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1. Introduction 

 

The plant produces large numbers of chemical compounds with diverse physiological roles. The plant takes advantage 
of cheap and available natural resources in its surroundings of air, water, mineral elements, and solar energy to produce these 
chemical compounds. These compounds are called phytochemicals, in which biotechnologists are concerned with the mass 
production of economically important compounds. The compounds produced by the plant are generally divided into two 
groups, primary metabolites and secondary metabolites. The compounds of primary metabolites are necessary for growth and 
development, they are similar in properties, have limited genetic heterogeneity, and can be produced in large quantities and 
inexpensively. Their relatively simple structures can be manufactured in the laboratory, whereas, secondary metabolites are 
compounds that plants do not need for growth and development, which differ in their properties and have a broad genetic 
diversity. They are produced in small quantities and are expensive and have complex structures that are difficult to 
manufacture in a laboratory. Secondary metabolites are also called natural products, as there are believed to be more than 
one hundred thousand secondary compounds in different structures produced by living organisms in an amount estimated at 
about 109 million tons annually. About 80% of it is found in plants and used as a pharmaceutical, nutritional and health material.  

The secondary products are believed to have the primary function of eliminating the toxic effect resulting from 
accumulating primary metabolites. These compounds defend the plant when it is exposed to biotic and abiotic stresses, as well 
as antibacterial, fungi and viruses that inhibit its growth. It also helps the plant in competition with other plants, such by 
inhibiting the germination of its seeds and the growth of its seedlings. Secondary compounds have an important role in 
protecting plants from the harmful effects of ultraviolet rays. Secondary compounds are used as a source of pharmaceutical 
compounds, from which industrial preparations are prepared.  According to the reports of the World Health Organization, 
approximately 70 - 80% of the world population depends on alternative medicine from herbal plants. In other words, complex 
chemical compounds that are difficult to produce industrially can be produced by plants. Specialty phytochemical products are 
of an industrial and marketing value worth billions of dollars annually. If the opportunities provided by plant tissue and cell 
culture are invested in this field, the world will witness a significant decrease in the prices of medicines, due to the possibility 
of producing them in bioreactors with capacities of up to thousands of liters, if used the modern technologies represented by 
the plant tissues, organ, and cell culture compared to the old traditional methods. The importance of in vitro propagating 
medicinal plants in order to extract the secondary products is the possibility of producing them under optimal conditions 
controlled throughout the year without being restricted to the growing season and geographical location, also, the micro-
propagation environment is free from microbial contaminants, pests, and weeds. The use of biotechnology methods for micro-
propagation encourages crops to produce secondary compounds and increase their quantities. Tissue culture is also an 
important source of secondary metabolites in plants that are difficult to grow in field conditions. The production of secondary 
compounds with tissue culture technology takes less time, effort, and labour compared to traditional methods of cultivation 
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and production. In this paper, we will review what researchers have reached in the field of accurate propagation of some 
important medicinal plants through a presentation of several protocols used to propagate some medicinal plants that aim to 
mass micropropagation them or expose them to treatments aimed at increasing the production of secondary compounds that 
have a role when extracted in the manufacture of medicines and pharmaceuticals. 
  

2. Moringa plant (Moringa olivera) 
 

The Moringa plant is called the miracle tree, which belongs to the family Moringaceae (Poteet 2006), almost all parts of 
this plant have nutritional and medicinal benefits. Its leaves are used as a food supplement for people with immunodeficiency 
because it contains large amounts of vitamins, carbohydrates, amino acids, β-carotene, iron, potassium, phosphorus, zinc, 
selenium and antioxidants (Farooq et al 2012; Yadav and Srivastava 2016). This plant is rich in zeatin which is an anti-ageing 
compound that stimulates cell division and prolongs the juvenile phase in the plant. This plant also contains many other 
compounds of medicinal importance such as β-sitosterol, caffeoylquinic acid, quercitin, and kaempferol. As the last two 
compounds work to reduce the incidence of cancer and some diseases of the heart and the circulatory system, as well as their 
importance as antioxidants and vitality against bacteria and fungi pathogenic to humans (Makonnen et al 1997; Abdulkarim et 
al 2005).  

Ibrahim and Ameen (2017) developed a protocol to stimulate callus induction from hypocotyl explants in moringa plants 
with the aim of increasing the production of the active secondary compounds represented by zeatin, quercitin and kaempferol 
by exposing the induced callus to different concentrations of sucrose (30, 60, 90 and 120 g L-1). 1) and polyethene glycol, PEG 
(0, 25, 50 and 100 g L-1). The nutrient medium on which the callus cultures were induced was MS medium (Murashige and 
Skoog, 1962), supplied separately with 2.0 mg L-1 2, 4-dichloro phenoxy acetic acid (2, 4-D) and 0.1 mg L-1 naphthalene acetic 
acid, NAA. The researchers showed from this protocol that a higher concentration of 120 g L-1 sucrose or 100 g L-1 PEG 
recorded the highest content of zeatin, quercitin, and kaempferol in induced callus that were 103.4, 1324.6, and 966.5 g g-1 
dry weight, respectively, at a concentration of 120 g. L-1 sucrose, and 92.01, 3528.0, and 931.0 g g-1 dry weight, respectively, 
at 100 mg L-1 PEG. It was concluded from this protocol that the possibility of increasing the production of the secondary active 
compounds in induced callus by subjecting it to stress with high concentrations of sucrose and PEG with the possibility of 
isolating and purifying them for use as natural product sources in the pharmaceutical industry. 
 

3. Vinca rosea (Catharanthus roseus) 
 

Vinca rosea belongs to the family Apocynaceae and is a perennial herbaceous evergreen plant (Al-Zarkani 2003). This 
plant is considered one of the most important medicinal plants because it contains many alkaloids used to treat heart disease 
and blood pressure (Al-Shahat 2000), contains more than 50 alkaloids, which have a fast pharmacological effect in treating 
some severe diseases. The aqueous extracts of the vinca rosea plant are used in the treatment of gingivitis, dental pain and 
decay. These extracts are also useful in treating stomach and intestinal ulcers. Recently, it has been known the biological effect 
of some alkaloids of this plant in treating chronic constipation. Forty years ago, it was proven that many alkaloids exist in this 
plant that has an effective effect in treating some serious cancers, such as vincristine, vinblastine, ajmalicine and serpentine, 
in addition to hypertension, which plays an important role in treating high blood pressure diseases (Leveque et al 1996; Van 
Der Heijden et al 2004).  

Al-Memari et al (2018) found, the callus is induced after 28 days of culture through the protocol of leaf segments, nodal 
segments, and internode segments as explants of vinca rosea cultured on an MS medium supplied with 0.1 mg L-1 naphthalene 
acetic acid led.  The weights of the induced callus from these explants reached 0.612, 0.639, and 0.835 g, respectively. The 
explants, leaf segments, nodal segments, and internode segments, which were cultured on MS medium supplied with 0.1, 0.3 
or 0.5 mg L-1 benzyl adenine and 0.1 mg L-1 naphthalene acetic acid, led to callus induction after 50 days of culture (Figure 1). 
The alkaloid compounds ajmalicine, vindoline, vincristine, and vinblastine were diagnosed using a High-Performance Liquid 
Chromatography (HPLC) instrument. The highest absorbance value of vinblastine in the callus of leaf segments cultured on MS 
medium supplemented with 0.3 mg L-1 BA and 0.1 mg L-1 NAA. The highest absorbance value of vincristine in the callus of 
internode segments cultured on MS medium supplemented with 0.5 mg L-1BA and 0.1 mg L-1 NAA. The highest absorbance 
value of vindoline in the callus of leaf segments cultured on MS medium supplemented with 0.5 mg L-1BA and 0.1 mg L-1 NAA. 
The highest absorbance value of ajmalicine in the callus of nodal segments cultured on MS medium supplemented with 0.1 mg 
L-1BA and 0.1 mg L-1 NAA.  
 

4. Pot marigold (Calendula offcinalis) 
 

Pot marigold is one of the plants belonging to the Asteraceae family, which is one of the most important medicinal 
annuals. The original home of this plant is the Mediterranean basin and grows wild in southern and central Europe and northern 
Africa (John and Harold 2004). The pot marigold plant has multiple uses in the field of folk medicine in India, as its flowers are 
used in the manufacture of ointments to treat wound sores and purify the blood. The leaves are used as a paste to treat 
varicose veins externally. In Britain, boiled flowers are used to treat smallpox and measles, and as an antispasmodic. Flower 
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juice, it is used to treat jaundice and constipation and to quell menstrual bleeding (Itcolor and Major 1993; Khare, 2004). Pure 
extracts from the dry parts of pot marigold have been shown to have therapeutic and medicinal activities as they are 
antioxidants containing carotenoids, polyphenols, and flavonoids (Preethi et al 2006; Bernatoniene et al 2011). Pharmaceutical 
studies prove the efficacy of the pure extracts of this plant as an anti-inflammatory, anti-viral, and anti-genotoxic (Medina et 
al 2006). 
 

 
Figure 1 Callus induction of Catharanthus roseus from leaf segment (A), nodal segment (B) and internode segment explant (C); (Al-Memari 
et al 2018). 

 

The extracts taken from the roots, leaves, and flowers work as anti-bacterial for some bacteria species and have 
medicinal activity in treating HIV and hemorrhagic diseases (Muley et al 2009; Amoian et al 2010; Bissa and Bohra, 2011). The 
reason for the pharmacokinetic and pharmacological effectiveness of vinca rosea extracts is that they contain effective 
chemical compounds, including terpenes, such as the well-known compound calenduladiol-3-myristate, as well as flavonoids, 
comarine, narcissin, and rutin. 

Leaf segments of young and flowering plants of pot marigold were cultured on MS medium supplied with 0.0, 0.1, 0.2 
and 0.5 mg L-1 2,4 -D with the aim of callus induction (Bashi and Al-Noah, 2018). The leaf segments of young plants that were 
grown on the MS medium supplied with 0.1 mg L-1 2, 4-D recorded the highest callus fresh weight of 1.14 g after three weeks 
of culturing. Then callus induced from the treatment, 0.1 mg L-1 2,4 -D, was cultured on the MS medium supplied with 0.0, 0.5, 
1.0, 1.5, and 2.0 mg L-1 NAA for the purpose of stimulating the production of salicylic acid and resorcinol, which were diagnosed 
by the HPLC instrument. The induced callus of young plants that cultured on MS medium supplied with 1.0 mg L-1 NAA and 0.1 
mg L-1 BA recorded the highest callus fresh weight reached 13.04 g after nine weeks of culturing. The induced callus of flowering 
plants that cultured on MS medium supplied with 1.5 mg L-1 NAA and 0.1 mg L-1 BA recorded the highest callus fresh weight 
reached 20.50 g after nine weeks of culturing. The induced callus of young plants that cultured on MS medium supplied with 
1.5 mg L-1 NAA and 0.1 mg L-1 BA recorded the highest amount of salicylic acid reached 30.02 mg g-1 dry weight, after six weeks 
of culturing. The induced callus of flowering plants that cultured on MS medium supplied with 2.0 mg L-1 NAA and 0.1 mg L-1 
BA recorded the highest amount of resorcinol reached 139.28 mg g-1 dry weight after six weeks of culturing. 
 

5. Chamomile (Matricaria chmomilla L.) 
 

Chamomile belongs to the Compositae family, which includes 2,500 species (Abu Zaid 2001). This annual herbaceous 
plant is one of the most important medicinal and aromatic plants, and it is a major source of the active compounds found in 
volatile oils. From the flowers of the chamomile plant, volatile essential oil is extracted from 0.5-1.5% of its dry weight (Attar 
Bashi, 2004). This plant is included in the pharmaceutical industry as it is a major source of effective plant compounds (Abbas 
and Al-Shamaa 2009). Chamomile plant extracts are used to improve the appearance of the skin and protect it from rashes and 
some types of skin allergies. Its flowers are also used in the treatment of wounds and acne (Zaila 1975). The flowers of this 
plant are used in the treatment of colds, colds, rheumatism, stomach and intestinal ulcers, and as an anti-inflammatory, anti-
inflammatory, mouth and tongue ulcers, and tonsillitis. As a result, its flowers contain the active compounds bisablol, 
hernairine and coumarins (Al-Naimi 2005).  

A protocol for the embryogenesis from the culturing of capitulum explants of chamomile flowering was developed by 
Ahmad (2015). Ahmad (2015) found that MS medium supplied with 26.8 µM NAA and 11.5 µM kinetin led to somatic embryo 
formation from capitulum explants after 2-4 weeks of culture. The new plantlets were obtained from the germination of the 
obtained somatic embryos. The researcher also indicated the possibility of increasing the production of the active compound 
chamazulene through micropropagation of chamomile plants using capitulum as explants.  
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6. Miswak (Silvadora persica L.) 
 

The miswak (Silvadora persica L.) plant is one of the evergreen shrubs belonging to the Silvadoraceae family that grows 
in desert areas. This plant propagates by means of seeds, but its germination rate is very weak, as well as plants growing from 
seeds are genetically variable (Phulwaria et al 2011; Kumar et al 2012). The miswak stick is commonly used in the regions of 
the Arabian Peninsula, the Islamic world and some different countries of the world. The toothpick is used as a traditional brush 
to clean the teeth in those areas because it contains effective compounds that are useful and strong affecting mouth bacteria 
and gum disease (Bergstorm et al 2006).  

A protocol was developed by Emhamed (2015) to micropropagation the miswak plant, as it is one of the endangered 
plants. The shoot tips, leaf segments, nodal stems, flowers, immature seeds, axillary buds, apical meristems, and leaf petioles 
were used as explants that were cultured on the MS medium supplied with different concentrations of auxins and cytokinins. 
Shoot tip explants recorded the best results in micropropagation of miswak plants compared to the other explants. The MS 
medium supplied with 0.5 mg L-1 NAA and 1.0 mg L-1 BA recorded the highest shoot multiplication after five weeks of culturing. 
The apical meristem explants that were cultured on an MS medium supplied with 0.5 mg L-1 zeatin (cytokinin) and 0.5 mg L-1 
activated charcoal recorded the highest number of shoots, reaching 48 shoots (Figure 2A). While the shoots that were cultured 
on MS medium supplied with 0.5 mg L-1 NAA and 1.0 mg L-1 BA recorded the highest response to callus induction after several 
callus subcultures (Figure 2B).  
 

7. Roja (Hypericum triquetrifolium) 
 

The Roja is a medicinal herbaceous plant that belongs to the Hypericaceae family (Mohammed and Kheravii 2012). The 
Roja plant is used in traditional Arabic medicine to treat various infections and diseases and as an analgesic, astringent, and 
antispasmodic, for intestine and bile disorder and poisoning (Couladis et al 2002; Saad et al 2011; Mohammed and Kheravii, 
2012). This plant is one of the most important medicinal herbal plants that contain many effective compounds such as 
acylphoroglucinols, triquetriborin, triquetrireboudin, and volatile and essential oils. It also contains phenolic compounds such 
as chlorogenic acid, pcoumaroylquinic aid, caffeoylquinic acid, rutin and epicatechin. The Roja plant contains 0.013 0.001 w/w% 
hyperforin and 0.020± 0.001 w/w% hypericin. Pharmacological studies have shown that Roja has antimicrobial, anti-
inflammatory, analgesic, anti-cytotoxic, antioxidant and vasorelaxant effects (Al-Snafi 2018). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Micropropagation of Miswak (Silvadora 
persica L.) plant. Shoot formation from apical 
meristem explants (A); Callus induction from explants 
(B); (Emhamed 2015). 
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A protocol was developed by Abdulrazzaq et al (2014) on stimulating the production of secondary products in the tissues 
of Roja plants by using some physical treatments. The secondary products, catchin, hypersoid, hypericin, pseudohypericin, 
hyperforin and prenylated phloglucin were estimated by HPLC instrument. The leaf segment explants that culturing on the MS 
medium supplied with 0.1 mg L-1 2, 4- D and 0.5 mg L-1 BA led to callus induction. The study indicated the possibility of increasing 
the secondary products catchin, hypersoid, hypericin, pseudohypericin, hyperforin and prenylated phloglucin in Roja callus 
when exposed to 12 hours of light day-1 or ultraviolet radiation with a wavelength of 100-280 nm and energy of 3.43-12.4 volts 
for 10 or 20 minutes.  

 

8. Moonflower (Datura stramonium) 
 

The moonflower plant is a herbal medicinal plant that belongs to the Solanaceae family, which includes 96 genera and 
3000 species. The original home of this plant is Europe (Al-Khatib et al 2006). Moonflower is one of the most important 
medicinal plants in the world because it contains many biologically active compounds called alkaloids compounds (Al-Mallah 
and Awab 2001; Al-Khalidi 2005). These alkaloids are among the best drugs for neurological pain and are used in the treatment 
of Parkinson's disease (Roddick, 1991). In 1762, the scientist Stoerck was able to produce from the highly toxic moonflower 
plant some important treatments in treating point disease, convulsions and mental disorders. The method of tissue culture is 
one of the important methods in the propagation of medicinal plants such as moonflower with the aim of producing effective 
compounds in optimum conditions far away from many different weather factors, insects, diseases, and external influences 
after they were taken from local wild sources that have become threatened with depletion for their indiscriminate use in 
traditional medicine (Saidon 2008).  

El-Sawaf et al (2015) established a protocol for the accurate propagation of moonflower by in vitro culture technique. 
Moonflower seeds were taken after sterilizing their external surfaces to the culture room with the aim of producing a sufficient 
number of plants in the initiation stage by culturing them on the MS medium. After that, the explants were taken and cultured 
on the MS medium supplied with different concentrations of cytokinin, BA or kinetin and auxin, NAA or IBA at 0.5, 1.0, 1.5 and 
2.0 mg L-1 for each of them to the purpose of shoot multiplication. Then the shoots were rooted by culturing them in an MS 
medium with different concentrations of indole butyric acid IBA at 0.1, 0.5, 1.0 and 2.0 mg L-1. The results of the study showed 
that 0.5% sodium hypochlorite concentration was significantly superior in the surface sterilization of moonflower seeds 
compared to the other concentrations, it recorded 28% seed germination. The two treatments of MS medium that supplied 
1.5 or 2.0 mg L-1 BA and 1.0 mg L-1 IBA were significantly superior to the other treatments in the number of shoots and leaves, 
which reached 3.43 and 3.53 shoots explant-1, 12.91 and 14.64 leaves shoot-1 respectively. The MS medium supplied with 2.0 
mg L-1 IBA was significantly superior compared to the other media in the percentage of rooting, which was recorded at 75%.  

 

9. Digitalis (Digitalis purpurea) 
 

Digitalis belongs to the Plantaginaceae family and is an annual herbaceous plant that grows naturally in Western Europe 
(Anonymous, 2003). This medicinal plant is used in treating heart diseases because its leaves contain compounds like Digoxin 
and Digitoxin (Bruneton 1995; Harris 2000). Reddy (2010) also noted that these two compounds are used in the treatment of 
weak heart diseases, as they increase the effectiveness of the muscle tissue of the heart, and also have a role in regulating 
blood circulation and arrhythmia. Several researchers have found that cytokinins play an important role in the 
micropropagation of the digitalis plant. Vela et al (1991) indicated that the shoot tips that were cultured on the MS medium 
supplied with 1.1 or 4.4 mg L-1 BA led to the highest number of shoots, which reached 36.1 and 32.3 shoots per explant, 
respectively. Lapena et al (1992) also indicated that the shoot tips of the digitalis plant that were cultured on the MS medium 
supplied with 1.0 mg L-1 BA and 0.1 mg L-1 IAA led to the recording of the highest number of shoots, which reached 17.4 shoots 
for each explant. Ghanem et al. (2010) found that the shoot tips of the digitalis plant that were cultured on the MS medium 
that provided 0.1 mg L-1 Kinetin and 0.5 mg L-1 NAA had led to the highest percentage of response to shooting multiplication, 
which reached 100% after three weeks of culturing. Pe´rez-Alonso et al (2009) showed that shoot tips of digitalis plant that 
cultured on MS medium supplied with 0.1 mg L-1 BA and 0.1 mg L-1 IAA recorded the highest value in the number of shoots 
reached 6.03 shoot per explant after four weeks of culturing. 

Alabasi and Bashi (2013) established a protocol for the micropropagation of digitalis plants by culturing the shoot tip 
and nodal segment explants that were taken from the seedlings in the MS medium supplied with different concentrations of 
BA and kinetin for shoot multiplication. The results study showed that nodal segments were the best explants compared with 
shoot tips. The explants that were treated with BA had the highest response to shoot multiplication compared to the explant 
treated with kinetin. The nodal segment explants that were cultured on MS medium supplemented with 0.75 mg L-1 BA 
recorded the highest value in the number of shoots reaching 30 shoots per explant (Figure 3, A). While these explants recorded 
13.4 shoots per explant when they were cultured on an MS medium supplied with 4.0 mg L-1 kinetin (Figure 3B). The results of 
the study showed the shoots that were cultured on half strength of MS medium without hormones or supplied with different 
concentrations of IBA led to recording the highest response to rooting reaching 100%. The shoots that were cultured on the 
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MS medium supplied with 0.1 mg L-1 IBA were recorded as the highest in number and length of roots after four weeks of 
culturing. 

 

 
Figure 3 Micropropagation of Digitalis (Digitalis purpurea) plant. Shoot multiplication on MS medium supplemented with 0.75 mg L-1 BA (A); 
Shoot multiplication on MS medium supplied with 4.0 mg L-1 kinetin (B); Rooting shoots on MS medium supplied with 0.1 mg L-1 IBA (C); 
(Alabasi and Bashi 2013).  

 
10. Ginger (Zingiber officinale Roscoe) 
 

The ginger is a perennial herbaceous plant that belongs to the Zingiberaceae family and is cultivated in China, India, 
Japan, Australia, Nigeria and Indonesia (Haghighi et al 2005). This plant is used in spices and as a remedy in folk medicine in 
those countries. The ginger plant contains the most important active compounds such as paradols, gingerols, and shogaols 
(Stoner 2013). Several studies have shown that the active compounds in the ginger extract have the ability to prevent many 
diseases such as cardiovascular disease (Akinyemi et al 2015), obesity (Suk et al 2017), neurodegenerative diseases (Ho et al 
2013), diabetes mellitus (Wei et al 2017), respiratory disorders (Townsend et al 2013), and nausea resulting from chemotherapy 
(Walstab et al 2013). The active compounds in this plant also act as anti-microbial (Kumar et al 2014), anti-inflammatory (Zhang 
et al 2016), antioxidant (Nile and Park 2015) and anti-cancerous agents (Citronberg et al 2013). There are many studies 
conducted with the aim of micropropagation of the ginger plant from the study conducted by Villamor (2010) that confirmed 
the possibility of micropropagation of the ginger plant by tissue culture technique when culturing the explants on the MS 
medium prepared with different concentrations of NAA and BA growth regulators. David et al (2016) also obtained the same 
results when culturing the ginger explants on the same nutrient medium and growth regulators that were used in the above 
study. Kambaska and Santilata (2009) succeeded in micro-propagation of the ginger plant when culturing the buds that were 
removed from the root rhyzomes in the MS medium with different concentrations of growth regulators IBA and NAA.  

Keer et al (2019) devised a protocol for the micro-propagation of the ginger plant by germinating rhizomes in dark 
conditions at room temperature in order to obtain sprouts. Then the sprouts were taken after two months of germination, 
which were sterilized with ethyl alcohol at a concentration of 70% for two minutes, and then soaked with a solution of sodium 
hypochlorite at a concentration of 2.5% for 20 minutes. Then they were washed with sterile distilled water three times. In this 
protocol, the MS nutrient medium supplemented with 0.0, 2.0 mg L-1 BA, 0.5 mg L-1 NAA+ 2.0 mg L-1 BA or 0.5 mg L-1 NAA+ 2.0 
mg L-1 BA+ 2.0 mg L-1 activated charcoal were used. The sprouts that were cultured on the MS nutrient medium supplied with 
2.0 mg L-1 BA recorded the highest number of shoots formed from multiplication (Figure 4A). These shoots that were cultured 
on the MS medium supplied with 2.0 mg L-1 BA recorded the highest percentage of response to rooting, which was 95%. The 
plantlets were acclimatized in plastic pods (Figure 4B). 

 

 

 

 

 

 

 

 

 

 

Figure 4 Micropropagation of Ginger (Zingiber officinale 
Roscoe) plant; Shoot multiplication (A); Acclimatized plant 
(B); (Keer et al 2019). 
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11. Ziziphora (Ziziphora canescens) 
 

Ziziphora is a perennial herbaceous plant belonging to the Lamiaceae family that is widely spread throughout the world. 
This plant is found in grasslands, forests, coastal, arid and mountainous regions. Ziziphora is used as flavouring or flavouring in 
various foods, as well as used in folk medicine to treat digestive and viral diseases (Khodaparast et al 2007). Ziziphora is an 
edible medicinal plant whose stems, leaves and flowers are added to give flavour to food (Zargari 1995). The dried leaves of 
this plant are used for treating colds and coughs (Verdian-rizi 2008), as well as for digestive disorders and infections (Zargari, 
1997; Naghibi et al 2005). Several studies have demonstrated the effect of ziziphora as an antibacterial (Salehi et al 2005; 
Sonboli et al 2006), antifungal (Behravan et al 2007), antioxidant (Meral et al 2002; Salehi et al 2005) and anti-inflammatory 
(Ghafari et al 2006). Studies have also indicated that ziziphora species (Ziziphora clinopodioides Lam.) contains highly active 
compounds such as pulegone, iso menthone, menthol, menthone 1,8-cineole, thymol, p-cymene, carvacrol, terpinen-4-01 and 
linalool (Kivanc and Akguel 1986; Baser et al 1991).  

Dakah et al (2015) developed a protocol for the micro-propagation of ziziphora species (Ziziphora canescens Lam) using 
an in vitro culture technique. The terminal and axillary buds were used as explants, which were cultured on an MS nutrient 
medium with different concentrations of plant growth regulators. The treatment of explants with a surface sterilization 
solution, mercury chloride, which was applied at a concentration of 0.1% for two minutes, resulted in reducing contamination 
and obtaining uncontaminated explants by 80%. The buds that were cultured on MS medium supplemented with 0.1 mg L-1 BA 
or kinetin and 0.1 mg L-1 IBA recorded the highest mean number of shoots resulting from the multiplication of 14.0 and 14.3 
shoots per explant, respectively. The shoots that were cultured on MS nutrient medium supplied with 1.0 mg L-1 NAA recorded 
the highest percentage of rooting response and the number of roots with 95% and 7.1 roots per shoot, respectively. Whereas, 
the shoots that were cultured on MS nutrient medium supplied with 3.0 mg L-1 IBA recorded a low response rate to rooting 
and fewer roots which amounted to 90% and 5.8 roots per shoot, respectively. The survival rate of plants that exceeded the 
acclimatization stages was about 90%. 

 

 
Figure 5 Micropropagation of Ziziphora (Ziziphora canescens) plant by in vitro culture technique; (Dakah et al 2015). 

 
12. Neem (Azadirachta indica) 

 

Neem is a perennial evergreen tree that belongs to the Meliaceae family. The original home of the neem tree is India 
and spread in tropical and sub-tropical regions (Hashmat et al 2012). These trees are among the oldest plants that have been 
used in folk medicine in most countries of the world. The neem tree is used as a treatment for some diseases and disorders 
such as tooth decay, ulcers, malaria and bed bugs (John 2001). Studies have proven that the seeds, bark and leaves of the neem 
plant act as anti-viral, anti-breast cancer, anti-microbial, anti-fungal, anti-ulcer and antipyretic (Ahmed 2008). The parts of the 
neem tree contain many important active compounds such as alkaloids, phenolic compounds, flavonoids, steroids, 
triterpenoids, ketones and carotenoids. The most effective compound in the neem plant is azadirachtin, which is a mixture of 
the aforementioned seven compounds called azadirachtin A-G and azadirachtin E. The most effective compound in the neem 
plant is azadirachtin, which is a mixture of the aforementioned seven compounds called azadirachtin A-G and azadirachtin E 
(Verkerk and Wright 1993). There are other compounds in the neem plant that are bioactive, such as salannin, volatile oils, 
meliantriol and nimbin (NRCN 1992).  
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Ahmed (2008) developed a protocol to produce callus cells from leaf segments of neem trees using the in vitro culture 
technique, extracting effective compounds from callus and using them in biological control and comparing them with extracts 
of the neem plant that grows in nature. The MS supplied with 1.0 mg L-1 IBA resulted in the induction of callus from leaf 
segments one week after culturing. The largest amount of greenish-coloured callus was formed after five weeks of culturing 
on MS nutrient medium 1.0 mg L-1 IBA. The results showed that callus extract at 20 mg ml-1 inhibited the growth of the 
pathogenic bacteria under study represented by Staphylococcus aureus, Escherichia coli and Candida albicans. The neem plant 
callus extract at 20 mg ml-1 also proved to be effective in inhibiting the growth of the pathogenic fungi Drechslera roslratii, 
Fusarium oxysporum and Alterneria alternata, by 84% after 72 hours of treatment. While the extract of the leaves of the neem 
plant is naturally growing at 20 mg ml-1, it inhibited bacterial and fungal growth by 75%.  
 

13. Belladonna (Atropa belladonna) 
 

The belladonna plant is one of the most important perennial herbal medicinal plants in the Solanaceae family (Rita and 
Animesh 2011). The original home of the belladonna plant is Middle and Southern Europe, from which it spread to Middle and 
Western Asia (Chevalio 2010). The word belladonna in the Italian language means beautiful lady. The leaves and fruits of this 
plant are highly toxic, containing tropane alkaloids, which include scopolamine and hyoscyamine which cause hallucinations 
and bizarre delirium. The species of plant is the source of the alkaloid atropine that has proven to be the mainstay in the studies 
of autonomic pharmacology (Lee 2007; Rita and Animesh 2011). Belladonna is important for use in medicine and cosmetics. 
The balance between auxin and cytokinin stimulates the explant that was cultured in the nutrient medium to callus induction 
(Hamad and Jassem 2011). Numerous studies have shown that the explants represented by the shoot tips and the cotyledon 
leaves have a high response in the induction and formation of callus (Iranbakahsh and Riazi, 2000; Zaid and Wink 2004; Ibrahim 
et al 2009).  

Hamad and Jassem (2011) developed a protocol for micro-propagation for the explants of the medicinal plant 
belladonna by cultivating shoot tips, cotyledon leaves and hypocotyl segments on two types of nutrient medium, MS and B5 
(Gamborg and Eveleigh 1968). Two different types of auxin were added to the food medium, NAA and 2, 4-D, with different 
concentrations of 0.0, 1.5, 3.0 and 4.5 mg L-1 for each of them. The results of the study showed that no contamination appeared 
in the explants when their surfaces were sterilized with a 4.5% sodium hypochlorite solution for 15 minutes. The results showed 
the significant superiority of the nutrient medium MS supplied with 1.5 mg L-1 2, 4-D and 0.4 mg L-1 BA in recording the highest 
dry and fresh weight of callus induced from the shoot tips, which were 177.5 and 18.9 mg, respectively, compared to the same 
concentration 2, 4-D in the nutrient medium B5 which recorded 110.0 mg fresh weight and 12.3 mg dry weight. The induced 
callus of hypocotyl segments cultured on the MS medium supplied with 3.0 mg L-1 2, 4-D recorded the highest fresh and dry 
weight of callus reaching 44.3 and 5.0 mg, respectively, while the same nutrient medium supplied with 3.0 mg L-1 NAA had a 
fresh and dry weight of 18.9 and 2.5 mg, respectively. The shoot tips were significantly superior in recording the highest fresh 
and dry weight of callus, reaching 45.74 and 5.0 mg, respectively, compared to the cotyledon leaves and hypocotyl segments 
which recorded 38.98 and 17.54 mg fresh weight and 3.78 and 2.04 mg dry weight of callus, respectively. The results showed 
that the best nutrient medium for induction and formation of callus from explants of the belladonna plant is MS compared to 
B5 and that the best growth regulator for callus induction is 2, 4-D compared to NAA. The best explants for induction of callus 
were the shoot tips compared to the cotyledon leaves and hypocotyl segments. 
 

14. Strawberry (Fragaria ananassa Duch.) 
 

The Strawberry plant is a perennial herbaceous plant of the Rosales and Rosaceae family. The fruits of this plant are 
considered to be of high nutritional and therapeutic value (Al-Saeedi 2000). Biotechnologies are used in the agricultural, 
industrial and medical fields in the production of effective and useful compounds under controlled environmental conditions 
for the purpose of extracting compounds of medicinal uses from the callus of plants throughout the year without being 
restricted to the growing season of this plant (Ramawat 2004; Park et al 2008). The obtaining of effective compounds with 
medicinal uses in the plant tissue culture technique is done by controlling the metabolic pathways of plant cells that are difficult 
to induce in plants growing under natural environmental conditions (Purohit 1999; Alzubaidi 2004). It was found in many 
studies the possibility of isolating more than 200 active compounds from cell suspension cultures in the strawberry plant, as 
Hong et al (1990) was able to extract butanol and α-ketovalerate as other examples to obtain aromatic compounds from cell 
cultures as well as extracting acetyl aldehyde and ethanol from tissue cultures of the strawberry plant (Drawert and Berger 
1983). Phenolic compounds are among the most important compounds that are used in medical fields, such as resistance to 
cancerous tumours (Galati and O’Brien 2004). The phenolic compounds were extracted from the leaves, flowers and fruits 
(Aharoni et al 2002; Maatta-Riihinen et al 2004; Aaby et al 2007; Hukkanen et al 2007; Hanhineva et al 2008).  

Obaid et al (2018) devised a protocol for inducing and forming callus from in vitro culture of strawberry plant and 
producing phenolic compounds from it. The results showed that the leaf segments that were cultured on the MS nutrient 
medium supplied with 0.5 mg L-1 2, 4-D led to the induction and formation of callus with a high response rate and a dry weight 
of callus of 70% and 0.039 g, respectively (Figure 6A and 6C). The MS medium supplied with 1.0 mg L-1 Kinetin and 1.0 mg L-1 2, 
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4-D recorded the highest value in fresh weight of callus reaching 2.560 g (Figure 6D). The results showed that MS medium 
supplied with 1.5 mg L-1 kinetin and 1.0 mg L-1 2, 4-D recorded the highest values in fresh and dry weight of callus reaching 
2.107 and 0.127 g, respectively. The results showed that the differentiated tissues contained higher levels of phenolic 
compounds compared with the (undifferentiated) callus tissues. Strawberry leaves recorded the highest levels of meryctin, 
caffic acid, and Gallic acid compounds. The flowers recorded the highest levels of alpha penine, comarins and quercetin 
compounds. The root of strawberry recorded the highest levels of P-hydroxy benzoic acid and ferulic acid compounds. While, 
the callus tissue of strawberries recorded the highest levels of champene, ellagic acid and catachin compounds. 
 

15. Black nightshade (Solanum nigrum) 
 

The black nightshade is a perennial herbal medicinal plant that belongs to the Solanaceae family. It grows naturally as a 
weed plant in tropical and warm regions (Särkinen et al 2018). This plant is an important source for extracting effective 
compounds that are used in pharmaceutical and medical preparations, as well as being an important source of human food. 
The leaves of this plant contain amino acids, protein, vitamin C and A, phosphorous, iron, calcium, and fiber, and it is rich in 
the amino acid methionine, which other vegetable crops lack (Ikeda et al 2000). Numerous studies have shown that the black 
nightshade plant has succeeded in working in anti-cancerous diseases, which it has high effectiveness against hepatocellular 
carcinoma cells, human endometrial carcinoma, human ovarian carcinoma cells and human colorectal carcinoma cells (Tai et 
al 2013; Wang et al 2015).  

 

 
Figure 6 Callus induction and formation of Strawberry (Fragaria ananassa Duch.) plant. Shoot multiplication (A); Callus formation on MS 
medium supplied with 0.5 mg L-1 2, 4-D (B); Strawberry plant (C); Callus formation on MS medium supplied with 1.0 mg L-1 kinetin and 1.0 
mg L-1 2, 4-D (D); (Obaid et al 2018). 

 

Younes et al. (2019) developed a protocol for the micropropagation of black nightshade plants by culturing the nodal 
segments on the MS nutrient medium provided with BA, thidiazuron (TDZ), or kinetin at different concentrations of 0.0, 0.5, 
1.0 and 1.5 mg L-1 + 0.1 mg L-1 NAA, for the purpose of shoot multiplication. The shoots were cultured on the MS nutrient 
medium that was supplemented with IBA, NAA or IAA at different concentrations of 0.0, 0.5, 1.0 and 1.5 mg L-1 for the purpose 
of rooting. The MS medium supplied with 1.5 mg L-1 TDZ recorded the highest values in shoot number and length, reaching 
15.0 shoots per explant and 2.06 cm, respectively (Figure 7A). The shoots cultured on MS medium with growth regulator-free 
recorded the best values in the number of roots reaching 6.7 roots per shoot. The shoots that were cultured on MS medium 
supplemented with 1.5 mg L-1 IBA recorded the highest response to rooting, number and length of roots reached 80%, 4.90 
roots per shoot and 1.95 cm, respectively (Figure 7B). The black nightshade plants were successfully acclimatized, and a 100% 
survival percentage was recorded in all plants four weeks after being transplanted to the greenhouse (Figures 7C and 7D).   
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Figure 7 Micropropagation of Black nightshade (Solanum nigrum) plant. Shoot multiplication (A); Root formation (B); Acclimatized plants (C, 
D); (Younes et al 2019). 
 

16. Turmeric (Curcuma longa Linn.)  
 

Turmeric is a monocotyledon herbaceous plant that belongs to the Zingiberaceae family. This plant reproduces by the 
asexual (vegetative) method by rhizomes. Turmeric is one of the most important medicinal plants that have been commonly 
used in traditional medicine in India as well as a spicy plant. The turmeric rhizome is bitter; maturant, carminative, diuretic; 
useful in urinary discharges, liver problems, bruises, and scabies (Kiritikar and Basu 1996). It improves the complexion and is 
useful in leucoderma, blood diseases, inflammations, bad taste in the mouth, dyspepsia, biliousness, ulcer, snake-bite, 
elephantiasis, smallpox, boils, swellings and sprains (Arora et al 1971; Satoskar et al 1986; Thamlikitkul et al 1989; Kositchaiwat 
et al 1993; Kiritikar and Basu 1996; Van Dau et al 1998).  

Nasirujjaman et al (2005) developed a protocol for accurate propagation of turmeric plants by culturing the rhizome 
buds on the woody plant nutrient medium (Lloyd and McCown 1981) that supplied with different concentrations of BA alone 
or combined with different concentrations of NAA. The explants that were cultured on WP medium supplied with 4.0 mg L-1 
BA and 1.0 mg L-1 NAA recorded the highest response to shoot multiplication which reached 95% after 8-10 days of culturing 
(Figures 8A and 8B). This treatment recorded the highest number of shoots which reached 6.70 shoots per explant. The results 
also indicated that the shoots were rooted spontaneous in all transactions and combinations. All acclimatized plants have 
survived after being transplanted to the field soil. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 Micropropagation of Turmeric (Curcuma longa 
Linn.) plant. Shoot multiplication (A and B); (Nasirujjaman 
et al 2005). 
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17. Toothache plant (Spilanthes acmella (L.) Murry) 
 

The toothache is a medicinal herbal plant that belongs to the Asteraceae family. This plant is considered a versatile herb 
in the field of folk medicine in India. This plant grows in tropical and subtropical regions (Tiwari et al 2011). This plant is a rich 
source of the active compound alkamide splanthol, which is used in the manufacture of pharmaceuticals and therapeutics. The 
toothache plant is effective as a larvicide for Anopheles, Aedes aegypti and Culex mosquitoes, and can be used as an antimalarial 
agent. It is also used in the traditional field as a spice and medicinally as an antiseptic, anti-bacterial and anti-fungal, treatment 
for toothache, throat pains, stomatitis, anti-inflammatory, immune-modulatory, analgesic, antipyretic, aphrodisiac, anti-
microbial, antioxidant, anti-nociception, vasorelaxant, diuretic, tuberculosis and insecticidal (Di Stasi et al 1994; Akah and 
Ekekwe 1995; Storey and Salem 1997; Rios-Chavez et al 2003).  

Joshi et al (2015) developed a protocol for toothache plant propagation plant tissue culture technique through culturing 
nodal segment explants on MS nutrient medium prepared with different concentrations of cytokinin (Figure 9A). The results 
of the study revealed that the MS nutrient medium supplied with 0.5 mg L-1 BA recorded the maximum growth of buds in nodal 
segments. The liquid MS nutrient medium provided with 1.0 mg L-1 kinetin recorded the highest values in the number and 
length of shoots, which were 6.20±0.45 shoots per explant and 8.01 ±0.87 cm, respectively, as compared to the semi-liquid MS 
medium treatment (Figure 9B and 9E). The roots were formed in all treatment treatments without auxins, but the best 
treatment for rooting was when 1.0 mg L-1 IBA was added to the MS medium (Figure 9, F). The plants were irrigated with a half-
strength solution of MS salts during the acclimatization stage led to 100% success (Figure 9G and 9H).  

 

 
Figure 9 Micropropagation of Toothache plant (Spilanthes acmella (L.) Murry) plant. Nodal segment explant (A); Shoot multiplication (B-E); 
Root formation (F); Acclimatized plants (G-H); (Joshi et al 2015). 

 

18. Final considerations 
 

It is concluded from reviewing the protocols for producing bioactive compounds at high levels using the tissue culture 
technique of explants for some important medicinal plants, economically and medically by adding chemical or natural 
stimulators to the culture media. The possibility of extracting bioactive compounds from cultures in vitro with high purity with 
a safe and healthy technology can be used to manufacture medical drugs and pharmaceutical preparations. The possibility of 
producing secondary compounds from some medicinal and aromatic plants in vitro culture without resorting to cultivating 
them in the fields, especially medicinal plants that cannot be grown due to the lack of appropriate conditions for their growth 
and productivity in that region. 
 

Conflict of Interest 
 

We declare no conflicts of interest. 
 

Funding 
 

This research did not receive any financial support. 
 

References 

Aaby KDE, Skrede G (2007) Characterization of phenolic compounds in Strawberry (Fragaria × ananassa) fruits by different HPLC detectors and contribution 
of individual to total antioxidant capacity. J. Agric Food Chem. 55:4395–4406. 

https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/


 
12 

 

  

 

Ibrahim et al. (2022) 

https://www.malque.pub/ojs/index.php/mr 

Abbas IS, Alshamaa ST (2009) Effect of Nitrogen and Phosphate Fertilizers on the Growth, Yield and Oil Content of Chamomile (Matricaria chamomilla L.). 
Journal of Iraqi Agricultural Sciences 14:194-199. 

Abdulkarim SM, Long KL, Lai OM, Muhammad SK, Ghazali HM (2005) Some physico-chemical properties of Moringa oleifera seed oil extracted using solvent 
and aqueous enzymatic methods, Food Chemistry 93:253–263. 

Abdurazzaq BM, Mahmood SH, Ibrahim KM (2014) Effect of some physical elicitors on some secondary metabolite induction of Hypercom triquertrifolium in 
vitro. Engineering and Technology Journal 32:1-7. 

Abu Zaid AN (2001) Plants and Medicinal Herbs. Arabic Publishing House. Cairo – Egypt pp:337-352. 

Ahmad R (2015) In vitro propagation of Chamomella recuteta from capitulum inflorescence: A medicinal plant for multiple therapeutic. Era’s Journal of Medical 
Research 2:1-6.  

Ahmed IM (2008) Bioactivity of neem (Azadirachta indica) callus extract. M.Sc. Thesis. College of Science and Medical Science, Oumdarman Islamic University, 
Sudan, 48pp. 

Aharoni A, CHR D, Verhoeven HA, Maliepaard CA, Kruppa G, Bino R, Goodenow DB (2002) No targeted metabolism analysis by use of Fourier transforms ion 
cyclotron mass spectrometry. OMICS 6: 217–234. 

Akah PA, Ekekwe RK (1995) Ethno-pharmacology of some Asteraceae family used in Nigerian traditional medicine. Fetoterapia 66:351-355. 

Akinyemi AJ, Thome GR, Morsch VM, Stefanello N, Goularte JF, Bello-Klein A, Oboh G, Chitolina Schetinger MR (2015) Effect of dietary supplementation of 
ginger and turmeric rhizomes on angiotensin-1 converting enzyme (ACE) and arginase activities in L-NAME induced hypertensive rats. J. Funct. Foods 17:792–
801. 

Alabasi IN, Bashi BZK (2013) Micropropagation of Digitalis purpurea L. Mesopotamia Journal of Agriculture 41:85-95. 

Al-Khalidi MSS (2005) Production of some alkaloids from the two Datura species (Datura innoxia and Datura stramonium) plant, by using the plant tissue 
culture technique. Ph.D. Thesis, College of Science, University of Baghdad, Iraq. 

Al-Khatib A, Al-Sabbagh A, Al-Kadi I (2006) Practical Evidence in Botanical Classification. College of Agriculture, Publications of Damascus University, Syria 
438pp. 

Al-Mallah MQ, Awab WAY (2001) Isolation and diagnosis of hyoscyamine in callus and resulting plant of Datura innoxia. Journal of Education and Science 35:1-
9. 

Almemary A, Bashi BZK, Aldaoody AC (2018) Determination of some alkaloids in Catharanthus roseus L. callus in Vitro. Syrian Journal of Agricultural Research 
5:21-36. 

Al-Naimi HAS (2005) Efficacy evaluation of some plant extracts on the growth of bacteria cationic pathogenicity isolated from inflammatory conditions pharynx 
and tonsils. Master Thesis College of Veterinary Medicine, University of Baghdad, Iraq. 

Al-Saeedi IH (2000) Small fruit production. House of Books and Publishing, University of Mosul, Iraq. 

Al-Shahat NA (2000) Plant hormones and agricultural applications. Arab Publishing and Distribution House, Second Edition, Nasr City, Egypt. 

Al-Snafi AE (2018) Chemical constituents and pharmacological effect of Hypercom triquertrifolium. Pharmaceutical Sciences 5:1757-1765. 

Al-Zarkani NJK (2003) Anatomical study of some species of Apocynaceae family. Master Thesis, College of Science, University of Kufa, Iraq. 

Al-Zubaidi LTS (2004) Quantification of diosgenin in callus, cell suspensions, and capillary roots of Trigonella foenum graecum by chromatography High 
efficiency liquid. M.Sc. Thesis, College of Education, University of Mosul, Iraq. 

Amoian B, Moghadmina AA, Mazandarani M, Amoian MM, Mehrmanesh S (2010) The effects of Calendula extract toothpaste on the plaque index and bleeding 
in gingivitis. Res. J. Medicinal Plant 4:132-140. 

Anonymous (2003) An update of the angiosperm phylogeny group classification for the orders of flowering plants: APG II. Botany Journal Linnean Society 
141:399-436. 

Arora RB, Basu N, Kapoor V, Jain AP (1971) Anti-inflammatory studied on Curcuma longo (turmeric). Ind. J. Med. Res. 59:1289-1295. 

Attar Bashi RWM (2004) Effect of Planting Date, Concentration of Gibberellin in Growth and Active ingredient of Chamomile Plant (Matricaria chamomilla L.). 
M.Sc. Thesis College of Education Ibn al-Haytham /University of Baghdad. 

Baser KHC, Sezik E, Tumen G (1991) Composition of the essential oil of Ziziphora clinopodioides Lam. J. Essential Oil Res. 3:237-239. 

Bashi BZK, Al-Noah KM (2018) Qualitative and quantitative determination of salicylic acid and resorcinol in callus of Calendula officinalis L. using HPLC 
technique. Rafdain Journal Science 27:1-14. 

Behravan J, Ramezani M, Hassanzadeh MK, Eskandari M, Kasaian J, Sabeti Z (2007) Composition, antimycotic and antibacterial activity of Ziziphora 
clinopodioides Lam. essential oil from Iran. J Essent Oil-Bearing Plants. 10:339-345. 

Bergstrom J, Batwa M, Batwa S, Al-Otaibi MF (2006) The effectiveness of chewing stick miswak on plaque removal, Sds Journal Org 18:125-133. 

Bernatoniene J, Masteikova R, Davalgiene J, Peciura R, Gauryliene R, Bernatoniene R, Majiene D, Lazauskas R, Civinskiene G, Velziene S, Muselik J, Chalupova 
Z (2011) Topical application of Calendula officinalis L. formulation and evaluation of hydrophilic cream with antioxidant activity. J. Medicinal Plant Res 5(6), 
868-877. 

Bissa S, Bohra A (2011) Antibacterial potential of marigold. J. Microbial Antimicrobial 3:51-54. 

Bruneton J (1995) Pharmacology, Photochemistry, Medicinal Plants. Lavoisier, Paris, France, 915 p. 

Chevalio (2010) Alternative medicine, medicinal herbs and medicinal plants. Translated by Dr. Omar Al-Ayoubi. Ashraf Dr. Muhammad Debs, Arab Republic of 
Egypt, 66pp. 

Citronberg J, Bostick R, Ahearn T, Turgeon DK, Run MT, Djuric Z, Sen A, Brenner DE, Zick SM (2013) Effects of ginger supplementation on cell-cycle biomarkers 
in the normal-appearing colonic mucosa of patients at increased risk for colorectal cancer: Results from a pilot, randomized, and controlled trial. Cancer Prev. 
Res. 6:271–281. 

Couladis M, Baziou P, Verykokidou E, Loukis A (2002) Antioxidant activity of polyphenols from Hypercom triquetrifolium Turra. Phytother Res 16:769-770. 

Dakah AK, Suleiman M, Zaid S (2015) Study the effect of some growth regulators and number of subcultures on micropropagation of medicinal plant Ziziphora 
canscens Benth. Journal of Damask University for Basic Sciences 31:361-376.  

https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/


 
13 

 

  

 

Ibrahim et al. (2022) 

https://www.malque.pub/ojs/index.php/mr 

David D, Yan T, Azlan J (2016) In vitro propagation of Zingiber offciale Rosce Tanmbunan Transactions on Science and Technology 3:162-167. 

Di Stasi LC. Hiruma CA, Guimaraes EM, Santos CM (1994) Medicinal plants popularly used in Brazilian Amazon. Fitoterapia 65:529-540. 

Drawert F, Berger RG (1983) Biogenesis of aroma compound in plant and fruits XVIII: Influence of particle size on aroma biosynthesis in fruit essence. Z. 
Lebanese Unters Forsch 176:275- 280. 

El-Sawaf L, Zaid S, Al-Ammouri Y (2015) Effect of different growth regulator concentrations on the plant micropropagation of Datura stramoniom L. Journal of 
Damask University for Basic Sciences 31:501-514. 

Emhamed MM (2015) Using of micropropagation technique on Salvadora persica L. M.Sc. thesis. College of Science, University of Sebha, Libya. 

Farooq F, Rai M, Tiwari A, Farooq S (2012) Medicinal properties of Moringa oleifera: An overview of promising healer. Journal of Medicinal Plants Research 
6:4368-4374. 

Galati G, O’Brien PJ (2004) Potential toxicity of flavonoids and other dietary phenolics: significance for their chemoproventive and anticancer properties. Free 
Radical Biol. Med. 37:287–303. 

Ghafari H, Yasa N, Mohamadirad A, Dehghan G (2006) Protection by Ziziphora clinopodioides of acid-induced toxic bowel inflammation through reduction of 
cellular Lipid peroxidation and myeloperoxidase activity. Hum Exp Toxicol. 6:325-332. 

Ghanem SA, Abul-Enein AM; El-sawy A, Rady MR Ibrahem MM (2010) In vitro propagation and cardiac glycoside content of Digitalis lanata. International 
Journal of Academic Research 2:349- 356. 

Hanhineva K, Rogachev I, Kokko H, Mintz-Oron S, Venger I, Karenlampi S, Aharoni A (2008) Non-targeted analysis of spatial metabolite composition in 
strawberry (Fragaria × ananassa) flowers. Phytochemistry 69:2463–2481. 

Harris SA (2000) Digitalis purpurea L. In: Invasive Plants of California's Wild lands. Edited by Bossard, C. C., J. M. Randall and M. C. Hoshovsky University of 
California Press. 158-161. 

Haghighi M, Khalrat A, Toliat T, Jallaei Med S (2005) Comparing the Effects of Ginger (Zingiber Officinale) with Osteoarthritis. Arch Iranian 8:267-271. 

Hamad MS, Jassem NG (2011) Effect of medium components and explant on belladonna callus induction in vitro. The Iraqi Journal of Agricultural Sciences 
42:59-70. 

Hashmat I, Azad H, Ahmed A (2012) Neem (Azadirachta indica A. Juss.), a nature's drugstore: An overview. International Research Journal of Biological Sciences 
1:76-79. 

Ho S, Chang K, Lin C (2013) Anti-neuroinflammatory capacity of fresh ginger is attributed mainly to 10-gingerol. Food Chem. 141:3183–3191. 

Hong YCA, Huang LC, Reineccius GA Harlander SK, Labuza TP (1990) Production of aroma compounds from strawberry cell suspension cultures by addition of 
precursors. Plant Cell Tissue and Organ Cult. 21:245 -251. 

Hukkanen AT, Kokko HI Buchala AJ McDougall GJ, Stewart D, Karenlampi SO Karjalainen RO (2007). Benzothiadiazole induces the accumulation of phenolics 
and improves resistance to powdery mildew in Strawberries. J. Agric. Food Chem. 55:1862–1870. 

Ibrahim AI, Kawi AE, Ahmed MA, Amira AM, Abd-EL-Aal A (2009) Alkaloids production and organogenesis from callus of Hyoscyamus muticus L. in vitro. Journal 
of Applied Science Research 5:82-92. 

Ibrahim KM (2017) Applications of Plant Biotechnology. Part I and II. Al-Nahrain University, Ministry of Higher Education and Scientific Research, Baghdad, 
Iraq, 720pp. 

Ibrahim IR, Ameen SKM (2017) Influence of stress of secondary metabolites production from callus of Moringa oleifera in vitro. The Iraqi Journal of Agricultural 
Sciences 48:1099-1107. 

Ikeda T, Tsumagari H, Nohara T (2000) Steroidal oligoglycosides from Solanum nigrum. Chemical Pharmaceutical Bulletin 48:1062–1064. 

Iranbakahsh AR, Riazi GH (2000) Assay of the time and location of tropane alkaloids biosynthesis in Datura stramonium. Pajohesh va Sazandegi 53:82-89. 

Itcolor KK, Major B (1993) Indian Medicinal Plant. Denaradun, India International Book Distributor. (2), 1413- 1414. C.F Muley BP, Khadabadi SS, Banarase NB 
(2009) Phytochemical constituents and pharmacological activities of Calendula officinalis L. (Asteraceae): A review. Tropical J. Pharma. Res. 8:455-465. 

John C (2001) The Ultimate Herb Pilgrims, in Neem. Publishing Varanasi Kafhmandu, 177pp. 

John MD, Harold FW (2004) "Floriculture Principles and Species". 2nd ed Upper saddle River, New Jersey. 

Joshi V, Tiwari KL, Jadhav SK (2015) In vitro propagation of Spilanthes acmella (L.) Murray using semiliquid and solid medium. Indian Journal of Biotechnology 
14:112-116. 

Kambaska KB, Santilata S (2009) Effect of plant growth regulator on micropropagtion of ginger (Zingiber officinale Rosc.) cv- Suprava and Suruchi. Journal of 
Agricultural Technology 5:271-28. 

Keer KF, Shaaban AY, Abo-Ghania AA, Hamood SA, Abo-Saninah MS, Shahin AM (2019) Micropropagation of Zingiber officinal roscoe. Journal of Misurata 
University of Agricultural Sciences 1:38-50. 

Khare C (2004) "Encyclopedia of Indian Medicinal Plant. Germany". Springer- Verlag Publiher, pp. 116-116. (C.F.) Muley BP, Khadabadi SS, Banarase NB (2009) 
Phytochemical constituents and pharmacological activities of Calendula officinalis L. (Asteraceae): A review. Trop. J. Pharma. Res. 8:455-465. 

Khodaparast H, Hosein M, Sangatash M, Najafi HRK, Bagher M, Shahram TB (2007) Effect of Essential Oil and Extract of Ziziphora clinopodioides on Yoghurt 
Starter Culture Activity. World Applied Sciences Journal 2:194-197. 

Kiritikar KR Basu BD (1996) Indian Medicinal Plants. Vol. IV. International Book Distributors. India, pp:2410-2430. 

Kivanc M, Akguel A (1986) Antimicrobial Activities of Essential oils From Turkish Spices and Citrus. Flavor and Fragrance J. 1:175-179. 

Kositchaiwat C, Kositchaiwat S, Havanondha J (1993) Curcuma longa Linn. In the treatment of gastric ulcer comparison to liquid antacid: A controlled clinical 
trait. J. Med. Assoc. Thai. 76:601-605. 

Kumar S, Rani C, Mangal M (2012) Acrtical review of Salvadora persica. An important medicinal plant of arid zone.I.J.of Phytomedicine 4:292-303. 

Kumar NV, Murthy PS, Manjunatha JR, Bettadaiah BK (2014) Synthesis and quorum sensing inhibitory activity of key phenolic compounds of ginger and their 
derivatives. Food Chem. 159:451–457. 

Lapeña L, Pȇrez-Bermũdez P, Segura J (1992) Factors affecting shoot proliferation and vitrification in Digitalis obscura cultures. In vitro Cell Development 
Biological 28:121-124. 

https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/


 
14 

 

  

 

Ibrahim et al. (2022) 

https://www.malque.pub/ojs/index.php/mr 

Lee MR (2007) Solanaceae IV: Atropa belladonna deadly nightshade. J. R. Call Physicians Ednib 37: 77-84.  

Leveque D, Wihlm J, Jehl F (1996) Pharmacology of Catharanthus alkaloids. Bull. Cancer, 83:176-186. 

Maatta-Riihinen KR, Kamal-Eldin A, Trrnen R (2004) Identification and quantification of phenolic compounds in berries of Fragaria and Rubus species (Family 
Rosaceae). J. Agric. Food Chem. 52:6178–6187. 

Makonnen E, Hunde A, Damecha G (1997) Hypoglycaemic effect of Moringa stenopetala aqueous extract in rabbits. Phytotherapy ResearchVolume 11:147–
148. 

Medina E, Lora AG, Paco L, Algarra L, Collado A, Garrido F (2006) A new extract of the plant Calendula officinalis produces a dual in vitro effect cytotoxic 
antitumor activity and lymphocyte activation. BMC Cancer. 6:119-123. 

Meral GE, Konyalioglu S, Ozturk B (2002) Essential oil composition and antioxidant activity of endemic Ziziphora taurica subsp. cleonioides. Fitoterapia 73:716-
718. 

Mohammed BMA, Kheravii SKQ (2012) Evaluation of genotoxic potential of Hypericum triquetrifolium extract in somatic and germ cells of male albino mice 
AGRIS since, 1:231-239. 

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassays with tobacco tissue culture. Physiol. Plant. 15:473-497. 

Muley BP, Khadabad SS Banarase NB (2009) Phytochemical constituents and pharmacological activities of Calendula officinalis L. (Acteraceae). Tro. J. Pharma. 
Res. 8:455-465. 

Naghibi F, Mosaddegh M, Mohammadi MS, Ghorbani A (2005) Labiatae Family in folk medicine in Iran: from Ethnobotany to Pharmacology. Iran J. Pharm . 
Res. 2:63-79. 

Nasirujjaman K, Salah Uddin M, Reza MA (2005) Micropropagation of turmeric (Curcuma longa Linn.) through in vitro rhizome bud culture. Journal of Biological 
Sciences 5:490-492. 

Nile SH, Park SW (2015) Chromatographic analysis, antioxidant, anti-inflammatory, and xanthine oxidase inhibitory activities of ginger extracts and its reference 
compounds. Ind. Crop. Prod. 70:238–244. 

National Research Council Neem: tree for solving global problems, National Academy Press, Washington D.C (1992), 141pp. 

Obaid AA, Dawood WM, Al-Azawy EK (2018) Effect of plant growth regulators and type of explant on phenolic production from strawberry plant in vivo and in 
vitro. Diyala Journal of Agricultural Sciences 10:114-128. 

Park SV, Uddian MR, Xu H Kim YK, Lee SY (2008). Biotechno- logical applications for rosmarinic acid production in plant. Afr. J. of Biot. 7:4954-4965. 

Pe´rez-Alonso N, Capote-Perez A, Jime´nez E, Wilken D, Gerth A, Jahn A, Nitzsche HM, Kerns G (2009) Cardiotonic glycosides from biomass of Digitalis purpurea 
L. cultured in temporary immersion systems. Plant Cell Tissue Organ Culture 99:151–156. 

Phulwaria M, Ram K, Gahlot P, Shekhawat NS (2011) Micropropagation of salvadora persica –a tree of arid horticulture and forestry. New Forests 42:317-327. 

Poteet MD (2006) Biodiesel Crop Implementation in Hawaii, Department of Agriculture, Hawaii Agriculture Research Center. The State of Hawaii. pp:57 20.SAS, 
2004. SAS Users Guide for Personal Computers. SAS Inst. Inc. Cary, NC. USA. PP:11. 

Preethi KC, Kuttan G, Kuttan R (2006) Antioxidant potential of an extract of Calendula officinalis flowers in vitro and in vivo. Pharma. Bio. 44:691-697. 

Purohit SS (1999) Agricultural Biotechnology. Agro Botanica, J. N. V. Yas Nagger, Bikaner, India. 

Ramawat KG (2004) Plant Biotechnology. S. Chand and Company LTD New Delhi, India. 

Reddy AB (2010) Digitalis therapy in patients with congestive heart failure. International Journal of Pharmaceutical Sciences Review and Research 3:90-95. 

Rios-Chavez P, Ramirez-Chavez E, Armenta-Salinas C, Molina-Torres J (2003) Acmella radicans var. radicans: In vitro culture establishment and alkamide 
content. In Vitro Cell Div. Biol-Plant 39: 37-41.  

Rita P, Animesh DK (2011) An updated overview on Atropa belladonna L. International Research Journal of Pharmacy 2:11-17. 

Roddick J (1991) The importance of the Solanaceae in medicine and drug therapy. In“Solanaceae 111: Taxon-omy, Chemistry, Evolution”.p7-23. Hawkes, J 
Lester, R Nee, M. and Estrada, N eds. Royal Botanic Garde Kew and Linnean Society of London. London. 

Saad B, AbouAtta BS, Basha W, Hmade A, Kmail A, Khasib S, Said O (2011) Hypericum triquetrifolium derived factors down regulate the production levels of 
LPS-induced nitric oxide and tumor necrosis factor-α in THP-1 Cells. Hindawi Publishing Corporation Evidence-Based Complementary and Alternative Medicine, 
doi:10.1093/ecam/nen056 

Saidon NA (2008) The establishment of embryogenic callus culture of Hyoscyamus niger and the detection of hyoscyamine in the culture. M.Sc. thesis, 
University of Sains Malaysia, Malaysia.  

Salehi P, Sonboli A, Eftekhar F, Nejad-Ebrahimi S, Yousefzadi M. (2005) Essential oil composition, antibacterial and antioxidant activity of the oil and various 
extracts of Ziziphora clinopodioides subsp. rigida (BOISS.) RECH. f. from Iran. Biol. Pharm. Bull. 28:1892-1896. 

Särkinen T, Poczai P, Barboza GE, Van der Weerden GM, Baden M, Knapp S (2018) A revision of the Old World Black Nightshades (Morelloid clade of Solanum 
L Solanaceae) PhytoKeys 106:1–223. 

Satoskar RR, Shah SJ, Shenoy SG (1986) Evaluation pf anti-inflammatory property of curcumin (diferuloyl methane) in patients with postoperative 
inflammation. J. Clin. Pharmacol. Ther-Toxicol 24: 651-654. 

Sonboli A, Mirjalili MH, Hadian J, Ebrahimi SN, Yousefzadi M (2006) Antibacterial activity and composition of the essential oil of Ziziphor clinopodioides sub-sp. 
bungeana (Juz.) Rech. f. from Iran. Z Naturforsch [C] 61:677-680. 

Stoner GD (2013) Ginger: Is it ready for prime time? Cancer Prev. Res. 2013, 6:257–262. 

Storey C, Salem JI (1997) Lay use of Amazonian plants for the treatment of tuberculosis. Acta Amazonica 27:175-182. 

Suk S, Kwon GT, Lee E, Jang WJ, Yang H, Kim JH, Thimmegowda NR, Chung M, Kwon JY, Yang S, et al. (2017) Ginger none A, a polyphenol present in ginger, 
suppresses obesity and adipose tissue inflammation in high-fat diet-fed mice. Mol. Nutr. Food Res 61:1700139. 

Tai CJ, Wang, CK, Tai CJ (2013) Aqueous extract of Solanum nigrum leaves induces autophage and enhances cytotoxicity of cisplatin, doxoorubicin, docetaxel, 
and 5-flurouracil in human colorectal carcinoma cells. Evidence Based Complementary Alternative Medicine p:1-12. 

Thamlikitkul V, Bunyaprophathara N, Dechatiwongse T (1989) Randomized double-blind study of Curcuma domestica Val. For dyspepsia. J. Med. Assoc. Thai. 
72:613-620. 

https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/


 
15 

 

  

 

Ibrahim et al. (2022) 

https://www.malque.pub/ojs/index.php/mr 

Tiwari KL, Jadhav SK, Joshi V (2011) An updated review on medicinal herb genus Spilanthes. J. Chin. Intgr. Med. 9:1170-1178. 

Townsend EA, Siviski ME, Zhang Y, Xu C, Hoonjan B, Emala CW (2013) Effects of ginger and its constituents on airway smooth muscle relaxation and calcium 
regulation. Am. J. Resp. Cell Mol. 48:157–163. 

Van Der Heijder R, Jacobs DI, Snoeijer W, Hallard D, Verport R (2004) The catharanthus alkaloids: Pharmacognosy and biotechnology. Curr. Med. Chem. 11:607-
628. 

Van Du N, Ngoc Ham N, Huy Khac D (1998) The effects of traditional drug, turmeric (Curcuma longa) and placebo on the healing of duodenal ulcer. 
Phytomedicine 5:29-34. 

Vela S, Gavidia I, Pȇrez-Bermũdez P, Segura J (1991) Micropropagation of juvenile and adult Digitalis obscura and carennolide content of clonally propagated 
plants. In vitro cell Development Biological 27:143-146. 

Verdian-rizi M (2008) Essential Oil Composition and Biological Activity of Ziziphora clinopodioides Lam. From Iran. Am.-Eurasian J. Sustain. Agric. 2:69-71. 

Verkerk I, Wright I (1993) Biological activity of neem seed kernel extracts and synthetic azadirachtin against larvae of I'lulclhi xylostcllu F. Pesticide Science 
37:83-91. 

Villamor CC (2010) Influence of media strength and sources of nitrogen on micropropagation of ginger, Zingiber officinale Rosc. E-Int. Sci. Res. J. 2:150-155. 

Wang CW, Chen CL, Wang CK (2015) Cisplatin-, doxorubicin-, and docetaxel-induced cell death promoted by the aqueous extract of Solanum nigrum in human 
ovarian carcinoma cells. Integrative Cancer Therapies 14:546–555. 

Walstab J, Krueger D, Stark T, Hofmann T, Demir IE, Ceyhan GO, Feistel B, Schemann M, Niesler B (2013) Ginger and its pungent constituents non-competitively 
inhibit activation of human recombinant and native 5-HT3 receptors of enteric neurons. Neurogastroent. Motil. 25:439–447. 

Wei C, Tsai Y, Korinek M, Hung P, El-Shazly M, Cheng Y, Wu Y, Hsieh T, Chang F (2017) 6-Paradol and 6-shogaol, the pungent compounds of ginger, promote 
glucose utilization in adipocytes and myotubes, and 6-paradol reduces blood glucose in high-fat diet-fed mice. Int. J. Mol. Sci. 18:168. 

Yadav S, Srivastava J (2016) Moringa Oleifera: A health promising plant with pharmacological characters. Indo Global Journal of Pharmaceutical Sciences 6:24-
33. 

Younes AS, Shibli RA, Tahtamouni RW, Al-Qudah TS, Al Hawmdeh F (2019) Micropropagation of Black Nightshade (Solanum nigrum L.): A promising medicinal 
plant in Libya. The Libyan Journal of Agriculture 24:85-96. 

Zaid R, Wink M (2004) Introduction of tropane alkaloids formation in transformed root culture of Brugmansia suaveolens (Solanaceae). pp. 863-867. 

Zaila LL (1975) Spices and herbs their antimicrobial activity & its Food determination. J Safety 9:97-118. 

Zargari A (1995) “Iranian Medicinal Plants,” Vol. 4, Tehran University Press, Tehran, pp: 103-104. 

Zargari A (1997) Iranian Medicinal Plants. 5th ed. Tehran: Tehran University Press; Vol. 4. 136p. 

Zhang M, Viennois E, Prasad M, Zhang Y, Wang L, Zhang Z, Han MK, Xiao B, Xu C, Srinivasan S, et al. (2016) Edible ginger-derived nanoparticles: A novel 
therapeutic approach for the prevention and treatment of inflammatory bowel disease and colitis-associated cancer. Biomaterials 101:321–340. 

 

https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/

	1. Introduction

