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Abstract 

Sudanese medicinal and aromatic plants {Altemcmthra repens, Ambrosia 

maritima, Citrus paradisi, Croton zambesicus, Lepidinm sativum, Morettia phillaena, 

Nauclea latifolia, Plectranthus barbatus, Pluchea dioscorides, and Sphaeranthus 

suaveolens) were analyzed for their chemical composition, mineral contents and 

secondary constituents. 

The concentration of Manganese, Copper, Iron, Nickel, Lead, Zinc and 

Potassium in plant samples was performed using X-Ray fluorescence spectrometry. 

The trace elements found in the smallest amount of the investigated plant species are 

lead, nickel and copper, while high concentration was detected for potassium, iron 

and manganese. Mn was accumulated with high level in Alternanthra repens 

species. Potassium was abundant in S. suaveolens and Ambrosia maritima. 

The values of concentrations obtained for all studied elements were compared 

with published values of reference material, trace elements in Hay (Powder) by 

International Atomic Energy Agency. 

Phytochemical analysis of investigated plants was performed for constituents: 

Flavonoids, saponins , tannins , alkaloids, amino acids and sugars. The methanolic 

extracts of P.barbatus , C.paradisi ,A.repens, N. latifolia , L. sativum and C. 

zambesicus are found to contain alkaloids. 

Results of TLC analysis were shown as Rf values for saponins, bitter principles, 

essential oils, flavonoids and alkaloids. 

Quantification of flavonoids and tannins showed that flavonoid content was highest in 

case of Alternanthera repens and Sphaeranthus suavertens , whereas the highest 

tannin content was in case of Nauclea latifolia and Sphaeranthus suaveolens. 

The results suggest that the user of traditional Sudanese crude drugs should be 

warned of the potential danger of heavy metal poisoning because their concentrations 

seem to be higher than the maximum values allowed by health agencies in several 

countries. 
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This study has provided some biochemical basis for the ethnomedical use of 

extracts from different candidate plant species in the treatment and prevention of 

diseases. As rich source of phytochemicals and minerals these plants can be a 

potential source of useful drugs, and also used as bioindicators to follow changes in 

an environmental pollution. 
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CHAPTER ONE 

INTRODUCTION AND LITERATURE REVIEW 

Introduction: 

The therapeutic effect of medicinal plants for the treatment of various diseases 

was based on the chemical compounds of these plants. The major components are 

organic compounds, some of which have biological activity, but none act 

independently and can not replace the functions of the medicinal plant as a whole. 

Analysis has revealed that medicinal plants are rich in many trace elements, and it is 

suggested that this is an important factor in the curative effect of these plants 

(Olabanji et al, 1997), (Singh and Garg, 1997), (Pereira and Felcman, 1998). The 

chemical states in which trace elements are found are originally bound, completed and 

free; besides, different states have different functions, toxicity, and absorption rates by 

the body. Trace elements co-exist with numerous organic compounds (many of which 

are complex agents) in the infusions of medicinal plants (Remington, 1995), and most 

will be bound to organic compounds, therefore, the concentration of the free trace 

elements can be very low. 

The continuing interest in trace elements has stimulated the development of several 

powerful analytical techniques for their detection and quantitative determination. One 

of these is X-ray fluorescence (XRF), where a source of X-ray photons is used to 

study the elemental composition of materials. 

Absorption of these photons by the photoelectric effect produces vacancies in the 

inner electron shells of the atoms of the material, followed by the emission of 

characteristic X-rays of the elements present. The peaks in X-ray spectrum indicate 

what kind of atoms are present, while the number of counts (the area under the peak) 

in relater to the number of atoms in the sample, alluring the quantitative 

measurements to be made. Moreover, the method gives information about the 

elements present in the sample irrespective of their state of chemical combination or 

the phases in which they exist (Piorek, 1978). The chemical constituents of most of 

the plants used by traditional healers are still unknown. It is, therefore, of paramount 

importance to know the chemical composition of every reported plant and to make 



permanent records of the knowledge from traditional healers before they all pass 

away. 

The active principles of many drugs was found in plants or produced from one 

of the plants secondary metabolites. The remarkable contribution of plants to the drug 

industries was possible because of the large number of the phytochemical studies all 

over the world. These studies established methods and techniques for extraction, 

separation, chemical identification and biological testing of plants constituents. Many 

reagents were developed as diagnostic for different chemical principles (Evans, 2002), 

and this progress resulted in isolation of many active compounds used as a good 

remedy for many diseases. 

The biosynthesis of secondary metabolites although genetically controlled,was 

affected by environmental influences. The soil, the season and the gathering time are 

some of the important variable factors with plants and can hardly be expected that the 

amount of constituents would be constant under all conditions. 

In Sudan, many indigenous plants are used in herbal medicine to cure diseases 

and heal injuries. Such medicinal plants include Morettia phillaeana to treat 

infections, Pluchea dioscorides for swellings Alternanthera repens for swellings and 

skin ulcers, Ambrosia maritima to treat stomach pains, rheumatic pains and diabetes, 

Citrus paradisi for malaria, Plectranthus barbatus expectorant emmenagogue, 

diabetes and diuretic, Sphaeranthus suaveolens for cough , and for wounds, Nauclea 

latifolia as antipyretic in malaria fevers diabetes Lipidium sativum for measles, and 

Croton zambesicus for malaria and cough. 

The main objectives of the present study work are: 

1. To evaluate the elemental composition of some selected medicinal plants 

commonly used in herbal medicine in Sudan. 

2. To carry out the preliminary phytochemical screening, quantitative 

determination of some organic constituents and chromatographic comparison 

of the methanolic extracts of the candidate plant species. 

3. To study the relationship between the trace elements level and the organic 

constituents in the samples under investigation. 
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1.2 Literature Review 

1.2.1 Elemental constituents 

1.2.1.1 Preamble 

Inorganic constituents of medicinal plants, including heavy metals, have received 

attention of many authors ( Flokowski et al., 1977; Rashed, 1995; Chuang et al. , 

2000; Ozak et al., 2002; Razic et al., 2003; Ajasa et al., 2004 ; Chen, 2005 and Chen 

et al., 2005). In recent years, there have been many reports of the use of organisms to 

assess the impact of environmental contamination of heavy metals (Bettinelli et al., 

2003),( He et al., 2005). 

1.2.1.2 Elements: 

A. Manganese: 

Mn availability is higher in acid soils due to the higher solubility of Mn 

compounds under low pH conditions (Lindsay, 1972). Mn is preferentially 

translocated to meristemtic tissues,young plant organs are thus generally rich in Mn 

(Amberger, 1973). According to( Bishop, (1971) Mn is essential in photosystem 

where it participates in photolysis. 

In whole plants, Bussler (1958) reported that tissues suffering from Mn deficiency 

have a small cell volume. Mn toxicity symptoms are generally characterized by brown 

spots in older plant organs and by an uneven distribution of chlorophyll. Mn is also 

known to be important in carbon dioxide assimilation and in nitrogen metabolism 

(Katyal and Randhawa 1983). The normal contents of Mn in plants range from 20 to 

500 ppm on dry weight basis. 

B. Iron: 

Iron plays a key role in several enzyme systems. It is indispensdable for biosynthesis 

of chlorophyll.In addition iron is an essential important activator involving ferrodonin 

nitrate, reductase and Fe-ammine complexes (Valkovic, 1975). The amount of iron in 

different plants varies considerably. Its concentration usually ranges between 50 - 100 

ppm. The content of soluble Fe in soils is extremely low in comparison with total Iron 

content. Soluble inorganic forms include Fe +, Fe (OH)2 + , Fe OH + and Fe +. 

- 3 -



C. Zinc: 

Zinc mainly functions as a metal component of a series of enzymes. Zinc deficiency is 

thought to restrict RNA synthesis (Helen, 1975). Concentration of zinc commonly 

observed lies between 20 - 100 ppm (Katyal, 1972). Younger plant parts generally 

contain more zinc than older parts (Juang et ah, 1975). 

Zinc toxicity results in a reduction in root growth and leaf expansion which is 

followed by chlorosis. High levels of zinc in the nutrient medium depress the uptake 

of phosphorus and iron(Adriano et al, 1971). 

D. Copper: 

Copper is known to be associated with a number of metal proteins. The essential 

metabolic role of copper is evident from its presence in cytochrome oxidase 

(Summerand Sommers, 1953). Copper concentration in plants generally varies 

between 5 and 20 ppm (Jones, 1972). 

Copper is found in soils principally as the cu2+ ion absorbed by clay minerals and at 

that tied up with matter. The copper content of soil is reported to range between 2 to 

100 ppm with an average value of around 55 ppm (Samuel and Werner, 1975). 

Copper deficiency is well known in a number of different plan species. 

E. Nickel: 

High nickel concentrations have a toxic effect on plants. According to( Nicholas 

and Thomas, 1954) this effect is even greater than that of cobalt. High nickel 

concentrations in the nutrient medium reduce the uptake of most other nutrients 

(Crooke and Inkson, 1955). This reduction in uptake results from the damaging effect 

of high concentrations on the roots. Normally the Ni content of the plant material is 

abut 0.1 to 5 ppm of the dry matter . 

F. Lead: 

Lead is a major chemical pollutant of the environment, and is highly toxic to 

man. The major source of Pb pollution arises from petrol combustion. According 

to(Lagerweff, 1972) this source accounts for about 80% of the total Pb in atmosphere. 

The total Pb content of agricultural soils lies between 2 - 200 ppm. Lead 

airborne contamination in soils is usually restricted to the top few cms of the soil 
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profile . Lead take up by plants is accumulated in the cell wall. This may well protect 

the cell from the.toxic effects (Malone et al, 1974). 

G. Potassium; 

According to (Husz, 1977) potassium also increases photosynthetic activity and 

ensures a profitable use of solar energy. According to (Weaver, 1972) ( Malik and 

Srivastava 1982) potassium is an essential element for all living organisms. The main 

function of potassium in biochemistry is its activation of various enzyme systems. 

1.2.2 Phytochemical constituents: (Evans, 2002) 

1.2.2.1 Phenols: 

Phenols probably constitute the largest group of plant secondary metabolites 

widespread in nature , and to be found in most classes of natural compounds having 

aromatic moieties, they range from simple structures with one aromatic ring to highly 

complex polymeric substances such as tannins and anthraquinones. 

Phenols are important constituents of some medicinal plants and in the food 

industry they are utilized as colouring agents, flavouring , aromatizers and 

antioxidants. 

1.2.2.2 Flavonoids: 

The flavonoids are polyphenols compounds possessing 15 carbon atoms; two 

benzene rings jointed by a linear three carbon chain. 

Flavonoids constitute one of the most characteristic classes of compounds in higher 

plants. 

The chemical structure of flavonoids are based on a C15 skeleton with a chromone 

ring bearing a second aromatic ring B in position 2,3. or 4. 

Various subgroups of flavonoids are classified according to the substitution patterns 

of ring C. Both the oxidation state of the heterocyclic ring and the position of ring B 

are important in the classification. Example of the 6 major subgroups are: chalcones , 

Flavonol , flavanone , anthocyanins , isoflavanonids. Most of these (flavones , 

flavanones , flavonols and anthocyanins) bear ring B in position 2 of the heterocyclic 

ring. In isoflavonoids, ring B occupies position 3. 
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1.2.2.3 Tannins: 

Chemically, tannins are complex substance; they usually occur as mixture of 

polyphenol that are difficult to separate and crystallize, some authors prefer to use the 

term "tannins extracts". Their molecular weights range from 500 to 3000 , and they 

are found almost in every plant part. They are divided into two groups, hydrolyzable 

and condensed tannins. Hydrolysable tannins are based on galic acid, usually as 

multiple esters with D-glucose, while the more numerous condensed tannins (often 

called proanthocyanidines) are derived from flavonoid monomers. Tannins may be 

formed by condensation by flavan derivatives which have been transported to woody-

tissues of plants. Alternatively, tannins may be formed by polymerization of quinine 

units. This group of compounds has received great deal of attention in recent years, 

since it was suggested that the consumption of tannins containing bever-ages. 

especially green teas, cure or prevent a variety of ills. Many human physiological 

activities, such as stimulation of phagocytic cells, host-mediated tumor actively, and a 

wide range of anti-infective actions, have been assigned to tannins. One of their 

molecular actions is to complex with proteins through so-called nonspecific force 

such as hydrogen bonding and hydrophobic effects, as well as by covalent bond 

formation. (Kvans. 2002). 

1.2.2.4 Anthraquinone glycosides: 

The glycosides, upon hydrolysis, yield aglycones that are di-. tri-. or 

tetrahydroxyantliraquinones or modifications of these compounds. The anthraquinone 

and related glycosides are stimulant cathartics and exert their action by increasing the 

toxic of the smooth muscle in the wall of the large intestine. 

1.2.2.5 Saponins: 

Plant materials containing saponins have long been used in many parts of the 

world for their detergent properties. 

Saponins have a high molecular weight and a high polarity and their isolation 

in a state of purity presents some difficulties. Often they occur as complex mixtures 

with components differing only slightly from one another in the nature of the sugar 

present, or in the structure of the aglycone. Various chromatographic techniques have 

been employed for their isolation. As glycosides they are hydrolysed by acids to give 

an aglycone (Sapogenin) and various sugars and related uronic acids. According to 
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the structure of the aglycone or sapogenin, two kinds of saponin are recognized: the 

steroidal (commonly tetracyclic triterpenoids) and the pentacyclic triterpenoid types. 

Both of these have a glycosidal linkage at C-3 and have a common biogenetic origin 

via mevalonic acid and isopreneoid units. 

1.2.2.6 Alkaloids: 

Alkaloids are usually classified according to the nature of the basic chemical 

structures from which they derive. Alkaloids usually contain 1 nitrogen atom, 

although some, like ergotamine. may contain up to 5. The nitrogen may exist as a 

primary amine (RNHh). as a secondary a mine (R^NH). or as a tertiary a mine (R;N). 

Because the nitrogen atom bears an unshared pair of electrons, such 

compounds are basic and resemble ammonia's chemical properties. The degree of 

basicity varies greatly, depending on the structure of the molecule and the presence 

and location of other functional groups. Like ammonia, the alkaloids are converted 

into their salts by aqueous mineral acids, and when the salt of an alkaloid is treated 

with hydroxide ion. nitrogen gives up a hydrogen ion and the free amine is liberated. 

Quaternary ammonium compounds (RaN'X"). such as berberinechloride. have 4 

organic groups covalently bonded to nitrogen, and the positive charge o\ this is 

balanced by some negative ion. For the most part, the alkaloids are insoluble or 

sparingly soluble in water, but the salts formed on reaction with acids are usually 

freely soluble, the free alkaloids are usually soluble in ether. Chloroform, or other 

relatively nonpolar. immiscible solvents in which, however, the alkaloid salts are 

insoluble. This permits already means for the isolation and purification of the 

alkaloids as well as for their quantitative estimation, most of the alkaloids are 

crystalline solids, although a few are amorphous. 

Various schemes for the classification of alkaloids have been suggested. The 

following plan is based on the ring structure or nucleus of the chief alkaloid group in 

the the plant drug: (1) pyridine-piperidne combined, (2) tropane, (3) quinoline. (4) 

isoquinoline. (5) indole, (6) imidazole. (7) steroid. (8) alkaloidal amine, and (9) 

purine. 

The biosynthesis of many alkaloidal structures can be rationalized through 

simple chemical reactions that involve amino acids. The amino acids that most often 

serve as alkaloidal precursors included phenylalanine, tyrosine, tryptopnan, histidine, 

anthranilic acid, lysine, and arnithine. 
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Some of the general reactions of particular importance include the 

decarboxylation and transamination of the amino acids to yield a corresponding amine 

or aldehyde. These can react to form a Schiff base which, in turn, can react with a 

carbanion in a Mannich- type condensation. 

1.2.3 Techniques Used in the Element Analysis: 

X-Ray Fluorescence (XRF): 

X-Ray Fluorescence (XRF) is becoming the most widely used method for elemental 

analysis of solids. 

A. Advantages and Disadvantages: 

Advantages of X-Ray Spectrometry: 

1. Simple spectra. 

2. Spectral positions are almost independent of the chemical state of the analyte. 

3. Minimal sample preparation. 

4. It is non-destructive. 

5. Applicable over a wide range of concentrations. 

6. Good precision and accuracy. 

Disadvantages of X-Ray Spectrometry: 

1. X-ray penetration of the sample is limited to the top 0.01 - 0 . 1 mm layer 

2. Light elements (below " Ti) have very limited sensitivity although C is 

possible on new instruments. 

3. Inter element (MATRIX) effects may be substantial and require computer 

correction. 

4. Limits of detection are only modest. 

5. Instrumentation is fairly expensive. 

B. Energy Dispersive X-Ray Fluorescence: 

Energy dispersive x-ray fluorescence is a multi-elemental analytical technique, based 

on the fact that the chemical elements emit characteristic radiation when subjected to 

an appropriate excitations. Samples are irradiated using Cd-109. the characteristic x-

rays of the elements present in the sample are produced during the irradiation and 

detected by a Si (Li) detector. The charge collected by the detector provides an 

electrical signal proportional to the x-ray energy emitted. The amplified signal is 
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processed and displayed by a Multi-Channel Analyser (MCA) which is connected, via 

an interface, to a computer where the x-ray spectrum is analysed using appropriate 

software (AXIL developed by the IAEA). 

The intensity of the detected x-ray line can be related to the concentration of 

the specific element in the sample through the following equation: 

dl, = 7 0 GY IF, i , / ^ f , ^ - " " ' - ^ e - " » - ^ - A (1.3) 
^ ' " rk {pd)s s in^ , s i n ^ 

Where 

In = source output 

G = geometry factor 

I, = detector efficiency for the element i. 

W;< = florescent yield of the k-shell of element i 

/'= ratio of intensity of the line detecyed. 

r, - 1 
~ = Jump ratio 

1= photoelectric mass absorption coefficient 

ipd), = surface density of the element 

(pd)s = sample surface density 

Uii . us = mass absorption coefficient for the primary and the fluorescent radiation 

expressed in cm~m" . 

p = sample density. 

Wi= incident angle for the primary radiation. 

VJZ- take off angle for the fluorescent radiation 

Eqn( 1.3) can be simplified as follows: 

I: = S,C,T (1.4) 

Where 

I, = intensity emitted from the element / 

S, - sensitivity of the system for the element i which comprises atomic constants. 

system geometry and detector efficiency. 

T= absorption correction term. 

Usually the sensitivity is obtained through calibration of the system using 

standards (salts of known chemical composition and / or metal sheets). However the 

sensitivity can also be obtained through analysis of certified reference material 
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(CRM). The sensitivity obtained as explained above can only be used for the analysis 

of samples having the same matrix composition as the CRM used for the calibration. 

(kump, 1995) 

Ii/Sj= Si Ci(sl (1.5) 

For the unknown 

Iitun, = Si Cilun)T (1.6) 

by dividing eqn. (4) by (3) 

Li(un) 
Ci(iin) = Ci(s)- • •7) Ii(s) 

Where 

IUSJ - intensity of the radiation emitted from the element / in the sample. 

Cits) = concentration of the element / in the sample. 

l,(uni = intensity of the radiation emitted from the element / in the CRM. 

Cifumj ~ concentration of the element / in the CRM. 

1.2.4 Plants of the present study: 

1.2.4.1 Alternanthera repens L. 

Vernacular name: Abu Zahra Safrah 

Family : Amaranthaceae 

Four triterpene saponins were isolated from the methanol extract of the aerial 

parts of A .repens. (Sanokor et <://.. 1999). 

1.2.4.2 Ambrosia maritima L. 

Vernacular name: Damsisa. 

Family : Asteraceae 

Several research works on phytochemical studies of this plant species showed 

that pseudoguaianolide- type sesquiterpene lactones are the main secondary 

metabolites. The presence of coumarin. scopoletin and flavonoid. apigenin have been 

also reported (Farnaworth. 1995). 

1.2.4.3 Citrus paradisi Macf. 

Vernacular name: Grape fruit 

Family : Rutaceae 
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Grapefruit contains many flavonoid glycosides, naringenin, quercetin, 

kaempferol, hesperetin and apigenin being the most abundant among their aglycones 

(Tirillini, 2000). Naringenin was isolated from methanol extracts (Negi and 

Jayprakasha, 2001). 

1.2.4.4 Croton zambesicus (Muell.) Arg. 

Vernacular name: Um glegla 

Family: Euphorbiaceae 

The essential oil of C. zambesicus flowering tops contain pinene . limonene . 

linalool. borneol . menthol . carvone . thymol . a-humulene and cis-nerolidol 

(Mekkawi. 1985). 

Three clerodane diterpenoids. crotozambefurans A.B and C were isolated from 

the stem bark of C.zambesicus together with the known clerodane crotocorylifuran 

and two trachylobanes: 7(3-acetoxy trachyloban-18-oic acid and trachyloban -7(3 . 18-

dial. Betulinol . lupeol. sitosterol and its 3(3- glucopyranosyl derivative were also 

obtained (Ngadiui. et ul. 2002/ 

1.2.4.5 Lepidium sativum L. 

Vernacular name: flab el Rashad 

Family: Brassicaceae 

Phytochemical screening of the seeds of L. sativum growing in Saudi Arabia 

revealed the presence of tlavonoids . alkaloids, sterols and/or triterpenes. tannins and 

glucosinolates (AL-Meshal et al. 1982). 

1.2.4.6 Morettia phillaeana (Del.)DC. 

Vernacular name: Gubeish 

Family: Brassicaceae 

No chemical studies has been carried out. 

1.2.4.7). Nauclea latifolia Sra. 

(=Sarcocephalus latifolius) 

Vernacular name: Karmadoda 

Family: Rubiaceae 
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From the root bark of N. latifolia several indoloquinolizidine alkaloids 

(angustine , angustoline, nauclefine and naucietine) were isolated (Hotellier et al.. 

1975). The leaves of N. latifolia contain alkaloids and glycol-alkaloids (Hotellier et 

al.. 1979), phenotic compounds (Tona et al., 2000 ). 

The plant was reported to contain glycoside, strictosamide 

(isovincoside) (Brown et al.. 1977) and also contain alkaloid (Deeni and Hussain, 

1991). 

1.2.4.8 Plectranthus barbatus Andrews 

Vernacular name: Kalayah 

Family: Lamiaceae 

To date, the majority of phytochemical studies on speies of Plectrantluis have 

focused on the isolation of a range of diterpenoids. Some of the abietane diterpenoids 

isolated include coleon F.C. Coleonol C. Cariocal and plectrin (Ruedi and Eugster. 

1973 Kelecom and Dos Santos. 1985 and Jin et al.. 1990). Labdane diterpenoids 

found in Pleciranthus harhalus. include forskolin. H and F (Valdes et al.. 1987 . 

Gabetta et al.. 1989 and Jin and He . 1998). Kaurane diterpenoids found in 

P.harbaiits. include inethvlenequinones (Ruedi. 1986 and Yoganarsimhan. 2000). P. 

barbatus contains a wide range of mono- and sesquiterpenoids including humulene 

and p\Caryoplyllene (Ascensao et al.. 1998). 

The essential oil of P. harbatus contains borneol . camphcne . P-phellandrene 

and a-thujene (Mathela et al.. 1986 and maia et al, 1988). 

Napetoidin A and B (flavonoidal compounds) were isolated from water extracts of P. 

barbaius leaves (Grayer et al.. 2003). 

1.2.4.9 Ptucliea dioscorides (L.)DC. 

Vernacular name: Rehan El-Gaddawil 

Family : Asteraceae 

The volatile fractions obtained by hydro- distillation of the fresh leaves of 

P.dioscorides were analysed by GC-MS technique. 36 components were identified 

and the farnesol was the major component (16.50%) accompanied by a high 

percentage of sesquiterpene alcohols. Oxygenated sesquiterpenes (26.43%) and 

sesquiterpene hydrocarbons (39.43%>) represented the main constituent in the oil of 

P.dioscorides (Grace . 2002). 
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Two sesquiterpenes , godotol A and godotol B , were isolated from Pluchea 

Orabica (Fatope et al., 2004). 

1.2.4.10 Sphaeranthus suaveolens (Forsk.) DC. 

Vernacular name: Zir Elward , Zir Elfitna 

Family: Asteraceae 

The aerial parts of S. suaveolens contain three carvotacetone derivatives, together 

with four monoteroene compounds (Ahmed and Mohamed. 1997). Extracts of the 

aerial parts of 5. suavealens contain eight eudesman-12. 6(3- abides , carvotacetone 

derivatives and a thymohydroquinone glucopyranoside (Jakupovic et al. 1990j. 

- 13-



CHAPTER TWO 

MATERIALS AND METHODS 

2.1 Plant material: 

The plant specimens were collected from different locations in Sudan (10 

specimens) are listed in Table (1). All plant materials were carefully examined for 

identification: (Brown and Massey.1929). (Braun et al, 1991) , (Bebawi and 

Ncugebohrm.1991) and the Herbarium at the Botany Department. Faculty of Science 

and Technology, Omdurman Islamic University: were consulted for their 

identification. Voucher specimens of the plant material were deposited at the Botany 

Department. Omdurman Islamic University. 

The plant materials were air-dried for 10 days, milled into powder with the aid 

of an electrical «rinder and finally stored in air tiuht bottles before analysis. 
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Table 1: Plant Material : 

Plant 

species 

Alternanthera 

repens 

Ambrosia 

maritima 

Citrus 

paradisi 

Croton 

zambesicus 

Lepidium 

sativum 

Morettia 

pliillaeiina 

Local N a m e / 

Family N a m e 

AbuZahra 

Safrah/ 

Amaranthacea 

e 

Damasisa / 

Apiaceae 

Grape-fruit / 

Rutaceae 

Um-Gi lag la / 

Euphorbiaceae 

Hab ELRashad 

/ Barssicaceae 

Gubbeish / 

Brassicaeae 

Part Used 

Aerial part 

Leaves 

Internalfrui 

t peel 

Fruits 

Seeds 

Aerial part 

Distribution 

Nile Bank 

Nile Bank 

Cultivated 

Nuba 

Mountains 

Cultivated 

South 

Omdurman 

Local uses 

For swellings and skin 

ulcers. 

To treat stomach pains 

and 

rheumatic pains and 

diabetes. 

For malaria. 

For malaria and cough 

For measles 

To Treat infections 

Sauclea 

latifolia 

Karmadoda / 

Rubiaceae 

Fruits seed Nuba j As antipyretic in malaria 

Mountains I fevers and rfor diabetes. 

Plectrantiuis Kalavah / Stem bark ; Kassaia Expectorant,em menagog 

barbatus 

Pluchea 

dioscorides 

Sphaerantlius 

suaveolens 

Lamiaceae 

Rihan-

Elgadawil/ 

Asteraceae 

Zir Elward / 

Asteraceae 

Aerial part 

Aerial parts 

Nile Bank 

Nile Bank 

ue, 

diabetes 

and diuretic. 

For swellings 

For cough and wounds. 
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.2 Determination of Trace and Heavy Elements By XRF: 

X - Ray Fluorescence (XRF) spectroscopic analysis have been used 

extensively in quantitative and qualitative analysis of trace and heavy elements. In 

this study , the XRF technique was applied for the determination of the concentrations 

of K . Mn . Cu ,Zn . Pb , Ni and Fe in each plant sample that had been collected . 

The plant samples were first crushed into fine powder and then they were pressed into 

pellet from using a 15 ton pressing machine. The diameter of each pellet was about 

2.5 cm and the mass about 1 gram. The pellets were placed in the XRF spectrometer 

system, where each of them was measured for 2000 sec. The spectra were first 

analyzed using program called Analysis of X-Ray Spectra by alterative least square 

filling (AXIL), which is a FORT AN program. The AXIL software is able to separate 

overlapping peaks, and determine the net area of the peaks. The net area will be 

proportional to the concentration of the element in the sample. A plant standard was 

used to ensure reliability of the results (Hay Standard was obtained from the 

International Atomic Energy Agency (IAEA. Vienna). 

2.3 Preliminary Phytochemical Analysis : 

The dried plant material was ground into fine powder in an electric grinder. 

One hundred grams plant powder of each plant material was macerated with methanol 

(80%) in a conical flask for 24 hours separately. Mother liquor (crude Me OH extract) 

was filtered out and evaporated to obtain methanolic extract, while plant material 

residue was discarded. All extracts were stored dry in sterilized containers at room 

temperature until used for phytochemical screening. 

This prepared extract was used for the various following tests. 

2.3.1 Tests : 

The methanolic extracts of each investigated plant species were tested for 

flovonoids. saponins . tannins . alkaloids , anthraquinones . phenoic compounds , 

amino acids and sugars. The phytochemical tests were performed according to the 

method of( Brinda et ai, 1981) and are presented in (table 2). 
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2.3.2 Thin layer Chromatography Techniques : 

Phytochemical studies included Thin-Layer Chromatography (TLC) profiles of 

extracts obtained by refluxing powdered plants in methanol. Chromatograms were 

carried out on silica gel G-60 PF253 with four different mobile phases .( Stahl ,1969) 

2.3.2.1 Thin Layer Chromatography (TLC) : 

No Solvent Systems 

1. Chloroform : methanol (95:5) 

2. Chloroform : methanol : Ethyl acetate (- 0.02ml 

Acetic acid) 

(60:30 : 10) 

3. Toluene : Ethyl acetate (93:7) 

4. n- ButanafAcetic .Acid: Water(4:1:5) 

Detection 

Vanillin in cone. Sulphuric 

acid 

Dragendorff 

Reagent 

Vanillin in cone. 

FF S04 

AlCl;, 

Spray Reagents : 

Vanillin - H : SO4 

5°o Ethonolic FFSO4 (solution 1) and 1% Ethanolic vanillin (solution 2). 

10 ml solution 1 was sprayed . followed immediately by 5-10 ml of solution 2. 

Heating at 105'' for 5 minutes. 

Dragendorff reagent : 

Brown or orange (visible) zones appear immediately on spraying. The colours 

were not stable. 

2.3.2.2 Paper Chromatography (PC): 

The methanolic extracts of investigated plant species were subjected 

separately to paper chromatographic studies using Whatmann No.l filter paper, n-

Butanol: Acetic acid: water (4:1:5 v/v/v) ; Ethyl acetate: Formic acid: water (10:2:3): 

Acetic acid : Water (3:2) and Methanol : Ammonia : water (8:1:1) chloroform : 

methanol : ethyl acetate (+ 0.02 ml) acetic acid (60 : 30 : 10) were used as the solvent 

systems Stumpf and Conn (1981). 
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The paper was viewed under day light. The spots were visualized by the 5% alcoholic 

solution of aluminum chloride reagent and the Rt- values of the spots were determined 

and the results are presented in Table 10. 

2.4 Quantitative Estimations : 

2.4.1 Flavonoid Determination : 

100 mg of powdered sample was placed in 80% acidified methanol (methanol 

: water : HC1) .(80 : 20 : 1) for 18 hours at 4° C in darkness to extract the flavonoids 

(Mirecki and Teramura . 1984). The methanolic extract was used to read the 

absorbance at 315 nm in a UV - spectrophotometer and was expressed as absorbance 

unit. The results are presented in Table 11. 

2.4.2 Tannin determination : 

Chemically, tannins are complex substances. They usually occur as a mixture 

of polyphenols that are very difficult to separate and crystallize. Many methods have 

been devised and reported for the determination of tannins. The best one which has 

been recommend from W.H.O is the Hide Powder Method (W.H.O. 1998) 

The Hide Powder Method: 

The hide powder method . has long been used in tanning technology, was 

adopted in several pharmacopeias, the method consisted of determination o\' total 

water extractives (T|): the water extractives of the plant material not bound with hide 

powder (Ti) and the water soluble of hide powder (To). The percentage content of 

tannin in the plant sample is calculated from the differences between Ti and T: - To . 

Preparation of the Plant Extracts : 

Plant materials were previously powdered by using grinder (0.3 mm 

fineness).five grams were weighed for each sample into a conical flask. ThenlSO ml 

of water were added and heated over boiling water bath for thirty minutes, and then 

the mixture was cooled in running water, transferred to 250 ml volumetric flask, and 

diluted with water to 250 ml. 

The solid was allowed to setlle and then it was filtered through a filter paper (12 cm 

in diameter) , the first fifty ml of the filtrate were discarded and the remainder has 

been used for the assay. 
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Determination of total water extractives : 

Fifty milliliters of the plant extracts, was mixed with 6 grams of the hide 

powder, then it was shaked well , then It was filtered. Fifty milliliters of the clear 

filtrate was evaporated to dryness. The residue was dried in an oven at 150 C and 

weighed (T2). 

Determination of water-soluble of hide powder: 

Six grams of hide powder were added to 80 ml of water and shaked well for 

60 minutes on shaker. Then the solution was filtered 50 ml of clear filtered were 

evaporated in an/oven at 150"C and weighed (T0). 

The tannin percentage was calculated from the formula : 

[•/'. - C / : ~ 7 j J500 
IV 

Where \Y - weight in g ot the plant sample taken (= 5 g in this experiment) the 

number 500 originates from one-fifth of the amount of the plant sample taken for the 

determination. 
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CHAPTER THREE 

RESULTS AND DISCUSSION 

3.1 Results: 

3.1.1 Elemental Composition: 

The concentration of Manganese. Copper. Iron. Nickel, Lead. Zinc and 

Potassium in plant samples obtained from selected medicinal plants growing in Sudan 

was performed using X-ray fluorescence spectrometry (Table 3) and Figures 1 &2. 

The contents of the particular trace elements in selected herbs are diversified. 

The trace elements found in the smallest amount of the investigated medicinal herbs 

are lead, nickel and copper, while high concentration was detected for potassium, iron 

and manganese, in addition to that the latter elements showed discrepancy of their 

concentration over a wide range. From (Table3) one can conclude that manganese 

was accumulated with high level in Alternanthera rcpens species. This plant is widely 

used in many medicinal aspects such as for swellings and skin ulcer. No variations 

were obtained in the concentration of copper and lead in all samples under 

investigation, while iron and potassium showed a significant difference in their 

concentrations over all species. Potassium was most abundant in Sphacrunthus 

utavL'olens as well as Ambrosia muritima and Sauclcu laiifolia while Lepidiitm 

Mitivitm and Croion zamhesicus have the same content of this element. 

The data obtained were managed in from of percentile to compare the 

concentration of investigated elements in regardless type's. (Figure 1). 

Figure 2 shows the box and Wisker plots for the elements under study. The 

conclusion arrived to earlier has been strengthening by this figure. It shows that high 

concentration was reported for K. and Fe followed by Mn and low content was 

reported for Pb. Ni and Cu. 

Table (4) shows comparison between the results obtained by this study and 

previous ones done by ( Mezyk .1999). (Mutaftchiev.2001) and (Baranowska k. et 

a/,2002). The results of this study are consistent with data from literature, however, 

for Fe and K no data was reported by those researchers. The ratio of Pb and Ni in this 

study differs with the ratio reported by (Baranowska K. et al ,2002) but agree with ( 

Mezyk .1999). 
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3.1.2 Phytochemical Analysis: 

The yield of methanolic extracts of candicate plant speies have been presented in ( 

Table 5 ). 

Phytochmical analysis of candidate plants was preformed for constituents: 

flavonoids. saponins, tannins, alkaloids, amino acids and sugars present in an 

investigated plant species (Table 6). Saponins were only observed in .4. repens and 5. 

suaveolens. Phenolic compounds were found in all the plant species except M. 

phillaeana and P. discorides. The methanolic extracts of P. baratus, A. repens . N. 

latifolia. L. Sativum.C. paradisi and C. zambescus are found to contain alkaloids. 

Tannins are present in methanolic extracts of S. suaveolens and A,r. latifolia. 

3.1.2.1 Chromatographic investigations of the Saponins, Bitter principles and 

Essential oils: 

Thin layer chromatography is a useful analytical technique for the isolation and 

identification of organic compounds. The results of T.L.C of the methanolic extracts 

of candidate plant species are presented in Table 7. Rt values obtained by thin layer 

chromatography patterns are useful to establish their identity and purity of the plant 

species. Thin layer chromatography has been, generally speaking, the prerequisite for 

recognition of chemical races in medicinal plants. Stahl (1969) has discussed in detail, 

the importance of TLC as a legally binding method for characterization of botanical drugs. 

The results of thin-layer chromatographic examination of the saponins, bitter 

principles and essential oils are listed in Tables 7-a and 7-b. From Table7-a. it is 

evident that solvent system chloroform: methanol (95:5) achieved good separation, 

showing 6 spots in Pleciranthus barbutus methanolic extract, which gave violet. 

yellow and red colours with vanillin in cone. H2SO4 reagent (VS) indicating the 

probability" of being saponins, bitter principles or essential oil compounds. 

Red. brown, yellow-brown or dark green visible zones in the intermediate Rt-

range. the compound may be one of the bitter principles. Saponins also form coloured 

visible zones with VS reagent. Essential oils form blue, brown or red zones. In the 

screening system, essential oils migrate unresolved at the solvent front (Wagner et al.. 

1984). 

From Table 7-b the characteristic colours and Rt- values of separated saponins, bitter 

principles and essential oil compounds by using solvent system toluene: ethyl acetate 

(93:7) and VS reagent indicating the good separation showing 11 spots in P. barbatus 

. 8 spots in A. repens. 6 spots in P . dioscorides and 5 spots in A. maritima. 
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3.1.2.2 Chromatographic investigation of the flavonoids and alkaloids: 

The results of paper and thin-layer chromatographic examinations of the 

flavonoids are listed in Tables 8 and 9. From Table 8-a, it is evident that solvent 

system (n-Butanol: Acetic acid:water 4:1:5) achieved good separation, showing 2 

spots in Morettia phillaeana . Nanclea latifolia and Croton zambesicus methanolic 

extracts, which gave yellow and brown colours with aluminum chloride indicating the 

probability of being flavonoid compounds. From Table 8-b it is evedent that solvent 

system (Acetic acid : water 3:2).shows 2 yellow spots in C.zambesicus . 

The results of the paper chromatographic examination of the alkaloids are shown in 

Tables 10-a and 10-b. Components of alkaloids are red-brown (or orange) visible 

zones and the colour may be unstable. Some of the strongly basic alkaloids remain at 

the start in the screening system. 

3.1.2.3 Total Flavonoid and tannin contents in candidate plant species: 

The results of flavonoid and tannin contents obtained are compiled in fable 

11. It could be concluded that the total flavonoids was the highest in case oi 

Altcrnanthera repens followed by Sphucrunthus suaveolens. Ambrosia mariiima 

.Pluchea dioscoridcs .Croton zambesicus and Plectranthus brarbatus. Whereas the 

highest total tannin content was in case of Sphaeranthus sitaueolens and S'auclea 

latifolia. 
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3.2 Discussion: 

Trace elements co-exist with numerous organic compounds (many of which are 

complex agents) in the infusions of medicinal plants, and most will be bound to 

organic compounds. Therefore, the concentration of the free trace elements can be 

very low. There are many sensitive methods to determine the total concentration of 

the trace elements present, but these do not differentiate between free and bound 

states. From the phytochemical screening of the medicinal plants under investigation 

in this study, a number of observations were obtained. Sugars and amino acids were 

found to be in all samples. These findings may indicate their low influence to the level 

of trace elements in the studied species. Significant similarities were detected between 

Ambrosia maritima. Citrus paradisi and Xaucka latifolia with respect to their 

organic constituents which manifested in the consistency of their trace elements 

contents. This confirmed the strong relationship between elemental content and the 

organic matrix in which a given trace element exists. 

The therapeutic effect of medicinal plants for the treatment of various diseases 

based on the chemical compounds of these plants. The major components are organic 

compounds, some of which have biological activity, but none act independently and 

cannot replace the functions of the medicinal plant as a whole. Analyses have 

revealed that medicinal plants are rich in many trace elements, and it is suggested that 

this is an important factor in the curative effect of these plants. The chemical states in 

which trace elements were found are organically bound, complex and free. Besides, 

different states have different functions, toxicity, and absorption rates by the body. 

Since the results obtained in the present study showed normal distribution. 

Pikerson correlation analysis was used to calculate correlation coefficient between 

each individual element and organic constituent existing in medicinal plant under 

study (Table 12). Judging from correlation coefficient values, Zn shows significant 

strong correlation with organic constituents found in tested medicinal herbs. A part 

from Zn element, weak correlations for the other elements, are noticed; however both 

K and Cu presented correlation coefficient values 0.43 and 0.41, respectively. 

The presence of phonelic compounds in the Ambrosia maritima, Plectranthas 

barbatus and Sphaeranthus suaveolens indicates that these plants may be 

antimicrobial agents. This agreed with the findings of (Grayer et al 2003) who 

reported that P. baratus is effective as an antifungal. 
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The presence of saponins in Alternanthera repens justifies the use of the 

extracts from these plants to stop bleeding and in treating wounds. Saponin has the 

property of precipitating and coagulating red blood cells. Some of the characteristics 

of saponins include formation of foams in aqueous solutions, hemolytic activity, 

cholesterol binding properties and bitterness (Sodipo et al. , 2000 ; Okwu , 2004). 

Other secondary metabolite constituents of investigated plant species detected 

include the alkaloids and flavonids. Pure isolated alkaloids and their synlhetic 

derivatives are used as basic medicinal agents for their analgesic, antispasmodic and 

bactericidal effects (Okwu and Okwu . 2004). They exhibit marked physiological 

activity when administered to animals. Flavonoids. on the other hand are potent 

water-soluble antioxidants and free radical scavengers, which prevent oxidative cell 

damage, have strong anticancer activity (Salah et al. . 1995: Del-Rio et al.. 1997: 

Okwu . 2004). Flavonoids in intestinal tract lower the risk of heart disease. As 

antioxidants, flavonoids from candidate plants provide anti-inflammatory activity 

(Okwu . 2004). This may be the reason Alternanthera repens have been used for the 

treatment of wounds, burns and ulcers in herbal medicine. 

Tannins have stringent properties, hasten the healing of wounds and inflamed 

mucous membranes. These perhaps, explain why traditional healers in central Sudan 

often use A. repens and S. suaveolens in treating wounds and burns. 

The presence of zinc in the plants could mean that the plants can play valuable roles 

in the management of diabetes, which result from insulin malfunction (Okaka and 

Okaka.2001). 

The concentration levels (ppm) of selected elements (Mn . Cu. Fe . Ni. Pb . Zn 

and K) were estimated in some of the important herbal medicine plants of the central 

Sudan. The X-Ray Fluorescence (XRF) Spectroscopy was employed for the 

estimation. 

The highest mean levels (ppm) of K. (28753.23) and Zn (64.93) were found in 

Sauclea lad folia. 

In the present work medicinal uses and the percentage yield of the methanolic 

extracts of candidate plant species: Alternanthera repen herb. Ambrosia maritima 

aerial part. Citrus paradisi internal fruit peel, Croton zambesiens fruit, Lepidium 

sativum seeds. Morettia phillaeana aerial parts. Nancies latifolia fruits, Plectranthas 

barbatus stem bark. Pluchea dioscorides aerial parts and Sphaeranthus suaveolens 

herb have been carried out. The results are presented in Table 1 and 2, respectively. 
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Table 2: Preliminary Phytochemical Screening 

S.No. 

1. 

2. 

3. 

4. 

Test 

Test Solution in alcohol + a bit of 

magnesium and two drops of 

concentrated HC1 and heat. 

Test solution + FhO and shake. 

Test solution - H;0 + lead acetate 

Test solution taken with 2M HCL. Aq. 

layer formed, decanted and to which are 

Observation 

Red or orange red 

colour 

Foamy lather 

White precipitate 

White turbidity or 

precipitate 

Inference 

Presence of 

flavonoids. 

Presence of 

saponins 

Presence of 

tannins 

Presence of 

alkaloids 

added two drops of Mayer's reagent. 

Test solution - magnesium acetate 

solution 

Pink colour Presence of 

anthraquinon 

es. 

Test solution in alcohol - one drop of Intense colour 

ferric chloride (III). 

| Presence of 

I phenolic 

compounds 

Test solution - l°o Ninhydrin in alcohol. | Blue or violet colour l Presence of 

I amino acids 

Test solution - very small quantity of 

anthrone - few drops of concentrated 

H;S04 and heat. 

Green to purple 

colour 

Presence of 

sugars 

Maver's reaaent; 5a of KI and 1.4a of mercuric chloride in 100 ml of distilled water. 



Table 3:Elemental composition (ppm) of candidate plant species by using X-Ray 

Flurescence (XRF) 

Plant species 

Alternanthcra repens 

Ambrosia maritima 

Citrus paradisi 

Croton zambesicus 

Lepidium sativum 

Morettia phillaeana 

Nauclea latifolia 

Plectranthus barbatus 

Pluchea dioscorides 

Sphaeranlhus suaveolens 

Mn 

151.4 

39.2 

18.3 

65.3 

122.8 

18.3 

88.7 

31.3 

91.4 

80.9 

Cu 

7.7 

6.9 

7.8 

7.7 

8.6 

6.2 

8.9 

8.3 

7.2 

9.0 

Fe 

7052.5 

4700.5 

402.5 

218.8 

1197 

332 

1893.5 

213.8 

4004 

4004 

Ni 

1.3 

3.7 

3.7 

13.3 

2.3 

4.3 

4.6 

5.5 

3.8 

Pb 

1.1 

0.6 

1.2 

1.1 

2.5 

1.0 

1.4 

2.0 

0.9 

3.2 | 1.5 

Zn 

29.2 

36.6 

18.49 

24.94 

49.95 

5.6 

64.9 

38.1 

25.4 

38.7 

K 

16799.4 

22614.9 

14968.9 

13892.0 

13892.01 

107.7 

28753.2 

15321.2 

1607.3 

51475.8 

- 2 6 -



5.00-

4 .00-

g 3.00 H -
Q. 
0. 

2.00-

1.00-

0.00-

rzn 

\n , H 
:£. 

0 
\d 

• 

Mn Cu Fe Ni Pb Zn K 

Element 

Fig. 1 Elemental composition (ppm) of candidate plant species 

- 2 7 -



5.00 — 

4 . 0 0 -

3.00-

£ 
Q. 2 . 0 0 -
Q. 

1.00—i 

0.00 — 

40 

54 

51 

67 

61 

-1 0 0 -

Mn Cu Fe 
I 

Ni Pb Zn 

Element 

Fig. 2 Box and Wisker plots for the elements under study 

-28 -



Table 4 : Comparison of the element concentrations obtained in this 

work with literature. 

Element 

Mn 

Cu 

Zn 

K 

Ni 

Fe 

Pb 

Present study 

(median) 

73.1 

7.8 

28.6 

1.8 

3.8 

0.2 

1.1 

Mezyk et al 

(1999) 

32 

13.1 

- n i 

2.3 

1.3 

Mutaftchiev 

(2001) 

44.5 

aranowska et 

al (2002) 

48 

6.2 

4.9 

- 2 9 -



Table 5: Percentage yield of the methanolic extracts (80%) of candidate plant 

species . 

Plant Name 

Alternathera repens 

Ambrosia maritima 

Citrus paradisi 

Croton zambesicus 

Lepidium sativum 

Morettia phillaeana 

Nauclea latifolia 

Plectranthus barbatus 

Pluchea dioscorides 

Sphaeranthus suavcolens 

Part used 

Aerial parts 

Leaves 

Internal fruit peel 

Seeds 

Seeds 

Aerial parts 

Fruits 

Stem bark 

Aerial parts 

Aerial parts 

Yield (%) 

1.81 

1.8 

1.06 

1.48 

0.98 

0.1 

1.8 

1.52 

2.1 

2.04 

- 3 0 -



Table (6): The result of preliminary phytochemical screening of the methanolic 

extract of the investigated plant species 

Name of plant 

Alternanthera repens 

Ambrosia maritima 

Citrus paradisi 

Croton zambesicus 

Lepidium sativum 

Morettia phillaeana 

Xauclea latifolia 

Plectranthus babatus 

Phtchea dioscorides 

Sphaeranthus suaveolens 

FL 

+ 

-

+ 

± 

+ 

+ 

+ 

± 

-

+ 

SA 

± 

-

-

-

-

-

-

-

± 

TA 

+ 

-

± 

± 

± 

-

+ 

+ 

+ 

+ 

AL 

+ 

-

+ 

+ 

+ 

± 

+ 

+ 

± 

± 

AQ 

+ 

-

+ 

-

-

-

-

+ 

-

-

PH 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

-

+ 

AA 

± 

+ 

± 

+ 

+ 

+ 

+ 

± 

+ 

+ 

SU 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- present ; - absent : ± trace 

; FL - Flavonoids: SA = Saponins : TA = Tannins:AL •= Alkaloids; 

AQ = Anthroquinone glycosides : PH = Phenolic compounds: 

AA = Amino Acids: Su = Sutiars 

- 3 1 -



Table 7-a: The results of T.L.C examination of the saponins, bitter principles 

and essential oils 

solvent system: chloroform: methanol (95:5) 

Plant 

Pluchea dioscorides 

Ambrosia maritima 

Citrius paradisi 

Plectrcthus barbutus 

No of spots 

1 

1 

1 

i 

1 

i 

-> 
J 

4 

5 

6 

Rf 

0.29 

0.57 

0.16 

0.33 

0.16 

0.29 

0.32 

0.37 

0.49 

0.62 

Colour 

Yellow 

Yellow 

Violet 

yellow 

Violet 

Violet 

Violet 

yellow 

red 

violet 

Sphuerathus suaveolens 

\auclea kitifolia 

Lcpidium sativum 

Croton zamhesicus 

i 

| 1 

! 1 
i 

i 1 

1 

0.91 

r 0.28 

0.49 

0.52 

yellow 

vellovv 

yellow 

vellow 

Spray reagent : Vanillin in cone. H2SO4 

- 3 2 -
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Table 7. The results of T.L.C examination of the saponins, bitter 

principles and essential oils 

7-a solvent system: chloroform: methanol (95:5) 

Plant 

2. Pluchea dioscorides 

4. Ambrosia maritima 

5. Citrius poradisi 

6. Plectrcthus barbalus 

7. Sphaerathus suaveolens 

8. Nauclea iatifolia 

9. Lepidium sativum 

lO.Crolon zambesicus 

No of spots 

1 

1 

1 

2 

1 

2 

3 

4 

5 

6 

1 

1 

1 

1 

Rf 

0.29 

0.57 

0.16 

0.33 

0.16 

0.29 

0.32 

0.37 

0.49 

0.62 

0.91 

0.28 

0.49 

0.52 

Colour 

Yellow 

Yellow 

Violet 

yellow 

Violet 

Violet 

Violet 

yellow 

red 

violet 

yellow 

yellow 

yellow 

yellow 

Spray reagent : Vanillin in cone. H2SO4 

33 



i 
Sphaeruthus suaveolens 

; Xauclea lalifolia 

-> 
j 

4 

5 

6 

7 

8 

9 

10 

11 

1 

~> 

3 

4 

1 

T 

0.29 

0.33 

0.39 

0.41 

0.53 

0.60 

0.67 

0.77 

0.93 

0.05 

0.18 

0.31 

0.38 

0.14 

0.32 

Brown 

Violet 

Brown 

Brown 

Violet 

Brown 

Brown (faint) 

Red 

Brown 

Yellow Green 

Yellow Green 

Yellow Green 

Yellow Green 

Violet (Faint) 

Violet 

Lepidium .sativum 1 | 0.31 J Violet 

Crolon zambesicus 

Spray reagent: Vanillin in cone Sulphuric acid 

0.17 Yellow 

0.29 Violet 

0.43 violet 
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Table 8-a: The results of PC of the flavonoids 

Solvent system: n - Butanol - Acetic acid - water (4:1:5) 

Plant 

Morettia phialeana 

Pluchea dioscorides 

Ambrosia moritima 

Citrus paradisi 

Plectrathus barbatus 

Sphaerathiis suveolens 

Xauclea latifolia 

Lepidium sativum 

C rot on zambescus 

No 

of spots 

1 

2 

-) 

i 

Rf 

0.64 

0.84 

0.83 

0.93 

0.88 

0.92 

097 

0.83 

0.93 

0.83 

0.83 

0.94 

Colour 

Violet 

Yellow 

Yellow 

Yellowish green 

Yellow 

Yellowish 

Yellowish 

Yellow 

Brown 

Yellow 

Yellow 

yellow 

Spray reagent : Al Ch 

- 3 5 -



Table 8-b: The results of PC of the flavonoids 

Solvent system: Acetic acid : Water (3:2) 

Plant 

Morettia phillaena 

Pluchea dioscorides 

Alternanthera repens 

No 

of spots 

Amberosia maritma 1 

Pelectrathus barbutus 1 
i 

Xauclea latifolia \ 1 

Lepidium sativum I 1 

Croton zambesicus 

~) 

Rf 

0.83 

0.80 

0.93 

0.90 

0.31 

0.98 

0.85 

0.30 

0.83 

Colour 

Yellow 

Yellowish Brown 

Yellowish Brown 

Yellowish Brown 

Yellowish Brown 

Brown 

Yellow-

Yellow 

yellow 

Spray A1C1; reagent 

Table 8-c : The results of PC of the flavonoids 

Solvent system: Ethyl Acetate : formic Acid: water (10 : 2 :3) 

Plant 

\forertia phi 11 ae ana 

Pluchea dioscorides 

A Iternamhera repens 

Plectrathus barbatus 

Croton zambesicus 

No of spots Rf 

0.92 

0.95 

0.98 

0.92 

0.93 

Colour 

Yellowish - green 

// II 

Yellow-

Yellowish - green 

// // 

Spray Reagent : AICI3 

- 3 6 -
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Table 9: The results of T.L.C investigation of the flavonoids 

Solvent system : Butanol saturated with water 

t 

Plant 

Alternathera repens 

Ambrosia maritime* 

Citrus paradisi 

Croton zambesicus 

Lepidium sativum 

Morettia phillaeana 

No 

of spots 

S'auclea latifolia 1 

Rf 

0.88 

0.92 

0.91 

0.91 

0.95 

0.98 

0.98 

Plectrathus barbatus 1 j 0.94 

Pluchea dioscorides 1 1 0.65 
j 

Sphaerathus Suaveolens 1 0.87 
! 

Colour 

Yellow 

Greenish yellow 

Yellow 

yellow-

Brown - yellow-

Greenish yellow 

Brown - yellow 

Yellow-

Greenish yellow-

Green - vellow 

Solvent system : Butanol saturated with water 

Spray reagent: AlCh 

- 37 -



Table 10-a: The results of PC investigation of Alkaloids 

Solvent system: Methanol : Ammonium : water (8 : 1 :1) 

Plant 

Pluchea dioscorides 

Alternanthera re pens 

Plectrathus barbatus 

Nauclea latifolia 

No 

of spots 

1 

1 

1 

1 

Rf 

0.42 

0.75 

0.79 

0.77 

Colour 

Orange 

Orange 

Violet (Faint) 

Orange 

Spray reagent: Dragendorff reagent. 

- 3 8 -



Table 10-b: Solvent System: Chlorform : methanol : ethyl actate (+0.02 ml) acetic 

acid (60:30:10) 

Plant 

Alternanthera repens 

Nauclea latifolia 

No 

of spots 

1 

1 

Rf 

0.89 

0.81 

Colour 

Violet (Faint) 

Orange 

Spray reagent: Dragendorft reagent. 

- 3 9 -



Table 11: Total flavonoid and tannin contents in candidate plant species 

plant species 

Alternanthera repens 

Ambrosia maritima 

Citrus paradisi 

Croton zambesicus 

Lepidium sativum 

•t'ttia phillaeana 

mclea latifolia 

Plectranthus barbat us 

Flavonoid 

(Absorbance unit) 

3.5 

2.9 

1.0 

? 9 

1.6 

1.3 

0.6 

2.0 

Tannin (%) 

-

-

-

-

-

-

30 

-

Pluchea dioscorides 2.6 

Sphaeratithus suaveoiens 3.3 I 50 

- 4 0 -



Table.12: Results of Pearson's correlation test 

Element 

Zn:organic 

Cu:organic 

Fe:organic 

Pb:organic 

Ni:organic 

K:organic 

Correlation coefficient 

0.65 

0.41 

0.07 

0.11 

0.04 

0.43 

-41 -



3.3 Conclusion 

The present study is divided into two parts. Part one includes elemental 

composition in some selected medicinal plants growing in Sudan. This was performed 

by using X-Ray Fluorescence (XRF) spectrometry for determination of some major 

and trace elements, viz. K , Mn , Cu , Fe , Ni , Pb and Zn. Part two includes 

phytochemical studies of each candidate medicinal plant species that comprises: (a) 

preliminary phytochemical analysis: flavonoids , saponins , tannins . alkaloids, 

anthraquinone glycosides . phenolic compounds, amino acids and sugars, (b) 

percentage yield of the extracted candidate plant species by methanol (80%). (c) 

chromatographic examinations (TLC and PC), (d) quantitative estimation of 

flavonoids and tannins. Total concentrations of the plant species tested were in the 

ranges of 107.7-51475.8 mg K Kg"'. 18.3-151.4 mg Mn Kg"1. 5.6-64.9 mg Zn Kg"1. 

6.2-9.0 mg Cu Kg"1. 213.8-7052.5 mg Fe Kg"1. 1.3-13.3 mg Ni Kg"1 and 0.6-2.5 mg 

Pb Kg" . Concentrations of Fe. K and Ni were very high, from biological physiology 

point of view, concentrations of total Mn, Zn. Cu and Pb were generally within the 

growth requirement of plants in the dry matter. Multivariate analysis of the data 

(Pearson correlation) confirmed that there is strong significant correlation between Zn 

and organic constituents. Saponins were only observed in Alternanthera repens and 

S.suaveolens. Phenolic compounds were found in all the plant species except Morettia 

phillaeana and Pluchea discorides. The methanolic extracts of P. barbatus, C. 

paradisi, A.repens. Sauclea latifolia.. Lepidium sativum and Croton zambesicus were 

found to contain alkaloids. Tannins were present in methanolic extracts of S. 

suaveolens and .V. latifolia. The results of chromatographic examinations exhibit 

good separation of spots indicating the probability of saponins, bitter principles and 

essential oils. 



3.4 Recommendations 

(1) Plants are currently used as bioindicators to monitor air and soil pollutions and to 

follow changes in pollution patterns. In order to perform reliable biomonitoring, the 

analysis should be accurate. One way to achieve accuracy is to use analytical 

procedures by comparing different instrumental techniques. 

(2) A number of compounds, representing a variety of chemical ustructures isolated 

from the various plant species, may provide interesting leads for further 

pharmacological considerations. 

(3) Both the general consumer and health-care professional need to be updated on 

quantitative information of medicinal plants along with safety, quality and efficacy. 

(4) The results suggested that the user of traditional Sudanese crude drugs should be 

warned of the potential danger of heavy metals poisoning. 
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