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Abstract

The purpose of the present study was to determine the tropane alkaloid content of four 
Hyoscyamus species from Iran, i.e. H. pusillus L., H. niger L., H. reticulatus L. and H. 
kurdicus Bornm. Determination of alkaloids was performed by the HPLC method. Samples 
were extracted with chloroform-methanol-25% ammonium hydroxide 15:5:1 (V/V/V). HPLC 
separation was performed on Eurospher C18 reversed phase column. An isocratic mixture of 
triethylammonium phosphate buffer (30 Mm, pH 6.2) and acetonitrile (75:25), was used as  the 
eluent. Hyoscyamine and scopolamine were determined by the external standard method at 
210 nm. All the four mentioned Hyoscyamus species contained hyoscyamine and scopolamine, 
but in different amounts. Scopolamine was the predominant tropane alkaloid in H. pusillus, H. 
niger and H. kurdicus, while, H. reticulatus contained a higher amount of hyoscyamine.
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Introduction

Hyoscyamine and scopolamine are 
medicinally important tropane alkaloids. 
Because of possessing anticholinergic and 
central nervous system activities, they have well-
established therapeutic uses (in ophthalmology, 
cardiology, gastroenterology, etc.). They are 
synthesized in several species from Solanaceous 
family like the genus Atropa, Datura, Duboisia, 
Hyoscyamus and Scopolia. Industrially, these 
natural substances are exclusively produced by 
plants and the demand for them is continuous 
(1). Hyoscyamus species are rich sources of 
tropane alkaloids, mainly hyoscyamine and 
scopolamine, which are widely used for their 
mydriatic, antispasmodic, anticholinergic, 

analgesic and sedative properties (2). 
Due to the pharmacological and toxicological 

importance of tropane alkaloids, determination 
of these compounds, in Hyoscyamus species 
were studied. There are several articles 
published in the past few decades,concerning 
the identification and determination of these 
alkaloids in medicinal plants by different 
analytical techniques (3-6). The total alkaloid 
content of the leaves of H. reticulatus from 
Anatolia was determined by a colorimetric 
method,and found to be in the range of 0.011-
0.027% (7). Parallel with the improvement of 
biotechnological methods (8), HPLC techniques 
are also widely applied for the determination of 
tropane alkaloids content in different plant tissues 
(9-13). In vivo, hyoscyamine 6β-hydroxylase 
(H6H) catalyzes the epoxidation of hyoscyamine 
to scopolamine (14). The pharmacological uses 
of tropane alkaloids, especially scopolamine, 
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are very extensive. For example scopolamine, 
an antimuscarinic agent, acts as a competitive 
inhibitor, mimicking acetylcholine at the neural 
synapses and depresses the central nervous 
system. Its most potent activity is manifested 
on the iris, ciliary body, and secretory (salivary, 
bronchial and sweat) glands (15).

In this study the extraction and determination 
of hyoscyamine and scopolamine from H. 
pusillus L., H. niger L., H. reticulatus L. and H. 
kurdicus Bornm. as four medicinal plants of Iran 
were investigated.

Experimenal

Plant material
Different parts of four Hyoscyamus species, 

i.e. H. pusillus L., H. niger L., H. reticulatus L. 
and H. kurdicus Bornm. were collected from 
their natural habitats in Iran. The collecting date, 
locality information and voucher numbers of the 

studied species have been listed in Table 1.
Voucher specimens have been deposited at 

the herbarium of Medicinal Plants and Drugs 
Research Institute of Shahid Beheshti University 
(Tehran, Iran).

Extraction of total alkaloids 
In order to ensure that the collected plants 

have tropane alkaloids, the Vitali-Morin test was 
used (16). Four different methods of alkaloid 
extraction were tested on each plant material and 
then the extracts analyzed using with HPLC (17-
21). The best results are based on the reported 
procedure by Kamada at al (21), In this method 
higher amounts of tropane alkaloids were 
obtained compared to the other methods reported 
in the literature. However, this method detected 
a limited amount of additional and interference  
HPLC. The  test procedure  has been summarized 
in Figure 1. The resulting extract was directly 
subjected to HPLC analysis.

Powdered plant material

MeOH-NH4OH (25%) (15:5:1)-Extraction with CHCl3
(10 ml per 100 mg of sample), sonicated for 10 min

Leave at room temperature for 1 h 

Filter through paper filter and wash 2× with 1 ml CHCl3

Evaporate to dryness

Add 5 ml CHCl3 and 2 ml 1 N H2SO4 and mix thoroughly

Remove CHCl3 fraction and adjust to pH 10 with 28% NH4OH on ice

Extract alkaloids once with 2 ml CHCl3 and twice with 1 ml CHCl3

Filter after the addition of anhydrous Na2SO4 and wash the residue with 1-2 ml CHCl3

Evaporate and dissolve the sample in 1-2 ml MeOH

Figure 1. Scheme of the tropane extraction method used in this study, which has been described by Kamada et al. (21) 

66



Results and Discussion

Quantitative analysis of hyoscyamine and 
scopolamine were determined on various parts 
of Hyoscyamus pusillus, H. niger, H. reticulatus 
(in two regions) and H. kurdicus. The results 
have been summarized in Table 3, where the 
amount of tropane alkaloids is reported in ppm 
(g/g) based on the weight of the ground dry 
plants. As shown, all four hyoscyamus species 
contained both the above mentioned tropane 
alkaloids. Our findings indicated that the 
distribution of tropane alkaloids was different 
in various parts of the hyoscyamus species 
investingated.

Scopolamine was the predominant tropane 
alkaloid in H. pusillus, H. niger and H. kurdicus. 
This findig is in agreement with data reported 
studies by Supria on H. niger and H. muticus 
(22). These data also indicated the presence of 
a higher hyoscyamine content in H. reticulates 
in both regions studied. That finding is in 
accordance with the results reported by Jonkova 
(23). Higher amounts of scopolamine have 
been observed in the leaves of  H. pusillus and 
H. kurdicus, as well as the seeds of  H. niger 
(Figures 2-4). The seeds of H. reticulates, in 
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Recovery studies
The standard  methanolic solution of 

hyoscyamine and scopolamine (50 ppm) was 
prepared. Tropane alkaloids were recovered 
with 5ml aliquots of chloroform-25%  and 
ammonium hydroxide (15:1 V/V), and then 
entered in to the previously described procedure 
shown in Figure 1. 

HPLC analysis
HPLC analysis was carried out on a Knauer 

HPLC system (Berlin, Germany) equipped with 
a Eurospher C18 column (25 cm × 4 mm i.d., RP) 
and a UV detector. Elution was monitored at 210 
nm.

Isocratic elution with a mixture of 
triethylammonium phosphate buffer     (30 Mm, 
pH 6.2) and acetonitrile (75:25) at a flow rate 
of 1.0 ml/min was selected to achieve maximum 
separation and sensitivity. Hyoscyamine and 
scopolamine hydrobromide were obtained 
from Sigma-Aldrich. The calibration graphs for 
standard samples were constructed by plotting 
the peak area of the alkaloids  against their 
concentrations. Linear calibration graphs were 
obtained with good correlation for standard 
solutions (Table 2).

Species Collecting date Locality Voucher number

H. pusillus L. Full flowering, May 2006 Tehran: Tehran-Qom highway, 50 Km to 
Qom, 1300 m MP-1007

H. niger L. End of flowering, beginning of fruit 
formation, with unripe fruits, January 2006 Tehran: Tehran-Dizin road, 2700 m MP-1006

H. reticulatus L. End of flowering, beginning of fruit 
formation, with unripe fruits, May 2006

Tehran: Tehran-Ghazvin, Barajin road, 
the mountain around Barajin, 1480 m MP-1015

H. reticulatus L. End of flowering, beginning of fruit 
formation, with unripe fruits, May 2006

Tehran: Tehran, after the Latyan Dam, 
befor Lavasan, near to Lim mineral, 
1750 m

MP-1005

H. kurdicus Bornm. Full flowering, May 2006 Tehran: Tehran-Ghazvin, Alamut road, 
Razjerd to Ghostinlar, 2300 m MP-1027

Table 1. The collecting date, locality information and voucher numbers of studied Hyoscyamus species.

Compounds Linear regression equationa Correlation coefficient LOD (mg/L) LOQ (mg/L)

Hyoscyamine Y= 0.3307X+24.463 0.9972 0.5 1.0

Scopolamine hydrobromide Y= 0.3036X+8.461 0.9960 0.5 1.0
a Y: Area; X: Concentration

Table 2. Linear regression equation and correlation coefficient for hyoscyamine and scopolamine (n=3).
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niger and H. kurdicus due to the higher amount 
of scopolamine and H. reticulatus with a higher 
content of hyoscyamine, could be used as a rich 
source of these tropane alkaloids for medicinal 
purposes.

both the studied regions, contained hyoscyamine 
in higher amounts that the other plant parts 
(Figures 5 and 6).

It can be concluded that, among the four 
studied hyoscyamus species, H. pusillus, H. 
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Figure 2. Amount of tropane alkaloids (H: Hyoscyamine and 
S: Scopolamine) determined in different tissues of H. pusillus.

Figure 3. Amount of tropane alkaloids (H: Hyoscyamine and S: 
Scopolamine) determined in different tissues of H. kurdicus.

Collection place Plant material Plant organ

Hyoscyamine Scopolamine
Hyoscyamine to 

Scopolamine ratioAmounta Recovery %
RSD%b

(n=3)
Amounta Recovery%

RSD% b

(n=3)

Tehran-Qom H. pusillus

Root 0.0205 92 4.607 0.0876 96 2.768 0.2346

Stem 0.0182 85 8.947 0.0573 84 7.053 0.3176

Leaf 0.0385 92 1.145 0.0903 86 2.764 0.4263

Tehran-Dizin H. niger

Stem 0.0173 91 8.1215 0.0529 96 3.6756 0.3271

Leaf 0.0440 94 1.6670 0.0605 92 2.5140 0.7266

Flower 0.0945 94 5.6043 0.1294 85 7.8112 0.7304

Seed 0.1097 86 3.5786 0.1887 92 1.2590 0.5813

Ghazvin-Barajin H. reticulatus

Root 0.0189 85 5.1570 0.0097 93 8.7840 1.9484

Stem 0.0518 84 5.785 0.0386 86 7.8090 1.3419

Leaf 0.0965 92 8.2040 0.0585 83 6.3150 1.6495

Flower 0.0873 87 3.2170 0.0434 94 8.3560 2.0115

Seed 0.1168 92 1.6070 0.0755 85 2.5680 1.5470

Tehran-Latyan Dam H. reticulatus

Stem 0.1081 84 1.9580 0.0691 92 2.3940 1.5643

Leaf 0.1214 86 7.5680 0.0813 91 8.7140 1.4932

Seed 0.1914 92 6.4320 0.1647 94 4.0640 1.1621

Ghazvin-Razjerd H. kurdicus

Root 0.0455 86 1.2145 0.0787 84 3.7880 0.5781

Stem 0.0093 92 1.6453 0.0354 83 6.5642 0.2627

Leaf 0.0894 93 2.8132 0.1285 94 1.6450 0.6957

Flower 0.1031 91 3.4175 0.1277 94 8.5160 0.8073

a the calculated mean amount of alkaloid (g/g) , based on the weight of the ground dry plants in three replicates
b Relative standard deviation
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Table 3. Hyoscyamine and scopolamine contents of the four investigated native Hyoscyamus species from Iran. 
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In terms  of the mean amount of hyoscyamine 
to scopolamine ratio, H. pusillus was the 
predominant species. This the due to high amount 
of conversion hyoscyamine to scopolamine, 
making it  a suitable species for transportation of 
the  H6H enzyme.
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Figure 5. Amount of tropane alkaloids (H: Hyoscyamine and S: 
Scopolamine) determined in different tissues of H. reticulatus 
in Ghazvin-Barajin region.

Figure 4. Amount of tropane alkaloids (H: Hyoscyamine and 
S: Scopolamine) determined in different tissues of H. niger.

determined in different tissues of H. reticulatus in Ghazvin-Barajin region. 
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Figure 6. Amount of tropane alkaloids (H: Hyoscyamine and 
S: Scopolamine) determined in different tissues of H. reticula-
tus in Tehran-Latyan dam region.

Oksman-caldentey KM and Arroo R. Chapter 13, 
Regulation of Tropane Alkaloid Metabolism in 
Plants an Plant In: Verpoorte R and  Alfermann AW. 
(ed.) Metabolic Engineering of Plant Secondary 
Metabolism. Kluwer Academic Publishers, Dordrecht 
(2000) 253-281
Supria KB. Handbook of Medicinal Plants. Poiter 
Publishers, India (1998) 607p
Drager BJ. Analysis of tropane and related alkaloids. 
Chromatogr. A (2002) 978: 1-35
Hank H, Szoke E, Toth K, Laszlo I and Kursinszki 
L. Investigation of tropane alkaloids in genetically 
transformed Atropa belladonna L. cultures. 
Chromatographia (2004) 60: S55-S59
Duez P, Chamart S, Hanocq M, Molle L, Vanhaelen 
M and Vanhaelen-Fastre R. Comparison between 
thin-layer chromatography-densitometry and 
high-performance liquid chromatography for the 
determination of hyoscyamine and hyoscine in leaves, 
fruit and seeds of Datura (Datura spp.). J. Chromatogr. 
(1985) 329: 415-421
Papadoyannis IN, Samanidou VF, Theodoridis 
GA, Vasilikiotis GS, Kempen GIM and Beelen 
GM. Potentiometric PVC membrane sensor for the 
determination of scopolamine in some pharmaceutical 
formulations. J. Liq. Chromatogr. (1993) 16: 975-998
Kartal M, Kurucu S, Altun L, Ceyhan T, Sayar E, 
Cevheroglu S and Yetkin Y. Quantitative analysis of 
l-hyoscyamine in Hyoscyamus reticulatus L.  by GC-
MS. Turk. J. Chem. (2003) 27: 565-569
Oksman-Caldentey KM. Tropane and nicotine 
alkaloid biosynthesis-novel approaches towards 
biotechnological production of plant-derived 
pharmaceuticals. Curr. Pharm. Biotechnol. (2007)        
8: 203-210
Bonhomme V, Laurain-Mattar D, Lacoux J, Fliniaux 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

References

69



MA and Jacquin-Dubreuil A. Tropane alkaloid 
production by hairy roots of Atropa belladonna obtained 
after transformation with Agrobacterium rhizogenes 
15834 and Agrobacterium tumefaciens containing rol 
A, B, C genes only. J. Biotechnol. (2000) 81: 151-158J. Biotechnol. (2000) 81: 151-1582000) 81: 151-158
Palazon J, Moyano E, Cusido RM, Bonfill M, Oksman-
Caldentey KM and Pinol MT. Alkaloid production in 
Duboisia hybrid hairy roots and plants overexpressing 
the h6h gene. Plant Sci. (2003) 165: 1289-1295
Jaziri M, Yoshimatsu K, Homes J and Shimomura 
K. Tropane alkaloid production by Agrobacterium 
rhizogenes transformed hairy root cultures of Atropa 
baetica Willk. (Solanaceae). Plant Cell Tissue Organ 
Cult. (1994) 38: 257-262
Lee KT, Suzuki T, Yamakawa T, Kodama T, Igarashi 
Y and Shimomura K. Production of tropane alkaloids 
by transformed root cultures of Atropa belladonna in 
stirred bioreactors with a stainless steel net. Plant Cell 
Rep. (1999) 18: 567-571
Fliniaux MA, Manceau F and Jacquin-Dubreuil A. 
Simultaneous analysis of l-hyoscyamine, l-scopolamine 
and dl-tropic acid in plant material by reversed-
phase high performance liquid chromatography. J.J. 
Chromatogr. (1993) 644: 193-1971993) 644: 193-197
Hashimoto T and Yamada Y. Purification and 
characterization of hyoscyamine 6β-hydroxylase from 
root cultures of Hyoscyamus niger L. Eur. J. Biochem. 
(1987) 164: 277-285
Binotto J, Chahal S, Khan S, Li B and Rispler A. 
A General Review of the Chemistry and Utility of 

(10)

(11)

(12)

(13)

(14)

(15)

Scopolamine. (title of site???) [Serial online] (year of 
site???) [Cited 2006], (No. of paged used??? From no. 
of total pages of site???). Available from: http://www.
ucalgary.ca/~bali/chem353/project/00final/00final.htm
Manske RHF and Holmes HL. (eds.) The Alkaloids 
Chemistry and Physiology. Academic Press Inc., New 
York (1950) 93-93
Miraldi E, Masti A, Ferri S and Comparini IB. 
Distribution of hyoscyamine and scopolamine in 
Datura stramonium. Fitoterapia (2001) 72: 644-644
Salimi M. Investigation, Separation and structure 
Determination of Alkaloids in Heliotropium dissflorum 
[dissertation]. Tehran, Tehran University of Medical 
Sciences (1998) 1-80
Jalali-Karchai A. HPLC of Tropane Alkaloids in Datura 
stramonium [dissertation]. Tabriz, Tabriz University of 
Medical Sciences (1991) 1-50
Peivandi M. Investigation of Indol Alkaloids in Three 
Vinca Species [dissertation]. Tehran, Tehran University 
(1992) 1-65
Kamada H, Okamura N, Satake M, Harada H and 
Shimomura K. Alkaloid production by hairy root 
cultures in Atropa belladonna.  Plant Cell Rep. (1986) 
5: 239-242.
Supria KB. Handbook of Medicinal Plants. Poiter 
Publishers, India (1998) (Page No.???)
Jonkova I. Synthesis of tropane alkaloids in hairy 
root cultures of Datura and Hyoscyamus Species. 
Biotechnol. Biotechnol

(16)

(17)

(18)

(19)

(20)

(21)

(22)

This article is available online at http://www.ijpr-online.com

Bahmanzadegan A, Sefidkon F and Sonboli A / IJPR (2009), 8 (1): 65-70

70


