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ABSTRACT  
 

This study aimed to in vitro production of tropane alkaloids from cell suspensions of Datura 
stramonium L. There were markedly increases in the growth of cells in cell suspension. Putrescine, as 
alkaloids stimulate, caused a markedly increases in the growth of cells (packed cell values, cell fresh 
weight and cell density) by increasing putrescine concentration until 2.0 mg/l. The same effect of 
potassium nitrate concentrations was recorded, increasing of cell fresh weight (gm) and packed cell 
volume (ml) by increasing Potassium nitrate concentration until 2.0 mg/l. compared with basal media. 

There were also, a markedly increases in both Hyoscyamine and Hyoscine concentrations by 
increasing putrescine concentrations until 2.0 mg/l. Hyoscyamine value in  suspension cultures, that 
containing putrescine, was increased than basal media as a control, about three times. In addition, 
hyoscine value with 2 mg/l putrescine treatment possessed approximately two times and half than 
basal media. There were more increase in Hyoscyamine and Hyoscine concentrations by adding 
putrescine  up to 2.0 mg/l, due to that polyamines (Putrescine) consider as the main source in alkaloid 
(Hyoscyamine) biothynsis pathway.  
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Introduction 

 
Datura consider one of the important sources of natural products (tropane alkaloids) which has 

numerous medical effects on eyes, heart, CNS,..etc.  (Martindale, 1996). Moreover, natural products 
are more economic than synthetic medicine (Oksman-Caldentey and Hilturen, 1996). However, 
utilizing biotechnology tools such as cell culture in commercial production of natural products had 
limited success due to lack of understanding these metabolites synthesis. Moreover, plant cells exhibit 
variable responses to different elicitors (physical or chemical factors) such as induce or enhance 
secretion of secondary metabolites to ensure their survival, persistence and competitiveness. (Namdeo 
2007).  

Furthermore, plant cell culture technology add a new advantage for production secondary 
metabolites that need difficult procedures to be synthesis or formed in plants (Zarate, and Verpoorte 
2007), and (Zhao and Verpoorte 2007).  

This study aimed to increase or maximizing and comparing tropane alkaloids (Hyoscyamine 
and Hyoscine) accumulation in cell suspension of Datura stramonium by addition the precursor 
compounds, putrescine and potassium nitrate. 
 
Materials and Methods 

 
A very small seed sample of Datura stramonium L. was kindly obtained from Arab Company 

for Pharmaceutical and Medical plants, Egypt. This small sample was sown in pots in the growing 
season of 2015-2016 to increase and obtain more fresh and new seeds. The obtained fresh seeds were 
also sown in pots in the growing season of 2016-2017 to produce more fresh shoots for laboratory 
assay. This previous work was conducted at the Greenhouse of Genetic Department, Agric. Fac., 
Zagazig Univ. Fresh leaves sample were collected, washed and sterilized for 20 min. in 5% sodium 
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hypochlorite solution and then washed in sterile distilled water. The following laboratory procedures 
were conducted at Tissue Culture Lab., Botany Department, National Research Center, Giza, Egypt. 
Leaves were cut into small segments and planted on solid modified MS media (Murashig and Shoog, 
1962). These media were supplemented by different combinations of growth regulators, auxines (2,4-
D; IBA and IAA) and cytokinines (BA and kinetin) for callus induction. Combinations were applied 
between three concentrations of every auxine (1,2 and 3 mg/L) and two concentrations of every 
cytokinine (0.5 and 1 mg/L). 

For cell Suspension and elicitor treatment: Firstly, friable calli that produced from MS media 
supplemented with 2 mg/l   2, 4-D + 0.5 mg/l Kin. were transferred to liquid media with the same 
composition, and the cultures were maintained on a rotary shaker at 100 rpm in the growth chamber at 
25±1°C (Sonja Gadzovska-Simic et al. 2012).  Every three weeks, liquid media were renewed and 
transferred released cells to it. This process repeated three times to maximize the amount of cells in 
suspension. 

Secondly, liquid MS media with the same previous composition prepared and supplemented with 
different concentrations from both Putrecsine and Potassium nitrate (0, 1, 2 and 3 mg/l). Then cell 
suspension culture distributed to certain volumes to study the growth of callus in liquid media through 
determination of cell density and the effect of different elicitors (Potassium nitrate and Putrescine) on 
alkaloid productivity of callus. Moreover, the data were scored after five weeks as follow according to 
(Mahmoud 2004). 
A. Packed Cell Volume (PCV)  = V0 – V1 
Where V0 = whole suspension volume centrifugal cell tube. 
V1 = unsettled liquid media after centrifugation 
B. Cells  fresh weight (gm) = W1 – W0 
Where W0 = Empty centrifugal tube weight. 
W1 = Weight of centrifugal tube with settled granules of calli. 
C. Cell density = Cells  fresh weight / PCV 
 
Alkaloid extraction from cell suspension cultures: 
 
  Tropane alkaloids were extracted from cell suspension (in vitro) of Datura stramonium under 
precursor's addition (Potassium nitrate and Putrescine) by ethyl alcohol 70 % and separate by 
chloroform (Mahmoud, 2004). Tropane alkaloids were differentiated by HPLC according to Mandal 
et al. (1991) and Fliniaux et al. (1993). 

Tropane Alkaloids Standards:  Atropine and Hyoscine standard authentic samples were 
purchased from Sigma – Aldrish Company. 

 
Statistical analysis 
 

Data on callus frequencies and callus fresh weight were analyzed according to Snedecor and 
Cochran (1980). Means were compared by using least significant difference (LSD) at 5% levels of 
probability. 

 
 

 

Results and Discussion 
 
Effect of growth regulators on callus induction frequencies: 
 

The interaction between growth regulators (2, 4- D, IBA and IAA) using different 
concentrations (1, 2 and 3 mg/l) and (0.5 mg/l Kin. and 1 mg/l BA) on callus production percentage 
were shown in Fig. (1) and Table (1).  
 There were linear relations between growth regulators concentrations (mg/l) and callus 
induction frequency (%), there were positive response in callus (%) with increasing concentration of 
the three auxines ((2, 4- D, IBA and IAA) (Fig. 1).  Moreover, the increasement was until 2 mg/l 
followed by not significant decrease in all cases. So, 2 mg/l from all growth regulators that used in 
this study can be consider the ideal concentration for inducing the high percentage of callus. In 
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addition, 2, 4-D plus Kin. or BA  was the best auxine in callus production of Datura stramonium 
(Khater et al., 2013 and 2015). Similar results were reported by (Castellar et al. 2011) who decided 
that callus were induced at the basal  end  of  shoots  on MS supplemented  with 2, 4- D that is 
consider the best for inducing calluses fastly growing.  However an efficient callus induction from 
leaf explants was observed on media supplemented with 2, 4-D. by Siddiqui et al., 2017 who reported 
that callus of Datura innoxia leaves induced with high percentage (96 %) using  2 mg/L from 2,4-D.  
Sheeba et al., 2013 showed that using 2.0 mg/l IAA and 0.5 mg/l BAP gave good callus with great 
fresh weight in Physalis minima Linn. Moreover, callus formed on MS medium 
supplemented with 3.0 mg/l 2,4-D  and  0.5 mg/l  BAP. (Manju Madhavan and Joseph, 2010)  

In addition,  Bacopa monnieri (L.) callus was obtained from leaf explants cultured on   MS 
supplemented with 0.5 mg/l  2, 4 -D. (Patni Showkat et al. 2010)  

 

 

 
Fig. 1: Response of Datura stramonium explants to inducing callus (%) under different levels of 2, 4-

D, IBA and IAA. 

 
Table 1: Cell production of Datura stramonium suspension culture with adding putrescine and potassium 

nitrate. 
Potassium nitrate  Conc. 

(mg/l)  

Putrescine Conc. 

(mg/l)  
Basal media 

  

3  2  1 3  2  1  0  

0.11  0.10 0.07  0.05 0.10 0.07 0.06  PCV (ml) 

0.17  0.18  0.13 0.11 0.27 0.16 0.14  Cells F. W. (gm) 

1.55 1.80  1.86  2.20 2.70 2.29 2.33 Cell density 

PCV:  Packed Cell Volume.                         F.W.:  Fresh weight 
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On the other hand, the same effect of Potassium nitrate concentrations was recorded, increasing 
of cell fresh weight (gm) and packed all volume (ml) by increasing Potassium nitrate concentrations 
until 2.0 mg/l. compared with basal media. It was cleared that addition of Putrescine was better than 
addition of Potassium nitrate and this due to that the biosynthesis of hyoscyamine depends on the 
convergence of metabolic pathways from amino acid precursors (Robins et al., 1990, 1991), 
Putrescine is considered the main step in tropane alkaloid biothynsis by Putrescine methyl transferase. 

Hyoscyamine and Hyoscine values (mg/ml) in suspension cultures of Datura stramonium are 
shown at (Table 2 and Figs. 2, 3). 

 
Table 2: Alkaloid yield (Hyoscyamine and Hyoscine (mg/ml)) in suspension cultures of Datura stramonium 

as a response to elicitors (Putrescine and potassium nitrate). 

Potassium nitrate 

 (mg/l) 

Putrescine 

 (mg/l) 

Basal 

media 

 

3  2  1  3  2  1   

0.694 0.810 0.749 0.809 2.295 1.022 0.751 Hyoscyamine 

0.165 0.163 0.174 0.102 0.240 0.172 0.100 Hyoscine 

 

  
(A) 2 mg/ l putrescine (B) 2 mg/l  Potassium nitrate 

Fig. 2: Datura stramonium suspension cultures under different elicitors: 
 

There were high concentrations of Hyoscyamine and Hyoscine in suspension cultures with 
precursor's additives (putrescine and potassium nitrate). Important remark, there were only two 
compounds found in all suspension cultures (Hyoscyamine and Hyoscine), indicating that the 
behavior of cells in suspension cultures were reversely than the callus cells behavior. Significant 
differences were reported between precursor's type, precursor's concentration and alkaloid compounds 
(Table 2).  

Significant effect of putrescine and potassium nitrate addition on hyoscyamine and hyoscine 
concentrations was detected. Putrescine treatment was higher increase than free media that recorded 
the lowest one. Both hyoscyamine and hyoscine concentration increased by increasing putrescine 
concentrations until 2.0 mg/l. 

There were significant increases in hyoscyamine and hyoscine concentrations by supplementing 
with  putrescine up to 2.0 mg/l, while there were a noticed reduction in both  hyoscyamine and 
hyoscine by increasing putrescine to 3.0 mg/l. Hyoscyamine value of putrescine suspension cultures 
increased than basal media as a control, about three times. In addition, hyoscine value with 2 mg/l 
putrescine treatment possessed approximately two times and half than basal media. 

 

A B 
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Fig. 3: Amount of Hyoscyamine and Hyoscine (µg/ml) in cell suspension of Datura stramonium 

containing elicitors (Putrescine and Potassium nitrate). 
 

These results illustrated the formation of both Hyoscine (scopolamine) and hyoscyamine from 
putrescine via an N-methylpyrrolinium salt. (Walton et al., 1990) depending on methylation of 
putrescine catalysed by putrescine N-methyltransferase, forming N-methylputrescine. Moreover,  
(Yamada et al., 1990) and (Ansarin and Woolly, 1995) demonstrated that this is a flux-limiting step. 
On the other hand, few enzymes that involved in hyoscine  biosynthesis pathway  have been isolated 
and  corresponding genes were cloned, and this pathway is still not  fully understood (Arroo et al., 
2007). In addition, (Suvi Hakkinen, 2008) reported that production of methylputrescine was highly 
induced in tobacco. 

More well as, Vincenzo De Luca and Benoit St Pierre (2000) decided that putrescine form  a 
pyrrolidine ring that involves in biosynthesis pathway of both nicotine and tropane alkaloids.  

In addition, the same findings were reported by CB and Cormier, 1991 who studied the 
production of anthocyanin by Vitis vinifera cell cultures and decided that there were decrease in cell 
growth and  higher product formation as a result to reducing concentration of total nitrogen in the 
medium. 

Iranbakhsh et al. (2007), illustrated that adding 9.4 and 3.76 mM. from potassium nitrate was 
the ideal concentration for producing tropane alkaloids in Datura stramonium, and increase this 
concentration in cell suspension culture reduced alkaloids.  

Kandoth et al., 2010 reported that Hyoscyamine6β-hydroxylase, is the responsible enzyme in 
tropane alkaloid biosynthesis and converts hyoscyamine to hyoscine. Also, their studies suggested 
that the process of alkaloid biosynthesis performed in plant root and transported to other parts of 
plant.Moreover, hyoscine formed in root pericycle cells by conversion of hyoscyamine. 

  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iranbakhsh%20AR%22%5BAuthor%5D
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Fig. 3: HPLC chromatograms of:  Hyoscyamine and Hyoscine as a standard and cell suspension of 

Datura stramonium containing elicitors (Putrescine and Potassium nitrate). 
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