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Abstract: 

Atropine, Hyoscine, Nicotine and Solanine are alkaloids produced by 

plants from the family Solanaceae as a secondary metabolite and which 

have an intense physiological action on animals even at low doses. The 

main source of Atropine, and Hyoscine alkaloids is the Datura  spp while 

the main source of Nicotine are Nicotiana spp. The Solanine is widely 

found in potatoes and eggplant. 

This study focuses on detecting the presence of Hyoscine, Atropine, 

Nicotine and Solanine in other plant species from the family solanceae 

other than their known sources, namely Solanum dubium Dunal, Solanum 

incanum L., Datura stramonium L., Datura innoxia Mill, Hyoscyamus 

albus L, Lycium deserti Phil, and Nicotiana rustica L. 

Plant parts (stem. leaves. fruit and roots) were analyzed using TLC for 

screening the existence of targeted alkaloids. Results were compared with 

results   of same analysis for authentic standards of targeted alkaloids. RF 

of standards samples of atropine, hyoscine, nicotine and solanine were 2, 

5.3, 3.6, and 2.3 respectively, positive results of plants parts were analyzed 

using GCMS for confirming and quantity concentrations, calculations was 

performed according to the results of same analysis of authentic standards. 

Concentrations of Atropine in D. innoxia were 0.03434, 0.042938and 

0.02170 mg /g for stem, leaves and fruit respectively. Hyoscine 

concentration for the same plant were 0.05613, 0.05555 and 0.0125 mg/g 

for same plant parts, Nicotine was found only in leaves in concentration of 

0.00741 mg/g. Solanine was not found in this plant and no one of targeted 

alkaloids was found in its roots. 

For D. stamonium Atropine concentrations were 0.03078, 0.04988 and 

0.2072 mg/g, Hyoscine concentration were 0.01214, 0.015455 and 0.05627 

mg/g in stem, leaves and fruit respectively. Nicotine was found in stem and 

https://en.wikipedia.org/wiki/Atropine
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Plant_secondary_metabolism
https://en.wikipedia.org/wiki/Atropine
https://en.wikipedia.org/wiki/Nicotine
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leaves in concentrations of 0.01104 and 0.022363 mg/g respectively. 

Solanine was not found in this plant and no one of targeted alkaloids was 

found in its roots. 

H. albus showed concentrations of 0.03034, 0.04295 and 0.2171 mg/g for 

Atropine and concentrations of 0.07414,0.07434 and 0.02375 mg/g for 

Hyoscine in stem, leaves and fruit respectively. Nicotine was found only in 

leaves in concentration of 0.022411mg/g Solanine was not found in this 

plant and no one of targeted alkaloids was found in its roots. 

In L. deserti phill Nicotine was found in leaves in concentration of 

0.02855 mg/g and solanine was in fruit in concentration of 0.01346 mg/g. 

All plant parts of N. rusicastem, leaves, fruitand roots were containing 

Nicotine in concentrations of 0.01820, 0.04450, 0.01816 and 0.01752 

mg/g. respectively solanine was found in fruit in concentration of 0.01807 

mg/g. 

Solanine was found in stem, fruitand roots in S. dubium in concentrations 

of 0.04521, 0.07839 and 0.01940 mg/g, it was not found in leaves. Nicotine 

was in stem and leaves in concentrations of 0.001271and 0.01890 

respectively. No one of the other targeted alkaloids was found in this plant.  

Concentrations of Solanine in S. inncum were 0.03321,0.01885 and 

0.06105mg/g for stem, leaves and fruit respectively. Nicotine was present 

only in leaves in concentration of 0.01768 mg/g. 

 It was concluded that: the specimens of D. stramonium, D. innoxia and 

Hyosyamus albus which were analyzed can be utilized as a good row 

material for medical and chemical industries regarding to concentration of 

Atropine and Hyoscine and regarding to less concentrations of other 

alkaloids like Solanine and Nicotine. Lycium deserti phill specimens were 

clear of toxic addictive alkaloids; they were contained Solanine and 

Nicotine in non significant concentrations. Nictiana rusica specimens were 

very rich of Nicotin which (four times in leaves than N. tubacum) Sulanum 
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dubium and Sulanum inncumspecimens contained significant 

concentrations of solanine they were free of toxic addictive alkaloids, S. 

dubuim spciments contained very close relative compound to the tropan 

alkaloids, This suggests from the point of view of the plant 

chemotaxonomy that it is very close to the Datura spp. and Hyosyamus 

spp. All plants specimens in this study is a good material for chemical, 

medical industry and other traditional uses. 
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Chapter One 

1. Introduction and Literature review 

 

1.1. Introduction: 
 

Drugs are considered one of the most serious problems that humankind has 

faced throughout the ages. Perhaps nations with different beliefs and 

religions have not agreed to fight something like their consensus to fight 

drugs. The true Islamic religion clearly stated the prohibition of everything 

that would cause harm to the human being, individually and collectively. 

Allah Almighty said (He delights them with good things and forbids them 

from evil  ... Verse). 
 

Drugs are defined according to what is reported by the United Nations as 

natural or manufactured chemicals containing narcotic compound and that 

would get them used to addiction. These materials are classified by the 

United Nations laboratories in the form of three tables according to their 

severity and uses, these tables are binding for all member states at the 

international level, However, each country issuing its own schedules is 

included in its internal laws committed to that prevailing directives and 

customs, some of the materials included in the tables of the United Nations 

may be permissible to use in some countries, but these countries are 

obligated not to export these materials or allow their transit through their 

territory to any Destination. From the previous definition of drugs, they are 

classified in terms of source to: 
 

- Natural drugs: the source is natural without any human intervention, 

which are plants, plant parts, or plant products that contain narcotic 

chemicals that are used directly. Examples for this group Cannabis types 

and opium. 
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- Semi-synthetic drugs: they are plants, plant parts, or plant products that 

contain chemicals that are dealt with by industrial methods to transform 

into narcotic substances or to increase their narcotic properties, such as 

morphine. 
 

- Manufactured or Synthetic drugs: they are pure chemicals and do not 

have to be of plant origin known as the term precursor. They are treated 

chemically and synthetically to turn them into narcotic substances, for 

example, barbiturates. 
 

Natural drugs are considered the most difficult in terms of their ability to 

control them because their plant source makes their access affordable and 

with low material costs. One of the problems that are difficult to combat 

this type of drug is that some of it can have more than one plant source, and 

some plants may even contain substances with a narcotic effect, but they 

are unknown or legally uncontrolled, and thus they are misused. The 

Narcotic chemicals that are naturally formed in plants differ in terms of 

chemical composition. The active substance may be ketones such as 

cathinone in the khat plant, or the active substance may be alcohols such as 

Tetra hydro cnnabinol THC in Cannabis (Anthony et al 2005). However, a 

large percentage of plant narcotics active ingredients are alkaloids, as all 

opiates, for example, and cocaine. Among the most famous plant families 

that produce alkaloids are the nightshade family, the alkaloids produced 

from some plants of this family may be narcotic and some are highly toxic. 

The focus in researches for this family should be increased. 
 

The nightshade (Solanaseae) family is one of the largest botanical families, 

comprising about 98 genera containing about 2,700 species (Olmstead, 

Bohs. 2007). Most of the plants in this family contain a large number of 

alkaloids, which are mostly highly toxic chemicals and may have serious 

effects on humans or animals (Olmstead, et al. 1999). Despite the high 
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toxicity of the alkaloids, many of them have many medical and industrial 

uses. Examples of these alkaloids are: atropine, nicotine, hyoscine, 

solanine, capsaicin, tomatine, laxumine, flumen, chakonene, lipotin, 

lysamine and others (Szymon et al. 2016). 
 

Hyoscine and atropine are two of the most common alkaloids materials, 

according to their high toxicity and narcotic effect on the nervous system in 

addition to their various medical uses. The primary source of these two 

types of alkaloids is the Datura spp. It is a plant that is prohibited for 

cultivation and circulation in many countries. Nicotine also is a toxic 

alkaloid, its main source is Nicotiana spp. solanine is widely found in 

potatoes and eggplant, which is highly toxic and also has a number of 

medical and industrial uses. This study focuses on the detection of the 

presence of hyoscine, atropine, nicotine and solanine alkaloids in other 

plant genera of the nightshade family other than their common sources. 
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1.2 Literature review 
 

1.2.1 Family Solanaceae: 

The Solanaceae, or nightshades, are an economically 

important family  of flowering plants. The family ranges from annual and 

perennial herbs to vines, lianas, epiphytes, shrubs, and trees, and includes a 

number of important agricultural crops, medicinal plants, spices, weeds, 

and ornamentals. Many members of the family contain potent alkaloids, 

and some are highly toxic, but many cultures eat nightshades, in some 

cases as staple foods (Olmstead et al 1999). The Solanaceae consists of 

about 98 genera and some 2,700 species, with a great diversity 

of habitats,  morphology and ecology (table 1.1). (Olmstead, Bohs 2007). 

Datura innoxia Mill, Datura stramonium L., Lycium deserti Phil, Nicotiana 

glauca Graham and Nicotiana rustica L Hyoscyamus albus L, Solanum 

dubium Dunal, Solanum incanum L., are some plants of the family 

Solanaceae which are morphologically related. There is some known 

information about constituent of some alkaloids in those plants. 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Agricultural
https://en.wikipedia.org/wiki/Alkaloid
https://en.wikipedia.org/wiki/Toxin
https://en.wikipedia.org/wiki/Staple_food
https://en.wikipedia.org/wiki/Habitats
https://en.wikipedia.org/wiki/Morphology_(biology)
https://en.wikipedia.org/wiki/Ecology
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Table 1.1: list of different genera of solanaceae family with 

approximate No. of species 

Approximate number of species        Genus  

1330 Solanum 

200 Lycianthes 

150 Cestrum 

89 Nolana 

85 Physalis 

85 Lycium 

76 Nicotiana 

45 Brunfelsia 

2700 Estimated number of species in the 

family  
 

1.2.1.1 Morphology:  

The leaves vary greatly in shape but are usually simple, although sometime 

highly lobed. They are alternate and never have stipules. The inflorescence 

is generally cymose and axillary, but may be reduce to a single flower. The 

flower are bisexual, usually radialiy symmetric, and usually 5-merous. The 

calyx is united, at least at the base, and sometime becomes inflated in fruit. 

The corolla is also united but its shape varies from along and tubular to 

rotate or campanula ate. It is usually radially symmetric genera. There are5 

(rarely 4-8) epipetalous stamens that alternate with the corolla lobes. The 

anthers are sometime touching but are never fused. The gynaecium consists 

of a single pistil, usually with 2 locules and numerous ovules .the fruit is 

usually a berry but quite frequently a dry capsule. (Rathi et al 2016).  

The family has a worldwide distribution, being present on all continents 

except Antarctica. The greatest diversity in species is found in South 

America and Central America, and there is a great distribution in Australia 

https://en.wikipedia.org/wiki/Solanum
https://en.wikipedia.org/wiki/Lycianthes
https://en.wikipedia.org/wiki/Cestrum
https://en.wikipedia.org/wiki/Nolana
https://en.wikipedia.org/wiki/Physalis
https://en.wikipedia.org/wiki/Lycium
https://en.wikipedia.org/wiki/Nicotiana
https://en.wikipedia.org/wiki/Brunfelsia
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andAfrica, exist in a large number of different ecosystems from deserts to 

rainforests, generally, the plants of these family bloom in the tropical 

climate and moderate (Olmstead, Bohs 2007). 
 
 

1.2.1.2 Datura innoxia  

It is an annual shrubby plant. All parts of the plant emit a foul odor similar 

to rancid peanut butter when crushed or bruised, although most people find 

the fragrance of the flowers to be quite pleasant when they bloom at night 

(Figure 1.1) (Annapoorani, Grace 2013).It is widely distributed, not only in 

African countries but also in the Netherlands, thrives in diverse 

environments, temperate to tropical (Hceht et al 1996).  Recent work in 

Rwanda has shown that strains of the species can also be grown 

successfully at lower temperatures and at high attitudes (Hecht et al.  

1996). D. innoxia has been used to treat impotence, asthma, and diarrhea, 

as an analgesic, to control fever, to kill parasites, and as a drug for criminal 

purposes (parrotta 2001).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Datura innoxia 

https://en.wikipedia.org/wiki/Annual_plant
https://en.wikipedia.org/wiki/Shrub
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1.2.1.3 Datura stramonium L: 

Datura stramonim (Figer 1.2), known by the common names jimson weed 

or datura is believed to have originate in Americas, but is now found 

around the world. All part of datura plants contain dangerous levels of the 

tropane alkaloids atropine, hyoscyamine and scopolamine which are 

classified as deliriants , or anticholinergic (Preissel et al 2002) . Datura has 

long been used as an extremely effective treatment for asthma symptoms. 

Other medicinal uses for Datura included stimulating abortions, providing 

relief from sore throat or toothache, and getting rid of parasites (pennachio 

et al. 2010).  

 

 

 

 

 

 

 

Figure 1.2: Datura stramonium 

1.2.1.4 Hyouscyamus albus L: 

Is a small genus flowering plants in the solanaceae family, it comprises 12 

species, all of which are toxic. Hyoscyamus albus one of species of this 

family which is known (white henbanes) (Figure 1.3) and Hyoscyamus 
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niger (black henbanes) (united states Department of Agriculture 2010). 

This genus can be easily identified in terms of phenotype and chemical 

composition and its effective contents (Liberman, Mitchell, 2008). 
 

The Mediterranean basin is  the main origin of this species of medicinal 

plants, because the coastal stripes are overlooking southern Europe , and 

the Arab Maghreb, heavy wilderness species , however, proven and quality 

in deserts of Egypt and Libya in Africa ,  and west Punjab in Asia, Spain 

and Greece in Europe ,the main producing and exporting countries of 

henbane plant  India , Afghanistan , Pakistan ,and Egypt . 
   

Throughout history, it has been used alongside other plants as an 

anesthetic, therefore, for their psychologically influential characteristics 

such as magic drinks. These include visual hallucinations, sense of conflict, 

fight, and quarrel. There have many type of henbane, which may vary in 

their containment of the type of alkaloids and their quantity e g Egyptians 

henbane carries Hyoscine and Hyoscyanine, while black henbane and 

reticulates henbane, they produce both the former alkaloids next to 

Atropine. The results of the chemical analysis show that Egyptian henbane 

contains the highest amount of alkaloids except Atropine compared to the 

black henbane and reticulates henbane (Raetsch 2005).  Hyoscyamus albus 

extracts were used in traditional medicine as an antiasthmatic and 

antispasmodic. It was also used as hallucinogenic and  

Sedative alone or mixed with Cannabis and Datura (Ali Esmail 2018) 
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Figure 1.3: Hyusyamus albus 
 

1.2.1.5 Lycium albus: 

Lycium is a species of the family Solanaceae, it is a flowering plant 

distributed in most continents concentrated in temperate and subtropical 

regions. The largest number of species is found in South America, followed 

by North America and South Africa. A number of species are observed 

throughout Europe and Asia, one of which is the origin of this plant in 

Australia (Fukuda 2001). 

There are about 70 to 80 species. The most important is Lycium albus( 

figure 1.8) , Lycium barbarum and Lycium chinens which is the fruit of an 

important traditional food crop in China and has recently become a popular 

health food all over the world (Levin, Mille 2005).  

Lycium has been known for European since ancient times. Species from 

the Far East to Europe were traded by the Romans, for example via Ariaka 

and Barbarikon Harbor near Karachi today, This type of plants 

recommended as a treatment for inflammation of the eyes and skin 

infections, in his book published in 1753, describes Lenaeus three species 

of Lycium plants: Lycium: L. afrum, L. barbarum and L. europaeum. 

Historically Lycium has long been known, especially L. barbarum which 

has been used in traditional Chinese medicine to treat certain cases such as 
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infertility in males. The leaves and roots of other types of lycium, have 

been used after mixing them with water in popular medicines to treat skin 

rash and to promote hair growth (Luo 2006).  

 

 

 

 

 

 

 

 

Figure 1.4: Lycium deserti phil L 

1.2.1.6 Nicotiana rustica: 

 It is a rainforest plant in the Solanaceae family. It is a very potent variety 

of tobacco. The high concentration of nicotine in its leaves makes it useful 

for producing pesticides. It is often used for entheogenic purposes by South 

American shamans. It contains up to nine times more nicotine than 

common species of Nicotiana such as Nicotiana tabacum (common 

tobacco). It is smoked in cigars or used as an enema (Stanfill et al 2015). 
 

 N. rustica is a hardy plant (Figure 1.5) and can be grown in most of Russia 

(as opposed to N. virginiana which requires a warm climate), it was more 

readily and cheaply available, and did not depend on transport in a country 

with an underdeveloped road network and climatic portage problems. N. 

https://en.wikipedia.org/wiki/Solanaceae
https://en.wikipedia.org/wiki/Tobacco
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Entheogen
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Shamanism
https://en.wikipedia.org/wiki/Nicotiana
https://en.wikipedia.org/wiki/Nicotiana_tabacum
https://en.wikipedia.org/wiki/Cigar
https://en.wikipedia.org/wiki/Enema
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rustica leaves have a nicotine content as high as 9%, whereas N. 

tabacum leaves contain about 1 to 3%.( Ley, Willy 1965). 

 

 

 

 

 

 

Figure 1.5 Nicotiana restica 

1.2.1.7 Solanum dubium Dunal , Solanum incanum L.: 

Solanum is a large and diverse genus of flowering plants, which include 

three food crops of high economic importance, the potato, the tomato and 

the eggplant. It also contains the nightshades and horse nettles, as well as 

numerous plants cultivated for their ornamental flowers and fruit. 

Solanum species show a wide range of growing habits, such 

as annual and perennials, vines, subshrubs, shrubs, and small trees. Many 

formerly independent genera like Lycopersicon (the tomatoes) 

and Cyphomandra are now included in Solanum as subgenera or sections. 

Thus, the genus today contains roughly 1,500–2,000 species.( Quattrocchi, 

U. 2000). 

Solanum dubium Dunal (Figure 1.6) is a toxic weed plant that has milk-

clotting ability. The fruits of S. dubium in doses of 2.5 to 10 g per kg per 

day killed goats in 2 to 5 days. Similar doses of the leaves caused deaths in 

https://en.wikipedia.org/wiki/Nicotiana_rustica#cite_note-9
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Potato
https://en.wikipedia.org/wiki/Tomato
https://en.wikipedia.org/wiki/Eggplant
https://en.wikipedia.org/wiki/Annual_plant
https://en.wikipedia.org/wiki/Perennial_plant
https://en.wikipedia.org/wiki/Vine
https://en.wikipedia.org/wiki/Subshrub
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Lycopersicon
https://en.wikipedia.org/wiki/Cyphomandra
https://en.wikipedia.org/wiki/Subgenera
https://en.wikipedia.org/wiki/Section_(botany)
https://en.wikipedia.org/wiki/Species
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8 to 36 days. In sheep, both fruits and leaves required a longer period of 

dosing to cause death (Barri et al 1983). 
 

Solanum incanum L. (Figure 1.7) known also as Sodom apple, bitter apple 

poison apple snake apple thorn apple. it is thought to originate in Africa. It 

is also found from the Middle East to India. This plant sometimes used as a 

"hedge of thorns". is toxic to livestock and considered to be a major threat 

to grazing. It is also found in savanna grasslands where it might impact 

upon native herbivores. It is one of the most abundant weeds in East Africa 

where it displaces native vegetation. It has become invasive in some 

protected areas to the detriment of native vegetation and wild animal 

grazing. 

 

S. incanum can be termed a "bush encroacher", a native species that has 

become invasive. Such plants are likely to exist in a stable balance under 

natural conditions. However, under human-induced changes such as 

overgrazing, such species can increase in density to the detriment of other 

vegetation (Fukuhara and Kubo 1991). 

 

 

 

 

 

 

         Figure 1.6: Solanum dubium                      Figure 1.7: Solanum incanum 

 

https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/glossary.htm#thorn
https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/glossary.htm#toxic
https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/glossary.htm#savanna
https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/glossary.htm#species
https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/glossary.htm#species
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1.2.2 Alkaloids definition: 

The name derives from the word alkaline, it was used to describe any 

nitrogen containing base. Alkaloids are a group of naturally 

occurring  compounds that mostly contain basic nitrogen atoms. This group 

also includes some related compounds with neutral and even 

weakly acidic properties. Alkaloids are produced by a large variety of 

organisms including bacteria, fungi, plants, and animals (McNaught and 

Wilkinson 1997). 
 

The name alkaloids was introduced in 1819 by the German chemist Carl 

Friedrich and Wilhelm Meissner, it was derived from Late Latin root: alkali 

(which, in turn, comes from the Arabic al qualja "ashes of plant "). 

However, the  term came into wide use  only after the publication of a 

review article by Oscar Jacobsen in the chemical dictionary of Albert 

Ladenburg in the 1880s (Raymond et al 2010) . 
 

Historically, Alkaloid – containing plants were used by humans since 

ancient times for therapeutic and recreational purposes. For example, 

medicinal plants have been known in Mesopotamia at least around 2000 

BC (Mishiba et al 2000). A Chinese book on houseplants written in first 

and second centuries before Christ, reported a medical uses of Ephedrine 

and Opium poppies. Also, coca leaves were used by South American 

Indians since ancient time (Perez et al 2006).  
 

A significant contribution to the chemistry of alkaloids in the  early years 

of its development was made by the French researchers  Pierre Joseph 

Pelletier and Joseph Bienaime  Caventou who discovered  quinine (1820) 

and strychnine (1818 ) , several other alkaloids were discovered around that 

time , including xanthine (1817) , atropine (1819) , caffeine (1820) and 

cocaine (1860)  (Garcia et al 2003 ). 

https://en.wikipedia.org/wiki/Natural_product
https://en.wikipedia.org/wiki/Natural_product
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Base_(chemistry)
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Acid
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Animal
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 The first complete synthesis of an alkaloid was achieved in 1886 by 

German chemist Albert ladenburg, He synthesized Coniine. The 

development of chemistry of alkaloids was accelerated by the emergence of 

spectroscopic and chromatographic methods in 20th century and by 2008 

more than 12000 alkaloids were identified (Sazima et al 2003). 
 

Many alkaloids can be purified from crude extracts by acid-base extraction. 

Many alkaloids are toxic to other organism. They often have 

pharmacological effects and are used as medications as recreational drug, 

or in entheogenic rituals (Tarek Ismail 2016) 

Although alkaloids act on a diversity of metabolic systems in humans and 

animals and have a wide range of pharmacological activities, they almost 

uniformly evoke a bitter taste (Manske 1965). 
 

1.2.3 Classifications of alkaloids: 

As Compared to most other categories of natural compounds, alkaloids 

have a large structural diversity and no uniform classification. 

Historically, first classification methods combined alkaloids by the 

common natural source e. g: certain type of plants. This type of 

classification was justified by the lack of knowledge about the chemical 

structure of alkaloids, and is now considered obsolete (Levin et al. 2005). 

More recent classifications are based on similarity of carbon skeleton   e .g  

indole , isoquinoline , pyridine –like  , in some cases , nicotine contains a 

pyridine fragment from nicotinamide and also pyrrolidine part from 

ornithine and therefore can be assigned to both classes  ( smith et al 2006 ). 
 

1.2.4 The major groups of alkaloids:  

Generally, alkaloids are often divided into the following major groups: 

1.   True alkaloids:   contain nitrogen in the heterocyclic ring and originate 

from amino acid .Their characteristic examples are   atropine, nicotine and 

morphine. This group also includes some alkaloids which beside nitrogen 

https://en.wikipedia.org/wiki/Pharmacology
https://en.wikipedia.org/wiki/Bitter_(taste)#Bitterness
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heterocycle contain terpene e. g evonine   or peptide fragments e.g. 

ergotamine. This group also includes piperidine alkaloids, coniine and 

coniceine; although piperidine alkaloids, coniine and coniceine they do not 

originate from amino acids they were also included in this group. 

2. Proto alkaloids:  contain nitrogen in the hetrocyclic ring and also 

originate from amino acid.  Example include: Mescalline, adrenaline, and 

ephedrine. 

3. Polyamine alkaloids: Derivative of putrescine, spermidine and 

spermine. 

4. Peptide and cyclopeptide alkaloids: Cyclopeptide alkaloids are 

polyamidic bases,widely distributed among plants of many families like 

Rhamnaceae, asteraceae, Celastraceae, uphorbiaceae, Menispermaceae, 

Pandaceae, Rubiaceae, Sterculiaceae, and Urticaceae (Gournelis et al. 

1997). 

 5. Pseudo alkaloids (Alkaloid-like): this group does not originate from 

amino acid. This group includes: terpene-like, steroids-like, as well as 

purine-like alkaloids such as caffeine, theobromine and theophylline. Some 

authors classify some compound like ephedrine and cathinone as 

pesudoalkaloids (whitson et al 2005).Table2.1 show the groups of alkaloids 

and categories of these groups and some example. 

Most alkaloids contain oxygen; those compounds are usually colorless 

crystals at ambient conditions. Oxygen-free alkaloids, such as nicotine or 

coniine, are typically volatile, colorless, oily liquids. Some alkaloids are 

colored, like berberine (yellow) and sanguinarine (orange). Most alkaloids 

were bases, but some are amphoteric, for example theobromine and 

theophylline. 

Most alkaloids are poorly soluble in water, but readily dissolve in organic 

solvents, such as diethyl ether, chloroform and 1,2-dichloroethane. 

However, caffeine dissolves well in boiling water (Spiller 1997). 
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Table 1.2: Some categories and example of alkaloids in the five groups. 

 

1.2.5 Some types of alkaloids: 

Atropine, Nicotine, Solanine and Hyoscine are Alkaloids produced by 

plants from the family Solanaceae as a secondary metabolite and which 

have an intense physiological action on animals even at low doses (Robbers 

et al. 1996). 

Atropine, nicotine and Hyoscine are classified as "True alkaloids", which 

contain nitrogen in the heterocycle and originate from amino acids. While 

Solanine is a glyco-alkaloid (Plemenkov 2001). 

1.2.5.1 Atropine: 

Atropine is a tropane   alkaloid, which is an isomer of hyoscyamine, the 

source of atropine is some members of the solanaceae family (Burst John 

2004), it is found in different concentration in Datura stramonium, 

Example  Categories   Group  

Hygrine  Pyrrolidine  True alkaloids  

Atropine  Tropane  

Nicotine  Pyridine 

Thiamine  phenyl Thelamine  Proto alkaloids  

Muscarins  Muscarins  

Capsin  Benzyl amine  

Bawesin  Potracine  Poly amine  

Condocaprine  Espermidin  

Valanadrine  Espermine  

Nomalarin  13-cycle peptide 

alkaloids 

 Piptide alkaloid            

Amphenin  14-cycle piptide 

alkaloids 

Mocronine  15-cyclo piptide 

alkaloids  

Acotone  Diterepine  Pseud alkaloids 

Solanine Steroids  

https://en.wikipedia.org/wiki/Atropine
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Plant_secondary_metabolism
https://en.wikipedia.org/wiki/Atropine
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Heterocycle
https://en.wikipedia.org/wiki/Amino_acid
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Hyoscyamus spp., Brugmansia suaveolens, etc. Atropine has two major 

actions: it affects the central nervous system CNS. On other hand this 

alkaloid depresses the smooth the muscle and the secretory glands which 

are innervate by the parasympathetic nervous (K asture et al 2008). 
  

Atropine used as a medication to treat certain types of nerve agent and also, 

some types of slow heart rate, and to decrease saliva production during 

surgery. It is also used as pesticide poisons (Richard et al. 2014). 

 Historically atropine was used as cosmetic, it was used by the Greeks as an 

eye-drop to make the pupils expand and look seductive. Atropine eye drops 

are still used today, in small doses, to avoid eye problems which can 

lead to blindness (Thorpe 2015).  
 

Atropine Chemical and physical properties: 

The molecular formula is C17H23NO and molar mass 289g/mol (Figure 1.8) 

, atropine is soluble in :  1g in 400 ml of water, 1g in 50ml of boiling water, 

1g in 2ml of ethanol, 1g in 1ml of chloroform, 1g in 25ml of ether and 1g 

in 27ml of glycerol.it is not soluble in benzene and dilute acid (Anthony et 

al 2005  ). 

 

 

 

 

 

 

 

 

Figure 1.8: Atropine chemical structure 

 

 

https://en.wikipedia.org/wiki/Nerve_agent
https://en.wikipedia.org/wiki/Bradycardia
http://en.wikipedia.org/wiki/Atropa_belladonna
http://en.wikipedia.org/wiki/Atropa_belladonna
https://www.bustle.com/authors/315-jr-thorpe
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1.2.5.2   Hyoscine  

Hyoscine is torpane alkaloid found in variety of solanaceous plants, it is 

also known as scopalamine, hyoscine used as a medication to treat motion 

sickness and   postoperative nausea and vomiting. It is also sometimes used 

before surgery to decrease saliva (Gennaro et al. 1995). It found in 

Hyoscyamus niger, Brugmansia suaveolens, Datura stramonium. Hyoscine 

is a hallucinogenic substance if is administrated in high doses, which can 

even lead to coma or body death (sweta, laksimi, 2015).  
 

As a group of these alkaloids exert two quite separate effects on mammals 

exposed to them – an anticholinergic effect, and a central nervous system 

depressant effect. This combination of properties, their potent effects with 

very small dosage and their widespread distribution have made them 

famous in the history of all recorded cultures (Pearn, Thearle 1982). 
 

Until the early 19th century, hyoscine was not separated as a separate 

substance, but occurred in extracts and tinctures containing a cocktail of the 

plant-derived cholinergic blocking drugs   (Pearn, Thearle 1982). 
 
 

Hyoscine Chemical and physical Properties:  

Hyoscine the molecular formula is C17H21NO4 and molar mass 303.4 g / 

mol (Figure 1.9), crystalline monohydrate, Soluble 1 in 9.5 of water at 15, 

freely soluble in hot water, freely soluble in ethanol, chloroform, acetone 

and ether, sparingly soluble in benzene and Petroleum ether (Anthony et al 

2005). 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Motion_sickness
https://en.wikipedia.org/wiki/Motion_sickness
https://en.wikipedia.org/wiki/Postoperative_nausea_and_vomiting
https://en.wikipedia.org/wiki/Saliva
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Figure 1.9: Hyoscine chemical structure 

1.2.5.3   Nicotine: 

Nicotine is pyridine alkaloid found in the nightshade family of 

(solanaceae), and natural in all parts of the tobacco plant, with a higher 

concentration in leaves, which constitutes 0.3 to 5% of plant dry weight 

with biosynthesis taking place in the roots and accumulating in the leaves. 

Nicotine found in tobacco, tomatoes, potatoes, green papers, eggplants and 

other, it is also found in coca leaves. Plants, especially tobacco, used 

nicotine to defend themselves against insect (ujvary istvan 1999).  

Nicotine has a lot of therapeutic uses. There's growing evidence that it may 

be useful in treating Parkinson's disease, Alzheimer's , nicotine was widely 

used as an insecticide in the past( Rodgman 2009). 
 

Nicotine chemical and physical Properties: 

 Nicotine the molecular formula C10H14N2 and molar mass 162 g/mol 

(figure1.10) .It is colorless to pale yellow, very hygroscopic, oily liquid 

with an unpleasant pungent odor it gradually becomes brown on exposure 

to air or light. Nicotine is very soluble in ethanol, chloroform, petroleum 

ether, kerosene, oils and ether. (Anthony et al 2005). 

https://en.wikipedia.org/wiki/Insecticide
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Figure 1.10: Nicotine chemical structure 

 

1.2.5.4 Solanine: 

Solanine is a glycoalkaloid with a bitter taste, it is found in species of the 

nightshade family within the genus solanum, such as potato, tomatoes, and 

eggplants. It can occur naturally in any part of the plant, including the 

leaves, fruits, and tubers. Plants is using Nicotine in order to resist fungi 

and insect that may intrude on them .and to defend himself from animals 

which may ate it (Desfosses 1820).  
   

Historically, solanine was used in the treatment of epilepsy and asthma, in 

controlled doses. This practice is no longer common, as there are safer and 

more effective ways to treat these conditions. Solanine also has fungicidal 

and pesticidal qualities, but because of extraction and processing of this 

toxin is so time consuming the substance is rarely used for these purposes 

(Aditya .Sakare2012). Data provide evidence that solanine exerts a 

significant chemoprotective and chemotherapeutic effects on an animal 

model of breast cancer through apoptosis induction, cell proliferation and 

angiogenesis inhibition. These findings reveal a new therapeutic potential 

for solanine in cancer (Friedman , Mendel 2006). 

 
 

http://www.wisegeekhealth.com/what-is-asthma.htm
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Solanine Chemical and physical properties:  

The molecular formula of Solanine is C45H73NO15 and molar mass 868 

g/mol (Figure 1.11). It is colorless to pale yellow, very hygroscopic, oily 

liquid with an unpleasant pungent odour. It gradually becomes brown on 

exposure to air or light. Insoluble in ethanol, chloroform, petroleum ether, 

kerosene, oils and ether.Soluble in hot ethanol, diluted acids and 

emylealchol. (Anthony et al 2005). 

 

 

 

 

 

 

 

 

Figure 1.11: solanine chemical structure 
 

1.2.6 Production:  

 - Solanine as glycoalkaloid is produced commercially by extracting the 

major alkaloids with water, and then preparing a crude glycoalkaloid 

extract from the weakly acidic plant extract (Errol 1998). 

- An efficient and commercially feasible synthetic process for the 

preparation of atropine and atropine salts. In one aspect was developed by 

Frank et al. 2014, a one pot process for the synthesis of atropine is 

provided. The process provides excellent yield.  
 

- Leaf contains from from 1 – 3%hyoscine along with other related 

compounds along with other related compounds • Harvested, stripped and 

dried. Then unique extraction process yields the hyoscine base and 
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followed by Synthesis and purification of the hydro and butyl bromides 

(Parry 2017). 
 

For nicotine production Tobacco dust/ Tobacco Rava and lime are mixed 

together (using 10% lime) with the help of the mixing machine and packed 

into barrels specially made for percolation purpose. Water is added into the 

barrel from the top and the water is allowed to percolate through the dust. 

The water dissolves all the Nicotine present in the dust and it gets collected 

into a sump (Broth). This Nicotinised water (Broth) is then subjected to 

liquid - liquid extraction using kerosene as solvent. Nicotine being more 

soluble in kerosene is taken up by kerosene & the Nicotinised kerosene is 

then transferred into reactors for acidification with calculated amount of 

dilute sulfuric acid thereby forming Nicotine Sulfate – 40%. The Nicotine 

Sulfate- 40% is further purified by passing it through super centrifuge & 

then packed. (Arie et al 2013). 

 

1.2.7 Hazards: 

Solanine, atropine, hyoscine and nicotine have an intense physiological 

action on animals even at low doses, to humans; these alkaloids can be 

desirable, toxic, or both (Olmstead 2008). 
 

Glyco-alkaloids including solanine were reported to be extracted in milk 

(Hayes 2008). It is also reported to addictive material (Michelle 2017). 

While atropine and hyoscine crosses the placental barrier and traces can be 

found in various secretions, of which breast milk (Gibson 2016).  
 

 Nicotine poses several health hazards. There is an increased risk of 

cardiovascular, respiratory, gastrointestinal disorders. There is decreased 

immune response and it also poses ill impacts on the reproductive health. It 

affects the cell proliferation, oxidative stress, apoptosis, and DNA mutation 

by various mechanisms which lead to cancer. It also affects the tumor 
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proliferation and metastasis and causes resistance to chemo and radio 

therapeutic agents. The use of nicotine needs regulation. The sale of 

nicotine should be under supervision of trained medical personnel 

(Mishraet al.  2015). Philippa 2017 reported that nicotine is readily 

absorbed into breast milk from the mother’s blood, However another study 

found ten times as much cotinine (a metabolite of nicotine with a much 

longer half life that can be measured in blood, urine, saliva, hair and nails) 

in breastfed babies of smoking mothers (Bajanowski et al. 2007). 

1.2.8 Alkaloids detection:  

1.2.8.1 Thin Layer Chromatography TLC analysis: 

 Thin Layer ChromatographyTLC is a method of detection for alkaloids, 

which can be considered selective or a non-selective method, in the sense 

that it acts as a confirmatory test, when it is used as a preliminary test to the 

presence or absents of alkaloids. The detection results can be detected by 

determines the Rate of Flow RF using UV or by evaporating test plats in 

iodine. The RF also can be determined in case TLC is used as an initial test 

by using Chemical reagents such as sulfuric acid and Dragon drof reagent 

(Verpoorte1984). 
 

1.2.8.2 High Performance Liquid Chromatography HPLC 

analysis: 

This technique is widely used in the detection of alkaloids. This 

chromatographic technique uses a range of detectors. The commonly used 

in the detection of alkaloids is the use of UV detector. There are types of 

detectors which can be used with HPLC, including Photo diode Aray, 

including multi-refractive index. The HPLC technique has been used in a 

number of experiments and research to detect alkaloids, such as detection 

of estimonin, tyoprostimonin, neutioprostimonin, sehydrostimonin, 

tioprostimonin d, and tyoprostimonin K. After extraction from their plant 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25810571
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sources, HPLC analysis requires complex preparation stages and 

extractions. The results are collecting in a form of chromatograms (Huan 

Heet al 2016). 
 

1.2.8.3 Gas Chromatography analysis GC: 

Since its introduction in the late 1950s, gas chromatography (GC) has 

evolved into a versatile tool in the analysis of natural products, including 

alkaloids. The obvious advantages of GC are high precision and high 

sensitivity. The most common detector is the Flame Ionization Detector 

(FID) for its accuracy and ease of use. This is in contrast to the analysis of 

high performance liquid chromatography (HPLC), where the detector's 

response may vary in the most common detector mode of this type of 

technology, namely ultraviolet (UV) for various compounds. The detection 

results using GCFID are extracted in the form of chromatograms (Dginino, 

et al 1994). 
 

1.2.8.4 Mass spectrometer MS analysis: 

It is an analytical method for determining the mass of molecules by their 

ionic signal. This technique depends on sending a beam of ions on the 

molecules to be analyzed. When this beam collides with the molecules, it 

breaks down into a number of fragments that differ in its molecular weight. 

It has been observed from repeated experiments that each fragment has a 

distinct mass that has the greatest fracture known as the main fragments. It 

also found that a part of the mass of the molecule remains intact without 

breaking; the mass of this part represents the molecular weight of the 

compound. In terms of the main fragment and the fragment of the largest 

weight can identify the compound being tested. MS technology can be used 

individually or as an accessory with GC or with HPLC. This technique has 

great utility and ability to detect alkaloids (Anthonye et al. 2005). 

 

https://www.researchgate.net/scientific-contributions/2117504626_Huan_He
https://www.researchgate.net/scientific-contributions/2117504626_Huan_He
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1.3 Objectives: 
 

The plant family solanaceae is the main source of atropine, hyoscine, 

nicotine and solanine, the objectives of this study to are to detect the 

constituent of the mentioned alkaloids in: Solanum dubium Dunal, 

Solanum incanum L., Datura stramonium L., Datura innoxia Mill, 

Hyoscyamus albus L, Lycium deserti Phil, and Nicotiana rustica L. 

 

Specific objectives: 

- Determination of alkaloids in each plant parts of the mentioned 

alkaloids in each targeted plants. 

- Determination of concentration of the alkaloids in targeted plants parts. 
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Chapter Two 

2. Material and method 
 

2.1 Materials: 

A. Samples of  Dtura stramonium and Datura inoxia  colleted from east 

wed Madani, Alazeara state, Sudan. 

B. Hyoscyamus albus samples collected from Dungula, Northern state, 

Sudan. 

C. Lycium deserti pil L samples collected from Arkaweet, Red see state, 

Sudan. 

D. Nicotiana restica samples collected from Halfa, Northern state, 

Sudan. 

E. Sulanum dubium and Solanum inicunam collected from Abudlaig, 

eastern Khartoum state, Sudan.  

F. Standard samples of atropine, hyoscine, nicotine and solanine 

purchased from sigma - Aldrich. 

G. Trimethylsilyl TMS purchased from sigma-Aldrich catalog No. 1391 

2.2Tools and equipment: 

A. Gas chromatograph with mass spectrometer (GC MS )Shimatzu 

4080. 

B. Sensitive balance Shimatzu 

C. Test tube (different sizes made from pyrx) 

D. - Micro pipette.  

E. - Thin layer plates analysis (silica gel 0.25 mm). 

F. -Beaker (different size made from pyrx). 

G. – Capillary tubes glass. 

H. –TLC Tank glass with cover. 

I. - Laboratory mortar & pestle. 

J. - Filter paper (Watman NO.1). 



27 

 

2.3 Samples preparation: 

Plant sample were divided into plant part (roots, stems, leaves and fruits) 

then dried at room temperature and grind into powder form.  
 

2.3.1 Preparation of standards samples: 

Atropine standard was prepared by adding 1 ml of methanol (HPLC grade) 

to 1 g of atropine.  

Hyoscine standard and nicotine standard were prepared by adding 1 ml of 

methanol to 1 ml from hyoscine and 1 ml of nicotine , while solanine 

standard was prepared by adding 1 ml of (methanol: acetic acid  9:1 ) to 1 g 

of solanine. 
 

2.4 Extraction: 

Extraction of atropine hyoscine and nicotine: 1000 mg of herbal powder 

of each sample of plant part (Roots, Stems, Leaves, and Fruits) of targeted 

plant   were weighed; 1ml of chloroform was added to the powder of each 

sample and left for 24 hour at room temperature. The suspensions were 

filtered (Anthonye et al 2005). 

Extraction of solanine: 1000 mg of herbal powder of each sample of 

plants was weighed; 1 ml of diluted 2%acetic acid freshly prepared was 

added to the powder of each sample and left for 24 hour at room 

temperature. The suspensions was filtered (Anthony et al 2005). 
 

2.5 Analysis 

2.5.1 Thin layer analysis (TLC): 

Samples of extract of each plant part were loaded in TLC plate. A control 

sample of atropine, hyoscine, nicotine and solanine were loaded in the plate 

beside the plant samples, each plate used for detection of one type of target 

alkaloids. The plates of TLC analysis were but in TC system (mobile phase 

chloroform 90% methanol %10 in saturated condition) the mobile phase 
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run for 10 cm. The RF was observed under ultraviolet radiation at a 

wavelength of 254nm (Anthonye et al 2005).  
 

2.5.2 Gas chromatography analysis with mass spectrometer 

GC MS: 

Positive results samples were evaporated under Nitrogen cover, the dried 

residues dissolved in solution of (methanol: acetic acid  9:1 ). Solanine 

samples were drevatized using TMS (TEK 2006). Samples of each plant 

parts of targeted plants were pooled together then dried using anhydrous 

sodium sulphate.  

The samples were injected in GCMS chromatograph (Shimatzu 8040). The 

Injection volume was 1 ul, the start temperature of the column was 80
0 

C 

hold for 1 minute, then increase to 200 c at a rate of 15dgree per minute 

and hold for 1 minute. Then increased to 260
ο
C at a rate of 10 degree per 

minute and hold for 1 minute, and then increased to290c at a rate of 10 

degree for 2 minute, the result were showed as chromatogram and mass 

spectrum and were compared to Nist library attached with device.      
 

2.5.2.1 Calculation of concentrations of targeted alkaloids 

in plant parts of targeted plants 

For calculation of concentrations of targeted alkaloids in this study, the 

peak highest of standard samples was depended a reference. The 

calculations were donning according to the equation: 

                                1: X/  =y/α 

   2: X = 
   

 
 

X = concentration of targeted alkaloid in plant part. 

Y= peak height of alkaloid targeted in plant part. 

                                 . 
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Chapter Three 

2. Results and Discussion 

 

3.1 Results of TLC analysis: 

At 10 cm run for the mobile Retention Factor RF for the standard samples 

of atropine, hyoscine, nicotine and solanine were 2, 5.3, 3.6, and 2.3 

respectively. All plant parts of Dutara inoxia except the root have shown 

positive result for atropine hyoscine, while the only positive result for 

nicotine was obtained from leaves samples, there were no any positive 

results for solanine .Datura stramonium L showed the same pattern of 

results, but a positive result of nicotine was collected from stem. These 

facts were reported by (Babiker et al 2017). The plant part of Hyoscyamus 

albus positive results was similar to the results of Dutara inoxia, which 

come in agree with what was published in the US Botanical and Plant 

Chemistry Database (USDA) in 2004. A positive result for solanine was 

observed in the fruits sample of Lycium deserti philwith another positive of 

nicotine for the leaves of the same plant, that is in agreement with the 

findings of (Matthews 1994).  All plant parts samples of Nicotiana 

restica were showed positive result for nicotine. 
 

All Solanum dubium plant parts except leaves showed positive results for 

solanine, the leaves and stem samples of this plant showed positive result 

for nicotine. The stem, leaves and fruits samples of Solanum incanim 

showed positive results for solanine, the leaves also showed positive result 

for solanine. 
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3.2 Result of GCMS analysis: 

3.2.1 GCMS analysis of alkaloids standards: 
 

   Atropine standard sample chromatogram showed a sharp peak at 

retention time Rt for 14.3 minute (figure 3.1), the mass spectrum of this 

peak Showed multiple mass fragments values starting from 40 and 

including the values 42, 82, 96 , 124, 140, 159, 180, 200, 207, 227, 256, 

272 and 289 . It is clear from the spectrum that the main fragment mass 

value was 124 while the highest fragment mass was 289 which dictates to 

molecular Weight of the Atropine   (figure 3.2). In Hyoscine standard 

chromatogram a peak was appeared in the chromatogram at retention time 

of 14.5 minute (figure 3.3), the mass spectrum fragments values started 

from 40. However,   it was included the same mass values collected from 

Atropine spectrum the highest mass fragment value was 303 which 

compatible with the molecular Weight  of Hyoscine , the main fragment 

mass value of this peak was 124, while figure (3.4)  For Nicotine standard 

the Retention Time of the peak was 6.3 (figure 3.5). The mass spectrum 

showed highest mass fragment value of 163 in a similarity with value of the 

molecular weight of Nicotine, the spectrum started from the fragment mass 

value of 26 and included the mass values 42, 44, 51, 56, 78. 84, 92, 105, 

119, 130, 133, 145 and 163.the main fragment mass value was 84 (figure 

3.6). solanine standard sample chromatogram showed sharp peak at 

Retention time of 7.6 minute (figure 3.7) the mass spectrum of this 

molecule started with a fragment in mass value of 240 the spectrum 

included the mass values of 347, 398, 440, 560,639, 722 while the highest 

fragment mass value of the mass spectrum of these peak was 868 as well as 

it is main fragment value (figure 3.8). All above results were compared to 

the internal library of the instrument; the similarity of each standard sample 

was 99% .table 5.1 is showing the peaks heights of Atropine, Hyoscine, 
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Nicotine and solanine which were 1711480, 6793721, 1652376 and 

1583462 respectively. In this study the peak height of each standard sample 

as was adopted as reference value for calculations of concentrations of 

targeted alkaloids of tested samples.    

 

 

 

 

 

 

 

 

 

Figure 3.1: GC chromatogram of Atropine standard sample 

 

 

 

 

 

 

 

 

 

                     

Figure 3.2: Mass Spectrum of Atropine standard sample 
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Figure 3.3: GC chromatogram of Hyoscine standard sample 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Figure 3.4: Mass Spectrum of Hyoscine standard sample 
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Figure 3.5: GC chromatogram of Nicotine standard sample 

 

 

 

 

 

 

 

 

 

 

 

                   

 

Figure 3.6: Mss Spectrum of Nicotine standard sample 
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Figure 3.7: GC chromatogram of solanine Standard sample 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: Mass spectrum of solanine standard sample 

 

 

 

 



35 

 

Table 3.1: Peaks heights of standard samples 

Standard peak height        Standard sample Number 

1711480 Atropine 1 

6793721 Hyoscine 2 

1652376 Nicotine 3 

1583462 Solanine 4 

 
  

3.2.2 Results of Datura Innoxia: 

  In the chromatogram of stem sample of Datura innoxia figure 3.9 showed 

a peak at retention time of 14.32 minute, the mass spectrum of this peak 

showed multiple fragment, mass started with the value of 40 and ended 

with 289 with main fragment value of124, the other fragments in the mass 

spectrum matched with which was collected from the mass spectrum of the 

standard sample of atropine, the mass spectrum was compared to internal 

library the similarity was 87%. These findings confirm the existent of 

atropine in the sample. In The same chromatogram a peak was showed at 

Retention Time of 14.5 minute the mass spectrum of this peak was in the 

same pattern of the previous peak including the main mass fragment value 

of 124, the different from what was before that highest fragment value was 

303, this spectrum is in compatible with the spectrum of the Hyoscine 

standard sample, it was compared to the internal library the similarity was 

88% which confirm presence of the hyoscine in the sample. 
 

In the chromatogram of analysis for leaves of D. noxia Figure 3.10 two 

peaks were observed at retention time of 14.323, 14.573 respectively, the 

two peaks were showed two mass spectra, they started with fragment value 

of 40 with main fragment value of 124. The highest mass value for the peak 

at 14.323 was 289 was indicated to Atropine. This spectrum was compared 
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to internal library it was matching for 89%. The mass value of 303 was the 

end value in the spectrum of the peak at 14.573, it is highest value in 

Hyoscine, and the similarity of comparison to internal library was 88%. 

According to the above facts, it was confirmed that atropine and hyoscine 

were existed in the sample. 
 

 In the same chromatogram at retention time 6.3 minute a peak was 

appeared. The mass spectrum of this peak was started with the fragment 

mass value of 26, the highest mass value was the fragment of 163 and main 

mass fragment value was 84 with almost other fragment similar to fragment 

of the mass spectrum of the Nicotine standard. The comparison to the 

internal library showed similarity of 82% which was guiding to confirm 

existence of nicotine in the sample.  
 

The chromatogram of fruit sample of Datura innoxia (Figure 3.11) showed 

a peak at retention time 14.331 minute, the mass spectrum of this peak 

showed highest fragment mass value of 289 and the main fragment value 

was 124, the other fragment in the mass spectrum were similar to what was 

collected from the mass spectrum of the standard sample of atropine. This 

mass spectrum was compared to internal library the similarity was 89%. 

This result confirmed the existence of atropine in the sample. The same 

sample chromatogram showed a peak at Retention Time 14.563 minute, the 

highest fragment value in the mass spectrum of this peak was 3.3, and the 

main mass fragment value was 124, the other fragment of this mass 

spectrum were consistent with the mass spectrum of the hyoscine standard 

sample. The similarity of compression to the internal library was 83% 

which was confirmed the existent of the Hyoscine in the sample. 
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Table 3.2: peak heights of D. innoxia plant part samples 

Plant part Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem 52457 38134 nd nd 

Leaves 74231 37743 37326 nd 

Fruits 37521 50374 nd nd 

Roots nd Nd nd nd 

 

 nd : not detected 
 

 

3.2.3 Results of Datura stramonium plant parts: 

The chromatogram of analysis for stem sample of Datura stramonium 

Figure 3.12 showed a peak at Retention Time 14.34 minute, the mass 

spectrum of this peak showed highest fragment  mass value  of 289 and 

main fragment  mass value of 124 , the other fragment in the mass 

spectrum was matching with the mass spectrum of the standard sample of 

Atropine. This mass spectrum was compared to internal library; the 

similarity was 87% that confirmed the existence of Atropine in the sample. 

 The same sample chromatogram shows a peak at 14.52 minute the mass 

spectrum of this peak started with a  fragment mass value of 40, the highest 

fragment value was 303, and the main mass fragment value was 124 , the 

other fragment of this mass spectrum were similar to the mass spectrum of  

Hyoscine standard sample, the match of compression to the internal library 

was 88% which confirms the presence of Hyoscine in the sample, in the 

same chromatogram there was a peak at Retention time of 6.3 minute. The 

mass spectrum of this peak was started with fragment value of 26, the 

highest mass value was163 and main mass fragment value was 84 with 



41 

 

almost other fragment like to fragment of the mass spectrum of the 

Nicotine standard. The comparison to the internal library showed similarity 

of 87%  which was guiding to confirm the occurring of Nicotine in the 

sample .  

At Retention Time 14.34 minute in the chromatogram of analysis for leaves 

sample of Datura stramonium Figure 3.13 a peak was appeared. The mass 

spectrum of this peak showed highest fragment mass value of 289 and the 

main fragment mass value was 124. Another peak in the chromatogram 

noticed at Retention time of 14.56, as the previous the mass spectrum 

started with fragment mass value 40, the spectrum also included main 

fragment mass value of 124 and highest fragment value of 303. The other 

fragment in the two spectrum mass were in match with what was collected 

from the mass spectrum of the standard sample of Atropine and Hyoscine 

respectively , the two mass spectrum was compared to internal library the 

similarity was 89% and 88%. This result is confirming the existent of 

Atropine and Hyoscine in the sample. 
  

The peaks at Retention times 14.33 and 14.527 were noticed in the 

chromatogram of analysis for fruit sample of Datura stramonium Figure 

3.14 the mass spectrum of these two peaks started as expected for Atropine 

and Hyoscine with fragment mass value of 40, the two spectrum included 

main mass value of 124, the highest mass values in the two spectrum were 

289 and 303 respectively. The comparison of the two spectrum led to the 

result that similarity of the first peak was 89% to Atropine, and the second 

peak was 87% to Hyoscine. This result is confirming the existent of 

Atropine and Hyoscine in the sample.  
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Table 3.3: Peak heights of D. stramonium plant part samples 
 

Plant part Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem 5322 82500 1844 nd 

Leaves 86233 105000 37326 nd 

Fruits 35834 38246 nd nd 

Roots nd nd nd nd 

 

 nd : not detected 

 

3.2.4 Results of Hyoscyamus alpus plant parts: 

The chromatogram of the stem sample of Hyoscyamus albus (figure 3.15) 

showed a peak at Retention Time of 14.3 minute. The mass spectrum of 

this peak was in the pattern of Atropine, it was started with fragment value 

of 40. It showed highest fragment mass value of 289 and main fragment 

mass value of 124. This mass spectrum was compared to internal library, 

and the similarity was 87% to Atropine. This result is a confirmation of the 

existence of Atropine in the sample. The same sample chromatogram 

showed a peak at Retention time 14.5 minute. in this mass spectrum the 

highest fragment value was 303, and the main mass fragment value was 

124,the other fragment of this mass spectrum were consistent with the mass 

spectrum of the Hyoscine standard sample. The similarity of comparison to 

the internal library was 83%, which was confirming the existent of the 

Hyoscine in the sample. 
 

The chromatogram of Hyoscamus albus leaves sample (Figure 3.16) shows 

a peak at 14.32 minute. The mass spectrum of this peak showed highest 

fragment mass value 289 and main fragment mass value 124. The other 
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fragment In the mass spectrum was in agreement with the mass spectrum of 

the standard sample of atropine. This mass spectrum was compared to 

internal library and the similarity was 86% to Atropine, which confirms the 

presence of Atropine in the sample. The same sample chromatogram 

showed a peak at 14.57 minute. The mass spectrum of this peak highest 

fragment value was 303 and the main mass fragment value was 124.  The 

similarity of comparison to the internal library was 87% to Hyoscine, 

which confirms the presence of Hyoscine. In the same chromatogram at 

retention time 6.32 minute a peak was observed the mass spectrum of this 

peak started with fragment mass value of 26 and showed highest fragment 

mass value of 163 and main mass fragment value was 84 with almost other 

fragment similar to fragments of the mass spectrum of the Nicotine 

standard. The comparison to the internal library showed similarity of 89% 

to Nicotine which confirms the sample contains Nicotine . The fruits 

sample of Hyoscyamus albus Figure 3.17 was analyzed, the GC 

chromatogram shows two peak at Retention times 14.37 and14.58 minute. 
 

 The mass spectrum of these peaks started with fragment mass value of 40 

and was a main fragment mass value124, the highest fragment mass values 

was 289 and 303 respectively, the two spectra were compared to the 

internal library and the similarity was 88% and 86% to Atropine and 

Hyoscine, which indicates the presence of these alkaloids in the sample.  
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Table 3.4: Peak heights of H. albus plant part samples 

Plant part Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem 52457 50374 nd  Nd 

Leaves 74257 37743 37437 Nd 

Fruits 375324 39245 - Nd 

Roots nd nd nd Nd 

 

 nd : not detected 
 

3.2.5 Results of Licium deserti phil plant parts: 

Figure3.18 is showing the chromatogram of GC analysis for leaves sample 

of Lycium deserti phill.  A peak was observed at Retention time of 6.37 

minute. The mass spectrum pattern of this sample was similar to the 

Nicotine, it started with mass fragment value of 26, the highest mass value 

was163 and main mass fragment value was 84. The comparison to the 

internal library showed similarity of 89% which confirms the presence of 

Nicotine in the sample. 

The chromatogram of analysis for the fruit sample Figure 3.19 showed a 

peak at Retention time 7.651 min. The mass spectrum of this peak started 

with fragment mass value of 242 and a final mass fragment of 868 which 

was also the main fragment mass value and it represents the molecular 

weight of Solanine. This spectrum compared to the internal library showed 

85% similarity. This confirms the presence of Solanine in the sample.  
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Table 3.5: Peak heights of L. deserti phill plant part samples 

Plant part Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem nd nd Nd Nd 

Leaves nd nd 47654 Nd 

Fruits nd nd Nd 21537 

Roots nd nd Nd Nd 

 

 nd : not detected 
 

3.2.6 Results of analysis of  Nicotina rustica plant parts 

Figures 3.20, 3.21, 3.22, 3.23 are showing chromatograms of analysis of 

stem, leave, fruit and root samples of N. restica, all chromatograms show 

peaks in Retention Time around 6.3 minute. All mass spectra of those 

peaks was started with the mass fragment value of 26, and in agreement 

with the mass spectrum of Nicotine standard. The main fragment mass 

value was 84 and the highest mass value was 163. The comparison to 

internal library was 85 - 89% for all spectrums. There was no doubt 

Nicotine a present in all samples. 

The chromatogram of fruit sample figure 3.22 shows a peak at Retention 

time of 7.591. The mass spectrum of this peak started with mass value of 

242 the highest and main fragment value was 868 which is compatible with 

the spectrum of solanine. It was compared to the internal library, the 

similarity was 88%, and thus it confirms the sample contains Solanine.     
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Table 3.6: Peak heights of N. rustica plant part samples 

Plant part Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem nd nd 29887 nd 

Leaves nd nd 74277 nd 

Fruits nd nd 30322 28910 

Roots nd nd 29243 nd 

 

 nd : not detected 

 

3.2.7 Results of analysis of Sulanum dubium plant parts 

Chromatograms of analysis for stem, fruits, and root of S. dubium (Figures 

3.24, 3.26, 3.27) show peaks at Retention Time around 7.6 minutes. Mass 

spectra of those peaks were almost like the mass spectrum of Solanine 

standard. They started with fragment mass value of 242 and highest main 

fragment mass value of 868, the spectrum were compared to internal 

library and the similarity was 88%, 85% and 83% respectively. It confirms 

that all samples contain solanine. 
 

Leaves samples chromatogram figure 3.25 showed a peak at Retention time 

of 6.371. The spectrum of this peak started with mass fragment of 26 the 

main fragment mass value was 84 and the highest fragment mass value was 

168 in agreement with the Nicotine standard. The comparison to internal 

library was 87%. It confirms that the sample contains Nicotine.  

In the chromatogram of root sample (Figure 3.27) a peak appeared at 

Retention time of 14.52 minute (figure 3.28). The mass spectrum of this 

peak was unclear, it started with fragment mass value of 40 and included 

the values of 67, 124, 256, 289 and 303 which were found in mass 

spectrum. The main fragment mass value was 96 and the highest mass 
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value was 310. Hence it is not possible to identify any one of the targeted 

alkaloids; it can't be judged that any of them were exist in the sample.    
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Figure 3.28: mass spectrum of the peak at 14.52 minute in figure 3.27 
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Table 3.7: Peak heights of S. dubium plant part samples 

Plant part   Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem Nd nd 2123 72316 

Leaves Nd nd 31045 - 

Fruits Nd nd nd 125390 

Roots Nd nd nd 31045 

 

 nd : not detected 
 

3.2.8 Results of analysis of Solanum incanum plant parts 

Chromatograms of stem, leaves and frouits of Sulanum inicanm (figures 

3.29, 3.30, 3.31) were included peaks at Retention Times around 7.6 

minute, the mass spectra of those peaks almost like what was collected 

from Solanine standard starting with 242 fragment mass value and 868 

main fragment mass value as well as it is the highest. The similarity to 

internal library was more than 86% for each spectrum confirming existence 

of Solanine in samples. 

In the chromatogram of leaves analysis (figure 3.30) there was a peak at 

Retention Time of 6.37 minute. Mass spectrum of this peak was started 

with 26 and the main fragment mass value was 84 and the highest was 168, 

the similarity in internal library was 89% to Nicotine. It confirms the 

presence of Nicotine in the sample. 
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  Table3.8: peak heights of S. incanum plant part samples 

Plant part  Peak height  

Atropine Hyoscine Nicotine Solanine 

Stem nd Nd nd 53133 

Leaves nd Nd 29522 30156 

Fruits nd Nd nd 97651 

Roots nd Nd nd nd 

 

 nd :not detected 

 

3.3 Results Calculation of concentrations of targeted alkaloids 

in plant parts of targeted plants 

Table 3.9 is showing concetrictions of targeted alkaloids in Datura innoxia 

plant part samples. Atropine concentration was in the range of 0.03 mg/g 

for stem sample, 0.04 mg/g for leaves samples and 0.02 mg/g in fruit 

samples, the study did not find any Atropine concentration in the root 

samples, Hyoscine concentration was in the range of 0.05 mg/g for stem 

and stem samples, it was lower in fruit samples, the rang was only 0.01 

mg/g, the leave sample was showed a very low concentration of Nicotine in 

the range of 0.007 mg/g. these finding were in agreement with the findings 

of Babiker et al (2017 ), the study done by Adel and Wasan (2009) stated 

that the yield of Atropine was in the range of 0.03mg/g, Mean 

concentrations of Atropine for plant parts in this study was in the same 

rang. Sidra et al 2017 reported that the hyoscine concentrations in D. 

innoxia vary from 0.005 to 0.03 mg/g, without determination of plant parts, 

which almost agrees with this study.  

The concentrations of targeted alkaloids in Datura stramonium was shown 

in Table 3.10. Atropine concentrations was in the same pattern with what 
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was found in Datura innoxia, it is what was stated by (Babiker et al 2017 ), 

the same range of concentrations for Atropine was founded by (ALIREZA 

et al 2005). Hyoscine concentration was lower than Datura stramonium, it 

was in the range of 0.01mg/g for stem and leaves, and it was 0.05mg/g for 

fruits, the same range of concentration was founded by (Jan et al 2008). 

Nicotine was in the range of 1 and 2 mg/g in compatible with what was 

showed (Tadeusz 2015). 

However in this study Solanine didn’t detect in Datura, it is suggested that 

it is due to type of soil and ecological effects, that is in agree with what was 

reported by (Guillermo 2018). 

Hyosyamus albus (table 3.11) concentrations showed relative 

concentrations to Dtura spp. Atropine was in concentrations in rang of 

0.03, 0.04 and 0.02 mg/g for stem, leaves and fruit respectively.  Eeva et al 

1998 was founded matched results . Hyoscine concentrations were in the 

range of 0.07 mg/g in stem and leaves, the concentration in fruits was in the 

range of 0.02mg/g .which was agreed with what was stated by Alaghemand 

(2013). Leaves was contained a range of 0.02 mg/g in compatible with 

(Tadeusz 2015).  

Table 3.12 is showing the concentrations of targeted collected from Lyceum 

deserti phil. Nicotine was accumulated in leaves in range of 0.01 mg/g 

while solanine was found in fruits in rang of 0.01 as a characteristic feature 

for family Solanaseae. (Tadeusz 2015). 

Nicotiana restica concentrations was showed in table (3.13), it is manly 

Nicotine in stem, fruits and roots in range of 0.01 mg/g, the concentration 

in leaves was in range of 0.04 mg/g , this concentration is higher than  

Nicotiana tobacum which relative to what was stated by (Katherine 2008). 

Solanine was found in the fruit in arrange of 0.01mg/g. 

Table 3.14 is showing concentrations of the targeted alkaloids in Solanum 

dupium, it is manly solanine in stem, fruits and roots in rang of 0.04, 0.07 

https://www.researchgate.net/scientific-contributions/2088193744_A_Alaghemand
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and 0.02 mg/g respectively. Those concentration were what was expected 

in solanum spp.According to the findings of (Neslihan 2006). A trace of 

Ncotine was found in stem in a range of 0.001 and it was found in leaves in 

range of 0.02. 

Concentrations of Solanum incanum is not so far (table 3.15) it showed 

solanine in range of 0.03, 0.02, 0.06 in stem, leaves and fruit. Nicotine was 

found in leaves in range of 0.02. 

 

Table 3.9: Concentrations of targeted alkaloids in D. innoxia plant 

parts                 

Plant part Concentration mg/g 

Atropine Hyoscine Nicotine Solanine 

Stem 0.03434 0.05613 nd nd 

Leaves 0.042938 0.05555 0.00741 nd 

Fruits 0.02170 0.0125 nd nd 

Roots nd nd nd nd 

 

Table 3.10: Concentrations of targeted alkaloids in D. stamonium plant 

parts 

Plant part Concentration mg/g 

Atropine Hyoscine Nicotine Solanine 

Stem 0.03078 0.01214 0.01104 nd 

Leaves 0.04988 0.015455 0.022363 nd 

Fruits 0.2072 0.05627 nd nd 

Roots nd nd nd nd 
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Table 3.11: Concentrations of targeted alkaloids in H. albus plant 

parts 

Plant part Concentration mg/g 

Atropine Hyoscine Nicotine Solanine 

Stem 0.03034 0.07414 nd  nd 

Leaves 0.04295 0.07434 0.022411 nd 

Fruits 0.2171 0.02375 nd nd 

Roots nd nd nd nd 

 

 

Table 3.12: Concentrations of targeted alkaloids in L. deserti phill plant 

parts 

Plant part Concentration mg/g 

Atropine Hyoscine Nicotine Solanine 

Stem nd nd nd nd 

Leaves nd nd 0.02855 nd 

Fruits nd nd nd 0.01346 

Roots nd nd nd nd 

 

 

Table 3.13: Concentrations of targeted alkaloids in N. resteca plant 

parts 

Plant part Concentration mg/g 

Atropine Hyoscine Nicotine Solanine 

Stem nd nd 0.01820 nd 

Leaves nd nd 0.04450 nd 

Fruits nd nd 0.01816 0.01807 

Roots nd nd 0.01752 nd 
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Table 3.14: Concentrations of targeted alkaloids in S. dubium plant 

parts 

Plant part   Peak height 

Atropine Hyoscine Nicotine Solanine 

Stem nd nd 0.001271 0.04521 

Leaves nd nd 0.01890 nd 

Fruits nd nd nd 0.07839 

Roots nd nd nd 0.01940 

 

 

 

Table 3.15: Concentrations of targeted alkaloids in S. incanum plant 

parts 

Plant part  Peak height  

Atropine Hyoscine Nicotine Solanine 

Stem nd nd nd 0.03321 

Leaves nd nd nd 0.01885 

Fruits nd nd nd 0.06105 

Roots nd nd nd nd 

 

 nd : not detected 
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3.4 Conclusion and Recommendations 
 

3.3.1 Conclusion: 

Datura stramonium and Datura innoxia are considered as one of the main 

sources of Atropine; they also contain Hyoscine in significant 

concentrations (Brust, John 2004) while Hyosyamus spp.  Considered in the 

main sources of Hyouscine (Cattell, 1910) the conclude that: 

 the specimens of D. stramonium, D. innoxia which were analyzed can 

be utilized as a good row material for medical and chemical industries 

considering the concentration of Atropine and Hyoscine and regarding 

to less concentrations of other alkaloids like Solanine and Nicotine, The 

same conclusion applies to specimens of Hyosyamus albus, they was 

also in less concentrations of other alkaloids and can be widely utilized. 

 Lycium deserti phill specimens were clear of toxic addictive alkaloids, 

they were contain Solanine and Nicotine in non significant 

concentrations for medical industry utilization, while it can be utilized 

for chemical, food and livestock feeding industries. 

 Nictiana rusica specimenswere very ritch in Nicotin which can make it 

a good material for medical and chemical industries although it is free 

of toxic addictive alkaloids. 

 Solanum dubium and Solanum incanum specimens  contained 

significant concentrations of solanine they were free of toxic addictive 

alkaloids, S. dubuim spciments contained Very close relative 

compound to the tropan alkaloids, This suggests from the point of view 

of the plant chemotaxonomy that it is very close to the Datura spp. and 

Hyosyamus spp. Plants. Solanum spp. can be utilized in food industry 

or livestock feeding or any other traditional uses. 
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 According to the constituent of Atropine and Hyoscine in Datura spp. 

and Hyosyamus spp. Specimens involved in this study, it can be 

concluded that they are relative in plant chemotaxonomy.  

 According to the constituent of Nicotine and Solanine of all plants 

specimens in this study, it can be concluded that all those species are 

relative in chemotaxonomy. 

 

3.3.2 Recommendations: 

1. Conducting a field survey of the location of the Datura and 

Hyosyamus plants and raising the awareness of the public about the 

dangers they may pose to them. 

2. Conducting more scientific researches on the targeted plant in this 

study to determine the constituent of any other alkaloids, and clarify 

the benefits and disadvantages. 

3. To Direct industrial capital to benefit from these land resources and to 

carry out more scientific and economic studies 
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