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A B S T R A C T   

Datura inoxia is a subshrub plant known for its toxicity which results from the presence of the tropane alkaloid 
scopolamine and hyoscyamine. Saccharides are one of the most important elicitors that can alter physiological 
and biochemical responses in plants. This study targeted to increase the production of secondary metabolites in 
Datura inoxia avoiding genetic alteration and processes using different nontoxic and biodegradable compounds, 
utilizing calli induced from Datura inoxia stems to observe the effects of mannitol and sorbitol on the production 
of the two major secondary metabolites, scopolamine and hyoscyamine. Methanolic extract of the whole plant 
and callus was used to examine the production of two secondary metabolites in Datura inoxia using HPLC in a 
qualitative and quantitative manner which revealed the increased production of scopolamine and hyoscyamine 
in calli. The addition of mannitol and sorbitol in the media had a negative effect on both the fresh and dry weight 
of the calli but production of scopolamine and hyoscyamine increased significantly. In-vitro anti-microbial assay 
of hyoscyamine against Escherichia coli ATCC25922 and Candida albicans resulted in total inhibition of both the 
microbes in concentrations as low as 200 µg/ml.    

Abbreviations 
ABA – Abscisic acid 
◦C - Degree Celsius 
gm - Gram 
HPLC – High performance liquid chromatography 
h- Hour 
l – Liter 
µg – Microgram 
mg – Milligram 
ml – Milliliter 
MIC - Minimum inhibitory concentration 
MBC - Minimum bactericidal concentration 

1. Background 

Datura inoxia belonging to the Solanaceae family is a medicinal plant 
known for its wide use as a hypnotic, sedative especially its use in colic, 
intestinal pain, teeth, fractures, and spinal pain [1]. The plant is also 
used as an antiviral, blood pressure regulator, anti-spasmogenic, 

anticancer, anthelmintic, anticholinergic, strong nematocidal, analgesic 
[2]. The plant contains atropine, which is used for enlarging the pupil. 
The tropane alkaloids found in Datura inoxia consist mainly of hyoscy
amine, scopolamine and a little amount of atropine [1]. 

Plants produce complex organic compounds that do not have a direct 
function in growth, called secondary metabolites [3]. Secondary me
tabolites play a crucial role in the defence of plants, protecting them 
from pathogens [4]. Studies refer to the great importance of secondary 
metabolites in the manufacture of medicines and therapeutics and more 
than a quarter of the drugs produced in the world are derived from plant 
secondary metabolites [5]. Tissue culture is an important technique for 
obtaining economically important compounds, including compounds 
with pharmaceutical importance which are difficult to synthesize in the 
laboratory and are very costly [6]. There are many benefits associated 
with the production of these compounds through tissue culture tech
niques when compared to the process of extraction from the whole plant. 
These compounds can be obtained with a higher degree of purity 
through tissue culture techniques that are superior to those derived from 
whole plants, and their production is fast and not dependent on the 
season and does not require a large land area [7]. 
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Isolating secondary metabolites from the whole plant requires killing 
the plant which can easily be overcome by using callus cultures. More
over, callus culture can be further optimized for single-cell suspension 
cultures which can then be utilized by bioreactors to produce high 
amounts of bioactive compounds. Callus culture for producing second
ary metabolites also gives the opportunity for further manipulation to 
make the desired secondary metabolite release into the suspension from 
the cells resulting in quick and easy purification. Alteration of in-vitro 
callus culture media composition is also variable which can be improved 
to increase the production of many folds compared to plants [8]. Using 
elicitors, which can stimulate stress response in plants, to increase the 
production of secondary metabolites has gained popularity. Elicitation 
can utilize microorganisms as biotic elicitors or some abiotic substances 
or particular light as abiotic elicitors [9]. Supplementation of different 
compounds to the media has led to an increase in secondary metabolite 
production in many different species [10]. The addition of ABA with the 
concentration 3 mg/l, paclobutrazol in concentration 7 mg/l, and 
mannitol in concentration 5.3 mg/l to the media for callus culture of 
Cinchona increased the concentration of quinine [11]. Although the 
addition of sorbitol to callus culture media causes more stress than that 
which is induced by adding mannitol, supplementing the media for 
callus with either mannitol or sorbitol, alone or together led to a lack of 
callus growth. The addition of stimulants that cause stress (sorbitol, 
mannitol) leads to increased production of secondary compounds in 
cells [12, 13, 14]. The addition of sorbitol to the culture medium of 
callus derived from fenugreek cotyledons had a significant increase of 
choline, carpaine, trigonelline synthesis in cultured callus rather 
compared to those grown on sorbitol free media compared to that of 
extraction of the whole plant [15, 16]. The increased concentration of 
sorbitol resulted in an increased concentration of alkaloids in callus 
induced from Catharanthus roseus leaf and the increase was gradual with 
the increase of sorbitol concentration [17, 18]. The addition of mannitol, 
sorbitol to culture media led to increased concentration of secondary 
compounds cineol, thujone, camphor in callus induced from leaves of 
Salvia officinalis [19]. The concentration of saponin in plant cells of 
Panax ginseng increased significantly with the addition of 64.6 gm/l from 
sorbitol [20]. This study explores the hypothesis of increasing the pro
duction of scopolamine and hyoscyamine in the callus of Datura inoxia 
through the addition of sorbitol and mannitol in the callus culture media 
which might pave the way of producing mass amounts of these two 
compounds on larger industrial scales. 

2. Material and methods 

2.1. Callus induction 

Stems of Datura inoxia were sterilized with 1% sodium hypochlorite 
for 3 min and then washed with sterile distilled water several times [21]. 
Stems were inoculated on Murashige and Skoog (MS) medium [22] 
supplemented with 6-benzylaminopurine (0.5 mg/l) and 1-naphthalene
acetic acid (1 mg/l) and were incubated in an incubator at 25±1 
#x00B0;C in dark condition for 4 weeks and the same combination was 
used for maintenance of the induced callus for obtaining sufficient 
amount of callus for further experiments [21]. 

2.2. Treatment of callus 

After obtaining the required amount of callus, callus with a weight of 
about 350 mg was inoculated on the same media used for callus initia
tion supplemented with sorbitol and mannitol at different concentra
tions of 0 gm/l, 5 gm/l, 10 gm/l and 15 gm/l with five replicate per 
treatment. After 4 weeks of culturing period, the fresh and dry weight of 
calli were recorded. 

2.3. Extraction of secondary metabolites and quantification 

Methanol was used as a solvent for the extraction of secondary me
tabolites. Purification and further quantification of secondary metabo
lites were done using High-Performance Liquid Chromatography (HPLC) 
technique [23], to estimate the change of secondary metabolite con
centration in Datura inoxia callus. The results were compared with whole 
plant extracts. The concentration of samples with the area of standard 
multiplied by the concentration of standard and dilution factor by using 
the following law. 

Concentrationof sample=
Areaof sample

Areaof standard
×Conc.of standarddilutionfactor 

Results were analyzed according to the Randomize Completely Block 
Design (RCBD). Duncan’s multiple range test was used to compare the 
difference between the mean at 5% probability [24]. 

2.4. The antibacterial and antifungal effects of hyoscyamine compound 

Hyoscyamine compound solutions were prepared in various con
centrations such as 5, 10, 20, 50, 100, and 200 µg/ml and diluted in 
normal saline. Escherichia coli ATCC25922 strain was cultured in blood 
agar (Merck, Germany) and Candida albicans was also cultured in Sab
ouraud dextrose agar medium. The bacterial solutions equal to half 
McFarland Standard were prepared in trypticase soy broth and exposed 
to hyoscyamine concentrations. Moreover, the fungal solution was 
prepared and exposed to hyoscyamine compound various concentra
tions. They were incubated for 18 h-24 h at 37 ◦C. The culture of each 
microorganism in specific media without hyoscyamine addition was 
considered as the control. 

2.5. Data analysis 

For each of the estimations, there were five biological replicates were 
used. Data were subjected to Statistical Package for the Social Sciences 
(SPSS) software version 16 for analysis of variance (ANOVA); Duncan’s 
multiple range test (DMRT) was used to determine considerable differ
ences among the treatments. 

3. Results and discussion 

3.1. Effect of saccharide concentration on fresh and dry weight of callus 

Table 1 shows the effect of mannitol at different concentrations on 
the fresh and dry weight of callus. Supplementation of mannitol in small 
amounts led to the increase in the fresh weight of the callus. However, 
the fresh weight of callus decreases with increased mannitol concen
tration. The maximum dry weight of callus was observed without any 
mannitol supplementation. Supplementation of mannitol with the 
gradual increase in concentration led to the gradual decrease of the dry 
weight of the callus. Table 2 shows the effects of different concentrations 
of sorbitol on callus fresh and dry weight. Sorbitol concentration in 
media negatively affects both the fresh and dry weight of callus. 
Maximum weight was observed without any sorbitol supplementation. 

Table 1 
Effect of Mannitol concentration in fresh and dry weight of callus.  

Mannitol concentration (gm/l) Fresh weight (mg) Dry weight (mg) 

0 350 b 28.73 a 
5 390 a 23.11 b 
10 300 c 17.85 c 
15 217 d 10.03 d 

* Mean values were taken from average of five replications. Mean values fol
lowed by the same letters in each column are not significantly different at p ≤
0.05 according to Duncan’s test. 
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The possible reason for the decrease in the callus weight after the sup
plementation of mannitol and sorbitol is due to the reduction of water 
and nutrition availability [25]. Comparison between the effects of both 
the saccharides on the fresh weight and dry weight of callus has been 
shown in Fig. 1. Both saccharides negatively affect both the fresh and 
dry weight of the callus except for mannitol at 5 gm/l concentration 
which significantly increases the fresh weight of the callus. 

3.2. Quantitative and qualitative evaluation of some secondary 
metabolites in callus and leaf extract of Datura inoxia by HPLC technique 

Supp. Fig. 1 shows the curve of standard secondary compounds to be 
compared with the curves of secondary compounds extracted from 
callus and the leaves of the Datura inoxia. Fig. 2 and Supp. Fig. 2 show 
that the extraction from callus contained a higher concentration of 
secondary compounds compared to leaf extracts. The amount of 
scopolamine and hyoscyamine significantly increased in callus extracts 
reaching 202.26 μg/ml and 308.52 μg/ml respectively (Supp. Table 1). 
The increase of the concentration of secondary compounds in the callus 
is attributed to the fact that growth regulators added to culture media 
which stimulated and increased the production of secondary compounds 
in callus. Subculture also led to the emergence of somaclonal variation, 
leading to increased production of some secondary compounds in callus 
[26]. Factors such as light, humidity, explant, and plant growth stage 
also played a role in the difference in secondary metabolite content. 
These physiological and environmental differences were due to the 
different growth conditions of explant, in addition to the genetic factors 
that had been affected by physiological factors [27]. 

3.3. Effect of saccharides on the production of secondary compounds 
using HPLC technique 

The results of Table 3 and Supp. Figure 3 indicate that there were 
significant differences between the concentration of secondary com
pounds due to the addition of mannitol to the media. The concentration 
of 15 gm/l from mannitol was the most effective in stimulating the 
production of hyoscyamine in callus significantly with a value of 297.58 

μg/ml, while the least effective concentration was 10 gm/l where the 
concentration of hyoscyamine was 259.78 μg/ml, which also differ 
significantly from control treatment of 5 gm/l. The addition of mannitol 
concentration had a significant effect on the increased concentration of 
scopolamine significantly compared to control treatment. The highest 
concentration of scopolamine was 443.55 μg/ml when 15 gm/l mannitol 
was added to culture media. The concentration of scopolamine didn’t 
show a significant difference when media was supplemented with 5, 10 
gm/l mannitol, and the lowest concentration was 308.52 μg/ml at 
control. The increased concentration of secondary compounds may be 
due to the addition of stimulants which increase the production of sec
ondary metabolites [12], and addition of stimulants also increases the 
accumulation of secondary metabolite [27] (Fig. 3a). 

Table 4 and Supp. Fig. 4 shows the effects of sorbitol on hyoscyamine 

Table 2 
The effect of sorbitol concentration in fresh and dry weight of callus.  

Sorbitol concentration (mg/l) Fresh weight (mg) Dry weight (mg) 

0 350 28.73 
5 315 16.79 
10 277 11.60 
15 203 5.35  

Fig. 1. Comparison of the effects of mannitol and sorbitol on (a) fresh weight of callus; (b) dry weight of callus.  

Fig. 2. Production of secondary metabolites, hyoscyamine and scopolamine in 
leaf and callus. Mean values were taken from average of five replications. Mean 
values followed by the same letters in each column are not significantly 
different at p ≤ 0.05 according to Duncan’s test. 

Table 3 
Effect of mannitol concentration in the production of secondary compounds 
from callus.  

Secondary products Mannitol concentration (gm/l) 
0 5 10 15 

Hyoscyamine (µg / ml) 202.26 b 228.24 b 159.78 c 297.58 a 
Scopolamine (µg / ml) 308.52 c 358.23 b 353.82 b 443.55 a 

* Mean values were taken from average of five replications. Mean values fol
lowed by the same letters in each column are not significantly different at p ≤
0.05 according to Duncan’s test. 
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and scopolamine production. The concentration of hyoscyamine 
reached the maximum concentration of 321.65 µg/ml when the media 
was supplemented with sorbitol at a concentration of 5 gm/l. Concen
tration higher than this doesn’t show any significant difference in hyo
scyamine production than the control. But the production of 
scopolamine gradually increased with the increase in sorbitol concen
tration reaching a maximum concentration of 566.31 µg/ml when the 
media was supplemented with 15 gm/l sorbitol. The low concentration 
of secondary compounds may be due to the increased concentration of 
sugar for treatment (Fig. 3b). This leads to increased stress and therefore 
leads to a decrease in the production of primary metabolites, and 
consequently to the concentration of some secondary metabolites [19]. 
A comparison of the effects of mannitol and sorbitol on the production of 
secondary metabolites (hyoscyamine and scopolamine) in callus is 
shown in Fig. 3 (a, b). Production of hyoscyamine and scopolamine 
increased significantly in the presence of sorbitol in high concentrations 
compared to that of mannitol. 

3.4. The antimicrobial effect of hyoscyamine compound 

The effects of hyoscyamine concentrations E. coli ATCC25922 
exhibited that 100 and 200 µg/ml of this compound inhibited the bac
terial growth completely. Therefore, 100 µg/ml was considered as the 
minimum inhibitory concentration (MIC) and 200 µg/ml was defined as 
minimum bactericidal concentration (MBC) (Fig. 4). Moreover, the 
concentration of 200 µg/ml could inhibit the growth of C. albicans being 
the MIC level. Table 5 

4. Conclusion 

The addition of sorbitol at 5 gm/l to callus culture media led to an 
increase of the concentration of hyoscyamine significantly, while sup
plementation at 15 gm/l had a significant effect on the increase of the 
compound scopolamine in callus compared to the control. The addition 
of 15 gm/l mannitol to callus culture media had a significant effect on 
the concentration of scopolamine and hyoscyamine which increased 
compared to control treatment. Moreover, the current study revealed 
that secondary metabolites like scopolamine and hyoscyamine have 
great anti-microbial potential. 

Fig. 3. Comparison of the effects of mannitol and sorbitol on the production of (a) hyoscyamine and (b) scopolamine. Mean values were taken from average of five 
replications. Mean values followed by the same letters in each column are not significantly different at p ≤ 0.05 according to Duncan’s test. 

Table 4 
Effect of sorbitol concentration in the production of secondary compounds from 
callus.  

Secondary products Sorbitol concentration (mg/l) 
0 5 10 15 

Hyoscyamine (µg / ml) 202.26 b 321.65 a 209.17 b 222.75 b 
Scopolamine (µg / ml) 308.52 c 356.52 c 461.42 b 566.31 a 

* Mean values were taken from average of five replications. Mean values fol
lowed by the same letters in each column are not significantly different at p ≤
0.05 according to Duncan’s test. 

Fig. 4. The effects of various concentrations of hyoscyamine against E. coli 
and C. albicans. 

Table 5 
Effect of sorbitol concentration in the production of secondary compounds from 
callus.  

Callus secondary metabolites (µg / 
ml) 

Concentration of sorbitol (mg/l) 
0 5 10 15 

Hyoscyamine 202.26 
b 

321.65 a 209.17 
b 

222.75 
b 

Scopolamine 308.52 c 356.52 c 461.42 
b 

566.31 a 

* Mean values were taken from average of five replications. Mean values fol
lowed by the same letters in each column are not significantly different at p ≤
0.05 according to Duncan’s test. 
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