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Abstract 

For thousands of years, medicinal plants and herbs have been used to treat 

different kinds of illnesses and to improve people’s healthcare. Many studies 

have shown that essential oils from plants have a variety of beneficial 

properties in medicine, industry, and cosmetics. Nepeta curviflora is a 

naturally growing plant in the eastern parts of the Mediterranean region, 

including Palestine. It has a pleasant minty smell and has been used in folk 

medicine as a remedy for the treatment of many diseases. On account of the 

wild distribution of this plant and its medicinal use, this study was designed 

to investigate the chemical composition of  N. curviflora essential oil (from 

leaves and flowers) and its stem extracts and to assess in-vitro antioxidant, 

porcine pancreatic lipase, α-glucosidase, and α-amylase inhibitory activities 

of N. curviflora EO. Additionally, it was designed to investigate the 

antioxidant and antimicrobial properties of the extracts from the stems of N. 

curviflora. 

N. curviflora EO was obtained using microwave ultrasonic-assisted 

extraction, and the chemical constituents of the EO were determined 

qualitatively and quantitatively using GC-MS. The antioxidant activity of the 

EO and the stem extracts was assessed by inhibition of DPPH free radicals. 
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The anti-lipase activity was evaluated using PNPB. The anti-amylase 

activity was assessed using DNSA. In addition, α-glucosidase inhibitory 

activity was evaluated using PNPG. Methanol extracts of the stems of N. 

curviflora were subjected to a sequence of flash column chromatography 

using different eluents with various polarities. The purity of the isolated 

compounds was monitored by TLC. Moreover, functional groups of the 

compounds were detected using IR. The antimicrobial activity of N. 

cuviflora stem extracts was examined using the microdilution method. 

Twenty compounds were identified from N. curviflora EO, representing 

100% of the total EO, of which 1,6-dimethyl spiro[4.5]decane 55 (27.51%), 

caryophyllene oxide 56 (20.08%), and β-caryophyllene 38 (18.28%) were 

the major compounds. N. curviflora EO has exhibited antioxidant activity 

with an IC50 value of 6.3 ± 0.43 μg/mL in comparison with trolox (positive 

control). The obtained EO displayed α-glucosidase, α-amylase, and porcine 

pancreatic lipase inhibitory activities with IC50 values of 26.3 ± 0.57, 45.7 ± 

0.26, and 54.9 ± 0.34 μg/mL, respectively, in comparison with the positive 

controls orlistat and acarbose. Furthermore, three extracts of N. curviflora 

were separated (labeled as A, B, and C). All of the extracts exhibited 

antioxidant activity with IC50 values of 78.53 ± 1.09, 43.365 ± 0.165, and 

171.48 ± 1.57 μg/mL for A, B, and C, respectively. Among the three extracts, 

extract B showed a moderate antibacterial effect against S. aureus with a 

MIC value of 156.3 μg/ml. However, all of the extracts had no activity 

against the Candida albicans fungi strain. 
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Chapter One 

 Introduction 

Nowadays, in a time where maintaining health is the most important thing 

for everyone, manufactured medicines and drugs play a huge role in reaching 

this goal. With this in mind, many people are turning back to the main source 

that has started it all, the medicinal plants and herbs. To explore the huge 

power that these plants hold, many efforts have been poured into 

investigating them. Plants have been used since ancient times for many 

purposes, including coloring, production of food, treatment of diseases, 

flavoring, and even cosmetic aims [1]. 

The intriguing part about these medicinal plants is that they are readily 

available, have fewer side effects, and cheaper prices compared to 

manufactured drugs. This has sparked the interest of many people in both 

Eastern and Western cultures in the treatment of a range of diseases [2,3]. 

1.1   A brief history of the use of medicinal plants 

Our ancestors have been using plants as medicines for their health since 

ancient times, even though there was not enough information about illnesses, 

what caused them, or even how to cure them at the time. They have used 

their instincts to treat diseases as such instinctive use was practiced on 

animals as a source of food [4]. The oldest evidence that proves the use of 

medicinal plants as drugs was approximately 60000 years ago [5] and the 
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first written medicinal records were found on clay tablets written by 

Sumerians from Nagpur in 5000–3000 BCE [6]. The preserved body of an 

iceman called Ötzi that was killed accidentally in the Alps mountains 

between 3400 and 3100 BCE is another evidence as medicinal plants were 

discovered in his body, which indicates that at that time they were aware of 

the benefits of medicinal plants [7]. 

Several cultures have utilized medicinal plants due to their healing 

properties. This knowledge was inherited from ancestors over the centuries 

and evolved through personal experiences. Examples of these cultures 

include Greek civilization, Chinese culture, which is well-known for 

Traditional Chinese Medicine (TCM), one of the earliest systems of 

treatment and therapies, and Ayurveda or Traditional Indian Medicine, 

which is the oldest health care system on earth that combines both 

physiologic and holistic medicine to work together as a natural healing 

process. Moreover, about 25,000 formulations based on plants were used in 

traditional Indian medicines [8-12]. 

The Arabs have made enormous efforts in both science and medicine. Many 

Arab and Muslim scholars were among the first to practice basic pharmacy. 

For example, Ali Ibn Rabban Al Tabri (782-855 AD) in his book ‘Firdous 

Al Hikmat’, which focused on drugs and poisons [13]. Ibn al-Baitar has 

described in his book ‘Compendium on Simple Medicaments and Foods’ the 

properties of over 1400 plants [14]. In addition, nearly 700 herbal medicines 

have been documented going back to 1500 BC in Egypt [15].  
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1.2   Medicinal herbs and drug discovery  

 For many years, natural products have played a crucial role in the 

challenging task of drug discovery due to their great therapeutic agents. 

According to the World Health Organization (WHO), about 80% of the 

world population depends on medicinal plants and traditional medicine as a 

major source for treating different kinds of ailments and for improving health 

care [16,17]. 

For the time being, studies show that more than 50% of the available drugs 

are derived by one way or another from medicinal plants, including the early 

famous drugs like Aspirin 1 (derived from willow bark trees), which is used 

to reduce pain, fever, or inflammation, Morphine 2, a potent analgesic 

(isolated from the Opium poppy), Digoxin 4, a medication used to treat 

various heart conditions (isolated from Foxglove) and Quinine 3 used to treat 

malaria (derived from Cinchona calisaya) [18,19]. These medicinal and 

aromatic plants showed their efficiency in treating difficult diseases like 

cancer, AIDS/HIV, and other contagious diseases [20]. 
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Figure 1.1. Structures of the famous drugs: Aspirin 1, Morphine 2, Quinine 3, and 

Digoxin 4. 

Currently, the entire world is suffering from the novel coronavirus (COVID-

19) that has led to a dramatic loss of human life all around the world and 

forced many countries into lockdown. This virus damages the respiratory 

system in humans and it’s a very contagious disease [21]. Many medicinal 

plants have been tested to help treat or manage COVID-19 symptoms. 

According to research, the important bioactive components of these plants, 

such as Andrographis paniculata, Citrus spp., and Cuminum cyminum, can 

help relieve symptoms such as fever and cough [22].  

1.3   A Palestinian perspective 

Palestine is one of the richest plant habitats. Being located on the eastern 

shores of the Mediterranean and at the crossroads of three continents: Asia, 

Africa, and Europe. Even with its limited area, which is 28292 km2, Palestine 
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holds a wide range of biodiversity to the point where its flora consists of 137 

plant families, including 2652 identified plant species [23,24]. All of this has 

made the exploration of herbs and medicinal plants a huge part of 

Palestinians’ lives due to their antioxidant and antimicrobial advantages, 

although many plants are yet to be investigated [25,26]. 

1.4   Medicinal plants’ secondary metabolites 

The term ‘Medicinal plants’ can be defined as any plants that have 

therapeutic properties and compounds with a beneficial pharmacological 

effect on the human body to maintain health, either in traditional medicine 

or in modern medicine [27-29]. These herbs are packed with organic 

compounds, called phytochemicals. The role of these phytochemicals lies in 

giving the plants protection against herbivores and diseases, also giving them 

their color, aroma, and flavor [30,31]. 

Plant metabolites are organic compounds that take part as the intermediates 

and products of metabolism. The term ‘metabolite’ has been used to refer to 

small molecules [32]. These metabolites are generally classified into two 

major categories: primary and secondary metabolites. Primary metabolites 

are the compounds that are directly involved in the primary metabolic 

processes of an organism and are necessary for its growth, development, and 

reproduction [33]. They are produced during the growth phase, as a result of 

the growth mechanism in the organism. Examples of primary metabolites 

include proteins, enzymes, carbohydrates, lipids, vitamins, ethanol, lactic 

acid, etc. On the other hand, secondary metabolites are organic compounds 
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that are not necessary for an organism to live, but rather involved in 

ecological functions and long-term impairment of the organism’s 

survivability, productivity, or even aesthetics [34]. They also play a huge 

role as a defense mechanism against herbivores and other interspecies 

defenses [35,36]. 

Secondary metabolites are biosynthetically derived from primary metabolites 

and are produced in small quantities. These natural products range in quality 

and quantity depending on the plant species and their growing locations [32]. 

Nowadays, with advances in research and technology, the importance of 

secondary metabolites has increased, which has resulted in their extensive use 

in the drug and pharmaceutical industry [37]. 

1.4.1   Classification of secondary metabolites 

Secondary metabolites can be classified in different ways according to their 

chemical structure (like having rings, containing sugar), composition (for 

example, containing nitrogen or not), their solubility in different solvents, or 

their biosynthetic pathways. Usually, secondary metabolites are classified 

depending on their biosynthetic pathways into three large molecule families: 

terpenoids, phenolic compounds, and alkaloids [38,39]. 

1.4.1.1   Phenolic compounds 

Polyphenols and phenolic compounds are natural metabolites that are 

primarily produced by the shikimate/phenylpropanoid pathway. Their 

structure consists of an aromatic ring, containing one or more hydroxyl 
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substituents, and they can range from simple phenolic molecules to highly 

polymerized compounds [40]. They play an important role in plant responses 

to biotic (such as pathogen and herbivore attacks) and abiotic stresses (such 

as radiation, temperature, humidity, and nutritional stress). Furthermore, 

they are involved in flower and fruit pigmentation and plant reproduction 

[41-43]. These compounds are highly valuable for their antioxidant and 

antiproliferative properties, in which the high dietary intake decreases the 

risk of cardiovascular and cancer diseases [44,45]. 

There is a wide range of phenolic compounds that occur in nature as a result 

of the diversity of their structure. These compounds can be categorized into 

several classes. The most important phenolic compound classes found in the 

human diet are phenolic acids, flavonoids, and tannins. 

1.4.1.1.1 Phenolic acids 

Phenolic acids include one-third of the constituents of most phenolic 

compounds. Chemically, these compounds are characterized by being 

formed by at least one aromatic ring where at least one hydrogen is 

substituted by a hydroxyl group [46]. Depending on positioning and the 

number of the hydroxyl groups on the aromatic ring, phenolic acids are 

classified as hydroxybenzoic acids (HBAs) and hydroxycinnamic acids 

(HCAs). Hydroxybenzoic acids are derivatives of benzoic acid with seven 

carbon atoms framework of C6-C1 structure. Some of the major 

hydroxybenzoic acids are salicylic acid 5, ellagic acid 6, syringic acid 7, and 

vanillic acid 8. Hydroxycinnamic acids (HCAs) are cinnamic acid 
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derivatives with the C6-C3 framework; for example, Cinnamic acid 9, caffeic 

acid 10, and ferulic acid 11 are common HCAs. These structural 

characteristics have attracted attention to phenolic acids due to their 

antioxidant, anti-inflammatory, immunoregulatory, anti-allergic, anti-

atherogenic, anti-microbial, and anti-cancer activities, and anti-diabetic 

properties [47,48]. 

                     

                               

1.4.1.1.2   Tannins 

Tannins are considered as one of the most important groups of secondary 

metabolites that act as a natural barrier against insects, pathogens, and 

animals, due to their ability to react with proteins and their antioxidant 

properties [49]. Chemically, they are divided into two classes: Hydrolyzable 

and nonhydrolyzable or condensed tannins. Hydrolyzable tannins (e.g. 

punicalin 12 [50]) are found in wood or stems, like in the stems of berries 

[51], whereas condensed tannins (e.g. procyanidin B2 13 [52]) are mostly 

found in fruits and leaves, such as grapes and apples or tea leaves. Tannins 

are chemically reactive and can precipitate proteins, which is why they are 
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mainly used by the leather industry, which involves the production of leather 

from the vegetal source of tannins, i.e. the tanning process [53,54]. They can 

also be used in other industries and applications, including the mineral 

industry, wine production, and the oil industry [55]. 

                

1.4.1.1.3   Flavonoids 

Flavonoids are natural polyphenolic compounds with a low molecular 

weight [56]. They are found everywhere in plant parts, including flowers, 

leaves, bark and seeds. So far, more than 8000 different compounds have 

been identified, yet many more are still to be found [57]. These compounds 

carry out important functions in plants, including protecting them from 

ultraviolet radiation, oxidative cell injury, pathogens, and predators. They 

also attract pollinators due to the coloration of the plants’ flowers, as the 

flavonoids provide attractive color pigments such as yellow, red, blue, and 

purple [58-60]. 

The basic flavonoid structure consists of a diphenyl propane (C6–C3–C6) 

skeleton with A, B, and C as the three main phenolic rings. Different classes 
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of flavonoids differ in the degree of oxidation of the C ring and the 

substituent patterns in the A and/or B rings. Such differences have led to 

structural diversity in these compounds [61]. Flavonoids can be grouped into 

various subclasses. The main six subclasses are flavanones 14, flavonols 15, 

flavones 16, anthocyanins 17, flavanols 18, and isoflavonoids 19 [62]. This 

diversity between flavonoid subgroups has led to a myriad of different 

beneficial properties, like antioxidant, anti-inflammatory, antiallergic, 

anticancer, and antiviral properties [63-65]. Figure 1.4 shows the subclasses 

of flavonoids and examples of their dietary sources : 

  

 Fig. 1.2. The Subclasses of Flavonoids and Examples of their Dietary Sources. 

1.4.1.2   Alkaloids 

Alkaloids are nitrogen-containing heterocyclic chemical compounds that are 

abundant in nature, i.e., found in at least 25% of medicinal plants. They are 
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bitter-tasting chemicals and are often toxic [66]. These compounds are 

generally isolated from plants, but they could also be found in insects, 

animals, and marine invertebrates [67-69]. 

Alkaloids exhibit defense functions in plants. They work as natural 

herbicides against predators due to their general toxicity [70,71]. The use of 

plants that contain alkaloids can be traced back almost to the beginning of 

civilization, as people used them as drugs or remedies to treat diseases or 

even as a poison [70,72,73]. Alkaloids from plants are applied in the 

pharmaceutical industry to a great extent due to their health benefits as anti-

malarial agents (quinine 4 and chloroquine 20), anticancer agents like 

vincristine 21, taxol 22, and vinblastine 23 [74,75]. Alkaloids can also be 

found in coffee and tea (caffeine 24) and some dietary supplements, like the 

ones that contain the alkaloid ephedrine 25 that leads to weight loss [76,77].  
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1.4.1.3 Terpenoids 

 Terpenoids (or isoprenoids) are well-known natural chemicals that make up 

the biggest and most diversified class of natural goods, with over 80,000 

distinct compounds estimated [78]. Terpenoids are the oxygenated 

derivatives of hydrocarbon terpenes. The term terpenes refer to a compound 

that consists of an integral number of five-carbon isoprene 26 (2-methylbuta-

1,3-diene) units [79]. From a structural point of view, terpenes are simple 

hydrocarbons, while terpenoids are one of the structurally modified classes 

of terpenes with different functional groups and an oxidized methyl group 

moved or removed at different positions [80,81]. Nevertheless, both the 

terms “terpene” and “terpenoid” are often used interchangeably [82]. 

Terpenoids are mostly obtained from natural sources like plants, bacteria or 

yeast or petrochemical sources [83,84]. Terpenoid structures vary, providing 

them with antifungal, antiparasitic, antimicrobial, antiallergenic, antiviral, 

immunomodulatory, and chemotherapeutic properties [83]. They are used in 

medical applications like anticancer drugs and antimalarial drugs such as 

artemisinin 27. These compounds are also applied in food fields like artificial 

flavors and spices, and other fields, including vitamins, hormones, and 

cosmetics, as these compounds have a nice aroma [83,85,86]. 
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Terpenoids are usually classified according to the number and structural 

organization of isoprene (C5) units present in the molecule as hemiterpenoids 

(C5), monoterpenoids (C10) sesquiterpenoids (C15), diterpenoids (C20), 

sesterterpenoids (C25), triterpenoids (C30), tetraterpenoids (C40), and 

polyterpenoids (C>40 higher-order terpenoids). Table 1.1 shows the 

classification of terpenoids based on the number of isoprene units and their 

molecular formula. 

Table 1.1 Classification of terpenoids and their molecular formula. 

Terpenoids No. of isoprene Molecular formula 

Hemiterpene or isoprene 1 C5H8 

Monoterpenoids 2 C10H16 

Sesquiterpenoids 3 C15H24 

Diterpenoids 4 C20H32 

Sesterterpenoids 5 C25H40 

Triterpenoids 6 C30H48 

Tetraterpenoids 8 C40H64 
 

1.4.1.3.1   Hemiterpenoids 

Hemiterpenoids are the simplest and smallest known terpenoids. The most 

famous and prominent hemiterpene is the volatile hydrocarbon isoprene 26, 

which is released from the leaves of many trees, including poplars, oaks, 

willows, and conifers [87]. Isoprene is a valuable polymer and a potential 
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biofuel that has great potential as a building block in the synthetic chemistry 

industry [88]. Other examples of hemiterpenoids that are found in plants are 

angelic 28, senecioic 29, and tiglic acids 30 [89]. 

                                              

1.4.1.3.2   Monoterpenoids 

Monoterpenoids are a class of terpenoids that consist of a 10 carbon 

backbone (2 isoprene units) structure. They could be both plant-derived or 

synthetic compounds [90]. Monoterpenoids can be divided into three main 

subgroups: acyclic, monocyclic, and bicyclic. The compounds belonging to 

this class are usually the components of the essential oils extracted from 

many plants and they contribute to the characteristic odor and aroma of these 

plants. They are widely used in pharmaceutical companies, agricultural, 

food, and cosmetic industries as they have relatively low molecular weights 

and special fragrances which are useful for making perfumes [90-92]. Some 

common examples of monoterpenoids are thymol 31 from thyme and 

menthol 32 from mint (both are monocyclic), camphor 33 from camphor 

trees (bicyclic), and linalool 34 from lavender (acyclic), which is an 

antidepressant, sedative, analgesic, and antipsychotic compound [91-93]. 

Another famous example of monoterpenoids is limonene 35 (monocyclic), 

which is extracted from essential citrus fruit oils like lemon, lime, orange, 

and grapefruit [94]. 
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1.4.1.3.3   Sesquiterpenoids 

Sesquiterpenoids are the most diverse and predominant group of terpenoids. 

They include three isoprene units and have the formula C15H24. They are 

divided according to the number of carbon rings into acyclic, monocyclic, 

bicyclic, and tricyclic [95]. Like monoterpenoids, these compounds are also 

a major component of essential oils. The most characteristic examples of 

sesquiterpenoids are farnesol 36 (acyclic), which is found in many essential 

oils, for example, lemon grass, citronella, and rose. This compound is known 

for its anti-inflammatory, anti-tumor, and chemopreventive properties [96]. 

Other examples of sesquiterpenoids are α-zingiberene 37 (monocyclic) from 

ginger, and β-caryophyllene 38 (bicyclic) from clove oil, which is widely 

used in many food products, like spice blends, and cosmetics such as lotions 

[94,97]. 

                

1.4.1.3.4   Diterpenoids 

Diterpenoids are a very eminent class of natural terpenoids with a C20 carbon 

skeleton and four isoprene units having the molecular formula of C20H32. The 

main sources of diterpenoids are plants and fungi, but they can also be found 
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in insects and marine organisms [98,99]. Depending on their skeletal core, 

these compounds can be divided into linear, bicyclic, tricyclic, tetracyclic, 

pentacyclic, or macrocyclic diterpenes. This class of compounds has shown 

significant biological and pharmacological activities, including anti-

inflammatory, anticancer, antimicrobial, cardiovascular, and many others 

[100,101]. Examples of these compounds include phytol 39 (acyclic), 

sclareol 40 (bicyclic), and abietic acid 41 (tricyclic) [94]. 

      

 

1.4.1.3.5   Sesterterpenoids 

Sesterterpenoids are a small group of terpenoids that consist of 25 carbon 

atoms with 5 isoprene units. They are generally isolated from insects, 

bacteria, fungi, and various marine organisms, mainly sponges [102,103]. 

Sesterterpenoids have many biological activities, including anti-

inflammatory, antifeedant, antiprotozoal, and anticancer activities [102]. 

They are divided into linear, monocyclic, bicyclic, tricyclic, tetracyclic, and 

macrocyclic frameworks [104,105]. Some of the typical examples of 

sesterterpenoids are manoalide 42 (monocyclic), leucosceptrine 43 

(bicyclic), and heliocide H1 44 (tricyclic) [94].      
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1.4.1.3.6   Triterpenoids 

Triterpenoids are compounds that consist of six isoprene units and have the 

molecular formula of C30H48. Triterpenoids are biosynthesized from the 

acyclic C30 hydrocarbon, squalene 45, which is a linear triterpene [106]. 

These compounds have a diversity of complex structures and approximately 

more than 20,000 triterpenoids have been identified in nature [107]. They are 

potent phytochemicals that are utilized for preventing many diseases, 

especially different kinds of cancer [107-109]. Examples of triterpenoids 

include ursolic acid 46 that is derived from bilberries, apples, lavender, 

cranberries, oleanolic acid 47 from garlic and java apple, and betulinic acid 

48 from white birch [108]. 
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1.4.1.3.7   Tetraterpenoids 

Tetraterpenoids are a class of terpenoids that are produced from 8 isoprene 

molecules. They have the molecular formula C40H64. The most common 

tetraterpenoids are carotenoids. Carotenoids are natural fat-soluble pigments 

that paint plants and animals in yellow, red, or orange [110,111]. These 

compounds are used commercially as food colorants and they have many 

vital biological functions due to their antioxidant and anti-inflammatory 

activities [103]. Many carotenoids have been reported to be anti-

carcinogenic and their dietary intake is associated with the decreased risk of 

several cancers. Examples of these compounds are α-carotene 49, β-carotene 

50, lycopene 51, fucoxanthin 52, and canthaxanthin 53 [112,113]. 
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1.4.1.3.8 Polyterpenoids 

Polyterpenoids are terpenoids that comprise more than forty carbons with 

more than eight isoprene units. These compounds are polymeric isoprenoid 

hydrocarbons. The most widely known example of these compounds is the 

natural rubber 54 (cis-configuration) molecule, which is a high-molecular-

weight polymer with all of the C-C double bonds that are in a cis-

configuration. Rubber has been found to provide protection against 

herbivores and a mechanism for wound healing in long vessels called 

laticifers [94,114]. 

 

                                  

1.4.2   Essential oils 

Essential oils (EOs), also known as volatile oils, are secondary metabolites 

of plants that are defined as concentrated aromatic hydrophobic oily and 

volatile liquids stored in a variety of plant materials such as wood, bark, 
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roots, flowers, buds, seeds, leaves, twigs, rhizomes, herbs, peels, and tissues 

of a single botanic species [115-117]. They are labeled as “essential oils” due 

to the presence of the “essence” in these plants. They have a strong odor and 

are mostly derived from plants. However, a few are produced by other 

animals and microorganisms too [118]. EOs are typically colorless, but some 

are orange (Citrus sinensis, Sweet orange), green (Citrus bergamia), and pale 

yellow (Yellow mandarin) [119]. In nature, EOs are considered great 

allelopathy agents as they play a crucial role in plant defense against 

herbivores and insects as well as their important role in signaling processes 

owing to their aroma characteristics [120]. In the last three decades, EOs 

have attracted the attention of researchers and scientists worldwide, 

especially in aromatherapy and phytomedicine, due to their biological 

activities, such as antiviral, antifungal, antibacterial, antitumor, and 

antioxidant activities [121-122]. They also have a significant potential to act 

as natural preservatives due to their antimicrobial properties, which has 

piqued the interest of the cosmetic and food industries, as well as a natural 

marketing image and strong fragrant properties [123]. Additionally, they are 

used in food technology as flavors, and in agriculture as insecticides [124]. 

In general, EOs are very complex natural mixtures of different components 

(20–60) at quite different concentrations, and they can consist of a few to 

more than 100 substances [125]. For the most part, EO components include 

lipophilic terpenoids as the most characteristic and frequent constituents, 

phenylpropanoids, or short-chain aliphatic hydrocarbon derivatives of low 

molecular weight [126]. Nonetheless, the extracted components of EOs can 
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be different even for the same plant species, according to many factors, 

including soil composition, climate, age, vegetative cycle stage, and plant 

organ [127,128]. 

1.4.2.1   Extraction methods for essential oils 

Essential oils are gaining a huge interest in the pharmaceutical, cosmetic, 

medicinal, agricultural, sanitary, and food industries. Due to this huge 

demand for EOs, many extraction and production technologies are utilized 

to improve the overall yield of the EOs extracted from their raw materials. 

The chosen extraction technique hugely affects the chemical composition of 

EOs [129]. Inappropriate extraction techniques may destroy phytochemicals 

present in the EO, and affect the quality and the production yield of EO 

[130]. In general, extraction techniques can be categorized into two 

categories: classical methods and innovative methods. 

1.4.2.1.1   Classical methods 

These are the conventional and the most frequently used methods applied to 

extracting plant EOs, like hydro-distillation, steam distillation, and solvent 

extraction. 

1.4.2.1.1.1   Hydro-distillation 

This is the oldest and simplest method for EO extraction. This method is 

based on the principle of isotropic distillation. The whole plant material is 

soaked in water inside a vessel and the whole mixture is boiled by a heating 

source, then the vapor is converted into a liquid inside a condenser. Finally, 
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a decanter collects the condensate (essential oils with water) [131]. Although 

this method is simple, it has the disadvantage of high susceptibility to 

hydrolysis of the obtained compounds and the obtained oil from this method 

is relatively low [132]. 

1.4.2.1.1.2   Steam distillation 

Steam distillation is considered to be the broadest technique used for EO 

extraction. About 93% of the EOs are extracted by this technique [133]. This 

method is based on steam (from a steam generator) as both the heating agent 

and the carrier for the components extracted from the plant material [134]. 

The main advantage of this technique is that the plant material is only in 

contact with steam, not boiling water. The yield of the extracted oil from 

steam distillation is higher than in the hydro-distillation method [132]. 

1.4.2.1.1.3 Solvent extraction 

This technique is used for the extraction of EOs from fragile or delicate 

flower materials by using organic solvents like petroleum ether, acetone, 

hexane, and methanol, as these plant materials can’t be extracted by the 

means of heat or steam [130]. This procedure includes mild heating of the 

mixture consisting of the plant sample and the solvent, followed by filtration 

and evaporation of the solvents. There are many drawbacks to this method, 

including long extraction time, loss of low molecular weight species during 

solvent evaporation, consumption of large amounts of solvents, and more 

expensive than the other methods [135-137]. 
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1.4.2.1.2   Innovative techniques of EO extraction 

Since the classic extraction methods have many disadvantages, including the 

huge amounts of CO2 emissions, solvents that are used, energy costs, and the 

fact that the EOs may undergo chemical alteration such as oxidation and 

hydrolysis, the development of new green extraction techniques has received 

a lot of attention as these techniques have improved the quality of the 

extracted EOs and lowered the time, energy, carbon dioxide emissions, and 

enhanced the production yield [138,139]. 

1.4.2.1.2.1   Supercritical fluid extraction (SFs) 

It is a process to extract plant materials (especially EOs, lipids, and flavors) 

from the matrix using a supercritical fluid (as the extracting solvent), which 

is a solvent that has been subjected to pressure and temperature above its 

critical point [140]. CO2 is the most chosen supercritical solvent for the 

extraction of EOs due to its plentiful attractive properties: being non-toxic, 

highly soluble, safe, nonflammable, thermodynamically stable, available in 

high purity at relatively low cost, relatively low critical pressure (74 bars) 

and temperature (32°C), non-corrosive, higher selectivity for desired 

compounds, inertness, and easy removal from the extract [141-143]. 

Extraction of EOs by SFs is a faster process with less damage to the 

environment as it provides products free of toxic waste, especially in the 

presence of environmentally damaging conventional organic solvents, and 

this method is more selective for the compounds to be extracted, which 

improves the quality of the extracted EOs [144-146]. 
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1.4.2.1.2.2   Ultrasound-assisted extraction (UAE) 

The principle of this method is to extract EOs from the plant material by 

subjecting ultrasounds (ultrasound frequency of about 20 KHz) to the sample 

and the solvent which is in direct contact with the plant material, leading to 

the formation of cavitation bubbles throughout the solvent and then followed 

by the compression of these bubbles, which changes the pressure and the 

temperature, increasing the rate of mass transfer of analytes to the solvent 

[147,148]. On top of that, the UAE can facilitate the separation of EOs by 

acting as an emulsifier that disperses the lipophilic molecules in water [149]. 

This method has many advantages, including shortening the extraction time, 

simplicity, and requiring less solvent; it also improves the quality of the 

extracted EOs because it is performed at room temperature, which prevents 

the natural products from decomposing and oxidizing [148,150]. 

1.4.2.1.2.3   Microwave-assisted extraction (MAE) 

Microwave-assisted extraction (MAE) is a technique that uses microwave 

radiation as the heating source of the solvent in contact with a sample in the 

solvent–sample mixture. Molecules are heated through dipole rotation and 

ionic conduction due to the effect of microwave radiation [151]. The main 

advantage of MAE is the rapid heating of the extraction solvent, which 

enhances the dispersion of the solvent into the sample and accelerates the 

partition of the analytes from the sample into the solvent [152]. The 

extraction solvent must be polar to be able to absorb microwave energy, like 

water, methanol, and ethyl acetate [153]. MAE has been used as an 
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alternative to conventional methods because it reduces the extraction time, 

the required solvent volume, is more selective and helps in minimizing the 

environmental impact by lowering CO2 in the atmosphere [154]. 

1.4.2.1.2.4   Ultrasonic microwave-assisted extraction (UMAE) 

A new innovative extraction technology that is based on combining both the 

microwave-assisted extraction (MAE) and ultrasound-assisted extraction 

(UAE), and utilizing the advantages of both microwave and sonochemistry 

to improve the efficiency and rate of extraction, achieving higher yields of 

the extracted EOs without the destruction of the wanted compounds, this 

technique is ultrasonic microwave-assisted extraction (UMAE). 

1.4.2.2   Quantitation and qualification analysis of EOs 

The increasing demand for EOs by different production companies has led 

to cases of EO adulteration, in which EOs are mixed with cheaper oils to get 

a higher profit while using low-cost synthetic materials [155]. To ensure the 

quality of EOs, many analytical techniques are used for the separation and 

identification of their components. One of the famous methods is gas 

chromatography-mass spectrometry (GC–MS). GC–MS is an analytical 

technique used for the classification and characterization of EOs, due to the 

volatile nature of EO components [156]. 

GC works on the principle of separating the volatile (also semi-volatiles) and 

thermally stable components in a sample mixture when heated. The heated 

gases are then passed through a column containing an inert gas, and when 

the separated substances exit the column, they are subjected to mass 
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spectrometry (MS), which identifies the compounds based on the analyte 

mass [157,158]. In addition to its sensitivity and good detection limit, GC-

MS has provided an easy, faster separation at a low cost and in a shorter time 

[159]. This technique has many applications, including biological and 

pesticide detection, forensic and criminal cases, and environmental 

monitoring [157]. 

1.5   Biological activity 

Bioactivity is how a material will respond after being exposed to a particular 

biological environment or substance. It could include a physiological 

response (e.g. antioxidant, anti-bacterial, etc.), tissue uptake, or metabolism 

[160,161]. 

1.5.1   Anti-oxidant activity 

Free radicals (or reactive oxygen species (ROS)) are defined as molecules or 

molecular fragments that possess one or more unpaired active electrons in 

the valence shell (hydroxyl HO, nitric oxide NO, etc.) [162,163]. These 

chemical species are very reactive, uncharged, and short-lived molecules that 

result from aerobic metabolic processes and are beneficial for the human 

body as they work with the immune cells to kill microbes like bacterial cells. 

However, uncontrolled generation of free radicals, or gaining more of them 

from outside sources, could lead to damage to many vital biological 

components and result in many diseases, like cancers, heart and 

neurodegenerative diseases, and autoimmune diseases, etc. [164,165]. This 

causes a disturbance in the equilibrium between free radicals and the 
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endogenous defense mechanisms and leads to the production of oxidative 

stress [166]. Herein comes the role of antioxidants, which are chemicals that 

neutralize free radicals by stopping them from damaging biological cells and 

improving their overall health. 

Some antioxidants are produced by the human body and are known as 

endogenous antioxidants, whereas exogenous (or dietary antioxidant) 

antioxidants come from outside the body. There are two sources of 

antioxidants: Synthetic antioxidants, which include phenolic compounds like 

butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), and 

tertiary butyl hydroquinone (TBHQ) [167]. The second source is natural 

antioxidants such as ascorbic acid (Vitamin C), α-tocopherol (Vitamin E), 

flavonoids, phenolic acids, and carotenoids. Hence, supplying the body with 

antioxidants from external sources, especially from plants that serve as a 

great source of natural antioxidants, will help in the treatment of many 

oxidative stress-linked diseases [168]. 

1.5.2   Anti-microbial activity (bacterial and fungi) 

Infectious diseases that are caused by bacteria and fungi are the cause of 

many ailments and deaths all around the world. Pathogenic organisms such 

as bacteria and fungi are causing a global threat to humans and animals due 

to the evolution of multidrug-resistant (MDR) pathogens. This is a result of 

the misuse of antibiotics, poor hygiene, increased international travel, and 

the availability of antibiotics over-the-counter, followed by releasing their 

residues to the environment [169,170]. According to the World Health 
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Organization (WHO), about 700,000 people are killed every year globally 

due to antibiotic-resistant bacteria [171]. 

The popular antibiotic-resistant bacteria are Escherichia coli (E. coli), 

Staphylococcus aureus (S. aureus), methicillin-resistant S. aureus (MRSA), 

Klebsiella pneumoniae (K. pneumoniae), and Pseudomonas aeruginosa. 

Fungi species, particularly those belonging to the Candida family (e.g. 

Candida albicans (C. albicans)), are the leading cause of life-threatening 

systemic infections, particularly among HIV/AIDS patients [172]. 

Hence, extensive efforts have been devoted to research to find alternatives 

to synthetic antibiotics and to look for non-toxic bio-molecules that can work 

as both antimicrobials themselves and enhance the accessibility of the 

existing antimicrobials. Medicinal plants’ phytochemicals are the best 

candidates as they have proved through the years their ability to work as 

remedies for various diseases and have improved human health [173]. 

1.6   Nepeta curviflora Boiss 

Nepeta is one of the largest genus of the “Lamiaceae” (Labiatae) family, 

which consists of around 300 genera and almost 7,000 species distributed 

in Europe, Asia, North Africa, North America, India, and the Middle East 

[174,175]. The name Nepeta was created after the name of the ancient 

Italian city “Nephi” [176]. In folk medicine, Nepeta species are widely used 

as antiseptic, expectorant, anti-asthmatic, sedative, anti-tussive, antiviral, 

fungicidal, antipyretic, and antispasmodic agents. Different types of 

secondary metabolites and EOs isolated from different Nepeta species have 
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been used for the treatment of toothache and gum disease, many heart 

problems such as angina pectoris and the weakness of the heart, for liver and 

kidney diseases, and they have also been used against scorpion and snake 

bites [177-180]. They also show unusual behavioral effects on cats (e.g. N. 

cataria L. (catnip)) [181]. Furthermore, Nepeta’s EOs are mainly used as a 

perfume or fragrance and for food flavoring purposes. Many biological 

studies have revealed that they are antifungal, antibacterial, insecticide, 

cytotoxic, repellent, antioxidant, anti-inflammatory, analgesic, and 

anticonvulsant [182,183]. 

The major constituents of the genus Nepeta species are nepetalactone, 

different classes of terpenoids including monoterpenes, sesquiterpenes, and 

cyclopentanoid iridoid derivatives. They also possess flavonoids, and 

phenolic compounds [184]. 

Nepeta curviflora Boiss, commonly known in Arabic as “na’na’ elher” (or 

Syrian catnip), is a perennial herbaceous plant that grows up to 60 cm in 

the mountains. It is characterized by its bluish-violet flowers and small 

leaves. This aromatic plant grows in the wild mountains of Palestine, 

Jordan, Syria, Lebanon, and Turkey [185]. In Palestine, this wild herb is 

reported to grow in a variety of locations, including Ramallah, Nablus, and 

Galilea. 

In folk medicine, N. curviflora is used to treat many diseases, like 

Alzheimer’s disease, and it is also used as an antipyretic agent [186]. 
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Additionally, this herb has been utilized as a healing remedy for fever, 

bronchitis, flu, diarrhea, colds, colic, and cough [187].  

Previously conducted studies on the EOs extracted by the hydro-

distillation technique from the aerial parts of N. curviflora in Lebanon and 

Jordan have been reported [188,189]. The essential oil of N. curviflora 

collected from Lebanon was rich in β-caryophyllene 38, which was detected 

at a higher concentration as compared to that of the oil of N. curviflora 

growing in Jordan (50.20%, 11.53%, respectively). In addition, 4aα,7α,7aα-

nepetalactone, the main oxygenated monoterpene identified in the oil of 

Jordanian N. curviflora (43.85%), was not observed in the oil of N. curviflora 

growing in Lebanon. Another two studies conducted in Lebanon on the EOs 

of N. curviflora [190,191] have also indicated that the main constituent of 

the EO is β-caryophyllene 38 (41.6, 50.2% respectively). 
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1.7   Objectives of the Study 

This study is divided into two parts. The first part is concerned with the 

extraction of the essential oil from the leaves and flowers of N. curviflora, 

then analyzing it using GC-MS, and assessing the bioactivity of this EO. The 

second part is focused on extracting the phytochemicals from the stem of N. 

curviflora, followed by isolation and characterization of these 

phytochemicals, and evaluating their biological activity. The specific 

objectives of this study are: 

1. Analyze the chemical composition of N. curviflora EO from the leaves 

and flowers using the GC-MS technique. 

2. Investigating the anti-oxidant properties of the EO of N. curviflora. 

3. Assessing the enzymatic properties of N.curviflora EO, including 

antilipase, antiamylase, and anti-glucosidase activities. 

4. Isolate and identify the active components in the stem of N. curviflora 

using various techniques. 

5. Investigate the antioxidant, antibacterial, and antifungal activities of the 

extracts from the stems of N. curviflora. 
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Chapter Two 

Experimental Part 

2. Materials and methods 

2.1 Chemicals and Reagents 

The materials that were used in this research were of analytical grade and 

were used  without further purification. 

DPPH (2,2-Diphenyl-1-picrylhydrazyl) was purchased from (Sigma- 

Aldrich, D9132-1G, Germany), Trolox ((s)-(-)-6-hydroxy-2,5,7,8- 

tetramethychroman-2-carboxylic acid) (was purchased from Sigma-Aldrich, 

391921-1G, Denmark), Dimethyl sulfoxide (DMSO) (Riedel-de-haen, 

Q4199, Germany), 3,5-dinitro salicylic acid (Sigma-Aldrich, USA), 

Methanol (Loba Chemie, India), RPMI-1640 medium (Roswell Park 

Memorial Institute-1640 medium) (Sigma-Aldrich, R0883, UK), Tris− HCl 

buffer (SDFCL, India), porcine pancreatic lipase (Sigma-Aldrich, USA), 

orlistat (Sigma-Aldrich, Germany), p-nitrophenyl butyrate (from Sigma-

Aldrich, Germany), porcine pancreatic α-amylase (Sigma-Aldrich, India), 

acarbose (Sigma, USA), PBS (phosphate buffer saline) (Sigma-Aldrich, 

79383, Germany), and p-nitrophenyl α-D-galactopyranoside (Sigma-

Aldrich, USA).  
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2.1.1 Chemicals used for the extraction of N. curviflora stems 

Solvents used (methanol, dichloromethane (DCM), ethyl acetate (EtOAc), 

hexane, and diethyl ether) were purchased from Sigma Aldrich (Germany). 

Silica gel (100–200 and 200–300 mesh) for flash column chromatography 

(FCC) and GF254 silica gel for thin-layer chromatography (TLC) were 

purchased from Sigma-Aldrich (USA). 

2.2 Instrumentation 

Equipment that were used in this study are: 

Electronic balance (Wagl, AS 220/C/2, Radwag, Poland), microwave 

ultrasonic extractor (CW-2000, Hong Kong, China), laminar flow (MRC, 

BBS12HGs, Israel), 24-well plates and 96-well plates (Greiner bio-one, 

North America), shaking laboratory water bath (Lab Tech, BPXOP1001040, 

Namyangju, South Korea), micropipettes (Finnpipette, Finland), CO2 

incubator (ESCO, 2012-74317, Singapore), and spectrophotometer (Jenway, 

UV/Vis Spectrophotometer 6505, UK). 

2.3   Plant material collection and preparing 

The aerial parts of Nepeta curviflora were compiled at the end of May 2019 

from the Birzeit mountains in Palestine. The botanical identification was 

approved and coded by Dr. Nidal Jaradat the pharmacognosist at the 

Pharmacognosy Laboratory, An-Najah National University. The fresh leaves 

and flowers were separated carefully from the stem of the plant, washed 

thoroughly with distilled water, then left to dry in the shade at humidity (55 
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± 5 RH) and temperature (25 ± 2 °C) for two weeks. The dried leaves and 

flowers were grinded separately from the stem using a mechanical blender 

and stored in paper bags for further isolation process. 

2.4   Extraction of the N. curviflora essential oil 

The extraction of N. curviflora EO was performed using the microwave- 

ultrasonic apparatus as described previously by Jaradat et al. [192]. One-liter 

round-bottom flask containing 50 g of the dried plant powder and 500 mL of 

distilled water was placed in the microwave-ultrasonic apparatus. The flask 

was connected to the Clevenger apparatus, which was also placed in the same 

apparatus. The microwave extractor apparatus power was adjusted at 1000 

W for 15 min at 100 °C. The extracted EO was dried using calcium chloride 

and transferred into a small clean, well-closed glass bottle, labeled with the 

name of plant, date, code of the sample, covered with aluminum foil, and 

stored in the refrigerator at 2-8 °C. The isolated EOs yield average was 1.7% 

from the dried parts. 

2.5   Identification of the phytochemical composition of N. curviflora EO 

by gas chromatography-mass spectrometry (GC–MS) 

The separation and identification of N. curviflora EO components were 

accomplished by employing the Perkin Elmer Elite-5-MS fused silica 

capillary column (30 m × 0.25 mm, film thickness of 0.25 μm), where 

Helium was used as a carrier gas at a standard flow rate of 1.1 mL/min. The 

temperature of the injector was adjusted at 250 °C with an initial temperature 
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of 50 °C, the initial hold of 5 min, and a ramp of 4.0 °C/min to 280 °C. The 

total running time was 62.50 min and the solvent delay was from 0 to 4.0 

min. MS scan time was from 4 to 62.5 min, covering the mass range from 

50.00 to 300.00 m/z. The chemical constituents of N. curviflora EO were 

identified by comparing their mass spectra with the reference spectra from 

the MS Data Centre of the National Institute of Standards and Technology 

(NIST), and by matching their Kovats and retention indices with values 

described in the literature [193,194]. The EOs Kovats and retention indices 

values were compared with 20% of HPLC grade of reference EOs purchased 

from Sigma-Aldrich (Germany) [195]. Quantitative calculations were 

carried out by calculating percentage areas for each component from N. 

curviflora EO. 

2.6   Free radical scavenging assay 

The free 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 

of N. curviflora EO was adopted for determining the antioxidant potential of 

N. curviflora EO using the method of Sonboli and Jaradat et al. [196]. A 

solution of the EO in methanol (1 mg/mL) was prepared followed by 

preparing a solution of trolox (the reference product) in methanol (1 mg/mL). 

The stock solutions were then used to make a dilution series with six serial 

dilutions at concentrations of 2, 5, 10, 20, 50, and 100 g/mL. One mL of each 

EO dilution was mixed with 1 mL of 0.002 g/mL methanolic DPPH solution. 

Methanol (1 mL) was added to give a final working volume of 3 mL. Because 

of its sensitivity to light, the DPPH solution has to be made fresh. The blank 
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control of the series concentrations was prepared by dissolving DPPH in 

methanol in 1:2 ratios in the absence of the EO. All solutions were incubated 

at 25 °C under the exclusion of light for 30 min. A spectrophotometer was 

used to measure the absorbance at a wavelength of 517 nm. 

The antioxidant activity of the corresponding N. curviflora EO was 

determined in terms of inhibition percentage for N. curviflora EO, with 

trolox using the following equation: 

𝑰𝒏% =
𝑨 𝒃𝒍𝒂𝒏𝒌 − 𝑨 𝒔𝒂𝒎𝒑𝒍𝒆

𝑨 𝒃𝒍𝒂𝒏𝒌 
 × 𝟏𝟎𝟎 

Equation (2.1): Inhibition% of antioxidant activity [197] 

Where A blank and Asample represented the absorption of the blank (all reagents 

without the sample) and the sample respectively. 

2.7   Porcine pancreatic lipase inhibition assay 

The porcine pancreatic lipase inhibition was assessed employing a 

previously reported procedure [198]. 

2.7.1 Preparation of stock and working solutions 

A stock solution of N. curviflora EO was prepared in 10% dimethyl sulfoxide 

(DMSO) (500 μg/mL), of which a dilution series of five different 

concentrations of 50, 100, 200, 300, and 400 μg/mL were produced. A fresh 

stock solution of porcine pancreatic lipase in the Tris− HCl buffer (1 mg/mL) 

and a stock solution of 20.9 mg of p-nitrophenyl butyrate (PNPB) in 2 mL 

of acetonitrile was prepared.  
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2.7.2 Assay of pancreatic lipase (PL) inhibition 

For each working solution, 0.1 mL of porcine pancreatic lipase (1 mg/mL) 

was mixed in a separate test tube with 0.2 mL of N. curviflora EO from each 

of the dilution series. After that, Tris− HCl was added to bring the final 

volume of the working solutions to 1 mL. After a 15-minute incubation at 37 

°C, each test tube was filled with a 0.1-mL solution of p-nitrophenyl butyrate 

in acetonitrile, and the resulting mixture was incubated for another 30 min at 

37 °C. Pancreatic lipase activity was assessed by measuring the hydrolysis 

of PNPB into p-nitrophenolate using a UV spectrophotometer at 410 nm. 

The same experiment was repeated using orlistat (positive control). 

Percentage lipase inhibition by plant EO was calculated using the following 

equation: 

Lipase inhibition% = (AB –Ats)/AB × 100%   (Equation (2.2): Pancreatic 

lipase inhibition) 

where AB is the blank solution's recorded absorbance and Ats is the recorded 

absorbance of the tested sample solution.  



38 

 

Scheme (2.1): Hydrolysis of p-nitrophenyl butyrate (PNPB) with and without Orlistat [199] 

2.8 α-Amylase inhibition assay 

A standard method with minor changes was used to assess the α -amylase 

inhibitory efficacy of N. curviflora EO [200]. The essential oil (100 mg) was 

dissolved in a few milliliters of 10% DMSO, followed by 0.02 M 

Na2HPO4/NaH2PO4 and 0.006 M NaCl buffer solution (pH 6.9) to bring the 

volume to 100 mL, yielding a stock solution with a concentration of 1 

mg/mL, of which the following dilutions 10, 50, 70, 100 and 500 μg/mL 

were prepared using 10% DMSO as the diluent. N. curviflora EO (0.2 mL) 

was mixed with porcine pancreatic α-amylase (0.2 mL, 2 units/mL). After a 

10-minute incubation period at 30 °C, the tubes were filled with a freshly 

made 1% starch solution in water (0.2 mL) and incubated for at least 3 

minutes. At this point, the reaction was quenched by adding 3,5-dinitro 

salicylic acid (DNSA), and the mixture was diluted with distilled water (5 
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mL), before being heated at 90 °C in a water bath for 10 min. After cooling 

the mixture to room temperature, the absorbance was measured at 540 nm. 

The blank control was made with the same quantities as the above but with 

buffer (0.2 mL) instead of N. curviflora EO. Acarbose (the commercial 

antidiabetic drug) was used as a standard reference following the procedure 

described above. The α-amylase inhibitory activity was calculated utilizing 

the following equation:  

α-Amylase inhibition% = (AB – AT)/AB × 100%        

(Equation (2.3): α-Amylase inhibition) 

where AB is the absorbance of the blank sample and AT = absorbance of the 

test sample. 

2.9 α-Glucosidase inhibitory assay 

The α-glucosidase inhibitory activity of N. curviflora EO was tested 

according to the standard protocol with minimal modifications [201]. A 

dilution series of N. curviflora EO was prepared, to obtain concentrations of 

100, 200, 300, 400, and 500 μg/mL. The reaction mixtures contained α-

glucosidase solution (0.1 mL of 1 U/mL) were mixed with 0.2 mL of the EO 

dilution and 0.5 mL of 100 mM phosphate buffer (pH 6.8). After that, the 

mixtures were incubated at 37 °C for 15 min, and 5 mM p-nitrophenyl-α-D-

galactopyranoside (PNPG) was added to each of the reactions mixtures and 

incubated at 37 °C for another 20 min. The reactions were stopped by adding 

0.1 M Na2CO3 and the absorbance was recorded at a wavelength of 405 nm 
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for the EO sample. Acarbose was used as a positive control at the same 

concentrations as the plant EO. The inhibition percentages were calculated 

according to the equation below:  

α-Glucosidase inhibition% = (AB − As/AB) × 100%    (Equation (2.4): α-

Glucosidase inhibition) 

where AB is the absorbance without enzyme inhibitor and AS is the 

absorbance in the presence of the enzyme inhibitor. 

2.10 Data analysis 

Data has been expressed as means ± SD. Statistical analysis was conducted 

using the Student t-test. Differences considered being significant at p ≤ 0.05. 

Calculations of the inhibitory concentration 50% (IC50) were obtained from 

the Prism dose-response curve (Prism Graph pad, version 7.0 of prism for 

Windows (GraphPad Software, San Diego, CA, USA). 

2.11 Extraction of phytochemicals from the stem of N. curviflora 

The dried stems from N. curviflora (766 g) were powdered using a 

mechanical blender, then macerated with a sufficient amount of methanol 

(2L), followed by stirring using a mechanical stirrer for 24 hours. The 

resulting extract was filtered, and the remaining solid was subjected to 

extraction twice with methanol (0.5 L) under the same conditions. Afterward 

the filtration of the combined extract, methanol was removed under reduced 

pressure using a rotary evaporator. Then the concentrated extract was 

washed successively with pentane to remove the fats, waxes, nonpolar 
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compounds, followed by dissolving with ethyl acetate to extract the 

flavonoids and other polyphenols that are present in the extract, and then it 

was concentrated under reduced pressure at 40 °C to remove the excess ethyl 

acetate, resulting in a dried extract (3.16 g). 

2.12  Isolation 

The dried extract (3.16 g) was dissolved using dichloromethane (DCM), 

followed by decantation of the filtrate into a separate flask which was then 

introduced to the first column to start the separation process, and the crude 

extract (655 mg) which didn’t dissolve in DCM (labeled as A) was stored for 

further use.  

The separation process of the extract (filtrate from the previous step) was 

initiated by the determination of the best eluent that could be used in flash 

column chromatography, and this step was achieved by the TLC (Thin Layer 

Chromatography) experiments. 

The first flash column chromatography was initiated using dichloromethane 

(DCM) and ethyl acetate (EtOAc) (at a ratio of 9:1 v/v) as an eluent. During 

the first chromatographic run, the polarity of the eluent was increased to 

allow the elution of more polar compounds and ensure a better separation by 

passing through a solution composed of dichloromethane and ethyl acetate 

(8:2, 7:3, and finally, at 6:4 v/v) (gradient elution). A total of 23 test tubes 

were collected (100 mL each). To determine which test tubes should be 

pooled together, another set of TLC experiments was performed on each of 

these tubes using an eluent of DCM/EtOAc at a (7:3) ratio. All of the 
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compounds were visualized under UV light, and the tubes that produced the 

same results were combined and evaporated under reduced pressure at 40 °C 

using a rotary evaporator, yielding five major fractions. To be more specific, 

each fraction contained the following test tubes: Fraction 1 (F1) included 

tubes (1 and 2), Fraction 2 (F2) included tubes (3-6), Fraction 3 (F3) included 

tubes (7,8), Fraction 4 (F4) included tubes (9-12), and Fraction 5 (F5) 

included tubes (13-23). They were all kept in sealed vials for further 

purification. These fractions were also subjected to HPLC analysis. 

Both the fractions F2 and F3 were subjected to a second flash column 

chromatography using ether and hexane (5:5 v/v) as eluent. The eluent ratio 

was increased after conducting TLC experiments to be (ether: hexane in 7:3 

v/v ratio) then finally into (ether: hexane 9:1 v/v ratio). A set of five sub 

fractions were obtained at this step after removing the solvents by rotary 

evaporator at 40 °C. After TLC and HPLC analysis of these fractions, the 

results showed the presence of a lot of compounds in almost all of the 

fractions. This has indicated that it is very hard to separate these fractions 

using the available simple techniques. However, because both of the major 

fractions, F4 and F5, had the least complicated HPLC results (fig.a.6 and 

fig.a.7, Appendix), they were subjected to further flash column 

chromatographic separation. Based upon the results of TLC analysis, the 

most suitable eluent consisted of DCM and ethyl acetate in a (7:3 v/v) ratio, 

and the same steps from the first column were repeated. From the TLC 

results for the resulting fractions, the fractions that showed the same results 

were pooled together and the solvents were removed by a rotary evaporator 
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at 40 °C. These fractions were analyzed by HPLC and only two of them were 

almost pure. They were named compound B (51.9 mg) and compound C 

(46.05 mg).  

2.13  Structure elucidation 

2.13.1    HPLC analysis 

An HPLC analysis was carried out to check the number of components 

present in each fraction and to detect the purity of these components. The 

analysis was conducted using HPLC-DAD Water 1525, with a C18 column 

(5µm, 4.6×250 mm cartridge). The chromatographic separation was 

performed using binary-solvent gradient elution with the mobile phase of 

solvent A (water) and solvent B (methanol). The gradient elution started with 

100% of solvent A and 0% of solvent B until 0% of A and 100% of B, with 

a flow rate of 0.7 ml/min. The total run time was 35 minutes, and the injection 

volume was 20µL. The wavelength used to detect all extracts was 254 nm. 

2.13.2    IR (Infrared spectroscopy) analysis 

Functional groups of the extracted compounds were characterized using an 

FT-IR spectrometer (NICOLIT iS5 from Thermo Fisher Scientific). 
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2.14  Pharmacological screening for the extracts from the stem of N. 

curviflora  

2.14.1    Antioxidant activity assay for the extracts 

The scavenging activity of N. curviflora extracts was assessed using the same 

methods that were used for the free radical scavenging assay for N. curviflora 

EO [196]. The antioxidant activities of the plant's fractions (A, B, C,) and 

Trolox (positive control) were assessed by their ability to donate hydrogen 

atoms or electrons, which was identified by changing the deep violet color 

of the methanolic DPPH solution to colorless or pale yellow, as indicated in 

scheme 2.2: 

 

Scheme (2.2): Principle of DPPH radical scavenging capacity assay [202]. 

Stock solutions at a concentration of 1 mg/mL in methanol and Trolox were 

prepared from N. curviflora extracts. Each one of these stock solutions was 

diluted in methanol to prepare 12 working solutions with the following 

concentrations: 1, 2, 3, 5, 7, 10, 20, 30, 40, 50, 80, and 100 μg/mL. 

A freshly prepared DPPH solution (0.002% w/v) was mixed with both 

methanols and with each of the abovementioned working solutions at a 1:1:1 
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ratio. Furthermore, a negative control solution was prepared by mixing the 

DPPH solution with methanol at a 1:1 ratio. Afterward, all of these solutions 

were incubated at room temperature in a dark cabinet for 30 min. By the end 

of the incubation period, the optical density of these solutions was measured 

by a UV-Vis spectrophotometer at a wavelength of 517 nm using methanol 

as the blank solution. 

The antioxidant activity of the corresponding plant compounds and Trolox 

standard were determined in terms of inhibition percentage of DPPH activity 

using the following equation: 

𝑰𝒏% =
𝑨 𝒃𝒍𝒂𝒏𝒌 − 𝑨 𝒔𝒂𝒎𝒑𝒍𝒆

𝑨 𝒃𝒍𝒂𝒏𝒌 
 × 𝟏𝟎𝟎 

Equation (2.1): Inhibition% of antioxidant activity [197] 

Where A blank and Asample represented the absorption of the blank (all reagents 

without the sample) and the sample respectively. 

For this part specifically, the antioxidant half-maximal inhibitory 

concentration (IC50) values for the studied plant fractions and Trolox 

standard solution, as well as their standard deviations, were determined from 

the graph plotted by the inhibition percentage against the concentrations of 

the plant fractions, using Microsoft Office Excel 2016. 

2.14.2    Antibacterial and antifungal activity tests 

2.14.2.1 Preparation of plant samples for testing 

10 mg of each of the plant extracts (A, B, C) were dissolved in 0.5 mL of 

sterile dimethyl sulfoxide (DMSO), followed by dilution with 0.5 mL of 
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distilled water to obtain a concentration of 10 mg/ml. All of the extract’s 

solutions were kept in the UV disinfection chamber for 20 minutes. 

2.14.2.2 Preparation of growth media 

The Mueller-Hinton Broth (MHB) media was prepared following the 

manufacturer's instructions, which were clearly labeled on the bottle. First, 

8.4g of MHB powder was dissolved in 400 ml of autoclaved distilled water, 

then it was heated with stirring using a magnetic stirrer to the boiling point 

until the medium was completely dissolved. The resulting solution was 

autoclaved for 15 minutes at 121 °C, and it was cooled down to room 

temperature before using it. 

2.14.2.3  Test microorganisms 

a) Bacterial strains: Six reference bacterial strains obtained from the 

American Type Culture Collection (ATCC): four gram-negative bacteria 

strains: Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 

13883, UK), Pseudomonas aeruginosa (ATCC 9027, USA), Proteus 

vulgaris (ATCC 8427), and two gram-positive bacteria: Staphylococcus 

aureus (ATCC 6538P, USA) and Methicillin-Resistant Staphylococcus 

aureus (MRSA). All the bacterial strains were sub-cultured on Mueller-

Hinton agar. 

b) Fungal strain: One fungal strain of Candida Albicans (ATTC 90028, 

USA) obtained from the American Type Culture Collection (ATCC) was 

used in this study. This strain was sub-cultured on Sabouraud Dextrose 

Agar. 
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2.14.2.4 Preparation of bacterial and fungal suspensions 

All bacterial and fungal strains were cultured 24 hours before use. The 

bacterial suspension was formulated by the addition of a sterile specimen 

that was taken gently from the colony surface of each type of cultured strain 

and transferred to a separable sterile tube containing 5 mL of sterile normal 

saline. The optical density of all the solutions was measured by a 

spectrophotometer at ƛ = 620 nm, where normal saline was used as a blank. 

The turbidity of the bacterial suspensions was adjusted into 0.5 McFarland 

turbidity standard (optical density 0.08 to 0.1), to obtain a bacterial 

suspension with 1.5 x 10^8 colony forming units (CFU/mL). In addition, the 

turbidity of the yeast Candida albicans was adjusted to equal to 0.5 

McFarland solution (optical density of 0.12 to 0.15) with a concentration of 

1*106 - 5*106 CFU/mL. After that, the stock solutions of each bacterial and 

fungal strain were prepared by transferring 100 µL of the bacterial and fungal 

suspensions into 10 mL of Mueller Hinton Broth media, these stock solutions 

were further used in the experiment of the broth microdilution method. 

2.14.2.5 Anti-microbial assay 

The antimicrobial activity of the plant samples was assayed employing the 

broth micro-dilution method defined by the procedure as described in the 

literature with minor modifications [203,204   [ . Note that all the dilution 

processes were carried out under aseptic conditions. 

a. Anti-bacterial assay 

In the sterile 96 micro-well plates (figure 2.1) used to assess the 

antibacterial activities of the extracts, 50 µL of Mueller Hinton Broth 
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media was pipetted into all microplate wells except the last raw one (H) 

using a multichannel pipette. Then, excluding H raw, 50 µL of the first 

prepared solution of plant extract (A) was added to the wells of the first 

column. Afterward, 50 µL of the solution from well number 1 was 

transferred by multichannel pipette to wells number 2, which were mixed 

to obtain (2-fold) serial dilution. This process was replicated up to the 

well with the number 10. Then 50 µL from each type of the bacterial 

strains suspension was filled in its specific labeled row for the wells 1-

11. The wells with number 11 contained only Mueller Hinton Broth 

media and the bacteria suspension without the plant extract, which was 

used as a positive control for microbial growth. Additionally, microwell 

number 12 contained only the growth media and was left uninoculated 

with any of the test microbes. It was labeled as a negative control. On top 

of that, G raw microwells contained only the extract solution to ensure 

that there is no contamination. The resulting turbidity in the G raw wells 

was not due to the extract itself.  The same steps were repeated for the 

rest of the plant extracts  (B and C). Finally, all the inoculated plates were 

incubated at 35˚C and the incubation period lasted for about 24 hours. 

The resulting turbidity in the microwells indicated bacterial growth.  

The lowest concentration of plant extracts, at which no visible bacterial 

growth in that microwell was observed, is considered as the minimum 

inhibitory concentration (MIC) of the examined plant extracts. All the 

established experiments were performed in triplicate, to control the 

sensitivity of the tested microorganisms.  
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Fig. 2.1: 96 micro-wells plate for anti-bacterial assay 

b. Determination of anti-yeast activity 

The same procedure of broth microdilution assay that was used for 

bacterial strains was also used for the yeast C. albicans with minor 

modifications. As shown in figure 2.2, the plant extracts were added to 

microplate wells in duplicate; both raw A and B for the first extract (A), 

C and D for the second extract (B), E and G for the third extract (C).  

And the C. albicans suspension was added to the remaining raws A, C, 

and E. Then all the inoculated plates were incubated at 35˚C for 48 hours. 

The lowest concentration of plant extracts, at which there is no visible 

candidal growth in that microwell was estimated as the minimum 

inhibitory concentration (MIC) of the examined plant extracts. All the 

established experiments were performed in triplicate, to control the 

sensitivity of the tested C. albicans. 
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In parallel, a control experiment was run to study the impact of the 

solvent alone (without plant extracts) on the growth of the seven test 

organisms. Dimethyl sulfoxide was diluted in a similar pattern with 

sterile MHB broth followed by inoculation and incubation. 

 

Fig. 2.2. 96 micro-wells plate for anti-yeast assay 
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Chapter Three 

Results  

3.1   GC–MS characterization of N. curviflora essential oil 

The EO from the leaves and flowers of N. curviflora was quantitatively and 

qualitatively characterized by employing the GC–MS technique. Twenty 

compounds were identified, representing 100% of the total mass of EO. 1,6-

Dimethyl spiro[4.5]decane  55 (27.5%), caryophyllene oxide 56  (20.08%), 

and β-caryophyllene 38  (18.28%) were revealed to be the most abundant 

components of N. curviflora EO. GC-MS analysis of the EO of N. curviflora 

was characterized by the richness of terpenoids, including Sesquiterpene 

hydrocarbon (38.49%), oxide sesquiterpenoid groups (20.08%), as well as 

considerable concentrations of spiroalkane (29.14%) as these compounds 

were found to be the major groups. 

 

                                        

It is worth noting that caryophyllene oxide 56, which has high potential, was 

found in higher concentrations in EO N. curviflora growing in Palestine than 

in the studied plants vegetating in Lebanon and Jordan. The phytochemical 

composition, retention index (RI) and retention time (RT) with their 
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concentration (%) are represented in Table 3.1 and the GC–MS 

chromatogram is described in Fig. 3.3. 

Table 3.1. The chemical composition of Nepeta curviflora essential oil. 

MW: molecular weight (g/mol); RI: retention index. 

No. Compounds 
MW 

(g/mol) 
RI Identification 

% 

Area 

1 trans-Carane 138.25 808 MS, RI 0.07 

2 p-Mentha-3,8-diene 136.23 772 MS, RI 1.58 

3 

1,3,4-Trimethyl-3-

cyclohexenyl-1-

carboxaldehyde 

152.23 803 MS, RI 0.62 

4 Limona ketone 138.21 731 MS, RI 1.58 

5 1,6-Dimethyl spiro[4.5]decane 166.3 922 MS, RI 27.51 

6 

Decahydro-3a-methyl-6-

methylene-1-(1-

methylethyl)cyclobuta[1,2:3,4] 

dicyclopentadiene 

230.39 787 MS, RI 1.97 

7 Nepetalactone 166.22 840 MS, RI 5.38 

8 
cis, trans-1,9-

Dimethylspiro[4.5]decane 
166.3 875 MS, RI 1.64 

9 β-Caryophyllene 204.36 924 MS, RI 18.28 

10 β-Farnesene 204.35 792 MS, RI 6.12 

11 α-Humulene 204.35 904 MS, RI 1.19 

12 Aromadendrene 204.35 917 MS, RI 0.5 

13 β-Cubebene 204.35 883 MS, RI 2.96 

14 Humulen-(v1) 204.35 916 MS, RI 0.17 

15 γ-Elemene 204.35 837 MS, RI 1.81 

16 γ-Caryophyllene 204.35 830 MS, RI 4.95 

17 β-Sesquiphellandrene 204.35 843 MS, RI 2.26 

18 Argeol 220.35 734 MS, RI 1.07 

19 
4-Methylene-2,8,8-trimethyl2-

vinylbicyclo[5.2.0]nonane 
204.35 799 MS, RI 0.27 

20 Caryophyllene oxide 220.35 732 MS, RI 20.08 

  Total (%)       100 
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Fig. 3.2. Essential oil classes from N. curviflora aerial parts. 

 

  Grouped components % 

1 Sesqueterene hydrocarbon 38.49 

2 Alcoholic sesquiterpenoid 1.07 

3 Oxide sesquiterpenoid 20.08 

4 Monoterpene hydrocarbon 1.65 

5 Aldehydic monoterpenoid 0.62 

6 Ketonic monoterpenoid 1.97 

7 Monoterpenoid lactone 5.38 

8 Spiroalkane 29.14 

9 Ketone 1.58 

  Total identified groups (%) 100 

0

5

10

15

20

25

30

35

40

45

%



54 

 

Fig. 3.3. Nepeta curviflora essential oil GC-MS chromatogram. 

3.2   Antioxidant activity of N. curviflora EO 

The DPPH assay was used as an in vitro approach to determine the free radical-

scavenging activity of N. curviflora EO and to screen for potential antioxidant 

activity. IC50 values were used to assess the ability of the examined samples to 

inhibit DPPH. They identify the amount of antioxidant required to inhibit the 

radical (DPPH) concentration by 50% and they are inversely linked to their 

antioxidant activities. The radical scavenging activity of N. curviflora EO and 

trolox was articulated as a percentage of DPPH inhibition. The DPPH radical 

scavenging activity of the EO was determined as 6.3 ± 0.43 μg/mL, two-fold 

weaker than that displayed by trolox (IC50 = 3.1 ± 0.92 μg/mL), as indicated in 

Table 3.2 and Fig. 3.4. 
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Table 3.2. The inhibitory activity of Nepeta curviflora essential oil and 

trolox against DPPH. Values represent the mean ± SD (n = 3/group). 

IC50=half maximal inhibitory concentration, DPPH = 1,1-diphenyl-2- 

picrylhydrazyl. 

Concentrations 

(μg/mL) 
Trolox N. curviflora essential oil 

0 0 ± 0.00 0 ± 0.00 

2 53.41 ± 2.26 52.24 ± 0.00 

5 61.52 ± 0.33 52.24 ± 0.00 

10 91.42 ± 0.33 53.46 ± 1.62 

20 97.28 ± 0.33 77.02 ± 0.31 

50 97.28 ± 0.33 77.02 ± 0.33 

100 97.55 ± 0.68 81.58 ± 0.3 

IC50 3.1 ± 0.92 6.3 ± 0.43 

 

 

 

Fig. 3.4. Inhibition% of DPPH (1,1-diphenyl-2-picrylhydrazyl) by trolox and Nepeta 

curviflora essential oil. 
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3.3   Porcine pancreatic lipase inhibitory activity 

In this assay, the anti-obesity activity of N. curviflora EO was compared with 

that of orlistat, a potent lipase inhibitory agent which is responsible for the 

digestion of dietary fat. The plant EO and orlistat exhibited anti-obesity 

activity with IC50 values of 26.3 ± 0.57 and 12.3 ± 0.33 μg/mL, respectively, 

as shown in Table 3.3 and Fig. 3.5. 

Table 3.3. The inhibitory activity of Nepeta curviflora essential oil and 

orlistat against porcine pancreatic lipase.Values represent the mean ± 

SD (n = 3/group). IC50=half maximal inhibitory concentration 

 

 

 

 

 

 

Concentrations 

(μg/mL) 
Orlistat 

N. curviflora essential 

oil 

0 0 ± 0.00 0 ± 0.00 

50 91.05 ± 0.77 64.52 ± 0.47 

100 93.1 ± 0.42 64.69 ± 0.72 

200 94.3 ± 0.42 64.69 ± 0.72 

300 97.4 ± 0.12 97.96 ± 0.47 

400 97.5 ± 0.00 98.95 ± 0.49 

IC50 12.3 ± 0.33 26.3 ± 0.57 
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Fig. 3.5. Inhibition percentage of lipase by Nepeta curviflora essential oil and orlistat. 

3.4   α-Amylase activity 

The lipase-catalyzed hydrolysis of p-nitrophenyl butyrate to the 

chromophore (p-nitrophenol) assay was used to determine the inhibitory 

activity of N. curviflora EO on the porcine pancreatic α-amylase enzyme. 

The assay was compared with acarbose (positive control), a potent α-amylase 

inhibitory agent, and the IC50 values were calculated for N. curviflora EO 

and acarbose (Table 3.4 and Fig. 3.6). The IC50 of the EO and the positive 

control were measured as 45.7 ± 0.26 and 28.84 ± 1.22 μg/ mL, respectively. 

 

-20

0

20

40

60

80

100

120

0 50 100 150 200 250 300 350 400 450

%
 L

ip
a
se

 i
n

h
ib

it
io

n

Concentrations (μg/mL)

Orlistat N. curviflora essential oil



58 

Table 3.4. α-Amylase inhibition of Nepeta curviflora essential oil 

compared with acarbose.Values represent the mean ± SD (n = 3/group). 

IC50=half maximal inhibitory concentration. 

 

 

Fig. 3.6. α-Amylase inhibition of Nepeta curviflora essential oil compared with acarbose. 

3.5   α-Glucosidase inhibitory activity 

Results for α-glucosidase were compared with those for acarbose, a strong 

α-glucosidase enzyme inhibitory drug, and the IC50 doses were calculated for 

N. curviflora EO (Table 3.5 and Fig. 3.7). The IC50 values for the EO and the 
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Concentrations 

(μg/mL) 
Acarbose N. curviflora essential oil 

0 0 ± 0.00 0 ± 0.00 
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positive control were found to be 54.9 ± 0.34 and 37.15 ± 0.32 μg/mL, 

respectively. 

Table 3.5. α-Glucosidase inhibition of Nepeta curviflora essential oil 

compared with acarbose. Values represent the mean ± SD (n = 3/group). 

IC50=half maximal inhibitory concentration. 

Concentrations 

(μg/mL) 
Acarbose 

N. curviflora 

essential oil 

0 0 ± 0.00 0 ± 0.00 

100 65.81 ± 0.46 38.33 ± 0.73 

200 67.76 ± 0.34 55.51 ± 0.22 

300 73.34 ± 0.45 81.76 ± 0.11 

400 85.39 ± 0.36 81.76 ± 0.01 

500 92.28 ± 0.11 92.72 ± 0.72 

IC50 37.15 ± 0.32 54.9 ± 0.34 
 

 

Fig. 3.7. α-Glucosidase inhibition of Nepeta curviflora essential oil and acarbose. 
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3.6    Phytochemical content of N. curviflora stem extracts 

The isolation procedure was carried out using silica gel chromatography. 

Three extracts were obtained. Out of the three extracts, a crude extract was 

labeled as A, and the other two were labeled as B and C. The purity of the 

obtained compounds was checked by TLC plates and HPLC analysis. There 

was one concern raised in this study about the HPLC findings (fig.a.3 – 

fig.a.9, Appendix), since there were problems with calibration that were 

detected late in the process. A calibration curve should have been generated 

for each analyte to assay samples in each analytical run, but this was not done 

for each run. As a result, the data quality has declined, and the HPLC data in 

this study has been overlooked. Another limitation of this study is the lack 

of NMR (Nuclear magnetic resonance) techniques at An Najah National 

University, along with the restrictions due to COVID-19. Because of this, 

we were not able to send the compounds abroad to run 1H- and C-NMR, 

which will enable us to identify the purified compounds. 

IR analysis of the compound B (fig.a.1, Appendix) has shown that it has a 

hydroxyl (OH) group (3395 cm−1) indicated by the broadband in this zone, 

an aromatic ring (2931 cm−1), a carbonyl group (1735 cm−1), the peak at 1707 

cm−1 corresponds to C=O stretching of a ketone, and the peak at 1616 cm−1 

corresponds to C=C stretching of an aromatic ring. 

On the other hand, IR analysis of compound C (fig.a.2, Appendix) is not 

informative. It is aromatic without carbonyl groups. 
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3.7   Anti-oxidant inhibitory activity of N. curviflora extracts 

Antioxidant activities of the obtained extracts of N. curviflora’s stems were 

investigated using the DPPH assay as an in vitro approach and were 

expressed as DPPH % inhibition activity and IC50 values. Table 3.6 and 

figure 3.8 present the DPPH inhibitory activity and the IC50 values of extract 

A, compounds B, and C, and Trolox. The higher % inhibition and lower IC50 

values reflect better anti-oxidant action of the extracts. Extract B is the most 

potent, with an IC50 = 43.365 µg/mL.  

Table 3.6: IC50 (µg/ml) values for different extracts. Values represent the 

mean ± SD (n = 3/group). IC50=half maximal inhibitory concentration. 

 

 

 

 

Fig. 3.8 Anti-oxidant % Inhibition concentration (µg/ml) of different extracts from N. 

curviflora stem extracts. 
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3.8   Anti-microbial activity 

The micro-dilution assay was used to evaluate the antimicrobial activity of 

A, B, and C extracts against six bacterial strains, including Escherichia coli, 

Pseudomonas aeruginosa, Proteus vulgaris, klebsiella pneumonia, 

staphylococcus aureus, and MRSA, in addition to the yeast C. albicans. The 

lower MIC value indicates the higher antibacterial activity of the extracts on 

the tested bacterial strains. These results (Table 3.7) indicated that extract B 

had a moderate inhibitory effect against MRSA and S.aureus. On the other 

hand, both A and C extracts showed a weak or negligible inhibitory effect 

against all the microorganisms tested. The findings also revealed that none 

of the extracts inhibited C. albicans growth. 

Table 3.7. Minimum inhibitory concentration values (µg/ml) for 

different N. curviflora extracts against selected pathogens (bacteria and 

fungi). R = Resistant 

 Bacteria Fungus 

ATCC 

Number 

Clinical 

strain 

ATCC 

25923 

ATCC 

25922 
ATCC 13883 

ATCC 

8427 
ATCC 9027 

ATCC 

90028 

Microbe 

/extract 

MIC  

(µg/ml ) 

MRSA S.aureus E. coli 
Klebsiella 

pneumonia 

Proteus 

vulgaris 

Pseudomonas 

aeruginosa 

Candida 

albicans 

A 1250 1250 R R 1250 1250 R 

B 312.5 156.3 1250 1250 1250 R R 

C R 1250 R R R R R 
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Chapter Four 

Discussion and Conclusions 

4.1   The chemical composition of N. curviflora EO 

Twenty compounds were identified, accounting for 100% of the total EO of 

N .currvifloa. The most abundant components of the EO were found to be: 

1,6-dimethyl spiro[4.5]decane 55 (27.51%), caryophyllene oxide 56 

(20.08%), and β-caryophyllene 38 (18.28%). Sesquiterpenes were 

discovered to be the main group of the eight groups of identified compounds, 

accounting for 38.49% of the total EO composition. The main major 

compounds in this group are β-caryophyllene 38 (18.28%), β-farnesene 58 

(6.2%), and γ-caryophyllene 59 (4.95%). Another major sesquiterpene group 

is the oxygenated sesquiterpene group, which is represented by only 

caryophyllene oxide 56, which accounts for 20.08% of total EO. The 

spiroalkane group is the second most prevalent group of compounds, 

accounting for 29.14% of the total EO, with 1,6-dimethylspiro[4.5] decane 

55 (27.51%) being the most abundant. Hydrocarbon monoterpenes and 

oxygenated monoterpenoids (aldehyde, ketone, and lactone) made up 9.62% 

of the total oil, of which nepetalactone was the major, which accounted for 

5.38% of the total EO. 
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As stated previously, even the same plant species can have a different 

composition of EO, depending on different aspects such as climate, age, 

vegetative cycle stage, plant organ, location, and extraction technique [127-

129]. Thus, comparing the EO composition of N. curviflora from the current 

study with the findings from the previous studies from the Lebanese and 

Jordanian mountains shows quantitative and qualitative variations between 

them. These differences are shown in table 4.1. 

Table 4.1 Chemical compositions of Nepeta curviflora essential oil 

growing in Lebanon, Jordan, and Palestine. 

Location 
The used 

parts 
Technique EOs chemical compositions Reference 

Lebanon 

Aerial parts 

included 

flowering 

tops, seeds, 

and leaves 

Hydro-

distillation 

for 3.5 h 

2-Isopropyl-5-methyl3-

cyclohexen-1-one, (-)-

spathulenol, cis-Zα-bisabolene 

epoxide, widdrol, (E,Z)-5,7- 

dodecadiene, 

dihydronepetalactone and 4- 

propyl-cyclohexene with 

12.51, 11.73, 8.07, 7.0, 6.93, 

5.57 and 5.43%, respectively. 

[188] 

Lebanon 

Aerial parts 

included 

stems, 

leaves, and 

flowers 

Hydro-

distillation 

for 3 h 

β-Caryophyllene, 

caryophyllene oxide, (E)-β-

farnesene and (Z)-β-farnesene 

(41.6, 9.5, 6.2 and 4.8%, 

respectively) 

[190] 

Lebanon 

Aerial parts 

included 

stems, 

leaves, and 

flowers 

Hydro-

distillation 

for 3 h 

β-Caryophyllene, 

caryophyllene oxide, and (E)-

β-farnesene (50.2, 6.4, and 

5.3%, respectively). 

[191] 
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Jordan 

Aerial parts 

included 

stems, 

leaves, and 

flowers 

Hydro- 

distillation 

for 3 h 

The EO isolated from the fresh 

aerial parts consisted mainly of 

hydrocarbon sesquiterpenes 

(55.27%). In addition, the dried 

aerial parts were mainly 

consisting of oxygenated 

monoterpene (50.31%). 

However, the main ingredients 

characterized in the EOs of 

dried and fresh plant aerial 

parts were 

4aα,7α,7aαNepetalactone 

(43.8, 17.7%, respectively), E-

caryophyllene (11.5, 16.3%, 

respectively) and γ-murolene 

(10.4 and 18.54%, 

respectively). 

[189] 

Palestine 

Arial parts 

included 

leaves and 

flowers 

Mild 

microwave 

ultrasonic 

apparatus 

The major compounds are 1,6-

Dimethyl spiro[4.5]decane 

(27.5%), caryophyllene oxide 

(20.08%), and β-caryophyllene  

(18.28%) 

 

The variations between the four studies from Lebanon, Jordan and the 

current investigation could be partially related to the extraction techniques 

used. The current study used the mild microwave ultrasonic apparatus for the 

extraction of the EO, whereas the previously conducted studies used the 

hydro-distillation technique that requires reflux for a long time (≥ 3 h), which 

can affect the chemical composition of the EO. Moreover, the parts used, 

location, and collection period greatly affect the qualitative and quantitative 

plant chemical composition. Leaves and flowers of N. curviflora were used 

in the current study, while the previously conducted studies used either the 

leaves, flowers, and stems or the flowering tops, leaves, and seeds. As for 

the location and the collection period, the N. curviflora used in prior 

experiments was harvested in April, when the seeds were still developing. 
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Whereas the plant in this study was gathered on May 22nd, when the seeds 

were completely developed. 

4.2   Antioxidant activity of N. curviflora EO 

The current investigation showed that N. curviflora EO had strong 

antioxidant properties with an IC50 value of 6.3 ± 0.43 μg/mL, which is half 

of that of the standard antioxidant compound trolox (IC50 = 3.1 ± 0.92 

μg/mL). Al-Qudah has reported that the N. curviflora EO from Jordan 

exhibited significant antioxidant potential with an IC50 dose of 0.30 ± 7.07 

μg/mL compared with that of ascorbic acid (IC50 = 7.22 × 10− 5 ± 2.30 × 10-

6 μg/mL) [208]. This significant antioxidant activity may be correlated to the 

high occurrence of antioxidative compounds in the EO, such as 

caryophyllene, caryophyllene oxide 56, nepetalactone, and β-farnesene 58 

[205,206]. 

4.3   Porcine pancreatic lipase inhibitory activity 

Obesity has recently been identified as a major global issue. It is a long-term 

metabolic disorder that is associated with many chronic diseases such as 

hypercholesteremia, hypertension, pulmonary hypertension, sleep apnea, 

type 2 diabetes, and cardiovascular disease. One of the methods to treat 

obesity is by inhibiting the absorption of dietary fat using many drugs. 

Orlistat is an anti-obesity medication that contains lipase inhibitors, which 

are responsible for lowering fat levels by reducing dietary fat absorption 

[207,208]. The EO of N. curviflora has a strong antilipase inhibition activity, 
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with an IC50 value of 26.3 ±0.57 g/mL when the enzyme activity was 

measured using PNPB as a substrate. The obtained IC50 values were 

compared with those of orlistat (IC50 = 12.3 ± 0.33 μg/mL). This result ties 

in well with previous studies on other Nepeta species, Roh and Jung reported 

that the IC50 of porcine pancreatic lipase was 37.3 ± 2.5% for a 

hydroethanolic extract of Nepeta japonica [209]. Also, Salameh et al. 

reported that the EO of Nepeta serpyllifolia (Micromeria fruticosa 

serpyllifolia) displayed antilipase activity with an IC50 value of 39.81 μg/mL 

when compared with that of orlistat (IC50 = 43.64 μg/mL) [210]. 

4.4   α-Amylase and α-glucosidase inhibitory activities 

One of the most common chronic diseases in the world is diabetes mellitus. 

It is characterized by hyperglycemia, which can harm a variety of body parts, 

such as the eyes, nerves, kidneys, and blood vessels [211]. One of the most 

effective ways to manage diabetes is to reduce postprandial hyperglycemia 

(high blood glucose levels after a meal) by inhibiting the carbohydrate 

hydrolyzing enzymes, especially α-glucosidase and α-amylase. Acarbose is 

a synthetic pharmacological inhibitor that is effective against the 

postprandial hyperglycemia. However, this medication has many 

undesirable gastrointestinal side effects, like bloating and diarrhea [211]. 

Thus, research for natural alternatives that are both cost-effective and have 

fewer side effects is being conducted by many researchers. 

The EO of N. curviflora, isolated from leaves and flowers, showed strong 

inhibition activity against porcine pancreatic α-amylase enzyme with an IC50 
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value of 45.7 ± 0.26 μg/mL while acarbose had an IC50 value of 28.84 ± 1.22 

μg/mL. Zarrabi et al. found that N. racemosa aqueous decoction inhabited α-

amylase and α-glucosidase with an IC50 value of 9.45, and 33.57 μmol of 

acarbose equivalent per gram of dried extract, respectively [212]. 

The activity of N. curviflora EO as an inhibitor of α -glucosidase was also 

investigated. The EO had high inhibitory activity against the α -glucosidase 

enzyme, with an IC50 of 54.9 0.34 μg/mL, while acarbose had an IC50 of 

28.84 1.22 μg/mL. Sarikurkcua et al. has reported that the EOs of N. cadmea 

and N. nuda subsp. glandulifera showed a strong α-amylase inhibitory 

activity with IC50 values of 1.35 ± 0.02 and 1.15 ± 0.05 mg/ mL, respectively, 

which is very close to that of acarbose (positive control, IC50 = 1.33 ± 0.01 

mg/mL). Furthermore, the same study reported that these EOs have also 

strong inhibition actions against α-glucosidase with IC50 values of 5.93 ± 

0.18 and 0.99 ± 0.01 mg/mL, respectively, whereas that of acarbose was 0.99 

± 0.01 mg/mL [213]. To the best of our knowledge, the α-amylase and α-

glucosidase inhibitory actions of N. curviflora EO have never been reported 

in the literature. 

4.5   The chemical composition of N. curviflora stem extracts 

Three extracts of the stem of N. curviflora were obtained in this 

investigation. One of these extracts is the crude extract (A). The other 

extracts were labeled as (B) and (C). 
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4.6   The antioxidant activity of the stem extracts 

The antioxidant activity of the three extracts from the stem of N. curviflora 

was measured using the DPPH assay. The results showed that among the 

three extracts, extract B showed the most significant antioxidant activity with 

an IC50 of 43.365 µg/mL, less than that of the positive control (Trolox), 

which has an IC50 value of 2.70 µg/mL. A previous study on the methanol 

and aqueous stem extracts of Nepeta nepetella by Seladji M. et al. revealed 

that the methanol stem extracts exhibited significant antioxidant activity with 

an IC50 value of 7.37±0.17 mg/ml, which is nearly threefold higher than the 

aqueous stem extracts, which had an IC50 of 20.16±0.23 mg/ml [214]. 

4.7   The antimicrobial activity of the stem extracts 

The antimicrobial activity of the three extracts from the stem of N. curviflora 

was assessed using broth microdilution assay against four gram-negative 

bacteria, including Escherichia coli, Pseudomonas aeruginosa, Proteus 

vulgaris, klebsiella pneumonia, and two gram-positive bacteria, including 

Staphylococcus aureus, and MRSA, also against the yeast C. albicans. The 

results revealed that, out of the three extracts, extract B had the best 

inhibitory effect against almost all the screened bacterial strains, especially 

against S. aureus, with a moderate MIC value of 156.3 µg/ml. However, all 

three extracts didn’t have any inhibition activity against the fungal strain C. 

albicans. A previous study on the methanolic extracts of N. juncea by Sharifi 

et al revealed significant antibacterial activity against all tested bacterial 

strains with MIC values ranging from 25 to 100 µg/mL, with S. aureus being 



70 

the most sensitive bacteria with MIC values of 25, 25, and 50 µg/mL for the 

methanolic extracts of the leaves, flowers, and roots, respectively [215]. 

Contrary to our results, N. juncea methanolic extracts have also shown 

antifungal activity against C. albicans with MIC values of 25, 50, and 50 

µg/mL for the methanolic extracts of the leaves, flowers, and roots, 

respectively [215]. 

4.8   Conclusions 

In conclusion, the current study investigated the chemical composition of the 

EO from the leaves and flowers of N. curviflora, in which the presence of 

twenty phytochemicals was identified, with 1,6-dimethyl spiro[4.5]decane 

55, caryophyllene oxide 56, and β-caryophyllene 38 being the major 

compounds. Overall, the EO of N. curviflora displayed potential antioxidant, 

antilipase, α-amylase, and α-glucosidase enzymes inhibition activities 

compared with the positive controls (trolox, orlistat, and acarbose, 

respectively). In addition, three methanol extracts from the stem of N. 

curviflora showed DPPH scavenging activity in the following order: B  < A 

< C. Extract B has shown a moderate antibacterial effect against S. aureus 

with a MIC value of 156.3 µg/ml. However, none of the extracts were found 

to have antifungal activity against the yeast C. albicans. These findings 

provide the potential use of N. curviflora as a natural source of antioxidant, 

anti-obesity, and antidiabetic therapeutic agents, boosting the species' 

production and consumption. 

 



71 

References 

1. Kaiser, A., Carle, R., & Kammerer, D. R. (2013). Effects of blanching 

on polyphenol stability of innovative paste-like parsley (Petroselinum 

crispum (Mill.) Nym ex AW Hill) and marjoram (Origanum majorana 

L.) products. Food Chemistry, 138(2-3), 1648-1656. 

2. Kim, S. H., Hyun, S. H., & Choung, S. Y. (2006). Anti-diabetic effect 

of cinnamon extract on blood glucose in db/db mice. Journal of 

Ethnopharmacology, 104(1-2), 119-123. 

3. Guo, J. Y., Huo, H. R., Li, L. F., Guo, S. Y., & Jiang, T. L. (2009). Sini 

tang prevents depression-like behavior in rats exposed to chronic 

unpredictable stress. The American Journal of Chinese 

medicine, 37(02), 261-272. 

4. Srivastava, A. K. (2018). Significance of medicinal plants in human 

life. In Synthesis of Medicinal Agents from Plants (pp. 1-24). 

Elsevier. 

5. Solecki, R. S. (1975). Shanidar IV, a Neanderthal flower burial in 

northern Iraq. Science, 190(4217), 880-881. 

6. Qiu, J. (2007). Traditional medicine: a culture in the balance. 

7. Inoue, M., & Craker, L. E. (2014). Medicinal and aromatic plants—

Uses and functions. In Horticulture: Plants for People and Places, 

Volume 2 (pp. 645-669). Springer, Dordrecht. 



72 

8. Kopp, J., Wang, G. Y., Horch, R. E., Pallua, N., & Ge, S. D. (2003). 

Ancient traditional Chinese medicine in burn treatment: a historical 

review. Burns, 29(5), 473-478. 

9. Khan, H. (2014). Medicinal plants in light of history: recognized 

therapeutic modality. Journal of Evidence-based Complementary & 

Alternative Medicine, 19(3), 216-219. 

10.  Routh, H., & Bhowmik, K. (1999). Traditional Indian medicine in 

dermatology. Clinics in Dermatology, 17(1), 41-47. 

11.  IARC Working Group on the Evaluation of Carcinogenic Risks to 

Humans, & International Agency for Research on Cancer. 

(2002). Some traditional herbal medicines, some mycotoxins, 

naphthalene and styrene (Vol. 82). World Health Organization. 

12.  Pan, S. Y., Litscher, G., Gao, S. H., Zhou, S. F., Yu, Z. L., Chen, H. Q., 

... & Ko, K. M. (2014). Historical perspective of traditional indigenous 

medical practices: the current renaissance and conservation of herbal 

resources. Evidence-Based Complementary and Alternative 

Medicine, 2014. https://doi.org/10.1155/2014/525340 

13.  Khan, H. (2014). Medicinal plants in light of history: recognized 

therapeutic modality. Journal of Evidence-Based Complementary 

& Alternative Medicine, 19(3), 216-219. 

14.  Gurib-Fakim, A. (2006). Medicinal plants: traditions of yesterday and 

drugs of tomorrow. Molecular Aspects of Medicine, 27(1), 1-93. 

https://doi.org/10.1155/2014/525340


73 

15.  Cragg, G., Newman, D. (2001). Chemists’ toolkit, Nature’s bounty. 

Chemistry in Britain, 22-26. 

16.  Eloff, J. N. (1998). Which extractant should be used for the 

screening and isolation of antimicrobial components from 

plants?. Journal of Ethnopharmacology, 60(1), 1-8. 

17.  Latif, A., Amer, H. M., Hamad, M. E., Alarifi, S. A. R., & Almajhdi, 

F. N. (2014). Medicinal plants from Saudi Arabia and Indonesia: In 

vitro cytotoxicity evaluation on Vero and Hep-2 cells. Journal of 

Medicinal Plants Research, 8(34), 1065-1073. 

18.  Carroll, A. M., Kavanagh, D. J., McGovern, F. P., Reilly, J. W., & 

Walsh, J. J. (2012). Nature’s Chiral Catalyst and Anti-Malarial 

Agent: Isolation and Structure Elucidation of Cinchonine and 

Quinine from Cinchona calisaya. Journal of Chemical 

Education, 89(12), 1578-1581. 

19.  de Villiers, K. A., Gildenhuys, J., & le Roex, T. (2012). Iron (III) 

protoporphyrin IX complexes of the antimalarial cinchona alkaloids 

quinine and quinidine. ACS Chemical Biology, 7(4), 666-671. 

20.  Gurib-Fakim, A. (2006). Medicinal plants: traditions of yesterday 

and  drugs of tomorrow. Molecular Aspects of Medicine, 27(1), 1-93.   

21.  Cascella, M., Rajnik, M., Cuomo, A., et al. (2020). Features, 

Evaluation and Treatment Coronavirus (COVID-19). In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 2020 Jan. 



74 

22.  Jalali, A., Dabaghian, F., Akbrialiabad, H., Foroughinia, F., & 

Zarshenas, M. M. (2021). A pharmacology‐based comprehensive 

review on medicinal plants and phytoactive constituents possibly 

effective in the management of COVID‐19. Phytotherapy 

Research, 35(4), 1925-1938. 

23.  Jaradat, N. A., Ayesh, O. I., & Anderson, C. (2016). 

Ethnopharmacological survey about medicinal plants utilized by 

herbalists and traditional practitioner healers for treatments of 

diarrhea in the West Bank/Palestine. Journal of 

Ethnopharmacology, 182, 57-66. 

24.  Wild Flowers of Israel : 

  http://www.wildflowers.co.il/english/families.asp 

25.  Abu-Lafi, S., Rayan, M., Masalha, M., Abu-Farich, B., Al-Jaas, H., 

Abu-Lafi, M., & Rayan, A. (2019). Phytochemical composition and 

biological activities of wild Scolymus maculatus L. Medicines, 6(2), 

53. https://doi.org/10.3390/medicines6020053 

26.  Abu-Lafi, S., Rayan, B., Kadan, S., Abu-Lafi, M., & Rayan, A. (2019). 

Anticancer activity and phytochemical composition of wild Gundelia 

tournefortii. Oncology Letters, 17(1), 713-717. 

27.  Ahn, K. (2017). The worldwide trend of using botanical drugs and 

strategies for developing global drugs. BMB Reports, 50(3), 111–

116. 

http://www.wildflowers.co.il/english/families.asp
https://doi.org/10.3390/medicines6020053


75 

28.  Smith-Hall, C., Larsen, H. O., & Pouliot, M. (2012). People, plants 

and health: a conceptual framework for assessing changes in 

medicinal plant consumption. Journal of Ethnobiology and 

Ethnomedicine, 8(1), 1-11. 

29.  Namdeo, A. G. (2018). Cultivation of Medicinal and Aromatic Plants. 

In Natural Products and Drug Discovery (pp. 525-553). Elsevier. 

30.  Rao, B. N. (2003). Bioactive phytochemicals in Indian foods and 

their potential in health promotion and disease prevention. Asia 

Pacific Journal of Clinical Nutrition, 12(1), 9-22. 

31.  Awuchi, C. G. (2019). Medicinal plants: the medical, food, and 

nutritional biochemistry and uses. International Journal of 

Advanced Academic Research, 5(11), 220-241. 

32.  Jain, C., Khatana, S., & Vijayvergia, R. (2019). Bioactivity of 

secondary metabolites of various plants: a review. International 

Journal of Pharmaceutical Sciences and Research, 10(2), 494-498. 

33.  Fraenkel, G. S. (1959). The raison d'etre of secondary plant 

substances. Science, 1466-1470. 

34.  Tiwari, R., & Rana, C. S. (2015). Plant secondary metabolites: a 

review. International Journal of Engineering Research and 

General Science, 3(5), 661-670. 

35.  Stamp, N. (2003). Out of the quagmire of plant defense 

hypotheses. The Quarterly Review of Biology, 78(1), 23-55. 



76 

36.  Samuni-Blank, M., Izhaki, I., Dearing, M. D., Gerchman, Y., Trabelcy, 

B., Lotan, A., ... & Arad, Z. (2012). Intraspecific directed deterrence 

by the mustard oil bomb in a desert plant. Current Biology, 22(13), 

1218-1220. 

37.  Sharanabasappa, G. K., Santosh, M. K., Shaila, D., Seetharam, Y. N., 

& Sanjeevarao, I. (2007). Phytochemical Studies on Bauhinia 

racemosa Lam. Bauhinia purpurea Linn. and Hardwickia binata 

Roxb. E-Journal of Chemistry, 4(1), 21-31. 

38.  Harborne, J. B., Walton, N. J., & Brown―Classes, D. E. (1996). 

functions of secondary products in chemicals from 

Plants. Perspectives on Secondary plant products‖ Imperial College 

Press, 1-25. 

39.  Bourgaud, F., Gravot, A., Milesi, S., & Gontier, E. (2001). Production 

of plant secondary metabolites: a historical perspective. Plant 

Science, 161(5), 839-851. 

40.  Tsao, R. (2010). Chemistry and biochemistry of dietary 

polyphenols. Nutrients, 2(12), 1231-1246. 

41.  La Camera, S., Gouzerh, G., Dhondt, S., Hoffmann, L., Fritig, B., 

Legrand, M., et al. (2004). Metabolic reprogramming in plant innate 

immunity: the contributions of phenylpropanoid and oxylipin 

pathways. Immunol. Rev. 198, 267–284. doi: 10.1111/j.0105-

2896.2004.0129.x 



77 

42.  Vogt, T. (2010). Phenylpropanoid biosynthesis. Molecular 

Plant, 3(1), 2-20. 

43.  Hassan, S., & Mathesius, U. (2012). The role of flavonoids in root–

rhizosphere signalling: opportunities and challenges for improving 

plant–microbe interactions. Journal of Experimental Botany, 63(9), 

3429-3444. 

44.    Rodriguez-Mateos, A. M., Heiss, C., Borges, G., & Crozier, A. (2014). 

Cardioprotective effects of berry (poly) phenols. Journal of 

Agricultural and Food Chemistry, 62, 3842-3851. 

45.  Giampieri, F., Forbes-Hernandez, T. Y., Gasparrini, M., Alvarez-

Suarez, J. M., Afrin, S., Bompadre, S., ... & Battino, M. (2015). 

Strawberry as a health promoter: an evidence based review. Food & 

Function, 6(5), 1386-1398. 

46.  Heleno, S.A., Martins, A., Queiroz, M.J.R.P., Ferreira, I.C.F.R., 

(2015). Bioactivity of phenolic acids: metabolites versus parent 

compounds: a review. Food Chemistry. 173, 501–513. 

https://doi.org/10.1016/j.foodchem.2014. 10.057. 

47.  Anantharaju, P. G., Gowda, P. C., Vimalambike, M. G., & 

Madhunapantula, S. V. (2016). An overview on the role of dietary 

phenolics for the treatment of cancers. Nutrition Journal, 15(1), 1-16. 

48.  Kumar, N., & Goel, N. (2019). Phenolic acids: Natural versatile 

molecules with promising therapeutic applications. Biotechnology 

Reports, 24, e00370. https://doi.org/10.1016/j.btre.2019.e00370 

https://doi.org/10.1016/j.foodchem.2014.%2010.057
https://doi.org/10.1016/j.btre.2019.e00370


78 

49.  Haslam, E. (1989). Plant polyphenols: vegetable tannins revisited. 

CUP Archive. 

50.  Liu, C., Cai, D., Zhang, L., Tang, W., Yan, R., Guo, H., & Chen, X. 

(2016). Identification of hydrolyzable tannins (punicalagin, punicalin and 

geraniin) as novel inhibitors of hepatitis B virus covalently closed circular 

DNA. Antiviral Research, 134, 97-107. 

51.  Souquet, J. M., Labarbe, B., Le Guernevé, C., Cheynier, V., & 

Moutounet, M. (2000). Phenolic composition of grape stems. Journal 

of Agricultural and Food Chemistry, 48(4), 1076-1080. 

52.  Lamy, E., Rawel, H., Schweigert, F. J., Capela e Silva, F., Ferreira, A., 

Costa, A. R., ... & Sales-Baptista, E. (2011). The effect of tannins on 

Mediterranean ruminant ingestive behavior: the role of the oral 

cavity. Molecules, 16(4), 2766-2784. 

53.  Baxter, N. J., Lilley, T. H., Haslam, E., & Williamson, M. P. (1997). 

Multiple interactions between polyphenols and a salivary proline-rich 

protein repeat result in complexation and 

precipitation. Biochemistry, 36(18), 5566-5577. 

54.  Kemppainen, K., Siika-aho, M., Pattathil, S., Giovando, S., & Kruus, K. 

(2014). Spruce bark as an industrial source of condensed tannins and 

non-cellulosic sugars. Industrial Crops and Products, 52, 158-168. 

55.  Pizzi, A. (2006). Recent developments in eco-efficient bio-based 

adhesives for wood bonding: opportunities and issues. Journal of 

Adhesion Science and Technology, 20(8), 829-846. 



79 

56.  Heim, K. E., Tagliaferro, A. R., & Bobilya, D. J. (2002). Flavonoid 

antioxidants: chemistry, metabolism and structure-activity 

relationships. The Journal of Nutritional Biochemistry, 13(10), 572-

584. 

57.  Lago, J. H. G., Toledo-Arruda, A. C., Mernak, M., Barrosa, K. H., 

Martins, M. A., Tibério, I. F., & Prado, C. M. (2014). Structure-activity 

association of flavonoids in lung diseases. Molecules, 19(3), 3570-

3595. 

58.  Cook, N. C., & Samman, S. (1996). Flavonoids—chemistry, 

metabolism, cardioprotective effects, and dietary sources. The 

Journal of Nutritional Biochemistry, 7(2), 66-76. 

59.  Nabavi, S. F., Nabavi, S. M., Mirzaei, M., & Moghaddam, A. H. 

(2012). Protective effect of quercetin against sodium fluoride induced 

oxidative stress in rat's heart. Food & Function, 3(4), 437-441. 

60.  Nabavi, S. F., Russo, G. L., Daglia, M., & Nabavi, S. M. (2015). Role 

of quercetin as an alternative for obesity treatment: you are what you 

eat!. Food Chemistry, 179, 305-310. 

61.  Kumar, S., & Pandey, A. K. (2013). Chemistry and biological 

activities of flavonoids: an overview. The Scientific World 

Journal, 2013. https://doi.org/10.1155/2013/162750 

62.  Falcone Ferreyra, M. L., Rius, S., & Casati, P. (2012). Flavonoids: 

biosynthesis, biological functions, and biotechnological 

https://doi.org/10.1155/2013/162750


80 

applications. Frontiers in Plant Science, 3, 222. 

https://doi.org/10.3389/fpls.2012.00222   

63.  During, A., & Larondelle, Y. (2013). The O-methylation of chrysin 

markedly improves its intestinal anti-inflammatory properties: 

structure–activity relationships of flavones. Biochemical 

Pharmacology, 86(12), 1739-1746. 

64.  Harborne, J. B., & Williams, C. A. (2000). Advances in flavonoid 

research since 1992. Phytochemistry, 55(6), 481-504. 

65.  Havsteen, B. H. (2002). The biochemistry and medical significance 

of the flavonoids. Pharmacology & Therapeutics, 96(2-3), 67-202. 

66.  Aniszewski, T. (2007). Alkaloids-Secrets of Life: Aklaloid Chemistry, 

Biological Significance, Applications and Ecological Role. Elsevier. 

67.  Lu, J. J., Bao, J. L., Chen, X. P., Huang, M., & Wang, Y. T. (2012). 

Alkaloids isolated from natural herbs as the anticancer 

agents. Evidence-Based Complementary and Alternative 

Medicine . https://doi.org/10.1155/2012/485042 

68.  Roberts, M. F. (Ed.). (2013). Alkaloids: biochemistry, ecology, and 

medicinal applications. Springer Science & Business Media. 

69.  Bribi, N. (2018). Pharmacological activity of alkaloids: a 

review. Asian Journal of Botany, 1(1), 1-6. 

70.  Jing, H., Liu, J., Liu, H., & Xin, H. (2014). Histochemical 

investigation and kinds of alkaloids in leaves of different 

https://doi.org/10.3389/fpls.2012.00222
https://doi.org/10.1155/2012/485042


81 

developmental stages in Thymus quinquecostatus. The Scientific 

World Journal.  

https://doi.org/10.1155/2014/839548 

71.  Wink, M. (1988). Plant breeding: importance of plant secondary 

metabolites for protection against pathogens and herbivores. 

Theoretical and Applied Genetics, 75(2), 225-233. 

72.  Ramawat, K. G., & Mérillon, J. M. (Eds.). (2013). Natural Products: 

phytochemistry, botany and metabolism of alkaloids, phenolics and 

terpenes (pp. 1541-2662). Heidelberg, Germany:: Springer. 

73.  Roberts, M. F. (Ed.). (2013). Alkaloids: biochemistry, ecology, and 

medicinal applications. Springer Science & Business Media. 

74.  Isah, T. (2016). Anticancer Alkaloids from Trees: Development into 

Drugs. Pharmacognosy Reviews, 10(20), 90–99.  

https://doi.org/10.4103/0973-7847.194047 

75.  Alasvand, M., Assadollahi, V., Ambra, R., Hedayati, E., Kooti, W., & 

Peluso, I. (2019). Antiangiogenic effect of alkaloids Oxidative 

Medicine and Cellular Longevity.  

https://doi.org/10.1155/2019/9475908 

76.  Aniszewski, T. (2007). Alkaloids-Secrets of Life: Aklaloid Chemistry, 

Biological Significance, Applications and Ecological Role. Elsevier. 

https://doi.org/10.1155/2014/839548
https://doi.org/10.1155/2019/9475908


82 

77.  Pareek, M., Hansson, N. H., & Grove, E. L. (2013). Ventricular 

tachycardia induced by weight loss pills. Case reports in Medicine, 

2013. 

78.  Zhang, C., & Hong, K. (2020). Production of terpenoids by synthetic 

biology approaches. Frontiers in Bioengineering and 

Biotechnology, 8, 347. https://doi.org/10.3389/fbioe.2020.00347 

79.  Lichtfouse E. (2013). Sustainable Agriculture Reviews. 12. France: 

Springer Nature, 233. DOI: 978-94-007-5961-9. 

80.  Withers, S. T., & Keasling, J. D. (2007). Biosynthesis and engineering 

of isoprenoid small molecules.Applied Microbiology and 

Biotechnology, 73(5), 980-990. 

81.  Fraga, B. M. (2008). Natural sesquiterpenoids. Natural Product 

Reports, 25(6), 1180-1209. 

82.  Boncan, D. A. T., Tsang, S. S., Li, C., Lee, I. H., Lam, H. M., Chan, T. 

F., & Hui, J. H. (2020). Terpenes and Terpenoids in Plants: 

Interactions with Environment and Insects. International Journal of 

Molecular Sciences, 21(19), 7382.  

https://doi.org/10.3390/ ijms21197382 

83.  Abdallah, I. I., & Quax, W. J. (2017). A Glimpse into the Biosynthesis 

of Terpenoids. KnE Life Sciences, 81-98. 

84.  Seidel, A. (Ed.). (2013). Kirk-Othmer Chemical Technology of 

Cosmetics. John Wiley & Sons. 

https://doi.org/10.3389/fbioe.2020.00347
https://doi.org/10.3390/%20ijms21197382


83 

85.  Harshita, Barkat, M. A., Beg, S., Pottoo, F. H., & Ahmad, F. J. (2019). 

Nanopaclitaxel therapy: an evidence based review on the battle for 

next-generation formulation challenges. Nanomedicine, 14(10), 

1323-1341. 

86.  Zhou, H., Zhang, Z., & Cheung, H. Y. (2009). Theoretical study on the 

reactive sites and intramolecular interactions in taxol and its four 

analogues. International Journal of Quantum Chemistry, 109(2), 362-

372. 

87.  Croteau, R. O. D. N. E. Y., & Johnson, M. A. (1985). Biosynthesis of 

terpenoid wood extractives. Biosynthesis and biodegradation of 

Wood Components, 379-439. 

88.  Pattanaik, B., & Lindberg, P. (2015). Terpenoids and their 

biosynthesis in cyanobacteria. Life, 5(1), 269-293. 

89.  Brielmann, H. L., Setzer, W. N., Kaufman, P. B., Kirakosyan, A., & 

Cseke, L. J. (2006). Phytochemicals: The chemical components of 

plants. Natural Products from Plants, 2, 1-49. 

90.  Premkumar, L. S. (2014). Transient receptor potential channels as 

targets for phytochemicals. ACS Chemical Neuroscience, 5(11), 

1117-1130. 

91.  Tavera-Loza, H. (1999). Monoterpenes in essential oils; biosynthesis 

and properties. Chemicals via Higher Plant Bioengineering. E. 

Shahidi, Ed. Kluwer Academic Publishers and Plenum Press, New 

York. 



84 

92.  Banthorpe, D. V., Charlwood, B. V., & Francis, M. J. O. (1972). 

Biosynthesis of monoterpenes. Chemical Reviews, 72(2), 115-155. 

93.  Kamatou, G. P., & Viljoen, A. M. (2008). Linalool–A review of a 

biologically active compound of commercial importance. Natural 

Product Communications, 3(7), 1934578X0800300727. 

94.  Ludwiczuk, A., Skalicka-Woźniak, K., & Georgiev, M. I. (2017). 

Terpenoids. In Pharmacognosy (pp. 233-266). Academic Press. 

95.  Commisso, M., Guarino, F., Marchi, L., Muto, A., Piro, A., & Degola, 

F. (2021). Bryo-activities: a review on how bryophytes are 

contributing to the arsenal of natural bioactive compounds against 

fungi. Plants, 10(2), 203.  https://doi.org/10.3390/plants10020203 

96.  Joo, J. H., & Jetten, A. M. (2010). Molecular mechanisms involved in 

farnesol-induced apoptosis. Cancer Letters, 287(2), 123-135. 

97.  Opdyke DLJ. (1973) Monographs on fragrance raw materials Food 

and Cosmetics Toxicology, 11, 1059–1060. 

98.  Kuete, V. (Ed.). (2013). Medicinal Plant Research in Africa: 

Pharmacology and Chemistry. Newnes. 

99.  Hanson, J. R. (2009). Diterpenoids. Natural Product Reports, 26(9), 

1156-1171. 

100. Wang, H. B., Wang, X. Y., Liu, L. P., Qin, G. W., & Kang, T. G. (2015). 

Tigliane diterpenoids from the Euphorbiaceae and Thymelaeaceae 

families. Chemical Reviews, 115(9), 2975-3011. 

https://doi.org/10.3390/plants10020203


85 

101. Y.-X. Jin, L.-L. Shi, D.-P. Zhang, H.-Y. Wei, Y. Si, G.-X. Ma, J. Zhang, 

(2019). Molecules, 24, 1842–1861; 

102. Li, K., & Gustafson, K. R. (2021). Sesterterpenoids: chemistry, 

biology, and biosynthesis. Natural Product Reports, 38, 1251-1281. 

103. Bhat, SV., Sivakumar, M., Nagasampagi, BA. (2005). Chemistry of 

Natural Products. Berlin: Narosa. 

104. Liu, Y., Wang, L., Jung, J. H., & Zhang, S. (2007). 

Sesterterpenoids. Natural Product Reports, 24(6), 1401-1429. 

105. Wang, L., Yang, B., Lin, X-P., Zhou, XF., Liu, Y. (2013) 

Sesterterpenoids. Natural Product Reports, 30, 45573. 

106. Harborne, A. J. (1998). Phytochemical Methods a Guide to Modern 

Techniques of Plant Analysis. Springer science & business media. 

107. Liby, K. T., Yore, M. M., & Sporn, M. B. (2007). Triterpenoids and 

rexinoids as multifunctional agents for the prevention and treatment 

of cancer. Nature Reviews Cancer, 7(5), 357-369. 

108. Petronelli, A., Pannitteri, G., & Testa, U. (2009). Triterpenoids as new 

promising anticancer drugs. Anti-cancer Drugs, 20(10), 880-892. 

109. Bishayee, A., Ahmed, S., Brankov, N., & Perloff, M. (2011). 

Triterpenoids as potential agents for the chemoprevention and 

therapy of breast cancer. Frontiers in Bioscience: a journal and 

virtual library, 16, 980. 



86 

110. Tapiero, H., Townsend, D. M., & Tew, K. D. (2004). The role of 

carotenoids in the prevention of human pathologies. Biomedicine & 

Pharmacotherapy, 58(2), 100-110. 

111. Huang, M., Lu, J. J., Huang, M. Q., Bao, J. L., Chen, X. P., & Wang, 

Y. T. (2012). Terpenoids: natural products for cancer 

therapy. Expert Opinion on Investigational Drugs, 21(12), 1801-

1818. 

112. Wei, W. J., Song, Q. Y., Ying, J. C., Li, H. Y., Ma, K. L., Li, Y., ... & 

Gao, K. (2019). Highly oxygenated triterpenoids and rare 

tetraterpenoids from Abies chensiensis and their antibacterial 

activity. Journal of Natural Products, 82(10), 2859-2869. 

113. Tanaka, T., Shnimizu, M., Moriwaki, H. (2012). Cancer 

chemoprevention by carotenoids. Molecules, 17, 3202-3242, 

https://doi.org/10.3390/molecules17033202. 

114. Ahmed, E., Arshad, M., Khan, M. Z., Amjad, M. S., Sadaf, H. M., Riaz, 

I., ... & Ahmad, N. (2017). Secondary metabolites and their 

multidimensional prospective in plant life. Journal of 

Pharmacognosy and Phytochemistry, 6(2), 205-214. 

115. Kumari, S., Pundhir, S., Priya, P., Jeena, G., Punetha, A., Chawla, K., 

... & Yadav, G. (2014). EssOilDB: a database of essential oils 

reflecting terpene composition and variability in the plant kingdom. 

Database .https://doi.org/10.1093/database/bau120 

https://doi.org/10.3390/molecules17033202
https://doi.org/10.1093/database/bau120


87 

116. Palazzolo, E., Laudicina, V. A., & Germanà, M. A. (2013). Current 

and potential use of citrus essential oils. Current Organic 

Chemistry, 17(24), 3042-3049. 

117. Costa, M. A., Xia, Z. Q., Davin, L. B., & Lewis, N. G. (1999). Toward 

engineering the metabolic pathways of cancer-preventing lignans in 

cereal grains and other crops. In Phytochemicals in Human Health 

Protection, Nutrition, and Plant Defense (pp. 67-87). Springer, 

Boston, MA. 

118. Surburg, H., & Panten, J. (2016). Common Fragrance and Flavor 

Materials: preparation, properties and uses. John Wiley & Sons. 

119. Martín, Á., Varona, S., Navarrete, A., & Cocero, M. J. (2010). 

Encapsulation and co-precipitation processes with supercritical 

fluids: applications with essential oils. The Open Chemical 

Engineering Journal, 4(1), 31-41. 

120. Kessler, A., & Baldwin, I. T. (2001). Defensive function of herbivore-

induced plant volatile emissions in nature. Science, 291(5511), 2141-

2144. 

121. Abd-ElGawad, A., El Gendy, A. E. N., El-Amier, Y., Gaara, A., Omer, 

E., Al-Rowaily, S., Assaeed, A., Al-Rashed, S. & Elshamy, A. (2020). 

Essential oil of Bassia muricata: Chemical characterization, 

antioxidant activity, and allelopathic effect on the weed Chenopodium 

murale. Saudi journal of Biological Sciences, 27(7), 1900-1906. 



88 

122. Wani, A. R., Yadav, K., Khursheed, A., & Rather, M. A. (2020). An 

updated and comprehensive review of the antiviral potential of 

essential oils and their chemical constituents with special focus on 

their mechanism of action against various influenza and 

coronaviruses. Microbial Pathogenesis, 104620.  

https://doi.org/10.1016/j.micpath.2020.104620 

123. Dreger, M., & Wielgus, K. (2013). Application of essential oils as 

natural cosmetic preservatives. Herba Polonica, 59(4), 142-156. 

124. Fernández-López, J., & Viuda-Martos, M. (2018). Introduction to the 

special issue: application of essential oils in food systems. Foods, 7, 

56. https://doi.org/10.3390/foods7040056 

125. Turek, C., & Stintzing, F. C. (2013). Stability of essential oils: a 

review. Comprehensive Reviews in Food Science and Food 

Safety, 12(1), 40-53. 

126. Sharmeen, J. B., Mahomoodally, F. M., Zengin, G., & Maggi, F. (2021). 

Essential Oils as Natural Sources of Fragrance Compounds for 

Cosmetics and Cosmeceuticals. Molecules, 26(3), 666.  

https://doi.org/10.3390/molecules26030666 

127. Angioni, A., Barra, A., Coroneo, V., Dessi, S., & Cabras, P. (2006). 

Chemical composition, seasonal variability, and antifungal activity of 

Lavandula stoechas L. ssp. stoechas essential oils from stem/leaves and 

https://doi.org/10.1016/j.micpath.2020.104620
https://doi.org/10.3390/molecules26030666


89 

flowers. Journal of Agricultural and Food Chemistry, 54(12), 4364-

4370. 

128. Masotti, V., Juteau, F., Bessière, J. M., & Viano, J. (2003). Seasonal and 

phenological variations of the essential oil from the narrow endemic 

species Artemisia molinieri and its biological activities. Journal of 

Agricultural and Food Chemistry, 51(24), 7115-7121. 

129. Nakatsu, T., Lupo Jr, A. T., Chinn Jr, J. W., & Kang, R. K. (2000). 

Biological activity of essential oils and their constituents. In Studies 

in Natural Products Chemistry (Vol. 21, pp. 571-631). Elsevier. 

130. Tongnuanchan, P., & Benjakul, S. (2014). Essential oils: extraction, 

bioactivities, and their uses for food preservation. Journal of Food 

Science, 79(7), R1231-R1249. 

131. Aziz, Z. A., Ahmad, A., Setapar, S. H. M., Karakucuk, A., Azim, M. 

M., Lokhat, D., Rafatullah, M., Ganash, M., Kamal, M.A. & Ashraf, G. 

M. (2018). Essential oils: extraction techniques, pharmaceutical and 

therapeutic potential-a review. Current Drug Metabolism, 19(13), 

1100-1110. 

132. Lawrence, B. (2002). Natural products and essential oils. Advances in 

Flavours and Fragrances: from the sensation to the synthesis. Royal 

Society of Chemistry, Cambridge, 57-64. 

133. Masango, P. (2005). Cleaner production of essential oils by steam 

distillation. Journal of Cleaner Production, 13(8), 833-839. 



90 

134. Maharaj, S., & McGaw, D. (2020). Mathematical Model For The 

Removal Of Essential Oil Constituents During Steam Distillation 

Extraction. Processes, 8(4), 400.  https://doi.org/10.3390/pr8040400 

135. Prado, JM., Vardanega, R., Debien, ICN., Meireles, MAA., 

Gerschenson, LN., Sowbhagya, HB., et al. (2015) Chapter 6: 

Conventional extraction. In: Galanakis CM, editor. Food Waste 

Recovery. Processing Technologies and Industrial Techniques. 1st 

ed. Academic Press; 2015. pp. 127-148.  

136. Nakatsu, T., Lupo Jr, A. T., Chinn Jr, J. W., & Kang, R. K. (2000). 

Biological activity of essential oils and their constituents. In Studies 

in Natural Products Chemistry (Vol. 21, pp. 571-631). Elsevier. 

137. Li, X. M., Tian, S. L., Pang, Z. C., Shi, J. Y., Feng, Z. S., & Zhang, Y. 

M. (2009). Extraction of Cuminum cyminum essential oil by 

combination technology of organic solvent with low boiling point and 

steam distillation. Food Chemistry, 115(3), 1114-1119. 

138. El Asbahani, A., Miladi, K., Badri, W., Sala, M., Addi, E. A., 

Casabianca, H., ... & Elaissari, A. (2015). Essential oils: from 

extraction to encapsulation. International Journal of 

Pharmaceutics, 483(1-2), 220-243. 

139. Bousbia, N., Vian, M. A., Ferhat, M. A., Meklati, B. Y., & Chemat, F. 

(2009). A new process for extraction of essential oil from Citrus peels: 

Microwave hydrodiffusion and gravity. Journal of Food 

Engineering, 90(3), 409-413. 

https://doi.org/10.3390/pr8040400


91 

140. Wang, L. (2008). Energy efficiency and management in food 

processing facilities. CRC press. 

141. Yousefi, M., Rahimi-Nasrabadi, M., Pourmortazavi, S. M., 

Wysokowski, M., Jesionowski, T., Ehrlich, H., & Mirsadeghi, S. 

(2019). Supercritical fluid extraction of essential oils. TrAC Trends 

in Analytical Chemistry, 118, 182-193. 

142. Bezerra, F. W. F., da Costa, W. A., de Oliveira, M. S., de Aguiar 

Andrade, E. H., & de Carvalho Junior, R. N. (2018). 

Transesterification of palm pressed-fibers (Elaeis guineensis Jacq.) 

oil by supercritical fluid carbon dioxide with entrainer ethanol. The 

Journal of Supercritical Fluids, 136, 136-143. 

143. Knez, Ž., Škerget, M., & KnezHrnčič, M. (2013). Principles of 

supercritical fluid extraction and applications in the food, beverage 

and nutraceutical industries. In Separation, Extraction and 

Concentration Processes in the Food, Beverage and Nutraceutical 

Industries (pp. 3-38). Woodhead Publishing. 

144. Mendiola, J., Herrero, M., Castro-Puyana, M., Iba´n˜ez, E. (2013) 

Supercritical fluid extraction. In: Rostango M, Prado J, Kraus G 

(eds) Natural product extraction: principles and applications. Royal 

Society of Chemistry, Cambridge, pp 196–201 

145. Bezerra, FWF., de Oliviera, MS., Bezerra, PN., Cunha, VMB., Silva, 

MP., da Costa, WA., et al. (2020). Extraction of bioactives compounds. 



92 

In: Green Sustainable Process for Chemical and Environmental 

Engineering and Science. 1st ed., Kindle ed. Elsevier, pp. 149-167 

146. Wu, H., Li, J., Jia, Y., Xiao, Z., Li, P., Xie, Y., ... & Li, C. (2019). 

Essential oil extracted from Cymbopogon citronella leaves by 

supercritical carbon dioxide: antioxidant and antimicrobial 

activities. Journal of Analytical Methods in Chemistry. 

https://doi.org/10.1155/2019/8192439 

147. Pacheco‐Fernández, I., González‐Hernández, P., Rocío‐Bautista, P., 

Trujillo‐Rodríguez, M. J., & Pino, V. (2015). Main uses of microwaves 

and ultrasounds in analytical extraction schemes: An 

overview. Analytical Separation Science, 5, 1469-1502. 

148. Pingret, D., Fabiano-Tixier, A., Chemat, F. (2013). Ultrasound-

assisted extraction. In: Rostango M, Prado J, Kraus G (eds) Natural 

product extraction: principles and applications. Royal 

Society of Chemistry, Cambridge, pp 89–90. 

149. Roselló-Soto, E., Galanakis, C. M., Brnčić, M., Orlien, V., Trujillo, F. 

J., Mawson, R., ... & Barba, F. J. (2015). Clean recovery of antioxidant 

compounds from plant foods, by-products and algae assisted by 

ultrasounds processing. Modeling approaches to optimize processing 

conditions. Trends in Food Science & Technology, 42(2), 134-149. 

150. Fierascu, R. C., Fierascu, I., Ortan, A., Georgiev, M. I., & Sieniawska, 

E. (2020). Innovative approaches for recovery of phytoconstituents 

https://doi.org/10.1155/2019/8192439


93 

from medicinal/aromatic plants and biotechnological 

production. Molecules, 25(2), 309.  

151. Azzouz, A., & Ballesteros, E. (2016). Determination of 13 endocrine 

disrupting chemicals in environmental solid samples using 

microwave-assisted solvent extraction and continuous solid-phase 

extraction followed by gas chromatography–mass spectrometry. 

Analytical and Bioanalytical Chemistry, 408(1), 231-241. 

152. Eskilsson, C. S., & Björklund, E. (2000). Analytical-scale microwave-

assisted extraction. Journal of Chromatography A, 902(1), 227-250. 

153. Routray, W., & Orsat, V. (2012). Microwave-assisted extraction of 

flavonoids: a review. Food and Bioprocess Technology, 5(2), 409-

424. 

154. Périno-Issartier, S., Zill-e-Huma, A. V. M., & Chemat, F. (2011). 

Solvent free microwave-assisted extraction of antioxidants from sea 

buckthorn (Hippophae rhamnoides) food byproducts. Food 

Bioprocess Technology, 4, 1020-1028. 

155. Do, T. K. T., Hadji-Minaglou, F., Antoniotti, S., & Fernandez, X. 

(2015). Authenticity of essential oils. TrAC Trends in Analytical 

Chemistry, 66, 146-157. 

156. Lebanov, L., Tedone, L., Kaykhaii, M., Linford, M.R., Paull, B. (2019). 

Multidimensional gas chromatography in essential oil analysis. Part 

2: Application to characterization and identification, 

Chromatographia, 82(1), 399-414. 



94 

157. Chauhan, A., Goyal, M. K., & Chauhan, P. (2014). GC-MS technique 

and its analytical applications in science and technology. J Anal 

Bioanal Tech, 5(6), 222. doi: 10.4172/2155-9872.1000222 

158. Adebo, O. A., Oyeyinka, S. A., Adebiyi, J. A., Feng, X., Wilkin, J. D., 

Kewuyemi, Y, Abrahams, A.M. and Tugizimana, F. (2021). 

Application of gas chromatography–mass spectrometry (GC‐MS)‐

based metabolomics for the study of fermented cereal and legume 

foods: A review. International Journal of Food Science & 

Technology, 56(4), 1514-1534. 

159. Aidha, N. N., Yunilawati, R., & Rumondang, I. (2020). Method 

Development for Analysis of Essential Oils Authenticity Using Gas 

Chromatography-Mass Spectrometry (GC-MS). In 2nd International 

Conference of Essential Oil Indonesia (ICEO) (pp. 41-46). 

160. Jacob-Lopes, E., Maroneze, M. M., Queiroz, M. I., & Zepka, L. Q. 

(Eds.). (2020). Handbook of Microalgae-Based Processes and 

Products: Fundamentals and Advances in Energy, Food, Feed, 

Fertilizer, and Bioactive Compounds. Academic Press. 

161. Silva-Bermudez, P., Ramirez, G., & Rodil, S. E. (2013). Corrosion 

resistant coatings for dental implants. In Bio-Tribocorrosion in 

Biomaterials and Medical Implants (pp. 250-308). Woodhead 

Publishing. 

162. Abdalla, M. S., Saad-Hussein, A., Ibrahim, K. S., El-mezayen, H. A., 

& Osman, N. F. (2015). Effects of smoking on the oxidant/antioxidant 



95 

balance and the blood lipids in pesticide sprayers. Toxicology and 

Industrial Health, 31(2), 173-178. 

163. Halliwell, B., Gutteridge, JMC. (1999). Free radicals, other reactive 

species and disease. In: Free Radicals in Biology and Medicine. 3rd 

ed. Oxford: Oxford University Press. pp. 617-783 

164. Pala, F. S., & Gürkan, H. (2008). The role of free radicals in 

ethiopathogenesis of diseases.  Advances in Molecular Biology, 1, 1-9. 

165. Sochor, J., Zitka, O., Skutkova, H., Pavlik, D., Babula, P., Krska, B., ... 

& Kizek, R. (2010). Content of phenolic compounds and antioxidant 

capacity in fruits of apricot genotypes. Molecules, 15(9), 6285-6305. 

166. McCord, J. M. (2000). The evolution of free radicals and oxidative 

stress. The American Journal of Medicine, 108(8), 652-659. 

167. Tsuda, H., Uehara, N., Iwahori, Y., Asamoto, M., Ligo, M., Nagao, M., 

... & Hirono, I. (1994). Chemopreventive Effects of β‐Carotene, α‐

Tocopherol and Five Naturally Occurring Antioxidants on Initiation 

of Hepatocarcinogenesis by 2‐Amino‐3‐methylimidazo [4, 5‐f] 

qumoline in the Rat. Japanese Journal of Cancer Research, 85(12), 

1214-1219. 

168. Sammar, M., Abu-Farich, B., Rayan, I., Falah, M., & Rayan, A. (2019). 

Correlation between cytotoxicity in cancer cells and free 

radical-scavenging activity: In vitro evaluation of 57 medicinal and 

edible plant extracts. Oncology Letters, 18(6), 6563-6571. 



96 

169. Davies, J., & Davies, D. (2010). Origins and evolution of antibiotic 

resistance. Microbiology and Molecular Biology Reviews, 74(3), 417-

433. 

170. Aslam, B., Wang, W., Arshad, M. I., Khurshid, M., Muzammil, S., 

Rasool, M. H., ... & Baloch, Z. (2018). Antibiotic resistance: a 

rundown of a global crisis. Infection and Drug Resistance, 11, 1645. 

171. Willyard, C. (2017). The drug-resistant bacteria that pose the greatest 

health threats. Nature News, 543(7643), 15. 

172. Asmerom, D., Kalay, T. H., & Tafere, G. G. (2020). Antibacterial and 

Antifungal Activities of the Leaf Exudate of Aloe megalacantha 

Baker. International Journal of Microbiology, 2020. 

173. Rolta, R., Sharma, A., Sourirajan, A., Mallikarjunan, P. K., & Dev, K. 

(2021). Combination between antibacterial and antifungal antibiotics 

with phytocompounds of Artemisia annua L: A strategy to control 

drug resistance pathogens. Journal of Ethnopharmacology, 266, 

113420. 

174. Gorovoi, P. G., Suleimen, E. M., Dudkin, R. V., Wang, M., Khan, I., & 

Ross, S. A. (2015). Constituent Composition and Biological Activity 

of Nepeta manchuriensis Essential Oil. Chemistry of Natural 

Compounds, 51(5), 989-990. 

175. Jamzad, Z., Grayer, R. J., Kite, G. C., Simmonds, M. S., Ingrouille, M., 

& Jalili, A. (2003). Leaf surface flavonoids in Iranian species of 



97 

Nepeta (Lamiaceae) and some related genera. Biochemical 

Systematics and Ecology, 31(6), 587-600. 

176. Hussain, J., Ullah, F., Hussain, H., Hussain, T., & Shah, M. R. (2008). 

Nepetolide: A new diterpene from Nepeta suavis. Zeitschrift für 

Naturforschung B, 63(5), 591-594. 

177. Formisano, C., Rigano, D., & Senatore, F. (2011). Chemical 

constituents and biological activities of Nepeta species. Chemistry & 

Biodiversity, 8(10), 1783-1818. 

178. Salehi, B., Valussi, M., Jugran, A.K., Martorell, M., Ramírez-Alarc´on, 

K., Stojanovi´cRadi´c, Z.Z., Antolak, H., Kręgiel, D., Mileski, K.S., 

Sharifi-Rad, M., Setzer, W.N., C´adizGurrea, M.d.l.L., Segura-

Carretero, A., S¸ener, B., & Sharifi-Rad, J. (2018). Nepeta species: 

from farm to food applications and phytotherapy. Trends in Food 

Science & Technology, 80, 104–122. 

179. Patial, P. K., Sharma, A., Kaur, I., & Cannoo, D. S. (2019). Correlation 

study among the extraction techniques, phytochemicals, and 

antioxidant activity of Nepeta spicata aerial part. Biocatalysis and 

Agricultural Biotechnology, 20, 101275. 

180. Aniˇci´c, N., Matekalo, D., Skori´c, M., ˇZivkovi´c, J.N., Petrovi´c, L., 

Dragi´cevi´c, & M., Miˇsi´c, D. (2020). Alterations in nepetalactone 

metabolism during polyethylene glycol (PEG)induced dehydration 

stress in two Nepeta species. Phytochemistry, 174, 112340. 



98 

181. Cannas, S., Scaglia, E., Talamonti, Z., Dall'Ara, P., & Palestrini, C. 

(2018). Effect of a nepeta cataria oil diffusor on cat 

behaviour. Veterinaria (Cremona), 32(1), 43-50.  

182. Süntar, I., Nabavi, S. M., Barreca, D., Fischer, N., & Efferth, T. (2018). 

Pharmacological and chemical features of Nepeta L. genus: Its 

importance as a therapeutic agent. Phytotherapy Research, 32(2), 

185-198. 

183. Baranauskienė, R., Bendžiuvienė, V., Ragažinskienė, O., & 

Venskutonis, P. R. (2019). Essential oil composition of five Nepeta 

species cultivated in Lithuania and evaluation of their bioactivities, 

toxicity and antioxidant potential of hydrodistillation residues. Food 

and Chemical Toxicology, 129, 269-280. 

184. Sharma, A., & Cannoo, D. S. (2017). A comparative study of effects of 

extraction solvents/techniques on percentage yield, polyhenolic 

composition, and antioxidant potential of various extracts obtained 

from stems of N epeta leucophylla: RP‐HPLC‐DAD assessment of its 

polyhenolic constituents. Journal of Food Biochemistry, 41(2), 

e12337. 

185. MH, L. B. H. A. J. (2017). Volatile organic compounds and essential 

oil composition of selected organs of Nepeta curviflora collected from 

two regions in Jordan. Jordan Journal of Chemistry (JJC), 12(2), 

101-112. 



99 

186. Sharma, A. & Cannoo, D. S. (2013). Phytochemical composition of 

essential oils isolated from different species of genus Nepeta of 

Labiatae family: A review. Pharmacophore. 4(6), 181–211. 

187. Ali, A., Tabanca, N., Demirci, B., Blythe, E. K., Can Baser, K. H., & 

Khan, I. A. (2016). Chemical Composition and Biological Activity of 

Essential Oils from Four Nepeta Species and Hybrids against Aedes 

aegypti (L.)(Diptera: Culicidae). Records of Natural Products, 10(2). 

188. Musso, L., Scaglia, B., Haj, G. A., Arnold, N. A., Adani, F., Scarì, G., 

... & Iriti, M. (2017). Chemical characterization and nematicidal 

activity of the essential oil of Nepeta nuda L. ssp. pubescens and 

Nepeta curviflora Boiss. from Lebanon. Journal of Essential Oil 

Bearing Plants, 20(6), 1424-1433. 

189. Al-Qudah, M. A. (2016). Antioxidant Acitvity and Chemical 

Composition of Essential Oils of Fresh and Air-dried Jordanian 

Nepeta curviflora Boiss. Journal of Biologically Active Products 

from Nature, 6(2), 101-111. 

190. Mancini, E., Apostolides Arnold, N., De Feo, V., Formisano, C., 

Rigano, D., Piozzi, F., & Senatore, F. (2009). Phytotoxic effects of 

essential oils of Nepeta curviflora Boiss. and Nepeta nuda L. subsp. 

albiflora growing wild in Lebanon. Journal of Plant Interactions, 

4(4), 253-259. 



100 

191. Senatore, F., Arnold, N. A., & Piozzi, F. (2005). Composition of the 

essential oil of Nepeta curviflora Boiss.(Lamiaceae) from Lebanon. 

Journal of Essential Oil Research, 17(3), 268-270. 

192. Jaradat, N., Adwan, L., K’aibni, S., Shraim, N., & Zaid, A. N. (2016). 

Chemical composition, anthelmintic, antibacterial and antioxidant 

effects of Thymus bovei essential oil. BMC Complementary and 

Alternative Medicine, 16(1), 1-7. 

193. Vinaixa, M., Schymanski, E. L., Neumann, S., Navarro, M., Salek, R. 

M., & Yanes, O. (2016). Mass spectral databases for LC/MS-and 

GC/MS-based metabolomics: State of the field and future 

prospects. TrAC Trends in Analytical Chemistry, 78, 23-35. 

194. Wei, X., Koo, I., Kim, S., & Zhang, X. (2014). Compound 

identification in GC-MS by simultaneously evaluating the mass 

spectrum and retention index. Analyst, 139(10), 2507-2514. 

195. Serfling, A., Wohlrab, J., & Deising, H. B. (2007). Treatment of a 

clinically relevant plant-pathogenic fungus with an agricultural 

azole causes cross-resistance to medical azoles and potentiates 

caspofungin efficacy. Antimicrobial Agents and Chemotherapy, 

51(10), 3672-  3676. 

196. Jaradat, N. A., & Abualhasan, M. (2015). Comparison in vitro of 

antioxidant activity between fifteen Campanula Species (Bellflower) 

from palestinian flora. Pharmacognosy Journal, 7(5). 



101 

197. Güllüce, M., Sökmen, M., Şahin, F., Sökmen, A., Adigüzel, A., & Özer, 

H. (2004). Biological activities of the essential oil and methanolic 

extract of Micromeria fruticosa (L) Druce ssp serpyllifolia (Bieb) PH 

Davis plants from the eastern Anatolia region of Turkey. Journal of 

the Science of Food and Agriculture, 84(7), 735-741. 

198.    Jaradat, N., Zaid, A. N., Hussein, F., Zaqzouq, M., Aljammal, H., & 

Ayesh, O. (2017). Anti-lipase potential of the organic and aqueous 

extracts of ten traditional edible and medicinal plants in Palestine; a 

comparison study with orlistat. Medicines, 4(4), 89. 

 https://doi.org/10.3390/medicines4040089 

199. Zaid, A. N., Zohud, N., E'layan, B., Aburadi, T., Jaradat, N., Ali, I., 

Hussein, F., Ghanem, M., Qaddomi, A., & Abu Zaaror, Y. (2017). 

Pharmacodynamic testing and new validated HPLC method to assess 

the interchangeability between multi-source orlistat capsules. Drug 

Design, Development and Therapy, 11, 3291–3298. 

 https://doi.org/10.2147/DDDT.S138926 

200. Jaradat, N., & Al-Maharik, N. (2019). Fingerprinting, antimicrobial, 

antioxidant, anticancer, cyclooxygenase and metabolic enzymes 

inhibitory characteristic evaluations of Stachys viticina Boiss. 

essential oil. Molecules, 24(21), 3880.  

https://doi.org/10.3390/molecules24213880 

https://doi.org/10.3390/medicines4040089
https://doi.org/10.3390/molecules24213880


102 

201. Hawash, M., Jaradat, N., Elaraj, J., Hamdan, A., Lebdeh, S. & Halawa, 

T. (2020). Evaluation of the hypoglycemic effect of seven wild 

folkloric edible plants from Palestine. Journal of Complementary 

and Integrative Medicine, 17(1), 20190032.  

https://doi.org/10.1515/jcim-2019-0032 

202. Teixeira, J., Gaspar, A., Garrido, E. M., Garrido, J., & Borges, F. 

(2013). Hydroxycinnamic acid antioxidants: an electrochemical 

overview. BioMed Research International, 2013.  

https://doi.org/10.1155/2013/251754 

203. Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro 

evaluating antimicrobial activity: A review. Journal of 

Pharmaceutical Analysis, 6(2), 71-79. 

204. Jani, N. A., Ibrahim, N., Hashim, S. E., & Sirat, H. M. (2015). 

Antimicrobial and Antioxidant Activities of Hornstedtia leonurus 

Retz. Extracts. Journal of Science and Technology, 7(2).   

205. Fidyt, K., Fiedorowicz, A., Strządała, L., & Szumny, A. (2016). β‐

caryophyllene and β‐caryophyllene oxide—natural compounds of 

anticancer and analgesic properties. Cancer Medicine, 5(10), 3007-

3017. 

206. Shafaghat, A., & Oji, K. (2010). Nepetalactone content and 

antibacterial activity of the essential oils from different parts of 

https://doi.org/10.1515/jcim-2019-0032
https://doi.org/10.1155/2013/251754


103 

Nepeta persica. Natural Product Communications, 5(4), 

1934578X100050 0427. 

207. Buskens, E., Vogt, T. C., Liefbroer, A. C., Reijneveld, M. S., Bultmann, 

U., Henkens, K. C., de Ruiter, J.H. & de Rooij, S. E. (2019). Healthy 

ageing: Challenges and opportunities of demographic and societal 

transitions. In Older people: Improving Health and Social Care (pp. 

9-31). Springer, Cham. 

208. Suleiman, J. B., Nna, V. U., Othman, Z. A., Zakaria, Z., Bakar, A. B. 

A., & Mohamed, M. (2020). Orlistat attenuates obesity‐induced 

decline in steroidogenesis and spermatogenesis by up‐regulating 

steroidogenic genes. Andrology, 8(5), 1471-1485. 

209. Roh, C., & Jung, U. (2012). Nepeta japonica Maximowicz extract from 

natural products inhibits lipid accumulation. Journal of the Science 

of Food and Agriculture, 92(10), 2195-2199. 

210. Salameh, N., Shraim, N., & Jaradat, N. (2018). Chemical composition 

and enzymatic screening of Micromeria fruticosa serpyllifolia volatile 

oils collected from three different regions of West Bank, 

Palestine. BioMed Research International, 2018.  

https://doi.org/10.1155/2018/6536919 

211. Xiong, Y., Ng, K., Zhang, P., Warner, R. D., Shen, S., Tang, H. Y., ... 

& Fang, Z. (2020). In Vitro α-Glucosidase and α-Amylase Inhibitory 

Activities of Free and Bound Phenolic Extracts from the Bran and 

https://doi.org/10.1155/2018/6536919


104 

Kernel Fractions of Five Sorghum Grain Genotypes. Foods, 9(9), 

1301. https://doi.org/10.3390/foods9091301 

212. Zarrabi, M., Asghari, B., Maryamabadi, A., Mohebbi, G., & Rashvand, 

S. (2019). Phytochemical Properties and Inhibitory and Antioxidant 

Effects of the Decoction, Infusion and Hydro-Alcoholic Extract of 

Nepeta Race-mosa on α-Amylase and α-Glucosidase. Iranian South 

Medical Journal, 22(2), 90-105. 

213. Sarikurkcu, C., Ceylan, O., Targan, S., & Zeljković, S. Ć. (2018). 

Chemical composition and biological activities of the essential oils of 

two endemic Nepeta species. Industrial Crops and Products, 125, 5-8. 

214. Seladji, M., Bekhechi, C., Beddou, F., Hanane, D. I. B., & Bendimerad, 

N. (2014). Antioxidant activity and phytochemical screening of 

Nepeta nepetella aqueous and methanolic extracts from 

Algeria. Journal of Applied Pharmaceutical Science, 4 (02), 012-

016. DOI: 10.7324/JAPS.2014.40203 

215. Sharifi-Rad, M., Epifano, F., Fiorito, S., & Álvarez-Suarez, J. M. 

(2020). Phytochemical analysis and biological investigation of Nepeta 

juncea Benth. different extracts. Plants, 9(5), 646.  

https://doi.org/10.3390/plants9050646 

 

 

 

https://doi.org/10.3390/foods9091301
https://doi.org/10.3390/plants9050646


105 

 

 

 

 

 

 

 

 

 

Appendix 

 

 

 

 

 

 

 

 

 

 



106 

 

Fig.a.1. IR spectra for compound B 

 

Fig.a.2. IR spectra for compound C 
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Fig.a.3. HPLC analysis for F1: The first fraction from the first column. 

 

 

 
Fig.a.4. HPLC analysis for F2: The second fraction from the first column. 
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Fig.a.5. HPLC analysis for F3: The third fraction from the first column. 

 

 
Fig.a.6. HPLC analysis for F4: The fourth fraction from the first column. 
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Fig.a.7. HPLC analysis for F5: The fifth fraction from the first column. 

 
Fig.a.8. HPLC analysis for compound B. 
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Fig.a.9. HPLC analysis for compound C. 
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 الملخص 

السنين آلاف  علاج،  منذ  في  الطبية  والنباتات  الأعشاب  استخدام  الأمراض    تم  من  مختلفة  أنواع 
  لها فوائد مختلفة   الطيارة أثبتت العديد من الدراسات أن الزيوت    للأفراد. ولتحسين الرعاية الصحية  

نمو بشكل طبيعي  تنعناع القطط    نبتة   الطب والصناعات ومستحضرات التجميل.  مجال   في   اصة خ

لها رائحة النعناع    بما في ذلك فلسطين.  في الأجزاء الشرقية من منطقة البحر الأبيض المتوسط ، 

للتحقيق  صممت هذه الدراسة    لعلاج العديد من الأمراض.الشعبي    استخدمت في الطباللطيفة وقد  

التركيب   للزيت  في  أوراق وأزهار    رالطياالكيميائي  القطط    نبتةمن    ، جذوعها  مستخلصاتونعناع 
 . وائيةلدا  صها خصائبالاضافة الى الكشف عن 

(، وتم Microwave ultrasonicباستخدام جهاز)نعناع القطط  الزيوت الطيارة لنبتة  تم استخراج  

( جهاز  باستخدام  الكيميائية  المكونات  فاعليةو  (،GC-MSتحليل  اختبار  الطيارة تم     الزيوت 

جذوع  و من  النبتةالمستخلصات  تثبيط  ات كمضاد   هذه  من خلال  لمركب   الشقائق   للأكسدة    الحرة 

DPPH)) .    باستخدام     (الليباز   )  انزيمضد  بط  ثكم رفحص فاعلية الزيت الطياتمPNPB))   ضد ،

انزيم (DNSA) باستخدام  الأميليز انزيم   باستخدامغلوكوسيدازال  )  ، وضد   )  (PNPG).   تم عزل

تم التحقق من  و،    تقنية العمود الكروماتوغرافي  نبتة  باستخدامال  هذه  جذوع    ثلاثة مستخلصات من

وتم الكشف عن المجموعات الوظيفية  .  كروماتوغرافيا الطبقة الرقيقة  نقاوة المركبات باستخدام تحليل

المستخلصات من   فعالية   ولفحص .  مطيافية الأشعة تحت الحمراء في المستخلصات باستخدام تقنية  
الجذوع   للميكروبات   نبتةهذه    لكشب  microdiltution)  (broth  ةق ي طرم  ا دخت س ا   م ت  د ق ف   المضادة 

 .للبكتيريا وايضا كمضاد للفطركمضاد   ل ص فن م



 ج

، بحيث كانت المكونات   نعناع القطط السوري  نبتةل  الطيارزيت  التم تحديد عشرين مركباً من  

 ,dimethyl spiro[4.5]decane 55 (27.51%)-1,6 الاساسية لهذا الزيت هي:

caryophyllene oxide 56 (20.08%), β-caryophyllene 38 (18.28%)    . 

الزيت  أ النتائج ان فعالية  .   50IC=   g/mL6.3 ± 0.43 μبتركيز    كانت   كمضاد للأكسدةظهرت 

 50IC=26.3 كانت بتراكيز  غلوكوسيدازال  ، والأميليز   ، الليباز  وفعالية هذا الزيت كمثبط لانزيمات 

± 0.57, 45.7 ± 0.26, 54.9 ± 0.34 μg/mL    .ثلاثة تم عزل    ،علاوة على ذلكعلى التوالي  
(. اظهرت هذه المستخلصات فعاليتها  ( A ,B, C وسميت كالتالي    نبتةال  هذه   جذوعمستخلصات من  

78.53± 43.365 ,1.09± ,0.165  171.48±  1.57كالتالي :    50ICبتراكيز    للأكسدة  اتكمضاد

μg/mL    أظهر المركب  بحيث    ، كمضادات للميكروباتبالترتيب. بالاضافة الى فعاليتها(B)    أعلى

 .S. aureusبكتيريا    ضد وذلك    µg/mL 156.3يساوي    (MIC)من التركيز  متوسط نشاط  بحد  

 .Candida albicans  نشاط ضد سلالة فطرياتلم تظهر أي  المستخلصات  هذه  جميع لكن

 

 

 


