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Abstract 

Evaluation of Antiproliferative Activity of the Aerial Part Essential Oil Urtica simenesis 

Hochst and Hydroalcholic Leaf Extract Discopodium penninervium Hochst 

Hiwot Ayalew 

Addis Ababa University, 2019 

Cancer is a generic term for a large group of diseases that can affect any part of the body. It is the 

second leading cause of death globally and is estimated to account for 9.6 million deaths in 2018. 

Currently, chemotherapy, radiotherapy and surgical measure are the key tools for cancer 

treatment. However, treating cancer is a challenge due to complexity of the disease, toxicity of 

chemotherapy, unaffordability of treatment and severe side effects. Thus, searching for new 

molecules which are effective and safe is needed. 

In traditional medical practices of Ethiopia Urtica simenesis Hochst. (Urticaceae) and 

Discopodium penninervium Hochst. (Solanaceae) are used for several ailments including cancer, 

The objective of the present study was to evaluate the in vitro antiproliferative activities of the 

essential oil of U. simenesis and hydroalcoholic leaf extract of D. penninervium against two 

cancers cell lines namely, ovarian carcinoma (A2780) and leukemia (MV4-11). 

Antiproliferative effect of the essential oil of U. simenesis and hydroalocholic leaf extract of D. 

penninervium was evaluated against human ovarian (A2780) and leukemia (MV4-1) cancer cells 

using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and resazurin assay, 

respectively. Moreover, the effect of the essential oil of U. simensis on cell cycle and apoptosis 

was determined by flow cytometry using propidium iodide and Appendix in V/propidium iodide 

staining, respectively. 

Results of the study showed that the essential oil of U. simenesis exhibited potent antiproliferative 

activity on A2780 with GI50 value of 0.299 µl/ml and moderate activity on MV4-11 cells, with 

GI50 1.856 µl/ml. At a concentration of % (v/v), the oil further caused 
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S phase arrest and induced a significant cell death with over 90% of cells undergoing apoptosis. 

Similarly, the hydroalcoholic extract of D. penninervium exhibited moderate antiproliferative 

activity on A2780 cells with GI50 value of 10.69 µg/ml but show no activity on MV4-11 cells. 

Chemical analysis of the essential oil using GC-MS led to the identification of forty-seven 

compounds accounting 77.6% of the total oil. p-Xylene (12.16%), p-cymene (7.83%) and o-

cymene (7.84%) figured as major components, whilst sulfur-containing compounds, such as 

2,4,6-trimethyl-1,3,5-trithiane accounted 11.78% of the total oil. Phytochemical investigation of 

the leaf extract of D. penninervium by column chromatography over silica gel led to the isolation 

of a flavonoid compound characterized as quercetin-3-O-glucoside. Structural elucidation of the 

compound was achieved by spectroscopic techniques including 1D-NMR (
1
H-NMR, 

13
C-NMR, 

DEPT), 2D-NMR (HMBC) and TOF-MS. 

In conclusion, the present study confirmed that both the essential oil of U. simenesis and the 

hydroalcoholic extract of D. penninervium, showed genuine antiproliferative activity that justify 

the traditional uses of these plants for the treatment of cancer. 

 

Key words: Antiproliferative, Essential Oil, Urtica simenesis, Discopodium penninervium, 

Quercetin-3-O-glucoside. 
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1. Introduction 

1.1.Cancer: Definition, pathogenesis and causes 

Cancer is a generic term for a large group of diseases that can affect any part of the body which have 

feature of rapid creation of abnormal cells that grow beyond their usual boundaries, and which can 

then invade adjoining parts of the body and spread to other organs (WHO, 2018). 

Cancer is a multi-gene, multi-step disease originating from a single abnormal cell with altered DNA 

sequence (mutation) (Hejmadi, 2010). Typically aberrant gene function and altered patterns of gene 

expression result in alteration of crucial intracellular signaling pathways associated with the 

regulation of cell survival, proliferation, differentiation and death mechanisms, ending up in 

uncontrolled cell division and dissemination to other organs–which is the major cause of cancer 

death (Yokota, 2000; Jones and Baylin, 2007; Hejmadi, 2010). This process results from an 

imbalance of tumor suppressor genes and oncogenes that involve the gain-of-function mutation, 

amplification, and/or overexpression of key oncogenes together with the loss-of-function mutation, 

deletion, and/or epigenetic silencing of key tumor suppressors (Luo et al., 2009). 

The initiation and progression of cancer depends on both external factors in the environment 

(tobacco, chemicals, radiation and infectious organisms) (Stojan, 2004) and factors within the cell 

(mutations, hormones and immune conditions) (Anand et al., 2008).The external factors are the 

major risk factors, which accounts for 90–95%, while the latter accounts for only 5–10% of all 

cancer cases (Anand et al., 2008; Hejmadi, 2010). These factors contribute to initiate a chain of 

events that result in cellular DNA defects that lead to cancer. Accumulation of multiple mutations is 

required for the progression of cancer from in situ dysplasia to malignant tumor (Weinberg, 2007). 

The various genetic alterations acquired by cancer cells ultimately manifest as six essential 

properties considered the “hallmarks of cancer”: growth signal autonomy and resistance to anti-

growth signals; ability to invade and metastasize; unlimited replication potential; sustained 

angiogenesis; and escape of apoptosis (Hanahan and Weinberg, 2000). 
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1.2. Epidemiology 

Cancer is one of the most dreadful diseases all over the world (Hosseinzadeh et al., 2017). It is 

reported to be the second leading cause of death globally and is estimated to account for 9.6 million 

deaths in 2018 (WHO, 2018). 

The overall burden of cancer in the world is projected to continue to rise. By 2030, it is projected 

that there will be about 26 million new cancer cases and 17 million cancer deaths per year (Boyle 

and Levin, 2017). Cancer affects all communities worldwide, but there are marked differences in the 

prevalence and types of cancers among communities (Kanavos, 2006). Low- and middle- income 

countries accounted for about half (51%) of all cancers worldwide in 1975; this proportion increased 

to 55% in 2007 and is projected to reach 61% by 2050 (Bray and Møller, 2006). This is an alarming 

prospect, where the weak health systems are severely resource constrained and already overwhelmed 

by the large burden of communicable diseases (Memirie et al., 2018). This burden of cancer on 

developing nations is due to the adoption of western lifestyles, such as smoking, poor diet and 

physical inactivity (Center et al., 2015). 

As one of the developing nations, Ethiopia is experiencing an increasing burden of cancer. In 2015, 

cancer incidence in Ethiopia is estimated to be 21,563 (95% CI, 17,416 to 25,660) and 42,722 (95% 

CI, 37,412 to 48,040) in males and females, respectively (Memirie et al., 2018),  

1.3. Treatment modalities 

The aim of cancer treatment is to stop tumor growth with minimal side effects to other normal 

tissues (Hosseinzadeh et al., 2017). Depending on different factors, there are different types of 

treatment, which may be used alone or in combination: surgery, radiotherapy and chemotherapy 

(Luqmani, 2005). Most frequently, surgery is the therapy of choice for early cancers, and it may also 

be curative. Radiotherapy is most often used in a localized setting and in conjunction with surgical 

procedures. The use of drugs involves chemotherapy, which employs a wide group of drugs that 

have cytotoxic effects which preferentially, but not exclusively, target the rapidly dividing cancer 
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cells (Luqmani, 2005; Fernando and Jones, 2015). Chemotherapy drugs cause cell death, either by 

directly interfering with DNA, or by targeting the key proteins required for cell division (Fernando 

and Jones, 2015). 

Chemotherapy drugs are classified by their biochemical properties. Those in the same biochemical 

class have a similar mechanism of action ((Bhosle and Hall, 2009; Livshits et al, 2014; Fernando and 

Jones, 2015). 

Table 1: Biochemical classification of chemotherapy drugs (Bhosle and Hall, 2009; Livshits et al, 

2014; Fernando and Jones, 2015) 

Drug class Mechanism of action Examples 

Alkylating agents Impair cell function by 

forming covalent bonds on 

important molecules in 

proteins, DNA and RNA. 

Platiniums (pisplatin, carboplatin, 

oxaliplatin) 

Nitrogen mustards (chlorambucil, 

melphalan) 

Antimetabolites Structural analogues of 

naturally occurring 

metabolites involved in DNA 

and RNA synthesis 

Pyrimidine analogues (gemctabine, 5- 

flourouracil) 

Antifolates (methotrexate) 

Antitumor antibiotics Intercalate DNA at specific 

sequences, creating free 

radical, which cause strand 

breakage. 

Anthracyclines (doxorubicin, 

epirubicin), bleomycin, mitoxantrone 
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Topoisomerase 

inhibitors 

Topoisomerase I and 

topoisomerase II are enzymes 

responsible for the uncoiling 

of DNA during replication 

Topoisomerase I inhibitors 

(irinotecan, topotecan) 

Topoisomerase ii inhibitors 

(etoposide) 

Tubulin-binding 

drugs 

Vinca alkaloids bind to 

tubulin, and prevent the 

formation of the microtubule, 

which is important during 

mitosis, but also for cell 

shape, intracellular transport 

and axonal function 

Vinca alkaloids (vincristine, 

vinorelbine), 

Taxanes (paclitaxel, docetaxel) 

 

1.4.The role of medicinal plants in cancer therapy 

Natural products have been used for centuries for the treatment of several ailments including cancer 

(Song et al., 2014). They are in great demand in the developing world for primary health care not 

only because they are inexpensive but also for better cultural acceptability, better compatibility with 

the human body and minimal side effects (Nema et al., 2013). 

Natural products have made significant achievements in antiproliferative research. It is noted that 

over 60% of clinically used anticancer agents are derived in one way or another from natural sources 

(Crag et al., 2005). By and large, the plant kingdom has been the most significant source (Alonso-

Castro et al., 2011). 

The antiquity of plant as source of anticancer agents started in earnest in 1950s with the discovery 

and development of the vinca alkaloids (vinblastine and vincristine) and the isolation of the 

cytotoxic podophyllotoxins (Bhanot et al., 2011; Kaur et al., 2011). As a result, the National 
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Cancer Institute (NCI) screened around 114,000 extracts from an estimated 35,000 plant samples for 

antiproliferative activity (Cragg et al., 1994). 

Many researches have been done which result in discovery of different plant derived 

antiproliferative agents such as topotecan, taxol, docetaxel, camptothecin, etoposide, and vinca 

alkaloids, which are used clinically against various types of cancers (Cragg and Newman, 2005). 

These plant derived anticancer agents that are currently in clinical use can be categorized into four 

main classes of compounds: vinca (or catharanthus) alkaloids, epipodophyllotoxins, taxanes and 

camptothecins (Cragg et al., 1994). 

Although a number of research works has been done, still, only 5–15% of the ∼250,000 higher 

plants have ever been investigated for bioactive compounds (Juárez, 2014). So, numerous plants are 

still waiting for being researched for their antiproliferative activity. 

Essential oils have attracted much interest in this regard. These are complex volatile constituents of 

plants that can be extracted from different parts of the plant and exhibit diverse biological activities 

including antiproliferative effect owing to the presence of several active ingredients that work 

through various modes of action (Abad et al., 2012; Edris, 2007). In support of this, there are several 

reports in the literature on essential oils that show good activity against different cancer cell lines. 

The essential oils of Cymbopogon flexuosus (Sharma et al., 2009), Croton flavens (Sylvestre et al., 

2006), Elsholtzia ciliate (Pudziuvelyte et al., 2017) and Rosemary officinalis (Wang et al., 2012) are 

a few examples among many. 

1.5.The genus Urtica 

The genus Urtica, belongs to the family Urticaceae which comprises over 80 species distributed 

throughout the world (Rajput et al., 2018). The plants of this genus are known as nettles or, quite 

often, as stinging nettle (Ibrahim et al., 2018). Urtica species grow as annual or perennial 

herbaceous plants, rarely shrubs furnished with stinging hairs. They can reach, depending on the 

type, location and nutrient status, a height of 10–300 cm (Kavalali, 2003). 

https://en.wikipedia.org/wiki/Annual_plant
https://en.wikipedia.org/wiki/Perennial
https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Plant
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These plants can be easily identified by the presence of stinging hairs (Ibrahim et al., 2018). Most 

leaves and stalks are arranged across opposite sides of the stem, and the flowers are unisexual, 

small, and green. The fruits are achene (Kavalali, 2003) 

Urtica species have been used for various medicinal purposes including: cancer, rheumatism, 

nephritis, jaundice, anemia, eczema, arthritis, burns, intestinal pain, respiratory system disorders 

and as insecticide (Kavalali, 2003; Ibrahim et al., 2018; Rajput et al., 2018). Scientific evidences 

also support the medicinal properties of these species as anticancer, antiinflammatory, 

antinociceptive, antihyperplastic (prostate), antidiabetic and antimicrobial agents (Bnouham et al., 

2003; Zhang et al., 2008; Hajhashemi and Klooshani, 2013; Barkaoui et al., 2017). 

Most of the Urtica species irritate the skin due to the presence of trichomes that can inject fluid 

containing substances comprising formic acid, histamine, acetylcholine and serotonin (Kregiel et 

al., 2018). Phytochemical analysis of the genus Urtica has so far revealed the presence of 

terpenoids, flavonoids, lignans, sterols, and fatty acids (Ibrahim et al., 2018). 

1.5.1. Urtica simenesis Hochst 

1.5.1.1. Description and distribution 

Urtica simenesis is a dioecious, erect; perennial herb (Fig.1) endemic to Ethiopia (Hedberg and 

Edwards, 1989). Locally, it is known by its vernacular name Samma (in Amharic). Its leaves are oval 

and coarsely toothed with the whole plant covered with stinging hairs (Bekele et al., 2015). U. 

simenesis grows all around the year and, therefore, can be harvested whenever there is a need. 

Traditionally, it has nutritional and medicinal importance. Leaves and young shoots are eaten in 

times of famine in some areas of Ethiopia (Seifu et al., 2017). 

https://en.wikipedia.org/wiki/Alternate_leaf
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Figure 1: Photograph of Urtica simensis Hochst  

1.5.1.2. Ethnopharmacological use 

In Ethiopian traditional medicine U. simensis is used for the treatment of many diseases including: 

gonorrhea (Alemayehu et al., 2015; Kefalew et al., 2015), gastiritis (Chekole et al., 2015; Reta et 

al., 2015), wound infections (Chekole et al., 2015), acute stomachache (Alemayehu et al., 2015), 

diabetes mellitus (Tsegaye et al. 2008) and body swelling (Alemayehu et al., 2015). 

1.5.1.3. Phytochemistry 

To date, there appears to have been no chemical study published on U. simensis except the 

investigation by Seifu et al. (2017), who reported the presence of high amount of polyphenols, 

particularly tannins and flavonoids in the leaves of the plant. 

1.5.1.4. Pharmacological activities 

Previous work done on the DPPH radical scavenging activity of the leaves U. simenesis confirmed 

the antioxidant activity of the plant, which was attributed to the presence of high amount of 

polyphenolic compounds (Seifu et al., 2017). Similarly, Tsegaye et al. (2008) reported the genuine 

antidiabetic activity of the aqueous leaf extract of U. simensis in streptozotocin-induced diabetic 

mice which justified its traditional claim. 

1.6. The genus Discopodium 

Discopodium Hochst is an African monotypic genus of the family Solanaceae endemic to Ethiopia 

(Thiselton-Dyer, 1959). 
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1.6.1. Discopodium penninervium Hochst 

1.6.1.1. Description and distribution 

Discopodium penninervium is a shrub or a small tree (Fig. 2). It is locally known as Ameraro 

(Amharic) and mainly distributed in Ethiopia, Cameroon, Uganda and central Africa (Thiselton- 

Dyer, 1959). It grows up to 5 m high. Its has very large, oval and edge wavy leaves. Its flowers are 

yellow-green and have orange-yellow berries (Bekele, 2007). 

 

Figure 2: Photograph of young Discopodium penninervium Hochst plant  

1.6.1.2. Ethnopharmacological use 

In Ethiopian folk medicine the leaves and barks of D. penninervium are used for the treatment of 

many diseases including: schistosomiasis, stomachache  and leprosy (Geyid et al., 2005), eczema 

(Fenetahun and Eshetu, 2017), liver disease (Kidane et al., 2014), and cancer (Esubalew et al., 

2017). 

1.6.1.3. Phytochemistry 

Withanolides are the secondary metabolites that are majorly reported from this species. These 

compounds are group of naturally occurring oxygenated ergostane type steroids, having lactone in 

side chain and 2-en-1-one system in the ring (Singh et al., 2010). 
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Habtemariam and Gray (1998) have reported the presence of 5α,17β-dihydroxy-6α,7α-epoxy-1- 

oxowitha-2,24-dienolide (1), withanone (2) and withanolide A (3) in the roots of D. penninervium. 

Similarly, 16α-acetoxy-5β,6β-epoxy-l7α-hydroxy-l-oxowitha-2,24- dienolide (4), 5β,6β-epoxy-

l6α,l7α-dihydroxy-1-oxowitha-2,24-dienolide (5), 16α-acetoxy-5β,6β-epoxy-l- oxowitha-2,24-

dienolide (6) and jaborosalactone-1 (7) were further isolated from the roots of the same plant 

(Habtemariam et al., 1993). Besides, the stem bark of D. penninervium was found to be rich in 

withanolides such as 6α,7α-epoxy-1-oxo-5α,12α,17α-trihydroxywitha-2,24-dienolide (8), 

withanone (2), 5α,17β-dihydroxy-6α,7α-epoxy-1-oxowitha-2,24-dienolide (9), 7α,11α- dihydroxy-

8-drimen-12,11-olide (10) and withasomnine (11) (Fig. 3). The unsaturated  long chain fatty acid 

(E,Z)-9-hydroxyoctadeca-10,12-dienoic acid (12) and the coloratane sesquiterpene, 7α,11α-

dihydroxy-4,8-coloratadien-12,11-olide (13) were also found in the stem bark (Wube et al., 2008). 

Habtemariam et al. (2000) further analyzed the leaves of D. penninervium and elucidated the 

structure of a unique withanolide called 17-epiacnistin-A (14). 
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Figure 3: Compounds reported from Discopodium penninervium 

1.6.1.4. Pharmacological activities 

The leaf extract of D. penninervium possess antidiarrheal activity as well as antibacterial 

activity against Shigella species (Derebe et al. 2018). Moreover, withanolides isolated from stem 

bark of D. penninervium were assessed for inhibition of leukotriene B4 (LTB-4) metabolism in an 

in vitro bioassay and for in vitro cyclooxygenase (COX)-1 and -2 inhibition. The results revealed 

that withanolide 1 showed good inhibition of COX-2 and LTB4 formation, while 7,11-

dihydroxy-4(13),8-coloratadien-12,11-olide and withasomnine inhibited LTB4 biosynthesis but showed 

minor inhibition of COX-1 and COX-2 (Wube et al., 2008). The interesting feature of withanolide 1 as a 

dual inhibitor of COX-2 and leukotriene formation has led the authors to conclude that this compound may 

serve for the development of anti- inflammatory and cancer chemo preventive agents. Besides, Habtemariam 

et al. (1997) studied the cytotoxicity and immunosuppressive activities of jaborosalactone-L and three 16- 

oxygenated withanolides which were isolated from the leaves of this plant. The result showed that 

jaborosalactone-L has cytotoxicity only to the murine macrophage cell line, RAW 264.7, but the 16-

oxygenated withanolides exhibited cytotoxicity to both human (COR-L23 and ECV 304) and murine (L929 

and RAW 264.7) cells. These withanolides were also found to exhibit immunosuppressive activity in spleen 

cell proliferation assay.  
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1.7. Statement of the problem 

Although there are huge scientific advances in diagnosis and treatment of cancer, such as surgery, 

radiotherapy, and chemotherapy, it still remains a worldwide health problem (Vijayarathna and 

Sasidharan, 2012), as the current conventional chemotherapy have certain limitations, like wide 

ranging of toxicities including: nausea and vomiting, myelosupression with leucopenia, 

thrombocytopenia, anaemia, mucous membrane ulceration and alopecia (Bhosle and Hall, 2009; 

Garg, 2011; Fernando and Jones, 2015). The other factor that limits the efficacy of the existing 

chemotherapy agents is drug resistance (Kibria et al., 2014). Accompanied with the ever increasing 

cancer incidence and prevalence, the above factors necessitate the search for new drugs with better 

safety and efficacy profile. 

It has been shown that natural products offer protective and therapeutic actions to all cells with low 

cytotoxicity (Reddy et al., 2003). This is because most natural antineoplastic drugs often do not kill 

tumor cells directly, but regulate the human immune function to achieve the purpose or both (Song 

et al., 2014). 

Thus, the general aim of the present work is to evaluate in vitro antiproliferative activity of the 

essential oil from aerial part of U. simenesis and the hydroalcholic extract of leaves of D. 

penninervium. 
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2. Objectives 

2.1. General objective 

 To evaluate antiproliferative activity of Urtica simenesis and Discopodium 

penninervium. 

2.2. Specific objectives 

 To investigate the antiproliferative activity of aerial part essential oil of U. simenesis against 

human acute myeloid leukemia cell line (MV4-11) and ovarian cancer cell line (A2780); 

 To examine the antiproliferative activity of 80% hydroalcoholic extract of D. penninervium; 

 To identify the chemical constituents of the essential oil of U. simenesis by GC- MS. 

 To isolate compound(s) from the 80% hydroalcoholic extract of D. penninervium. 

 To elucidate the structure of isolated compound(s) using various spectroscopic methods. 
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3. Materials and Methods 

3.1. Materials 

3.1.1. Plant material 

Aerial parts of U. simenesis and fresh leaves of D. penninervim were collected from Kuskuam, 

northern Addis Ababa, Ethiopia in June 2018. The plants were authenticated at the National 

Herbarium, Department of Biology (DoB), Addis Ababa University (AAU) where voucher 

specimens were deposited (Collection numbers: HA-001 for U. simenesis and HA- 002 for D. 

penninervim) 

3.1.2. Chemicals, reagents and drugs 

The main reagents used in this study were 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra- zolium 

bromide (MTT) (Life Technologies, Mulgrave, VIC, Australia) and resazurin (Sigma- Aldrich, 

Castle Hill, NSW, Australia). Other chemical and solvents were purchased from commercial sources 

and were used as received. 

3.1.3. Instruments 

Cell viability assay was done using Gallios flow cytometer (Beckman Coulter, Brea, CA, USA). 

High-resolution mass spectra were recorded on an ABSCIEX Triple TOF 5600 mass spectrometer 

(Concord, ON, Canada), and ionization of all samples was carried out using electrospray ionization 

(ESI). 
1
H NMR and 

13
C NMR spectra were obtained using a Bruker Avance III HD spectrometer 

(Faellanden, Switzerland) at 500 and 125 MHz, respectively. 

3.2. Methods 

3.2.1. Urtica simenesis 

3.2.1.1.Essential oil extraction 

Fresh aerial parts of U. simenesis (950 g) were chopped in small pieces, and subjected to hydro 

distillation for 3 h using a Clevenger-type apparatus to collect the condensate in a flask. The 

condensate was then extracted three times with hexane using a separatory funnel to obtain the 

essential oil. Anhydrous sodium sulfate was added to the hexane extract to remove moisture. 

https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl


15  

Hexane was then removed in vacuo and the essential oil content determined on fresh plant weight by 

weight basis (Gül et al ., 2012). 

3.2.1.2. GC-MS analysis 

Gas chromatography-mass spectrometry (GC/MS) analysis was carried out on a Shimadzu QP2010 

GC-MS instrument, fitted with a non-polar column; HP5-MS type capillary column (FS-Supreme-

5ms, CS- chromatography service GmbH, Langer- wehe Germany; 30 m x 0.32 mm id; 0.25 µm 

film thickness). Sample (1 µl) was injected using a Gerstel cooled injection system KAS6 

(Mulheim, Germany) with an injector temperature of -20 ºC, during the 1:20 split injection process, 

the temperature was increased to 320 ºC. Mass spectra were scanned in the range 40-500 amu. The 

gas chromatographic conditions were: carrier gas hydrogen (1.15 ml/min); sample diluted with 

methanol (1:1000); oven 40 ºC for 3 min isothermal; 40-150 ºC at 6 ºC/min; 150-320 ºC at 10 

ºC/min and then held for 3 min. 

3.2.2. Discopodium penninervium 

3.2.2.1. Extraction 

The leaves of D. penninervium were thoroughly washed with tap water to remove dirt and soil, 

allowed to dry at room temperature under shade and powdered. Powdered plant material (450 g) 

was extracted by maceration with 80% methanol for 72 h with periodic agitation. The extracted 

portion was then filtered with the aid of filter paper (Whatman No 3, Whatman Ltd., England) and 

the marc was re-macerated successively three times. Finally, all the filtrates were combined and 

concentrated using rotavapor (Buchi Labortechnik AG, Switzerland) at 40 ºC. The aqueous residues 

were freeze-dried using a lyophilizer (Heto Power Dry LL3000, USA) to obtain a shiny dark brown 

extract (58.6g). The extract was then transferred into an amber coloured vial and kept in a 

refrigerator until further use. 

3.2.2.2. Isolation 

i. Fractionation by column chromatography 

The hydroalcoholic extract of D. penninervium (5 g) was subjected to column chromatography over 
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silica gel and eluted with a mixture of ethyl acetate: methanol: water in a ratio of 40:5.4:5. Fifty-

five fractions each containing 10 ml were collected. Among these, Fractions 20 – 25 were found to 

contain a single spot which was visible when observed under UV light of 254 and 366. These 

fractions were combined and concentrated under reduced pressure using rotavapor (Buchi 

Labortechnik AG, Switzerland) at 40 ºC. The aqueous solution left was then lyophilized (Heto 

Power Dry LL3000, USA) to obtain an orange powder (100 mg) which was labelled DP-1M and 

kept in a refrigerator until further purification. 

ii.  Purification by preparative thin layer chromatography (PTLC) 

DP-1M (100 mg) was initially dissolved in methanol and directly applied to PTLC plates over silica 

gel of 0.25 mm thickness (Merck, G 6; 20 cm × 20 cm). The chromatograms were then developed 

in a solvent system of ethyl acetate: methanol: water (40:5.4:5) and visualized under UV light of 

254 and 366 nm. The isolated compound was further purified repeatedly by 0.25 mm-thick 

chromatographic plates. The bands were scraped off, washed with ethyl acetate: methanol (50: 50) 

and filtered to yield a light yellow amorphous compound (20 mg) designated DP-1. The Rf value of 

DP-1 was found to be 0.6 in a solvent system containing a mixture of ethyl acetate, methanol and 

water in a ratio of 40:5.4:5. 

3.2.2.3. Acidic hydrolysis 

DP-1 was subjected to acidic hydrolysis as described by Ahmed et al. (2008). Briefly, DP-1 (10 

mg) was dissolved in 25 ml of 2 N HCl in a 50-ml conical flask and heated (under condenser) on a 

steam bath for 60 min. After complete hydrolysis as monitored by TLC, the hydrolysate was 

extracted several times with dichloromethane (by shaking vigorously in a test-tube). The aglycone 

was identified as quercetin (co-TLC and with authentic sample (Roth, Germany). 

3.2.2.4. Structural elucidation 

Structural elucidation of the compound was done by MS and 1D & 2D-NMR. High-resolution mass 

spectra were recorded using an ABSCIEX Triple TOF 5600 mass spectrometer (Concord, ON, 

Canada), and ionization of all samples was carried out using ESI. 
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1H and 13C NMR spectra were obtained using a Bruker Avance III HD spectrometer (Faellanden, 

Switzerland) at 500 and 125 MHz, respectively. The 2D experiment carried out include 

heteronuclear multiple bond correlation (HMBC). Chemical shifts are reported in units of ppm and 

coupling constants (J) are expressed in Hz. Multiplicity of 1H NMR signals is reported as s = 

singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets and m = multiplet. 

3.2.3. Antiproliferative activity 

3.2.3.1. Cell culture 

MV4-11 (human acute myeloid leukemia) and A2780 (ovarian cancer) cells were obtained from the 

cell bank at the Centre for Drug Discovery and Development, University of South Australia 

Adelaide, Australia. The above cell lines were maintained following ATCC recommendations in 

RPMI- 1640 (Roswell Park Memorial Institute) and DMEM (Dlbecco’s Modified Eagle’s Medium) 

with 10% fetal bovine serum respectively. All cell lines were cultured at 37°C in a humidified 

incubator in the presence of 5% CO2. All cells were mycoplasma tested. 

3.1.3.2. Cell viability assay 

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed on 

A2780 cell lines as reported by (Wang et al., 2004). In brief, 1*10
5
 cells/well were seeded into 96-

well plates and incubated overnight at 37 °C. Test extracts were made up in DMSO (Dimethyl 

sulfoxide), and a 10-fold dilution series prepared in 100 µL of cell medium, added to cells, whereas 

1% DMSO was added in untreated cell  and all were incubated for 72h at 37 °C. MTT was made up 

as a stock of 5 mg/mL in cell medium, and the solution was filter-sterilized. Medium was removed 

from cells followed by a wash with 200 µL/well PBS. MTT solution was then added at 20 µL/well 

and incubated in the dark at 37 °C for 4 h. MTT solution was removed and cells were again washed 

with 200 µL of PBS. MTT dye was solubilized with 200 µL/well of DMSO with agitation. 

Absorbance was read at 540 using an EnVision multi-label plate reader (PerkinElmer, Beaconsfield, 

Buckinghamshire, UK). 
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On the other hand, resazurin assay was done on MV4-11 cell lines as described by (Diab et 

al.,2014). In short, Cells were seeded at 5*10
3
 cells/well into 96-well plates and incubated 

overnight at 37 
0
C, 5% CO2. Tested extracts were diluted from a 10 mM stock solution to prepare a 

10-fold dilution series in 100 mL of cell medium, added to cells, and incubated at the corresponding 

time point at 37 
0
C, 5% CO2. Resazurin was made up as a stock of 0.1 mg/mL in cell medium, and 

the solution was filter-sterilized. The resazurin solution was then added at 20 µL/well and incubated 

in the dark at 37 
0
C, 5% CO2 for 4 h. The plate was left at room temperature for 10–15 min, and 

absorbance was measured at 585 nm using an EnVision multi-label plate reader (PerkinElmer, 

Beaconsfield, Buckinghamshire, UK). Palbociclib was used as a positive control on both cell based 

assays. The concentration of essential oil of U. simenesis and crude extract of D. penninervium 

required to inhibit 50% of cell growth (GI50) was calculated using nonlinear regression analysis. 

3.1.3.3. Detection of apoptosis 

Apoptosis analysis was performed as described by Tadesse et al. (2017). Cells were seeded at 8 × 

10
4
 cells per well using a 6-well plate and incubated overnight at 37 °C, 5% CO2. After adding 

different concentration (3µl/ml, 15µl/ml and 75µl/ml) of the essential oil, the cells were incubated 

for 24 h. Cells were transferred to fluorescence- activated cell sorting (FACS) tubes and centrifuged 

at 300×g for 5 min. Cell pellets were collected and re-suspended in 1 ml of warm phosphate-

buffered saline (PBS) and centrifuged at 300×g for 5 min. The supernatant PBS was removed, and 

cell pellets were diluted to 1 × 10
5
  cells per ml with warm PBS and centrifuged at 300×g for 5 min. 

The supernatant was removed; cell pellets were re-suspended with 1 ml of ice-cold PBS and 

centrifuged at 300×g for 5 min. The supernatant was removed and cell pellets were re-suspended 

with 100 μl of binding buffer, whereupon 3 μl of Appendix in V and 3 μl of propidium iodide (PI) 

were added to each sample with slight vortexing, and cells were incubated in the dark for 15 min. 

Afterwards, 200 μl of binding buffer was added to each sample and analysed by Gallios flow 

cytometer (Beckman Coulter, Brea, CA, USA). Data were analysed using Kaluza v1.2 software 

(Beckman Coulter, Brea, CA, USA). 
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3.1.3.4. Cell cycle analysis 

Cell cycle analysis was performed as described by Diab et al. (2016). Briefly, cells were seeded at 8 

× 10
4
 cells per well using 6-well plates and incubated overnight at 37 °C, 5% CO2. After adding the 

essential oil (3µl/ml, 15µl/ml and 75µl/ml), cells were incubated for 24 h. Cells were transferred to 

FACS tubes and centrifuged at 300×g for 5 min. Cell pellets were collected and re-suspended in 1 

ml of PBS and centrifuged at 300×g for 5 min. The supernatant PBS was removed, and cell pellets 

were fixed by adding 500 μl of ice-cold 70% EtOH dropwise on ice for 15 min and collected again 

after being centrifuged at 300×g for 5 min. The supernatant was removed, and pellets were 

incubated with PI cell cycle solution in PBS (50 μg/ml PI, 0.1 mg Ml RNase A, 0.05% Triton X-

100) at room temperature for 1.5 h and analyzed using a Gallios flow cytometer (Beckman Coulter, 

Brea, CA, USA). Data were analyzed using Kaluza v1.2 (Beckman Coulter, Brea, CA, USA). 

3.3. Data analysis 

Biological experiments were performed in triplicate and repeated at least twice, and the 

antiproliferative data were analyzed using Graph Pad Prism version 6.03 for Windows (Graph Pad 

Software, CA, USA). 
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4. Results and Discussion 

4.1. Urtica simenesis essential oil 

4.1.1. Chemical composition 

The aerial part of U. simenesis was subjected to hydrodistillation to yield a pale yellow essential oil 

(0.09% w/w; on dry weight basis) with strong unpleasant pungent smell. GC–MS analysis of the oil 

resulted in the identification of forty-seven compounds, representing 77.6% of the total oil (Table 

2). The oil was characterized by dominant levels of aromatic hydrocarbons such as p- xylene 

(12.16%), p-cymene (7.83%) and o-cymene (7.84%). Sulfur-containing compounds such as 2,4,6-

trimethyl-1,3,5-trithiane (1.26%), 3,5-dimethyl-1,2,4-trithiolane (10.24%) and 3,6- dimethyl-

1,2,4,5-tetrathiane comprising 11.78% were also found in the oil. It appears that this is the first 

report on the chemical constituents of the essential oil from the aerial part of U. simensis. 

As shown in Table 2, the major compounds in the essential oil of U. simenesis are aromatic 

hydrocarbons (31.46%) followed by monoterpenoids (15.45%) and organosulfur compounds 

(11.78%). In contrast, the essential oil of the closely related plant U. dioica contains mainly 

carbonyl compounds such as hexahydrofarnesylacetone (31.20%) and β-ionone (11.86%). Only 

trace amounts of organosulfur compounds (0.6%) were detected in the oil of U. dioica (Ilies et al., 

2012).  β-Ionone, which was detected in the essential oils of U. dioica (Ilies et al., 2012)  and 

U.  pilulifera  (Sitrallah  and  Merza,  2018)  appears  to  be  characteristic  component  of Urtica 

essential oils. 
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Table 2: Chemical composition of the essential oil of Urtica simenesis 

No Components RI 

measured 

RI 

literature 

% 

composition 

Method of 

identification 

1 trans-2-Hexenal 848 846 0.20 MS and RI 

2 cis-3-Hexen-1-ol 857 850 6.57 MS and RI 

3 1-Hexanol 863 869 0.16 MS and RI 

4 p-Xylene 865  12.16 RI 

5 Styrene 883 883 0.62 MS and RI 

6 cis-4-Heptenal 890 893 0.66 MS and RI 

7 Heptanal 892 901 0.18 MS and RI 

8 n-Heptanol 943 959 0.28 MS and RI 

9 cis-4-Hepten-1-ol 958 959 0.20 MS and RI 

10 1-Octen-3-ol 968 974 0.20 MS and RI 

11 6-Methyl-5-hepten-2-one 970 981 0.92 MS and RI 

12 n- Decane 985 1000 0.31 MS and RI 

13 cis-3-Hexenyl acetate 991 1004 1.76 MS and RI 

14 1,8-Cineole 1019 1021 0.31 MS and RI 

15 p-Cymene 1040 - 7.83 MS and RI 

16 o-Cymene 1046 - 7.84 MS and RI 

17 n-Octanol 1068 1063 0.26 MS and RI 

18 Fenchone 1081 1083 1.48 MS and RI 

19 Linalool 1093 1095 3.62 MS and RI 

20 1,3,8-para-Menthatriene 1108 1114 0.30 MS and RI 

21 3,5-Dimethyl- 1,2,4-trithiolane 1128 1136 10.24 MS and RI 

22 4-Keto-isophorone 1139 1140 0.34 MS and RI 

23 Camphor 1142 1141 0.19 MS and RI 

24 Pinocarvone 1162 1160 0.16 MS and RI 

25 Borneol 1170 1165 0.18 MS and RI 

26 n-Nonanol 1175 1165 0.77 MS and RI 

27 α-Terpineol 1181 1174 0.48 MS and RI 

28 Methyl chavicol 1195 1200 2.11 MS and RI 

29 trans-4-Caranone 1196 1182 0.29 MS and RI 

30 Citronellol 1233 1223 4.02 MS and RI 

31 Geraniol 1258 1254 1.11 MS and RI 

32 para-Ethyl acetophenone 1265 1279 0.45 MS and RI 

33 Neryl formate 1271 1280 0.25 MS and RI 

34 1-Methyl-naphthalene 1295 1306 1.17 MS and RI 

35 2- Methyl-naphthalene 1311 1315 0.53 MS and RI 

36 p-Vinyl-guaiacol 1316 1309 2.87 MS and RI 

37 2,4,6-Trimethyl-1,3,5-trithiane 1327 1306 1.26 MS and RI 

38 Eugenol 1368 1356 0.65 MS and RI 

39 3,6-Dimethyl-1,2,4,5-tetrathiane  1406 0.28 MS and RI 

40 1,3-Dimethyl- naphthalene 1425 1415 0.50 MS and RI 

41 1,2,3,4-Tetrahydro-1,4-dimethyl- 

naphthalene 

1444 - 0.22 MS and RI 

42 Thymohydroquinone dimethyl ether 1447 1446 0.43 MS and RI 

43 β- Ionone 1508 1488 1.31 MS and RI 

44 4-epi-cis- Dihydro agarofuran 1518 1499 0.18 MS and RI 

45 Caryophyllene oxide 1597 1582 0.93 MS and RI 

46 Bulnesol 1674 1670 0.52 MS and RI 

47 Dodecanoic acid 1548 1565 0.26 MS and RI 

Constituents of the essential oil were identified by comparing theirs Kovats retention indices (RI) with those reported in 

the literature (Adams, 2007), and their mass spectra (MS) with those listed in the Adams NIST, Wiley mass spectral 

libraries (Adams, 2007; McLafferty and Stauffer, 1994; NIST, 1992) and laboratory’s own database. 
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4.1.2. Antiproliferative activity 

The antiproliferative activity of the essential oil of U. simensis was evaluated against two human 

cell lines: A2780 (ovarian cancer cell line) and MV4-11 (human acute myeloid leukemia cell line) 

using MTT and resazurin assay, respectively. The response parameter (GI50) which refers to the 

drug concentration that resulted in a 50% reduction in the cellular growth relative to the untreated 

control cells was calculated for each tested cell line, and the results are depicted in Fig. 4. 

According to NCI classification, a test extract is considered to be inactive, if mean log GI50 >1.5; 

weak active, if mean of log GI50>1.1-1.5; moderate active, if mean of log GI50>0-1.1 and potent, if 

mean of log GI50<0 (Savietto et al., 2013). Based on this, the essential oil of U. simenesis showed 

potent antiproliferative activity on A2780 cells with GI50 value of 0.299 µl/ml (log GI50= -0.52) and 

moderate activity on MV4-11 cells, with GI50 1.856 µl/ml (log GI50= 0.268). The positive control, 

palbocilcib exerted higher effect than the oil in both cell lines: GI50 value (A2780= 0.0143+ 

0.0035µg/ml) and (MVR-11= 0.025+ 0.00089 µg/ml). 

 

 

Figure 4: Antiproliferative activity of Urtica simenesis essential oil against ovarian cancer 

(A2780) and human acute myeloid leukemia (MV4-11) cell lines. 

Perusal of literature reveals that the antiproliferative activity of essential oils is attributed to their 

chemical constituents. For example, eugenol has been shown to inhibit the proliferation of 

cancerous cells (Manikandan et al., 2011), whilst naphthalene possesses cytotoxic and genotoxic 

effects when applied to human and animal cells (Chichester et al., 1994; Saeed et al., 2009). 
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Although the exact mechanisms of the cancer preventive effects of organosulfur compounds are not 

clear, they have been implicated in the inhibition of carcinogenesis in experimental animals (Omar 

and Al-Wabel, 2010). In the present study, naphthalene was not detected in the essential oil of U. 

simenesis but its derivatives 1-methyl-naphthalene and 2 -methyl-naphthalene figured  as minor 

components of the oil. Therefore, the presence of naphthalene derivatives, eugenol and organosulfur 

compounds might have contributed to the antiproliferative activity of U. simenesis essential oil. 

Results of the present work showed that the essential oil of Urtica simenesis exhibits potent 

inhibition against A2780 than MV4-11cell lines. Thus, A2780 was selected for further mechanistic 

studies so as to determine whether the growth inhibitory activity of the oil was related to induction 

of apoptosis and/or cell cycle arrest. 

4.1.2.1.Cell cycle analysis 

Cells were treated with increasing concentrations of the essential oil for 24 h, harvested, fixed, and 

stained with PI and their DNA content was determined by flow cytometry. At a concentration of 

7.5µl/ml, the essential oil caused an increase in both Sub G1 and S phase population as compared to 

the untreated cells. The increases were 0.266% to 1.33% and 14.82% to 23.54% in Sub G1 and S 

phase, respectively (Fig. 5). 
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Figure 5: Cell cycle analysis of ovarian cancer cells (A2780) treated with different 

concentrations of Urtica simenesis essential oil for 24 hours 

Even though there are various potential targets for cancer treatment, recent therapeutic strategies 

have focused on inducing apoptosis and cellular arrests which are of clear significance (Yi et al., 

2003). In the current study, accumulation of cells in the S phase was observed after 24 h of 

treatment with U. simenesis oil in A2780 cell line, indicating that the cells underwent S cycle 

arrest. S phase arrest occurs when cells are exposed to damage insult by means of cytotoxic agent 

giving rise to lesion in DNA (DNA damage) while cells are in synthesizing phase. Due to the 

arrest, there was a reduced rate of DNA synthesis, thus limiting the amount of sister chromatids 

DNA formed. Therefore growth was retarded and cannot proceed to G2 phase (Bartek and Lukas, 

2001). 

Previous reports indicate that some essential oils and their constituents can cause cell cycle arrest. 

For example, the essential oil of Curcuma wenyujin was found to inhibit the growth of human 

HepG2 cells by inducing a cell cycle arrest at S/G2 phase (Xiao et al., 2008), whilst the oil of 

Thymus broussonetti induced cell cycle arrest at S and G0/G1 phases to ultimately lead to cancer 

cell death (Jafari et al., 2009). 
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4.1.2.2.Induction of apoptosis 

Apoptosis is an important cell death mechanism that does not trigger an inflammatory response 

that occasions collateral destruction of normal cells in the surrounding microenvironment. Hence, 

apoptosis is a protective mechanism that maintains tissue homeostasis by removing ailing cells 

(Elmore, 2007). In this study Appendix in V and PI co- staining was employed to ascertain 

whether the observed reduction in viable cell number was due to induction of apoptosis. The 

percentages of cells analyzed by flow cytometry following Appendix in V and PI staining could be 

classified into four categories (Pumiputavon et al., 2017). The populations of cells residing in the 

Appendix in V+/PI- and the Appendix in V+/PI+ quadrants were determined as early and late 

apoptotic cells, respectively. The Appendix in V-/PI - and the Appendix in V-/PI+ quadrants were 

determined as living cells and necrotic cells, respectively (Fig. 6). 

 

Figure 6: Effects of Urtica simenesis essential oil on induction of apoptosis 

In Appendix in V staining, control A2780 cells showed 2.78% early apoptotic cells and 2.37% late 

apoptotic cells, whereas the U. simenesis oil treated A2780 cells showed 47.06% early apoptotic 

cells and 45.8% late apoptotic cells at a concentration of 7.5µl/ml of the oil. Therefore from these 

results, it can be concluded that the essential oil of U. simenesis induced apoptotic cell death in 

dose dependent manner. 
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The present study revealed that U. simenesis oil is more effective in inhibiting proliferation of 

A2780 cells than MV4 cells. The flow cytometry data obtained from anexin V/PI dual-staining 

confirmed that U. simenesis oil caused apoptosis in A2780 tumor cells. Murata et al. (2013) 

showed that 1,8-cineole suppresses human colorectal cancer proliferation by inducing apoptosis. 

Similarly, the antiproliferative effect of eugenol towards human melanoma G361 cells has been 

associated with cell cycle arrest and apoptosis (Choi et al., 2011). Thus, the presence of 1,8- 

cineole and eugenol in U. simenesis oil suggests that inhibition of proliferation of A2780 tumor 

cells is the result of cell cycle arrest and/or apoptotic response. However, the induction of 

apoptosis and cell cycle arrest displayed by the essential oil of U. simenesis could be due to the 

sum of effects of its constituents acting individually or in synergy. As apoptosis is an important 

antiproliferative therapeutic target, our results imply the potential of the oil as a chemotherapeutic 

agent against cancer. 

4.2. Discopodium penninervium 

4.2.1. Antiproliferative activity 

The antiproliferative activity of the hydroalcoholic extract of the leaves of D. penninervium was 

also evaluated against A2780 and MV4-11 cancer cell lines using MTT and resazurin assay, 

respectively. Likewise, the GI50 was calculated for each tested cell line, and the results depicted in 

Fig. 7. 

  

Figure 7: Antiproliferative activity of Discopodium penninervium hydroalcholic leaf 

extract against A2780 (ovarian cancer) and MV4-11 (human acute myeloid leukemia) 

cancer cell lines 
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The extract exhibited  moderate antiproliferative  activity on A2780 cells  with GI50  value  of 

10.69 µg/ml (log GI50= 1) and showed no activity on MV4-11 cell line as the GI50 value is 84.81 

µg/ml (log GI50 = 1.92) which is greater than 1.5. The positive control, palbocilcib exerted higher 

effect than the oil in both cell lines: GI50 value (A2780= 0.0143+ 0.0035µg/ml) and (MVR-11= 

0.025+ 0.00089 µg/ml). 

4.2.2. Compound characterization 

TLC analysis of the  80% methanolic extract of D. penninervium showed the presence of at least 

three compounds designated as DP-1, DP-2 and DP-3 with Rf values of 0.6, 0.3 and 0.2, 

respectively, when developed using a mixture of ethyl acetate, methanol and water in a ratio of 40: 

5.4: 5 (Fig. 8). Further phytochemical investigation of the 80% methanolic extract by column 

chromatography over silica gel followed by PTLC led to the isolation of these three compounds. 

However, due to low yields of DP-2 and DP-3 only the structure of DP-1 was elucidated using 

spectroscopic techniques. 

 

 

Figure 8: TLC chromatograms of the 80% methanolic extract of Discopodium penninervium when 

viewed under UV light of 254 nm (A) and 366 nm (B) wavelengths 
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4.2.1. Characterization of DP-1 

DP-1 was isolated as a yellow coloured amorphous compound with an Rf value of 0.6 in (EtOAc: 

MeOH: H2O; 40: 5.4: 5) solvent system. The positive TOF-MS data (Appendix-I) of DP-1 

showed pseudomolecular ions at m/z 465.1040 [M+H]
+
 and m/z 487.0860 [M+Na]

+
 (exact 

calculated masses = m/z 465.103305 mu [M+H]
+
 and 487.085250 mu [M+Na]

+
), indicating a 

molecular formula of C21H20O12. 

On the other hand,
 1

H-NMR spectral data of DP-1 (Appendix- II; Table 3) revealed the presence of 

five aromatic proton signals assigned to δ= 6.42 (1H, d, J= 1.5HZ, H-6 ), 6.23 (1H, d, J= 3HZ, H-

8), 7.73 (1H, d, J= 1.5HZ, H-2’), 6.89 (1H, d, J= 8.5HZ, H-5’),   7.61 (1H, d, J= 6.5HZ,  H-6’),   

5.28 (1H, d, J= 10HZ, H-1’’), 3.5-4.1 (5H, m, H-2’’-6’’). The 
13

C-NMR spectral data 

(Appendix-III; Table 4) revealed the presence of 21 carbon atoms, in which 15 of the carbons were 

identified as aromatic carbons and the rest 6 were assumed to be sugar carbons, which resonated 

between 60-103 ppm. 

Table 3: 
1
H NMR spectral data of DP-1 in comparison with literature reported by (Sukito and 

Tachibana, 2014) 

Proton number DP-1 Literature 

6 6.23 d 6.34 d 

8 6.42 d 6.53 d 

2’ 7.73 dd 7.72 dd 

5’ 6.89 d 7.0 d 

6’ 7.61 d 7.84 d 

1’’ 5.28 d 5.4 d 

2’’-6’’ 4-3.5 m 3.86-3.5 m 
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Table 4: 
13

C NMR spectral data of DP-1 in comparison with the data reported by Sukito and 

Tachibana (2014) 

Carbon number (DP-1) Literature 

2 157.09 159.3 

3 134.20 136.4 

4 178.29 180.3 

5 161.69 163.9 

6 98.48 100.7 

7 164.69 166.9 

8 93.29 95.5 

9 157.60 159.8 

10 104.29 106.5 

1’ 121.68 123.9 

2’ 114.59 116.8 

3’ 144.53 146.7 

4’ 148.46 150.7 

5’ 116.12 118.4 

6’ 121.78 123.9 

1’’ 102.84 105.1 

2’’ 74.32 76.5 

3’’ 76.72 78.9 

4’’ 69.81 72.0 

5’’ 77.01 79.2 

6” 61.14 63.4 
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4.2.3.  Acid hydrolysis of DP-1 

Acid treatment of DP-1 with 2% HCl solution gave a compound, which was identified as 

quercetin by co-TLC using a standard quercetin in two different solvent systems: EtOAc: 

MeOH: H2O (80:2:3) and EtOAc (100%).  

 

     EtOAc: MeOH: H2O (80:2:3)                                                        EtOAc (100%).  

Figure 9: TLC profile of DP-1, its hydrolyzed product (SPQ) and standard quercetin (SDQ) 

using EtOAc: MeOH: H2O (80:2:3) solvent system (A) when viewed under UV light of 254 

and (B) 366 nm; TLC profile of SPQ and SDQ using 100% EtOAc (C) solvent system when 

viewed under 254 and (D) 366 nm 

Further, the position of the sugar and the structure of the compound as a whole was confirmed 

by 2D NMR spectral data. Some important long range coupling between C and H were 

observed in HMBC (Appendix-IV) as described below: 

(a) 3
J coupling between aromatic carbon (δ 134.2, C-3) and sugar carbon (δ 77.01, C-5’’) 

with anomeric proton (H-1’’, δ 5.27 d) 

(b) 3
J couplings between aromatic carbons (δ 98.48, C-6; δ 104.29, C-10) with aromatic 

proton (H-8, δ 6.23d). 

(c) 3
J couplings between aromatic carbons (δ 93.29, C-8; δ 104.29, C-10) with aromatic 

proton (H-6, δ 6.42d). 

(d) 3
J couplings between aromatic carbons (δ 157.09, C-2; δ 114.59, C-2’; δ 148.46, C-4’) 
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with aromatic proton (H-6’, δ 7.61d). 

(e) 3J couplings between aromatic carbons (δ 157.09, C-2; δ 148.46, C-4’; δ 121.78, C-6’) with 

aromatic proton (H-2’, δ 7.61dd).  
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Figure 10: Important HMBC correlations of DP-1 

 

Based on 
1
H and 

13
C NMR spectral data of DP-1 and also by comparing its spectral data with 

those reported in the literature (Sukito and Tachibana, 2014), DP-1 was identified as the 

flavonoid glycoside, querctin-3-O-glucoside. 
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Figure 11: Structural formulae of Querctin-3-O-glucoside 

Querctin-3-O-glucoside, is a flavonoidal glycoside, reported from different plant species like: 

Prangos ferulaceae (Razavi et al., 2009), Sambucus ebulus (Süntar et al., 2010), Halostachys 
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caspica (Liu et al., 2010), Annona squamosa (Panda and Kar, 2007) and Erysimum 

corinthium (Ateya et al., 2016). The compound is reported to have different biological 

activities including: antimicrobial and antioxidant activity (Razavi et al., 2009; Liu et al., 

2010; Panat et al., 2015), antidiabetic activity (Panda and Kar, 2007) and antiproliferative 

activity (Sudan and Rupasinghe, 2015; You et al., 2008). According to Gibellini et al. (2011) 

quercetin and its glycosides have been selected as promising candidates for cancer therapy 

due to their antiproliferative properties in various cell lines. The antiproliferative activity of 

D. penninervium could therefore be due to querctin-3-O-glucoside and other secondary 

metabolites present in the extract. 
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5. Conclusion 

The findings of the present study demonstrated that the essential oil of the aerial part of U. 

simenesis is mainly composed of aromatic hydrocarbons, monoterpenoids and organosulfur 

compounds that possess potent antiproliferative activity on human ovarian (A2780) and 

moderate activity on leukemia (MV4-1) cancer cell lines. The results further showed that the 

oil has the ability to cause cell cycle arrest and induce apoptosis revealing the possible 

mechanism of action of the oil to kill cancer cells. Moreover results were obtained for the leaf 

hydroalocholic extract of D. penninervium which showed moderate antiproliferative activity 

on human ovarian (A2780) and no activity on leukemia (MV4-1) cancer cell lines. Quercetin- 

3-O-glucoside was found to be the major compound in the hydroalcoholic extract of D. 

penninervium. Although in the current study the antiprolifearative activity of quercetin-3-O- 

glucoside was not evaluated, previous reports in the literature indicate that this compound is 

endowed with various biological activities including antiproliferative effect. Thus, it was 

concluded that the antiproliferative activity of D. penninervium is in part or in full due to 

quercetin-3-O-glucoside. Overall, the results reported here illustrate that there is a correlation 

between the traditional uses of the plants and genuine anticancer activity. 
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6. Recommendation for future work 

Based on the present study the following future works are recommended: 

 Isolation of major compounds from the essential oil and test their antiproliferative 

activity; 

 Isolation of other compounds from the hydroalocholic leaf extract of D. penninervium 

and evaluate their anticancer activity; and 

 Investigation of both the essential oil and crude extract on other cancer cell lines. 
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Appendices 

Appendix I: Mass spectrum of compound DP-1 
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Appendix II: 
1
H NMR spectrum of compound DP-1 in deuterated methanol 
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Appendix III: 
13

C NMR spectrum of compound A-1 in deuterated methanol 
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Appendix IV:  HMBC (
1
H       

13
C) correlations of DP-1 

 


