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ABSTRACT 

This study aimed to investigate the biological activities and phytochemical properties of some 

selected medicinal plants viz. Mangifera indica (L.), Rosmarinus officinalis (L.) and Tinospora 

bakis (A Rich.) Miers). However, bioassay-guided plant extraction, isolation protocols, and 

supporting analytical and biological methodologies were used. Moreover, structural identification 

of compounds present in ethyl acetate fractions was performed by mass spectrometry (MS) and 

nuclear magnetic resonance (NMR). The results showed that extracts, fractions and compounds, 

from the medicinal plants investigated, were highly active as antimicrobial, antiprotozoal, 

molluscicidal and anti-oxidant activities. The M. indica extract showed the lowest MIC (0.78 

mg/ml) while the isolated compound Methyl gallate showed the lowest MIC (15.62 µg/ml). The 

M. indica extract highest antiprotozoal activity was found against Entamoeba histolytica and 

Giardia lamblia (IC50= 3 µg/ml). On the other hand M. indica extract highest molluscicidal activity 

was estimated to be (IC50= 0.3 µg/ml). Among the plants used in this R. officinalis and M. indica 

extract showed high antioxidant activity; IC50 = 0.00225 ± 0.001 and 0.0083 ± 0.0001 mg/ml, 

respectively and Methyl gallate compound showed strong activity (IC50= 0.03 ± 0.01 mg/ml). 

Moreover, the studied extracts and fractions showed no toxic effect. The phytochemical 

investigation in this study showed presence of phenols, tannins, flavonoids, alkaloids, triterpenes, 

steroids, coumarins and saponins. While, anthraquinone was only R. officinalis extract. The thin 

layer chromatography (TLC) showed anthraquinone and flavonoids three spot compounds were for 

both R. officinalis and M. indica extract. On the hand quantitative analysis confirm presence of 

phenolic, flavonoid and tannin with highest amount characterizing of M. indica extract. 66 

identified compounds were detected through GC-MS technique for all extracts of M. indica, R. 

officinalis and T. bakis, and all the compounds had been reported to have biological activities. Extra 

exploration of M. indica and T. bakis through NMR machine showed presence of 17 different 

compounds, twelve of which showed antimicrobial activity and one out of seventeen with high 

antioxidant activity. In conclusion: this important a novel scientific work with the promising 

potential of scientific docking antimicrobial, antiprotozoal, molluscicidal and anti-oxidant 

activities, it needs to be continued for more experimental investigation, especially for the newly 

discovered compounds. 
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 مستخلص البحث

هي نبات و ة لبعض النباتات الطبية المختارةهدفت هذه الدراسة إلى معرفة الأنشطة البيولوجية والخصائص الكيميائية النباتي

 في الدراسة بطرق المختارةاستخلاص النباتات تم  .T. bakisوعرق الحجر  R. officinalisأكليل الجبل  ،M. indica المانجو

ديد الهيكلي لتح، تم إجراء اعلاوة على ذلكوبيولوجية. التحليلية وال العديد من الطرق استخدمت لها، والمعروفة العزلالاستخلاص و

أظهرت  (.NMRووي )( والرنين المغناطيسي النMSالإيثيل بواسطة مطياف الكتلة ) خلات اتمجزئي من للمركبات المعزولة

 باتلها فعالية عالية ضد الميكرو من النباتات الطبية المختاره المعزولة جزئيات والمركباتنتائج الدراسة أن المستخلصات، ال

أظهر كذلك مجم / مل( و 0.78) للميكروباتتثبيط  تركيز أدنيأظهر مستخلص المانجو  و الأكسدة.الرخويات  وو والطفيليات

 وجد أن مستخلص و ميكروجرام / مل(. 15.62) تركيز تثبيط للميكروبات أدنى نبات المانجومن  المعزول اليتجيل اميثال مركب

من و .(ميكروغرام / مل 3 (نتاميبا هوستيلتكا والقارديا لامبيليا طفيلي الأ ضد اتليأعلى نشاط مضاد للأو أعطى  نبات المانجو

مستخلصات الأظهرت  .ميكروغرام / مل  0.3 لرخوياتضد ا عالي جو نشاطفعالية مستخلص نبات المان تعطأناحية أخرى، 

 0.00225 =)تركيز مثبط  %50وبلغت أعلي نسبة  نشاطًا عاليًا لمضادات الأكسدة والمانجو من نباتي اكليل الجبلجزئيات الو

المعزول من نبات  اليتجيل ايثمركب المأظهر بالإضافة إلى ذلك،  ، على التوالي(.مجم / مل 0.0001±  0.0083و  0.001 ±

على ذلك، لم تظهر المستخلصات وعلاوة  مجم / مل(. 0.01 ± 0.03)وهي  %50وبلغت نسبة تركيزة المثبط نشاطًا قويًا  المانجو

 ،اتالقلويد ،الفلافونيدات ،(العفص) التانين أظهرت نتائج المسح الكيميائي وجود الفينولات، جزئيات المدروسة أي تأثير سام.وال

تحليل  كشفت نتائج، كذلك اكليل الجبل. مستخلصفي فقط  وجدنثراكينون الأ بينما، الكومارين والصابونين.، سترويداتالا ،يربينتال

بتراكيز عالية في مستخلصي المانجو واكليل الجبل.  وفلافونويداتالو( وجود الأنثراكينون TLCكروماتوغرافيا الطبقة الرقيقة )

أظهر و .لمانجوامستخلص  ات فيوالتانين اتوالفلافونويد تالفينولا من اكيز عاليةتر التحليل الكمي وجود ظهرأ من ناحية أخري و

 يةأنشطة بيولوج لها هذه الدراسةفى  جميع المستخلصات المستهدفةمن  امركبًا تم تحديده 66 وجود  GC-MS التحليل عن طريق 

 بامركثنا عشر أيثيل من نباتي المانجو وعرق الحجر، منها ات خلات الإمن مجزئ مختلفا ( مركبا17تم عزل سبعة عشرة ) .متعدده

 ً  مهمو، هذا عمل جديد في الختام مضاداً للميكروبات وواحداً من أصل سبعة عشر به نشاط عالي كمضاد للأكسدة. أظهرت نشاطًا

 ،ومع ذلك ومبيدات الرخويات ومضادات الأكسدة.مع الإمكانات الواعدة للدراسة العلمية لأنشطة مضادات الميكروبات والأوالي 

 .الجديدةالتحقيقات التجريبية، خاصة بالنسبة للمركبات و الدراساتالمزيد من  حتاجي
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction 

The history of drug discovery and development is firmly set in the study of natural therapies used to treat 

human ailments over centuries (Habtemariam, 2019). Since antiquity, mankind has depended on plants for 

their fundamental needs, in particular for medicines in the treatment of various diseases (Goswami and 

Ram, 2017).  Founded on observations and folklore, medicinal plant remedies were the first, and for a long 

time, the only medicines available to mankind (Pandey, 2020). Leaves, barks and roots of higher plants 

were used as medicines in the form of crude preparations such as teas, tinctures, poultices and powders 

(Parkash et al., 2018). 

Natural products were found in various natural sources, plants, microbes and animals (Yu et al., 2018). 

They can be an entire organism (a plant, an animal or a microorganism), a part of an organism (leaves or 

flowers of a plant, an isolated animal organ), extract of an organism or part of an organism and an exudate 

or pure compounds (alkaloids, coumarins, flavonoids, lignans, steroids and terpenoids) isolated from plants, 

animals or microorganisms (Nwonu et al., 2019). However, in practice, the term natural product refers to 

secondary metabolites (Tittikpina et al., 2016, Lajayer et al., 2017).  Nowadays, natural products are an 

integral part of human health care system because, there is accepted fear of toxicity and side effects of 

chemical drugs (Thomford et al., 2018, Goudie, 2018).  

There is also a realization that natural drugs are safer and allopathic drugs are often ineffective (Jamshidi-

Kia et al., 2018). In the last few decades there has been an exponential growth in the field of herbal medicine 

(Siddiqui and Sanna, 2016), and is getting popularized in developing and developed countries owing to its 

natural origin and lesser side effects (Jamshidi-Kia et al., 2018). Medicinal natural products are very 

frequently used in Sudan and also are widely consumed in Africa and all over the world. About 80% of the 

populations in African countries are dependent on traditional medicine for their primary health care (Karar 

and Kuhnert, 2017). Sustainability of the use of medicinal plants is important concern, and the demand is 

increasing in Africa as the population grows and pressure on their resources will become greater than ever. 

Interest in plant derived medicines has also increased in the developed countries between the 

pharmaceutical companies (Kala et al., 2006). In contrast, due to their minor side effects, the medicinal 

plants are widely used to treat many human diseases (Chintamunnee and Mahomoodally, 2012). Traditional 

medicine in Sudan has roots in Islamic and West African medicine (Abdallah, 2016a). It is characterized 

by a unique combination of knowledge and practices of Arabic, Islamic and African culture (Abdollaah et 

al., 2019). People in many areas of the country depend on herbal medicines, which are an integral part of 

the health care system (Karar and Kuhnert, 2017). There is wide experience with the use of herbs in medical 

treatment (Ozioma and Chinwe, 2019), and many families specialize in herbal medicines and this 

knowledge is passed on from one generation to another (Junsongduang et al., 2020). Patients travel from 
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the capital to rural regions to consult herbalists, especially for difficult diseases (Kpobi et al., 2019). 

Medicinal plants are still invaluable source of safe, less toxic, lower price (cheap), available and reliable 

natural resources of drugs all over the world (Roy et al., 2018). 

Sudan represents one of the largest African countries and characterized by rich flora described by many 

botanists (Khider and Hubbe, 2018, Abdelkreem and Ibrahim, 2016). Most of the Sudanese people in rural 

areas rely on traditional medicine for the treatment of many infectious diseases (Abdallah, 2017). People 

in Sudan and in other developing countries have relied on traditional herbal preparations to treat themselves 

(Osman, 2016). In Sudan, 90% of Sudan population depends mainly on traditional medicine, since 

admission to hospitals and obtaining modern synthetic drugs is limited and a high percentage of the 

population are nomads (Abubakar, 2017).Therefore, it is useful to investigate the potential of local plants 

against these disabling diseases (Elhadi et al., 2013, Dahab et al., 2010). 

Recently, the interest in medicinal plants is growing, since many plant species have been recognized to 

have medicinal benefits and positive impact on human health, such as anti-inflammatory, antibacterial, 

hypolidemic, anti-carcinogenic, anti-oxidant and many others (Salehi et al., 2019). Today, most of the 

modern drugs (synthetic or semi-synthetic) are initially produced from natural products such as medicinal 

plants prescribed in the ancient traditional medicine (Dwivedi and Singh, 2020). Atropine, Digoxin, 

Ephedrine, Morphine, Quinine, Reserpine and Tubocurarine are few examples of medicines invented from 

the knowledges of the traditional medicine (Saad et al., 2017). 

Medicinal plants represent a rich source of antimicrobial and anti-parasitic agents. A wide range of 

medicinal plant parts are used for extracts as raw drugs and they possess varied medicinal properties. The 

secondary metabolites of plants were found to be sources of various phytochemicals that could be directly 

used as intermediates for the production of new drugs (Hussain et al., 2012). Plants as a source of medicinal 

compounds have continued to play a dominant role in the maintenance of human health since ancient times 

(Foroughi et al., 2016). Plants are the largest drug stores ever known on earth, by producing endless 

bioactive chemical compounds which have direct effects on animal and human health (David et al., 2015). 

According to the World Health Organization plant extracts or their active constituents are used as folk 

medicine in traditional therapies of 80% of the world’s population (Jamshidi-Kia et al., 2018, 

Wangkheirakpam, 2018). Researches on Pharmacognosy, chemistry, pharmacology and clinical  

therapeutics  have been carried out on Ayurvedic  medicinal  plants  and  many  of  the  major  

pharmaceutical  corporations  have  renewed their  strategies  in  favour  of  natural  products  drug  discovery 

(Chattopadhyay et al., 2015). Numerous drugs have entered the international pharmacopoeia through the 

study of ethno pharmacology and traditional medicine (Adhikari and Paul, 2018). 

The use of plants and herbs for medicinal purposes spread overall the world. Therefore, a high consumption 

of medicinal plants is clearly observed in the developing Islamic and non-Islamic countries (Fahmi, 2017). 

Consequently, treatments exist for a variety of diseases, both epidemic and endemic (Iliffe, 2017). To face 
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these diseases, people have tapped the environmental resources, e.g. plants, minerals and animal products 

for the management of their health. In this respect, the Sudanese have a large body of curative methods, 

techniques and recipes (Sheikhaldin, 2014). Though not yet investigated systematically or in depth, there 

are clues in literature about the bioactivity of medicinal plants and their chemical constituents. Sudanese 

medicinal plants have been reported to exert antimicrobial activity against viruses, bacteria, and protozoa 

(ElBashir, 2016). 

Medicinal plants possess immunomodulatory and antioxidant properties, leading to antibacterial activities 

(Gargouri et al., 2017). They are known to have versatile immunomodulatory activity by stimulating both 

non-specific and specific immunity (Dhama et al., 2016).  

The use of plant extracts and phytochemicals, both with known antimicrobial properties, can be of great 

significance in therapeutic treatments (Chavan et al., 2015). In the last few years, a number of studies have 

been conducted in different countries to prove such efficiency. Many plants have been used because of their 

antimicrobial traits, which are due to compounds synthesized in the secondary metabolism of the plant (Pott 

et al., 2019). Today more than 30,000 diseases are clinically described, and less than one third of these can 

be treated symptomatically and only a few can be cured. Consequently, there exists a strong interest in 

getting access to new therapeutic agents which is a major driving force for advanced drug discovery 

strategies (Lidani et al., 2019). 

Phytochemicals compounds are bioactive chemicals of plant origin are regarded as secondary metabolites 

because the plants that manufacture them may have little need for them. They are naturally synthesized in 

all parts of the plant body; barks, leaves, stems, roots, flowers, fruits and seeds, etc. i.e. any part of the plant 

may contain active components (Kusari et al., 2012). This study was chosen to reveal the biological guided 

once, cytotoxicity and chemical analysis of candidate plants that are used by Sudanese in traditional 

medicine. 

1.2 Problem of study 

The last two decades have witnessed a dramatic rise in the incidence of life threatening bacterial and fungi 

infections. It is a major health problem with its frequency increasing every day in most countries, and also, 

the increase in resistance to many commercially synthetic antimicrobial agents by microorganisms with 

time. However, current medication is not readily accessible to many rural populations and many traditional 

plants have not been scientifically validated. hence the need of searching for new antimicrobial agents 

(Namivandi-Zangeneh et al., 2019).  

Infections caused by protozoan and schistosomiasis parasites affect more than billion people worldwide 

causing a serious health problem, mainly in developing countries (Omarova et al., 2018). Amoebiasis and 

giardiasis are among the main neglected parasitic diseases in Latin America (Roca-Mézquita et al., 2016), 

also schistosomiasis is one of most devastating parasitic diseases in tropical countries. The disease mostly 

affects children and young women (Adenowo et al., 2015), because, vaccinations do not work in most 
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instances and the parasites have sometimes become resistant to the available synthetic therapeutics, hence 

it is important to search for alternative sources of anti-parasitic drugs.  

Natural antioxidants are perceived to be safe, less toxic and beneficial for human health. However, natural 

antioxidants are very expensive and have been not widely commercialized. Recently, the demand for natural 

antioxidants has increased due to consumer concerns about the safety of synthetic antioxidants 

(Augustyniak et al., 2010). There had been an explosive interest in studying antioxidants of some fruits due 

to their health promoting properties. Moreover, the need to replace synthetic antioxidants with natural and 

properly safe ones, together with the interest of food industry and preventive medicine in the development 

of bioactive naturally-occurring antioxidants, has fostered research on the screening of plant sources.   

Plants produce a high diversity of secondary metabolites with interesting biological activities, such as anti-

microbial, anti-parasitic, anti-schistosoma and antioxidant activities. Therefore, there is a need to search for 

better sources of compounds that will be better leads to an effective medication. Therefore, it is important 

to explore these avenues in search for safe and alternative compounds that can act as leads for drugs. 

1.3 Objectives of the study 

1.3.1 General Objective 

The aim of the present study was to evaluate the biological activities, cytotoxicity and phytochemical 

analysis as well as isolation of the bioactive compounds of some selected medicinal plants. 

1.3.2 Specific Objectives: 

1. To investigate in-vitro the biological guided activity of crude extracts, fractions and isolated 

compounds of some medicinal plants and to compare their activity with reference drugs. 

2. To investigate the cytotoxicity against normal cell line by using Micro-culture tetrazolium test 

(MTT-assay) and brine shrimps (Artemia salina L.) lethality bioassay of some medicinal plants. 

3. To determine qualitative and quantitative chemicals analysis of the selected medicinal plants. 

4. To use biological guided isolation protocol for bioactive compounds isolation, and structure 

elucidations of isolated compounds by modern spectroscopic methods.  

1.4 Scope of the study 

There are some important tasks to be carried out in order to achieve the objectives of the study, and therefore 

five important scopes have been identified: 

1. The extractions were done from selected medicinal plants using ethanol (80%) as solvent. 

2. Bioassay of the crude extracts, fractions and isolated compounds will be screened for antimicrobial, 

antiprotozoal, anti-schistosoma, and antioxidant activities. 

3. Chemical analysis of qualitative and quantitative analysis of the crude extracts. 

4. The cytotoxicity against normal cell line by using Micro-culture tetrazolium test (MTT-assay), and 

brine shrimps (Artemia salina L.) lethality bioassay of crude extracts. 
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5. Isolation of the compounds from most active fractions will be by chromatography techniques; thin 

layer chromatography (TLC), high performance liquid chromatography (HPLC), column chromatography 

(CC). And the identification by spectra techniques; mass spectroscopy (MS) and nuclear magnetic 

resonance (NMR).  

1.5 Significance of the study 

In Sudan antibiotic resistance has lead to significant morbidity and mortality which is a drawback to 

economic development (Geta, 2019, Tom, 2016). Antibiotics are expensive to poor communities in 

developing countries and most diseases are resistant to antibiotics have become resistant to almost all 

available drugs (Chokshi et al., 2019, Zaman et al., 2017). The World Health Organization advocates for 

traditional medicine as a safer remedy for ailments of microbial and non-microbial origin (Antinozzi, 2020). 

Most modern medicines were discovered through study of plants which were used traditionally to treat 

specific illnesses (Chao et al., 2017). In addition, very few medicinal plants have been analyzed chemically 

and their bioactive constituents are yet to be validated (Pengelly, 2020). As a result, knowledge from 

traditional medicine can be very essential in the development of cheap and effective antibiotics. The  

worldwide  use  of  natural  products  including  medicinal  plants  has  become  more important  in  primary  

health  care  especially  in  developing  countries (Mustafa et al., 2017, Howes et al., 2020). Phytochemicals 

are relatively safe and abundantly available from dietary sources (Chang et al., 2019), hence research into 

new alternative for such disease is warranted. 

1.6 Layout of the study 

Encompassing all the above mentioned objectives, this thesis has been divided into five chapters as 

described below. 

Chapter one provides an introduction to medicinal plants and secondary metabolites. Chapter tow presents 

a thorough literature review on natural products, infection diseases and a review of literature on secondary 

metabolites. The basis of the selection of some selected medicinal plants for biological activities is also 

provided in this chapter. Chapter three outlines all the experimental methods, procedures, techniques and 

materials used for biological activities, cytotoxicity assays and phytochemical analysis as well as the 

isolation and characterization of major compounds from plants. 

Chapter four shows the results obtained from the study and discussion the biological activities, cytotoxicity 

and phytochemical analysis of the plants. Chapter five is a summation of the conclusions and 

recommendations drawn from the outcomes of the study. 

1.7 Research hypotheses 

The hypothesis is that extracts, fractions and compounds from selected medicinal plants materials namely: 

Mangifera indica L. (Family: Anacardiaceae), Rosmarinus officinalis L. (Family: Lamiaceae), and 

Tinospora bakis (A. Rich) Miers (Family: Menispermaceae) were a source of highly effective biological 

guided antimicrobial, antiprotozoal, anti-schistosoma, and antioxidant activities.
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Nature always stands as a golden mark to exemplify the outstanding phenomenon of symbiosis. The biotic 

and abiotic elements of nature are all interdependent. The plants are indispensable to man for his life and 

supply the three important necessities of life food, clothing and shelter- and a host of other useful products. 

Nature has provided a complete store-house of remedies to cure all ailments of mankind. The knowledge 

of drugs has accumulated over thousands of years as a result of man’s inquisitive nature so that today there 

are many effective means of ensuring health-care (Lewis and Elvin-Lewis, 2003). The human being appears 

to be afflicted with more diseases than any other animal species (Halliwell and Whiteman, 2004). There 

can be little doubt then very early, sought to alleviate sufferings from injury and disease by taking advantage 

of growing plants. In the past, almost all the medicines used were from the plants and the plant has been 

man’s only chemist for ages. Today, a vast store of knowledge concerning therapeutic properties of 

different plants has accumulated (Lewis and Elvin-Lewis, 2003).  

2.2 Medicinal Plants 

Plants are the largest drug stores ever known on Earth, by producing endless bioactive chemical compounds 

which have direct effects on animal and human health (Chang and Wasser, 2012, Abdallah, 2011). Today, 

most of the modern drugs (Winborn and Kerrigan, 2019) are initially produced from natural products such 

as medicinal plants prescribed in the ancient traditional medicine (Lahlou, 2013, Pan et al., 2013). Atropine, 

Ephedrine, Digoxin, Morphine, Quinine, Reserpine and Tubocurarine are few examples of medicines 

invented from the knowledges of the traditional medicine (Ansari and Inamdar, 2010, Lahlou, 2013). 

Although, there is wide experience among the people of Sudan in the employment of medicinal plants as 

an integral part of the health care system, this experience passed from one generation to another without 

documentation (Baer et al., 2013, Eyong, 2007). 

Medicinal plants play an important role in the lives of rural people by curing common 

ailments especially in developing countries of the world (Hussain et al., 2013). 

Medicinal plants have a promising future because there are about half million plants 

around the world, and most of their medical benefits have not been investigated yet, and their medical 

activities could be decisive in the treatment of present or future studies 

(Rasool Hassan, 2012). However more than 80% of the world population in developing countries uses plant 

derived medicines and about half of the population in industrialized countries also using traditional 

medicines practices to meet their healthcare needs (Eddouks et al., 2002, Organization, 2002). In Sudan, 

people dependent on medicinal plants for health care is estimated at over 90% of the population, these 

plants and derived products play an important role in the primary health care of Sudan (Ibrahim and El-

Khateeb, 2013). 
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2.2.1 Medicinal Plants in Africa 

Medicinal plants are an integral part of the African healthcare system since time immemorial. Interest in 

traditional medicine can be explained by the fact that it is a fundamental part of the culture of the people 

who use it and also due to the economic challenge: on one side, the pharmaceutical drugs are not accessible 

to the poor and on the other side, the richness and diversity of the fauna and flora of Africa are an 

inexhaustible source of therapies for panoply of ailments (Sawadogo et al., 2012). 

The demand for medicinal plants is increasing in Africa as the population grows and pressure on medicinal 

plant resources will become greater than ever. Interest in plant-derived medicines has also increased in 

developed countries among the pharmaceutical companies (Hostettmann et al., 2000). In contrast, due to 

their minor side effects, the medicinal plants are widely used to treat many human diseases (Başgel and 

Erdemoğlu, 2006). 

2.2.2 Sudanese Medicinal Plants 

Sudan is the largest country in Africa with a diverse flora. Most of the Sudanese people in rural areas rely 

on traditional medicine for the treatment of many infectious diseases. Sudanese traditional medicine is 

characterized by a unique combination of knowledge and practices of Arabic, Islamic and African culture 

(Mohamed et al., 2010). Sudanese medicinal plants have been reported to exert antimicrobial activity 

against viruses, bacteria, and protozoa (El‐Tahir et al., 1999, Hussein et al., 2000, Elegami et al., 2001, Ali 

et al., 2002, Kabbashi et al., 2014, Kabbashi et al., 2015b, Garbi et al., 2014). As infections with worms or 

molluscs represent a common affliction in that area, medicinal plants have been considered for treatment 

of these infections (Koko et al., 2000, Koko et al., 2005, Koko et al., 2008b). Immunomodulatory properties 

of Sudanese medicinal plants have also been observed (Koko et al., 2008b). 

2.3 Natural Products 

Natural products play a highly significant role in the drug discovery and development of processed 

(Newman and Cragg, 2012). They not only serve as drugs or templates drugs directly, but in many instances 

lead to the discovery of novel mechanisms of action that provide a better understanding of the targets and 

pathways involved in the disease process (Löscher et al., 2013). They have additionally been used as 

starting templates in the synthesis of combinatorial libraries (Lam, 2007). Natural products are products 

from various natural sources, plants, microbes and animals (Gershenzon and Dudareva, 2007; Adam, 2017). 

However, in practice, the term natural product refers to secondary metabolites (Hastings et al., 2012)).  

2.3.1 Ethno-botany and Traditional Sources of Natural Products 

Historically, mankind has been intrigued by the power and potential of plants in nature (Steffen et al., 

2007). Ancient texts attest to the knowledge passed down through generations on the beneficial effects of 

plants. Wisdom was gained on how to extract ingredients as foods, medicine, and mood enhancers long 

before knew how the chemicals themselves worked (Lewis and Elvin-Lewis, 2003). At the time of the 

Renaissance and through the Reformation period, the tools were found to explore the chemistry of the 
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natural ingredients. Today, we embrace the science of ethno-botany, which is the scientific study of the 

relationships that exist between people and plants (Cooper and Deakin, 2016). The discipline requires a 

variety of skills: botany (the identification and preservation of plant specimens); anthropology, to 

understand the cultural concepts around the perception of plants; and natural products chemistry (Martin, 

2010). As sources of health products, the majority of the world continues to heavily rely on herbal remedies 

for their primary health care (Petersen, 2003). Ancient civilizations of both China and India have provided 

a wealth of knowledge on the use of traditional medicines (Sheng-Ji, 2001). Traditional Chinese Medicine 

(TCM) has been used for thousands of years (Petersen, 2003) and the basis and philosophy of TCM is not 

well understood in Western practice (Yu et al., 2006). Many TCM formulas are mixtures of herbs and 

plants, used in combination and prepared as teas (Omri et al., 2012). 

2.3.2 Sources of Natural Products  

With respect to the sources of natural products from plants, first, attention needs to be paid to the correct 

identification of the species (Cragg and Newman, 2013). Second, due to variability in the growing 

conditions, it is important to keep in mind that the same identified species found in different geographical 

locations might yield different metabolites or ratios of metabolites (Bérdy, 2005). Finally, the selection of 

the plant part is very important: flowers, fruiting bodies, berries, bark, seeds, or stems. Metabolites vary 

within the whole plant as fresh or dried material, or from the roots or the aerial parts (Salgueiro et al., 2010). 

Thus, the botanical extracts are complex mixtures of multiple compounds. For chemical analysis, standard 

reference may be difficult to generate or obtain, and also, the stability of chemicals in the extracts may 

sometimes be difficult to control (Folashade et al., 2012).  

2.3.3 Natural Products in Medicine 

The use of natural products, especially plants, for healing is as ancient and universal as medicine itself. 

Natural products have been an integral part of the ancient traditional medicine systems, e.g. Chinese, 

Ayurvedic and Egyptian. Even now, continuous traditions of natural product therapy exist throughout the 

third world, especially in East and South Asia (Sarker and Nahar, 2012). According to the World Health 

Organization, 3.4 billion people in the developing world depend on plant based traditional medicines. This 

represents about 88 % of the world's inhabitants, who rely mainly on traditional medicine for their primary 

health care (WHO, 2017). In China alone, 7295 plant species are utilized as medicinal agents (Nobili et al., 

2009). Over the last century, a number of top selling drugs have been developed from natural products 

(Newman and Cragg, 2012). Apart from natural product derived modern medicine, natural products are 

also used directly in the "natural" pharmaceutical industry that is growing rapidly in Europe and North 

America, as well as in traditional medicine programmers being incorporated into the primary health care 

systems of Mexico (Cordell and Colvard, 2012). 
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2.3.4 Drug Discovery and Natural Products 

Although drug discovery may be considered a recent concept that evolved from modern science during the 

20th century, in reality the concept of drug discovery dates back many centuries, and has its origins in 

nature (Drews, 2000). Time and time again, humans have turned to Mother Nature for cures, and discovered 

unique drug molecules (Ashburn and Thor, 2004). Thus, the term natural product has become almost 

synonymous with the concept of drug discovery (Ganesan, 2008). 

2.3.5 Plants as Drugs Source 

All plants produce chemical constituents, part of their normal metabolic activities (Davies, 2010). These 

chemical components can be divided into primary metabolites, such as sugars, amino acids, nucleotides 

and fats, found in all plants, and secondary metabolites which have no obvious function in a plant ‟s primary 

metabolism as well as in growth, photosynthesis, or other primary functions of the plant cell. They may 

possess an ecological role, as pollinator attractants, represent chemical adaptations to environmental 

stresses, or to be responsible for the chemical defense of the plant against microorganisms, insects and 

higher predators (Seigler, 2012, Cseke et al., 2016). Secondary metabolites can be classified based on their 

chemical structure (e.g., having rings, with or without sugar moieties), composition (containing nitrogen or 

not), the pathway by which they are biosynthesized or their solubility in various solvents (Kabera et al., 

2014, Dai and Mumper, 2010). A simple classification includes three main groups: (1) Terpenoids made 

through mevalonate pathway, composed almost entirely of carbon and hydrogen, (Cseke et al., 2016, 

Brahmkshatriya and Brahmkshatriya, 2013). Phenolics (made from simple sugars, containing benzene 

rings, (2) hydrogen, and oxygen, Nitrogen-containing compounds or containing sulphuric parts (Chinou, 

2008), as shown in Figure (2.1).  
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Figure (2.1): General approach to the isolation of active compounds from a natural source (Sarker and 

Nahar, 2012). 
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2.4 Biological Studies 

2.4.1 Antimicrobial Activity 

Infectious diseases caused by bacteria and fungi affect millions of people worldwide (Rodrigues and 

Nosanchuk, 2020). Throughout the history of mankind, infectious diseases have remained a major cause of 

death and disability (Friedrich, 2017). Today, infectious diseases account for one-third of all deaths in the 

world and the World Health Organization estimates that nearly 50,000 people die each day throughout the 

world (Pink, 2016, Holmes et al., 2017). The discovery of antibiotics was an essential part in combating 

bacterial infections that once ravaged humankind (Jouda et al., 2015, Lewies et al., 2019). Different 

antibiotics exercise their inhibitory activity on different pathogenic organisms, hence the development and 

spread of resistance to currently available antibiotics is a worldwide concern (WHO, 2017). The situation 

has further been complicated by the rapid development of multi-drug resistance by the microorganisms to 

the antimicrobial agents available (De Waele et al., 2018). However, in addition to the production of 

intrinsic antimicrobial compounds (Hernando-Amado et al., 2016), some medicinal plants also produce 

multidrug resistance inhibitors which enhance the activities of antibiotics against multidrug resistant 

bacteria pathogens (Ibrahim et al., 2017). 

A. Antimicrobial Activity of Medicinal Plants 

The use of crude extracts of plants parts and phytochemicals of known antimicrobial properties can be of 

great significance in the therapeutic treatments (Dhanavade et al., 2011). In recent years, a number of 

studies have been conducted in various countries to prove such efficiency (Nascimento et al., 2000). Many 

plants have been used because of their antimicrobial traits, which are due to the secondary metabolites 

synthesized by the plants (Arguelles-Arias et al., 2009). These products are known by their active 

substances like, phenolic compounds which are part of the essential oils, as well as in tanning (Evans, 

2009b). While 25-50 % of current pharmaceuticals derived from plants none are used as antimicrobials 

(Bozin et al., 2007). Traditional healers have long used plants to prevent or cure the infectious condition 

(Bahmani et al., 2014). Plants are rich in a wide variety of secondary metabolite such as tannins, terpenoids, 

alkaloids, and flavonoids which have been found in-vitro to have antimicrobial properties (Sher, 2009). 

B. Antimicrobial Activity of Some Sudanese Medicinal Plants 

Bakheit and Omer (2021) evaluated the antimicrobial activity of Boswellia papyrifera essential oil against 

clinical bacterial pathogens. The essential oil of B.  papyrifera (300 μg) showed the highest in-vitro 

antimicrobial activity against S. aureus, a moderate activity against P. aeruginosa, and a weak activity 

against E. coli. It was not effective against K. pneumoniae and Proteus vulgaris. Also it showed an 

antimicrobial activity stronger than that of Tetracycline for E.coli, and it had a synergistic effect with 

Amoxicillin against S. aureus. Moglad et al. (2020) evaluated the antimicrobial and wound healing 

activities of Loranthus acacia, Cassia obtusifolia and Cymbopogon proximus plants. The results showed 

that all tested plants have various antimicrobial and wound healing activities. Out of these plants, L. acacia 
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exhibited a significant result for antimicrobial activities counter to all Gram-positive, Gram-negative 

bacteria and wound healing activities in comparing with the reference drug.  

Hamadnalla and Jack (2019) tested antibacterial activity of Solenostemma argel a medicinal plant used in 

folk medicine in Sudan for cure of many diseases. Five solvents with grade polarity were used to extract S. 

argel (petroleum ether, chloroform, ethyl acetate, ethanol and distilled water). Four extracts except 

petroleum ether showed clear inhibitory action against both bacteria. Elrofaei et al. (2018) investigated the 

in-vitro antibacterial activity of the petroleum ether, methanol and chloroform extracts of Citrullus 

colocynthis, Grewia tenax, Mentha longifolia, Senna obtusifolia and Zingiber officinale against five 

standards bacterial strain. The petroleum ether and chloroform extracts were inactive compared to methanol 

extracts. The maximum antibacterial activity against the test organisms was found in methanol extract. 

Methanol extract of Citrullus colocynthis had maximum inhibitory activity (32 mm) against Escherichia 

coli. The MIC (minimum inhibitory concentration) of extracts was observed using well diffusion method. 

Amongst Gram negative bacteria Escherichia coli being inhibited at <3.12 mg/ml by C. colocynthis root 

methanolic extract. 

Hassan et al. (2017) tested antimicrobial activity of the rhizome essential oil of Zingiber officinale (family: 

Zingiberaceae) against six standard bacteria. The rhizome essential oil of Z. officinale dissolved in methanol 

(1:10), showed high activity against the Gram positive S. aureus (23 mm), B. subtilis (20 mm), Gram 

negative E. coli (21 mm), P. vulgaris (20 mm) and P. aeruginosa (27 mm). It also showed moderate activity 

against the Gram negative K. pneumoniae (15 mm), C. albicans (16 mm) and no activity against Aspergillus 

niger. Abdallah (2016b) investigated in-vitro antibacterial activity of leaf extracts of Water, Butanol, Ethyl 

acetate and Chloroform of Moringa oleifera. Ethyl acetate extract recorded the highest active extract against 

four microorganisms namely, Staphylococcus epidermidis ATCC 49461 (16.0±0.5 mm), Staphylococcus 

aureus ATCC 25923 (13.6±0.3 mm), Pseudomonas aeruginosa ATCC 27853 (13.3±0.3 mm) and Bacillus 

cereus ATCC 10876 (10.2±0.7 mm), respectively. Butanol extract was active only against Staphylococcus 

epidermidis (14.0±0.0 mm) and Staphylococcus aureus (10.3±0.3 mm). Water extract was active only 

against Staphylococcus epidermidis (12.3±0.6 mm). Chloroform extract showed antibacterial activity 

against Staphylococcus aureus (11.0±0.5 mm). 

Abd-Ulgadir et al. (2015) evaluated antimicrobial potential of leaves and seeds methanolic extracts of the 

medicinal plants Hibiscus sabdariffa and Ricinus communis against standard microbial strains. Leaves 

from methanolic extracts of H. sabdariffa was found to be more active against Gram-positive bacteria 

(Bacillus subitilis NCTC: 8236 and Staphylococcus aureus ATCC: 25923), as well as Gram-negative 

bacteria (Escherichia coli ATCC: 25922, Pseudomonas aeruginosa ATCC: 27853, Klebsiella 

pneumoniae ATCC: 53657 and Proteus vulgaris ATCC: 6380) than leaves methanolic extracts of R. 

communis. The leaves methanolic extracts of H. sabdariffa gave an intermediate antifungal activity against 

two reference fungal strains (Candida albicans ATCC: 7596 and Aspergillus niger ATCC: 9765). The 
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seeds methanolic extracts of R. communis and H. sabdariffa did not show any activity against both bacterial 

and fungal reference strains examined. Mosa et al. (2014) evaluated the phytochemical constituents and 

antimicrobial activities of some Sudanese medicinal plants (Combretum hartmannianum leaves (Habiel), 

Hydnora abyssinica rhizome (Tartous), Sesbania leptocarpa leaves (Surib) and Ficus vasta leaves 

(Gom'aiz)). All the screened plants (concentration 100 mg/ml) exhibit positive effects against tested 

bacterial strains except S. leptocarpa has negative effects against Staphylococcus aureus bacteria. The most 

prominent activity against tested bacteria is showed by H. abyssinica and F. vasta ethanolic extracts. S. 

leptocarpa (100mg/ml) has no antifungal activity against the tested fungal strains. H. abyssinica, C. 

hartamannianum, and F. vasta show promising antifungal activity.  

Ismail et al. (2013) investigated the antibacterial activity of petroleum ether and methanol extracts of two 

Sudanese medicinal plants Vigna coerulea Bak and Aloe vera were tested against three species of bacteria, 

Bacillus subtilis, Escherichia coli and Staphylococcus aureus. Results revealed the methanol extracts of 

two medicinal plants were effective on bacterial strains, while the crude plants were weakly effective. 

Moglad et al. (2012) investigated the in-vitro antibacterial and antifungal activity of Cadaba 

farinose (Family: Capparaceae), Solanum nigrum (Family: Solanaceae), Senna occidentalis (Family: 

Caesalpiniaceae) and Maerua oblongifolia (Family: Capparaceae). All methanol extracts exhibited 

inhibitory effects against all tested organisms with zones of inhibition ranging from 11-25 mm except the 

methanol extract of both parts of Maerua oblongifolia were active against Escherichia coli and Aspergillus 

niger. The results obtained from plants extracts were compared to some of the commercially used drugs. 

The Minimum Inhibitory Concentrations (MICs) of the most active extracts of these plants against standard 

bacteria and fungi were also determined and found that MICs a ranging between concentration 2.5-5 mg/ml-

1. Saadabi and Moglad (2011) screened for in-vitro activity against some Gram-positive and Gram-negative 

pathogenic bacteria. The extracts at concentration of 0.1 ml/cup showed varying degrees of inhibitory 

activity against the tested organisms. Extracts from Withania somnifera showed the highest activity, 

followed by Datura stramonium, while Zygophyllum portulacoides demonstrated the least activity when 

compared to 40 µg/ml Ampicillin control antibiotic. The bacteria tested differed significantly in their 

susceptibility to plant extracts, with complete inhibition in case of Staphylococcus aureus and Bacillus 

subtilis. EL-Kamali and EL-Amir (2010) performed the antibacterial screening of the ethanol extracts of 

the selected plants. All the eight ethanolic extracts showed good activity against four tested bacteria. The 

activity of the Cymbopogon schoenathus spp. proximus aerial parts, Cymbopogon nervatus inflorescence 

and Cassia occidentalis seed extracts were more pronounced.  

C. Antimicrobial Activity and Bioassay 

Infectious diseases caused by bacteria, fungi, viruses and other pathogenic parasites are still a major threat 

to public health, despite the tremendous progress in human medicine. Antimicrobial activity of natural 

extracts and pure compounds can be detected by observing the growth response of various microorganisms 
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to samples that are placed in contact with them. Several methods for detecting antimicrobial activity are 

available, but since they are not equally sensitive or not based upon the same principle, results will be 

profoundly influenced by the method (Cos et al., 2006). The antibacterial and antifungal test methods are 

classified into two main groups: diffusion and dilution methods (Das et al., 2010). 

D. Agar Diffusion Method 

A very simple way of determining the susceptibility of a microorganism to an antimicrobial agent is to use 

a microbe-seeded agar plate and to allow the agent to diffuse into the agar medium, which is known as the 

Kirby-Bauer technique (De Beer and Whitlock, 2009). This test is less expensive but less reliable than the 

dilution method; however, it provides qualitative susceptibility information. In the diffusion technique, the 

organism to be tested is exposed on an agar medium, either seeded in the agar, by flooding or spreading, to 

a diffusion gradient of the chemotherapeutic drug arising from reservoir which may be impregnated filter 

paper disc, ditch cut in the medium and filled with (agar containing) the drug, or the ditch may be filled 

directly with drug solution, or the solutions of the drugs may be placed in circular holes cut in the inoculated 

agar medium (Jorgensen and Turnidge, 2015).  

E. Dilution Method 

The aim of broth and agar dilution methods is to determine the lowest concentration of the assayed 

antimicrobial agent (minimum inhibitory concentration MIC) that, under defined test condition, inhibits the 

visible growth of the microorganisms being investigated. MIC values are used to determine susceptibility 

of bacteria and fungi to drugs and also to evaluate the activity of new antimicrobial agents. The most 

commonly used method in the dilution techniques is the broth dilution technique, described by Balouiri et 

al. (2016). In the agar dilution method, the medium is inoculated with the test microorganism and the 

samples to be tested are mixed with the inoculated medium. The material is inoculated and the growth of 

the microorganism is viewed and compared with control culture which does not contain the tested sample. 

The experiment is repeated at various dilutions of the test sample in the culture medium and the highest 

dilution at which the sample just prevents the growth of the microorganism (MIC) is determined (Trias et 

al., 2008). 

F. Factors affecting the in-vitro Antimicrobial Activity 

The diffusion process may be altered by a variety of factors including; the content of drug at the source, the 

density of the gel, the speed of diffusion, and the ionic concentration of the medium (Kuo and Ma, 2001).  

The zone of inhibition that results is dependent upon both the infusibility of the agent in the medium and 

the degree of susceptibility of the organism. The speed of growth and the size of inoculums can influence 

to a marked degree the size of inhibitory zones  (Jorgensen and Turnidge, 2015). The pH of the 

environment also affects antimicrobial activity in vitro. Some drugs are more active at acid pH (e.g. 

nitrofurantoin) others at alkaline pH (e.g. aminoglycosides, sulphonamides) (Yang et al., 2014). The 

components of the medium significantly influence the results of the tests e.g. sodium polyanethol 
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sulphonate and other anionic detergents inhibit aminoglycosides. Serum proteins bind Penicillin's in 

varying degrees, ranging from 40% for methicillin to 98% for Dicloxacillin (Stead, 2000). 

G. General characteristics of standard microorganisms under study  

G.1 Bacillus subtilis 

It is one of Gram-positive rods that grow aerobically on nutrient agar and form resistant end spores. It is 

one of the commonest saprophytes found as contaminants in foods, clinical specimens and laboratory 

cultures. It is a facultative thermophile, capable of growth over the range 12-55˚C. B. subtilis spores are 

exceptionally heat resistant. B. subtilis grows well on ordinary media, forming large colonies that are 

circular or irregular, grey-yellow granular and difficult to emulsify. Its positive Voges Proskauer reaction 

and its production of acid from glucose, xylose, sucrose and mannitol (Vijayakumar et al., 2013), as shown 

in Figure (2.2).  

G.2 Staphylococcus aureus 

It is a Gram positive; aerobic and also grows anaerobically but less well. Temperature range for growth is 

10-42○C with an optimum of 35- 37○C. It grows in blood agar and produces yellow to cream or occasionally 

white 1-2 mm in diameter colonies, in MacConkey agar produces smaller colonies (0.1- 0.5mm). 

Staphylococcus aureus ferment mannitol (give yellow colour), it is coagulase, catalase and DNase positive. 

Staphylococcus aureus causes boils, styes, pustules, imprtigo, infection of wound, ulcer and burns, 

osteomyelities, mastitis, septicaemia, meningitis, pneumonia and pleural empyema. It is carried in the nose 

of 40% or more of healthy people (Osman, 2005), as shown in Figure (2.3). 

G.3 Escherichia coli 

Gram negative rod, coliform, motile, aerobic and facultative anaerobic. Escherichia coli is catalase positive, 

oxidase negative, attack sugars fermentatively; gas normal produces, ferment lactose with production of 

acid and gas, produces indole, give positives methyl red reaction and negative Vogues-Proskaour and 

decomposes urea. The organism gives colorless colonies 2-3 mm in diameter in 18 hours in nutrient agar 

and red large colonies in MacConkey agar and may be hemolytic on blood agar. E.coli commonly causes 

the urinary tract infections and diarrhea in infant and travelers. Also it causes meningitis, septicemia as well 

as sepsis in operating wounds and abscess (Hemraj et al., 2013), as shown in Figure (2.4). 

G.4 Pseudomonas aeruginosa 

It is motile and Gram-negative rod shaped, obligate aerobe, and grow readily on many types of media at 

37-42˚C sometimes producing sweet or grape-like odour due to 2-amino acetophenone production. It forms 

smooth round colonies with fluorescent greenish colour (pyoverdin fluorescent pigment). It is oxidase 

positive; produce acid from carbohydrate due to oxidation not fermentation, catalase positive, and citrate 

positive. It is pathogenic only when introduced into areas devoid of normal defenses. It can cause purulent 

infections of wounds, burns, external ear, urinary tract and contamination of traumatic lesions in the eye 

leads to opthlamitis (Parsek and Greenberg, 2000), as shown in Figure (2.5).  
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G.5 Candida albicans  

Budding yeast produces pseudo hyphal both in culture and in tissue appears as a Gram–positive. On 

Sabouraud agar at room temperature, incubation gives cream-colored colonies with a yeasty odour.  

Subculture of the organism in 0.5 ml of Human serum incubated at 37 ˚C for 1.5-2 showed the formats of 

Germ-tube by some of the yeast cells. I.e. Germ tube test (G.T.T) positive. It ferments glucose and maltose, 

producing both acid and gas and does not attack lactose. It is opportunistic fungi, is a member of the normal 

flora of the mucous membranes in the respiratory, gastrointestinal and female genital tract. In such location 

it may gain dominance and be associated with pathologic conditions (Mayer et al., 2013), as shown in Figure 

(2.6). 
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Figure (2.2): Bacillus subtilis (Oren and Garrity, 2021) 

Figure (2.3): Staphylococcus aureus (Yan, 2015). 

Figure (2.4): Escherichia coli (Gillen and Augusta, 2018) 

Figure (2.5): Pseudomonas aeruginosa (Lail, 2006). 

Figure (2.6): Candida albicans (Staniszewska et al., 2013). 
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H. Antibiotics used for antimicrobial activity  

H.1 Ampicillin 

Ampicillin is one of antibiotics in penicillin group of drug. It is used to treat a wide variety of bacterial 

infections. It works by stopping the growth of bacteria. Its chemical formula is (C₁₆H₁₉N₃O₄S) and has 

molecular weight of 349.41 g/mol. Ampicillin is a beta-lactam antibiotic that is part of amino penicillin 

family and it is active against gram-positive and gram-negative bacteria. Ampicillin sodium salt is semi 

synthetic penicillin derived from the basic nucleus, 6-aminopenicillanic acid. The chemical structure of 

Ampicillin is schematically, as shown in Figure (2.7). 

H.2 Gentamicin 

Gentamicin (C21H43N5O7) antibiotics are 2-DOS-based 4, 6-disubstituted pseudosaccharides and are 

produced for clinical use as a mixture comprising Gentamicins C1, C1a, C2a, C2, and C2b. Structurally, 

the compounds are very similar to each other, the only difference being the methylation pattern on the 

purpurosamine ring, Figure (2.8). It is established in clinical use and despite its significant toxicity remains 

valuable to treat severe Gram-negative bacterial infections. All the members have similar bactericidal 

properties (Reva, 2019).  

H.3 Clotrimazole 

Clotrimazole (C22H17ClN2) is a weak base that is freely soluble in methanol but practically insoluble in 

water (Jøraholmen, 2012). The azoles are a group of synthetic antifungal agents with a broad spectrum of 

activity based on the imidazole nucleus, Figure (2.9). Their mechanism of action involves the inhibition of 

a fungal enzyme (14α-demethylase) responsible for converting lane sterol to ergo sterol, which is the main 

sterol in the fungal cell membrane. The subsequent reduction of ergo sterol alters the fluidity of the 

membrane, interfering with the action of membrane-associated enzymes. The net effect is an inhibition of 

replication. Azoles also inhibit the transformation of candida yeast cells into hyphae – the invasive and 

pathogenic form of the parasite (Rang, 2007).  

H.4 Nystatin 

Nystatin (C47H75NO17) binds to the fungal membrane ergosterol with up to 10 times more affinity than to 

the human membrane sterols (i.e. cholesterol) providing selective binding and thus antifungal activity 

(Kodedová and Sychrová, 2015) with minimal effects if any on host cells, (Figure 2.10). Therefore, nystatin 

can be used at a dose that is low enough to be bound to candida cell membranes but not to mammalian 

cells, making this agent non-toxic to human while still retaining its antifungal activity. In suspension, 

nystatin (especially the form for oral use) is not absorbed in the gut and therefore has no systemic effects 

or side effects. It is found to be the most established antifungal agent that is effective in the treatment of 

superficial fungal infection caused by Candida sp (Carrillo-Muñoz et al., 2013). 

https://pubchem.ncbi.nlm.nih.gov/#query=C47H75NO17
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Figure (2.7): Chemical Structure of Ampicillin (Abdelrahman et al., 

2015). 

Figure (2.8): Chemical Structure of Gentamicin (Mohammed et al., 

2016b). 

Figure (2.9): Chemical Structure of Clotrimazole (Mohammed et al., 

2016b). 

Figure (2.10): Chemical Structure of Nystatin (Hemmateenejad et al., 

2014). 

2.4.2 Antiprotozoal Activity 

Intestinal parasites of humans are important health problems of most communities, especially in tropical 

and subtropical areas (Siddig et al., 2017). Parasitic   infections   have   high   prevalence   rates throughout 

the world and it is estimated that  more  than  three  billion  people  are  infected  with  intestinal  parasites  

in  the  world (Wang et al., 2018b). Studies on human parasitic infections have demonstrated a common 

relationship between parasitic infections and lower socioeconomic status of the region (Faria et al., 2017). 

Protozoa are the cause of a number of major diseases which spread massive misery and death, mainly 
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throughout the tropical world (Organization, 2010). For centuries, man has been confronted with 

pathogenic microorganisms (Morens et al., 2004), and of them protozoa form a major group and stand the 

first place for developing human diseases. Protozoal attacks are common in different parts of the world 

population and account for the major cause of mortality in developing countries (Tempone et al., 2005, 

Hotez and Kamath, 2009).  

A. Antiprotozoal activity of Medicinal Plants 

Medicinal plants have been used throughout the world for the treatment of tropical diseases such as malaria, 

leishmaniosis, leprosy, etc. (Alilio et al., 2004). The discovery of antimalarial compounds from natural 

sources (quinine from Cinchona spp., and artemisinin from Artemisia annua) indicates a great potential of 

such traditional plants which are in human use since centuries, as a new source of new medicines for 

malaria, and for other tropical diseases (Oliveira et al., 2009). Sudan is an African country which has 

tremendously suffered from all the above mentioned parasitical diseases. Sudan is very rich in medicinal 

plants which have been used by local people for the treatment of diseases such as schistosomiasis, malaria 

and leishmaniasis (Abdalla and Koko, 2018). 

B. Antiprotozoal activity of Some Sudanese Medicinal Plants 

Mahmoud et al. (2020) performed a survey of medicinal plants of Sudan and selected 62 ones that are being 

used in Sudanese traditional medicine. This resulted in a library of 235 fractions, which was tested in-vitro 

against Plasmodium falciparum (erythrocytic stages), Trypanosoma brucei rhodesiense (bloodstream 

forms), Trypanosoma cruzi (intracellular amastigotes), and Leishmania donovani (axenic amastigotes). 

Active fractions were also tested for cytotoxicity. Of the 235 fractions, 125 showed growth inhibitory 

activity >80% at 10 mg/ml, and >50% at 2 mg/ml against at least one of the protozoan parasites. 

Plasmodium falciparum was the most sensitive of the parasites, followed by T. b. rhodesiense and L. 

donovani. Only few hits were identified for T. cruzi, and these were not selective.  

Abdelwahid et al. (2019) evaluated synthesized quinoline-4-carboxylic acids, confirm their chemical 

structures, and their anti-leishmanial activity. The IC50 for each compound was determined and manipulated 

statistically. Among these compounds, Q1 (2-methylquinoline-4-carboxylic acid) was found to be the most 

active in terms of IC50. 

Najumudin et al. (2018) investigated the in-vitro antigiardial activity of ethanolic extracts of 

Solennostemma argel, Trigonella foenum graecum and Menthax piperita in comparison with 

metronidazole. Trigonella foenum graecum, Menthax piperita and Solennostemma argel exhibited 98, 92 

and 65% mortality respectively within 96 h at concentration of 5000 ppm (5 mg/ ml). This was compared 

to Metronidazole which gave 100% inhibition at concentration of 0.3125 ppm at the same time. The 

ethanolic extracts of Trigonella foenum graecum, Solennostemma argel and Menthax piperita had potent 

antigiardial activity. Kabbashi et al. (2017) determined in-vitro antiprotozoal activities of some selected 

Sudanese medicinal plants. All plants examined gave 100% inhibition at a concentration 500 µg/ml after 



21 
 

96 h; comparable with Metronidazole which gave 95% inhibition at concentration 312.5 µg/ml at the same 

time against Entamoeba histolytica and Giardia lamblia. Shayoub et al. (2016) evaluated anti-malarial 

activity (Plasmodium falciparum) of Khaya senegalensis extract of methanol. The methanol of K. 

senegalensis extract gave 81% mortality in 72h, at concentration 500 ppm; this was compared with 

Artemether which gave 85% inhibition at the same time. 

Kabbashi et al. (2015a) evaluated antigiardial activity (Giardia lamblia), antioxidant (DPPH assay) and 

cytotoxicity (MTT assay) of ethanol extract of A. nilotica leaves. The ethanolic  A. nilotica leaves extract 

which exhibited 100% mortality within 96 h, at a concentration 500 µg/ml; compared with Metronidazole 

which gave 96% inhibition at concentration 312.5 µg/ml at the same time. Kabbashi et al. (2014) 

investigated the amoebicidal activities of Adansonia digitata leave and Cucurbita maxima (seeds) extracted 

by ethanol. Ethanolic extracts of A. digitatat leave exhibit 100% inhibition against E. histolytica at 

concentration 500 μg/ml after 72 h, this was compared with Metronidazole powder which gave 75% 

inhibition at concentration 312.5 μg/ml at the same time. Ethanolic extracts of C. maxima exhibit 100% 

inhibition at concentration 500 μg/ml after 96 h; this was compared with Metronidazole powder which gave 

80% inhibition at concentration 312.5 μg/ml at the same time. 

Elhadi et al. (2013) evaluated antigiardial activity of Cucurbita maxima D., Cucurbita pepo L. and 

Lagenaria siceraria. The highest activity against Giardia lamblia, with respect to time, was obtained from 

C. maxima seeds petroleum ether extract which exhibited 100% mortality within 48 giving IC50 of 548.80 

ppm (with a concentrations of 1000 and 500 ppm) followed by L. siceraria petroleum ether extract which 

exhibited 100% mortality within 72 hours with IC50 of 95.65 ppm whereas Metronidazole, a pure 

compound, (positive control) showed 100% mortality within 96 hours. On the other hand the lowest 

antigiardial activity was recorded by C. pepo petroleum ether extract (83.67% mortality with 500 ppm 

concentration within 96 hours) giving IC50 of 60671.32 ppm whereas C. maxima and L. siceraria methanol 

extract exhibited 100 % mortality within 96 hours with IC50 35.6ppm and 120 hours with IC50 8.9ppm 

respectively (with 1000ppm concentration). The best result was obtained by C. maxima petroleum ether 

extract at 250 ppm (up to 100% mortality within 72 hours) with IC50 1 ppm. Eltayeb and Ibrahim (2012) 

tested antileishmanial activity of three organic solvent extracts and water residue of the plants: Acacia 

nilotica (Family: Mimosaceae) (husk), Ambrosia miratima (Family: Astraceae) (aerial shoot) and 

Azadarichta indica (Family: Meliaceae) (leaves) in-vitro against Leishmania donovani promastigotes. The 

study revealed that the extracts of A. nilotica and A. miratima have effectious antileishmanial activity at 

concentrations (IC50) less than 8 µg/ml, while the extracts of A. indica lack antileishmanial activity.  

Dahab et al. (2011) examined whole plants of Xanthium brasilicum and Argemone mexicana extracted by 

methanol, chloroform and water and then prepared in different concentrations for their trichomonacidal 

activities in-vitro. Methanolic extracts of X. brasilicum exhibit 100% mortality at concentration 500 μg/ 

mL after 192 hours, this was compared with Metronidazole powder which gave 98.5% mortality at 
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concentration 312.5 μg/mL at the same time, while the chloroform extracts gave mortality 100 % at 1000 

μg/mL after 216 hours, meanwhile, the Water extracts gave 100% mortality at 1000 μg/ml after 192 hours. 

Water extract of Argemone mexicana gave 100% mortality 1000 μg/ml after 192 hours, while the 

chloroform and methanol extracts 1000 μg/ml gave 100 % mortality after 216 and 192 hours respectively. 

Nour et al. (2010) tested dichloromethane extract prepared from aerial parts of Ageratum conyzoides L. 

(Family: Asteraceae), a plant commonly used in folk medicine for a number of illnesses including sleeping 

sickness, was recently found to exhibit a prominent activity (IC50 = 0.78 g/mL) against bloodstream forms 

of Trypanosoma brucei rhodesiense, the etiologic agent of East African Human Trypanosomiasis (East 

African Sleeping Sickness). This extract also exhibited noticeable activities against Leishmania donovani 

(Kala Azar, IC50 = 3.4 g/mL) as well as Plasmodium falciparum (Malaria tropica, IC50 = 8.0 g/mL).  

C. Protozoal Under Study 

C.1 Entamoeba histolytica 

Entamoeba histolytica Figure (2.11) is a pathogenic amoeba found throughout the world, especially 

common in the developing world, in area with low socioeconomic status and poor hygiene (Thompson and 

Smith, 2011). The parasite causes invasive disease in over 50 million people and approximately 100,000 

deaths per year are reported, making it one of the leading causes of parasitic death in man (Fletcher et al., 

2012). Infection caused by E. histolytica can lead to asymptomatic colonization, amoebic colitis or extra-

intestinal disseminated disease (Shirley and Moonah, 2016). Infection with E. histolytica has been estimated 

to be as high as 50% in some developing countries as South and Central America, Africa and Asia (Shirley 

et al., 2018). Factors as illiteracy, poverty, low socio-economic standards including bad sanitation, 

improper water supply, and overcrowding contribute positively to the increased rates of transmission of the 

parasite and disease (Mehraj et al., 2008). The infection usually prevails in two extremes of age: the children 

and the old individuals (Wang et al., 2018a). Entamoeba histolytica exists in two forms: the motile and 

invasive trophozoite and an infective cyst. The trophozoites measure 10-50 micro meter in diameter and 

contain a single nucleus whereas; the cysts are 10-15 micrometer in diameter and contains four nuclei when 

matured. Cysts are resistant to acidification, chlorination and desiccation, and capable of surviving in a 

moist environment for several weeks. Cysts are spread via the ingestion of faecally contaminated food or 

water (Menkir and Ayenew, 2013). 

  

Figure (2.11): Entamoeba histolytica trophozoites and cyst (Alam, 2018). 
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C.2 Giardia lamblia 

Giardia lamblia Figure (2.12) is a major cause of diarrhea in humans (Esteghamati et al., 2019), is a 

flagellate protozoan with worldwide distribution causes significant gastrointestinal diseases in a wide 

variety of vertebrates (Khabnadideh et al., 2007). G. lamblia is one of the intestinal protozoa that cause 

public health problems in most developing countries as well as some developed countries (Yusuf et al., 

2007). G. lamblia is considered to be one of the leading causative agents of diarrhea in both children and 

adults. Giardiasis (disease caused by Giardia lamblia) occurs worldwide and may infect up to a third of the 

population in developing countries. Approximately about 200 million of people in the world are with 

clinically manifested giardiasis, with 500,000 new cases per year (Ahmed, 2016). Giardia exists in two 

forms: the trophozoite and the cyst forms. The trophozoite is bilaterally symmetrical; each structure being 

paired, roughly pear shaped. Body length ranges from 9 to 21µm and width from 5 to 15 µm (Ahmed, 

2016). The anterior portion of the ventral surface is modified to form a sucking disk, which serves for 

attachment of organism, two nuclei lie within sucking disk. Two curved rods known as median bodies, 

axonemes which divide the body into two-halves throughout most of its length. Trophozoite has 

characteristic falling leaf motility observed in wet preparation (House, 2012). The cyst is oval and a range 

from 8 to 17µm by 7to 10 µm, mature cyst contains four nuclei, median bodies and longitudinal fibers. The 

cyst characterized by clear zone between the cytoplasm and the cell wall (Anandakumar and Thajuddin, 

2013). 

 

Figure (2.12): Giardia lamblia cyst and trophozoite (Ahmed, 2016). 

D. Antibiotics used for antiprotozoal 

D.1 Metronidazole (Flagyl)  

Metronidazole (C6H9N3O3) (Figure 2.13) was introduced in the mid-1950s by Rhone-Poulenc under the 

brand name Flagyl. It was the first drug of the group that is now called nitroimidazoles. Flagyl was first 

introduced as a drug in the treatment of trichomonas vaginalis, a sexually transmitted disease, and it 

revolutionized as therapy for that condition. In 1964, a dentist noted that patients with gingivitis treated 

with Flagyl for Trichomonas vaginalis were cured and the second major indication was then established. 

Flagyl was also found useful in the treatment of protozoan parasite Giardia lamblia and in the treatment of 

Entamoeba histolytica during the late 1960s and 1970s. In the early 1970s, it was found that Flagyl was 

very active against the obligate anaerobes of which the two best-known families are bacteroides and 

clostridia. Flagyl is regarded as the gold standard for treating these infections. The exquisite anaerobic 

https://pubchem.ncbi.nlm.nih.gov/#query=C6H9N3O3
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activity of this drug makes it exceedingly effective against anaerobic bacteria. Metronidazole exerts its 

effect on bacteria by inhibiting microbial RNA synthesis. The drug is active against almost all strict 

anaerobes including bacteroides, eubacterium, tusobacterium, and peptostreptococcus species. The drug is 

indicated in the treatment of acute necrotizing ulcerative gingivitis and for moderate to severe odontogenic 

infections, frequently in combination with penicillin's (Musher et al., 2007, Ellison, 2009). 

 

Figure (2.13): Chemical Structure of Metronidazole (Klimenko et al., 2019). 

2.4.3 Anti-Schistosoma activity 

Schistosomiasis is the second most prevalent parasitic disease in the world ranked only after malaria 

regarding the number of people infected and those at risk. Schistosomiasis is an important parasitic disease 

in the tropics with strong impact on the socio- economic development of affected regions (Mari et al., 

2017). The control is mainly with chemotherapy (Mäder et al., 2018). Schistosomiasis is the most common 

parasite disease transmitted through contact with fresh water (Gaspard et al., 2020). It is endemic in more 

than 70 Low income countries where it occurs in rural areas and the fringes of cities (Amin and Abubaker, 

2017). Over 650 million people globally are at risk of infection, with more than 200 million people infected. 

Of these, 120 million are estimated to have symptoms, with 20 million people experiencing serious 

consequences (La Hoz et al., 2019), with more than 90% of the cases occurring in Africa (Organization, 

2014). The annual number of death resulting from schistosomiasis in sub-Saharan Africa may be as high 

as 200,000 (Abudho et al., 2018, Mari et al., 2017). The disease possesses a threat to more than 600 million 

in more than 76 countries (Alabi et al., 2018). According to previous estimates, the disease causes annual 

loss of 1.7 - 4.5 million disability- adjusted life years (Finkelstein et al., 2008). Most of the present 

schistosomiasis burden is concentrated in sub-Saharan Africa with the highest prevalence and infection 

intensity usually found in school-age children, adolescents and young adults (Hotez and Kamath, 2009). 

Thus Schistosomiasis negatively has impacts on school performance and the debilitation caused by 

untreated infections undermines social and economic development in heavily affected areas (Makaula et 

al., 2014). 

A. Molluscicidal Activity of Medicinal Plants 

Many community-based programmes depend on Praziquantel for treating patients with schistosomiasis and 

other fluke infections. There is however, loss of Praziquantel efficacy (King et al., 2000), and its 

inaccessibility (Mwonga, 2014), drug resistance and high cost requiring hard currency (Sturrock et al., 
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2011), which set back helminthes control efforts. There is the need to screen local plants as other alternative 

source of Schistosoma chemotherapeutic agents. This claim is due to the frequent use of plants by most 

people in the third world countries in primary health care (Adamu et al., 2006). Plants are known to offer 

excellent perspective for the discovery of new therapeutic products (Lahlou, 2007), whose subsequent 

development may lead to discovery of a safe and therapeutically effective form of useful drugs (Adamu et 

al., 2006). In several trials using different plants, promising anti-Schistosoma compounds were reported 

(Mantawy et al., 2011, de Moraes et al., 2011). 

B. Molluscicidal Activity of Some Sudanese Medicinal Plants 

Eisa et al. (2019) performed to study the molluscicidal activity of aqueous and ethanolic extracts of Khaya 

grandifoliola bark against fresh water snails. The results showed that the aqueous extracts of Khaya 

grandifoliola barks possess100% molluscicidal property at concentration of 1 g/l. 

Abdelmageed et al. (2018) investigated the molluscicidal activity of the herb Pulicaria crispa against the 

freshwater snails Biomphalaria pfeifferi, the intermediate host of Schistosoma mansoni parasites that cause 

intestinal schistosomiasis. Results revealed that leaves were the most potent against the snails (having the 

least LC50 and LC90 values) for all exposure periods (24, 48, and 96 hours), followed by flowers, and finally 

the stems. With regard to the effect of exposure time, it was evident that the prolongation of exposure period 

resulted in more potency of plant leaves against the snails as shown by the decreased LC50 and LC90 values 

for 96 hours exposure period, followed by 48 hours, and finally 24 hours. During the first five hours of 

exposure, snails showed sluggish activity, meanwhile dead snail remained inside their shells with blood 

around the shells. Abdelsalam et al. (2016) investigated the molluscicidal activity of Acacia seyal bark 

methanolic extract against the snail Biomphlaria pfeiffer with various concentrations. A. seyal bark 

methanolic extract exhibited 100% mortality within 24 h, only at a concentration of 1000 ppm; and 

exhibited 100% mortality within 48 h, at 1000, 500, 250, 125 and 62.5 ppm. The IC50 of bark of A. seyal at 

24 h and 48 h was 80.79 and 34.33 ppm, respectively.  

Alsadeg et al. (2015) investigated the the effect of the methanol stem  bark  extract  of A. senegal against 

F. gigantica. The methanol  extract  exhibited significant antihelminthic activity with 100% mortality at 

1000 and 500 ppm 6 and 12 hours after parasite exposure to the extract. The lower concentration (250 ppm) 

gave 100% mortality 24 hours.  

Ahmed et al. (2014) evaluated the molluscicidal activity of aqueous leaf extract of Solenostemma argel 

(Del Hayne) plant against adults of Biomphalaria pfeifferi snails under laboratory conditions. The values 

of the lethal concentration LD50 and LD95 were found to be 0.103 and 0.187 ppm respectively. Bashir and 

El Shafie (2013) Jatropha seed oil concentrations of 5%, 10%, 15% and 20% were tested for biological 

activity against the third nymphal instar of the desert locust, S. gregaria. All tested concentrations caused 

significant (p< 0.05) mortality in the experimental insects ranged from 22.4% to 59.2% after 7 days of 

application. The LD50 values for treated nymphs at 48, 72, and 96 hrs. were 3.12%, 6.57% and 9.85% 
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respectively. Oil concentration of 10% has resulted in a delay of the development time from the 5th to 6th 

nymphal instar by 5 days, where treated nymphs had completed development in 16.50 days compared with 

only 11.33 days in the untreated control group and 12.00 days in the group treated with hexane. The same 

concentration (10%) also significantly reduced the per cent of egg hatch. The concentration of 5% caused 

a significant, 50% more, antifeedant effect on the treated nymphs as compared to the untreated control 

group. 

Osman et al. (2012) presented work on seeds of Peganum harmala were extracted by distilled water and 

methanol. The extracts were tested as anti-cercaria in vitro which were collected from the natural infected 

snails with schistosoma mansoni cercaria. All concentrations of 250 ppm up to 1000 ppm showed 100% 

mortality rate during the first half an hour of exposure for all used extracts. serial dilution concentrations 

of both water and methanolic extracts (125/67/35 and 15ppm) were tested and found to exhibit different 

mortality rates with an LCR 50R 291.27, 111.05,64.74 and47.95 ppm for the water extract and 97.92,53.49 

and 26.95 methanolic extract successfully for the diluted concentrations of (125, 62, 31 and 15 ppm). On 

the other hand the methanolic extract showed a100% mortality rates after 3 hours of exposure for the whole 

concentrations. 

Rawi et al. (2011) work on the evaluation of toxicological, biological and physiological effects of water 

suspension, cold water and boiled water extracts of Agave filifera whole plant, Ammi majus flowers and 

leaves, and Canna indica flowers and leaves comparing with the effect of different sulphate compounds. 

The sub lethal doses (LC10) of copper sulphate and water suspension of the tested plants reduced the total 

protein and total lipid contents of the hemolymph of B. alexandrina snails. EL-Kamali et al. (2010) 

evaluated the molluscicidal activity of the volatile oils of Cymbopogon nervatus and Boswellia papyrifera 

against the snails Biomphalaria pfeifferi and Bulinus truncatus under laboratory conditions. It is evident 

from the present results that C. nervatus (LD50 against B. pfeifferi = 213.099 ppm; LD50 against B. truncates 

= 237.33 ppm) and B. papyrifera (LD50 against B. pfeifferi = 213.31 ppm; LD50 against B. truncates = 

311.05 ppm) essential oils are potential molluscicidal agents. 

C. Schistosoma under study  

C.1 Biomphalaria pfeifferi 

Schistosomiasis, one of the most common neglected tropical diseases (NTDs), is caused by parasitic 

trematode worms of the genus Schistosoma (da Paixão Siqueira et al., 2017).  Three  medically  important  

species  known  to  infect  humans  are  Schistosoma  mansoni and S. japonicum, which cause intestinal 

schistosomiasis, and S.  haematobium, which causes urogenital  schistosomiasis (Sady et al., 2015). Almost  

240 million  people are infected worldwide  and  about 700  million  people  are  at  risk of  this infection 

(Platt et al., 2016). The genus Biomphalaria is well known because of the role some species have in the 

transmission of schistosomiasis (Perera De Puga, 1996, Cong, 1998), which is considered to be one of the 

most important tropical diseases in the world (Stothard et al., 2009). Throughout sub-Saharan 
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Africa, Biomphalaria pfeifferi snails are freshwater intermediate hosts for Schistosoma mansoni blood 

flukes, which cause intestinal schistosomiasis. Schistosomiasis mansoni is a debilitating and sometimes 

fatal disease that affects many individuals in Africa and Brazil (Song et al., 2016). Currently available 

diagnostic methods are not sensitive for patients with low parasite load which leads to underreported cases 

(Kayuni et al., 2019). The selection of target diagnostic antigen candidates is a promising tool for the 

development of a new and more sensitive assay (Cai et al., 2017). S. mansoni migrate through the 

bloodstream, rest in the portal vein where they mature into adult worms, pair, and migrate into the 

mesenteric veins (Ogongo et al., 2018). They might  remain  in  the  mesenteric  veins  for years  and  

produce  a  large  amount  of  eggs, which  deposit  in  the  liver,  intestines,  and other  organs.  The eggs 

are associated with an intense, granulomatous response from the host (Costain et al., 2018). 

The colonic complications of S.  mansoni infection  are  related  to  the  deposition  of viable  eggs  in  the  

terminal  venules  of  the colonic mucosa (Schwartz and Fallon, 2018). The descending colon is principally 

involveendoscopic features including oedema, hyperaemia, punctuate haemorrhage, granularity, and focal 

shallow ulcers. In chronic  infection, there   might   be   multiple,   inflammatory pseudopolyps,  largely  in  

the  rectum  and sigmoid  colon,  which  are  composed  of  ova and  marked  granulomatous inflammatory 

reaction  products. These areas also show mucosal thickening and luminal narrowing (Lauwers et al., 2018). 

D. Antibiotic used 

D.1 Praziquantel 

Chemotherapy is considered as a general strategy for control of schistosomiasis. In this regard praziquantel 

(C19H24N2O2) (Figure 2.14) that kills the larval and adult worms is the drug of choice in treatment of 

schistosomiasis (Thétiot‐Laurent et al., 2013). But the limited access to praziquantel continues to be the 

major constraint to controlling the disease (Tchuenté et al., 2017). On other hand the recent reports on 

praziquantel elucidate its fail to stop reinfection as a result of development of drug resistant schistosoma, 

beside it induces the hemorrhages in the lung tissues of the host as well as abdominal pain and diarrhea by 

long term application of the drug (Aly, 2012). 

 

Figure (2.14): Chemical Structure of Praziquantel 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C19H24N2O2
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2.4.4 Antioxidant Activity 

Antioxidants are a class of chemical substances naturally found in our food which can prevents or reduce 

the oxidative stress of the physiological system. The body is constantly producing free radicals due to 

regular use of oxygen. These free radicals are responsible for the cell damage in the body and contribute to 

various kinds of health problems, such as heart disease, diabetes, macular degeneration, and cancer. 

Antioxidants being fantastic free radical scavengers help in preventing and repairing the cell damage caused 

by these radicals (Lobo et al., 2010, Sen et al., 2010, Nimse and Pal, 2015, Engwa, 2018). Antioxidants 

compounds are important in the prevention of human diseases. And may function as free radical scavengers, 

complexing agents for pro-oxidant metals, reducing agents and quenchers of singlet oxygen formation 

(Gülçin et al., 2010, Fiedor and Burda, 2014, Kasote et al., 2015). Antioxidants are often used in oils and 

fatty foods to retard their autoxidation; therefore, the importance of search for natural antioxidants has 

greatly increased in the recent years (Parsaeimehr et al., 2010). 

A. Antioxidant Activity of Medicinal Plants 

Medicinal plants used in the traditional medicine are well-known significant sources of natural antioxidants. 

Medicinal plants-derived natural antioxidants, which are in the form of raw extracts and/or chemical 

constituents, are very efficient to block the process of oxidation by neutralizing free radicals 

(Tungmunnithum et al., 2018). It is also commonly accepted that medicines taken from plant products are 

safer than their synthetic counterparts; however, the toxicity profile of most medicinal plants have not been 

comprehensively assessed (Rosenbaum et al., 2012). 

A wide range of diversity of naturally occurring antioxidants are found in medicinal plants which are 

different in their composition, physical and chemical properties and site of action. Among these, phenolics 

and flavonoids are reported powerful anti-oxidants  and  have  been  consistently  protective  through  

scavenging  numerous diverse reactive oxygen species, including hydroxyl radical, peroxyl radical, hypo-

chlorous acids, superoxide anion, and peroxynitrite in various in-vitro cellular model (de Oliveira et al., 

2018). Similarly, antioxidant activity of polyphenols in cardiovascular diseases, hepatoprotective, 

antiocarcinogenic, antimicrobial, antiviral, and anti-inflammatory effects are well investigated (Bhatt et al., 

2013). 

B. Antioxidant Activity of Some Sudanese Medicinal Plants 

Hussein and Hamad (2021) determined the preliminary phytochemical component, the antioxidant and 

antibacterial activity of the leaves and bark extracts of Ziziphus spina-christi (L.) (Rhamnaceae) against 

two clinical isolates (Staphylococcus aureus and Escherichia coli species) using the standard method of 

analysis. The result of antibacterial activity showed that the bark ethanolic extract exhibit a higher zone of 

inhibition against all the clinical isolates; Escherichia coli species showed zones of inhibition of 22 mm 

followed by Staphylococcus aureus 15 mm. The antioxidant activity of the leaves and bark extracts was 

evaluated using the standard 2, 2 diphenyl-1- picrylhydrazyl (DPPH) 0.5 ml. The antioxidant activity of the 
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leaves water and ethanolic extracts was 30 ± 0.05 and 91 ± 0.02 respectively and the antioxidant activity of 

the bark water and ethanolic extracts was 44 ± 0.03 and 70 ± 0.02 respectively. 

Hagr et al. (2019) examined phytochemical analysis of A. squmosa ethanolic extracts and investigating the 

chemical constituent’s and to assess it potential antibacterial and antioxidant activities of Sudanese A. 

squmosa seeds oil. The results showed that Alkaloids, Flavonoid, Carbohydrate, Saponins, Triterpene, 

Streol, Tannins and phenolic compounds were present in the A. squmosa seeds ethanolic extracts where 

GC-MS analysis detected Twenty-one components in the A. squmosa seeds oil. Five of them are major 

namely, Hexadecanoic acid (18.48), Heptadecanoic acid Methyl margarate (1.32%), 9,1 2-octadecadienoic 

acid (Z, Z) (19.29% ), 9 - octadecenoic acid (Z) (34.01%), Methyl stearate (17.12% ), Cis-11-Eicosenoic 

acid (1.14% ) and Eicosanoic acid (3.28%.). The DPPH assay, showed moderate antioxidant potential (50 

± 0.09 compared with standard 93± 0.01; the antibacterial showed high inhibitory effect against 

Pseudomonas aeruginosa (16 mm), Bacillus subtilis (15 mm), Candida albicans (15 mm) moderate against 

Escherichia coli (13mm) and Candida albicans. 

Adam et al. (2018) determined antioxidant activity by measuring the radical scavenging effects against 2,2-

diphenyl-1-picrylhydrazyl (DPPH) and N,N-dimethyl-p-phenylendiamine (DMPD), metal-chelation 

capacity, ferric-reducing (FRAP) and phosphomolibdenum-reducing antioxidant power (PRAP) methods 

using ELISA microtiter assays. Geranium favosum followed by Kalanchoe glaucescens, Malva parviflora, 

Aizoon canariense and Coleus barbatus, respectively, possessed the highest antioxidant activity among the 

studied plants. Chrozophora oblongifolia and K. glaucescens exerted considerable cytotoxicity against 

CCRF-CEM leukemia cells. 

Awadelkarim et al. (2017) investigated the antioxidant activity of Solenostemma argel, Commiphora 

myrrha and Vernonia amygdaline. The highest chelating ability was showed by the petroleum ether extract 

with 60%.  

Mohamed et al. (2016) investigated the antioxidant and phytochemical screening of secondary metabolites 

of a combination of Solanum dubium L. powdered seeds and Sudanese honey. The water extract of the 

seeds and honey combination showed the highest radical scavenging activity (RSA) 91±0.04%, according 

to the DPPH assay and the control propyl gallate gave RSA 93±0.01%. 

Khiralla et al. (2015) evaluate the total phenolic content and total antioxidant capacity of ethyl acetate 

extracts of 21 endophytic fungi isolated from five Sudanese medicinal plants: Calotropis procera, 

Catharanthus roseus, Euphorbia prostrate, Vernonia amygdalina and Trigonella foenum-graecum. Among 

the endophytes, endophytic fungus Aspergillus sp. from Trigonella foenum-graecum seeds demonstrated 

the highest both total phenolic content in term of gallic acid equivalent [(89.9 ± 7.1) mg GAE/g] and 

antioxidant activity for 1,1-diphenyl2-picrylhydrazyl radical scavenging assay [IC50: (18.0 ± 0.1) mg/mL]. 

A high positive linear correlation (R2 = 0.999 1) was found between total antioxidant capacity and total 

phenolic content of endophytic fungi isolated from Vernonia amygdalina. 
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Osman et al. (2014) screened the crude extracts of some Sudanese medicinal plants; Combretum 

hartmannianum (leaves), Hydnora abyssinica (rhizome), Striga hermonthica (whole plant), Ficus vasta 

(leaves), Guiera senegalensis (leaves) to determine their active chemical constituents using conventional 

chemical tests ( precipitation and color reagents) where applicable. All the tested plants showed the 

presence of various secondary metabolites such as alkaloids, flavonoids, glycosides, phenols, saponins, and 

sterols.  

Elnour et al. (2013) investigated the antioxidant and cytotoxic activities of six Sudanese medicinal plants 

commonly used as anti-inflammatory. All the extracts showed strong anti-DPPH with IC50 values 0.49, 

4.74, 9.91, 2.14, 17.19 and 4.24 μg/ml respectively, the inhibition percentage of propyl gallate levels was 

found 88 % at concentrations 0.5 mM. The inhibition percentage of radical scavenging activity against iron 

metal chelating 38.44, 26.88, 8.28, 17.05, 15.23, 27.73 % for all of them at concentration 50 μg/ml 

respectively. 

Abdallah et al. (2012) screened for antimicrobial, antioxidant and some active phytochemical compounds. 

The extract showed the presence of saponins, terpenoids, phenolic compounds and alkaloids. The 

methanolic extract of the fruits extracted from B. aegyptiaca exhibited a strong antioxidant activity in the 

DPPH assay and a potent capacity in preventing linoleic acid oxidation. Methanol extracts, particularly at 

concentration of 100 mg/ml was found to be active against all bacterial and fungal strains and it was 

comparable to standard antibiotics Gentamicin and Amphotericin B.  

Idris et al. (2011) evaluated physicochemical properties of antioxidant activities and phenolic contents of 

seven types of Sudanese honeys derived from flowers of Acacia nilotica, Acacia seyal, Azadirachta indica, 

Cucurbita maxima, Balanites aegyptiaca, and two Ziziphus spina christi plant species. The moisture 

content was in the range from 16.2 to 21.3, g/100 g honey, ash content from 0.121 to 1.205 g/100 g honey, 

nitrogen from 0.032 to 0.046 g/100 g honey while the corresponding protein content was 0.200 to 0.286 

g/100 g honey. Total phenolic content varied from 4.44 to 201.08 mg/100 g honey as gallic acid equivalent. 

The values of the antioxidant activities were in a range from 3177 to 6247 μg for the lC50.  

Fawole et al. (2010) investigated medicinal and therapeutic potentials of traditional medicinal plants. Plant 

extracts were evaluated for anti-inflammatory activity and other pharmacological properties such as 

anticholinesterase and antioxidant activities. Phytochemical analysis of total phenolic contents, condensed 

tannins, gallotannins and flavonoids in the aqueous methanol extracts of the medicinal plants were also 

carried out. At the screening assay concentration (0.25 μg/μl), 13 extracts showed good COX-1 inhibitory 

activity (>50%), while good activity was observed in 15 extracts against COX-2 enzyme. All the extracts 

of Crinum moorei (bulbs) showed good inhibition against both COX-1 and COX-2 enzymes. Though not 

significantly different (P = 0.05), the highest COX-1 percentage inhibition (100%) was shown by Aloe 

ferox leaf PE and Colocasia antiquorum tuber DCM extracts, while Colocasia antiquorum tuber PE extract 

exhibited the highest (92.7%) percentage inhibition against COX-2. Crinum moorei bulb DCM extract 
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showed the lowest EC50 value (2.9 μg/ml) in the AChE assay. In addition, good to moderate bioactivities 

were observed in some extracts of Aloe ferox (leaves), Crinum moorei (bulbs) and Pycnostachys 

reticulata (leaves) in all the assays.  

C. Free radicals: 

Free radicals Figure (2.15) are essentials to any biochemical progression and signify a fundamental part of 

aerobic life and metabolism. It may be defined as any molecular variety with an unpaired electron in an 

outer atomic orbit which is capable of autonomous survival and the presence of such unpaired electron may 

result in definite familiar properties shared by most radicals (Halliwell, 2011). Most of the radicals are 

extremely reactive and are unstable and can donate or accept an electron from other neighbouring molecule, 

for that reason acting as oxidants or reductants (Bhattacharya, 2015). In general, free radicals are very short 

lived, with half-lives in milli-, micro- or nanoseconds (Kumar and Pandey, 2015). They may be either 

reactive oxygen species (ROS) i.e. oxygen derived or reactive nitrogen species (RNS) i.e. nitrogen derived 

(Kapoor et al., 2019). Oxygen derived molecules include O2 - (superoxide), ROO (peroxyl), HO2 

(hydroperoxyl), HO (hydroxyl), RO (alkoxyl) as free radical and H2O2 oxygen as non-radical. Nitrogen 

derived free radical mostly involves NO (nitric oxide), NO2 (nitrogen dioxide), N2O3 (dinitrogen trioxide) 

and ONOO (peroxy nitrate) (Devasagayam, and Kesavan, 1996). Most of the diseases are chiefly linked to 

oxidative stress caused by free radicals (Augusto and Miyamoto, 2011). 

Free radicals are concerned in the development of a wide range of chaos in humans, such as cell death, 

cardiovascular diseases, tissue damage, ischemic heart diseases, cancer, atherosclerosis, central nervous 

system injury, neural disorders, reperfusion injuries of many tissues, inflammation, obesity, gastritis, 

arthritis, and ageing (Caicedo et al., 2018). The human body showed complicated antioxidant defensive 

mechanisms in the form of natural enzymatic and non-enzymatic processes which neutralize the detrimental 

effects of free radicals and other oxidants (Nimse and Pal, 2015). 

Recently it has been reported that naturally obtained antioxidants from plants defend from noxious and 

detrimental effects of free radicals and showed broad range of pharmacological consequences such as 

antimutagenic, antimicrobial, antiallergic, anticarcinogenic, antioxidant free radical scavenging actions and 

antidiabetic (Rahman, 2012, Petruk et al., 2018). 

 

Figure (2.15): Free radicals (Severino et al., 2009). 

D. DPPH Scavenging Activity 

The molecule 1, 1-diphenyl-2-picrylhydrazyl (α, α-diphenyl-β-picrylhydrazyl; DPPH) Figure (2.16) is 

characterized as a stable free radical by virtue of the delocalization of the spare electron over the molecule 

as a whole, so that the molecule does not dimerize, as would be the case with most other free radicals. The 
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delocalization of electron also gives rise to the deep violet color, characterized by an absorption band in 

ethanol solution centered at about 517 nm. When a solution of DPPH is mixed with that of a substrate (AH) 

that can donate a hydrogen atom, then this gives rise to the reduced form with the loss of this violet color. 

In order to evaluate the antioxidant potential through free radical scavenging by the test samples, the change 

in optical density of DPPH radicals is monitored. According to Alam et al. (2013) the sample extract 

(0.2 ml) is diluted with methanol and 2 mL of DPPH solution (0.5 mM) is added. After 30 min, the 

absorbance is measured at 517 nm. The percentage of the DPPH radical scavenging is calculated using the 

equation as given below: 

                 

Where Abr is the absorbance before reaction and Aar is the absorbance after reaction has taken place. 

 

Figure (2.16): Structure of stable DPPH free radical (Severino et al., 2009). 

E. Standard for antioxidant activity 

E.1 Propyl gallate 

Propyl gallate (C10H12O5) (PG, propyl 3, 4, 5-trihydroxybenzoate) Figure (2.17) is used as antioxidant in 

processed food, cosmetics and food packing materials in order to prevent rancidity and spoilage. According 

to the US Food and Drug Administration list, PG is also used to preserve and stabilize medicinal 

preparations (Bouaziz et al., 2010). It is an allowed additive in the European Union and in many others 

countries. Because of its prevalent usage, the potential toxicity of PG has been investigated in-vivo 

(Carocho et al., 2014, Additives and Food, 2014) and in-vitro to assess various toxicological properties, i.e. 

mutagenicity (Fowler et al., 2012) and cytogenetic effects (Han et al., 2010). Although PG has a low 

toxicity, it has various effects on tissue and cell functions. 

 

Figure (2.17): Chemical Structure of Propyl gallate (Nguyen et al., 2021). 

2.5 Toxicity Studies 

Medicinal plants are rich in active phytochemical compounds with various biological activities. 

Researchers are highly interested in studying plants with the aim of isolating novel active drugs to replace 

synthetic drugs present in the market (Süntar, 2019). The availability of these plants constituents provides 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H12O5
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a source of natural drugs for modern medicine (Hosseinzadeh et al., 2015). Hence, cytotoxic level of 

medicinal plants must also be evaluated against host cells. The safety of plants as a potential therapeutically 

agents must be ascertained and the side effects should be acceptable to the host. Bioactive compounds with 

no or less toxic effect to the host are the good candidates for formulation of drugs (Nemudzivhadi and 

Masoko, 2014). The toxicity of the plants may originate from different contaminants or from plant chemical 

compounds that are part of the plant. Various assays are used for the research of potential toxicity of herbal 

extracts based on different biological models, such as in vivo assays on laboratory animals. However, recent 

studies employed efforts for alternative biological assays that include species of Artemia salina, Artemia 

franciscana, Artemia urmiana and Thamnocephalus platyurus. These toxicity tests are considered a useful 

tool for preliminary assessment of toxicity (Daniel and Ibok, 2019).  

2.5.1 Toxicity of Medicinal Plants 

Although plant extracts have been used in the treatment of diseases over centuries, 

recent scientific research has shown the presence of potentially toxic and 

mutagenic substances in some useful medicinal plants (Mensah et al., 2019). It 

has been demonstrated that several potential side effects such as allergic reactions, 

cramps, diarrhea, fever, gastrointestinal disturbances, headaches, hematuria and 

vomiting may be experienced when administering some types of traditional 

medicine (Bernstein et al., 2020). The use of medicinal plants can have deleterious effects on health has 

been reported (Mounanga et al., 2015). Indeed, of about 1,500,000 plants investigated, most of them contain 

toxic substances (Alexander et al., 2019) like some secondary metabolites. Plants produce a variety of 

secondary metabolites that are sub-divided by chemists into several classes based on their molecular 

structure. Among secondary metabolites are saponins, terpenoids, cyanogenic, tannins, toxic amino acids, 

glycosides, alkaloids (Vardhan and Shukla, 2017). It has been shown that the toxicity of a given plant 

depends on various factors, including the strength of secondary metabolites, the quantity consumed, the 

time of expo-sure, different parts of the plant (root, oil, leaves, stem bark and seeds), individual body 

chemistry, climate and soil, and genetic differences within the species (Ifeoma and Oluwakanyinsola, 

2013). This said clearly shows that medicinal plants should be used with precautions and toxicology studies 

conducted to increase the knowledge on the plant or plants preparation given to populations (Kahraman et 

al., 2020). 

2.5.2 Toxicity of Sudanese Medicinal Plants 

Elnour et al. (2018) investigated the prostate cancer, antioxidant and Cytotoxicity activities of some 

Sudanese medicinal plants. The extract A. Arabica gum and leaves has shown very high activity against-

PC3 and the extract C. cajan leaves and T. Foenum graecum L and A. mellifera leaves is shown none active 

antiPC3with IC50 values 39.4, 64.9, > 100,> 100 and > 100μg/ml respectively. All the extract revealed 

Cytotoxicity activity against Vero cell line were found of no toxic and the inhibition percentage with (87.3, 
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71.7, 66.6) (-48.03,-46.2, 3.7) respectively. The extract shown very high activity against DPPH (above 

80%) A. mellifera leaves 87.64μg/ml. 

Elnour et al. (2017) investigated the anticancer, antioxidant and Cytotoxicity activities of four Sudanese 

Medicinal Plants commonly used as anti-inflammatory and anti-tumor. The extract of Prosopis juliflora 

(SW.) DC has shown very high activity against-PC3 and Hibiscus sabdariffa has shown very high activity 

against-PC3 the Halexylon salicornietum and Sonchus oleraceus L extracts showed none active anti- PC3 

with IC50 values 30.1, 94.7, >100, and >100 μg/ml respectively. All the extracts revealed cytotoxicity 

activity against Vero cell line except last concentration in extract of Sonchus oleraceus L, and the inhibition 

percentage with (90.56, 87.12, 86.24) (82.78, 82.31, 77.38) (75.21, 59.49, 41.24) (74.93, 73.78, 71.13) 

respectively. The extracts of Hibiscus sabdariffa, Halexylon salicornietum and Sonchus oleraceus L. are 

revealed low active against Chemiluminescence assay, Prosopis juliflora (SW) DC is revealed high active 

against Chemiluminescence assay with IC50 values 166.6, 189.5, >176.2 and 75.4 μg/ml respectively. 

Kabbashi et al. (2016) investigated the in-vitro antigiardial activity and cytotoxicity (MTT assay) of ethanol 

extract of A. nilotica subsp. nilotica (bark). A. nilotica bark ethanolic extract exhibited 100% mortality 

within 96 h, at a concentration of 500 ppm; this was compared with Metronidazole which gave 96% 

inhibition at the concentration of 312.5 μg/ml at the same time. In addition cytotoxicity (MTT-assay) 

verified the safety of the examined extract with an IC50 less than 100 μg/ml. 

Saeed et al. (2015) aimed to identify plant extracts and isolated compounds thereof with activity towards 

otherwise drug-resistant tumor cells. The results of the resazurin assay on different tumors showed that 

Lawsonia inermis, Trigonella foenum-graecum and Ambrosia maritma were the most active crude extracts. 

Ambrosin was selected as one active principle of A. maritima for microarray-based expression profiling. 

Genes from various functional groups (transcriptional regulators, signal transduction, membrane 

transporters, cytoskeleton organization, chaperones, immune system development and DNA repair) were 

significantly correlated with response of tumor cell lines to ambrosin. 

Hassan et al. (2014) work evaluated the antioxidant, antiangiogenic and cytotoxic activities of six Sudanese 

medicinal plants which have been traditionally used to treat neoplasia. The results indicated that out of 6 

plants tested, 4 plants (Nicotiana glauca, Tephrosia apollinea, Combretum hartmannianum and Tamarix 

nilotica) exhibited remarkable anti-angiogenic activity by inhibiting the sprouting of microvessels more 

than 60%. However, the most potent antiangiogenic effect was recorded by ethanol extract of T. 

apollinea (94.62%). In addition, the plants exhibited significant antiproliferative effects against human 

breast (MCF-7) and colon (HCT 116) cancer cells while being non-cytotoxic to the tested normal cells. The 

IC50 values determined for C. hartmannianum, N. gluaca and T. apollinea against MCF-7 cells were 8.48, 

10.78 and 29.36 μg/ml, respectively. Whereas, the IC50 values estimated for N. gluaca, T. apollinea and C. 

hartmannianum against HCT 116 cells were 5.4, 20.2 and 27.2 μg/ml, respectively. These results were 

more or less equal to the standard reference drugs, tamoxifen (IC50 = 6.67 μg/ml) and 5-fluorouracil (IC50 = 
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3.9 μg/ml) tested against MCF-7 and HCT 116, respectively. Extracts of C. hartmannianum bark and N. 

glauca leaves demonstrated potent antioxidant effect with IC50s range from 9.4–22.4 and 13.4–30 μg/ml, 

respectively. Extracts of N. glauca leaves and T. apollinea aerial parts demonstrated high amount of 

flavonoids range from 57.6–88.1 and 10.7–78 mg quercetin equivalent/g, respectively. 

Elnour et al. (2013) investigated  antioxidant  and  cytotoxic  activities  of  six  Sudanese medicinal  plants  

commonly used  as  anti-inflammatory. All the above extracts showed strong anti-DPPH with IC50 values 

0.49, 4.74, 9.91, 2.14, 17.19 and 4.24 μg/ml respectively, the inhibition percentage of propyl galate levels 

was found 88 % at concentrations 0.5 mM.   The  inhibition  percentage  of  radical  scavenging  activity  

against  iron  metal  chelating 38.44,  26.88,  8.28,  17.05,  15.23, 27.73 % for all of them at concentration 

50 μg/ml respectively. None of the above mentioned extracts revealed cytotoxic activity against Vero cell 

line.  

Gadir (2012) presented study, ethanolic extracts of some medicinal plants screened for their cytotoxicity 

using brine shrimp lethality test. Out of the 25 plants tested, Azadrichta indica (w.p.) LC50 45 ppm, (L) 

LC50 21; Aristolochia bracteolatea (w.p.) with LC50. 50 ppm; (Sd.) LC50 185; (Aristolochic acid, LC50 19 

ppm; while Savadoora persica, (L.), (Salvadoraceae) and Ocimum basilicum; (Labiatae); show no toxicity. 

The present study supports the previous that brine shrimp bioassay is simple, reliable, and convenient 

method for assessment of bioactivity of medicinal plants and leads support for their use in traditional 

medicine. 

2.5.3 Toxicity and Bioassay 

A. Cytotoxicity Study using Brine Shrimp Lethality Test (BSLT) 

During the past 30 years, the Brine Shrimp Assay has been widely used to test the toxicity of a great variety 

of plant products. Brine shrimp (A. salina) is most extensively studied of the Artemia species, estimated to 

represent over 90% of the studies in which Artemia is used as an experimental test organism (Hamidi et al., 

2014), Figure (2.18). The Brine Shrimp Toxicity Assay was proposed and developed by Michael et al. 

(1956) and later adapted by Vanhaecke et al. (1981), Meyer et al. (1982b), and Sleet and Brendel (1983). 

In the current study, Brine Shrimp and cell line were used as testing organism to evaluate the cytotoxic 

effect of the plant extracts. 

 
  

Figure (2.18): (A): Cysts of Artemia, (B): Hatched Artemia nauplius and (C): Adult Artemia salina. 

 

A 
B C 
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A.1 Testing organism 

Scientific name: Artemia salina  

Common name: Brine shrimp 

A.2 Scientific classification 

Kingdom: Animalia 

Phylum: Arthropoda 

Subphylum: Crustacea      

Class:  Branchiopoda 

Order:             Anostraca 

Family: Artemiidae 

Genus:               Artemia 

Species: A. salina 

A.3 Brine Shrimp lethality Description 

The technique is economic and utilizes small amount of test material (Pisutthanan et al., 2013). Since its 

introduction, this in vivo test has been successively employed for bioassay-guide fractionation of active 

cytotoxic and antitumor agents (Hamidi et al., 2014). Additionally, several studies demonstrated that there 

is a good correlation between the results for the lethal concentration that kills 50% of the exposed popula-

tion (LC50) obtained with the Brine Shrimp Lethality Assay using A. salina and the results of the Acute Oral 

Toxicity Assay in Mice Assay in Mice (Lawi et al., 2018). This assay was developed by Meyer et al. 

(1982b) and  is widely used as a simple, reliable and cheaper prescreens method to determine the 

cytotoxicity of crude plant extract and pure natural compounds, especially antitumor compounds from the 

natural source  (Hullatti and Murthy, 2010). Bioactive compounds are often toxic to shrimp larvae (Artemia 

salina); therefore, Brine Shrimp Lethality Assay is in use to monitor different chemicals’ in-vivo lethality 

to shrimp larvae (Ohikhena et al., 2016, Lalisan Jeda et al., 2014). 

The general toxic activity was considered weak when the LD50 values of crude extracts and pure substances 

were between 500 and 1000 µg/ml, moderate when the LD50 was between 100and 500 µg/ml, and 

designated as strong when the LD50 ranged from 0 to 100 µg/ml but those with <20 µg/ml were considered 

to be very active (Padmaja et al., 2002)., while Meyer et al. (1982b) considered the LD50 values > 1000 

μg/ml as non-toxic.  

B. Cytotoxicity study using MTT-assay 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) Figure (2.19) assay has 

become the gold standard for determination of cell viability and proliferation since its development by 

Mosmann in the 1980′s . This assay measures cell viability in terms of reductive activity as enzymatic 

conversion of the tetrazolium compound to water insoluble formazan crystals by dehydrogenases occurring 

in the mitochondria of living cells although reducing agents and enzymes located in other organelles such 

http://en.wikipedia.org/wiki/Fairy_shrimp
http://en.wikipedia.org/wiki/Artemiidae
http://en.wikipedia.org/wiki/Artemia
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as the endoplasmic reticulum are also involved (Lü et al., 2012, Stockert et al., 2012). The increased 

sensitivity of the assay and its potential as a miniaturised high-throughput assay made it a breakthrough in 

cell enumeration technology by replacing the radioactive isotope based 3H-thymidine incorporation assay. 

Initially, the method involved no wash steps, but called for the solubilisation of the formazan crystals in 

acid-isopropanol, a time-consuming procedure (Mosmann, 1983). However several modifications, 

including the addition of DMF to solubilise the formazan in aqueous medium or removing excess dye with 

gentle aspiration and washing with PBS followed by solubilising the formazan crystals in DMSO (Van 

Rensburg et al., 1997) improved the simplicity and sensitivity of this assay. Several tetrazolium-based 

assays, such as the XTT (Scudiero et al., 1988), MTS (Khabar et al., 1996) and WST (Peskin and 

Winterbourn, 2000) assays, in which water soluble formazan products are generated, eliminating the need 

for washing and solvent solubilisation steps, have been developed but have not replaced the well-

established MTT assay. 

 

Figure (2.19): Chemical Structure of MTT (Lin et al., 2019). 

2.6 Extraction process and phytochemical analyses  

2.6.1 Extraction process 

Extraction (as the term is pharmaceutically used) is the separation of medicinally active portions of plants 

and animals tissues using selective solvents through standard procedures. The purpose of standardized 

extraction procedures for crude drugs from medicinal plant parts is to attain the therapeutically desired 

portions and to eliminate unwanted material by treatment with a selective solvent (Hijazi et al., 2015). The 

extract obtained may be used as medicinal agents in the form of tinctures or fluid extracts or further 

processed to be incorporated in any dosage form such as tablets and capsule (Handa, 2008). The general 

techniques of medicinal plant extraction include maceration, infusion, percolation, digestion, deoctition, 

hot extraction, aqueous-alcoholic extraction by fermentation, counter-current extraction, microwave assist 

extraction, ultrasound extraction (sonication), super critical fluid extraction, and phytonic extraction with 

the hydro fluorocarbon solvents. For aromatic plants, hydro distillation techniques (water distillation, steam 

distillation), hydrolytic maceration followed by distillation, expression and effleurage (cold fat extraction 

can be employed (Sahoo, 2012). Some of the new extraction methods for aromatic plants are head space 

trapping, solid phase micro extraction, protoplast extraction, microdistillation, thermomicro distillation and 

molecular distillation (Handa, 2008). The basic parameters enhancing the quality of an extracts are plant 
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part used as starting material, solvent used for extraction and the extraction procedure (Pandey and Tripathi, 

2014). 

Bioactive compounds from plant materials can be extracted by various classical extraction techniques. Most 

of these techniques are based on the extracting power of different solvents in use and the application of heat 

and/or mixing. In order to obtain bioactive compounds from plants, the existing classical techniques are: 

(1) Soxhlet extraction, (2) Maceration and (2) Hydro distillation. 

Extraction efficiency of any conventional method mainly depends on the choice of solvents (Azmir et al., 

2013). The polarity of the targeted compound is the most important factor for solvent choice. Molecular 

affinity between solvent and solute, mass transfer, use of co-solvent, environmental safety, human toxicity 

and financial feasibility should also be considered in selection of solvent for bioactive compound extraction 

(Shuai and Luterbacher, 2016). Some examples of bioactive compound extracted using different solvents 

are given in Table (2.1). 

Table (2.1): Example of some extracted bioactive compounds by different solvents (adapted 

from (Cowan, 1999): 

Solvents 

Water Ethanol Methanol Chloroform Dichloromethane Ether Acetone 

Anthocyanins Tannins Anthocyanin Terpenoids Terpenoids Alkaloids Flavonoids 

Tannins Polyphenols Terpenoids Flavonoids  Terpenoids  

Saponins Flavonol Saponins     

Terpenoids Terpenoids Tannins     

 Alkaloids Flavones     

  Polyphenols     

2.6.2 Phytochemicals analyses 

Phytochemicals Table (2.2) of plants extracts depends on nature of the plant material, its origin, degree of 

processing, moisture content and particle size. The variation of 

different extraction methodology that will affect quantity and secondary metabolite 

composition of an extract, depends upon type and time of extraction, temperature, nature of solvent, solvent 

concentration and Polarity (Ncube et al., 2008). Successful determination of biologically active compounds 

from plant material is largely dependent on the type of solvent used in the procedure of extraction. The 

solvent should be nontoxic and should not interfere with the bioassay. The choice will also depend upon 

the targeted compounds to be extracted (Azmir et al., 2013). 

 

 

 

https://www.sciencedirect.com/science/article/pii/S0260877413000277?casa_token=EXx8JrWU_98AAAAA:cbnpItRVVWYoPnDzBFvP3KX2kp9JPXugAjgQZzKmEck_qxZtr_HUMW1WMmhKUJZQICKC1HXnGA#t0005
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Table (2.2): Structural features and activities of various phytochemicals from plants (Bhattacharya et 

al., 2018, Gulfraz et al., 2011): 

Phytochemicals Structural features Example (s) Activities 
Phenols and 

Polyphenols 

C3 side chain, - OH groups, 

phenol ring 

Catechol, 

Epicatechin, 

Cinnamic acid 

Antioxidant, antimicrobial,  

anthelmintic and antidiarrheal 

activities. 

Tannins Polymeric phenols (Mol. 

Wt. 500-3000) 

Ellagitannin Antioxidant, antimicrobial, 

anthelmintic, antidiarrheal, 

wound healing, antiviral and anti-

tumor activities. 

Flavonoids Phenolic structure, 

containing 15 carbon atoms 

arranged in a C6–C3–C6 

configuration 

Abyssinone, 

Chrysin, 

Quercetin, Rutin 

Antioxidant, antimicrobial, 

antidiarrheal, anti-inflammatory, 

antiallergenic, 

anti-viral and anti-(heart diseases) 

activities. 

Quinones Aromatic rings, two ketone 

substitutions 

Hypericin 

 

Antimicrobial activity. 

 

Alkaloids Heterocyclic nitrogen 

compounds 

Berberine, 

Piperine, 

Palmatine, 

Antimicrobial, anthelmintic and 

antidiarrheal activities. 

Terpenoids and 

essential oils 

Acetate units + fatty acids, 

extensive branching and 

cyclized 

Capsaicin 

 

Antimicrobial, antidiarrheal and 

anti-(lipid peroxidation) activities. 

Saponins Amphipathic glycosides Vina 

ginsenosides-R5 

and -R6 

Antidiarrheal, anti-diabetic, 

anti-fungal, antioxidant, 

anticancer, anti-inflammatory and 

antimicrobial activities. 

 

A. Primary and Secondary Metabolites 

Metabolites are intermediates in metabolic processes in nature and are usually small molecules: A primary 

metabolite is directly involved in normal growth, development, and reproduction, for example, fermentation 

products (ethanol, acetic acid, citric and lactic acid) and cell constituents (lipids, vitamins, and 

polysaccharides) (Rose, 2012).  A secondary metabolite is not directly involved in those processes and 

usually has a function but is not that important for the organism (antibiotics, pigments, and carotenoids) 

(Luckner, 2013). 

B. Role and classification of secondary metabolites 

Secondary metabolites are organic compounds that do not play any role in the normal growth and 

development of plants. The production of secondary metabolites normally emanates from the maximum 

level during the transition from active growth to stationary phase (Tiwari and Rana, 2015). The organism 

that produces this secondary metabolite normally grows without their production, thus, the secondary 

metabolism in the organism may not be significant, yet, is pivotal for short survival of the organism (Bills 

and Gloer, 2017). There are numerous protective roles that these secondary metabolites provide, for 

example, they act as free radical scavenging, antioxidants, UV-light absorbing, and antiproliferation agents 

(Nowruzi et al., 2020). They also protect plants and defend them from harmful pathogens, microorganisms 
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such as bacteria, fungi and viruses (López-Ráez et al., 2017). This was supported by the fact that some 

plants manufacture these chemicals as part of their defence system. For instance, phytoalexins are produced 

by plants when they are attacked by bacteria and fungi, hence, their antibacterial and antifungal properties 

(Reichling, 2018). 

There are various classes of secondary metabolites present in plants; they include phenolics, flavonoids, 

steroids, terpenoids and alkaloids. The different categories in which the secondary metabolites belong to 

share a distinct structure, their derivatives are made up of structural units or some composed of complex 

molecules that are compiled by large numbers of simple molecules (Bartwal et al., 2013). The following 

sections reflect a brief account on some of the classes known. 

B.1 Phenolic compounds 

Phenolics are known to be the largest category of phytochemicals and cosmopolitan across the plant 

kingdom with about 10.000 structures being identified (Kang et al., 2019). Some of the phenolics are 

soluble in organic solvents and water which are known as carboxylic acid and glycosides; while others are 

large, insoluble polymers (Ruesgas-Ramón et al., 2017).  Phenolic are aromatic compounds with hydroxyl 

substitutions, having a phenolic parent compound, but most are more complex polyphenolic compounds 

classified by the number of carbon atoms in the basic skeleton. Only plants and microorganisms are capable 

of synthesizing the aromatic nucleus. Plant phenolic arise from two main biosynthetic pathways: (1) via 

shikimic acid (benzoic acid derivatives, lignans, coumarins, etc.) and through acetate, leading to polyketides 

which upon cyclization can produce xanthones and quinines (Vermerris and Nicholson, 2007). 

All phenols (including vitamin E) inhibit oxidation donating a hydrogen atom from 

the OH group to a radical which form a new resonance-stabilized radical (Fuhrman et al., 2000). This new 

radical does not participate in chain propagation, but rather terminates the chain and halts the oxidation 

process. 

Phenolic acids have various biological and pharmacological effects, although  

their roles in plants is still unknown, and they have been connected with diverse functions, including protein 

synthesis and enzyme activity (Quideau et al., 2011). They were found to play an important role in the 

natural host defense mechanism of plants against infectious diseases and inhibit multiplication of plant 

pathogenic bacteria, viruses, and fungi. The phenolic phytochemicals play a significant role as defense 

compounds; manifest several properties that are beneficial to humans. Their antioxidant properties are one 

of the most important properties that determine their roles as protecting agents against free radical mediated 

disease processes (Soto-Vaca et al., 2012). 

B.2 Flavonoids compounds 

Flavonoids constitute one of the largest and popular group of phytochemicals (Somani et al., 2015). They 

are consisting of units derived from both shikimic acid and polyketide pathways (Stocker-Wörgötter, 2008).  

Until now, more than 4000 flavonoids have been identified and the number is constantly growing due to 



41 
 

the great structural diversity arising from the various hydroxylation, metoxylation, glycosylation, and 

acylation patterns (Medi and Jasprica, 2008). Most frequently encountered groups of flavonoid aglycones 

include flavones, flavonols, anthocyanidins, isoflavones, flavanones, dihydroflavonols, biflavonoids, 

chalcones, and aurones (Corradini et al., 2011). Flavonoid aglycones possess the chemical properties of 

phenolics, and thus they are slightly acidic. 

Flavonoids have important roles in plant physiology and are components of the diet of numerous herbivores 

and omnivores, including humans. This group of compounds exhibit an extraordinary array of biochemical 

and pharmacological activities in mammalian systems, such as anti-inflammatory, antioxidant, 

immunomodulatory, hepatoprotective, antimicrobial, and antiviral (Ginwala et al., 2019, Wang et al., 2019, 

Kong et al., 2003) With the increased popularity and use of herbal medicines containing flavonoids, the 

question of composition determination and standardization arises. To compare biological activities of plant 

extracts, it is important to analyze the chemical constituents using the appropriate analytical tools 

(Waksmundzka-Hajnos et al., 2008). 

B.3 Tannins compounds 

Tannins are polyphenols sometimes called plant polyphenols (Okuda and Ito, 2011), although originally 

the name tannin was given to the plant extracts exhibiting astringency, without knowing their chemical 

structures. The features distinguishing tannins from plant polyphenols of other types are basically the 

properties of the former (Shahat and Marzouk, 2013), binding to proteins, basic compounds, pigments, 

large-molecular compounds and metallic ions, and also anti-oxidant activities, etc. Tannin-rich plant 

materials have an important traditional medicine (Guanghou, 2004), for ages they have been used in the 

external treatment of skin and mucosa diseases such as inflammations of different etiologies, haemorrhages 

or haemorrhoidal disease, mostly because of the observed anti-inflammatory, wound healing and 

antibacterial activity (Piwowarski et al., 2011). 

2.6.3 Methods of isolation, purification and identification of phytochemicals 

Plant extracts contains various type of bioactive compounds having different polarities, their separation still 

remains a big challenge for the process of isolation, purification, identification and characterization of 

bioactive compounds. It is a common practice in isolation of these bioactive compounds using different 

separation techniques such as TLC, HPTLC, paper chromatography, column chromatography, Gas 

chromatography and HPLC, should be used to obtain pure compounds. The pure compounds are then used 

for the determination of structure and biological activity (Sasidharan et al., 2011). 

A. Chromatography techniques 

Chromatography is a technique where the molecules are separated based on their size, shape and charge 

(Krull et al., 1997). During chromatography analytic in solvent and move through solid phase that acts as 

a sieving material, as molecule proceeds further through molecular sieve it gets separated. Paper and thin 
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layer chromatography are the chromatographic techniques which readily provides qualitative information 

and through which it becomes possible to obtain quantitative data. 

B. Paper chromatography 

In paper chromatography a sheet of paper is used for the inert phase. One of the advantages of paper 

chromatography is that separations are carried out simply on sheets of filter paper, which acts as both 

support as well as medium for separation (Harborne, 1998). Another advantage is the considerable 

reproducibility of Rf (Retention factor) values determine on paper. In paper chromatography, filter paper 

used as solid phase, which is inert phase. A sample is placed near the bottom of the filter paper. Then this 

filter paper is placed in chromatographic chamber with solvent. The solvent move forwards by capillary 

action carrying soluble molecules along with it. Low porosity paper will produce a slow rate of movement 

of the solvent and thick papers have increased sample capacity (Sherma, 1971). 

C. Thin layer chromatography (TLC) 

The first practical application of thin layer chromatography was given by Ashworth and Stahl (2013). 

Compared to paper chromatography, the special advantage of TLC is the versatility, speedy and sensitive. 

TLC is an adsorption chromatography (Hahn-Deinstrop, 2007) where samples are separated based on the 

interaction between a thin layers of adsorbent attached on the plate. The technique mostly employed for the 

separation of low molecular weight compounds. Different adsorbent used to separate various compounds. 

D. Column chromatography (CC) 

Column chromatography involves ion exchange, molecular sieves, and adsorption phenomenon. The 

flushing in conventional chromatography greatly dilutes the material, and the fractions usually require 

another step for concentration. A newer method called displacement chromatography elute with some 

compounds that has great affinity for the adsorbent. Fractions of elute materials can be more concentrated 

than the original solution applied to column. 

E. Gas chromatography (GC) 

Gas chromatography is a method for the separation of volatile compounds (Ingle et al., 2017). In this 

method, species distribute between gas and a liquid phase. The gas phase is flowing and the liquid phase is 

stationary. The rate of migration for the chemical species is determined through its distribution in the gas 

phase. For example, a species that distributes itself 100% into gas phase will migrate at the same rate as the 

flowing gas, whereas, a species that distributes itself 100% into stationary phase will not migrate at all. 

Species that distribute themselves partly in both phases will migrate at an intermediate rate (Burchfield and 

Storrs, 1962). Gas chromatography involves a sample being vaporized and injected onto the head of the 

chromatographic column. The sample is then transported through the column by the flow of inert, gaseous 

mobile phase. The column itself contains a liquid stationary phase which is adsorbed onto the surface of an 

inert solid. 
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F. High performance liquid chromatography (HPLC) 

HPLC is an analytical technique for the separation and determination of organic and inorganic solutes in 

any samples especially biological, pharmaceutical, food, environmental, industrial etc. (Ingle et al., 2017). 

The another name for HPLC is high–pressure liquid chromatography, separates compounds on the basis of 

their interactions with solid particles of tightly packed column and the solvent of the mobile phase. Modern 

HPLC uses a non-polar solid phase, like C18 and a polar liquid phase, generally a mixture of water and 

another solvent. High pressure up to 400 bars is required to elute the analyses through column before they 

pass through a diode array detector (DAD). A DAD measures the absorption spectra of the analyses to aid 

in their identification. HPLC is useful for compounds that cannot be vaporized or that decompose under 

high temperature, and it provides a good complement to gas chromatography for detection of compounds 

(Ingle et al., 2017). 

G. High performance thin layer chromatography (HPTLC) 

High performance thin layer chromatography (HPTLC) is a planar chromatography where separation of 

sample components is achieved on high performance layers with detection and data acquisition. These high 

performance layers are pre-coated plates coated with a sorbent of particle size 5-7 microns and a layer 

thickness of 150-200 microns. The reduction in thickness of layer and particle size results in increasing the 

plate efficiency as well as nature of separation. HPTLC gives chromatogram i.e. separated samples after 

chromatography can be inspected by the eyes only in case of HPTLC (Srivastava, 2010). 

2.6.4 Methods of identification of compounds 

A. Nuclear Magnetic Resonance Spectroscopy (NMR) 

Nuclear Magnetic Resonance Spectroscopy gives physical, chemical and biological properties of matter. 

One dimensional technique is routinely used but the complicated structure of the molecules could be 

achieved through two dimensional NMR techniques. Solid state NMR spectroscopy is used for the 

determination of molecular structure of solids. Radiolabeled (Sherma, 1971) C-NMR is used to identify the 

types of carbon are present in the compound. H-NMR is used to find out types of hydrogen are present in 

the compound and to find out how the hydrogen atoms are connected. 

B. Mass spectrometry (MS) 

Mass spectrometry is a powerful analytical technique for the identification of unknown compounds, 

quantification of known compounds and to elucidate the structure and chemical properties of molecules. 

Through MS spectrum the molecular weight of sample can be determined. This method mostly employed 

for the structural elucidation of organic compounds, for peptide or oligonucleotide sequencing and for 

monitoring the existence of previously characterizes compounds in complex mixtures with a high 

specificity by defining both the molecular weight and a diagnostic fragment of the molecule simultaneously 

(De Vijlder et al., 2018). 
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2.7 Plants used in this study 

Plants selected in this study were reported to have different families and classes of chemical compounds, 

some of were these compounds have many medicinal applications. Pharmacological screening of these 

plants followed by bioactivity-guided 

fractionation might lead to identification of promising bioactive compounds. The 

extracts, fractions and compounds were screened for biological activities and chemical analysis of some 

selected medicinal plants. 

2.7.1 Anacardiaceae family 

Anacardiaceae is one of the largest families of Sapindales and comprise 82 genera and ~800 species 

distributed mainly in tropical areas (Schulze-Kaysers et al., 2015).  Members of the family are cultivated 

throughout the world for their edible fruits and seeds, medicinal compounds, valuable timber, and landscape 

appeal (Pell, 2004). Some of the products of Anacardiaceae, including mango (Mangifera indica), pistachio 

(Pistacia vera), cashew (Anacardium occidentale), and pink peppercorn (Schinus terebinthifolia), are 

enjoyed worldwide while other notables such as the pantropical Spondias fruits, the marula of Africa 

(Sclerocarya birrea), and the Neotropical fruits of Antrocaryon are restricted to local cultivation and 

consumption and are not generally transported far distances to larger markets (Wahid, 2012).  

A. Mangifera indica L. 

Mangifera indica L. (Mango) is a member of an Anacardiaceae family. It is one of the most popular fruits 

produced in tropical region of the world (Azim et al., 2014, Ayala-Silva et al., 2005). About more than 

1000 varieties have been identified all over the world (Viruel et al., 2005, Jahurul et al., 2015). The annual 

world production is estimated to around 20 million tonnes. In Sudan, mango is considered as an essential 

horticultural crop, with about 57 varieties and around 0.4 million tonnes annual production (Nour et al., 

2011).  

A.1 Scientific classification of Mangifera indica (Parvez, 2016). 

Kingdom Plantae 

 

Class Magnoliopsida 

Phylum Mangoliophyta 

Order Sapindales 

Family Anacardiaceae 

Genus Mangifera 

Species Mangifera 

indica 

Vernacular name Mango 

 

 

Figure (2.20): Seeds of Mangifera indica. 
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A.2 Botanical Description of Mangifera indica  

Tree: The tree is medium to large (10-40 m in height), evergreen with symmetrical, rounded canopy ranging 

from low and dense to upright and open (Parvez, 2016). Bark: The bark is usually dark grey-brown to black, 

rather smooth, superficially cracked or inconspicuously fissured, peeling off in irregular, rather thick pieces. 

The tree forms a long unbranched long tap root (up to 6-8 m and more) plus a dense mass of superficial 

feeder roots. Effective root system of an 18- year old mango tree may observe a 1.2 m depth with lateral 

spread as far as 7.5m (Ali, 2016). Leaves: The leaves are simple alternately arranged, 15-45 cm in length. 

The petiole varies in length from 1 to 12 cm, always swollen at the base. Leaves are variable in shapes like 

oval-lanceolate, lanceolate, oblong, linear-oblong, ovate, obovate-lanceolate or roundish oblong (Parvez, 

2016). The upper surface is shining and dark green while the lower is glabrous light green. Fruit: The fruit 

is more or less compressed, fleshy drupe, varies considerably in size, shape, colour, presence of fiber, 

flavour, taste and several other characters (Dar et al., 2016). Roots: The tree forms a long unbranched long 

tap root (up to 6-8 m and more) plus a dense mass of superficial roots. Effective root system of an 18- year 

old mango tree may reach a 1.2 m depth with lateral spread as far as 7.5m (Parvez, 2016). 

A.3 Distribution of Mangifera indica  

The mango is native to southern Asia, especially Burma and eastern India, and it spreads early on to Malaya, 

eastern Asia and eastern Africa (Fuller, 2011). Mangoes are grown throughout the tropics, from the 

Caribbean to Africa, South-East Asia, Australia, as well as India, where the history of the fruit goes back 

over 6,000 years and closely connected to the Hindu religion. As long ago as the 16th century, mangoes 

had been distributed via cultivation throughout the Indian subcontinent, and eventually to all tropical 

regions of the world (Dudley et al., 2010). 

A.4 Distribution of Mangifera indica from Sudan 

The mango distribution from Northern state, Khartoum state, Gezera state, River Nile state, Darfur state, 

Blue Nile state, Southern state, Nubba Mountains and South of Blue Nile state (Mohammed, 2014). 

A.5 Ethno medicine uses of Mangifera indica 

Various parts of mango are used for more than thousands of years as wide variety of ethno medicinal use 

(Khoo et al., 2016). Roots and Bark: Used as astringent, acrid, refrigerant, styptic, anti-syphilitic, vulnerary, 

anti-emetic, anti-inflammatory and constipating (Tarranum et al., 2015). They are useful in vitiated 

conditions of pitta, metrorrhagia, calonorrhagia, pneumorrhagia, leucorrhoea, syphilis, uteritis, wounds, 

ulcers and vomiting. The juice of fresh bark has a marked action on mucous membranes, in menorrhoea, 

leucorrhoca, bleeding piles and diarrhea (Tarranum et al., 2015). Paste of Mango roots applied on palms 

and soles cures fever. Paste of root helpful in healing of mouth wound (Sharma and Kumar, 2015). Leaves: 

Used as astringent, refrigerant styptic, vulnerary and constipating. They are also useful in vitiated 

conditions of cough, hiccup, hyperdipsia, burning sensation, hemorrhages, haemoptysis, haemorrhoids, 

wounds, ulcers, diarrhoea, dysentery, pharyngopathy, scorpion string and stomachopathy. The ash of burnt 
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leaves are useful in burns and scalds, and the smoke from burning leaves is inhaled for relief of throat 

diseases (Parvez, 2016). Flowers: Used as astringent, refrigerant, styptic, vulnerary, constipating and 

haematinic. The dried flowers are useful in vitiated conditions of pitta, haemorrhages, haemoptysis, 

wounds, ulcers, anorexia, dyspepsia, uroedema gleet, catarrh of bladder, diarrhoea, chronic dysentery and 

anemia (Parvez, 2016). Dried mango flowers serve as astringents in cases of diarrhea, chronic dysentery, 

and Powder help to reduce allergy (dermatitis) (Khan et al., 2017). Fruits: The unripe fruits are acidic, acrid, 

antiscorbutic, refrigerant, digestive and carminative (Divya, 2015). They are useful in dysentery 

ophthalmic, eruptions, urethrorrhoea and vaginopathy. The ripe fruits are refrigerant, sweet, emollient, 

laxative, cardiotonic, haemostatic, aphrodisiac, and tonic. They are also used in vitiated conditions vata and 

pitta, anorexia, dyspepsia, cardiopathy, haemoptysis, haemorrhages from uterus, lungs and intestine, 

emaciation, and anemia (Parvez, 2016). Also help to prevent colon cancer, calming inflammation, fruit 

Juice is act as a restorative tonic used in heat stroke (Khan et al., 2017). Stone: The seed kernel is rich 

source of protein (8.5%) and gallic acid, and is sweet, acrid, astringent, refrigerant, anthelmintic, 

constipating, haemostatic, vulnerary and uterine tonic. It is useful in vitiated conditions of pitta and cough, 

helminthiasis, chronic diarrhea, dysentery, haemorrhages, haemoptysis, haemorrhoids, ulcers, bruises, 

leucorrhoea, menorrhagia, diabetes, heat burn and vomiting (Parvez, 2016). Seeds: Seed kernel in 

hemorrhages and bleeding hemorrhoids, seed can also applied on burn, to treat Asthma (Khan et al., 2017). 

Stem and Bark: Aqueous extract traditionally used for the treatment of, syphilis, anemia, scabies, diabetes, 

cutaneous infections, menorrhagia, diarrhea. Bark infusion has been use as remedy for mouth infections in 

children (Scartezzini and Speroni, 2000). 

A.6 Chemical constituents of Mangifera indica 

The different chemical constituents of the plant, especially the polyphenolics, flavonoids, triterpenoids. 

Mangiferin a xanthone glycoside major bio-active constituent, isomangiferin, tannins & gallic acid 

derivatives (Nwoke et al., 2016). Bark: The bark of mango is reported to contain protocatechic acid, 

catechin, mangiferin, alanine, glycine, γ-aminobutyric acid, kinic acid, shikimic acid and the tetracyclic 

triterpenoids cycloart-24-en-3β,26diol, 3-ketodammar-24 (E)- en-20S,26-diol, C-24 epimers of cycloart-25 

en 3β,24,27-triol and cycloartan-3β,24,27-triol (Kalita, 2021). Flower: The flower of mango contains alkyl 

gallates such as gallic acid, ethyl gallate, methyl gallate, n-propyl gallate, n-pentyl gallate, n-octyl gallate, 

4-phenyl gallate, 6-phenyl-n-hexyl gallate and dihydrogallic acid (Nwoke et al., 2016). Root: The root of 

mango contains the chromones, 3-hydroxy-2-(4’-methylbenzoyl)- chromone and 3-methoxy-2-(4’-methyl 

benzoyl)- chromone.An essential oil containing humulene, elemene, ocimene, linalool, nerol and many 

others have also been found in the leaves and flowers. The fruit pulp contains vitamins A and C, β- carotene 

and xanthophylls  (Nwoke et al., 2016). Also, an unusual fatty acid, cis-9, cis-15-octadecadienoic acid has 

been isolated from the pulp lipids of mango. The most interesting constituents of Mangifera indica however 

are the polyphenolics, flavonoids, triterpenoids (Ali, 2016). Mangiferin (a xanthone glycoside and major 
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bio-active constituent), isomangiferin, tannins and gallic acid derivatives. Seeds: The seeds of mango 

contains the Polyphenols such quercetin, Kaempferol, gallicacid, tannin, xanthone (Shibahara et al., 1993). 

Leaves: Protocatechic acid, catechin, mangiferin, alanine, glycine, kinic acid, shikimic acid , tetracyclic 

triterpenoids cycloart-24-en-3β,26 diol, 3- ketodammar-24(E)-en-20S,26- diol (Shah et al., 2010). Fruits: 

The fruits of mango contains the Mangiferin, cis-9, cis-15-octadecadienoic acid, Xanthophyll esters, 

carotenes, and tocopherols (Khan and Khan, 1989). 

A.7 Biological Activity of Mangifera indica 

A number of in-vitro and in-vivo studies have been carried out to reveal various pharmacological potentials 

of M. indica. Different parts of M. indica trees have been demonstrated to exert antibacterial, antifungal, 

antiprotozoal, anthelmintic antioxidant and other effects (Ediriweera et al., 2017).  Many of these 

pharmacological studies on different parts (as organic extracts or decoctions) of M. indica trees have been 

carried out to validate the ethnomedical uses of the plant in traditional medicine in the treatment of several 

diseases and conditions. Some experimentally proven pharmacological properties of different parts of M. 

indica trees have been described in detail in the following section. 

A.7.1 Antibacterial activity of Mangifera indica 

Manzur et al. (2020) evaluated antibacterial effectiveness of aqueous and ethanolic leaf extracts of 

Mangifera indica L. as a natural alternative for reduction of Staphylococcus spp. biofilms. The ethanolic 

extract was the most effective, showing minimum inhibitory concentrations and minimum bactericidal 

concentrations between 1.8–7.5 and 15.1–45.3 mg/ml, respectively. After tannin removal, the extracts were 

less effective, indicating these secondary metabolites as one of the main antibacterial compounds. The 

ethanolic extract at 45.3 mg/ml reduced mature biofilms in teat rubber (average: 3.91 log reduction) and 

stainless steel (average: 3.87 log reduction) after 5 min of contact. The extracts of M. indica leaves represent 

natural alternatives against Staphylococcus spp. strains and the ethanolic extract shows potential as a natural 

sanitizer. 

Raju et al. (2019) collected 15 local cultivars of Mangifera indica L. with a motto to screen the best cultivar 

having high total phenolic content, flavonoid content, antitumor property and antimicrobial activity. 

Banganapalli cultivar of mango showed high total phenolic content and total flavonoid content i.e. 63.5±1.1 

mg GAE/g and 16.7±0.5 mg quercetin/g followed by Royal special cultivar (TPC-58.7±0.6 mg GAE/g TFC 

- 16.2±0.6 mg quercetin/g). Mangifera indica L. cultivar Banganapalli which showed highest total phenolic 

content and total flavonoid content was screened for its antitumor and antimicrobial properties. Antitumor 

property was tested by using potato disc assay which recorded 40.12% tumor inhibition. Antimicrobial 

activity was assessed by agar diffusion method by taking 3 test microorganisms' viz. Bacillus subtilis subsp. 

subtilis DSM 10, Staphylococcus aureus MTCC 737 and Escherichia coli MTCC 46. The measured area 

of inhibition is around Staphylococcus aureus MTCC 737 in 8.5±0.3 mm followed by E. coli MTCC 46 

(8.2±0.3 mm) and Bacillus subtilis sub subtilis (6.6±0.5 mm).  
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Olasehinde et al. (2018) investigated the phytochemical composition and antimicrobial activities of 

aqueous and ethanolic extracts of leaves of Mangifera indica. Standard methods were employed to screen 

the phytochemicals. S. aureus showed highest sensitivity to the aqueous extracts with MIC 31.25mg/mL. 

Least sensitivity was observed in K. pneumoniae and Candida albicans with MIC 125mg/mL each in the 

two extracts. M. indica exhibited significant antimicrobial activity comparable to gentamicin which is used 

as control in this study. 

Taddaow et al. (2018) studied the antibacterial activity of methanolic and aqueous extracts from the leaves 

of three M. indica varieties. The results from the disc diffusion assay showed that leaf extracts from all 

tested M. indica varieties could inhibit the growth of Staphylococcus epidermidis, Staphylococcus aureus, 

methicillin-resistant Staphylococcus aureus (MRSA), Propionibacterium acnes and Pseudomonas 

aeruginosa. Among those, the methanolic extracts of M. indica leaves had the strongest inhibitory effects. 

Based on the broth dilution assay, the methanolic extract of MN had the greatest antibacterial effect. The 

minimal inhibitory concentration (MIC) values were 3.91, 7.81, 15.63, 62.5 and 125 mg/ml for S. 

epidermidis, S. aureus, MRSA, P. acnes and Ps. aeruginosa and the minimal bactericidal concentration 

(MBC) values were 7.81, 15.63, 31.25, 125 and 250 mg/ml, respectively. 

Kamath and Ramakrishna (2017) studied the antibacterial activity of ethanolic extract of Tectona grandis 

(teak), Mangifera indica (mango) and Anacardium Occidentale (cashew) leaves. Antibacterial activity was 

observed in the concentration range of 25-100 mg/ml for all the extracts except T. grandis leaves. That are 

effective at 50-100 mg/ml concentration. 

Verma et al. (2015) identified the antibacterial activity, minimum inhibitory concentration and 

phytochemical content of Mangifera indica flower extract against six bacterial strains. The methanolic 

extract showed a maximum zone of inhibition (23±1.00 mm) against S. typhi and minimum zone of 

inhibition (13.00±1.21mm) with ethanolic extract against Staphylococcus aureus. Further, the ethanolic 

extract observed in maximum (21±1.00 mm) against S. typhi and minimum (15±0.57mm) zone of inhibition 

against Staphylococcus aureus. 

Ashok et al. (2014) studied the plant active components of M. indica bark were extracted using four 

different extraction solvents namely distilled water, ethanol, methanol and ethyl acetate. In the present study 

bark powder extract of M. indica was studied by using 100%, 50%, 25%, 12.5% and 6.25% dilution of four 

different solvents against the tested pathogens such as Staphylococcus aureus, Escherichia coli, Bacillus 

subtilis, Klebsiella pneumoniae and Pseudomonas aeruginosa. The ethyl acetate extract (100%) was found 

to be most effective against Klebsiella pneumoniae (28 mm) followed by Bacillus subtilis (25 mm), 

Pseudomonas aeruginosa (22mm), Staphylococcus aureus and Escherichia coli (20 mm each). Distilled 

water extract of Mangifera indica bark was not effective for the entire tested pathogens. 

De and Pal (2014) evaluated the effects of aqueous young leaves extract against different Gram (-) 

microorganisms causing gastro-intestinal disorders. The growths of all the tested organisms are inhibited 



49 
 

and the growth inhibition is dose dependent. Hence it could be concluded that the aqueous young leaves 

extract of Mangifera indica could be utilized in the management of gastro-intestinal disorders and its effect 

could be potentiating as required. 

Talba et al. (2014) determined the phytoconstituents of Mangifera indica kernel and its antibacterial activity 

against Aeromonas caviae. Methanol extract of mango kernel was used to identify secondary metabolites 

of mango kernel. Methanol extract used at different concentrations showed varying degrees of inhibition 

against A. caviae (ranging from 16 ± 2.41 mm to 24 ± 0.58 mm) except that the aqueous extract was found 

to be slightly active against the organism at lower concentrations with zones of inhibition ranging from 8 ± 

1.22 mm to 11 ± 1.23 mm with measurable zones of inhibition at higher concentrations. 

Poongothai and Rajan (2013) determined the antibacterial activity of Mangifera indica flower extracts. The 

results showed that the flower extracts of M. indica have antimicrobial activity against Uropathogenic E. 

coli. Methanol extracts showed the highest inhibition zone diameter of 22.6 ± 1.2 mm. The plant extracts 

were shown to have a MIC 180 ± 050 µg/ml for aqueous extract and 055 ± 025 µg/ml for methanolic 

extract. Phytochemical screening of the extracts revealed the presence of phenolic compounds, flavonoids 

and tannins in both the extracts tested, which are known to inhibit bacterial growth by different mechanisms 

from those of synthetic drugs. 

Mushore and Matuvhunye (2013) determined the antibacterial activity of Mangifera indica stem bark 

extracts.  The results showed that the stem-bark extracts of M. indica have antimicrobial activity against S. 

aureus. Methanol extracts showed the highest inhibition zone diameter of 25 mm, followed by ethyl acetate, 

water and hexane extracts with inhibition zone diameter of 22 mm, 14 mm and 10 mm, respectively. The 

antibacterial activities of different extracts were found to be concentration dependent, in agar and broth 

dilution methods. The plant extracts were shown to have a MIC range of 0.62 mg/ml to 4.17 mg/ml, in agar 

dilution method. Results from the broth dilution method had a MIC range of 0.16 mg/ml to 1.25 mg/ml. 

The control (Ampicillin) was however, more effective than plant extracts since only a concentration of 0.03 

mg/ml in agar dilution and 0.001 mg/ml in broth dilution method were effective to inhibit the growth of S. 

aureus. The extracts were shown to be bacteriostatic at low concentrations. 

Sahrawat et al. (2013) studied the antibacterial activities of leaf extract of Mangifera indica against bacteria 

some as Proteus vulgaris, Pseudomonas fluorescens, Shigella flexneri, Klebsiella pneumoniae, Salmonella 

typhi. The methanol, ethanol and benzene extract of M. indica leaf showed effectiveness against bacterial 

strains but the benzene extract showed the maximum growth inhibition 85.1% against Pseudomonas 

fluorescens bacteria at 100µl/ml extract concentration which are drug resistance for Tabramycin, 

Cephaloridine, Lincomycin, Norfloxacin and Oleandomycin. Minimum inhibitory concentration of 

benzene extract was determined against Pseudomonas fluorescens 50×10-1 µl/ml. 

Prakash (2012) examined the potential of mango kernel as natural antibacterial against two bacterial strains: 

Staphylococcus aureus and Pseudomonas aeruginosa. The maximum antibacterial activity at 37°C for 24h 
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shows minimum number of colonies in plates. This finding would probably become an alternative source 

of new and natural antibacterial agents. A mango kernel extract has a bacteriostatic and antibacterial 

activity, and thus can be used in food products or cosmetics as a bacteriostatic and antibacterial agent. 

Vaghasiya et al. (2011) evaluated the antibacterial activity of methanol extract of Mangifera indica L. seeds 

against 41 clinically isolated and 20 standard bacterial strains. The extract showed potent antibacterial 

activity against all the clinically isolated bacterial strains and most of the standard bacterial strains which 

was comparable with that of standard antibiotics studied. It can be stated that the antibacterial activity may 

be due to the presence of tannin and higher amount of total phenol content.  

Kaur et al. (2010) evaluated the antibacterial activity of the methanolic extract of mango (Mangifera indica 

L.) seed kernel. The crude methanolic extract of mango seed kernel at a concentration of 100 mg/mL is 

found to have potential antimicrobial activity against MRSA and E. coli compared to V. vulnificus. Study 

on the antibacterial activity also indicated that there was no significant difference in the antibacterial 

activity of the single and assorted mango seed kernel extracts. 

A.7.2 Antifungal activity of Mangifera indica 

Salati et al. (2018) investigated the biological synthesis of silver nanoparticles by mango plant extract and 

its anti-Candida effects. Based on the results, the synthesized nanoparticles were cubic and 65 nm in size. 

Among the clinical isolates, C. albicans with the frequency of 52.38% and C. glabrata with the frequency 

of 4.76% had the highest and lowest frequency among the 21 clinical isolates. C. glabrata had the most 

sensitivity with the quantitative serial dilution method (microdilution) with minimum inhibitory 

concentration (MIC) of fungal growth (0.016 mg/mL) and the minimum lethal concentration of fungi (0.032 

mg/mL) against the nanoparticles of mango core (P ≤ 0.001). 

Fontenelle et al. (2017) evaluated the anti-Candida spp. activity against strains isolated. The means of 

inhibition zones were 11 ± 0.71, 13.5 ± 3.54, 10.5 ± 0.71 and 13.5 ± 0.71mm to Tommy Atkins, Rosa, 

Moscatel and Jasmim varieties, respectively. For Tommy Atkins, the MIC ranged from 0.62 to 1.25 mg/mL; 

for Rosa, ranged from 0.31 to 1.25 mg/mL; for Jasmim ranged from 0.31 to 0.62 mg/mL; while for the 

Moscatel variety the MIC value was 1.25 mg/mL for all Candida strains. 

Dorta et al. (2016) investigated the antioxidant and antifungal (anti-yeast) properties of mango (Mangifera 

indica) peel and seed by-products. All mango extracts showed antifungal activity. The minimum inhibitory 

concentration (MIC) and the minimum fungicidal concentration (MFC) values were lower for seed than for 

peel extracts. MICs and MFCs ranged from values <0.1 to 5 and 5 to >30 mg GAE/mL, respectively.  

Deressa et al. (2015) studied the antifungal activity of five invasive alien plant leaf extracts 

against Colletotrichum gloeosporioides in-vitro and in-vivo. The study revealed that the inhibitory effect of 

the extracts depends on the type of plant species used, method of extraction and time of application of the 

extracts. Prosopis juliflora and Lantana camara extracts were the most effective plant extracts that 

significantly reduced radial growth and conidia formation, and reduced disease development on mango 
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fruits. Thus, P. juliflora and L. camara extracts can serve as an alternative means of post-harvest mango 

anthracnose disease management. 

Jeyasakthy et al. (2013) studied antifungal activity of sequentially extracted different cold organic solvents 

extracts. Overall, A. indica showed higher degree of antifungal activity compared to other tested plants. 

Hexane extracts of M. indica and L. camara did not exhibit activity at all. However hexane extracts of C. 

alata and A. indica only revealed the antifungal activity even though they had lower activity than the other 

tested extracts. The inhibitory effect of ethyl acetate of stem bark of C. alata on Pythium sp was higher (32 

mm) than the other extracts after 48 hours. Both ethyl extracts of root bark of M. indica and stem bark of 

L. camara revealed significantly highest inhibition on Alternaria spp. were 29 mm and 25 mm respectively 

after 48 hours incubation. Besides this, approximately similar inhibition zone (29 mm) was produced by 

ethyl acetate extract of root bark of A. indica and leaf of A. indica against Pythium sp. at same concentration. 

Moreover, this study revealed that the leaf extracts produced prominent inhibitory effect against fungi.  

Jain and Nafis (2011) evaluated the in-vitro antifungal activity of crude aqueous and methanolic extracts 

of amchur (dried pulp of unripe Mangifera indica) against four Candida spp. which are reported to be 

present in diabetic foot ulcers. The crude extracts exhibited potential antifungal activity. The extracts were 

most effective against Candida glabrata (45-47 mm). The MIC values for crude extract ranged between 

0.3 and 0.6 mg/ml. The phytochemical analysis of methanolic extract of amchur revealed the presence of 

tannins and terpenoids.  

Kanwal et al. (2010) isolated Five flavonoids, namely (−)-epicatechin-3-O-β-glucopyranoside (1), 5-

hydroxy-3-(4-hydroxylphenyl)pyrano[3,2-g]chromene-4(8H)-one (Göksungur et al.), 6-(p-

hydroxybenzyl)taxifolin-7-O-β-D-glucoside (tricuspid) (Smith et al.), quercetin-3-O-α-glucopyranosyl-

(1 → 2)-β-D-glucopyranoside (4) and (–)-epicatechin(2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-

chromene-3,5,7-triol (5), from the leaves of mango (Mangifera indica L.). All concentrations of the five 

test flavonoids significantly suppressed fungal growth. However, the specificity of different test compounds 

was evident against different fungal species. In general, antifungal activity of the flavonoids was gradually 

increased by increasing their concentrations. The highest concentration (of 1000 ppm) of compounds 1–

5 reduced the growth of different target fungal species by 63–97%, 56–96%, 76–99%, 76–98% and 82–

96%, respectively. 

Islam et al. (2010) investigated the analgesic, anti-inflammatory, antibacterial and antifungal properties of 

ethanol leave extract of Mangifera indica. In antibacterial experiment, leaves extract showed 7.0 mm to 

11.5 mm in diameter of zone of inhibition against six Gram positive bacteria (such as Staphylococcus 

aureus, Streptococcus agalactiae, Bacillus cereus, Bacillus megaterium, Bacillus subtilis and Lactobacillus 

vulgaricus) and two Gram negative bacteria (such as Shigella flexneri and Shigella sonei ). But Salmonella 

typhi and Proteus sp had negative activity on leaves extract. The leaves extract of Mangifera indica showed 
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antifungal activity against three fungal species (Aspergillus ustus, Aspergillus niger and Aspergillus 

ochraceus). 

A.7.3 Antiprotozoal activity of Mangifera indica 

Orabi et al. (2020) investigated the anti-Trichomonas vaginalis activity of mango’s gallotannins, an 

aqueous ethanol extract of fresh kernels of M. indica was phytochemical. They showed structural-

dependent inhibitory effects on the growth of T. vaginalis trophozoites in an in vitro investigation. Ethyl 

gallate and 1,2,4, 6-tetra-O-galloyl-β-D-glucose exhibited elevated anti-T. vaginalis activity (IC50 = 1.3, 

2.4 μg/ml, respectively).  

Odediran et al. (2014) subjected to three in-vivo antimalarial test models using chloroquine-

sensitive Plasmodium berghei berghei to determine the most active under each of the test models. Using 

the original formulation, MAMA (1:1:1:1) which gave ED50 and ED90 of 101.54 ± 2.95 and 227.18 ± 2.95, 

respectively, as reference for comparison, MAMA-1 (1:2:2:2), with 79.58 ± 1.30 and 170.98 ± 1.30, gave 

significantly (p < 0.05) higher survival at 85 and 340 mg/kg when 80 % of the mice survived for 15.6 and 

17.8 days, respectively, while MAMA-2 (2:1:2:2), with 83.57 ± 1.93 and 164.23 ± 1.93, gave comparable 

survival except at 170 mg/kg with 60 % survivors for 12 days. MAMA-1 and MAMA-2 were the best 

curative formulations with MAMA-1 giving additional prophylactic activity. MAMA-3 (2:2:2:1) with 

98.70 ± 0.91 and 220.17 ± 0.91, gave comparable (p > 0.05) survival at 85 mg/kg with 60 % survival for 

13.2 days and significantly higher survival at 42.5 mg/kg for 17 days with 40 % survival. Both MAMA and 

MAMA-3 were the best chemosuppressive formulations plus additional curative activities. MAMA-4 

(1:1:2:2), the best prophylactic formulation with 94.87 ± 2.43 and 201.20 ± 2.43 gave significantly higher 

(p < 0.05) survival at all doses except at 21.25 mg/kg which gave 60 % survival up to 10 days.  

Ramos et al. (2014) tested for leishmanicidal activity against promastigotes forms of L. amazonensis, 

EOMiR and EOMiE showed IC50 (72 h) of 39.1 and 23.0 𝜇g/mL, respectively. In macrophages, EOMiR 

and EOMiE showed CC50 of 142.84 and 158.65 𝜇g/mL, respectively. However, both were more specific to 

the parasite than macrophages, with values of selectivity index of 6.91 for EOMiE and 3.66 for EOMiR. 

The essential oils were evaluated for their cytotoxicity against the human tumor cells HEp2, HT-29, NCI-

H292, and HL-60. The EOMiR and EOMiE were most effective against the HL-60, with IC50 values of 

12.3 and 3.6 𝜇g/mL, respectively.  

Malann et al. (2013) evaluated anti-malarial properties of crude leaf extract of Mangifera indica and 

Casuarina equistifolia using standard procedures in laboratory mice. The results showed that water extract 

of M. indica displayed a very good activity against Plasmodium berghei malaria parasites in a dose 

dependent fashion with a statistically significant difference (p< 0.05) while C. equistifolia extract showed 

no significant difference (p> 0.05) at all the dose levels chosen in the suppressive test. Furthermore, in the 

curative, all the test substances were able to reduce the parasitaemia level with a clear significant difference 

between the treated groups and the control (p< 0.05) although parasites were not totally cleared after 
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termination of treatment. The repository effect of the test substances produced a significant difference (p< 

0.05) suppression of parasitaemia, but C. equistifolia failed to prove any repository effect as the 

parasitaemia level increased to 12.40± 1.91 than the control 11.67±1.56. The test extracts did not prevent 

body weight loss associated with malaria infection as only the 5mg/kg chloroquine phosphate (CQ) group 

prevented weight loss. Prevention of toxic effect resulting from treatment was determined based on the 

LD50 of the extracts to be 891.25mg/kg M. indica and 2884.03mg/kg for C. equistifolia inoculated 

intraperionneally in mice.  

Ayoola et al. (2008) determined the antioxidant activities of four medicinal plants traditionally used in the 

treatment of malaria in southwestern Nigeria. Phytochemical screening of the plants showed the presence 

of flavonoids, terpenoids, saponins, tannins and reducing sugars. M. indica did not contain cardiac 

glycosides and alkaloids while, P. guajava also showed the absence of alkaloids and anthraquinones. 

Anthraquinones was similarly absent from V. amygdalina. Concentrations of the plant extracts required for 

50% inhibition of DPPH radical scavenging effect (IC50) were recorded as 0.04 mg/ml, 0.313 mg/ml, 0.58 

mg/ml, 2.30 mg/ml and 0.054 mg/ml for P. guajava, M. Indica, C. papaya, V. amygdalina and Vitamin C, 

respectively. 

A.7.4 Anthelminthic activity of Mangifera indica 

Muhammadi et al. (2020) screened the aqueous, methanol and DMSO extracts from leaves of Mangifera 

indica and Morus alba for bioactive compounds. All extracts were also caused paralysis followed by 

subsequent death (13.5/26.87 to 39/60.06mint) of P. posthuma, of these methanolic extract from M. indica 

was least than that by albendazole (30.45/52mint) and piperazine citrate (14.35/36mint).  

Giovanelli et al. (2018) investigated the in-vitro anthelmintic activity on sheep gastrointestinal strongyles 

(GIS) of four plant-derived pure compounds, mangiferin (at 0.25%, 0.125% and 0.0625%), rutin (at 1%, 

0.75%, 0.5%), quercetin (at 1%), and β-sitosterol (at 1%, 0.75%, 0.5%). For comparison, untreated and 

treated (0.1% thiabendazole, 0.1% TBZ) controls were used. Six repetitions were made throughout the 

experiment. Data were statistically elaborated using the χ2 test. The concentration able to inhibit the 

development of the 50% of L1s to L3s and causing the mortality of the 50% of L3s (EC50) was also 

calculated. L3s recovered from untreated Petri dishes were identified at the genus level. In EHT, all tested 

compounds at all concentrations significantly (p < 0.01) inhibited the hatch of the eggs when compared to 

the untreated controls, but none of them was as effective as 0.1% TBZ. In LDT, rutin (at 1%, 0.75% and 

0.5%), mangiferin (at 0.25% and 0.125%), β-sitosterol (at 1%) and 0.1% TBZ completely prevented the 

larval development from L1 to L3 in respect to the untreated controls (p < 0.01). In LMT, all tested 

compounds significantly (p < 0.01) increased the death of L3s compared to the untreated controls, except 

for β-sitosterol at 0.5%. However, only rutin at all concentrations and 0.25% and 0.125% mangiferin were 

as effective as 0.1% TBZ. Haemonchus, Trichostrongylus, Chabertia and Teladorsagia/Ostertagia GIS 

genera, were identified. 
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Dasrao et al. (2014) evaluated anthelmintic activity of methanolic extract Mangifera indica (leaves) against 

Indian earthworm Phertima posthma. Methanolic extract of Mangifera indica leaves were show concentration 

dependent anthelmintic activity. Albendazole at concentration 20 mg/ml was used as standard reference drug. 

El-Sherbini and Osman (2013) evaluated, extracts of immature fruits of the mango Mangifera indica L. for 

inhibition of larval development. Aqueous extracts of immature fruits at 100 mg ml 1 showed 100 % 

inhibition of larval development. In vitro results indicate that this fruit could assist Strongyloides stercoralis 

control. 

Latha et al. (2010) evaluated the crude ethyl acetate and ethanol extracts of Mangifera indica L. for 

anthelmintic activity using adult earthworms, in which Mangifera indica root extracts exhibited a dose 

dependent inhibition of spontaneous motility (paralysis) and evoked responses to pin-prick. With higher 

doses (30 mg/ml of ethyl acetate extract), the effects were comparable with that of 3% piperazine citrate. 

A.7.5 Antioxidant activity of Mangifera indica 

Coelho et al. (2019) evaluated bioactive compounds by reversed-phase high-performance liquid 

chromatography coupled to diode array detection and fluorescence-detection (RP-HPLC/DAD/FD) and in-

vitro antioxidant activity (AOX), for by-product potential reuse. Alcoholic maceration in wine ethanol 

(65% v/v) produced liqueurs with higher phytochemical and AOX content. Maceration with pectinase 

resulted in liqueurs with higher quercetin-3-O-glucopyranoside content. In relation to mango varieties, 

Haden liqueurs presented higher bioactive content than Tommy Atkins liqueurs. The liqueurs presented 

high antioxidant activity. The main bioactive compounds found were flavanols (epicatechin-gallate, 

epigallocatechin-gallate), flavonols (quercetin-3-O-glucopyranoside and rutin), and phenolic acids (gallic 

acid, o-coumaric acid, and syringic acid). 

Etuh et al. (2019) evaluated in-vivo antioxidant activity of Mangifera indica cold aqueous leaf extract. The 

% mortality of flies after 5 days showed 32.5%, 0%, 15.5% and 37% in the control (10 g diet with 200 μl 

of distilled water), 2.5 mg/10 g diet, 5 mg/10 g diet and 10 mg/ 10 g diet respectively. There was elevation 

in total thiol content and high GST and CAT activity in 2.5 mg/10 g diet and 5 mg/10 g diet treated flies. 

Vazquez‐Olivo et al. (2019) evaluated the potential use of this plant material for human consumption. In 

this study, the phenolic content from the MBE from four varieties (Kent, Keitt, Ataulfo and Tommy Atkins) 

was analyzed by high‐performance liquid chromatography coupled to photodiode array detector (HPLC‐

DAD) and liquid chromatography coupled with time‐of‐flight mass spectrometry (LC/MS‐TOF). 

Furthermore, the Ataulfo variety showed the highest cellular antioxidant activity (67%) at the concentration 

of 100 µg mL−1. The intestinal permeability of mangiferin present in the bark extracts was 3‐ to 4.8‐fold 

higher than those of mangiferin as standard, whereas the intestinal permeability of gallic acid varied among 

the tested extracts. 

Abbasi et al. (2017) evaluated cellular antioxidant activity (CAA) and inhibition of hepato‐cellular 

carcinoma (HepG2) proliferation for the first time in the pulp and peel of mango cultivars. Comparatively, 

peel had high flavonoids and tocopherols content and showed significant antioxidant activity. Among all 
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the studied cultivars, the Xiao Tainong peel was predominant with highest fistein, mangiferin and alpha‐

tocopherol content and significant cellular antioxidant activity value 2986 ± 380 μmol QE/100 g FW. The 

HepG2 cells antiproliferation was maximum in the peel of Da Tainong and pulp of Aozhou with lowest 

EC50 values, 2.35 ± 0.65 and 185.4 ± 10.9 (pulp) mg mL−1, in a dose‐dependent manner. Negative 

associations of flavonoids and tocopherol compounds with CAA and antiproliferative activity in mango 

confirmed synergistic, additive or antagonistic actions of phytochemicals. The current study suggests that 

mango peel could be used as a value added ingredient or functional food and may contribute considerably 

to promote consumer health. 

Santhirasegaram et al. (2015) subjected freshly squeezed Chokanan mango juice to thermal treatment (at 

90 °C for 30 and 60 s), sonication (for 15, 30 and 60 min at 25 °C, 40-kHz frequency) and UV-C treatment 

(for 15, 30 and 60 min at 25 °C). The results showed better retention of individual phenolic compounds in 

non-thermal-treated juice, when compared to the control and thermally treated juice. A significant 

enhancement in antioxidant activities were observed after non-thermal treatment. The sensory evaluation 

verified that non-thermal-treated juice was preferred more than thermally treated juice.  

Meneses et al. (2015) tested antioxidant extract by solid–liquid extraction using aqueous acetone (80% v/v) 

and subsequent adsorption/desorption in C18 cartridge. Recovery of antioxidants was performed by SAE 

using SC-CO2 as anti-solvent. The product obtained was a dry powder, spherical nanoparticles with a 

particle diameter of 143 ± 40 nm with an antioxidant activity of 851.9 μMol TE/g and a half inhibition 

concentration of DPPH radical of 90 μg/mL. The analyses performed indicated that SAE processing of 

natural extracts is effective for improving the activity of natural antioxidant compounds by producing 

nanoparticles. 

Mohan et al. (2013) evaluated the anti-oxidant and anti-inflammatory activity of leaf extracts and fractions 

of Mangifera indica in in vitro conditions. In in-vitro DPPH radical scavenging activity, the MEMI, 

EMEMI and BMEMI have offered significant antioxidant activity with IC50 values of 13.37, 3.55 and 14.19 

μg/mL respectively. Gallic acid, a reference standard showed significant antioxidant activity with 

IC50 value of 1.88 and found to be more potent compared to all the extracts and fractions. In in vitro LOX 

inhibition assay, the MEMI, EMEMI and BMEMI have showed significant inhibition of LOX enzyme 

activity with IC50 values of 96.71, 63.21 and 107.44 μg/mL respectively. While, reference drug 

Indomethacin also offered significant inhibition against LOX enzyme activity with IC50 of 57.75.  

Arogba and Omede (2012) evaluated antioxidant activity of processed mango (Mangifera indica) kernel 

(PMK), processed Bush Mango (Irvingia gabonensis) kernel (PBMK) and the mixture of both (MKK) at 

50: 50 using 2, 2-diphenyl -1-picryl hydrazyl (DPPH). The median inhibitory concentrations (IC50) of the 

three samples showed better correlation with that of reference Quercetin than the reference Vitamin C used. 

The three samples showed relatively higher radical scavenging effect than the reference samples. The result 

was significant at p < (0.05), indicative of high level flavonoid and phenolic acid content. 

https://www.sciencedirect.com/topics/food-science/phenolic-acids
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Fernández-Ponce et al. (2012) applied supercritical fluid extraction (SFE) and subcritical water extraction 

(SWE) from mango leaves in order to obtain extracts with high phenolic content and potent antioxidant 

activity. The antioxidant activity was evaluated by DPPH assay, and the quantification of the main 

polyphenols of mango leaves by HPLC analysis. SWE showed global yields up to 35% for Kent variety, 

and extracts with antioxidant activities superior to (+)-α-tocopherol related with their high content on the 

polyphenols mangiferin and quercetin. 

Sultana et al. (2012) determined antioxidant activity of leaves, peels, stem bark, and kernel of mango 

varieties langra and chonsa. Total phenolic (TPC) and total flavonoid contents (TFCs) in segments of langra 

ranged from 63.89 to 116.80 mg GAE/g DW and 45.56 to 90.89 mg CE/g DW, respectively, and that of 

chonsa were 69.24 to 122.60 mg GAE/g DW and 48.43 to 92.55 mg CE/g DW, respectively. The 2, 2‐

diphenyl‐1‐picrylhydrazyl (DPPH) scavenging activity and linoleic inhibition capacity in segments of 

langra ranged from 53.30% to 61.10% and 40.0% to 47.20%, respectively, whereas for chonsa; 56.40% to 

66.0% and 48.1% to 49.0%, respectively. The reducing potentials of different segments of langra and 

chonsa at concentration of 10 mg/mL were 0.512 to 0.850 and 0.595 to 0.665 mV, respectively. Comparison 

between both varieties showed chonsa exhibited better antioxidant activity. Data were analyzed by analysis 

of variance (ANOVA) using completely randomised design (CRD) under factorial. 

Palafox-Carlos et al. (2012) investigated how the ripening stage affects their total phenolic content and 

antioxidant activity. The quality parameters were significantly different (P ≤ 0.05) in fruits of different RS, 

except for firmness and pulp color that were similar in fruits from RS3 and RS4. Mango fruits from RS2 

and RS3 accumulated the highest phenol content (174 mg EAG/100 g FW) and antioxidant capacity 

measured by DPPH (93% inhibition). In general, the antioxidant capacity in fruit from the four stages 

measured by DPPH and FRAP was similar (8.2 μMET/g).  

Varakumar et al. (2011) identified Carotenoids and quantified in puree and wine. Results showed that the 

percentage decrease in xanthophylls levels in wine were in the range of 69.3–89.7%, and >80% degradation 

was noted in Banginapalli, Neelam, Sindhura and Totapuri and 15.3–26.5% for β‐carotene. However, 

significant degradation of β‐carotene was observed in only Totapuri wine, indicating that lutein was more 

sensitive to degradation than β‐carotene during fermentation. Antioxidant activity of mango wine was 

evaluated using in vitro models. The highest radical‐scavenging activity was shown by Alphonso (91), 

Sindhura (90) and Banginapalli (88%), respectively, whereas Alphonso (71), Banginapalli and Sindhura 

(68.5%) had shown higher inhibitory effect on low‐density lipoprotein oxidation. The Hunter color values 

of the mango wines were also evaluated and the results are presented. 

Kim et al. (2010) investigated the antioxidant and antiproliferative properties of flesh and peel of mango 

(Mangifera indica L.). The mango peel extract exhibited stronger free radical scavenging ability on 1,1-

diphenyl-2-picrylhydrazyl (DPPH) and alkyl radicals than mango flesh extract, regardless of ripeness. 

Similarly, peel extract exhibited significant antiproliferative effect against all tested cancer cell lines, 
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compared to that of flesh extract, in a dose-dependent manner. The result also showed that the 

antiproliferative activity of mango flesh and peel extracts correlated with their phenolic and flavonoid 

contents. Thus, mango peel, a major by-product obtained during the processing of mango product, exhibited 

good antioxidant activity and may serve as a potential source of phenolics with anticancer activity. 

A.7.6 Toxicity of Mangifera indica 

Reddeman et al. (2019) performed a battery of OECD- and GLP-compliant toxicological studies on mango 

leaf extract (Mangifera indica) containing 60% mangiferin. No evidence of genotoxicity was found in a 

bacterial reverse mutation test (Ames). While evidence of clastogenic activity was noted in an in-vitro 

chromosomal aberration test, an in-vivo mammalian micronucleus test showed no findings up to the limit 

dose (2000 mg/kg bw). A 90-day repeated dose oral toxicity study was conducted in rats using doses of 0 

(vehicle control), 500, 1000, and 2000 mg/kg bw/day. Based on the lack of mortality or toxic effects in the 

90-day study, the NOAEL for MLE in Han:Wist male and female rats was determined to be 2000 mg/kg 

bw/day, the highest dose tested. 

Prado et al. (2015) investigated pharmacological properties of mangiferin have been reported, but few 

studies mangiferin toxicity. Single doses of mangiferin were administered by oral or i.p. route or were 

applied dermally to Sprague-Dawley rats and Balb/C mice. Clinical symptoms of animals were observed 

during 14 days after treatment. Animals also received single oral doses daily for 28 consecutive days. Blood 

biochemistry, hematology and pathology findings were reported. : In the acute study, no toxic effects were 

observed after dermal exposure to mangiferin 2000 mg/kg but transient dyspnea, flank position and 

piloerection were observed after oral administration to this xanthone. I. p. administration induced similar 

toxicity signs, but at the highest dose (2000 mg/kg) all mice, one female rat and one male rat died. Rats 

orally treated with mangiferin (250-1000 mg/kg) for 28 days did not show any abnormal clinical signs or 

hematology alterations, when compared to control group animals. Histopathological alterations like 

vacuolar degeneration, necrosis and increment of apoptosis of the acinar cells were observed in the exocrine 

pancreas of rats at 1000 mg/kg. This suggesting that exocrine pancreas was the target organ for mangiferin’s 

toxicity. 

2.7.2 Lamiaceae family 

The family Lamiaceae or Labiatae contains many valuable medicinal plants. In the family are 236 genera 

and between 6900 and 7200 species. To the most abundant genera 

belong Salvia (900species), Scutellaria (360), Stachys (300), Plectranthus (300), Hypis (280), Teucrium 

(250), Vitex (250), Thymus (220), and Nepeta (200). Lamiaceae plants rich in essential oils have great 

worth in natural medicine, pharmacology, cosmetology, and aromatherapy (Karpiński, 2020). It contains 

important aromatic plants used in traditional and modern medicine and in the food and pharmaceutical 

industries. Rosemary, thyme, oregano, and sage are the most popular plants in Spanish traditional remedies 

and are often used for the treatment of gastritis, infections, dermatitis, bronchitis, and inflammation. 
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Particularly, rosemary and sage have been extensively studied for their anti-oxidative and antimicrobial 

activity (Degirmen, 2010, González-Minero et al., 2020).  

A. Rosmarinus officinalis L. 

Rosmarinus officinalis L., commonly known as rosemary, belongs to the Lamiaceae family. It is an 

aromatic plant with needle-like leaves that is cultivated worldwide (Kompelly et al., 2019). Rosemary has 

therapeutic properties and has been used in folk medicine as an oral preparation to relieve renal colic, 

dysmenorrhea, and muscle spasms. Rosemary has antifungal, antiviral, antibacterial, anti-inflammatory, 

antitumor, antithrombotic, antinociceptive, antidepressant, antiulcerogenic, and antioxidant activities (Uritu 

et al., 2018). 

A.1 Scientific classification of Rosmarinus officinalis 

Kingdom Plantae 

 

Class Magnoliopsida 

Sub class Asteridae 

Order Lamiales 

Family Lamiaceae 

Genus Rosmarinus  

Species Rosmarinus 

officinalis 

Vernacular 

name 

Rosemary 

(Begum et al., 2013b).  

A.2 Botanical Description of Rosmarinus officinalis 

Rosemary is a perennial shrub and usually grows to about 1 metre (3.3 feet) in height, though some plants 

can reach up to 2 metres (6.6 feet) tall. The linear leaves are about 1 cm (0.4 inch) long and somewhat 

resemble small curved pine needles. They are dark green and shiny above, with a white underside and 

curled leaf margins. The small bluish flowers are borne in axillary clusters and are attractive to bees. 

Rosemary is fairly resistant to most pests and plant diseases, though it is susceptible to certain fungal 

infections, such as powdery mildew, in humid climates. It is also a common host to spittlebugs. The plants 

are easily grown from cuttings (Foote, 2008). Stem Rosemary is an evergreen, shrubby herb that grows to 

a height of 1 to 2 m, with a unique aromatic odour and a camphoraceous undertone. The erect stems are 

divided into numerous long, slender branches that have ash-coloured and scaly bark. Leaves The branches 

bear opposite, leathery thick leaves which are lustrous, linear, dark green above and downy white below. 

Flower: The flowers are small and pale blue to deep blue. Much of the volatile essential oils reside in their 

calyces. 

 

Figure (2:21): plant of Rosmarinus officinalis (Hussain et al., 2020). 

 

https://www.britannica.com/science/perennial
https://www.britannica.com/plant/shrub
https://www.britannica.com/science/leaf-plant-anatomy
https://www.britannica.com/plant/pine
https://www.britannica.com/science/flower
https://www.britannica.com/animal/bee
https://www.britannica.com/science/plant-disease
https://www.britannica.com/science/powdery-mildew
https://www.britannica.com/animal/froghopper
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A.3 Distribution of Rosmarinus officinalis 

R. officinalis is native to the Mediterranean region, from where it has been introduced into all continents. 

In India, it is reportedly often cultivated in gardens, while it is much rarer in Pakistan. The species is an 

introduced species in the West Indies and is reported to be invasive to Cuba (Acevedo‐Rodríguez et al., 

2012, Oviedo et al., 2012). The main producers are Italy, Spain, Greece, Turkey, Egypt, France, Portugal 

and North Africa (Svoboda and Deans, 1992). 

A.4 Ethno medicine uses of Rosmarinus officinalis 

The traditional medicine of R. officinalis, the leaves of R. officinalis L. are used based on their antibacterial 

activities (Bozin et al., 2007), carminative (Begum et al., 2013b, Evans, 2009a, Heinrich et al., 2017) and 

as analgesic in muscles and joints (Wichtl, 2004, Begum et al., 2013a). Also, rosemary’s essential oils and 

extracts obtained from flowers and leaves are used to treat minor wounds, rashes, headache, dyspepsia, 

circulation problems, but also as an expectorant, diuretic and antispasmodic in renal colic (Begum et al., 

2013a, Ulbricht et al., 2010). 

A.5 Chemical constituents of Rosmarinus officinalis 

R. officinalis contains secondary metabolites with therapeutic potential, such as carnosol and carnosic, 

rosmarinic, ursolic, oleanolic, and micromeric acids (De Macedo et al., 2020). Polyphenols are antioxidant 

chemical compounds primarily responsible for the fruit coloring, which are classified as phenolic acids, 

flavonoids and nonflavonoids (Doughari, 2012). In addition to their antioxidant properties, they play a very 

important role in the plant defenses against herbivores, pathogens and predators; therefore, they have an 

application in the control of infectious agents in humans (Doughari, 2012). In R. officinalis, the most 

common polyphenols are apigenin, diosmin, luteolin, genkwanina and phenolic acids (>3%), especially 

rosmarinic acid, chlorogenic acid and caffeic acid (Al-Sereiti et al., 1999, Samuelsson and Bohlin, 2017). 

Other major compounds common in rosemary are terpenes, usually present in essential oils and resins, 

which include over 10,000 compounds divided into mono-, di-, tri- and sesquiterpenes, depending on the 

number of carbon atoms and isoprene groups (Choi and Moore) (Lovkova et al., 2001). It is possible to 

find in rosemary terpenes such as epirosmanol, carnosol, carnosic acid (tricyclic diterpenes), ursolic acid 

and oleanolic acid (triterpenes) (Ulbricht et al., 2010, Samuelsson and Bohlin, 2017). 

A.6 Biological Activity of Rosmarinus officinalis 

A number of in-vitro studies has been carried out to reveal various pharmacological potentials of R. 

officinalis. 

A.6.1 Antibacterial activity of Rosmarinus officinalis 

Soulaimani et al. (2021) evaluated antibacterial effects of essential oil (EOs) obtained from Lavandula 

maroccana (Murb.), Thymus pallidus Batt., and Rosmarinus officinalis L. against three multi-drug resistant 

Gram-negative bacteria. EOs tested individually demonstrated moderate antibacterial activity with MIC 

and MBC values from 1.3 mg/mL to72 mg/mL, whereas the FICI of their binary combinations revealed 
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interesting interactions. The combination of EOs obtained from T. pallidus and L. maroccanas showed the 

highest number of effective combinations, with synergistic effects against P. aeruginosa and K. 

pneumoniae, and an additive effect against E. coli. The mixture of L. maroccana and R. officinalis EOs 

showed synergistic effects against E. coli and P. aeruginosa with an additive effect against K. pneumoniae. 

The combination of R. officinalis and T. pallidus EOs showed a synergistic effect against K. 

pneumoniae only. 

Al Zuhairi et al. (2020) evaluated the essential oil components by Gas Chromatography-Mass 

Spectrometry. The essential oil showed antibacterial activity against all the tested strains, with inhibition 

zones and minimum inhibitory concentrations (MIC) in the range of 7.00 ± 0.00–9.6 ± 0.32 mm and 0.06 

± 0.00 to 0.16 ± 0.07 mg/mL, respectively. The minimum bactericidal concentration (MBC) values were 

equal to MIC values. The greatest microbial inhibitory effect was against Staphylococcus 

aureus, Klebsiella pneumoniae, and Proteus vulgaris, respectively.  

Silva et al. (2019) evaluated the efficacy of different concentrations of essential oils combined with calcium 

hydroxide against Enterococcus faecalis. MICs in the range of 0 to 100 mg/ml were only observed in the 

ROH group. The RO, ROH, AB, ZO, and ZOH presented absolute data for MBC. Bacterial growth was 

detected in the DWH group at all concentrations tested. The combination of the essential oils tested here 

with calcium hydroxide appears promising as an intracanal medication in endodontic treatment because of 

its effectiveness against Enterococcus faecalis. Essential oils are important in endodontic therapy since 

calcium hydroxide, the gold standard intracanal medication, is not effective against E. faecalis. 

Stojiljkovic et al. (2018) investigated antibacterial effects of rosemary essential oils  on some Gram-positive 

and Gram-negative bacteria: Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Proteus vulgaris, 

Pseudomonas aeruginosa. Listeria monocytogenes, Salmonella enteritidis, Salmonella typhimurium. The 

antimicrobial and other biological activities of rosemary essential oil are directly correlated with the 

presence of bioactive volatile components. And it has been used as alternative antimicrobial food 

preservatives.  

Satyal et al. (2017) obtained the essential oils of R. officinalis from plants growing in Victoria (Australia), 

Alabama (USA), Western Cape (South Africa), Kenya, Nepal, and Yemen. Chemical compositions of the 

rosemary oils were analyzed by gas chromatography-mass spectrometry as well as chiral gas 

chromatography. The oils were dominated by (+)-α-pinene (13.5%–37.7%), 1,8-cineole (16.1%–29.3%), 

(+)-verbenone (0.8%–16.9%), (−)-borneol (2.1%–6.9%), (−)-camphor (0.7%–7.0%), and racemic limonene 

(1.6%–4.4%). Hierarchical cluster analysis, based on the compositions of these essential oils in addition to 

72 compositions reported in the literature, revealed at least five different chemotypes of rosemary oil. 

Antifungal, cytotoxicity, xanthine oxidase inhibitory, and tyrosinase inhibitory activity screenings were 

carried out, but showed only marginal activities. 
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Mekonnen et al. (2016) evaluated the in-vitro antimicrobial activities of four plant essential oils (T. 

schimperi, E. globulus, R. officinalis, and M. Chamomilla). Results of this study revealed that essential oils 

of T. schimperi, E. globulus, and R. officinalis were active against bacteria and some fungi. The 

antimicrobial effect of M. chamomilla was found to be weaker and did not show any antimicrobial activity. 

The minimum inhibitory concentration values of T. schimperi were 15.75 mg/mL for most of the bacteria 

and fungi used in this study. The minimum inhibitory concentration values of the other essential oils were 

in the range of 15.75–36.33 mg/mL against tested bacteria. This study highlighted the antimicrobial activity 

of the essential oil of E. globulus, M. chamomilla, T. Schimperi, and R. officinalis. 

Pesavento et al. (2015) investigated antimicrobial activity of five essential oils  up to 72 h against foodborne 

pathogens (Staphylococcus aureus, Listeria monocytogenes, Salmonella enteritidis, Campylobacter 

jejuni). The most active EOs were Thymus vulgaris and Origanum vulgare, followed by Cinnamomum 

zeylanicum, Rosmarinus officinalis, and Salvia officinalis. The antimicrobial activity of O. 

vulgare, Rosmarinus officinalis and T. vulgaris was investigated against five enterotoxin producers of S. 

aureus and five L. monocytogenes strains, for different amounts of time (up to 14 days), at 4 °C, in 

meatballs. Concentrations of 2% and 1% restricted the growth of both the pathogens but, as a result of panel 

tests, altered the meat flavor. The cooked meatballs containing 0.5% of EO were acceptable in terms of 

taste, and the oils were able to suppress concentrations of <102 CFU/g of the pathogens, revealing the 

potential use of R. officinalis, T. vulgaris and O. vulgare as food preservatives at this concentration. 

Ceylan et al. (2014) investigated the antibiofilm activity of the essential oil from Rosmarinus officinalis 

against biofilm formation of Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas 

aeruginosa, Pseudomonas fluorescens, Bacillus cereus and Bacillus subtilis. The antibiofilm effect of 

MBC, MIC, MIC/2, MIC/4, MIC/8 and MIC/16 concentrations of Rosmarinus officinalis essential oil was 

assessed by the microplate biofilm assay. The essential oil exhibited significant antibacterial activity against 

all tested bacteria. In contrast to the antibacterial activity, MBC and subinhibitory concentrations of 

essential oil showed limited antibiofilm activity. MBC concentrations of essential oil attenuated the biofilm 

formation at 60.76% and 74.7% for Staphylococcus aureus MU 47 and Pseudomonas aeruginosa MU 187, 

respectively. 

Jordán et al. (2013) determined in individual Rosmarinus officinalis L, the effect of the order of abundance 

among the components that define the rosemary essential oil chemotype (eucalyptol, camphor, α-pinene), 

on the antimicrobial activity. Determination of the diameter of inhibition in Salmonella 

typhimurium pointed to a positive contribution effect of eucalyptol and α-pinene. A high proportion of α-

pinene increases the effectiveness of the oil against Staphylococcus aureus, while the presence of 

eucalyptol, as the most abundant compound, considerably decreases the efficiency of rosemary oil. In 

contrast, the efficacy of these oils against Listeria monocytogenes and Escherichia coli was not affected by 

this condition. As regards the minimum inhibitory (MIC) and bactericide (MBC) concentrations, the strong 
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activities exhibited by these essentials oils (<0.5 μL/mL) did not allow the chemotypes and antibacterial 

activities to be differentiated. 

Wang et al. (2012) evaluated of Rosmarinus officinalis L. essential oil and three of its main components 

1,8-cineole (27.23%), α-pinene (19.43%) and β-pinene (6.71%) for their in vitro antibacterial activities and 

toxicology properties. R. officinalis L. essential oil possessed similar antibacterial activities to α-pinene, 

and a little bit better than β-pinene, while 1,8-cineole possessed the lowest antibacterial activities. . 

Bendeddouche et al. (2011) evaluated the antimicrobial activity against three pathogenic bacteria: Gram-

negative (Escherichia coli and Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus). The 

essential oil exhibited strong antibacterial activity against E. coli and P. aeruginosa, and was also active 

against Staphylococcus aureus. 

Jarrar et al. (2010) determined the antimicrobial activity of rosemary (Rosmarinus officinalis L.) and to 

investigate the synergistic effects of this extract combined with ceforuxime against methicillin resistant 

Staphylococcus aureus (MRSA). The minimum inhibitory concentrations (MICs) of the ethanol extract of 

rosemary were in the range of 0.39-3.13 mg/mL. The minimum bactericidal concentrations (MBCs) were 

usually equal to or double that MICs. The antimicrobial activity of combinations of the ethanol extract of 

rosemary and cefuroxime indicated their synergistic effects against all MRSAs. 

A.6.2 Antifungal activity of Rosmarinus officinalis 

Achimón et al. (2021)  evaluated the chemical composition of Curcuma longa, Pimenta dioica, Rosmarinus 

officinalis, and Syzygium aromaticum essential oils  and their antifungal and anti-conidiogenic activity 

against Fusarium verticillioides. S. aromaticum EO exhibited the highest antifungal effect, followed by P. 

dioica and to a lesser extent C. longa. Rosmarinus officinalis poorly inhibited fungal growth; however, it 

was the only EO that inhibited conidial production, with its major components being 1,8-cineole (53.48%), 

α-pinene (15.65%), and (−)-camphor (9.57%). The results showed that some compounds are capable of 

decreasing mycelial growth without affecting sporulation, and vice versa. However, not all the compounds 

of an EO are responsible for its bioactivity.  

Da Silva Bomfim et al. (2020) evaluated the antifungal and antiaflatoxigenic activity of Rosmarinus 

officinalis L. essential oil (REO) against Aspergillus flavus Link. REO by hydrodistillation and its major 

components were identified as 1,8-cineole (eucalyptol, 52.2%), camphor (15.2%) and α-pinene (12.4%) by 

GC/MS and NMR. The minimum inhibitory concentration (MIC) and minimum fungicidal concentration 

(MFC) were both 500 µg/mL. REO reduced the mycelial growth of A. flavus at a concentration of 

250 µg/mL (15.3%). The results obtained from scanning electron microscopy (SEM) demonstrated a 

reduction in the size of conidiophores and in the thickness of hyphae in A. flavus caused by treatment with 

REO (250 µg/mL). The production of ergosterol and the biomass of mycelium were both reduced as the 

REO treatment concentration increased. The production of aflatoxins B1 and B2 was inhibited after 

treatment with 250 µg/mL REO, a concentration below the MIC/MFC, indicating that the antiaflatoxigenic 
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effect of REO is independent of its antifungal effect and is likely due to its direct action upon toxin 

biosynthesis.  

Kaab et al. (2019) aimed to assess the antifungal and herbicidal activities of Rosmarinus officinalis essential 

oil (EO) to find an alternative to synthetic pesticides. It was confirmed that this EO significantly inhibits 

spore germination of Fusarium oxysporum, Fusarium culmorum and Penicillium italicum at 6 mM, the 

percentage of inhibition reached 100% on Fusarium oxysporum. Indeed, EO slows down seedling growth 

of Trifolium incarnatum, Silybum marianum, and Phalaris minor. In fact, EO at 5 mM completely inhibits 

seed germination. 

Diánez et al. (2018) screened the antifungal properties of 12 Eos, that is, Syzygium 

aromaticum, Pelargonium graveolens, Lavandula angustifolia, Cupresus sempervirens, Mentha 

piperita, Santolina chamaecyparissus, Citrus sinensis, Pogostemon patchouli, Thymus 

mastichina, Thymus vulgaris, Eucalyptus globulus and Rosmarinus officinalis. The mycelial growth 

inhibition and ED50 were calculated. The chemical analysis of the EOs was analysed using gas 

chromatography–mass spectroscopy. A total of 58 compounds were identified in the 12 EOs. All essential 

oils  analysed showed antifungal activity against the test pathogens in the range of 5·32–100%. The 

inhibitory effect of oils showed dose‐dependent activity on the tested fungus. Based on the ED50 values, 

clove, rose geranium, peppermint and patchouli were the most effective.  

Ksouri et al. (2017) studied the antifungal activity of the essential oils 

from Origanum floribundum Munby., Rosmarinus officinalis L.and Thymus ciliatus Desf. against 

a Candida albicans reference strain and ten C. albicans isolated strains from bovine clinical mastitis. The 

three essential oils revealed highly effective anticandidal activity, with an MIC of 80% values ranged from 

15.02 to 31.08 μg/mL. 

Sepehri et al. (2016) investigated the antifungal effects of Echinophora platyloba and Rosmarinus 

officinalis extracts on C. albicans species. The minimum inhibitory concentration was determined by the 

microtitration technique. The results showed that the leaf extracts of E. platyloba and R. officinalis had 

strong antimicrobial activities. Also, based on the findings, R. officinalis leaf extracts exhibited higher 

antimicrobial activity. The ethanolic leaf extracts of E. platyloba and R. officinalis showed good 

antimicrobial activity against C. albicans strains. However, the aqueous extracts did not show any major 

activities against the tested C. albicans strains. On the other hand, the ethanolic extracts exhibited major 

antimicrobial properties against C. albicans strains. The highest minimum inhibitory concentration was 

reported in E. platyloba leaf extracts. 

Felsociova et al. (2015) screened 15 essential oils of selected plant species, Lavandula angustifolia, Carum 

carvi, Pinus mungo var. pulmilio, Mentha piperita, Chamomilla recutita L., Pinus sylvestris, Satureia 

hortensis L., Origanum vulgare L., Pimpinella anisum, Rosmarinus officinalis L., Salvia officinalis L., 

Abietis albia etheroleum, Chamomilla recutita L. Rausch, Thymus vulgaris L., Origanum vulgare L. for 

https://www.sciencedirect.com/topics/medicine-and-dentistry/antifungal-activity
https://www.sciencedirect.com/topics/immunology-and-microbiology/origanum
https://www.sciencedirect.com/topics/medicine-and-dentistry/thymus
https://www.sciencedirect.com/topics/immunology-and-microbiology/candida-albicans
https://www.sciencedirect.com/topics/immunology-and-microbiology/candida-albicans
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antifungal activity against five Penicillium species: Penicillium brevicompactum, Penicillium citrinum, 

Penicillium crustosum, Penicillium expansum and Penicillium griseofulvum. There were five essential oils 

of the 15 mentioned above which showed a hopeful antifungal activity: Pimpinella anisum, Chamomilla 

recutita L., Thymus vulgaris, Origanum vulgare L. The most hopeful antifungal activity and killing effect 

against all tested penicillia was found to be Origanum vulgare L. and Pimpinella anisum. The lowest level 

of antifungal activity was demonstrated by the oils Pinus mungo var. pulmilio, Salvia officinalis L., Abietis 

albia etheroleum, Chamomilla recutita L. Rausch, Rosmarinus officinalis. 

Stupar et al. (2014) investigated the antifungal activity of  Origanum vulgare, Rosmarinus 

officinalis and Lavandula angustifolia (Lamiaceae) essential oils and biocide benzalkonium chloride 

against fungi isolated from stone (Bipolaris spicifera and Epicoccum nigrum) and wooden substrata 

(Aspergillus niger, Aspergillus ochraceus, Penicillium sp. and Trichoderma viride) of cultural heritage 

objects. Carvacrol (64.06%) was the main component of O. vulgare essential oil, while linalool (37.61%) 

and linalool acetate (34.86%) dominated in L. angustifolia essential oil. The main component of R. 

officinalis essential oil was 1.8-cineole (44.28%). To determine fungistatic and fungicidal concentrations 

(MIC and MFC) micro-, macrodilution and microatmosphere methods were used. Mycelial growth 

and spore germination of fungal isolates were inhibited with different concentrations of antifungal agents. 

The oil of O. vulgare and biocide benzalkonium chloride displayed the strongest antifungal activities 

followed by R. officinalis and L. angustifolia essential oils. MIC and MFC values obtained in 

microatmosphere and microdilution method for O. vulgare essential oil ranged from 0.1 to 2.0 μL mL− 1, 

while for R. officinalis and L. angustifolia ranged from 10.0 to 100.0 μL mL− 1. The most susceptible 

fungus to essential oil treatments was E. nigrum. MIC and MFC values for benzalkonium chloride ranged 

from 0.1 to 4.0 μL mL− 1. Tested isolates, A. niger and A. ochraceus, were the most susceptible for biocide 

treatment. 

Matsuzaki et al. (2013) evaluated the antifungal activities against C. albicans of essential oils from seven 

aromatic plants from three manufacturers, and of three chemotype essential oils from rosemary 

(Rosmarinus officinalis). As a result, we found that the antifungal activity was increased several times by 

the addition of Tween 80. All the tested essential oils showed stable antifungal activity, however, the 

variation was observed among the manufacturers of rosemary and eucalyptus. Rosemary has three 

chemotypes; Cineol, Camphor and Verbenon. They derived from a same plant species, but contain different 

chemical components. The Cineol, dose-dependently decreased the number of C. albicans in the time-kill 

assay.  

Mugnaini et al. (2012) evaluated the anti-M. canis activity of some EOs chemically characterized both in 

vitro and in vivo. Eleven feline isolates of M. canis were tested by microdilution against EOs extracted 

from Thymus serpillum, Origanum vulgare, Rosmarinus officinalis, Illicium verum and Citrus limon. A 

mixture composed by 5% O. vulgare, 5% R. officinalis and 2% T. serpillum, in sweet almond oil was 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/origanum-vulgare
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rosmarinus-officinalis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rosmarinus-officinalis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lavandula-angustifolia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/essential-oils
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/biocide
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bipolaris
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/epicoccum-nigrum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspergillus-niger
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspergillus-ochraceus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/penicillium
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/trichoderma-viride
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/linalool
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spore-germination
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fungal-isolates
https://www.sciencedirect.com/topics/medicine-and-dentistry/thymus
https://www.sciencedirect.com/topics/medicine-and-dentistry/oregano
https://www.sciencedirect.com/topics/medicine-and-dentistry/illicium-verum
https://www.sciencedirect.com/topics/medicine-and-dentistry/almond-oil
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administered to seven infected, symptomatic cats. T. serpillum and O. vulgare showed the lowest MICs, 

followed by I. verum, R. officinalis and C. limon. The assay performed on mixture showed 

that antimycotic activity of each component was enhanced. Four out of seven treated cats recovered both 

clinically and culturally. T. serpillum and O. vulgare EOs showed a strong antifungal activity. Preliminary 

data suggest a possible application in managing feline microsporiasis 

Makhloufi et al. (2011) tested the antifungal activity of this oil against seven fungal strains isolated from 

dates and wheat. The inhibitory effect of this oil on fungal growth suggests prospects for its application in 

the food industry. The microbiological analyses of dates showed the existence of a fungal flora dominant 

by Penicillium and Aspergillus. Besides, the influence of the addition of R. officinalis L. and/ or its essential 

oil on the physicochemical and microbiological quality of dates showed a decrease in humidity, the pH, a 

light increase of the acidity and a reduction of the microbial flora. 

Centeno et al. (2010) tested the antifungal activity of ethanolic extracts of Rosmarinus officinalis and 

Thymus vulgaris against strains of Aspergillus flavus and A. ochraceus, since these two species are common 

contaminants of cereals and grains and are able to produce and accumulate mycotoxins. The results obtained 

suggest that the assayed extracts affect the proper development of A. flavus and A. ochraceus; leading to a 

lower MIC (1200 ppm) and MFC (2400 ppm) for T. vulgaris extract against A. ochraceus than against A. 

flavus. 

A.6.3 Antiprotozoal activity of Rosmarinus officinalis 

Anacarso et al. (2019) studied the anti-amoebic activity of essential oils, derived from rosemary 

(Rosmarinus officinalis L.) and cloves (Syzygium aromaticum L. Merr. & Perry), against Acanthamoeba 

polyphaga strain. This activity was evident after few hours, with encouraging results obtained in particular 

with cloves EO, able to act at the lower concentrations and after 1 h, probably for its high eugenol content 

(65.30%). 

Dahab (2015) assessed two herbs (Syzygium aromaticum and Rosmarinus officinalis) for their antimicrobial 

activity against Giardia lamblia causing giardiasis in humans and Streptococcus agalactiae, a major fish 

pathogen causing streptococcosis. Methanol extract from R. officinalis was strongly active against G. 

lamblia (IC50 = 0.689 mg/mL) and Syzygium aromaticum was good activity against G. lamblia (IC50 = 

0.755 mg/mL). On the other hand, ethanol extract from Syzygium aromaticum was strongly active against 

G. lamblia (IC50 = 1.227 mg/mL) and R. officinalis was good active against G. lamblia (IC50 = 2.874 

mg/mL). None of the aqueous extracts of the two plants were active against tested protozoan. Methanol 

extracts of Syzygium aromaticum and Rosmarinus officinalis produced the largest (22.2±1.2 mm) and 

(25.4±0.9 mm) inhibition zones, respectively. Determination of minimal inhibitory concentration (MIC) of 

herb extracts against S. agalactiae showed that the methanol extract of Rosmarinus officinalis had the 

lowest MIC value (6.25 mg/L). methanol extract of Syzygium aromaticum was a moderate MIC (12.5 

mg/L).  

https://www.sciencedirect.com/topics/medicine-and-dentistry/antifungal-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/antifungal-activity
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Azeredo et al. (2014) analyzed the biological activity of different EOs on Trypanosoma cruzi, as well as 

their cytotoxicity on Vero cells. Evaluated on T. cruzi epimastigote forms: Cinnamomum verum, Citrus 

limon, Cymbopogon nardus, Corymbia citriodora, Eucalyptus globulus, Eugenia uniflora, Myrocarpus 

frondosus, and Rosmarinus officinalis. Cinnamomum verum EO was the most effective against T. 

cruzi epimastigotes (IC50/24 h = 24.13 μg/ml), followed by Myrocarpus 

frondosus (IC50/24 h = 60.87 μg/ml) and Eugenia uniflora (IC50/24 h = 70 μg/ml). The EOs of C. 

citriodora, E. globulus, and R. officinalis showed no activity at concentrations up to 300 μg/ml. T. 

cruzi metacyclic trypomastigotes and intracellular amastigotes with C. verum EO resulted in IC50/24 h 

values of 5.05 μg/ml and 20 μg/ml, respectively. Therefore, trypomastigotes are more susceptible than 

epimastigotes, with selectivity index (SI) about 4.7-fold higher (9.78 and 2.05, respectively).  

Elbadr et al. (2013b) selected for new natural anti-protozoal chemotherapy, two plants of the family 

Lamiaceae, Rosmarinus officinalis and Ocimum basilicum. Petroleum ether extract from R. officinalis was 

strongly active against G. lamblia (IC50 = 4.382 mg/ml-1) and good activity of O. basilicum (IC50 = 14.9 

mg/ml-1). Ethyl acetate extract from R. officinalis was strongly active against G. lamblia (IC50 = 2.02 mg/ml-

1) and moderate activity of O. basilicum (IC50 = 25.4 mg/ml-1). Methanol extract from R. officinalis was 

strongly active against G. lamblia (IC50 = 2.383 mg/ml-1) and moderate activity of O. basilicum (IC50 = 

33.8 mg/ml-1). None of the aqueous extracts of the two plants were active against tested protozoan.  

Ahmed et al. (2011) tested 10 essential oils extracted from 10 plants issued from Sned region (Tunisia) 

both their leishmanicidal effects against Leishmania major and L. infantum, and their cytotoxicity against 

murine macrophage cell line RAW 264.7 (ATCC, TIB-71). The results showed were significantly active 

against both L. major and L. infantum, whereas Ruta chalepensis EO (rich on 2-undecanone at 84.28%) is 

only active against L. infantum. Both oil extracts showed low cytotoxicity towards murine macrophages. 

The characteristic ratios (IC80 Raw264.7 cells/IC50 L. infantum and IC80 Raw264.7 cells/IC50 L. major) 

were, respectively, 2.7 and 1.57 for T. hirtus sp. algeriensis, and 1.34 and 0.19 for R. chalepensis.  

A.6.4 Anthelminthic activity of Rosmarinus officinalis 

Pinto et al. (2019) evaluated the in-vitro ovicidal and larvicidal activity of essential oil of Rosmarinus 

officinalis. The assays of R. officinalis oil showed a significant (p<0.05) 97.4% to 100% inhibition of egg 

hatching and a significant (p<0.05) 20% to 74% inhibition of larval migration.  

Zoral et al. (2017) examined the anthelmintic activity of rosemary extract against the monogenean 

(Dactylogyrus minutus) in-vitro and in-vivo. Parasites were dead at 61.8 ± 5.6 and 7.8 ± 1.4 min when 

exposed to 100 and 200 g aqueous rosemary extract solution/L of water respectively. It took 166.7 ± 48.2 

and 5.4 ± 1.01 min to kill the parasites when exposed to 1 and 32 g ethanol rosemary extract solution/L of 

water respectively. Moreover, pure component of rosemary extract obtained commercially used in in-

vitro experiments showed that 1,8-Cineole was the most toxic component of the main components tested. 

Parasite intensity and prevalence in fish exposed to 50 and 100 g aqueous rosemary solution/L water for 
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30 min were significantly lower than they were in controls (p < 0.05). In oral treatment experiments, diets 

of Cyprinus carpio were supplemented with eight different concentrations of aqueous rosemary extract. 

The intensity of parasites was significantly less in fish fed for 30 days with feed containing 60, 80 and 

100 ml aqueous extract/100 g feed than in control (p < 0.05).  

A.6.5 Antioxidant activity of Rosmarinus officinalis 

Fatemeh et al. (2021) investigated the effect of Rosmarinus officinalis L. (rosemary) extract on acetyl 

cholinesterase (AChE) activity and oxidative stress biomarkers in healthy volunteers. Administration of 

1000 mg of rosemary for 30 days significantly decreased AChE activity compared to AChE activity before 

rosemary treatment (p value < 0.001) and also in the placebo group (p value < 0.01). Notably, 

administration of rosemary considerably improved TAC (p value < 0.01) and protein carbonylation (p value 

< 0.05) compared to those values before rosemary treatment and in the placebo group. After administration 

of rosemary, no significant changes were observed in lipid peroxidation (p value > 0.05) compared to that 

value before rosemary treatment and in the placebo group. 

Bouzekri (2020) studied the valorization of the medicinal plants of Morocco, the Rosmarinus officinalis a 

very potential plant, belong to the Lamiaceae family to evaluate its antimicrobial and antioxidant activities. 

The essential oil of Rosmarinus officinalis can be used for improving the quality and shelf life of food 

products. Naiel et al. (2019) designed to inspect the ameliorative effect of Rosemary (Rosmarinus 

officinalis)-supplemented diets on aflatoxin B1 (AFB1) toxicity in terms of the performance, residual AFB1 

concentration in tissue, whole-body composition, hepatosomatic index, mortality rate, serum biochemical 

parameters, antioxidative enzymes, immunity parameters and liver histopathology of Oreochromis 

niloticus. The antioxidant activity and innate immunity status were significantly improved by high level of 

Rosemary. 

Baj et al. (2018) demonstrated the usefulness of the simplex-lattice mixture design method for the design 

of essential oil mixtures with potent antioxidant properties, as well as generate a discussion of potential 

interactions existing between essential oils. The highest antioxidant activity was obtained for a 75:8:17 

percentage composition mixture respectively. However, the proposed composition of the individual 

ingredients in the design mixture showed a higher percentage of inhibition (90%) compared to the activity 

of the single component (ol. marjoram 88%) which was the most active. 

Bajalan et al. (2017) obtained the leaf essential oil from seven populations of rosemary growing in Western 

Iran by hydrodistillation and analyzed by GC-FID and GC–MS. Overall, the essential oils from the seven 

populations, at 3.2 mg/ml, exhibited high antioxidant activity (more than 50% radical inhibition). 

Wollinger et al. (2016) investigated the residual antioxidants after hydro-distillation, especially rosmarinic 

acid and carnosic acid. The total antioxidant activity of the extracts and of the pure compounds was 

determined by DPPH assays. It is shown that after 2.5 h of hydro-distillation the amount of rosmarinic acid 

and the antioxidant activity in the water residue reaches a maximum value.  

https://www.sciencedirect.com/topics/chemistry/rosmarinic-acid
https://www.sciencedirect.com/topics/chemistry/rosmarinic-acid
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Ladan Moghadam (2015) investigated the antioxidant potential of Rosmarinus officinalis on the basis of 

the chemical compositions of oils obtained by hydrodistillation. The main constituents of the essential oils 

in aerial parts were α-pinene (43.12 %), camphene (10.5 %), 1,8-cineole (10.02 %), camphor (8.07 %), 

linalool (8.09 %) and limonene (6.12 %). Other components were amounts less than 2 %. The samples were 

screened for their antioxidant activities using 2,2’-diphenyl-1-picrylhydrazyl (DPPH) radical assay 

methods. 1,8-Cineole (11.01±0.41 µg/ml) showed appreciable antioxidant activity in DPPH test. 

Rašković et al. (2014) evaluated of our study the protective effect of rosemary essential oil on carbon 

tetrachloride-induced liver injury in rats and to explore whether its mechanism of action is associated with 

modulation of hepatic oxidative status. Pre-treatment with studied essential oil during 7 days significantly 

reversed the activities of antioxidant enzymes catalase, peroxidase, glutathione peroxidase and glutathione 

reductase in liver homogenates, especially in the dose of 10 mg/kg. 

Kasparavičienė et al. (2013) produced ethanolic extracts of rosemary leaf by maceration and percolation 

and different ethanol concentrations. The most potent solvent concentration was 50% for the evaluation of 

total polyphenols 47.39 ± 0.21 mg/mL RAE. All tested rosemary extracts showed high DPPH radical 

inactivation which ranged from 75.96 ± 1.12% to 85.81 ± 0.14%, but no statistically significant difference 

(P > 0.0624) was observed. The dry residue was also evaluated and it was higher in the liquid extracts than 

in tinctures. Stirring of rosemary leaves increased the total phenolics (from 42 till 53 mg/ml RAE) in the 

50% ethanolic rosemary tincture.  

Khalil et al. (2012) examined the action of R. officinalis against experimental diabetes as well as the 

antioxidant potential of the leaf extract. This was evident from a significant decrease in blood sugar level 

and oxidative stress makers including serum TBARS and nitric oxide (NO). Serum enzymatic (glutathione 

transferase (GST), catalase (CAT), glutathione peroxidase (GPx) and non enzymatic antioxidants (vitamin 

C and reduced glutathione) were found to be increased by the administration of R. officinalis.  

Beretta et al. (2011) isolated the antioxidant constituents of essential oils  of Rosmarinus officinalis L. (α-

pinene chemotype) at the flowering (A), post-flowering (B), and vegetative stages (C). Radical scavenging 

capacity (DPPH test, IC50 36.78 ± 0.38, 79.69 ± 1.54, 111.94 ± 2.56 μL) and anti-lipoperoxidant activity 

(TBARS, IC50 0.42 ± 0.04, 1.20 ± 0.06 μL, 4.07 ± 0.05 μL) differed widely in the three stages. Antioxidant 

activity, identified after silica gel fractionation chromatography, was closely related (R2 = 0.9959) to each 

EO's content of hydroxilated derivatives, (containing alcohols, phenols and 1,8 cineole): 15.26 ± 0.12%, 

7.22 ± 0.06%, and 5.09 ± 0.10% in EOs from A, B, and C. Modeling the C, H, O terpenes in a simulated 

phospholipid bilayer indicated that anti-lipoperoxidant activity depended on the stability and rapidity of 

their interactions with the membrane bilayer components, and their positioning over its surface. investigated 

the antiproliferative, antioxidant and antibacterial activities of Rosmarinus officinalis essential oil, native 

to Pakistan. The essential oil content from the leaves of R. officinalis was 0.93 g 100g-1. The antioxidant 
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activity was evaluated by the reduction of 2, 2-diphenyl-1-picryl hydrazyl (DPPH) and measuring percent 

inhibition of peroxidation in linoleic acid system.  

A.6.6 Toxicity of Rosmarinus officinalis 

Almakhatreh et al. (2019) investigated the possible protective effect of rosemary extract against Etoposide 

-induced changes in liver and kidney functions, and DNA damage in rats. This increased in ALT, AST, 

ALP, creatinine, urea, potassium ions, chloride ions, and DNA damage was reduced after administration of 

rosemary when co-treated with etoposide (G4), or post-treated after etoposide  (G5) for four weeks with 

lowest damage in G4. Also, this decreased in albumen, total proteins, sodium ions, and calcium ions was 

increased after administration of rosemary when co-treated with etoposide (G4), or post-treated after 

etoposide (G5) for four weeks with lowest damage in G4. 

Kiran and Prakash (2015) studied explores the efficacy of Rosmarinus officinalis essential oil (EO) as a 

plant based insecticide and its effect on acetylcholinesterase (AChE) and antioxidant enzyme system 

in Sitophilus oryzae and Oryzaephilus surinamensis. As a fumigant, at 0.15 μl/ml EO exhibited 100% 

toxicity and antifeedant activity against the test insect pests without affecting seed germination.  

Alnamer et al. (2011) evaluated the central nervous system psychotropic effects of the essential oil from 

the leaves of R. officinalis and the flowers of L. officinalis. The intraperitonial administration in mice of 

essential oil from L. officinalis at 300 and 600 mg/kg i.p. induces strong sedative effects compared to 

reference substance diazepam in mice, and an hypnotic effects at doses 1000 and 1500 mg/kg. However, 

the essential oil extracted from R. officinalis at the doses 50 and 100 mg/kg, produced no sedative activity 

significant on the central nervous system. 

2.7.3 Menispermaceae family 

The family Menispermaceae consists of 75 genera, with 520 species (De Wet and Van Wyk, 2008). It is a 

large glabrous deciduous climbing shrub. The species have been widely distributed throughout the tropical 

and subtropical parts of Asia, Africa, and Australia (Chi et al., 2016). It is mainly composed of tropical 

lianas (Jacques and Bertolino, 2008). Because of its richness in bisbenzylisoquinoline alkaloids, this family 

is used worldwide in traditional medicine to treat a variety of ailments (De Wet et al., 2005, Barbosa-Filho 

et al., 2000, De Wet et al., 2004). This family contains a number of plants with scientifically recognized 

important pharmacological activities (Jahan et al., 2010). These six species were Cocculus hirsutus, 

Stephania glabra, Stephania japonica, Tinospora cordifolia, Tinospora crispa, and Tinospora sinensis. Of 

the six species, Stephania japonica and Tinospora cordifolia were most frequently used for treatment of 

ailments like diabetes, edema, pain, bone fracture, debility, gastrointestinal disorders, respiratory tract 

disorders, helminthiasis, malaria, hepatic disorders, tuberculosis, measles, urinary tract disorders, and 

hypertension (Jahan et al., 2010). The folk medicinal use of several of these plants has been validated 

through scientific studies.  
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A. Tinospora bakis (A.Rich.) Miers 

Tinospora bakis (A.Rich) Miers in Hook. Niger. Fl.: 215 (1849) belongs to the family Menisperaceae. It is 

known in Sudan as Irg al-hagar, andfound at low plains and distributed in West and Central Africa (El 

Ghazali et al., 2003). It is an ethno pharmacologically important Tinospora species and widely used in 

various regions of Africa. In view of its various medicinal uses several pharmacological screenings have 

been carried out (Wangchuk et al., 2017). T.bakis is a plant of the folk medicine used by healers in Burkina 

Faso for the treatment of malaria (Ouattara et al., 2006b). 

A.1 Scientific classification of Tinospora bakis 

Kingdom Plantae 

 

Class Magnoliopsida 

Sub class Magnoliidae 

Order Ranunculales 

Family Menisperaceae 

Genus Tinospora 

Species bakis Figure (2:22): Plant of Tinospora bakis. 

Vernacular name Irg al-hagar 

A.2 Distribution of Tinospora bakis 

Tinospora bakis is found at low plains and distributed in West and Central Africa. In Sudan Komul, 

Ingassana, Blue Nile state (El Ghazali et al., 2003). 

A.3 Botanical Description of Tinospora bakis 

Slender glabrous lianes. Branchlets with lenticels. Leaves alternate, simple and entire; petiole 0.5–4(–8) cm 

long, sparsely hairy or glabrous; blade broadly ovate-triangular, 3–5 cm × 3–5 cm, base cordate, apex 

acuminate, pale green, palmately veined with 5–7 main veins, short-hairy or glabrous below. Bark flaking 

off in orange scales; branches glabrous, with numerous warty lenticels. Flowers unisexual, small, yellowish 

green; pedicel 2–3 mm long; sepals 6 in 2 whorls, translucent or membranous, outer sepals ovate-triangular, 

1–1.5 mm × c. 0.5 mm, inner sepals 2.5–4 mm × 2–3 mm; petals 6, 2–3 mm × 1–2 mm, fleshy; male flowers 

with 6 free stamens 2.5–3 mm long; female flowers with 6 staminodes, ovary superior, consisting of 3 free 

carpels 1–2 mm long. Fruit consisting of up to 3 drupes, 6–9 mm × 4–5 mm, each 1-seeded. Tinospora 

bakis flowers towards the start of the rainy season (El Ghazali et al., 2003). 

A.4 Ethno medicine uses of Tinospora bakis 

Tinospora bakis is used traditionally in Sudan as antidiabetic (Alamin et al., 2015), antitheilerial (Farah et 

al., 2013). This plant is also used for the treatment of headache (El Ghazali et al., 2003). The root of plant 

has a high character in West Africa as a diuretic and febrifuge (Domis and Oyen, 2008), also the root is 

used against jaundice, hematuria, bilious fever and yellow fever, anti-malaria (Ouattara et al., 2006b) and 

schistosomiasis. Antidiabetic activity of aqueous extracts of T. bakis on streptozotocin-induced diabetes 

rats (Alamin et al., 2015). 

https://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Magnoliidae&display=31
https://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Ranunculales&display=31
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A.5 Chemical constituents of Tinospora bakis 

The root contains alkaloids, including protoberberine type alkaloid palmatine, and 2–4% columbin, a 

diterpenoid furanolactone (Farah et al., 2018, Domis and Oyen, 2008). The aqueous extract of the root 

containing the alkaloidal fraction showed moderate activity against a chloroquine-resistant strain 

of Plasmodium falciparum in-vitro (Ouattara et al., 2006b). Columbin, in small doses, was found to 

increase the secretion of the bile and the glands of stomach and intestines; at higher doses it produces greasy 

degeneration of the liver. Palmatine shows a stronger antipyretic effect than a total alkaloid extract in 

rabbits. It paralyses the respiratory centre more than morphine. 

A.6 Biological Activity of Tinospora bakis 

A number of in-vitro study has been carried out to reveal various pharmacological potentials of 

Tinospora bakis. 

A.6.1 Antiprotozoal activity of Tinospora bakis 

Abdelrahman and Khalil (2012) evaluated of Tinospora bakis in-vivo against Trypanosoma 

evansi infection in rats. The result was compared to Cymelarsan which was given at the recommended dose 

of 2.5 mg kg-1, b.wt. subcutaneously. Daily programs for the parasitaemia for all methanolic and 

chloroformic extracts in infected or uninfected rats were followed for 30 days after treatment. Blood was 

collected every week for analysis. Tinospora bakis extract was found to be effective in cleaning the parasite 

for a considerable time.  

Ouattara et al. (2006b) screened aqueous, methanol, hydromethanol extracts from the roots T. bark of 

S. madagascariensis, methanol and hydromethanol extracts from the leaves of C. glutinosum and 

aqueous and alkaloidal extracts from the roots of T. bakis were also made and their antimalarial activity 

against Plasmodium falciparum chloroquine-resistant strain W2 in-vitro. The screening showed that the 

methanol and hydromethanol extracts of Swartzia madagascariensis, hydromethanol extracts of C. 

glutinosum and alkaloidal extracts of T. bakis were active (5µg/ml < IC50 < 50 µg/ml). 

A.6.2 Anthelminthic activity of Tinospora bakis 

Farah et al. (2013) screened the aqueous extract of Tinospora bakis roots for the discovery of its in-vitro 

activity against Theileria lestoquardi. In-vitro screening of the extract against T. lestoquardi which is the 

causative agent of malignant theileriosis in sheep showed activity of 17.66 and 30.00% at concentrations 

of 5000 and 10000 ppm, respectively. Concentrations of 250 and 500 ppm had no activity. Lethal 

concentration 50% (LC50) was 184268.54 ppm. The plant extract significantly (P<0.05) decreased the 

number of macroschizonts per cell, number of dividing cells (binucleated and multinucleated) and mean 

number of viable cells at concentrations of 5000 and 10000 ppm. However, the number of cells with extra 

cellular macroschizonts did not significantly (P˃0.05) increase. 
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A.6.3 Toxicity of Tinospora bakis 

Farah et al. (2018) evaluated the toxic effect of Tinospora bakis roots on body weight, hematology, 

biochemistry and histopathology on rats. The extract had no adverse effects on hematology, biochemistry 

and histology of rats at doses of 50 and 500 mg/ kg, but caused significant alteration at dose 2000 mg/kg. 

White blood cells (WBCs) were significantly (P<0.05) increased; Red blood cells (RBCs), Hemoglobin 

(Hb) and Packed cell volume (PCV) were significantly (P<0.05) decreased. Total protein and albumin were 

significantly (P< 0.05) decreased whereas Urea, creatinine, Alanin Transaminase (ALT), Asparate 

Transaminase (AST) and Alkaline phosphatase were significantly elevated. 

Farah et al. (2013) screened the aqueous extract of Tinospora bakis roots for the discovery of its in-vitro 

activity against Theileria lestoquardi. The extract also brought about a slight cytotoxicity at concentration 

of 10000 ppm. 

Abdelrahman and Khalil (2012) evaluated of Tinospora bakis in-vivo against Trypanosoma 

evansi infection in rats.  The plant was found to be toxic only with the high dose (500 mg kg-1 b.wt.) of the 

chloroformic extract.
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CHAPTER THREE 

MATERIALS AND METHOD 

3.1 Materials 

3.1.1 Plant materials 

The seeds of Mangifera indica and the Rosmarinus officinalis pods were collected from the market at 

Khartoum town, and Tinospora bakis whole plant was collected from the Blue Nile state during January 

and May 2019. The plants were taxonomically identified and authenticated by the taxonomists Mr. Yahya 

Sulieman Mohamed and Mr. Mubarak Khalid at the herbarium of Medicinal and Aromatic Plants and 

Traditional Medicine Research Institute (MAPTMRI), Khartoum, Sudan. The sample materials were air-

dried, under the shadow with good ventilation and then ground finely until their uses for extracts 

preparation. 

3.1.2 Chemicals and Reagents 

Analytical grades of the following chemicals and reagent were used for different analyses during the study 

along with their company identification: 

Type of Assay Chemical Company 

Extractions Ethanol  Techno pharmchem, India 

Distilled water NS 

Fractionation N-hexane SDH Laboratory Reagent, India               

Ethyl acetate British Drug House, England 

N-butanol British Drug House, England 

Distilled water NS 

Antimicrobial 

Activity  

Crystal violet The British Drug House, England. 

Glucose phosphate peptone water           The British Drug House, England. 

Hydrogen peroxide (H2O2) British Drug House, England. 

Immersion oil   British Drug House, England. 

Iodine   Hopkins and William England 

Lactose Hopkins and William England 

Methanol Loba Chemie PVT Ltd. 

Methyl red British Drug House, England.                            

Phenol red                                                  British Drug House, England. 

Safranin red British Drug House, England. 

Sucrose Oxoid limited, England Sulphuric 

acid British 

Urea powder                                              Abott Ltd. 

DMSO Merck Chemicals, Darmstadt, 

Germany 

Resazurin Sigma‐Aldrich, Germany 

Anti-protozoal 

Activity 

RPMI 1640  Gibco-Brl, Life Technology 

Fetal bovine serum  Bio west, France 

Trepan blue Gibco, Grand Island, N.Y and USA  

Sodium chloride British Drug House, England 

Sodium Bicarbonate British Drug House, England 

Phosphate buffer saline (PBS) British Drug House, England 

L- Glutamine British Drug House, England 

https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
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Type of Assay Chemical Company 

DMSO Merck Chemicals, Darmstadt, 

Germany 

Distilled water NS 

Liquid nitrogen Radiation Safety Institute 

Anti-schistosoma 

activity  

Distilled water NS 

Anti-oxidant 

Activity 

DMSO Merck Chemicals, Darmstadt, 

Germany 

DPPH    Sigma-Aldrich, USA 

Propyl gallate Sigma-Aldrich, USA 

Ethanol Techno pharmchem, India 

Cytotoxicity RPMI 1640  Gibco-Brl, Life Technology 

Sodium chloride British Drug House, England 

Sodium Bicarbonate British Drug House, England 

Phosphate buffer saline (PBS) British Drug House, England 

L- Glutamine British Drug House, England 

DMSO Merck Chemicals, Darmstadt, 

Germany 

Fetal bovine serum (FBS) Bio west, France 

3-(4,5-Dimethylthiazole-2-yl)-

2,5diphenyl tetrazolium bromide 

(MTT)  

Sigma, USA 

Trypsin Bio west, France 

Liquid nitrogen Radiation Safety Institute 

trypan blue Gibco, Grand Island, N.Y and USA 

Dimethyl 

Distilled water NS 

Phytochemical 

Screening 

Ferric chloride (FeCl3) Loba chemie, India 

Potassium hydroxide (KOH)  SDH Laboratory Reagent, India 

Hydrochloric acid (HCl)  Loba chemie, India 

Lead acetate (PbAc)  Techno pharmchem, India 

Sulphuric acid (H2SO4)  Techno pharmchem, India 

Distilled water NS 

Total Phenols Folin- Ciocalteau  Techno pharmchem, India 

Sodium carbonate  Scharlau Chemie S.A. Spain 

Gallic acid Sigma-Aldrich, USA 

Total Flavonoids Sodium nitrite (NaNO2) Techno pharmchem, India 

Aluminum chloride (AlCl3) Techno pharmchem, India 

sodium hydroxide Techno pharmchem, India 

Total Tannins Ferric chloride (FeCl3) British Drug House, England 

Gelatin test British Drug House, England 

K3Fe (CN)6 British Drug House, England 

distilled water NS 

TLC silica gel Merck, India 

n-butanol             SDH Laboratory Reagent, India   

acetic acid Techno pharmchem, India 

Acetic acid British Drug House, England 

Chloroform British Drug House, England 

Ethyl acetate British Drug House, England 
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Type of Assay Chemical Company 

Formic acid British Drug House, England 

Ethanol Loba Chemie PVT Ltd 

Methanol Loba Chemie PVT Ltd 

n-Butanol British Drug House, England 

Para-dimethyl-amino 

benzaldehyde 

Oxoid Ltd England 

Petroleum ether British Drug House, England 

Phenol red British Drug House, England 

Sodium chloride British Drug House, England 

Sulphuric acid British Drug House, England 

Tetra methyl-p phenylene 

diamine-dihydrochloride. 

British Drug House, England 

Toluene (Scharlau ACO154 Euorpean (U) 

union). 

Acetic acid Fluka, Switzerland 

Pre-coated Plates DC Riedel-deHaen, Germany 

Silica gel DG Riedel-deHaen, Germany 

Silica gel GF254    Riedel-deHaen, Germany 

Vanillin BDH Chemicals, England 

GC-MS Helium Liquid air company, Sudan 

HPLC Methanol (HPLC grade) Scharlu, Spain 

Dichloromethane (HPLC grade) Scharlu, Spain 

NMR 

Spectrophotometer 

Methanol (CD3OD) British Drug House, England 

Dichloromethane (CDCl3) British Drug House, England 

Key: NS: Not Specified. 

3.1.3 Chemotherapeutic agents (Antibiotics drugs) 

The chemotherapeutic used for different analyses during the study along with their company identification. 

Bio-assay Used Antibiotics/Standard  Company 

Antibacterial Ampicillin Amipharma laboratories Ltd. Sudan. 

Gentamicin Roussel, England. 

Antifungal Clotrimazole General Medicine Co. Sudan. 

Nystatin Sigma Chemical Company USA. 

Antiprotozoal Metronidazole (Flagyl) Company; Wujiang Litown 

pharmaceutical 

Anti-oxidant Propyl gallate  Sigma-Aldrich, USA 

Cytotoxicity Triton X-100 Sigma-Aldrich, USA 

3.1.4 Culture media 

The culture media used for different analyses during the study along with their company identification. 

Bio-assay Culture Media Company 

Antimicrobial  Muller and Hinton agar                     Hi media Laboratories Pvt. Ltd., India 

Muller and Hinton broth                     Hi media Laboratories Pvt. Ltd., India 

Nutrient agar Hi media Laboratories Pvt. Ltd., India 

Nutrient broth                                   Hi media Laboratories Pvt. Ltd., India 

Blood agar base Hi media Laboratories Pvt. Ltd., India 

Koser citrate agar Hi media Laboratories Pvt. Ltd., India 

MacConkey's agar Hi media Laboratories Pvt. Ltd., India 
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Bio-assay Culture Media Company 

Mannitol salt agar Hi media Laboratories Pvt. Ltd., India 

Peptone Hi media Laboratories Pvt. Ltd., India 

Antifungal Sabouraud Dextrose agar                  Hi media Laboratories Pvt. Ltd., India 

Antiprotozoal RPMI 1640  Gibco-Brl, Life Technology 

Cytotoxicity RPMI 1640  Gibco-Brl, Life Technology 

3.1.5 Equipment and Instruments 

The equipment and instruments used for different analyses during the study along with their company 

identification. 

Equipment and Instruments Company 

Autoclave Griffin and George Ltd, England 

Automatic Pipette Greiner bio-one 

Balance  type H 6T E. Mettler, England 

Beakers Isolab – Germany 

Capillary tubes Marienfeld – Germany 

Centrifuge Braun, Centrifuge PLC series 

Chromatographic jar Superfit – India 

Conical flasks Isolab – Germany 

Disposable 96-wells plate Costar, Germany 

Eppendorf Tube 1.5 Nalge Nunc, Inter 

Falcon Tube 15 ML Nalge Nunc, Inter 

Filter papers EMD Chemicals Inc. Germany 

Filter units  (0.45 um) Nalge Nunc, Inter 

Flat bottomed culture tissue Costar, Germany 

Freeze-dryer Trivac, USA 

Funnels Isolab- Germany 

GC-MS Shimadzu, Japan 

Glass column Duran, Germany 

Glass wares Griffin and George Ltd, England 

Hair dryer Philips-China 

Hot air oven Gallenkamp, England 

Incubators Baird and Tatlock Ltd, England 

Measuring cylinders Witg – Germany 

Micro Pipettes and tips NICHIRYO, Japan 

Microscope Will Wetzlar, Germany 

Nuclear Magnetic Rezones (NMR)   Bruker Germany 

Oven Widnes – England 

Pasteur pipette Nalge Nunc, Inter 

Petri dishes Costar, Germany 

PH meter JENWAY, UK 

Reflux Condenser Grant Instruments Ltd 

Rotary evaporator   Stuant, Germany 

Separatory funnel Isolab – Germany 

Shaker Sturart scientific, flask Shaker, UK 

Sonicator ELMA, Germany 

Soxhlet   Grant Instruments Ltd. England 

Spectrum spectrophotometer Thermo Scientific, Finland 
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Equipment and Instruments Company 

Spreader Desaga, Germany 

Sterile filter cup Nalge Nunc, Inter 

Syringe Socorex 

Test tube Nalge Nunc, Inter 

UV lamp UVP – England 

UV/Vis. Spectrophotometer Jenway, England 

Vortex As One, China 

Water bath Grant Instruments Ltd 

3.1.6 Microorganisms used to test the biological activities of the plants  

Strains Used Species of 

microorganisms 

Cultivation 

& conditions 

Source 

Bacteria  Bacillus subtilis  

MHA & 37ºC 

NCTC 8236 (Gram + ve  bacteria) 

Staphylococcus aureus ATCC 25923 (Gram +ve bacteria) 

Escherichia coli ATCC 25922 (Gram -ve bacteria) 

Pseudomonas aeruginosa ATCC 27853 (Gram -ve bacteria) 

Fungí Candida albicans  DSA & 25ºC ATCC 7596 (Yeast fungi) 

Parasites Entamoeba histolytica RPMI & 37ºC Isolated parasites  

Giardia lamblia 

Biomphalaria pfeifferi DW & RT Snail 

Cytotoxicity Brine shrimp SW & RT Larva 

BHK RPMI & 37ºC Normal cell line 
Key: *Obtained from Department of Microbiology and Parasitology, Medicinal and Aromatic Plants and Traditional Medicine 

Research Institute (MAPTMRI), BHK= Baby hamster kidney, MHA= Mueller Hinton Agar, DSA= Sabouraud Dextrose Agar, 

RPMI= Roswell Park Memorial Institute, DW= Distilled Water, SW= Sea water, RT= Room temperature Gram + ve = Gram 

positive bacteria, Gram - ve = Gram negative bacteria, NCTC= National Collection of Type Culture, Colindale, England, 

ATCC= American Type Culture Collection, Rockville, Maryland, USA. 

3.2 Experimental Section (Methods) 

3.2.1 Preparation of crude extracts 

Fresh plant samples were dried in shades for 7 days, powdered and then used for 

extraction. Extractions were carried out for the different part of plants by using overnight maceration 

techniques according to the method described by Harbone (1984). About 50 g round material were 

macerated in 500 ml of ethanol (80%) for 3 days at room temperature. Occasional shaking for 24 h at room 

temperature was performed and, the supernatant was decanted. Thereafter, the supernatant was filtered 

under reduced pressure by rotary evaporation at 55°C. Each residue was weighed and the yields percentage 

were calculated and then stored at 4°C in tightly sealed glass vial ready for use. The remaining extracts 

which not soluble was successively extracted using ethanol and were kept in deep freezer for 48 h, (Virtis, 

USA) until they were completely dried. The extracts were kept and stored at 4 °C until required. The residue 

was weighed and the yield percentage was calculated as follow: 

Yield % = (weigh of extract/weigh of sample) X 100 

The extracts, were dried and concentrated by using hood extracts and the yield percentage was then 

calculated Table (4.1). 
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3.2.2 Fractionation of crude extracts  

The most potent crude ethanolic extracts of selected medicinal plants were subjected to polarity based 

solvent-solvent fractionation as described by Ul-Haq et al. (2012). Extracts were dissolved in distilled water 

then partitioned between n-hexane, 

ethyl acetate, n-butanol and aqueous using separation funnel. As a result n-Hexane fraction (nHF), ethyl 

acetate fraction (EF), n-butanol fraction (nBF) and aqueous fractions (AF) were obtained and the yield 

percentage was then calculated. Each fraction was evaporated at 40 °C under reduced pressure in rotary 

apparatus and stored in air tight containers at 4 °C until further used. The quantity of each fraction obtained 

after drying was given in Table (4.2). 

3.3 General experiment procedure for biological activities 

3.3.1 Antimicrobial activity of the plants 

A. Preparation of standard bacterial suspensions 

One ml aliquots of a 24 hours broth culture of the test organisms were aseptically  distributed onto nutrient 

agar slopes and incubated at 37º C for 24 hours. The bacterial growth was harvested and washed off with 

sterile normal saline, to produce a suspension containing about (108- 109 C.F.U/ ml). The suspension was 

stored in the refrigerator at 4° C till used. The average number of viable organisms per ml of the stock 

suspension was determined by means of the surface viable counting technique (Miles et al., 1938). Serial 

dilutions of the stock suspension were made in sterile normal saline solution and 0.02 ml volumes of the 

appropriate dilution were transferred by micro pipette onto the surface of dried nutrient agar plates. The 

plates were allowed to stand for two hours at room temperature for the drops to dry and then incubated at 

37 °C for 24 hours. After incubation, the number of developed colonies in each drop was counted. The 

average number of colonies per drop (0.02 ml) was multiplied by 50 and by the dilution factor to give the 

viable count of the stock suspension, expressed as the number of colony forming units per ml suspension. 

Each time a fresh stock suspension was prepared. All the above experimental conditions were maintained 

constant so that suspensions with very close viable counts would be obtained.  

B. Preparation of fungal suspensions  

The fungal cultures were maintained on Sabouraud dextrose agar, incubated at 25°C for 4 days. The fungal 

growth was harvested and washed with sterile normal saline and finally suspended in 100 ml of sterile 

normal saline, and the suspension was stored in the refrigerator until used. 

C. In vitro testing of extracts for antimicrobial activity 

C.1 Testing for antibacterial Activity of the plants 

The cup-plate agar diffusion method (Kavanagh, 1972) was adopted with some minor modifications to 

assess the antibacterial of the prepared extracts. 100 mg of each extract was weighed and dissolved in 1 ml 

of DMSO 10% separately and mixed well which was used to perform antimicrobial screening tests. One 

ml of the standardized bacterial stock suspension 108–109 C.F.U/ ml were thoroughly mixed with 100 ml 
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of molten sterile nutrient agar which was maintained at 45 ºC. 20 ml aliquots of the inoculated nutrient agar 

were distributed into sterile Petri-dishes. The agars was left to set and in each of these plates 4 cups (10 mm 

in diameter) were cut using a sterile cork borer (No. 4) and agar discs were removed. Alternate cups were 

filled with 0.1 ml sample of the oil using automatic microliter pipette, and allowed to diffuse at room 

temperature for two hours. The plates were then incubated in the upright position at 37 ºC for 18 hours. 

Three replicates were carried out for the extracts against each of the tested organisms. After incubation the 

diameters of the resultant growth inhibition zones were measured, averaged and the mean values were 

tabulated.  

Activity index for each extracts was calculated using following formula (Singariya et al., 2011): 

Activity index (AI) = Inhibition Zone of the sample/Inhibition Zone of the standard 

C.2 Testing for antifungal activity of the studied plants 

The same method as for bacteria was adopted, instead of nutrient agar, sabouraud dextrose agar was used, 

and the inoculated medium was incubated at 25 º C for two days for Candida albicans. Three replicates 

were carried out for the extracts against each of the tested organisms. After incubation the diameters of the 

resultant growth inhibition zones were measured, averaged and the mean values were tabulated.  Activity 

index for each extracts was calculated as per previous equation (Singariya et al., 2011): 

Activity index (AI) = Inhibition Zone of the sample/Inhibition Zone of the standard 

D. Determination of Minimum Inhibitory Concentrations (MICs)  

Determination of Minimum Inhibitory Concentrations (MIC) using different methods: 

D.1 Minimum Inhibitory Concentrations (MICs) using solid media (Nutrient agar) 

This test was carried out on the extracts which exhibited higher antimicrobial activity against more sensitive 

organisms. The minimum inhibitory concentrations of the extracts were determined on solid media 

(Nutrient agar) using the method adopted by Kavanagh (1972). The ranges of concentrations used were 

(100, 50, 25, 12.5, 6.25, 3.125, 1.56 and 0.78 mg/ml). 

D.2 Minimum Inhibitory Concentrations (MICs) using resazurin microtiter-plate assay 

The minimum inhibitory concentration (MIC) of the isolated compounds were evaluated by a modified 

resazurin microtiter-plate assay. The broth microdilution method was used to determine the MIC according 

to the National Committee for Clinical Laboratory Standards Guidelines , 1999)(National, 1999), with 

modification. Twofold serial dilutions of isolated compounds were prepared directly in a microtiter plate 

containing Mueller Hinton broth (MHB) to obtain various concentrations. The bacterial inoculum was 

added to give a final concentration of 5 × 105 CFU/mL in each well. The positive control was used 

containing amikacin as a standard drug, and 10% DMSO (v/v) solution as a negative control. The plate was 

covered with a sterile sealer and incubated for 24 h at 37°C. Resazurin (prepared by dissolving 270 mg 

resazurin tablet in 40 mL of sterile distilled water) was added in each well of the microtiter plate and was 

incubated at 37°C for 3-4 h. The wells containing the bacterial growth turned into pink color whereas the 



80 
 

well without bacterial growth remained blue. The MIC was considered as the lowest concentration of the 

isolated compounds that completely inhibits the bacterial growth. 

E. Determination of Minimum Bactericidal Concentration (MBCs) 

In addition to the solid medium diffusion procedure, the micro-plate bioassay (micro dilution) was used, as 

recommended by NCCLS, for determination of minimum bactericidal concentration (MBC). The MBC 

was defined as lowest concentration of crude extracts and isolated compounds kills bacteria after incubation 

for 18 - 24 h at 37°C. Into each well 100μl of Mueller Hinton broth (MHB) inoculated with the bacteria 

inoculum prior to the essay. Concentrations used (100 to 078 mg/ml) and (1000 to 31.25 µg/ml) of the 

crude extracts and isolated compounds, respectively. The MBC was determined by sub-culturing from each 

test concentrations in the plates were incubated at 37°C for 18 - 24h. All inoculated plates were then 

incubated for about 18 hours at 37oC and investigated for bacterial growth. Plates with no visible growth 

were considered to be the MBC for the crude extracts and isolated compounds (Balekar et al., 2012). 

F. Positive and negative controls (reference drugs) against standard microorganisms 

Four antibiotics were used as reference drugs. These include, Ampicillin and Gentamicin as positive 

controls for the antibacterial tested. Clotrimazole and Nystatin were used as positive controls for the 

antifungal tested. Sterilized distilled water (DW) and DMSO 10% were used as negative control for the 

antibacterial and antifungal analyses. 

F.1 Positive controls 

F.1.1 Antibacterial activity of reference drugs  

Antibacterial drugs were tested at different concentrations obtained by taking 0.1 g of each powdered drug 

and dissolved in 100 ml sterile distilled water to give a concentration of 1000 µg/ml followed by serial 

dilutions to give concentrations of (40, 20, 10 and 5 µg/ml). These drugs were tested against reference 

bacteria i.e. Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa.  

F.1.2 Antifungal activity of reference drugs 

The antifungal drugs were also tested at different concentrations obtained by taking 0.1 g of each powdered 

drug and dissolved in 100 ml sterile distilled water to give a concentration of 1000 µg/ml followed by serial 

dilutions to give concentrations of (40, 20, 10 and 5 µg/ml) Clotrimazole and Nystatin against reference 

fungi Candida albicans.  

F.2 Negative controls 

Distilled water (DW) and DMSO 10% were tested against reference bacteria and fungi i.e. Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Candida albicans. 

3.3.2 Anti-protozoal activity of the plants 

A. Parasites collection and identification  

Entamoba histolytica and Gairdia lamblia were used in the experiments were taken from patient with 

positive amoebiasis and giardiasis. 
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B. Culture Medium  

The transport the samples of trophozoites of E. histolytica and G. lamblia from hospital to the research 

institute were maintained in CRPMI medium. Sub culturing of the parasite was performed at 37 ± 1°C in 

RPMI 1640 medium containing 5% bovine serum. Trophozoites for the assays were employed in the log 

phase of growth. 

C. Parasites Counting 

Parasites counts were done using the improved Neubauer chamber. The cover slip and chamber were 

cleaned with detergent, cleaned carefully with distilled water and swapped with 70% ethanol, then dried. 

The liquid of cell suspension was mixed with equal volume of 0.4% trypan blue in a small tube. The 

chamber was completed with cell suspension. After parasites had settled, the chamber was placed under 

light microscope. Using 40 X objective, cells in the 4 large corner squares (each containing 16 small 

squares) were counted. The following formula was used for calculating parasites:    

 (𝐏𝐚𝐫𝐚𝐬𝐢𝐭𝐞𝐬/𝐦𝐥) 𝐍 =
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐜𝐞𝐥𝐥𝐬 𝐜𝐨𝐮𝐧𝐭𝐞𝐝 𝐗 𝐃𝐢𝐥𝐮𝐭𝐢𝐨𝐧 𝐟𝐚𝐜𝐭𝐨𝐫 

𝟒
X 104 

D. In-vitro susceptibility assays 

In-vitro susceptibility assays used the sub-culture method by Cedillo‐Rivera et al. (2002). This is highly 

stringent and sensitive method for assessing the anti-protozoal effects gold standard particularly in 

Entamoba histolytica, Gairdia intestinalis and Trichomonas vaginalis (Argüello-García et al., 2004). 5 mg 

from each honey sample was dissolved in 50 μl of dimethyl sulfoxide (DMSO) in Eppendorf tube 

containing 950 μl distilled water in order to reach concentration of 5 mg/ml (5000 ppm). The concentrates 

were stored at -20 °C for further analysis.  Sterile 96-well microtiter plate was used for different honeys as 

well as for positive and negative controls. Twenty μl of complete RPMI medium were placed in the wells-

except the first three wells C-1 (which 40 μl of an extract solution (5 mg/ml) were added in the first three 

wells and the final concentrations were 1000 μg/ml. 20 μl of complete RPMI medium were placed in the 

wells in the following C-2 was 500μg/ml and C-3 which was 250 μg/ml. 80 μl of culture medium was 

complemented with parasite and added to all wells. The final volume in the wells was 100 μl.  Each test 

included metronidazole pure compound [(1-(2-hydroxyethl)-2-methyl5 nitroimidazole], a trichomonocide 

was used as positive control in concentration 312.5 ppm, whereas untreated cells used as a negative controls 

(culture medium plus trophozoites). Samples taken for counting at 24, 48, 72, and 96 hours, were mixed 

with Trypan blue in equal volume. The final number of parasites was determined with haemocytometer in 

triplicate.  The mortality % of parasite for each extracts activity was carried out according to the following 

formula:  

𝐌𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐨𝐟 𝐩𝐚𝐫𝐚𝐬𝐢𝐭𝐞 (%) =
(𝐂𝐨𝐧𝐭𝐫𝐨𝐥 𝐧𝐞𝐠𝐚𝐭𝐢𝐯𝐞 –  𝐭𝐞𝐬𝐭𝐞𝐝 𝐬𝐚𝐦𝐩𝐥𝐞 𝐰𝐢𝐭𝐡 𝐞𝐱𝐭𝐫𝐚𝐜𝐭)

𝐂𝐨𝐧𝐭𝐫𝐨𝐥 𝐧𝐞𝐠𝐚𝐭𝐢𝐯𝐞
𝐗𝟏𝟎𝟎% 

Only 100% inhibition of the parasite considered, when there was no motile parasite observed. 
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E. Cryopreservation of Parasites 

To avoid the loss of the Entamoeba histolytica and Giardia lamblia, excess Entamoeba histolytica and 

Giardia lamblia were preserved in liquid nitrogen as follows: Equal parts of the parasite suspension and 

freezing medium (10 % DMSO in complete media) were dispersed to cry tubes. The cry tubes were racked 

in appropriately labeled polystyrene boxes, gradually cooled till reaching -80 oC. Then the cry tubes were 

transferred to a liquid nitrogen (-196 oC). 

3.3.3 Molluscicidal activity of the plants 

A. Parasite collection and examination 

Naturally infected Snails Biomphlaria pfeifferi had been collected from the minor canals of Al-Gazira 

agricultural scheme near Alhasahisa town (about 130 Km south to Khartoum). Snails were transported to 

the biological assay laboratory in the Medicinal and Aromatic Plants and Traditional Medicine Research 

Institute (MAPTMRI), as shown in Appendix (3).  

B. In-vitro molluscicidal activity 

Exploratory experiments were conducted to detect the activity of the plant extracts.  Three replications of 

serial concentrations (500, 250 and 125 ppm) of the plants extracts were used in the exploratory 

experiments. 50 ml of each concentration was put in same sized beakers. Then 5 snails were put in each 

beaker in addition to 5 snails in each of three beakers containing 50 ml of distilled water as a control. 

Readings for molluscicidal activity of the extracts were recorded after 24 and 48 hours of exposure. The 

mortality of the snail was detected by its motionlessness or discoloration of the shell. Dead snails were 

counted and then percentage mortality (%) and IC values (µg/ml). 

C. Detection of snail death 

A snail was considered dead when floating with one of its flat sides uppermost onto the surface of the water 

with its shell becoming translucent. Some snails settled motionless at the bottom of the dish. Confirmation 

of the snail death was ensured when it settled motionless into the bottom of the bowl with no response to 

photo stimulation and mechanostimulation. 

3.3.4 Antioxidant activity (DPPH-assay) of the plants 

A. Principle: The antioxidant activity was measured in terms of hydrogen donating or radical scavenging 

ability using the stable radical DPPH. Experiments were carried out according to the method of Shimada et 

al. (1992) with slight modification. Active samples can reduce the stable radical DPPH to the yellow-

colored diphenyl- picrylhydrazine.  

B. Assay: Test samples were allowed to react with 2.2 di (4-tretoctylphenyl)-1-picrylhydrazyl stable free 

radical (DPPH) for half an hour at 37οC in 96-wells plate. The concentration of DPPH was kept at (300μM). 

The test sample was dissolved in DMSO while DPPH was prepared in ethanol. After incubation, decrease 

in absorbance was measured at 517nm using multiplate reader spectrophotometer. Percentage of radical 

scavenging activity of the sample was determined in comparison with a DMSO treated control. All tests 

were conducted in triplicate. 
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𝐃𝐏𝐏𝐇 𝐫𝐚𝐝𝐢𝐜𝐚𝐥 𝐬𝐜𝐚𝐯𝐞𝐧𝐠𝐢𝐧𝐠 (%) = 𝟏𝟎𝟎 − {(𝐀𝐜 − 𝐀𝐭)/𝐀𝐜}  ×  𝟏𝟎𝟎  

Where, At= Absorbance value of test compound; Ac=Absorbance value of control. 

C. IC50 Calculations 

The IC50 (the concentration of test material, which possess 50% inhibition of free radicals) of all the extracts 

and their fractions was determined by monitoring the effect of different concentrations. The IC50 of the 

extracts and their fractions were calculated using EZ-Fit Enzyme Kinetic Program (Perrella Scientific Inc, 

U.S.A). 

3.4 Cytotoxicity effect of the plants 

3.4.1 Toxicity testing against the brine shrimp 

A. Storage of Artemia salina eggs  

Eggs of Artemia salina were stored at low temperatures (4º C), they will remain viable for many years.  

B. Hatching shrimp 

Brine shrimp eggs, Artemia salina were hatched in artificial seawater prepared by dissolving 38g of sea salt 

in one liter of distilled water. After 24-72h incubation at room temperature (37 °C), the larvae were attracted 

to one side of the vessel with a light source and then collected with pipette. Larvae were separated from 

eggs by aliquoting them three times in small beakers containing artificial seawater.  

C. Brine shrimp assay  

Bioactivity of the extract was monitored by the brine shrimp lethality test (Meyer et al., 1982a). Brine 

shrimp lethality bioassay was carried out to investigate the cytotoxicity of extracts. 50 mg of Artemia salina 

(Leach) eggs were added to a hatching chamber containing artificial Sea water (75 ml). The hatching 

chamber was kept under an inflorescent bulb for 48h for the eggs to hatch into shrimp larvae. 20 mg of test 

extracts of the various plant species were separately dissolved in 2 ml of methanol, then 500, 50, and 5μl 

of each solution was transferred into vials corresponding to 1000, 100, and 10 μg/ml, respectively. Each 

dosage was tested in triplicate. 10 larvae of A. salina Leach (taken 48 – 72h after the initiation of hatching) 

were added to each vial. The final volume of solution in each vial was adjusted to 5ml with Sea water 

immediately after adding the shrimps. One drop of dimethyl sulphoxide (DMSO) was added to the test and 

control vials before adding the shrimps to enhance the solubility of test materials. LD50 values were 

determined at 95% confidence intervals by analyzing the data on a computer loaded with a “Finney 

Programme.” The concentration at which it could kill 50% larvae (LD50) was determined. LD50 values 

below 200ppm are generally considered as significant according to Oladimeji et al. (2006). 

3.4.2 Micro culture Tetrazolium (MTT-assay)                                      

Micro culture tetrazolium MTT-assay was utilized to evaluate the cytotoxicity of the 

studied plants. 
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A. Principle 

This Colorimetric assay is based on the capacity of Mitochondria succinate dehydrogenase enzymes in 

living cells to reduce the yellow water soluble substrate 3- (4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl 

tetrazolium bromide (MTT) into an insoluble, blue colored formazan product which is measured 

spectrophotometrically. Since reduction of MTT can only occur in metabolically active cells, the level of 

activity is a measure of the viability of the cells (Patel et al., 2009). 

B. Preparation of Extracts, Solutions 

Using a sensitive balance 5 mg of each extracts were weighed and put in Eppendorf tubes. 50 μl of DMSO 

were added to the extract and the volume was completed to 1 ml with distilled water obtaining a 

concentration of 5 mg/ml. The mixture was vortexed and stirred by magnetic stirrer to obtain a homogenous 

solution. 

C. Cell Line used and Culturing Medium 

BHK (Baby Hamster Kidney) cells were cultured in a culturing flask containing a complete medium 

consisting of 10% fetal bovine serum and 90% minimal essential medium (MEM) and then incubated at 

37oC. The cells were subculture twice a week. 

D. Cell counting 

Cell counts were done using the improved Neubauer chamber. The cover slip and chamber were cleaned 

with detergent, rinsed thoroughly with distilled water and swapped with 70% ethanol, then dried.  An 

aliquot of cell suspension was mixed with equal volume of 0.4% trypan blue in a small tube. The chamber 

was charged with cell suspension. After cells had settled, the chamber was placed under light microscope. 

Using 40 X objective, cells in the 4 large corner squares (each containing 16 small squares) were counted. 

The following formula was used for calculating cells:  

                                   Number of cells counted X Dilution factor X 104 

(Cells/ml)  N =         ------------------------------------------------------------- 

  4 

E. Procedure 

The monolayer cell culture formed in the culturing flasks was trypsinized and the cells were put in 

centrifuging tube and centrifuged for 5 minutes separating the cells from the supernatant that flicked out. 1 

ml complete medium was added to the cells and all the cell suspension was contained in a basin. In a 96-

well microtitre plate, serial dilutions of each extracts were prepared. 3 duplicated concentrations for each 

extracts i.e. 6 wells for each of 8 extracts. All wells in rows A, B and C were used in addition to first 4 wells 

from each rows D, E and F. The first 2 wells of row G were used for the negative control and the first 2 

wells of row H were used for the positive control Triton X. 20 μl complete medium pipetted in all wells in 

rows B, C and mentioned wells of rows E and F. Then 20 μl from each extracts were pipetted in rows A 

and B and first 4 wells of rows E and F. 20 μl taken from row B were pipetted and mixed well in row C 

from which 20 μl were taken and flicked out. The same was done from E to F. After that 80 μl complete 
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medium were added to all used wells. Then adjusting the cell account to 3000 cell/well, 100 μl of cell 

suspension were added completing all wells to the volume 200 μl. Now, we have duplicated three 

concentrations 500, 250, 125 μg/ml for each extract. Then the plate was covered and incubated at 37oC for 

96 hours. 

On the fourth day, the supernatant was removed from each well without detaching the cells. MTT 

suspension stock (5 mg/ml) prepared earlier in 100 ml phosphate buffer solution (PBS) was diluted (1:3.5) 

in a culture medium. To each well of the 96-well plate, 50 µl of diluted MTT were added. The plate was 

incubated for further 4 hours at 37oC. MTT was removed carefully without detaching cells, and 100 μl of 

DMSO were added to each well. The plate was agitated at room temperature for 10 minutes then read at 

540 nm using microplate reader. The percentage growth inhibition was calculated using the formula below: 

% cell inhibition = 100-{(Ac-At)/Ac} × 100 

Where, At = Absorbance value of test compound;      Ac =Absorbance value of control. 

3.5 Phytochemical Analysis of the plants 

3.5.1 Qualitative phytochemical analysis 

A. Phytochemical screening 

Phytochemical screening is of great importance in providing information about chemicals found in the plant 

in term of their nature and range of occurrence. This information would enable correlation between the 

nature and range of occurrence of these chemicals, and biological assays held to investigate a certain 

bioactivity of the mentioned plant. In this study the preliminary phytochemical screening was conducted to 

determine the presence of natural products in the extracts samples using standard methods according to 

(Sofowora, 1996, Trease and Evans, 1983, Harborne, 1984). 

A.1 Detection of Alkaloids 

7.5 ml of (PE) was evaporated to dryness on a water bath. 5 ml of HCl (2N) was added and stirred while 

heating on the water bath for 10 minutes, cooled filtered and divided into two test tubes. To one test tube 

few drops of Mayer’s reagent were added. While to the other tube few drops of Valser’s reagent were 

added. A slight turbidity or heavy precipitate in either of the two test tubes was tanked as presumptive 

evidence for the presence of alkaloids (Harborne, 1984).  

A.2 Detection of Flavonoids 

A weigh of 0.5 g of the extract was dissolved in 15 ml of 96% ethanol and filtered. The filtrate was used 

for the following tests: (A) To 3 ml of the filtrate in a test tube 1 ml of 1% aluminum chloride solution was 

in methanol was added. Formation of yellow color indicated the presence of Flavonoids, (Flavones and / or 

chalcone). (B) To 3 ml of the filtrate in a test tube 1 ml of 1% potassium hydroxide solution was added. A 

dark yellow color indicated the presence of the Flavonoids compounds (flavones or flavanones) chalcone 

and/or flavonol. (C) To 2 ml of the filtrate 0.5 ml of magnesium turnings were added. Producing of defiant 
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color to pink or red was taken as presumptive evidence that flavanones were present in the plant sample 

(Harborne, 1984).   

A.3 Detection of Tannins 

A weigh of 0.5 g of the extract was stirred with 10 ml of hot saline solution. The mixture was cooled and 

filtered. About 5 ml of this solution was treated with few drops of the Gelatin-salt reagents. Formation of 

an immediate precipitate was taken as evidence for the presence of tannins. Positive test confirmed by the 

addition of few drops of 1% FeCl3.  The formation of blue, black or green was taken as an evidence for the 

presence of tannins.  

A.4 Detection of Saponins 

A weigh of 0.5 g of the extract was placed in a clean test tube and 10 ml of distilled water was added. The 

test tube was stoppered and vigorously shaken for about 30 seconds. The tube was then allowed to stand 

and observed for the formation of (honeycomb). The appearance of honeycomb, which persisted for least 

an hour, was taken as an evidence for the presence of Saponins.  

A.5 Detection of Anthraquinone 

A weigh of 0.5 g of the extract was boiled with 10 ml of 0.5N KOH containing 1ml of 3% hydrogen 

peroxide solution. The mixture was extracted by shaking with 10 ml of benzene. 5ml of the benzene solution 

was shacked with 3 ml of 10% ammonium hydroxide solution and the two layers were allowed to separate. 

The presence of anthraquinones was indicated when the alkaline layer was found to have assumed pink or 

red color. 

A.6 Detection of Coumarins 

A weigh of 0.5 g of the extract was dissolved in 10 ml distilled water in test tube and filter paper was 

attached to the test tube to be saturated with the vapour after a spot of 0.5N KOH was put on it. Then the 

filter paper was inspected under ultra violet (UV) light, the presence of coumarins was indicated when the 

spot absorbed the ultra violet (UV) light.  

A.7 Detection of sterols and triterpenes 

A weigh of 0.5 g of the extract was dissolved in 10 ml chloroform, 0.5 ml acetic anhydride (0.5 ml) was 

added and the solution was transferred into a dry test tube. Few drops of concentrated sulphuric acid were 

poured carefully down the walls of the test tube so as to form a lower layer. Brownish-red or violet ring at 

the zone of the contact with supernatant and green or violet coloration denoted the presence of sterols and 

/or triterpenes pink to purple.  

A.8 Detection of Phenols 

To 1ml of extract, 2 ml of distilled water were added followed by few drops of 

10% ferric chloride (FeC13). Appearance of blue or green colour indicates the 

presence of phenols. 
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B. Chromatographic analysis for thin layer chromatography (TLC) 

Phytochemical constituents of the crude extracts were analyzed by thin layer chromatography (TLC) as 

described by Eloff et al. (2007). The following developed in different solvent systems (eluent) were use 

(Bladt, 2009). Development of the chromatograms was done in a closed tank in which the atmosphere had 

been saturated with the eluent vapour. The plates were then dried overnight under a stream of air to remove 

excess solvent. Visible bands were viewed under daylight and under UV light at 245 nm and 365 nm 

respectively, as shown in Appendix (4).The plates were carefully heated at 105°C for optimal colour 

development (Masoko et al., 2008). 

Table (3.3): Chromatographic analysis by thin layer chromatography (TLC) using different solvent 

system: 

Compounds Solvent system Reagents 

Anthraquinone Ethyl acetate:methanol:water 

(100:13.5:10) 

KOH reagent 

Tannins Ethyl acetate:methanol:water 

(100:13.5:1.0) 

Berlin blue 

UV 365 

Alkaloids Toluene:ethyl acetate:diethylamine 

(70:20:10) 

Dragendorff 

Flavonoids ethyl acetate:formicacid:glacial 

acetic acid:water 

(100:11:11:26) 

NP/PEG reagent 

UV-365nm 

Saponins Chloroform:glacial acetic acid –

methanol:water 

(64:32:12:8) 

AS reagent 

B.1 Rétention factor (Rf) values of compound 

Characterization of the different compounds identified was done by calculating their Rf values in the 

different TLC system (Masoko et al., 2005) Briefly, the solvent front was marked on the TLC plates 

immediately after removing it from the chamber, and allowed to dry before visualizing the bands relating 

to different compounds. The Rf value was calculated by the following equation: 

𝐑𝐟 𝐯𝐚𝐥𝐮𝐞 =
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐦𝐨𝐯𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐜𝐨𝐦𝐩𝐨𝐮𝐧𝐝 𝐟𝐫𝐨𝐦 𝐭𝐡𝐞 𝐨𝐫𝐢𝐠𝐢𝐧 𝐭𝐨 𝐬𝐩𝐨𝐭 𝐜𝐞𝐧𝐭𝐞𝐫

𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐦𝐨𝐯𝐞𝐝 𝐟𝐫𝐨𝐦 𝐨𝐫𝐢𝐠𝐢𝐧 𝐭𝐨 𝐬𝐨𝐥𝐯𝐞𝐧𝐭
 

B.2 Preparation of spraying reagents for TLC 

B.2.1 Potassium hydroxide: Potassium hydroxide (1 g) was dissolved in 100 ml éthanol used for détection 

of anthraquinone. 

B.2.2 Berlin blue: A freshly prepared solution of 10 g iron Chloride and 0.5 g potassium hexacyanoferrate 

in 100 ml water. The plate is sprayed with 5-8 ml and evaluated in vis; used for détection of tannins. 

B.2.3 Dragendorff’ reagent: A/ 0.85 g bismuth sub nitrate was dissolved in 10 ml glacial acetic acid and 

40 ml distilled water. B/ 20 g potassium iodide was dissolved in 50 ml distilled water. Solutions (A and B) 

were left over night, equal volumes of them were mixed and 20 ml of glacial acetic acid added then 

completed to 10 ml with distilled water used for detection of alkaloids. 
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B.2.4 Natural produets-polyethylenglyeol reagent (NP/PEG): The plate is sprayed with 1 % methanolic 

diphenylboric acid-ß-ethylamino ester (= diphenylboryloxyethylamine) (NP), followed by 5% ethanolic 

polyethyleneglycol4000 (PEG) (10 ml and 8 ml, respectively) used for detection of flavonoids. 

B.2.5 Anisaldehyde-sulphuric acid reagent (AS): 0.5 ml Anisaldehyde is mixed with 10 ml glacial acetic 

acid, followed by 85 ml methanol and 5 ml concentrated sulphuric acid, in that order. The re agent has only 

limited stability, and is no longer useable when the colour has turned to red-violet. The TLC plate is sprayed 

with ab out 10 ml, heated at 100 °C for 5-10 min, then evaluated in vis. or UV-365 nm, used for detection 

of saponins. 

3.5.2 Quantitative phytochemical analysis 

A. Determination of total contents 

A.1 Determination of total phenolics content (TPC) 

Total phenolic content was assessed approximately by using Folin-Ciocalteau Phenol reagent through the 

method by Wolfe et al. (2003), with slight modification (Ainsworth and Gillespie, 2007) using standard 

curve generated with gallic acid as a reference. 0.5 mL of extract (1 mg/mL) was mixed with 0.4 mL Folin-

Ciocalteu reagent (diluted with water 1:10 v/v) and 0.910 mL (75%) sodium carbonate. The mixture was 

allowed to stand for 90 min at room temperature for colour development. Absorbance was measured at 765 

nm using multiplate reader spectrophotometer. Total phenolic content is expressed as mg gallic acid 

equivalent (GAE) per g of dry weight, and was determined using the equation based on the calibration line: 

Y = 0.0019x + 0.013, where y is the absorbance and x is the gallic acid equivalent (mg/g) and R2 = 0.995.  

A.2 Determination of the total flavonoids content (TFC) 

The total flavonoid content was measured using a modified colorimetric method by Kim et al. (2003) with 

some modifications. 1 mL of extract (1 mg/mL in methanol) received 0.3 mL of 5% NaNO2, 0.3 ml of 10% 

AlCl3 and 2 ml of 1 M NaOH at 5 min intervals. The absorbance was measured against the blank at 510 

nm after incubation time of 15 minutes. The standard curve was prepared using different concentrations of 

Quercetin as a reference. The flavonoid content was expressed as mg Quercetin equivalents (QE) per g of 

dry weight, and was determined using the equation based on the calibration line: Y = 0.00953x + 0.0024, 

where y is the absorbance and x is the Quercetin equivalent (mg/g) and R2 = 0.997. 

A.3 Determination of the Total tannin content (TTC) 

The tannins content was determined by using FeCl3 and gelatin test method by Shivakumar et al. (2012), 

with some modification. One ml of extract (1 mg/ml) was transferred to vials, 1ml of 1% K3Fe (CN)6 and 

1 ml of 1% FeCl3 were added, and the volume was made up to 10 ml with distilled water. After 5 min 

absorbance was measured at 510 nm against a reagent blank. The experiment was conducted in triplicate 

analysis. The total tannin content was determined using a calibration line prepared with tannic acid standard 

as a reference. The total tannin content was expressed as mg of tannic acid equivalent per gram dry weight 

of residues. 
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3.5.3 Quantitative and qualitative analysis 

A. Gas Chromatography–Mass Spectrometry (GC-MS) analysis 

GC-MS technique was used to identify the phytocomponents present in the crude extracts. The tested 

extracts were analyzed by GC-MS using Shimadzu (Japan) Mass Spectrometer-2010 series at International 

Center for Chemical and biological Sciences (ICCBS), University of Karachi, Karachi, Pakistan. 1 μL of 

sample was injected in GC-MS equipped with a split injector. The MS was operated in the electron 

ionization (EI) mode (70 eV). Helium was employed as the carrier gas and its flow rate was adjusted to 1.2 

mL/min. The analytical column connected to the system was an Rtx-5 capillary column (length-30 m × 

0.25 mm i.d., 0.25 μm film thickness). The column head pressure was adjusted to 93.9 kPa. Column 

temperature programmed from 110 °C (7 min) to 200 °C at 10 °C/min and from 200-280 °C at 5 °C/min 

withhold time 0 and 9 min respectively. A solvent delay of 4.50 min was selected. The injector temperature 

was set at 250 °C, and the GC-MS interface was maintained at 280 °C. The MS was operated in the ACQ 

mode scanning from m/z 40 to 550.0. In the full scan mode, EI mass spectra in the range of 40–550 (m/z) 

were recorded at electron energy of 70 eV. Compounds were identified by comparing mass spectra with 

library of the National Institute of Standard and Technology (NIST), USA/Wiley. 

3.6 Bio-guided isolation of active compounds 

Based on the results of preliminary biological activities; antimicrobial, antiprotozoal, anti-schistosoma and 

antioxidant properties, only two fractions were selected for isolation and structural elucidation of bioactive 

principles. Based on results the most potent of ethyl acetate fractions from M. indica and T. bakis were 

selected for isolation of antimicrobial and antioxidant compounds which show superior antibacterial and 

antioxidant activity against all of the tested pathogens. 

For bioactive principles isolated compounds from selected fractions chromatographic techniques were 

used. Major isolation compounds were carried out by using column chromatography (Normal and Reverse 

phase) and silica gel of different partial sizes, RP-C18 and Sephadex LH-20. Purification of compounds 

was done by preparative TLC. High Performance Liquid Chromatography (HPLC) was used as it required. 

3.6.1 Thin layer chromatography (TLC) 

The precoated TLC plates (TLC Silica gel F254, Merck, Germany) were trimmed to desired size strips and 

the position of the origin (2 cm above the bottom of TLC strip) and end (1 cm below the top of TLC strip) 

was marked by a straight line. 

The selected fractions were spotted on the origin and put in a lidded tank containing desired solvent system. 

The level of solvent system in the tank was about 1 cm beneath the origin. The solvent travelled up (move) 

the plate by capillary action till it reached the solvent front (end). TLC strip was removed from the solvent 

tank and dried. The TLC plates were visualized by spraying reagents solutions and under UV light at 254 

nm, as shown in Appendix (4). The procedure was followed with other strips and various solvent-solvent 
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ratios were tried until good resolution was noticed. The retention factor (Rf) values of all the spots were 

determined by the following formula: 

𝐑𝐟 𝐯𝐚𝐥𝐮𝐞 =
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐦𝐨𝐯𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐜𝐨𝐦𝐩𝐨𝐮𝐧𝐝 𝐟𝐫𝐨𝐦 𝐭𝐡𝐞 𝐨𝐫𝐢𝐠𝐢𝐧 𝐭𝐨 𝐬𝐩𝐨𝐭 𝐜𝐞𝐧𝐭𝐞𝐫

𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐦𝐨𝐯𝐞𝐝 𝐟𝐫𝐨𝐦 𝐨𝐫𝐢𝐠𝐢𝐧 𝐭𝐨 𝐬𝐨𝐥𝐯𝐞𝐧𝐭
 

A. Spraying Reagents for TLC 

TLC analyses were done on silica gel 60 F254 plates developed in the organic solvent. TLC spraying reagents 

used for identification of compounds were ceric sulphate reagent, vanillin reagent, Dragendorff"s reagent, 

10% H2SO4 and aluminum chloride (AlCl3) reagents. 

3.6.2 Column Chromatography (CC) 

The ethyl acetate fractions of M. indica and T. bakis were subjected to column chromatography to obtain 

purified bioactive compounds. The column was packed with a solution of silica gel (60-120 mesh) with 

DCM using wet slurry method, as shown in Appendix (5). This involves preparing a solution of silica gel, 

with DCM and subsequently adding this until the column was three-fourth filled. The solution was stirred 

for dispersal and quickly added to the column before get settled down. This method was used to prevent 

the trapping of air bubbles. A ball of cotton wool was pushed into the column to settle at for the packed 

silica gel. A substantial amount of DCM was poured continuously into the column and allowed to drain, 

but prevented from reaching the cotton wool. The collected solvent was poured back into the column. 

Fraction adsorbed silica gel was loaded into the pre-packed column and eluted with desired solvent system 

by increasing the polarity of solvent. All the fractions were eluted and collected in dry glass container. Each 

obtained fraction was dried and tested for required bioactivity using standard methods (as mentioned in the 

previous sections antimicrobial and antioxidant activities). 

The fractions showing highly potential biological activity, was selected and monitored by TLC. Based on 

the TLC profile, further purifications of selected fractions were done by series of column chromatography 

using silica gel and eluted with desired solvent systems. All the column fractions were continuously 

examined for their required bioactivity and TLC profile until a single bioactive compound was obtained. 

Finally, the Rf values of purified bioactive fractions (single spotted) were measured in TLC. Those fractions 

with similar Rf values were combined together and kept for further biological screening and structural 

elucidation. The following separation systems were used: 

A. Normal phase: Silica gel 

Silica gel (silica gel 60, 230-400 mesh), as shown in Appendix (5-A). (Sigma-Aldrich) with pore different 

size were used as required for column chromatography using dichloromethane: methanol (1:0 to 0:1) mobile 

phase increasing polarity. Sufficient quantity of silica gel was added in dichloromethane (DCM) to make 

slurry and then loaded to column avoiding air bubbles. Sample was adsorbed on small amount of dry silica 

gel and this dry powder of silica with sample was loaded at the top of column. One table spoon of dry sand 

was added at the top of sample to maintain uniformity of sample layer. Mobile phase was used in order of 

increasing polarity starting from dichloromethane followed by methanol in different ratios. 
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B. Reverse phase: C-18 

For reverse phase column chromatography, reverse phase silica was used, and the sample was loaded in 

silica by using methanol and water in different ratios. In reverse phase column chromatography, mobile 

phase was used in order of decreasing polarity started with methanol: water (20:80%) followed by 

methanol: water (40:60%), methanol: water (60:40%), methanol: water (80:20%) and finally 1000 ml of 

methanol (100%). Fractions were collected and TLC plates were developed as in normal phase column 

chromatography, as shown in Appendix (5-B). 

C. Stationary Phase: Sephadex LH-20 

Sephadex LH-20, as shown in Appendix (5-C), was dissolved in methanol for overnight and then it was 

packed in glass column with continuous flow of methanol by gravity (without applying pressure). The 

sample was dissolved in methanol and was loaded at the top of Sephadex LH-20. When sample moved into 

the Sephadex LH-20 then the top of the column was filled with methanol. Fractions were collected and 

subjected to TLC as described in normal phase column chromatography. 

3.6.3 High Performance Liquid Chromatography (HPLC) 

Analytical HPLC, as shown in Appendix (6), was used to identify the interesting peaks from fractions as 

well as to evaluate the purity of isolated compounds. The gradient used started with 10:90 (MeOH: H2O to 

100% MeOH) in 35 min. Peaks were detected by UV-Vis diode array detector. Semi-preparative HPLC 

was used for the isolation of pure compounds from fractions previously separated using column 

chromatography. Each injection consists of about 2-5 mg of the fraction dissolved in 1 ml of the solvent 

system. The solvent system consisting of MeOH was pumped through the column at a flow rate of 1 ml/min. 

The eluted peaks which were detected by the online UV detector were collected separately in vials.  

3.7 Identification and structural elucidation of isolated compounds 

The isolated compounds identification and structural elucidations were conformed using various techniques 

and spectral data such as 1D NMR (1H, 13C and DEPT), 2D NMR (HMBC, HSQC and COSY) and Mass 

Spectrum (MS) analysis, etc, are shown in Appendix (6 – 10). 

3.7.1 Nuclear Magnetic Resonance (NMR) Spectroscopy 

Identification of isolated compounds of ethyl acetate fractions, was performed by using one and two 

dimensional technique NMR techniques at International Center for Chemical and biological Sciences 

(ICCBS), University of Karachi, Karachi, Pakistan. And C-NMR is used to identify the types of carbon 

present in the compound. H-NMR is used to find out types of hydrogen are present in the compound and 

to find out how the hydrogen atoms are connected. 1D NMR spectra (1H and 13C) were recorded from a 

Varian Unity 500 at 500 MHz for 1H, and at 100 MHz for 13C NMR. 2D NMR spectra (HSQC, HMBC and 

COSY) were recorded from a Varian Inova 600 at 600 MHz for 1H and 150 MHz for 13C. CDCl3 and 

CD3OD were used as NMR solvents used as an internal standard. Chemical shifts were measured in δ scale 

in ppm. 
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3.7.2 Mass Spectrometry (MS) 

Identification of isolated compounds of ethyl acetate fractions were performed by using mass spectrometer 

(MS), at International Center for Chemical and biological Sciences (ICCBS), University of Karachi, 

Karachi, Pakistan, determines the mass of a molecule and this is achieved by measuring the molecule`s m/z 

ratio. The molecular weight of sample can be determined by MS spectrum. 

3.8 Statistical analysis 

All the experiments were conducted in triplicates and results were shown as mean ± standard deviation. 

Statistical analysis for all the assays results were done using Microsoft Excel Program (2016). Regression 

line equations were used to calculate IC50 and LD50. All the grouped data were statistically evaluated and 

the significance of various treatments were calculated using one-way ANOVA. Database management and 

statistical analyses were carried out using SPSS (Statistical Package for the Sociological Sciences) data 

analysis software version 26.0. 
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CHABTER FOUR 

RESULTS AND DISCUSSION 

This research was conducted on three medicinal plants with different families namely; Mangifera indica L. 

(Family: Anacardiaceae), Rosmarinus officinalis L. (Family: Lamiaceae) and Tinospora bakis (A. Rich) 

Miers (Family: Menispermaceae). They were investigated for their biological activities viz; antimicrobial, 

antiprotozoal, molluscicidal and antioxidant activities, and cytotoxicity viz; MTT-assay and Brine shrimps, 

and phytochemical analysis (Qualitative and quantitative), viz; (isolation, identification and 

characterization). The active fractions of ethyl acetate were subjected to chromatographic (TLC, CC and 

HPLC); and the chemical structures of isolated compounds were elucidated using (1D-NMR, 2D-NMR and 

MS) to their bioactive compound(s).  

4.1 Extractions and fractionations of the plants 

4.1.1 Yields of extraction 

Extractable matter percentage is one of the parameters used for the characterization of botanical drugs 

(Gami and Parabia, 2010). Some selected medicinal plants were extracted by ethanol (80% v/v) using cold 

maceration method of extraction for all botanical samples at room temperature and after complete 

evaporation to dryness, samples showed the following yield percentages. The yields percentage obtained 

from crude ethanolic extracts ranging from (11.78 – 22.40%). The T. bakis had the highest yield percentage 

with (22.40 %), this high yield could be due to its content of highly polar compounds. This was followed 

by R. officinalis extraction yield (14.17%), and M. indica extract showed the lowest extraction yield 

(11.78%), as shown in Table (4.1). There were a significant difference in the yields obtained. The efficiency 

of ethanol in the extraction of phytochemicals has been reported in other studies (Siddhuraju and Becker, 

2003). These results seem to be consistent with others confirming ethanol as a good solvent for extraction 

of bioactive compounds from plants as it gave the highest yield in plants studied. This variation in colour 

and texture could be attributed to the kinds of chemical components of each extract. The M. indica and T. 

bakis ethanolic extracts were brown in colour and their texture generally appeared to be gummy, while, R. 

officinalis extract varied in colour and texture from green and powder respectively. The ethanolic crude 

extracts were investigated for their biological activities, cytotoxicity and phytochemical analysis.   
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Table (4.1): Yield percentages of crude ethanolic extracts of the selected medicinal plants: 

N

o. 

Scientific Name of 

Plants 

Family Name Weigt 

of 

Plants 

(g) 

Part 

Used 

Weight 

of 

extracts 

(g) 

Yield  

(%) 

Color Texture  

1 Mangifera indica Anacardiaceae  

 

50 

S. 5.890 11.78 Brown Gummy  

2 Rosmarinus officinalis Lamiaceae P. 7.085 14.17 Green Powder  

3 Tinospora bakis Menispermaceae WP. 11.20 22.40 Brown Gummy  

Key: g = Gram, (%) = Percentage,   S. = Seeds, P. = Pods, WP. = Whole plant, the highly yield of extract was written in bold. 

4.1.2 Yields of fractionations 

The crude ethanolic extracts of the selected medicinal plants, after complete evaporation to dryness, were 

fractionated with different solvents with gradual polarity including; hexane (polarity index = 0.1), ethyl 

acetate (polarity index = 4.4), n-butanol (polarity index = 4.0) and water. The yield percentages obtained 

from fractions were ranging from (0.2– 54.25%), and the ethyl acetate fractions produced the highest yields 

compared to the other solvents tested. The ethyl acetate fractions of M. indica, R. officinalis and T. bakis 

were 54.25, 47.10 and 40.75% respectively. The n-hexane fractions of M. indica, R. officinalis and T. bakis 

were 0.2, 14.05 and 10.25% respectively. The n-butanol fractions of M. indica, R. officinalis and T. bakis 

were 16, 12.50 and 30.50% respectively. And the aqueous fractions of M. indica, R. officinalis and T. bakis 

were 28.50, 24.90 and 18.50% respectively (Table 4.2). The fractions were evaluated for some biological 

activities and cytotoxicity.   

Table (4.2): Yield percentages of fractions of crude ethanolic extracts of the selected medicinal plants:                                       

No Scientific Name of 

Plants 

Solvents Weight 

of 

Extracts 

(g) 

Weight of 
Fractions 

(g) 

Yield 
percentage 

(%) 

Colour 

 

1. 1.  

Mangifera indica 

n-hexane  

 

 

 

 

 

20 

0.04 0.2 White  

2. 2. Ethyl acetate 10.85 54.25 Yellow 

3. 3. n-Butanol 3.2 16 Yellow 

4. 4. Aqueous 5.70 28.5 Yellow 

5. 5.  

Rosmarinus officinalis 

n-hexane 2.81 14.05 Green 

6. 6. Ethyl acetate 9.42 47.1 Green 

7. 7. n-Butanol 2.50 12.5 Yellow 

8. 8. Aqueous 4.98 24.9 Yellow 

9. 9.  

Tinospora bakis 

n-hexane 2.05 10.25 Yellow 

10. 10. Ethyl acetate 8.15 40.75 Yellow 

11. 11. n-Butanol 6.10 30.50 Brown 

12. 12. Aqueous 3.70 18.50 Brown 

Key: g = Gram, (%) = Percentage, the highly amount yield of fractions was written in bold. 

 



95 
 

4.1.3 Yields of fractionations by column chromatographic technique 

A. M. indica (seeds) 

The fraction of ethyl acetate from M. indica (seeds) has shown good biological activities; it was selected 

for further investigation on the basis of the bioactivity guided approach. The yields percentage obtained 

from fractions were ranging from (0.10 – 27.30 %). TLC was used with gradient mixtures of 

Dichloromethane: Methanol (DCM: MEOH) to obtain other known compounds. The yields percentage, as 

shown in Table (4.3), all fractions collected (F1–F19) were subjected to column chromatography using silica 

gel, C-18 and sephadex as purification compounds. The good amount (weight) of fractions collected (F1–F19) 

were obtained and evaluated for their antimicrobial and antioxidant activities. Some fractions collected (F1–

F19) were subjected to column chromatography used silica gel, C-18 and sephadex as purification 

compounds. The fraction 16 had the highest yield percentage with (27.30%).  

Table (4.3): Yields percentage (%) of fractionation of the ethyl acetate fraction from Mangifera indica 

(seeds) by column chromatographic technique: 

No. of Fractions  Weight of 

Fraction (g) 

Weight of 
Compounds 

(g) 

Yield 
percentage 

(%) 

Colour 

 

Texture 
 

F 1  

 

 

 

 

 

 

 

 

28 

0.027 0.10 Yellow Gummy 

F 2 0.271 0.97 Yellow Oil 

F 3 0.025 0.09 White Powder 

F 4 0.145 0.52 Brown Gummy 

F 5 0.009 0.03 Brown Gummy 

F 6 0.003 0.01 Brown Gummy 

F 7 0.092 0.33 Brown Gummy 

F 8 0.089 0.32 Brown Gummy 

F 9 2.678 9.56 Brown Gummy 

F 10 0.226 0.81 White  Powder 

F 11 0.153 0.55 Brown Gummy 

F 12 0.213 0.86 Brown Gummy 

F 13 0.187 0.67 Brown Gummy 

F 14 0.112 0.40 Brown Gummy 

F 15 0.318 1.14 Brown Gummy 

F16 7.644 27.30 Brown Powder 

F 17 5.674 20.26 Brown Powder 

F 18 0.236 0.84 Brown Gummy 

F 19 1.311 4.68 Brown Gummy 

B. T. bakis (whole plant) 

The fraction of ethyl acetate from T. bakis (whole plant) has shown better biological activities; it was 

selected for further investigation on the basis of the bioactivity guided approach. The yields percentage 

obtained from fractions were ranging from (0.05 – 14.52 %). TLC was used with gradient mixtures of 

Dichloromethane: Methanol (DCM: MEOH) to obtain other known compounds. The yields percentage are 

shown in Table (4.4). The fraction 8 had the highest yield percentage with (14.52%). 
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Table (4.4): Yields percentage (%) of fractionation of the ethyl acetate fraction from T. bakis (whole plant) by 

column chromatographic technique: 

No. of Fractions  Weight of 

Fraction (g) 

Weight of 
Compounds 

(g) 

Yield 
percentage 

(%) 

Colour 

 

Texture 
 

F 1  

 

 

 

 

 

 

 

 

560 

1.0595 0.66 Yellow Gummy 

F 2 0.0791 0.05 Yellow Gummy 

F 3 0.01243 0.008 Brown Gummy 

F 4 0.2403 0.150 Brown Gummy 

F 5 0.8513 0.532 Brown Gummy 

F 6 7.1113 4.44 Brown Gummy 

F 7 10.2702 6.42 White  Powder 

F 8 23.2394 14.52 White  Powder 

F 9 17.2258 10.77 Brown Gummy 

F 10 1.9798 1.237 Brown Gummy 

F 11 2.0581 1.286 Brown Gummy 

F 12 2.5021 1.564 Brown Gummy 

F 13 3.637 2.273 Brown Gummy 

F 14 2.3758 1.485 Brown Gummy 

F 15 2.0986 1.312 Brown Gummy 

F16 10.4809 6.550 Brown Gummy 

F 17 5.7726 3.608 Brown Gummy 

F 18 3.3149 2.072 Brown Gummy 

F 19 5.3116 3.319 Brown Gummy 

F 20 3.2578 2.036 Brown Gummy 

F 21 1.0637 0.665 Brown Gummy 

Key: F= Fraction. 

4.2 Biological activities 

4.2.1 Antimicrobial activity 

The antimicrobial activity of ethanolic (80%) crude extracts, fractions and compounds of some selected 

medicinal plants used medicinally in Sudanese traditional medicine: (viz; Mangifera indica (seeds), 

Rosmarinus officinalis (pods) and Tinospora bakis (whole plant)) were investigated for their antibacterial 

and antifungal activities against standard microorganisms against two Gram positive (+) bacteria (Bacillus 

subtilis (NCTC 7596)), and (Staphylococcus aureus (ATCC 25923)), two Gram negative (-) bacteria 

(Escherichia coli (ATCC 25922)) and (Pseudomonas aeruginosa (ATCC 27853)), as well as one fungi 

against (Candida albicans (ATCC 9763)) comparable with antibiotics (reference drugs), against 

antibacterial and antifungal drugs. The Minimum Inhibitory Concentration (MIC) and Minimum 

Bactericidal Concentration (MBC) using the cup plate agar diffusion method and resazurin microtiter-plate 

assays. 

B. Interpretation of results 

All average of the diameters of the growth inhibition zones obtained in the experiments has been shown in 

Table (4.5). The results were interpreted in terms of the commonly used terms '' Sensitive intermediate and 

resistant. On the basis of the results obtained with standard chemotherapeutic agents against the same 
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standard tested organisms Table (4.5), extracts resulting in more than (18 mm) growth inhibition zone are 

considered to possess high antimicrobial activity, those resulting in (14-18 mm), are of intermediate activity 

and those resulting in zone below (14 mm) are inactive (Barry, 1976, Cruickshank, 1975). 

C. Screening of antimicrobial activity of the plants and antibiotics 

The results revealed that, the extracts showed the highest inhibition zone more than (18 mm) diameter 

against all tested standard microorganisms, with the inhibition zone ranging from (20 to 37 mm) at 

concentration (100 mg/ml). While, the negative controls showed that solvents (DMSO 10% and Distil 

water) without extracts had no inhibitory effect (-) on bacterial and fungal growth.   

The ethanolic extract of M. indica exhibited inhibitory effects against all standard microorganisms tested 

at different concentrations used, with the inhibition zone ranging from (24 to 37 mm) in length. It showed 

high activity inhibition zone against Ps. aeruginosa (37 mm), followed by S. aureus (36 mm), E. coli (31 

mm), C. albicans (25 mm) and B. subtilis (24 mm) against the microorganisms tested, as shown in Table 

(4.5) and Figure (4.1). Therefore this result showed that the extract tested inhibited the growth of all 

microorganisms with their varied sensitivities whereas; the Gram negative and Gram positive bacteria are 

more active than the fungi tested. The ethanolic extract with the highest activity against P. aerugonosa, S. 

aureus and E. coli were less sensitive and B. subtilis more susceptible. This result similarly have been 

obtained by scholars (El-Mahmood et al., 2008, Sanusi et al., 2011), and by El-Gied et al. (2012) except 

that in their study, B. subtilis was not tested with the extract of M. indica.  

The finding is in line with the findings of Khammuang and Sarnthima (2011), where they reported that 

different mango kernel extract showed interesting antibacterial activity against both Gram positive and 

Gram negative bacteria as determine by disc diffusion method and the most sensitive strain inhibited by all 

extracts was Pseudomonas aeruginosa. In one of another study conducted in USA, ethanolic and 

methanolic extract of mango leaf showed relatively high zones of inhibition against S. typhi. Both ethanolic 

and methanolic extract of mango leaf showed inhibition zones of >13.0 mm and <16.0 mm at 50 and 100 

mg/ml (Zakaria et al., 2006). And Ouf et al. (2020) found similar result with the oil of M. indica except 

that in their study, B. subtilis and C. albicans were not tested. Several reports on the antimicrobial activity 

of extract M. indica have been made in the literature (Mushore and Matuvhunye, 2013, Vaghasiya et al., 

2011, Bbosa et al., 2007). 

The antimicrobial activity of the extracts may be attributed to the presence of phytoconstituents such 

as triterpenoids, flavonoids and tannins. Similarly (Passi et al., 2009) showed that plant containing 

triterpenoids exhibit antimicrobial activity, and Cushnie and Lamb (2005) work reviewed the antimicrobial 

activity of flavonoids. Thus, the antibacterial activity of the extracts may be attributed to the presence of 

various phytoconstituents present in the extracts. 

In addition, in the present study for GC-MS was percentage 1, 2, 3-Benzenetriol (68.61 %) highly amount. 

1, 2, 3-Benzenetriol (Pyrogallol) is known as one of phenolic (hydrolysable tannin) (Khanbabaee and Van 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/triterpenoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/flavonoids
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tannin-derivative
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Ree, 2001). 1, 2, 3-Benzenetriol (Pyrogallol) phenolic known to possess antimalarial, antimicrobial, anti-

inflammatory, antioxidant, analgesic, insecticide, anticancer and cytotoxic activities (Beulah et al., 2018).  

The R. officinalis extract was found to have high activity against all of the standard microorganisms tested, 

with the inhibition zone ranging from (20 to 33 mm) in length. The extract showed higher activity in more 

than (18 mm) growth inhibition zone against all microorganisms tested, showed high activity inhibition 

zone against E. coli (33 mm), followed by S. aureus (27 mm), B. subtilis (23 mm), Ps. aeruginosa and C. 

albicans (20 mm) against the standard microorganisms tested, as shown in Table (4.5).  Therefore this result 

showed that the extract tested inhibited the growth of all microorganisms though the sensitivities of 

microorganisms varied. Therefore this result showed that the Gram negative and Gram positive organisms 

are more active that the fungi tested.  

This result was similar by Sekretar et al. (2004) except that in their study, E. coli and Ps. aeruginosa were 

not sensitive to the extract and that C. albicans was not tested. On the other study, similar to that reported 

by Lahlou et al. (2019) except that in their study, B. subtilis and C. albicans were not tested. The results 

indicated that the rosemary extracts showed antibacterial activity, according to Weckesser et al. (2007), 

mainly against the Gram-positive bacteria (S. aureus and B. subtilis). The extract also exhibited an effect 

against the Gram-negative bacteria (E. coli and P. aeruginosa) and fungi against C. albicans.  

The T. bakis extract showed high activity against all of the tested standard microorganisms with the 

inhibition zone ranging from (20 to 25 mm) in length. The extract high activity in more than (18 mm) 

growth inhibition zone against all microorganisms tested, showed high active inhibition zone against C. 

albicans (25 mm), followed by B. subtilis (22 mm), Ps. aeruginosa (21 mm), S. aureus and E. coli (20 mm) 

against the standard microorganisms tested (Table 4.5). Therefore this result showed that the extract tested 

inhibited the growth of all microorganisms though the sensitivities of microorganisms varied. Therefore 

this result showed that the fungi and Gram positive organisms are more active than the Gram negative 

tested. There were no reports this plant on the antimicrobial investigations of this species.  

This results may be due to the increasing in the amount of antimicrobial compounds for these plant such as 

triterpenes and phenolic compounds, according to the results obtained from the analysis of extract using 

GC-MS. 

All tested medicinal plants contain phytochemicals like saponins, steroids, glycosides and flavonoids, 

which indicated that plants rich in tannin and phenolic compounds, may possess antimicrobial activities 

against a number of microorganisms (Riaz et al., 2010, Parekh and Chanda, 2007). 

Compared to reference antibiotics, the selected plants exhibited a broader spectrum of antibacterial activity 

and were found to be clearly superior in all tested microorganisms. The M. indica seed extract showed 

highest potent than the all tested antibiotics. The M. indica extract showed inhibition against all tested 

bacteria higher than 40 μg/ml Ampicillin, and inhibited S. aureus and Ps. aeruginosa higher than 40 μg/ml 

Gentamicin. The ethanolic crude extract of M. indica inhibited against C. albicans tested higher more than 
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50 μg/ml Nystatin. The ethanolic crude extract of R. officinalis pods dissolved in DMSO (10%) inhibited 

all bacteria tested more higher than 40 μg/ml Ampicillin, E. coli higher than 40 μg/ml Gentamicin and C. 

albicans higher than 50 μg/ml Nystatin. The whole plant extract of T. bakis dissolved in DMSO (10%) 

inhibited all bacteria higher than 40 μg/ml Ampicillin except S. aureus and C. albicans higher than 50 μg/ml 

Nystatin (Table (4.5). 

The percentage activity of tested plant extracts demonstrates the total antimicrobial potency of particular 

extract. It shows numbers of bacterial and fungi susceptible to one particular extract. Ethanolic crude 

extracts of M. indica, R. officinalis and T. bakis in particular showed noticeable efficiency (100% activity) 

against the different microorganisms tested (Table 4.6). 

Table (4.5): Antimicrobial activity of ethanolic extracts and reference drugs (controls) against standard 

microorganisms used cup plate method at concentration (100 mg/ml): 

N

o. 

Name of drugs Families/controls MZID* (mm) ± SD 

Bacteria* Fungi** 

Gram (+ve) Gram (-ve) 

B. s S. a E. c Ps. a C. a 

1. 1. Mangifera indica  Anacardiaceae 24 ± 0.08 36 ± 0.01 31 ± 0.08 37 ± 0.05 25 ± 0.01 

2. 2. Rosmarinus 

officinalis 

Lamiaceae 23 ± 0.05 27 ± 0.02 33 ± 0.01 20 ± 0.08 20 ± 0.05 

3. 3. Tinospora bakis Menispermaceae 22 ± 0.02 20 ± 0.05 20 ± 0.04 21 ± 0.05 25 ± 0.01 

4. 4. DMSO 10% Control -ve - - - - - 

5. 5. Water Control -ve - - - - - 

6. 6. Ampicillin Control +ve  15 ± 0.01 25 ± 0.02 - 16 ± 0.02 ND 

7. 7. Gentamicin Control +ve 29 ± 0.01 35  ± 0.01 32 ± 0.01 23 ± 0.02 ND 

8. 8. Clotrimazole Control +ve ND ND ND ND 42 ± 0.01 

9. 9. Nystatin Control +ve ND ND ND ND 17 ± 0.02 

Key: B.s= Bacillus subtilis, S.a= Staphylococcus aureus, E.c= Escherichia coli, Ps.a= Pseudomonas aeruginosa and C.a= 

Candida albicans. MDIZ* (mm) = Mean diameter of growth inhibition zone in mm. Interpretation of results: MDIZ (mm): >18 

mm: Sensitive, 14 to 18 mm: Intermediate: <14 mm: Resistant. (-): No inhibition zone, ND: not determined, concentration used 

100 mg/ml of 0.1ml/cup and 40 µg/ml for extracts and drugs, respectively. The active extracts and drugs was highest than (> 

30 mm) written in bold, Values expressed as Mean  standard error (SEM); n=3 in each group, Inhibition zones were measured 

in mm and cup diameter was included. 

Table (4.6): Percentage activity values of the crude extracts: 

N

o. 

Name of plants NO. of 

microorganisms 

tested  

No. of active 

microorganisms 

tested 

Percent activity 

(%) 

1. Mangifera indica    

 5 

5 100 

2. Rosmarinus officinalis 5 100 

3. Tinospora bakis 5 100 

 

 



100 
 

 

 

 

 

  

 

Figure (4.1): Antimicrobial activity of ethanolic crude extract of M. indica against Gram-positive 

bacteria (A) Bacillus subtilis and (B) Staphylococcus aureus, Gram-negative bacteria (C) 

Escherichia coli and (D) Pseudomonas aeruginosa and fungi against (E) Candida albicans at 

concentration (100 mg/ml). 
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Bacterial and fungal susceptibility index, are shown in Table (4.7) is useful in evaluating the susceptibility 

of the different bacteria and fungi towards the plant extracts investigated. The all microorganisms tested 

found to be of high susceptibility to the all ethanolic crude extracts investigated (100 %), in Table (4.7). 

Table (4.7) Bacterial and fungal Susceptibility Index (BSI) of the plants: 

Test organisms No. of active extracts Percent activity (%) 

Bacillus subtilis  

 

3 

100 

Staphylococcus aureus 100 

Escherichia coli 100 

Pseudomonas aeruginosa 100 

Candida albicans 100 

D. Activity index (AI) for studied plants and reference drugs (Antibiotics) 

The antimicrobial nature of ethanolic extracts of medicinal plants were estimated by the activity index 

values. The plant extracts at the concentration (100 mg/ml) showed significant antimicrobial activity 

compared to standard drugs at the concentration (40 µg/ml) (antibacterial and antifungal) in dose dependent 

manor, as shown in Table (4.8). The (AI) values are helpful in estimating the potential of antimicrobial 

activity quantitatively compared to the respective standards. 

The significant use of ethanolic extracts of selected medicinal plants with standard antibiotics were 

calculated through activity index. More than 1 activity index value indicated the considerable role of herbal 

extracts which showed the strong effect against tested pathogens, as shown in Table (4.8), which support 

the traditional use of medicinal herbs against infectious pathogens. 

Generally, bacteria were more susceptible to the plant extracts than the yeast Candida, with activity index 

ranging between (0.57-2.31 and 0.48-1.47), for bacteria and fungi, respectively. The M. indica extract 

highest activity against Gram negative bacteria (Ps. aeruginosa) with an activity index (2.31). The T. bakis 

extract lowest activity against Gram positive bacteria (S. aureus) with an activity index (0.57) compared to 

other bacterial species, as shown in Table (4.7). However, the maximum zone of inhibition values are 

observed for Gram negative bacteria compared to Gram positive bacteria. The activity index is an 

expression of the degree of potency of the plant extract in relation to the standard drug (Moshi et al., 2006). 

The ethanolic extracts have shown higher AI values against Gram positive bacteria which means that the 

extracts are having good activity against the Gram positive bacteria compared to Ampicillin, except T. bakis. 

The ethanolic extracts have shown higher values against Gram negative bacteria against P. aeruginosa 

compared to Ampicillin. The extracts have shown higher activity index values against fungi compared to 

Nystatin, as shown in Table (4.8). 

 

 

 

 



102 
 

Table (4.8): Activity index (AI) for crude extracts with reference drugs (Antibiotics): 

Name of plants Gram (+ve) Gram (-ve) Fungi 

B. s S. a E. c Ps. A C. a 

Amp. Gen. Amp. Gen. Amp. Gen. Amp. Gen. Clot. Nyst. 

Activity index (AI) 

Mangifera indica  1.6 0.83 1.44 1.03 - 0.97 2.31 1.61 0.59 1.47 

Rosmarinus officinalis 1.53 0.79 1.08 0.77 - 1.03 1.25 0.87 0.48 1.18 

Tinospora bakis 1.47 0.76 0.80 0.57 - 0.62 1.31 0.91 0.59 1.47 

Key: AI= Activity Index (IZ developed by extract/IZ developed by standard), Amp. = Ampicillin, Gen. = Gentamicin, Clot. = 

Clotrimazole, Nyst. = Nystatin, (-) = no inhibition zone of antibiotic, tested concentration of extracts: 100 mg/ml (0.1 ml/well) 

and concentration of antibacterial and antifungal (40 µg/ml), the inhibition zone of extract more active than antibiotic was 

written in bold.  

E. Minimum Inhibitory Concentration (MICs) and Minimum Bactericidal Concentration (MBC) 

The Minimum Inhibitory Concentration and Minimum Bactericidal Concentration (MBC) of M. indica, R. 

officinalis and T. bakis extract against standard microorganisms (B. subtilis, S. aureus, E. coli, P. 

aeruginosa) as well as one fungi (C. albicans) were determined using concentrations range (100 - 0.78 

mg/ml) and compared with antibacterial and antifungal selected standard drugs (antibiotics) against 

standard microorganisms which determined using range (40-5 µg /ml). The result of the MIC of the extracts 

and standard drugs (antibiotics) are presented in Tables (4.9 and 4.10) and Figure (4.2). The results of 

minimum inhibitory concentration values have shown good correlation with IZ values. 

The extracts were active against the all microorganisms tested with MIC values of less than 0.78, 12.5 and 

1.56 mg/ml for M. indica, R. officinalis and T. bakis extract respectively. The MICs of M. indica and T. 

bakis extract were lowest of less than 0.78 and 1.56 mg/ml), respectively, and moderate (12.5 mg/ml) 

against all microorganisms tested. The range of MBC of M. indica extract showed less than 0.78 to 1.56 

mg/ml), as shown in Tables (4.9 and 4.10). Results obtained showed that MIC values were lower than MBC 

values, suggesting that extracts were bacteriostatic at lower concentration. 

On the other hand, the range of MBC of M. indica extract was (≤ 0.78 to 1.56 mg/ml), as shown in Tables 

(4.9 and 4.10) and Figure (4.2). These results were similar to Mushore and Matuvhunye (2013), and Singh 

et al., (2010) extracted stem park of M. indica and excellent results have been  generated  with  significant 

antibacterial and anti-fungal activities (MIC = 0.08 mg/mL) against  Streptococcus  pneumonia,  Enterobacter  

aerogenes,  Klebsiella  pneumonia  and  Candida  albicans. In the present study encouraging results have 

been produced with ethanolic extract but interestingly with the seeds of mango. 

The R. officinalis extract showed that 12.5 mg/ml was the lowest concentration to inhibit the growth of all 

microorganisms tested, as shown in Table (4.9). The maximum AI values are observed against B. subtilis 

(1.53) and low AI value for C. albicans (0.48) compared to other bacterial species, as shown in Table (4.8). 

However, the maximum zone of inhibition values are observed for Gram negative bacteria compared to 

Gram positive bacteria. The Minimum inhibitory concentration values have shown good correlation with 

IZ values. The Minimum inhibitory concentration (MIC) of R. officinalis extract was 12.5 mg/ml against 
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all bacteria tested. The range of Minimum Bactericidal Concentration (MBC) of R. officinalis extract was 

(12.5 to 25 mg/ml), as shown in Tables (4.9 and 4.10). Similar to our result Petrolini et al. (2013) found 

that the S. aureus. This result agree with Oluwatuyi et al. (2004) found that  S. aureus.  

The T. bakis extract showed that 1.56 mg/ml was the lowest concentration to inhibit the growth of all 

microorganisms tested as shown in Table (4.9). The maximum AI values are observed against B. subtilis 

and C. albicans (1.47) and low AI value for S. aureus (0.57) compared to other bacterial species (Table 

4.8). However, the maximum zone of inhibition values are observed for Gram positive bacteria compared 

to Gram negative bacteria. The minimum inhibitory concentration values have shown good correlation with 

IZ values. The minimum inhibitory concentration of R. officinalis extract showed 1.56 mg/ml against all 

bacteria tested. The range of minimum bactericidal concentration (MBC) of R. officinalis extract showed 

(1.56 to 6.25 mg/ml), as shown in Tables (4.9 and 4.10). Thus, the results of these studies suggest that 

different organisms react differently to the same extract, as well as fractions and pure compounds; similarly 

to the work of (Rios and Recio, 2005) on the plant R. officinalis furnished promising results, particularly 

for Gram-positive bacteria, and compared with published data, these findings justify the considerable 

interest in the development of credible alternatives for the treatment of urinary tract infections. 

H. Screening of antimicrobial activity of fractionation of the plants and antibiotics 

The M. indica fractions exhibited inhibitory effects against standard microorganisms tested with the 

inhibition zone ranging from (11 to 29 mm) in length. The M. indica fractions exhibited inhibitory effects 

against all of the tested standard microorganisms, while, n-hexane fraction was in-active against Ps. 

aeruginosa. In addition, the ethyl acetate M. indica fraction inhibition zone ranging from (23 to 29 mm) in 

length. The highest activity inhibition zone against Gram positive bacteria, B. subtilis and S. aureus (29 and 

27 mm), respectively. While, the inhibition zone against Gram negative bacteria Ps. aeruginosa and E. coli 

(25 and 22 mm), respectively, and the C. albicans 23 mm. The n-butanol fraction of M. indica exhibited 

inhibitory effects against all of the tested standard microorganisms with the inhibition zone ranging from 

(19 to 22 mm) in length. The highest activity inhibition zone against Gram negative bacteria Ps. aeruginosa 

(22 mm), in addition, the Gram positive bacteria inhibition zone (21 mm) against B. subtilis and S. aureus, 

whereas, the lowest inhibition zone (19 mm) was against C. albicans. The aqueous fraction of M. indica 

exhibited inhibitory effects against all tested standard microorganisms with the inhibition zone ranging 

from (12 to 19 mm) in length. The highest activity inhibition zone of against Gram positive bacteria against 

B. subtilis and S. aureus (19 and 16 mm), respectively, the inhibition zone (16 mm) against C. albicans, 

while, the lowest inhibition zone (15 and 12 mm) against Gram negative bacteria Ps. aeruginosa and E. 

coli. And the n-hexane fraction of M. indica exhibited inhibitory effects against all tested standard 

microorganisms except in-active against Gram negative bacteria Ps. aeruginosa, with the inhibition zone 

ranging from (11 to 16 mm) in length. The highest activity inhibition zone against Gram positive bacteria 

against B. subtilis (16 mm), and the inhibition zone (15 mm) against E. coli and C. albicans, while, the 
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lowest inhibition zone (11 mm) against Gram positive bacteria S. aureus. In addition, the ethyl acetate and 

n-butanol fractions were highly activity in more than (18 mm) growth inhibition zone against all 

microorganisms tested, as in Table (4.11) and Figure (4.3). On the other hand, the ethyl acetate showed a 

higher  

Table (4.9): Determination of the Minimum Inhibitory Concentrations (MICs) by (mm)  

of medicinal plants and reference drugs against the standard microorganisms used cup plate method: 

Name of plants/drugs Concentrations  

(mg/ml) 

MZID* (mm) 

Bacteria* Fungi** 

Gram (+ve) Gram (- ve) 

B. s S. a E. c Ps. a C. a 

Mangifera indica  

 

100 24 ± 0.08 36 ± 0.01 31 ± 0.08 37 ± 0.05 25 ± 0.01 

50 22 ± 0.01 23 ± 0.05 30 ± 0.05 27 ± 0.02 23 ± 0.06 

25 19 ± 0.08 20 ± 0.02 25 ± 0.04 25 ± 0.04 21 ± 0.08 

12.5 18 ± 0.05 19 ± 0.08 22 ± 0.02 24 ± 0.06 20 ± 0.02 

6.25 16 ± 0.02 18 ± 0.05 20 ± 0.01 19 ± 0.08 18 ± 0.04 

3.125 15 ± 0.08 16 ± 0.06 17 ±  0.04 15 ± 0.05 16 ± 0.02 

1.56 14 ± 0.04 15 ± 0.02 15 ± 0.08 14 ± 0.01 15 ± 0.08 

0.78 14 ± 0.05 15 ± 0.08 13 ± 0.01 13 ± 0.05 14 ± 0.01 

Rosmarinus officinalis 

 

100 23 ± 0.05 27 ± 0.02 33 ± 0.01 20 ± 0.08 20 ± 0.05 

50 20 ± 0.01 24 ± 0.05 25 ± 0.05 16 ± 0.05 17 ± 0.02 

25 17 ± 0.05 23 ± 0.04 16 ± 0.02 14 ± 0.08 15 ± 0.01 

12.5 13 ± 0.04 21 ± 0.08 12 ± 0.05 12 ± 0.06 13 ± 0.06 

6.25 - - - - - 

3.125 - - - - - 

1.56 - - - - - 

0.78 - - - - - 

Tinospora bakis 

 

100 22 ± 0.02 20 ± 0.05 20 ± 0.04 21 ± 0.05 25 ± 0.01 

50 21 ± 0.05 18 ± 0.08 19 ± 0.05 20 ± 0.06 24 ± 0.04 

25 20 ± 0.04 15 ± 0.02 18 ± 0.03 18 ± 0.04 22 ± 0.05 

12.5 18 ± 0.01 13 ± 0.05 16 ± 0.02 17 ± 0.02 20 ± 0.03 

6.25 17 ± 0.05 12 ± 0.01 15 ± 0.04 15 ± 0.03 19 ± 0.01 

3.125 15 ± 0.01 11 ± 0.02 13 ± 0.06 12 ± 0.01 17 ± 0.04 

1.56 14 ± 0.04 11 ± 0.01 12 ± 0.02 11 ± 0.06 14 ± 0.01 

0.78 - - - - - 

Ampicillin 40 15 ± 0.01 25 ± 0.02 - 16 ± 0.02 -ve 

20 14 ± 0.05 20 ± 0.01 - 13 ± 0.01 -ve 

10 13 ± 0.01 18 ± 0.02 - 12 ± 0.05 -ve 
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5 12 ± 0.04 15 ± 0.01 - - -ve 

Gentamicin 40 29 ± 0.01 3 5 ± 0.01 32 ± 0.01 23 ± 0.02 -ve 

20 22 ± 0.02 33 ± 0.04 30 ± 0.02 22 ± 0.01 ND 

10 20 ± 0.00 30 ± 0.01 17 ± 0.01 21 ± 0.03 ND 

5 17 ± 0.01 28 ± 0.02 - 19 ± 0.02 ND 

Clotrimazole 40 ND ND ND ND 42 ± 0.01 

20 ND ND ND ND 40 ± 0.00 

10 ND ND ND ND 33 ± 0.01 

5 ND ND ND ND 30 ± 0.02 

Nystatin 50 ND ND ND ND 17 ± 0.01 

25 ND ND ND ND 14 ± 0.01 

12.5 ND ND ND ND - 

Key: B.s= Bacillus subtilis, S.a= Staphylococcus aureus, E.c= Escherichia coli, Ps.a= Pseudomonas aeruginosa and C.a= 

Candida albicans. MDIZ* (mm) = Mean diameter of growth inhibition zone in mm. Interpretation of results: MDIZ (mm): >18 

mm: Sensitive, 14 to 18 mm: Intermediate: <14 mm: Resistant. (-): No inhibition zone, ND: not determined, concentrations used 

100 – 0.78 mg/ml of 0.1ml/cup. 

Inhibition zone for E. coli and P. aeruginosa; similar findings were shown by Singh et al. in (2015) from 

M. indica steam bark. And a higher antibacterial susceptibility was observed for the ethyl acetate with P. 

mirabilis, in fact, higher than that reported by Singh et al. (2015). 

The R. officinalis fractions in-active against all standard microorganisms tested except n-hexane fraction 

against E. coli and S. aureus (16 and 15 mm), respectively, (Table 4.11).  

The ethyl acetate fraction of T. bakis exhibited inhibitory effects against standard microorganisms tested 

with inhibition zone ranging from (16 to 20 mm) in length, respectively. The highest activity inhibition 

zone against C. albicans (20 mm), followed by E. coli (19 mm), Ps. aeruginosa (18 mm), B. subtilis and S. 

aureus (17 and 16 mm), respectively. The aqueous fraction of T. bakis exhibited inhibitory effects against 

all standard microorganisms tested except S. aureus was in-active with the inhibition zone ranging from 

(13 to 15 mm) in length. The highest activity inhibition zone of aqueous fraction against Ps. aeruginosa 

and C. albicans (15 mm), B. subtilis (14 mm), while, the lowest inhibition zone against E. coli (13 mm). 

The n-hexane fraction of T. bakis exhibited inhibitory effects against all standard microorganisms tested 

except in-active against E. coli. In addition, the inhibition zone ranging from (11 to 13 mm) in length. The 

highest activity inhibition zone against C. albicans (13 mm), S. aureus (12 mm) and B. subtilis and Ps. 

aeruginosa (11 mm). The n-butanol fraction of T. bakis exhibited inhibitory effect only against Ps. 

aeruginosa (12 mm), (Table 4.11). In addition, the ethyl acetate fraction showed more inhibitory activity 

rather than other fraction on the tested microorganisms. This plant there is no study. 
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Figure (4.2): Minimum inhibitory concentrations of crude extract Mangifera indica (seeds) against 

Gram positive bacteria (A) Bacillus subtilis and (B) Staphylococcus aureus, Gram negative 

bacteria against (C) Escherichia and fungi against (D) Candida albicans. 

Table (4.10): The Minimum Inhibition Concentration (MIC) and Minimum Bactericidal Concentration 

(MBC) (mg/ml) of ethanolic crude extracts against tested bacteria: 

Name of plants Gram (+ve) Gram (- ve) 

B. s S. a E. c Ps. a 

MIC MBC MIC MBC MIC MBC MIC MBC 

Mangifera indica  ≤ 0.78 1.56 ≤ 0.78 ≤ 0.78 ≤ 0.78 1.56 ≤ 0.78 ≤ 0.78 

Rosmarinus officinalis 12.5 25 12.5 12.5 12.5 25 12.5 25 

Tinospora bakis 1.56 1.56 1.56 6.25 1.56 3.125 1.56 3.125 

Key: MIC= Minimum Inhibition Concentration, MBC= Minimum Bactericidal Concentration. 
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Table (4.11): Antimicrobial activity of fractionation of crude extracts against the standard microorganisms 

used cup-plate method at concentration 50 mg/ml: 

Name of drugs Concentrations  

(mg/ml) 

MZID* (mm) 

Bacteria Fungi 

Gram (+ve) Gram (- ve) 

B. s S. a E. c Ps. a C. a 

 

Mangifera indica  

 

n-hexane 16 ± 0.08 11 ± 0.02 15 ± 0.08 - 15 ± 0.02 

Ethyl acetate 29 ± 0.02 27 ± 0.05 22 ± 0.04 25 ± 0.01 23 ± 0.05 

n-butanol 21 ± 0.08 21 ± 0.02 20 ± 0.05 22 ± 0.02 19 ± 0.08 

Aqueous 19 ± 0.05 16 ± 0.08 12 ± 0.02 15 ± 0.05 16 ± 0.06 

 

Rosmarinus 

officinalis 

 

n-hexane - 15 ± 0.01 16 ± 0.05 - - 

Ethyl acetate - - - - - 

n-butanol - - - - - 

Aqueous - - - - - 

 

Tinospora bakis 

 

n-hexane 11 ± 0.08 12 ± 0.05 - 11 ± 0.01 13 ± 0.02 

Ethyl acetate 17 ± 0.02 16 ± 0.01 19 ± 0.08 18 ± 0.01 20 ± 0.05 

n-butanol - - - 12 ± 1.0 - 

Aqueous 14 ± 0.05 - 13 ± 1.0 15 ± 0.05 15 ± 0.01 

DMSO 10% Control -ve - - - - - 

Water Control -ve - - - - - 

Ampicillin Control +ve  15 ± 0.01 25 ± 0.02 - 16 ± 0.02 -ve 

Gentamicin Control +ve 29 ± 0.01 3 5 ± 0.01 32 ± 0.01 23 ± 0.02 -ve 

Clotrimazole Control +ve -ve -ve -ve -ve 42 ± 0.01 

Nystatin Control +ve -ve -ve -ve -ve 17 ± 0.02 

Key: B.s= Bacillus subtilis, S.a= Staphylococcus aureus, E.c= Escherichia coli, Ps.a= Pseudomonas aeruginosa and C.a= 

Candida albicans. MDIZ* (mm) = Mean diameter of growth inhibition zone in mm. Interpretation of results: MDIZ (mm): 

>18 mm: Sensitive, 14 to 18 mm: Intermediate: <14 mm: Resistant. (-): No inhibition zone, -ve: Not tested, concentration used 

50 mg/ml, and 40 µg/ml for fractions and drugs. The highly activity of fractions were written in bold. 
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Figure (4.3): Antimicrobial activity of fractions of M. indica (seeds) against gram positive 

bacteria (A) Bacillus subtilis and (B) Staphylococcus aureus. 

I. Antimicrobial activity of fractionation of the ethyl acetate from M. indica seeds by column 

chromatographic technique 

The antimicrobial activity of fractionations of ethyl acetate from M. indica seeds by column 

chromatographic technique against standard microorganisms were   determined. To perform a rapid 

screening study of potential antimicrobial activity, using cup-plate agar diffusion method, and the inhibition 

zone (IZ) results, are presented in Table (4.12) and Figure (4.4).  

The results showed that fractionations of ethyl acetate from M. indica (seeds) exhibited strong growth 

inhibition activity of fractions (F10 and F15) were showed inhibition zone values ranging from (20 to 25 

mm) against all tested standard microorganisms. While, they showed strong activity of inhibition zone (25 

mm) against Gram‐negative bacteria E. coli from fractions 10 and 15 (F10 and F15). In addition, all 

fractionations tested showed more than (18 mm) growth inhibition zone were considered to possess highest 

antimicrobial activity. The fractions from (F16 to F22) showed inhibition zone values ranging from (12 to 24 

mm) against all standard microorganisms tested. While, the showed highest activity of inhibition zone (25 

mm) against Gram‐positive bacteria against B. subtilis from fraction 20 (F20). 

 

 

 

 

 

 

 

 

 

 

A 
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Table (4.12): Antimicrobial activity of fractionations of the ethyl acetate fractions from M. indica (seeds) by 

column chromatographic technique: 

No. of Fractions  MZID* (mm) 

Bacteria Fungi 

Gram (+ve) Gram (- ve) 

B. s S. a E. c Ps. a C. a 

F 1 ND ND ND ND ND 

F 2 ND ND ND ND ND 

F 3 ND ND ND ND ND 

F 4 ND ND ND ND ND 

F 5 ND ND ND ND ND 

F 6 ND ND ND ND ND 

F 7 ND ND ND ND ND 

F 8 ND ND ND ND ND 

F 9 ND ND ND ND ND 

F 10 20 ± 0.05 22 ± 0.02 25 ± 0.03 21 ± 0.01 22 ± 0.04 

F 11 ND ND ND ND ND 

F 12 ND ND ND ND ND 

F 13 ND ND ND ND ND 

F 14 ND ND ND ND ND 

F 15 21 ± 0.01 20 ± 0.02 25 ± 0.05 21 ± 0.03 22 ± 0.01 

F16 22 ± 0.02 18 ± 0.04 12 ± 0.01 20 ± 0.02 21 ± 0.05 

F 17 21 ± 0.01 18 ± 0.03 20 ± 0.05 20 ± 0.03 19 ± 0.02 

F 18 22 ± 0.05 15 ± 0.01 22 ± 0.02 23 ± 0.04 19 ± 0.05 

F 19 21 ± 0.02 18 ± 0.02 2 5 ± 0.04 2 1 ± 0.02 1 8 ± 0.01 

F 20 24 ± 0.01 16 ± 0.01 2 3 ± 0.06 18 ± 0.05 1 4 ± 0.02 

F 21 17 ± 0.02 15 ± 0.05 22 ± 0.06 22 ± 0.03 15 ± 0.05 

F 22 16 ± 0.01 14 ± 0.03 2 1 ± 0.05 2 0 ± 0.01 20  ± 0.02 
Key: F: Fraction, ND; not determined, the inhibition zone of fractionation ≥ 20 mm against all microorganisms tested 

were written bold. 
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Figure (4.4): Antimicrobial activity of fractionations (10, 15, 16 and 17) of the ethyl acetate fraction from 

Mangifera indica (seeds) by column chromatographic technique against Gram positive bacteria (A) 

Bacillus subtilis, Gram negative bacteria against (B) Escherichia coli and fungi against (C) Candida 

albicans. 
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Figure (4.5): Antimicrobial activity of fractionations (18 to 22) of the ethyl acetate fraction from Mangifera 

indica (seeds) by column chromatographic technique against Gram positive bacteria (A) Bacillus subtilis 

and (B) Staphylococcus aureus, Gram negative bacteria against (C) Escherichia coli and fungi against 

(D) Candida albicans. 

J. Antimicrobial activity of isolated compounds from M. indica and T. bakis 

The in-vitro study to determine the antibacterial activity of isolated compounds from M. indica and T. bakis 

were measured against selected Gram-positive and Gram-negative bacterial specie. Minimum inhibitory 

concentration values were determined by microdilution method including resazurin dye. Different activities 

were tested and the result of their MIC and MBC values, were shown in Table (4.13).  

The isolated compounds from M. indica with MIC and MBC values ranging from (15.62 500 µg/ml) and 

(31.25 – 1000 µg/ml), respectively, And the isolated compounds from T. bakis with MIC and MBC values 

ranging from (≤ 1.95 - 500 µg/ml) and (3.91 – 1000 µg/ml), respectively, as shown in Table (4.10). In 

addition, all isolated compounds tested showed a good activity against bacteria used, except AS-15-9-8 was 

the least effective against Gram-positive bacteria against B. subtilis and S. aureus. The four compounds 

A B 

C D 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5717794/table/T1/
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(AK-10, AS-5-11-5, AS-5-12-3 and AS-8) showed high active against all microorganisms tested with MIC 

value ranging from (1.95 – 250 µg/ml), and MBC value ranging from (3.91 – 250 µg/ml). In addition, all 

isolated compounds tested showed strong activity against Gram‐negative bacteria against E. coli and Ps. 

aeruginosa. The MIC and MBC values ranging from (≤ 1.95 - 250 µg/ml) and (3.91 – 500 µg/ml) against 

E. coli 

Table (4.13): The Minimum Inhibition Concentration (MICs) and Minimum Bactericidal Concentration 

(MBCs) by (µg/ml) of isolated compounds against tested bacteria: 

Key: MIC= Minimum Inhibition Concentration, MBC= Minimum Bactericidal Concentration, ND; not determined, the strong 

activity of MIC and MBC were written in bold. 

 

 

 

 

 

 

 

 

 

 

 

Name of plants Code of 

isolated 

compounds 

Gram (+ve) Gram (- ve) 

B. s S. a E. c Ps. a 

MIC MBC MIC MBC MIC MBC MIC MBC 

Mangifera indica  AK-45-3 250 500 250 750 ≤ 1.95 3.91 500 750 

AK-11-9 500 1000 500 1000 250 500 62.5 125 

AK-10 31.25 62.5 15.62 31.25 31.25 62.5 31.25 250 

AK-8-4 ND ND ND ND ND ND ND ND 

Tinospora bakis AS-48-4 ND ND ND ND ND ND ND ND 

AS-5-11-5 62.5 125 125 250 ≤ 1.95 7.81 62.5 125 

AS-5-12-3 125 250 125 250 ≤ 1.95 3.91 31.25 62.5 

AS-8 31.25 62.5 62.5 125 ≤ 1.95 7.81 125 250 

AS-10-8-2 125 250 250 500 ≤ 1.95 3.91 31.5 62.5 

AS-9-4-2 62.5 125 125 500 ≤ 1.95 7.81 31.5 125 

AS-9-3-7 125 500 250 500 ≤ 1.95 3.91 31.5 250 

AS-10-4-18-6 ND ND ND ND ND ND ND ND 

AS-13-2-6 ND ND ND ND ND ND ND ND 

As-45-5 250 500 250 750 ≤ 1.95 3.91 500 750 

AS-15-9-8 500 1000 500 1000 250 500 62.5 125 

AS-1-1 ND ND ND ND ND ND ND ND 

AS-11-9-2 ND ND ND ND ND ND ND ND 
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4.2.2 Antiprotozoal activity  

A. Anti-amoebic activity 

The result of the in-vitro effect of ethanolic extracts on E. histolytica reading after 24, 48 and 72 hours of 

incubation was summarized in Figures (4.6 to 4.11) respectively. The concentrations showed significant 

mortality percentage (%) as Figures (4.6, 4.9 & 4.11), and shows the inhibition concentrations (IC) that 

killed 50, 90, 95 and 99% (IC50, LC90, IC95 and IC99) as Figures (4.7, 4.9 & 4.11) were against E. histolyica 

trophozoites In-vitro method, used Microsoft Excel (2016) analysis data. 

This condition may be due to infection with E. histolytica. Our finding confirms the traditional therapeutic 

claims for these herbs. Little is known about the nature of the compounds with anti-amoebic activity from 

the plants investigated. Furthermore, these plant extracts were also active against another intestinal 

protozoan parasite pathogenic to humans, G. intestinalis growing in-vitro (Sawangjaroen and 

Sawangjaroen, 2005). Many of the plant extracts tested exhibited amoebicidal activity mainly Codiaeum 

variegatum and Voacanga africana. In addition their in-vitro activity were higher than that of 

metronidazole, the reference drug (Moundipa et al., 2005).  

The ethanolic extract of M. indica exhibit (100%) mortality at concentration 500 μg/ml after 72 hours, this 

was compared with metronidazole powder (reference drug) which gave (90.4%) mortality at concentration 

312.5 μg/ml at the same time, as shown in Figure (4.6). Furthermore the study revealed that the extract of 

M. indica has infectious anti-amoebic activity at inhibition concentrations IC50, IC90, IC95 and IC99 values 

were 3, 146, 242 and 362 µg/ml, respectively after 72 h, against E. histolyica trophozoites in-vitro, as shown 

in Figure (4.7). In addition there was no cyst in the medium. This result  obtained was similar to what was 

observed by Tona et al. (1998). At 500 μg/ml and after three days of incubation the best anti-amoebic 

activity was obtained with the extract of M. indica. This plant is a good potential candidate for future 

studies, mainly to confirm the true amoebicidal activity in axenical culture, and biochemical mechanism of 

anti-amoebic inhibition. 

The ethanolic extract of R. officinalis exhibit (90%) mortality at concentration 500 μg/mL after 72 hours, 

this was compared with metronidazole powder (reference drug) which gave (90.4%) mortality at 

concentration 312.5 μg/ml at the same time, as shown in Figure (4.8). The study revealed that the extract 

of R. officinalis has infectious anti-amoebic activity at inhibition concentrations IC50, IC90, IC95 and IC99 

values were 19, 525, 794 and 1106 µg/ml, respectively after 72 h, against E. histolyica trophozoites in-

vitro, as shown in Figure (4.9). The result is in agreement with Anacarso et al. (2019) who found a highest 

and lowest concentration of 4 and 0,1 mg/ml for R. officinalis essential oil against A. polyphaga. 

The ethanolic extract of T. bakis exhibit (95%) mortality at concentration 500 μg/mL after 72 hours, this 

was compared with metronidazole powder (reference drug) which gave (90.4%) mortality at concentration 

312.5 μg/ml at the same time, as shown in Figure (4.10). The study revealed that the extract of T. bakis has 

infectious anti-amoebic activity at inhibition concentrations IC50, IC90, IC95 and IC99 values were 44, 394, 
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519 and 647 µg/ml, respectively after 72 h, against E. histolyica trophozoites in-vitro, as shown in Figure 

(4.11). Although there are no reports on the use of extract of T. bakis against E. histolytica. 

For the other extracts tested, their activities were similar to what was observed by Tona et al. (1998) and 

may be due to their  harmful  effect  on  bacteria  living  in  amoeba  histolytica culture (Ibrahim and Osman, 

1995, Nakamura et al., 1999, Moundipa et al., 2005). This finding would be an advantage in initiating 

therapy to reduce the morbidity and mortality among such patients due to these pathogens. 
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Figure (4.6): In-vitro amoebicidal activity of ethanolic extract 

from Mangifera indica (seeds) against Entamoeba histolytica 

(trophozoites). 

Figure (4.7): Inhibition concentrations (IC50, IC90, IC95 and IC99) of 

ethanolic extract from Mangifera indica against Entamoeba histolyica 

(trophozoites) in-vitro. 
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Figure (4.8): In-vitro amoebicidal activity of ethanolic extract 

from Rosmarinus officinalis (pods) against Entamoeba histolytica 

(trophozoites). 

Figure (4.9): Inhibition concentrations (IC50, LC90, IC95 and IC99) of 

ethanolic extract from Rosmarinus officinalis against Entamoeba 

histolyica (trophozoites) in-vitro. 
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Figure (4.10): In-vitro amoebicidal activity of ethanolic extract 

from Tinospora bakis (whole plant) against Entamoeba histolytica 

(trophozoites). 

Figure (4.11): Inhibition concentrations (IC50, LC90, IC95 and IC99) 

of ethanolic extract from Tinospora bakis against Entamoeba 

histolyica (trophozoites) in-vitro. 
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B. Antigiardial activity 

The results are summarized in Figures (4.13 to 4.18), respectively. The other concentrations showed 

significant mortality percentage as Figures (4.12, 4.14 & 4.16), and shows the inhibition concentrations, (IC) 

that killed 50, 90, 95 and 99% (IC50, LC90, IC95 and IC99) as Figures (4.13, 4.15 & 4.17) were against G. lamblia 

trophozoites In-vitro method used Microsoft Excel (2016) analysis data. The antigiardial effects of extracts 

are clearly dose-dependent. Several results were reported about antigiardial activity of different plant 

extracts (Najumudin et al., 2018, Mohammed et al., 2015, Hassan et al., 2011, Garbi et al., 2018). 

In the present study in-vitro investigation reveals promising results for the use of the plant for cultivated 

parasites to formulate such ingredient of the plant extract as a drug. However, the IC50 of M. indica, R. 

officinalis and T. bakis are 3, 20 and 42 µg/ml, respectively after 72 h, against G. lamblia trophozoites in-

vitro, in addition, the highest activity against G. lamblia was from M. indica. The ethanolic crude extract 

of M. indica exhibit (100%) mortality at concentrations 500 and 250 μg/ml after 72 h, comparable compared 

with metronidazole powder (reference drug) which gave 90.4% mortality at concentration 312.5 μg/mL at 

the same time, as shown in Figure (4.12). The study revealed that the extract of M. indica has infectious 

anti-giardial activity at inhibition concentrations IC50, IC90, IC95 and IC99 values were 3, 137, 220 and 322 

µg/ml, respectively after 72 h, against G. lamblia trophozoites in-vitro, as shown in Figure (4.13). 

The ethanolic extract of R. officinalis exhibit (94%) mortality at concentrations 500 and 250 μg/mL after 

72 hours, this was compared with metronidazole powder (reference drug) which gave (90.4%) mortality at 

concentration 312.5 μg/ml at the same time, as shown in Figure (4.14). The study revealed that the crude 

extract of R. officinalis has infectious anti-giardial activity at inhibition concentrations IC50, IC90, IC95 and 

IC99 values were 20, 378, 545 and 731 µg/ml, respectively after 72 h, against G. lamblia trophozoites in-

vitro, as shown in Figure (4.15). The result is in agreement with Elbadr et al. (2013a) who found strong 

activity against G. lamblia when used methanol extract from R. officinalis. In this study antigiardial activity 

of R. officinalis extract may be attributed to their phytoconstituents content. 

And ethanolic extract of T. bakis exhibit (96%) mortality at concentrations 500 and 250 μg/mL after 72 

hours, this was compared with metronidazole powder (reference drug) which gave (90.4%) mortality at 

concentration 312.5 μg/mL at the same time, as shown in Figure (4.16). The study revealed that the crude 

extract of T. bakis has infectious anti-giardial activity at inhibition concentrations IC50, IC90, IC95 and IC99 

values 42, 350, 455 and 562 µg/ml, respectively after 72 h, against G. lamblia trophozoites in-vitro, as 

shown in Figure (4.17). In addition, there are no reports on the use of extract of T. bakis against G. lamblia.  

This study shows that the selected medicinal plant extracts reduce the severity of G. lamblia infection in-

vitro. Similarly several studies have proven that plants and their isolates can be a source of anti-parasitic 

agents. Also, Barbosa et al. (2007) reported that epicatechin, a flavonoid isolated from the Geranium 

mexicanum exhibited potent activity against G. lamblia more than metronidazole which is widely used as 



119 
 

the main therapy. Moreover, McGaw et al. (2000) work on plant extracts and compounds containing tannins 

and alkaloids possess activity against diarrhea-causing parasites such as G. lamblia and E. histolytica. 

 



120 
 

  

Figure (4.12): In-vitro gardicidal activity of ethanolic extract from 

Mangifera indica (seeds) against Giardia lamblia (trophozoites). 

Figure (4.13): Inhibition concentrations (IC50, LC90, IC95 and IC99) 

of ethanolic extract from Mangifera indica against Giardia lamblia 

(trophozoites) in-vitro. 
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Figure (4.14): In-vitro gardicidal activity of ethanolic extract from 

Rosmarinus officinalis (pods) against Giardia lamblia 

(trophozoites). 

 

Figure (4.15): Inhibition concentrations (IC50, LC90, IC95 and IC99) 

of ethanolic extract from Rosmarinus officinalis against Giardia 

lamblia (trophozoites) in-vitro. 
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Figure (4.16): In-vitro gardicidal activity of ethanolic extract from 

Tinospora bakis (whole plant) against Giardia lamblia 

(trophozoites). 

Figure (4.17): Inhibition concentrations (IC50, LC90, IC95 and IC99) 

of ethanolic extract from Tinospora bakis against Giardia lamblia 

(trophozoites) in-vitro. 
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3.2.3 Molluscicidal activity  

The results in figures 4.19, 4.21 and 4.23 showed that the molluscicidal potency of all extracts tested against 

B. pfeiffer was concentration dependent. Generally, mortality increased with the increase in concentration 

of the extracts. This scientific work emphasized the potential effects of the plants against the snail vector 

as had been investigated by Abdelsalam et al. 2016). 

The ethanolic extract of M. indica was exhibited (100%) mortality within 24 h, at a concentration 1000 

ppm; and exhibited 100% mortality within 48 h, at concentrations 1000, 500 and 250 ppm, as shown in 

Figure (4.18). The IC50, IC90, IC95 and IC99 values of ethanolic extract of M. indica against B. pfeiffer were 

0.03, 69.01, 185.75 and 410.17 µg/ml, respectively after day two, as shown in Figure (4.19). The ethanolic 

extract of R. officinalis was exhibited (100%) mortality within 24 h, at a concentration 1000 ppm; and 

exhibited 100% mortality within 48 h, at concentrations 1000 and 500 ppm, as shown in Figure (4.20). The 

IC50, IC90, IC95 and IC99 values of ethanolic extract of R. officinalis against B. pfeiffer were 2.52, 231.47, 

407.17 and 639.74 µg/ml, respectively after day two, as shown in Figure (4.21). And the ethanolic extract 

of T. bakis was exhibited (100%) mortality within 48 h, at a concentrations 1000, 500 and 250 ppm, as 

shown in Figure (4.22). The IC50, IC90, IC95 and IC99 values of ethanolic extract of T. bakis against B. 

pfeifferi were 4.92, 198.43, 314.98 and 455.86 µg/ml, respectively after day two, as shown in Figure (4.23). 

The   result   was confirmed by Ouattara et al. (2006a) who found that aqueous extract of T. bakis roots had 

in vitro activity against Plasmodium falciparum chloroquine resistant strain. The results were similarly 

confirmed by the work by Farah et al. (2013) on aqueous extract of T. bakis roots against Theileria 

lestoquardi. The result also showed clear difference in the efficiency between plants extract tested whereas; 

the M. indica, proved to be more effective than the R. officinalis and T. bakis. In addition, comparing the 

IC50 values of M. indica seeds and R. officinalis pods they showed the highest molluscicidal activity 0.03 

and 2.52 µg/ml, respectively, followed by T. bakis whole plant 4.92 µg/ml, against snail. 
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Figure (4.18): The molluscicidal activity of ethanolic extract from 

Mangifera indica against Biomphalaria Pfeifferi (snail). 

Figure (4.19): Inhibition concentrations (IC) of ethanolic extract 

from Mangifera indica of molluscicidal activity against Biomphalaria 

Pfeifferi (snail). 
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Figure (4.20): The molluscicidal activity of ethanolic extract from 

Rosmarinus officinalis against Biomphalaria Pfeifferi (snail). 

Figure (4.21): Inhibition concentrations (IC) of ethanolic extract 

from Rosmarinus officinalis of molluscicidal activity against 

Biomphalaria Pfeifferi (snail). 
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Figure (4.22): The molluscicidal activity of ethanolic extract from 

Tinospora bakis against Biomphalaria Pfeifferi (snail). 

Figure (4.23): Inhibition concentrations (IC) of ethanolic extract 

from Tinospora bakis of molluscicidal activity against Biomphalaria 

Pfeifferi (snail). 
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4.2.4 Anti-oxidant Activity  

Secondary metabolites of plants, specifically phenols, can adjust the concentration of ROS, thus activating 

a network of biochemical events to increase tolerance, hence the importance of studying the antioxidant 

activity of typical plant species. This study was screened for their free radical scavenging properties using 

2, 2-diphenyl-1-picryl hydrazyl (DPPH) of three medicinal plants namely: M. indica, R. officinalis and T. 

bakis, fractions and compounds to compare propyl gallate was used as standard antioxidant. 

B. Antioxidant activity of the plants 

Extracts and fractions subjected to the evaluation of antioxidant activity by using (DPPH-assay) in-vitro. 

DPPH radical scavenging activity was observed in all the extracts and fractions tested. The extracts and 

fractions showed dominant activity percentage and IC50 values (the concentration of the sample tested 

required to reduce 50% of the DPPH radical) were calculated and are depicted in Table (4.14). 

Table (4.14), indicates the antioxidant DPPH-assay of ethanol extracts and fractions of some selected 

medicinal plants to compare propyl gallate as standard antioxidant. The percentage inhibitions of extracts 

and fractions for DPPH-assay was ranged from (36.0 to 94.0 %). The extracts and fractions tested showed 

the highest anti-oxidant activity more than 90 (> 90 %), except n-hexane and aqueous fractions of T. bakis 

showed the lowest 46 ± 0.02 and 36 ± 0.05 %, respectively. The IC50 values of the tested extracts, fractions 

and reference standard are shown in Table (4.14).  

The ethanol extract and fractions of M. indica had the strongest antioxidant activity followed by R. 

officinalis and T. bakis in DPPH- assay in-vitro. The M. indica extract showed the strongest antioxidant 

activity with (92 ± 0.03 %), and IC50 (0.0083 ± 0.0001 mg/ml), while, R. officinalis was showed with (85 ± 

0.02 %), and IC50 (0.00225 ± 0.001 mg/ml), T. bakis extract was showed moderate antioxidant activity with 

(71 ± 0.01 %), and in comparison to the standard antioxidant (propyl gallate) levels gave (91 ± 0.01 RSA 

%) and IC50 (0.0141 ± 0.01 mg/ml). The strong antioxidant activity of M. indica is consistent with 

phytochemical constituents of this plant, alkaloid and phenolics (Silva, 2003; Itoh et al., 2009). Although 

there are no reports on the use of extract of T. bakis against DPPH-assay.  

The active crude extracts have been subjected to bio-guided fractionation. The hexane, ethyl acetate, 

butanol and aqueous fractions of M. indica, R. officinalis and T. bakis have been evaluated for DPPH radical 

scavenging activity. These results are illustrated in Table (4.14). 

The IC50 values of the active fractions were determined. The ethyl acetate of M. indica, R. officinalis and 

T. bakis which showed highest antioxidant activity with 94 ± 0.02, 92 ± 0.03 and 82 ± 0.06 %, respectively. 

The n-hexane fraction of R. officinalis was showed high antioxidant activity whit (92 ± 0.02 %). In addition, 

ethyl acetate of M. indica was gave (0.0074 ± 0.0001 mg/ml), while, n-hexane and ethyl acetate of R. 

officinalis were gave (0.0082 ± 0.0001 and 0.0083 ± 0.0005 mg/ml), respectively, which showed the very 

strongest activities. The n-butanol and aqueous of M. indica were showed strongest activities gave (0.0126 

± 0.0002 and 0.0331 ± 0.001 mg/ml), respectively, is comparable values to the standard antioxidant PG 
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(0.0414 ± 0.11 mg/ml). Whereas, the n-hexane and aqueous fraction of T. bakis were showed less activity 

(IC50) with (46 ± 0.02 and 36 ± 0.05 %), respectively, as shown in Table (4.14) illustrates these results. 

The high RSA percentage exhibited  by the plants may be due to the presence of phenolic compounds 

(tannins, flavonoids, and anthraquinone glycosides) and terpenes as was found by Paduraru et al., (2008). 

This study reveals that tested plant materials have strongest significance to antioxidant activity and free 

radical scavenging activity, and that selected plants can be used as a source of antioxidants for 

pharmacological preparations which is very well evidenced by the present work. 

Table (4.14): Percentage radical scavenging activity (%RSA) and IC50 (mg/ml) of selected medicinal plant 

extracts and fractions using DPPH-assay:   

No. Name of Plants & 

control 

solvents %RSA* ± SD 

(DPPH) 

IC50 ± SD (mg/ml) 

1. Mangifera indica Ethanol  92 ± 0.03 0.0083 ± 0.0001 

2. Ethyl acetate 94 ± 0.02 0.0074 ± 0.0001 

3. n-butanol 91 ± 0.01 0.0126 ± 0.0002 

4. Aqueous 84 ± 0.05  0.0331 ± 0.001 

5. Rosmarinus officinalis Ethanol  85 ± 0.02 0.00225 ± 0.001 

6. n-hexane 92 ± 0.02 0.0082 ± 0.0001 

7. Ethyl acetate 92 ± 0.03 0.0083 ± 0.0005 

8. n-butanol 87 ± 0.06 0.1430 ± 0.003 

9. Aqueous 67 ± 0.03 0.3293 ± 0.002 

10. Tinospora bakis Ethanol  71 ± 0.01 ND 

11. n-hexane 46 ± 0.02 ND 

12. Ethyl acetate 82 ± 0.06 0.1635 ± 0.005 

13. n-butanol 68 ± 0.04 0.3195 ± 0.002 

14. Aqueous 36 ± 0.05 ND 

15. Std.  Propyl gallate 91 ± .0 01 0.0141 ± 0.01 

Key: RSA* = Radicals scavenging activity, (n; 3), DPPH= 2, 2, Diphenyl -1- Picrylhydrazyl, SD= standard Division, Std. = 

Standard = Propyl gallate, ND= not determined. The radicals scavenging activity was high than 90% (> 90 %) written in 

bold. 

C. Antioxidant activity of compounds 

The free radical-scavenging activity of isolated compounds evaluated from M. indica and T. bakis ethyl 

acetate fractions. The isolated compounds from M. indica and T. bakis displayed weak antioxidant activity 

less than 50% except Methyl gallate showed highly active inhibition percentage with (92 ± 0.00 RSA %), 

and IC50 (0.03 ± 0.01 mg/ml) isolated from M. indica. Comparable to the standard antioxidant (propyl 

gallate) levels gave (91 ± 0.01 RSA %), IC50 (0.0141 ± 0.01 mg/ml). in addition the Methyl gallate isolated 

had shown higher inhibition than standard antioxidant (propyl gallate) (Table 4.15). 
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Table (4.15): Percentage radical scavenging (%) activity (%RSA) and IC50 (mg/ml) of isolated compounds 

using DPPH-assay:   

Name of plants & 

control 

Code of isolated 

compounds 

%RSA* ± SD (DPPH) IC50 ± SD (mg/ml) 

Mangifera indica AK-45-3 Inactive ND 

AK-11-9 Inactive ND 

AK-10 92 ± 0.0 0 0.03 ±0.002 

AK-8-4 ND ND 

Tinospora bakis AS-48-4 ND ND 

AS-5-11-5 18 ± .0 07 ND 

AS-5-12-3 14 ± .0 01 ND 

AS-8 07 ± 0.10  ND 

AS-10-8-2 15 ± .0 06 ND 

AS-9-4-2 14 ± 0.01  ND 

AS-9-3-7 39 ± .0 25 ND 

AS-10-4-18-6 ND ND 

AS-13-2-6 ND ND 

As-45-5 19 ± 0.19 ND 

AS-15-9-8 Inactive ND 

AS-1-1 ND ND 

AS-11-9-2 ND ND 

Propyl gallate Standard 91 ± .0 01 0.0141 ± 0.01 

Key: RSA* = Radicals scavenging activity, (n; 3), DPPH= 2, 2, Diphenyl -1- Picrylhydrazyl, SD= standard Division, Std. = 

Standard = Propyl gallate, ND= not determined. The radicals scavenging activity was high than 90% (> 90 %) written in 

bold. 

 

4.3 Cytotoxicity effect 

Medicinal plants continue to provide humanity with new remedies. It is therefore important to explore 

medicinal plants for their safety, quality, toxicity, appropriate amount of plant materials to use, and efficacy. 

Investigated the cytotoxicity of crude extracts and fractions in-vitro against brine shrimps (Artemia salina 

L.) lethality bioassay at concentrations used (1000, 100 and 10 µg/ml) and against normal cell line at 

concentrations used (500, 250 and 125 ppm) to compare Tritonx-100 (reference drug) by using Micro-

culture tetrazolium test (MTT-assay). 

4.3.1 In-vitro cytotoxicity 

A. Cytotoxicity of extracts using the Brine shrimps assay 

There are a few methods to determine whether a substance has anticancer activity. One of those method is 

brine shrimp lethal test (BSLT) using Artemia salina larvae. This test is considered as a useful tool in 

preliminary assessment of biological activities of plant extracts. The cytotoxicity of plants was confirmed 

by using Brine shrimps (Artemia salina L.) lethality bioassay at different concentrations (1000, 100 and 10 

µg/ml). The results as shown in Table (4.16), indicated that all examined plants are non-toxic with LD50 > 

1000 µg/ml. LD50 values below 249 μg/ml were considered as highly toxic, 250–499 μg/ml as moderately 
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toxic and 500–1000 μg/ml as lightly toxic, and values above 1000 μg/ml were regarded as non-toxic 

(McLaughlin et al., 1998). 

The brine shrimp lethality bioassay is found to have a good correlation with cytotoxic activity in some 

human solid tumors and with pesticidal activity, and lead to the discovery of new class of natural pesticides 

and active anti-tumor agents (McLaughlin et al., 1998). Cytotoxic action of a drug is believed to be provided 

by disturbing the fundamental mechanisms associated with cell growth, mitotic activity, differentiation and 

function (Goodman et al., 1980). The observed cytotoxic activity for these extracts may be due to one of 

these mechanism. The result obtained showed that the activity of all the plant extracts and fractions were 

concentration-dependent with the death-rate of brine shrimp, are shown in Table (4.16). 

All the extracts showed moderately and lightly toxic lethality concentration between 400 and > 1000 μg/ml. 

The extract of M. indica exhibited the highest lethality activity with   LD50 value of 420.10 μg/ml. Lethal 

dose concentration (LD50) from the regression and probit analysis in 24 h of our study showed that LD50 

value moderately toxic and lightly toxic of M. indica crude extract and fractions, respectively. The results 

were lightly toxic (LD50: 500-1000 µg/ml) to most of the studied extracts and fractions tested, except 

moderately toxic (LD50: 420.10 µg/ml) of M. indica extract, and non-toxic ethyl acetate of M. indica and 

aqueous fraction of T. bakis, comparable to the standard drug (Etoposide 7.4625 µg/ml) as control. 
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Table (4.16): Cytotoxicity of selected medicinal plants of crude extracts and fractions on Brine shrimp: 

No. Name of 

Plants/Drug  

solvents Concentrations (µg/ml), n (3) LD50 

(µg/ml) 

The degree 

toxicity 1000 100 10 1000 100 10 

Number of dead  Number of  

survive 

1. Mangifera 

indica 

crude   23 09 01 07 21 29 420.10 Moderately 

toxic 

2. n-hexane ND 

3. Ethyl 

acetate 

19 07 01 11 23 29 590.20 Lightly toxic 

4. n-butanol 07 03 01 23 27 29 525.35 Lightly toxic 

5. Aqueous 04 02 00 26 28 30 836.03 Lightly toxic 

6. Rosmarinus 

officinalis 

crude 18 10 05 12 20 25 607.00 Lightly toxic 

7. n-hexane 20 09 03 10 21 27 580.01 Lightly toxic 

8. Ethyl 

acetate 

13 09 05 17 21 25 1210.0 Non toxic 

9. n-butanol 14 04 02 16 26 28 975.00 Lightly toxic 

10. Aqueous 05 03 00 25 27 30 856.00 Lightly toxic 

11. Tinospora 

bakis 

crude 25 02 01 05 28 29 590.20 Lightly toxic 

12. n-hexane 25 03 01 05 27 29 435.05 Moderately 

toxic 

13. Ethyl 

acetate 

06 02 00 24 28 30 578.73 Lightly toxic 

14. n-butanol 20 04 01 10 26 29 654.72 Lightly toxic 

15 Aqueous 04 01 00 26 29 30 3625.43 Non toxic 

16 Etoposide Control       7.463 Highly toxic 

Interpretation:  Key: n: number of replicates, ND: not determined, LD50 ˂  249 µg/ml: were considered as highly toxic; 

250- 499 µg/ml: as moderately toxic; 500-1000 µg/ml: as lightly toxic; > 1000 µg/ml: Non Toxic (McLaughlin et 

al., 1998).  

B. Cytotoxicity of extracts using the MTT-assay: 

The results in Table (4.17), indicated that both plants determined against BHK cell line were non-toxic with 

IC50 > 100 µg/ml, whereas the positive control exhibited the highest toxicity with IC50 < 30 µg/ml. In 

addition, compared with the previous results for brine shrimp screening, there are the same results, where 

all of the plants were nontoxic. The ethanolic extract of M. indica showed that IC50 of cytotoxic activity 

was 300.34 µg/ml, and this result was similar to Fitriasih et al. (2019) cytotoxic activity was 308.12 µg/ml. 
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Table (4.17): Cytotoxicity of crude ethanolic extracts of selected medicinal plants on normal cell line (BHK 

cell line) as measured by the MTT-assay: 

N

o. 

Name of Plants Name of 

solvents 

Concentrations (µg/ml) IC50  

(µg/ml) 

IC50 

Inhibition (%) ± SD 

500 250 125 

1. Mangifera indica Ethanolic  62.06 ± 0.04 45.76 ± 0.02 29.09 ± 0.06 300.34 > 100 

2. Rosmarinus officinalis Ethanolic 54.53 ± 0.02 44.15 ± 0.05 29.23 ± 0.09 372.65 > 100 

3. Tinospora bakis Ethanolic ND 

4. Triton-x100  Control  96.28 ± 0.00   < 30 

Key: (n; 3), IC50  >30 µg/ml: High toxic. ND = Not determined, *Control = Triton-x100 was used as the control positive at 0.2 

μg/ml. The maximum concentration used was 500μg/ml. When this concentration produced less than 50% inhibition, the IC50 

cannot be calculated.  IC50  >30 µg/ml: High toxic. 

4.4 Chemical qualitative and quantitative analysis 

4.4.1 Qualitative analysis 

A. Qualitative phytochemical analysis 

The qualitative screening of plant extracts were carried out according to the standard procedures as 

mentioned in Table (4.18). Phytochemical screening was performed for all that extracts. The qualitative 

phytochemicals screening revealed the presence of phenols, tannins, flavonoids, alkaloids, triterpenes, 

steroids, coumarins and saponins in all plants tested. While anthraquinone was present from R. officinalis 

whole plant only, as seen in Table (4.18). The phytochemical analysis conducted on M. indica seeds extract 

showed the presence of phenols, tannins, flavonoids, alkaloids, triterpenes, steroids, coumarins and 

saponins. On the other hand, anthraquinone was not detected in ethanol extract of M. indica. The M. indica 

seeds extract was strongly (+++) consist of tannins, flavonoids and phenols, and moderately (++) of 

saponins and alkaloids. While, R. officinalis was moderately (++) of flavonoids. And T. bakis was strongly 

(+++) of triterpenes, while, moderately (++) of saponins, tannins, alkaloids and flavonoids. Flavonoids are 

hydroxylated phenolic substances known to be synthesized by plants in response to against microbial 

infections. Flavonoids and phenols are considered as potent anti-agents for cancer, microbes and tumors 

(Rahman et al., 2021). Phenolics and flavonoids possess antiallergic, anti-inflammatory, antimicrobial and 

anticancer activity (Karak, 2019). Tannins are reported to have a strong antitumors, antioxidant, cytotoxic, 

anti-irritant, anti-secretolytic antiphlogistic, antimicrobial and antiparasitic effects (Sulaiman et al., 2015, 

Bladt, 2009). Saponnins Saponins possess hypocholesterolemic, antidiabetic, antimicrobial properties and 

also enhance immune system (OBODE et al., 2020). 
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Table (4.18): Qualitative phytochemical analysis of the plants: 

No. Name of test 

compounds 

Reagent tested Results 

Mangifera indica  Rosmarinus officinalis Tinospora bakis 

1 Saponins Frothing  ++ + ++ 

2 Coumarins KOH + + + 

3 Tannins Ferric Chloride  +++  + ++ 

4 Alkaloids Mayer’s ++ + ++ 

5 Sterols Salkowski  + + + 

6 Triterpenes Salkowski  + + +++ 

7 Flavonoids Sodium hydroxide  +++ ++ ++ 

8 Anthraquinone hydrogen peroxide - + - 

9 Phenols Ferric Chloride  +++ + + 

Key: (+++): Strongly present, (++): Moderately present, (+): Poorly present, (-): Absent. 

B. Qualitative thin layer chromatography (TLC) 

The constituents are responsible for most pharmacological activities of plants. Mixture of solvents with 

variable polarity in different ratio can be used for separation of pure compound from plant extract. The 

selection of appropriate solvent system for a particular plant extract can only be achieved by analyzing the 

Rf values of compounds in different solvent system (Alebiosu and Yusuf, 2015). 

TLC technique was used for preliminary phytochemical screening and to separate various constituents of 

crude extracts of plants under study. TLC profiling of plant extracts in different solvent system and different 

spray reagent confirms the presence of diverse group of phytochemicals, Rf values obtained from thin layer 

chromatographic analysis are listed in the Table (4.19). TLC studies of the ethanol extracts of M. indica 

and R. officinalis were used different Solvent system. The distance traveled by solvent (6.9). 

Thin layer chromatography for alkaloids of crude ethanol extracts of M. indica and R. officinalis were using 

solvent system of Toluene: ethyl acetate: dimethylamine (70:20:10) and spray reagent (Dragendorff and 

UV 365 nm) were revealed that the presence of one compound from R. officinalis having Rf values was 

0.62. While, did not found compound from M. indica. 

The TLC for tannins of ethanolic crude extracts of M. indica and R. officinalis using solvent system of ethyl 

acetate: methanol: water (100:13.5:10) and spray reagent (Berlin blue and UV-365 nm) revealed the 

presence of four compounds from R. officinalis having Rf values; 0.36, 0.59, 0.84 and 0.97, while, the two 

compounds from M. indica having Rf values 0.28 and 0.96.  

TLC of flavonoids of ethanol crude extracts of M. indica and R. officinalis using solvent system of ethyl 

acetate: formic acid: glacial acetic acid: water (100:11:11:26) and reagent (NP/PEG reagent and UV- 365) 

revealed the presence of three compounds from M. indica having Rf values 0.42, 0.75 and 0.93, the presence 

of one compound from R. officinalis having Rf values 0.70. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phytochemical
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The TLC for anthraquinone of ethanol extracts of M. indica and R. officinalis using solvent system of ethyl 

acetate: methanol: water (100:13.5:10) and spray reagent (KOH and UV-365nm) revealed the presence of 

three compounds from R. officinalis having Rf values of 0.42, 0.75 and 0.93, and the presence of two 

compounds from M. indica having Rf values 0.43 and 0.73. 

TLC for saponins of ethanol crude extracts of M. indica and R. officinalis using solvent system of 

chloroform: glacial acetic acid: methanol: water (64:32:12:8) and reagent (AS reagent and UV- 365) 

revealed the presence of two compound from R. officinalis having Rf values 0.33 and 0.89, and the presence 

of one compounds from M. indica of Rf values 0.26. 

Table (4.19): Rf values of TLC analysis of solvent systems of the studied plants: 

No. Name of components Rf value 

Mangifera indica Rosmarinus officinalis 

1. Alkaloids - 0.62 

2. Tannins 0.28, 0.96 0.36, 0.59, 0.84, 0.97 

3. Flavonoids 0.63, 0.80, 0.94 0.70 

4. Anthraquinone 0.43, 0.73 0.42, 0.75, 0.93 

5. Saponins 0.26 0.33, 0.89 

Key: Rf: Retention factor, the number of spots ≥ 3 written in bold. 

4.4.2 Quantitative Analysis  

A. Determination of total phenolic content  

As one of the most important antioxidant plant components, phenolic compounds 

were widely investigated in many medicinal plant and vegetables (Djeridane et al., 2006). Total phenolics 

content was determined by the preparation of Gallic acid calibration curve. Gallic acid was taken as standard 

in different concentration (μg/ml) and measured the absorbance of Gallic acid at 765 nm. According to this 

calibration curve, phenolics content of the extracts were determined by using following equation: Y = 

0.019x + 0.0013, where R2 = 0.995. The total phenolic contents (Gallic acid equivalents, mg GAE /g) in 

the ethanol crude extract of  M. indica and R. officinalis were calculated to be 933 ± 0.31 and 732 ± 0.09 mg 

GAE /g, respectively, as shown in Table (4.20). The highest Phenolic content of M. indica was (933 ± 0.31 

mg GAE /g). These results could give a clue interpreting the observed high bioactivities of this plant. The 

results from several studies also showed that mango is a good source of antioxidants (Lin and Tang, 2007). 

Phenolic compounds have redox properties, which allow them to be active as antioxidants (Soobrattee et 

al., 2005). As their free radical scavenging ability is facilitated by their hydroxyl groups, the total phenolic 

concentration could be used as a basis for rapid screening of antioxidant activity (Baba and Malik, 2015). 

B. Determination of total flavonoid content 

Total flavonoids content was determined by the preparation of Quercetin calibration line. Quercetin was 

taken as standard in different concentration (μg/ml) and measured the absorbance of quercetin at 510 nm. 

According to this calibration curve, flavonoids content of the extracts were determined by using following 

equation: Y = 0.0953x - 0.0024, where R2 value was obtained = 0.997. The quercetin calibration line 
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equation can be used as a comparison to determine the total concentration of flavonoids in the sample 

extract. The total flavonoids contents (Quercetin equivalents, mg QE/g) in the M. indica and R. officinalis 

were calculated to be 190 ± 0.07 and 41.5 ± 0.01 mg QE/g, respectively, as results shown in Table (4.20). 

The higher flavonoid content of 190 ± 0.07 mg QE/g followed by M. indica. It’s possible that could be the 

reason of this highly biological activities. The total flavonoid content of M. indica was found to be 190 ± 

120 0.07 mg QE/g. The obtained results were much higher than that reported for peel and kernel of other 

mango cultivars (10 – 1170 mg/100 g) (Ribeiro et al., 2008, Dorta et al., 2014, Ajila and Rao, 2013). Our 

experiment revealed flavonoids were present in the highest amount in the R. officinalis contain hydroxyls is 

responsible for the radical scavenging effect in plants (Middleton et al., 2000, Amić et al., 2003). 

Flavonoids, including flavones, flavonols and condensed tannins, are plant secondary metabolites, the 

antioxidant activity of which depends on the presence of free OH groups, especially 3-OH. Plant flavonoids 

have antioxidant activity in-vitro and also activity as antioxidants in vivo (Geetha et al., 2003, Shimoi et 

al., 1996). 

C. Determination of total Tannin content 

Tannin has potential as antiseptics, astringent, antioxidants, anti-mites, anti-fungi, and metal chelating agent 

(Astiti et al., 2019). Total tannin content was using FeCl3 and gelatin test and determined by the preparation 

of Tannic acid calibration line. Tannic acid was used as a standard in different concentration (μg/ml) and 

the total tannin content were expressed as tannic acid equivalents (TAE). Absorbance was measured using 

a spectrophotometer at 510 nm. According to this calibration line, tannin content of the extracts were 

determined by using following equation: The total tannins contents (Tannic acid equivalents, mg) in the M. 

indica and R. officinalis were calculated to be 1322.5 ± 0.20 mg and 367.5 ± 0.08 mg, respectively, as results 

shown in Table (4.20). The higher tannin content of 1322.5 ± 0.20 mg followed by M. indica. Tannin is an 

excellent antioxidant compounds in plants and their activity depends of their quantity. Tannins are 

polyphenolic compounds which are reported to possess antiviral, anti-parasitic, anti-oxidant, anti-

inflammatory activities. They are also used in the treatment of hemorrhoids, infections, skin ulcer (Boy et 

al., 2018). 

Table (4.20): Quantitative phytochemicals of total Phenolic (mg GAE/g), total Flavonoid (mg QE/g) 

and total Tannin Content (mg/100 g) of medicinal plants: 

No. Name of Plants Name of 

Extracts 

Total polyphenols 

Phenolic  

(mg GAE/g) 

Flavonoid 

 (mg QE/g) 

Tannin  

(mg/100 g) 

Means ± SD 

1. Mangifera indica Ethanol crude   933 ± 0.31 190 ± 0.07 1322.5 ± 0.20 

2. Rosmarinus officinalis Ethanol crude 732 ± 0.09 41.5 ± 0.01 367.5 ± 0.08 

3. Tinospora bakis Ethanol crude ND ND ND 

Key: All data analysis used Excel (2013), Mean of triplicate determinations ± Standard Deviation (SD), ND = not determined. 
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4.4.3 Qualitative and Quantitative Analysis using GC-MS: 

A. Identification of compounds 

The results pertaining to GC-MS analysis lead to the identification of number of compounds. These 

compounds were identified through mass spectrometry attached with GC. The mass spectrometer analyzes 

the compounds eluted at different times to identify the nature and structure of these compounds. 

Interpretation of mass spectrum GC-MS was conducted using the database of National Institute of 

Standards and Technology (NIST). The name, molecular weight and structure of the components of the test 

materials were ascertained, the components identified by the GC-MS are illustrated in Tables (4.21 to 4.29), 

respectively and Figures (4.25 to 4.37), respectively. Now a day, the study of bioactive components from 

medicinal plants and their activity has increased. These phytochemicals are responsible for various 

pharmacological actions like antimicrobial and antioxidant activities, Tapiero et al. (2002). 

B. Chemical composition 

The qualitative and quantitative analyses of the extracts of M. indica, R. officinalis, and T. bakis were 

showed components as detected in the GC-MS profile (11, 26 and 33.4), respectively, are illustrated in 

Tables (4.21 to 4.29) and Figures (4.24 to 4.36), respectively. 

Gas chromatography and mass spectroscopy analysis of compounds was carried out in ethanolic extract of 

M. indica, shown in Table (4.21). It was subject to several phytochemical studies. The GC-MS 

chromatogram of the Eleven (11) known compounds of the extract detected was shown in Figures (4.25 

and 4.26). The first compound identified with less retention time (3.607 min) was 1, 2-Cyclopentanedione, 

whereas Octadecanoic acid, ethyl ester was the last compound which took longest retention time (19.136 

min) to identify. The phytochemicals identified through GC-MS analysis showed many biological activities 

relevant to this study are listed in Table (4.21). The major compounds were identified with high percentage 

(%) like 1, 2, 3-Benzenetriol (68.61 %) was found as a main components included Octadecanoic acid (15.34 

%), 9-Octadecenoic acid, (E) - (5.57 %), n-Hexadecanoic acid (4.36 %), 4H-Pyran-4-one, 2,3-dihydro-3,5-

dihydroxy-6-methyl- (1.61 %), Octadecanoic acid, ethyl ester (1.28 %) and 9,12-Octadecadienoic acid 

(Z,Z) (1.17 %), as shown in Figure (4.25), showed a wide range of potent bioactivity. M. indica produce 

many important secondary metabolites with high biological activities. Based on the significance of 

employing bioactive compounds in pharmacy to produce drugs for the treatment of many diseases, the 

purification of compounds produced by M. indica can be useful.  

Of the eleven (11) compounds identified from the GC-MS result, 1, 2, 3-Benzenetriol (68.61 %) highly 

amount. 1, 2, 3-Benzenetriol (Pyrogallol) is known as one of phenolic (hydrolysable tannin) (Khanbabaee 

and Van Ree, 2001), and has been found as the major compound of M. indica in this study. Present study 

reports phytoconstituents in the spectrum which are known for various biological properties like that 1, 2, 

3-Benzenetriol (Pyrogallol) phenolic known to possess antimalarial, antimicrobial, anti-inflammatory, 

antioxidant, analgesic, insecticide, anticancer and cytotoxic (Beulah et al., 2018). The presence of hydroxyl 
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groups and alpha-beta double bonds in a phenolic compound plays an important role towards the 

antimicrobial activity (Ultee et al., 2002). Similarly Diazinone alkaloid compound as anti-cancer activity 

(Duke and Bogenschutz, 1994).  

In this study, the GC-MS analysis showed the nature of compounds including fatty acid 4(37%) of the 

compounds identified in the investigated extract, among which ester 3(27%), alkaloids, ketone, phenolic 

and heterocyclic 1(9%), are shown in Table (4.22) and Figure (4.27). The fatty acid (4) compounds 

including 2, 5-Furandione, 3-methyl- (1), N-Hexadecanoic acid (2), Hexadecanoic acid, ethyl ester (3) and 

Octadecanoic acid (4). The ester (3) compounds showed 9, 12-Octadecadienoic acid (Z, Z) (1), 9-

Octadecenoic acid, (E)- (2) and Octadecanoic acid, ethyl ester (3). Alkaloid (1) compound showed 

Diazinone (1), ketone (1) compound showed as 1,2-Cyclopentanedione (1), phenolic (1) compound showed 

as 1,2,3-Benzenetriol (1) and heterocyclic (1) compound showed as 4H-Pyran-4-one, 2,3-dihydro-3,5-

dihydroxy-6-methyl- (1), are shown in Table (4.22). In addition, the extract had highly compounds as fatty 

acids 4(37 %) and ester 3(27 %).  
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Table (4.21): Major phytochemical compounds identified in ethanolic extract of Mangifera indica by using GC-MS analysis: 

No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds (References) 

1 1,2-Cyclopentanedione 3.607 0.24 C5H6O2  98.1 Ketone  

 

Anti-inflammatory agent (Chung et al., 

2007). 

2 2,5-Furandione, 3-methyl- 3.802 0.57 C5H4O3 112.08  Fatty acid 

 

Anticancer and Antimicrobial activities 

(Mohammed et al., 2016a). 

3 4H-Pyran-4-one, 2,3-

dihydro-3,5-dihydroxy-6-

methyl- 

6.662 1.61 C6H8O4 144.12 Heterocyclic  

 

Antioxidant activity (Čechovská et al., 2011). 

4 1,2,3-Benzenetriol 10.390 68.61 C6H6O3 126.11 Phenolic 

 

Antimalarial, Antimicrobial, Anti-

inflammatory, Antioxidant, Analgesic, 

Insecticide, Anticancer activities and 

Cytotoxic (Beulah et al., 2018).  

5 Diazinone 15.298 0.57 C12H21N2O3PS 304.35 Alkaloid 

 

Anti-cancer activity (Duke and Bogenschutz, 

1994). 

6 n-Hexadecanoic acid 

(Palmitic acid) 

16.903 4.36 C16H32O2 256.42 Fatty acid 

 

Antioxidant, Pesticide, Flavor, Hemolytic, 

Lubricant, and anti-cancer (Harada et al., 

2002, Ponnamma and Manjunath, 2012). 

Anti-inflammatory, antiandrogenic and 

hypocholestrolemic (Aparna et al., 2012, 

Kumar et al., 2010). 

7 Hexadecanoic acid, ethyl 

ester 

17.180 0.79 C18H36O2 284.5 Fatty acid 

 

Antioxidant, Flavor, Hypocholesterolemic 

Nematicide, Pesticide, Lubricant, Anti-

androgenic, Hemolytic and 5- Alpha 

reductase inhibitor activities (Sudha et al., 

2013). 

https://pubchem.ncbi.nlm.nih.gov/#query=C6H8O4
https://pubchem.ncbi.nlm.nih.gov/#query=C6H6O3
https://pubchem.ncbi.nlm.nih.gov/#query=C12H21N2O3PS
https://pubchem.ncbi.nlm.nih.gov/#query=C16H32O2
https://pubchem.ncbi.nlm.nih.gov/#query=C18H36O2
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds (References) 

8 9,12-Octadecadienoic acid 

(Z,Z) 

18.670 1.17 C18H32O2 280.4 Ester  

 

Anti-inflammatory, Nematicide, Insectifuge, 

Hypocholesterolemic, Cancer preventive, 

Hepatoprotective, Antihistaminic, Anti-acne, 

Anti-arthritic, 5-Alpha reductase inhibitor, 

Anti-androgenic and Anti-coronary activities 

(Sermakkani and Thangapandian, 2012) 

9 9-Octadecenoic acid, (E)- 18.703 5.57 C18H34O2 282.5 Ester  

 

Anticancer, Antibacterial and Antiviral 

activities (Duke and Bogenschutz, 1994)  

10 Octadecanoic acid 18.916 15.24 C18H36O2 284.5 Fatty acid 

 

Antioxidant and cancer preventive activities 

(Duke and Bogenschutz, 1994). 

11 Octadecanoic acid, ethyl 

ester 

19.136 1.28 C20H40O2 312.5 Ester  

 

Anticancer activity (Duke and Bogenschutz, 

1994). 

 Total percentage  100      

Key: R. time= Retention time, M. Weight= Molecular Weight, g/mol= gram/molar. Main components (≥1%) marked in bold. Activity Source: Dr. Duke’s 

Phytochemical and Ethnobotanical Databases. 

 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C18H32O2
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Figure (4.24): Sevan major compounds of extract from Mangifera indica (seeds). 
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Figure (4.25): GC/MS analysis of ethanolic extract Mangifera indica (Seeds). 
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Table (4.22): Nature of compounds, number and name of compounds of Mangifera indica seeds: 

Nature of 

compounds 

Number of 

compounds 

Name of compound (1) Name of compound (2) Name of compound  (3) Name of compound (4) 

Alkaloids 1 Diazinone    

Ester 3 9,12-Octadecadienoic acid (Z,Z) 9-Octadecenoic acid, (E)- Octadecanoic acid, ethyl ester  

Fatty acid 4 2,5-Furandione, 3-methyl- N-Hexadecanoic acid Hexadecanoic acid, ethyl ester Octadecanoic acid 

Heterocyclic 1 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-    

Ketone 1 1,2-Cyclopentanedione    

Phenolic 1 1,2,3-Benzenetriol    

 

Figure (4.26): Relative content nature of compounds (%) from Mangifera indica (Seeds).

Ketone 9%

Fatty acid 37%

Heterocyclic 9%

Phenolic 9%

Alkaloids 9%

Ester 27%
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Gas chromatography and mass spectroscopy analysis of compounds was carried out in oil of the ethyl 

acetate sup-fraction (AK-2) from M. indica by column chromatographic technique, was presented in Table 

(4.23). Gas chromatography mass spectrometry (GC-MS) analysis revealed the presence of 15 compounds, 

was shown in Figures (4.27 and 4.28). The first compound identified with less retention time (21.44 min) 

was Nonanoic acid, 9-oxo-, methyl ester, whereas Hexacosanoic acid, methyl ester was the last compound 

which took longest retention time (62.34 min) to identify. The phytochemicals identified through GC-MS 

analysis showed many biological activities relevant to this study are listed in Table (4.23). It was found to 

contain 8, 11-Octadecadienoic acid, methyl ester (29.49 %) was found as a major component followed by 

Hexadecanoic acid, methyl ester (24.52 %), Methyl 16-methyl-heptadecanoate (18.35 %), 9, 12-

Octadecadienoic acid (Z, Z)-, methyl ester (16.92 %), Ethyl Oleate (1.97 %), Tetracosanoic acid, methyl 

ester (1.60 %), 1,2 Benzenedicarboxylic acid (1.22 %), Hexacosanoic acid, methyl ester (1.13 %) and 

Eicosanoic acid, methyl ester (1.01 %)  as the major components, as shown in Figure (4.27).  

In the oil of the sup-fraction ethyl acetate (AK-2) from M. indica by column chromatographic technique, 

three types of compounds were determined, fatty acid compounds 13(87%), alkane 1(6%) and other 

compounds 1(7%), are shown as Figure (4.29). 

The fatty acid (13) compounds including, 9,12-Octadecadienoic acid, ethyl ester (1), Hexadecanoic acid, 

methyl ester (2), Hexadecanoic acid, ethyl ester (3), Heptadecanoic acid, 15-methyl-, ethyl ester (4), 

Hexacosanoic acid, methyl ester (6), Eicosanoic acid, methyl ester (7), 9,12-Octadecadienoic acid (Z,Z)-, 

methyl ester (8), Nonionic acid, 9-oxo-, methyl ester (9), Tetracosanoic acid, methyl ester (10), 1,2-

Benzenedicarboxylic acid, diisooctyl ester (11), Docosanoic acid, methyl ester (12) and Ethyl Oleate (13). 

Alkane (1) compound showed as Heptacosane (1), and other compound (1) showed as Methyl 16-methyl-

heptadecanoate, are shown in Table (4.24). In addition, the oil was highly compounds as fatty acids 13(87 

%).
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Table (4.23): Major phytochemical compounds identified in sup-fraction (AK-2) of Mangifera indica by using GC-MS analysis: 

No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

1 Nonionic acid, 9-oxo-, 

methyl ester 

21.44 0.18 C10H18O3  Fatty acid 

 

No activity reported. 

2 Hexadecanoic acid, 

methyl ester 

40.95 24.52 C17H34O2 270.5 Fatty acids 

 

Antibacterial and antifungal activities 

(Sudha et al., 2013). 

3 Hexadecanoic acid, ethyl 

ester 

45.41 0.93 C18H36O2 284.5 Fatty acid  

 

Antioxidant, Flavor, 

Hypocholesterolemic Nematicide, 

Pesticide, Lubricant, Anti-androgenic, 

Hemolytic and 5- Alpha reductase 

inhibitor activities (Sudha et al., 2013). 

4 9,12-Octadecadienoic acid 

(Z,Z)-, methyl ester 

49.04 16.92 C19H34O2 294.5 Fatty acid 

 

Anticancer activity (Lans and van 

Asseldonk, 2020). 

5 8,11-Octadecadienoic 

acid, methyl ester 

49.3 29.49 C19H34O2 294.5 Fatty acid 

 

No activity reported. 

6 Methyl 16-methyl-

heptadecanoate 

49.89 18.35 C19H38O2 314.5 Other 

 

No activity reported. 

7 9,12-Octadecadienoic acid, 

ethyl ester 

50.64 0.54 C20H36O2 308.5 Fatty acid 

 

Hypocholesterolemic, Nematicide 

Antiarthritic, Hepatoprotective Anti 

androgenic, Hypocholesterolemic 

Nematicide, 5-Alpha reductase 

inhibitor, Antihistaminic, Anticoronary 

Insectifuge, Antieczemic and Antiacne 

(Jananie et al., 2011). 
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

8 Ethyl Oleate 50.77 1.97 C20H38O2 310.5 Fatty acid 

 

Anti-cancer, anti-proliferative (Win, 

2005, Belakhdar et al., 2015, Asghar 

and Choudahry, 2011), antioxidant, 

anti-microbial (Abubakar and Majinda, 

2016). 

9 Heptadecanoic acid, 15-

methyl-, ethyl ester 

51.32 0.77 C20H40O2 312.5 Fatty acid 

 

No activity reported. 

10 Eicosanoic acid, methyl 

ester 

53.76 1.01 C21H42O2 326.6 Fatty acid 

 

Alpha-glucosidase inhibitors activity 

(Elaiyaraja and Chandramohan, 2016). 

11 Docosanoic acid, methyl 

ester 

56.65 0.67 C23H46O2 354.6 Fatty acid 

 

Therapeutic, Diagnostic activities 

(Elaiyaraja and Chandramohan, 2016). 

12 1,2-Benzenedicarboxylic 

acid, diisooctyl ester 

56.98 1.22 C24H38O4 390.6 Fatty acid 

 

Antimicrobial and antifouling activities 

(Salem et al., 2016). 

13 Heptacosane 58.72 0.69 C27H56 280.7 Alkane  

 

Antibacterial activity (Konovalova et 

al., 2013). 

14 Tetracosanoic acid, 

methyl ester 

59.16 1.6 C25H50O2 382.7 Fatty acids 

 

No activity reported. 
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

15 Hexacosanoic acid, methyl 

ester 

62.34 1.13 C27H54O2 410.7 Fatty acids 

 

Anti-oxidant activity (Basu et al., 2013) 

 Total percentage  99.9      

Key: R. time= Retention time, M. Weight= Molecular Weight, g/mol= gram/molar. Main components (≥1%) marked in bold.  Activity Source: Dr. Duke’s Phytochemical and 

Ethnobotanical Databases. 
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Figure (4.27): Nine major compounds of sup-fraction by column chromatography from Mangifera indica (seeds). 
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Figure (4.28): GC/MS analysis of sup-fraction (AK-2) of Mangifera indica (seeds). 
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Table (4.24): Nature of compounds, number and name of compounds in sup-fraction (AK-2) of Mangifera indica seeds: 

Nature of 

compounds 

Number of 

compounds 

Name of compound  Name of compound  Name of compound    

Fatty acid 13 9,12-Octadecadienoic acid, ethyl ester Hexadecanoic acid, methyl ester Hexadecanoic acid, ethyl ester  

Heptadecanoic acid, 15-methyl-, ethyl ester Hexacosanoic acid, methyl ester Eicosanoic acid, methyl ester  

9,12-Octadecadienoic acid (Z,Z)-, methyl ester Nonionic acid, 9-oxo-, methyl ester Tetracosanoic acid, methyl ester 

1,2-Benzenedicarboxylic acid, diisooctyl ester Docosanoic acid, methyl ester Ethyl Oleate  

Alkane  1 Heptacosane    

Other 1 Methyl 16-methyl-heptadecanoate    

 
Figure (4.29): Relative content nature of compounds (%) of sup-fraction (AK-2) from Mangifera indica (Seeds).

Fatty acid 87%

Alkane 6%

Other 7%



150 
 

The R. officinalis was subject to several phytochemical studies. In this study, Gas chromatography and 

mass spectroscopy (GC-MS) analysis of compounds was carried out in ethanolic extract of R. officinalis, 

was presented in Table (4.25). The GC-MS chromatogram of the twenty six (26) compounds representing 

100% of the total amount was shown in Figures (4.30 and 4.31). The first compound identified with less 

retention time (4.739 min) was .gamma.-Terpinene, whereas 9(1H)-Phenanthrenone, 2, 3, 4, 4a, 10, 10 a-

hexahydro-6-hydroxy-1, 1, 4 a-trimethyl-7-(1-methylethyl)-, (4aS-trans) was the last compound which took 

longest retention time (23.096 min) to identify. The phytochemicals identified through GC-MS analysis 

showed many biological activities relevant to this study are listed in Table (4.25). It was found to contain 

Eucalyptol (25.11 %) was found as a major components followed by (+)-2-Bornanone (19.34 %), 

Isocarnosol (8.74 %), endo-Borneol (7.62 %), Benz(a)acridine, 9,10,12-trimethyl (6.67 %), 9(1H)-

Phenanthrenone, 2,3,4,4a,10,10a-hexahydro-6-hydroxy-1,1,4a-trimethyl-7-(1-methylethyl)-,(4aS-trans) 

(5.25 %), Ferruginol (4.72 %), n-Hexadecanoic acid (3.88 %), .alpha.-Terpineol (3.65 %), 

Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-, (1S) (2.97 %) and Andrographolide (2.50 %), 4H-

Benzo[f]pyrrolo[1,2-a][1,4]diazepine, 4-cyclohexyl-8,9-diethoxy-5,6-dihydro (1.95 %), Aromadendrene 

oxide- (1.39 %) and 2-Methoxy-4-vinylphenol (1.13 %) as the major components, as shown in Figure 

(4.30).  

Studies showed that Eucalyptol is a promising compound for treating such conditions as it has been shown 

to have anti-inflammatory and antioxidant effects in various diseases, including respiratory disease, 

pancreatitis, colon damage, and cardiovascular and neurodegenerative diseases (Seol and Kim, 2016). 

The comparison between the major components was presented in Figure (4.30). The above results are in 

accordance with that of Tomi et al. (2016), El-Ghorab (2003). Similar investigation showed that 1, 8-

cineole and α-pinene were major constituents of the rosemary (Jiang et al., 2011). In another investigation, 

the most important constituents of the Iranian rosemary were shown to be 1, 8-cineole, α-pinene, berbonone, 

and camphor (Jalali-Heravi et al., 2011). Szumny et al. (2010) reported that the Polish fresh Rosmarinus 

officinalis essential oil analyzed and identified by GC/MS showed that α-pinene (33.3%), bornyl acetate 

(14.8%), camphene (13.8%), and 1, 8-cineole (12.3%) were the main compounds. These result similar to 

(Almeida et al., 2006)1, 8-cineol or eucalyptol was the most significant volatile compound of which 

concentrations ranged from (23 – 33 %).  

In the ethanolic extract of R. officinalis, eight nature of compounds were determined, Oxygenated 

monoterpenes 10(38%), Hydrocarbons monoterpenes 5(19%), Fatty acids and other compounds 3(12%), 

Diterpenoid 2(8%), phenol, Carbocyclic and Cyclic Hydrocarbons 1(4%), are shown as Figure (4.32). 

The Oxygenated monoterpenes (10) compounds including, Eucalyptol (1), 1,6-Octadien-3-ol, 3,7-dimethyl 

(2), Bicyclo[2.2.1]heptan-2-ol, 1,3,3-trimethyl (3), Camphenol,6- (4), (+)-2-Bornanone (5), endo-Borneol 

(6), Terpinen-4-ol (7), .alpha.-Terpineol (8), Bornyl acetate (9) and Aromadendrene oxide- (10). Followed 

by Hydrocarbons monoterpenes (5) compounds including, .gamma. - Terpinene (1), O-Cymene (2), D-
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Limonene (3.), 3-Carene (4) and .beta.-ylangene (5). The Fatty acids (3) compounds including, .alpha.-

Methyl-.alpha.-[4-methyl-3-pentenyl]oxiranemethanol (1), n-Hexadecanoic acid (2) and 9-Octadecenoic 

acid (Z)-, methyl ester (3). Diterpenoid (2) compounds including, Andrographolide (1) and Ferruginol (2). 

Carbocyclic (1) compound as Bicyclo [3.1.1] hept-3-en-2-one, 4,6,6-trimethyl-, (1S) (1). Phenol (1) 

compound as 2-Methoxy-4-vinylphenol (1). Cyclic Hydrocarbons (1) compound as Isocarnosol (1), and 

other (2) compounds including, Benz(a)acridine, 9,10,12-trimethyl (1), 4H-Benzo[f]pyrrolo[1,2-

a][1,4]diazepine, 4-cyclohexyl-8,9-diethoxy-5,6-dihydro (2) and 9(1H)-Phenanthrenone, 2,3,4,4a,10,10a-

hexahydro-6-hydroxy-1,1,4a-trimethyl-7-(1-methylethyl)-, (4aS-trans), are shown in Table (4.26). In 

addition, the extract was highly compounds as Oxygenated monoterpenes 10(38%), and Hydrocarbons 

monoterpenes 5(19%).
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Table (4.25): Major phytochemical compounds identified in ethanolic extract of Rosmarinus officinalis by using GC-MS analysis: 

No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

1 gamma.- Terpinene 4.739 0.47 C10H16 136.23 Hydrocarbons 

monoterpenes 

 

Anti-inflammatory activity (de Oliveira 

Ramalho et al., 2015). 

2 O-Cymene 4.848 0.58 C10H14 134.22 Hydrocarbons 

monoterpenes 

 

Antioxidant and antimicrobial activities 

(Mahmud et al., 2009). 

3 D-Limonene 4.910 0.44 C10H16 136 Hydrocarbons 

monoterpenes 

 

Antioxidant, antidiabetic, anticancer, anti-

inflammatory, cardioprotective, 

gastroprotective, hepatoprotective, 

immunemodulatory,  anti-fibrotic and   

anti-genotoxic (Anandakumar et al., 

2021). 

4 Eucalyptol 4.963 25.11 C10H18O 154 Oxygenated 

monoterpenes 

 

Anti-inflammatory, gastroprotective, 

antitumorogenic, hepatoprotective, 

antimycotic and antibacterial activities 

(Bhowal and Gopal, 2015). 

5 3-Carene 5.325 0.15 C10H16 136 Hydrocarbons 

monoterpenes 

 

Antimicrobial and Anti-

acetylcholinesterase Properties and 

Insecticidal activities (Znati et al., 2012, 

Langsi et al., 2020). 

6 .alpha.-Methyl-.alpha.-[4-

methyl-3-

pentenyl]oxiranemethanol 

5.528 0.14 C10H18O2 170 Fatty acids  

 

No activity reported. 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H16
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

7 1,6-Octadien-3-ol, 3,7-

dimethyl 

5.885 0.30 C10H18O 154 Oxygenated 

monoterpenes 

 

Anti-inflammatory and anti-cancer 

properties (Al-Marzoqi et al., 2015). 

8 Bicyclo[2.2.1]heptan-2-

ol, 1,3,3-trimethyl 

6.191 0.15 C10H18O 154 Oxygenated 

monoterpenes 

 

Antimicrobial activity (Mujeeb et al., 

2014). 

9 Camphenol,6- 6.346 0.25 C10H16O 152 Oxygenated 

monoterpenes 

 

No activity reported. 

10 (+)-2-Bornanone 6.670 19.34 C10H16O 152 Oxygenated 

monoterpenes 

 

No activity reported. 

11 endo-Borneol 6.989 7.62 C10H18O 154 Oxygenated 

monoterpenes 

 

No activity reported. 

12 Terpinen-4-ol 7.128 0.50 C10H18O 154 Oxygenated 

monoterpenes 

 

Antimicrobial and anti-inflammatory 

properties (Cox et al., 2001, Hart et al., 

2000). 

13 .alpha.-Terpineol 7.322 3.65 C10H18O 154 Oxygenated 

monoterpenes 

 

Antimicrobial activity (Park et al., 2012). 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

14 Bicyclo[3.1.1]hept-3-en-

2-one, 4,6,6-trimethyl-, 

(1S) 

7.636 2.97 C10H14O 150 Carbocyclic 

 

No activity reported. 

15 Bornyl acetate 8.692 0.99 C12H20O2 196 Oxygenated 

monoterpenes 

 

Antimicrobial activity (Rabib et al., 

2020). 

16 2-Methoxy-4-

vinylphenol 

9.162 1.13 C9H10O2 150 phenol 

 

Anti-carcinogenic and anti-inflammatory 

activities (Lalthanpuii and Lalchhandama, 

2019). 

17 .beta.-ylangene 12.925 0.50 C15H24 204 Hydrocarbons 

monoterpenes 

 

No activity reported. 

18 Andrographolide 13.751 2.50 C20H30O5 350 Diterpenoid 

 

Anti-inflammatory, anti-infective and 

anti-hepatotoxic activities (Chao and Lin, 

2010). 

19 Aromadendrene oxide- 13.909 1.39 C15H24O 220 Oxygenated 

monoterpenes 

 

No activity reported. 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

20 n-Hexadecanoic acid 16.896 3.88 C16H32O2 256 Fatty acids 

 

Antioxidant, Pesticide, Flavor, 

Hemolytic, Lubricant, and anti-cancer 

(Harada et al., 2002, Ponnamma and 

Manjunath, 2012). Anti-inflammatory, 

antiandrogenic and hypocholestrolemic 

(Aparna et al., 2012, Kumar et al., 2010). 

21 9-Octadecenoic acid (Z)-, 

methyl ester 

18.282 0.60 C19H36O2 296 Fatty acids 

 

Anti-inflammatory, antiandrogenic 

cancer preventive, dermatitigenic 

hypocholesterolemic, 5-alpha reductase 

inhibitor, anemiagenic, insectifuge 

(Krishnamoorthy and Subramaniam, 

2014). 

22 Benz(a)acridine, 

9,10,12-trimethyl 

19.856 6.67 C20H17N 271 Other 

 

No activity reported. 

23 Ferruginol 20.741 4.72 C20H30O 286 Diterpenoid 

 

antibacterial, antifungal, antimicrobial, 

cardioprotective, anti-oxidative, anti-

plasmodial, leishmanicidal, 

antiulcerogenic, anti-inflammatory and 

antitumor actions (Roa-Linares et al., 

2016).  
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No. Name of compounds R. Time Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

24 Isocarnosol 21.444 8.74 C20H26O4 330 Cyclic 

Hydrocarbons 

 

No activity reported. 

25 4H-Benzo[f]pyrrolo[1,2-

a][1,4]diazepine, 4-

cyclohexyl-8,9-diethoxy-

5,6-dihydro 

21.774 1.95 C22H30N2O2 354 Other 

 

No activity reported. 

26 9(1H)-Phenanthrenone, 

2,3,4,4a,10,10a-

hexahydro-6-hydroxy-

1,1,4a-trimethyl-7-(1-

methylethyl)-, (4aS-

trans) 

23.096 5.25 C20H28O2 300 Other 

 

No activity reported. 

 Total percentage  100      

Key: R. time= Retention time, M. Weight= Molecular Weight, g/mol= gram/molar. Main components (≥1%) marked in bold.  Activity Source: Dr. Duke’s Phytochemical and 

Ethnobotanical Databases. 
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Figure (4.30): Fourteen major compounds of extract from Rosmarinus officinalis (pods). 
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Figure (4.31): GC/MS analysis of ethanolic extract Rosmarinus officinalis (pods). 
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Table (4.26): Nature of compounds, number and name of compounds of Rosmarinus officinalis pods: 

Nature of 

compounds 

Number of 

compounds 

Name of compound  Name of compound  Name of compound   Name of compound  

Hydrocarbons 

monoterpenes 

5 gamma.- Terpinene O-Cymene D-Limonene 3-Carene 

beta.-ylangene    

Oxygenated 

monoterpenes 

10 Eucalyptol 1,6-Octadien-3-ol, 3,7-

dimethyl 

Bicyclo[2.2.1]heptan-2-ol, 

1,3,3-trimethyl 

Camphenol,6- 

(+)-2-Bornanone endo-Borneol Terpinen-4-ol .alpha.-Terpineol 

Bornyl acetate Aromadendrene oxide-   

Fatty acids 3 .alpha.-Methyl-.alpha.-[4-methyl-3-

pentenyl]oxiranemethanol 

n-Hexadecanoic acid 9-Octadecenoic acid (Z)-, 

methyl ester 

 

Carbocyclic 1 Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-, 

(1S) 

   

Phenol 1 2-Methoxy-4-vinylphenol    

Diterpenoid 2 Andrographolide Ferruginol   

Cyclic 

Hydrocarbons 

1 Isocarnosol    

Other 3 Benz(a)acridine, 9,10,12-trimethyl 4H-Benzo[f]pyrrolo[1,2-

a][1,4]diazepine, 4-

cyclohexyl-8,9-diethoxy-

5,6-dihydro 

9(1H)-Phenanthrenone, 

2,3,4,4a,10,10a-hexahydro-

6-hydroxy-1,1,4a-

trimethyl-7-(1-

methylethyl)-, (4aS-trans) 
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Figure (4.32): Relative content nature of compounds (%) of compounds from Rosmarinus officinalis pods.
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There were no reports on the phytochemical investigations of these species hence the extract of T. bakis of 

the twenty two components were detected in the GC-MS profile. The components were found to have 

different pharmacological importance along with antioxidant and/or anticancer potential (Table 4.27) and 

Figures (4.33 and 4.34). The first compound identified with less retention time (3.730 min) was Glycerin, 

whereas Hyodeoxycholic acid was the last compound which took longest retention time (27.532 min) to 

identify. The phytochemicals identified through GC-MS analysis showed many biological activities 

relevant to this study are listed in Table (4.27). 1H-3a, 7-Methanoazulene, octahydro-1, 9, 9-trimethyl-4-

methylene (46.94 %) highest amount compared. Next, in relatively high concentrations were found: 

Androst-5, 15-dien-3ol acetate (8.18 %), Pregnan-20-one, 3-(acetyloxy)-5, 6-epoxy-, (3.beta. 5. alpha., 

6.alpha.)- (7.95 %), 1H-2-Indenone, 2,4,5,6,7,7 a-hexahydro-3-(1-methylethyl)-7a-methyl (5.03 %), 

Hyodeoxycholic acid (4.48 %), Pregn-5-ene-3,20-dione (3.72 %) and Glycerin (3.69 %), Glaucine (2.88 

%), 3-Amino-6-methyl-6,7-dihydro-9H-5-oxa-9-azabenzocyclohepten-8-one (2.56 %), Octadec-9-enoic 

acid (2.16 %), n-Hexadecanoic acid (1.97 %), 5.beta.,14.beta.-Androstane-17.beta.-carboxylic acid, 

3.beta.,14-dihydroxy-, .gamma.-lactone, acetate (1.92 %), (+)-(S)-Isocorydine (1.48 %), and Linoleic acid 

ethyl ester (1.09) represented the highest amount compared to the other components, as shown in Figure 

(4.33).  

Some of the compounds present are anticancer in nature such as n-Hexadecanoic acid, Squalene and 9, 12-

Octadecadienoic acid (Z, Z)-. This study explores the goodness of the whole plant of the T. bakis which has 

a commendable sense of purpose and can be advised as a plant of pharmaceutical importance. 

In the ethanolic extract of T. bakis, eleven nature of compounds were determined, Fatty acids 7(32%), 

Alkaloids 4(18%), other compounds 2(9%), Amino acid, Ester, Cyclic Hydrocarbons, Phenolic, 

Sesqueterpens hydrocarbon, Triterpene and Heterocyclic 1(5%), are shown as Figure (4.35). Therefore, 

1H-3a, 7-Methanoazulene, octahydro-1, 9, 9-trimethyl-4-methylene has biological activity as anti-

inflammatory, antiprotozoal, antibacterial and antimicrobial activities. 

The Fatty acids (7) compounds including, 5.beta.,14 .beta.-Androstane-17.beta.-carboxylic acid, 3.beta.,14-

dihydroxy-, .gamma.-lactone, acetate (1), Hyodeoxycholic acid (2), n-Hexadecanoic acid (3), Octadec-9-enoic acid 

(4), Hexadecanoic acid, ethyl ester (5), 9,12-Octadecadienoic acid (Z,Z)- (6) and Linoleic acid ethyl ester (7). 

Alkaloids (4) compounds including, 3-Amino-6-methyl-6,7-dihydro-9H-5-oxa-9-azabenzocyclohepten-8-one (1), 

(+)-(S)-Isocorydine (2), Acridine, 9-butyl- (3) and Glaucine (4). The Carboxylic acid (2) compounds including, 

Ethyl Oleate (1) and Bis (2-ethylhexyl) phthalate (2). Amino acid (1) as Glycerin (1), Ester (1) as Pregnan-20-one, 

3-(acetyloxy)-5, 6-epoxy-, (3. beta. 5. alpha., 6.alpha.)- (1), Cyclic Hydrocarbons (1) as Benzene, [(3,3,5,5-

tetramethylcyclohex-1-en-1-yl)thio] (1), Phenolic (1) as (E)-4-(3-Hydroxyprop-1-en-1-yl)-2-methoxyphenol (1), 

Sesqueterpens hydrocarbon (1) as 1H-3a,7-Methanoazulene, octahydro-1,9,9-trimethyl-4-methylene- (1), Triterpene 

(1) as Squalene (1), Heterocyclic (1) as 1H-2-Indenone,2,4,5,6,7,7a-hexahydro-3-(1-methylethyl)-7a-methyl (1) 

and other (2) compounds including, Androst-5,15-dien-3ol acetate (1) and Pregn-5-ene-3,20-dione (2), are 
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shown in Table (4.28). In addition, the extract contained higher number of compounds as fatty acids 7(32 

%), and alkaloids 4(18 %). Although fatty acids have various therapeutic activities including anti-

inflammatory and antioxidant activities (Kapoor and Huang, 2006, Galli and Calder, 2009, Poudel-

Tandukar et al., 2009). The well-known alkaloids have antimicrobial (Gawali and Jadhav, 2011) and 

antidiabetic (Sharma, 2012) activities, and hence steroidal alkaloids are used as medicine. 
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Table (4.27): Major phytochemical compounds identified in ethanolic extract of Tinospora bakis by using GC-MS analysis: 

No. Name of compounds R. 

Time 

Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

1 Glycerin 3.730 3.69 C3H8O3 92 Amino acid 

 

No activity reported. 

2 (E)-4-(3-Hydroxyprop-1-en-1-yl)-

2-methoxyphenol 

13.725 0.69 C10H12O3 180 phenol 

 

No activity reported. 

3 n-Hexadecanoic acid 15.892 1.97 C16H32O2 256 Fatty acid 

 

Antioxidant, Pesticide, Flavor, 

Hemolytic, Lubricant, and anti-

cancer (Harada et al., 2002, 

Ponnamma and Manjunath, 

2012). Anti-inflammatory, 

antiandrogenic and 

hypocholestrolemic (Aparna et 

al., 2012, Kumar et al., 2010). 

4 Benzene, [(3,3,5,5-

tetramethylcyclohex-1-en-1-

yl)thio] 

15.996 0.82 C16H22S 246   Cyclic 

Hydrocarbons 

 

No activity reported. 

5 Hexadecanoic acid, ethyl ester 16.220 0.77 C18H36O2 284 Fatty acid 

 

Antioxidant, Hemolytic, 

Hypocholesterolemic, Flavor, 

Nematicide, Anti-androgenic 

(Tyagi and Agarwal, 2017, 

Ponnamma and Manjunath, 

2012, Sudha et al., 2013). 
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No. Name of compounds R. 

Time 

Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

6 9,12-Octadecadienoic acid (Z,Z)- 17.548 0.85 C18H32O2 280 Fatty acid 

 

Hypocholesterolemic, 

Nematicide, Antiarthritic, 

Hepatoprotective, 

Antiandrogenic, 

Hypocholesterolemic 5-Alpha 

reductaseinhibitor, 

Antihistaminic, Anticoronary, 

Insectifuge, 

Antieczemic,Antiacne (Sudha et 

al., 2013) Anticancer properties 

(Yu et al., 2005). 

7 Octadec-9-enoic acid 17.591 2.16 C18H34O2 282 Fatty acid 

 

No activity reported. 

8 Linoleic acid ethyl ester 17.811 1.09 C20H36O2 308 Fatty acids 

 

Antioxidant, anticancer and anti-

inflammatory activities (Kim et 

al., 2020). 

9 Ethyl Oleate 17.856 0.50 C20H38O2 310 Carboxylic 

acid 

 

Antioxidant, anti-inflammatory 

activities (Kim et al., 2020). 

10 Bis(2-ethylhexyl) phthalate 21.080 0.56 C24H38O4 390 Carboxylic 

Acids 

 

No activity reported. 

11 1H-3a,7-Methanoazulene, 

octahydro-1,9,9-trimethyl-4-

methylene- 

21.855 46.94 C15H24 204 Sesqueterpens 

hydrocarbon 

 

Anti-inflammatory, 

antiprotozoal, antibacterial and 

antimicrobial activities. 



165 
 

No. Name of compounds R. 

Time 

Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

12 1H-2-Indenone,2,4,5,6,7,7a-

hexahydro-3-(1-methylethyl)-7a-

methyl 

22.264 5.03 C13H20O 192 Heterocyclic  

 

No activity reported. 

13 Androst-5,15-dien-3ol acetate 22.450 8.16 C21H30O2 314 other 

 

No activity reported. 

14 Pregnan-20-one, 3-(acetyloxy)-5, 

6-epoxy-, (3. beta. 5. alpha., 

6.alpha.)- 

22.611 7.95 C23H34O4 374 Ester 

 

No activity reported. 

15 3-Amino-6-methyl-6,7-dihydro-

9H-5-oxa-9-

azabenzocyclohepten-8-one 

22.800 2.56 C10H12N2O2 192 Alkaloids 

 

No activity reported. 

16 Squalene 23.098 0.58 C30H50 410 Triterpene 

 

Antiageing, Analgesic, 

Antidiabetic, Anti-inflammatory, 

Antioxidant, Antidermatitic, 

Antileukemic, Antitumor, 

Anticancer, Hepatoprotective, 

Hypocholesterolemic, 

Antiulcerogenic, Vasodilator, 

Antispasmodic, Antibronchitic, 

Anticoronary (Sudha et al., 2013, 

Spanova and Daum, 2011). 

17 Pregn-5-ene-3,20-dione 23.150 3.72 C21H30O2 314 Other 

 

No activity reported. 
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No. Name of compounds R. 

Time 

Area 

(%) 

Formulas M. Weight 

(g/mol) 

Nature of 

compounds 

Structures Bioactivity of compounds 

18 (+)v-(S)-Isocorydine 23.651 1.84 C20H23NO4 341 Alkaloids 

 

Anticancer activity (Zhong et al., 

2014). 

19 Glaucine 24.083 2.88 C21H25NO4 355 Alkaloids 

 

Antifungal activity (Thawabteh 

et al., 2019). 

20 Acridine, 9-butyl- 24.788 0.80 C17H17N 335 Alkaloids 

 

Antimalarial activity (Yu et al., 

2012). 

21 .5.beta.,14.beta.-Androstane-

17.beta.-carboxylic acid, 

3.beta.,14-dihydroxy-, .gamma.-

lactone, acetate 

26.650 1.92 C22H32O4 360 Fatty acids 

 

No activity reported. 

22 Hyodeoxycholic acid 27.532 4.48 C24H40O4 392 Fatty acids  

 

No activity reported. 

 Total percentage  100      

Key: R. time= Retention time, M. Weight= Molecular Weight, g/mol= gram/molar. Main components (≥1%) marked in bold. Activity Source: Dr. Duke’s Phytochemical and 

Ethnobotanical Databases. 
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Figure (4.33): Fourteen major compounds of extract from Tinospora bakis (whole plant). 
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Figure (4.34): GC/MS analysis of ethanolic extract Tinospora bakis (whole plant). 
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Table (4.28): Nature of compounds, number and name of compounds of Tinospora whole plant: 

Nature of 

compounds 

Number of 

compounds 

Name of compound  Name of compound  Name of compound   Name of compound  

Amino acid 1 Glycerin    

Ester 1 Pregnan-20-one, 3-(acetyloxy)-5, 6-epoxy-, (3. 

beta. 5. alpha., 6.alpha.)- 

   

Fatty acids 7 5.beta.,14.beta.-Androstane-17.beta.-carboxylic 

acid, 3.beta.,14-dihydroxy-, .gamma.-lactone, 

acetate 

Hyodeoxycholic acid n-Hexadecanoic acid Octadec-9-enoic acid 

Hexadecanoic acid, ethyl ester 9,12-Octadecadienoic 

acid (Z,Z)- 

Linoleic acid ethyl ester  

Cyclic 

Hydrocarbons 

1 Benzene, [(3,3,5,5-tetramethylcyclohex-1-en-1-

yl)thio] 

   

Carboxylic 

acid 

2 Ethyl Oleate Bis(2-ethylhexyl) 

phthalate 

  

Phenolic 1 (E)-4-(3-Hydroxyprop-1-en-1-yl)-2-

methoxyphenol 

   

Sesqueterpens 

hydrocarbon 

1 1H-3a,7-Methanoazulene, octahydro-1,9,9-

trimethyl-4-methylene- 

   

Alkaloids 4 3-Amino-6-methyl-6,7-dihydro-9H-5-oxa-9-

azabenzocyclohepten-8-one 

(+)-(S)-Isocorydine Acridine, 9-butyl- Glaucine 

Triterpene 1 Squalene    

Heterocyclic 1 1H-2-Indenone,2,4,5,6,7,7a-hexahydro-3-(1-

methylethyl)-7a-methyl 

   

Other 2 Androst-5,15-dien-3ol acetate Pregn-5-ene-3,20-dione   
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Figure (4.35): Relative content Nature of compounds (%) of compounds from Tinospora bakis (Whole plant).
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The comparison between extracts and oil tested for GC-MS found some compounds were showed three and 

two crude extracts, are shown in Table (4.29) and Figure (4.36). Sixty six (66) compounds showed be 

checked in extracts and oil tested for GC-MS, and four (4) compounds were repeated twice and more of the 

tested extracts. The n-hexadecanoic acid was found in M. indica (4.36%), R. officinalis (3.88%) and T. 

bakis (1.97%). Studies showed that n-hexadecanoic acid was an antioxidant and its ester ascorbyl palmitate 

had a better lipid oxidation protecting effect than water-soluble ascorbic acid (Lan et al., 2017). In addition, 

the compound has also known to have anti-inflammatory (Arora and Pandey-Rai, 2014) and 

antihyperglacimic activity (Jiang et al., 2012). The Hexadecanoic acid, ethyl ester showed that M. indica 

(0.79%), AK-2 (0.93%) and T. bakis (0.77%). This compound has antioxidant, hypocholesterolemic, 

nematicide, pesticide, antiandrogenic flavor, hemolytic, and alphareductase inhibitor (Sudha et al., 2013). 

The 9, 12-Octadecadienoic acid (Z, Z) was showed of M. indica (1.17%) and T. bakis (0.85%). It's the most 

abundant polyunsaturated fatty acid in human nutrition. In addition, it also play an important medicine for 

treatment of hyperlipoidemia and atherosclerosis (Yao et al., 2013, Aparna et al., 2012). And Ethyl Oleate 

was showed of AK-2 (1.97%) and T. bakis (0.5%). This compound was reported with antimicrobial activity 

(Adeoye-Isijola et al., 2018). 
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Table (4.29): The comparison of compounds between the different crude extracts using presence (+) and absence (-): 

No.                                      Name of plants    

Name of compounds                                          

Mangifera 

indica 

AK-2 Rosmarinus 

officinalis 

Tinospora 

bakis 

1. (+)-(S)-Isocorydine - - - + 

2. (+)-2-Bornanone - - + - 

3. (E)-4-(3-Hydroxyprop-1-en-1-yl)-2-methoxyphenol - - - + 

4. 5.beta.,14.beta.-Androstane-17.beta.-carboxylic acid, 3.beta.,14-dihydroxy-, .gamma.-lactone, acetate - - - + 

5. .alpha.-Methyl-.alpha.-[4-methyl-3-pentenyl]oxiranemethanol - - + - 

6. .alpha.-Terpineol - - + - 

7. .beta.-ylangene - - + - 

8. .gamma.- Terpinene - - + - 

9. 1,2,3-Benzenetriol + - - - 

10. 1,2-Benzenedicarboxylic acid, diisooctyl ester - + - - 

11. 1,2-Cyclopentanedione + - - - 

12. 1,6-Octadien-3-ol, 3,7-dimethyl - - + - 

13. 1H-2-Indenone,2,4,5,6,7,7a-hexahydro-3-(1-methylethyl)-7a-methyl - - - + 

14. 1H-3a,7-Methanoazulene, octahydro-1,9,9-trimethyl-4-methylene- - - - + 

15. 2,5-Furandione, 3-methyl- + - - - 

16. 2-Methoxy-4-vinylphenol - - + - 

17. 3-Amino-6-methyl-6,7-dihydro-9H-5-oxa-9-azabenzocyclohepten-8-one - - - + 

18. 3-Carene - - + - 

19. 4H-Benzo[f]pyrrolo[1,2-a][1,4]diazepine, 4-cyclohexyl-8,9-diethoxy-5,6-dihydro - - + - 

20. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- + - - - 

21. 8,11-Octadecadienoic acid, methyl ester - + - - 

22. 9(1H)-Phenanthrenone, 2,3,4,4a,10,10a-hexahydro-6-hydroxy-1,1,4a-trimethyl-7-(1-methylethyl)-, 

(4aS-trans) 

- - + - 

23. 9,12-Octadecadienoic acid (Z,Z) + - - + 

24. 9,12-Octadecadienoic acid (Z,Z)-, methyl ester - + - - 

25. 9,12-Octadecadienoic acid, ethyl ester - + - - 

26. 9-Octadecenoic acid (Z)-, methyl ester - - + - 
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27. 9-Octadecenoic acid, (E)- + - - - 

28. Acridine, 9-butyl- - - - + 

29. Andrographolide - - + - 

30. Androst-5,15-dien-3ol acetate - - - + 

31. Aromadendrene oxide- - - + - 

32. Benz(a)acridine, 9,10,12-trimethyl - - + - 

33. Benzene, [(3,3,5,5-tetramethylcyclohex-1-en-1-yl)thio] - - - + 

34. Bicyclo[2.2.1]heptan-2-ol, 1,3,3-trimethyl - - + - 

35. Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-, (1S) - - + - 

36. Bis(2-ethylhexyl) phthalate - - - + 

37. Bornyl acetate - - + - 

36. Camphenol,6- - - + - 

37. Diazinone + - - - 

38. D-Limonene - - + - 

39. Docosanoic acid, methyl ester - + - - 

40. Eicosanoic acid, methyl ester - + - - 

41. endo-Borneol - - + - 

42. Ethyl Oleate - + - + 

43. Eucalyptol - - + - 

44. Ferruginol - - + - 

45. Glaucine - - - + 

46. Glycerin - - - + 

47. Heptacosane - + - - 

48. Heptadecanoic acid, 15-methyl-, ethyl ester - + - - 

49. Hexacosanoic acid, methyl ester - + - - 

50. Hexadecanoic acid, ethyl ester + + - + 

51. Hexadecanoic acid, methyl ester - + - - 

52. Hyodeoxycholic acid - - - + 

53. Isocarnosol - - + - 

54. Linoleic acid ethyl ester - - - + 

55. Methyl 16-methyl-heptadecanoate - + - - 

56. n-Hexadecanoic acid + - + + 
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57. Nonanoic acid, 9-oxo-, methyl ester - + - - 

58. Octadec-9-enoic acid - - - + 

59. Octadecanoic acid + - - - 

60. Octadecanoic acid, ethyl ester + - - - 

61. O-Cymene - - + - 

62. Pregn-5-ene-3,20-dione - - - + 

63. Pregnan-20-one, 3-(acetyloxy)-5, 6-epoxy-, (3. beta. 5. alpha., 6.alpha.)- - - - + 

64. Squalene - - - + 

64. Terpinen-4-ol - - + - 

66. Tetracosanoic acid, methyl ester - + - - 

Key: AK-2: sup-fraction of Mangifera indica.  
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Figure (4.36): The percentage (%) composition and distribution of (A) n-Hexadecanoic acid, (B) Hexadecanoic acid, ethyl ester, (C) 9, 

12-Octadecadienoic acid (Z, Z) and (D) Ethyl Oleate among the studied plants. 
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4.5 Identification and structural elucidation of isolated compounds 

Plants are the main source of the natural compounds. Whenever a new active natural compound is isolated, 

the next major task is its structure elucidation. There are several techniques for structure elucidation; mass 

spectrometry (MS), X-ray crystallography, nuclear magnetic resonance (NMR), etc. In the present study 

17 compounds were isolated from ethyl acetate fractions of M. indica (seeds) and T. bakis (whole plant) 

were selected for the isolation after an extensive screening process of three medicinally important plants of 

Sudan for their biological activities by utilizing: antimicrobial and anti-oxidant activities. These three plants 

were selected on the basis of information gathered from the local traditional healers. During this screening 

process that the extracts/fractions of M. indica and T. bakis showed the best results in multiple bioassays 

used in this study and also these plants had the oldest history of safe use in human. Characterization of the 

isolated compounds were carried out by using ESI-MS, 1D-NMR and 2D-NMR techniques at International 

Center for Chemical and Biological Sciences (ICCBS), University of Karachi, Karachi, Pakistan. The new 

compounds isolated using all NMR spectra (1H-NMR, 13C-NMR, HSQC, HMBC, COSY and NOSY) of 

the compounds were recorded to propose the structure of the purified compound and MS spectrum was 

recorded to confirm the molecular weight (MW) of the compounds, and spectra for structure elucidation of 

each isolated compounds. 

4.5.1 Isolated compounds from M. indicia seeds 

Four compounds were isolated from ethyl acetate fraction of M. indica (seeds), and were screened for 

antimicrobial and antioxidant activities.  

A. Methyl gallate 

Methyl gallate or Methyl 3, 4, 5-trihydroxybenzoate (1) (C8H8O5) (MW. 184) was obtained as white needle 

crystals powder (45 mg). The observed Rf value was 0.56 (dichloromethane: methanol 4:1). MS/ESI (−) 

m/z 183.0534 [M−H].1H NMR (500 MHz, CDCl3).: δ3.79 (3H, s, OCH3), δ 7.11 (2H, s, H-2, H-6); 13C 

NMR (acetone-D6, 150.80 MHz) δ 51.0 (OCH3), δ 108.90 (C-2, C-6), δ 120.91 (C-1), δ 137.76 (C-4), δ 

145.12 (C-3, C5), δ 166.27 (C=O). The molecular formula was determined from the MS and 13C NMR. 8 

Carbons and five protons attached to carbon were observed in the 13C and 1HNMR spectra, the number of 

hydroxyl groups, the NMR solvent was shifted to DMSO-d6 as hydroxyl were not seen with acetone-d6. 

1H-NMR (DMSO-d6, 600 MHz) clearly reveal the presence two hydroxyls at δ9.44 and one hydroxyl at 

δ9.11. Close examination of the 1H and 13C NMR spectrum showed a symmetrical molecule with two 

aromatic protons, δ 7.11 (2H, s, H-2, H-6), three hydroxyl, two hydroxyl at δ C 145.12 (C-3, C-5), and one 

hydroxyl at δ C 137.76 (C-4), a methyl δ3.79 (3H, s, OCH3) and a ester carbonyl δ 166.27 (C=O), as shown 

in Figures (4.37). The result was consistent with Singh et al., (2007) and Zargari (1997) published NMR 

data hence, the compound structure revealed to be methyl 3, 4, 5-trihydroxybenzoate or methyl gallate. 
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B. β-sitosterol 

β-sitosterol (2) (C29H50O) (MW. 414) was obtained as white-yellowish crystalline powder (85 mg). The 

observed Rf value was 0.56 (n-hexane/ethyl acetate 4:1). The compounds was identified using 1H NMR 

spectra (400 MHz, CDCl3) and confirmed using mass spectral data (m/z): 397 [M-OH]-. Signals in the 1H-

NMR spectrum were observed mainly in the up field region. The spectra exhibited only two signals with 

high chemical shifts values; the first one resonated in the olefinic region and the other one was observed a 

little up field region. The olefinic signal at δ 5.3 (1H, br d, J = 4.8 Hz) appeared to be characteristic of the 

sterols, and it was assigned to H-6 proton in the β–sitosterol chemical skeleton. The 1H-NMR spectra of 

compound 2 also exhibited a signal corresponding to the proton connected to C-3 hydroxyl group which 

appeared as a multiplet at δ 3.50 (1H, m). Six other proton signals were evident which include four 

secondary methyl groups (δH 0.91, 0.82, 0.81 and 0.79 all doublets with J = 6.6, 7.2, 6.4 and 6.4 Hz 

respectively) and two tertiary methyl groups (δH 0.66 and 0.99). The 13C NMR spectra exhibited 29 carbon 

signals, characteristic of phytosterols. These data were in agreement with the structure of β-sitosterol. The 

NMR data of β-sitosterol, is in agreement with (Chaturvedula and Prakash, 2012). The observed molecular 

weight by ESI-MS was 414, and the chemical structure is shown in Figures (4.30). 

C. Daucosterol 

Daucosterol or β-sitosterol glucoside (3) (C35H60O6) (MW. 576) was obtained as violet colour (40 mg). 

Isolated by sephadex column and gave an Rf value of 0.47 on thin layer chromatography. The 1H-NMR 

spectrum of compound Daucosterol showed a chemical shift in the range δH 0.79-0.97 suggesting presence 

of methyl protons. A singlet observed at δH 0.75 was assigned to methyl protons. The proton attached to 

olefinic linkage was observed at δH 5.30. Methyl proton was observed at δH 0.91 with coupling constant 

J=6.4Hz. The proton of glucose was observed at δH 2.88-4.32 as a multiplet. The proton of CH-group of 

glucoside was observed at δH 4.40, as shown Figure (4.37). The signals observed at δH 0.79 and δH 0.91 

were assigned to methyl groups of isopropenyl moiety (Peshin and Kar, 2017). Proton was observed at δH 

2.88 the hydroxyl protons of the sugar moiety showed resonance at δH 3.56-3.63 (Tor-Anyiin et al., 2011). 

D. Oleic acid 

Oleic acid (4) (C18H34O2) (MW. 282). Isolated by silica gel and gave an Rf value of 0.62 on thin layer 

chromatography. 1H NMR (CDCl3, 500 MHz) d 5.34 (2H, m), 2.35 (2H, t, J = 7.5 Hz), 2.01 (4H, m), 1.63 

(2H, m), 1.2 – 1.4 (20H), 0.88 (3H, t, J = 7.0 Hz) and ESI-MS m/z 281 [M–H]–. The 1H-NMR (500 MHz) 

spectrum of the com-pound exhibited signals at δ 0.83 as a pair of trip-lets overlapped with each other 

indicating thepresence of two terminal methyl groups, at δ 1.29 as a broad singlet for a long chain of 

methyleneprotons, at δ 1.94 for methylene groups α to C=Cgroup, at δ 2.24 for methylene group α to carbo-

nyl group, as showed in Figure (4.37). The multiplet signals appeared at δ 4.13 which may be attributed to 

oxymethylene groupand at δ 5.38 for an unsaturated proton. The 3C-NMR spectrum showed twosignals in 

the unsaturated carbon region, at δ130.16 and δ 110.66. The signal at δ 155.34 ap-peared to be of an ester 
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carbonyl carbon atom.The signal at δ 60.39 could be assigned tooxymethylene carbon. The signals at δ 

14.93 and13.97 might be due to methyl carbons. All theother signals at δ 19.05, 19.84, 20.43, 21.03,22.68, 

23.07, 24.79, 27.22, 29.06, 29.82, 45.88and 56.17 were due to methylene carbons in along chain. 

 

 

 

 

 

 

 

 

 

Figure (4.37): Chemical structure of isolated compounds (1). Methyl gallate, (2) β-

sitosterol, (3) Β-sitosterol glucoside and (4) Oleic acid from Mangifera indica (seeds). 

 

4.5.2 Isolated compounds from Tinospora bakis (Whole plant) 

The whole plant of T. bakis was separately extracted with ethanol (80 %) using cold maceration extraction 

protocol, and after drying, extracts further fractionated by liquid-liquid partitioning using solvents of 

increasing polarity (n-hexane, ethyl acetate, n-butanol and aqueous) using separation funnel. The most 

active fraction (ethyl acetate) was separated by chromatography over silica gel, sephadex LH-20, and C18 

reverse-phased silica gel, as well as semi-preparative HPLC to afford four new diterpenoids and nine known 

ones, as shown in Figure (4.38). Characterization of the isolated compounds was carried out by using ESI-

MS, 1D-NMR and 2D-NMR techniques. The new compounds isolated using all NMR spectra (1H-NMR, 

13C-NMR, HSQC, HMBC, COSY and NOSY) of the compounds were recorded to propose the structure of 

the purified compound and MS spectrum was recorded to confirm the molecular weight of the compounds. 

In This present study 13 compounds were isolated from ethyl acetate fraction of T. bakis which were 

screened for antimicrobial and antioxidant activities. 

A. Tinocallone A 

Tinocallone A (5) (C19H22O4) (MW. 314), was isolated as a white amorphous solid. Its molecular formula 

was established as C19H24O4 by HR-ESI-MS showing a pseudo molecular ion [M + Na]+ peak at m/z 

339.1568 (calcd for C19H24O4Na, 339.1572). Signals of two methyls (dH 0.83 and 1.23), a furan ring (dH 

Methyl gallate 

Β-Sitosterol 

Daucosterol Oleic acid 
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6.42, 7.38, and 7.41), as well as two olefinic protons (dH 6.73 and 5.96) were observed in the 1H NMR 

(CDCl3, 500 MHz) of isolated compound, as shown in Figure (4.38). 

B. Sagitone 

Sagitone (6) (C19H22O5) (MW. 330), was obtained as an amorphous powder and with positive reaction in 

the 10% H2SO4-EtOH test. The molecular formula was deduced from a pseudo-molecular ion [M + 

H]+ at m/z 331.3816 in the HR-ESI-MS (calcd. for C19H23O5, 331.3829). The 1H-NMR (500 MHz) (CDCl3) 

spectra of compound  revealed 19 carbons, consisting of two methyls, four methylenes, seven methines, 

and six quaternary carbons. Taking into account the nine degrees of unsaturation, compound  should 

include four rings. Careful analysis of its 1H-NMR data strongly suggested that the compound exhibited 

typical clerodane diterpenoid signals. The characteristic 1H-NMR signals of compound revealed the 

existence of a β-substituted furan ring (δ 6.42 s, 7.43 s and 7.45 s; δ 108.4, 143.8, 139.6, 125.0). The one 

proton double doublet at δ 5.42 (J = 12.4, 4.0 Hz) was assigned to the C-12 proton and two one-proton 

double doublets at δ 2.30 (J = 14.8, 4.0 Hz) and 1.73 (J = 14.8, 12.0 Hz) were attributed to the C-11eq and 

C-11ax protons, respectively. The presence of a carbinolic carbon was also evident from 13C-NMR signal 

at δ 70.6 (C-12). The two methyl groups at C-9 and C-5 were observed as three proton singlets at δ 1.30 

and 0.96, respectively. The signals at δ 2.30 and 2.20 were assigned to the protons at C-8 and C-10, and the 

C-6 and C-7 methylene protons resonating at δ 2.40 (m), 1.19 (dt, J = 14.0, 4.0 Hz) and 2.25 (m), 1.61 (m), 

respectively, as shown in Figure (4.38). 

C. Fibrauretin H 

Fibrauretin H (7), its molecular formula (C19H20O5) (MW. 228), was isolated as optically yellow syrup, 

Compared 1H-NMR (CDCl3) spectral with 4, they indicated the structure of Fibrauretin F was similar to 

those of 5, but appeared an additional carbonyl group at C-1 position, which was further supported by the 

HMBC correlations of H-10 (d 2.69) and H-3 (d 6.85) with C-1 (d 199.0). Therefore, the structure of 6 was 

established as fibrauretin F, as shown in Figure (4.38). 

D. Tinophyllol 

Tinophyllol (8) (C21H26O6) (MW. 374)- mp 229-231 °C (dec.), colorless prisms from MeOH, -19.3 

(pyridine, c = 0.5). Anal. Calcd for C21E12606: C, 67.36; H, 7.00. Found: C, 67.37; H, 7.15. UV nm: 216. 

El-MS (m/z): 374 (Mt). IR vNujol cm°1 cm 1: 3470, 3130, 1730, 1718, 1495, 878, 815. 1H-NMR (400 

MHz, DMSO-d6) : 7.73 (1H, d, J= 1.6 Hz, H-16), 7.68 (1H, dd, J=1.8, 1.6 Hz, H-15), 6.55 (1H, d, J= 1.8 

Hz, H-14), 6.25 (1H, d, J=4.0 Hz, H-3), 5.49 (1H, dd, J= 12.0, 6.0 Hz, H-12), 4.96 (1H, br s, 2-OH), 4.34 

(1H, ddd, J=8.0, 8.0, 4.0 Hz, H-2), 3.68 (3H, s, 4-OCH3), 2.79 (1H, dd, J= 10.0, 3.0 Hz, H-8), 2.43 (1H, dd, 

J= 11.0, 3.0 Hz, H-6ƒÀ), 2.14 (1H, dd, J=14.0, 8.0 Hz, H-1ƒÀ), 2.06 (1H, dd, J= 14.0, 6.0 Hz, H-11ƒ¿), 

1.93 (1H, ddd, J= 14.0, 8.0, 6.0 Hz, H-1ƒ¿), 1.87 (1H, dd, J= 14.0, 12.0 Hz, H-11ƒÀ), 1.80 (1H, d, J=6.0 

Hz, H-10), 1.61 (1H, m, H-7a), 1.32 (3H, s, 5-CH3), 1.18 (2H, m, H-6ƒ¿ and H-7,6), 0.84 (3H, s, 9-CH3), 

as shown Figure (4.38). 
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E. Tinospin C 

Tinospin C (9) was isolated as colorless solid. The molecular formulas were established as C21H26O7, by the HR-

FAB-MS data. Compound was also cis-clerodane type diterpenoids, which were indicated by the typical C-12 furan 

ring downfield resonances in the 1H-NMR spectrum. The superimposable 1 H- and 13C-NMR spectroscopic data of 

compound, except for resonances of an additional β-glucopyranosyl moiety in compound suggested that compound 

was a β-glucopyranoside of compound.  In the 1H-NMR spectrum of compound, in addition to the 12-oxymethine 

proton resonance at δH 5.35, another oxymethine proton at δH 5.41 was also observed, which was assigned to be H-

1 by the 1 H–1 H COSY correlation between δH 5.41 (H-1) and 2.08 (H-10). In the 1 H–1 H COSY spectrum, H-1 

was showed to be correlated with a pair of coupled olefin proton resonances at δH 6.43 (H-2) and δH 6.53 (H-3), 

suggesting presence of an olefin moiety at C-2 and C-3. Another downfield olefin proton resonance at δH 7.27 was 

assigned. 

F. β-sitosterol 

β-sitosterol (10) (C29H50O) (MW. 414) was obtained as white-yellowish crystalline powder (85 mg). The 

observed Rf value was 0.56 (n-hexane/ethyl acetate 4:1). The compounds was identified using 1H NMR 

spectra (500 MHz, CDCl3) and confirmed using mass spectral data (m/z): 397 [M-OH]-. Signals in the 1H-

NMR spectrum were observed mainly in the up field region. The spectra exhibited only two signals with 

high chemical shifts values; the first one resonated in the olefinic region and the other one was observed a 

little up field region. The olefinic signal at δ 5.3 (1H, br d, J = 4.8 Hz) appeared to be characteristic of the 

sterols, and it was assigned to H-6 proton in the β–sitosterol chemical skeleton. The 1H-NMR spectra of 

compound 2 also exhibited a signal corresponding to the proton connected to C-3 hydroxyl group which 

appeared as a multiplet at δ 3.50 (1H, m). Six other proton signals were evident which include four 

secondary methyl groups (δH 0.91, 0.82, 0.81 and 0.79 all doublets with J = 6.6, 7.2, 6.4 and 6.4 Hz 

respectively) and two tertiary methyl groups (δH 0.66 and 0.99). The 13C NMR spectra exhibited 29 carbon 

signals, characteristic of phytosterols. These data were in agreement with the structure of β-sitosterol. The 

NMR data of β-sitosterol, as shown in Figure (4.38), is in agreement with the published values 

(Chaturvedula and Prakash, 2012). 

G. Daucosterol 

Daucosterol or β-sitosterol glucoside (11) (C35H60O6) (MW. 576) was obtained as violet colour (40 mg). 

Isolated by sephadex column and gave an Rf value of 0.47 on thin layer chromatography. The 1H-NMR 

spectrum of compound Daucosterol showed a chemical shift in the range δH 0.79-0.97 suggesting presence 

of methyl protons. A singlet observed at δH 0.75 was assigned to methyl protons. The proton attached to 

olefinic linkage was observed at δH 5.30. Methyl proton was observed at δH 0.91 with coupling constant 

J=6.4Hz. The proton of glucose was observed at δH 2.88-4.32 as a multiplet. The proton of CH-group of 

glucoside was observed at δH 4.40, as shown in Figure (4.38). The signals observed at δH 0.79 and δH 0.91 

were assigned to methyl groups of isopropenyl moiety (Peshin and Kar, 2017). Proton was observed at δH 

2.88 the hydroxyl protons of the sugar moiety showed resonance at δH 3.56-3.63 (Tor-Anyiin et al., 2011). 
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H. Tetratriacontane 

Tetratriacontane (12) (C34H70O) (MW. 478). Isolated by silica gel. It was obtained as white powder from 

n-hexane fraction. 1H-NMR spectrum of Tetratriacontane presented signals of hydroxymethylene protons 

at δH 3.64 (2H, t, J = 7.0 Hz, H-1); two methylenes at δH 1.56 (4H, t, J=7.0 Hz, H2-2,3), sixty consecutive 

methylene protons at δH 1.25 – 1.26 (60H, s) and one methyl group (δH 0.88, 3H, t, J = 7.0 Hz, H-34). 

These data suggested that Tetratriacontane was a long-chain alcohol. The ESI-MS spectrum of 

Tetratriacontane in negative mode showed a pseudomolecular ion peak at m/z 493 [M-H]-, indicating the 

molecular formula of Tetratriacontane as C34H70O. Compound Tetratriacontane was determined to be n-

tetratriacontanol, other name sapiol. 

I.  Oleic acid 

Oleic acid (13) (C18H34O2) (MW. 282). Isolated by silica gel and gave an Rf value of 0.62 on thin layer 

chromatography. 1H NMR (CDCl3, 500 MHz) d 5.34 (2H, m), 2.35 (2H, t, J = 7.5 Hz), 2.01 (4H, m), 1.63 

(2H, m), 1.2 – 1.4 (20H), 0.88 (3H, t, J = 7.0 Hz) and ESI-MS m/z 281 [M–H]–. The 1H-NMR (500 MHz) 

spectrum of the com-pound exhibited signals at δ 0.83 as a pair of trip-lets overlapped with each other 

indicating thepresence of two terminal methyl groups, at δ 1.29 as a broad singlet for a long chain of 

methyleneprotons, at δ 1.94 for methylene groups α to C=Cgroup, at δ 2.24 for methylene group α to carbo-

nyl group. The multiplet signals appeared at δ 4.13 which may be attributed to oxymethylene groupand at 

δ 5.38 for an unsaturated proton. The 3C-NMR spectrum showed twosignals in the unsaturated carbon 

region, at δ130.16 and δ 110.66. The signal at δ 155.34 ap-peared to be of an ester carbonyl carbon atom.The 

signal at δ 60.39 could be assigned tooxymethylene carbon. The signals at δ 14.93 and13.97 might be due 

to methyl carbons. All the other signals at δ 19.05, 19.84, 20.43, 21.03,22.68, 23.07, 24.79, 27.22, 29.06, 

29.82, 45.88and 56.17 were due to methylene carbons in along chain. 
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Figure (4.38): Chemical structure of isolated compounds from Tinospora bakis (Whole 

plant). 
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CHABTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 General Conclusions 

The main aim of the study was to evaluate the antimicrobial, antiprotozal, molluscicidal and antioxidant 

activities and cytotoxicity of the extracts from three medicinal plants selected were isolate and characterize 

the bioactive compounds. To attain this aim a number of objectives were formulated. The research work 

cited in this study contributes to justifying the traditional use of Mangifera indica L. (Famliy: 

Anacardiaceae), Rosmarinus officinalis L. (Famliy: Lamiaceae) and Tinospora bakis (A. Rich) Miers 

(Famliy: Menispermaceae) for the treatment of various health problems, collected from different 

geographical locations in Sudan. 

In Sudan these plants may be used as a natural source for pharmaceutical purpose designed for 

antimicrobial, antiprotozoal, molluscicidal and antioxidant activities and may provide a new lead 

pharmacophore for more potent analogues, the present study can be concluded in two prospects on the basis 

of objectives as isolation of bioactive compound from the studied plants, which is responsible for 

antimicrobial, antioxidant activities and characterization and identification of antiprotozal, anti-

schistosoma activities and cytotoxicity in studied plants. 

5.1.1 Preliminary screening of extracts, fractions and compounds of plant species for biological 

activities 

The powdered plant materials of selected medicinal plant were extracted with ethanol (80 %). The ethanol 

extract was fractionated using liquid-liquid fractionation to group the compounds based on polarity. Four 

fractions namely: hexane, ethyl actate, n-buotanol and aqueous  were collected; tested for biological 

activities and cytotoxicity assay. The ethanolic extracts of M. indica and T. bakis were very active with an 

MIC value of ≤ 0.78 and 1.56 mg/ml, respectively. While, the ethyl actate fractions were with the highest 

activity against all microorganisms tested. In addition, the compounds tested showed the strongest 

antimicrobial activity. The extracts were active for antiprotozoal activity. However, the highest IC50 of 

antiprotozoal activity with 3 µg/ml against Entamoeba histolytica and Giardia lamblia after 72 h from M. 

indica. The extracts have activity for molluscicidal activity, while, the highest IC50 of molluscicidal activity 

with 0.3 µg/ml against B. pfeiffer after 48 h from M. indica. And extracts, fractions and compounds were 

showed highly activity and moderate for antioxidant activity. However, the highest IC50 of antioxidant 

activity with 0.00225 ± 0.001 and 0.0083 ± 0.0001 mg/ml from R. officinalis and M. indica, respectively. 

In addition, the Methyl gallate was strongest active IC50 with (0.03 ± 0.01 mg/ml) isolated from M. indica 

for antioxidant activity, while, comparison to the standard antioxidant (propyl gallate) IC50 (0.0141 ± 0.01 

mg/ml). The cytotoxcity of crude extracts and fractions were screened on brine shrimp lethality assay and 
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normal cell line (BHK cell line) by MTT-assay, and the extracts and fractions as well as having a safe 

cytotoxicity profile. 

Based on the results of flavonoids, alkaloids, saponins, tannins and phenols were present in larger amounts 

in all extracts for qualitative phytochemical analysis. The quantitative analysis of extracts were in highly 

amount as phenolic, flavonids and tannin. While, the M. indica was higher than R. officinalis for 

quantitative analysis. The results obtained from gas chromatography mass detector showed the presence of 

high number of many bioactive compounds that possess antioxidant, anti-inflammatory, anti-microbial and 

anticancer properties in all tested extracts.  

In addition, in M. indica seeds 1,2,3-Benzenetriol (pyrogallol) (C6H6O3) was found and is known as one of 

hydrolysable tannin (phenolic compound) and has been considered as the major compound of this plant 

that gave 68.61% in this study, with known biological properties. Its has many biological activities as 

antimalarial, antimicrobial, anti-inflammatory, antioxidant, analgesic, insecticide and anticancer. While, 

the T. bakis was found 1H-3a,7-Methanoazulene, octahydro-1,9,9-trimethyl-4-methylene- (C15H24) has 

been found as the major compound of this plant that gave 46.94% Its has been maney biological properties. 

And in R. officinalis Eucalyptol (C10H18O) has been found as the major compound of this plant that gave 

25.11%. Its has many biological properties vis; antibacterial, anti-inflammatory, gastroprotective, 

antitumorogenic, hepatoprotective and antimycotic activities. 

Totally, seventeen purified compounds (1–17) were obtained from ethyl acetate fractions of M. indica and 

T. bakis by using standard techniques for isolations. Four compounds were isolated for the first time from 

T. bakis. Four isolated compounds (4) were isolated of ethyl acetate fraction from M. indica namely; Methyl 

gallate (C8H8O5), β-sitosterol (C29H50O), Daucosterol or β-sitosterol glucoside (C35H60O6) and Oleic acid 

(C18H34O2). Its was highly activity for antimicrobial activity and modrate activity for antioxidant activity 

except Methyl gallate (C8H8O5) has strong activity for antioxidant activity. On other hand, thirteen 

compounds (13) were isolated of ethyl acetate fraction from T. bakis. While, nine compounds (9) from 

diterpenoids classes and other compounds with different classes. In addition, the four new compounds for 

diterpenoids classes, (1), (2), (3) and (4), and five (5) known diterpenoids, Tinocallone A (5), Sagitone (6), 

Fibaruretin H (7), Tinophyllol (8) and Tinospin C (9). And other isolated compounds namely; β-sitosterol 

(10) (C29H50O), Daucosterol or β-sitosterol glucoside (11) (C35H60O6), Tetratriacontane (12) (C34H70) and 

Oleic acid (13) (C18H34O2). Its have highly for antimicrobial activity and modrate activity for antioxidant 

activity. 

The isolated compounds have been shown for its antimicrobial and antioxidant activities and thus could 

also serve as useful precursor in the synthesis of drugs to treat diseases caused by some clinical pathogens 

which justifies the ethno medical claims of this plants uses for treatment of some diseases. Eventually, the 

investigated plants could be used as herbal remedies in the management of ailments caused and 

consequently to solve certain health problems. Since the isolated compounds have important medicinal role 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phytochemical
https://pubchem.ncbi.nlm.nih.gov/#query=C6H6O3
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14
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in antibacterial, antifungal and antioxidant activities, so the isolation and characterization of bioactive 

phytocomponents can confirm/explain the medicinal importance of plants under study. 

5.2 Recommendations: 

The following highly recommended 

1. Bio-assay guided fractionation and purification for to more isolation of active ingredients 

responsible activity. 

2. Further, the crude extracts and compounds to be screened for other 

biological effects such as anti-inflammatory, antidiabetic, anti-viral, antileishmanial …..etc. 

3. Various useful synthetic analogues of isolated compounds with enhanced therapeutic properties can 

be obtained from single lead compound by structural modification. 

4. In-vivo studies should be carried out to assess their safety, therapeutic efficacy and potential it for 

commercial utilization as fundamental step for their application to human. 

5. Studies regarding the mode of action for isolated compounds in the bacterial cells should be done. 
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Appendix (5): Column chromatography to obtain purified bioactive compounds as (A) silica 

gel column, (B) C-18 column and (C) Sephadex column. 
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Appendix (6): High Performance Liquid Chromatography (HPLC). 
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Appendix (7): TLC plates showing compounds. 
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Appendix (8): Isolated compounds. 
 

 

 

 

Appendix (9): TLC check isolated compounds before sumpted NMR. 
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Appendix (10A): 1H-NMR spectrum of the isolated new compound in CDCL3. 
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Appendix (10B): The Mass spectrum of the isolated new compound in CDCL3. 
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Appendix (10C): 13C-NMR spectrum of the isolated new compound in CDCL3. 
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Appendix (10D): DEPT NMR spectrum of the isolated new compound in CDCL3. 
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Appendix (10E): HMBC NMR spectrum of the new compound in CDCL3. 
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Appendix (10F): HSQC NMR spectrum of the new compound in CDCL3.  
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Appendix (10G): NOESY NMR spectrum of the new compound in CDCL3. 
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Appendix (11): 1H-NMR spectrum of the isolated new compound in CD3OD. 


