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ABSTRACT 
 

Black henbane (Hyoscyamus niger L.) is one of the most important medicinal plants belongs to solanaceae 
family which is a rich source of bioactive compounds such as tropane alkaloids, hyoscyamine and scopolamine. 
These compounds are widely used for scopolamine hydrobromide and hyoscyamine sulfate tablets production as 
anticholinergic, antispasmodic and sedative agents. The objective of present study was to investigate the effects 
of various concentrations of urea fertilizer (0, 16.6, 33.3 and 50 mg/l) on black henbane roots and leaves dry 
weight and their alkaloids content under hydroponic culture. The results indicated that the dry weight of total 
foliage of henbane increased with increasing the amount of nitrogen fertilization from 0 to 33.3 mg N/l, but 
decreased at 50 mg N/l. However, the highest root dry weight was recorded at the lowest nitrogen level. Results 
also showed that the maximum content of hyoscyamine and scopolamine in root and leaf were observed in 50 
mg N/l, while the lowest content of both alkaloids were found in control plants. The results provided important 
information of nitrogen effects on alkaloids content of henbane plant for commercial production. 
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Introduction  
 

Black henbane (Hyoscyamus niger) is a species 
in solanaceae family, which has been used as a 
medicinal plant for long time. Astrong-scented 
annual or biennial herb, which all its parts contain 
tropane alkaloids such as hyoscyamine and 
scopolamine that are natural plant compounds used 
as pharmaceuticals ingredients [2]. These secondary 
metabolites are used in medicine as anticholinergic, 
antispasmodic, hypnotic, and sedative [15]. 
Alkaloids are groups of naturally occurring chemical 
compounds that contain mostly basic nitrogen atoms. 
Because of the complex chemical structures of these 
alkaloids, industrial synthesis has been found to be 
prohibitively expensive and therefore they are mainly 
obtained from plant resources especially solanaceae 
plant [7].  

Nitrogen is one the most important essential 
nutrient element in plants, which affects all levels of 
plant function from metabolism to resource 
allocation, growth and development. The content of 
secondary metabolites including tropane alkaloids 
(particularly scopolamine to hyoscyamine ratio) in 

cultivated plants can be considerably influenced by 
environmental conditions and other factors such as 
soil, salt concentration and agrotechnical parameters 
[3]. In fact, a secondary metabolite pathway depends 
on numerous factors but nutritional status leads to 
major effects, major minerals such as nitrates, 
calcium, potassium, sulfur and also carbon hydrates, 
are among the most essential ingredients of the 
nutrient medium known to affect the growth and 
metabolism, such as alkaloids. AL.humaid [1] stated 
that the availability of essential nutrient elements 
necessary for Datura growth and metabolism cause 
vigorous vegetation and high chemical production. 
Also, Lata (2007) reported that the fertilization of 
medicinal plants causes an increase in the yield of 
bioactive compounds. Nitrogen has been found to 
increase the content of alkaloids in some of the 
medicinal as well as non-medicinal plants, such as, 
tobacco, lupines, barley, Atropa, Papaver [20]. 
However, not much information is available on the 
effect of nitrogen fertilization with urea on the 
content of leaf and root alkaloids in Hyoscyamus 
niger. Therefore, purpose of the present study was to 
investigate the effect of various concentrations of 
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urea fertilization on root and leaf dry weight and 
alkaloids content in black henbane. 

 
Materials and Methods 

 
2.1. Seed preparation and germination: 

 
Henbane seeds generally have low germination 

rate even under normal laboratory conditions. 
Therefore, seeds were treated with 250 mg/l 
gibberellic acid (GA3) for 48 h at room temperature 
(22±2˚C) for accelerating germination. After that 
seeds were surface-sterilized in 70% ethanol for 2 
min and then in 25% commercial bleach for 10 min 
and finally rinsed with sterile distilled water. 
Subsequently, seeds were placed in petri dishes on 
two layers of filter paper moistened with 4 ml 
distilled water. After 3 days, 90% of seeds 
germinated steadily (with 1-2 mm radicle length). 
After 2 weeks later, seedling (with 2 leaves) were 
planted in plastic pots and irrigated immediately for 
better establishment. During the whole experiment 

they received 16-h light/8-h dark (day/night light 
cycle) under greenhouse conditions. The plants were 
cultivated on cocopeat and perlite.  

 
2.2. Nitrogen treatments: 

 
Nitrogen was applied at the concentrations of 0 

(control), 16.6, 33.3, 50 mg/l in the form of urea. The 
plants were fertilized 6 times with six equal portions 
of the proposed fertilizer dose in once every five 
days intervals, starting after 40 days from 
germination time. The experiment was arranged in a 
randomized complete block design with six 
replicates (n=6). Also, calculation of the weights of 
chemical nutrients used to prepare stock solution 
under open hydroponic system is given in table1. 
During the experimental period, all normal 
agricultural practices were performed. After 4 month, 
the plants were harvested and their parts were 
separated into leaf and root, and then dried at 
ambient temperature in the shad. Thereafter, root and 
leaf dry weight and alkaloids content were evaluated.

  
Table 1: Stock solution 

Chemical materials mg/l 
P 40 
K 50 
Fe 250 
Zn 200 
Cu 150 
Mg 100 
Br 5 
Mo 5 

 
2.3. Extraction of alkaloids: 

 
Root and shoot samples were air dried, grinded 

into fine powder and sieved with laboratory mesh 
(size 30, opening 545 μm). A subsample of 2 grams 
from each samples was added to appropriate volume 
of CHCl3: MeOH: NH4OH 25%, (15:5:1), sonicated 
for 10 min. Alkaloids extraction were based 
essentially on the procedure described by Kamada et 
al., (1986) as following: 

1- Solution was kept at room temperature for 1 
hour.   

2- Then filtered through paper and washed 2 
times with 1 ml CHCl3. 

3- Evaporated to dryness. 
4- 5 ml CHCl3 and 2 ml NH2SO4 was added and 

then mixed thoroughly.  
5- CHCl3 fraction was removed and adjusted to 

pH 10 with 28% NH4OH on ice. 
6- Alkaloids were extracted once with 2 ml 

CHCl3 and twice with 1ml CHCL3. 
7- Extract filtered after the addition of 

anhydrous Na2SO4 and washed the residue with 1-2 
ml CHCl3. 

8- Samples were evaporated and dissolved in 1-2 
ml MeOH. 
 

2.4. Determination of hyoscyamine and scopolamine:  
 
Alkaloids extracted were identified by gas 

chromatography (GC) analysis. The chromatographic 
column for the analysis was a Chrompack WC OT-
Fused Silica CP-Sil 5CB capillary column (30 m × 
0.25 mm I.D., film thickness 0.25 µm). The carrier 
gas used was helium at a flow rate of 1 mL/min. 
Then 1-µL crude alkaloid fractions were injected and 
analyzed with the column held initially at 125 °C for 
1 min and then increased to 250 °C with a 10 °C /min 
heating ramp and subsequently kept at 250 °C for 5 
min. The injection was performed in split less mode 
at 280 °C. All the calculations concerning the 
quantitative analysis were performed with external 
standardization by measurement of the peak areas. 
Hyoscyamine and scopolamine were measured 
according to Miraldi et al. [10].     

 
2.5. Statistical analysis: 

 
The data were subjected to ANOVA and 

analyzed by using SAS program, version 9.1, and 
differences among means were determined for 
significance at P < 0.05 using Duncan test. 

  
Results and Discussion 
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3.1. Leaf and root dry weight: 
 
The effect of different nitrogen fertilization 

doses on foliage of henbane was shown in figure 1. 
Results revealed that nitrogen treatments had 
significant (P < 0.05) influence on henbane leaf dry 
weight. The lowest leaf dry weight (1.1 g) was 
observed at the highest nitrogen treatment. The dry 

weight of leaf had remained steady without any 
fluctuation under nitrogen treatments from 0 to 33.3 
mg/l, but it decreased at 50 mg/l (Fig1). The results 
also showed that nitrogen treatments significantly (P 
< 0.05) influenced henbane root dry weight. The 
minimum (0.9 g) and maximum (1.75 g) root dry 
weight were obtained at the 50 and 16.6 mg/l 
nitrogen, respectively (Fig 2). 

   

 
 
Fig. 1: Effect of nitrogen fertilization on henbane leaf dry weight (n=6). Values with different letters were 

significantly different at P < 0.05 (Duncan test). N0, N1, N2 and N3 refer to 0, 16.6, 33.3 and 50 mg/l 
nitrogen, respectively.  

 

 
 
Fig. 2: Effect of nitrogen fertilization on henbane root dry weight (n=6). Values with different letters were 

significantly different at P < 0.05 (Duncan test). N0, N1, N2 and N3 refer to 0, 16.6, 33.3 and 50 mg/l 
nitrogen, respectively.   

 
 
Our results were in agreement with findings 

reported by Lee et al [9]. Similar results also reported 
for other medicinal plants of solanaceae family such 
as Datura [5]. Rajeswara-Rao and Singh(1990) 
reported that the application of higher doses of 
nitrogen resulted in lower effectiveness of nitrogen 
absorption. According to A-humid (2004) the excess 
amount of fertilizers caused burning and death of the 
root hairs effecting negatively the root growth by 

inhibiting the elongation and enlargement of roots in 
the soil as they became weak, short and fluffy. 
Consequently, the burning and death of root hairs 
resulting from high nitrogen fertilizer supply led to a 
lower effectiveness of nitrogen absorption that 
causes a decrease in the yield of henbane. Results 
recorded in this study confirm these findings since, 
the highest dose of nitrogen fertilization caused 
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substantial reductions in the dry weight of leaves and 
roots. 

 
3.2. Hyoscyamine and scopolamine production: 

 
The influence of various nitrogen doses on the 

scopolamine content of henbane leaf and root are 
shown in fig 3 and 4. Nitrogen treatments had 
significant (P < 0.05) effect on scopolamine content 
of both root and leaf parts. The scopolamine content 
increased by increasing nitrogen rate of application 
and reached a maximum values at 50 mg/l. 

Scopolamine content at four different of nitrogen 
doses (0, 16.6, 33.3 and 50 mg/l) comprised 9.65, 
12.65, 12.53 and 13.29 gr/gr ×10-2  in terms of leaf 
dry weight, respectively. Also, scopolamine content 
under different employed four nitrogen treatments 
comprised 4.7, 5.14, 6.09 and 6.4 gr/gr ×10-2 in terms 
of root dry weight, respectively. Christen et al., 
(1992) have been reported that the scopolamine 
content of hyoscyamus albus increased with 
increasing nitrogen doses. Similar results also 
reported for other plants such as Datura stromonium 
[13].

  
 

 
Fig. 3: Effect of nitrogen fertilization on leaf scopolamine content of henbane (n=6). Values with different 

letters were significantly different at P < 0.05 (Duncan test). N0, N1, N2 and N3 refer to 0, 16.6, 33.3 
and 50 mg/l nitrogen, respectively.   

 

 
Fig. 4: Effect of nitrogen fertilization on root scopolamine content of henbane (n=6). Values with different 

letters were significantly different at P < 0.05 (Duncan test). N0, N1, N2 and N3 refer to 0, 16.6, 33.3 
and 50 mg/l nitrogen, respectively. 

 
The effect of various levels of nitrogen on the 

hyoscyamine content of henbane leaf and root are 
shown in fig 5 and 6. The results showed that various 
doses of nitrogen had significant effect (P < 0.05) on 
the hyoscyamine content of leaves and roots. The 
plants leaf hyoscyamine content increased by 

increasing nitrogen rate (fig5). Whereas, in roots at 
the lowest nitrogen dose (16.6 mg/l), hyoscyamine 
content increased sharply but the in decreased with 
the increasing nitrogen dose and the minimum 
hyoscyamine content was observed at 50 mg/l 
nitrogen treatment (Fig 6). 
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Fig. 5: Effect of nitrogen fertilization on leaf hyoscyamine content of henbane (n=6). Values with different 

letters were significantly different at P < 0.05 (Duncan test).Control, N1, N2 and N3 refer to 0, 16.6, 
33.3 and 50 mg/l nitrogen, respectively. 

 

 
 
Fig. 6: Effect of nitrogen fertilization on root hyoscyamine content of henbane (n=6). Values with different 

letters were significantly different at P < 0.05 (Duncan test).Control, N1, N2 and N3 refer to 0, 16.6, 
33.3 and 50 mg/l nitrogen, respectively.   

 
The content of alkaloids in plants could be 

increased through genetic and or environmental 
manipulations. Since alkaloids are nitrogenous 
compounds, the availability of nitrogen is expected 
to play an important role in the biosynthesis and 
accumulation of alkaloids in plants. Nitrogen has 
been found to increase the content of alkaloids in 
some of the medicinal as well as non-medicinal 
plants, such as, tobacco, lupines, barley, Atropa, 
Papaver [20]. 

Results in our current study, also revealed that 
the content of total alkaloids 
(hyoscyamine+scopolamine) in henbane increased 
with increasing nitrogen levels. On the other hand, 

minimum (0.58 g) and maximum (0.72 g) total 
alkaloids were calculated at control and 50 mg/l 
nitrogen treated plants, respectively (Fig 7). 
Similarly, Late and Sadowska, (1996) reported that 
the concentration and yield of total alkaloid increased 
by increasing nitrogen rate of application in henbane. 
However, AL-Humid [1] showed that nitrogen 
fertilization causes an increase in alkaloid content in 
Datura plant at moderate fertilizer doses while at 
high doses, a decrease was observed. Not enough 
research is available regarding the effect of nitrogen 
fertilization on hyoscyamine and scopolamine 
content and yield of henbane. 
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Fig. 7: Effect of nitrogen fertilization on total alkaloids (hyoscyamine + scopolamine) content of henbane (n=6). 

Values with different letters were significantly different at P < 0.05 (Duncan test). N0, N1, N2 and N3 
refer to 0, 16.6, 33.3 and 50 mg/l nitrogen, respectively. 

 
Conclusion: 

 
The results of current study showed that the 

content of hyoscyamine and scopolamine of root and 
leaf tissues in Hyoscyamus niger plants increased 
significantly with increasing nitrogen levels. 
However, the root and leaf biomass of plants 
increased only at the low or moderate nitrogen 
concentrations i.e., high nitrogen treatment had 
reverse effect on plant dry matter. Also, the results 
here provide important information about nitrogen 
effects on plant dry weight and alkaloids content for 
commercial production of henbane. This plant is a 
rich source of tropane alkaloids which can be 
classified as a high nitrogen demanding plant. 
Therefore, in order to obtain high bioactive 
compounds content nitrogen is necessary as main 
macro nutrient. 

  
References 

 
1. Al-Humaid, A.I., 2004. Effects of compound 

fertilization on growth and alkaloids of Datura 
plant. Journal of Plant Nutrietion, 27: 2203-
2219. 

2. Cuneyt, C., K. Kudret, S. Birsen, 2004. Physical 
and Physiological Dormancy in Black Henbane 
(Hyoscyamus niger L.) seeds. Journal of Plant 
Biology, 47: 391-395. 

3. De-Baricevic, D., A. Umek, S. Kreft, B. Maticic, 
A. Zupancic, 1999. Effect of water stress and 
nitrogen fertilization on the content of 
hyoscyamine and scopolamine in the roots of 
deadly nightshade (Atropa belladonna). 
Environmental and Experimental Botany, 42: 
17-24.  

4. Demeyer, k., R. Dejaegere, 1988. Influence of 
the mineral nutrition on yield and alkaloid 
content in Darura stramonium, medelingen van 
de Faculteit, 53: 1723-1725  .  

5. Demeyer, k., R. Dejaegere, 1993. Influence of 
nitrogen on the alkaloid content of Datura 
stramonium, Acta Horticulture, 331: 35-38. 

6. Gontier, E., B.S. Sangwan, J.N. Barbotin, 1994. 
Effects of calcium, alginate, and calciumalginate 
immobilization on growth and tropane alkaloid 
levels of stable suspension cell line of Datura 
innoxia Mill, Plant Cell Reports, 9: 533-536. 

7. Hashimoto, T., Y. Yamada, 1986. Hyoscamine 
6ß-Hydroxylase, a 2-Oxoglutarate-Dependent 
Dioxygenase, in Alkaloid-Producing Root 
Cultures. Plant Physiology, 81: 619-625. 

8. Kamada, H., N. Okamura, M. Satake, H. Harada, 
K. Shimomura, 1986. Alkaloid production by 
hairy root cultures in Atropa belladonna. Plant 
Cell Reports, 5: 239-242.  

9. Lee, S.Y., H. Xu, Y.K. Kim, S.U. Park, 2008. 
Rosmarinic acid production in hairy root 
cultures of Agastache rugosa Kuntze. World J. 
Microbiol. Biotechnol., 24: 969-972. 

10. Miraldi, E., A. Masti, S. Ferri, I.B. Comparini, 
2001. Distribution of hyoscyamine and 
scopolamine in Datura stramonium. Fitoterapia, 
72: 644-644. 

11. Norreel, 2004. Comparison of growth properties, 
alkaloid production and water uptake of tow 
selected Datura hairy root lines, Acta Biologica 
Cracoviensia Serie Botanica, 46: 185-192. 

12. Nussbaumer, P., I. Kape-tanidis, P. Christen, 
1998. Hairy root of Datura candida aurea: effect 
of culture medium composition on growth and 
biosynthesis. Plant Cell Reports. 17: 405-409. 

13. Payne, J., J.D. Hamill, 1987. Production of 
hyoscyamine by hairy root cultures of Datura 
stramonium. Planta medica, 53: 474-478 . 

14. Pinol, M.T., J. Palazon, R.M. Cusido, M. Ribo, 
1999. Influence of calcium ion-concentration in 
the medium on tropane alkaloid accumulation in 
Datura stramonium hairyroots. Plant Science, 
141: 41-49. 



307 
Adv. Environ. Biol., 7(2): 301-307, 2013 

 

15. Pitta-Alarez, S.I., T.C. Spollansky, A.M. 
Giulietti, 2000. The influence of different biotic 
and abiotic elicitors on the production and 
profile of tropane alkaloids in hairy root cultures 
of Brugmansia candida. Enzyme and Microbial 
Technology, 26: 252-258. 

16. Ruminska, A., E.S. El-Gamal, 1987. Effect of 
nitrogen fertilization on growth, yield and 
alkaloid content in Datura innoxia Mill; ISHS 
Acta Horticulture. 73: I Inter. Symp. Spices and 
Medicnal Plants. 

17. Saenz-Carbonell, L., V.M. Loyola-Vargas, 1996. 
Datura stramonium hairy roots tropane alkaloid 
content as a response to changes in Gamborg’s 
B5 medium. Applied Biochemistry and 
Biotechnology, 3: 321-337. 

18. Sawan, Z.M., S.A. Hafez, A.E. Basyony, 2001. 
Effect on nitrogen fertilization and foliar 
application of plant growth retardants and zinc 
on cottonseed, protein and oil yields and oil 
properties of cotton. J. Agron. Crop Sci., 186: 
183-188. 

19. Sivastava, N.K., R. Luthra, 1993. The relation 
between primary and secondary metabolism in 
peppermint and Fe-stress; J. Essent. Oil Res.; 5: 
525-534 Snedecor, G. W.and Cochran, 
W.G.;Statistical methods 7th ed.; Iowa State 
Univ.Press, Ames, Iowa, USA; 1980.  

20. Waller, G.R., E.K. Nowacki, 1979. Alkaloid 
Biology and Metabolism in Plants, Plenum 
Press, New York. 

 
 

 


