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Galanthamine, an isoquinoline alkaloid and the cur-
rent drug of choice for treatment of mild to moderate 
Alzheimer disease, is mainly obtained from Amarylli-
daceae members. At present, the production of galan-
thamine from available natural plant sources is not 
sufficient to meet the demands of pharmaceutical  
industry. Additionally, overexploitation of the plant 
material leads to the depletion of available natural 
wild populations. Therefore, there is a need to explore 
additional natural sources for the extraction of this 
drug. Thus the aim of this study is to determine galan-
thamine content in five Indian Crinum species. The 
bulbs of each Crinum species were extracted with 
methanol. Extracts were analysed by high perform-
ance liquid chromatography. The chromatographic 
separation was performed using an isocratic system 
with a mobile phase of methanol : 5 mM (NH4)2HPO4 
(55 : 45 v/v) applied at a flow rate 0.8 ml/min using a 
UV detector at 288 nm. Among all the Crinum species 
studied, the highest galanthamine content was found 
in the bulbs of C. malabaricum Lekhak & S.R. Yadav 
(0.308  0.004%), followed by C. viviparum (Lam.)  
R. Ansari & V.J. Nair (locality Ratnagiri; 0.262  
0.042%). However, C. brachynema Herb. and C. prat-
ense Herb. (locality Borbet) showed the lowest and 
equal galanthamine content (0.029  0.000%) in their 
bulbs. Galanthamine was not detected in the bulbs of 
C. latifolium L. This study identifies novel plant 
sources of galanthamine, which may be helpful for 
pharmaceutical production of galanthamine. The pre-
sent study provides a quantitative comparison of  
galanthamine among Indian Crinum species. 
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GALANTHAMINE (sometimes referred to as galantamine) 
is an isoquinoline Amaryllidaceae alkaloid and FDA  
approved drug (Razadyne® in USA, Reminyl® in Europe) 
for symptomatic treatment of patients with mild to  
moderate Alzheimer disease1,2. An extensive clinical trial 
in patients with Alzheimer disease has shown that  

galanthamine has broad, sustained benefits for at least 52 
weeks in cognitive and functional abilities, global response 
and caregiver burden3. Galanthamine is a selective,  
reversible, competitive inhibitor of acetylcholine esterase 
and is isolated from various Amaryllidaceae plants  
belonging to the genera Galanthus, Leucojum, Lycoris, 
Narcissus and Ungernia4–6. Recent developments in the 
use of natural products as therapeutics for Alzheimer dis-
ease were reviewed by Williams et al.7 Alzheimer disease 
is the most common form of dementia, and estimates 
suggest that 15 million people worldwide are affected by 
this disease8. However, scarce supplies from threatened 
botanical sources with limited regeneration, unsuccessful 
cultivation and expensive isolation processes are major 
constraints to meet the increasing demand of the drug. 
Hence several methods of chemical synthesis were deve-
loped to produce this drug, but again these are expensive, 
multistep processes limited by low yield. According to 
the World Health Organization, 80% of the world popula-
tion in the developing countries depends on traditional 
medicines obtained from natural plants for primary 
healthcare needs9. Natural plant resources are the primary 
source of structurally diverse natural compounds exhibit-
ing different bioactive properties leading to the develop-
ment of innovative and effective drug molecules10. Thus, 
wild plants remain as untapped sources for identification  
and isolation of galanthamine and other important bio-
molecules. 
 The genus Crinum comprises approximately 104 species 
distributed throughout the tropics and warm temperate 
regions of the world in Asia, Australia, Africa and Amer-
ica. In India it is represented by 14 species, 1 variety and 
1 form of which 5 are endemic to the country11. The Cri-
num species have significant and desirable ornamental, 
commercial, economic and medicinal importance. In  
addition, Crinum plants have been found to contain many 
alkaloids with pharmacological activity, including galan-
thamine12–14. To our knowledge, no studies on phyto-
chemical analysis with reference to galanthamine and 
other alkaloids content have been carried in Crinum  
species confined to the Indian region. 
 Against this background, a few species of Crinum  
belonging to the Amaryllidaceae family were analysed 
quantitatively by HPLC for the determination of galan-
thamine. 
 The bulbs of wild plants of Crinum species were col-
lected from various localities in India (Table 1). The 
voucher specimens are deposited in the herbarium of the 
Botany Department, Shivaji University, Kolhapur, India. 
The bulbs were planted in the pots and live collections 
are maintained in the Botanical Garden of Shivaji Uni-
versity. The bulbs of individual species were cut into 
small pieces, dried at 60C for 24 h to constant weight 
and then powdered using a mechanical grinder. The  
powdered plant material was stored in separate plastic 
containers at room temperature until further analysis. 
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Table 1. Crinum accessions used in this study and galanthamine content in bulbs (expressed as % DW  SD) 

     Altitude Galanthamine  
Crinum species Locality District Latitude (N) Longitude (E) (feet) (%; DW) 
 

C. brachynema Herb. Kates point Satara 1755841 7342236 4348 0.029  0.000 
C. latifolium L. Vandre Pune 1831019 7326664 2027 ND 
C. malabaricum Periya Kasaragod 1224526 7506571  333 0.308  0.004 
 Lekhak & S.R. Yadav 
C. pratense Herb. Borbet Kolhapur 1631070 7353586 3140 0.029  0.000 
C. pratense Herb. Barki Kolhapur 1644673 7350824 3212 0.132  0.002 
C. viviparum (Lam.) On the way to Belgaum 1526314 7429234 2015 0.055  0.000 
 R. Ansari & V.J. Nair  castle rock 
C. viviparum (Lam.) MIDC Ratnagiri Ratnagiri 1652793 7319593  235 0.262  0.042 
 R. Ansari & V.J. Nair 
C. viviparum (Lam.) Belgaum Belgaum 1540392 7407021 2615 0.046  0.000 
 R. Ansari & V.J. Nair  

ND, Not detected. 
 

 

 
 

Figure 1. HPLC chromatograms of galanthamine authentic sample 
(a) and Crinum species bulb extract (b) detected using Innertsil C18 
column and UV absorbance monitored at 288 nm utilizing methanol: 
5 mM, (NH4)2HPO4 (55 : 45) as mobile phase at a flow rate of 
0.8 ml min–1. 
 
 
 All the reagents and solvents used during the experi-
ment were of analytical grade and highest purity – 
galanthamine hydrobromide and dimethyl sulphoxide 
(DMSO; Sigma, India), (NH4)2HPO4 (S.D. Fine Chemi-
cals Ltd, India) and HPLC-grade methanol (Merck,  
India). 
 The bulbs of wild plants of Crinum species were har-
vested and analysed separately for isoquinoline alkaloid 
galanthamine content. Dried and powdered material was 

mixed with 1 ml of methanol and sonicated at 33 kHz for 
10 min at room temperature. Samples were centrifuged at 
14,000 g for 10 min and supernatant was directly checked 
using HPLC for galanthamine content. 
 The extract was quantified by HPLC. The analysis was 
performed on Jasco Liquid Chromatograph (model 980, 
Japan) equipped with auto sampler injector (model no. 
Jasco AS-950, Japan) with a 25 l loop and a variable 
wavelength detector (model no. UV-975, Japan). Data 
collection and integration were accomplished using 
BORWIN software. Separations were performed on Inert-
sil C18 (5 m, 250  4.6 mm ID, Sigma, USA) column. 
Galanthamine was determined using methanol : 5 mM, 
(NH4)2HPO4 (55 : 45 v/v) as the mobile phase. The flow 
rate was 0.8 ml/min and elution was monitored at 288 nm 
(Figure 1). Validation of quantitative method was per-
formed by injecting five different concentrations of the 
same sample. The results of the five injections from the 
same samples at five concentrations (0.01–0.5 g) 
showed similar retention time. The analytical operation 
was completed in 15 min. 
 Analyses and measurements of each sample were  
repeated three times and average values were used for 
further statistical evaluation. The experiment was con-
ducted using five bulbs from each species. The results  
are presented as means  SD. The data were analysed sta-
tistically by analysis of variance (ANOVA) and differ-
ence between means of the samples was analysed by the 
least significant difference (LSD) at a probability level of 
0.05. 
 The galanthamine content of Crinum species is shown 
in Table 1. All the screened species were found to contain 
galanthamine alkaloid in the bulbs, except C. latifolium 
L. Among all Crinum species studied, the highest galan-
thamine content was found in the bulbs of C. mala-
baricum Lekhak & S.R. Yadav (0.308  0.004%), followed 
by C. viviparum (Lam.) R. Ansari & V.J. Nair (locality 
Ratnagiri) (0.262  0.042%). However, C. brachynema 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 107, NO. 12, 25 DECEMBER 2014 2010 

Herb. (locality Kates point) and C. pratense Herb. (local-
ity Borbet) showed the lowest and equal galathamine 
content (0.029  0.000%) in their bulbs. Earlier reports in 
the literature have shown that C. powelli Hort., C. law-
rentii, C. defixum Keraudren & Gawl. and C. asiaticum 
L. contain galanthamine alkaloid13 and among the Crinum 
species studied, galanthamine yield was in the range 0.0–
0.043% (ref. 15). The interspecific variations with respect 
to galanthamine alkaloid were observed in ornamental  
varieties of Narcissus6. The wide intraspecific variations 
in galanthamine content of C. viviparum (Lam.) R. Ansari 
& V.J. Nair collected from different geographical locali-
ties were observed in the present work (Table 1). No signi-
ficant differences were detected between the bulbs of  
C. brachynema Herb. and C. pratense Herb. as far as  
galanthamine content is concerned. 
 The present results reveal that C. viviparum (Lam.) R. 
Ansari & V.J. Nair collected from Ratnagiri area and 
growing at lower altitude (235 ft) accumulated high 
amount of galanthamine compared to similar species col-
lected from higher altitude (2015 and 2615 ft). The intra-
specific variation was also observed in C. pratense Herb. 
This might be due to the differences in ecological factors, 
such as altitude, illumination, temperature, humidity and 
soil, which influence the type and contents of secondary 
metabolites in medicinal plants16. Similarly, the geographi-
cally isolated populations of Leucojum aestivum L. have 
led to differences in the alkaloid biosynthesis and conse-
quently to the occurrence of different chemotypes17. 
 This study reported Crinum species as a source of gal-
anthamine in addition to other Amaryllidaceae members. 
Some of these species yield comparable amounts of gal-
anthamine, and can be screened further for commercial 
extraction of galanthamine, although most of them are  
being used as traditional medicines for various purposes. 
This offers incentive for their conservation and improve-
ment by conventional or biotechnological approaches, as 
they are threatened by increasing urbanization and trans-
formation of pharmaceutically important Crinum species 
into valued commodities. 
 
 

1. Lilienfeld, S., Galantamine, a novel cholinergic drug with  
a unique dual mode of action for the treatment of patients with  
Alzheimer’s disease. CNS Drug Rev., 2002, 8, 159–176. 

2. Marco-Contelles, J., Carreiras, MdC., Rodríguez, C., Villarroya, 
M. and García, A, G., Synthesis and pharmacology of galan-
tamine. Chem. Rev., 2006, 106, 116–133. 

3. Tariot, P. N., Solomon, P. R., Morris, J. C., Kershaw, P., 
Lilienfeld, S. and Ding, C., A 5-month, randomized, placebo-
controlled trial of galantamine in Alzheimer’s disease. Neurology, 
2000, 54, 2269–2276. 

4. Novikova, I. Y. and Tulaganov, A. A., Physicochemical methods 
for the analysis of galanthamine. Pharm. Chem. J., 2002, 36,  
44–48. 

5. Mustafa, N. R., Rhee, I. K. and Verpoorte, R., Rapid method for 
determination of galanthamine in Amaryllidaceae plants using 
HPLC. J. Liquid Chromatogr. Related Technol., 2003, 26,  
3217–3233. 

6. Torras-Claveria, L., Berkov, S., Codina, C., Viladomat, F. and 
Bastida, J., Daffodils as potential crops of galanthamine. Assess-
ment of more than 100 ornamental varieties for their alkaloid  
content and acetylcholinesterase inhibitory activity. Ind. Crop. 
Prod., 2013, 43, 237–244. 

7. Williams, P., Sorribas, A. and Howes, M.-J. R., Natural products 
as a source of Alzheimer’s drug leads. Nat. Prod. Rep., 2011, 28, 
48–77. 

8. Bosanquet, N., May, J. and Johnson, N., Alzheimer’s disease in 
the United Kingdom. Burden of disease and future care. Health 
Policy Review, Health Policy Unit, Imperial College School of 
Medicine, London, 1998. 

9. Vines, G., Herbal harvests with a future: towards sustainable 
sources for medicinal plants. Plant Life International, 2004; 
www.plantlife.org.uk 

10. Joyner, P. M. and Cichewicz, R. H., Bringing natural products into 
the fold – exploring the therapeutic lead potential of secondary  
metabolites for the treatment of protein-misfolding related neu-
rodegenerative diseases. Nat. Prod. Rep., 2011, 28, 26–47. 

11. Lekhak, M. M. and Yadav, S. R., Crinum malabaricum (Amarylli-
daceae), a remarkable new aquatic species from Kerala, India and 
lectotypification of Crinum thaianum. Kew Bull., 2012, 67,  
521–526. 

12. Fennell, C. W. and Staden, J. V., Crinum species in traditional and 
modern medicine. J. Ethnopharmacol., 2001, 78, 15–26. 

13. Tram, N. T. N., Titorenkova, T. V., Bankova, V. S., Handjieva,  
N. V. and Popov, S. S., Crinum (Amaryllidaceae). Fitoterapia., 
2002, 73, 183–208. 

14. Nair, J. J. and Staden, J., Pharmacological and toxicological  
insights to the South African Amaryllidaceae. Food Chem. Toxi-
col., 2013, 62, 262–275. 

15. Tanahashi, T., Poulev, A. and Zenk, M. H., Radioimmunoassay 
for the quantitative determination of galanthamine. Planta Med., 
1990, 56, 77–81. 

16. Dong, J., Ma, X., Wei, Q., Peng, S. and Zhang, S., Effects of 
growing location on the contents of secondary metabolites in the 
leaves of four selected superior clones of Eucommia ulmoides. 
Ind. Crop. Prod., 2011, 34, 1607–1614. 

17. Berkov, S., Georgieva, L., Kondakova, V., Viladomat, F., Bastida, 
J., Atanassov, A. and Codina, C., The geographic isolation of  
Leucojum aestivum populations leads to divergation of alkaloid 
biosynthesis. Biochem. Syst. Ecol., 2013, 46, 152–161. 

 
 
 
ACKNOWLEDGEMENTS. U.B.J. thanks the University Grants 
Commission, New Delhi, for providing postdoctoral fellowship and 
V.A.B. thanks the Indian National Science Academy, New Delhi for 
providing INSA senior scientist fellowship. 
 
 
 
Received 8 January 2014; revised accepted 6 October 2014 

 
 
 


