MG. 2004. Galantamine prevents apoptosis induced by beta-amyloid 
and thapsigargin: involvement of nicotinic acetylcholine receptors. 
Neuropharmacology 46: 103–114.

Bastida J, Viladomat F, Llabres JM, Codina C, Feliz M, Rubiralta M. 1987. 
Alkaloids from Narcissus confusus. Phytochemistry 26: 1519–1524.

Bastida J, Lavilla R, Viladomat F. 2006. Chemical and biological aspects of 
Narcissus alkaloids. In The Alkaloids, Vol 63, Cordell GA (ed.). Elsevier: 
Amsterdam; 87–179.

Bastos JK, Xu L, Nanayakkara NPD, Burandt CL, MoraesCerdeira RM, 
McChesney JD. 1996. A rapid quantitative method for the analysis of 
galanthamine and other Amaryllidaceae alkaloids by capillary column 
gas chromatography. J Nat Prod 59: 638–640.

Berkov S, Bastida J, Viladomat F, Codina C. 2008. Analysis of galanthamine-
type alkaloids by capillary gas chromatography–mass spectrometry 
in plants. Phytochem Anal 19: 285–293.

Castilho PC, Gouveia SC, Rodrigues AI. 2008. Quantifi cation of artemisinin 
in Artemisia annua extracts by 1H-NMR. Phytochem Anal 19: 
329–334.

Cherkasov OA, Tolkachev ON. 2002. Narcissus and other Amaryllidaceae 
as sources of Galanthamine. In Narcissus and Daff odil, Hanks GR (ed.). 
Taylor and Francis: New York; 248–249.

Choi YH, Kim HK, Hazekamp A, Erkelens C, Lefeber AWM, Verpoorte R. 
2004. Metabolic diff erentiation of Cannabis sativa cultivars using 1H 
NMR spectroscopy and principal component analysis. J Nat Prod 67: 
953–957.

Elgorashi EE, Drewes SE, Van Staden J. 2002. Organ-to-organ and seasonal 
variation in alkaloids from Crinum macowanii. Fitoterapia 73: 
490–495.

Facchini PJ. 2001. Alkaloid biosynthesis in plants: biochemistry, cell 
biology, molecular regulation, and metabolic engineering applica-
tions. Annu Rev Plant Physiol Plant Mol Biol 52: 29–66.

Forman MS, Trojanowski JQ, Lee VMY. 2004. Neurodegenerative diseases: 
a decade of discoveries paves the way for therapeutic breakthroughs. 
Nat Med 10: 1055–1063.

Frédérich M, Choi YH, Angenot L, Harnischfeger G, Lefeber AWM, 
Verpoorte R. 2004. Metabolomic analysis of Strychnos nux-vomica, 
Strychnos icaja and Strychnos ignatii extracts by 1H nuclear magnetic 
resonance spectrometry and multivariate analysis techniques. 
Phytochemistry 65: 1993–2001.

Giacobini E. 2000. Cholinesterase inhibitors stabilize Alzheimer’s disease. 
Neurochem Res 25: 1185–1190.

Gotti R, Fiori J, Bartolini M, Cavrini V. 2006. Analysis of Amaryllidaceae 
alkaloids from Narcissus by GC-MS and capillary electrophoresis. 
J Pharm Biomed Anal 42: 17–24.

Heinrich M, Teoh HL. 2004. Galanthamine from snowdrop—the develop-
ment of a modern drug against Alzheimer’s disease from local 
Caucasian knowledge. J Ethnopharmacol 92: 147–162.

Holmes E, Tang H, Wang Y, Seger C. 2006. The assessment of plant meta-
bolite profi les by NMR-based methodologies. Planta Med 72: 
771–785.

Khan IA. 2006. Issues related to botanicals. Life Sci 78: 2033–2038.
Kreh M. 2002. Studies on galanthamine extraction from Narcissus and 

other Amaryllidaceae. In Narcissus and Daff odil, Hanks GR (ed.). Taylor 
and Francis: New York; 256–272.

Kreh M, Matusch R, Witte L. 1995. Capillary–gas chromatography– 
mass spectrometry of Amaryllidaceae alkaloids. Phytochemistry 38: 
773–776.

Lay JO Jr, Borgmann S, Liyanage R, Wilkins CL. 2006. Problems with the 
‘omics’. Trends Anal Chem 25: 1046–1056.

Li CY, Xu HX, Han QB, Wu TS. 2009. Quality assessment of Radix codonopsis 
by quantitative nuclear magnetic resonance. J Chromatogr A 1216: 
2124–2129.

Li HJ, Jiang Y, Li P. 2006. Chemistry, bioactivity and geographical diversity 
of steroidal alkaloids from the Liliaceae family. Nat Prod Rep 23: 
735–752.

Lindon JC, Nicholson JK. 2008. Analytical technologies for metabonomics 
and metabolomics, and multi-omic information recovery. Trends Anal 
Chem 27: 194–204.

Lopez S, Bastida J, Viladomat F, Codina C. 2002. Solid-phase extraction 
and reversed-phase high-performance liquid chromatography of the 
fi ve major alkaloids in Narcissus confusus. Phytochem Anal 13: 
311–315.

Matharu B, Gibson G, Parsons R, Huckerby TN, Moore SA, Cooper LJ, 
Millichamp R, Allsop D, Austen B. 2009. Galantamine inhibits 
Beta-amyloid aggregation and cytotoxicity. J Neurol Sci 280: 49–58.

Table 3. Galanthamine per dry weight of bulb samples determined by 1H NMR and HPLC

Sample 1H NMR galanthamine (mg/g ± SD), n = 5 HPLC galanthamine (mg/g ± SD), n = 9

Noordwijk 2.36 ± 0.13 2.23 ± 0.05
Lisse 3.32 ± 0.22 3.13 ± 0.28
Lincolnshire 3.28 ± 0.26 2.98 ± 0.27

 10991565, 2010, 1, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/pca.1157 by L

eiden U
niversity L

ibraries, W
iley O

nline L
ibrary on [24/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



A. Lubbe et al.

www.interscience.wiley.com/journal/pca Copyright © 2009 John Wiley & Sons, Ltd. Phytochem. Anal. 2010, 21, 66–72

72

Moghul S, Wilkinson D. 2001. Use of acetylcholinesterase inhibitors in 
Alzheimer’s Disease. Expert Rev Neurother 1: 61–69.

Mustafa NR, Rhee IK, Verpoorte R. 2003. Rapid method for determination 
of galanthamine in Amaryllidaceae plants using HPLC. J Liq 
Chromatogr Relat Tech 26: 3217–3233.

Nazari F, Ebrahimi SN, Talebi M, Kazemizadeh Z, Hamzehloei A, Shabani 
S. 2007. Quantitative analysis of capsaicin in Capsicum frutescens L. by 
1H-NMR. Planta Med 73: 915–915.

Pabuccuoglu V, Richomme P, Gozler T, Kivcak B, Freyer AJ, Shamma M. 
1989. Four new crinine-type alkaloids from Sternbergia species. J Nat 
Prod 52: 785–791.

Pauli GF, Jaki BU, Lankin DC. 2005. Quantitative 1H-NMR: development 
and potential of a method for natural products analysis. J Nat Prod 68: 
133–149.

Poulev A, Neumann BD, Zenk MH. 1993. Enzyme immunoassay for the 
quantitative determination of galanthamine. Planta Med 59: 
442–446.

Ptak A, El Tahchy A, Dupire F, Boisbrun M, Henry M, Chapleur Y, Mos M, 
Laurain-Mattar D. 2009. LCMS and GCMS for the screening of alkaloids 
in natural and in vitro extracts of Leucojum aestivum. J Nat Prod 72: 
142–147.

Rivero-Cruz B, Rivero-Cruz I, Rodriguez JM, Cerda-Garcia-Rojas CM, Mata 
R. 2006. Qualitative and quantitative analysis of the active compo-
nents of the essential oil from Brickellia veronicaefolia by nuclear mag-
netic resonance spectroscopy. J Nat Prod 69: 1172–1176.

Scott LJ, Goa KL. 2000. Galantamine—a review of its use in Alzheimer’s 
disease. Drugs 60: 1095–1122.

Sramek JJ, Frackiewicz EJ, Cutler NR. 2000. Review of acetylcho-
linesterase inhibitor galanthamine. Expert Opin Investig Drug 9: 
2393–2402.

Sumner LW, Mendes P, Dixon RA. 2003. Plant metabolomics: large-scale 
phytochemistry in the functional genomics era. Phytochemistry 62: 
817–836.

Tanahashi T, Poulev A, Zenk MH. 1990. Radioimmunoassay for the 
quantitative determination of galanthamine. Planta Med 56: 
77–81.

Tarachiwin L, Katoh A, Ute K, Fukusaki E. 2008. Quality evaluation of 
Angelica acutiloba Kitigawa roots by 1H NMR-based metabolic fi nger-
printing. J Pharm Biomed Anal 48: 42–48.

Tatsis EC, Exarchou V, Troganis AN, Gerothanassis IP. 2008. H-1 NMR deter-
mination of hypericin and pseudohypericin in complex natural mix-
tures by the use of strongly deshielded OH groups. Anal Chim Acta 
607: 219–226.

Tiff en PD. 1997. Preparation of enantiomerically enriched galanthamine 
as a chiral salt. Internationl Patent no. 97/25,330.

Verpoorte R, Choi YH, Kim HK. 2007. NMR-based metabolomics at work 
in phytochemistry. Phytochem Rev 6: 3–14.

Verpoorte R, Choi YH, Mustafa NR, Kim HK. 2008. Metabolomics: back to 
basics. Phytochem Rev 7: 525–537.

Viladomat F, Llabres JM, Bastida J, Cusido RM, Codina C. 1986. Ontogenic 
variations in the alkaloids of Narcissus assoanus. Physiol Plant 68: 
657–661.

Wang Y, Tang H, Nicholson JK, Hylands PJ, Sampson J, Whitcombe I, 
Stewart CG, Caiger S, Oru I, Holmes E. 2004. Metabolic strategy for 
the classifi cation and quality control of phytomedicine: A case study 
of chamomile (Matricaria recutita L.). Planta Med 70: 250–255.

Zhang J, Wang M, Shen Y, Ma G, Hong S. 1999. Studies on alkaloids of 
Amaryllidaceae XII. Identifi cation of Amaryllidaceae alkaloids by TLC 
and determination of galanthamine by HPLC. Yaowu Fenxi Zazhi 19: 
399–403.

 10991565, 2010, 1, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/pca.1157 by L

eiden U
niversity L

ibraries, W
iley O

nline L
ibrary on [24/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


