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ABSTRACT 
  

The present investigation describes the elicitor effect of silver nanoparticles (AgNPs) to 
enhance of calli production from leaf and root explants of Atropa belladonna, as well as biomass 
accumulation and total alkaloids, hyoscyamine and scopolamine compounds production. Culturing of 
root explants on MS medium enriched with 0.1 mg/l BA + 0.3 mg/l 2, 4-D recorded the best results of 
either highest percentage of calli induction or fresh and dry weights production, respectively. 
However, the biomass of calli cultures was significantly decreased by increasing of AgNPs 
concentrations. Elicitation of selected MS medium with AgNPs at the level of 100 mg/l achieved and 
enhanced the cycle of both total alkaloids and hyoscyamine and scopolamine synthesis. The 
production rate recorded 3.04, 3.95 and 3.43 fold for total alkaloids, hyscyamine and scopolamine 
compared control treatment, respectively. Furthermore, root derived calli cultures resulted the best 
results of target compounds compared leaf explants.  Further, it can suggest that elicitation of A. 
belladonna root calli cultures with AgNPs could be an efficient to increase the medicinal 
phytochemical production. 
 
Keywords: Atropa, Callus, AgNs, Hyoscyamine Scopolamine, HPLC. 

 
Introduction 

Plants have been an important source of medicines/life-saving drugs since thousands of years for 
the majority of the world's population. It well known, plants are the tremendous source for the 
discovery of new products with medicinal importance in drug development. Today several distinct 
chemicals derived from plants are important drugs. Secondary metabolites are economically important 
as drugs, flavor and fragrances, dye and pigments, pesticides, and food additives (Newman and 
Gragg, 2016). 

Atropa belladonna is an herbaceous perennial plant native to Europe, North Africa and western 
Asia. A. belladonna plant is widely distributed across central and throughout southern Europe and 
cultivated worldwide (Guggisberg and Hesse, 1983). It is also grown as an ornamental plant in some 
regions of the world (Kwakye et al., 2018). Organs of the plant contain more than twenty different 
tropane alkaloids including hyoscyamine, scopolamine and atropine (Wink and Roberts, 1998). 
Hyoscyamine was shown to make up 87.6 and 68.7% of the total alkaloid complex in the leaves and 
roots of A. belladonna plants (Ulbricht et al., 2004). The belladonna alkaloids have 
medicinal/pharmaceutical applications such as anticholinergic in cold drug products and cough 
suppressants, sedative to prevent bronchospasm in asthma.  (Tyler et al., 1988; Lee, 2007). However, 
the plant may exhibit both therapeutic and toxic impacts on the nervous system when applied as an 
herbal remedy (Kwakye et al., 2018). Due to its commercial potential as a valuable green source for 
the medicinally-active ingredients including flavonoids, coumarin, atropa-amine and alkaloids (Stepp, 
2004; Rita and Animesh, 2011).  A. belladonna is of great interest among researchers; therefore, it is 
to be a highly responsive genotype for in vitro culture and plantlet regeneration (Bajaj and Simola, 
1991). Plant tissue culture is an important technique for physiological and biological studies, 
conservation and vegetative propagation on a nutrient medium of known composition, as well as for 
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plant nanotechnology studies under a controlled, optimized and simulated environment conditions 
(Fazal et al., 2016 and Kim et al., 2017). 
 In the present period, researchers are looking towards Nanoparticles (NPs) and 
nanotechnology to find the solutions for the problems concerned to the environment, human, energy, 
pathogen, drug delivery etc.,  (Duhan et al., 2017).  
 Silver nanoparticles (AgNPs) are increasingly used in various fields, including medical, food, 
health care, consumer, and industrial purposes, due to their unique physical and chemical properties 
(Mukherjee et al., 2001; Li et al., 2010; Gurunathan et al., 2015). Due to their distinctive properties, 
they have been used for several applications, including as antibacterial agents, in industrial, 
household, and healthcare-related products, in consumer products, medical device coatings, optical 
sensors, and cosmetics, in the pharmaceutical industry, the food industry, in diagnostics, orthopedics, 
drug delivery, as anticancer agents, and have ultimately enhanced the tumor-killing effects of 
anticancer drugs (Chernousova and Epple 2013). In addition, AgNPs have been frequently used in 
many textiles, keyboards, wound dressings, and biomedical devices (Li et al., 2014). 

The main objective of this investigation was to study the effect of different concentrations of 
silver nanoparticles on calli and total alkaloids production from different types cultures of A. 
belladonna L.  
 
Materials and Methods 
 
Plant materials, culture conditions and treatments  
 
Callus production  

The tissue culture experiment started from the A. belladonna L.mature seeds (purchased from 
the pharmacognosy Department, Faculty of Pharmacy, Cairo University). For surface sterilization, the 
seeds were soaked in 70% ethanol solution for 2 min and then in household bleach (NaOCl, 25%) 
containing 5% sodium hypochlorite for 10 min.. After rinsing four times with double distilled 
sterilized water, seeds were aseptically cultured on agar-supported growth regulators free half-
strength Murashige and Skoog (MS) medium (Murashige and Skoog, 1962). Following in vitro 
germination of the seeds, leaf and root  explants (3-5 mm in length) were excised from 7-10-days-old 
clonal seedlings and were placed in three separate culture vessels with 3 uniform explants per each 
vessel containing 125 mL of MS culture medium supplemented with 0.1 mg/l of  6-benzylamino 
purine  (BA) in combinations with 2,4-Di-Chlorophenoxyacetic Acid (2,4-D) at various 
concentrations as follow:-  1) MS-medium free growth regulators; 2) MS + 0.1 mg/l BA; 3) MS + 0.1 
mg/l 2,4-D; 4) MS + 0.1 mg/l BA + 0.1 mg/l 2,4-D; 5) MS + 0.1 mg/l BA + 0.3 mg/l 2,4-D ; 6) MS + 
0.1 mg/l BA + 0.5 mg/l 2,4-D. 

Cultures were incubated under 16/8h day photoperiod at intensity of 3000 Lux from white 
cool light of fluorescent lamps  for 30 days, and maintained at 26 1 C. three replicates from each 
treatment were used. Cultures were solidified by 0.7 % agar added prior autoclaving at 1.2 Kg/cm 2 
for 15 min. The pH of the medium was adjusted to 5.8 by addition of 0.1 N HCL or 0.1 N KOH. 
Seeds germination took place within 7-10 days. After one month from germination, the leaf and root 
segments were used as a source of callus production. 

 
Determinations of callus growth 
  The following growth parameters were determined after 30 days from incubation as follow: - 
1) Percentage of callus production; 2) Fresh weight (gm); 3) Dry weight (gm); 4) Dry matter content 
(%). 
 
Application of AgNPs on calli biomass formation 
 In this experiment different concentrations of Silver nanoparticles (AgNPs) 0, 25, 50, 100 and 
200 (mg L−1) of AgNPs, (Silver nanoparticles were purchased from Sigma (Aldrich) with catalogue 
number 730807. The characterization data of AgNPs revealed that silver, dispersion nanoparticles, 
40 nm particle size (TEM), 0.02 mg/mL in aqueous buffer, contains sodium citrate as stabilizer . For 
sterilization of AgNPs solution, micro filter was used; after filtration, the AgNPs at different 
concentrations were added in autoclaved MS media under aseptic condition. Filtrated AgNPs were 
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added to solid MS medium alone or in combinations with 0.1 mg/l BA as  cytokinins  + 0.3 mg/l 2,4-
D as (auxin the best medium for either calli or suspension production) . The tissue culture medium 
was augmented with sucrose at 30. The pH value of the tissue growth medium was adjusted to 5.8  
and sterilized by autoclaving at 121 °C for 20 min. Cultures were transferred and incubated inside the 
growth chamber in 16 h/day photoperiod at intensity of 3000 Lux from white cool light of fluorescent 
lamps. for 30 days and a constant temperature of 25±1°C. Treatments structure of the experiment was 
organized as a completely randomized design (CRD). After 30 days of culture in vitro, fresh and dry 
weights (g/ Jar) were collected. 
   
Total alkaloids determination 

Total alkaloid was determined as a tropane alkaloid by HPLC according the method described by 
British Pharmacopoeia (1998) and the standard curve of tropan alkaloid had been estimated according  
the described method by Milan et al., (1990). 

 
Extraction of tropane alkaloid   

Leaves of A. belladonna plant age 3 months, and callus of elicitors treatments were collected and 
dried in oven for 2 days at 60 °C and powdered in mortar. Alkaloids extraction was carried out as 
described by Li et al. (2011) Leaves and callus (200 mg each) were soaked overnight in ethanol 28% 
and NH4OH (9:1) mixture, then centrifuged for 3 min at 1,500 rpm. Extraction with the basic alcohol 
was repeated twice and evaporated to dryness at 45 °C. The residue was dissolved in 1.5 mL of 0.1 N 
HCl and the acidic aqueous solution was filtered and made alkaline with diluted KOH (final pH 8-9). 
Chloroform (6 mL) was added and the tube was shaking vigorously for 30 sec, then centrifuged for 2 
min at 1,500 rpm. The lower layer which contained the alkaloids was pipette twice with 6 mL of 
chloroform, then evaporated to dryness at 40 °C. The dry residue was dissolved in 99% methanol to 
make it ready to be used for alkaloids hyoscyamine and scopolamine content determination using 
High Performance Liquid Chromatography (HPLC). HPLC Analysis of alkaloids of hyoscyamine and 
scopolamine were analyzed by HPLC (Cecil Company, England), by using an ODS (C18) column (25 
cm × 4.6 mm, partial size 5 µm). The mobile phase contained (Methanol: 0.1 M K2HPO4), pH: 7.2; 
flow rate: 1.0 mL/min; UV detector at 210 nm; analyzed by external standard. 
 
Statistical analysis  

The design of all experiments was a completely randomized and the obtained data were 
statistically analyzed using standers error (SE) according to the method described by Snedecor and 
Cochran (1967).   
 
Results 
 
Callus production  
 Data tabulated in Table (1) clearly show the effect of supplementation MS medium with 0.1 
mg/l BA or in combination with 2, 4-D at different concentrations on percentage of calli induction; 
fresh and dry weights and dry matter content (%) of calli production from leaf and root explant of in 
vitro seeds germination of A. belladonna plant. The maximum percentages of callus formation and 
high value of fresh and dry weights (g/Jar) 95.37, 72.53 (%), 3.4, 0.25 ; 2.17, 0.19 (g/Jar)  were 
recorded with  root  followed leaf explants , Respectively. However, the highest value of dry matter 
content 9.99 and 8.11 were recorded with leaf and root explants, respectively. Augmentation of MS 
medium with 0.1 mg/l BA with 0.3 mg/l 2, 4-D gave the best results of both percentage of calli 
production and fresh and dry weights compared other supplementations. However, the maximum 
value of dry matter contents 9.99 and 8.11 (%) were recorded with MS medium supplemented with 
0.1 mg/l 2, 4-D and Ms medium supplemented with 0.1 mg/l BA in combination with 0.5 mg/l 2,4-D. 
It can be concluded that culturing of A. belladonna root explants on MS medium enriched with 0.1 
mg/l BA + 0.3 mg/l 2,4-D recorded the best results of either highest percentage of calli induction or  
fresh and dry weights production, respectively.   
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Effect of application AgNPs on calli biomass formation 
 Regarding application of AgNPs on  A. belladonna calli biomass formation, it was recorded 
that the highest values of calli fresh weight 3.93, 2.39, 2.07, 1.54 and 086 (g/Jar) were recorded with 
root explants. However, the maximum calli fresh weights 2.7, 1.68, 1.55, 1.33 and 0.61 (g/jar) were 
recorded with leaf explants.   Culturing of either root or leaf explants on MS medium free AgNps 
followed by supplementation of MS medium with 25, 50, 100 and 200 mg/l AgNps gave the best 
results of calli formation, respectively.  In the same respect, it was noticed that the highest value of  
dry weights 0.342, 0.21, 0.185, 0.137, 0.073 and 0.211, 0.15, 0.137, 0.121, 0.046 (g/jar) were 
recorded derived calli from MS medium free AgNps , followed by supplementation of MS medium 
with 25, 50, 100 and 200 mg/l of AgNps. As well as root explants showed the best results of calli dry 
weights compared with calli derived leaf explants. On the other hand , the maximum value of dry 
matter contents (%) for calli derived leaf explants  9.15, 9.07 , 8.89, 7.88, 7.48 (%) were recorded 
with supplementation of MS medium with 25, 100, 50, free , 200 mg/l of AgNps, respectively. 
However, it those recorded    8.97, 8.88, 8.71, 8.65, 8.48 (%) with derived calli from root explants 
cultured on MS medium supplemented with 50, 100, free, 25 and 200 mg/l of AgNps. Generally, it 
can be concluded that the highest value of both fresh and dry weights (g/jar) were recorded with MS 
medium free AgNps. On the other hand and regarding dry matter content it noticed that it is varied 
between free or supplementation of MS medium with AgNs concentrations.   
Furthermore, it showed mentioned that calli biomass were gradually decreased with increasing of the 
AgNs concentrations. Moreover, roots derived calli showed the best results compared leaf explants 
regarding calli initiation and formation (Figs. 1& 2).   
  

 
 
Fig.1: Effect of supplementation modified MS medium with different concentrations of AgNPs on 

fresh and dry weights  (g/jar) and dry matter content (%) of calli derived leaf and root explants 
of A. belladonna  
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Fig.2: Calli produced from leaf (left) and root (right) explants of A. belladonna cultured on MS 

medium supplemented with  0.1 mg/l BA + 0.3 mg/l 2,4-D in combination with 100 mg/l of 
AgNPS.   

 
Illustrated data in Fig. (3) clearly show that the highest percentages of extracted total alkaloids from 
leaf calli cultures 0.417, 0.343, 0.26, 0.187 and 0.147 (%) were recorded with supplementation of MS 
medium with 200, 100, 50, 25 (mg/l AgNps) and control treatment (free AgNps), respectively. 
However, those resulted 0.72, 0.68, 0.473, 0.277 and  0.237 (%) with derived calli from root explants  
cultured on MS medium supplemented with  200, 100, 50, 25 (mg/l AgNps) and control treatment, 
respectively. However, the highest percentage of accumulated hyoscyamine  and scopolamine in leaf 
calli cultures recorded 32.07, 30.63, 27.8, 15.33 and 9.47(%) ; 21.93, 18.66, 16.03, 7.3 and 5.17   with 
augmentation of MS medium with 100, 200, 50, 25 (mg/l AgNps) and control treatment , respectively. 
On the other hand those recorded 41.4, 35.83, 34.3, 20.9 and 10.49 (%) for hyoscyamine and 24.93, 
22.7, 18.37, 10, and 7.27 (%) for scopolamine , with derived root calli cultures treated with  100, 200, 
50, 25 (mg/l AgNps) and control treatment , respectively. It could concluded that the maximum 
percentages of total alkaloids, hyoscyamine and scopolamine were recorded with derived root calli 
cultures compared leaf calli. The highest percentage of either accumulated hyoscyamine or 
scoplamine were resulted with fortified of MS medium with 100 mg/l AgNPs.   
 

 
Fig. 3: Effect of supplementation modified MS medium with different concentrations of AgNPs on 

percentage of hyoscyamine  and scopolamine  derived calli cultures of  leaf and root explants 
of A. belladonna 
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Fig. 4: HPLC analysis of hyoscyamine  and scopolamine derived root calli cultures of A. belladonna  

cultured on MS medium supplemented with 0.1 mg/l BA + 0.3 mg/l 2,4-D in combination 
with 100 mg/l of AgNPS (A). Standard of hyoscyamine (1) and scopolamine (2). B) 

 
Table 1: Effect of supplementation of MS medium with 0.1 mg/l BA in combination with different 

concentrations of 2,4-D on percentage of calli production , fresh and dry weights (g/jar) from leaf and 
root explants of A. belladonna L. Cultures were incubated under 16/8 h photoperiod at 26± 1ºC for 28 
days.    

MS- medium 
supplemented 
with :- 

A. belladonna explants 
Leaf Root 

% of callus 
formation 

Fresh 
weight 
(g/Jar) 

Dry weight 
(g/Jar) 

Dry 
matter 
content 

(%) 

% of callus 
formation 

Fresh 
weight 
(g/Jar) 

Dry weight 
(g/Jar) 

Dry 
matter 
content 

(%) 
Free growth 
regulators 

--- ---- --- --- ---- --- --- --- 

0.1 mg/l BA  15.2 ±1.21 0.33±0.09 0.02±0.011 5.1±1.9 30.07±3.53 0.4±0.15 0.037±0.015 7.55±1.78 
0.1 mg/l 2,4-D 29.73±2.25 0.87±0.14 0.084±0.007 9.99±0.88 61.6±5.43 1.23±0.29 0.087±0.02 7.04±0.06 
0.1 mg/l BA + 
0.1 mg/l 2,4-D 

40.37±2.4 1.33±0.17 0.11±0.015 8.62±0.53 65.4±4.24 1.7±0.23 0.14±0.02 7.97±0.3 

0.1 mg/l BA 
+0.3 mg/l 2,4-D 

72.53±1.7 2.17±0.19 0.19±0.02 8.69±0.58 95.37±1.18 3.4±0.15 0.25±0.011 7.35±0.11 

0.1 mg/l BA + 
0.5 mg/l 2,4-D 

54.77±3.75 1.7±0.2 0.14±0.019 8.63±0.49 80.1±3.02 2.27±0.24 0.18±0.01 8.11±0.12 

Each record is the average of 3 replicates ± Standard Error (SE).  

 
Discussion  

Plant tissue culture is directed towards the growth of plant cells or parts of plants on a nutrient 
medium under a controlled, sterile, simulated environment. It is an important technique for both basic 
and applied areas of plant biology, such as cytology, embryogenesis, morphogenesis, nutrition, 
pathology and germplasm conservation, genetic manipulation, large-scale clonal propagation, and the 
production of pathogen-free plants and useful metabolites (Thorpe, 2007).  

Regarding callus induction from leaf or root explants of A. belladonna the obtained results 
clearly showed that supplementation of MS medium with 0.1mg/l BA in combination with 0.3 2,4-D 
the best medium for calli production from root followed by leaf explants, respectively. In this respect 
the obtained results were in close with Gamborg and Shyluk (1981), concluded that, callus initiation 
and production was depending on the presence of auxin and cytokinin, which stimulates cell division  
and  cell elongation, respectively. Moreover, Nussbaumer et al. (1998) reported that supplementation 
of B5 medium with 1 mg/l of each of NAA and BA gave the best results of growth value for  Datura 
candida X D. aurea . The obtained results are in close with Saker and dossouky et al., (2000) they 
reported that 1 mg/l from each of NAA and BA more suitable for cell cultures induction from 
different explants of Hyoscyamus muticus. Moreover, the obtained results was in close with Taha 
(2002) who reported that augmentation of MS medium with 1mg/l  each of BA and NAA was the best 
medium for cell suspension  production from leaf explants of A. belladonna.  

Concerning the effect of nanoparticls and especially Ag NPs   on accumulation of  secondary 
products in derived calli cultures of A. belladonna . The obtained results showed that supplementation 
of MS medium with 100 mg/l of Ag NPs enhanced the of total alkaloids, hyoscyamine and 
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scopolamine in  root calli cultures compared leaf calli. The obtained results were in agreement with 
Kamada et al. (1986) they reported that the amount of tropane alkaloids (atropine and scopolamine) in 
hairy roots culture of A. belladonna, in in vitro cultures could be the same as or even higher than those 
of plants grown in the field. As well as the obtained results were in agreement with  Poborilova  et al. 
(2013), they reported that NPs added to the plant in vitro culture medium may act as a nutrient source 
and an elicitor.  They mentioned that addition of Al2O3 NPs (10–100 mgmL_1) to tobacco cell 
suspension cultures significantly increased the phenolic content.  As well as AL-Oubaidi, and Kasid 
(2015) stated that the presence of TiO2 NPs (4.5 or 6.0 mg L_1) significantly increased the content  of 
gallic acid, chlorogenic acid, o-coumaric acid, tannic acid and cinnamic acid in embryonic calli of 
Cicer arietinum. Moreover, Fazal et al. (2016) and Syu et al. (2014) indicated that AgNPs plays a 
significant role in the production of anthocyanins in Arabidopsis. Treatment with spherical Ag NPs 
resulted  in the highest levels of anthocyanin accumulation in seedlings. Moreover,  Spinoso-Castillo  
et al. (2017) displayed that, Vanilla planifolia shoots grown in MS medium supplemented with 25 and 
50 mg L_1 Ag NPs showed a significantly increase in total phenolic content.  On the other hand, 
Genady  et al. (2016) demonstrated that application of Cu and Co NPs increased the essential oil 
content in Mentha longifolia by 2.226 and 2.19%, respectively. In addition, Zhang et al. (2013) 
investigated the elicitation potential of Ag NPs on increasing the content of artemisinin in hairy root 
cultures  of Artemisia annua. The production of artemisinin showed a 3.9-fold increase when the 
cultures were treated with 900 mg L_1 AgNPs for 3 days.  In the same respect, Ghasemi et al.  (2015) 
documented that, the highest artemisinin content (2.2-fold increase over the control) was obtained in 
cell suspension cultures of A. annua treated with 5mg L_1 Co NPs. On the other hand  Shakeran et al. 
(2015) investigated the effects of  AgNO3 and Ag NPs as  elicitors on atropine production in hairy  
root cultures of Datura metel. They reported that among the studied elicitors, Ag NPs were the most 
effective in enhancing the content of atropine in hairy roots. Similarity,  Bhat and Bhat (2016) 
reported that addition of Ag NPs at 3 mg L_1 to a Capsicum frutescens cell suspension increased the 
content of capsaicin about 2-fold.  

Moreover,   Sarmast et al. (2015) showed that incorporation of 60 mg L−1 Ag NPs into (MS) 
medium (Murashige and Skoog, 1962) improved the number of shoot, shoot length and percentage of 
produced shoots from nodal explants of Tecomella undulate. In another study, addition of 20 mg 
cerium oxide (CeO2) L−1 and 50–500 mg indium oxide (In2O3) L−1 into ½ MS medium enhanced the 
biomass accumulation of Arabidopsis thaliana, however, the seedling growth reduced at higher doses 
(Ma et al., 2013). According to Jamshidi et al. (2016) exposure of Corylus avellana cell suspension 
culture to Ag NPs (5 mg L−1) substantially enhanced taxol production. However, treatment with Ag 
NPs (at 2.5 and 10 mg L−1) decreased by 60 and 56% the taxol production capacity of the cells over 
the control, respectively. Metaloxide NPs are also known as extractants for various compounds at 
trace levels (Dastkhoon et al., 2017; Asfaram et al., 2018). Despite an increasing number of studies 
dealing with NP plant interactions over the past few years, very little research has been conducted 
about the role of Mn NPs in plant physiological and biochemical events. Although and  the all of the 
studies mentioned above concern the possibility of NPs being employed as successful and promising 
bioactive compound elicitors in plant cell and organ cultures. Further studies are needed to evaluate 
the elicitation potential of various other NPs on secondary metabolite production in plant tissue 
cultures and the corresponding mechanisms. 

 
Conclusion 

No doubt, nanotechnology is an evolutionary science and has introduced many novel 
applications in the field of electronics, energy, medicine, and life science. However, due to their 
unique properties, a number of researches have been done on the effect of NPs on secondary 
production from plants, yet research focusing on the realization of the beneficial effects of NPs on 
plant remains incomplete. Few studies have shown positive effect of NPs on plant growth and 
development. It is evident from compiled information that effect of NPs varies from plant to plant and 
depends on their mode of application, and concentrations. This paper reveals that the efficiency of  
NPs on enhancement  and production of active compounds, essentiality from plants, is in the 
beginning; more rigorous works are needed to understand physiological, biochemical, and molecular 
mechanisms of plants in relation to NPs. In addition, more studies are needed to explore the mode of 
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action of NPs, their interaction with biomolecules, and their impact on the regulation of gene 
expressions in plants. 
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